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ABESTRACT
Tow field experiments were carried out during the two successive summer seasons of 2010 and 2011 at the Agric. Res. and Exp. Center of Fac. Of Agric. Moshtohor to study the effect of five plant population densities (20, 22, 24, 26 and 28 thousand maize plants per fed.) and seven periods for weed control [un-weeded control (treatment 1), weed control at 20 (treatment 2), 20+35 (treatment 3), 20+35+50 (treatment 4), 20+35+50+65 (treatment 5), 20+35+65+80 (treatment 6) and 20+35+80+95 days after sowing (treatment 7)] on growth, yield and its components of maize, associated weeds as well as the net economic return of maize. The obvious results of this investigation can be summarized as follows: 

Increasing plant population density from 20 to 28 thousand plants /fed. significantly decreased total number and fresh weight of removed weeds and number of removed grassy weeds at periods of weed control in the first season, fresh and dry weights of total and broad-leaved weeds at maize harvest, as well as maize stem diameter, area of topmost ear, plant leaf area at 100 days from sowing , number of plants carried two ears, ear length, number of grains per row, number and weight  of grains per ear, 100-grain weight, ear weight, shelling percentage and grains yield per plant in both seasons. On the other hand, plant height, ear height, leaf area index at 100 days from planting, number of plants per fed. at harvest, number of ears per fed., number of days from sowing to 50 % tasseling and silking and stover yield per feddan.  in   both  seasons were significantly increased. Generally, the greatest ear, grain and biological yields / fed. were results from maize planting by 26000 plants / fed. This was true in the two growing seasons. 

Un-weeded check significantly decreased all these characters except fresh and dry weights of broad-leaved, grassy and total weeds at maize harvest compared with weed removal even once after maize emergence. The maximum grain and biological yields/ fed. were produced from planting maize under weed control at 20, 35, 50 and 65 days from sowing. The critical period of weed control (CPWC) in maize crop based on 5% acceptable yield loss was 20 - 35 days after sowing.
The highest values of leaf area index and stover yield / fed.  were recorded from planting maize at the highest density under weed control by treatment 5. While, the lowest plant density under the same weed control gave the maximum values for leaf area / plant, ear length, No. of grains per row, No. and  weight of grains /ear, 100-grain weight, ear weight and grain yield / plant in the two growing seasons. Meanwhile, the greatest maize grain and biological yields / fed. were resulted from maize planting by 26000 plants / fed. under the same weed control (weed control at 20 +35 + 50 + 65 days from sowing).

-Economic return

The best treatment was that planting 26000 maize plants / fed. under weed control by treatment 3 in the first season and treatment 5 in the second season, where the net farm return valued 1979.0 and 2990.5 L.E. / fed. in the first and second seasons respectively. 
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1. INTRODUCTION
Maize (Zea mays, L.) is one of the most important cereal crops in the world and ranks the third of most important cereal crops in the world. Also, it ranks the third of the world cereal crops which surpassed by wheat and rice. In the USA maize is considered the king of cereal crops. 

In Egypt, Maize is essential for human and livestocks consumption as an available source of carbohydrate, oil and slightly for protein. It is required for several industrial purposes such as starch and oil. 

World average cultivated area of maize reached 385.289 million feddan* (feddan = 4200 m2) in 2010; the total production was 844.358 million tons*, with an average productivity of 2,191.5 kg grain per feddan*. The growing area of maize in Egypt during 2010 year is about 2,305,998 feddan* with a total grain yield of 7,041,100 ton*. The average grain yield production per feddan was about 3,053.4 kg*. The total production supplies 80 % of the require consumption with a reduction gap of 20 % which has to be filled via importation. 

Recently, efforts are being made to increase maize productivity by using the optimum plant density and optimum period of weed control 

As maize do not have tillering capacity to adjust to variation in plant stand, optimum plant population for grain production is important. Thus to increase grain yield, it must be planted maize at proper plant population density.
Weed competition among the major constrains to crop production. Estimates of the worldwide loss potential in due to weeds, pathogens and animal pests in maize totaled by 40.3, 9.4 and 16.0 %, respectively (Oerke, 2006). However, other researchers reported that losses in maize grain yield due to weed competition ranged between 74-90 % (Kozlowski, 2002 and Villasana et al., 2004). The length of time a crop must be keeping weed free after planting so that weeds emerging later do not reduce yield. 

The aim of this study is to assess the effect of plant population densities and periods of weed control on growth of weeds on the growth, yield, yield components and economic return of maize as fallow:

1. Determination the optimum plant population density of maize.
2. Determination of the optimum period of weed control in maize.
3. Determination of the critical periods of weed control in maize.

4. Determination of the optimum combination between plant density and periods of weed control to gave the maximum net farm income of maize production

2. REVIEW OF LITERATURE
1. Effect of plant population density:

1.1. Weeds characters:

Mosalem and Shady (1996) found that total fresh and dry weights of weeds were significantly decreased by increasing plant population density from 20 to 30 thousand maize plants per fed. (Single cross 10).

Abd-El-Samie (2001) found that fresh and dry weights of broad-leaved weeds (g/m2) at 50 and 75 days from maize planting were significantly decreased by increasing plant density from 20 to 30 thousand maize plants per fed. (Single cross 10).

Chikoye et al., (2004) in Nigeria, found that increasing plant population density from 20000 to 60000 plants per ha. of maize (cultivar Oba super 1) significantly decreased total dry weight of weeds in maize field.

Maqbool et al., (2006) in Pakistan, found that reducing row spacing significantly suppressed the weed density (total number of weeds) and biomass (total dry weight of weeds). The maximum reductions in weed density (9 %) and dry weight (34%) were recorded in 55 cm row spacing (90910 maize plants per ha.) as compared with 75 cm row spacing (66667 maize hybrid Dahklab 919 plants per ha.).
Abouzienia et al., (2008) found that increasing plant population density from 20000 to 35000 plants per fed. of maize (Single cross 10) significantly decreased dry weight of broad-leaved weeds, dry weight of grassy weeds and total dry weight of weeds.

Ullah et al., (2008) in Pakistan, found that higher maize density (90000 plants per ha.) greatry suppressed weed density and their biomass compared with low maize density (30000 and 60000 plants per ha.).

Mashingaidze et al., (2009) in Southern African, showed that increasing maize plant density from 44445 to 66667 plants per ha. significantly decreased weed density and weed biomass.

Bakhtiar Gul et al., (2009 and 2011) in Pakistan, found that total fresh weight of weeds significantly decreased by increasing plant population density from 30000 to 90000 plants per ha. of maize hybrid (Azam).

Fanadoz et al., (2010) in South Africa, found that total number of weed and total dry weight of weeds significantly decreased by increasing plant population density from 40 to 60 thousand plants per ha. of maize (SC 701).

1.2. Growth characters:

Atta Allah (1996) indicated that increasing plant densities from 15 to 30 thousand plants per fed. of maize (varieties i.e. Single cross 10, Double cross 204, Three ways cross 310 and Giza 2) led to significant increase in plant height and ear height. However, stem diameter and leaf area of topmost ear were significantly decreased by increasing plant population density.

El-Habbak (1996) found that increasing plant density from 20000 to 30000 plants per fed. of maize (varieties i.e. Single cross 10, Double cross Taba, Three ways cross 310 and Giza 2) caused a significant increase in plant height, ear height, number of days to 50 % tasseling or silking  and barrenness %. But stem diameter, area of topmost ear leaf and number of ears per plant were significantly decreased by increasing plant population density. However, number of leaves per plant was no significantly affected with raising plant density.

El-Sheikh (1996) found that plant height and ear height were significantly increased by increasing plant density from 18000 to 30000 plants per fed. of maize (varieties i.e. Single cross 10, Double cross Taba, Three ways cross 310 and Giza 2). On the other hand, area of topmost ear leaf and number of ears per plant were significantly decreased by increasing plant population density. However, number of green leaves per plant and total number of leaves per plant were no significantly affected with raising plant density.

Mosalem and Shady (1996) found that plant height, ear height and barren plants % were significantly increased by increasing plant population density from 20 to 30 thousand plants per fed. of maize (Single cross 10). On the other hand, plant leaf area was significantly decreased by increasing plant density.

Shams El-Din and El-Habbak (1996) found that increasing plant population density from 20000 to 30000 plants per fed. of maize (Three ways cross 310) significantly increased plant height, ear height, number of days to 50% tasseling or silking and percentage of barren plants. While, number of green leaves per plant and leaf area of topmost ear, showed an adverse trend in both seasons. Number of ears per plant was not significantly influenced by plant densities.

El-Agamy et al., (1999) found that increasing plant population densities of yellow maize (varieties i.e. Single cross 152, Double cross Hedya, Double cross Dahab and Three ways cross 352) significantly delayed of days to mid pollen shading and silking as well as decreased plant height, number of leaves per plant and leaf area per plant in both seasons and combined expect days to mid silking and plant height in the second season. However, leaf area index significantly increased by increasing plant population densities from 17 to 30 thousand plants per fed. in both seasons and combined. On the other hand ear position % was no significantly affected by increasing plant density.

El-Bana and Gomaa (2000) concluded that plant height was increased by increasing plant population density from 20000 to 30000 plants per fed. of maize (Three ways cross 310). On the other hand, number of ears per plant was significantly decreased.
El-Koomy (2000) found that increasing plant density from 20000 to 35000 plants per fed. for yellow maize hybrids (Single cross 155, Single cross 156, Three ways cross 351 and three ways cross 352) significantly increased plant height, ear height and leaf area index. Planting maize by 35000 plants per fed. gave the highest values of those characters. However, leaf area per plant was significantly decreased by increasing plant densities.

Abd-El-Samie (2001) found that no significant differences on plant height, ear height and stem diameter by increasing plant density from 20 to 30 thousand plants per fed. for maize (Single cross 10).

El-Douby et al., (2001) showed that increasing plant density from 16 to 24 thousand plants of maize (Single cross 10) significantly increased plant height, ear height and barren plants % and significantly decreased stem diameter and number of plants carried two ears %.

El-Far (2001) found that number of days from sowing to 50 % to tasseling and silking, plant height and ear height were significantly increased with increasing the density from 20000 to 30000 maize plants per fed. in both seasons, while, stem diameter and ear leaf area were significantly decreased.

Sharief (2001) found that increasing plant population density from 20 to 30 thousand maize plants per fed. caused a significance increase in leaf area index, plant height, ear height,

Abd El-All (2002) found that leaf area of topmost ear was significantly decreased by increasing plant density from 20 to 30 thousand plants per fed. for maize (Three ways cross 321), while number of days to 50 % to silking, plant height and ear height  were significantly increased by increasing plant density.

Shams et al., (2002) found that increasing plant population density from 16470 to 32940 plants per fed. of maize (Single cross 10) significantly increased number of days from planting to 50 % tasseling and silking. On the other hand, plant height, ear height, stem diameter and leaf area of topmost ear were significantly decreased by increasing plant density

Zohry and Farghaly (2003) used different densities on maize, Three ways cross 310 (15, 20, 24 and 30 thousand plants per fed.). They stated that plant height, ear height, period from planting to 50 % tasseling and silking were significantly increased by increasing plant density. On the other hand, number of ears per plant was significantly decreased.

Agasibagil (2006) in India, found that increasing plant population density from 55555 to 111112 maize plants per ha. significantly increased plant height and leaf area index. On the other hand, number of green leaves per plant and leaf area per plant were significantly decreased.

Al-Shebani (2006) in Yemen, found that plant leaf area and stem diameter were significantly decreased by increasing plant density from 20000 to 30000 plants per fed. of maize (var. Taiez 2), on the other hand, plant height and ear height were significantly increased.

Bader and Othman (2006) found that plant and ear heights of maize (Single cross 10) were significantly increased by increasing plant population density from 16000 to 24000 plants per fed. in both seasons. While, Leaf area of topmost ear (cm2) was significantly decreased.

Abd El-Raouf et al., (2008a) found that increasing plant population density from 20000 to 30000 plants per fed. of maize (Single cross 10) significantly increased number of plants per fed. at harvest, plant height, number of days to 50 % tasseling and silking and leaf area index. However, number of green leaves per plant, leaf area per plant (cm2) and number of ears per plant were significantly decreased. On the other hand, no significant effect on stem diameter and ear position % by increasing plant density.

Abouzienia et al., (2008) found that increasing plant population density from 20000 to 35000 plants per fed. for maize (Single cross 10) significantly increased plant height.

Hassan et al., (2008) found that increasing plant density from 20000 to 30000 plants per fed. of six single maize hybrids i.e. (10, 11, 13, 14, 15 and 123) significantly increased the days to 50 % tasseling or silking and ear height. While, plant height no significant affected by plant density.

Sani et al., (2008) in Nigeria, found that plant height and leaf area index were significantly increased by increasing maize plant density from 38000 to 66000 plants pr ha.

Bakhtiar Gul et al., (2009) in Pakistan, found that increasing plant population density from 30000 to 90000 plants per ha. of maize (Azam) significantly decreased leaf area per plant. On the other hand, leaf area index significantly increased by increasing plant density.

El-Gizawy (2009) found that increasing plant population density from 18 to 30 thousand plants per fed. of maize cv. TWC 351 significantly delayed tasseling and silking date, but significantly increased plant and ear heights. On the other hand, ear leaf area (cm2) and number of ears per plant significantly decreased by increasing plant density.

Leilah et al., (2009) found that increasing plant density from 20000 to 30000 plans per fed. of maize (Single cross hybrid Pioneer 30 K 9) caused a significant increase in number of days from sowing to 50 % tasseling and plant height. On the other hand, ear height and ear leaf area were significantly decreased by increasing plant density.

Sharifi et al., (2009) in Iran, found that increasing plant density from 80000 to 120000 plants per ha. for maize (varieties i.e. Single cross 404, Single cross 504 and Double cross 370) significantly increased plant height. However, stem diameter and number of ears per plant, were significantly decreased by increasing plant density.

Asif et al., (2010) in Pakistan, found that increasing plant population density from 57100 to 99900 plants per ha. of maize hybrid pioneer 30-Y-87, significantly increased number of days from planting to 50 % tasseling and silking and plant height in both seasons. 

Gozubenli (2010) in Turkey, indicated that increasing plant densities from 80 to 120 thousand plants per ha. of maize hybrids (FAO 520, FAO 490 and FAO 550) led to significant increase in plant height and ear height. However, stem diameter was significantly decreased by increasing plant population density.

IIIa et al., (2010) in Kenya, found that number of ears per ha. significantly increased by increasing plant population density from 44000 to 880000 maize plants per fed.

Lashkari et al., (2011) In Iran, found that plant height was significantly increased by increasing plant density from 70000 to 13000 plans per ha. for maize hybrids (KSC260, KSC302 and KSC500). On the other hand, stem diameter was significantly decreased. But, number of ears per plant was no significantly affected by rising plant density.

Sharifi and Pirzad (2011) in Iran, showed that leaf area index significantly increased by increasing plant density from 80000 to 120000 plants per fed. of maize hybrids (SC 404, SC 504 and DC 370).
1.3. Yield and yield components characters:
Atta Allah (1996) indicated that increasing plant densities from 15 to 30 thousand plants per fed. of maize (varieties i.e. Single cross 10, Double cross 204, Three ways cross 310 and Giza 2) led to significant increase in grain yield per fed. However, ear length, ear diameter, number of rows per ear, number of grains per row, 100-grain weight and grain yield per plant were significantly decreased by increasing plant population density.

El-Habbak (1996) found that increasing plant density from 20000 to 30000 plants per fed. for maize (varieties i.e. Single cross 10, Double cross Taba, Three ways cross 310 and Giza 2) caused a significant increase in ear yield per fed. and grain yield per fed., but ear length, ear diameter, number of grains per row, ear weight, weight of grains per ear, cob weight and 100-grain weight were significantly decreased by increasing plant population density. However, number of rows per ear and shelling % were no significantly affected with raising plant density.

El-Sheikh (1996) found that number of ears per plant, ear length, ear diameter, number of grains per row, ear weight, weight of grains per ear, 100-grain weight, grain yield per plant and grain yield per fed. were significantly decreased by increasing plant density from 18 to 30 thousand plants per fed. for maize (varieties i.e. Single cross 10, Double cross Taba, Three ways cross 310 and Giza 2). However, number of rows per ear and shelling % were no significantly affected with raising plant density.

Mosalem and Shady (1996) found that grain yield per fed. was significantly increased by increasing plant population density from 20 to 30 thousand plants per fed. maize (Single cross 10). On the other hand, ear length, ear diameter, number of rows per ear and shelling % were significantly decreased by increasing plant density. But, number of grains per row, ear weight and 100-grain weight were not significantly affected by plant densities.

Shams El-Din and El-Habbak (1996) found that increasing plant population density from 20000 to 30000 plants per fed. of maize (Three ways cross 310) significantly increased grain yield per fed. While, ear length, ear diameter, number of grains per row, weight of grains per ear and 100-grain weight showed an adverse trend in both seasons. But, number of rows per ear and shelling % were not significantly influenced by plant densities.

Tantawy et al., (1998) found that increasing plant population density from 20000 to 30000 plants per fed. for maize (varieties i.e. Single cross 10, Double cross 215, Three ways cross 310 and Giza 2) significantly increased grain yield (kg) per fed. and stover yield kg per fed. in both seasons. On the other hand, ear length, ear diameter, number of grains per row and shelling % in the first season, ear weight and 100-grain weight in the second season were significantly decreased. However, number of rows per ear no significantly affected by increasing plant density.

El-Agamy et al., (1999) found that increasing yellow maize plant population densities (varieties i.e. Single cross 152, Double cross Hedya, Double cross Dahab and Three ways cross 352) from 17 to 30 thousand plants per fed. significantly increased grain yield per fed. in both seasons and combined.

El-Bana and Gomaa (2000) concluded that ear length, number of grains per row, grain yield per fed. and stover yield per fed. were increased by increasing plant population density from 20000 to 30000 plants per fed. of maize (Three ways cross 310). On the other hand number of grains per ears, 100-grain weight and grain weight per ear were significantly decreased. But, ear diameter and number of rows per ear no significantly affected by decreasing the distance between maize plants from 30 to 20 cm.

El-Koomy (2000) found that increasing plant density from 20000 to 35000 plants per fed. for yellow maize hybrids (Single cross 155, Single cross 156, Three ways cross 351 and three ways cross 352) significantly increased grain, stover and biological yields per fed. The highest values of those characters recorded by 35000 plants per fed. However, ear length, ear diameter, number of grains per row, 100-grain weight and grain yield per plant were significantly decreased by increasing plant densities. But, number of rows per ear and harvest index were no significant affected by plant density.

Abd-El-Samie (2001) found that ear length, ear diameter, number of rows per ear, number of grains per row, ear weight and weight of grains per ear were significantly decreased by increasing plant density from 20 to 30 thousand plants per fed. of maize (Single cross 10), while biological and grain yields per fed. and harvest index were significantly increased. On the other hand, no significant differences on shelling % and 100-grain weight as affected by plant density.

El-Douby et al., (2001) showed that increasing plant population density from 16000 to 24000 plants per fed. of  maize (Single cross 10) significantly decreased ear length, ear diameter, number of grains per row, plants carried two ears % and ear weight. The highest grain yield per fed. recorded by 20000 plants per fed., whereas, 16000 plants per fed. gave the lowest grain yield per fed. However, Number of rows per ear and shelling % no significantly affected by plant population density.

El-Far (2001) found that ear length, ear diameter, number of grains per row, 100-grain weight and grain yield per plant were significantly decreased with increasing the density from 20000 to 30000 maize plants per fed. in both seasons.

Sharief (2001) found that increasing plant population density from 20 to 30 thousand maize plants per fed. caused a significance increase in ear and grain yields per fed. while, grain yield per plant and 100-grain weight were significantly decreased by increasing plant density.

Abd El-All (2002) found that ear length, ear diameter, 100-grain weight and weight of grains per ear were significantly decreased by increasing plant density from 20 to 30 thousand plants per fed. of maize (Three ways cross 321). While grain yield per fed. was significantly increased by increasing plant density.

Amer et al., (2002) found that increasing plant density from 20000 to 30000 plants per fed. of maize varieties i.e. (Single cross 107, Single cross 120, Single cross 122, Bashaier 13, Giza 2 and boch) significantly decreased ear length, number of rows per ear, number of grains per row and ear diameter. On the other hand, grain yield per fed. was increased significantly.

Shams et al., (2002) found that increasing plant population density from 16470 to 32940 plants per fed. of maize (Single cross 10) significantly increased grain yield per fed. (kg) in both seasons. On the other hand, ear length, ear diameter, number of rows per ear, grains weight per ear, 100-grain weight and shelling % were significantly decreased by increasing plant density. Planting maize at density of 24700 plants per fed. significantly gave higher grain yield per fed.

Zohry and Farghaly (2003) used different densities on maize, (Three ways cross 310 (15, 20, 24 and 30 thousand plants per fed.). They stated that grain yield per fed. was significantly increased by increasing plant density. On the other hand, ear length, ear diameter, number of grains per row, weight of grains per ear and shelling % were significantly decreased. But, number of rows per ear and 100-grain weight no significantly affected by rising plant density.

Chikoye et al., (2004) in Nigeria, found that increasing plant population density from 20000 to 60000 plants per ha. of maize (cultivar Oba super 1) significantly increased grain yield per ha.

Jovin et al., (2005) in Serbia, found that increasing maize (ZP 680) plant density from 71400 to 99900 plants per ha. significantly increased grain yield per ha. However, 100-grain weight was significantly decreased by increasing plant density.

Agasibagil (2006) in India, found that increasing plant population density from 55555 to 111110 maize plants per ha. significantly increased grain and stover yields per ha. On the other hand, ear length, ear diameter, number of rows per ear, number of grains per row, number of grains per ear, grains yield per plant, 100-grain weight and harvest index were significantly decreased. But, shelling percentage was not affected by increasing plant densities. 

Al-Shebani (2006) in Yemen, found that ear length, ear diameter, number of rows per ear and number of grains per row were significantly decreased by increasing plant density from 47619 to 71429 plants per ha. of maize (var. Taiez 2), on the other hand, stover and grain yields per ha. and harvest index were significantly increased. While, 100-grain weight no significant affected by plant density.

Bader and Othman (2006) found that number of grains per row and 100-grain weight in both seasons, number of rows per ear and grain yield per fed. in the second season, were significantly decreased due to increasing plant density from 16000 to 24000 plants per fed. of maize (Single cross 10).

Saeed et al., (2007) in Yemen, found that increasing plant density from 41667 to 83333 plants per ha. for maize verities (Taiez 2 and Keneja 36) caused a significant decrease in ear length, weight of grains per ear and 100-grain weight. While, grains shelling %, grain and biological yield per ha. were significantly increased by increasing plant density, planting maize by 83333 plants per ha. gave the highest grain and biological yields per ha. But, ear diameter and number of rows per ear were no significant affect by plant density.

Abd El-Raouf et al., (2008b) reported that increasing plant population density from 20000 to 30000 plants per fed. of maize (Single cross 10) significantly increased grain yield per fed. However, number of grains per ear, grains weight per ear, shelling %, 100-grain weight and harvest index significantly decreased.

Abouzienia et al., (2008) found that increasing plant population density from 20000 to 35000 plants per fed. of maize (Single cross 10) significantly increased grain and biological yields per fed. and harvest index. However, ear length, number of grains per ear, ear weight, weight of grains per ear and 100-grain weight were significantly decreased by increasing plant density. On the other hand, no significant effect on ear diameter, number of rows per ear and shelling % by increasing plant density. The highest biological and grain yields per fed. of maize resulted at planting 28000 maize plants per fed. flowed by 30000, 35000, 24000, 23333 and 20000 plants per fed.

Hassan et al., (2008) found that increasing plant density from 20000 to 30000 plants per fed. of six single maize hybrids i.e. (10, 11, 13, 14, 15 and 123) significantly increased grain yield per fed., while grain yield per plant was decreased. 
Sani et al., (2008) in Nigeria, found that grain yield per ha. was significantly increased by increasing maize plant density from 38000 to 66000 plants per ha. However ear weight, 100-grain weight and weight of grains per ear were significantly decreased with increasing plant density. Planting maize by 66000 plants per ha. gave the highest grain yield per ha.

Bakhtiar Gul et al., (2009) in Pakistan, found that increasing plant population density from 30000 to 90000 plants per ha. of maize (Azam) significantly increased biological yield per ha. On the other hand, biological yield of individual plant significantly decreased by increasing plant density. 

El-Gizawy (2009) found that increasing plant population density from 18 to 30 thousand plants per fed. of maize cv. TWC 351 significantly decreased number of grains per ear, 100-grain weight, ear weight and grains weight per ear. While, planting 24000 plants per fed. gave the maximum grain yield per fed.

Leilah et al., (2009) found that increasing plant density from 20000 to 30000 plans per fed. of maize (Single cross hybrid Pioneer 30 K 9) caused a significant increase in grain yield per fed. On the other hand, ear length, ear diameter, number of grains per row, weight of grains per ear and 100-grain weight were significantly decreased by increasing plant density.

Mashingaidze et al., (2009) in Southern African, showed that increasing maize plant density from 44445 to 66667 plants per ha. significantly increased grain yield per ha. 

Sharifi et al., (2009) in Iran, found that increasing plant density from 80000 to 120000 plants per ha. for maize (varieties i.e. Single cross 404, Single cross 504 and Double cross 370) significantly increased grain yield per ha. However, number of rows per ear, number of grains per row, number of grains per ear, ear length, ear diameter and harvest index were significantly decreased by increasing plant density. Planting maize by 100000 plants per ha. gave the highest grain yield per ha.

Asif et al., (2010) in Pakistan, found that increasing plant population density from 57100 to 99900 plants per ha. of maize hybrid pioneer 30-Y-87, significantly increased grain yield per ha. in both seasons. 

Fanadoz et al., (2010) in South Africa, found that increasing plant population density from 40000 to 60000 plants per ha. of maize (SC 701) significantly increased grain yield per ha. On the other hand, ear length, number of grain per ear and ear weight were significantly decreased.

Gozubenli (2010) in Turkey, indicated that increasing plant densities from 80000 to 120000 thousand plants per ha. of maize hybrids (FAO 520, FAO 490 and FAO 550) led to significant decrease in grains yield per ha.

IIIa et al., (2010) in Kenya, found that grain yield per ha. significantly increased by increasing plant density from 44000 to 88000 maize plants per ha.

Abdulhamid and Adraa (2011) in Syria, found that ear length, number of grains per ear, ear weight, weight of grains per ear, 100-grain weight and shelling percentage were significantly decreased by increasing plant population density from 47619 to 71429 plants per ha. of maize (Bassel 2 Hybrid). On the other hand, grain yield per ha. was significantly increased. 

Bakhtiar Gul et al., (2011) in Pakistan, found that number of grains per ear and 100-grain weight significantly decreased by increasing plant population density from 30000 to 90000 plants per ha. of maize hybrid (Azam). Vice versa, grain yield per ha. was significantly increased.

Bozorgi et al., (2011) in Iran, found that increasing plant density from 50000 to 70000 plants per ha. of maize (single cross, SC704) caused a significant increase in grain and biological yields per ha. and harvest index. But number of grains per ear was significantly decreased by increasing plant population density. However, number of rows per ear and 100-grain weight were no significantly affected with raising plant density.

Dahmardeh (2011) in Iran, found that grain yield per ha. of maize hybrid (K.S.C. 704) significantly increased by increasing plant density from 60000 to 100000 plants per ha. Maize planting by 42000 plants per ha. gave the greatest grain yield per ha.

Lashkari et al., (2011) In Iran, used plant density from 70000 to 130000 plans per ha. for maize hybrids (KSC260, KSC302 and KSC500).They found that grain yield per ha. was significantly increased by increasing plant density. On the other hand, number of grains per row, number of grains per ear, harvest index, ear length and ear diameter were significantly decreased. But, number of rows per ear was no significantly affected by rising plant density.

Sharifi and Pirzad (2011) in Iran, showed that grain yield per ha. significantly increased by increasing plant density from 80000 to 120000 plants per ha. of maize hybrids (SC 404, SC 504 and DC 370).
1.4. Chemical characters:
Tantawy et al., (1998) found that increasing plant population density from 20000 to 30000 plants per fed. for maize (varieties i.e. Single cross 10, Double cross 215, Three ways cross 310 and Giza 2) significantly increased protein yield kg per fed. in both seasons. However, protein % in maize grains no significantly affected by increasing plant density.
Agasibagil (2006) in India, found that increasing plant population density from 55555 to 111110 maize plants per ha. significantly increased nitrogen up-take per ha.

Bader and Othman (2006) found that total nitrogen in leaf was no significantly affected by increasing plant density of maize Single cross 10.

Saeed et al., (2007) in Yemen found that increasing plant density from 41667 to 83333 plants per ha. for maize (verities Taiez 2 and Keneja 36) caused a significant decrease in grain protein content % and protein yield per ha.

El-Gizawy (2009) found that increasing plant population density from 18 to 30 thousand plants per fed. of maize cv. TWC 351 significantly decreased grain protein content and nitrogen up-take per fed.

Asif et al., (2010) in Pakistan, found that increasing plant population density from 57100 to 99900 plants per ha. of maize hybrid pioneer 30-Y-87, significantly decreased protein content % of maize grains in both seasons. 

Abdulhamid and Adraa (2011) in Syria, found that grains protein content was significantly decreased by increasing plant population density from 47619 to 71429 plants per ha. of maize (Bassel 2 Hybrid). On the other hand, nitrogen up-take per ha. was significantly increased.

2. Effect of periods of weed control:

2.1. Weeds characters:

El-Morsy and Badawi (1998) found that dry weights of broad-leaved and grassy weeds at 60 days after sowing significantly decreased by manual hoeings twice at 21 and 42 days after sowing maize as compared with one hoeing or un-weeded control treatment.

Abd-El-Samie (2001) found that controlling weeds at 21 and 35 days after maize sowing by hoeings twice gave the highest depression on fresh and dry weights of broad-leaved weeds at 50 and 75 days after maize planting as compared with weed control at 21 days and un-weeded control treatments.  

Chikoye et al., (2004) in Nigeria, found that weed control at 28 + 56 days after planting by hoeing twice significantly gave the lowest total dry weight of weed compared with weed control at 14 + 28 + 42 days after planting and weed control at 28 days after planting.

Kayode and Ademiluyi (2004) in Nigeria, found that weed removal after the 1st (21 days after maize planting) and 2nd (49 days after planting) hoeings significantly decreased weed density per m2 and total dry weight (g/m2) compared with un-weeded control.

Maqbool et al., (2006) in Pakistan, study the different weed competition durations (0, 15, 30, 45, 60 days after emergence and throughout the growth period). They found that weed population (total number of weeds) and biomass (total dry weight of weeds) in all weed-crop competition durations was significantly higher than weed free crop. 

Bogdan et al., (2007) in Moldova, found that all weed control treatments were significantly superior in depressing weed growth in maize compared with un-weeded treatment. The best weed control treatment in reducing total fresh and dry weights of weeds was manual hoeings 3 times.

Riaz et al., (2007) in Pakistan found that using hand weeding at 20 and 40 days after planting significantly decreased total number and total dry weight of weeds in maize field compared with mechanical weeding at 20 days or weedy check. 

Abouziena et al., (2008) found that total dry weight of weeds significantly decreased by hand hoeing twice as compared with un-weeded check. While, dry weights of grassy and broad-leaved weeds were not affected by weed control treatments. 

Ahmed et al., (2008) found that weed control treatments (Two hand hoeings and Un-weeded control) had a significant effect on number, fresh and dry weights of maize weeds (broad-leaved, grassy and total weeds) after 60 and 80 days from sowing. Hand hoeings twice at 21 and 35 days after maize sowing was the best treatment in controlling maize weeds as compared to un-weed control treatment. 

Bakhtiar Gul et al., (2009) in Pakistan, found that un-weeded control gave the highest total fresh weight of maize weeds compared with hand weeding twice at 30 and 45 days after maize emergence.

Olorunmaiye and Olorunmaiye (2009) in Nigeria, found that un-weeded control in maize field gave the highest values for weed density per m2 (total, grassy and broad-leaved) and dry weight of weeds (total, grassy and broad-leaved) compared with hoeings treatments (once, twice and 3 hoeings).

Silva et al., (2010) in Brazil, found that total dry weight of removed weeds significantly increased by increasing hoeings times. Weed removal after the 1st and 2nd hoeings gave the highest total dry weight of weeds at hoeings compared with weed removal after the 1st hoeing only or 2nd only. While, no hoeing treatment gave the highest total dry weight at corn harvest compared with hoeings twice or once. 

Soliman and Gharib (2011) found that hand hoeings twice at 18 and 30 days after planting resulted in the best controlling for broad-leaved, grassy and total dry weights of weeds on maize plot at 50 and 65 days after planting in both seasons compared with un-weed control. 
2.2. Growth characters:

Bonilla (1984) in USA, conducted field trials to determine critical period of weeds / maize competition. Treatments were un-weeded, keeping weed-free for the complete growth cycle and for the first 20, 30, 40, 50 or 60 days by hand weeding. Plant height and leaf area per plant were negatively correlated with degree of competition.

Hall et al., (1992) in USA, found that increasing weed interferences reduced corn leaf area. 
Yang et al. (1993), in China, studied the influence of different periods of weeds competition on growth and yield of maize. They found that weed competition decreased maize leaf area, but did not affect significantly plant height.
El-Morsy and Badawi (1998) found that weed control treatments resulted in significant increases in area of topmost ear, plant height, stem diameter and number of ears per plant for maize single cross 10 compared with un-weeded control, two hand hoeings gave the highest values of these characters.

Tantawy et al., (1998) found that hand hoeings twice at 19 and 30 days after planting significantly produced the greatest number of ears per plant for maize hybrids (single cross 10, Double cross 215, three way cross 310 and Giza 2) compared with un-weed control.

James et al., (2000) in New Zealand, found that weed left completely un-controlled for 4 weeks after emergence significantly reduced maize leaf area.

Abd-El-Samie (2001) found that controlling weeds at 21 and 35 days after maize sowing by hoeings twice significantly increased plant height of maize hybrid Single cross 10 compared with weed control at 21 days and un-weeded control treatments. While, ear height and stem diameter were no significantly affected by weed control treatments.

Kayode and Ademiluyi (2004) in Nigeria, found that weed removal after the 1st (21 days after planting) and 2nd (49 days after planting) hoeings significantly increased maize plant height compared with un-weeded control.

Maqbool et al., (2006) in Pakistan, study the different weed competition durations (0, 15, 30, 45, 60 days after emergence and throughout the growth period). They found that growth and yield of maize significantly increased by weed free crop compared with full season weed-crop competition. The maximum reduction in leaf area index (44%) was recorded in full season weed-crop competition as compared with weed free crop of maize hybrid Dahklab 919.

Oljaca et al., (2007) in Serbia, found that increasing number of Datura stramonium, L. from 0 to 1, 3, 6, 10 weeds /m2 significantly decreased plant height and leaf area index of maize hybrid (ZPSC 599).

Riaz et al., (2007) in Pakistan, found that using hand weeding at 20 and 40 days after planting significantly increased plant height and number of ears per plant of maize (Gohar) compared with mechanical weeding at 20 days or weedy check.

Abd El-Azeem and Mekky (2008) mentioned that comparison of the regression coefficient suggested that the cocklebur competition led to significant decreased plant height.

Ahmed et al., (2008) found that weed control treatments (Two hand hoeings and Un-weeded) had a significant effect on plant height of maize hybrid Pioneer 30 K 8. Hand hoeings twice at 21 and 35 days after maize sowing gave the tallest plants as compared to un-weed control treatments. While, number of leaves per plant, was no significantly affected by weed control treatments. 

Bakhtiar Gul et al., (2009) in Pakistan, found that hand weeding twice at 30 and 45 days after maize (Azam) emergence significantly increased plant leaf area and leaf area index compared with un-weeded control.

Mahmoodi and Rahimi (2009a) in Iran, found that plant height and leaf area index of maize single cross 704 were significantly decreased by increasing weed competition. 
Karimmojeni et al., (2010) in Iran, found that increasing weed density (Xanthium strumarium, L.) significantly decreased maize leaf area index. 
Silva et al., (2010) in Brazil, found that number of corn ears per ha. (cultivars AG 1051 and BM 2202) significantly increased by increasing hoeings times compared with no hoeing treatment. But, plant and ear height were not significantly affected.  

Soliman and Gharib (2011) found that hand hoeings twice at 18 and 30 days after planting was significantly produced the greatest leaf area index and plant height of maize hybrid single cross 10 compared with un-weed control.

2.3. Yield and yield components characters:
Zimdahl (1980), in Mexico, found that maize with the genetic potential to produce 5.0 t. /ha produced only 2.5 t/ha if weeds were not controlled for the first 40 days after crop emergence. However, maize yield reductions were 56, 73 and 84% when weeds remained for 3, 4 and 5 weeks after crop emergence. The first 2 to 3 weeks after emergence were identified as the critical period and during this period weeds produced 15 to 18 % of their total growth while maize produced only 2 to 3 %.

Bonilla (1984) in USA, conducted field trials to determine critical period of weeds / maize competition. Treatments were un-weeded, keeping weed-free for the complete growth cycle and for the first 20, 30, 40, 50 or 60 days. The presence of weeds throughout the growth reduced yields by 51.4% compared with weed-free stands. The critical period of weed competition persisted for 60 days with the most severe competition at 30-40 days after emergence.

Kharwara et al. (1984), in India, indicated that maize gave grain yields of 1.15 t/ha without weed control and 3.62 and 3.87 t/ha when keeping free of weeds up to the 4 to 5-leaf stage and high stages, respectively.
Ferrero et al. (1991) in Italy, showed that the dominant weeds in the field experiment were Echinochloa crus-galli, Panicum dichotomiflorum, Digitaria sanguinalis, Chenopodium album, Amaranthus retroflexus and Portulaca oleracea. They showed also, the critical period for weed control in maize to be from 2 to 3 weeks after crop emergence. Under heavy competition of weeds maize yields had been reduced up to 23%. 

Hall et al., (1992) in USA, found that the beginning of the critical period of weed control from the 3- to 14- leaf stages of corn development. Increasing weed biomass significantly decreased grain yield per ha.

Yang et al. (1993), in China, studied the influence of different periods of weeds competition on growth and yield of maize. They found that weed competition decreased ear and grain yields per ha.  Ear yield per ha. was 10.14 t/fed. without weeds and 6.57 t/ha. with weed competition throughout growing season and grain yield deceased by 24%. 

El-Morsy and Badawi (1998) found that weed control treatments resulted in significant increases in ear length, ear diameter, number of grains per row, 100-grain weight, grain shelling % and grain yield per fed. for maize single cross 10 compared with un-weeded control, two hand hoeings gave the highest values of these characters.

Tantawy et al., (1998) found that hand hoeings twice at 19 and 30 days after planting significantly produced the greatest ear length, ear diameter, number of rows per ear, number of grains per row, ear weight, 100-grain weight, grain and stover yields per fed. for maize hybrids (single cross 10, Double cross 215, three way cross 310 and Giza 2) compared with un-weed control.

Bedmar et al., (1999) in Argentina, conducted field trials over 3 years in Argentina, to determine the critical period of weed control in maize. The critical period of weed control, based upon an arbitrary 5 % level of yield loss, varies between 8-30 DAE, which represents approximately 5 to 7 leaves of the crop.
James et al., (2000) in New Zealand, found that weed left completely un-controlled for 4 weeds after emergence significantly reduced maize grain yield per ha.

Naeeny and Ghadiri (2000), in Iran, determined the critical period of weed control in maize, the best time for weed control, and the duration of the weed control period in maize. Treatments consisted of different times of weed control (20, 30, 40, and 50 days after maize emergence), a different duration of weed control periods (10, 20, and 30 days), a weedy control, and a weed free control during the period of maize growth by hand weeding. They found 10-days duration of weed control resulted significantly in lower maize yields than 20 and 30-day periods. The results suggested that a minimum 20 day control period at the initial stages of maize and weed growth, and a minimum 30 day control period before maize pollination, were necessary to prevent maize yield losses. In order to prevent maize leaf area decline, 20 day weed control period until 40 days after crop emergence was necessary.
Abd-El-Samie (2001) found that controlling weeds at 21 and 35 days after maize sowing by hoeings twice was significantly increased ear length, ear diameter, number of rows per ear, number of grains per row, ear weight, weight of grains per ear, biological and grain yields per fed. and harvest index for maize hybrid Single cross 10 compared with weed control at 21 days and un-weeded control treatment. While, shelling % and 100-grain weight were no significantly affected by weed control treatments.

Halford et al., (2001) in USA, indicated that the start of the critical period of weed control in maize, usually beginning at six-leaf stage. The end of the critical period of weed control was more variable ranging from the 9- to 13-leaf stage.

Evans et al., (2003), in Nebraska, mentioned that the beginning and end of the critical period of weed competition (CPWC) based on an arbitrarily 5% acceptable yield losses. Data were fitting by use the sigmoid models logistic and Gompertz equation to relative yield with represented of increasing duration of weed interference and weed-free period, respectively. They used five levels of increasing duration of weed interference by weedy up to vegetative 3, V6, V9, V15 and Reproduction (R1) at which weed control was initiated and maintained for the reminder of growing season. The second set of treatments established five levels of increasing length of weed-free for the same periods by hand weeding. They found that weed free maize yield ranged from 5.2 to 11 t/ha. Across years and locations of the experiments, whereas in weedy treatment maize yields ranged from 2.1 to 4.4 t/ha. and the yield component most sensitive to interference from weeds was seed number per ear. Both the critical timing of weed removal and the length of the critical weed-free period coincided with the V7 crop growth stage and indicating that single weed removal at this time was sufficient to prevent more than 5% yield loss. The beginning of the CPWC ranged from 14 to 31 DAE and the end of CPWC was at 48 DAE. 

Chikoye et al., (2004) in Nigeria, found that weed control at 14 + 28 + 42 days after planting by hoeings significantly gave the greatest grain yield per ha. of maize (cultivar Oba super 1) compared with weed control at 28 + 56 days from planting and weed control at 28 days from planting.

Dogan et al., (2004) in Turkey, found that weeds cause 35-40 % yield losses in maize (cv. Terebia) with un-weeded control. However, a weed-free period between the 3-7- and 3-10-leaf stages of the crop was enough to prevent these losses under the growing conditions of Aydon province, Turkey. The highest grain yield per ha. was obtained from plots kept weed-free between the 3-7- and 3-10-leaf stages by hand weeding. Corresponding weed cover at the beginning of the critical period was 20-25%.

Fischer et al. (2004) in USA, in field experiments conducted at seven locations, in USA, evaluated common lambsquarters (Chenopodium album) competition in maize. They found that common lambsquarters interference caused the greatest maize yield per ha. reduction which reached up to 100%. 

Kayode and Ademiluyi (2004) in Nigeria, found that weed removal after the 1st (21 days after planting) and 2nd (49 days after planting) hoeings significantly increased maize grain yield per ha. compared with un-weeded control.

Villasana et al. (2004), in Cuba, carried out two field trials, to study the critical period which the weeds cause severe damage to maize plants. The treatments included a weed-free control, weed-free conditions during the initial 15, 30, 45, 60 and 75 days by hand weeding followed by weed competition, a weed competition control and weed competition condition during the initial 15, 30, 45, 60 and 75 days followed by weeding until harvest. Maize plants might be keeping weed-free during the first 25-30 days, when weed competition is greatest. Permanent weed competition resulted in a 90% maize yield loss. 

Lopez-Ovejero et al. (2005) in Brazil, determinate the critical period of weed control (CPWC) with maize Fourteen treatments were used, seven of them were weed free periods, 2, 4, 6, 8, and 12 leaves, flowering growth stages and all crop cycle by hand weeding and the other seven treatments were weed competition for 2, 4, 6, 8, and 12 leaves and flowering growth stages and all crop cycle. Maximum yield loss fixed in 2.5%, the CPWC was found between 7-8 leaves. Also, when the arbitrary loss yield was fixed in 5 and 10 %, the period before interference was higher than the critical weed-free period, suggesting that weeds control can be done with only one application, between 3-8 leaves, respectively. 

Talarposhti et al., (2005) in Iran, conducted an experiment in Iran, to study the effect of redroot pigweed (Amaranthus retroflexus) density (0, 2, 4, 6 and 12 plants /m2) on maize yield and yield components. An increase in redroot pigweed density decreased maize biomass, ear-fill duration, ear diameter, ear weight, number of rows per ear, and number of grains per row and grain yield per ha. However, 100-grain weight and harvest index were not significantly affected. 

Dogan et al., (2006), conducted field trial, in Turkey, to determine the critical period for weed control (CPWC) in maize and effects of weed interference on maize. Treatments of increasing duration of weed interference and weed-free period were imposed at weekly intervals from 0 to 12 weeks after crop emergence (WACE). Weeds reduced maize yields by 42% when allowed to compete with the crop from planting through harvest. With 5% yield loss level, the CPWC was 5 wk, starting at 0.2 weeks after emergence (WAE) and ending at 5.2 WAE, which corresponded from one- to five-leaf stage of maize. 

Maqbool et al., (2006) in Pakistan, study the different weed competition durations (0, 15, 30, 45, 60 days after emergence and throughout the growth period). They found that growth and yield of maize significantly increased by weed free crop compared with full season weed-crop competition. The maximum reduction in weight of grains per ear (50%), 100-grain weight (26%) and grain yield per ha. (51%) were recorded in full season weed-crop competition as compared with weed free crop of maize hybrid Dahklab 919.

Bogdan et al., (2007) in Moldova, found that manual hoeings 3 times gave the highest maize grain yield per ha. as compared with all weed control treatments and un-weed control.

Oljaca et al., (2007)in Serbia, found that increasing number of Datura stramonium, L. from 0 to 1, 3, 6, 10 weeds/m2 significantly decreased 100-grain weight and grain yield per ha. of maize hybrid (ZPSC 599).

Riaz et al., (2007) in Pakistan, found that using hand weeding at 20 and 40 days after planting significantly increased 100-grain weight, grain and biological yields per ha. and harvest index compared with mechanical weeding at 20 days or weedy check. Grain yield increased by 34 % with hand weeding at 20 and 40 days after planting compared with weedy check.

Abouziena et al., (2008) found that hand hoeing twice significantly gave the greatest number of grains per ear, 100-grain weight and biological yield per fed. On the other hand, un-weeded control gave the lowest values of the above characters.

Abd El-Azeem and Mekky (2008) mentioned that comparison of the regression coefficient suggested that the cocklebur competition led to significant yield losses and increased linearly as density of weed biomass increased. Yield losses were 59 % obtained from the high competition rate of cocklebur. 

Ahmed et al., (2008) found that weed control treatments (Two hand hoeings and Un-weeded) had a significant effect on ear weight, ear length, number of grains per row and grain yield per fed. of maize hybrid Pioneer 30 K 8. Hand hoeings twice at 21 and 35 days after maize sowing gave the greatest values of these characters as compared to un-weed control treatment. 

Bakhtiar Gul et al., (2009) in Pakistan, found that hand weeding twice at 30 and 45 days after maize (Azam) emergence significantly increased biological yield per ha. compared with un-weeded control.

Mahmoodi and Rahimi (2009a) in Iran, found that weed control should therefore start 2 weeks after crop emergence to avoid a yield loss of more than 2.5%. The critical period of weed control in maize for acceptable yield loss levels of 2.5, 5, 10, 15 and 20% ended at 59, 55, 47, 41 and 36 days after emergence maize single cross 704.
Mahmoodi and Rahimi (2009b) in Iran, the critical period of weed control of corn was from 5 to 15 leaf stage (19-55 DAE) to prevent yield losses of 5 %. This period to prevent yield losses of 2.5, 10 and 20 % was 4- to 17-leaf stage (14-59 DAE), 6- to 12- leaf stage (25-47 DAE) and 8- to 9- leaf stage (31-36 DAE) respectively. Weeds reduced corn yield by approximately 77% when allowed to compete with crop from planting through harvest compared with weed-free period.

Olorunmaiye and Olorunmaiye (2009) in Nigeria, found that un-weeded control gave significantly the lowest grain yield per fed. compared with hoeings treatments (once, twice and 3 hoeings).

Uremis et al., (2009), in Turkey, indicated that number of grains per ear, 100-grain weight and ear length significantly decreased by increasing weed- maize competition period weekly from 1 to 10 weeks after planting. The beginning of the critical period of weed control was determined to be between 1st and 3rd week after corn sowing. Yet, it is around the second week after crop sowing, the end of CPWC between 4 - 5 weeks to 7-8 weeks after corn sowing. 

Ghanizadeh et al., (2010) in Iran, found that increasing the duration of weed interference decreased corn yield (SC704) significantly. Corn can tolerate weeds interference until 17 DAP,  the critical period of weed control was from 5- to 9- leaf stage (17-36 DAP) to prevent yield losses of 5%. This period to prevent yield losses of 10 % was 6- to 8- leaf stage (21-29 DAP). 

Karimmojeni et al., (2010) in Iran, found that increasing weed density (Xanthium strumarium, L.) significantly decreased grain yield per ha., number of grains per ear and 100-grain weight of maize.

Silva et al., (2010) in Brazil, found that weed removal from maize field after the 1st and 2nd hoeings significantly increased ear and grain yields per ha., number of grains per ear and 100-grain weight of cultivars (AG 1051 and BM 2202) compared with weed removal after the 1st hoeing and no weed removal (no hoeing).

Soliman and Gharib (2011) found that hand hoeings twice at 18 and 30 days after planting was significantly produced the greatest ear length, ear diameter, weight of grains per ear, shelling %, 100-grain weight and grain yield per fed. of maize hybrid single cross 10 compared with un-weed control.

2.4. Chemical characters:
Ahmed et al., (2008) found that weed control treatments (Two hand hoeings and Un-weeded) had a significant effect on crude protein content % in grains of maize hybrid Pioneer 30 K 8. Hand hoeings twice at 21 and 35 days from sowing gave the greatest grain protein content as compared to un-weed control treatment. 

Soliman and Gharib (2011) found that hand hoeings twice at 18 and 30 days after planting was significantly produced the greatest crude protein content % in grains of maize hybrid single cross 10 compared with un-weed control.

3. Effect of the interaction:

3.1. Weeds characters:

Abd-El-Samie (2001) found that maize planting by the highest plant density (30000 plants per fed.) with controlling weeds at 21 and 35 days from sowing by hoeings twice gave the highest depression on fresh and dry weights of broad-leaved weeds at 50 and 75 days after maize planting compared other combinations for plant density and weed control. 

Chikoye et al., (2004) in Nigeria, found that total dry weight of weed was 60 % more in field of maize as planting by 25000 plants per ha. and weeded once (weed control at 28 days only) compared with maize planting by 60000 plants per ha under weed control at 14 + 28 + 42 days from planting. 

Maqbool et al., (2006) in Pakistan, found that the lowest total number and total dry weight of weeds was recorded by planting maize at higher plant density (90910 plants per ha.) with weed control for all season. On the other hand, planting maize at lower plant density (66667 plants per ha.) with un-weeded control for all season gave the highest values for the above characters.

Abouziena et al., (2008) found that maize planting by 28000 plants per fed. with weed control by hand hoeing twice significantly gave the lowest total dry weight of weeds. 

Ullah et al., (2008) in Pakistan, found that combination of higher maize population (90000 plants per ha.) and hand weeding at 56 days from planting proved more effective against weed density and total dry weight of weeds.

Bakhtiar Gul et al., (2009) in Pakistan, found that planting maize by the higher plant density with hand weeding twice at 30 and 45 days after emergence significantly reduced total fresh weight of weeds. 

3.2. Growth characters:

Maqbool et al., (2006) in Pakistan, study the effect of row spacing (75, 65 and 55cm) or (66667, 76924 and 90910 maize plants per ha) and different weed competition durations (0, 15, 30, 45, 60 days after emergence and throughout the growth period). They found that leaf area index and number of ears per plant significantly affected by interaction. Maximum number of ears per plant was recorded from 75 cm row spacing (66667 plants per ha.) in combination with full season weed- free crop competition. But, 65 cm row spacing (90910 plants per ha.) in combination with full season weed- free crop competition gave the highest leaf area index.

Bakhtiar Gul et al., (2009) in Pakistan, found that planting maize by the higher plant density with hand weeding twice at 30 and 45 days after emergence significantly increased leaf area index. On the other hand, the lowest plant density under hand weeding twice gave the highest leaf area per plant.

3.3. Yield and yield components characters:
Abd-El-Samie (2001) found that number of rows per ear, number of grains per row, ear weight, biological and grain yields per fed. and harvest index significantly affected by interaction between plant density and weed control in maize field. The highest values of number of rows per ear, number of grains per row, ear weight were obtained by using the lowest density with controlling weeds at 21 and 35 days after maize sowing by hoeings twice. While, the greatest biological and grain yields per fed. and harvest index were obtained by using the highest density with controlling weeds at 21 and 35 days after maize sowing by hoeings twice. But, ear length, ear diameter, weight of grains per ear, shelling % and 100-grain weight were not significantly affected by the interaction between plant density and weeds control.

Chikoye et al., (2004) in Nigeria, found that maize grain yield was significantly higher in the treatment was combined with 40000 plants per ha. and weeded thrice (weed control at 14 + 28 + 42 days after planting). The lowest maize grain yield per ha. was obtained with maize planting by 25000 plants per fed. and weeded once (weed control at 28 days only).

Maqbool et al., (2006) in Pakistan, study the effect of row spacing (75, 65 and 55cm) or (66667, 76924 and 90910 plants per ha) and different weed competition durations (0, 15, 30, 45, 60 days after emergence and throughout the growth period). They found that 100-grain weight and grain yield per ha. significantly affected by interaction. Maximum 100-grain weight was recorded from 75 cm row spacing (66667 plants per ha) in combination with full season weed-crop competition. While, 65 cm row spacing (90910 plants per ha) in combination with full season weed-free crop competition gave the highest grain yield per ha .of maize hybrid Dahklab 919.
Abouziena et al., (2008) found that maize planting by 28000 plants per fed. with weed control by hand hoeings twice significantly gave the greatest biological yield per fed. While, 20000 maize plants per fed. with weed control by hand hoeings twice significantly gave the highest number of grains per ear and 100-grain weight.

Ullah et al., (2008) in Pakistan, found that combination of medium maize population (60000 plants per ha.) and hand weeding at 56 days after planting favored grain yield per ha. compared with the lower and higher plant density.

Bakhtiar Gul et al., (2009) in Pakistan, found that planting maize by the higher plant density with hand weeding twice at 30 and 45 days after emergence significantly increased biological yield per ha.   

3. MATERIALS AND METHODS

Two field experiments were conducted at the Agricultural Research and Experiment Center of the Faculty of Agriculture at Moshtohor, Benha University, Toukh Directorate, Kalubia Governorate, Egypt, during the two summer successive growing seasons of 2010 and 2011, to study the best periods of weed control in maize under different plant densities on the maize cv. White Single Cross Hybrid 2031 for Misr Hytech Seed Int., productivity, weed growth and economic evaluation. Soil chemical and mechanical analysis are shown in Table (1)

Table 1: Physical and chemical properties of the experimental soil units during the two growing seasons. 

	Properties
	Seasons

	
	2010
	2011

	Chemical analysis

	E.C. 
	2.28
	2.31

	pH (1 :2.5)
	8.12
	8.09

	CaCo3 %
	3.21
	2.94

	O.M %
	2.28
	2.31

	N % ( total)
	0.19
	0.20

	N (ppm)  (available)  
	61.93
	63.72

	P % ( total)
	0.120
	0.125

	P (ppm) (available)  
	23.80
	25.12

	K % ( total)
	0.62
	0.63

	K (ppm) (available)  
	919.06
	969.98

	Soluble cations and anions ( ppm ) (mmoLe L-1)

	Ca++
	180.00 (9.00)
	178.80 (8.94)

	Mg++
	46.44 (3.87)
	48.58 (4.05)

	K+
	48.49 (1.24)
	51.35 (1.32)

	Na+
	199.79 (8.69)
	202.25 (8.79)

	Cl -
	233.00 (6.56)
	260.93 (7.35)

	Co3--
	0.00
	0.00

	H Co3-
	337.33 (5.53)
	325.74 (5.34)

	So4--
	514.08 (10.71)
	499.68 (10.41)

	Particle size distribution  ( mechanical analysis )

	Course sand % 
	6.93
	5.50

	Find sand %
	27.28
	28.64

	Silt %
	13.23
	11.60

	Clay %
	52.58
	54.26

	Texture grade
	Clay
	Clay


Meteorological data from Bahtiem Station Kalubia Governorate during summer 2010 and 2011 seasons are presented in Table (2).

Table 2: Meteorological data from Bahtiem Station during summer 2010 and 2011. 

	Climatic factors
	Temperature  average (OC)
	Relative Humidity % (RH %)

	    Season

Month 
	2010
	2011
	2010
	2011

	1-10 May
	24.9
	21.6
	54
	57

	11-20 May
	25.7
	20.9
	56
	56

	21-31 May
	25.6
	24.3
	52
	56

	1-10 June 
	27.8
	25.1
	54
	58

	11-20 June
	30.2
	25.1
	54
	61

	21-30 June
	29.1
	25.6
	53
	59

	1-10 July
	30.4
	25.9
	64
	64

	11-20 July
	31.0
	26.4
	65
	67

	21-31 July
	31.6
	27.4
	67
	69

	1-10 August
	31.2
	26.8
	65
	70

	11-20 August
	31.5
	25.6
	68
	69

	21-31 August
	31.4
	24.7
	64
	68

	1-10 September
	29.2
	23.6
	61
	68

	11-20 September
	28.4
	22.8
	64
	62


Source: Research Unit Agricultural Meteorology, Department of Water Requirements and Farm Irrigation, Research Institute of Land and Water and the Environment

Each experiment included 35 treatments which were the combination of five plant population densities and seven periods of weed control. 

Factors under study were as follows: 

A –Plant density treatments:
Five plant densities are tested. They are 20, 22, 24, 26 and 28 thousand maize plants per fed. Maize was grown in ridges 70 cm. apart. The five densities were carried out as shown in Table (3).

Table (3) Number of plants per fed., hills distance, number of hills per 3 m long and seed rate per fed. 

	Number of maize plants per fed.
	Average distance between hills (cm)
	Number of hills per 3 m long
	Seed rate per fed. (kg)

	20000
	30.00
	10
	7.50

	22000
	27.27
	11
	8.25

	24000
	25.00
	12
	9.00

	26000
	23.08
	13
	9.75

	28000
	21.43
	14
	10.50


B –Periods of weed control treatments.

1- Un-weeded control (treatment 1).

2- Weed control at 20 days from planting by hoeing (treatment 2).

3- Weed control at 20 and 35 days from planting by hoeing (treatment 3).

4- Weed control at 20, 35 and 50 days from planting, by hoeing at 20 and 35 days and hand weeding at 50 days from planting (treatment 4)

5- Weed control at 20, 35, 50 and 65 days from planting, by hoeing at 20 and 35 days and hand weeding at 50 and 65 days from planting (treatment 5).

6- Weed control at 20, 35, 65 and 80 days from planting, by hoeing at 20 and 35 days and hand weeding at 65 and 80 days from planting (treatment 6).

7- Weed control at 20, 35, 80 and 95 days from planting, by hoeing at 20 and 35 days and hand weeding at 80 and 95 days from planting (treatment 7).

The experimental design was split plot design (Gomez and Gomez, 1984) with four replications. Each of the five plant densities treatments were distributed in the main plots, whereas the seven periods of weed control treatments were arranged at random in sub plots. The sub plot area was 10.5 m2 and contained five ridges of 3 m length and 70 cm width. 

The preceding winter crop in two seasons was Egyptian clover (Trifolium alexandrinum, L.).  Planting date was May 13 and May 5 in 2010 and 2011 seasons, respectively.   

Phosphorous fertilizer was applied in form of Calcium super phosphate (12.5 % P2O5) at a rate of 100 kg /fed. during soil preparation in each season. 

Mineral nitrogen fertilizer was applied in form of Ammonium nitrate (33.5% N). Nitrogen fertilizer regime was divided into two equal parts and applied before the first and second irrigations with a rate of 134 kg N / fed. in each season.

Maize plants were spraying by insecticide (Selecron 720 Ec) (0-4- bromo-2- chlorophenyle 0-ethyl S-proyl phosphrothioate) to control stem boorers tow times at 10 and 30 days from planting in both seasons.  

 Maize plants were thinned before the first irrigation to one plant per hill. Irrigation was applied for 7 times during the growing season. Other recommended cultural practices for growing maize in the region were done properly. Maize plants were harvested on 14th and 4th of September in 2010 and 2011 seasons, respectively.  

Studied parameters:

A - Weed data: 

A.1: Removed weeds at periods of weed control:

Weeds were manually pulled in a central area of one square meter area randomly placed from each sub plot at periods of weed control treatments in each seasons to estimate
1- Number of removed broad-leaved weeds.

2- Number of removed grassy weeds.

3- Total number of removed weeds.

4- Total fresh weight of removed weeds.

Then dried on an air forced drying oven at 70 0 c for 48 hours to estimate:

5- Total dry weight of removed weeds.
A.2- weeds survey at maize harvest:

Weeds were manually pulled in a central area of square one meter area randomly placed from each sub plot at maize harvest in each seasons to estimate: 

6- Fresh weight of broad-leaved weeds.

7- Fresh weight of grassy weeds.

8- Total fresh weight of weeds.

Then dried on an air forced drying oven at 70 0 c for 48 hours to estimate:

9- Dry weight of broad-leaved weeds.

10- Dry weight of grassy weeds.

11- Total dry weight of weeds.

B- Growth characteristics: 

Ten plants were randomly selected from each sub plots to determine:
1-  Plant height (cm) at harvest, from the soil surface to the top of tassels.

2- Ear height (cm) at harvest, from the soil surface to the base of the topmost ear.

3-  Stem diameter (cm) at harvest, at 4th internode.

4-  Area of topmost ear leaf (cm2) after full tasseling.

= Ear leaf length X greatest leaf width X 0.75. according to Sestak et al., (1971). 

5-  
Leaf area per plant (cm2) after full tasseling. Estimated as fallows: area of topmost ear leaf (cm2) X number of green leaves per plants.

6-  

Leaf area index after full tasseling was estimated as described by Sestak et al., (1971). (Plant leaf area / plant land area). 

7- Time of tasseling was determined as the number of days from planting to 50 % tasseling.

8- Time of silking was determined as the number of days from planting to 50 % silking.

9- Number of plants per fed. at harvest. 

10- Number of plants carried two ears per fed.
11- Number of barren plants per fed.
12- Number of ears / fed. 

13- Number of ears per plant = 
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Whereas, the tasseling and silking dates, number of plants per fed., number of plants carried two ears per fed., number of barren plants per fed., and number of ears / fed. were estimated from the whole plot plants.
C- Yield components:

Ten ears were chosen at random from each sub plot at harvest to determine, the yield components: 

Data recorded were as follows: 

1- Ear length (cm). 

2- Ear diameter (cm).

3- Number of rows per ear.

4- Number of grains per row.

5- Number of grains / ear.

6- 100–grain weight (g). 

7- Weight of grains per ear (g).

8- Ear weight (g).

9- Shelling %    =
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Whereas, the grain yield per plant was estimated from the whole plot yield.

10- Grain yield per plant (g): =
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D- Yield per feddan:
Yield per fed. was estimated from the whole plot yield.

1- Stover yield in kg / fed.
2- Ear yield in kg per fed.
3- Grain yield in kg / fed., adjusted to 15.5 % moisture content.          

= Ear yield in kg / fed. X shelling percentage.

4- Biological yield in kg / fed.: 

     = Ear yield in kg / fed. + stover yield in kg / fed.

15- Harvest index %:

= Grain yield per fed. (kg) / Biological yield in kg per fed.
E- Chemical analysis 

Maize grains samples were taken after harvest at random from each grains per ten ears to determine: 

1- Total nitrogen percentage in grains according to the modified micro Kjeldahl method (A. O. A. C., 1990)
2- Crude protein content in grains was estimated by multiplying nitrogen percentage X 6.25 (A. O. A. C., 1990).
3- Nitrogen uptake per fed. = Grain yield kg x total nitrogen % 

4-   Protein yield / fed. = Grain yield kg x crude protein content

F- Economic evaluation:

In the present study, the economic evaluation included three parameters that were estimates as follows: 

1- Average input variables as well as total costs of maize production as affected by different plant density, critical weed control treatments and the applied different culture practices during the different stages of growth in each season. 

2- Net farm income of maize production as affected by the different studied treatments. Net farm income is the values of grain yield according to the actual marketing price.

3-  Net farm return of maize production as affected by the different studied treatments. It is the difference between grain yield value according to the actual price and the total costs including land rent. All of the above estimations are based on the official and actual market prices determined by the Ministry of Agriculture and the Agricultural Credit and Development Bank. Costs of seedbed preparation treatments were estimated according to prices given by the local Agricultural Mechanization Service Center of Toukh Directorate.  

Statistical analysis: 

The analysis of variance was carried out according to the procedure described by Gomez and Gomez (1984).  L. S. D. test at 5 % level was used to compare between means. 

4. RESULTS AND DISCUSSION
A. Weeds characters
The most dominant weeds in the experimental plots during the two seasons were represented by annual broad-leaved weeds as Portulaca oleracea L., Amaranthus caudatus L., Xanthium spinosum L. and Euphorbia prunifolia Jacq. as well as the annual grassy weeds as Echinochloa colonum L. and Dinebra retroflexa (Vahl) Panz. The perennial grassy weeds as Cynodon dactylon (L.) Pers. and Cyperus rotundus L. and perennial broad–leaved weeds Convolvulus arvensis L. were rarely exist.

A.1. Number of removed broad-leaved weeds at periods of weed control:


Results in Table (4) indicate the effect of plant densities, periods of weed control and interaction on number of removed broad-leaved weeds per m2 in maize plots at periods of weed control during 2010 and 2011 seasons.
I. Effect of plant density:

Results in Table (4) show insignificant effect of plant density on number of removed broad-leaved weeds /m2 in maize plots during 2010 and 2011 seasons.

II.  Periods of weed control:

Data in Table (4) show a significant difference on number of removed broad-leaved weeds /m2 in maize plots at periods of weed control as affected by periods of weed control during 2010 and 2011 seasons.
Table 4: Effect of plant densities and periods of weed control on number of removed broad-leaved weeds /m2 at periods of weed control in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (plants per fed.)

	20000
	30.29
	24.38

	22000
	29.67
	24.88

	24000
	28.29
	24.88

	26000
	27.13
	24.79

	28000
	26.63
	26.21

	L.S.D. at 5 %.
	n.s
	n.s

	Periods of weed control

	2
	20.80
	17.60

	3
	24.55
	21.40

	4
	28.40
	25.80

	5
	31.05
	27.40

	6
	32.40
	28.55

	7
	33.20
	29.40

	L.S.D. at 5 %.
	3.50
	2.12

	L.S.D. at 5 %. for Interaction
	n.s
	n.s


2= weed control at 20 DAS. 
              3 = weed control at 20 and 35 DAS. 


4 = weed control at 20, 35 and 50 DAS.           5 = weed control at 20, 35, 50 and 65 DAS.  
6 = weed control at 20, 35, 65 and 80 DAS.     7 = weed control at 20, 35, 80 and 95 DAS. 


Number of removed broad-leaved of weeds /m2 significantly increased by increasing number of control times in maize field. Controlling maize weeds at 20, 35, 80 and 95 days after sowing (Treatment 7) recorded the highest number of removed broad-leaved weeds (33.20 and 29.40 weeds/m2 in the first and second season, respectively). The lowest number of removed broad-leaved weeds was obtained with controlling weeds at 20 days only (Treatment 2)  being 20.80 and 17.60 weeds / m2 in the first and second season, respectively. But, there was no significant difference between controlling weeds at treatments 5, 6 and 7 also, between treatments 4 and 5 on number of removed broad-leaved weeds in both seasons. From this result, the critical period of weed control in maize was controlling at 20, 35 and 50 days from sowing (Treatment 4).  

III. Interaction effect: 

The results showed that the number of removed broad-leaved weeds (g/m2) at periods of weed control in maize plots was not significantly affected by the interaction between plant density and periods of weed control in both experimental seasons.
A.2. Number of removed grassy weeds at periods of weed control:


Number of removed grassy weeds / m2 in maize plots at periods of weed control as affected by plant densities, periods of weed control and interaction between them in both seasons are presented in Table (5).  

I. Effect of plant density:

The results showed that, increasing plant density reduced the number of removed grassy weeds / m2 at periods of weed control in both seasons, but differences were great to reach the level of significance in the first season only. 


The greatest number of removed grassy weeds / m2 (69.50 and 55.79 weeds / m2 in the first and second season, respectively) was produced from growing 20000 maize plants per fed. Whereas, the lowest number of removed grassy weeds / m2 (56.04 and 50.00 weeds / m2) was obtained from planting 28000 maize plants per fed., in the first and second season, respectively. On the other hand, there was no significant difference between growing 24000 and 26000 maize plants per fed.  on the total number of removed weeds in the first season.
This result is mainly due to the increased competition between maize plants and growing weed for light, nutrient minerals, growth place and water at higher densities. 

Table 5: Effect of plant densities and periods of weed control on number of removed grassy weeds /m2 at periods of weed control during 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (plants per fed.)

	20000
	69.50
	55.79

	22000
	63.79
	54.04

	24000
	59.54
	52.88

	26000
	58.25
	51.92

	28000
	56.04
	50.00

	L.S.D. at 5 %.
	2.57
	n.s

	Periods of weed control

	2
	42.55
	35.60

	3
	55.75
	48.15

	4
	61.65
	53.85

	5
	67.00
	58.35

	6
	69.55
	60.10

	7
	72.05
	61.50

	L.S.D. at 5 %.
	5.49
	4.94

	L.S.D. at 5 %. for Interaction
	n.s
	n.s


2= weed control at 20 DAS. 
              3 = weed control at 20 and 35 DAS. 


4 = weed control at 20, 35 and 50 DAS.           5 = weed control at 20, 35, 50 and 65 DAS.  
6 = weed control at 20, 35, 65 and 80 DAS.     7 = weed control at 20, 35, 80 and 95 DAS. 

The results indicate also that the smothering effect of maize plants and their role in depressing weeds are greatly increased at higher population densities. 

II. Periods of weed control:

Results presented in Table (5) show clearly that number of removed grassy weeds (g/m2) at periods of weed control in maize plots significantly increased with each increase in plots free from weeds in 2010 and 2011 seasons.

Controlling maize weeds at 20, 35, 80 and 95 days from sowing (Treatment 7) contained the highest number of removed grassy weeds (72.05 and 61.50 weeds/m2 in the first and second season, respectively). While, controlling weeds at 20 days only (Treatment 2) gave the lowest number of removed grassy weeds being 42.55 and 35.60 weeds / m2 in the first and second season, respectively. But, there were no significant differences between controlling weeds at treatment 5, 6 and 7 also, between treatment 4 and 5 on number of removed grassy weeds in both seasons. From this result, the critical period of weed control in maize was controlling weeds at 20, 35 and 50 days from sowing (Treatment 4).  

This result is mainly due to the increased of weed removal times.

III.  Interaction effect:

Results in Table (5) show no significant effect between plant density and periods of weed control during the two experimental seasons, on number of removed grassy weeds (g/m2) at periods of weed control in maize plots.

A.3. Total number of removed weeds at periods of weed control:

Total number of removed weeds per m2 at periods of weed control in maize plots as affected by the plant densities, periods of weed control treatments and their interaction during 2010 and 2011 seasons are presented in Table (6).

I. Effect of plant density:

Results in Table (6) show the effect of plant density on total number of removed weeds /m2 at periods of weed control in maize plots during 2010 and 2011 seasons. Data reveal that total number of removed weeds was significantly affected by the plant density in the first season only.

      The most effective weed control was recorded by growing 28000 maize plants per fed. This treatment greatly reduced total number of weeds to reach 82.67 and 76.21 weeds / m2 during the two successive seasons. The greatest number of weeds (99.79 and 80.17 weeds / m2) was that of planting 20000 plants per fed. during 2010 and 2011 seasons, respectively. On the other hand, there was no significant difference between growing 24000 and 26000 plants per fed. on the total number of removed weeds in the first season.

This result is mainly due to the increased competition between maize plants and weed plants for light, nutrient minerals, growth place and water at higher densities (reducing distance between hills). 

The results indicate also that the smothering effect of maize plants and their role in depressing weeds are greatly increased at higher population densities. These results agree with those of Maqbool et al., (2006), Ullah et al., (2008) and Mashingaidze et al., (2009). 
Table 6: Effect of plant densities and periods of weed control on total number of removed weeds /m2 at of weed control in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (plants per fed.)

	20000
	99.79
	80.17

	22000
	93.46
	78.92

	24000
	87.83
	77.75

	26000
	85.38
	76.71

	28000
	82.67
	76.21

	L.S.D. at 5 %.
	2.65
	6.76

	Periods of weed control

	2
	63.35
	53.20

	3
	80.30
	69.55

	4
	90.05
	79.65

	5
	98.05
	85.75

	6
	101.95
	88.65

	7
	105.25
	90.90

	L.S.D. at 5 %.
	8.84
	6.76

	L.S.D. at 5 %. for Interaction
	n.s
	n.s


2= weed control at 20 DAS. 
              3 = weed control at 20 and 35 DAS. 


4 = weed control at 20, 35 and 50 DAS.           5 = weed control at 20, 35, 50 and 65 DAS.  
6 = weed control at 20, 35, 65 and 80 DAS.     7 = weed control at 20, 35, 80 and 95 DAS. 
II. Periods of weed control:

Total number of removed weeds /m2 at periods of weed control in maize plots as affected by periods of weed control during 2010 and 2011 seasons are presented in Table (6).
Total number of removed weeds / m2 in maize plots was significantly increased by increasing number of weed removal times. Controlling weeds at 20, 35, 80 and 95 days from sowing (Treatment 7) gave the highest total number of removed weeds (105.25 and 90.90 weeds/m2 in the first and second season, respectively), while, the lowest total number of removed weeds being 63.35 and 53.20 weeds / m2 in the first and second season, respectively was obtained from controlling weeds at 20 days only (Treatment 2). No significant differences were observed between controlling weeds at the treatments 5, 6 and 7 and between treatment 4 and treatment 5 on total number of removed weeds in both seasons. From this result, the critical period of weed control in maize was controlling weeds at 20, 35 and 50 days from sowing (Treatment 4).  

This result is mainly due to the increased of weeds removed times.

III.  Interaction effect:

Results in Table (6) show no significant effect between plant density and periods of weed control during the two experimental seasons, on total number of removed weeds (g/m2) at periods of weed control in maize plots
A.4. Total fresh weight of removed weeds (g/m2) at periods of weed control:

Results in Table (7) show the effect of the plant densities, periods of weed control in maize and their interaction on total fresh weight of removed weeds (g/m2) at periods of weed control during 2010 and 2011 seasons.
I. Effect of plant density:


Results in Table (7) show the effects of plant population density on total fresh weight of removed weeds (g/m2) at periods of weed control during 2010 and 2011 seasons. Data reveal that total fresh weight of removed weeds was significantly affected by plant density treatments in the first season only.

Table 7: Effect of plant densities and periods of weed control on total fresh weight of removed weeds (g/m2) at periods of weed control in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (plants per fed.)

	20000
	65.54
	67.70

	22000
	62.55
	66.54

	24000
	58.81
	65.75

	26000
	55.98
	64.48

	28000
	53.34
	63.56

	L.S.D. at 5 %.
	2.12
	n.s

	Periods of weed control

	2
	24.22
	28.54

	3
	32.50
	38.44

	4
	41.37
	47.01

	5
	45.20
	53.21

	6
	88.68
	92.34

	7
	123.50
	134.10

	L.S.D. at 5 %.
	6.21
	8.11

	L.S.D. at 5 %. for Interaction
	n.s
	n.s


2= weed control at 20 DAS. 
              3 = weed control at 20 and 35 DAS. 


4 = weed control at 20, 35 and 50 DAS.           5 = weed control at 20, 35, 50 and 65 DAS.  
6 = weed control at 20, 35, 65 and 80 DAS.     7 = weed control at 20, 35, 80 and 95 DAS. 

Results showed that total fresh weight of removed weeds (g/m2) was significantly decreased by increasing plant density. The lowest plant density (20000 plants per fed.) recorded the highest values 65.54 and 67.70 g/m2 in the first and second season, respectively. On the other hand, the best density in depressing weeds (28000 plants per fed.) recorded the lowest values 53.34 and 63.56 g/m2 in the first and second season, respectively.

Growing 28000 maize plants per fed. in 2010 season significantly decreased total fresh weight of removed weeds (g/m2) by 4.72, 9.30, 14.72 and 18.61 %, compared with the growing 26000, 24000, 22000, and 20000 plants per fed., respectively. In second season, the corresponding decreases in total fresh weight of removed weeds (g/m2) were 1.43, 3.33, 4.48 and 6.12 %, without significant differences among them in this season.

This result is mainly due to the increased inter-specific competition between maize plants and weed growing for light, nutrient minerals, growth place and water at higher densities. 

The results indicate also that the higher plant density will increase the smothering effect of maize plant and consequently will increase the competition between maize plants and growing weeds. These results agree with those of Mosalem and Shady (1996) and Bakhtiar Gul et al., (2009 and 2011). 

II.  Periods of weed control: 

Data in Table (7) reveal that the effect of periods of weed control treatments on total fresh weight of removed weeds (g/m2) at periods of weed control in maize plots during 2010 and 2011 seasons.

Total fresh weight of removed weeds (g/m2) in maize plots significantly increased by increasing number of weed removal times and weeds age in the field. Controlling weeds at 20, 35, 80 and 95 days after sowing (Treatment 7) gave the highest values of total fresh weight of weeds (123.50 and 134.10 g/m2 in the first and second season, respectively), while, the lowest total fresh weight of removed weeds being 24.22 and 28.54 g/m2 in the first and second season, respectively was obtained from weed control at 20 days only (Treatment 2). But, the results indicate that no significant differences between controlling weeds at treatment 4 and treatment 5 on total fresh weight of removed in both seasons.
This result is mainly due to the increased on number of removed weed times.

III.  Interaction effect:

Data in Table (7) show no significant effect between plant density and periods of weed control during the two experimental seasons, on total fresh weight of removed weeds (g/m2) in maize plots at periods of weed control.
A.5. Total dry weight of removed weeds (g/m2) at periods of weed control:

Results in Table (8) show the effect of the plant densities, periods of weed control and their interaction on total dry weight of removed weeds (g/m2) at periods of weed control in maize plots during 2010 and 2011 seasons.
I. Effect of plant density:

Results in Table (8) showed that plant density treatments had no significant effect on total dry weight of removed weeds (g/m2) at periods of weed control in both seasons. 

Total dry weight of removed weeds (g/m2) tended to decrease by increasing plant density in both seasons, but differences were not great to reach the level of significance.
Table 8: Effect of plant densities and periods of weed control on total dry weight of removed weeds at periods of weed control (g/m2) in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	10.790
	11.284

	22000
	10.303
	11.087

	24000
	9.705
	10.950

	26000
	9.238
	10.755

	28000
	8.815
	10.585

	L.S.D. at 5 %.
	n.s
	n.s

	Periods of weed control

	2
	3.632
	4.322

	3
	4.874
	5.821

	4
	6.205
	7.117

	5
	6.779
	8.059

	6
	15.520
	15.660

	7
	21.610
	24.614

	L.S.D. at 5 %.
	0.930
	1.216

	L.S.D. at 5 %. for Interaction
	n.s
	n.s


2= weed control at 20 DAS. 
              3 = weed control at 20 and 35 DAS. 


4 = weed control at 20, 35 and 50 DAS.           5 = weed control at 20, 35, 50 and 65 DAS.  
6 = weed control at 20, 35, 65 and 80 DAS.     7 = weed control at 20, 35, 80 and 95 DAS. 

Total dry weight of removed weeds (g/m2) consistently increased by widening distance between hills. Plants grown at a distance of 30 cm between hills gave the highest values of total dry weight of removed weeds g/m2 (10.790 and 11.284 g/m2 in 2010 and 2011 seasons, respectively) and plants grown at a distance of 21.43 cm between hills gave the lowest values of total dry weight of removed weeds g/m2 (8.815 and 10.585 g/m2 in 2010 and 2011 seasons, respectively). These results agree with those of Mosalem and Shady (1996), Chikoye et al., (2004), Maqbool et al., (2006), Abouzienia et al., (2008), Ullah et al., (2008) and Mashingaidze et al., (2009).
II. Periods of weed control: 

Results in Table (8) show the effects of periods of weed control treatments on total dry weight of removed weeds (g/m2) at periods of weed control in maize plots during 2010 and 2011 seasons. Data reveal that total dry weight of removed weeds was significantly affected by periods of weed control treatments in both seasons.

Weeds controlling at treatment 7 gave the highest values of total dry weight of removed weed which were 21.610 and 24.614 g/m2 in 2010 and 2011 seasons, respectively. On the other hand, the lowest values of total dry weight of removed weeds being 3.632 and 4.322 g/m2 in the 2010 and 2011 seasons, respectively which recorded from maize weed control at 20 days from planting (treatment 2). Results indicate that no significant differences between controlling weeds at treatment 4 and treatment 5 on total dry weight of removed in the both seasons.
This result is mainly due to the increased on total fresh weed of removed weed (Table, 7) due to increased on number of removed weed times and ages of weeds. These results agree with those of Silva et al., (2010).
III.  Interaction effect:

Results in Table (8) show no significant effect between plant density and periods of weed control during the two experimental seasons, on total dry weight of removed weeds (g/m2) at periods of weed control in maize plots.
A.6. Fresh weight of broad-leaved weeds at maize harvest:
Results in Table (9) show the effect of the plant densities and periods of weed control on fresh weight of broad-leaved weeds (g/m2) in maize plots at maize harvest during 2010 and 2010 seasons. 

I. Effect of plant density:

Fresh weight of broad–leaved weeds g/m2 at maize harvest as affected by plant densities during   2010 and 2011 seasons are presented in Table (9).

Data in Table (9) show that the fresh weight of broad–leaved weeds g/m2 significantly decreased by reducing distance between hills from 30 cm to 21.43 cm (20000 to 28000 maize plants) in the two growing summer seasons.

Growing 28000 maize plants per fed. gave the lowest values of fresh weight of broad–leaved weeds g/m2 which were 475.54 cm and 530.40 g/m2 in the first and second season, respectively. On the other hand, the highest values (557.66 and 673.62 g/m2) were produced from planting maize by 20000 plants per fed. in the two subsequent seasons. But, there was no significant difference between growing 20000 and 22000 maize plants per fed. on the two seasons and between 22000 and 24000 maize plants in the second season on the number of broad-leaved weeds of maize plots.
Table 9: Effect of plant densities and periods of weed control on fresh weight of broad-leaved weeds (g/m2) at harvesting maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	557.66
	673.62

	22000
	542.03
	658.49

	24000
	525.41
	628.66

	26000
	503.64
	557.77

	28000
	475.54
	530.40

	L.S.D. at 5 %.
	16.57
	25.19

	Periods of weed control

	1
	2058.47
	2728.33

	2
	1226.64
	1071.16

	3
	274.99
	388.11

	4
	66.22
	61.33

	5
	16.07
	12.71

	6
	2.09
	3.54

	7
	1.54
	3.33

	L.S.D. at 5 %.
	195.24
	267.91

	L.S.D. at 5 %. for Interaction
	436.57
	599.06


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

This result is mainly due to the increased inter-specific competition between maize plants and weeds growing for light, nutrient minerals, growth place and water at higher densities. 

The results indicate also that the smothering effect of maize plants and their role in depressing weeds are greatly increased at higher population densities. These results agree with those of Abd-El-Samie (2001).
II.  Periods of weed control:

The data presented in (Table, 9) showed that the effect of different periods of weed control on fresh weight of broad-leaved weed in maize plots at harvest was significant in the 2010 and 2011 seasons.

Means of fresh weight of broad-leaved weeds was significantly affected by removal of weeds up to 50 days from planting (treatment 4) and did not differ significantly from other weed free treatments in first season and the same trend in second season. 

Lowest value of fresh weight of broad-leaved weeds was 1.54 and 3.33 g/m2 in the first and second season, respectively which obtained from maize weeds controlling at 20, 35, 80 and 95 days after sowing (treatment 7). While, un-weeded control produced the heaviest fresh weight of broad-leaved weeds (2058.47 and 2728.33 g/m2) in the first and second season, respectively. But the differences among periods of weed control treatments 4, 5, 6 and 7 on fresh weight of broad-leaved weeds were not significant in both seasons. From this result, the critical period of weed control in maize was controlling maize weeds at 20, 35 and 50 days from sowing (Treatment 4). These results agree with those of Abd-El-Samie (2001) and Ahmed et al., (2008).
III.  Interaction effect:

Fresh weight of broad-leaved weed at maize harvest was significantly affected by the interaction between plant population density and periods of weed control in maize during 2010 and 2011 seasons, (Table, 9a). 

Table 9a: Effect of interaction between plant densities and periods of weed control on fresh weight of broad-leaved weeds (g/m2) at harvesting maize in 2010 and 2011 seasons.

	Periods of weed control
	2010
	2011

	
	Plant density (plants per fed.)

	
	20000
	22000
	24000
	26000
	28000
	20000
	22000
	24000
	26000
	28000

	1
	2181.8
	2140.2
	2084.8
	2008.6
	1877.0
	2955.3
	2914.9
	2804.0
	2531.7
	2435.8

	2
	1316.0
	1260.6
	1232.9
	1184.4
	1139.4
	1230.5
	1190.2
	1119.6
	932.98
	882.55

	3
	297.83
	294.38
	273.60
	259.78
	249.35
	433.70
	413.53
	393.35
	368.15
	331.83

	4
	83.13
	76.20
	65.80
	56.10
	49.88
	70.60
	67.58
	64.55
	54.48
	49.43

	5
	20.78
	18.68
	16.63
	13.85
	10.40
	16.15
	15.13
	13.10
	11.10
	8.08

	6
	2.78
	2.78
	2.08
	1.40
	1.40
	5.05
	4.03
	3.03
	3.03
	2.55

	7
	1.40
	1.40
	2.08
	1.40
	1.40
	4.03
	4.03
	3.03
	3.03
	2.55

	L.S.D. at 5%
	436.57
	599.06


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

The highest reduction in fresh weight of broad-leaved weeds always obtained with maize planting by 28000 plants per fed. and weed control by either treatment 6 or treatment 7 in both seasons. Meanwhile, maize planting by 20000 plants per fed. and allowing weeds to grow for the whole season (Treatment 1) gave the highest value of fresh weight of broad-leaved weeds. These results agree with those of Abd-El-Samie (2001).
A.7. Fresh weight of grassy weeds g/m2 at maize harvest:
Results in Table (10) show the effect of the plant densities and periods of weed control on fresh weight of grassy weeds (g/m2) in maize plots at harvest during 2010 and 2010 seasons.  
I. Effect of plant density:

Results in Table (10) show the effect of plant density on fresh weight of grassy weeds (g/m2) in maize plots at harvest during 2010 and 2011 seasons had no significant effect.

In general, the highest fresh weight of grassy weeds (g/m2) was 250.54 and 266.27 g/m2 which recorded by planting maize with 20000 plants per fed. in 2010 and 2011 seasons, respectively and the lowest number was 213.64 and 237.79 g/m2 was obtained when planting maize by 28000 plants per fed. in the first and second season, respectively.
II. Periods of weed control:

Results in Table (10) indicated that the fresh weight of grassy weeds (g/m2) at maize harvest was significantly affected by the periods of weed control in maize plots in the first and second season.
Lowest value of fresh weight of grassy weeds was 0.67 and 3.13 g/m2 in the first and second season, respectively which obtained from maize weeds controlling at 20, 35, 80 and 95 days after sowing (treatment 7). While, allowing weeds to grow for the  whole season  recorded the  heaviest fresh  weight of  grassy 
Table 10: Effect of plant densities and periods of weed control on fresh weight of grassy weeds (g/m2) at harvesting maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	250.54
	266.27

	22000
	243.52
	254.13

	24000
	236.05
	251.03

	26000
	226.26
	245.59

	28000
	213.64
	237.79

	L.S.D. at 5 %.
	n.s
	n.s

	Periods of weed control

	1
	924.83
	1045.14

	2
	551.10
	565.03

	3
	123.53
	100.26

	4
	29.74
	27.24

	5
	7.23
	12.33

	6
	0.93
	3.61

	7
	0.67
	3.13

	L.S.D. at 5 %.
	121.94
	108.42

	L.S.D. at 5 %. for Interaction
	n.s
	242.43


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 
7 = weed control at 20, 35, 80 and 95 DAS. 

weeds of 924.83 and 1045.14 g/m2 in t the first and second season, respectively. On the other hand, there were no significant differences among periods of weed control for 3, 4, 5, 6 and 7 treatments in the two seasons, on fresh weight of grassy weeds. From this result, the critical period of weed control in maize was controlling grassy weeds at 20 and 35 days from sowing (Treatment 3). These results agree with those of Ahmed et al., (2008).
III. Interaction effect:

Fresh weight of grassy weed at maize harvest was significantly affected by the interaction between plant population density and periods of weed control in maize during the second season only, (Table, 10a). 

The highest reduction in fresh weight of grassy weeds always obtained with maize planting by 28000 plants per fed. and weed control by treatment 7. While, maize planting by 20000 plants per fed. and allowing weeds to grow for the whole season (Treatment 1) gave the highest value of fresh weight of grassy weeds. 

Table 10a: Effect of interaction between plant densities and periods of weed control on fresh weight of grassy weeds (g/m2) at harvesting maize in 2011 season.

	Periods of weed control
	2011

	
	Plant density (plants per fed.)

	
	20000
	22000
	24000
	26000
	28000

	1
	1107.48
	1046.95
	1043.93
	1028.80
	998.53

	2
	594.08
	576.93
	564.83
	550.70
	538.60

	3
	108.93
	105.90
	100.85
	95.83
	89.78

	4
	32.28
	29.25
	28.25
	25.23
	21.18

	5
	13.65
	13.10
	12.70
	12.10
	10.08

	6
	3.93
	3.63
	3.63
	3.43
	3.43

	7
	3.55
	3.13
	3.03
	3.03
	2.93

	L.S.D. at 5%
	242.43


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

A.8. Total fresh weight of weeds at maize harvest:

Results in Table (11) show the effect of plant densities and periods of weed control on total fresh weight of weeds (g/m2) at maize harvest in maize plots during 2010 and 2010 seasons.  

I. Effect of plant density:

Results in Table (11) showed that increasing plant densities significantly reduced total fresh weight of weeds (g/m2) at maize harvest in both seasons.
The lowest total fresh weight of weeds was 689.18 and 768.19 g/ m2 which obtained from planting 28000 maize plants per fed. in the 2010 and 2011 seasons, respectively. Whereas, the highest total fresh weight of weeds (808.21 and 939.89 g / m2) was obtained with growing 20000 maize plants per fed., in the first and second season, respectively.
Growing 28000 maize plants fed. in 2010 season significantly reduced total fresh weight of weeds by 5.58, 9.49, 12.27 and 14.73 %, compared with the growing 26000, 24000, 22000 and 20000 maize plants per fed.,  respectively. In the second season, the corresponding decreases in total fresh weight of weeds 4.38, 12.67, 15.82 and 18.27%. On the other hand, the difference between growing 20000 and 22000 maize plants per fed. treatments on the total fresh weight of weeds was below the level of significance  in both seasons.
This result is mainly due to the increased inter-specific competition between maize plants and weed plants for light, nutrient minerals, growth place and water at higher densities. 

The results indicate also that the smothering effect of maize plants and their role in depressing weeds are greatly increased at higher population densities. These results agree with those of Mosalem and Shady (1996) and Bakhtiar Gul et al., (2009 and 2011).
Table 11: Effect of plant densities and periods of weed control on total fresh weight of weeds (g/m2) at harvesting maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	808.21
	939.89

	22000
	785.55
	912.61

	24000
	761.45
	879.69

	26000
	729.91
	803.36

	28000
	689.18
	768.19

	L.S.D. at 5 %.
	23.71
	31.25

	Periods of weed control

	1
	2983.30
	3773.46

	2
	1777.74
	1636.19

	3
	398.51
	488.37

	4
	95.96
	88.56

	5
	23.29
	25.04

	6
	3.01
	7.14

	7
	2.20
	6.46

	L.S.D. at 5 %.
	282.55
	344.81

	L.S.D. at 5 %. for Interaction
	631.80
	771.02


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

II. Periods of weed control:

The results presented in Table (11) showed that periods of weed control treatments in maize significantly influenced the total fresh weight of weeds (g/m2) at maize harvest in the two seasons.

Keeping maize plants free of weeds for treatment 2, 3, 4, 5, 6 and treatment 7 decreased total fresh weight of weeds by 40.41, 86.64, 96.78, 99.22, 99.90 and 99.93%, respectively, in the first season and by 56.64, 87.06, 97.65, 99.34, 99.81 and 99.83 %, respectively, for the respective treatments, in the second season as compared with allowing weeds to grow for the whole season (Treatment 1). Results revealed that there were no significant differences among weed free treatments for 4, 5, 6 and treatment 7 in the two seasons, on total fresh weight of weeds. From this result, the critical period of weed control in maize was controlling maize weeds at 20, 35 and 50 days from sowing (Treatment 4). These results agree with those of Bogdan et al., (2007), Ahmed et al., (2008) and Bakhtiar Gul et al., (2009).

III. Interaction effect:

Total fresh weight of weeds at maize harvest was significantly affected by the interaction between plant population density and periods of weed control in maize during 2010 and 2011 seasons, (Table, 11a).
The highest reduction in weed biomass always obtained with maize planting by 28000 plants per fed. and weed control by treatment 7 in both seasons. Meanwhile, maize planting by 20000 plants per fed. and allowing weeds to grow for the whole season (Treatment 1) gave the highest value of total fresh weight of weeds. These results agree with those of Bakhtiar Gul et al., (2009).
Table 11a: Effect of interaction between plant densities and periods of weed control on total fresh weight of weeds (g/m2) at harvesting maize in 2010 and 2011 seasons.

	Periods of weed control
	2010
	2011

	
	Plant density (plants per fed.)

	
	20000
	22000
	24000
	26000
	28000
	20000
	22000
	24000
	26000
	28000

	1
	3162.0
	3101.8
	3021.5
	2911.0
	2720.3
	4062.7
	3961.9
	3847.9
	3560.5
	3434.4

	2
	1907.2
	1826.9
	1786.8
	1716.5
	1651.3
	1824.6
	1767.1
	1684.4
	1483.7
	1421.2

	3
	431.63
	426.63
	396.50
	376.43
	361.38
	542.63
	519.43
	494.20
	463.98
	421.60

	4
	120.45
	110.43
	95.35
	81.30
	72.28
	102.88
	96.83
	92.80
	79.70
	70.60

	5
	30.13
	27.10
	24.10
	20.08
	15.05
	29.80
	28.23
	25.80
	23.20
	18.15

	6
	4.03
	4.03
	3.00
	2.00
	2.00
	8.98
	7.65
	6.65
	6.45
	5.98

	7
	2.00
	2.00
	3.00
	2.00
	2.00
	7.58
	7.15
	6.05
	6.05
	5.48

	L.S.D. at 5%
	631.80
	771.02


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

A.9. Dry weight of broad-leaved weeds at harvesting maize:

Results in Table (12) show the effect of the plant densities and periods of weed control on dry weight of broad-leaved weeds (g/m2) in maize plots at harvest during 2010 and 2010 seasons.
I. Effect of plant density:

Results in Table (12) showed that increasing plant densities significantly decreased dry weight of broad-leaved weeds (g/m2) at maize harvest in the two seasons.

Table 12: Effect of plant densities and periods of weed control on dry weight of broad-leaved weeds (g/m2) at harvesting maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (plants per fed.)

	20000
	115.88
	133.15

	22000
	112.64
	130.20

	24000
	109.25
	124.32

	26000
	104.77
	110.26

	28000
	98.94
	104.92

	L.S.D. at 5 %.
	3.31
	5.04

	Periods of weed control

	1
	432.28
	545.67

	2
	257.60
	214.24

	3
	52.25
	69.86

	4
	12.58
	11.04

	5
	2.73
	2.07

	6
	0.36
	0.57

	7
	0.26
	0.54

	L.S.D. at 5 %.
	37.09
	53.58

	L.S.D. at 5 %. for Interaction
	n.s
	119.81


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

The lowest dry weight of broad-leaved weeds (g/m2) was 98.94 and 104.92 g/ m2 which obtained from planting 28000 maize plants per fed. in the 2010 and 2011 seasons, respectively. Whereas, the highest dry weight of broad-leaved weeds (115.88 and 133.15 g / m2) was obtained with growing 20000 maize plants per fed., in the first and second season, respectively. But, there was no significant difference between growing 20000 and 22000 maize plants per fed. on the dry weight of broad-leaved weeds in the first and second season, and between 24000 and 26000 plants per fed. in the second season. 
This result is mainly due to the increase in inter-specific competition between maize plants and growing weed .This competition was in favor of maize plants. These results are in harmony with those Abd-El-Samie (2001) and Abouzienia et al., (2008). 

II.  Periods of weed control:

The data presented in (Table, 12) showed that the effect of different periods of weed control on dry weight of broad-leaved weed in maize plots at harvest was significant in the first and second season.

Means of dry weight of broad-leaved weeds were significantly affected by removal of weeds up to 50 days after planting (treatment 4) and did not differ significantly from other weed free treatments in the first season and the same trend in the second season. 

The lowest value of dry weight of broad-leaved weeds was 0.26 and 0.54 g/m2 in the first and second season, respectively which obtained from maize weeds controlling at 20,35, 80 and 95 days after sowing (treatment 7). While, allowing weeds to grow for the whole season (Treatment 1) produced the heaviest dry weight of broad-leaved weeds of 432.28 and 545.67 g/m2 in the first and second season, respectively. On the other hand, there were no significant differences among periods of weed control for 4, 5, 6 and treatment 7 on dry weight of broad-leaved weeds in both seasons. From this result, the critical period of weed control in maize was controlling weeds at 20, 35 and 50 days from sowing (Treatment 4). Many investigators obtained similar results as El-Morsy and Badawi (1998), Abd-El-Samie (2001), Ahmed et al., (2008), Olorunmaiye and Olorunmaiye (2009) and Soliman and Gharib (2011). 

III. Interaction effect:

Dry weight of broad-leaved weed at harvest was significantly affected by the interaction between plant population density and periods of weed control in maize during 2011 seasons only, (Table, 12a) 

Table 12a: Effect of interaction between plant densities and periods of weed control on dry weight of broad-leaved weeds (g/m2) at harvesting maize in 2011 season.

	Periods of weed control
	2011

	
	Plant density (plants per fed.)

	
	20000
	22000
	24000
	26000
	28000

	1
	591.05
	582.99
	560.80
	506.33
	487.17

	2
	246.11
	238.04
	223.92
	186.60
	176.51

	3
	78.07
	74.44
	70.80
	66.27
	59.73

	4
	12.71
	12.16
	11.62
	9.81
	8.90

	5
	2.63
	2.46
	2.13
	1.80
	1.31

	6
	0.82
	0.65
	0.49
	0.49
	0.42

	7
	0.65
	0.65
	0.49
	0.49
	0.42

	L.S.D. at 5 % 
	119.81


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

The highest reduction in dry weight of broad-leaved weeds obtained with maize planting by 28000 plants per fed. under weed control by either treatment 6 or treatment 7. In the meantime, maize planting by 20000 plants per fed. and allowing weeds to grow for the whole season (Treatment 1) produced the heaviest value of dry weight of broad-leaved weeds. These results agree with those of Abd-El-Samie (2001)
A.10. Dry weight of grassy weeds g/m2 at harvesting maize:
Results in Table (13) show the effect of plant densities and periods of weed control on dry weight of grassy weeds (g/m2) in maize plots at harvest during 2010 and 2010 seasons.  
I. Effect of plant density:

Data presented in Table (13) show that dry weight of grassy weeds (g/m2) in maize plots at harvest was not significantly affected by plant density in 2010 and 2011 seasons. In general, dry weight of grassy weeds (g/m2) tended to decrease by reducing distance between hills for maize plants in both seasons, but differences were not great to reach the level of significance. The highest dry weight of grassy weeds (g/m2) in maize plots (74.62 and 79.74) produced by planting 20000 maize plants per fed and the lowest weight (63.69 and 71.31) produced by growing 28000 plants per fed.  in the first and second season, respectively.
II. Periods of weed control:

Results in Table (13) indicated that the dry weight of grassy weeds (g/m2) was significantly affected by the periods of weed control in maize plots in both seasons. 

Table 13: Effect of plant densities and periods of weed control on dry weight of grassy weeds (g/m2) at harvesting maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	74.62
	79.74

	22000
	72.54
	76.08

	24000
	70.34
	75.19

	26000
	67.45
	73.61

	28000
	63.69
	71.31

	L.S.D. at 5 %.

	n.s
	n.s

	Periods of weed control

	1
	277.63
	323.99

	2
	165.44
	163.86

	3
	34.59
	27.07

	4
	8.33
	6.81

	5
	1.74
	3.09

	6
	0.22
	0.79

	7
	0.16
	0.69

	L.S.D. at 5 %.
	59.87
	53.46

	L.S.D. at 5 %. for Interaction
	n.s
	119.54


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

The lowest dry weight of grassy weeds was 0.16 and 0.69 g/m2 in the first and second season, respectively which obtained from maize weeds controlling at 20,35, 80 and 95 days after sowing (treatment 7). While, allowing weeds to grow for the whole season (Treatment 1) recorded the heaviest dry weight (277.63 and 323.99 g/m2) in the first and second season, respectively. On the other hand, the differences among periods of weed control for 3, 4, 5, 6 and treatment 7 in both seasons failed to reach the level of significance. From this result, the critical period of weed control in maize was controlling weeds at 20 and 35 days from sowing (Treatment 3). Many investigators obtained similar results as El-Morsy and Badawi (1998), Ahmed et al., (2008), Olorunmaiye and Olorunmaiye (2009) and Soliman and Gharib (2011).
III. Interaction effect:

Dry weight of grassy weed at maize harvest was significantly affected by the interaction between plant population density and periods of weed control in maize during the second season only, (Table, 13a).

The highest reduction in dry weight of grassy weeds obtained by planting   28000 plants per fed. under weed control by treatment 7 in the second season. Meanwhile, maize planting by 20000 plants per fed. and allowing weeds to grow for the whole season (Treatment 1) gave the highest value of dry weight of grassy weeds.
Table 13a: Effect of interaction between plant densities and periods of weed control on dry weight of grassy weeds (g/m2) at harvesting maize in 2011 season.

	Periods of weed control
	2011

	
	Plant density (plants per fed.)

	
	20000
	22000
	24000
	26000
	28000

	1
	343.32
	324.56
	323.62
	318.93
	309.54

	2
	172.28
	167.31
	163.80
	159.70
	156.20

	3
	29.41
	28.60
	27.23
	25.88
	24.24

	4
	8.07
	7.32
	7.06
	6.31
	5.30

	5
	3.42
	3.28
	3.18
	3.03
	2.52

	6
	0.87
	0.80
	0.80
	0.75
	0.75

	7
	0.78
	0.69
	0.67
	0.67
	0.64

	L.S.D. at 5 %
	119.54


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

A.11. Total dry weight of weeds at maize harvest:
Results in Table (14) indicate the effect of the plant densities and periods of weed control on total dry weight of weeds (g/m2) in maize plots during 2010 and 2010 seasons.  
I. Effect of plant density:

Results in Table (14) show that total dry weight of weeds at maize harvest was significantly affected by the plant densities. Increasing plant density significantly reduced total dry weight of weeds (g/m2) in the two seasons.

 The slight depression in dry weight of weeds (162.63 and 176.24 g/m2 in the first and second season, respectively) was found in maize plots as growing by 28000 plants per fed. Whereas, growing 20000 plants per fed. produced the highest total dry weed which was 190.50 and 212.88 g/m2 in the first and second season, respectively. The differences in this trait between growing 20000 and 22000 plants per fed. was below the level of significance .
Table 14: Effect of plant densities and periods of weed control on total dry weight of weeds (g/m2) at harvesting maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density
	
	

	20000
	190.50
	212.88

	22000
	185.17
	206.27

	24000
	179.59
	199.52

	26000
	172.22
	183.87

	28000
	162.63
	176.24

	L.S.D. at 5 %.
	5.93
	8.27

	Period of weed control
	
	

	1
	709.91
	869.66

	2
	423.03
	378.09

	3
	86.84
	96.93

	4
	20.91
	17.85

	5
	4.47
	5.15

	6
	0.58
	1.37

	7
	0.42
	1.23

	L.S.D. at 5 %.
	64.99
	75.56

	L.S.D. at 5 %. for Interaction
	145.32
	n.s


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 
This result is mainly due to the increased inter-specific competition between maize plants and growing weed for environmental conditions at higher densities and decreased total fresh weed g/m2. 

The results indicate also that the smothering effect of maize plants and their role in depressing weeds are greatly increased at higher population densities. These results agree with those reported by Mosalem and Shady (1996), Chikoye et al., (2004), Maqbool et al., (2006), Abouzienia et al., (2008), Ullah et al., (2008) and Mashingaidze et al., (2009).
II. Periods of weed control:   

The results presented in Table (14) showed that the total dry weight of weeds (g/m2) at maize harvest was significantly affected by periods of weed control in the two seasons.

Maize weeds controlling in treatment 2, 3, 4, 5, 6 and treatment 7 decreased total dry weight of weeds by 40.41, 87.77, 97.05, 99.37, 99.92 and 99.94 %, respectively, in the first season and by 56.52, 88.85, 97.95, 99.41, 99.84 and 99.86 %, respectively, for the same respective treatments, in the second season as compared with allowing weeds to grow for the whole season (Treatment 1). Results revealed that there were no significant differences among weed free treatments for 4, 5, 6 and treatment 7 in the first and second season, on total dry weight of weeds. From this result, the critical period of weed control in maize was controlling weeds at 20, 35 and 50 days from sowing (Treatment 4). Many investigators obtained similar results as Chikoye et al., (2004), Kayode and Ademiluyi (2004), Maqbool et al., (2006), Bogdan et al., (2007), Riaz et al., (2007), Abouziena et al., (2008), Ahmed et al., (2008), Olorunmaiye and Olorunmaiye (2009), Fanadoz et al., (2010) and Soliman and Gharib (2011). 

III.  Interaction effect:

Total dry weight of weed at maize harvest was significantly affected by the interaction between plant population density and periods of weed control in maize during the first season only, (Table, 14a) 

Table 14a: Effect of interaction between plant densities and periods of weed control on total dry weight of weeds (g/m2) at harvesting maize in 2010 season.

	Periods of weed control
	2010

	
	Plant density (plants per fed.)

	
	20000
	22000
	24000
	26000
	28000

	1
	752.43
	738.10
	718.99
	692.71
	647.33

	2
	453.85
	434.74
	425.19
	408.46
	392.93

	3
	94.05
	92.96
	86.40
	82.02
	78.75

	4
	26.25
	24.06
	20.78
	17.72
	15.75

	5
	5.78
	5.20
	4.62
	3.85
	2.89

	6
	0.78
	0.78
	0.58
	0.38
	0.38

	7
	0.38
	0.38
	0.58
	0.38
	0.38

	L.S.D. at 5 %
	145.32


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

The highest reduction in total dry weight of weeds always obtained with maize planting by 26000 or 28000 plants per fed. under weed control by either treatment 6 or treatment 7 in the first season. Meanwhile, maize planting by 20000 plants per fed. and allowing weeds to grow for the whole season (Treatment 1) gave the highest value of total dry weight of weeds. Many investigators obtained similar results as Chikoye et al., (2004), Maqbool et al., (2006), Abouziena et al., (2008) and Ullah et al., (2008).
B. Growth Characters:

B.1. Plant height (cm):

Results in Table (15) indicate the effect of plant density and periods of weed control as well as their interaction on maize plant height during 2010 and 2011 seasons.

I. Effect of plant density:

Data presented in table (15) indicate that maize plant height was significantly influenced by increasing plant density during the two growing seasons. Maize plant height was increased by increasing plant density in both seasons. The tallest plants were those of growing 28000 maize plants per fed.( 330.9 and 370.89 cm )  and the shortest plants were those of growing 20000 maize plants per fed.( 304.1 and 343.8 cm ) in the first and second season, respectively.   

Growing 28000 maize plants per fed. in 2010 season significantly increased maize plant height by 8.81, 6.19, 3.63 and 2.26 %, compared with the growing 20000, 22000, 24000, and 26000 plants /fed. respectively. In second season, the corresponding increases in plant height were 7.90, 5.59, 2.97, and 1.76%.


The increase in maize plant height by increasing plant densities is mainly due to the increased intra-specific competition among maize plants for light. Many investigators obtained similar results as Atta Allah (1996), El-Habbak (1996), El-Sheikh (1996), Mosalem and Shady (1996), Shams El-Din and El-Habbak (1996), El-Bana and Gomaa (2000), El-Koomy (2000), El-Far (2001), Sharief (2001), Abd El-All (2002), Zohry and Farghaly (2003), Agasibagil (2006), Al-Shebani (2006), Bader and Othman (2006), Abd El-Raouf et al., (2008a), Abouzienia et al., (2008), Sani et al., (2008), El-Gizawy (2009), Leilah et al., (2009), Sharifi et al., (2009), Asif et al., (2010), Gozubenli (2010), Abdulhamid and Adraa (2011) and  Lashkari et al., (2011).
Table 15: Effect of plant densities and periods of weed control on plant height of maize plants (cm) in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	304.1
	343.8

	22000
	311.6
	351.3

	24000
	319.3
	360.2

	26000
	323.6
	364.5

	28000
	330.9
	370.9

	L.S.D. at 5 %.
	4.1
	4.0

	Periods of weed control

	1
	293.0
	334.5

	2
	311.8
	351.5

	3
	320.3
	361.3

	4
	325.0
	364.8

	5
	326.3
	365.8

	6
	325.8
	365.3

	7
	323.3
	363.8

	L.S.D. at 5 %.
	n.s
	8.25

	L.S.D. at 5 %. for Interaction
	n.s
	n.s


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

II. Periods of weed control:

Results are presented in Table (15) shows that the effect of different periods of weed control treatments on maize plant height (cm) at harvest was significant in the second season only.

The tallest plants (365.8 cm) were obtained from maize weeds control by treatment 5 (weed control at 20, 35, 50 and 65 days after planting). On the other hand, un-weeded control (treatment 1) gave the shortest maize plants being 334.5 cm. While, there were no significant differences among periods of weed control treatments for 3, 4, 5, 6 and treatment 7 on plant height (cm). From the recorded results it can be revealed that the highest increment in maize plant height were achieved from plots treated by Treatment 3, 4, 5, 6 and treatment 7. These treatments minimized the weed inter-specific competition with maize plants in utilizing the environmental factors i.e. light, nutrients and water in building great amount of metabolites available for building new tissues and this might account for the previous findings.  

The reduction in plant height due to weeds may be attributed to several factors, i.e. competition between maize and weeds for water and nutrients, especially nitrogen and allelopathic effects of weed. Many investigators obtained similar results as El-Morsy and Badawi (1998), Abd-El-Samie (2001), Kayode and Ademiluyi (2004), Oljaca et al., (2007), Riaz et al., (2007), Abd El-Azeem and Mekky (2008), Ahmed et al., (2008), Mahmoodi and Rahimi (2009a) and  Soliman and Gharib (2011). 

III. Interaction effect:

The interaction effect between plant population density and periods of weed control in maize was not significant on maize plant height in the two growing seasons Table (15). 

B.2. Ear height (cm): 

Results in Table (16) indicate the effect of plant density and periods of weed control as well as their interaction on maize ear height during 2010 and 2011 seasons.

I. Effect of plant density:

Results in table (16) indicate that population density significantly affected ear height of maize plants in the two seasons. Maize growing by 28000 plants per fed. gave the highest ears position on the stalk which was 161.1 and 179.29 cm in the first and second season, respectively.  Whereas, the lowest position of ears (141.3 and 160.89 cm) were recorded by growing 20000 plants per fed. in 2010 and 2011 seasons, respectively. But, there was no significant difference between growing 26000 and 28000 maize plants per fed. on ear height in both  seasons.


These results may be a consequence of raising maize plant height (Table, 15) due to the increased intra-specific competition among maize plants for light. Many investigators came out with similar results as  Atta Allah (1996), El-Habbak (1996), El-Sheikh (1996), Mosalem and Shady (1996), Shams El-Din and El-Habbak (1996), El-Koomy (2000), El-Far (2001), Sharief (2001), Abd El-All (2002), Zohry and Farghaly (2003), Al-Shebani (2006), Bader and Othman (2006), Hassan et al., (2008), El-Gizawy (2009), Gozubenli (2010) and Abdulhamid and Adraa (2011). 

Table 16: Effect of plant densities and periods of weed control on ear height of maize plants (cm) in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	141.3
	160.9

	22000
	146.1
	166.4

	24000
	152.2
	172.0

	26000
	157.0
	177.0

	28000
	161.1
	179.3

	L.S.D. at 5 %.
	4.4
	3.7

	Periods of weed control

	1
	130.8
	151.5

	2
	143.3
	162.5

	3
	151.0
	170.5

	4
	159.3
	179.0

	5
	160.8
	180.5

	6
	159.8
	179.3

	7
	155.8
	174.5

	L.S.D. at 5 %.
	n.s
	n.s

	L.S.D. at 5 %. for Interaction
	n.s
	n.s


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

II.  Periods of weed control:

Results in Table (16) show insignificant effect of periods of weed control treatments on maize ear height during 2010 and 2011 seasons at maize harvest. Similar results were obtained by Abd-El-Samie (2001) and Silva et al., (2010). 
III.  Interaction effect:

The interaction effect between plant population density and periods of weed control in maize was not significant on ear height in the two growing seasons Table (16). 

B.3. Stem diameter (cm):

Results in Table (17) indicate the effect of plant density and periods of weed control as well as their interaction on stem diameter of maize plant during 2010 and 2011 seasons.

I. Effect of plant density:

Data reported in table (17) show that the stem diameter of maize plants significantly decreased by reducing distance between hills from 30 cm (20000 plants per / fed.)  to 21.43 cm (28000 plants per /fed.) in the two seasons.


Growing 20000 maize plants per fed. gave the highest values of stem diameter which were 3.52 cm and 3.75 cm in the first and second season, respectively. On the other hand, the lowest values (2.74 and 2.96 cm) were produced from planting maize by 28000 plants per fed. in the two subsequent seasons. But, the differences in this trait between 20000 and 22000 plants per fed. treatments were below the level of significance in both seasons.
The decrease in stem diameter at highest densities is mainly due to the increased intra-specific competition among maize plant for light, nutrients and other environmental factors which are required for growth. Similar results were obtained by Atta Allah (1996), El-Habbak (1996), El-Douby et al., (2001), El-Far (2001), Shams et al., (2002), Al-Shebani (2006),  Sharifi et al., (2009), Gozubenli (2010) and Lashkari et al., (2011).
Table 17: Effect of plant densities and periods of weed control on stem diameter of maize plants (cm) in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	3.52
	3.75

	22000
	3.44
	3.65

	24000
	3.28
	3.51

	26000
	3.01
	3.23

	28000
	2.74
	2.96

	L.S.D. at 5 %.
	0.15
	0.12

	Periods of weed control

	1
	2.40
	2.62

	2
	2.93
	3.14

	3
	3.29
	3.53

	4
	3.42
	3.65

	5
	3.49
	3.72

	6
	3.47
	3.68

	7
	3.39
	3.61

	L.S.D. at 5 %.
	n.s
	0.26

	L.S.D. at 5 %. for Interaction
	n.s
	n.s


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

II. Periods of weed control:

Results presented in Table (17) show that periods of weed control treatments significantly affected maize stem diameter in the 2011 season only. 

The greatest stem diameter was recorded by controlling maize weeds by treatment 5 being 3.72 cm. Whereas, allowing weed to grow for the whole season (treatment 1) recorded the lowest stem diameter which was 2.62 cm. On the other hand, the differences in stem diameter were below the level of significance between treatment 3, 4, 5, 6 and treatment 7. These results indicate clearly that the highest increments in maize stem diameter were achieved from plots treated by treatment 3, 4, 5, 6 and treatment 7. These treatments minimized inter-specific competition between maize and growing weed in utilizing the environmental factors i.e. light, nutrients and water in building great amount of metabolites available for building new tissues and this might account for the previous findings. Similar results were obtained by El-Morsy and Badawi (1998).
III.  Interaction effect:

The interaction effect between plant population density and periods of weed control in maize was not significant on maize stem diameter in both growing seasons Table (17). 

B.4. Area of topmost ear leaf (cm2) after full tasseling


Area of topmost ear leaf (cm2) in 2010 and 2011 seasons as affected by plant densities and periods of weed control are presented in Table (18).
I. Effect of plant densities:

Data reveal that plant density significantly affected area of topmost ear leaf (cm2) of maize in the two experimental seasons. The rising plant density from 20000 to 28000 plants per fed. decreased area of topmost ear leaf (cm2) in the two seasons. 
Table 18: Effect of plant densities and periods of weed control on area of topmost ear leaf (cm2) after full tasseling in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	792.4
	837.0

	22000
	755.9
	803.4

	24000
	712.6
	756.4

	26000
	677.0
	721.6

	28000
	646.3
	694.3

	L.S.D. at 5 %.
	29.5
	23.1

	Periods of weed control

	1
	500.0
	548.5

	2
	652.0
	695.5

	3
	750.2
	795.5

	4
	776.2
	821.8

	5
	789.6
	836.3

	6
	784.6
	831.0

	7
	765.2
	809.3

	L.S.D. at 5 %.
	40.4
	36.9

	L.S.D. at 5 %. for Interaction
	90.3
	82.5


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 
The higher topmost ear leaf area (cm2) was obtained from planting 20000 plants per fed. (792.4 and 837.0 cm2 in the first and second season, respectively) and the lowest one (646.3 and 694.3 cm2 in the first and second season, respectively) were noticed when maize planted with 28000 plants per fed.
Growing 20000 maize plants / fed. in 2010 season significantly increased maize plant leaf area cm2 by 36.5, 79.8, 115.4 and 146.1 cm2 compared with the growing 22000, 24000, 26000 and 28000 plants /fed. respectively. In the second season, the corresponding increases in area of topmost ear leaf (cm2) were 33.6, 80.6, 115.4, and 142.7 cm2. 

The decrease in area of topmost ear leaf (cm2) by increasing plant density is mainly due to the increased intra-specific competition among maize plant for light, growth zone, nutrients and other environmental factors which are required for growth. Many investigators obtained similar results as Atta Allah (1996), El-Habbak (1996), El-Sheikh (1996), Shams El-Din and El-Habbak (1996), El-Far (2001), Abd El-All (2002), Shams et al., (2002), Bader and Othman (2006), El-Gizawy (2009), Leilah et al., (2009) and Abdulhamid and Adraa (2011). 
II. Periods of weed control:

Data in Table (18) reveal that periods of weed control treatments was significantly affected area of topmost ear leaf of maize in the two experimental seasons. The highest area was obtained from weed control at 20, 35, 50 and 60 days from planting (789.6 and 836.3 cm2 in the first and second season, respectively) and lowest areas (500.0 and 548.5 cm in the first and second season, respectively) were noticed when maize planted without weed control. The differences in area of topmost ear were below the level of significance between treatment 3, 4, 5, 6 and treatment 7 in the first season, and between treatment 4, 5, 6 and treatment 7 and between treatment 3, 4, 6 and treatment 7 in the second season. These reductions in area of topmost ear leaf might be due to increased in competition between maize and weeds plants in utilizing environmental factors i.e. light, nutrients, place and water. Similar results were obtained by El-Morsy and Badawi (1998). 
III. Interaction effect:

Results presented in Table (18a) show that the interaction between plant population densities and periods of weed control treatments significantly affected area of topmost ear (cm2) in the first and second season. The highest values of topmost ear leaf area (889.0 and 937.5 cm2 in the first and second season, respectively) obtained from the lowest plant density (20000 plants per fed.) under weed control by treatment 5. But, the lowest area (433.0 and 548.5 cm2) was produced from the highest plant density (28000 plants per fed.) under un-weeded control. 
Table 18a: Effect of interaction between plant densities and periods of weed control on area of topmost ear leaf (cm2) after full tasseling in 2010 and 2011 seasons.

	Periods of weed control
	2010
	2011

	
	Plant density (plants per fed.)

	
	20000
	22000
	24000
	26000
	28000
	20000
	22000
	24000
	26000
	28000

	1
	560.0
	546.0
	499.0
	462.0
	433.0
	612.5
	592.5
	537.5
	512.5
	487.5

	2
	704.0
	676.0
	638.0
	626.0
	616.0
	737.5
	727.5
	677.5
	672.5
	662.5

	3
	806.0
	798.0
	754.0
	711.0
	682.0
	847.5
	847.5
	797.5
	757.5
	727.5

	4
	870.0
	816.0
	771.0
	727.0
	697.0
	918.8
	862.5
	817.5
	767.5
	742.5

	5
	889.0
	822.0
	781.0
	750.0
	706.0
	937.5
	868.8
	827.5
	792.5
	755.0

	6
	878.0
	822.0
	779.0
	745.0
	699.0
	927.5
	867.5
	825.0
	787.5
	747.5

	7
	840.0
	811.0
	766.0
	718.0
	691.0
	877.5
	857.5
	812.5
	761.3
	737.5

	L.S.D. at 5 %. 
	90.3
	82.5


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

B.5. Plant leaf area (cm2) after full tasseling: 

Results in Table (19) present the means of maize plant leaf area as affected by plant densities and periods of weed control during 2010 and 2011 seasons. 

I. Effect of plant densities:

The differences between maize plant leaf area (cm2) were significantly affected by increasing plant density in the two seasons (Table, 19). The increasing numbers of plants per unit significantly decrease plant leaf area of maize. Maize planted with 20000 plants per fed. recorded the highest values of maize plant leaf area which were 11095 cm2 and 11718 cm2 in the first and second season, respectively. On the other hand, the lowest values (9049 and 9720 cm2) were produced from planting maize by 28000 plants per fed. in the two subsequent seasons.

Table 19: Effect of plant densities and periods of weed control on plant leaf area (cm2) after full tasseling maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	11095
	11718

	22000
	10581
	11248

	24000
	9975
	10590

	26000
	9480
	10103

	28000
	9049
	9720

	L.S.D. at 5 %.
	413
	323

	Periods of weed control 

	1
	6999
	7679

	2
	9128
	9737

	3
	10502
	11137

	4
	10867
	11505

	5
	11055
	11708

	6
	10987
	11634

	7
	10714
	11330

	L.S.D. at 5 %.
	360
	343

	L.S.D. at 5 % for Interaction 
	816
	767


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

Growing 20000 maize plants fed. in 2010 season significantly increased maize plant leaf area cm2 by 4.86, 11.23, 17.04 and 22.61 %, compared with the growing by 22, 24, 26 and 28 thousand plants /fed. respectively. In second season, the corresponding increases in leaf area (cm2) were 4.18, 10.65, 15.99, and 20.56%.
The observed reduction in leaf area under the highest plant density may be due to the increased intra-specific competition among maize plant for environmental factors which are required for growth. The results agree with those reported by Mosalem and Shady (1996), El-Agamy et al., (1999), El-Koomy (2000), James et al., (2000),  Agasibagil (2006), Al-Shebani (2006), Abd El-Raouf et al., (2008a) and Bakhtiar Gul et al ., (2009).
II. Periods of weed control:

The effect of weed control treatments on plant leaf area (cm2) is show in Table (19). In general, there was an evidently significant effect on this trait as a result on weed control period in 2010 and 2011 seasons. 

Controlling weeds in treatment 2, 3, 4, 5, 6 and treatment 7 increased plant leaf area by 30.42, 50.05, 55.27, 57.95, 56.98 and 53.08 %, respectively, in the first season and by 26.80, 45.03, 49.82, 52.47, 51.50 and 47.55 %, respectively, for the same respective treatments, in the second season as compared with allowing weeds to grow for the whole season (Treatment 1). Results revealed that there were no significant differences among weed free treatments for 4, 5, 6 and treatment 7 on plant leaf area (cm2) in both seasons.

The increase in the plant leaf area as affected by weed control treatments resulted from the increase in number of green leaves per plant and area of topmost ear leaf (Table, 18). The results agree with those reported by Bonilla (1984), Hall et al., (1992), Yang et al. (1993), and Bakhtiar Gul et al., (2009).
III. Interaction effect:

Plant leaf area was significantly affected by the interaction between plant population density and periods of weed control in maize during the first and second season (Table, 19a). 

The highest values of plant leaf area (12449 and 12163 cm2 in the first and second season, respectively) obtained from the lowest plant density (20000 plants per fed.) under weed control by treatment 5. While, the lowest plant leaf area (6062 and 6825 cm2) was produced from the highest plant density (28000 plants per fed.) under un-weeded control. The results agree with those reported by Bakhtiar Gul et al., (2009).
Table 19a: Effect of interaction between plant densities and periods of weed control on plant leaf area (cm2) after full tasseling maize in 2010 and 2011 seasons.

	Periods of weed control
	2010
	2011

	
	Plant density (plants per fed.)

	
	20000
	22000
	24000
	26000
	28000
	20000
	22000
	24000
	26000
	28000

	1
	7842
	7643
	6980
	6470
	6062
	8575
	8295
	7525
	7175
	6825

	2
	9855
	9465
	8932
	8763
	8623
	10325
	10185
	9485
	9415
	9275

	3
	11282
	11167
	10555
	9953
	9553
	11865
	11865
	11165
	10605
	10185

	4
	12182
	11423
	10793
	10178
	9760
	12863
	12075
	11445
	10745
	10395

	5
	12449
	11503
	10933
	10507
	9883
	13125
	12163
	11585
	11095
	10570

	6
	12287
	11513
	10911
	10437
	9789
	12985
	12145
	11550
	11025
	10465

	7
	11767
	11353
	10723
	10053
	9673
	12285
	12005
	11375
	10658
	10325

	L.S.D. at 5 %
	816
	767


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

B.6. Leaf area index (LAI) after full tasseling: 


Leaf area index (LAI) in 2010 and 2011 seasons as affected by plant densities and periods of weed control are presented in Table (20) 2010 and 2011 seasons.
I. Effect of plant densities:

Concerning the effect of plant densities treatments on LAI results showed that rising plant density significantly increased LAI in the two seasons.

The mean values of LAI as affected by plant density during the two growing seasons are illustrated in table (20). In general LAI, increased as plant densities increased. The LAI reached maximum value at the highest population (28000 plants per fed.) which were 6.03 and 6.48 in the first and second season, respectively. On the other hand, the minimum values were 5.28 and 5.58 obtained from planting maize by 20000 plants per fed. in the two subsequent seasons.
These results may be due to decrease in land area per plant from 210 cm2 (20000 plant per fed.) to 150 cm2 (28000 plant per fed.) and the decrease in plant leaf area with increase plant densities. The results agree with those reported by El-Agamy et al., (1999), El-Koomy (2000), Sharief (2001), Agasibagil (2006), Abd El-Raouf et al., (2008a), Sani et al., (2008), Bakhtiar Gul et al., (2009) and Sharifi and Pirzad (2011).
Table 20: Effect of plant densities and periods of weed control on leaf area index after full tasseling maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	5.28
	5.58

	22000
	5.54
	5.89

	24000
	5.70
	6.05

	26000
	5.87
	6.25

	28000
	6.03
	6.48

	L.S.D. at 5 %.
	0.24
	0.19

	Periods of weed control

	1
	3.95
	4.34

	2
	5.18
	5.54

	3
	5.96
	6.32

	4
	6.15
	6.52

	5
	6.26
	6.63

	6
	6.22
	6.59

	7
	6.07
	6.42

	L.S.D. at 5 %.
	0.25
	0.22

	L.S.D. at 5 % for Interaction 
	0.56
	0.49


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

II. Periods of weed control:

Concerning periods of weed control treatments, results in Table (20) show that Leaf area index (LAI) was significantly increased by any weed control period compared with un-weeded treatment in 2010 and 2011 seasons. 

Keeping maize plants free of weeds for treatment 2, 3, 4, 5, 6 and treatment 7 increased plant leaf area by 31.14, 50.89, 55.70, 45.48, 57.47 and 53.67 %, respectively, in the first season and by 27.65, 45.62, 50.23, 52.76, 51.84 and 47.93 %, respectively, for the same respective treatments, in the second season as compared with allowing weeds to grow for the whole season (Treatment 1). Results revealed that the differences among weed control for treatment 3, 4, 5, 6 and treatment 7 in the first and second season, on this trait were below the significant level. The results agree with those reported by Maqbool et al., (2006), Oljaca et al., (2007), Bakhtiar Gul et al., (2009), Mahmoodi and Rahimi (2009a), Ghanizadeh et al., (2010), Karimmojeni et al., (2010), and Soliman and Gharib (2011).
The increase in the leaf area index as affected by weed control treatments may be resulted from the increase in leaf area per plant (Table, 19), number of green leaves per plant, and area of topmost ear leaf (Table, 18).

III. Interaction effect:

Leaf area index was significantly affected by the interaction between plant population density and periods of weed control in maize during the first and seasons (Table, 20a). 

The greatest values of leaf area index (7.05 and 6.59 cm2 in the first and second season, respectively) obtained from the highest plant density (28000 plants per fed.) under weed control by treatment 5. While, the lowest leaf area index (3.73 and 4.08 cm2 in the first and second season, respectively) were produced from the lowest plant density (20000 plants per fed.) under un-weeded control. The results agree with those reported by Maqbool et al., (2006) and Bakhtiar Gul et al., (2009).

Table 20a: Effect of interaction between plant densities and periods of weed control on leaf area index after full tasseling maize in 2010 and 2011 seasons.

	Periods of weed control
	2010
	2011

	
	Plant density (plants per fed.)

	
	20000
	22000
	24000
	26000
	28000
	20000
	22000
	24000
	26000
	28000

	1
	3.73
	4.00
	3.99
	4.01
	4.04
	4.08
	4.35
	4.30
	4.44
	4.55

	2
	4.69
	4.96
	5.10
	5.42
	5.75
	4.92
	5.34
	5.42
	5.83
	6.18

	3
	5.37
	5.85
	6.03
	6.16
	6.37
	5.65
	6.22
	6.38
	6.56
	6.79

	4
	5.80
	5.98
	6.17
	6.30
	6.51
	6.13
	6.33
	6.54
	6.65
	6.93

	5
	5.93
	6.03
	6.25
	6.50
	6.59
	6.25
	6.37
	6.62
	6.87
	7.05

	6
	5.85
	6.03
	6.24
	6.46
	6.53
	6.18
	6.36
	6.60
	6.82
	6.98

	7
	5.60
	5.95
	6.13
	6.22
	6.45
	5.85
	6.29
	6.50
	6.60
	6.88

	L.S.D. at 5%
	0.56
	0.49


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

B.7.Tasseling date:

Results in Table (21) show the effect of plant densities, weed control periods and their interaction on tasseling date of maize plants in 2010 and 2011 seasons.

I. Effect of plant densities:

Data presented in table (21) indicate that number of days to 50 % tasseling were significantly affected by increasing plant density during the two growing seasons. Increasing plant density from 20 to 28 thousand plants per fed. delayed tasseling date significantly in both seasons. The highest number of days from planting to 50 % tasseling were 67.54 and 68.25 obtained from growing 28000 plants per fed. and the lowest number of days to 50 % tasseling were 63.89 and 64.68 days recorded from planting 20 thousand plants per fed. in the first and second season, respectively.

Table 21: Effect of plant densities and periods of weed control on number of days to 50 % tasseling of maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	63.89
	64.68

	22000
	64.93
	65.68

	24000
	65.68
	66.46

	26000
	66.71
	67.39

	28000
	67.54
	68.25

	L.S.D. at 5 %.
	1.15
	1.21

	Periods of weed control

	1
	67.30
	67.90

	2
	66.05
	66.95

	3
	65.50
	66.15

	4
	65.35
	66.10

	5
	65.35
	66.15

	6
	65.35
	66.10

	7
	65.35
	66.10

	L.S.D. at 5 %.
	n.s
	n.s

	L.S.D. at 5 % for Interaction 
	n.s
	n.s


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

These results may be due to increase in light penetration, interception and photosynthetic efficiency at lower densities. Also at lower densities more nutrients are available which are required for the development of maize plants. The delayed tasseling is mainly due to the increase in intraspecific competition among maize plants. These results agree with those reported by El-Habbak (1996), Shams El-Din and El-Habbak (1996), El-Agamy et al., (1999), El-Far (2001), Shams et al., (2002), Zohry and Farghaly (2003), Abd El-Raouf et al., (2008a), Hassan et al., (2008), El-Gizawy (2009), Leilah et al., (2009), Asif et al., (2010) and Abdulhamid and Adraa (2011).
II.  Periods of weed control:

Results in Table (21) show insignificant effect of periods of weed control treatments on number of days to 50 % tasseling during 2010 and 2011 seasons. 

III.  Interaction effect:

The interaction effect between plant population density and periods of weed control in maize was not significant on number of days to 50 % tasseling of maize in both seasons Table (21). 

B.8. Silking date:

Results in Table (22) show the effect of plant densities, weed periods control and their interaction on silking date of maize plants in 2010 and 2011 seasons.

I. Effect of plant densities:

Data presented in table (22) indicate that number of days from planting to 50 % tasseling were significantly increased by increasing plant densities from 20000 to 28000 plant per fed. in the two seasons.  
Table 22: Effect of plant densities and periods of weed control on number of days to 50 % silking of maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	65.04
	66.04

	22000
	66.04
	67.04

	24000
	66.86
	67.82

	26000
	67.86
	68.75

	28000
	68.75
	69.61

	L.S.D. at 5 %.
	1.23
	1.15

	Periods of weed control

	1
	69.30
	69.90

	2
	67.15
	68.20

	3
	66.50
	67.40

	4
	66.35
	67.35

	5
	66.35
	67.40

	6
	66.35
	67.35

	7
	66.35
	67.35

	L.S.D. at 5 %.
	n.s
	n.s

	L.S.D. at 5 % for Interaction 
	n.s
	n.s


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

In 2010 season, planting 20000 plants per fed. induced an earlier silking by 1.00, 1.82, 2.82 and 3.71 days compared to planting 22000, 24000, 26000 and 28000 plant per fed. respectively. The corresponding respective values in 2011 season were 1.00, 1.78, 2.71 and 3.57 days. 

These results may be due to increase in light penetration, interception and photosynthetic efficiency at lower densities. Also at lower densities more nutrients are available which are required for the development of maize plants. These results agree with those reported by El-Habbak (1996), Shams El-Din and El-Habbak (1996), El-Agamy et al., (1999), El-Far (2001), Abd El-All (2002), Zohry and Farghaly (2003), Abd El-Raouf et al., (2008a), Hassan et al., (2008) El-Gizawy (2009), Asif et al., (2010) and Abdulhamid and Adraa (2011).
II. Periods of weed control:

Results on number of days to 50 % silking during 2010 and 2011 seasons indicate no significant effect for periods of weed control treatments on this trait, Table (22).

III. Interaction effect:

The interaction effect between plant population density and periods of weed control in maize was not significant on number of days to 50 % silking of maize in the two growing seasons Table (22). 

B.9. Number of plants per fed. at harvest (1000 plant):

Results in Table (23) show the effect of plant densities, periods of weed control and their interaction on number of maize plants per fed. at harvest in 2010 and 2011 seasons.

I. Effect of plant density:

It is clear from the results of Table (23) that plant density had significant effect on number of plants per fed in the 2010 and 2011 seasons. 

Data recorded in table (23) indicated that number of plants at harvest (1000 plants) significantly affected in the two seasons by plant density. Number of plants at harvest was increased by increasing plant density in both seasons.

Table 23: Effect of plant densities and periods of weed control on number of plants per fed. (1000 plants) at harvesting maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	19.87
	19.94

	22000
	21.86
	21.97

	24000
	23.84
	23.89

	26000
	25.84
	25.80

	28000
	27.89
	27.87

	L.S.D. at 5 %.
	0.75
	0.56

	Periods of weed control

	1
	23.84
	23.84

	2
	23.86
	23.86

	3
	23.86
	23.88

	4
	23.88
	23.92

	5
	23.82
	23.94

	6
	23.88
	23.94

	7
	23.88
	23.88

	L.S.D. at 5 %.
	n.s
	n.s

	L.S.D. at 5 % for Interaction 
	n.s
	n.s


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

Results clear that maize planting by 28000 plants per fed. gave the highest number of plants per fed. at harvest which was 27.89 and 27.87 thousand plants in the 2010 and 2011 seasons, respectively. Whereas, maize sowing by 20000 plants per fed. recorded the lowest number of plants per fed. which was 19.87 and 19.94 thousand plants in the two respective seasons. These results are in agreement with that obtained by Abd El-Raouf et al., (2008b).

I. Periods of weed control:

Results in Table (23) show that number of maize plants per fed at harvest were not significantly affected by weed control treatments during 2010 and 2011 seasons. 

II. Interaction effect:

The interaction effect between plant population density and periods of weed control in maize was not significant on number of plants per fed. in the two growing seasons Table (23). 

B.10. Number of plants carried two ears per fed. (1000 plants):

Results of the effect of plant densities, periods of weed control and their interaction on number of plants carried two ears per fed. are presented in Table (24).

I. Effect of plant density: 

The results showed that number of plants carried two ears decreased markedly with the increase in population density in both seasons (Table, 24).


This trait significantly decreased by increasing plant density from 20000 to 28000 plants per fed. Increasing plant density from 20000 to 22000, 24000, 26000 and 28000 plants per fed. caused significant decrease in number of plants carried two ears per fed. by 130, 270, 400 and 500 plants in 2010 season respectively, and being 780, 1080, 1400 and 1490 plants in the second season, respectively.

Such result is mainly due to the great intra-specific competition between maize plants at higher densities. These results are in agreement with that obtained by El-Douby et al., (2001). 
Table 24: Effect of plant densities and periods of weed control on number of plants carried two ears per fed.  (1000 plants) at harvesting maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	0.50
	1.49

	22000
	0.37
	0.71

	24000
	0.23
	0.41

	26000
	0.10
	0.09

	28000
	0.00
	0.00

	L.S.D. at 5 %.
	0.22
	0.31

	Periods of weed control

	1
	0.02
	0.02

	2
	0.12
	0.24

	3
	0.26
	0.56

	4
	0.32
	0.74

	5
	0.34
	0.80

	6
	0.32
	0.78

	7
	0.30
	0.64

	L.S.D. at 5 %.
	0.11
	0.16

	L.S.D. at 5 % for Interaction 
	n.s
	n.s


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

II. Periods of weed control:

It is clear from the results of Table (24) that periods of weed control had significant effect on the number of maize plants carried two ears per fed.  in 2010 and 2011 seasons.
Planting maize under weed control at 20, 35, 50 and 65 days from sowing (treatment 5)  gave the highest number of plants carried two ears per fed. which was 340 and 800 plants in the first and second season, respectively. Meanwhile, planting maize under un-weeded control produced the lowest number of plants carried two ears per fed. (20 plants in both seasons). Results revealed that there were no significant differences among weed control for treatment 3, 4, 5, 6 and treatment 7 in the first season and between treatment 4, 5, 6 and treatment 7 and treatment 3 and treatment 7 in the second season on this trait.

The increase in the number of plants carried two ears per fed. as affected by weed control treatments resulted from the improving maize plant growth, due to the reduction of competition between maize plants and growing weeds .

III. Interaction effect:

The interaction effect between plant population density and periods of weed control in maize was not significant on number of plants carried two ear per fed. in the two growing seasons Table (24). 

B.11. Number of barren plants per fed. (1000 plants):

 Results of the effect of plant density and periods of weed control as well as their interaction on number of barren plants per fed. during 2010 and 2011 seasons are presented in Table (25).

Table 25: Effect of plant densities and periods of weed control on number of barren plants (1000 plants) per fed. at harvesting maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	0.07
	0.06

	22000
	0.17
	0.09

	24000
	0.31
	0.07

	26000
	0.94
	0.14

	28000
	1.31
	0.57

	L.S.D. at 5 %.
	0.23
	n.s

	Periods of weed control

	1
	1.06
	0.68

	2
	0.62
	0.20

	3
	0.46
	0.10

	4
	0.46
	0.08

	5
	0.44
	0.08

	6
	0.44
	0.08

	7
	0.46
	0.08

	L.S.D. at 5 %.
	n.s
	n.s

	L.S.D. at 5 % for Interaction 
	n.s
	n.s


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

I. Effect of plant density: 

Data presented in table (25) showed that the number of barren plants per fed. significantly increased by reducing distance between hills from 30 (20000 plant per fed.) to 21.43 cm (28000 plant per fed.) in the first season only. Barren plants increased from 70 to 1310 plants and from 60 to 570 plants in 2010 and 2011 seasons respectively, as a result of increasing plant density from 20000 to 28000 plants per fed.    

This result is mainly due to the great intra-specific competition between maize plants at higher densities. The results agree with those reported by El-Habbak (1996), Mosalem and Shady (1996), Shams El-Din and El-Habbak (1996) and El-Douby et al., (2001).
II. Periods of weed control:

Results in Table (25) show insignificant effect of periods of weed control treatments on number of maize barren plants per fed. during 2010 and 2011 seasons at harvest. 
III.  Interaction effect:

The interaction effect between plant population density and periods of weed control was not significant on number of maize barren plants per fed.  in the two growing seasons Table (25).

B.12. Number of ears per fed. (1000 ears):

The effect of plant densities and periods of weed control as well as their interaction on number of ears per fed. during 2010 and 2011 seasons are presented in Table (26).

I. Effect of plant density:

Results indicate that the number of ears per fed. was significantly affected by plant densities in the two seasons (Table, 26). The highest number was obtained from maize plants sowing by 28000 plants per fed., being 26.57 and 27.30 thousand in the first and second season respectively. On the other hand, the lowest numbers (20.30 and 21.37 thousand plants) were obtained from planting maize by 20000 plants per fed. in the two subsequent seasons.

Table 26: Effect of plant densities and periods of weed control on number of ears (1000 ears) per fed. at harvesting maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	20.30
	21.37

	22000
	22.06
	22.60

	24000
	23.76
	24.23

	26000
	25.00
	25.74

	28000
	26.57
	27.30

	L.S.D. at 5 %.
	0.87
	0.73

	Periods of weed control

	1
	22.80
	23.18

	2
	23.36
	23.90

	3
	23.66
	24.34

	4
	23.74
	24.58

	5
	23.72
	24.66

	6
	23.76
	24.64

	7
	23.72
	24.44

	L.S.D. at 5 %.
	n.s
	n.s

	L.S.D. at 5 % for Interaction 
	n.s
	n.s


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

Such result is mainly due to increase in number of maize plants per fed. at harvest (Table, 23), and hybrid efficiency to gave ears under higher population. The results agree with those reported by Abd El-Raouf et al., (2008b) and IIIa et al., (2010).
II.  Periods of weed control:

Results in Table (26) showed that periods of weed control treatments had no significant effect on number of ears per fed. during 2010 and 2011 seasons at harvest. 
III.  Interaction effect:

The interaction effect between plant population density and periods of weed control in maize was not significant on number of ears per fed. in the two growing seasons Table (26).

B.13. Number of ears per plant:

Results in Table (27) indicate the effect of plant density and periods of weed control as well as their interaction on number of ears per plants during 2010 and 2011 seasons.  
I. Effect of plant density:

Results in Table (27) show insignificant effect of plant density on number of ears per plant during 2010 and 2011 seasons. 

Population density hadn't a marked influence on the number of ears per plant as shown in Table (27). Number of ears per plant was consistently increased by widening distance between hills.  Plants grown at a distance of 30 cm between hills produced 1.021 and 1.071 ears per plant in 2010 and 2011 seasons, respectively, and plants grown at a distance of 21.43 cm between hills produced 0.953 and 0.980 ears per plant in 2010 and 2011 seasons, respectively. The results agree with those reported by Shams El-Din and El-Habbak (1996), Abdulhamid and Adraa (2011) and Lashkari et al., (2011).
Table 27: Effect of plant densities and periods of weed control on number of ears per plant at harvesting maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density
	
	

	20000
	1.021
	1.071

	22000
	1.009
	1.028

	24000
	0.996
	1.014

	26000
	0.967
	0.998

	28000
	0.953
	0.980

	L.S.D. at 5 %.
	n.s
	n.s

	Period of weed control
	
	

	1
	0.959
	0.973

	2
	0.982
	1.004

	3
	0.995
	1.023

	4
	0.997
	1.032

	5
	0.999
	1.035

	6
	0.998
	24.64

	7
	0.996
	24.44

	L.S.D. at 5 %.
	n.s
	n.s

	L.S.D. at 5 % for Interaction 
	n.s
	n.s


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 
II. Periods of weed control:

Data presented in Table (27) showed that number of ears per plant was not significantly affected by periods of weed control on maize during 2010 and 2011 seasons at harvest.
III. Interaction effect:

The interactions effect between plant population density and periods of weed control in maize was not significant on No. of ears / maize plants in the two growing seasons Table (27).

C. Yield components:

C.1. Ear length:


The results in Table (28) indicate the effect of plant density and periods of weed control on ear length in 2010 and 2011 seasons. 

I. Effect of plant density:

Results presented in Table (28) show that plant density treatments have a significant increase on maize ear length in the 2010 and 2011 seasons.

The ear length was significantly decreased by increasing plant population in the both seasons. The longest ear was 21.07 and 22.96 cm in the two growing seasons respectively, which was recorded from planting maize by 20000 plants per fed. Whereas, the shortest ear was obtained from planting 28000 plants per fed being 17.27 and 19.17 cm in the first and second season, respectively. Decreasing plant density from 28000 to 20000 plants per fed. increased ear length by 22.00 and 19.77 % in  2010 and 2011 seasons, respectively. Growing 20000 and 22000 plants per fed. did not differ significantly in this trait in both seasons . 

The reduction in ear length reflects the increase in the intraspecific competition and less vigorous among maize plants as a result of increase in plant population density. Many investigators obtained similar results as Atta Allah (1996), El-Habbak (1996), El-Sheikh (1996), Mosalem and Shady (1996), Shams El-Din and El-Habbak (1996), Tantawy et al., (1998), El-Koomy (2000), Abd-El-Samie (2001), El-Douby et al., (2001), El-Far (2001), Abd El-All (2002), Amer et al.,  (2002), Shams et al., (2002), Zohry and Farghaly (2003), Agasibagil (2006), Al-Shebani (2006), Saeed et al., (2007), Abouzienia et al., (2008), Leilah et al., (2009), Sharifi et al., (2009), Fanadoz et al., (2010), Abdulhamid and Adraa (2011) and Lashkari et al., (2011). 

Table 28: Effect of plant densities and periods of weed control on ear length (cm) of maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	21.07
	22.96

	22000
	20.36
	22.21

	24000
	19.11
	21.00

	26000
	18.24
	20.11

	28000
	17.27
	19.17

	L.S.D. at 5 %.
	0.81
	0.83

	Periods of weed control

	1
	14.06
	15.90

	2
	16.06
	17.88

	3
	20.60
	22.50

	4
	20.94
	22.84

	5
	21.00
	22.90

	6
	20.98
	22.88

	7
	20.84
	22.74

	L.S.D. at 5 %.
	1.51
	1.37

	L.S.D. at 5 % for Interaction 
	n.s
	3.06


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 
Periods of weed control:

Significant differences were detected among periods of weed control for ear length (cm) in both seasons (Table, 28).

Means of ear length showed that ear length was increased by increasing period of weed control in maize compared with maize-weed competition to the whole season. Keeping maize crop free of weeds to 65 days after sowing (treatment 5) gave the longest ear (21.00 and 22.90 cm) in the first season and second seasons, respectively. Whereas, the shortest ear were those of planting maize under un-weeded control which was 14.06 and 15.90 cm in the first and second season, respectively. The differences in ear length were below the level of significance between treatment 3, 4, 5, 6 and treatment 7 in the first and second season. These increases in ear length might be due to the increase in maize growth as a result of decrease in inter-specific competition between maize and growing weeds in utilizing environmental factors i.e. light, nutrients, place and water. Many investigators obtained similar results as El-Morsy and Badawi (1998), Tantawy et al., (1998), Abd-El-Samie (2001), Ahmed et al., (2008), Uremis et al., (2009) and Soliman and Gharib (2011). 

II. Interaction effect:

Results presented in Table (28a) show that the interaction between plant population densities and periods of weed control treatments significantly affected ear length (cm) in the second season only. The longest ear (25.0 cm) obtained from the lowest plant density (20000 plants per fed.) under weed control by treatment 5. While, the shortest ear (15.0 cm) was produced by the highest plant density (28000 plants per fed.) under un-weeded control.
Table 28a: Effect of interaction between plant densities and periods of weed control on ear length (cm) of maize in 2011 season.

	Periods of weed control
	2011

	
	Plant density (plants per fed.)

	
	20000
	22000
	24000
	26000
	28000

	1
	17.1
	16.4
	15.8
	15.2
	15.0

	2
	19.6
	18.9
	17.7
	16.7
	16.5

	3
	24.6
	23.9
	22.4
	21.6
	20.0

	4
	24.8
	24.1
	22.8
	21.8
	20.7

	5
	25.0
	24.0
	22.9
	22.0
	20.6

	6
	24.9
	24.2
	22.7
	21.8
	20.8

	7
	24.7
	24.0
	22.7
	21.7
	20.6

	L.S.D. at 5 %
	3.06


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

C.2. Ear diameter (cm):


The results in Table (29) indicate the effect of plant density, periods of weed control and their interaction on ear diameter in 2010 and 2011 seasons. 

I. Effect of plant density:

Data presented in Table (29) indicate that ear diameter insignificantly affected by plant density treatments in 2010 and 2011 seasons. 
The maximum ear diameter (5.22 and 5.74 cm) recorded from growing 20000 maize plants per fed. in the first and second season, respectively . Whereas, the lowest ear diameter (4.34 and 4.94 cm) in the two seasons, respectively was obtained from planting 28000 maize plants per fed. Ear diameter tended to decrease by increasing plant density in both seasons, but differences were not great to reach the level of significance. The results agree with those reported by El-Bana and Gomaa (2000), Saeed et al., (2007) and Abouzienia et al., (2008).

Table 29: Effect of plant densities and periods of weed control on ear diameter (cm) of maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	5.22
	5.74

	22000
	5.09
	5.60

	24000
	4.67
	5.25

	26000
	4.52
	5.10

	28000
	4.34
	4.94

	L.S.D. at 5 %.
	n.s
	n.s

	Periods of weed control

	1
	3.93
	4.51

	2
	4.72
	5.23

	3
	4.83
	5.43

	4
	4.96
	5.53

	5
	5.03
	5.57

	6
	5.00
	5.57

	7
	4.91
	5.47

	L.S.D. at 5 %.
	n.s
	n.s

	L.S.D. at 5 % for Interaction 
	n.s
	n.s


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

II. Periods of weed control:

Results presented in Table (29) indicate that ear diameter insignificantly affected by periods of weed control in maize in seasons.

III.  Interaction effect:

As shown in Table (29) data reveal no interaction effect between plant population densities and periods of weed control treatments on ear diameter during the two seasons. 

C.3. Number of rows per ear:


The results in Table (30) indicate the effect of plant density, periods of weed control and their interaction on number of rows per ear in 2010 and 2011 seasons. 

I. Effect of plant density:

Data presented in Table (30) show that number of rows per ear not significantly affected by plant density treatments in both seasons. Number of rows per ear tended to decrease by increasing plant density in both seasons, but differences was not great to reach the level of significance. Many investigators obtained similar results as El-Habbak (1996), El-Sheikh (1996), Shams El-Din and El-Habbak (1996), Tantawy et al., (1998), El-Bana and Gomaa (2000), El-Koomy (2000), El-Douby et al., (2001), Zohry and Farghaly (2003), Saeed et al., (2007), Abouzienia et al., (2008), Bozorgi et al., (2011) and Lashkari et al., (2011).
Table 30: Effect of plant densities and periods of weed control on number of rows per ear of maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)


	20000
	12.46
	12.70

	22000
	12.34
	12.47

	24000
	11.99
	12.13

	26000
	11.66
	11.84

	28000
	11.41
	11.66

	L.S.D. at 5 %.
	n.s
	n.s

	Periods of weed control

	1
	11.29
	11.58

	2
	11.82
	11.98

	3
	12.10
	12.20

	4
	12.15
	12.36

	5
	12.19
	12.36

	6
	12.15
	12.36

	7
	12.12
	12.28

	L.S.D. at 5 %.
	n.s
	n.s

	L.S.D. at 5 % for Interaction 
	n.s
	n.s


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 
II. Periods of weed control:

Results presented in Table (30) indicate that number of rows per ear insignificantly affected by periods of weed control in maize during the first and second season.

III. Interaction effect:

As shown in Table (30) the interaction between plant population densities and periods of weed control treatments on number of rows per ear during the two seasons was not significant.
C.4. Number of grains per row:


Results for the effect of plant density and periods of weed control on number of grains per row in 2010 and 2011 seasons are presented in Table (31). 

I. Effect of plant density:

Results presented in Table (31) show that plant density treatments have a significant effect on number of grains per row in the 2010 and 2011 seasons.

 Increasing plants density gave a significant decrease in the number of grains per row. Planting maize by 20000 plants per fed. recorded the highest numbers of grains per row which were 40.21 and 41.10 grains in the first and second season, respectively. On the other hand, the lowest values (34.98 and 36.99 grains) were produced by planting 28000 plants per fed. in the two subsequent seasons.

Growing 20000 maize plants fed. in 2010 season significantly increased numbers of grains per row by 2.26, 4.09, 6.57 and 14.95 % compared with the growing 22000, 24000, 26000 and 28000 plants /fed., respectively. In the second season, the corresponding increases in numbers of grains per row were 2.39, 4.53, 7.51, and 11.11 %. On the other hand, there was no significant difference between growing 20000 and 22000 plants per fed. on number of grains per row in both seasons.
It was clear that increasing in the number of grains per row is more likely due to the increases in ear length (Table, 28). These results are in agreement with that was obtained by Atta Allah (1996), El-Habbak (1996), El-Sheikh (1996), Shams El-Din and El-Habbak (1996), El-Koomy (2000), Abd-El-Samie (2001), El-Douby et al., (2001), El-Far (2001), Amer et al., (2002), Zohry and Farghaly (2003), Agasibagil (2006), Al-Shebani (2006), Bader and Othman (2006), Leilah et al., (2009), Sharifi et al., (2009) and Lashkari et al., (2011).  

Table 31: Effect of plant densities and periods of weed control on number of grains per row of maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	40.21
	41.10

	22000
	39.32
	40.14

	24000
	38.63
	39.32

	26000
	37.73
	38.23

	28000
	34.98
	36.99

	L.S.D. at 5 %.
	1.41
	1.00

	Periods of weed control

	1
	26.03
	26.54

	2
	32.61
	33.86

	3
	40.05
	41.07

	4
	42.09
	43.12

	5
	42.32
	43.31

	6
	42.26
	43.30

	7
	41.86
	42.88

	L.S.D. at 5 %.
	1.71
	1.56

	L.S.D. at 5 % for Interaction 
	n.s
	3.49


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 
II. Periods of weed control:

Results presented in Table (31) indicate that number of rows per ear significantly affected by periods of weed control in maize during the first and second season.

Number of grains per row was increased by increasing period of weed control compared with un-weeded control in maize. Keeping maize crop free of weeds to 65 days after sowing (treatment 5), gave the highest number of grains per row by 42.32 and 43.31 in the first season and second seasons respectively. Whereas, the lowest values of grains number per row were those of planting maize under un-weeded control which was 26.03 and 26.54 in the first and second season, respectively.

The differences in number of grains per row were below the level of significance between treatment 4, 5, 6 and treatment 7 in both seasons. These increases in number of grains per row might be due to the increasing in ear length (Table, 28). These results are in agreement with that was obtained by El-Morsy and Badawi (1998), Tantawy et al., (1998), Abd-El-Samie (2001), Talarposhti et al., (2005) and Ahmed et al., (2008).
III. Interaction effect:

Results presented in Table (31a) show that the interaction between plant population densities and periods of weed control treatments significantly affected number of grains per row in the second season only. The highest number of grains per row (54.80 grains) obtained from the lowest plant density (20000 plants per fed.) under weed control by treatment 6. While, the lowest number of grains per row (25.38 grains) was produced from the highest plant density (28000 plants per fed.) under un-weeded control. These results are in agreement with that was obtained by Abd-El-Samie (2001). 
Table 31a: Effect of interaction between plant densities and periods of weed control on number of grains per row of maize in 2011 season.

	Periods of weed control
	2011

	
	Plant density (plants per fed.)

	
	20000
	22000
	24000
	26000
	28000

	1
	27.40
	26.88
	26.48
	26.58
	25.38

	2
	35.03
	33.80
	34.10
	33.13
	33.23

	3
	42.70
	41.88
	41.60
	40.48
	38.68

	4
	45.60
	44.65
	43.23
	41.90
	40.23

	5
	45.70
	44.80
	43.38
	41.95
	40.73

	6
	45.80
	44.75
	43.38
	41.95
	40.63

	7
	45.48
	44.23
	43.05
	41.63
	40.03

	L.S.D. at 5 %
	3.49


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

C.5. Number of grains per ear:


Results for the effect of plant density and periods of weed control on number of grains per ear in first and second season are presented in Table (32). 

I. Effect of plant density:

Results presented in Table (32) show that plant density treatments have a significant increase on number of grains per ear in the 2010 and 2011 seasons.

Table 32: Effect of plant densities and periods of weed control on number of grains per ear of maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	503.7
	524.2

	22000
	487.5
	501.9

	24000
	464.9
	478.3

	26000
	441.0
	453.4

	28000
	400.3
	432.4

	L.S.D. at 5 %.
	16.9
	22.5

	Periods of weed control

	1
	294.1
	307.3

	2
	385.7
	405.4

	3
	485.2
	501.3

	4
	512.3
	533.6

	5
	516.7
	535.9

	6
	514.3
	535.8

	7
	508.2
	527.0

	L.S.D. at 5 %.
	15.9
	24.3

	L.S.D. at 5 % for Interaction 
	35.6
	54.1


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

The greatest number of grains per ear was 503.7 and 524.2 grain in the first and second season, respectively, which obtained as a result of maize planting by 20000 plants per fed. Whereas, planting 28000 plants per fed. gave the minimum number of grains /ear were 400.3 and 432.4 grains in the two respective seasons. However, no significant differences between growing 20000 and 22000 maize plants per fed. was detected on number of grains per ear in both seasons.

Growing 20000 plants /fed. in 2010 season significantly increased numbers of grains per ear by 3.32, 8.35, 14.22 and 25.83 % compared with the growing 22000, 24000, 26000 and 28000 plants /fed. respectively. In the second season, the corresponding increases in numbers of grains per ear were 4.44, 9.60, 15.62 and 21.23 %. It could be noticed that planting 20000 maize plants per fed. was superior to the other plant densities treatments for increasing the number of grains per ear of maize. 

It was clear that the increase in the number of grains per ear resulted from the increase in number of rows per ear (Table, 30) and number of grains per row (Table, 31). The results agree with those reported by El-Bana and Gomaa (2000), Agasibagil (2006), Abd El-Raouf et al., (2008b), Abouzienia et al., (2008), El-Gizawy (2009), Sharifi et al., (2009), Fanadoz et al., (2010),  Abdulhamid and Adraa (2011), Lashkari et al., (2011), Bakhtiar Gul et al., (2011) and Bozorgi et al., (2011).  

II. Periods of weed control:

The results presented in Table (32) show clearly that the number of grains per ear was significantly influenced by periods of weed control in maize in the two seasons.


Keeping maize plants free of weeds for treatment 2, 3, 4, 5, 6 and treatment 7 increased number of grains per ear by 31.15, 64.98, 74.19, 75.69, 74.87 and 72.80%, respectively, in the first season and by 31.92, 63.13, 73.64, 74.39, 74.36 and 71.49 %, respectively, for the respective treatments, in the second season as compared with allowing weeds to grow for the whole season (Treatment 1). Results revealed that there were no significant differences among weed free treatments for 4, 5, 6 and treatment 7 in the two seasons, on number of grains per ear. These increases in number of grains per ear might be due to increased in number of row per ear (Table, 30) and number of grains per row (Table, 31) The results agree with those reported by Abouziena et al., (2008), Uremis et al., (2009), Karimmojeni et al., (2010) and Silva et al., (2010).
III.  Interaction effect:

Grains per ear was significantly affected by the interaction between plant population density and periods of weed control in maize during 2010 and 2011 seasons, (Table, 32a). 

Table 32a: Effect of plant densities, periods of weed control and interaction on number of grains per ear of maize in 2010 and 2011 seasons.

	Periods of weed control
	2010
	2011

	
	Plant density (plants per fed.)

	
	20000
	22000
	24000
	26000
	28000
	20000
	22000
	24000
	26000
	28000

	1
	309.8
	302.8
	295.5
	290.1
	272.2
	325.7
	319.6
	304.3
	305.4
	281.3

	2
	414.7
	403.0
	389.7
	378.7
	342.2
	430.3
	415.4
	405.2
	393.8
	382.1

	3
	526.0
	514.0
	499.8
	470.9
	415.2
	541.8
	514.9
	511.6
	481.7
	456.4

	4
	569.2
	548.7
	515.7
	487.1
	440.6
	596.8
	566.5
	531.3
	498.7
	474.7

	5
	572.3
	551.9
	520.3
	489.9
	449.1
	598.1
	568.4
	533.2
	499.3
	480.6

	6
	571.8
	549.6
	518.1
	487.9
	444.1
	599.4
	567.7
	533.2
	499.3
	479.4

	7
	562.3
	542.7
	515.1
	482.1
	438.7
	577.1
	561.1
	529.2
	495.3
	472.4

	L.S.D. at 5 %
	35.6
	54.1


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

The highest number of grains per ear (572.3 and 599.4 grains) were obtained with maize planting by 20000 plants per fed. under weed control by treatment 5 in the first season and Treatment 6 in the second season. Meanwhile, maize planting by 28000 plants per fed. and allowing weeds to grow for the whole season (Treatment 1) gave the lowest number of grains per ear (272.2 and 281.3 grains) in the first and second season, respectively. These results are in agreement with that was obtained by Abouziena et al., (2008).

C.6. 100–grain weight (g):


Results of 100-grain weight as affected by plant density and periods of weed control in 2010 and 2011 seasons are presented in Table (33). 

I. Effect of plant density:
Data recorded in Table (33) show that 100-grain weight was significantly decreased by increasing plant density from 20000 to 28000 maize plants per fed. in both seasons. The highest 100-grain weight (31.88 and 35.73 g in the respective two seasons) produced by planting 20000 maize plants per fed. Whereas, the lowest 100-grain weight (28.26 and 31.80 g in the two respective seasons) was obtained from planting 28000 maize plants per fed. On the other hand, the differences between growing 20000 and 22000 plants per fed. on 100-grain weight were not significantly in 2010 and 2011seasons.
Such result is quite expected sine plants at higher densities suffer from the severe intra-specific competition, resulting in a marked reduction in plant growth and consequently, 100-grain weight. Many investigators obtained similar results as Atta Allah (1996), El-Habbak (1996), El-Sheikh (1996), Shams El-Din and El-Habbak (1996), Tantawy et al., (1998), El-Bana and Gomaa (2000), El-Koomy (2000), El-Far (2001), Sharief (2001), Abd El-All (2002), Shams et al., (2002), Jovin et al., (2005), Agasibagil (2006), Saeed et al., (2007), Abd El-Raouf et al., (2008b), Abouzienia et al., (2008), Sani et al., (2008), El-Gizawy (2009), Leilah et al., (2009) and Abdulhamid and Adraa (2011) and Bakhtiar Gul et al., (2011). 

Table 33: Effect of plant densities and periods of weed control on 100-grain weight (g) of maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	31.88
	35.73

	22000
	31.55
	35.41

	24000
	30.79
	34.57

	26000
	29.70
	33.39

	28000
	28.26
	31.80

	L.S.D. at 5 %.
	0.35
	0.36

	Periods of weed control

	1
	25.45
	30.30

	2
	29.92
	33.36

	3
	31.28
	34.84

	4
	31.59
	35.18

	5
	31.66
	35.26

	6
	31.65
	35.24

	7
	31.50
	35.08

	L.S.D. at 5 %.
	0.29
	0.31

	L.S.D. at 5 % for Interaction 
	0.65
	0.69


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 
II. Periods of weed control:

The effect of weed control periods on the 100–grain weight was significant in both seasons, as tabulated in Table (33).

The planting maize under weed control at 20, 35, 50 and 65 days from planting gave the highest 100–grain weight (31.66 and 35.26 g in the first and second season, respectively). Whereas, maize growing under un-weeded control produced the lightest 100–grain weight were 25.45 and 30.30 g in the two respective seasons. Meanwhile, there was no significant difference between treatment 4, 5, 6 and 7 and between treatment 3 and 7 on this trait in both seasons. 

Such obtained increase in weight of 100 grains is mainly due to the decrease of inter-specific competition between maize and weed for nutrients. Many investigators obtained similar results as El-Morsy and Badawi (1998), Tantawy et al., (1998), Maqbool et al., (2006), Oljaca et al., (2007), Riaz et al., (2007), Abouziena et al., (2008), Uremis et al., (2009), Karimmojeni et al., (2010), Silva et al., (2010) and Soliman and Gharib (2011).
III.  Interaction effect:

Weight of 100 grains (g) was significantly affected by the interaction between plant population density and periods of weed control in maize during 2010 and 2011 seasons, (Table, 33a) 

The heaviest 100-grain weight (33.30 and 37.10 g in the first and second season, respectively) was obtained by planting 20000 plants per fed. under weed control at 20, 35, 50 and 65 days from planting (treatment 5). Whereas, planting maize with 28000 under un-weeded control gave the lightest 100-grain weight (24.58 and 29.50 g in the first and second season, respectively). These results are in agreement with that was obtained by Maqbool et al., (2006) and Abouziena et al., (2008).
Table 33a: Effect of interaction between plant densities and periods of weed control on 100-grain weight (g) of maize in 2010 and 2011 seasons.

	Periods of weed control
	2010
	2011

	
	Plant density (plants per fed.)

	
	20000
	22000
	24000
	26000
	28000
	20000
	22000
	24000
	26000
	28000

	1
	26.38
	26.01
	25.37
	24.91
	24.58
	31.10
	31.00
	30.20
	29.70
	29.50

	2
	31.14
	30.87
	30.04
	29.58
	27.98
	34.70
	34.40
	33.50
	33.00
	31.20

	3
	32.88
	32.61
	31.69
	30.23
	28.98
	36.60
	36.30
	35.30
	33.70
	32.30

	4
	33.16
	32.88
	32.06
	30.78
	29.08
	36.90
	36.60
	35.70
	34.30
	32.40

	5
	33.30
	32.83
	32.20
	30.82
	29.17
	37.10
	36.65
	35.75
	34.30
	32.50

	6
	33.20
	32.95
	32.10
	30.92
	29.08
	36.90
	36.55
	35.85
	34.50
	32.40

	7
	33.07
	32.70
	32.06
	30.68
	28.98
	36.80
	36.40
	35.70
	34.20
	32.30

	
	0.65
	0.69


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

C.7. Weight of grains per ear (g):


Results for the effect of plant density and periods of weed control on grains weight per ear (g) in 2010 and 2011 seasons are presented in Table (34).

I. Effect of plant density:

Weight of grains per ear (g) was significantly increased by using any plant density as compared to the higher plant density (28000 plants per fed.)  in the first and second season, as presented in Table (34).

The heaviest weight of grains per ear (162.9 and 189.2 g in the first and second season, respectively), was obtained from planting 20000 maize plants per fed. However, planting 28000 plants per fed. gave the lightest weight of grains per ear of 115.8 and 139.2 g in the first and second season, respectively, 

In 2010 season, planting 20000 plants per fed. increased the weight of grains per ear by 4.42, 12.24, 23.00 and 40.65 % compared with the growing 22000, 24000, 26000 and 28000 plants per fed. respectively, The respective corresponding in 2011 season, were 5.46 and 13.36, 24.07 and 35.92 %. However, no significant differences between growing 20000 and 22000 plants per fed. treatment was detected on this trait in the first season. 


It could be noticed that planting 20000 maize plants per fed. was superior to the other plant density treatments in increasing weight of grains per ear of maize.

It was clear that the decrease in weight of grains per ear of maize may be due to the decreases in number of rows per ear (Table, 30) number of grains per row (Table, 31) number of grains per ear (Table, 32) and 100–grain weight (Table, 33) as presented previously. Many investigators obtained similar results as El-Habbak (1996), El-Sheikh (1996), Shams El-Din and El-Habbak (1996), El-Bana and Gomaa (2000), Abd-El-Samie (2001), Abd El-All (2002), Zohry and Farghaly (2003), Abd El-Raouf et al., (2008b), Abouzienia et al., (2008), Sani et al., (2008), El-Gizawy (2009), Leilah et al., (2009) and Abdulhamid and Adraa (2011).
Table 34: Effect of plant densities and periods of weed control on weight of grains per ear (g) of maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	162.9
	189.2

	22000
	156.0
	179.4

	24000
	145.2
	166.9

	26000
	132.5
	152.5

	28000
	115.8
	139.2

	L.S.D. at 5 %.
	8.7
	10.1

	Periods of weed control

	1
	75.7
	93.4

	2
	116.3
	135.7

	3
	152.8
	175.3

	4
	162.9
	188.6

	5
	164.7
	189.7

	6
	163.9
	189.6

	7
	161.2
	185.6

	L.S.D. at 5 %.
	8.1
	9.7

	L.S.D. at 5 % for Interaction 
	18.1
	21.7


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

II. Periods of weed control:

Weight of grains per ear was significantly increased by using weed control treatments compared with un-weeded control in 2010 and 2011 seasons, as presented in Table (34).

The heaviest weight of grains per ear (164.7 and 189.7 g in the first and second season, respectively), was obtained with maize growth under weed control at 20, 35, 50 and 65 days from planting, maize under un-weeded control treatment gave the lightest weight of grains per ear (75.7 and 93.4 g) in the first and second season, respectively. The difference between the treatment 4, 5, 6 and treatment 7 were not significant in this trait.


In 2010 season, the using weed treatment of 2, 3, 4, 5, 6 and treatment 7 significant increased weight of grains per ear over the un-weeded control (treatment 1) by 53.63, 101.85, 115.19, 117.57, 116.52 and 112.95 % respectively. In 2011 season, the respective corresponding increases in this studied trait were 42.30, 87.69, 101.93, 103.10, 103.00 and 98.72 %. The difference between the treatment 4, 5, 6 and treatment 7 were not significant in their effect on this studied trait in both seasons.

Such obtained increase in weight of grains per ear is mainly due to the increase in number of grains per ear (Table, 32) and 100-grain weight (Table, 33) resulting from decreasing competition between maize plants and weeds. The results agree with those reported by Abd-El-Samie (2001), Maqbool et al., (2006) and Soliman and Gharib (2011).
III.  Interaction effect:

Weight of grains per ear (g) was significantly affected by the interaction between plant population density and periods of weed control in maize during 2010 and 2011 seasons, (Table, 34a) 

It is clear that planting maize by 20000 plants per fed. under weed control by treatment 5 in first season and treatment 6 in the second season gave the heaviest weight of grains per ear (190.5 and 221.7 g) in the first and second season, respectively. Whereas, the lightest weight of grains per ear (70.0 and 84.2 g in the same respective seasons), was obtained from planting maize by 28000 plants per fed. under allowing weed to grow with maize plants for the whole season. 

Table 34a: Effect of interaction between plant densities and periods of weed control on weight of grains per ear (g) of maize in 2010 and 2011 seasons.

	Periods of weed control
	2010
	2011

	
	Plant density (plants per fed.)

	
	20000
	22000
	24000
	26000
	28000
	20000
	22000
	24000
	26000
	28000

	1
	81.9
	78.9
	75.1
	72.4
	70.0
	101.3
	99.1
	91.9
	90.7
	84.2

	2
	129.4
	124.6
	117.3
	112.2
	97.8
	149.3
	142.9
	135.6
	129.9
	120.7

	3
	173.2
	167.9
	158.6
	142.5
	122.0
	198.3
	186.9
	180.6
	162.4
	148.3

	4
	189.0
	180.6
	165.5
	150.0
	129.6
	220.2
	207.3
	189.7
	171.1
	154.6

	5
	190.5
	181.7
	167.5
	151.3
	132.3
	221.2
	207.9
	190.9
	171.8
	156.9

	6
	190.4
	180.9
	166.8
	150.7
	130.6
	221.7
	207.7
	190.9
	171.8
	156.1

	7
	186.1
	177.7
	165.3
	148.1
	128.6
	212.3
	204.1
	188.9
	169.5
	153.3

	L.S.D. at 5 %
	18.1
	21.7


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

C.8. Ear weight (g):


Results for the effect of plant density and periods of weed control on ear weight in first and second season are presented in Table (35).
I. Effect of plant density:

Results in Table (35) showed that ear weight was significantly decreased by increasing plant density in both seasons. The heaviest ear weights were 205.2 and 229.1 g in the 2010 and 2011 seasons, respectively which were obtained from the lowest plant density (20000 plants per fed.). The lowest ear weights were 154.07 and 178.3 g in the first and second season, respectively which were obtained from the highest plant density (28000 plants per fed.). However, no significant differences between growing 20000 and 22000 plants per fed. treatment was detected on this trait in both seasons .

It was clear that the decrease in ear weight of maize may be due to the decreases in ear length (Table, 28), ear diameter (Table, 29), number of rows per ear (Table, 30) number of grains per row (Table, 31) number of grains per ear (Table, 32), 100–grain weight (Table, 33) and weight of grains per ear (Table, 34) as presented previously. The results agree with those reported by El-Habbak (1996), El-Sheikh (1996), Tantawy et al., (1998), Abd-El-Samie (2001), El-Douby et al., (2001), Abouzienia et al., (2008), Sani et al., (2008), El-Gizawy (2009), Fanadoz et al., (2010) and Abdulhamid and Adraa (2011).
II.  Periods of weed control:

Results presented in Table (35) show clearly that ear weight of maize significantly increased with each weed control treatments compared with un-weeded control in 2010 and 2011 seasons. 

Table 35: Effect of plant densities and periods of weed control on ear weight (g) of maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	205.2
	229.1

	22000
	197.8
	218.2

	24000
	185.4
	204.7

	26000
	170.8
	188.8

	28000
	154.1
	178.3

	L.S.D. at 5 %.
	10.9
	12.2

	Periods of weed control

	1
	103.7
	123.4

	2
	154.7
	173.5

	3
	194.9
	214.7

	4
	206.4
	229.1

	5
	207.8
	230.1

	6
	206.8
	230.1

	7
	204.4
	225.8

	L.S.D. at 5 %.
	6.9
	10.0

	L.S.D. at 5 % for Interaction 
	15.5
	22.4


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

In 2010 season, the using weed control treatment of 2, 3, 4, 5, 6 and treatment 7 significant increased ear weight over the un-weeded control (treatment 1) by 49.18, 87.95, 99.04, 100.39, 99.42 and 97.11 % respectively. In 2011 season, the respective corresponding increases in this studied trait were 40.60, 73.99, 85.66, 86.47, 86.47 and 82.98 %. The difference between the effect of treatment 4, 5, 6 and treatment 7 were not significant in this studied trait.

Such obtained increase in ear weight is mainly due to the increase in ear length (Table, 28), ear diameter (Table, 29), number of rows per ear (Table, 30) number of grains per row (Table, 31) number of grains per ear (Table, 32), 100–grain weight (Table, 33) and weight of grains per ear (Table, 34) resulting from decreasing inter-specific competition between maize plants and weeds. The results agree with those reported by Tantawy et al., (1998), Abd-El-Samie (2001), Talarposhti et al., (2005) and Ahmed et al., (2008).
III. Interaction effect:

Ear weight (g) was significantly affected by the interaction between plant population density and periods of weed control in maize during 2010 and 2011 seasons, (Table, 35a). 

It is clear that planting maize by 20000 plants per fed. under weed control by treatment 5 in first season and treatment 6 in the second season gave the heaviest ear weight (235.8 and 264.9 g) in the first and second season, respectively. Whereas, the lightest ear weight (97.7 and 115.4 g in the same respective seasons), was obtained from planting maize by 28000 plants per fed. under allowing weed to grow with maize plants for the whole season. The results agree with those reported by Abd-El-Samie (2001).
Table 35a: Effect of interaction between plant densities and periods of weed control on ear weight (g) of maize in 2010 and 2011 seasons.

	Periods of weed control
	2010
	2011

	
	Plant density (plants per fed.)

	
	20000
	22000
	24000
	26000
	28000
	20000
	22000
	24000
	26000
	28000

	1
	110.7
	107.1
	103.0
	100.0
	97.7
	131.5
	129.1
	121.0
	120.2
	115.4

	2
	169.3
	165.0
	156.0
	150.0
	133.3
	187.5
	181.7
	173.2
	166.8
	158.2

	3
	217.5
	211.0
	201.5
	182.3
	162.3
	238.9
	225.4
	220.2
	199.4
	189.8

	4
	235.3
	226.3
	208.6
	190.9
	170.8
	263.0
	248.5
	229.3
	208.9
	195.9

	5
	235.8
	226.8
	210.5
	192.3
	173.4
	264.3
	249.0
	230.2
	209.4
	197.7

	6
	235.7
	225.8
	209.6
	191.8
	171.3
	264.9
	248.7
	230.2
	209.7
	196.9

	7
	232.1
	222.8
	208.6
	188.6
	169.7
	253.9
	245.0
	228.6
	207.1
	194.5

	L.S.D. at 5 %
	15.5
	22.4


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

C.9. Shelling percentage:


Results for the effect of plant density, periods of weed control and their interaction on the shelling percentage in first and second season are presented in Table (36).

I. Effect of plant density:
Results in Table (36) show that the increase plant density caused significantly decrease on the shelling percentage during 2010 and 2011 seasons.

The highest value of shelling % (78.85 and 82.04 % in the respective two seasons) was obtained by planting 20000 plants per fed. Whereas, planting maize by 28000 plants per fed. gave lower shelling percentage (74.91 and 77.68 % in the first and second season, respectively). However, no significant differences between growing 20000 and 22000 maize plants per fed. treatment was detected on the shelling percentage in the first and second season.

Table 36: Effect of plant densities and periods of weed control on grains shelling % of maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	78.85
	82.04

	22000
	78.33
	81.70

	24000
	77.76
	81.04

	26000
	77.08
	80.33

	28000
	74.91
	77.68

	L.S.D. at 5 %.
	0.59
	0.51

	Periods of weed control

	1
	72.89
	75.59

	2
	75.02
	78.14

	3
	78.22
	81.49

	4
	78.78
	82.12

	5
	79.08
	82.29

	6
	79.04
	82.26

	7
	78.68
	82.02

	L.S.D. at 5 %.
	0.53
	0.47

	L.S.D. at 5 % for Interaction 
	n.s
	n.s


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

It was clear that the decrease in shelling % of maize grains may be due to the decreases in 100–grain weight (Table, 33) and weight of grains per ear (Table, 34) as presented previously. These results are in agreement with those obtained by Mosalem and Shady (1996), Tantawy et al., (1998), Shams et al., (2002), Zohry and Farghaly (2003), Abd El-Raouf et al., (2008b) and Abdulhamid and Adraa (2011).
II.  Periods of weed control:

Grain shelling percentage was significantly influenced by periods of weed control treatments in 2010 and 2011 seasons, as presented in Table (36).

The highest values of shelling % (79.08 and 82.29 % in the first and second season, respectively), was obtained with maize growth under weed control at 20, 35, 50 and 65 days from planting (treatment 5), maize growing under un-weeded control treatment gave the lowest shelling % of 72.89 and 75.59 % in the first and second season, respectively. The difference between the effect of treatment 4, 5, 6 and treatment 7 were not significant on shelling percentage in both seasons.

Such obtained increase in shelling % is mainly due to the increase in 100–grain weight (Table, 33) and weight of grains per ear (Table, 34) resulting from decreasing competition between maize plants and weeds. These results are in agreement with those obtained by El-Morsy and Badawi (1998) and Soliman and Gharib (2011).
III.  Interaction effect:

Data recorded in Table (36) indicate that the interaction effect between the plant population density and periods of weed control in maize during 2010 and 2011 seasons insignificantly affected shelling percentage.
C.10. Grain yield per plant (g): 


Results for the effect of plant density and periods of weed control in 2010 and 2011 seasons on grain yield per plant are presented in Table (37). 

I. Effect of preceding crops:

Results presented in Table (37) show that grain yield per plant (g) was significantly decreased by increasing plant density treatments in 2010 and 2011 seasons. 

Maximum value of grain yield per plant was 145.86 and 159.44 g in the first and second season, respectively, which was obtained by planting 20000 maize plants per fed. Meanwhile, planting maize by 28000 plants per fed. gave the lowest grain yield per plant which was 99.77 and 109.76 g in the same respective two seasons. But, there was no significant differences between planting 20000, 22000 and 24000 maize plants per fed. in both seasons, and between 24000 and 26000 maize plants in the second season on grain yield per plant.

This result may be due to the decrease in number of ears per plant (Table, 27), number of rows per ear (Table, 30) number of grains per row (Table, 31) number of grains per ear (Table, 32) and 100–grain weight (Table, 33), weight of grains per ear (Table, 34), ear weight (Table, 35) and shelling percentage (Table, 36). Many investigators obtained similar results as Atta Allah (1996), El-Sheikh (1996), Tantawy et al., (1998), El-Koomy (2000) El-Far (2001), Sharief (2001), Agasibagil (2006), Saeed et al., (2007) and  Hassan et al., (2008).
Table 37: Effect of plant densities and periods of weed control on grain yield per plant (g) of maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	145.86
	159.44

	22000
	144.71
	157.11

	24000
	139.86
	152.43

	26000
	129.53
	148.47

	28000
	99.77
	109.26

	L.S.D. at 5 %.
	7.51
	7.48

	Periods of weed control

	1
	79.28
	88.46

	2
	122.08
	133.94

	3
	140.70
	154.22

	4
	144.38
	159.12

	5
	147.58
	162.84

	6
	146.14
	161.34

	7
	143.46
	157.48

	L.S.D. at 5 %.
	13.97
	10.48

	L.S.D. at 5 % for Interaction 
	31.2
	23.4


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

II. Periods of weed control:

Results presented in Table (37) show clearly that weed control treatments significantly affected grain yield per plant (g) in 2010 and 2011 seasons.

Planting maize under weed control at 20, 35, 50 and 65 days after sowing (treatment 5) gave the maximum grain yield per plant (147.58 and 162.84 g in the first and second season, respectively). Whereas, planting maize under un-weeded control gave the lowest grain yield per plant (79.28 and 88.46 g in the first and second season, respectively).


In 2010 season, the using weed treatment of 2, 3, 4, 5, 6 and treatment 7 significant increased ear weight over the un-weeded control (treatment 1) by 53.99, 77.47, 82.11, 86.15, 84.33 and 80.95 % respectively. In 2011 season, the respective corresponding increases in this studied trait were 51.41, 74.34, 79.88, 84.08, 82.39 and 78.02 %. The difference between the effect of treatment 3, 4, 5, 6 and treatment 7 were not significant on this trait.

This result may be due to the increase in number of ears per plant (Table, 27), number of rows per ear (Table, 30) number of grains per row (Table, 31) number of grains per ear (Table, 32) and 100–grain weight (Table, 33), weight of grains per ear (Table, 34), ear weight (Table, 35) and shelling percentage (Table, 36) resulting from decreasing inter-specific competition between maize plants and weeds. 

III.  Interaction effect:

Grain yield per plant (g) was significantly affected by the interaction between plant population density and periods of weed control during 2010 and 2011 seasons, (Table, 37a) 

It is clear that planting 20000 plants per fed. under weed control by treatment 5 in first season and treatment 6 in the second season gave the highest grain yield per plant (165.90 and 178.30 g in the first and second season, respectively). Whereas, the lowest grain yield per plant (65.50 and 70.60 g in the first and second season, respectively), was obtained from planting maize by 28000 plants per fed. under allowing weed to grow with maize plants for the whole season.

Table 37a: Effect of interaction between plant densities and periods of weed control on grain yield per plant (g) of maize in 2010 and 2011 seasons.

	Periods of weed control
	2010
	2011

	
	Plant density (plants per fed.)

	
	20000
	22000
	24000
	26000
	28000
	20000
	22000
	24000
	26000
	28000

	1
	91.2
	86.7
	79.8
	73.2
	65.5
	102.7
	96.3
	88.1
	84.6
	70.6

	2
	134.7
	132.8
	129.7
	120.3
	92.9
	148.9
	142.2
	141.6
	134.1
	102.9

	3
	151.2
	154.3
	151.1
	140.7
	106.2
	165.2
	167.4
	164.7
	159.1
	114.7

	4
	159.7
	159.8
	152.8
	141.9
	107.7
	174.6
	172.9
	166.2
	163.9
	118.0

	5
	165.9
	161.5
	156.8
	143.9
	109.8
	178.3
	175.4
	170.7
	167.9
	121.9

	6
	161.2
	159.6
	156.2
	144.4
	109.3
	175.8
	173.2
	169.7
	167.0
	121.0

	7
	157.1
	158.3
	152.6
	142.3
	107.0
	170.6
	172.4
	166.0
	162.7
	115.7

	L.S.D. at 5 %
	31.2
	23.4


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

D. yield per feddan:

D.1. Stover yield kg per fed.: 

Data in Table (38) show the effect of plant density and periods of weed control on stover yield per fed. in 2010 and 2011 seasons.

I. Effect of plant density:
Data in Table (38) showed a significant effect for plant population densities on stover yield per in both seasons. Growing 28000 maize plants gave the highest stover yield per fed. (4807.1 and 5017.9 kg in the first and second season, respectively).  Whereas, growing 20000 maize plants gave the lowest yield per fed. which was 3948.4 and 4175.0 kg in the first and second season, respectively.
Stover yield per fed. was greatly increased with increasing plant population density up to 28000 maize plants per fed. Increasing population density from 20 to 22, 24, 26 and 28 thousand plants per fed. significantly increased stover yield per fed. by 4.10, 9.14, 15.24 and 21.75 % respectively, in the first season. The corresponding increases were 4.28, 8.73, 14.88 and 20.19 in 2011 season for the respective densities. The differences between planting 20000 and 22000 also, between 22000 and 24000 maize plants per fed. on this trait  were below the level of significance in first season.

Such increase in stover yield per fed. could be due to the increase in plant height (cm) Table (15) leaf area index Table (20) and number of plants /fed. Table (23). These results are in agreement with that was obtained by Tantawy et al., (1998), El-Bana and Gomaa (2000), El-Koomy (2000), Agasibagil (2006) and Al-Shebani (2006).
Table 38: Effect of plant densities and periods of weed control on stover yield (kg /fed.) of maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	3948
	4175

	22000
	4111
	4354

	24000
	4309
	4539

	26000
	4550
	4796

	28000
	4807
	5018

	L.S.D. at 5 %.
	188
	219

	Period of weed control

	1
	2423
	2695

	2
	3975
	4175

	3
	4693
	4895

	4
	4808
	5045

	5
	4890
	5125

	6
	4868
	5100

	7
	4760
	5000

	L.S.D. at 5 %.
	177
	210

	L.S.D. at 5 % for Interaction 
	396
	470


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

II. Periods of weed control:

Results presented in Table (38) show that stover yield per fed. of maize was significantly affected by weed control periods in the two growing seasons.

Planting maize under weed control at 20, 35, 50 and 65 days after sowing (treatment 5) gave the maximum stover yield per fed. (4890 and 5125 kg in the first and second season, respectively). Whereas, planting maize under un-weeded control gave the lowest yield per fed. (2423 and 2695 kg in the first and second season, respectively).

Weed control periods for 2, 3, 4, 5, 6 and 7 significantly increased stover yield per fed. compared with maize under allowing weed to grow for the whole season and the increases attained were 64.05, 93.69, 98.43, 101.82, 100.91 and 96.45% respectively in the first season.  The respective increment percentages in the second season were 54.92, 81.63, 87.20, 90.17, 89.24 and 85.53%. These results revealed that all weed free periods gave the highest stover yield per fed. compared to the weed competition all the season. On the other hand, the lowest stover yield was obtained from weed competition for the whole season in both seasons. Meanwhile, there was no significant difference between treatment 4, 5, 6 and 7 and between treatment 3, 4, 6 and 7 on this trait in both seasons. 

The severe reduction in stover yield per fed. when allowing weeds to compete maize plants could be attributed to competition with the crop for light, water, nutrients and space which affected negatively the vegetative growth of plants particularly plant height (Table, 15) , stem diameter (Table, 16), leaf area of topmost ear (Table, 18), leaf area per plant (Table, 19) as well as leaf area index (Table, 20). These results are in agreement with that was obtained by Tantawy et al., (1998).

III. Interaction effect:

Stover yield per fed. was significantly affected by the interaction between plant population density and periods of weed control in maize during 2010 and 2011 seasons, (Table, 38a) 

It is clear that planting maize by the highest plant population density (28000 plants per fed.) under weed control at 20, 35, 50 and 65 days from sowing(treatment 5) gave the highest stover yield per fed. (5350 and 5600 kg in the first and second season, respectively). Whereas, the minimum stover yield per fed. (2125 and 2375 kg in the first and second season, respectively) was obtained from planting maize by the lowest plant density (20000 plants per fed.) under un-weeded control.
Table 38a: Effect of interaction between plant densities and periods of weed control on stover yield (kg /fed.) of maize in 2010 and 2011 seasons.

	Periods of weed control
	2010
	2011

	
	Plant density (plants per fed.)

	
	20000
	22000
	24000
	26000
	28000
	20000
	22000
	24000
	26000
	28000

	1
	2125
	2250
	2413
	2575
	2750
	2375
	2575
	2675
	2875
	2975

	2
	3550
	3675
	3875
	4225
	4550
	3775
	3975
	4175
	4375
	4575

	3
	4313
	4450
	4650
	4850
	5200
	4475
	4675
	4875
	5075
	5375

	4
	4425
	4550
	4763
	5050
	5250
	4650
	4775
	4975
	5275
	5550

	5
	4438
	4650
	4863
	5150
	5350
	4700
	4875
	5075
	5375
	5600

	6
	4438
	4650
	4850
	5100
	5300
	4675
	4850
	5050
	5350
	5575

	7
	4350
	4550
	4750
	4900
	5250
	4575
	4750
	4950
	5250
	5475

	L.S.D. at 5 %
	396
	470


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

D.2. Ear yield per fed.:

Results for the effect of plant density and periods of weed control in 2010 and 2011 seasons on ear yield per fed. (kg) are presented in Table (39). 

I. Effect of plant density:

Data presented in Table (39) show that ears yield (kg) per fed. was significantly affected by plant density treatments in 2010 and 2011 seasons. Ears yield significantly increased by increasing plant density to 26000 maize plants per fed. 


Growing 26000 maize plants gave the highest ears yield per fed. (4324.3 and 4744.3 kg in the first and second season, respectively).  Whereas, growing 20000 maize plants gave the lowest ears yield per fed. which was 3662.1 and 3861.4 kg in the first and second season, respectively.

In 2010 season, increasing number of plants per fed. from 20 to 22, 24, 26 and 28 thousand plants caused an increase of 9.77, 15.80, 18.08 and 1.12 % in the ear yield, respectively.

Similar results were obtained in 2011 season where the respective increases in ears yield were 8.88, 15.76, 22.86 and 1.16 %, due to the planting of 22, 24, 26 and 28 thousand plants per fed. when compared with the lowest maize plant density (20 thousand plants per fed.). But, there was no significant differences between planting (24000 and 26000) and (20000 and 28000) maize plants per fed. on this trait in both  seasons.

Table 39: Effect of plant densities and periods of weed control on ear yield (kg /fed.) of maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	3662
	3861

	22000
	4020
	4204

	24000
	4271
	4470

	26000
	4324
	4744

	28000
	3703
	3906

	L.S.D. at 5 %.
	196
	205

	Periods of weed control

	1
	2558
	2748

	2
	3833
	4038

	3
	4238
	4464

	4
	4314
	4572

	5
	4379
	4676

	6
	4355
	4638

	7
	4295
	4524

	L.S.D. at 5 %.
	180
	188

	L.S.D. at 5 % for Interaction 
	402
	419


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS.
  Such increase in ears yield per fed. could be due to the increase in number of ears /fed (Table, 26). Such results agree with those reported by El-Habbak (1996) and Sharief (2001)
II. Periods of weed control:

Results presented in Table (39) show that ears yield per fed. was significantly affected by weed control periods in the two growing seasons.

Planting maize under weed control treatment 5 gave the maximum ears yield per fed. (4379 and 4676 kg in the first and second season, respectively). Whereas, planting maize under un-weeded control gave the lowest ears yield per fed. (2558 and 2748 kg in the first and second season, respectively).

In 2010 season, the using weed treatment of 2, 3, 4, 5, 6 and treatment 7 significant increased ears yield per fed. over the un-weeded control (treatment 1) by 49.84, 65.68, 68.65, 71.19, 70.25 and 67.90 % respectively. In 2010 season, the respective corresponding increases in this studied trait were 46.94, 62.45, 66.38, 70.16, 68.78 and 64.63%. The difference between the effect of treatment 3, 4, 5, 6 and treatment 7 in the first season and treatment 4, 5, 6, and 7 also, between 3, 4, 6 and treatment 7 in the second season were not significant in this trait.

The severe reduction in ears yield per fed. when allowing weeds to compete maize plants could be attributed to inter-specific competition with the crop for light, water, nutrients and space which affected negatively the vegetative ears components particularly number of plants carried two ears (Table, 24), number of ears per fed. (Table, 26) and ear weight (Table, 35). Moreover, some weeds shade the crop plants and then decrease the radiation that would fall on foliage of the crop. Such results agree with those reported by Silva et al., (2010).
III. Interaction effect:

Results in Table (39a) show that the interaction effect between plant population density and periods of weed control significantly affected ears yield per fed.
It is clear that planting maize by 26000 plants per fed. under weed control by either treatment 5 or 6 gave the highest ears yield per fed. (4740 and 5280 kg in the first and second season, respectively). Whereas, the minimum ears yield per fed. (2445 and 2640 kg in the first and second season, respectively) was obtained from planting maize by 20000 plants per fed. under un-weeded control.
Table 39a: Effect of interaction between plant densities and periods of weed control on ear yield (kg /fed.) of maize in 2010 and 2011 seasons.

	Periods of weed control
	2010
	2011

	
	Plant density (plants per fed.)

	
	20000
	22000
	24000
	26000
	28000
	20000
	22000
	24000
	26000
	28000

	1
	2445
	2580
	2595
	2610
	2560
	2640
	2760
	2760
	2880
	2700

	2
	3510
	3855
	4110
	4170
	3520
	3720
	3960
	4320
	4440
	3750

	3
	3780
	4230
	4590
	4650
	3940
	3960
	4440
	4800
	5040
	4080

	4
	3960
	4365
	4605
	4680
	3960
	4170
	4560
	4800
	5160
	4170

	5
	4065
	4395
	4695
	4740
	4000
	4260
	4620
	4920
	5280
	4300

	6
	3975
	4365
	4695
	4740
	4000
	4200
	4560
	4890
	5280
	4260

	7
	3900
	4350
	4605
	4680
	3940
	4080
	4530
	4800
	5130
	4080

	L.S.D. at 5 %
	402
	419


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

D.3. Grain yield kg per fed. (kg):

Data in Table (40) show the effect of plant density and periods of weed control on grain yield per fed. in 2010 and 2011 seasons.

The values of all positive vegetative growth, yield and yield components for all traits take the same trend in the first and second season, but the second season the maize plants gave the highest values for all positive traits may be because growing maize plants in the optimum temperature degree and relative humidity (Table, 2).  

Table 40: Effect of plant densities and periods of weed control on grain yield (kg/fed.) of maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011
	Mean 

	Plant density (Plants per fed.)

	20000
	2899.0
	3181.7
	3040.4

	22000
	3161.9
	3451.6
	3306.8

	24000
	3336.2
	3641.6
	3488.9

	26000
	3347.8
	3831.3
	3589.6

	28000
	2781.5
	3045.0
	2913.3

	L.S.D. at 5 %.
	160.7
	160.0
	--

	Periods of weed control

	1
	1863.7
	2078.3
	1971.0

	2
	2875.1
	3156.4
	3015.8

	3
	3314.7
	3639.9
	3477.3

	4
	3398.7
	3757.0
	3577.9

	5
	3463.2
	3849.8
	3656.5

	6
	3441.8
	3817.0
	3629.4

	7
	3379.6
	3713.2
	3546.4

	L.S.D. at 5 %.
	155.4
	156.7
	--

	L.S.D. at 5 % for Interaction 
	347.5
	350.4
	--


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS.
I. Effect of plant density:
Data in Table (40) showed that the optimum plant population density (26000 plants / fed.) produced the highest grain yield / fed. which were 3347.8 and 3831.3 kg in the first and second season, respectively compared to the higher plant population (28000 plants / fed.) or the lower plants population (24000, 22000 and 20000 plants/ fed.) in both seasons. These results reflect the important role of competition between maize plants as plant density increased to reduce the yield till the optimum plant density is reached. On the other hand, the highest plant density (28000 maize plants per fed.) produced the lowest grain yield per fed. which were 2781.5 and 3045.0 kg in the first and second season, respectively. But, there was no significant differences between planting 20000 and 28000 plants per fed. on grain yield (kg) per fed. in both seasons. Also there was no significant differences between planting 24000 and 26000 maize plants per fed. on this trait in the first season.
Such increase in grain yield per fed. could be due to the increase in number of ears per fed (Table, 26) and ear yield per fed.  (Table, 39). Many investigators obtained similar results as Atta Allah (1996), El-Habbak (1996), Mosalem and Shady (1996), Shams El-Din and El-Habbak (1996), El-Agamy et al., (1999), El-Bana and Gomaa (2000), El-Koomy (2000), Abd-El-Samie (2001), Sharief (2001), Zohry and Farghaly (2003), Chikoye et al., (2004), Jovin et al., (2005), Agasibagil (2006), Al-Shebani (2006), Bader and Othman (2006), Saeed et al., (2007), Abd El-Raouf et al., (2008 b), Abouzienia et al., (2008), Hassan et al., (2008), Sani et al., (2008), Leilah et al., (2009), Mashingaidze et al., (2009),  Sharifi et al., (2009), Asif et al., (2010), Fanadoz et al., (2010), IIIa et al., (2010), Abdulhamid and Adraa (2011), Bakhtiar Gul et al., (2011), Bozorgi et al., (2011), Dahmardeh (2011), Lashkari et al., (2011) and Sharifi and Pirzad (2011).
II.  Periods of weed control:

Results presented in Table (40) show that grain yield per fed. (kg) was significantly affected by weed control periods in the two growing seasons.

Planting maize under weed control treatment 5 gave the maximum grain yield per fed. (3464.2 and 3849.8 kg in the first and second season, respectively). Whereas, planting maize under un-weeded control gave the lowest grain yield per fed. (1863.7 and 2078.3 kg in the first and second season, respectively).

In 2010 season, the using weed control treatment of 2, 3, 4, 5, 6 and treatment 7 significant increased grain yield per fed. over the un-weeded control (treatment 1) by 54.27, 77.86, 82.36, 85.82, 84.68 and 81.34 % respectively. In 2011 season, the respective corresponding increases in this studied trait were 51.87, 75.14, 80.77, 85.24, 83.66 and 78.67%. The difference between the effect of treatment 3, 4, 5, 6 and treatment 7 in the first season and treatment 4, 5, 6, and 7 also, between 3, 4 and treatment 7 in the second season were not significant in this trait.

The severe reduction in grain yield when allowing weeds to compete maize plants could be attributed to competition with the crop for light, water, nutrients and space which affected negatively the vegetative growth of plants particularly plant leaf area as well as dry matter accumulation. Moreover, some weeds shade the crop plants and then decrease the radiation that would fall on foliage of the crop. Consequently, this well affects negatively the photosynthesis efficiency and translocation of synthates to be stored in grain. As well as, may be due to the decrease in number of plants carried two ears (Table, 24), number of ears per fed. (Table, 26), 100-grain weight (Table, 33), weight of grains per ear (Table, 34), ear weight (Table, 35), shelling % (Table, 36) and ear yield per fed. (Table, 39), Many investigators obtained similar results as Zimdahl (1980), Bonilla (1984), Kharwara et al. (1984), Ferrero et al. (1991), Hall et al., (1992), Yang et al. (1993), El-Morsy and Badawi (1998), Tantawy et al., (1998), James et al., (2000), Naeeny and Ghadiri (2000), Abd-El-Samie (2001), Evans et al., (2003), Chikoye et al., (2004), Dogan et al., (2004), Kayode and Ademiluyi (2004), Fischer et al. (2004), Villasana et al. (2004), Lopez-Ovejero et al., (2005), Talarposhti et al., (2005), Dogan et al., (2006), Maqbool et al., (2006), Bogdan et al., (2007), Oljaca et al., (2007), Riaz et al., (2007), Abd El-Azeem and Mekky (2008), Ahmed et al., (2008), Mahmoodi and Rahimi (2009 a and b), Olorunmaiye and Olorunmaiye (2009), Ghanizadeh et al., (2010), Karimmojeni et al., (2010), Silva et al., (2010) and Soliman and Gharib (2011). 

Critical period of weed control in maize:

 
Estimation of the critical period of weed control (CPWC) was based on an acceptable yield loss level which used to estimate both the beginning and end of the critical period. 5% yield loss was used to give marginal benefit, compared with the cost of weed control. 

Planting maize under weed control at 20, 35, 50 and 65 days after sowing (treatment 5) gave the maximum grain yield per fed. (3463.2 and 3849.8 kg in the first and second season, respectively). 

In the 2010 season, 5% from the highest grain yield recorded at planting maize with weed control by treatment 5 was 173.16 kg. the different in grain yield per fed. between treatment 5 and treatments 3, 4, 6 and 7 low from 173.16 kg. From this result, the critical period of weed control in maize was controlling maize weeds at 20 and 35 days from sowing (Treatment 3).

In the 2011 season, 5% from the highest grain yield recorded at planting maize with weed control by treatment 5 was 192.49 kg. the different in grain yield per fed. between treatment 5 and treatments 4, 6 and 7 low from 192.49 kg. From this result, the critical period of weed control in maize was controlling maize weeds at 20, 35 and 50 days from sowing (Treatment 4).   
For mean of grain yield in the two seasons, 5% from the highest grain yield recorded at planting maize with weed control by treatment 5 was 182.825 kg. the different in grain yield per fed. between treatment 5 and treatments 3, 4, 6 and 7 low from 182.825 kg. From this result, the critical period of weed control in maize was controlling maize weeds at 20, 35 and 50 days from sowing (Treatment 3). CPWC will begin at 20 days after sowing as well as the end of CPWC was at 35 days after sowing for mean of grain yield in the two seasons, (treatment 3). These results are in general agreement with those of  Zimdahl (1980), Bonilla (1984), Ferrero et al. (1991), Hall et al., (1992), Bedmar et al., (1999), Naeeny and Ghadiri (2000), Halford et al., (2001), Evans et al., (2003), Dogan et al., (2004), Villasana et al. (2004), Lopez-Ovejero et al. (2005), Dogan et al., (2006), Mahmoodi and Rahimi (2009 a and b), Uremis et al., (2009) and Ghanizadeh et al., (2010).
III.  Interaction effect:

Results in Table (40a) show that the interaction effect between plant population density and periods of weed control significantly affected grain yield per fed. 

Table 40a: Effect of interaction between plant densities and periods of weed control on grain yield (kg/fed.) of maize in 2010 and 2011 seasons.

	Periods of weed control
	2010
	2011

	
	Plant density (plants per fed.)

	
	20000
	22000
	24000
	26000
	28000
	20000
	22000
	24000
	26000
	28000

	1
	1806.5
	1899.0
	1890.5
	1888.3
	1834.2
	2034.3
	2118.3
	2096.3
	2173.3
	1969.2

	2
	2680.0
	2908.3
	3087.8
	3117.0
	2582.6
	2962.8
	3114.0
	3384.3
	3460.0
	2861.1

	3
	3008.8
	3363.0
	3609.5
	3630.5
	2961.7
	3288.3
	3682.0
	3937.5
	4104.0
	3187.9

	4
	3178.5
	3482.0
	3652.3
	3676.0
	3004.8
	3491.0
	3804.3
	3971.3
	4227.5
	3290.9

	5
	3283.8
	3520.0
	3732.5
	3728.0
	3051.9
	3566.5
	3858.8
	4080.0
	4331.3
	3412.6

	6
	3208.3
	3495.3
	3732.5
	3723.3
	3049.6
	3516.8
	3809.3
	4055.5
	4326.0
	3377.3

	7
	3126.8
	3465.8
	3648.0
	3671.5
	2985.8
	3412.3
	3774.5
	3966.3
	4197.3
	3215.8

	L.S.D. at 5 %
	347.5
	350.4


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

The highest grain yield were detected with maize planting by 24000 plants per fed. under weed control by either treatment 5 or 6  (3732.5 kg) in the first season, and planting 26000 plants under weed control by treatment 5 (4331.3 kg) in the second season. However, the lowest grain yield were recorded by  plant density (20000 maize plants per fed.) under un-weeded control being 1806.5 in the first season, and by the highest plant density (28000 maize plants per fed.) under un-weeded control being 1969.2 kg in the second season. These results are in agreement with those obtained by Abd-El-Samie (2001), Chikoye et al., (2004), Maqbool et al., (2006) and Ullah et al., (2008).
D.4. Biological yield per fed. (kg):

Results for the effect of plant density and periods of weed control in 2010 and 2011 seasons on Biological yield (kg) per fed. are presented in Table (41). 

I. Effect of plant density:

Results presented in Table (41) show that biological yield (kg) per fed. was significantly affected by plant density treatments in 2010 and 2011 seasons.
Biological yield significantly increased by increasing plant density from 20000 to 26000 maize plants per fed. then decreased. Planting maize by 26000 plants per fed. gave the maximum biological yield per fed. (8874.3 and 9540.7 kg in the first and second season, respectively). Whereas, planting 20000 plants per fed. gave the lowest biological yield (7610.6 and 8036.4 kg in the first and second season, respectively). But, there was no significant differences between planting 24000, 26000 and 28000 plants per fed. on biological yield in first season.

Such increase in biological yield per fed. could be due to the increase in stover yield (Table, 38) and ear yield per fed. (Table, 39). These results are in agreement with those obtained by El-Koomy (2000), Abd-El-Samie (2001), Saeed et al., (2007), Abouzienia et al., (2008), Bakhtiar Gul et al., (2009) and Bozorgi et al., (2011).
Table 41: Effect of plant densities and periods of weed control on biological yield (kg /fed.) of maize in 2010 and 2011 seasons.
	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	7611
	8036

	22000
	8131
	8558

	24000
	8580
	9009

	26000
	8874
	9541

	28000
	8510
	8924

	L.S.D. at 5 %.
	381
	391

	Periods of weed control

	1
	4981
	5443

	2
	7808
	8213

	3
	8931
	9359

	4
	9122
	9617

	5
	9269
	9801

	6
	9223
	9738

	7
	9055
	9524

	L.S.D. at 5 %.
	350
	380

	L.S.D. at 5 % for Interaction 
	783
	850


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

II. Periods of weed control:

Results presented in Table (41) show that biological yield per fed. was significantly affected by weed control periods in the two growing seasons.

Weed control periods for 2, 3, 4, 5, 6 and 7 increased significantly biological yield per fed. compared with maize under allowing weed to grow with maize plants for the whole season and the increases attained were 56.76, 79.30, 83.14, 86.09, 85.16 and 81.79 respectively in the first season. The respective increment percentages in the second season were 50.49, 71.95, 76.69, 80.07, 78.91 and 74.98 %. These results revealed that all weed free periods gave the highest biological yield compared to the weed competition all the season. On the other hand, the lowest biological yield was obtained from weed competition for the whole season in both seasons. Meanwhile, there was no significant difference between treatment 3, 4, 5, 6 and 7 in the first season, and between treatment 4, 5, 6 and 7 also, 3, 4, 6 and 7 during the second season on this trait.

The severe reduction in biological yield per fed. when allowing weeds to compete maize plants could be attributed to competition with the crop for light, water, nutrients and space which affected negatively the vegetative growth of plants particularly plant height, stem diameter, leaf area of topmost ear, leaf area per plant and as well as leaf area index (stover yield) number of plants carried two ears, number of ears per fed., ear weight, (ear yield). Moreover, some weeds shade the crop plants and then decrease the radiation that would fall on foliage of the crop. Consequently, this well affects negatively the photosynthesis efficiency and translocation of synthates to be stored in grain. These results are in agreement with those obtained by Abd-El-Samie (2001), Riaz et al., (2007), Abouziena et al., (2008) and Bakhtiar Gul et al., (2009).
III.  Interaction effect:

Biological yield per fed. was significantly affected by the interaction between plant population density and periods of weed control in maize during 2010 and 2011 seasons, (Table, 41a) 

It is clear that planting maize by 26000 plants per fed. under weed control at 20, 35, 50 and 65 days from sowing gave the highest biological yield per fed. (9890 and 10655 kg in the first and second season, respectively). Whereas, the minimum biological yield per fed. (4570 and 5015 kg in the first and second season, respectively) was obtained from planting maize by 20000 plants per fed. without weed control. These results are in agreement with those obtained by Abd-El-Samie (2001), Abouziena et al., (2008) and Bakhtiar Gul et al., (2009).

Table 41a: Effect of interaction between plant densities and periods of weed control on biological yield (kg /fed.) of maize in 2010 and 2011 seasons.
	Periods of weed control
	2010
	2011

	
	Plant density (plants per fed.)

	
	20000
	22000
	24000
	26000
	28000
	20000
	22000
	24000
	26000
	28000

	1
	4570
	4830
	5008
	5185
	5310
	5015
	5335
	5435
	5755
	5675

	2
	7060
	7530
	7985
	8395
	8070
	7495
	7935
	8495
	8815
	8325

	3
	8093
	8680
	9240
	9500
	9140
	8435
	9115
	9675
	10115
	9455

	4
	8385
	8915
	9368
	9730
	9210
	8820
	9335
	9775
	10435
	9720

	5
	8503
	9045
	9558
	9890
	9350
	8960
	9495
	9995
	10655
	9900

	6
	8413
	9015
	9545
	9840
	9300
	8875
	9410
	9940
	10630
	9835

	7
	8250
	8900
	9355
	9580
	9190
	8655
	9280
	9750
	10380
	9555

	L.S.D. at 5 %
	783
	850


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

D.5. Harvest index:


Results for the effect of plant density, periods of weed control and their interaction on harvest index in the first and second season are presented in Table (42). 

I. Effect of plant density:

Data presented in Table (42) show that harvest index not significantly affected by plant density treatments in both seasons. 

Harvest index tended to increase by increasing plant density up to 22000 maize plants per fed. in both seasons, but differences failed to reach the level of significance.

The results agree with those reported by El-Koomy (2000).

II. Periods of weed control:

Results presented in Table (42) indicate that harvest index insignificantly affected by periods of weed control in maize during the first and second season. The results agree with those reported by Talarposhti et al., (2005).
III.  Interaction effect:

As shown in Table (42) data reveal no interaction effect between plant population densities and periods of weed control treatments on harvest index during the two growing seasons. 

Table 42: Effect of plant densities and periods of weed control on harvest index of maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	0.382
	0.397

	22000
	0.389
	0.404

	24000
	0.388
	0.403

	26000
	0.376
	0.401

	28000
	0.328
	0.342

	L.S.D. at 5 %.
	n.s
	n.s

	Periods of weed control

	1
	0.375
	0.382

	2
	0.369
	0.385

	3
	0.371
	0.389

	4
	0.373
	0.391

	5
	0.374
	0.393

	6
	0.373
	0.392

	7
	0.373
	0.391

	L.S.D. at 5 %.
	n.s
	n.s

	L.S.D. at 5 % for Interaction 
	n.s
	n.s


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

E. Maize chemical properties:

E.1. Total nitrogen percentage:

Results of total nitrogen % as affected by plant density, periods of weed control and their interaction in the first and second season are presented in Table (43). 

I. Effect of plant density:

Data presented in Table (43) show that total nitrogen % in grain was not significantly affected by plant density. Nitrogen content in maize grains tended to decrease by increasing number of maize plants per fed. from 20000 to 28000 plants in both seasons. But differences were not great to reach the level of significance.

The maximum value of nitrogen content in maize grains was 2.00 and 1.90 % in the first and second season, respectively which obtained from planting 20000 maize plants per fed. Whereas, maize planting by 28000 plants gave the minimum value of nitrogen percentage in maize grains of 1.89 and 1.78 in the first and second season, respectively.

II. Periods of weed control:


Results presented in Table (43) show that nitrogen content in maize grains was significantly increased by any weed control period compared without weed control in 2010 and 2011 seasons. 


The maximum value of nitrogen content in maize grains was 2.00 and 1.91 % in the first and second season, respectively which obtained from planting maize under weed control by treatment 5. Whereas, maize planting under without weed control gave the minimum value of nitrogen percentage in maize grains of 1.80 and 1.69 % in the first and second season, respectively.

This result may be due to the decrease in competition between maize and weeds under weed control treatment as compared with un-weeded control.
Table 43: Effect of plant densities and periods of weed control on total nitrogen % in maize grains in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	2.00
	1.90

	22000
	1.98
	1.88

	24000
	1.96
	1.86

	26000
	1.94
	1.83

	28000
	1.89
	1.78

	L.S.D. at 5 %.
	n.s
	n.s

	Periods of weed control

	1
	1.80
	1.69

	2
	1.92
	1.81

	3
	1.97
	1.87

	4
	1.99
	1.89

	5
	2.00
	1.91

	6
	2.00
	1.90

	7
	1.99
	1.89

	L.S.D. at 5 %.
	0.10
	0.10

	L.S.D. at 5 % for Interaction 
	n.s
	n.s


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS.
III. Interaction effect:

As shown in Table (43) data reveal no interaction effect between plant population densities and periods of weed control treatments on nitrogen percentage in maize grains during the two growing seasons. 

E.2. Crude protein in maize grains:


Results for the effect of plant density, periods of weed control and their interaction on crude protein in maize grains in the first and second season are presented in Table (44). 

I. Effect of plant density:

Results presented in Table (44) show that crude protein in maize grains was not affected by the plant density in 2010 and 2011 seasons. Crude protein in maize grains tended to decrease by increasing number of maize plants per fed. from 20000 to 28000 plants in both seasons. But differences were not great to reach the level of significance.

The maximum value of crude protein in maize grains was 12.51 and 11.87 % in the first and second season, respectively which obtained from planting 20000 maize plants per fed. Whereas, maize planting by 28000 plants per fed. gave the minimum value of crude protein in maize grains of 11.81 and 11.13 in the first and second season, respectively. The results agree with those reported by Tantawy et al., (1998).
II. Periods of weed control:

Data in Table (44) showed that periods of weed control significantly influenced grain crude protein in the first and second season.

Table 44: Effect of plant densities and periods of weed control on crude protein % in maize grains in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	12.51
	11.87

	22000
	12.35
	11.74

	24000
	12.24
	11.64

	26000
	12.13
	11.41

	28000
	11.81
	11.13

	L.S.D. at 5 %.
	n.s
	n.s

	Period of weed control

	1
	11.23
	10.53

	2
	12.03
	11.32

	3
	12.33
	11.67

	4
	12.46
	11.83

	5
	12.51
	11.91

	6
	12.49
	11.88

	7
	12.41
	11.78

	L.S.D. at 5 %.
	0.63
	0.63

	L.S.D. at 5 % for Interaction 
	n.s
	n.s


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

 Results showed that keeping maize crop free from weed for treatment 2, 3, 4, 5, 6 and treatment 7 increased grain crude protein by 7.12, 9.80, 10.95, 11.40, 11.22 and 10.51 %, respectively, in the first season compared with weed competition for all season.  The respective values in the second season were 7.50, 10.83, 12.35, 13.11, 12.82 and 11.87 %. The differences among treatments 2, 3, 4, 5, 6, and 7 were not significant.

The maximum crude protein in maize grains ( 12.51 and 11.91%)in 2010 and 2011 season, respectively was obtained when planting maize with weed control at 20, 35, 50 and 65 days after sowing. Whereas, planting maize under un-weeded control gave the minimum value of crude protein which was 11.23 and 10.53 % in the first and second season, respectively. 

This result may be due to the increase in nitrogen content in maize grains. The results agree with those reported by Ahmed et al., (2008) and Soliman and Gharib (2011). 

III.  Interaction effect:

As shown in Table (44) data reveal no interaction effect between plant population densities and periods of weed control treatments on crude protein in maize grains during the two growing seasons.  

E.3. Nitrogen Uptake (kg) per fed.


Results in Table (45) show the effect of plant density, periods of weed control and their interaction on nitrogen uptake (kg) per fed. during 2010 and 2011 seasons.

I. Effect of plant density:

Results show that plant density significantly affected nitrogen uptake kg per fed. in 2010 and 2011 seasons (Table, 45).

The highest nitrogen uptake per fed. were detected with maize planting by 24000 plants per fed. (65.78 kg) in the first season, and planting 26000 (70.56 kg) in the second season. However, the highest plant density (28000 maize plants per fed.) gave the lowest nitrogen uptake being 52.88 and 54.68 kg in the first and second season, respectively. No significant difference was found between planting 24000 and 26000 plants per fed. on nitrogen uptake (kg) fed. 

This result may be due to the increase in grain yield per fed. Table (40). The results agree with those reported by Agasibagil (2006) and Abdulhamid and Adraa (2011).
Table 45: Effect of plant densities and periods of weed control on nitrogen uptake (kg/ fed.) of maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	58.33
	60.94

	22000
	62.83
	65.36

	24000
	65.78
	68.53

	26000
	65.31
	70.56

	28000
	52.88
	54.68

	L.S.D. at 5 %.
	2.86
	3.09

	Periods of weed control

	1
	33.45
	35.14

	2
	55.32
	57.30

	3
	65.41
	68.10

	4
	67.75
	71.27

	5
	69.33
	73.47

	6
	68.80
	72.69

	7
	67.11
	70.14

	L.S.D. at 5 %.
	3.72
	3.92

	L.S.D. at 5 % for Interaction 
	n.s
	n.s


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 
II. Periods of weed control:

Data in Table (45) showed that nitrogen up-take per fed. was significantly influenced by weed free periods in the first and second season.

Planting maize with weeds controlling at 20, 35, 50 and 65 days after sowing (treatment 5) induced maximum nitrogen uptake (kg)/ fed. of 69.33 and 73.47 kg in the first and second season, respectively. Meanwhile, the minimum nitrogen up-take / fed. of 33.45 and 35.14 kg were obtained when planting maize under un-weeded control in the first and second season, respectively. The differences among treatments 4, 5, 6, and 7 in both seasons, and between treatments 3, 4, 6, and 7 in the first season and between treatments 3, 4 and 7 in the second season were not significant on nitrogen up-take per fed.

This result may be due to the increase in grain yield per fed. Table (40) and nitrogen content in maize grains (Table, 43).

III. Interaction effect:

As shown in Table (45) data reveal no interaction effect between plant population densities and periods of weed control treatments on nitrogen uptake kg fed. during the two growing seasons. 

E.4. Protein yield (kg) per fed.

Results in Table (46) show the effect of the plant density, periods of weed control and their interaction on protein yield kg per fed. during 2010 and 2011 seasons.
I. Effect of plant density:

Results show that plant density significantly affected protein yield kg per fed. in both seasons (Table, 46).

Table 46: Effect of plant densities and periods of weed control on protein yield (kg /fed.) of maize in 2010 and 2011 seasons.

	Treatments 
	2010
	2011

	Plant density (Plants per fed.)

	20000
	364.58
	380.84

	22000
	392.69
	408.44

	24000
	411.13
	428.31

	26000
	408.17
	441.00

	28000
	330.51
	341.75

	L.S.D. at 5 %.
	17.91
	19.30

	Periods of weed control

	1
	209.08
	219.56

	2
	345.77
	358.06

	3
	408.83
	425.67

	4
	423.43
	445.35

	5
	433.33
	459.16

	6
	430.02
	454.30

	7
	419.44
	438.40

	L.S.D. at 5 %.
	23.25
	24.50

	L.S.D. at 5 % for Interaction 
	n.s
	n.s


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

In 2010 season, planting 24000 maize plants per fed. gave the highest protein yield per fed. which was 411.13 kg.  Whereas, in the second seasons, planting 26000 plants gave the highest value of protein yield which was 441.00 kg. On the other hand, the lowest values of protein yield per fed. was 330.51 and 341.75 kg which obtained from maize planting by 28000 plants in the first and second season, respectively. But, there was no significant differences between planting 24000 and 26000 plants per fed. on this trait .
Such increase in protein yield per fed. could be due to the increase in grain yield per fed. Table (40). Such results agree with those reported by Tantawy et al., (1998)
II. Periods of weed control:

Data in Table (46) showed that protein yield per fed. (Kg) was significantly influenced by weed free periods in both seasons.

Maximum maize protein yields kg /fed. was 433.33 and 459.16 kg in the first and second season, respectively, which was obtained when controlling weed by treatment 5. Meanwhile, allowing weed to grow for the whole season (treatment 1) gave the minimum protein yield (209.08 and 219.56 kg in the same respective two seasons). The differences among treatments 4, 5, 6, and 7 in both seasons, and between treatments 3, 4, 6, and 7 in the first season and between treatments 3, 4 and 7 in the second season were not significant on this trait.

This result may be due to the increase in grain yield per fed. Table (40) and nitrogen content in maize grains (Table, 44).

III.  Interaction effect:

As shown in Table (46) data reveal no interaction effect between plant population densities and periods of weed control treatments on protein yield (kg) per fed. during the two growing seasons.
E. Economic evaluation:

1- Effect of planting densities and periods of weed control on the total costs of maize production: 

Total costs including values of production tools and requirements such as seeds, fertilizers, man power, machinery and other general or miscellaneous costs as well as land rent average summer 2010 and 2011 seasons are shown in Table (47) and the costs of the different rates of seeds for different plant densities and costs of different man power under periods of weed control in maize included in the study are given in Table (48).

Table 47:  Average costs of the different tools and requirements of maize production over 2010 and 2011 seasons.

	Treatments
	Costs per fed. in L.E

	Land rent 

	1667

	Chisel plow (first way)
	40

	Chisel plow (second way)
	40

	Compacting 
 
	40

	Ridging 
	60

	134 kg mineral nitrogen fertilizer / fed. 
	800

	12.5 kg p2o5 
	80

	Insecticide  

	65

	Man power exit the experimental (24)  
	720

	Irrigation machine 
	200

	1 kg seeds
	32


The price of 50 kilogram ammonium nitrate 33.5 % N was 80 L.E. The price of 50 kilogram Calcium super phosphate 12.5 % P2O5 was 40 L.E. the price of one kilogram seeds (white single cross hybrid 2031 for Misr HYTECH Seed Int.,) was 32 L.E. Man power exit the periods of weed control treatments was calculated on the basis of 24 workers per fed. for all practices and the daily wage of 30 L.E. for the worker. The cost of land rental was estimated as 1667 L.E. on the basis of renting the summer season of a normal growing season in the area. The total costs of soil tillage included the cost for first and second plowings by chisel plow, compacting and ridging was 180 L.E. and present in Table (47). 
Increasing plant density from 20 to 22, 24, 26, and 28 thousand plants per fed. increased seed rates from 7.50 to 8.25, 9.00, 9.75 and 10.50 kg per fed., respectively.  While, the workers at periods of weed control treatment increased from 0 to 8, 16, 20 , 24, 24 and 24 workers in treatment 1, 2, 3, 4, 5, 6, and 7 respectively. 
It is cleary evident from Table (48) that the highest values of costs were obtained from planting maize by 28000 plants/fed. and weed control by treatment 5, 6 and 7 being 1056 L.E. /fed.
Table 48: Costs of seeds under different plant densities and man power for periods of weeds control treatments adopted in the study in L.E. / fed. (average over two studying seasons).   

	Periods of weed control 

Plant density (1000 plants)
	1
	2
	3
	4
	5
	6
	7

	20
	240
	480
	720
	840
	960
	960
	960

	22
	264
	504
	744
	864
	984
	984
	984

	24
	288
	528
	768
	888
	1008
	1008
	1008

	26
	312
	552
	792
	912
	1032
	1032
	1032

	28
	336
	576
	816
	936
	1056
	1056
	1056


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

Data in Table (49) show the total costs of maize production per fed. as affected by the applied different treatments (average of 2010 and 2011 seasons). From such data, it is clear that the minimum total costs were those of maize planting by 20000 plants / fed. and un-weeded control, being 3952 L.E. and the maximum total costs were those of planting 28000 maize plants / fed. and weed control at treatments 5, 6 and 7 which was 4768 L.E.
Table 49: The total costs of maize production in L.E. per fed. as affected by plant densities and weed control treatments (average of the two seasons). 

	Periods of weed control 

Plant density (1000 plants)
	1
	2
	3
	4
	5
	6
	7

	20
	3952
	4192
	4432
	4552
	4672
	4672
	4672

	22
	3976
	4216
	4456
	4576
	4696
	4696
	4696

	24
	4000
	4240
	4480
	4600
	4720
	4720
	4720

	26
	4024
	4264
	4504
	4624
	4744
	4744
	4744

	28
	4048
	4288
	4528
	4648
	4768
	4768
	4768


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

2- Values of maize grain yield as affected by the different plant densities and periods of weed control:

Results presented in Table (50) show the values of maize grain yield in L.E. / fed. as affected by the applied different treatments in 2010 and 2011 seasons. In this estimation the price of maize was 1785.71 L.E. / ton (250 L.E. / Arddab) as given by Extension Service Information (average of 2010 and 2011 seasons).

From such results, it is clear that the highest values of grain yield per fed. were detected with maize planting by 24000 plants/fed. and weed control by treatments 5 or 6 (6665.2 L.E. / fed.) in 2010 season, and planting 26000 maize plants /fed. with weed control by treatments 5 (7735.5 L.E. / fed.) in 2011 season. On the other hand, the lowest values of grain yield / fed. were obtained from maize planting by 20000 plants / fed. and weed control by treatments 1 (3225.9 L.E. / fed.) in 2010 season, and planting 28000 maize plants/fed. with weed control by treatments 1 (3516.4 L.E. / fed.) in 2011 season, with reduction of 3439.3 and 4218.1 L.E. or 51.60 and 54.54 % compared with the highest treatment in the first and second season, respectively.

Table 50: Value of maize grain yield as affected by the interaction between plant densities and periods of weed control.  

	Periods of weed control
	The first season (2010)
	The second season (2011)

	
	Plant density (1000 plants per fed.)

	
	20
	22
	24
	26
	28
	20
	22
	24
	26
	28

	1
	3225.9
	3391.1
	3375.9
	3372.0
	3275.4
	3632.7
	3782.7
	3743.4
	3880.9
	3516.4

	2
	4785.7
	5193.4
	5513.9
	5566.1
	4611.8
	5290.7
	5560.7
	6043.4
	6178.6
	5109.1

	3
	5372.9
	6005.4
	6445.5
	6483.0
	5288.8
	5872.0
	6575.0
	7031.3
	7328.6
	5692.7

	4
	5675.9
	6217.9
	6522.0
	6564.3
	5365.7
	6233.9
	6793.4
	7091.6
	7549.1
	5876.6

	5
	5863.9
	6285.7
	6665.2
	6657.1
	5449.8
	6368.8
	6890.7
	7285.7
	7734.5
	6093.9

	6
	5729.1
	6241.6
	6665.2
	6648.8
	5445.7
	6280.0
	6802.3
	7242.0
	7725.0
	6030.9

	7
	5583.6
	6188.9
	6514.3
	6556.3
	5331.8
	6093.4
	6740.2
	7082.7
	7495.2
	5742.5


1 = control (un-weeded control). 
 
  2= weed control at 20 DAS. 

3 = weed control at 20 and 35 DAS. 
 
  4 = weed control at 20, 35 and 50 DAS.

5 = weed control at 20, 35, 50 and 65 DAS. 
  6 = weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS. 

3-Net farm return of maize production and net return per one invested L.E. 

Results in Tables (51, 52) reveal that the highest net farm return was achieved from maize planting by 26000 plants / fed. and weed control by treatment 3 (1979.0 L.E. /fed. making a net return ratio of 0.439 L.E. / an invested pound) in the first season, and planting 26000 maize plants/ fed. with weed control by treatments 5 (2990.5 L.E. /fed. making a net return ratio of 0.630 L.E. / an invested pound) in the second season. On the other hand, the lowest net farm returns were -772.6 and -531.6 L.E. / fed. with the lowest a net return ratio of -0.191 and -0.131 L.E. / each invested pound which were recorded by maize planting by 28000 plants / fed. with no management to weed control (treatment1) in 2010 and 2011 seasons, respectively. But, the highest net return per one invested L.E. was achieved from maize planting by 24000 or 26000 plants /fed. and weed control by treatment 3 (0.439 L.E. / an invested pound) in the first season, and planting 26000 plants / fed. with weed control by treatment  4 (0.633 L.E. / an invested pound) in the second season.

Table (51):*Net farm return in L.E. / fed. of maize as affected by the interaction between plant densities and periods of weed control.  
	Periods of weed control
	The first season (2010)
	The second season (2011)

	
	Plant density (1000 plants per fed.)

	
	20
	22
	24
	26
	28
	20
	22
	24
	26
	28

	1
	-726.1
	-584.9
	-624.1
	-652.0
	-772.6
	-319.3
	-193.3
	-256.6
	-143.1
	-531.6

	2
	593.7
	977.4
	1273.9
	1302.1
	323.8
	1098.7
	1344.7
	1803.4
	1914.6
	821.1

	3
	940.9
	1549.4
	1965.5
	1979.0
	760.8
	1440.0
	2119.0
	2551.3
	2824.6
	1164.7

	4
	1123.9
	1641.9
	1922.0
	1940.3
	717.7
	1681.9
	2217.4
	2491.6
	2925.1
	1228.6

	5
	1191.9
	1589.7
	1945.2
	1913.1
	681.8
	1696.8
	2194.7
	2565.7
	2990.5
	1325.9

	6
	1057.1
	1545.6
	1945.2
	1904.8
	677.7
	1608.0
	2106.3
	2522.0
	2981.0
	1262.9

	7
	911.6
	1492.9
	1794.3
	1812.3
	563.8
	1421.4
	2044.2
	2362.7
	2751.2
	974.5


1 = control (un-weeded control).   
             2= weed control at 20 DAS.   

3 = weed control at 20 and 35 DAS. 
             4 = weed control at 20, 35 and 50 DAS. 

5 = weed control at 20, 35, 50 and 65 DAS.     6= weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS.

* Net farm return (L.E. / fed.) = grain yield value – total costs.

Table (52):*Net return per an invested L.E. of maize as affected by the interaction between plant densities and periods of weed control.
	Periods of weed control
	The first season (2010)
	The second season (2011)

	
	Plant density (1000 plants per fed.)

	
	20
	22
	24
	26
	28
	20
	22
	24
	26
	28

	1
	-0.184
	-0.147
	-0.156
	-0.162
	-0.191
	-0.081
	-0.049
	-0.064
	-0.036
	-0.131

	2
	0.142
	0.232
	0.300
	0.305
	0.076
	0.262
	0.319
	0.425
	0.449
	0.191

	3
	0.212
	0.348
	0.439
	0.439
	0.168
	0.325
	0.476
	0.569
	0.627
	0.257

	4
	0.247
	0.359
	0.418
	0.420
	0.154
	0.369
	0.485
	0.542
	0.633
	0.264

	5
	0.255
	0.339
	0.412
	0.403
	0.143
	0.363
	0.467
	0.544
	0.630
	0.278

	6
	0.226
	0.329
	0.412
	0.402
	0.142
	0.344
	0.449
	0.534
	0.628
	0.265

	7
	0.195
	0.318
	0.380
	0.382
	0.118
	0.304
	0.435
	0.501
	0.580
	0.204


1 = control (un-weeded control).   
             2= weed control at 20 DAS.   

3 = weed control at 20 and 35 DAS. 
             4 = weed control at 20, 35 and 50 DAS. 

5 = weed control at 20, 35, 50 and 65 DAS.     6= weed control at 20, 35, 65 and 80 DAS. 

7 = weed control at 20, 35, 80 and 95 DAS.

*Net return per one invested L.E. =                     Net farm return                              

                 


       Total costs of production (per /fed.)

5. SUMMARY
Determination of the critical period of weed control in maize grown under different plant densities

Two field experiments were conducted at the Agricultural Research and Experiment Center of Faculty of Agriculture at Moshtohor, Benha University, Toukh Directorate, Kalubia Governorate, Egypt, during the two summer successive growing seasons of 2010 and 2011, to study the  effect of plant population density, periods of weed control in maize and their interaction on growth of weeds and growth, yield and yield components of maize, as well as the net economic return of maize (white single cross hybrid 2031 for Misr HYTECH Seed Int.,) was also estimated according to the applied agronomic practices.

The soil type of the experimental unit was clay of pH 8.11 and 2.3 % organic matter content. The experiment included 35 treatments which were the combination of five plant population densities treatments and seven periods of weed control treatments. The experimental design was split plot design in four replications. The five plant densities treatments were distributed in the main plots. Whereas, the seven periods of weed control treatments were arranged at random in sub plots. The area of each sub plot was 10.5 m2 (3.5 width x3.0m long), which contained five ridges of 3.0 m long and 70 cm width.
Treatments were as follows: 

A – Five maize plant population densities:

1. 20000 plants per fed. resulted from spacing at 30.00 cm between hills.

2. 22000 plants per fed. resulted from spacing at 27.27 cm between hills.  

3. 24000 plants per fed. resulted from spacing at 25.00 cm between hills.        

4. 26000 plants per fed. resulted from spacing at 23.08 cm between hills.        

5. 28000 plants per fed. resulted from spacing at 21.43 cm between hills.        

B –Periods of weed control treatments.

1. Un-weeded control (treatment 1).

2. Weed control at 20 days from planting by hoeing (treatment 2).

3. Weed control at 20 and 35 days from planting by hoeing (treatment3).

4. Weed control at 20, 35 and 50 days from planting by hoeing at 20 and 35 days and hand weeding at 50 days from planting (treatment 4)

5. Weed control at 20, 35, 50 and 65 days from planting by hoeing at 20 and 35 days and hand weeding at 50 and 65 days from planting (treatment 5).

6. Weed control at 20, 35, 65 and 80 days from planting by two hoeing at 20 and 35 days and hand weeding at 65 and 80 days from planting (treatment 6).

7. Weed control at 20, 35, 80 and 95 days from planting by hoeing at 20 and 35 days and hand weeding at 80 and 95 days from planting (treatment 7). 

Results could be summarized as follows:

A- Spreading and growth of weeds:

1. Plant density:

· Total fresh weight and number of removed weeds, number of removed grassy weeds at periods of weed control (in the first season), total fresh and dry weights of weeds and fresh and dry weights of broad-leaved weeds at harvest maize (in both seasons), were significantly decreased by increasing plant density from 20 to 28 thousand maize plants per fed. 

· Planting 28000 plants per fed. was superior to other densities in depressing weeds.  

· Total dry weight and number of removed broad-leaved weeds at periods of weed control as well as fresh and dry weights of grassy weeds at maize harvest were not affected by increasing plant densities.  

2. Periods of weed control:

· Total number, fresh and dry weights of removed weeds and number of removed broad-leaved and grassy weeds at periods of weed control in both seasons were significantly increased by increasing of removal weeds times and removal weeds age. 

· The highest values of above characters were recorded in maize plots with weed control by treatment 7.

· On the other hand, total fresh and dry weights of weeds, fresh and dry weights of broad-leaved and grassy weeds at harvest in both seasons, were significantly decreased by increasing of removal weeds times.

· The lowest values of above characters were recorded by treatment 7.

3. Interaction effect:

· Total fresh weight, fresh weight of broad-leaved weeds ( in both seasons), fresh and dry weights of grassy weeds, dry weight of broad-leaved weeds (in the second season), as well as total dry weight of weeds at harvest (in the first season), were significantly affected by interaction between plant density and periods of weed control in maize. 

· Planting maize by 28000 plants per fed. under weed control by treatment 7 gave the lowest values of above characters.

· Total fresh and dry weights of removed weeds and number of removed weeds (total, broad-leaved and grassy) were not affected by the interaction between plant densities and periods of weed control. 

B.  Growth characters:

1. Plant density: 

· Maize plant height, ear height, leaf area index at 100 days from planting, number of plants per fed. at harvest, number of ears per fed., number of days from sowing to 50 % tasseling and silking (in both seasons), and number of barren plants per fed. (in the first season), were significantly increased by increasing plant density from 20 to 28 thousand maize plants per fed.

· Planting maize by 28000 plants per fed. gave the highest values of above characters.

· Increasing plant density from 20000 to 28000 plants per fed. significantly decreased stem diameter, area of topmost ear and plant leaf area at 100 days from sowing and number of plants carried two ears in both seasons. 

· The highest values of above characters were recorded with planting 20000 maize plants per fed. 

· Number of ears per plant was not affected by increasing plant density.  

2. Periods of weeds control:

· Allowing weeds to compete with maize crop for all season significantly decreased area of topmost ear, plant leaf area and leaf area index at 100 days from sowing, number of plants carried two ears per fed. (in both seasons), plant height and stem diameter (in the second season).

· Planting maize under weed control at 20+35+50+65 days from sowing gave the maximum values of above characters.

· Ear height, number of days to 50 % tasseling and silking, number of plants per fed., number of barren plants per fed., number of ears per fed. and number of ears per plant were not affected by periods of weeds control.    

3. Interaction effect:

· Area of topmost ear, plant leaf area and leaf area index at 100 days from planting (in both seasons) were significantly affected by interaction between plant density and periods of weed control in maize.

· The maximum values of area of topmost ear and plant leaf area were recorded from planting maize by 20000 plants per fed. under weed control by treatment 5. 

· The greatest leaf area index was obtained by planting 28000 plants per fed. with weed control by treatment 5.

· Plant height, ear height, stem diameter, number of days to 50 % tasseling and silking, number of plants per fed., number of plants carried two ears per fed., number of barren plants per fed., number of ears per fed. and number of ears per plant were not affected by the interaction between plant densities and periods of weeds control.   

C. Yield and yield components:

1. Plant density:

· Maize ear length, number of grains per row, number of grains per ear, 100-grain weight, weight of grains per ear, ear weight, shelling percentage and grain yield per plant, were significantly decreased by increasing plant density from 20000 to 28000 plants per fed. in the two seasons.

· Planting maize by 20000 and 28000 plants per fed. gave the highest and the lowest values of the above characters, respectively. 

· Stover yield per fed. was greatly increased with increasing plant population density up to 28000 maize plants per fed. in both seasons. 

· Ear, grain and biological yields per fed. were significantly increased by increasing plant density from 20000 to 26000 plants per fed. in both seasons.

· Planting 26000 maize plants per fed. gave the greatest values of the above characters and was the optimum plant density.

· Maize ear diameters, number of rows per ear and harvest index were not affected by increasing plant population density.

2. Period of weed control:

· Maize ear length, number of grains per row, number of grains per ear, 100-grain weight, weight of grains per ear, ear weight, shelling percentage, grain yield per plant, stover yield per fed., ear yield per fed., grain yield per fed. and biological yield per fed. in both seasons, were significantly increased by any periods of weed control compared to un-weed control.

· Maize planting with weed control at 20 + 35 + 50 + 65 days (treatment 5) gave the highest values of the above characters. 

· Number of rows per ear, ear diameter and harvest index were not affected by periods of weed control.

· The critical period of weed control (CPWC) in maize crop based on 5% acceptable yield loss was 20 - 35 days after sowing. 

3. Interaction effect: 

· The effect of interaction between plant population density and periods of weed control on ear length, number of grains per row, (in the second season), number of grains per ear, 100-grain weight, grains weight per ear, ear weight, grain yield per plant, stover yield per fed., ear yield per fed., grain yield per fed. and biological yield per fed. (in both seasons), were significantly affected.

· Planting maize by 20000 plants per fed. with weeds control by treatment 5 gave the highest values of ear length, (in the second season), number of grains per ear, weight of grains per ear, ear weight, (in the first season), 100-grain weight and grain yield per plant (in both seasons).

· Maize planting by 20000 plants per fed. under weeds control by treatment 6 gave the highest values of number of grains per row, number of grains per ear, weight of grains per ear and ear weight in the second season. 

· Growing 26000 plants X treatment 5 gave the maximum biological yield in both seasons and grain yield per fed. in the second season.

· Planting 28000 plants X treatments 5 gave the greatest value of stover yield per fed. in both seasons. 

· Planting 26000 plants X either treatment 5 or 6 gave the highest value of ear yield per fed. in both seasons. 

· Planting 24000 plants X either treatment 5 or 6 gave the highest value of grain yield per fed. in the first seasons. 

· Ear diameter, number of rows per ear, shelling % and harvest index were not affected by the interaction between plant population density and periods of weeds control.

D. Maize chemical characters:

1. Plant density:

· Nitrogen up-take and maize protein yield per fed. were significantly affected by plant population density in the two seasons. 

· The highest nitrogen up-take and protein yield per fed. were obtained from planting 24000 plants per fed. (in the first season), and planting 26000 plants per fed. (in the second season). 

· Nitrogen and protein content in grains were not affected by the plant densities.
2. Periods of weeds control:

· Nitrogen and crude protein content in grains, nitrogen up-take (kg per fed.) and protein yield (kg per fed.) were significantly increased by any periods of weed control compared to un-weeded control in the two seasons.

· Maize planting with weeds control by treatment 5 gave the highest values of the above characters.

3. Interaction effect:

· Nitrogen and crude protein content in grains, nitrogen up-take (kg per fed.) and protein yield (kg per fed.) were not affected by the interaction between plant population density and periods of weeds control.
E-Economic return

· Under the conditions of the experiment and from an economic point of view, maize planting by 26000 plants per fed. under weed control by treatment 3 in the first year and treatment 5 in the second year produced the highest grain yield and consequently the highest net farm return per year being of 1979.0 and 2990.5 L.E. /fed. in the first and second year, respectively making a respective net return ratio of 0.439 and 0.630 L.E. / an invested pound. 

The present results indicate clearly the importance of 26000 plants per fed. as optimum plant population, and weed control by hoeing at 20 + 35 days from sowing for increasing maize yield.
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الملخص العربي
تحديد الفترة الحرجة لمقاومة الحشائش في الذرة الشامية تحت كثافات نباتية مختلفة
اجريت تجربتان حقليتان بمزرعة مركز البحوث الزراعية بكلية الزراعة بمشتهر- جامعة بنها - مركز طوخ - محافظة القليوبية خلال الموسمين الزراعيين 2010 و 2011م لدراسة تأثير الكثافات النباتية وفترات مقاومة الحشائش على إنتشار ونمو الحشائش وصفات النمو والمحصول ومكوناته والعائد الإقتصادي لمحصول الذرة الشامية هجين فردي أبيض 2031(شركة مصر هاي تك الدولية للبذور). وكانت أرض التجربة طينية ودرجة حموضتها 8.11 ونسبة المادة العضوية بها 2.3 %.  وقد تضمنت التجربة 35 معاملة ناتجة من خمس كثافات نباتية مع سبع فترات لمقاومة الحشائش. استخدم تصميم التجربة القطع المنشقة split plot design في أربع مكررات. وزعت الكثافات الخمس عشوائيا داخل القطع الرئيسية والفترات السبع لمقاومة الحشائش في القطع الفرعية. وكانت مساحة القطعة التجربية 10.5 م2 مكونه من خمسة خطوط بعرض 70 سم وطول 3 متر.

وكانت المعاملات على النحو التالي:

( أ) الكثافات النباتية:
1- 20000 نبات/فدان. ناتجة من الزراعة في جور على أبعاد 30.00 سم.

2- 22000 نبات/فدان. ناتجة من الزراعة في جور على أبعاد 27.27 سم.
3- 24000 نبات/فدان. ناتجة من الزراعة في جور على أبعاد 25.00 سم.

4- 26000 نبات/فدان. ناتجة من الزراعة في جور على أبعاد 23.08 سم.

5- 28000 نبات/فدان. ناتجة من الزراعة في جور على أبعاد 21.43 سم.

( ب) فترات مقاومة الحشائش:

1- ترك الحشائش تنمو مع المحصول دون مقاومة (معاملة 1).

2- مقاومة الحشائش عند عمر 20 يوم من الزراعة بواسطة العزيق (معاملة 2).
3- مقاومة الحشائش عند عمر 20 و 35 يوم من الزراعة بواسطة العزيق (معاملة 3).
4- مقاومة الحشائش عند عمر 20 و 35 يوم بواسطة العزيق وعند عمر 50 يوم من الزراعة بواسطة النقاوة اليدوية (معاملة 4).
5- مقاومة الحشائش عند عمر 20 و 35 يوم بواسطة العزيق وعند عمر 50 و 65 يوم من الزراعة بواسطة النقاوة اليدوية (معاملة 5).

6- مقاومة الحشائش عند عمر 20 و 35 يوم بواسطة العزيق وعند عمر 65 و 80 يوم من الزراعة بواسطة النقاوة اليدوية (معاملة 6).

7- مقاومة الحشائش عند عمر 20 و 35 يوم بواسطة العزيق وعند عمر 80 و 95 يوم من الزراعة بواسطة النقاوة اليدوية (معاملة 7).

ويمكن تلخيص النتائج علي النحو التالي:

أ – إنتشار ونمو الحشائش :
1- الكثافات النباتية:
· أنخفض الوزن الغض والجاف الكلى للحشائش في حقول الذرة الشامية والوزن الغض والجاف للحشائش العريضة عند حصاد الذرة الشامية (في الموسمين) والوزن الغض الكلي والعدد الكلى للحشائش المزالة وعدد الحشائش الضيقة المزالة عند فترات مقاومة الحشائش (في الموسم الأول) معنويا بزيادة الكثافة النباتية من 20000 إلى 28000 نبات/ فدان.
· وأدت زراعة الذرة الشامية بكثافة نباتية 28000 نبات/فدان إلى تقليل الصفات السابقة مقارنتاً بالكثافات الاخرى.
· لم يتأثر الوزن الجاف الكلي للحشائش المزالة وعدد الحشائش العريضة والوزن الغض والجاف للحشائش الضيقة بزيادة الكثافة النباتية.

2- فترات مقاومة الحشائش:

· إزداد الوزن الغض والجاف الكلي والعدد الكلى والعريض والضيق للحشائش المزالة في حقول الذرة الشامية عند فترات مقاومة الحشائش (فى الموسمين ) بزيادة فترات مقاومة الحشائش وعمر الحشائش المزالة في حقول الذرة الشامية.

· مقاومة الحشائش بالمعاملة رقم 7 أعطت أعلى قيم في الصفات السابقة.
· إنخفض معنويا الوزن الغض والجاف الكلي للحشاش والوزن الغض والجاف للحشائش العريضة والضيقة عند حصاد الذرة الشامية (في الموسمين) بزيادة فترات مقاومة الحشائش.
· أقل قيم للصفات السابقة تم الحصول عليها من زراعة الذرة مع مقاومة الحشائش بالمعاملة السابقه (7).

3- تأثير التفاعل:

· أثر التفاعل بين الكثافات النباتية وفترات مقاومة الحشائش على كل من الوزن الغض الكلى للحشائش والوزن الغض للحشائش العريضة (في الموسمين) والوزن الغض والجاف للحشائش الضيقة والوزن الجاف للحشائش العريضة (في الموسم الثاني ) والوزن الجاف للحشائش الكلية عند حصاد الذرة الشامية (في الموسم الاول ).
· أدي التفاعل بين زراعة الذرة الشامية بكثافة نباتية 28000 نبات /فدان ومقاومة الحشائش بالمعاملة رقم 7 إلى تقليل الصفات السابقة معنويا.
· لم يؤثر التفاعل بين الكثافات النباتيه وفترات مقاومة الحشائش معنوياً على  الوزن الغض والجاف الكلى والعدد الكلي للحشائش المزالة وعدد الحشائش العريضة والضيقة المزالة عند فترات مقاومة الحشائش.
ب - صفات النمو:

1- الكثافات النباتية:
· ازداد طول النبات وإرتفاع الكوز ودليل مساحة الأوراق للذرة الشامية عند عمر 100 يوم من الزراعة وعدد النباتات عند  الحصاد / فدان وعدد كيزان الفدان وعدد الأيام حتى ظهور50 % من النورات المذكرة والنورات المؤنثة (في الموسمين) وعدد النباتات المذكرة (في الموسم الأول) معنويا بزيادة الكثافة النباتية من 20000 الى 28000 نبات/فدان.
· زراعة 28000 نبات ذرة شامية/فدان أعطت أعلى قيم للصفات السابقة.
· أنخفض معنويا سمك الساق ومساحة ورقة الكوز ومساحة أوراق النبات عند عمر 100 يوم من الزراعة وعدد النباتات الحاملة لكوزين (في الموسمين) بزيادة الكثافة النباتية من 20 الى 28 ألف نبات / فدان وأعلى قيم لهذة الصفات نتجت من زراعة الذرة الشامية بكثافة نباتية 20000 نبات/فدان.
· لم يتأثرمعنوياً عدد كيزان النبات بزيادة الكثافة النباتية.

2- فترات مقاومة الحشائش:

· أدى ترك نباتات الحشائش لتنافس نباتات محصول الذرة الشامية طوال العام لإنخفاض معنوي في مساحة ورقة الكوز ومساحة أوراق النبات ودليل مساحة الأوراق  عند عمر 100 يوم من الزراعة وعدد النباتات الحاملة لكوزين (في الموسمين) طول النبات وسمك الساق (في الموسم الثاني).
· مقاومة الحشائش  في حقول الذرة الشامية بالمعاملة رقم 5 (مقاومة الحشائش عند عمر 20 و 35 و 50 و 65 يوم من الزراعة) اعطت أعلى قيم في الصفات السابقة.
· لم يتأثر كل من إرتفاع الكوز وعدد الأيام حتى ظهور50 % من النورات المذكرة والنورات المؤنثة وعدد النباتات عند الحصاد / فدان وعدد كيزان الفدان وعدد كيزان النبات بفترات مقاومة الحشائش.

3-  تأثير التفاعل:

· تأثركل من مساحة ورقة الكوز ومساحة أوراق النبات ودليل مساحة الأوراق عند عمر 100 يوم من الزراعة (في الموسمين) بالتفاعل بين الكثافات النباتية وفترات مقاومة الحشائش.
· أدت زراعة الذرة الشامية بكثافة بناتية 20000 نبات /فدان مع مقاومة الحشائش بالمعاملة رقم 5 الى الحصول على أعلى قيم في مساحة ورقة الكوز ومساحة اوراق النبات عند عمر 100 يوم من الزراعة.
· أعلى قيم في دليل مساحة الأوراق عند عمر 100 يوم من الزراعة تم الحصول عليها من نباتات الذرة الشامية المنزرعة بكثافة نباتية 28000 نبات /فدان ومقاومة الحشائش بها بالمعاملة رقم 5.
· ولم يتأثر كل من طول النبات وإرتفاع الكوز وسمك الساق وعدد الأيام حتى ظهور50 % من النورات المذكرة والمؤنثة وعدد النباتات عند الحصاد / فدان وعدد النباتات الحاملة لكوزين /فدان وعدد النباتات المذكرة / فدان وعدد كيزان الفدان وعدد كيزان النبات بالتفاعل بين الكثافات النباتية للذرة الشامية وفترات مقاومة الحشائش.
جـ- المحصول ومكوناتة:

1- الكثافة النباتية

· إنخفض معنويا طول الكوز وعدد الحبوب بالصف وعدد الحبوب بالكوز ووزن 100 حبة ووزن حبوب الكوز ووزن الكوز ونسبة التفريط  ومحصول الحبوب للنبات (في الموسمين ) بزياة الكثافة النباتية من 20000 إلى 28000 نبات ذرة شامية / فدان.
· أدت زراعة الذرة الشامية بكثافات 20000 و 28000 نبات/فدان الى الحصول على أعلى وأقل قيم في الصفات السابقة للكثافات السابقة على التوالى.

· محصول القش للفدان إزداد معنويا ( في الموسمين) بزيادة الكثافات النباتية من 20000 الى 28000 نبات ذرة شامية في الفدان.
· إزداد معنويا محصول الكيزان و الحبوب و البيولوجي / فدان (في الموسمين) بزيادة الكثافة النباتية من 20000 الى 26000 نبات / فدان.
· أدت زراعة الذرة الشامية بكثافة 26000 نبات /فدان للحصول على أعلى قيم للصفات السابقة (4324 و 3347.8 و 8874 كجم في الموسم الأول على الترتيب و4744 و 3831.3 و 9541 كجم في الموسم الثاني على الترتيب) ولذلك تعتبر الكثافة النباتية 26000 نبات / فدان هي الكثافة المثلى لهذا الصنف تحت ظروف التجربة.

· لم يتأثر كل من قطر الكوز وعدد الصفوف بالكوز ودليل الحصاد بزيادة الكثافات النباتية.
2- فترات مقاومة الحشائش:

· أزداد طول الكوز وعدد الحبوب بالصف ووزن 100 حبة ووزن وعدد حبوب الكوز ووزن الكوز و نسبة التفريط ومحصول الحبوب لكل نبات ومحصول القش والكيزان والحبوب والبيولوجي للفدان (في الموسمين) معنويا بأي فترة من فترات مقاومة الحشائش بالمقارنة بالكونترول .
· أعطت المعاملة رقم 5 من معاملات فترات مقاومة الحشائش أعلى قيم للصفات السابقة.
· لم يتأثر كل من قطر الكوز وعدد الصفوف بالكوز ودليل الحصاد بفترات مقاومة الحشائش.

· كانت الفترة الحرجة لمقاومة الحشائش تتراوح من 20-35 يوم من الزراعة وذلك  على أساس ان الفقد المقبول فى المحصول هو 5 %  ومن نتائج متوسط محصول خلال موسمي الدراسة .
3- تأثير التفاعل:

· كل من طول الكوز وعدد الحبوب بالصف (في الموسم الثاني)  وعدد الحبوب بالكوز ووزن 100 حبة ووزن الحبوب بالكوز ووزن الكوز ومحصول الحبوب للنبات ومحصول القش والكيزان والحبوب والبيولوجي للفدان (في الموسمين) تأثرت معنويا بالتفاعل بين الكثافات النباتية وفترات مقاومة الحشائش.
· أدت زراعة الذرة الشامية بكثافة نباتية 20000 نبات/فدان ومقاومة الحشائش بالمعاملة رقم 5 للحصول على أعلى قيم  في صفات طول الكوز (في الموسم الثاني) وعدد ووزن الحبوب بالكوز ووزن الكوز(في الموسم الأول) ووزن 100 حبة ومحصول الحبوب للنبات (في الموسمين).
· أعطت زراعة 20000 نبات / فدان ومقاومة الحشائش بالمعاملة 6 أفضل قيم لصفات عدد حبوب الصف وعدد الحبوب بالكوز ووزن الكوز ووزن حبوب الكوز(في الموسم الثاني).
· أعطت زراعة 26000 نبات /ف ومقاومة الحشائش بالمعاملة 5 أفضل قيم في صفات المحصول البيولوجي للفدان (في الموسمين) ومحصول الحبوب للفدان (في الموسم الثاني).
· أدت زراعة 28000 نبات /ف ومقاومة الحشائش بالمعاملة رقم 5 لأعطاء أعلى قيم في محصول القش للفدان (في الموسمين).
· زراعة 26000 نبات /فدان ومقاومة الحشائش بالمعاملة رقم 5 او 6 أعطت أفضل محصول كيزان (في الموسمين).
· بينما أدت زراعة 24000 نبات/فدان ومقاومة الحشائش بالمعاملة رقم  5 او 6 لأعطاء أفضل محصول حبوب (في الموسم الأول).
· لم يؤثر التفاعل علي سمك الكوز وعدد الصفوف بالكوز ونسبة التفريط ودليل الحصاد.
د-  الصفات الكيميائية :
1-  الكثافة النباتية:

· معدل امتصاص الازوت ومحصول البروتين للفدان تأثر معنويا بالكثافات النباتية (خلال موسمي الدراسة).
· أدت زراعة 24000 نبات /فدان (في الموسم الأول) وزراعة 26000 نبات (في الموسم الثاني) الى الحصول على أعلى قيم في الصفات السابقة.
· لم يكن للكثافة النباتيه تـــأثيرا معنويا على نسبة الازوت ومحتوى الحبوب من البروتين.

2- فترات مقاومة الحشائش:

· ترك نباتات الحشائش لتنافس نباتات محصول الذرة الشامية طوال العام نتج عنه أنخفاض معنوي في نسبة الازوت والبروتين في الحبوب ومعدل امتصاص الازوت ومحصول البروتين للفدان (في الموسمين).
· أعطت مقاومة الحشائش بالمعاملة رقم 5 أعلى قيم في الصفات السابقة.

3- تأثير التفاعل:
· لم تتأثر نسبة الأزوت والبروتين في الحبوب والنيتروجين الممتص ومحصول البروتين / فدان بالتفاعل بين الكثافات النباتية وفترات مقاومة الحشائش في محصول الذرة الشامية.

هـ- التقيم الإقتصادي:

· أعلى صافي دخل مزرعي للفدان (في الموسم الأول) تحقق من زراعة 26000 نبات ذرة شامية مع مقاومة الحشائش بالمعاملة رقم 3 حيث بلغ صافي الدخل المزرعي خلال العام 1979.0 جنية للفدان.
· أعلى صافي دخل مزرعي ( في الموسم الثاني) بلغ  2990.5 جنية للفدان من زراعة 26000 نبات ذرة شامية مع مقاومة الحشائش بالمعاملة رقم 5.

· نباتات الذرة الشامية المنزرعة بكثافة 26000 نبات للفدان مع مقاومة الحشائش عند 20 و 35 يوم من الزراعة أعطت أفضل عائد للمحصول، لذلك تعتبر المعاملة الموصى بها في منطقة الزراعة.


[image: image6.png]A (A ildal) Lo glial Ay jal) § 530 3yaa
Al 4005 cilBliS e 4l

¥ L - Aaely - ey Ao AS (Janalaa) Lo 0 gldl (pu 55 508
ooV L daals - e Ao 3 A4S (Upealaa) D10 aglall B iuala

Lo 3 Mwa b Aiddl o) g€ Aa o

Lgole 438 gall g Al 1) LB ol .si,,
:é ]1 !!

dgkie el 5ol sasl 7
Jpealadll il
M‘m ul_,jhuls
Jadll puga dana G /2
Jaalaall diul
L,awL. el Ak

Lirada - Rl 8
e G pale s / )]
Gactad 315
Leis fxals — el A6

ARRRVAWA ST ENE TP

Yaly




[image: image7.png]5yl gf‘mw" fad) da glial da jald) 5 j58l) agass

Jea¥Wlghpg B :
v :«acﬂ -3 Aaaly - pgidiag Ao )30 A4S (Smalana) Lol 30 plall pu gy s g01S
. eV %5 4 - iy e v S

spalad) ilaY) il

palad) Sl
i dads - o) 50 4

g et 4l

SYPPPLY- el e e e 5
o Analy — e 50 A
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