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ABSTRACT 
 

 Two field experiments were conducted during two consecutive summer 
seasons 1997 and 1998 at Sakha Agricultural Research Station. The study aimed to 
investigate the effect of three hill spacings 10, 20 and 30 cm and 60 cm between 
ridges (35000, 23333 and 17500 hills/fad) and three nitrogen levels, 20, 30 and 40 kg 
N/fad/cut on forage yield of teosinte (Zea mexicana L.). The experimental design used 
was a split-plot with four replications. 
 The results revealed that plant height (cm), leaf/stem ratio (fresh and dry); 
and fresh and dry forage yields were significantly affected by hill spacing and nitrogen 
levels. Twenty centimeters hill spacing gave the highest values for the two characters. 
It produced 28.525 and 4.172 ton/fad fresh and dry forage yields, respectively 
(combined total). Concerning  nitrogen level, 40 kg/fad/cut led also to high values; and 
it gave the highest fresh and dry forage yields; 30.363 and 4.358 ton/fad., respectively 
(combined total). The data of stem diameter revealed no significant differences among 
the different treatments due to hill spacing or nitrogen levels. Crude protein content 
was slightly affected by hill spacing, where 10 cm and 20 cm gave the same 
percentage. Crude protein content was gradually increased by increasing nitrogen 
level up to 40 kg/fad/cut. 
 For fresh and dry forage yields, the interaction between hill spacing and 
nitrogen levels was significant at the three cuts and their total in 1997 as well as at 
second and third cuts in 1998 season. 
 In conclusion, 20 cm hill spacing combined with 40 kg N/fad/cut gave the 
highest fresh and dry yields. 
 

INTRODUCTION 
 

 Teosinte (Zea mexicana L.) recently expanded as a summer forage 
crop in Egypt. It recovers quickly after grazing or clipping and produces highly 
palatable forage. It is closely related to maize in most allelometric characters. 
It has also the advantages of tillering and regeneration as a fodder crop 
under irrigated conditions in addition to its high level of tolerance to excess 
moisture (Lal et al., 1980) which it makes this crop more adaptable to the 
humid tropics and sub-tropics (Whyte et al., 1975). For forage crops, nitrogen 
fertilization could determine both the productivity and quality of the herbage. 
 The effect of cultural practices on the productivity of teosinte was 
studied by few investigators. Walli and Relwani (1962) recorded an increase 
in yield of teosinte by increasing the doses of nitrogen application. Patel et al. 
(1976) showed that increasing nitrogen levels, i.e., 0, 40, 80 and 120 kg/ha, 
had progressively increased the yield of green forage, dry matter and crude 
protein from 341 to 463 q/ha, 60.9 to 83.5 q/ha and 5.2 to 7.4 q/ha, 
respectively. Virendra Singh et al. (1988a) mentioned that increasing N 
levels. In teosinte increased both yields (significant upto 100 kg N ha-1), crude 
protein and dry matter digestibility (significant up to 150 kg ha-1). Virendra 
Singh et al. (1988b) showed that both herbage yield and quality of teosinte 
increased with increasing N levels. The increase in herbage yield was 
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significant with 100 kg N ha-1 in single-cut and with 150 kg N ha-1 in two-cut 
systems. Forage yield of pearl millet ultimately depends on seeding rates, 
which affect the production per unit area of land. Decreasing row spacing and 
increasing seeding rate of pearl millet produced more leafy forage where 
stems become more smaller in diameter as the plants become more crowded 
(Richard and Burton 1965). 
 Mousa et al. (1994) found that plant height of pearl millet decreased 
with increasing row spacing up to 40 cm and seeding rates also caused 
significant increase in plant height and the rate of 22 kg/fad seeding gave the 
tallest plants. Increasing row distance or seeding rate increased fresh and dry 
yields of pearl millet. Gheit et al. (1995) reported that plant height, stem 
diameter, fresh and dry forage yields and crude protein of sorghum hybrid 
402 plants were significantly increased by increasing nitrogen levels upto 90 
kg N/fad. Bassal et al. (1997) found that increasing nitrogen fertilizer levels in 
sorghum had marked effects on plant height, fresh and dry forage yields; and 
crude protein percentage. Each increase in nitrogen levels upto 30 kg 
N/fad/cut was associated with marked increase in growth, productivity and 
quality of forage sorghum. This study aimed to investigate the effect of hill 
spacing and nitrogen levels on forage yield and crude protein content of 
teosinte (Zea mexicana L. or Euchlaena mexicana Schrad.). 
 

MATERIALS AND METHODS 
 

 This investigation was carried out during two consecutive summer 
seasons of 1997 and 1998 at Sakha Agriculture Research Station.  
 The experimental treatments were laid out in a split-plot design with 
four replications. The main-plots were assigned to the three hill spacing 10, 
20 and 30 cm (35000, 23333 and 17500 hills/fad) and the sub-plots were 
devoted to the three nitrogen levels, 20, 30 and 40 kg N/fad/cut. The plot area 
was 3 m x 4 m = 12 m2 consisted of 5 ridges, 4 m long and 60 cm apart. 
Seeds were sown on June, 20th and May 24th in the first and the second 
seasons, respectively. Plants were thinned in two plants per hill one month 
after germination. All plots received 22.5 kg P2O5/fad at soil preparation. 
Nitrogen fertilizer was added at three equal doses. The first dose was added 
after 21 days from sowing, the second and third doses were added after the 
first and the second cuts, respectively. The studied characters were: plant 
height in cm, stem diameter in cm, fresh and dry leaf/stem ratio (%), fresh 
and dry forage yields (ton/fad.), and crude protein content (%) according to 
A.O.A.C. (1980). 
Data were statistically analyzed using M.STAT. Computer Program (1986). 

 

RESULTS AND DISCUSSION 
 

1. Plant height (cm): 
 The results in Table (1) show that plant height of teosinte was 
significantly affected, in most cases, by hill spacing and nitrogen levels at the 
three cuts in both seasons. The tallest plants were obtained from 20 cm hill 
spacing, meanwhile, 10 and 30 cm hill spacing led to shorter plants. With 
respect to nitrogen levels, significant differences among nitrogen levels were  
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Table (1):Effect of hill spacing and nitrogen level on plant height, stem 
diameter, leaf/stem ratio (fresh and dry) and crude protein 
content of teosinte in 1997 and 1998. 

Treatments 1997 1998 

 1st cut 2nd cut 3rd cut 1st cut 2nd cut 3rd cut 

Plant height (cm)  

Hill spacing (cm) 
 0 

 20 
 30 

 
73.8 a 

78.0 a 
72.0 a 

 
84.0 b 

89.7 a 
85.1 ab 

 
54.5 ab 

57.6 a 
52.7 b 

 
49.4 ab 

54.6 a 
48.8 b 

 
114.5 a 

121.6 a 
103.1 a 

 
113.5 ab 

115.2 a 
111.7 b 

N levels (kg/fad/cut) 

 20 
 30 
 40 

 

67.0 b 
71.2 b 
82.2 a 

 

82.3 c 
85.3 b 
91.2 a 

 

52.0 b 
53.3 ab 
59.4 a 

 

49.2 b 
49.3 b 
54.3 a 

 

104.7 b 
115.8 a 
118.8 a 

 

105.5 c 
114.7 b 
120.2 a 

Stem diameter (cm) 

Hill spacing (cm) 

 0 
 20 
 30 

 

0.88 a 
0.90 a 
0.89 a 

 

0.98 a 
1.03 a 
1.03 a 

 

0.41 a 
0.42 a 
0.42 a 

 

1.00 a 
1.03 a 
0.99 a 

 

0.86 a 
0.92 a 
0.87 a 

 

0.95 a 
0.95 a 
0.93 a 

N levels (kg/fad/cut) 
 20 
 30 

 40 

 
0.87 a 
0.90 a 

0.91 a 

 
0.99 a 
1.00 a 

1.04 a 

 
0.41 a 
0.41 a 

0.43 a 

 
0.98 a 
1.00 a 

1.03 a 

 
0.86 a 
0.88 a 

0.91 a 

 
0.90 b 
0.92 b 

1.01 a 

Fresh leaf/stem ratio (%) 

Hill spacing (cm) 
 0 
 20 
 30 

 
92.9 a 
95.0 a 
81.0 b 

 
54.5 ab 
55.3 a 
51.5 b 

 
60.2 b 
69.7 a 
51.3 c 

 
93.7 b 
9.5 a 
90.7 c 

 
76.9 b 
83.1 a 
73.1 b 

 
47.5 b 
52.3 a 
47.0 b 

N  levels (kg/fad/cut) 
 20 

 30 
 40 

 
82.4 c 

90.3 b 
96.3 a 

 
51.2 b 

53.8 ab 
56.3 a 

 
53.4 b 

62.2 a 
65.6 b 

 
83.2 c 

96.2 b 
104.5 a 

 
72.6 b 

75.2 b 
85.3 a 

 
47.0 b 

49.0 ab 
50.5 a 

Dry leaf/stem ratio (%) 

Hill spacing (cm) 
 0 
 20 

 30 

 
149.2 b 
181.8 a 

114.1 c 

 
94.7 b 
104.0 a 

94.8 b 

 
65.5 b 
70.9 a 

52.3 c 

 
159.5 b 
169.2 a 

148.8 c 

 
144.5 ab 
151.3 a 

141.8 b 

 
67.4 b 
73.4 a 

67.5 b 

N levels (kg/fad/cut) 
 20 

 30 
 40 

 
146.0 b 

148.6 ab 
150.5 a 

 
93.2 c 

98.3 b 
102.2 a 

 
52.7 b 

66.3 a 
69.8 a 

 
146.3 c 

157.7 b 
173.5 a 

 
131.0 c 

143.3 b 
163.3 a 

 
66.9 b 

69.3 ab 
72.2 a 

Crude protein content (%) 

Hill spacing (cm) 
 0 

 20 
 30 

 
8.7 

8.7 
8.6 

 
8.8 

8.8 
8.7 

 
10.6 

10.6 
10.4 

 
9.2 

9.2 
9.1 

 
8.6 

8.7 
8.5 

 
9.6 

9.5 
9.5 

N levels (kg/fad/cut) 

 20 
 30 
 40 

 

8.6 
8.6 
8.8 

 

8.6 
8.8 
8.9 

 

10.4 
10.5 
10.6 

 

9.1 
9.2 
9.2 

 

8.5 
8.6 
8.7 

 

9.4 
9.6 
9.6 

Means designated by the same letter(s) are not significant at the 0.05 level according to 
Duncan's multiple range test. 
 

detected at all cuts in the two seasons. Increasing nitrogen levels up to 40 
kg/fad/cut gradually increased plant height. These results are in harmony with 
those obtained by Gheit et al. (1995) and Bassal et al (1997). 
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2. Stem diameter (cm): 

 Data presented in Table (1) show that there were no significant 
differences among stem diameter due to hill spacing at all cuts in both 
seasons. Nitrogen fertilizer levels did not also induce significant effects on 
stem diameter, except at the third cut in 1998 where 40 kg N/fad/cut gave the 
highest value. 
 

3. Fresh leaf/stem ratio (%): 
 Data presented in Table (1) show the effect of hill spacing and 
nitrogen levels on fresh leaf/stem ratio in both seasons. The results of fresh 
leaf/stem ratio was clearly affected by hill spacing and nitrogen levels. In all 
cases, hill spacing of 20 cms and nitrogen level of 40 kg N/fad/cut gave the 
highest values. 

 
4. Dry leaf/stem ratio (%): 

 Dry leaf/stem ratio had the same trend of fresh leaf/stem ratio (Table 
1). The best hill spacing was 20 cm and 40 kg N/fad/cut had the highest dry 
leaf/stem ratio. Similar results were obtained by Richard and Burton (1965) 
and Virendra Singh et al. (1988). 
 With regard to the different interactions between hill spacing and 
nitrogen level, there are no significant effect on the previous four characters. 

 
5. Fresh forage yield (ton/fad.): 

 Significant differences were obtained among hill spacing for fresh 
forage yield at the second cut and total yield in 1997, at first and third cuts 
and total yield in 1998 and at the combined total yield. The hill spacing of 20 
cm produced the highest total fresh yield (24.414, 32.635 and 28.525 ton/fad. 
in 1997, 1998 and their combined, respectively) as shown in Table (2). The 
three nitrogen levels gave significant differences at all cuts, their total and 
combined over the two seasons. The application of 40 kg N/fad/cut gave the 
highest total fresh yield (26.599, 34.126 and 30.363 ton/fad. in 1997, 1998 
and their combined, respectively) as shown in Table (2). The interaction 
between hill spacing and nitrogen levels was significant at the three cuts and 
their total yield in 1997 and at the second and third cuts in 1998. In general, 
20 cm hill spacing with 40 kg N/fad./cut combination resulted in the highest 
fresh yields (Table 3). Similar results were obtained by Virendra Singh et al. 
(1988b), Mousa et al. (1994) and Bassal et al. (1997). 

 
6. Dry forage yield (ton/fad.): 

 Results in Table 2 represent dry forage yield as affected by hill 
spacings and nitrogen levels in both seasons. Significant differences were 
detected among hill spacing at the second cut and total yield in 1997 and at 
first cut and total in 1998 and total combined. Significant differences were 
also recorded among nitrogen levels at all cuts and total in both seasons and 
their combined. Like the same trend of to fresh forage yield, the superior 
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treatment was 20 cm and 40 kg N/fad./cut). The hill spacing of 20 cms gave 
total dry yields of 3.479, 4.865 and 4.172 (ton/fad) in 1997, 1998 and their 
combined respectively. The nitrogen level of 40 kg/fad/cut produced total dry 
yields of 3.704, 5.012 and 4.358 ton/fad in 1997 and 1998 as well as their 
combined total, respectively. With respect to the interactions between hill 
spacings and nitrogen levels, they were as the same as those of the fresh 
yield and the best combination seems also to be 20 cm with 40 kg N/fad/cut 
(Table 3). These results agree with those of Virendra Singh et al. (1988b), 
Mousa et al. (1994) and Bassal et al.  (1997). 
 
Table (2):Effect of hill spacing and nitrogen levels on fresh and dry 

forage yield (ton/fad.) of teosinte in 1997, 1998 and their 
combined. 

 1997 1998 Comb.  

1st cut 2nd cut 3rd cut Total 1st cut 2nd cut 3rd cut Total  

Fresh yield (ton/fad) 

 Hill spacing (cm): A 
10 

20 
30 

8.078 a 

8.460 a 
8.078 a 

13.272 b 

14.000 a 
13.475 ab 

1.983 a 

1.954 a 
1.925 a 

23.333 b 

24.414 a 
23.478 b 

8.197 b 

10.791a 
8.691 b 

11.070 a 

10266 a 
11200 a 

9.625 b 

11.578 a 
10.238 b 

28.892 b 

32.635 a 
30.129 b 

26.113 b 

28.525 a 
26.804 b 

 Nitrogen levels (kg/fad.)/cut 

20 
30 
40 

6.475 c 
8.225 b 
9.917 a 

12.485 c 
13.710 b 
14.553 

1.780 c 
1.954 b 
2.129 a 

20.740 c 
23.889 b 
26.599 a 

8.197 c 
9.247 b 
10.238 a 

9.450 c 
10.938 b 
12.075 a 

9.128 c 
10.500 b 
11.813 a 

26.775 c 
30.685 b 
34.126 a 

23.758 c 
27.287 b 
30.363 a 

Dry yield (ton/fad) 

 Hill spacing cm: B 
10 
20 

30 

1.169 a 
1.215 a 

1.125 a 

1.680 b 
1.869 a 

1.727 a 

0.412 a 
0.395 a 

0.410 a 

3.261 b 
3.479 a 

3.262 b 

1.120 b 
1.425 a 

1.200 b 

1.502 a 
1.409 a 

1.489 a 

1.696 a 
2.031 a 

1.834 a 

4.318 b 
4.865 a 

4.523 b 

3.790 b 
4.172 a 

3.893 b 

 Nitrogen levels (kg/fad.)/cut 
20 

30 
40 

0.964 c 

1.174 b 
1.371 a 

1.599 

1.776 b 
1.901 a 

0.370 b 

0.414 a 
0.432 a 

2.933 c 

3.364 b 
3.704 a 

1.131 b 

1.245 ab 
1.368 a 

1.366 b 

1.452 b 
1.582 a 

1.655 b 

1.844 b 
2.062 a 

4.152 b 

4.541 b 
5.012 a 

3.543 c 

3.953 b 
4.358 a 

Means designated by the same letter(s) are not significant at the 0.05 level according to 
Duncan's multiple range test. 

 
7. Crude protein content (%): 

 Data in Table (1) revealed that crude protein content was slightly 
affected by the different hill spacing and nitrogen levels. Hill spacing of 10 
and 20 cm gave higher percentages than that of 30 cm. Adding 40 kg 
N/fad/cut gave the highest percentages over all levels. Similar results were 
obtained by Patel et al. (1976),  Virendra Singh et al. (1988a) and Bassal et 
al. (1997). 
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Table (3): Effect of interaction between hill spacing and nitrogen level 
on fresh and dry forage yield at first, second, third cuts and 
total in 1997; second and third cuts in 1998. 

Treatments 1997 1998 

(A + B) 1st cut 2nd cut 3rd cut Total 2nd cut 3rd cut 

Fresh forage yield (ton/fad.) 

10 + 20 
10 + 30 
10+ 40 
20 + 20 
20 + 30 
20 + 40 
30+ 20 
30 + 30 
30+ 40 

6.300 f 
8.400 d 
9.538 bc 
6.563 f 

8.925 cd 
9.888 ab 
6.563 f 
7.350 e 

10.325 a 

10.850 d 
14.175 ac 
14.788 ab 
13.388 c 
13.563 c 
15.050 a 
13.213 c 
13.388 c 
13.825 bc 

1.925 b 
1.925 b 
2.100 b 
1.488 c 
2.013 b 
2.363 a 
1.925 b 
1.925 b 
1.925 b 

19.075 d 
24.500 b 
26.425 a 
21.438 c 
24.500 b 
27.300 a 
21.700 c 
22.663 c 
26.075 a 

8.925 e 
11.638 ac 
12.425 a 
8.663 e 

10.325 d 
11.813 ab 
10.763 cd 
10.850 bd 
11.988 a 

8.400 f 
9.363 df 

11.123 bc 
10.063 ce 
11.550 b 
13.125 a 
8.925 ef 

10.588 bd 
11.200 bc 

Dry forage yield (ton/fad.) 

10 + 20 
10 + 30 
10+ 40 
20 + 20 
20 + 30 
20 + 40 
30+ 20 
30 + 30 
30+ 40 

0.953 c 
1.198 b 
1.355 a 
0.941 c 
1.330 a 
1.372 a 
0.997 c 
0.992 c 
1.387 a 

1.360 d 
1.786 bc 
1.894 b 
1.744 bc 
1.758 bc 
2.105 a 
1.693 c 

1.783 bc 
1.703 c 

0.401 b 
0.411 b 

0.423 ab 
0.304 c 
0.409 b 
0.471 a 
0.405 b 

0.423 ab 
0.403 b 

2.714 f 
3.396 c 
3.672 b 
2.989 a 
3.497 bc 
3.948 a 
3.095 de 
3.198 d 
3.493 bc 

1.315 c 
1.560 ab 
1.631 a 
1.279 c 

1.396 bc 
1.553 ab 
1.504 ab 
1.400 bc 
1.562 ab 

1.491 c 
1.692 bc 
1.906 b 
1.860 b 
1.899 b 
2.335 a 
1.615 bc 
1.942 b 
1.944 b 

Means designated by the same letter(s) are not significant at the 0.05 level according to 

Duncan's multiple range test. 
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تأثير مسافات  الزراعة ومستويات التسميد النيتروجينى  عىى  مولىول عىىذ الى ر  
 الريانة

 جابر سىيمان غيط
 قسم بووث العىذ ـ معهد بووث المواليل الوقىية ـ مركز البووث الزراعية

 
. ةلهرر ه اررلب 1997/1998أجرر ه اررلب ب بمررة بلمحرر  ب بمررةة ب ا بلالرر  بىرر    رر   لةىررل   

 60ىم لال   حةح لا ضه   30،  20،  10ب بمة إ     بى  تأثل  ث ة لى ف ت ا بلا  بلن ب جة  ةا  
،  30،  20جة ه/ف بن( ةث ة لىرتةل ت لرن ب تىرلل  ب وت ةجلور  ار   17500،  23333،  35000ىم )
 برع م ة ف  بكجم/ف بن/مشه لال  لمصة  لاله ب ل ة ب  ل و . ةق  بىت  م تصللم ب قحع ب لوشق  ل ة ةب 40

 لك  بت.
ةقرر  أةضررمت ب وترر صف بن صررا ت حررة  ب وبرر ت ةوىررب  ب ة و/ب ىررةو )ب ضرر  ةجرر ه( ةلمصررة   

 ب عله بلأ ض  ةب ج ه تتأث  لعوةل  بلى ف ت ب ا بلا  ةلىتةل ت ب تىلل  ب وت ةجلو .
،  28.525ىم بلن ب جة  ألال  ب قلم  تلك ب صا ت ةق  أوتجت اله ب لع لل   20ةق  ألاحت لى ف   

 حن/ف بن لمصة  لاله ب ض  ةج ه لال  ب تةب   ) للمصة  ب لشت ك(. 4.172
كجم/ف بن/مشر  ألالر  لمصرة  كلر   40ةب  وىب   لىتةل ت ب تىلل  ب وت ةجلور  ألاحرت ب لع للر   

 حن/ف بن لال  ب تةب  (.  4.358،  30.363 لعله بلأ ض  ةب ج ه )
تىلل  لى ف ت بلن ب جة  ةكل ك بلن لىتةل ت ب كل  أظه ت ب وت صف لا م ةجة  ف ةو لعوةل  بلن ب 

ىر فت  ب وت ةجلو  لال  ىلك ب ى و.ةق  ك وت ب ا ةو ف  وىب  ب ب ةتلن برلن ب لعر ل ت قلللر  ملرة تىر ةت ل
ةجلو  متر  ىم بلن ب جة  بلول  ب تاع لمتةى ب ب ةتلن ب   م ت  لجل  ب  تا ع لىتةى ب تىلل  ب وت  20،  10
 كجم/ف بن/مش . 40
ق  ك ن ب تا لار  برلن لعر ل ت ب لىر ف ت برلن ب جرة  ةلىرتةل ت ب تىرلل  ب ولت ةجلور  لعوةلر  فر  ة 

 .1998ةف  ب مش  ب ث ول  ةب ث  ث  ىو   1997ب ث ة مش ت ةب لمصة  ب كل  ىو  
 40ىم بلن ب جة  لال  ب  حةح لع بضر ف  20ةلن ل ك لتضح أن ا بلا   ب ل ة  ب  ل و  بلى ف  

 بن/مش  ألاحت ألال  لمصة  لاله أ ض  ةج ه لة قلل  غلبصل  ل تاع .كجم ولت ةجلن/ف 
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