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Effect Of Different Nitrogen Fertilization Levels On
Yield Of Maize (Zea Mays L.) As Winter Forage
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Abstract: The study was conducted for two consecutive seasons 2010/2011 and 2011/2012 at the Demonstration Farm of the college of Forestry and
Range Sciences, Sudan University of Science and Technology, Soba Khartoum .the aims of this study was to evaluate the effect of nitrogen fertilization
levels on forage maize as a potential winter crop in central Sudan in terms on biomass yield. Three nitrogen fertilization levels were examined. The
treatments were arranged in a Randomized Complete Block Design (RCBD) with four replicates. Parameters studied were plant density, plant fresh
weight (g), plant dry weight (g), and forage yield (tons/ha). Results obtained reveal that application did not significant affect forage plant density.
Application of nitrogen increase fresh and dry weight per plant in all counts .fresh forage yield in terms of fresh forage and dry matter production was
significantly increased with application of nitrogen .It was concluded that application of nitrogen fertilizer increase yield of forage maze during the winter

season in central Sudan.
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1 INTRODUCTION

Nitrogen is an essential element for both fodder quantity
and quality as it is a component of protein and chlorophyll.
It is thus, essential for photosynthesis, vegetative and
reproductive growth and it often determines yield of maize
(Igbal et al., 2006). Fodder sorghum (Sorghum bicolor L.
Moench) cultivar Abu 70, the main cereal forage in the
Sudan, is a warm season crop. Despite that it is grown
untimely during the winter in Khartoum State
(Abuswar,2005) and along the banks of the Blue Nile and
the white Nile(Khair et al.,2003).Being a summer crop,
forage yield of Abu70 is suboptimal when sown in winter in
Khartoum (Kambal,1983). For maintenance ration dairy
cattle around cities like Khartoum are fed either green
forages or crop residues or both (Khair et al., 2003).Such
feeding system necessitates all year round forage
production. Maize fodders contain relatively high
concentration of soluble carbohydrates and yield a high
quality biomass within a short period, making it attractive as
hay and silage crops for tropical areas (Coors and Lauer
2000, Sleugh et al 2001).Compared to other cereal forage
crops maize was found to be a high forage yielder in winter
with a high protein content and lower fiber content (Kambal,
1984). In Sudan, maize can be grown to produce forage in
winter season to solve problems of livestock feed shortage
during this period. The current study aims at studying
nitrogen fertilization levels on yield of maize (Zea mays L.)
as winter forage in the irrigated areas of central Sudan.
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2 MATERIAL AND METHODS

2.1 Description of the Study area:

The study was conducted in the winter season Dec —Feb
for two consecutive seasons 2010/2011 and 2011/2012 at
the Demonstration Farm of the college of Forestry and
Range Sciences, Sudan University of Science and
Technology, Soba Khartoum (latitude 150 16/ N,and
longitude. 310 34/ E). The Climate is tropical semi-arid
with rainfall about 150 mm temperature range (6- 46) oC.

2.2 Land preparation:

The experimental site was disc ploughed and left for 15
days exposed to the sun, then disc harrowed to crush
clods, and leveled out to maintain a well leveled seed bed
and then followed by ridging up to 0.7m between rows
which were oriented in a north-south direction. Individual
plot size was 4 x 5 meters consisting of 5 ridges and then
plots were grouped to four blocks each with 12 plots.

2.3 Cultural practices:

The experiment was sown on the 24th of December 2010
and 27th of December 2011 in the first and second seasons
respectively. Sowing was done manually on the two sides of
the ridge, 3 Seeds of maize were drilled in each hole, intra
row spacing was 10 cm apart, the seed rate used was 107
Kg/ha. The plots were irrigated immediately after sowing
and thereafter at intervals of 10- 15 days according to need.
The application of urea fertilizer was in the level of 0, 119
and 238 kg urea/ ha as one dose immediately before the
second irrigation. Plots were hand weeded before and
after the experiment was sown, till the crop gave a
complete cover.

2.4 Treatments:

The fertilization treatments involved three levels of Nitrogen
Fertilizer in form of urea:

Zero kg urea /ha =0 kg N/ ha (ON).

119 kg urea / ha = 54.7 kg N / ha (1N).

238 kg urea / ha =109.5 kg N / ha (2N).
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2.5 Parameters measured:

2.5.1 Plant density (plant /ha):

An area of one-meter row (0.7m2) was permanently
marked. The numbers of plants were counted randomly
five times in each treatment. The mean numbers of plants
per meter square were calculated then per ha.

2.5.2 Fresh and dry weight (g)/ Plant

Five plants were selected randomly and taken from each
plot then weighted to determine the mean fresh weight per
plant. Fresh samples were dried at 60°C for 48 h in a fan-
assisted oven until a constant weight was reached and
weighted to obtain the mean dry weight per plant.

2.6 Yield parameters:

Yield parameters (Fresh forage yield (tons/ha) and dry
forage yield (tons/ha)) were measured at the harvest (milk
stage). In each plot middle ridge was used for sampling.

2.6.1 Fresh forage yield (tons/ha):

The measurement of fresh yield was conducted by
harvesting green forage in an area of (0.7m2) chosen from
the middle ridge as destructive samples. A sickle was used
for clipping plants around five cm above the soil surface.

ISSN 2277-8616

The samples were weighed using a spring balance
immediately in the field to get the fresh weight. Final fresh
yield was calculated in tons per ha.

2.6.2 Dry matter production (tons/ha):

Dry forage production was determined using the same
samples used for fresh yield and the dry matter of each
treatment calculated as done earlier. Final dry matter yield
was calculated in tons per ha.

3 RESULT AND DISCUSSION

3.1 Plant density

The effect of nitrogen levels on plant density of forage
maize is illustrated in Table 1. Application of nitrogen
fertilization showed non-significant differences at (P> 0.05),
in all three growth stages among treatments at both
seasons. This finding is with Bebawi (1987) who revealed
that nitrogen application had no effect on plant density. Also
Afzal et al (2012) found that plant density showed non-
significant behavior in second and third cutting .On the
other hand Abusuwar and Mohammed (1997) reported that
nitrogen fertilization had a significant effect on plant density
of fodder sorghum.

Table 1: Effect of different nitrogen fertilization levels on plant density (plant/ ha) of maize during 2010/11 and 2011/12 seasons.

2010- 2011 2011- 2012
Treatments DAS DAS
45 60 75 45 60 75
Nitrogen levels
ON 350584 a 317349 b 329109 a 373445 a 349526 a 309281 a
1IN 351985 a 349146 a 337427 a 382765 a 351568 a 323049 a
2N 358868 a 342299 ab 322516 a 376182 a 337443 a 311768 a
S.L NS NS NS NS NS NS
C.V% 9.01 11.60 10.03 10.17 11.82 14.91

C.V = coefficient of variation.
S.L = significant level.
DAS= days after sowing.

3.2 Fresh weight per plant (gm):

The effect of nitrogen application on the fresh weight per
plant (g) is presented in Table 2. Results revealed that
nitrogen application had significant effects on treatments in
all three growth stages at the two seasons. By increasing
nitrogen levels fresh weight per plant was increased. While
the second and third counts had maximum fresh weight per

plant at 75.06 and 116.16 in 1st season, respectively and
40.02, 63.29 and 89.28 in the first, second and third count,
respectively on 2nd season. The variation in green forage
yield per plant among nitrogen levels can be attributed to
more availability of nitrogen with the increase in nitrogen
fertilizer rate. These results confirm the findings of Ayub et
al. (2013), Aslam et al. (2011) and Shehzad et al. (2012).
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Table 2: Effect of different nitrogen fertilization levels on fresh weight per plant (g) of maize during 2010/2011 and 2011/2012

seasons.
2010- 2011 2011- 2012
Treatments DAS DAS
45 60 75 45 60 75
Nitrogen levels

ON 30.465 ¢ 62.88 b 79.18 b 29.19b 48.88 b 69.86 b
1IN 35.944 b 71.21a 91.30 b 36.95a 56.55 ab 75.85b
2N 41.674 a 75.06 a 116.16 a 40.02 a 63.29 a 89.28 a

S. L *kk *% *k%k *k%k *% *%
C.V% 21.11 15.22 21.44 20.67 19.50 22.15

C.V = coefficient of variation.
S.L = significant level.
DAS= days after sowing.

3.3 Dry weight per plant (gm)

Data presented in table3 showed significant difference in
the three DAS counted. Maximum dry weight per plant of
10.15, 19.48 and 28.91 in 1st season and 9.73, 15.25 and
21.05 in 2secd season was observed in 2N treatment which
is 46 kg N/fed in first, second and third DAS respectively.
The variation in dry matter yield among nitrogen levels can

be attributed to the differences in uptake and availability of
Nutrients for crop plants. This result is in agreement with
Khair and Salih (2007) and Eltelib (2004) for sorghum. They
found that application of urea increased the dry weight of
multicut sorghum. On the other hand, Adar (1999) reported
non-significant effect of nitrogen fertilization on plant dry
weight during two seasons on forage sorghum.

Table 3: Effect of different nitrogen fertilization levels on dry weight per plant (g) of maize during 2010/2011 and 2011/2012

seasons.
2010- 2011 2011- 2012
Treatments DAS DAS
45 60 75 45 60 75
Nitrogen levels
ON 7.556 b 15.24 b 19.44 b 7.35b 11.81b 16.99 b
IN 8.955 ab 17.36 ab 22.68 b 8.94 a 13.74 a 18.16 b
2N 10.147 a 19.48 a 28.91 a 9.73 a 15.25a 21.05a
S. L *% *%k%k *%k%k *%k% *% *%
C.V% 2411 17.46 21.79 18.48 19.63 20.51
C.V = coefficient of variation.
S.L = significant level.
DAS= days after sowing.
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3.4 Fresh and dry forage yield:

Table 4 shows that the effect of different levels of nitrogen
on forage yield was significant at P<0.001 in 1st season
and P<0.01 in 2nd season. The highest green yields (49.43
ton/ha) and (38.77 ton/ha) in 1lst and 2ed season,
respectively were obtained by applying nitrogen at 2N (110
kg N/ ha). The lowest yield was obtained in the zero
nitrogen application (31.56 ton/ha) and (26.61 ton/ha), at
1st and 2nd season, respectively. The increased yield of
fresh forage of the present experiment is similar to that
reported by many other workers (Sultana et al., 2005; Khan
et al., 1996 and Kumar et al., 2001) who indicated that the
green forage yield increased significantly with increased
level of nitrogen fertilizer. The results summarized in table 4
revealed that, nitrogen application significantly influenced

ISSN 2277-8616

fertilizer resulted in progressive (P< 0.001) and (P< 0.01)
increase in dry matter maize forage yield. The highest dry
yield (5.15 ton/fed) and (3.83 ton/fed) at 1st and 2nd
season, respectively was obtained by applying nitrogen 2N
(46 kg N/fed). The lowest dry yield were obtained (3.24
ton/fed) and (2.72) at 1st and 2nd season, respectively
when the zero nitrogen application. Increasing the nitrogen
levels of the fertilizers significantly increased the dry yield of
forage. Similar results were reported by Sultana et al.,
(2005) and Khan et al. (1992) who found higher DM yield
when extra N fertilizer was applied to the land. Forage yield
is a function of growth parameters. As shown earlier in this
study, all growth parameters were affected by nitrogen
fertilization among different levels. These results are in full
conformity ~ with  those reported by (EI Amin,

dry forage yields during the two seasons studied. Nitrogen

2003) and Abdel

Gader, (2007).

Table 4: Effect of different nitrogen fertilization levels on fresh forage (ton/ha) and dry matter yield (ton/ fed) of maize during
2010/11 and 2011/12 seasons.

2010- 2011 2011- 2012

Treatments fresh forage dry matter fresh forage dry matter
Nitrogen levels

ON 31.56 ¢ 7.71c 26.61b 6.47 b

1IN 41.27b 10.23 b 30.20 b 7.24b

2N 49.43 a 12.26 a 38.77 a 9.12a

S L ok — ok ok

CV% 27.05 27.16 30.18 28.48

C.V = coefficient of variation.
S.L = significant level.
DAS= days after sowing.

4 CONCLUSION

The present study investigated the effect of nitrogen
fertilizer on some growth and yield parameters of forage
maze. The finding reveals that application of nitrogen
increased plant fresh and dry forge yield. Nitrogen fertilizer
resulted in progressive (P< 0.001) and (P< 0.01) increase in
fresh and dry matter yield .It was concluded that the highest
rate of nitrogen applied (109.5 Kg/N/ ha) produced the
highest forage yield.

REFERENCE
[1] Abdel Gader, E.O. (2007). Effect of different
nitrogen sources on growth and yield of maize (Zea
mays L.). Unpublished M.Sc. Thesis, Omdurman
Islamic University, Faculty of Agriculture (in
Arabic).

[2] Abuswar, A.O. (2005). Forage production in the
Sudan (in Arabic), Khartoum University Press,

Sudan.

[3] Abuswar, A.O. and Mohammed, G.G. (1997).
Effect of nitrogen and phosphorus fertilization on
growth and yield of some germination forage.
Journal of Agric. Sci., 5 (2) 25-33.

[4] Adar, H. M. H. (1999). Effect of Nitrogen
Fertilization on Fodder Yield and Quality of Pioneer
988(Sorghum bicolor L. X Sorghum sudanense
(Pipper) and Lablab bean (Lablab purpeurus L.) in
mixture and pure stand. M.Sc. Thesis, Faculty of
Agriculture, University of Khartoum, Khartoum,
Sudan.

[5] Afzal, M., Ahmad, A. and Ahmad, AU.H. (2012).
Effect of nitrogen on growth and yield of sorghum
forage (Sorghum bicolor (L.) Moench cv.) under
three cutting system. Cercetari Agronomice in
Moldova Vol. XLV, No. 4 (152): 57-64.

[6] Aslam, M., Igbal, A., Ibni Zamir, M.S., Mubeen,
M. and Amin, M. (2011). Effect of different

200

1IJSTR©2015
WWW.ijStr.org


http://www.sciencedirect.com/science/article/pii/S1658077X10000044?np=y#b0055
http://www.sciencedirect.com/science/article/pii/S1658077X10000044?np=y#b0055
http://www.sciencedirect.com/science/article/pii/S1658077X10000044?np=y#b0055
http://www.sciencedirect.com/science/article/pii/S1658077X10000044?np=y#b0005

nitrogen levels and seed rates on yield and quality
of maize fodder. Crop Environ., 2:47-51.

[71 Ayub, M., Tahir, M., Abrar, M. and Khaliq, A.
(2013).Yield and quality response of forage maize
to nitrogen levels and inoculation with PGPRs
CROP & ENVIRONMENT, 4(1): 35-38.

[8] Bebawi F. (1987). Effect of nitrogen fertilization
and suitable height on irrigated forage sorghum.
Sudan Agric. J., (12):102-116.

[9] Corrall, A. J. (1979). Evaluation of forage crops.
Information Leafllet No.11. The grassland
Research Institute Hurley UK.

[10] EI Amin, L.S.A. (2003). Effect of nitrogen and
phosphorus of fertilization on growth and yield of
fodder maize (Zea mays L.). M.Sc. Thesis,
Omdurman Islamic Univ., Faculty of Agric. (in
Arabic).

[11] Eltelib, H. A. M. (2004). Effect of nitrogen
application on growth yield and quality of four
forage sorghum cultivars. Msc. Thesis, Univ. of
Khartoum, Sudan.

[12] Igbal, A., Ayoub. M., Zaman, H. and Ahmed, R.
(2006). Impact of nutrient management and
legumes association on agro qualitative traits of
maize forage Pak. J.Bot. 38, 1079-1084

[13] Kambal, A. E. (1984). Comparative performance of
some varieties of sorghum, maize and pearl millet
forage production in different seasons. Sudan
Agricultural Journal 10, 46- 60.

[14] Khair, M. A. M., Salih, S. H. A., Elhag, F. M. A
and Eltayeb, E. I. (2003). Dry Matter Yield and
Quality of Some Winter Sown Forage Crops in the
Sudan Gezira.Univ ersity of Khartoum. Journal of
Agricultural Science, 15(2) 204-219.

[15] Khair, M.A.M, and Salih, S.A.(2007). Dry matter
yield and quality of some winter sown forage crops
in Gezira .Sudan. Journal of Agric. Sci.15 (2), PP:
204-219.

[16] Khan, M. J., Shajalal, M. and Sarkar, A. R.
(1996). Yield, chemical composition and nutritive
value of oat (Avena sativa) fodder at different
levels of nitrogen fertilizer. Bangladesh J. Anim.
Sci,. 25(1-2): 109-115.

[17] Khan, M. J., Tareque, A. M. M. and Shajalal, M.
(1992). Effect of inoculation and nitrogen fertilizer
onyield chemical composition, in vitro organic
matter digestibility and energy content of cowpea
(Vigna unguiculata) forage. Indian J. Anim. Nutr.,
9(3): 177-180.

[18] Kumar, A., Jaiswal, R. S., Verma, M. L. and
Joshi Y. P. (2001). Effect of nitrogen level and

1IJSTR©2015
WWW.ijStr.org

INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 4, ISSUE 10, OCTOBER 2015 ISSN 2277-8616

cutting management on yield and qualities of
different varieties of oat fodder. Indian J. Anim.
Nutr ,. 18(3): 262-266.

[19] Shehzad, M. A., Magsood M, Bhatti .M. A,
Ahmad. W. and Shahid. M. R. (2012). Effects of
nitrogen fertilization rate and harvest time on maize
(Zea mays L.) fodder yield and its quality attributes.
Asian J Pharm Biol Res 2 (1):19- 26.

[20] Sultana, M. N., Khan, M. J., Khandaker, Z. H.
and Uddin, M. M. (2005). Effects of Rhizobium
inoculums and nitrogen fertilizer on biomass
production of cowpea (Vigna unguiculata) forage at
different stages of maturity. Bangladesh J. Agri.
Univ., 3(2): 249-255.

201



