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Abstract

A field experiment was carried out at EI-Kod Agricultural Research Station, Abyan Delta, Abyan Governorate
during the seasons 2014 and 2015 in soil sandy silt to assess four levels of nitrogen fertilizers (0, 55, 110 and 165
kg N/ha) utilizing urea fertilizer (46% N) on some crop characteristics and efficiency of nitrogen application on
two local cultivars of sorghum (Sorghum bicolor L. Moench). Split plot design was applied in four replicates.
Fertilizer levels were distributed in main plots whereas, the cultivars in subplots. The results revealed significant
differences between cultivars Benny and Saif in all characteristics during the two seasons. Cultivar Benny was
significantly superior to cultivar Saif in all crop characteristics, except the length of spike which was
significantly superior in Saif cultivar compared to cultivar Benny in both seasons. The increase in nitrogen level
led to significant increase in all parameters of crop growth under study in both seasons, where the highest dose
of nitrogen (165 kg N/ha) gave highest grain yield (3013 and 3201 kg/ha) in both seasons respectively, while the
efficiency of nitrogen utilization declined with increased level of nitrogen application and highest value in
nitrogen efficiency (12.78 kg grain/kg N). The interaction between cultivars and nitrogen fertilizer showed
significant differences in terms of all studied parameters during both seasons. The cultivar Benny responded to
high level of nitrogen (165 kg N/ha) and gave high grain yield (3640 and 3305 kg/ha) in both seasons
respectively. The results yielded significant effect for efficiency of nitrogen application on grain yield between
the cultivars, the levels of fertilizers and their interaction in the first season whereas, no significant differences
were detected in the second season.
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1. Introduction

Sorghum (Sorghum bicolor L. Moench) is a major crop which belongs to the family Gramineae and has several
characteristics which distinguishes it from other crops such as its resistance to salt, drought and high temperature
(Novoa & Naik, 1978; Ottman & Olson, 2009; Novoa & Loomis, 1981) apart from its use particularly, fodder for
animal and its grains are utilized for human consumption in the world (Armah-Agyeman et al., 2002). It is also
used in African countries and mixed its flour with wheat in proportion 50%. Its grain contains 10% protein and
67% carbohydrate and is rich in vitamin B. It is characterized as a source of organic fuel by application of starch,
sugar and plant organic products (Henzell, 2007).

Global acreage under sorghum according to statistics for 2014 reaches 42,120,446 ha and yielded nearly
61,384,559 metric ton, with average yield being 1.4574 metric ton/ha. Area harvested in Arab countries
according to 2014 statistics reached 1,192,476 ha and produced nearly 8044284 metric ton and average yield
being 6.746 metric ton/ha (FAO, 2014). Sorghum in Yemen is a major cereal crop and occupies priority in terms
of area which in 2014 reached 416,637 ha and yielded 340754 metric ton grain, with average yield being 0.8179
metric ton/ha (FAO, 2014). It is a main cereal crop for human use and has increasing demand due to increase in
population (Alhibshi, 2000).

Nitrogen nutrition is not the sole factor which leads to increase in yield of this crop, but it requires screening of
introduced and breeded cultivars in Yemen which varies in its response to nitrogen application and its efficiency
to cope with environmental factors and enhance and enhance photosynthesis to increase the yield qualitatively

236



jas.ccsenet.org Journal of Agricultural Science Vol. 9, No. 4; 2017

and quantitatively. Several studies indicated variation in sorghum cultivars in terms of crop contents, grains and
harvest index (Gardner et al., 1994; Prinar & Stewart, 1991; Salama, 2008; AlSuleimani, 2009). Several studies
have been conducted on effect of nitrogen on sorghum crop and positive results were recorded on increase in
grain per spike, weight of grain and yield of crop per unit area (Kaye et al., 2007; Conly et al., 2005; Buah &
Mwinkaara, 2009; Lehman et al., 1999; Yasser, 2011). Grimes and Music (1960) reported increase in nitrogen
rate in sorghum gave increase in yield whereas, reduction in number of days from planting to flowering by 50%
were observed in high nitrogen rate (Myers, 1978). Escasinas et al. (1981) reported that increase in nitrogen rate
led to significant increase in length of spike, number grains per spike and yield. Increase in nitrogen rate.
Increase in nitrogen rate from 30-200 kg N/ha led to increase in grain yield and 200 kg N/ha produced yield 2.3
metric ton/ha and in the absence of nitrogen, the yield dropped to 1.3 metric ton/ha. Al Rawi (2005) confirmed
that highest grain weight and grain yield were observed at 180 kg N/ha. Sifola et al. (2002) indicated that
nitrogen increases the number of grains in flower particularly, during application at 150 kgN/ha, apart from
accumulation of dry matter during grain filling in the spike.

The efficiency of nitrogen application is a main criteria for accurate application of nitrogen, inorder to determine
the variation in cultivars for efficient utilization and during different levels of application to reduce the
contamination and cost of nitrogen fertilizer (Gardner et al., 1994)

Present study is aimed to investigate the response of two local cultivars of sorghum (cv. Benny and Saif) to four
levels of nitrogen and its effect on growth, crop components to determine promising cultivar and ideal nitrogen
level which leads to high yield from unit area.

2. Materials and Methods

Two experiments were conducted at EI-Kod Agricultural Research Station, Abyan Governorate (latitude 13°03'N,
longitude 45°22'E, altitude 15 m) during the seasons 2014 and 2015 to study the effect of different doses of
nitrogen fertilizer on some characteristics of growth and crop components in two local cultivars of sorghum (cv.
Benny and Saif). The site is characterized by hot and arid climate with average annual potential
evapotranspiration in is 1795 mm per year. Mean daily sunshine duration is over 8.8 h, mean annual air humidity
is 72% and mean annual temperature is 28.1 °C (Tablel).

Table 1. Climatic data (1971-2008) of ElI-Kod weather station

Month Min Temp Max Temp Mean Temp Humidity Rain Wind Sun  Rad ETo
°C °C °C % mm  km/day hours MJ/m%day mm/month

Jan. 21.6 28.3 25.0 72.0 32 154.0 8.0 18.4 120.3
Feb. 21.3 28.7 25.0 73.0 6.3 168.0 8.6 20.7 121.2
Mar. 21.2 30.2 25.7 73.0 4.0 174.0 8.5 22.0 146.8
Apr. 23.0 323 27.7 72.0 2.6 154.0 9.0 234 155.5
May 25.7 34.7 30.2 73.0 1.8 136.0 102 25.0 176.7
Jun. 274 357 31.6 70.0 0.7 138.0 8.7 22.4 166.3
Jul. 27.7 35.0 314 70.0 1.2 156.0 8.0 21.4 169.2
Aug. 26.7 35.0 30.9 69.0 22 151.0 8.5 22.4 173.2
Sep. 26.1 352 30.7 72.0 3.5 126.0 8.6 222 161.0
Oct. 22.6 329 27.8 72.0 6.0 127.0 9.5 22.3 154.5
Nov. 20.2 30.7 25.5 71.0 0.2 119.0 100 214 130.6
Dec. 21.0 29.2 25.1 71.0 1.3 135.0 8.6 18.7 119.7
Aver. 23.7 323 28.1 72.0 33.0 1450 8.8 21.7 1795.0

Each trial consisted of four doses of nitrogen fertilizer (0, 55, 110 and 165 kg N/ha) with two sorghum cultivars
(cv. Benny and Saif) and arranged in split plot design in four replicates. The nitrogen fertilizer treatments were
randomly distributed in main plots and cultivars were randomly distributed in subplots. Each treatment was
replicated four times. Each experimental unit consisted of 6 rows with spacing 50 cm between rows and 20 cm
between plants. The area of each experimental unit was 6 m? (3 x 2) m.

Phosphate fertilizer at the rate of 120 kg/ha (Calcium triphosphate 46%) was added during land preparation and
leveling. During the first season, sorghum was planted on 10/07/2014 and in the second season on 15/07/2015 in
soil sandy silt with pH 8.25 and 8.26 and contained 0.56 and 0.58 organic matter, 0.03% and 0.35% nitrogen and
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available phosphor 8.6 and 10.0 ppm and electrical conductivity (EC) 0.88 and 1.15 mmhos/cm for soil depth
0-30 cm. Seeds of sorghum cultivars were sown in rows 50 cm apart and spacing between plants 20cm. Each
experimental unit contained 6 rows. Nitrogen fertilizer was added in split, the first dose during planting, the
second dose during thinning and the third dose during flowering in proportion 2:1:1 respectively. Thinning was
done after three weeks from planting; one plant was left in each hole. All cultural practices were exercised
according to the recommendations of El-Kod Agricultural Research Station Cultivar Saif was harvested on
11/10/2014 and cultivar Benny on 1/11/2014 for the first season and during the second season, cultivar Saif was
harvested on 20/10/2015 and cultivar Benny on 9/11/2015. After completion of flowering, ten plants were
randomly labeled in each experimental plot for data collection on crop components (length of spike, number of
grains/spike, weight of 1000 grains yield and efficiency of plant to respond to nitrogen kg grains/kg N). The
yield of grains and dry matter were calculated from each experimental plot.

The efficiency of nitrogen utilization for grain production was determined according to (Buah & Mwinkaara,
2009):

NU, = (GY, - GYy)/x 1)
Where,

NUj,: The efficiency of nitrogen utilization for production of grains (kg grain/kg N); GY,: The yield of grains at
nitrogen level kg N/ha; GY,: The yield of grains (control) (kg/ha); X: The level of nitrogen applied (kg N/ha).

The results were analyzed statistically according to the design reported by Snddecor and Cochran (1989) and
utilizing Genstat program. Mean values were compared at P = 0.05 (Al Rawi & Khalafallah, 1980).

3. Results and Discussion
3.1 Crop Components

The results revealed significant differences between sorghum cultivars (cv. Benny and Saif) during the season
2014 and 2015 in all crop characteristics and components under study (Length of spike, number of grains/spike,
weight of 1000 grains and grain yield). Cultivar Benny was significantly superior to Saif in parameters such as
number of grains/spike and reached 904 and 899 grains with the rate of increase 28.8% and 44.6%, Weight of
1000 grains being 30.9 and 32.115 g with increase being 9.8% and 7.5% and yield of dry matter 2906 and 2824
kg/ha for seasons 2014 and 2015 respectively. Cultivar Saif was significantly superior to Benny in length of
spike and reached 30.07 and 21.45 cm with the rate of increase 25.7% and 20.2% for the two seasons
respectively. These results are confirmed by Al A’ani (2010), Al Dahri and Saleh (2010), Gardner et al. (1994),
Al Kubaisi (2001), Guar et al. (2008), Sadras and Egli (2008), Yang et al. (2009), and Yasser (2011). The results
indicated an increase in all crop components under study with increase in nitrogen level application. The highest
dose of nitrogen application gave high value in all crop components during the seasons 2014 and 2015. The
length of spike was 30.15 and 21.42 cm, number of grains/spike was 986 and 1058, weight of 1000 grains
reached 30.278 and 34.75 g and crop yield 3013 and 3201 kg/ha respectively. The highest nitrogen dose (165 kg
N/ha) was superior to the two treatments (control and 55 kg N/ha) in all crop components. The rate of increase
being 94.1 and 25.3% for length of spike, 7.1 and 2.9 for weight of 1000 grains and 74.0 and 26.1% for crop
yield respectively. Significant increase was recorded when (165 kg N/ha) is compared with nitrogen dose (110
kg N/ha) in length of spike and crop yield. The rate of increase was 11.2% and 24.6% for the two parameters
respectively, whereas, no significant increase was noted in other parameters during the season 2014. In the
season 2015, the high dose of nitrogen (165 kg N/ha) was superior to all doses (treatments) (control, 55, and 110
kg N/ha) in all crop components. The rate of increase for length of spike was 19.2%, 12.3%, 6.6%. The number
of grains/spike was 102.3%, 53.2%, 20.8%, the weight of 1000 grains 19.8%, 17.3%, 13.5% and crop yield
124.0%, 54.6%, 18.75% respectively. These results are in agreement with Al Kubaisi (2001), Al Salmani (2009),
Conly et al. (2005), A’atia et al. (2001), Buah and Winkar (2009), Gardner et al. (1994), Kaye et al. (2007),
Salama (2008), Gular (2008), Wright and Catchpoole (1985), and Yang et al. (2009).

The interaction between cultivars and fertilizer revealed significant effect in all crop components for both
seasons 2014 and 2015. It is observed from Table 2 that there is increase in value of different crop components
for both cultivars with increase in nitrogen level. High nitrogen level (165 kg N/ha) applied to cultivar Benny
gave high value in number of grains/spike 1075, 1170 grains, weight of 1000 grains 31.525, 36.5 g and grain
yield 3640, 3305 kg/ha, whereas, cultivar Saif showed low value in control (no fertilizer) in number of
grains/spike 505,371 grains, weight of 1000 grains 26.775, 28.0 g, yield of grain 1404,990 kg/ha for two seasons
respectively. This significance in interaction is attributed to variation in cultivars and their genotype, apart from
different characteristics in these cultivars such as adaptation to the environment in agricultural region. The
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increase in yield and its components as a result of nitrogen application is due to plant growth, efficiency of
photosynthesis and cell contents in protein which leads to increased activity in metabolic process leading to cell
enlargement and its nutritional content. These findings agree with Amal (1998), Gardner et al. (1994), Heiniger
et al. (1997), Wright and Catchpoole (1985).

3.2 Plant Efficiency to Utilize Nitrogen

Significant differences are observed between the cultivars (cv. Benny and Saif) in efficient utilization of nitrogen
for grain production during the season 2014, whereas, no significant differences were detected during the season
2015. Cultivar Benny showed high efficiency being 8.28 kg grains/kg N compared to cv. Saif which gave low
efficiency 5.6 kg grain/kg N. This variation in characteristics is attributed to cultivar genotype which reflected on
plant capability to absorb nitrogen from the soil. These results are confirmed by Crawford et al. (2009).

Significant differences were detected between levels of nitrogen applied and efficiency of nitrogen utilization for
grain production during the first season and no significant differences were found in the second season. In the
first season, nitrogen level 55 kg N/ha showed high efficiency being 12.78 kg grain/kg N and was superior to
levels 110 and 165 kg N/ha which showed low efficiency being 8.5 and 6.48 kg grain/kg N. It is also observed
that efficiency of nitrogen utilization declined with increased level of nitrogen application. This is due to low
crop response with higher level of nitrogen application (Gawad, 1988). These results are in agreement with
Akdeniz et al. (2006), and Buah and Mwinkaara (2009), who reported low efficiency of nitrogen utilization for
grain production with increased levels of nitrogen application. It is observed from Table 2 that significant
differences were detected for these parameters in interaction between cultivars and levels of nitrogen applied in
the first and second seasons. Cultivar Benny showed high efficiency being 14.65, 12.27 kg grain/kg N at 55 kg
N/ha, whereas, cultivar Saif gave low efficiency being 5.36, 8.71 kg grain/kg N for the nitrogen level 165 kg
N/ha for both seasons respectively. These results are confirmed with the findings reported by Bernal et al.
(2001).

Table 2. The effect of nitrogen fertilizer on crop components of two local cultivars of sorghum for season 2014
and 2015

Season 2014 Season 2015

Parameters yensth Noof Wt of Yield Efficiency of Length Noof Wt. of Yild of Efficiency of
Treatments of spike grains/ 1000 of grain N utilization of spike grain/ 1000 grain N utilization
(cm) spike  grains (g) (kg/ha) (grain/kg N) (cm) spike grains (g) (kg/ha) (grain/kg N)

Benny (A1) 23.92 899 3090 2906 828 1784 904  32.125 2824 873

Cultivar (A)  Saif(A2) 3007 698 2815 2069  5.60 2045 625 29875 1841 7.92
Lsd=005 1325 523 03975 1517 -
0 24.67 508 2900 1429 0.00
55 26.04 671 29625 2071 11,68

Nitrogen Levels

gy B) 110 2711 912 30100 2418 850 2010 851 30625 2629  10.89
165 3015 98 30287 3013 648 20142 1028 34750 3201 10.74
Lsd=005 1613 1504 02336 1792  1.979 0569 1252 06826 3156 NS

B*Al 0 205 512 298 2361 0.00 1655 644 3000 1867  0.00
55 2204 954 30875 2557  14.65 1745 766 3050 2478  13.07
110 2516 1054 31400 3167 1087 1830 1035 3150 2645  11.09
165 2552 1075 31525 3640 7.60 1905 1170 3650 3305 1077

B*A2 0 2729 505 26775 1404  0.00 1940 371 2800 990  0.00
55 2871 620 27975 1862 10.92 2070 577 28750 1665 1227
110 2015 750 288 2077 612 2190 667 2975 1935 1077
165 3514 918 2905 2338 536 2380 886  33.00 2758 87l
Lsd=0.05 2324 1910 04696 4371  2.741 1723 1381 08288 3602 332

4. Conclusions

The increase in nitrogen level led to significant increase in all parameters of crop growth under study in both
seasons, where the highest dose of nitrogen (165 kg N/ha) gave highest grain yield (3013 and 3201 kg/ha) in
both seasons respectively, while the efficiency of nitrogen utilization declined with increased level of nitrogen
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application. The interaction between cultivars and nitrogen fertilizer showed significant differences in terms of
all studied parameters during both seasons. The cultivar Benny responded to high level of nitrogen (165 kg N/ha)
and gave high grain yield (3640 and 3305 kg/ha) in both seasons respectively.
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