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Abstract  The increasingly demand of chicken meat in Sudan has prompted more poultry farming with consequent ef-
fects on increased utilization of organic wastes (e.g. chicken manure) as fertilizers. Organic wastes contain varying 
amounts of water, mineral nutrients and organic matter. While the use of organic wastes as manure has been in practice for 
centuries world-wide. A field experiment was conducted at the Experimental Farm of the Faculty of Agriculture, University 
of Khartoum, Shambat during the period (February – May 2007) to study the effect of different rates of chicken manure on 
growth and forage yield of sorghum (Sorghum bicolor (L.), Moench). The treatments consisted of four levels of chicken 
manure; 0, 1.2, 2.5 and 5.0 tons/ha. The treatments were arranged in a Randomized Complete Block Design in four repli-
cates. The character studies were plant population, plant height, number of leaves per plant, stem diameter, leaf area index, 
and fresh and dry forage yield. The results showed that there were significant differences among treatments in most pa-
rameters during the growing period for growth attributes under study. Chicken manure resulted in an increase in growth 
attributes as well as forage yield. Chicken manure (5 tons/ha) produced higher fresh and dry forage at harvest than the other 
treatments. 
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1. Introduction 
The use of inorganic fertilizer has not been helpful under 

intensive agriculture because it is often associated with re-
duced crop yield, soil acidity and nutrient imbalance (Obi 
and Ebo, 1995; Ojeniyi, 2000; Ayoola, O. T. and Adeniyan, 
2008). Soil degradation which is brought about by loss of 
organic matter accompanying continuous cropping becomes 
aggravated when inorganic fertilizers are applied repeatedly. 
This is because crop response to applied fertilizer depends on 
soil organic matter (Agboola and Omueti, 1982). The quan-
tity of soil organic matter in the soil has been found to de-
pend on the quantity of organic material which can be in-
troduced into the soil either by natural returns through roots, 
stubble, slough off roots nodules and root exudates or by 
artificial application in the form of organic manures which 
can otherwise be called organic fertilizers. The need to use 
renewable forms of energy and reduce costs of fertilizing 
crops has revived the use of organic fertilizers worldwide. 
Improvement of environmental conditions and public health 
important reasons for advocating increased use of organic 
materials. The increasingly demand of chicken meat in Su-
dan has prompted more poultry farming with consequent 
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effects on increased utilization of organic wastes (e.g. 
chicken manure) as fertilizers. Organic wastes contain 
varying amounts of water, mineral nutrients, organic matter 
(Weil, 1996). While the use of organic wastes as manure has 
been in practice for centuries world-wide (Straub, 1977) and 
in the recent times (Gambara et al., 2002; López-Masquera et 
al., 2008), there still exists a need to assess the potential 
impacts of chicken manure on crop yield and in particular 
evaluating the critical application levels. Moreover, the need 
and utilization of chicken manure has overtaken the use of 
other animal manure, because of its high content of nitrogen, 
phosphorus and potassium (Schjegel, 1992). Similarly, or-
ganic wastes are also being advocated for by different en-
vironmental organizations world-wide to preserve the sus-
tainability of agricultural systems. Furthermore, chicken 
manure is preferred amongst other animal wastes because of 
its high concentration of macro-nutrients (Warman, 1986; 
Duncan, 2005; Oagile and Namasiku, 2010). Chescheir et al. 
(1986) recorded increase in nitrogen levels from 40 - 60% 
and 17 - 38% with respect to control for Norfolk sandy soils 
and Cecil sandy loam soils, respectively following applica-
tion of manure. In addition, application of chicken manure to 
soil enhances concentration of water soluble salts in soil. 
Plants absorb plant nutrients in the form of soluble salts, but 
excessive accumulation of soluble salts (or soil salinity) 
suppresses plant growth. Stephenson et al. (1990) reported 
the EC of chicken manure of about 11 dS/m in silt loam soils 
too high for salinity sensitive crops. The pH of dry chicken 
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manure pellets was found to be 7.9, with most of the nutri-
ents available in this environment (López-Masquera et al., 
2008) while a decrease in the soil pH (< 6.5) affects the 
availability of nutrients to plants (Warman, 1986). Forage 
production is necessary for livestock production since they 
from an essential diet for fattening centers, dairy animal, and 
poultry production. Forge crops from best combination with 
other crops and hence give maximum satisfaction to con-
sumers and maximum profits to the farm operation. In Sudan, 
forage production is very important for livestock production 
due to the facts that the Sudan has a huge number of animal 
wealth. Overgrazing of natural pasture, expansion of rain-fed 
agriculture, wild fire and drought resulted in reduction of 
rangeland. Forage production which provides almost 74% of 
the total annual livestock feed requirement. For the im-
provement of seasonal livestock feed balance the govern-
ment comprehensive 25 years strategy (2002-2027) is in-
tended to increase the green forage production from 4 mil-
lion tons/year to almost 9 million tons by year 2027.The 
main cereal forage crops under irrigation in the Sudan are 
(Sorghum bicolor (L.), Moench) locally known as 
“Abusabien” Sudan grass (S. sudanense ), the hybrid pioneer 
(Sorghum bicolor XS. sudanense) and recently maize (Zea 
mays L.) The selected forage crop in this study was Sorghum 
bicolor (L.), Moench. It is a member of the family Poaceae, 
the tribe is Andropogonae (Dogget, 1970). The variety under 
treatments is locally called forage in the Sudan for consid-
ered as a main cereal forage crop in the Sudan for the fol-
lowing reasons:-  

Sorghum forage (Abu70) in general is quite resistant to 
drought and is well adapted to regions of limited rainfall e.g. 
Nile state, Northern state and Khartoum state under irriga-
tion. 

Sorghum forage is produced successfully on all types of 
soil and is more tolerant to salinity and alkalinity.  

Sorghum forage dry matter production is greater com-
pared to other fodder crops.  

The feed is more palatable with less prussic acid.  
Sorghum silage production per unit area is usually one to 

two-thirds higher than from corn.  
Sorghum in some areas cut for hay and put up in large 

piles during the dry season of the year and later stacked. 
Recent studies are focused on improving sorghum forage 
quality and quantity. Organic matter is present in soil in 
comparatively small quantities with exception of peaty soil. 
Organic matter functions as a source of plant nutrients 
through its decomposition and release of adsorbed cations. 
There are few studies on utilization of chicken manure in 
fodder sorghum crop production, and information about 
effects on growth and yield in Sudan is scarce. Thus the main 
objectives of this study are to investigate the effect of fer-
tilizer uptake on growth and yield of Abusabien, to compare 
different rates of chicken manure on growth and yield of 
fodder sorghum (Abu70) and to determinate the optimum 
rate of chicken manure which would give the maximum 
yield of forage 

2. Materials and Methods 
2.1. General Description of the Experimental Site 

A field experiment was carried out during the period 
(February – May, 2007) in the Demonstration Farm of the 
Faculty of Agriculture, University of Khartoum in Shambat, 
Sudan. To study the effect of different rates of chicken ma-
nure on growth and forage yield of sorghum (Abu Sabein). 
The site is located in the semi-desert zone, (latitude 150 40ــ 
N, longitude 320 34ـــE and altitude 280 meters above sea 
level). The soil of the experiment site is alkaline (PH 8.0), 
cracking clay with about 50% clay content. It contains 
about 0.065% Nitrogen (N) 0.230Meq/L Potassium (K) and 
0.193Meq/L viable Phosphorus (P). The annual rainfall is 
about 100-200 mm and maximum temperature about 420C 
in summer and around 120C minimum temperature in win-
ter (El Naim and Ahmed, 2010) 

2.2. Land Preparation  

The experimental site was disc ploughed, disc harrowed 
to crush clods and levelled out to maintain a well levelled 
seed bed and then followed by ridging up to 0.7m between 
ridges which were oriented in a north-south direction. Indi-
vidual plot size was 4 × 5 meters consisting of 6 ridges of 4 
meters in length. In each plot, 2nd and 5th ridges were used 
for sampling. 

2.3. Treatments and Design 

The treatments in this study consisted of four levels of 
chicken manure (0, 1.2, 2.5 and 5.0 tons/ha.), designated as 
C0, C1, C2 and C3 respectively. The treatments were arranged 
in a Randomized Complete Block Design with four replica-
tions. 

2.4. Cultural Practices 

2.4.1. Fertilization 

The type of manure used was chicken manure, which was 
collected from a poultry farm in Shambat. The fertilizer was 
applied on 1/2/2007 broadcasted manually on the bottom of 
the ridges mixed with soil and distributed equally to the 
entire plot using a hand hoe and then irrigated immediately. 

2.4.2. Sowing Date and Seeding Rate 

Sowing was done manually on one side of the ridge 
(eastern side of ridge) and it was carried out on February, 11th. 
The seed rate applied was 20 Kg/fed. 

2.4.3. Irrigation 

Irrigation was applied immediately after seeding the plots; 
irrigation was applied on a weekly interval. 

2.4.4. Weeding 

Weeding was practiced one time during the growing pe-
riod 30 days from sowing. 
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2.5. Character Studies 

The following parameters were measured during the study 
period.  

1. Plant population (plant density); An area of one-meter 
row (0.7m2) was permanently marked in each treatment in 
one of the two middle ridges. Plants were counted after 7,21 
days from sowing, and at harvest. 

2. Plant height (cm): Ten plants were randomly selected 
from the 2nd and 5th ridges of each individual plot and the 
plants were tagged. The height of the plant was measured 
from the ten plants was recorded in (cm). Plant height was 
measured after 30, 60, days from planting, and at harvest.  

3. Number of leaves per plant: This parameter was meas-
ured by calculating all leaves of ten randomly selected plants 
after 30, 60 days from sowing and at harvest. The mean 
number of leaves per plant was recorded. 

4. Stem diameter (cm): Measured by using a vernier 
(caliper) from the middle of the 2nd inter-node of ten plants 
selected randomly from the 2nd 5th ridges of each plot and the 
mean stem diameter were calculated.  

5. Leaf area (cm2): Ten plants were chosen randomly from 
2nd and 5th ridges and the leaf area of the fourth leaf from the 
top was measured following the Stickler method (1961) 
using the following formula: leaf area (LA) = length × 
maximum width × 0.75. 

6. Leaf area index (LAI): Leaf area index (L.A.I), a di-
mensionless quantity, is the leaf area (upper side only) per 
unit area of soil below. It is expressed as m2 leaf area per m2 
ground area. Leaf area index was measured at the fourth 
week from sowing and at the harvest using the following 
formula: 

LAI = Leaf area per plant 
Plant ground area  

7. Fresh weigh: First and second cuts of the green forage 
of the one meter row (0.7m2) was chosen from one ridge as 
destructive samples and cut after 30, 60 days from sowing. 
At the harvest the whole plot for each treatment was clipped, 
weighed using a spring balance immediately in the field to 
get the fresh weight. A sickle was used for clipping plants 
5-10cm above the soil surface. Final fresh yield was calcu-
lated in tons per hectare.  

8. Dry weight: The green forage of the one meter row 
(0.7m2) was left to dry in an oven until a constant weight was 
reached then final dry matter yield was calculated in tons per 
hectare. 

2.6. Statistical Analysis 

The collected data were analyzed according to the statis-
tical procedure described by Gomez and Gomez (1984) and 
the computer package MSTAT-C. Means were separated 
using the LSD procedure. 

3. Results and Discussion 
3.1. Growth Attributes 

The results of growth attributes (plant density, plant height, 
stem diameter, number of leaves per plant and leaf area index 
(LAI)) are shown in Tables 1, 2, 3, 4 and 5 respectively. The 
chicken manure significantly affected growth attributes. 
Increased rate of chicken manures increased plant height, 
stem diameter, number of leaves per plant and leaf area index 
of forage sorghum. The maximum plant height, number of 
leaves per plant and leaf area index was recorded under the 
highest rate. The high rate of chicken manure (5 ton/ha) 
applied increase the plant height by about 36%  

Table 1.  Effect of chicken manure on plant population at different counts 
during the growing period 

Treatments 
1st count at 7 

days 
2nd count at 21 

days 
3rd count at 

harvest 
C0 32.25 35.25  30.50 
C1 38.75 42.00  36.25 
C2 43.00 46.50  40.50 
C3 50.00 54.75  48.50 

LSD 3.63 5.58 3.58 
CV% 5.51 3.64 5.75 
SE + 0.80 0.57 0.79 

Table 2.  Effect of chicken manure on plant height (cm) at different sam-
plings during the growing period 

Treatments 
1st sampling at 

30 days 
2nd sampling at 

60 days 
3rd sampling at 

harvest 
C0 24.99  104.85  117.94  
C1 26.39  116.96  138.43  
C2 30.60  124.77  151.05  
C3 35.33  131.44  161.26  

LSD 5.76 33.62 16.13 
CV% 12.27 17.59 7.09 
SE + 1.27 7.43 3.57 

Table 3.  Effect of chicken manure on stem diameter (cm) at different 
counts during the growing period 

Treatments 
1st sampling at 

30 days 
2nd sampling at 

60 days 
3rd sampling at 

harvest 
C0 0.39 0.81 1.01 
C1 0.44 0.84 0.99 
C2 0.43 0.84 0.91 
C3 0.44 0.83 0.92 

LSD 0.09 0.20 0.38 
CV% 13.95 13.77 23.22 
SE + 0.02 0.04 0.07 

Table 4.  Effect of chicken manure on number of leaves/plant at different 
counts during the growing period 

Treatments 
1st count at 30 

days 
2nd count at 60 

days 
3rd count at 

harvest 
C0 6.28 9.05 9.25 
C1 7.18 9.47 10.25 
C2 7.20 9.92 10.7 
C3 7.33 10.63 11.07 

LSD 1.49 3.25 1.28 
CV% 27.61 11.57 7.75 
SE + 0.68 0.40 0.28 
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Table 5.  Effect of chicken manure on LAI at different samplings during 
the growing period 

Treatments 1st sampling at 30 days at harvest 
C0 2.58 10.09 
C1 4.07 14.64  
C2 5.38 15.26  
C3 5.57 17.60  

LSD 2.19 4.44 
CV% 31.09 19.28 
SE + 0.48 0.98 

The results showed that there were significant differences 
among treatments in most parameters during the growing 
period for growth attributes under study. 

Chicken manure treatments gave taller plants, higher 
number of leaves per plant and increasing the yield of fresh 
and dry matter compared to the control. These responses may 
refer to its high content of nitrogen, phosphorus and potas-
sium (Schjegel, 1992). fertilization suggest that this crop as it 
is non – leguminous, might have obtained high supply of 
nitrogen from the soil directly. Another explanation may by 
due to the effect of chicken manure on soil fertility (chicken 
manure restored soil fertility). This is in agreement with that 
of Bendfeldt, (2002) who reported that potential uses for 
poultry manure as a fertilizer and soil amendment. On the 
other hand, Mullins (2002) reported that poultry litter con-
tains, a considerable amount of organic matter, hence have 
an impact on soil pH and liming due to varying amount of 
calcium carbonate in poultry feed. Elamin (1991) found that 
organic matter decomposition improved the physical and 
chemical proprieties of the soil. 

The source of nitrogen from poultry manure resulted in 
taller plants because nitrogen was found to increase number 
of nodes as well as inter node length and consequently plant 
height. Chicken manure C3 (5 ton/ha), gave taller plants than 
the control. This is agreement with that Hassan, (2002) who 
reported that chicken manure fertilizer significantly in-
creased plant height. Higher rate of chicken manure (5 ton/ha) 
significantly increased a number of growth attributes of 
forage sorghum cultivar (Abusabien), than the control. On 
the other hand, this agreed with Eltahir (1998) who reported 
that manure alone or mixed with the urea resulted in an in-
crease in growth attributes as well as forage yield of two 
forage maize cultivars than the control. All the fertilized 
plots gave higher leaf number per plant than the control, with 
higher value for the highest chicken manure doze (5 ton 
chicken manure/ha).  

It is obvious that in our study the number of plants per unit 
area were increased with time but the number declined by 
third count. This may be attributing to fact that mortality of 
plant with time due to competition between plants for growth 
requirements and hence only stronger ones can survive. 

3.2. Forage Yield 

The results of forage yield (fresh and dry) as affected by 
chicken manure are representing in Table 6 and 7. Forage 
yield is always related to growth parameters. All treatment 

had significant effect on fodder yield (fresh and dry), com-
pared to the control. Fertilization generally increased forage 
yield during the growing period. Chicken manure resulted in 
an increase in growth attributes as well as forage yield. 
Chicken manure C3 (5 ton/ha) produced higher fresh and dry 
forage at harvest than the control. This is in agreement with 
Hassan(2002) who found that the highest yield of both Abu 
Sabien and pioneer 988 was obtained with (7.5 tons/fed) 
chicken manure treatment while the lowest yield was ob-
tained with the (control). On the other hand, two maize cul-
tivars gave higher fresh and dry matter yield under condition 
of urea alone or mixed with farmyard manure as reported by 
Eltahir (1998). This result was expected since chicken ma-
nure contains nitrogen that positively increased growth .Abu 
suwar and El Zalal (2010) reported that Chicken manure 
rates significantly affected forage fresh and dry yields. They 
found that as the rate of manure increased both fresh and dry 
yields increased. The maximum fresh forage and dry matter 
produced were recorded under the highest rate of manure 
applied. Several researchers ( Magid et al, 1998; Postma et al, 
1998; Hue, Sobieszczyk,1999 and Abusuwar and El Zalal, 
2010) reported that nitrogen and phosphorus uptake, as a 
function of chicken manure application rate, increased pro-
gressively with increasing manure rates. 

Table 6.  Effect of chicken manure on forage fresh yield (ton/ha) at dif-
ferent counts during the growing period 

Treatments 1st sampling at 
30 days 

2nd sampling at 
60 days at harvest 

C0 3.13  7.16  9.56  
C1 4.15  9.16  12.13  
C2 4.95  10.13  15.03  
C3 6.60 13.11  19.50  

LSD 0.77 1.45 1.66 
CV% 10.19 9.16 7.38 
SE + 0.17 0.32 0.37 

Table 7.  Effect of chicken manure on forage dry yield (ton/ha) at different 
counts during the growing period 

Treatments 1st sampling at 
30 days 

2nd sampling at 
60 days  at harvest 

C0 1.69  2.21  3.76  

C1 1.90  2.56  4.76  

C2 2.72  3.18  6.13  

C3 3.20  5.63  8.66  

LSD 0.82 0.74 0.86 

CV% 21.44 13.57 9.24 

SE + 0.18 0.16 0.19 

4. Conclusions 
Chicken manure resulted in an increase in growth attrib-

utes as well as forage yield. Chicken manure (5.0 ton/ha) 
produced higher fresh and dry forage at harvest than the 
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control. 
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