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Abstract
Sandy desert soil in Sudan are characterised by low content of organic matter, small water holding capacity and low crop
productivity. Methods to enhance crop productivity on these environments, such as land application of composts, are of great
importance. Field experiments were conducted on a sandy soil to determine the effects of two types of composted manures on
growth and yield of two sorghum varieties grown under rainfed conditions. Two sorghum cultivars (Butana and Arfa Gadmak
were sown under chicken manure (CM) compost (5 t ha-1), CM compost with NPK (36 kg ha-1), farm manure (FM) compost
(20 t ha-1), FM compost with NPK (36 kg ha-1), CM compost with FM compost (1:1, wt/wt, 12.5 t ha-1), CM and FM composts
with NPK (36 kg ha-1), only NPK (36 kg ha-1) and control (no composts or NPK). Application of composts increased organic
soil carbon by 50% and available phosphorous (P) between 43 to 105%, whereas, pH and bulk density were decreased by 2
and 6%, respectively. Soil moisture contents in compost treated plots were 56–98% higher than control plots. Mixing compost
with NPK increased leaf area index over NPK alone by 28% but the highest values were found in plots treated with chicken
compost or integrated with NPK compared to NPK application alone. Incorporation of compost increased dry matter yield
compared to control by 17–53% and increased grain yield by 1.8 to 3.1 fold in both sorghum varieties. Grain yield from plots
treated with NPK, sole chicken compost or combined with NPK were similar for both varieties in both seasons. In general, the
trend of grain yield of sorghum was in the order of NPK = chicken compost with NPK = chicken compost = farm manure
compost with NPK  mixed compost with NPK = farm manure  control. In conclusion, integrating composts with NPK
improved fertility of sandy soils, sorghum growth and yield. © 2020 Friends Science Publishers
Keywords: Compost; Drylands; Organic amendment; Soil fertility; Yield

Introduction
Sorghum [Sorghum bicolor (L.) Moench] is globally ranked
as the fifth cereal crop after wheat, maize, rice and barley
and is one of the most important staple food and fodder
crops in the semi – arid region of the world (FAO 2009).
Sorghum follows the C4 photosynthesis where stomatal
transpiration is greatly reduced by the efficient uptake of
CO2 and therefore the crop is characterized by high
tolerance to drought and heat stress (Kakani et al. 2011;
Ogbaga et al. 2014). In Sudan, around 3.7 million tons of
grain sorghum is annually produced from 9.1 million
hectares (FAO 2018) compared to global 63.5 million tons

(Mundia et al. 2019). The United States of America,
Nigeria, India, Mexico and Sudan dominate world sorghum
production. However, sorghum production in these
countries varied from 4.66 t ha-1 to as low as 0.75 t ha-1 in
Sudan. Poor soil quality and performance of cultivated
genotypes, fluctuation of rainfall and poor implementation
of recommended cultural practices are the main reasons
behind low sorghum productivity.
Sandy soils are widely spread in the southern and
eastern parts of Africa covering about 13% of the land.
These soils have greater than 70% sand and less than 15%
clay and therefore, classified as Arenosols in the World
References Base (FAO 2001). These soils have weak
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developed horizon formation, with high water permeability,
low water – holding capacity and often-low nutrient
contents (Chesworth 2008). There is increasing interest in
utilizing sandy soils of low or marginal productivity for crop
production to match the rising demand of food worldwide
(e.g., Rezig et al. 2013; Asomaning et al. 2015).
In western Sudan, traditional rainfed farming in sandy
soils is the major production system and contributes
significantly to the production of important cash crops.
Improvements of in the cultivation practices such as seed
priming and micro dosing of fertilizer have increased crop
establishment, yields and net return (Osman et al. 2012).
Therefore, enhancing cultivation practices with land
application of organic byproducts, such as manure, is highly
important in the drylands of Sudan and the sub-Saharan
Africa.
Worldwide increase in area under cultivation in
irrigated agriculture has been long achieved with addition of
fertilizers, i.e., NPK. However, researchers reported a
considerable encouragement for using organic manures in
irrigated sandy soils (Ozores-Hampton et al. 2011; Mubarak
and Ballah 2015; Rehim et al. 2016). The North Kordofan
State enjoys considerable number of livestock including
chicken, sheep, goats, camels and cattle that represented
about 37 % of Sudan’s animal resources. The estimated
daily compost production from cattle manure is about 600 to
1000 ton day-1, despite that, the use of composts for crop
production in the area is rather limited. Researches on the
land application of combined manure with NPK and its
effect on crop production is even scarcer. Therefore, the aim
of this study was to investigate the influence of two types of
animal’s manure composts with and without addition of
NPK on the properties of sandy soil and production of
sorghum under rainfed conditions.

Materials and Methods
Study site
A field experiment was conducted for two successive
rainfed seasons (2013 and 2014), in the Experimental
Research Farm, Department of Soil and Water Sciences,
Faculty of Natural Resources and Environmental Studies,
University of Kordofan, Elobeid, North Kordofan State (12o
00 and 16 o 16 N and 26o 15 and 30o 30 E with 750 m
above sea level). The climatic zone ranges from arid and
semiarid in the north to wet in the extreme south. The soil is
sandy and classified according to the F.A.O. terminology as
cambric Arenosols (Table 1). These are coarse-textured
soils of Aeolian origin, locally known as Qoz (Warren
1970). Mean ranges of daily maximum and minimum
temperatures are 32–35ºC and 17–21ºC, respectively
whereas annual rainfall ranges between 350 and 500 mm
(Fig. 1). The two seasons (2013 and 2014) differed greatly
in their environmental conditions notably the amount and
distribution of rainfall. The sec season (2014) had high and

favorable rainfall distributed of 228.5 mm compared to only
113.5 mm in 2013. The 2013 season showed also poor
monthly distribution of rainfall and notably low rainfall in
July of only 11.4 mm (Fig. 1) that had significant effects on
the growth of sorghum as will be shown in the section of
results.
Compost preparation
Farm manure (FM) was collected from Khor-Taggat Village
east El-Obeid where livestock graze on opened filed
vegetation, whereas, chicken manure (CM) was collected
from Draggas Farm, Elkhor Elabiad, south Elobied. The
initial characters of FM and CM are presented in Table 2.
Composts were prepared from sole FM or CM or mixture of
FM and CM at a ratio of 1:1 by weight and piled in a
volume of 2 m³ (2 m × 1 m × 1 m). The feedstock was
formed as a heap (2 m³) following the Indian Indore Heap
Method (FAO 1980) for a period of 12 weeks. The moisture
content was kept at 70–75% of water holding capacity by
regular water spraying. After 12 weeks, triple samples from
each compost were taken, air dried, ground sieved (0.5 mm)
and characterized for pH(1:5) (Mclean 1982), total N (Nelson
and Sommers, 1982) and P, K+, Na+, Ca2+, Mg2+ (AOAC
1984) and organic C (Walkley and Black 1934).
In general, the final compost has lower TN, Mg2+, P,
OC, lignin, cellulose and hemicellulose values compared to
initial one. The large decrease was found for the P content
with an average decrease of 92% for the combined three
types of composts. However, manure composting prepared
from FM, CM and FM/CM significantly increased Ca2+ by
an average of 63% and C/N ratio compared to initial
feedstock by 52, 53 and 70%, respectively. Organic C,
lignin, cellulose and hemicellulose of the final composts
were reduced by an average of 12, 43, 22 and 10%,
respectively. The final compost prepared from CM has
lowest OC (146 g kg-1), C/N (18.1) and hemicellulose (82 g
kg-1), whereas the FM compost had the highest values of
266, 365 and 265, respectively. Mixing CM with FM
resulted in a decrease in the OC, C/N and hemicellulose by
17, 23 and 57%, respectively while increased TN, Mg2+ and
Ca2+ contents by 14–19%.
Experimental protocol
Seven types of treatments in four replicates were prepared
and applied on field plots, two weeks before the start of the
rainy season. Two sorghum varieties i.e., Butana and Arfa
Gadmak were sown using CM compost (5 t ha-1), CM
compost with NPK (36 kg ha-1), FM compost (20 t ha-1),
FM compost with NPK (36 kg ha-1), CM compost and FM
compost (1:1, wt/wt, 12.5 t ha-1), CM compost and FM
compost with NPK (36 kg ha-1), only NPK (36 kg ha-1) and
control (no composts or NPK). Treatments with four
replicates were arranged in a split plots design with varieties
assigned to the main plots and compost to the sub-plots.
Composts were manually incorporated into the top 30 cm
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Table 1: Some selected initial physico-chemical properties of the top 0-30 cm soil depth in the study site
Property

pH(paste)
6.65

EC
dS m-1
0.16

OC
g kg-1
1.6

TN
0.1

P
g kg-1
2.62

K

Bd g cm3

2.77

1.44

WHC
(%)
31.6

Sand

Silt

Clay

90.14

7.22

2.64

EC: Electrical Conductivity, OC: Organic Carbon, TN: Total Nitrogen, P: Phosphorous, K: Potassium, Bd: Bulk density, WHC: Water Holding Capacity

Table 2: Some selected initial properties of the compost (average ± standard deviation)
Manure Feedstock
FM
CM
FM/CM

pH(1:5)

OC

TN

Ca2+

Mg2+

P

Lignin
g kg-1
7.33 ± 0.01 310.3 ± 2.3 13.0 ± 0.01 1.9 ± 0.01 3.9 ± 0.01 15.7 ± 0.03 226.3 ± 0.03
6.88 ± 0.01 177.3 ± 2.3 15.0 ± 0.02 1.9 ± 0.02 6.9 ± 0.03 16.1 ± 0.05 170.0 ± 0.14
6.94 ± 0.03 237.0 ± 2.3 14.4 ± 0.01 1.7 ± 0.02 5.0 ± 0.01 14.0 ± 0.02 188.0 ± 0.05

Cellulose

Hemicellulose

C/N

192.0 ± 0.40
324.0 ± 0.05
247.0 ± 0.30

265.4 ± 0.80
109.0 ± 0.16
158.0 ± 0.06

23.9
11.8
16.5

FM: farm yard manure, CM: Chicken manure; OC: Organic carbon, TN: total Nitrogen, P: Phosphorous, C/N: Carbon/Nitrogen ratio; Ca: Calcium, Mg: Magnesium

Table 3: Final some selected properties of the composts used in the experiment (Average ± standard deviation, n=4)
Property
pH(1:5)
OC (g kg-1)
TN (g kg-1)
C/N
Mg++ (g kg-1)
Ca++ (g kg-1)
K+ (g kg-1)
P (mg kg-1)
Lignin (g kg-1)
Cellulose (g kg-1)
Hemicellulose (g kg-1)

FM
8.6 ± 0.20
266.0 ± 1.7
7.10 ± 0.07
36.4 ± 2.4
2.9 ± 0.02
2.6 ± 0.02
2.9 ± 0.03
1.3 ± 0.03
81.1 ± 0.03
165.8 ± 0.4
247.3 ± 0.6

CM
8.7 ± 0.04
146.0 ± 0.02
8.10 ± 0.02
18.1 ± 0.44
6.5 ± 0.02
3.3 ± 0.03
3.5 ± 0.05
1.2 ± 0.03
121.0 ± 0.03
247.0 ± 0.5
081.9 ± 0.2

FM/CM
8.2 ± 0.03
227 ± 0.04
8.1 ± 0.01
28.0 ± 0.35
3.4 ± 0.02
3.1 ± 0.02
2.7 ± 0.07
1.2 ± 0.02
128.0 ± 0.05
185.3 ± 0.4
113.5 ± 0.3

Probability
≤0.01
≤0.01
≤0.05

CV
1.6
4.6
5.5

LSD
0.26
1.96
0.09

≤0.01
≤0.05
≤0.01
≤0.01
≤0.01
≤0.01
≤0.01

4.8
7.8
5.2
2.1
0.3
1.6
3.2

0.04
0.05
2.85
0.53
0.07
0.64
0.97

FM: Farm Yard Manure, CM: Chicken Manure, CV: Coefficient of Variability, LSD: Least Significant Difference; OC: Organic carbon, TN: total Nitrogen, P: Phosphorous, C/N:
Carbon/Nitrogen ration

depth of plots (3 m × 2 m) using locally manufactured forks.
Sorghum was manually sown at 0.5 m spacing
between and within rows. Sorghum was sown on
27/06/2013 for the 2013–2014 season and on 01/07/2014
for the 2014–2015 season. Weeding was carried out
manually after 15 days from sowing and whenever needed
to keep plots free from weeds. After one week from sowing,
plants were thinned to three plants per hole.
At harvest (mid of October in both season), ten plants
were randomly selected from the two inner rows for
measurements of stem diameter ( cm), plant height (H,
cm), number of leaves (NL plant-1), leaf area (LA), leaf area
index (LAI), number of seeds plant-1 (NS/P), seed weight
per panicle (SW/P), 100 g seed weight (SW) and moisture
content of straw. Plots were manually harvested, grain and
straw dry matter yield (DM) were determined in t ha-1. The
significance of treatments and the difference among the
treatment’s means were analyzed first with ANOVA then
using Tuckey HSD multiple range test, respectively using
S.A.S. package system (SAS 1999).

Results
Effects of compost application on performance of
sorghum
Application of compost on crop performance, yield and
yield components showed significant effect in both seasons

Fig. 1: Rainfall (mm) during the growing seasons of 2013 and 2014

(Table 4 and 5). In general, the chicken manure compost
(CM) followed by farm yard manure (FM) treatment
had had significant increases on the grain yield
parameters including grain yield, 100 g seed weight,
seed weight per Panicle, Number of seeds per Panicle of
sorghum compared to the control. However, FM seemed
to improve the vegetative growth of sorghum
significantly compared to control treatment more than
CM treatment, i.e., stem diameter, stem height, number
of leaves per plant, leaf area and dry matter yield, as
shown in Table 4. In both cases the differences between
FM and CM were not significant. The treatment
composed of FM/CM mix, seemed to have the lowest
influence on sorghum yield and vegetated growth
compared to all other treatments. In the sec season 2014,
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Table 4: Effects of organic composts and NPK application alone and in combinations on yield and related traits of sorghum during 20132014 (Average ± standard deviation, n=4)
Treatments

 cm

H cm

NL/PT

LA

T0
T1
T2
T3
T4
T5
T6
T7

0.8a ± 0.0
0.8a ± 0.1
1.2a ± 0.3
0.9a ± 0.2
1.1a ± 0.1
0.9a ± 0.1
0.9a ± 0.1
0.9a ± 0.1

36a ± 5
37a ± 6
50a ± 1
41a ± 9
49a ± 3
45a ± 4
37a ± 8
38a ± 5

6.4a ± 0.9
6.0a ± 1.0
6.0a ± 1.0
5.5a ± 0.8
5.7a ± 1.2
5.3a ± 0.9
5.4a ± 0.1
5.4a ± 1.1

102b ± 18
102b ± 43
189a ± 78
107b ± 41
163a ± 40
100b ± 42
103b ± 37
109b ± 26

T0
T1
T2
T3
T4
T5
T6
T7

1.0a ± 0.2
1.0a ± 0.1
0.9a ± 0.2
1.0a ± 0.1
1.1a ± 0.1
1.1a ± 0.0
0.9a ± 0.1
1.0a ± 0.1

33a ± 4
36a ± 2
33a ± 2
36a ± 4
38a ± 3*
36a ± 4
28b ± 3
36a ± 6

6.4a ± 0.9
6.0a ± 1.0
6.0a ± 0.9
5.5a ± 0.8
5.7a ± 1.2
5.3a ± 0.9
5.4a ± 0.1
5.3a ± 1.0

102a ± 17
97a ± 17
105a ± 23
108a ± 45
127a ± 25
100a ± 09
71a ± 08
110a ± 22

LAI

NS/P
Butana
0.45bc ± 0.2 223c ± 49
0.46bc ± 0.2 262bc ± 13
0.70a ± 0.2* 292b ± 61
0.70a ± 0.3
362a ± 27
0.48bc ± 0.1 347a ± 23
0.36c ± 0.2
339a ± 26
0.29c ± 0.1
275b ± 20
0.35c ± 0.2
270b ± 08
Arfa Gadmak
0.33a ± 0.2
223c ± 20
0.60a ± 0.2
293b ± 19
0.50ac ± 0.2 297b ± 16
0.55a ± 0.2
348a ± 11
0.43a ± 0.2
347a ± 28
0.33a ± 0.1
309b ± 10
0.28a ± 0.1
255c ± 35
0.50ac ± 0.1 243c ± 29

SW/P

100gSW

DMY

GY

3.2c ± 0.4
5.3b ± 0.3
8.4a ± 0.7
8.7a ± 0.2
8.2a ± 0.2
8.1a ± 0.9
4.7b ± 0.3
5.3b ± 0.2

1.9e ± 0.2
2.4abc ± 0.3
2.1ed ± 0.4
2.7a ± 0.2
2.3bcd ± 0.1
2.5ab ± 0.2
2.1cde ± 0.4
2.6ab ± 0.1

1.95cd ± 0.5
2.13bcd ± 0.5
2.70ab ± 0.7
2.63abc ± 0.3
2.56abc ± 0.6
1.70d ± 0.2
2.48abc ± 0.2
2.98a ± 0.6**

0.25c ± 0.1
0.40b ± 0.0
0.70a ± 0.1
0.75a ± 0.1
0.65a ± 0.1
0.65a ± 0.1
0.38b ± 0.1
0.40b ± 0.0

4.1d ± 0.3
6.3b ± 0.4
6.3b ± 0.3
8.3a ± 0.5
7.8a ± 0.2
7.7a ± 0.6
5.6c ± 0.9
5.5c ± 0.3

1.9d ± 0.2
2.4ab ± 0.3
2.2bc ± 0.2
2.6a ± 0.1
2.3bc ± 0.1
2.5a ± 0.2
2.1cd ± 0.2
2.6a ± 0.1

2.60bc ± 0.7
2.47bc ± 0.2
2.09c ± 0.8
2.13c ± 0.3
2.48bc ± 0.3
3.01ab ± 0.5
3.54a ± 0.5**
2.48bc ± 0.5

0.33d ± 0.1
0.50b ± 0.0
0.50b ± 0.0
0.65a ± 0.1
0.60a ± 0.0
0.60a ± 0.1
0.43c ± 0.1
0.45b c ±0.1

: Stem diameter (mm), H: Stem height (cm), NL/PT: Number of leaves per plant, LA: Leaf area (cm2), LAI: Leaf area index, NS/P: Number of seeds per panicle, SW/P: Seed
weight per panicle (g), 100gSW: 100-seed weight (g), DMY: Dry matter yield (t ha-1), GY: Grain yield (t ha-1)
T0: Control, T1: FM compost, T2: FM compost and NPK, T3: CM compost, T4: CM compost with NPK, T5: NPK, T6: FM/CM compost, T7: FM/CM compost and NPK
Values in columns for each variety (Butana and Arfa Gadmak) followed by different letter (s) are significantly different at P  0.05

Table 5: Effects of organic composts and NPK application alone and in combinations on yield and related traits of sorghum during 20142015 (Average ± standard deviation, n=4)
Treatments

 cm

H cm

NL/PT

LA

T0
T1
T2
T3
T4
T5
T6
T7

1.3a ± 0.1
1.3a ± 0.0
1.3a ± 0.1
1.3a ± 0.1
1.4a ± 0.1
1.3a ± 0.1
1.3a ± 0.0
1.2a ± 0.1

74a ± 11
76a ± 7
90a ± 9
99a ± 6
85a ± 6
85a ± 4
85a ± 8
62a ± 8

4.8a ± 1.4
4.7a ± 0.7
4.6a ± 0.5
5.1a ± 0.5
4.5a ± 0.9
4.6a ± 0.3
5.7a ± 0.9
5.0a ± 0.9

164cd ± 30
204abc ± 19
182bcd ± 47
241a ± 32
209abc ± 15
137d ± 22
226ab ± 60
134d ± 16

T0
T1
T2
T3
T4
T5
T6
T7

1.5c ± 0.2
1.6bc ± 0.1
1.4cd ± 0.2
1.5c ± 0.1
1.8a ± 0.2
1.8a ± 0.3
1.5c ± 0.1
1.3d ± 0.0

74a ± 2
77a ± 7
71a ± 9
74a ± 9
75a ± 2
76a ± 2
75a ± 7
60b ± 6

6.a1 ± 0.6
5.6a ± 1.5
5.6a ± 1.5
5.7a ± 0.9
4.4a ± 0.9
5.7a ± 1.4
5.7a ± 1.4
5.9a ± 0.5

179a ± 37
174a ± 65
143a ± 30
166a ± 34
151a ± 29
126a ± 51
172a ± 46
156a ± 53

LAI

NS/P
Butana
0.70c ± 0.1
636e ± 28
0.90bc ± 0.2 1109d ± 46
1.14b ± 0.2
1247c ± 115
0.97bc ± 0.2 1329bc ± 32
1.48a ± 0.3
1353b ± 17
1.11b ± 0.2
1674a ± 93
0.75c ± 0.1
1124d ± 54
1.55a ± 0.2
1304bc ± 80
Arfa Gadmak
1.07a ± 0.4
512d ± 47
1.34a ± 0.3
811c ± 09
1.26a ± 0.4
928b ± 16
1.01a ± 0.4
1039a ± 32
1.21a ± 0.4
939b ± 15
0.87a ± 0.3
784c ± 20
0.95a ± 0.6
1017a ± 503
1.26a ± 0.6
810c ± 104

SW/P

100 gSW

DMY

GY

07.2e ± 0.4
14.1d ± 1.5
16.7c ± 1.4
20.5b ± 0.9
22.3b ± 2.6
30.5a ± 2.4
16.3cd ± 0.9
20.3b ± 1.5

1.2d ± 0.1
1.4c ± 0.1
1.4c ± 0.1
1.7b ± 0.1
1.7b ± 0.1
1.7b ± 0.1
1.5c ± 0.1
1.9a ± 0.2

2.71c ± 0.9
3.25b ± 0.3
3.32b ± 0.8
3.16b ± 0.4
3.43b ± 0.6
4.09a ± 0.7
3.68b ± 1.4
3.90a ± 0.8

0.58e ± 0.1
1.13d ± 0.1
1.33c ± 0.1
1.65b ± 0.1
1.80b ± 0.2
2.45a ± 0.2
1.30cd ± 0.1
1.63b ± 0.1

09.6d ± 0.7
18.1c ± 0.2
21.9ab ± 1.2
23.0a ± 2.2
20.7b ± 1.5
17.4c ± 0.6
22.5ab ± 1.3
17.2c ± 1.8

2.2a ± 0.1
2.5a ± 0.2
2.6a ± 0.2
2.3a ± 0.3
2.4a ± 0.2
2.5a ± 0.2
2.3a ± 0.2
2.3a ± 0.2

3.14c ± 1.1
4.81a ± 0.9
3.93b ± 1.6
3.11b ± 1.1
2.98b ± 0.2
3.18b ± 0.9
2.73b ± 0.4
3.14b ± 0.7

0.75d ± 0.1
1.45c ± 0.1
1.78ab ± 0.1
1.83a ± 0.2
1.65b ± 0.1
1.38c ± 0.1
1.80ab ± 0.1
1.38c ± 0.2

: Stem diameter (mm), H: Stem height (cm), NL/PT: Number of leaves per plant, LA: Leaf area (cm2), LAI: Leaf area index, NS/P: Number of seeds per panicle, SW/P: Seed
weight per panicle (g), 100 gSW: 100-seed weight (g), DMY: Dry matter yield (t ha-1), GY: Grain yield (t ha-1)
T0: Control, T1: FM compost, T2: FM compost and NPK, T3: CM compost, T4: CM compost with NPK, T5: NPK, T6: FM/CM compost, T7: FM/CM compost and NPK
Values in columns for each variety (Butana and Arfa Gadmak) followed by different letter (s) are significantly different at P  0.05

the NPK treatment seemed to have the greatest impact on
the yield and growth parameters of sorghum except for leaf
area, leaf area per plant and stem diameter. In general, the
Butana sorghum gave higher grain and dry matter yield than
that of Arfa Gadmak variety in both seasons.
In the sec season, the stem diameter of Arfa Gadmak
was significantly (P  0.01) higher than Butana by 19%.
Incorporation of composted CM supplemented with NPK
produced the highest diameter and similar to NPK
application. In both seasons, stem height of both varieties
followed generally similar trend to compost application.
However, the application of either sole compost from CM

or supported with NPK produced the longest stem height
whereas in most sources of compost, Butana was 1.2 times
that of Arfa Gadmak. In both seasons and varieties, the
NL/PT was not different and also not affected by compost
application. Incorporation of composted CM alone or
supported with NPK has significantly (P  0.05) LA over
the control by 47% (in Butana) and 25% (in Arfa Gadmak).
Similar to NL/PT, main effects of compost in LA showed
that Butana was 1.2 folds higher than that of Arfa Gadmak.
In both seasons, LAI of Arfa Gadmak was not significantly
affected by application of compost. However, compost from
CM or mixed with FM has significantly (P  0.01)
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increased LAI from 0.45–0.7 (in the control) or 0.3–1.11 (in
the NPK) to 0.7–1.48. Generally, the NS/P found in Butana
was significantly higher than Arfa Gadmak by 2–43%. In
the first season, irrespective of compost source, NS/P of
Butana was significantly (P  0.01) increased over the
control by 21–62% where compost from CM resulted in the
highest NS/P. Similar results for Butana were also recorded
in the sec season where NSP/P of plots supplied with
compost was 1.7–2.1 times that found in control plots where
composted plots from CM recorded the highest values. As
for Arfa Gadmak, in the first season, only compost sources
from FM and CM have significantly (P  0.01) increased
NS/P over the control by 31–56% and also application of
compost from CM produced the highest NS/P. However, in
the sec season, all sources of compost have significant (P 
0.01) NS/P by 58–103%. Regardless of season and variety,
incorporation of compost from all sources resulted in
significant (P  0.01) increases in SW/P over no application.
In the first season, augmenting FM or CM compost with
NPK or sole CM compost has resulted in SW/P in Butana of
2.7 times that found in control treatments but similar to plots
received NPK. Similarly, results of the sec season of Butana
showed 2–4 times SW/P from plots with composts
compared to the control and also revealed the superiority of
compost from CM. As for Arfa Gadmak variety, in the first
and sec seasons, plots with compost have significant (P 
0.01) 1.3–2.0 and 1.8–2.4 times of SW/P that of control
plots with CM compost recorded the highest values.
Regardless of variety or season, all types of compost
induced significant (P  0.01) increase in DMY. In the first
season, an increase of 39–53% and 36% over control plots
were found in varieties of Butana and Arfa Gadmak,
respectively. Whereas corresponding increased values in the
sec season were 17–44% and 1.3–2.1. However, adding
NPK to the combined FM/CM produced similar DMY to
NPK addition. Main effects of grain yield (GY) of the two
varieties were found to be almost similar in both seasons.
Additionally, GY of both varieties in the sec season was 2.9
times that of the first season. However, in the first season,
the general trend of increase in GY was in the order of NPK
= CM with NPK = CM = FM with NPK  FM/CM with
NPK = FM  Control. The study revealed that, in both
seasons and varieties, application of sole composted CM or
supported with NPK reported the highest GY values.
Accordingly, GY for Butana and Arfa Gadmak were 2.6–
2.8 and 2.8–3.1 times the control, respectively (in the first
season) and 1.8–2.0 and 2.4–2.4 times the control,
respectively (in the sec season).
Effects of compost application on soil properties
With the exception of TN, differences in topsoil properties
measured after harvest of the sec season between plots
received composts and the control were significant (Table
6). Cultivation of sandy soils with or without compost has
decreased pH by 0.09 to 0.16 units. Application of

composted CM or combined with FYW was found to
induce the maximum reduction (2.6%). Almost, all sources
of compost increased EC over the control with the highest
increase (50%) was found in plot with compost from sole
CM. An increase of 47 and 53% over the control was found
in treatments with composted FM and combined FM with
CM, respectively. In general, application of compost has
increased available P in the topsoil compared to control
treatment. The content of P in treatments with compost from
FM and CM were 1.3 and 1.4 times that found in the NPK
treatment, respectively. Similarly, available K+ showed the
superiority of FY and combined FM with CM where
content was found to 1.7 times that determined in the NPK
treatment. Irrespective of compost source, moisture content
in composted plots was 56–98% higher than control plots.
The highest moisture values were determined in plots with
FM, CM and mixture of FM and CM. Compared to the
control, the decrease in bulk density due to application of
compost varied from 4 to 6%. Effects of compost
application on particle size distribution were erratic and did
not follow a consistent pattern. Plots received compost from
FM and CM were found to retain significant (P  0.01)
content of silt and clay as compared to control plots.

Discussion
This study indicates that application of composted manures
on sandy soil had an acidifying effect. Soil pH normally
decreases following the addition of organic amendments
(Bulluck et al. 2002). Organic amendments may have little
effect on soil pH and this reflects the importance of the
variations in quality or initial chemical composition of the
decomposing material (Melero et al. 2007). The decrease in
soil pH after application of treatments reported in this study
could possibly be due to two factors, first, nitrification of
NH4-N or release of H+ ions during the mineralization
process (Antolin et al. 2005) and sec, to the production of
some organic acids and production of CO2 as the results of
the oxidation of soil organic matter by heterotrophic
microorganisms and from root respiration, which may affect
soil pH (Mahmoud et al. 2007). In a study conducted by
Mullins and Benefeldt (2002) reported that poultry litter
contains considerable amount of organic matter, hence have
an impact on soil pH and liming due to varying amount of
calcium carbonate in poultry feed. The increase in soil
organic C reported here could be possibly attributed to the
continuous addition of C through compost (Blanco-canqui
and Lal 2007; Bhattacharyya et al. 2008). The increase in
OC found here is in line with Ibrahim and Fadni (2012) who
reported an increase in soil moisture content of sandy soils
in Kordofan State, Sudan of 88% in plots treated with two
seasons of chicken and cattle manure over control plots.
Furthermore, two successive seasons of application of
various composts (cattle feedlot, manures from poultry,
chicken, camel and sewage sludge) in a sandy soil showed
increment of OC despite marked differences in quality and
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Table 6: Effects of organic composts and NPK application alone and in combinations on some selected physico-chemical properties of
topsoil after the 2nd season (Average ± standard deviation, n=4)
Treat pH(paste)
T0
T1
T2
T3
T4
T5
T6
T7

ECe
(dSm-1)
6.82a** ± 0.02 0.16ed ± 0.01
6.73c ± 0.02 0.21b ± 0.02
6.78b ± 0.02 0.19bc ± 0.02
6.64e ± 0.01 0.24a** ± 0.01
6.68d ± 0.02 0.20b ± 0.01
6.77b ± 0.02 0.15e ± 0.02
6.66ed ± 0.03 0.20b ± 0.01
6.68d ± 0.03 0.18cd ± 0.01

OC

TN
gkg-1
1.7e ± 0.1 0.1a ± 0.0
2.5ab ± 0.4 0.2a ± 0.0
1.9cde ± 0.1 0.1a ± 0.0
2.2abc ± 0.3 0.3a ± 0.1
1.8de ± 0.2 0.2a ± 0.0
1.9cde ± 0.2 0.2a ± 0.0
2.a**6 ± 0.3 0.2a ± 0.0
2.1bcd ± 0.3 0.2a ± 0.0

P

K
µgg-1
2.44d ± 0.2 2.73f ± 0.1
4.61a ± 0.4 5.58b ± 0.5
3.64b ± 0.1 4.21d ± 0.2
5.00a** ± 0.1 6.14a ± 0.2
4.81a ± 0.2 5.07c ± 0.5
3.49bc ± 0.2 3.64e ± 0.1
3.51b ± 0.3 6.24a** ± 0.1
3.10c ± 0.1 5.33bc ± 0.1

Silt

Clay

Sand
gkg-1
70c ± 1 27bc ± 4 903a ± 3
71c ± 2 28b ± 2 908a** ± 7
71c ± 3 27b ± 3 902a ± 3
70c ± 3 27bc ± 5 903a ± 4
76ab ± 2 21c ± 1 903a ± 6
77b ± 1 37a** ± 6 886c ± 6
82a** ± 3 30a ± 2 888bc ± 5
78ab ± 1 28b ± 3 894b ± 3

MC

Bd
gcc-3
46.7f ± 5
1.44a* ± 0.02
92.6a** ± 3 1.35d ± 0.02
80.0c ± 1 1.41ab ± 0.05
88.4ab ± 3 1.35d ± 0.02
72.6d ± 1 1.37cd ± 0.02
53.8e ± 2 1.39bc ± 0.01
88.9a ± 2 1.36cd ± 0.01
83.7bc ± 4 1.38cd ± 0.01

ECe: Electrical conductivity of the saturation extract, OC: Organic carbon, TN: Total nitrogen, MC: Moisture content, Bd: Bulk density
T0: Control, T1: FM compost, T2: FM compost and NPK, T3: CM compost, T4: CM compost with NPK, T5: NPK, T6: FM/CM compost, T7: FM/CM compost and NPK
Values in columns for each variety (Butana and Arfa Gadmak) followed by different letter (s) are significantly different at P  0.05

quantity of organic matter inputs (Castána et al. 2016; Dawi
et al. 2017). The improvement in the content of soluble
elements is expected and would possibly be due to the load
found in the composts. Additionally, application of organic
materials provides extra functional groups in fulvic acid,
carboxyl groups and phenolic-OH which may increase
nutrients adsorption affinity (Eshwar et al. 2017;
Rajashekhar et al. 2017). The highest content of P and K+
were obtained at CM and FM/CM treatments. High content
of P and K+ in CM and FM/CM treatments is supported by
the findings reported by Herencia et al. (2007) and Suge et
al. (2011) who found that the use of organic fertilizer
resulted in higher soil organic matter, soil N content and
available P and K+. This indicates improvement in soil
fertility with added compost a result that is consistent with
findings of various previous studies using poultry manure
(Kingery et al. 1993; Adenawoola and Adejoro 2005). High
percolation of water in sandy soils is mainly attributed to
poor physical properties. The positive effects of composted
manure on soil water content and the reduction of bulk
density in our study could possibly be attributed to the
buildup of soil organic matter which in turn improves the
soil water holding capacity through decreasing bulk density
and thus increasing pore volume, improvement of
aggregation and structure and additional surface area
(Franzluebbers 2002). Improvement in physical quality of
sandy soils treated with cattle manure was attributed to
significant effects on total porosity, bulk density, drainable
pores, water holding capacity and available water (El-Nagar
and Mohamed 2019). Although, Minasny and McBratney
(2018) showed that increasing organic C has small effect on
soil water content, but the increase was larger in sandy soils.
This was earlier supported that the sensitivity of water
retention to changes in organic matter content was highest in
sandy soils (Rawls et al. 2003). Under similar conditions to
our study, successive application of composts improved soil
physical properties (Agbede et al. 2008) and increased water
retention capacity due to increased pore volumes and
reduced bulk density (Shashoug et al. 2017).
In the present study, application of composts showed
improvement in growth parameters of sorghum which may
possibly be attributed to improvement in the quality of

sandy soils including nutrient adsorption and availability,
water retention and microbial activities (Wendimu 2016).
Results of growth and yield parameters reported in this
study indicated that both sorghum varieties had in general
similar responses to compost application and showed no
significant superiority of each variety. The two varieties are
described as short maturing in the rain-fed area and could
therefore justify clear absence of superiority. Better growth
performance of sorghum under rain fed conditions with
added manure was previously documented (Elbasri et al.
2011; Elkarim 2012). Later authors have postulated that
increase in soil moisture content have accelerated cell
divisions and that may consequently result in thick and
elongated stems. Meta-analysis proved that the overall
effect of application of organic amendments was significant
only when added to marginal soils of low fertility, sandy
texture and under tropical climate (Chen et al. 2018).
Ismaeil et al. (2012) found that increased application rate of
chicken manure to sandy soils increased plant height, stem
diameter, number of leaves per plant and leaf area index of
forage sorghum. Increased grain and dry matter yield and
yield parameters with added compost of this study indicate
superiority of compost from chicken manure or integrated
application of compost with NPK. Due to high organic
matter, exchangeable cations, cation exchange capacity and
base saturation, chicken manure is considered one of the
best sources of organic fertilizers that has been reported to
increase yield by 1.8 folds that of conventional fertilizers
(Yaldiz et al. 2019). Enhanced soil fertility and additional
nutrients in the compost (Table 3) could possibly be the
reasons behind improved sorghum yield. Under the
prevailing environmental conditions of our study, Elkerim
(2012) found that higher grain yield and yield components
of sorghum with application of 15 t ha-1 of compost from
farm yard manure. Application of compost in an irrigated
sandy loam soils with increased irrigation cycle resulted in
similar sorghum yield to recommended irrigation cycle
(Shashoug et al. 2017). Similarly, due to higher quantity of
macro and micronutrients added to the soil in the form of
farm yard manure, an increase of 24% in grain yield of
millet was reported (Ullasa et al. 2017). Overall findings
showed that in biophysically stressed aridisol, the practice
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of application of nutrients using organic sources improved
the soil quality indices as well.

Conclusion
Land application of composts with and without inorganic
fertilizer significantly improved the grain and dry matter
yield of the two sorghum varieties. Incorporation of farm
manure compost with NPK had the largest increase in grain
yield parameters compared to all other treatments.
Incorporation of organic composts along with NPK in sandy
soils significantly reduced pH and soil bulk density and
enhanced organic carbon, soluble P and K, and soil moisture
retention.
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