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ABSTRACT

This the study was conducted for two successive seasons(winter and summer seasons of
2017/2018) on a desert soil with the aim to investigate the effects of canal sediment (CS) and chicken
manure (CM) on some properties of a desert soil and performance of fodder sorghum. The treatments
(CS, CM, and their combinations and a control) were arranged in a randomized complete block design
(RCBD) with three replications. Some selected soil properties and dry matter yield were determined.
Canal sediment and CM were effective in improving soil moisture content and had minor increase in
organic carbon, total nitrogen, available phosphorus and potassium. Canal sediment and CM can be
ranked according to their effectiveness in improving the soil properties and increasing dry matter yield
of fodder sorghum as follows: the chicken manure (4 t ha') + N 86 kg, canal sediment (30 t hat) +
chicken manure (4 t ha) + N 86 kg, canal sediment (10 t ha*) + chicken manure (4 t hat) + N 86 kg, N
86 kg, canal sediment (30 t hat) and lastly canal sediment (10 t ha).
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1. INTRODUCTION

Major changes in climate has increased global areas of dry land to about 50 million km?
which indicates that 35 to 40% of the total global area is under arid and semi-arid (Schimel,
2010; Ziadat et al., 2012). Such phenomenon has resulted in successive droughts with
persistence of resource miss-management has expanded marginal agricultural production
systems of the world and thereby threatening food security (DLRC, 2005).Dry land degradation
was estimated to induce an annual global terrestrial net loss of land productivity of around 2%
(Zika and Erb, 2009). Generally, most soils under arid conditions have extremely low quality
due to poor physical conditions (Al-Darby, 1996), low organic matter and water retention
capacity, soil fertility and consequently both low water and fertilizer use efficiencies
(Sivapalan, 2006). Accordingly, programs aimed at planning and sustainable agricultural
management in dry lands are facing extremely large challenges.

Turning marginal agriculture production systems such as desert soil productive relies
mainly on many factors including water availability and improving soil physicochemical
properties(Scotti et al., 2015; White et al., 2012) by reducing loss of organic matter and water
infiltration rate (Eldridge et al., 2000; Lal, 2004), increasing water and nutrients retention
capacity (Mor-Mussery et al., 2013a; Mazen et al., 2015; Kianian et al., 2018; Sun, 2018),
introduction of stress-tolerant, climate resilient nutritious food crops (Choukr-Allah et al.,
2016) and development of site-specific fertilizer recommendation of inherently infertile soils
(Soropa et al., 2019).

Practice of application of organic amendments is old (Montgomery, 2007) and remains
the optimal alternative for sustainable soil management (Larney and Angers, 2012) since it
increases levels of organic matter and considered a single most important property affecting
soil quality and functioning (Gregorich et al., 1994).0Organic amendments will expect to be
more available especially with the world forecast showing increased growth (Larney and
Angers, 2012). Previous studies on magnitude of change that recycling of organic materials
may induce in buildup of soil carbon varies according to many factors including initial carbon
content and quality (Chantigny et al., 1999; Lashermes et al., 2009) and intrinsic cation
exchange capacity, texture of degraded soil (Kasonogo et al., 2011) and soil-quality parameters
(Yang et al., 2007; ldowu et al., 2017; Igbal et al., 2018). Under desert conditions, successive
three years of incorporation of manures reduced bulk density by 17%, increased porosity and
soil moisture by 29, 80%, respectively and grain yield of wheat by 3-5 times the control (Ahmed
et al., 2018). Similarly, under extreme desert conditions, application of composted manure had
positive effects on soil quality and crop performance (Yu et al., 2011; Ibrahim and Fadni, 2013;
Mubarak et al., 2015; Dawi et al., 2017).

Ahmed (2017) evaluated the effect of green and chicken manures on properties of desert
plain soil in Northern Sudan. His study showed that each of the tested manures was effective in
improving the soil chemical properties. A minor increase in organic carbon, nitrogen, available
phosphorus and potassium were observed with application of the manures, but the pH was not
affected by the source of organic manure.

The long-term annual sediment carried by the Blue Nile River was quantified between
130-170 ton year (Ali et al., 2014) with suspended sediment load distribution of clay, silt and
fine sand to be 25, 16 and 59%, respectively (Mubarak and Ali, 2012).Recent work (Igbal et
al., 2018) showed addition of 10 t poultry manure compost ha™ to sandy soils increased soil
inorganic-N (512%), organic-carbon (78%), water-holding capacity (65.36%) and maize grain
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(43.85%), stover yield (94%) and nitrogen use efficiency (30.6 kg kg™). Sudan grass or fodder
sorghum (Sorghum bicolor L.), is an extensively used crop in making hay and silage for animal
feed as it is adapted for low fertile and degraded soils (Skerman and Rivers, 1999; Pholsen and
Suksri, 2007).

In Sudan, fodder sorghum was harvested in 70 days and locally known as “Abusabien”,
is the main annual fodder crop produced at 971000 ton of dry matter year™ and constituted
about 43% of the total annual yield (Khair and Salih, 2007) used to feed 140 million heads of
livestock (Ministry of Animals Resources 2004). The present study investigated the effects of
incorporation of sediment from irrigation canals and chicken manure on properties of a desert
soil and performance of fodder sorghum.

2. MATERIALS AND METHODS
Study site:

This study was carried out for two consecutive seasons (summer and winter seasons of
2017/2018) in the Experimental Research Farm (latitude 17° 55' N, longitude 31° 10' E) of the
National Institute of Desert Studies(ERFNIDS), New Hamdab Scheme, Northern State, Sudan.
Soil is non-saline and non-sodic and classified as haplocambids, coarse loamy, mixed,
hyperthermic. The physical and chemical properties of the soil are shown in Table 1 (LWRC,
1999).

Table 1. Some soil properties of the experimental site.

Soil depth (cm)
Soil properties
0-23 23 -65 65 - 80 80 - 105 105 - 125
FS (%) 40 23 22 21 24
CS (%) 37 33 43 42 40
Silt (%) 15 25 11 19 8
Clay (%) 8 19 24 18 28
Texture LS SL SL SL SCL
PHpaste 7.5 7.3 8.1 7.8 7.5
ECe 0.35 0.37 0.42 1.1 3.2
ESP 3.0 3.0 4.0 5.0 8.0
CaCOs (%) 0.8 2.6 10.4 0.2 27.5
OC (%) 0.052 0.066 0.078 0.061 0.052
C/N ratio 4 4 5 5 5
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FS = Fine sand, CS = Corase sand, LS = loamy sand, SL = sandy loam, SCL = sandy clay loam,
OC = Organic carbon, ESP = Exchangeable sodium percent, ECe = Electrical conductivity of
the saturation extract

Experimental:

The treatments are as follows:

Control (C)

Inorganic N: 86 kg N ha'*

Canal sediment at 10 t ha (CS10)

Canal sediment at 30 t ha! (CS30)

Chicken manure at 4 t ha* (CM)

Inorganic N: 86 kg N ha! with CS10 t ha* (NCS10)
Inorganic N: 86 kg N ha* with CM 4 t ha (NCM)
CM with CS10 with N (CMCS10)

CM with CS10 with N (NCMCS10)

Plots (4 m x 4 m) were prepared using tractors mounted with disc harrow; manure and
sediment (Table 2) were manually incorporated into the top 0-30 cm soil depth before two
weeks from sowing. Treatments were arranged in a Randomized Complete Block Design
(RCBD) with three replications. Fodder sorghum was manually sown on 20/11/2017 (for the
winter season) and 15/03/2018 (for the summer season). River Nile water (EC of 0.25 dSm™™)
was used for irrigation (0.1 m® m) at 7 days interval until harvest (after 70 and 80 days from
sowing for the winter and summer season, respectively). Gravimetric soil moisture content for
the top 0-30 cm was weekly monitored using auger (5 cm &) whereas, plant height (from the
soil surface to the growing point) was monitored at 15, 30, 45 and 60 days from sowing.

At harvest, 10 plants from the two inner rows were randomly selected, removed from the
5 cm above the soil surface, cut into parts (5-10 cm), inserted into labeled bags and immediately
weighed in the field, air-dried, oven dried (75 °C) for 48 hrs, weighed (used to calculated total
dry matter weight; ton ha™), crushed (0.5 mm) and analyzed for TN, P and K content. Then
after, soil samples (0-30 cm) were collected from the inner 2 m x 2 m area, air-dried, sieved
(2.0 mm &) and analyzed for pHpaste (McLean 1982), electrical conductivity (Richard 1954),
TN (Bremner and Mulvaney 1982), organic carbon (Nelson and Sommers, 1982), available P
(Olsen and Sommers 1982), soluble K* (Chapman and Pratt 1961). Differences between
treatments were determined by SAS (1995).

3. RESULTS ANDDISCUSSION
Chemical analysis of the amendments

Total N(4.5%), organic carbon (15%), total phosphorus (1.06%), total potassium (1.2%)
are higher in CM as compared to that of CS (0.08, 0.73, 0.05, and 0.20 % respectively).
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Table 2. Chemical analysis of the amendments

Amendments N (%) | O.C (%) | Total P (%) Total K (%)
Chicken Manure (CM) 4.5 15.0 01.06 1.2
Canal Sediment (CS) 0.08 0.73 0.05 0.20

Soil moisture percentage

The soil moisture percentage at W1, W2, W3, W4, W5, W6, W7, and W8 for the 0 - 30
cm soil depth during winter and summer seasons were shown in Figures 1 and 2, respectively.
Chicken manure and CS generally increased soil moisture content as well. Soil moisture in the
CS10 and N treatments were almost closed to the control in all weeks during the winter and
summer seasons. However, during all weeks of both seasons, the soil moisture content has been
clearly increased in the CM, CS30, and the interaction of CM and CS as compared with that of
the control. The improvement of soil moisture content in response to application of soil
amendments has widely been reported elsewhere (Ahmedet al., 2018; Mor-Mussery et al.,
2013a; Mazen et al., 2015; Kianian et al., 2018; Sun, 2018).
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Figure 1. Monitoring of soil moisture content (%) in the top 0-30 cm during of winter season

C: Control, N: 86 kg N ha, CS10: Canal sediment at 10 t ha, CS30: Canal sediment at 30 t
ha, CM: Chicken manure 4 t hat, NCS10: 86 kg N ha with Canal sediment at 10 t ha%,
NCM: 86 kg N ha* with Chicken manure 4 t hat, CMCS10: Chicken manure 4 t ha* with Canal
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sediment at 10 t ha, NCMCS10: 86 kg N ha! with Chicken manure 4 t ha! with Canal
sediment at 10 t ha
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Figure 2. Monitoring of soil moisture content (%) in the top 0-30 cm during of summer season
C: Control, N: 86 kg N ha, CS10: Canal sediment at 10 t ha, CS30: Canal sediment at 30 t
ha, CM: Chicken manure 4 t hat, NCS10: 86 kg N ha® with Canal sediment at 10 t ha™,
NCM: 86 kg N ha! with Chicken manure 4 t hat, CMCS10: Chicken manure 4 t ha* with Canal
sediment at 10 t ha, NCMCS10: 86 kg N ha! with Chicken manure 4 t ha! with Canal
sediment at 10 t ha'

Nutrients status in the soil:

In the top 0-30 cm soil depth and almost also in the 30-60 cm depth of both seasons,
compared to the control treatment, there was slight increase in 0.C%, TN, available phosphorus
and potassium as a result of application of amendments (Table 3 and 4).However, in both depths
and seasons, the pH was not affected by treatments which might be due to the possible leaching
of soluble cations such as Ca?*, Mg?* and Na* (though not determined in this study) that may
have direct effects on pH changebelow the rooting zone. The retention of TN, P and K found
in this study is inline withTahir and Mrschner (2017) who reported increased in nutrients
retention in sandy soil treated with clay additions of 10 and 20%.However, the same author’s
authors have also reported no change in pH. In similar climatic conditions, Ahmed (2017) found
that the organic manures had slight increase in O.C%, TN, available phosphorus, potassium and
CEC and showed no change in pH.
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Table 3. Effects of treatments on soil (0-30 and 30-60 cm) properties after harvest of the
winter season (average =+ standard deviation, n=3)

EC oC TN K 5
Treatments | pHpaste) dsmt . meq L™ gt
gkg
0-30 cm
C 83+0.1a | 0.56+0.1 0.400+0.01a | 0.1+0.00 | 0.15+0.03 | 2.13+0.8
b a a 4
N 8240 1ab | 0.46+0.2 0.480+0.01a | 0.1+0.00 | 0.15+0.08 | 1.50+0.7
b a a 2
Cs10 81402b | 0.49+00 0.507+0.02a | 0.1+0.00 | 0.18+0.02 | 1.37+0.2
b a a 4
CS30 8140 1bc | 0.54+0.1 0.373+0.00 | 0.1+0.00 | 0.14+0.04 | 5.57+0.3
b a a 0
CM 8.013.1bc 0.60+0.0 | 0.613+0.02a 0.14_;10.00 0.24§0.01 3.07?::0.6
NCS10 8.1+0.0bc 0.44+0.2 0.480+0.01a | 0.1+0.00 | 0.36+0.02 | 2.40+0.6
d b a a 2
NCM 79+0.0cd | 0.60+0.1 O.453;;0.03a 0.1iao.00 0.1920.00 2.37510.1
CMCS10 79+02d | 0.56+0.1 0.560§0.02a 0.14_;10.00 0.1720.06 5.274i0.1
NCMCS10 8.0+0.0bc 0.59+0.1 0.453+0.01a | 0.1+0.00 | 0.12+0.01 | 3.60+0.5
d b a a 9
P< 0.009 0.05 NS NS
30-60 cm
C 8.440 1a 0.46+0.2 | 0.187+0.00 | 0.1+0.00 | 0.13+0.10
a d a a
N 8.440 33 0.23+0.1 0.24040.00c 0.1+0.00 | 0.09+0.03 | 1.53+0.0
a a a 4a
CS10 8240.1a 0.3340.1 0.24040 01c 0.1+0.00 | 0.14+0.08 | 2.37+0.5
a a a Oa
CS30 8.3+0.2a 0.42+0.2 0.240+0.02¢ 0.1+0.00 | 0.26+0.05 | 0.63+0.2
a a a la
CM 8.3+0.1a 0.44;0.2 0.24040 01c 0.14_;10.00 0.0920.03 0.6%0.2
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NCS10 8.4+0.2a 0.34+0.1 | 0.187+0.01 | 0.1+0.00 | 0.12+0.06 | 5.87+0.6
a d a a 7a

NCM 8.140.2a 0.25+0.0 0.240+0.01c 0.1+0.00 | 0.09+0.03 | 2.30+0.1
a a a 9a

CMCS10 8.940.2a 0.41+0.2 | 0.267+0.02 | 0.1+0.00 | 0.10+0.04 | 1.70+0.6
a b a a 2a

NCMCS10 | 8.3+0.1a 0.39+0.2 0.293+0.02a 0.1+0.00 | 0.09+0.02 | 1.87+0.9
a a a 5a
P< NS NS 0.03 NS NS NS

C: Control, N: 86 kg N ha, CS10: Canal sediment at 10 t ha'*, CS30: Canal sediment at 30 t
ha, CM: Chicken manure 4 t hat, NCS10: 86 kg N ha® with Canal sediment at 10 t ha,
NCM: 86 kg N ha* with Chicken manure 4 t hat, CMCS10: Chicken manure 4 t ha* with Canal
sediment at 10 t ha, NCMCS10: 86 kg N ha! with Chicken manure 4 t ha! with Canal

sediment at 10 t ha*

Table 4. Effects of treatments on soil (0-30 and 30-60 cm) properties after harvest of the
summer season (average =+ standard deviation, n=3)

Treatments PH paste) dSErcn:‘l > B o mqu L1 “Z-l
gkg
0-30 cm

C 8.1+0.2 0.34+0.18 | 0.1+0.00 | 0.1+0.00 | 0.16+0.06 | 1.37+0.22
N 8.1+0.2 0.33+0.17 | 0.1+0.00 | 0.1+0.00 | 0.15+0.07 | 2.53+0.69
CS10 8.0+0.0 0.32+0.13 | 0.2+0.01 | 0.1+0.00 | 0.17+0.05 | 1.07+0.50
CS30 8.0+0.0 0.42+0.13 | 0.2+0.01 | 0.1+0.00 | 0.19+0.02 | 1.60+0.08
CM 7.910.1 0.44+0.02 | 0.1+0.00 | 0.1+0.00 | 0.16+0.03 | 4.83+0.07
NCS10 8.0+0.2 0.41+0.14 | 0.2+0.00 | 0.1+0.00 | 0.15+0.07 | 1.50+0.79
NCM 7.81£0.0 0.46+0.22 | 0.2+0.01 | 0.1+0.00 | 0.20+0.06 | 0.83+0.32
CMCS10 7.810.1 0.60+0.07 | 0.3+0.04 | 0.1+0.00 | 0.25+0.06 | 1.13+0.47
NCMCS10 | 7.8+0.1 0.56+0.10 | 0.2+0.02 0.1+0.00 | 0.16+0.11 | 1.60+0.08
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30-60 cm
C 8.1+0.3 0.40+0.15 | 0.1+0.00 | 0.1+0.00 | 0.10+0.01 | 1.97+0.18
N 7.910.1 0.32+0.14 | 0.1+0.00 | 0.1+0.00 | 0.10+0.02 | 3.53+0.37
CS10 8.11+0.1 0.43+0.17 | 0.1+0.00 | 0.1+0.00 | 0.12+0.03 | 0.97+0.38
CS30 8.0+£0.1 0.41+0.15 | 0.140.00 | 0.1+0.00 | 0.09+0.02 | 0.50+0.26
CM 7.9+0.1 | 0.23+0.03 | 0.1+0.00 | 0.1+0.00 | 0.09£0.04 | 7.30+0.44
NCS10 7.910.1 0.32+0.13 | 0.2+0.00 | 0.1+0.00 | 0.10+0.05 | 3.67+0.12
NCM 8.0+0.1 0.33+0.15 | 0.1+0.00 | 0.1+0.00 | 0.13+0.06 | 4.53+0.72
CMCS10 7.9+0.2 0.29+0.13 | 0.2+0.01 | 0.1+0.00 | 0.11+0.04 | 0.83+0.49
NCMCS10 | 8.0+0.1 0.28+0.17 | 0.1+0.00 | 0.1+0.00 | 0.09+0.01 | 2.00+0.62

C: Control, N: 86 kg N ha, CS10: Canal sediment at 10 t ha, CS30: Canal sediment at 30 t
ha, CM: Chicken manure 4 t hat, NCS10: 86 kg N ha® with Canal sediment at 10 t ha,
NCM: 86 kg N ha* with Chicken manure 4 t hat, CMCS10: Chicken manure 4 t ha* with Canal
sediment at 10 t ha, NCMCS10: 86 kg N ha! with Chicken manure 4 t ha! with Canal
sediment at 10 t ha'

Plant Performance:

Figures 3 and 4 illustrate the plant height (cm) after 15, 30, 45 and 60 days after sowing
(DAS) of the fodder sorghum crop during winter and summer seasons. The chicken manure and
CS treatments clearly increased the plant height at 15, 30, 45, and 60 days from sowing of the
fodder sorghum crop as a compared to the control.. The longest plants (155.9 and 130.7) cm
was recorded for NCM and NCMCS10 treatments for winter and summer seasons, respectively
at 60 DAS. The shorter plants (78.8 and 96.3) cm were recorded for the control for the winter
and summer seasons at 60 DAS. This result is in conformity with that of Agbede et al. (2020)
and Larneyand Angers (2012) who reported that organic manure improved quality of sandy
soils and their productivity.

Dry matter yield (t ha?) of fodder sorghum:

The average dry matter yield of fodder sorghum for winter and summer seasons as
influenced by the soil amendments is shown in Figure 5.The results showed that there were
significant differences in dry matter yield of fodder sorghum between the control and soil
amendments treatments and their combination.

In the winter season the lowest dry matter yield was recorded by the control 2.69 t ha™.
followed by CS which recorded 3.43 t ha* for CS 10 t hat and 3.92 t ha™* for CS 30 t ha®, which
is not far from that of control. While the highest dry matter yield of (11.59 t ha™) was obtained
in NCM treatment. For the summer season
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Plant height (cm)

Treatments
mD15 mD30 mD45 mD60

Figure 3. Plant height (cm) after 15, 30, 45 and 60 days from sowing of the winter season
C: Control, N: 86 kg N ha, CS10: Canal sediment at 10 t ha™*, CS30: Canal sediment at 30 t
hat, CM: Chicken manure 4 t hat, NCS10: 86 kg N ha with Canal sediment at 10 t ha,
NCM: 86 kg N ha* with Chicken manure 4 t ha*, CMCS10: Chicken manure 4 t ha* with Canal
sediment at 10 t ha, NCMCS10: 86 kg N ha! with Chicken manure 4 t ha! with Canal
sediment at 10 t ha'

Plant height (cm)

Treatments

mD15 mD30 mD45 mD60

Figure 4. Plant height (cm) after 15, 30, 45 and 60 days from sowing of the summer season
C: Control, N: 86 kg N ha, CS10: Canal sediment at 10 t ha*, CS30: Canal sediment at 30 t
hat, CM: Chicken manure 4 t hal, NCS10: 86 kg N ha! with Canal sediment at 10 t ha™,
NCM: 86 kg N ha* with Chicken manure 4 t hat, CMCS10: Chicken manure 4 t ha* with Canal
sediment at 10 t hal, NCMCS10: 86 kg N ha! with Chicken manure 4 t ha! with Canal
sediment at 10 t ha
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Figure 6. Dry matter yield (t ha-1) of fodder sorghum in winter and summer seasons as affected
by treatments (average + standard deviation n=3. C: Control, N: 86 kg N ha®, CS10: Canal
sediment at 10 t hat, CS30: Canal sediment at 30 t ha, CM: Chicken manure 4 t ha!, NCS10:
86 kg N ha* with Canal sediment at 10 t hat, NCM: 86 kg N ha* with Chicken manure 4 t
ha, CMCS10: Chicken manure 4 t ha™* with Canal sediment at 10 t hat, NCMCS10: 86 kg N
ha't with Chicken manure 4 t ha* with Canal sediment at 10 t ha*recorded by the control 8.56
tha. Then CS alone recorded 8.75 t ha™ for CS 10 t ha™ and 8.87 t ha™ for CS 30 t ha™*, which
is not far from that of control, while the highest dry matter yield (14.33 t ha*) was obtained for
the NCM treatment, it is almost similar to that of in the winter season. Generally, the summer
season recorded higher dry matter yield than that of the winter season. This result might be due
to the climate.

This observed increase in dry matter yield of fodder sorghum can be attributed to addition
of soil amendments which might be essential for plant nutrients, improving their availability
and substantially improved of the physical conditions of the soil.

4. CONCLUSIONS

From the above mentioned results, it can be concluded that the application of canal
sediment and chicken manure have resulted in improvement of the some properties of sandy
soils. Specifically, increased the soil moisture content, organic carbon, total nitrogen, available
phosphorus, potassium and consequently increased dry matter yield offodder sorghum.
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Incorporation of manure and canal sediment in sandy soils as amendments is an alternative
option for amelioration of poor sandy soils.
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