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ABSTRACT

The study was conducted at both Abubakar Tafawa Balewa University teaching and research
farm, Bauchi located in the Northern Guinea Savannah and also at Bulkachuwa village of
Katagum LGA located in Sudan Savannah both in Bauchi state, during the wet seasons of 2016,
2017 and 2018 to investigate the effects of nutrient sources and agro-ecology on physic-
chemical properties of soil. The treatments consisted of a factorial combination of five nutrient
sources (poultry manure, cow dung, chicken feather, municipal waste, mineral fertilizer) and a
control and two varieties of castor (Ex-India 1 and 2), these gave 12 treatment combinations
and laid out in a randomized complete block design (RCBD) with three replications. The results
of the experiment revealed a significant (P<0.05) difference among the treatments used
throughout the study period. The results of the soil analysis before the conduct of the
experiment revealed that, the soil in both locations is sandy loam in texture. It also indicated
that, the soils are slightly acidic, low in organic carbon, available P (mg/kg) and total N (g/kg)
while the exchangeable cations (cmol/kg) are medium, following the ESU rating. The result
after treatment application showed that, soil texture remained the same (sandy loam) in both
locations. The soil pH was neutral to slightly acidic while organic carbon ranged from medium
to high with highest value in poultry manure and chicken feather in Bauchi but generally low
to medium in Bulkachuwa location. Available P and total N were medium to high in Bauchi
but low to medium in Bulkachuwa location. However, the exchangeable cations were rated to
be high in both locations following ESU rating. Based on the results of this study, Application
of poultry manure or chicken feather at the rate of 2 tons/ha should be adopted by farmers in
the study area for good soil fertility restoration.
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INTRODUCTION

The use of inorganic fertilizer for crop production has not been helpful under intensive
agriculture because, it is often associated with reduced crop vyield, soil acidity, nutrient
imbalance and very expensive (Mullens et al., 2002). The quantity of soil organic matter in the
soil has been found to depend on the quantity of organic material which can be introduce in to
the soil either by natural return through roots, stubble, root noodles and roots exudate or by
artificial application in form of organic manure. Organic waste contains varying amount of
water, mineral, nutrient, organic matter (Weber et al., 2014). While the use of organic waste
as manure has been in practice for centuries worldwide and in the recent times (Lopez et al.,
2008). Cow dung treatment gave taller plant height, number of leaves per plant and increasing
the yield of dry matter. Wang et al. (2015) reported that, potential use of poultry manure as
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fertilizer and soil amendment increase crop yield significantly. On the other hand, Mullens et
al. (2002) reported that poultry litter contain considerable amount of organic matter, thereby
impacting soil pH and liming due to the varying amount of calcium carbonate in poultry feed.
Lopez et al., (2008) reported physical and chemical properties of soil improvement due to
organic matter decomposition. The source of nitrogen in cow manure results in taller plant
because nitrogen was found to increase node and inter-nodes length and consequently plant
height. Higher rate of cow manure significantly increases the number of growth attribute of
sorghum cultivar (Weber et al., 2014).

Mullens et al. (2002) found that, manure alone or mixed with N.P.K result in an
increase growth and yield of sorghum cultivar. Mullens et al. (2002) also reported that crop
yield was statistically the same under NPK alone and control in both locations. Agbede et al.
(2008) affirmed that, application of cow manure alone or in combination with urea N
significantly increased the yield characters of sorghum. The grain and straw yield increased
significantly with different treatments and highest yield was obtained with application of
2tonCD + 45kgNPK. The NPK uptake was positively influenced by different treatments
(Meena et al., 2016). Farmyard manure if heterogeneously composted, composed of a mixture
of dung, crop residues, and/or household sweepings at varying stages of decomposition. It is
an important organic resource for sustainable agricultural production in many countries (Meena
et al., 2016). It promotes sustainability in agriculture by different ways and long-term positive
effects on soil properties; recycling plant nutrients within a farm; possible substitution of
readily available organic inputs for chemical fertilizers and improvement in crop yield (Navaro
et al., 2002). This research is therefore conducted to study the influence of different nutrient
sources, agro-ecology and castor varieties on physical and chemical properties of soil.

MATERIALS AND METHODS

The experiment was conducted at teaching and research farm of the Faculty of
Agriculture and Agricultural Technology, Abubakar Tafawa Balewa University Bauchi, (10°
22°N and 9° 47°E) in the northern Guinea savanna ecological zone and also at Bulkachuwa
Village (11°38'N and 10 °31'E) of Katagum LGA in the Sudan savanna ecological zone during
the wet seasons of 2016, 2017 and 2018 both located in Bauchi state of Nigeria. The treatments
consisted of five nutrient sources (poultry manure, cow dung, chicken feather, municipal waste,
NPK fertilizer and a control) and two cultivars of castor (Ex-India 1 and 2). The five nutrient
sources with their control and the two cultivars were factorially combined to give 12 treatment
combinations and laid out in a randomized complete block design (RCBD) replicated three
times. The poultry manure used was poultry litter and it was obtained directly after sweeping
the pen and allowed to dry for 5 days before application. The Municipal waste used was was
applied immediately after its collection in each year of the study. Mineral fertilizer used, was
NPK 15:15:15 and Urea (46% N) and the feathers used were obtained at the chicken dressing
unit, sundried for 5 days before they were applied to the experimental plots in each year of the
study. The Cow manure used for the experiment was packed from the cow pen and allowed to
dry for 5 days before application in each year of the study.

The field was ploughed once and harrowed twice to a fine tilth during the first year
using tractor drawn implement. However, manual tillage, using hand hoe was carried out in the
subsequent years so as to maintain plots and their treatments. The organic fertilizers (poultry
manure, chicken feather, municipal waste and cowdung) were applied at the rate of 2 tons/ha
after land preparation and worked into the soil at two weeks before sowing in both locations
and in each year of the study. Inorganic fertilizer however was applied at the rate of 100 kg N,
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50 kg P20s and 50 kg K20 in two split doses. The complete dose of P and K with half dose of
N (50:50:50) was applied at one week after emergence as basal application. The remaining half
dose of N (50 kg) in the form of urea (46%N) however, was applied as top dress beside the
plant and then covered with soil at 6 weeks after sowing (WAS). A composite soil sample of
the experimental site was collected at a depth of 0 — 30cm. The ‘Z’ samples were taken at 10
different spots in a ‘Z’ pattern following the procedure of IFDC (2003) before the onset of the
experiment. In the subsequent years, the sample was collected based on treatments from each
plot and the composite obtained was analyzed for physical and chemical properties using
standard procedure as described by Whingwiri et al. (1987).

RESULTS AND DISCUSSION

The results of the soil physical and chemical properties before the conduct of the
experiment are presented in Table 1. The results revealed that, the soil in both locations is sandy
loam in texture. It also indicated that, the soils are slightly acidic, low in organic carbon,
available P (mg/kg) and total N (g/kg) while the exchangeable cations (cmol/kg) are medium,
following the ESU rating.

Table 1: Physical and chemical properties of soils of the experimental sites before the
commencement of the research in 2016

Properties Bauchi Bulkachuwa
Physical analysis

Sand(%) 60.64 73.64
Silt(%) 22.28 12.26
Clay(%) 17.08 14.10
Texture Sandy Loam Sandy Loam
Soil pH(water 6.06 6.73

Organic Carbon(g/kg) 6.82 1.17
Available P(mg/kg) 5.34 7.23

Total N(g/kg) 0.56 0.21
Exchangeable cations(cmol/kg)

Ca 2.56 2.16

Mg 0.79 0.65

K 0.25 0.22

Na 0.10 0.11

Table 2 shows the individual treatment soil analysis after the conduct of 2016
experiment. The table showed that, the soil texture remained the same (sandy loam) in both
locations. It further revealed a slight increase in soil pH with the application of treatments,
indicating a slight decrease in the acidic nature of the soil in both locations. There was also
marked increase in soil organic carbon, available P and total N with poultry manure and chicken
feather application in both locations. Organic carbon and available P were rated to be medium
in Bauchi but low in Bulkachuwa location with the exception of soils treated with poultry
manure and chicken feather. The exchangeable cations were also rated medium to high in both
locations.

The soil analysis after the conduct of 2017 experiment is presented in Table 3. The
result obtained revealed that, the soil texture remained the same (sandy loam) in both locations.
Soil pH was slightly acidic while organic carbon ranged from medium to high with poultry
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manure and chicken feather taking the lead in Bauchi but generally low to medium in
Bulkachuwa location. Available P and total N observed, was medium to high in Bauchi but
low to medium in Bulkachuwa location. Exchangeable cations however, were rated to be high
in both locations.

After the conduct of 2018 experiment, the results of the soil analysis (Table 4) indicated
that, the soil texture was the same (sandy loam) in both locations. The soil pH was neutral to
slightly acidic while organic carbon ranged from medium to high with highest value in poultry
manure and chicken feather in Bauchi but generally low to medium in Bulkachuwa location.
Available P and total N were medium to high in Bauchi but low to medium in Bulkachuwa
location. However, the exchangeable cations were rated to be high in both locations, following
ESU rating.

With respect to variety however, no much variation was observed in terms of their
influence to physical and chemical properties of the soil tested. Based on the result obtained,
texture, pH, organic carbon, available P, total N and exchangeable cations are the same under
the two varieties throughout the study period.

The soils at the two experimental sites were low in essential nutrients such as N, P, K
and exchangeable cations. The organic carbon was generally low in both locations, probably
due to sparse vegetation and intensive cultivation. The result obtained indicated that the soils
of the experimental site was low in fertility and can therefore, respond well to fertilizer
application. The present finding is in line with the report of Lasekan et al. (2013) who stated
that, savannah soils are inherently low in fertility due to sparse vegetation and continues
cultivation. The increase in essential nutrients observed as a result of the application of the
different nutrient sources in the present investigation indicates their importance to soil fertility
improvement. Increase in organic carbon, total N and available P observed under poultry
manure and chicken feather could be due to their low carbon to nitrogen ratio. It can therefore,
be inferred from this result that, poultry product improves physical and chemical properties of
soils. This is in conformity with the earlier report of Meena et al. (2016) who stated that, poultry
manure decreases bulk density and increase total porosity, infiltration and water holding
capacity. The result also lend support from the findings of Mullens et al. (2002) that, poultry
litter contains considerable amounts of organic matter due to the manure, feathers and bedding
materials which can have an impact on soil pH and liming due to varying amounts of calcium
carbonate in the poultry feed.

The slight increase in soil fertility noticed with the application of cowdung and
municipal waste also revealed their role in soil fertility improvement, availability of nutrients
and also in crop growth. Similarly, the increase in soil organic carbon, total N and available P
observed with the application of cowdung could be due to its significance in improving soils
physical and biological properties. This is in line with the earlier report of Wang et al. (2015)
that, manure from cattle can improve soil physical and biological properties due to its contents
of humus and organic constituents. Essential nutrients were also observed to increase with
increase application of municipal waste. Moreover, municipal waste application might tend to
improve soil structure by reducing compaction and increase in aeration. The findings of Mbarki
et al. (2008) concurs with the present study that, long term application of municipal waste
develops a good soil structure, improves water holding capacity and increase aggregate stability
through the formation of ionic bridges.
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Table 2: Physical and chemical properties of soils of the experimental sites under each treatment after
the first year study of 2016 rainy season

P 2016 -

- P Ex-India 1 - J Ex-India 2 o
Control PM MW CF CD MF Control PM MW CF CD MF

Bauchi

Sand(%) 63.64 60.64 6214 61.62 59.64 62.44 64.24 60.04 6253 6126 61.45

61.90

Silt(%) 19.28 21.28 20.28 21.18 23.28 21.28 19.28 19.08 21.11 20.13 20.82

21.82

Clay(%) 17.08 18.08 17.58 17.20 18.08 16.28 1648 20.88 16.36 18.61 17.73

16.28

Texture Sandy Loam Sandy Loam Sandy Loam Sandy

Loam

Soil pH(water) 5.78 648 6.20 6.93 653 6.03 6.09 667 621 687 6.65

6.54

Organic Carbon(g/kg) 860 1400 13.20 14.08 13.50 12.90 8.10 1470 13.22 1410 1352

12.93

Auvailable P(mg/kg) 10.63 14.95 13.63 1454 13.86 14.25 10.26 14.86 13.68 14.65 13.92

14.36

Total N(g/kg) 095 120 105 124 111 1.30 097 192 110 196 116

1.45

Exchangeable cations(cmol/kg)

Ca 2.58 375 293 386 363 329 2.15 386 294 389 372

331

Mg 0.78 081 079 080 0.82 0.76 0.72 094 080 082 084

0.81

K 0.29 037 035 034 035 0.38 0.30 038 036 036 035

0.39

Na 0.21 028 029 028 0.22 0.30 0.20 029 030 031 024

0.32

Bulkachuwa

Sand(%) 72.60 70.14 7224 71.04 69.68 71.64 7464 7164 7242 7156 72.20

72.32

Silt(%) 13.28 13.18 13.16 12.20 14.38 13.28 11.28 10.81 12.83 11.04 1350

12.82

Clay(%) 1412 16.68 1460 16.76 1594 15.08 12.08 1755 1474 1740 14.30

14.86

Texture Sandy Loam Sandy Loam Sandy Loam Sandy

Loam

Soil pH(water) 6.08 6.48 6.20 6.23 6.13 593 6.19 6.87 6.36 6.78 6.28

6.08

Organic Carbon(g/kg) 2.60 10.00 820 9.80 850 9.60 3.10 1070 9.11 10.81 9.05

9.82

Available P(mg/kg) 8.63 10.95 9.63 10.94 9.86 10.25 7.26 1086 9.64 10.96 9.89

10.92

Total N(g/kg) 0.70 110 1.05 114 101 1.23 0.85 1.12 1.08 1.24 1.09

1.35

Exchangeable cations(cmol/kg)

Ca 228 375 293 386 263 329 2.15 386 294 389 2.86

3.34

Mg 075 081 078 080 082 0.76 0.82 084 082 086 0.84

0.86

K 0.29 0.37 0.31 034 032 0.38 0.30 0.38 032 0.35 0.33

0.39

Na 0.24 0.28 027 028 0.22 0.20 0.25 0.29 028 0.30 0.25

0.31

PM = Poultry Manure, CF = Chicken Feather, CD = Cowdung, MW = Municipal Waste, MF = Mineral Fertilizer
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Table 3: Physical and chemical properties of soils of the experimental sites under each
treatment after the second-year experiment of 2017 rainy season

< 2017 R

D P Ex-India 1 R J Ex-India 2 o
Control PM MW CF CD MF Control PM MW CF CD 'MF

Bauchi

Sand(%) 63.10 60.60 62.18 61.64 59.54 61.44 63.28 60.06 6251 60.26 62.45

62.92

Silt(%) 19.26  21.28 20.34 21.15 2235 22.28 20.24 19.08 2114 2113 19.82

20.82

Clay(%) 17.64 1812 1748 17.21 1811 16.28 1648 20.86 16.35 18.61 17.73

16.26

Texture Sandy Loam Sandy Loam Sandy Loam Sandy

Loam

Soil pH(water) 6.08 6.68 642 696 665 6.13 6.10 6.79 6.32 694 6.75

6.32

Organic Carbon(g/kg) ~ 10.67  15.02 1356 15.04 13.98 13.60 10.70 1570 13.76 15.21 14.02

13.63

Auvailable P(mg/kg) 1176  15.05 14.03 14.84 14.06 14.55 1182 1586 1415 15.04 14.08

15.54

Total N(g/kg) 1.02 155 115 154 124 156 1.05 2.02 135 203 132

2.07

Exchangeable cations(cmol/kg)

Ca 2.66 386 295 398 373 4.09 2,51 4.06 3.01 401 381

4.02

Mg 0.85 092 085 091 086 0.96 0.82 0.99 094 093 0.89

0.95

K 0.31 0.47 037 046 038 0.48 0.33 0.48 039 048 0.37

0.45

Na 0.24 031 032 034 031 032 0.26 0.35 033 036 0.32

0.34

Bulkachuwa

Sand(%) 7162 70.16 7222 71.07 70.68 71.64 7366 7162 72.43 7150 7221

71.33

Silt(%) 1428 1320 13.16 12.23 13.36 13.26 1226 10.85 12.82 11.10 13.46

13.84

Clay(%) 1410 16.64 1462 16.70 15.96 15.10 12.08 1753 14.75 1740 14.33

14.83

Texture Sandy Loam Sandy Loam Sandy Loam Sandy

Loam

Soil pH(water) 6.08 6.78 621 693 653 6.23 6.29  6.67 6.23 694 651

6.32

Organic Carbon(g/kg) 462 12.07 1020 11.80 10.50 10.60 510 1270 10.32 12.03 11.03

11.12

Auvailable P(mg/kg) 7.63 11.95 10.63 1154 10.16 11.25 786 12.06 10.76 11.46 10.61

10.92

Total N(g/kg) 1.02 151 135 154 131 150 1.05 1.62 143 151 145

1.49

Exchangeable cations(cmol/kg)

Ca 278 397 313 393 353 349 2.85 406 323 411 383

3.50

Mg 0.80 0.83 0.85 0.90 0.87 0.86 0.82 094 091 092 0091

0.87

K 030 036 0.35 034 035 0.39 0.32 035 036 036 0.38

0.37

Na 0.28 035 0.30 0.38 029 0.32 0.26 039 039 037 034

0.33

PM = Poultry Manure, CF = Chicken Feather, CD = Cowdung, MW = Municipal Waste, MF = Mineral Fetilizer
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Table 4: Physical and chemical properties of soils of the experimental sites under each
treatment after the third-year study of 2018 rainy season

P 2018 _

- . Ex-India 1 R J Ex-India 2 o
Control PM MW CF CD MF Control PM MW CF CD MF

Bauchi

Sand(%) 63.64 60.66 62.16 61.64 59.66 61.42 63.26 60.04 6250 61.24 61.43

61.81

Silt(%) 19.26  21.24 2027 21.14 2324 22.28 20.36 19.28 21.14 20.15 20.80

21.82

Clay(%) 1710 1810 1757 17.22 18.10 16.30 16.38 20.68 16.36 18.61 17.77

16.37

Texture Sandy Loam Sandy Loam Sandy Loam Sandy

Loam

Soil pH(water) 6.28 708 656 7.03 6.53 6.48 6.19 6.97 6.82 7.03 6.68

6.37

Organic Carbon(g/kg)  10.70  15.62 13.67 15.80 1450 13.64 1081 15.74 13.74 1589 14.45

13.94

Auvailable P(mg/kg) 1183 1545 1433 1554 1432 15.25 1196 1591 1432 1567 14.29

15.21

Total N(g/kg) 1.20 210 195 204 187 202 1.25 2.12 193 213 198

2.13

Exchangeable cations(cmol/kg)

Ca 2.78 415 393 406 386 399 2.55 4.16 384 421 390

4.25

Mg 0.82 095 079 090 0.89 0.97 0.83 0.94 081 093 0.87

0.93

K 0.29 053 051 049 035 0.58 0.30 0.45 053 051 042

0.56

Na 0.26 042 030 042 037 040 0.24 0.39 029 039 0.38

0.37

Bulkachuwa

Sand(%) 7262 7014 7224 7110 69.58 71.62 7464 7163 7243 7150 7230

71.52

Silt(%) 1324 1328 1313 1220 1456 13.26 11.26 10.83 12.83 11.10 13.40

13.63

Clay(%) 1414 1648 14.63 16.70 15.86 15.12 1210 1754 1474 1740 14.30

14.85

Texture Sandy Loam Sandy Loam Sandy Loam Sandy

Loam

Soil pH(water) 6.28 6.78 630 696 6.66 6.63 6.19 7.07 6.45 6.97 6.56

6.49

Organic Carbon(g/kg) 6.60 13.05 998 12.80 11.52 10.69 570 1332 10.08 13.09 11.87

11.08

Auvailable P(mg/kg) 8.13 1295 11.13 1254 10.86 13.35 8.26 13.86 10.72 12.89  11.09

12.87

Total N(g/kg) 115 1.67 1.45 1.94 153 1.86 125 192 151 1.86 1.58

1.91

Exchangeable cations(cmol/kg)

Ca 288 395 323 39 363 379 291 416 335 399 3.84

3.92

Mg 085 086 08 093 085 097 0.82 094 090 0.94 0.90

0.98

K 028 037 035 036 035 041 0.31 037 038 0.39 0.39

0.40

Na 029 041 032 040 032 034 0.27 042 041 043 0.36

0.44

PM = Poultry Manure, CF = Chicken Feather, CD = Cowdung, MW = Municipal Waste, MF = Mineral Fertilizer
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CONCLUSSION AND RECOMMENDATIONS

In conclusion however, application of the organic nutrient sources had an influence on
the physical and chemical properties of the soil. Even though, these organic sources had similar
influence on the soil, the potentials of poultry products as an organic source may not be
overemphasized. Regarding location, Bauchi being located in the Northern guinea Savannah
with higher rainfall and soil organic matter, recorded better than Bulkachuwa which is located
in the Sudan Savannah with less rainfall and soil organic matter throughout the study period.
Based on the results of this study, Application of poultry manure and chicken feather at the rate
of 2 tons/ha should be adopted by farmers in the study area for good soil fertility restoration.
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