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ABSTRACT 

Nitrogen is the most important nutrient element whose deficiencies have been widely reported and constitute 

crop most limiting factors in the tropics. This experiment was a 3 × 3 factorial arranged in randomized 

complete block design, replicated three times. The rates equivalent of 0, 30 and 60 % N of both poultry and 

sheep manures were incorporated. Nitrate- nitrogen (NO3
-- N) was determined from four soil depths (0 – 5, 5 

– 10, 10 – 20 and 20 – 40 cm) at different weeks (1, 2, 3, 4, 6, 8 and 12 weeks) after manures application 

(WAMA) in early and late seasons of 2019 and 2020. Soil NO3
-- N was different with poultry and sheep 

manures rates only and the interaction of both manures at various soil depths, seasons and years. 

Concentrations of NO3
-- N in most soil depths at both seasons and years were better with 30 % then 60 % N 

of poultry and sheep manures alone and with interactions of both manures (P30S60) better than single 

incorporation. Averaged over soil depths and seasons after manure applications, the soil NO3
-- N was higher 

in late than early seasons and in 2020 than 2019. The result showed that NO3
-- N decreased with increase in 

soil depth. Averaged over soil depths, manure rates, seasons and years, concentrations of NO3
-- N varied and 

better at 12th week after manure application for 2019, but first week in 2020. Consequently, this research 

revealed that addition of poultry and sheep manures improved soil NO3
-- N than the control with integration 

better than single dose. Further study is recommended to illuminate this fact. 
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INTRODUCTION 
 
Nitrogen (N) is the most important nutrient elements whose deficiencies have been widely reported and 

constitute crop most limiting factors in the tropics [25]. It also plays significant roles in soil and water 

pollution as well as in global warming phenomenon and as such of serious environmental concern [38]. The 

forms in the soil include organic and inorganic [5] but could be transformed into one another through certain 

biochemical processes. Due to their complex chemistry, variations often exist in their solubility, availability, 

activity and functions with the extent depending on the individual development, carbohydrate utilization, 

protein and chlorophyll synthesis in plants [44]. Its environmental impact includes eutrophication of surface 

and groundwater systems, soil acidification and global warming through emission of nitrous oxide, a potent 

greenhouse gas ([4], [12], [17], [22]). 
 

The organic forms include proteins, amino sugars, nucleic and amino acids while the inorganic forms 

consist of ammonium and nitrate- nitrogen, with the former being about 90 and the later 2% of total soil N 

([8], [44]). Whereas the organic form could be transformed through a mineralization process into the 

inorganic form, the inorganic could be converted into organic through an immobilization process. Inorganic 

N (NH4
+- N and NO3

-- N) constitutes the fraction usually utilized by plants and microbes. Usually, amount 

and forms of mineralized inorganic N available in soil solution often varies with time.
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Nitrification is the conversion of ammonium ions to nitrate by autothrophic bacteria [39]. It describes the 

oxidation of ammonium (NH +) or ammonia (NH3) to nitrate by living organisms and is a primary activity 

within the nitrogen (N) cycle. The oxidation of ammonium to nitrate is a two-step process involving the 

transformation of ammonia or ammonium to nitrite and the conversion of nitrite to nitrate [3]. 
 

Ammonium oxidized and converted to nitrite by nitrosomonas 

2NH4 + 3O2  2NO2 + 2H2O + 2H2 --- eqn1 

Nitrite oxidized and converted to nitrate by nitrobacter 

2NO2 + O2  2NO3   --- eqn2 

Nitrite is toxic to plants and animals while Nitrate is negatively charged anion. It moves with soil water and 

can easily be leached or lost through denitrification [45]. Nitrification occurs at pH between 5.5 and 10 with 

optimum being around pH 7 [21]. Nitrification in soil converts relatively immobile NH – 
+– N to highly 

mobile NO3 – N and this has implications on N – use efficiency by Agricultural systems [36]). 

Nitrification is affected by such factors as soil temperature, moisture, pH, NH + concentration, and the 

presence of nitrification inhibitors, aeration [36]. Generally, nitrification rates increase with temperatures 

from 0 – 30 oC. The activities of nitrifying bacteria cease below 0 oC and perform very slowly when the soil 

temperature is below 5 oC. The optimum temperature for nitrification is between 20 – 30 oC. Increase 

temperature above 30 oC increases the volatilization of NH3 [13]. The optimum soil moisture content for 

nitrifying bacteria is about the same as the optimum moisture for plant growth. The optimum moisture for 
nitrification differs slightly among soils with the rate declining as soil moisture decreases. Nitrification 

generally increased with soil pH over the range of 4.9 – 7.2 [45]. 
 

Understanding the form of N, amount and the biochemical processes involved in the release is essential in 

planning nutrient application to synchronize peak plant uptake with nutrient release. This will help minimize 

nutrient losses, promote crop yield and ensure manure use efficiency. Manure is a tool to improving the 

nutrient composition of the soil. Manure has been used for improving soil reaction, fertility and increasing 

crop productivity but a dearth of knowledge on the use of integration of poultry and sheep manures 

necessitated this study. The objective of this study was to determine the dynamics of nitrate – nitrogen at 

varying soil depths and periods after manure incorporation. 

 

MATERIALS AND METHODS 
 
Location of the Study 

 

The study was carried out at the Teaching and Research farm of Federal University of Technology, Owerri, 

Imo State on Latitudes 5° 05ˈ and 5° 23ˈ N and Longitudes 7° 02ˈ and 7° 21ˈ E in the humid rain forest 

agro-ecological zone of Nigeria. Its mean annual rainfall, mean monthly temperature and relative humidity 

were 2,500 mm, 32 °C and 85 % respectively [19]. Geographical positioning system (GPS) equipment was 

used to determine site specific coordinates which were Latitude 50 22ʹ 55ʹʹ and N Longitude 60 59ʹ 44ʹʹ E, 

Latitude 50 22ʹ 23ʹʹ and N Longitude 60 59ʹ 26ʹʹ E, Latitude 50 22ʹ and 54ʹʹ N Longitude 60 59ʹ 32ʹʹ E and 

Latitude 50 22ʹ 48ʹʹ and N Longitude 60 59ʹ 29ʹʹ E for the first, second, third and fourth locations 

respectively. 
 

Soil and Manure Sampling 

Initial soil samples were collected from 0 – 5, 5 – 10, 10 – 20 and 20 – 40 cm depths in each location while 

post-treatment soil samples were collected per treatment plots from same depths as the former at various 

http://www.rsisinternational.org/
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intervals (1, 2, 3, 4, 6,8 and 12 weeks) treatment applications in the early and late seasons of 2019 and 2020. 

These intervals consisted of weekly in the first month, bi-weekly in the second and ones in the third month 

after treatment applications and given a total of seven samplings per season (location). Both the initials and 

post treatments soil samples collected were prepared by air drying, sieving using a 2 mm diameter mesh and 

the fine earth fractions stored ready for laboratory analyses. The poultry and sheep manures were oven dried 

at 103 oC for 12 hours and ground using wiley and these were digested using double acid. 

Laboratory Analyses 
 

Manures, Initials and Post Treatment Soil Analyses 
 

The poultry and sheep manures, initials and post treatment soil samples were subjected to laboratory analyses 

using standard methods. The initial soil samples were analyzed for particle size fractions after dispersion 

with calgon [14], pH in 1: 2.5 sample/ water ratio using the glass electrode pH meter, EC [35], total N [29], 

NH4
+- N and NO3

-
- N [18]. Also, post treatment soil samples were analyzed for NO3

-
- N using the methods as 

above. 

Statistical Analysis 
 

All data generated were subjected to Analysis of Variance (ANOVA) and means separated using Fisher’s 

Protected Least Significant Difference Test at 5 % level of probability. All analyses were computed using 

Genstat Statistical package (discovery edition 12 software) [15]. 

 

RESULTS 
 

Properties of manures used for the study. 
 

Table 1 showed chemical properties of the poultry and sheep manures used for this study. The manures were 

alkaline [33] with a pH of 7.8 and suggesting promoting soil pH on application [16], [20], [24]). Electrical 

conductivity was higher in poultry (14.23) than sheep (9.45 dS m-1) indicating the tendency of high salt 

concentration in the former than later. The total sodium contents of poultry and sheep manures were 0.89 

and 0.79 g kg-1 respectively indicating more than 10 % higher in the former. Concentrations of nutrients 

such as N, P and K were higher in poultry manure while Ca, Mg and organic carbon were higher in sheep 

manure indicating variation in the nutrient contributions to the soils. The nutrients and pH concentrations in 

the manures in Table 1 in relation to the soil in Table 2 indicates that the application to the soil could 

promote it. [33] classified pH range of between 7.4 – 7.8 as mildy alkaline and suggesting that the manures 

were alkaline in reaction. It is well known that chicken manure has higher nutritional value than sheep 

manure [1]. 
 

Table 1: Properties of Poultry and Sheep Manures Used for the Study. 

 

Chemical Poultry Sheep 

 Properties Manures 

PH 7.8 7.8 

EC (dS m-1) 14.23 9.45 

Total nitrogen (g kg-1) 89.66 83.36 

Total – phosphorus (g kg-1) 4.68 4.22 

Total potassium (g kg-1) 9.13 8.93 

Total sodium (g kg-1) 0.89 0.79 

http://www.rsisinternational.org/
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Total – calcium (g kg-1) 6.89 6.92 

Total magnesium (g kg-1) 5.64 5.69 

Organic carbon (g kg-1) 298.98 515.44 

Carbon: Nitrogen 3.34 6.18 

Exchangeable acidity (cmol+ kg-1) 0.6 0.6 
 

The EC values of both manures were above 3.2 dS m-1 classified as very strongly saline by [23]. Its higher 

value in poultry manure than sheep manure could be due to the high soluble salt contents and as such might 

increase salt contents of applied soils. Other researchers have also noted high EC values of poultry manure 

than cattle and goat manures ([6], [7], [37]; [41]). The high sodium content of poultry manure than sheep 

manure could be responsible for its high EC value. 
 

Nutrient concentrations especially total N, P and K were higher in poultry than sheep manure with the 

values equivalent to 89.66, 4.68 and 9.13 g kg-1 in poultry manure and 83.36, 4.22 and 8.93 g kg-1 for sheep 

manure. This corroborated the work of [41], who stated that the fertility status of the soil proved to be 

beneficial, with poultry manure than any other organic manure in his research. Hence, sheep manure was 

higher in calcium, magnesium and organic carbon with values equivalent to 6.92, 5.69 and 515.44 g kg-1 in 

sheep and 6.89, 5.64 and 298.98 g kg-1 in poultry manure. Mixing manure with sandy soils help to retain 

moisture levels. Manure produces increased soil carbon, which is an important source of energy that makes 

nutrients available to plants. It reduced runoff and leaching of nitrates in the soil [32]. Manure was quickly 

decomposed under warm, moist soil conditions [9] and this would increase the rate of mineralization. 
 

Variations in composition of poultry and sheep manures could be due to differences in dietary intake. Sheep 

diet was composed of roughages while poultry consisted mainly of concentrates. Sheep manure application 

improves soil properties through improving physiochemical and biological conditions of the soil. Sheep 

manure increased soil available N and improved plant N status. The impact of diet in the manures was 

demonstrated by the high organic carbon and C: N contents of sheep relative to poultry manure due to its 

carbonaceous nature [32]. A C: N ratio of less than 30 had been noted to portend net N mineralization of 

soils [39] indicating the ability of the manures to promote soil N contents. Generally, these manures 

properties presented in Table 1 suggested their ability to improve soil fertility on application. 
 

Some physico- chemical properties of the soil used for the study 
 

The Physico- chemical properties of the studied soils in early and late seasons in 2019 and 2020 were 
presented in Tables 2a and 2b, respectively. In Table 2a, sand, silt and clay contents trends were 682.00 – 

701.00, 41.00 – 48.00 and 25.70 – 28.80 and 726.00 – 741.00, 18.00 – 26.00 and 23.80 – 25.30 g kg-1 in 

early and late seasons of 2019, respectively. In both seasons, distribution of the various soil particles were 

erratic with soil depths and with mean concentrations being an increasing order of sand > clay > silt, texture 

of the soils between sandy loam and loam sandy in early and late seasons, respectively. 
 

Table 2b revealed that ranges of sand, silt and clay were respectively 886.00 – 912.00, 42.00 – 72.00 and 

28.00 – 62.00 (early season) and 884.00 – 902.00, 54.00 – 62.00 and 40.00 – 62.00 g kg-1 (late season), with 

their distributions down soil depths erratic for all fractions in the early season and increase for sand, 

decrease for silt and erratic for clay in late season. In both seasons and years, mean soil fractions decreased 

in the order sand > silt > clay with sand better than others. Generally, texture of the soils in both years (2019 

and 2020) and seasons (early and late), was dominantly sandy, probably due to the nature of the parent 

material which is Coastal plain sand [42]. In each season, sand content decreased while clay increased with 

soil depths and with trend of clay being due to illuviation process. Sandiness of the soils signifies high 

tendency of nutrient leaching and poor soil fertility which would retard plant growth. It has been noted that

http://www.rsisinternational.org/
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the coarser the soil fractions, the higher the water and nutrient transmissible pores and the greater the 

tendency for nutrient leaching [11]. 

Table 2a (2019) presented that Soil pH, EC, TN, NH4
+- N, NO3

--N ranged respectively from 4.10 – 4.80, 

0.10 - 0.20 dS m-1, 1.99 – 2.07 g kg-1, 118.50 – 126.50 mg kg-1 and 11.21 – 11.73 mg kg-1 (early season) and 

4.4 – 4.6, 
   

Table 2a: Some physico- chemical properties of the soil used for the study in 2019. 

 

 
Physico chemical properties 

Wet Season 2019 Dry Season 2019 

Soil Depths (cm)  Soil Depths (cm)  

0 – 5 0 – 10 10 – 20 20 – 40 Mean 0 – 5 0 – 10 10 – 20 20 – 40 Mean 

Sand (g kg-1) 682 680 701 684 686.75 726 741 738 728 733.25 

Silt (g kg-1) 46 41 42 48 44.25 21 18 24 26 22.25 

Clay (g kg-1) 27.2 27.1 25.7 28.8 27.2 25.3 24.1 23.8 24.6 24.45 

Textural Class sandy loam Loamy sand 

pH 4.8 4.4 4.1 4.5 4.45 4.6 4.5 4.4 4.5 4.5 

EC (d Sm-1) 0.2 0.2 0.2 0.1 0.175 0.3 0.3 0.2 0.2 0.25 

Total N (g kg-1) 1.99 2.07 2.05 1.99 2.025 1.79 1.7 1.77 1.71 1.7425 

NH4+– N (mg kg-1) 124.6 118.5 123.8 126.5 123.35 116.3 118.8 120 119.2 118.58 

NO3 
–– N (mg kg-1) 11.66 11.21 11.42 11.73 11.505 10.56 10.7 10.89 10.72 10.718 

 
Table 2b: Some physico- chemical properties of the soil used for the study. 

 

 
Physico chemical properties 

Wet Season 2020 Dry Season 2020 

Soil Depths (cm)  Soil Depths (cm)  

0 – 5 0 – 10 10 – 20 20 – 40 Mean 0 – 5 0 – 10 10 – 20 20 – 40 Mean 

Sand (g kg-1) 906 `1 912 886  886 884 894 902 891.50 

Silt (g kg-1) 66 48 42 72 57.00 62 58 58 54 58.00 

Clay (g kg-1) 28 52 42 62 46.00 52 62 40 48 50.50 

Textural Class Sand Loamy sand 

pH 4.53 4.87 4.76 4.45 4.65 4.03 4.07 4.23 4.33 4.17 

EC (d Sm-1) 0.4 0.4 0.3 0.2 0.33 0.3 0.3 0.2 0.2 0.25 

Total N (g kg-1) 0.8 0.7 0.7 0.6 0.70 0.9 1.1 0.9 0.8 0.93 

NH4+– N (mg kg-1) 124.6 118.5 123.8 126.5 123.35 116.3 118.8 120 119.2 118.58 

NO3 
–– N (mg kg-1) 11.66 11.21 11.42 11.73 11.51 10.56 10.7 10.89 10.72 10.72 

0.20 – 0.20 dS m-1, 1.70 – 1.79 g kg-1, 118.80 – 120.00 mg kg-1 and 10.56 – 10.89 mg kg-1 (late season) 

(Table 4.2a). While the ranges in 2020 (Table 2b) were 4.45 – 4.87, 0.20 – 0.40 dS m-1, 0.60 – 0.80 g kg-1, 

52.70 – 92.63 mg kg-1 and 27.22 – 50.39 mg kg-1 in the early season and 4.03 – 4.33, 0.20 – 0.30 dS m-1, 

0.80 – 1.10 g kg-1, 71.08 – 83.44 mg kg-1 and 53.11 – 66.43 mg kg-1 in the late season (Table 2a). The 

values for soil pH indicated that they were slightly to moderately acidic ([2], [40]) with the degree greater 

down soil depth, probably due to its poor organic matter content. 
 
It has been reported that the poorer the soil organic matter, the higher the soil acidity [16], decaying organic 

matter produces H+ which is responsible for acidity. In both season and years, values of the soil pH were 

http://www.rsisinternational.org/
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below 5.0. This shows that the soils may suffer from aluminum toxicity [30]. However, lower values than 

pH 5 suggested that all volatile fatty acids were evaporated and this would be constrained by high acidity 

and poor fertility status [31]. In both seasons in 2019, the pH decreased down soil depth up till 10 – 20 cm 

probably due to depressed organic matter content that has been noted in soil which is increasingly related to 

its pH [34] while that of 2020 were erratic. 
 

Mean pH of the soils were 4.45, 4.50, 4.65 and 4.17 in early and late seasons of 2019 and 2020 respectively, 

giving a range of 4.17 – 4.65. This showed that the soils were slightly acidic [2] and might suffered from 

aluminum toxicity since this occurs in soils with pH less than 5.00 and increases in intensity as the value 

decreases below this value [43]. The electrical conductivity decreased with depth with mean values varying 

as 0.18 – 0.25 d Sm-1 in early and late seasons of 2019 and 0.25 – 0.33 d Sm-1 also in early and late seasons 

of 2020. The range of 0.18 – 0.33 d Sm-1 indicates low salt content of the soils and this might not constitute 

a threat to its productivity. 

Distribution of total N down soil depth was irregular in the early and late seasons of 2019 but decreased with 

depth in both seasons in 2020. Mean values were 1.74 – 2.03 and 0.70 – 0.93 g kg-1 in early and late seasons 

of 2019 and 2020 respectively, with those of 2019 greater than 2020. Mean concentrations of both seasons 

and years were low compared to the critical value of 12.50 g kg-1 for Southeastern Nigerian soils [10], 

indicating N deficiency in the soils.  Mean NH4
+- N in early and late seasons were 123.35 and 118.50 and 

75.11 and 78.57 mg kg-1 while NO3
-- N were 11.51 and 10.72 and 38.61 and 58.02 mg kg-1 in 2019 and 2020 

respectively. The values of NH4
+- N were greater than NO3

-- N in both seasons and years; this might be due 

to poor nitrification process associated with poor environmental conditions. According to [26], high NH4
+- N 

over NO3
-- N could be due to low microbial population, poor aeration and high soil acidity. In both, nutrients 

were better in 2019 than 2020 due to high organic matter, poor leaching by rainfall in the former than later 

seasons and years, distributions of both NH4
+- N and NO3

--N decreased with soil depth, probably due to low 

organic matter content down soil depth. 

Nitrate-Nitrogen (NO3
--N) 

Soil nitrate nitrogen varied with rates of manure application. Addition of P30 and P60 poultry manures only, 

increased soil NO3
-- N relative to the control in respectively early and late seasons at  5 - 10 and 0 - 5, 5 - 10 

and 20 - 40 cm depths (2019) and 0 - 5 and 20 - 40 cm and 0 - 5 and 5 - 10 cm depths (2020) in 1st WAMA, 5 

- 10, 10 - 20 and 20 - 40 cm and 5 - 10 cm (2019) and 0 - 5 and 5 - 10 cm and 0 - 5 and 5 - 10 cm (2020) 

respectively in 2nd WAMA, 0 - 5, 5 - 10, 10 - 20 and 20 - 40 and 0 - 5, 5 - 10 and 10 - 20 cm (2019) and 5 - 

10, 10 - 20 and 20 - 40 and 0 - 5, 5 - 10, 10 - 20 and 20 - 40 cm (2020) in 3rd WAMA, 0 - 5 cm and 0 - 5, 5 - 

10, 10 - 20 and 0 - 40 cm (2019) and 0 - 5, 5 - 10, 10 - 20 and 20 - 40 and all depths (2020) in 4th WAMA. It 

also includes 5 - 10 cm and all depths (2019) and 5 - 10, 10 - 20 and 20 - 40 and 0 - 5, 10 - 20 and 20 - 40 cm 

(2020) in 6th WAMA, 5 - 10, 10 - 20 and 20 - 40 and 5 - 10 and 20 - 40 cm (2019) and 10 - 20 and 20 - 40 

and all depths (2020) in 8th WAMA and finally all depths in early and late seasons (2019) and 10 - 20 and 20 

- 40cm and all depths in late season (2020). 

Amongst all seasons of the year, poultry manure rates and weeks after application, highest and least soil NO3
-

- N were  P30 (100.67 mg kg-1) at 0 - 5cm depths in early season of 2020 at 1st WAMA and P60 (11.17 mg kg-

1) at 0 - 5cm depth in early season of 2019 at 6th WAMA respectively. However, among soil depths, highest 

and least NO3
-- N concentrations were at 0 - 5 and 20 - 40 cm soil depths and indicating a decrease with soil 

depths with most manure rates, seasons of the years and weeks after application. Averaged over manure rates 

and soil depths, mean concentrations varied in early and late season respectively as 11.52 and 12.46 mg kg-1 

(2019) and 50.96 and 70.77 mg kg-1 (2020) in 1st WAMA,  12.99 and 12.33 (2019) and 46.72 and 61.43 mg 

kg-1 (2020) in 2nd WAMA, 11.90 and 12.39 (2019) and 37.04 and 55.20 mg kg-1 (2020) in 3rd WAMA, 12.33 

and 12.73 mg kg-1 (2019) and 30.73 and 49.56 mg kg-1 (2020) in 4th WAMA, 11.29 and 12.24 (2019) and 

54.39 and 70.03 mg kg-1 (2020) in 6th  WAMA, 12.65 and 12.59 mg kg-1
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(2019) and 48.92 and 65.79 mg kg-1 (2020) in 8th WAMA and 13.03 and 12.76 mg kg-1 (2019) and 45.72 

and 62.59 mg kg-1 (2020) in 12th WAMA. This showed an increase from the 1st to the 12th WAMA in early 

season of 2019 except in the 3rd and 6th WAMA with minor decreases from previous weeks, decrease from 

the 1st to 2nd followed by increase in the 3rd to 4th and another decrease in the 6th plus a final increase till 

the 12th WAMA in late season of 2019. It also decreased from 1st to 4th followed by increase in the 6th and 

another decrease from 8th till the 12th WAMA in early and late seasons of 2020. Also, concentrations were 

better in late (12.50 and 62.19 mg kg-1) than early seasons (12.24 and 44.92 mg kg-1) of both years and in 

the year 2020 than 2019. The NO –– N could be lost from the soil during early seasons as a result of 

denitrification of NO and N2(g) to the atmosphere and leaching below the root zone of the crops [28]. 

Also, concentrations increased with S30 and S60 rates of sheep manures only relative to the control at all 

depths in early and 5 – 10, 10 – 20 and 20 – 40 cm depths in late seasons of 2019 and 0 – 5, 10 – 20 and 20 

– 40 cm in early and all depths in late season of 2020 in 1st WAMA, 0 – 5 and 5 – 10 cm in early and late 

seasons of 2019 and all depths in early and late seasons of 2020 in 2nd WAMA, no depth in early and 0 – 5, 

5 – 10 and 10 – 20 cm depths in late season of 2019 and 5 – 10,10 – 20 and 20 – 40 cm in early and late 

seasons of 2020 in 3rd WAMA, all depths in early and 0 – 5 and 20 – 40 cm in late seasons of 2020 in 4th 

WAMA, 10 – 20cm in early and 5 – 10, 10 – 20 and 20 – 40 cm in late seasons of 2019 and all depths in 

early and late seasons of 2020 in 6th WAMA, 5 – 10 and 20 – 40 cm in early and all depths in late seasons 

of 2019 and all seasons in early and late seasons of 2020 in 8th WAMA and 0 – 5 and 10 – 20 in early in all 

polling stations in 2019 and all depths in early and late seasons of 2020 in 12th WAMA. 
 

Table 3: Nitrate- Nitrogen at various Soil Depths and Weeks After Manure Application (WAMA) in Wet and Dry Seasons of 

2019 and 2020. 

Years and 

Seasons 
2019 a 2019 b 2020 a 2020 b 

Soil Depths 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

Manure 

Rates 
First Week After Manure Application 

P0S0 11.54 11.48 11.10 11.26 12.91 12.06 12.01 11.77 46.73 42.40 11.50 18.89 71.90 67.20 33.53 41.20 
P

0
S

30 11.73 11.73 11.49 11.48 12.86 12.11 12.21 12.19 53.79 62.80 73.13 64.36 81.30 88.00 84.90 79.70 
P

0
S

60 11.82 11.82 11.42 11.40 13.01 12.36 12.52 12.47 50.31 46.50 40.68 42.87 75.70 71.80 63.71 62.90 

Mean 11.70 11.68 11.34 11.38 12.93 12.18 12.25 12.14 50.28 50.57 41.77 42.04 76.30 75.67 60.71 61.27 
P

30
S

0 11.69 11.69 11.26 11.34 12.98 12.08 12.17 12.16 88.59 80.80 17.94 39.54 106.90 73.60 41.29 56.30 
P

30
S

30 11.74 11.75 11.33 11.38 12.94 12.45 12.32 12.31 68.61 50.90 34.00 78.76 78.10 106.00 39.05 55.50 
P

30
S

60 11.64 11.64 11.33 11.32 13.12 12.04 12.17 12.14 95.68 80.20 55.04 45.24 117.00 101.40 80.33 60.50 

Mean 11.69 11.69 11.31 11.35 13.01 12.19 12.22 12.20 84.29 70.63 35.66 54.51 100.67 93.67 53.56 57.43 
P

60
S

0 11.68 11.68 11.36 11.43 13.22 12.86 12.47 12.38 49.61 53.00 12.03 35.52 74.90 77.90 37.03 55.50 
P

60
S

30 11.71 11.71 11.21 11.28 13.11 12.51 12.44 12.40 91.17 73.30 13.18 49.93 112.80 98.30 34.97 60.50 
P

60
S

60 11.70 11.70 11.37 11.35 12.89 12.66 12.16 12.12 50.31 48.50 16.87 51.97 75.20 73.40 48.49 61.40 

Mean 11.70 11.70 11.31 11.35 13.07 12.68 12.36 12.30 63.70 58.27 14.03 45.81 87.63 83.20 40.16 59.13 

S0 11.64 11.62 11.24 11.34 13.04 12.33 12.22 12.10 61.64 58.73 13.82 31.32 84.57 72.90 37.28 51.00 
S

30 11.73 11.73 11.34 11.38 12.97 12.36 12.32 12.30 71.19 62.33 40.10 64.35 90.73 97.43 52.97 65.23 
S

60 11.72 11.72 11.37 11.36 13.01 12.35 12.28 12.24 65.43 58.40 37.53 46.69 89.30 82.20 64.18 61.60 

LSDs 

(0.05) P 
7.77 7.84 3.74 4.44 4.98 7.71 4.31 19.58 4.82 8.39 0.61 1.41 8.32 8.80 4.77 7.05 

” 

S 
7.77 7.84 3.74 4.44 4.98 7.71 4.31 19.58 4.82 8.39 0.61 1.41 8.32 8.80 4.77 7.05 
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‘ P 

x S 
13.47 13.58 6.47 7.69 8.63 13.35 7.46 33.92 8.35 14.53 1.06 2.43 14.41 15.25 8.26 12.21 

Second Week After Manure Application 

P0S0 12.68 12.85 12.83 12.82 13.20 12.48 11.79 11.75 44.79 44.82 13.53 13.43 50.40 51.73 36.07 33.36 
P

0
S

30 13.08 13.12 12.98 12.92 13.10 12.52 11.96 11.98 86.32 82.94 30.05 31.80 94.30 96.99 44.99 45.39 
P

0
S

60 12.98 12.99 13.06 13.01 12.14 12.14 12.14 12.17 63.60 57.59 34.27 37.34 74.90 74.86 45.50 46.92 

Mean 12.91 12.99 12.96 12.92 12.81 12.38 11.96 11.97 64.90 61.78 25.95 27.52 73.20 74.53 42.19 41.89 
P

30
S

0 12.93 12.96 13.07 13.08 13.18 12.76 11.91 11.94 47.10 40.77 15.74 17.89 62.40 57.73 33.55 37.85 
P

30
S

30 12.84 13.17 13.09 13.06 13.21 12.54 11.86 11.95 89.24 85.17 23.37 27.46 95.90 99.39 39.99 45.03 
P

30
S

60 13.15 13.20 13.03 13.04 13.02 12.49 11.95 11.97 89.26 88.81 16.07 19.14 95.20 103.75 35.62 37.38 

Mean 12.97 13.11 13.06 13.06 13.14 12.60 11.91 11.95 75.20 71.58 18.39 21.50 84.50 86.96 36.39 40.09 
P

60
S

0 12.53 13.07 13.12 13.11 12.11 12.26 11.88 11.98 61.71 57.81 14.87 19.56 76.90 70.04 38.15 39.47 
P

60
S

30 12.76 13.01 12.94 12.92 13.02 12.52 12.01 12.03 69.99 66.33 52.12 47.79 86.30 83.18 62.40 59.03 
P

60
S

60 12.84 13.13 13.13 13.11 13.25 12.62 11.98 11.97 81.64 77.55 19.50 12.50 82.80 93.26 39.41 41.40 

Mean 12.71 13.07 13.06 13.05 12.79 12.47 11.96 11.99 71.11 67.23 28.83 26.62 82.00 82.16 46.65 46.63 

S0 12.71 12.96 13.01 13.00 12.83 12.50 11.86 11.89 51.20 47.80 14.71 16.96 63.23 59.83 35.92 36.89 
S

30 12.89 13.10 13.00 12.97 13.11 12.53 11.94 11.99 81.85 78.15 35.18 35.68 92.17 93.19 49.13 49.82 
S

60 12.99 13.11 13.07 13.05 12.80 12.42 12.02 12.04 78.17 74.65 23.28 22.99 84.30 90.62 40.18 41.90 

LSDs 

(0.05) P 
4.62 4.52 11.59 13.76 2.94 14.52 9.54 7.32 2.09 1.22 1.10 2.60 6.69 3.78 3.38 4.88 

” 

S 
4.62 4.52 11.59 13.76 2.94 14.52 9.54 7.32 2.09 1.22 1.10 2.60 6.69 3.78 3.38 4.88 

‘ P 

x S 
7.99 7.83 20.08 23.83 5.09 25.14 16.53 12.68 2.09 2.12 1.91 4.51 11.59 6.55 5.85 8.46 

 

a = wet season, b = dry season, 1 = 0-5 cm, 2 = 5-10 cm, 3 = 10-20 cm, 4 = 20-40 cm depths, P = poultry, S 

= sheep and P x S = poultry and sheep manure interaction. 
 

Table 3 cont’d. 

Years and 

Seasons 
2019 a 2019 b 2020 a 2020 b 

Soil Depths 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

Manure 

Rates 
Third Week After Manure Application 

P0S0 11.92 11.63 11.79 11.75 12.25 12.15 12.30 11.76 11.07 3.68 22.40 23.73 39.70 36.93 39.00 43.70 
P

0
S

30 11.84 11.82 11.88 11.84 13.06 12.50 12.48 11.81 46.48 14.68 26.17 31.15 46.20 37.98 49.40 51.11 
P

0
S

60 11.89 11.88 11.86 11.86 12.52 12.38 12.32 11.91 19.65 58.87 60.52 66.57 41.00 50.08 80.50 76.57 

Mean 11.88 11.78 11.84 11.82 12.61 12.34 12.37 11.83 25.73 25.74 36.36 40.48 42.30 41.66 56.30 57.13 
P

30
S

0 12.04 12.02 11.99 12.00 13.11 12.58 12.42 11.91 36.44 16.32 14.46 10.80 56.30 39.71 37.70 30.70 
P

30
S

30 11.91 11.90 11.89 11.87 13.17 12.51 12.45 11.87 17.12 43.45 66.31 73.35 43.70 63.39 86.30 83.39 
P

30
S

60 11.85 11.83 11.84 11.83 12.77 12.52 12.48 11.87 17.21 20.45 42.96 48.29 47.10 40.44 62.90 68.32 

Mean 11.93 11.92 11.91 11.90 13.02 12.54 12.45 11.88 23.59 26.74 41.24 44.15 49.03 47.85 62.30 60.80 
P

60
S

0 12.12 12.10 12.14 12.14 12.34 12.26 12.30 11.85 60.94 20.53 17.13 14.22 73.80 40.94 37.10 34.18 
P

60
S

30 11.64 11.90 11.62 11.60 13.01 12.52 12.49 11.81 22.94 66.06 70.37 77.67 46.30 72.61 83.70 87.64 
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P
60

S
60 12.07 12.03 12.05 12.04 13.23 12.76 12.53 11.71 52.08 57.72 38.78 42.77 63.30 73.99 58.70 62.73 

Mean 11.94 12.01 11.94 11.93 12.86 12.51 12.44 11.79 45.32 48.10 42.09 44.89 61.13 62.51 59.83 61.52 

S0 12.03 11.92 11.97 11.96 12.57 12.33 12.34 11.84 36.15 13.51 18.00 16.25 56.60 39.19 37.93 36.19 
S

30 11.80 11.87 11.80 11.77 13.08 12.51 12.47 11.83 28.85 41.40 54.28 60.72 45.40 57.99 73.13 74.05 
S

60 11.94 11.91 11.92 11.91 12.84 12.55 12.44 11.83 29.65 45.68 47.42 52.54 50.47 54.84 67.37 69.21 

LSDs 

(0.05) P 
7.00 7.67 7.58 9.92 2.68 16.28 14.20 3.38 5.04 1.31 3.30 1.66 5.49 5.11 5.87 4.05 

” 

S 
7.00 7.67 7.58 9.92 2.68 16.28 14.20 3.38 5.04 1.31 3.30 1.66 5.49 5.11 5.87 4.05 

‘ P 

x S 
12.13 13.28 13.12 17.18 4.63 28.20 24.59 5.85 8.74 2.27 5.71 2.87 9.51 8.85 10.17 7.01 

Fourth Week After Manure Application 

P0S0 12.49 13.23 13.19 13.23 12.58 12.60 12.60 12.52 19.32 19.95 15.07 17.75 32.63 32.83 34.97 37.65 
P

0
S

30 13.27 13.36 13.30 13.36 12.58 12.67 12.71 12.64 17.20 12.93 19.46 16.12 37.10 48.78 39.36 35.99 
P

0
S

60 13.29 13.40 13.40 13.41 12.72 12.72 12.60 12.67 21.77 35.48 33.09 28.79 35.89 36.52 53.06 48.69 

Mean 13.02 13.33 13.30 13.33 12.63 12.66 12.64 12.61 19.43 22.79 22.54 20.89 35.21 39.38 42.46 40.78 
P

30
S

0 13.24 13.32 13.33 13.40 12.81 12.79 12.76 12.73 34.45 14.34 16.37 17.47 54.42 34.31 36.41 37.44 
P

30
S

30 13.22 13.21 13.22 13.25 12.67 12.74 12.67 12.76 12.73 43.77 71.98 67.99 41.67 63.67 82.02 83.29 
P

30
S

60 13.22 13.31 13.33 13.31 12.88 12.85 12.83 12.78 16.16 21.72 39.36 36.04 36.06 41.69 59.39 56.01 

Mean 13.23 13.28 13.29 13.32 12.79 12.79 12.75 12.76 21.11 26.61 42.57 40.50 44.05 46.56 59.27 58.91 
P

60
S

0 13.32 13.33 13.32 13.34 12.86 12.84 12.83 12.82 52.89 23.93 21.59 17.94 66.13 43.80 41.63 37.98 
P

60
S

30 13.22 13.37 13.38 13.39 12.79 12.76 12.76 12.70 20.02 57.23 28.18 24.81 39.92 73.80 48.14 44.71 
P

60
S

60 13.31 13.28 13.29 13.28 12.82 12.80 12.80 12.77 49.36 52.67 56.12 52.08 69.26 69.24 76.09 72.12 

Mean 13.28 13.33 13.33 13.34 12.82 12.80 12.80 12.76 40.76 44.61 35.30 31.61 58.44 62.28 55.29 51.60 

S0 13.02 13.29 13.28 13.32 12.75 12.74 12.73 12.69 35.55 19.41 17.68 17.72 51.06 36.98 37.67 37.69 
S

30 13.24 13.31 13.30 13.33 12.68 12.72 12.71 12.70 16.65 37.98 39.87 36.31 39.56 62.08 56.51 54.66 
S

60 13.27 13.33 13.34 13.33 12.81 12.79 12.74 12.74 29.10 36.62 42.86 38.97 47.07 49.15 62.85 58.94 

LSDs 

(0.05) P 
3.88 2.34 4.60 3.66 3.78 4.60 4.46 3.74 3.61 2.77 2.05 2.13 3.90 3.62 2.03 2.09 

” 

S 
3.88 2.34 4.60 3.66 3.78 4.60 4.46 3.74 3.61 2.77 2.05 2.13 3.90 3.62 2.03 2.09 

‘ P 

x S 
6.73 4.06 7.97 6.34 6.54 7.97 7.73 6.48 6.25 4.80 3.55 3.68 6.75 6.27 3.51 3.62 

 

a = wet season, b = dry season, 1 = 0-5 cm, 2 = 5-10 cm, 3 = 10-20 cm, 4 = 20-40 cm depths, P = poultry, S 

= sheep and P x S = poultry and sheep manure interaction. 
 

Table 3 cont’d. 

Years and 

Seasons 
2019 a 2019 b 2020 a 2020 b 

Soil Depths 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

Manure 

Rates 
Sixth Week After Manure Application 

P0S0 11.13 11.11 11.13 11.22 12.55 12.50 11.52 11.80 30.53 27.29 37.60 36.25 39.00 57.60 36.30 49.65 
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P
0
S

30 11.24 11.29 11.26 11.36 12.61 12.66 11.58 11.94 79.03 32.98 44.20 52.24 50.30 53.00 64.30 73.94 
P

0
S

60 11.30 11.32 11.38 11.31 12.56 12.59 11.72 11.86 54.20 58.62 63.10 65.82 74.23 78.70 83.10 85.79 

Mean 11.22 11.24 11.26 11.30 12.57 12.58 11.61 11.87 54.59 39.63 48.30 51.44 54.51 63.10 61.23 69.79 
P

30
S

0 11.55 11.59 11.61 11.32 12.70 12.67 11.54 11.88 39.81 44.50 49.90 45.24 59.81 64.50 70.00 66.94 
P

30
S

30 11.53 11.19 11.22 11.29 12.65 12.68 11.79 12.02 55.11 59.10 90.40 95.07 75.07 77.40 97.30 105.71 
P

30
S

60 11.23 11.43 11.23 11.26 12.86 12.78 11.65 12.10 22.96 67.61 58.70 73.40 42.93 47.30 78.70 91.70 

Mean 11.44 11.40 11.35 11.29 12.74 12.71 11.66 12.00 39.29 57.07 66.33 71.24 59.27 63.07 82.00 88.12 
P

60
S

0 11.06 11.44 11.09 11.31 12.78 12.71 11.77 11.92 27.17 32.80 55.30 43.01 47.14 52.80 75.30 63.62 
P

60
S

30 11.24 11.22 11.23 11.23 12.77 12.63 11.72 11.98 49.08 52.41 69.80 83.52 69.11 72.40 86.40 96.42 
P

60
S

60 11.22 11.29 11.29 11.24 12.80 12.75 11.69 11.95 70.06 74.07 50.30 66.70 86.70 87.40 70.40 90.00 

Mean 11.17 11.32 11.20 11.26 12.78 12.70 11.73 11.95 48.77 53.09 58.47 64.41 67.65 70.87 77.37 83.35 

S0 11.25 11.38 11.28 11.28 12.68 12.63 11.61 11.87 32.50 34.86 47.60 41.50 48.65 58.30 60.53 60.07 
S

30 11.34 11.23 11.24 11.29 12.68 12.66 11.70 11.98 61.07 48.16 68.13 76.94 64.83 67.60 82.67 92.02 
S

60 11.25 11.35 11.30 11.27 12.74 12.71 11.69 11.97 49.07 66.77 57.37 68.64 67.95 71.13 77.40 89.16 

LSDs 

(0.05) P 
2.89 38.02 17.80 6.73 7.09 7.09 7.42 4.21 2.50 4.35 6.89 2.02 2.64 9.35 6.73 4.19 

” 

S 
2.89 38.02 17.80 6.73 7.09 7.09 7.42 4.21 2.50 4.35 6.89 2.02 2.64 9.35 6.73 4.19 

‘ P 

x S 
5.01 65.85 30.84 11.66 12.27 12.27 12.85 7.29 4.32 7.53 11.93 3.51 4.58 16.19 11.65 7.25 

Eighth Week After Manure Application 

P0S0 11.26 12.79 12.89 12.74 12.65 12.31 12.48 12.11 26.01 29.60 40.30 39.20 44.98 42.99 42.60 39.90 
P

0
S

30 11.38 13.07 13.21 12.81 12.62 12.68 12.73 12.24 58.35 52.90 38.60 44.60 45.97 50.31 58.70 64.60 
P

0
S

60 11.31 13.21 12.81 13.04 12.73 12.66 12.68 12.41 46.86 52.30 57.40 60.80 66.96 72.32 77.40 80.70 

Mean 11.32 13.02 12.97 12.86 12.67 12.55 12.63 12.25 43.74 44.93 45.43 48.20 52.64 55.21 59.57 61.73 
P

30
S

0 11.45 13.38 13.08 13.02 12.71 12.52 12.60 12.54 34.06 39.20 51.30 52.70 54.06 59.15 66.30 72.60 
P

30
S

30 11.26 13.36 13.91 13.21 12.69 12.51 12.68 12.46 49.38 54.70 81.30 88.70 69.35 75.08 71.30 97.30 
P

30
S

60 11.25 13.27 13.16 12.84 12.75 12.71 12.73 12.85 21.84 25.90 46.30 57.30 45.14 45.88 94.60 77.30 

Mean 11.32 13.34 13.38 13.02 12.72 12.58 12.67 12.62 35.09 39.93 59.63 66.23 56.18 60.04 77.40 82.40 
P

60
S

0 11.32 13.25 12.97 12.86 12.54 12.55 12.54 12.46 23.46 29.40 48.30 59.70 43.43 51.02 68.30 65.00 
P

60
S

30 11.25 13.28 13.16 13.18 12.73 12.54 12.45 12.67 43.32 46.70 57.80 69.80 63.35 66.74 77.70 89.70 
P

60
S

60 11.23 13.14 12.88 13.23 12.70 12.59 12.61 12.62 63.43 69.40 55.30 45.00 83.45 89.38 75.30 79.60 

Mean 11.27 13.22 13.00 13.09 12.66 12.56 12.53 12.58 43.40 48.50 53.80 58.17 63.41 69.05 73.77 78.10 

S0 11.34 13.14 12.98 12.87 12.63 12.46 12.54 12.37 27.84 32.73 46.63 50.53 47.49 51.05 59.07 59.17 
S

30 11.30 13.24 13.43 13.07 12.68 12.58 12.62 12.46 50.35 51.43 59.23 67.70 59.56 64.04 69.23 83.87 
S

60 11.26 13.21 12.95 13.04 12.73 12.65 12.67 12.63 44.04 49.20 53.00 54.37 65.18 69.19 82.43 79.20 

LSDs 

(0.05) P 
9.29 19.53 4.60 6.19 3.69 3.43 3.04 7.64 4.13 6.36 7.40 6.05 2.23 3.21 6.55 6.00 

” 

S 
9.29 19.53 4.60 6.19 3.69 3.43 3.04 7.64 4.13 6.36 7.40 6.05 2.23 3.21 6.55 6.00 

‘ P 

x S 
16.09 33.83 7.96 10.72 6.39 5.94 5.26 13.24 7.16 11.02 12.82 10.48 3.86 5.56 11.35 10.39 

 

a = wet season, b = dry season, 1 = 0-5 cm, 2 = 5-10 cm, 3 = 10-20 cm, 4 = 20-40 cm depths, P = poultry, S 
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3 

 
 

 

 

= sheep and P x S = poultry and sheep manure interaction. 
 

Table 3 cont’d. 

Years and 

Seasons 
2019 a 2019 b 2020 a 2020 b 

Soil Depths 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

Manure 

Rates 
Twelfth Week After Manure Application 

P0S0 12.06 13.04 12.81 12.70 12.09 12.65 12.65 12.71 20.90 25.90 43.20 46.60 35.60 35.28 39.00 36.60 
P

0
S

30 12.91 13.12 12.88 12.78 12.25 12.91 12.91 12.79 47.30 46.50 37.20 44.90 40.90 45.95 57.30 64.90 
P

0
S

60 12.95 13.19 13.15 12.95 12.42 12.92 12.94 12.81 40.90 45.30 50.40 54.10 61.00 65.34 70.30 74.00 

Mean 12.64 13.12 12.95 12.81 12.25 12.83 12.83 12.77 36.37 39.23 43.60 48.53 45.83 48.86 55.53 58.50 
P

30
S

0 12.78 13.38 12.86 12.95 12.58 12.76 12.75 12.78 33.40 33.80 47.40 58.90 53.30 50.38 67.30 79.00 
P

30
S

30 13.14 13.34 12.95 13.16 12.45 12.91 12.91 12.68 40.00 48.00 55.20 68.00 60.00 68.00 75.30 86.30 
P

30
S

60 13.05 13.27 13.22 12.80 12.84 12.84 12.86 12.81 21.80 26.20 57.00 59.60 45.10 49.46 77.00 79.60 

Mean 12.99 13.33 13.01 12.97 12.62 12.84 12.84 12.76 31.73 36.00 53.20 62.17 52.80 55.95 73.20 81.63 
P

60
S

0 12.98 13.21 13.07 12.74 12.46 12.79 12.81 12.84 22.10 28.40 48.20 56.30 45.30 48.33 68.30 76.30 
P

60
S

30 13.82 13.26 13.06 13.13 12.66 12.87 12.89 12.82 37.00 44.00 58.00 65.70 63.60 64.01 77.90 85.60 
P

60
S

60 12.96 13.12 13.22 13.18 12.65 12.88 12.88 12.73 54.70 61.30 63.30 54.40 68.00 81.29 83.20 74.40 

Mean 13.25 13.20 13.12 13.02 12.59 12.85 12.86 12.80 37.93 44.57 56.50 58.80 58.97 64.54 76.47 78.77 

S0 12.61 13.21 12.91 12.80 12.38 12.73 12.74 12.78 25.47 29.37 46.27 53.93 44.73 44.66 58.20 63.97 
S

30 13.29 13.24 12.96 13.02 12.45 12.90 12.90 12.76 41.43 46.17 50.13 59.53 54.83 59.32 70.17 78.93 
S

60 12.99 13.19 13.20 12.98 12.64 12.88 12.89 12.78 39.13 44.27 56.90 56.03 58.03 65.36 76.83 76.00 

LSDs 

(0.05) P 
1.97 1.85 9.90 3.85 7.71 6.50 5.73 7.26 5.99 6.60 6.48 9.07 7.39 4.63 6.74 7.37 

” 

S 
1.97 1.85 9.90 3.85 7.71 6.50 5.73 7.26 5.99 6.60 6.48 9.07 7.39 4.63 6.74 7.37 

‘ P 

x S 
3.41 3.20 17.15 6.66 13.35 11.26 9.93 12.58 10.38 11.43 11.22 15.70 12.80 8.01 11.68 12.77 

 

a = wet season, b = dry season, 1 = 0-5 cm, 2 = 5-10 cm, 3 = 10-20 cm, 4 = 20-40 cm depths, P =poultry, S 

= sheep and P x S = poultry and sheep manure interactions. 
 

The Least and best concentrations were with S30 (11.23mg kg-1) at 5-10 cm depth in early season of 2019 

and S30 (97.43) mg kg-1 at 5-10 cm depth in late season of 2020 respectively. Also, concentrations 
decreased down soil depths for most manure rates at various weeks of application in both seasons of the 
years. Equally, averaged over soil depths and rates of application, early and late season concentrations 

varied as 11.52 and 12.46 (2019) and 50.96 and 70.78 mg kg-1 (2020) in 1st WAMA, 12.99 and 12.33 
(2019) and 46.72 and 61.48 mg kg-1 (2020) in 2nd WAMA, 11.90 and 12.39 mg kg-1 (2019) and 37.04 and 

55.20 mg kg-1 (2020) in 3rd WAMA, 13.28 and 12.73 mg kg-1(2019) and 30.81 and 49.52 mg kg-1 (2020) 

in 4th WAMA, 11.29 and 12.24 mg kg-1 (2019) and 54.38 and 70.03 mg kg-1 (2020) in 6th WAMA, 13.28 

and 12.78 mg kg-1 (2019) and 30.81 and 49.52 mg kg-1 (2020) in 8th WAMA and 13.03 and 12.74 mg kg-1 

(2019) and 45.72 and 62.59 mg kg-1 (2020) in 12th WAMA. This showed decreased concentrations at 3rd 

and 6th WAMA after initial increases at other periods in early and late seasons of 2019 and increase at 6th 

WAMA after initial decrease at other weeks after application in both seasons of 2020. In both years, 

concentrations were better in late (12.52 and 59.87 mg kg-1) than early seasons (12.47 and 42.35 mg kg-1) 

and with 2020 better than 2019. The values of the former year were optimal while those of the later were 

excessive according to [27]. Equally, NO –– N increased significantly (LSD 0.05) with integration of
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manure (poultry and sheep) rates relative to the control in most WAMA of both seasons of the years. 

Highest and least concentrations were at 0 – 5 cm depth with P30S60 (117.00 mg kg-1) in 2020 late season 

in 1st WAMA and 0 – 5 cm with P60S0 (11.06 mg kg-1) in 2019 early season at 6th WAMA respectively. 
Also, concentrations decreased with depths for most rates at various seasons, years and application times. At 
various manure rates concentrations in most depths, seasons and years fluctuated with weeks application. 
Furthermore, averaged over rates and soil depths, concentrations in both years were better in late than early 
seasons and with 2020 better than 2019. The higher increase in NH +– N than in NO –– N recorded during 

4 3 
this experiment signified that the rate of ammonification was higher than the rate of nitrification [5]. 

Generally, NO –– N increased with most manure (only poultry and sheep as well as the integration of both 

manure) rates probably due to the priming effects of the nutrient contents on nitrification process and with 

integration of manures better than single applications probably due to combined effects of both. Poultry was 

better than sheep among single manure applications ascribable to better nutrient enrichment. The poor 

contents with soil depths, early season and the year 2019 could be attributed to poor nitrification. Optimal 

conditions for nitrification has been noted to include adequate O2 supply, good moisture levels, 

temperatures of between 30 – 60 0C and rich microbial populations [45]. 
 

CONCLUSION 
 
The Levels of N forms were considered as the major limiting factors in crop growth, development and 

economic yield. Generally, incorporation of poultry and sheep manures on the soils improved the NO3
-- N 

according to the rates compared with control. This was as a result of TN, NH4
+- N, NO3

-
- N, TP, Bray II P, 

soluble P, TK, exchangeable K+ and soluble K+ that were present in the manures applied. However, 

integration of poultry and sheep manures incorporated led to increase in the soil NO3
-- N more than the 

single doses in the early and late seasons of 2019 and 2020.  Highest values of integration of manures 

improved soil NO3
-
- N in the order P30S30 > P 30S60 > P60S30. In relation to soil depths, the NO3

-- N decreased 

as the depth increased. Highest soil NO3
-- N values were obtained at twelfth week in 2019 but first week in 

2020 at almost all depths in relation to other weeks. To increase soil NO3
-- N application of poultry, sheep 

and integration of poultry and sheep manures are recommended. Organic amendments, in particular poultry 

and sheep manures can represent the sustainable tool to improve soil fertility in intensive agriculture. 
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