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Abstract 

Declining land productivity due to low soil fertility status as a result of continuous cultivation, inadequate use of organic and 

inorganic fertilizers is a major cause for decline crop productivity. Hence, a field experiment was conducted at Fogera National 

Rice Research and Training Center (FNRRTC) during the 2021 cropping season to determine the effects of integrated use of 

farmyard manure (FYM) and nitrogen fertilizer on soil properties and yield of lowland rice on the vertisols of Fogera district. 

The treatments were factorial combination of three levels of FYM (0, 5, and 7.5 t ha
-1

) and four levels of Nitrogen (0, 46, 92, 

and 184 kg ha
-1

). The experiment was arranged in a randomized complete block design (RCBD) with three replications. 

Representative soil samples were collected at a depth of 0-20 cm before treatment application and after crop harvest, and 

analyzed following the standard laboratory procedures. All collected soil data were analyzed by using SAS software (version 

9.4). After crop harvest the results showed that soil pH, OC, TN, CEC, Exc. K, Ca, Mg and Av.P were significantly (p<0.01) 

affected by the main effects of FYM. The combined applications of FYM and N fertilizer also significantly (p<0.01) affected 

CEC, OC and Exc.Mg. The highest soil CEC, OC and Exc.Mg were recorded from the combine effects of 7.5 t/kg with 92 

kg/ha. From the results of this experiment, it could be concluded that combined application of FYM and inorganic N fertilizers 

improved the chemical and physical properties, which may lead to enhanced and sustainable production of rice in the study 

area. 
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1. Introduction 

Agricultural sector in Ethiopia is the major factor in sus-

taining growth and reducing poverty. However, inadequate 

nutrient levels, loss of organic matter in the soil, and soil 

erosion are the main challenges to continued agricultural 

production [50]. Hence, agricultural productivity has been 

seriously threatened by nutrient depletion and soil deteriora-
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tion. Soil nutrient depletion in smallholder farming systems 

is recognized as a causal force leading to food insecurity and 

rural poverty in Africa [19]. The rate of annual soil macronu-

trient depletion in Africa was estimated at 22 kg N ha
−1

, 2.5 

kg P ha
−1

 and 15 kg K ha
−1

 [45]. Declining soil fertility has 

also been stressed to be the fundamental impediment to agri-

cultural development and the major reason for the slow 

growth of food production in Ethiopia. The depletion rate of 

macronutrients in Ethiopia was estimated to be high, with 

122 kg N ha
−1

 year
−1

, 13 kg P ha
−1

 year
−1

 and 82 kg K ha
−1

 

year
−1

. The loss of soil nutrients in Ethiopia is related to cul-

tural practices such as low fertilizer use, removal of vegeta-

tive cover (such as straw or stubble) and burning plant resi-

dues or the annual burning of vegetation on grazing land. 

Decline soil fertility due to long-term cultivation with little 

or no fertilizer addition is the major limiting factor for rice 

production in Ethiopia [34]. The use of chemical fertilizers is 

essential for obtaining high yields in the weathered soils of 

the humid tropics and can overcome the shortcomings of 

organic fertilizers. However, many small holders and re-

source poor farmers cannot afford the costly fertilizers need-

ed to apply the recommended amount, [1]. In addition to this, 

inorganic fertilizers available in Ethiopia do not replace trace 

mineral elements in the soil, which become gradually deplet-

ed by crop removal and cannot maintain desirable soil physi-

cal properties such as water holding capacity and congenial 

conditions for microbial activity [1]. On the other hand, the 

application of organic fertilizers such as animal manure, 

farmyard manure, compost, and other organic sources has 

been suggested as a means of addressing the decline in soil 

fertility and improving crop productivity. In comparison to 

inorganic fertilizers, organic fertilizers, maintain soil quality, 

increase soil organic matter, and improve soil physical and 

chemical properties through the decomposition of its sub-

stances [37]. However, the sole application of organic matter 

is constrained by access to sufficient organic inputs, low 

nutrient content, and high labor demand for preparation and 

transport. Thus, improved fertility management through the 

combination of organic and inorganic fertilizers can allow 

for more efficient use of the inputs applied while increasing 

overall system productivity [52]. 

An integrated nutrient management system improves soil 

quality, yield, and grain quality. Hence, there is a pressing 

need to use a variation of organic fertilizer sources as a sub-

stitute to reduce the utilization rate of inorganic fertilizers. 

Therefore, integrated nutrient management, in which both 

organic and inorganic fertilizers are used simultaneously, is 

the most effective method to maintain fertile and long-lasting 

productive soil [13]. According to Waseem et al. [56] `s 

long-term experiment, the integrated use of FYM and inor-

ganic N has significantly enhanced grain yield of maize, wa-

ter use efficiency and soil chemical properties as compared 

to the use of only inorganic N and P fertilizers. Integrated 

use of organic residues and inorganic fertilizers can sustain 

soil fertility and soil organic matter required for sustainable 

high yields and maximum benefits for smallholder farming 

in the tropics [48]. There for in this study to conduct Effects 

of organic and inorganic fertilizers on soil properties of low-

land rice on vertisols of fogera district, northwestern Ethio-

pia. and to determine optimum rates of combined FYM and 

nitrogen fertilizers for increase rice productivity. 

2. Materials and Methods 

2.1. Description of the Study Site 

 
Figure 1. Location map of the study area. 
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based on three decades (1991-2021). 

Figure 2. Mean monthly rainfall, minimum and maximum temperature of the study area. 

The experiment was conducted at research station of Foge-

ra National Rice Research and Training Center (FNRRTC) 

during the rainy season (June-December) of 2021. FNRRTC 

is located in Fogera district, South Gondar zone, Amhara 

National Regional State, Northwestern Ethiopia. Geograph-

ically, the experimental site is found at an altitude of 11° 54′ 

26.4′′ N and longitude of 37° 41′ 08.2′′E, at an altitude of 

1815 meters above sea level. It is far around 625 km from 

Addis Ababa in northwest direction [12]. A thirty-year peri-

od (1991 to 2021) of data collected from Bahir Dar meteoro-

logical station at Fogera district indicated that the mean an-

nual minimum, maximum, and mean temperatures of the 

area are 14.2°C, 27.81°C and 21°C, respectively. The rain-

fall pattern of the study area is uni-modal, occurring from 

June to October with a mean annual rainfall of 1446.62 mm 

(Figure 2) The dominant soil type on the Fogera plains is 

black clay soil (Eutric Vertisols). This soil type is locally 

known as Walka or Tikurafer with clayey in texture, dark 

brown to black. It has a high-water holding capacity and 

therefore considerable potential for different crop production. 

Most part of Fogera district is swampy areas which are ideal 

for lowland rice-ecosystem cultivation [14]. 

2.2. Experimental Materials and Methods 

2.2.1. Description of Experimental Materials 

A recently released high-yielding improved rice (Oryza 

sativa L.) Shaga variety was used as a test crop. The recom-

mended seed rate of 100 kg ha
-1 

was used and sown by hand 

drilling at each row. Farm yard manure (cattle manure) was 

collected from Woreta Agricultural College, Livestock Re-

search Center. It was air-dried, weighed on a dry weight ba-

sis, and applied by broadcasting method as per each FYM 

rate one month before planting. A full dose of the recom-

mended P fertilizer (46 kg P2O5 ha
-1

) in the form of TSP was 

applied at planting time. Nitrogen fertilizer in the form of 

urea was applied three times; 1/3 at planting, 1/3 at tillering, 

and the remaining 1/3 at panicle initiation stages. All other 

cultural practices were applied uniformly to all plots as per 

recommendations for rice production in the study area. 

2.2.2. Experimental Design and Treatments 

The treatments were comprised of factorial combinations 

of four levels of N fertilizer (0, 46, 92, and 184 kg ha
-1

) and 

three levels of farmyard manure (0, 5, and 7.5 t ha
-1

) (Table 

1). The treatments were laid out in a randomized complete 

block design (RCBD) with three replications. The total ex-

perimental area was 14*41.5 m. Gross plot area was 3*4 m 

(12 m
2
). The spacing between each row was 25 cm, so the 

gross plot was consisted of 16 rows. Two rows (0.5 m). 

Table 1. The experimental treatment arrangements. 

Treatment 

No. 

Treatment com-

bination 

N fertilizer 

(Kg/ha) 

FYM 

(t/ha) 

T1 N0FYM0 0 0 

T2 N0FYM1 0 5 

T3 N0FYM2 0 7.5 

T4 N1FYM0 46 0 

T5 N1FYM1 46 5 

T6 N1FYM2 46 7.5 

T7 N2FYM0 92 0 

T8 N2FYM1 92 5 

T9 N2FYM2 92 7.5 
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Treatment 

No. 

Treatment com-

bination 

N fertilizer 

(Kg/ha) 

FYM 

(t/ha) 

T10 N3FYM0 184 0 

T11 N3FYM1 184 5 

T12 N3FYM2 184 7.5 

Note; FYM=farm yard manure, N=nitrogen fertilizers. 

2.3. Soil Sampling and Laboratory Analysis 

Before the application of treatments and seeding, surface 

soil samples at a depth of 0-20 cm were collected at six loca-

tions of the experimental field and composited as one sample. 

In addition, undisturbed core samples were collected to de-

termine soil bulk density. Similarly, after crop harvest, soil 

samples were collected at a depth of 0-20 cm by soil auger 

from each treated plot to determine the effects of farmyard 

manure and mineral fertilizer on selected soil physico-

chemical properties. Undisturbed soil sample from each plot 

was also collected by core sampler for bulk density analysis. 

These soil samples were analyzed to determine soil texture, 

bulk density, soil pH, organic carbon (OC), total nitrogen 

(TN), available P, cation exchange capacity (CEC), and ex-

changeable Ca, Mg, and K. 

Texture was determined by Hydrometer method [7]. Bulk 

density was examined according to the procedure described 

in Okalebo et al., [38]. The pH was measured potentiometri-

cally in 1: 2.5 (soil to water) ratio using a glass calomel 

combination electrode [41]. Soil organic carbon was deter-

mined following the modified method of Walkley and Black 

[55], and the organic matter content was calculated by multi-

plying the percent organic carbon by 1.724. Total nitrogen 

was also determined by Kjeldahl digestion method [24]. 

Available phosphorus was determined by the Olsen method 

[39]. Exchangeable bases (Ca, Mg, and K) were determined 

after extracting the soil samples by ammonium acetate (1N 

NH4OAc) at pH 7.0. Exchangeable Ca and Mg in the extracts 

was analyzed using atomic absorption spectrophotometer, 

while exchangeable K was analyzed by flame photometer 

[42]. To determine the cation exchange capacity (CEC), the 

soil samples were first leached with 1 M ammonium acetate, 

washed with ethanol to replace Na by the adsorbed ammoni-

um. Then, the CEC was measured titrimetrically by distilla-

tion of the ammonia that was displaced by sodium [10]. 

2.4. Farmyard Manure (FYM) Analysis 

The FYM sample was first air dried, grounded, and sieved 

through a 2 mm sieve for the analysis of selected chemical 

properties and to determine its quality. The pH of FYM was 

determined using a glass electrode attached to a pH digital 

meter at a 1: 2.5 FYM: water ratio. Organic carbon was de-

termined by using the Walklay and Black wet oxidation 

method as described by Walkley and Black [55]. Total nitro-

gen analysis was done using the Kjeldahl method [9]. ex-

changeable Ca and Mg in the extracts was analyzed using 

atomic absorption spectrophotometer methods. While, K 

were analyzed by a flame photometer [42]. Cation exchange 

capacity was there after estimated titrimetriccally by distilla-

tion of ammonium that was displaced by sodium after leach-

ing with NaCl solution [10]. 

3. Results and Discussion 

3.1. Physical and Chemical Properties of the 

Soil Before Treatment Application 

The physico-chemical properties of soil analysis before 

treatment application are presented in Table 2. According to 

Hazelton and Murphy [22], the textural class of experimental 

soils was clay, with medium soil bulk density (1.35 g cm
-3

). The 

pH of the soil was 5.95, which is moderately acidic as per the 

ratings of Landon [31]. The total nitrogen was 0.097%, which is 

very low for crop production Landon, [31]. So, the experimental 

site needed optimum N fertilizer level to fulfill the N require-

ment of the crop. The low contents of total N could be attributed 

to the effects of intensive cultivation and the lower content of 

soil organic matter in the study area. The available P content of 

the study area (20.5 mg kg
-1

) was very high, but the OC (1.60%) 

was very low. The value of soil cation exchange capacity (CEC), 

exchangeable potassium (Exc. K), exchangeable calcium (Exc. 

Ca) and exchangeable magnesium (Exc. Mg) were 42.34 Cmol 

(+) Kg
-1

, 0.51 Cmol (+) Kg
-1

, 31.53 Cmol (+) Kg
-1

 and 15.5 

Cmol (+) Kg
-1

) respectively. 

Table 2. Some selected physico-chemical characteristics of the surface soil (0-20 cm) of the experimental site before starting the experiment 

at Fogera, Ethiopia, 2021. 

S/N Soil properties Unit Value Rating Reference 

1 BD (g cm-3) 1.35 Medium (Hazelton andMurphy, [22]) 

2 Sand % 30 - - 

 
Silt % 10 - - 
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S/N Soil properties Unit Value Rating Reference 

 
Clay % 60 - - 

 
Soil textural class 

 
- Clay (Hazelton and Murphy, [22]) 

3 pH 1: 2.5 (H2O) 
 

5.95 Moderately acidic (Landon, [31]) 

4 OC % 1.60 very low (Landon, [30]) 

5 TN % 0.097 Very low (Landon, [31]) 

6 Av.P mg kg-1 20.5 very high (Landon, [30]) 

7 Exc.K Cmol (+) Kg-1 0.51 Medium (FAO, [18]) 

7 CEC Cmol (+) kg-1 42.34 very high (Landon, [30]) 

9 Exc.Ca Cmol (+) kg-1 31.53 very high (FAO [18]) 

10 Exc.Mg Cmol (+) kg-1 15.5 very high (FAO [18]) 

Note; BD=Bulk density, pH=Power of hydrogen, OC=Organic carbon, OM=Organic matter, TN=Total nitrogen, Ava. P=Available phosphorus, 

CEC= Cation exchange capacity, Exc. k=Exchangeable potassium, Exc.Ca= Exchangeable calcium, Exc. Mg= Exchangeable magnesium. 

3.2. Evaluation of the Chemical Quality of 

Farmyard Manure 

Organic fertilizers such as farmyard manure are known for 

improving soil fertility. It is a source of several nutrients that 

could be robust in the soil. The laboratory result showed that the 

FYM used in this study was good in quality, with higher pH 

(7.84), OC (8%), OM (13.79), total N (1.302%), Ava. P (289.9 

mg/kg), C:N ratio (6.14), CEC (46.4 cmol (+) kg
-1

), exchangea-

ble potassium (10.25 cmol (+) kg
-1

), exchangeable calcium 22.5 

Cmol (+) kg
-1
 and exchangeable magnesium 8.71 Cmol (+) kg

-1
 

(Table 3). The experimental material's FYM was slightly alka-

line, and it was used to improve soil fertility and crop yields. 

The result was in line with Khater [28] who found an optimum 

pH value, and other chemical properties for different FYM 

types used to amend soil fertility and increase crop production. 

According to Hazelton and Murphy [22], where the C:N ratio is 

<10, organic matter will be easy and rapidly breakdown; in con-

trast organic matter with a high C:N ratio (>20) also displays N 

as it decomposes, reducing the amount of available nitrogen for 

the crop. This shows that the C:N ratio of the experimental 

FYM was <10 (Table 3), which indicates the FYM is well de-

composed and suitable to improved nitrogen availability for 

crop production. 

Table 3. Chemical properties of FYM used in this study at Fogera in 2021. 

s/n FYM Property Value Unit 

1 PH1: 2.5 (H2O) 7.84 - 

2 Organic carbon 8 % 

3 Organic matter 13.79 % 

4 Total nitrogen 1.302 % 

5 Available phosphorus 289.9 mg kg-1 

6 C:N ratio 6.14 - 

7 CEC 46.4 Cmol (+) kg-1 

8 Exchangeable potassium 10.25 Cmol (+) kg-1 

9 Exchangeable calcium 22.5 Cmol (+) kg-1 

10 Exchangeable magnesium 8.71 Cmol (+) kg-1 

Note: pH=Power of hydrogen, CEC= Cation exchange capacity, C: N ratio = carbon to nitrogen ratio. 

http://www.sciencepg.com/journal/ajpb


American Journal of Plant Biology http://www.sciencepg.com/journal/ajpb 

 

69 

3.3. Effect of Farmyard Manure and Nitrogen Fertilizers on Selected Soil Properties After 

Harvesting 

Table 4. ANOVA table showing mean square values of soil properties as affected by integrated use of organic and inorganic fertilizers. 

S.O.V Df BD PH OC TN Ava.P CEC Ex K Ex Mg Ex Ca 

Rep 2 0.0045 0.0033 0.0038 0.0021 0.78 0.02 0.001 0.0042 0.076 

FYM 2 0.028* 0.0089** 0.065** 0.0046** 60.53** 5.57** 0.079** 1.026** 3.33** 

NR 3 0.0072 0.0048* 0.023** 0.0035** 1.38 3.704* 0.002** 0.13** 0.036 

FYM*NR 6 0.0059 0.00052 0.0023** 0.00081 0.58 5.68** 0.0011 0.095** 0.02 

Error 22 0.0045 0.0013 0.0024 0.0069 0.45 0.87 0.0032 0.0025 0.084 

CV 

 

4.52 0.61 0.92 6.14 2.58 2.07 3.2 0.32 0.90 

Note; BD=Bulk density; pH=power of hydrogen; TN=Total nitrogen; Av.P=Available phosphorus; Exc. K=Exchangeable potassium; 

CEC=Cation Exchange capacity; OC=organic carbon, Exc. Mg=Exchangeable Magnesium And Exc.Ca=Exchangabel calcium. 

3.3.1. Bulk Density (BD) 

Bulk density is an indicator of soil compaction. The analy-

sis of variance showed that soil bulk density was significant-

ly affected (P≤0.05) by the application of sole FYM. Howev-

er, it was not affected by the addition of N fertilizer as a main 

factor or in combination with FYM (Table 4). The lowest BD 

(1.21 gcm
-3

) was recorded from plots treated with 7.5-ton ha
-1

 

FYM, while the highest BD (1.28 g cm
-3

) was recorded from 

no FYM addition plots (Table 5). The highest bulk density 

recorded in the control could result from lower organic mat-

ter content and a higher degree of soil compaction caused by 

intensive cultivation. While the lowest BD in the soil could 

be attributed to the effects of farmyard manure, which im-

proved soil aggregation and increased soil porosity. Howev-

er, based on Hazelton and Murphy [22]`s rating of soil BD, 

all treatments showed low BD. The result was consistent 

with Getachew Agegnehu et al. [21], who found that the 

application of organic fertilizer decreased the soil's BD after 

barley harvest compared to the control. According to 

Jagadeesh et al. [25], the use of organic sources also tends to 

improve the soil's bulk density when compared to the soils 

before crop harvesting condition. Corresponding to this 

study, Workineh Ejigu et al. [60] found that applying com-

post after maize collection significantly (p < 0.01) reduced 

soil bulk density as compared to solely applying mineral 

fertilizer and the control. However, the impact of inorganic N 

fertilizer on soil BD was not statistically significant (p > 

0.05). 

3.3.2. Soil pH 

The analysis of variances showed that the application of N 

and FYM had a significant effect on soil pH at (p≤0.05) and 

(p≤0.01) respectively (Table 4). Although there were numer-

ical changes between experimental treatments attributable to 

the interaction of the treatments. The highest soil pH (5.98) 

was recorded from treatments applied with 7.5-ton ha
-1

 

FYM. However, the unilateral application of 184 kg N ha
-1

 

and control had the lowest soil pH (5.92) (Table 5). Hence, in 

comparison to treatments using 184 kg ha
-1

 N, the applica-

tion of 7.5 t ha
-1

 FYM raised soil pH by 0.98%. This indicat-

ed that as nitrogen fertilizer rates increase soil pH was de-

crease and vice versa. On the other hand, the increase in the 

level of application of FYM caused a corresponding increase 

in soil pH. This could be attributed to the increased microbial 

activity during the process of organic matter decomposition, 

which could have led to the release of more exchangeable 

cations or bases that might have increased the soil pH. The 

decrease in pH at N fertilized treatments may have been due 

to the nitrification of ammonium (NH4
+
) to nitrate (NO3

-
) or 

the acid creating nature of urea application, which can re-

lease considerable H
+ 

ions to the soil through nitrification 

[27]. Therefore, the long-term application of chemical ferti-

lizers may reduce the soil pH value with subsequent incre-

ments of soil acidity. Based on Landon [31]`s rating, all 

treated plots of the experimental sites showed moderately to 

slightly acidic soil pH. 

The sole application of FYM and its combination with N 

fertilizer increased soil pH, which might be attributed to in-

creased microbial activity in the decomposition of organic 

matter and the subsequent release of more exchangeable cat-

ions and enriched the soil with basic cations which increased 

the soil pH. Based on this study result, the application of 

organic fertilizer is a good option as compared to the applica-

tion of inorganic fertilizer for soil character amendment 

through an increment of the soil pH value. In line with this 

result Iqbal et al. [23] verified that the use of organic fertiliz-

er considerably enhanced soil pH in rice-cultivated plots 

while unilateral urea application dramatically decreased soil 
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pH. Schroder et al. [47] also reported the acid-producing 

properties of urea application, which can release a significant 

amount of H
+
 ions to the soil through nitrification, have been 

responsible for the reduction in soil pH from treatments re-

ceived with only mineral N fertilizer. According to Widowati 

et al. [58], compost releases cations and alkaline chemicals 

including Ca
2+

, Mg
2+

, K
+
 that raise CEC and pH levels and 

counteract soil acidification. 

3.3.3. Available Phosphorus (Av. P) 

Phosphorus is the second most limiting nutrient next to N 

for the production of healthy plants with profitable yields [8]. 

The analysis of variance showed that soil Av. P was affected 

significantly (p≤0.01) by the sole application of FYM rates. 

However, it was not affected by the interaction effect of 

FYM and N fertilizer as well as the main effect of N fertiliz-

ers (Table 4). Although there were numerical changes be-

tween experimental treatments attributable to the interaction 

effects of the treatments. 

After crop harvest, the value of Av. P for all treatments 

was higher than the Av. P before planting due to the residual 

effect of applications of recommended TSP and FYM during 

planting for all plots. The highest Av. P (28.38 mg kg
-1

) was 

recorded from plots treated with 7.5 t ha
-1

 FYM. In contrast, 

no FYM addition plots yielded the lowest available P (23.89 

mg kg
-1

) (Table 5). Therefore, the application of 7.5-ton ha
-1

 

FYM increased Av. P by 18.79% as compared to the treat-

ment with the lowest value. Thus, the availability of phos-

phorus may rise when the application rate of FYM fertilizers 

increases. The increase in available P using FYM might be 

attributed to the high phosphorus content of the experimental 

material FYM as confirmed by the sample analysis of FYM 

(Table 3). This might be attributed to the release of soluble 

humic material or organic acids from the decomposing of the 

organic residues and manures, which contribute greatly to the 

decrease in phosphorus adsorption capacity and increase in 

Av. P that occur in soils [16]. This idea was agreed with [29], 

who reported that the increase in Av.P receiving from FYM 

applied either alone or in combination with NPK compared 

to control due to the release of organically bound phospho-

rus, during decomposition of organic matter and solubiliza-

tion of soil phosphorus by organic acids. The improvement 

in organic matter (OM) content in the soil also increases the 

amount of available P in the soil. This indicates that continu-

ous application of FYM helps to reduce soil P-fixation [4]. 

According to Alem Redda and Fassil Kebede [2], both the 

main factors (FYM and inorganic fertilizer) had a highly 

significant positive influence on the content of available 

phosphorous after harvesting of rice. similarly, Aruna et al. 

[4] reported that animal manures and green manure increased 

soil available phosphorus, OM, total nitrogen, and cation 

exchange capacity (CEC) of the soil and this was attributed 

to the availability and adequate supply of organic matter. 

According to Jagadeesha et al. [25] the application of organ-

ic sources tended to improve available NPK, soil bulk densi-

ty, and the organic carbon content of soil compared to their 

initial status after harvesting of crops. Similar to this, Apri-

yani et al. [3] reported that the applying of farmyard manure 

can increase the amount of available P due to the phosphorus 

concentration in cow manure alone. 

Table 5. The main effect of organic (FYM) and mineral (N) fertilizer rates on some soil physico-chemical properties after harvesting of rice 

at Fogera in 2021. 

FYM (t ha-1) BD (gcm-3) pH (1: 2.5) H2O TN (%) Av.P (mg kg-1) Exc.K (cmol kg-1) Exc.Ca (cmol kg-1) 

0 1.28a 5.92b 0.11c 23.89c 0.50c 31.47c 

5 1.26ab 5.95ab 0.14b 26.13b 0.53b 32.28b 

7.5 1.21b 5.98a 0.15a 28.38a 0.65a 32.45a 

LSD (0.05) 0.057* 0.031** 0.007** 0.57** 0.02** 0.25** 

N (kg ha-1)       

0 1.27 5.96ba 0.12c 26.24 0.57a 32.13 

46 1.21 5.97a 0.12c 26.36 0.56ab 32.07 

92 1.24 5.93b 0.14b 26.37 0.55bc 32.04 

184 1.27 5.92b 0.16a 25.55 0.54c 31.98 

LSD (0.05) 0.066ns 0.036* 0.0081** 0.66ns 0.012** 0.28ns 

CV% 4.5 0.61 6.14 2.58 3.26 0.91 

BD=Bulk density; TN=Total nitrogen; Av.P=Available phosphorus; Exc. K=Exchangeable potassium; Mg=Exchangeable magnesium, Exc.K 

= Exchangeable calcium; Means along the column with the same letter are not significantly different at p≤0.05. 
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3.3.4. Total Nitrogen (TN) 

Nitrogen is one of the most limiting nutrients in plant 

growth and is the most critical element obtained by plants 

from the soil, and its deficiency is a bottleneck in plant 

growth [20]. The analysis of variance after rice harvest 

showed that soil total nitrogen (TN) was significantly affect-

ed (p ≤ 0.01) by the main effects of FYM and N fertilizer 

rates. However, it was not affected by the interaction effect 

of FYM and N fertilizers (Table 4). This result agreed with 

Dragan et al. [15] that evaluated the content of soil TN was 

constantly increasing corresponding to the applied urea ferti-

lizer rate and there is statistical significance difference be-

tween four nitrogen fertilizer rates of treated plots. Accord-

ingly, the highest TN (0.16%) was recorded from the addi-

tion of 184 kg ha
-1

 N followed by 7.5 ton/ha FYM (0.15%), 

while the lowest (0.11%) was recorded from no FYM addi-

tion plots (Table 5). Therefore, the addition of 184 kg ha
-1

 N 

increase TN by 42.82% compared to the smallest TN. In line 

with this, Oluwaseyi et al. [40] noted that application of ni-

trogen fertilizer increased soil N and P compared with the 

control at two experiment sites. Wisa et al. [59] reported 

plots receiving crop residue and inorganic fertilizer have 

more TN content than controls. Similarly, Aruna et al. [5] 

reported that urea fertilizer alone increased the amounts of 

soil elements, such as N and P contents in comparison to the 

non-fertilized control plots in his experimental sites. 

The increase in soil TN from treatments received sole 

mineral N fertilizer may attributed to low urea volatilization 

due to organic matter content, CEC, clay content, pH and 

temperature of the experimental soils. Urea volatilization 

influenced by pH of the soil and temperatures above 45°C 

[6]. However, the temperature of this experiment area was 

below 45°C hence; high nitrogen content was obtained in the 

experimental plots treated with urea fertilizers an increment 

in soil N after nitrogen fertilizers and FYM applications 

might be due to the addition of organic N through the decay 

of the FYM added to the soil and urea fertilizers. According 

to EthioSIS [17], the optimum N level needed for crop pro-

duction under most soils in Ethiopia was reported to be less 

than 0.2%. Based on the ratings of Landon [30], the soils of 

the experimental plots after treatment with different rates of 

FYM and nitrogen, and rice crop harvest showed low and 

medium levels of nitrogen (Table 5). The lowest soil N con-

tent of the study area might be related to intensive cultivation 

and the application of inadequate fertilizers below the rec-

ommended rates. Concerning the effect of FYM rates, the 

highest soil residual TN (0.15%) was recorded at a rate of 

7.5 t ha
-1

, while the lowest TN (0.11%) was recorded at the 

rate of 0 FYN ha
-1

 (Table 5). The findings were consistent 

with those of Sajal and Abul [44] who examined as the ap-

plication of organic materials significantly increases soil total 

nitrogen and available phosphorus content. And discovered 

that the TN increased when compost and mineral fertilizer 

were used together, which they attributed to the direct addi-

tion of nitrogen from inorganic fertilizers and the decomposi-

tion of compost added to the soil. Similar to this, Tilahun 

Tadesse et al. [53] reported the main effect of FYM treat-

ment considerably changed the TN and accessible phospho-

rus contents of the soil; the TN and available phosphorus 

contents of the soil responded significantly to the main effect 

of FYM application. 

3.3.5. Exchangeable Potassium (K
+
) 

The analysis of variance revealed that exchangeable K ex-

hibited a highly significant difference (p ≤ 0.01) by the main 

effects of FYM and nitrogen fertilizers, (Table 4). The high-

est exchangeable K (0.65 cmol kg
-1

) was recorded from the 

sole application of 7.5-ton ha
-1

 FYM. While the lowest (0.50 

cmol kg
-1

) was obtained from no FYM addition plots (Table 

5). Hence, application of 7.5-ton ha
-1

 FYM increased soil 

exchangeable K by 30.66% as compared to no FYM addi-

tion. The decrease in soil exchangeable K from treatments 

received from sole mineral N fertilizer has attributed to at the 

highest mineral nitrogen fertilizer the crop growth increases 

and might have taken more nutrients from the soil and might 

resulted in lower content of k nutrients in the soil than the 

control and the initial soil nutrients. Similar results obtained 

by Jianbo et al. [26] indicated that the high rates of N fertili-

zation treatments significantly decreased the soil`s available 

K and available P content. According to FAO [18] classifica-

tion of Exc. K the soil of the experimental site after the rice 

was harvested from most treatments showed a medium level 

of K, while the treatments with a high level of FYM con-

tained high level of exchangeable K. This finding was also 

consistent with the findings of Gebremedhn Gebrtsadkan and 

Dereje Assefa [20], who discovered that all FYM and urea 

fertilized treatments significantly (P<0.01) affect the availa-

ble potassium content when compared to the control treat-

ments. The study of Alem Redda and Fassil Kebede [2] 

agreed with this result that the use of farmyard manure either 

alone or in combination with inorganic fertilizers (urea) had 

increased the available potassium (K) content of the soil. The 

buildup of available K in the soil due to the application of 

FYM may be due to the additional K applied through it and 

also the solubilizing action of certain organic acids produced 

during FYM decomposition and the soil's greater capacity to 

hold K in the available form. 

3.3.6. Exchangeable Calcium (Ca
2+

) 

The analysis of variance showed that the exchangeable Ca 

after rice harvesting was significantly (p ≤ 0.01) affected by 

the sole application of FYM (Table 4). The maximum soil 

exchangeable Ca (32.45 cmol kg
-1

) was recorded from the 

sole application of 7.5- ton ha
-1

 FYM. However, no FYM 

addition plots yielded the lowest exchangeable Ca (31.47 

cmolc kg
-1

) (Table 5). The result was in agreement with 

Munyabarenzi [36] report that exchangeable Ca increased in 

plots treated with organic fertilizer alone compared to inor-
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ganic fertilizer alone and control treatments after maize har-

vest. According to Saha et al. [43] there is a benefit using 

organic manures alongside inorganic fertilizers frequently 

result in increased exchangeable cations (Ca, Mg, and K), 

soil organic matter (SOM), CEC and soils biological activity. 

This improves nutrient cycling and helps to maintain the 

status of the soil's nutrients. 

3.3.7. Soil Organic Carbon (OC) 

Organic carbon in the soil is an imperative indicator of soil 

fertility, which can improve soil structure, nutrient exchange, 

and maintain soil physical conditions. The addition of organ-

ic matter enhances soil organic carbon content, which is an 

important indicator of soil quality and crop productivity [35]. 

Soil OC after rice harvest showed a significant difference 

(p≤0.01) in plots treated with the applications of both combi-

nations and sole application of FYM and N fertilizer rates 

(Table 4). The highest soil OC (1.82%) was recorded from 

the combined application of 92 kg ha
-1 

N with 7.5-ton ha
-1 

of 

FYM, which was statically similar with the combined effect 

of 184 kg ha
-1

 N and 7.5-ton ha
-1

 of FYM. However, the 

lowest soil OC (1.59%) was obtained from the control treat-

ments which was statistically at par with sole applications of 

46 kg ha
-1 

N (Table 6). The combined application of 92 kg 

ha
-1 

N with 7.5-ton ha
-1 

of FYM significantly increased the 

soil OC by 14.45% over the control treatment, and combined 

application of 7.5 t ha
-1

 FYM with 184 kg ha
-1

 N significant-

ly increased SOC by 13.85 % as compared to the control. 

The plots that received organic manure alone (7.5 t ha
-1

) 

and integrated with different rates of N fertilizer had higher 

OC than the control plots and the N fertilizer alone. This 

could be attributed to the decomposition and mineralization 

of FYM by soil microorganisms. The increase in soil organic 

carbon by enhancement of sole FYM and mixed fertilized 

plots might be due to the added FYM because all organic 

manures, especially FYM, contain a significant amount of 

organic carbon. This result was consistent with Aruna et al. 

[4] who claimed that animal manures and green manures 

increased soil OM, N, P, and CEC, this might have happened 

because of an appropriate supply of organic matter. Similar 

findings were found by Singh et al., [49] who explained that 

the conjunctive use of organic and inorganic source of nutri-

ents significantly improved the carbon content of a soil. Ac-

cording to Tamado Tana and Mitiku Woldesenbet [51] evalu-

ation, applying 5 t ha
-1

 FYM along with 75% inorganic NP 

increased by 36% soil organic carbon content as compared 

from the control following the harvest of food barley. Corre-

sponding to this, Weihua et al. [57] reported that, when 

chemical fertilizer was used in combination with organic 

fertilizer, the levels of SOM, total N, P, and accessible K 

were much higher than chemical fertilizer used alone. 

3.3.8. Cation Exchange Capacity (CEC) 

After crop harvest, the analysis of variance showed that 

the main effect of N at p<0.05, the main effect of FYM as 

well as the interactions of N with FYM at p<0.01 had a sig-

nificant effect on total nitrogen (Table 4). The plots treated 

with 7.5 t ha
-1

 of FYM and 92 kg of nitrogen per hectare had 

the greatest CEC (46.33 cmol kg
-1

). Nonetheless, the control 

plot had the lowest CEC (41.33 cmol kg
-1

) (Table 6). In 

comparison to the control plots, applications of 7.5 t ha
-1

 

FYM with 92 kg ha
-1

 N enhanced soil CEC by 12.1%, and 

applications of 7.5 t ha
-1

 farmyard manure alone significantly 

raised CEC by 11.30%. It was also observed that the sole 

application of 5 t ha
-1 

FYM significantly maximized CEC by 

8.47 % following rice harvest compared to the control. 

The increase in CEC might be due to the addition of or-

ganic manure that increases the negative surface charges on 

the soil colloids. In general, soils with larger amounts of or-

ganic matter have more negative charges and therefore a 

higher CEC than ones with lower amounts. High CEC might 

have more nutrients held on the soil, and diminishing their 

mobility and contributing to slow release [8]. According to 

Landon [31] classification of soil CEC, the soil of the exper-

imental site after the rice was harvested, most treatments 

showed high level of CEC. In conformity with this result, 

Tolanur [54] obtained that CEC significantly increased with 

increased organic manure in combination with mineral NPK 

fertilizers than when mineral NPK fertilizers were applied 

alone. According to Alem Redda and Fassil Kebede [2], the 

CEC of the soil was greatly raised by FYM's primary effect 

as well as its interactional effect with inorganic fertilizers. 

Similar findings were made by Schoebitz and Vidal [46] who 

found that the application of an optimum level of organic and 

inorganic fertilizer improved the organic matter and CEC 

content, and made the soil fertile. Corresponding to this, 

Getachew Agegnehua et al. [21] confirmed that the values of 

CEC increased after the integrated applications of organic 

and inorganic fertilizers on wheat and tef crop cultivated 

soils in the highland environment of Ethiopia. 

Table 6. The interaction effect of N and FYM fertilizer rates on 

selected soil properties after harvesting of rice at Fogera, Ethiopia 

during 2021. 

FYM 

t/ha 

NR 

kg/ha 
OC% 

CEC (cmol 

kg-1) 

Exc. Mg 

(cmol kg-1) 

0 0 1.59f 41.33d 15.49de 

5 
 

1.65de 44.83abc 15.57cd 

7.5 
 

1.68c 46ab 16.05b 

0 46 1.60f 45.66abc 15.45ef 

5 
 

1.67cd 44.5bc 15.61c 

7.5 
 

1.69c 45.33abc 16.06b 

0 92 1.63e 44.33c 15.4fg 

5 
 

1.76b 44.86abc 15.63c 

7.5 
 

1.82a 46.33a 16.31a 
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FYM 

t/ha 

NR 

kg/ha 
OC% 

CEC (cmol 

kg-1) 

Exc. Mg 

(cmol kg-1) 

0 184 1.63e 46ab 15.35g 

5 
 

1.75b 45.5abc 15.61c 

7.5 
 

1.81a 45.1abc 15.55cd 

Mean 
 

1.69 44.98 15.67 

LSD (0.05) 0.026** 1.58** 0.08** 

CV (%) 

 

0.92 2.07 0.32 

Means along the column with the same letter are not significantly 

different at p≤0.05, FYM t/ha = Farm yard manure ton per hectare, 

NRkg/ha = nitrogen rate kilogram per hectare, OC= Organic car-

bon; CEC= Cation exchange capacity; Ex. Mg= Exchangeable Mg, 

** Significant at P<0.01, * significant at P<0.05, NS= no signifi-

cant difference. 

3.3.9. Exchangeable Magnesium (Mg
2+

) 

The main effect of FYM, N, and their interaction had a 

significant (p ≤0.01) impact on exchangeable Mg (Table 4). 

The highest soil exc. Mg (16.31 cmol kg
-1

) was recorded 

from the combined effect of 7.5-ton ha
-1

 FYM with 92 kg ha
-

1
 N. While the lowest soil exc. Mg (15.35 cmol kg

-1
) was 

recorded from sole application of 184 kg ha
-1

 N fertilizer. 

Hence, the application of 7.5-ton ha
-1

 FYM with 92 kg ha
-1 

N 

increased exchangeable Mg by 6.25% as compared to the 

highest sole N fertilizer rates, while the application of 7.5-

ton ha
-1

 FYM alone and 46 kg ha
-1

 N with 7.5-tons ha
-1

 FYM 

increased by 4.63% as compared to the sole application of 

184 kg ha
-1

 N fertilizer, which had the lowest soil Mg con-

centration (15.35 cmol kg
-1 

(Table 6). 

According to FAO [18] classification, all treated plots 

showed high levels of magnesium, but numerically the high-

est level of Mg was recorded from the highest application of 

FYM with 92 kg ha
-1

 N rates. The result was in line with 

Mclintock and Diop [33] who reported compost application 

increased the exchangeable bases (Mg, Ca and K) and CEC 

of the soil. Concerning the sole application of chemical ferti-

lizers, the exc. Mg significantly affected by nitrogen fertiliz-

er treatments. In line with this Dania et al. [11] reported that 

application of urea alone significantly affects that soil Mg, 

Ca and K than the control. According to Lungu and Dynoodt 

[32] there were significant effects of urea on the exchangea-

ble bases (Ca and Mg) in the soil, and exchangeable Ca and 

Mg were lower at higher rates of urea application (>120 kg 

N ha
-1

) compared to zero and 60 kg N ha
 -1

. 

4. Conclusion 

The combined use of FYM and N fertilizers result in this 

study was significantly improved the soil OC, CEC, and ex-

changeable magnesium. More over sole application of FYM 

significantly improved soil`s pH, organic carbon, total nitro-

gen, available phosphorus, cation exchange capacity, and 

exchangeable calcium, magnesium and potassium, while 

minimize soil BD, which created a good environment for the 

growth and development of the rice crop. Based on the find-

ings of this study, it was determined that applying 7.5-ton ha
-

1
 FYM with 92 kg ha

-1
 N fertilizer was increase rice yield 

and improve soil fertility. while providing the greatest eco-

nomic advantage. Generally, soil productivity and health 

may be more sustainable with the combine use of farmyard 

manure and inorganic fertilizers than with the use of inorgan-

ic fertilizers alone. From the current experiment results, it 

could be concluded that the application of 7.5 t ha
-1

 FYM 

with 92 kg ha
-1

 N fertilizer improve soil physico-chemical 

properties and sustained production of rice crop development 

on the vertisols of Fogera district and other similar agro-

ecologies. 

Abbreviations 

ANOVA Analysis of Variance 

C/N Carbon to N Trogen Ratio 

CEC Cation Exchange Capacity 

CV Coefficient of Variance 

Acknowledgments 

I am grateful to the Ethiopian Institute of Agricultural Re-

search in general and the Fogera National Rice Research and 

Training Center in particular for sponsoring my MSc study 

and providing the fund to this research study. I would like to 

thank to Abebe Getu, Mekin Mohamed for their constructive 

suggestions and knowledge shared during the write up. I also 

want to express my gratitude to staff members of the Fogera 

National Rice Research and Training Center, in particular Mr. 

Wubayehu G/Medihin, Dessalegn Yalew, Demsew Bekele, 

Getachew Yilma, Belete Wubante, Emebet Mulate and 

Chernet Baye, for their support in facilitating all the neces-

sary materials during my study period. 

Author Contributions 

Banchamlak Bitew: Conceptualization, Data curation, 

Formal Analysis, Investigation, Methodology, Software, Val-

idation, Visualization, Writing – original draft, Writing – 

review & editing 

Eyayu Molla: Data curation, Investigation, Supervision, 

Visualization 

Tilahun Tadesse: Conceptualization, Investigation, Su-

pervision, Visualization, Writing – review & editing 

Dejen Bekis: Conceptualization, Data curation, Formal 

Analysis, Investigation, Methodology, Supervision, Visuali-

zation, Writing – original draft 

http://www.sciencepg.com/journal/ajpb


American Journal of Plant Biology http://www.sciencepg.com/journal/ajpb 

 

74 

Conflicts of Interest 

The authors declare no conflicts of interest. 

References 

[1] Abay Ayalew and Tesfaye Dejene. 2012. Combined Application 

of Organic and Inorganic Fertilizers to Increase Yield of Barley 

and Improve Soil Properties at Freeze, In Southern Ethiopia. In-

novative Systems Design and Engineering, 3(1): 25-34. 

[2] Alem Redda and Fassil Kebede. 2016. Effects of integrated use of 

organic and inorganic fertilizers on soil properties performance, 

using rice (Oryza sativa L.) As an Indicator Crop in Tselemti Dis-

trict of north-western Tigray, Ethiopia. 1 (1): 6-14. 

[3] Apriyani S., Wahyuni S., Harsanti E.S., Zu'amah H., 

Kartikawati R. and Sutriadi M. T. 2021. Effect of inorganic 

fertilizer and farmyard manure to available P, growth and rice 

yield in rainfed lowland rice Central Javaiop Conf. Series: 

Earth and Environmental Science, 648(012190): 1-9. 

[4] Aruna Olasekan, Adekiya Wutem, Sunny Ejue, Adeniyi 

Olayanju, Oluwagbenga Dunsin, Christopher Muyiwa, 

Aboyeji Charity Aremu, Kehinde Adegbite &Olanike 

Akinpelu. 2020. Effects of different organic manure sources 

and NPK fertilizer on soil chemical properties, growth, yield 

and quality of okra. Scientific reports, 10: 16083. 

[5] Aruna Olasekan, Christopher Muyiwa, Oluwag Benga, Ojo 

Vincent Adebiyi and Oreoluwa Titilope. 2018. Effect of urea 

fertilizer and maize cob ash on soil chemical properties, growth, 

yield, and mineral composition of okra, abelmoschus esculentus. 

Moench journal of horticultural research, 26(1): 67–76. 

[6] Ayeni L. S. 2012. Combined Effect of Cattle Dung and Urea 

Fertilizer on Organic Carbon, Forms of Nitrogen and Availa-

ble Phosphorus in Selected Nigerian Soils. Journal of Central 

European Agriculture, 13(3): 601-607. 

[7] Bouyoucos G. J. 1962. Hydrometer method improved for making 

particle size analysis of soils. Agronomy Journal, 54: 464-465. 

[8] Brady N. C. and Weil R. 2002. Micronutrient and other trace 

elements. The Nature and Property of Soil (13th edition). 

Pearson Education Publisher, Sing hapur, 638- 668 pp. 

[9] Bremner J. M. and Mulvaney C. S. 1982. Total nitrogen. In: Meth-

ods of Soil Analysis. Part 2: Chemical and Microbiological proper-

ties (eds. Page, A. L., Miller, R. H., and Keene, D. R.), American 

Society of Agronomy, Madison, Wisconsin. Pp 595-624. 

[10] Chapman H. D. 1965. Cation exchange capacity. In CA Black, 

LE Ensminger, FE Clark (Eds). Methods of soil analysis. 

Agronomy. Am Soc Agro Inc, Madison, Wisconsin, 9: 891-901. 

[11] Dania Stephen, Okhumata Edukpe, Esther Uzezi and Eniola 

Rita. 2021. Effects of integrated application of inorganic and 

organic fertilizer on properties of soil planted with rice. World 

Journal of Advanced Research and Reviews, 11(02): 117–123. 

[12] Dejen Bekis, Bayuh Belay and Hussein Mohammed. 2021. 

Association of Agronomic Traits with Grain Yield of Low-

land Rice (Oryza Sativa L.) Genotypes. International Journal 

of Research in Agricultural Sciences, 8(3): 161-175. 

[13] Dejene Mengistu and Lemlem Mekonnen. 2012. Integrated 

Agronomic Crop Managements to Improve Tef Productivity 

Under Terminal Drought. Water stress. Intech Open. 

[14] Demsew Bekele, Yihenew Gebreselassie, and Tilahun 

Tadesse. 2022. Yield Response of Upland Rice (oryza sativa 

l.) Through Nutrient Omission Trial in Vertisols of Fogera 

Districts, North West Ethiopia. American Journal of Plant Bi-

ology, 7(1): 30-40. 

[15] Dragan Cakmak, Elmira Saljnikov, Veljko Perovic, Darko 

Jaramaz and Vesna Mrvic. 2010. Effect of Long-Term Nitro-

gen Fertilization on Main Soil Chemical Properties in Cambi-

sols World Congress of Soil Science, Soil Solutions for a 

Changing World, pp 291-293. 

[16] Easter Wood, G. W. and Sartain J. B. 1990. Clover residue 

effectiveness in reducing orthophosphate sorption on ferric 

hydroxide coated soil. Soil Sci Soc Am J, 54: 1345–1350. 

[17] EthioSIS (Ethiopian soil information system). 2014. Soil Fer-

tility Status and Fertilizer Recommendation Atlas for Tigray 

Regional State, Ethiopia, Ethiopia Soil Information System, 

Addis Ababa, Ethiopia. 

[18] FAO (Food and Agriculture Organization of the United Na-

tions). 2006. Plant nutrition for food security: a guide for in-

tegrated nutrient management, fertilizer and plant nutrition 

bullet in Rome. Bulletin, Rome, Italy, Pp. 16. 

[19] FAO (Food and Agriculture Organization of the United Na-

tions). 2015. Soil fertility management in support of food se-

curity in Sub-Saharan Africa. Rome, Italy. 

[20] Gebremedhn Gebrtsadkan and Dereje Assefa. 2015. Evaluating 

the Effect of Integrated Use of Farm Yard Manure and Urea on 

the Socio-economic Performance of Tomato (Lycopersicon escu-

lentum Mill) at Tselemti Woreda, North western Tigray, Ethiopia. 

Journal of Biology Agriculture Health care, 5 (9): 158-164. 

[21] Getachew Agegnehua, Paul N. Nelsona, Michael I. and Bird. 

2016. Crop yield, plant nutrient uptake and soil physicochem-

ical properties under organic soil amendments and nitrogen 

fertilization on Nitisols. Soil and Tillage Research, 160: 1-13. 

[22] Hazelton P. and Murphy B. 2007. Interpreting soil test results: 

What do all the numbers mean? Csiro publishing. 

[23] Iqbal A., He L., McBride S. G., Ali I., Akhtar K., Khan R., 

Zaman M., We S., Guo Z. and Jiang L. 2021. Manure Appli-

cations Combined with Chemical Fertilizer Improves Soil 

Functionality, Microbial Biomass and Rice Production in a 

Paddy Field. plos one, 15(10): 340-349. 

[24] Jackson, M. L. 1973. Soil Chemical Analysis Prentice Hall 

Grice. Englewood Cliffs, USA, 284 p. 

[25] Jagadeesha N., Srinivasulu G. B., Rathnakar M., Shet M. R., 

Umesh, Gajanana Kustagi, Ravikumar B., Madhu L. and 

Reddy V. C. 2019. Effect of Organic Manures on Physical, 

Chemical and Biological Properties of Soil and Crop Yield in 

Finger millet- red gram Intercropping System. Int. J. Curr. 

Microbiol. App. Sc, 8(5): 1378-1386. 

http://www.sciencepg.com/journal/ajpb


American Journal of Plant Biology http://www.sciencepg.com/journal/ajpb 

 

75 

[26] Jianbo Sun, Wenbin Li, Chunqiang Li, Wenjun Chang, Shiqing 

Zhang, Changying Zeng and Ming Peng. 2020. Effect of Differ-

ent Rates of Nitrogen Fertilization on Crop Yield, Soil Properties 

and Leaf Physiological Attributes in Banana Under Subtropical 

Regions of China. Front. Plant Sci, 11(11): 613760. 

[27] Jing Wang, Xiaoshun Tuc, Huimin Zhang, Jingya Cui, Kang 

Ni, Jinlin Chen, Yi Cheng, Jinbo Zhang and Scott Chang. 

2020. Effects of ammonium-based nitrogen addition on soil 

nitrification and nitrogen gas emissions depend on fertilizer-

induced changes in pH in a tea plantation soil. Science of the 

total Environment, 747 (10): 141-340. 

[28] Khater El-Sayed G. 2015. Some Physical and Chemical Proper-

ties of Compost. International Journal Waste Resources. 5(1): 1-

5. 

[29] Kunj Bihari, Meena wheat, Sarware Alam, Hanumant Singh, 

Mohammad Amin, Abhinaw Kumar, Mishra A. K. and Ta-

rence. 2018. Influence of farmyard manure and fertilizers on 

soil properties and yield and nutrient uptake of wheat. Inter-

national Journal of Chemical Studies, 6(3): 386-390. 

[30] Landon J. 2014. Booker Tropical Soil Manual: A handbook 

for soil survey and agricultural land evaluation in the tropics 

and subtropics. Rout ledge, London, 237-240. 

[31] Landon J. R. 1991. Booker Tropical Soil manual: A handbook 

for Soil Survey and Agricultural Land Evaluation in the Trop-

ics and Subtropics. Longman Scientific and Technical, Essex, 

New York, 474 p. 

[32] Lungu Oim and Dynoodt Rfp. 2008. Acidification from long-

term use of urea and its effect on selected soil properties. African 

journal of food Agriculture Nutrition development, 8 (1): 210-220. 

[33] Mclintock N. C. and Diop A. M. 2005. Soil Fertility Man-

agement and Compost Use in Senegal‟s Peanut Basin. Inter-

national journal of agricultural sustainability 3(2): 79- 91. 

[34] Ministry of Agriculture and Rural development (MoARD). 

2010. National Rice Research and Development Strategy of 

Ethiopia. The Federal Democratic Republic of Ethiopia, Min-

istry of Agriculture and Rural development, Addis Ababa, 

Ethiopia. 48 pp. 

[35] Muhammad Arif, Muhammad Tasneem, Fiaz Bashir, Ghulam 

Yaseen and Rana Muhammad. 2014. Effects of integrated use 

of organic manures and inorganic fertilizers on yield and yield 

components of rice. Journal of Agricultural Research, 52(2): 

197-206. 

[36] Munyabarenzi I. 2014. Effect of farmyard manure and miner-

al fertilizers on maize yield and soil properties in huye and 

bugesera districts of Rwanda. Master of Kenyatta University. 

[37] Muy Leang and Kim Machito. 2022. Farmers’ Organic and 

Inorganic Fertilizers Application and its Effects on Rice 

Productivity in Prey Chhor District, Kampong Cham Province. 

International Journal of Environmental and Rural Develop-

ment, 13(1): 7-13. 

[38] Okalebo J. R., Gathua K. W. and Woomer P. L. 2002. Labora-

tory Methods of Soil and Plant Analysis: A Working Manual, 

2nd Edition. TSBF-CIAT and SACRED Africa, Nairobi, Kenya. 

[39] Olsen S. R., Cole C. V., Watanabe F. S. and Dean. L. A. 1954. 

Estimation of available phosphorus in soils by extraction with 

nahco 3, USDA Cir. 939. U. S. Washington. 

[40] Oluwaseyi, Ogunboye, Aruna O. Adekiya, Babatunde S., 

Ewulo and Adeniyi Olayanju. 2020. Effects of Split Applica-

tion of Urea Fertilizer on Soil Chemical Properties, Maize 

Performance and Profitability in Southwest Nigeria. open Ag-

ricultural journal, 14: 36- 42. 

[41] Peech M. 1965. Hydrogen ion activity in Black C. A (Eds) 

Methods of Soil Analysis. Part 2. American society of agron-

omy, Madison pp. 914-916. 

[42] Rowell D. L. 1994. Soil science: Methods & Applications. 

Addison Wesley Longman Singapore Publishers P. Ltd., Eng-

land, UK. 350 p. 

[43] Saha S., Mina B. L., Gopinath K. A., Kundu S. and Gupta H. 

S. 2008. Organic amendments affect biochemical properties 

of a subtemperate soil of the Indian Himalayas. Nutrient cy-

cling in Agroecosystems, 80(3): 233-242. 

[44] Sajal Roy and Abul Kashem Md. 2014. Effects of Organic 

Manures in Changes of Some Soil Properties at Different In-

cubation Periods. Open Journal of Soil Science, 4: 81-86. 

[45] Sanchez P. A. 2002. Soil fertility and hunger in Africa. Sci-

ences, 295: 2010–2019. 

[46] Schoebitz M. and Vidal G. 2016. Microbial consortium and 

pig slurry to improve chemical properties of degraded soil and 

nutrient plant uptake. Journal of soil science and plant nutri-

tion, 16(1): 226-236. 

[47] Schroder J. L., Zhang H., Girma K., Raun W. R., Penn C. J. 

and Payton M. E. 2011. Soil acidification from long‐term 

use of nitrogen fertilizers on winter wheat. Soil Science Socie-

ty of America Journal, 75(3): 957-964. 

[48] Shahzad K., Khan A., Smith J. U., Saeed M., Khan S., and 

Khan S. 2015. Residual effects of different tillage systems, 

bio slurry and poultry manure on soil properties and subse-

quent wheat productivity under humid subtropical conditions 

of Pakistan. International Journal of Biosciences (IJB), 6(11): 

99-108. 

[49] Singh Yeshpa, Duhan B. S. and Sharma N. L. 2017. Physico-

Chemical Properties of Soil, Influenced by Different Levels of 

NPK, FYM and Sulphur in Mustard-Moong Cropping Se-

quence. International Journal of Current Microbial. App. Sci, 

6(12): 4187-4195. 

[50] Sisay Assefa and Sisay Tadesse. 2019. The Principal Role of 

Organic Fertilizer on Soil Properties and Agricultural Produc-

tivity. Review. Agricultural Research and Technology: Open 

Access, 22(2): 556192. 

[51] Tamado Tana and Mitiku Woldesenbet. 2017. Effect of Com-

bined Application of Organic and Mineral Nitrogen and 

Phosphorus Fertilizer on Soil Physico- chemical Properties 

and Grain Yield of Food Barley (Hordeum vulgare L.) In Kaf-

fa Zone, South-western Ethiopia. Momona Ethiopian Journal 

of Science (MEJS), 9(2): 242-261. 

http://www.sciencepg.com/journal/ajpb


American Journal of Plant Biology http://www.sciencepg.com/journal/ajpb 

 

76 

[52] Tesfaye Burju Roba. 2018. Review on: The Effect of Mixing 

Organic and Inorganic Fertilizer on Productivity and Soil Fer-

tility. Open Access Library Journal, 5(6): 1-11. 

[53] Tilahun Tadesse, Nigussie Dechassa, Wondimu Bayu, and 

Setegn Gebeyehu. 2013. Effects of farmyard manure and in-

organic fertilizer application on soil physico-chemical proper-

ties and nutrient balance in rain-fed lowland rice ecosystem. 

American Journal of Research Communication, 1(4): 275-301. 

[54] Tolanur S. I. 2001. Integrated nutrient management on physi-

cal conditions, soil fertility and productivity of crops in dry 

land vertisol (Doctoral dissertation, university of agricultural 

sciences). 

[55] Walkley A. and Black I. A. 1934. An examination of the degt-

jareff method for determining soil organic matter, and a pro-

posed modification of the chromic acid titration method. Soil 

science, 37(1): 29-38. 

[56] Waseem M. A., Giraddi R. S. and Math K. K. 2013. Assess-

ment of nutrients and micro flora in vermicompost enriched 

with various organics. J Exp Zool India, 16: 697–703. 

[57] Weihua, Peiyu Luo, Ning An, Fangfang Cai, Shiyu Zhang, 

Kun Chen, Jinfeng Yang and Xiaori Han. 2020. Manure ap-

plication increased crop yields by promoting nitrogen use ef-

ficiency in the soils of 40-year soybean-maize rotation. Scien-

tific Report, 10: 14882. 

[58] Widowati W., Sutoyo S., Karamina H. and Fikrinda W. 2020. 

Similarity Soil amendment impact to soil organic matter and 

physical properties on the three soil types after second corn 

cultivation. AIMS Agriculture and Food, 5(1): 150-168. 

[59] Wisa Muhammad, Vaughan S. M., Dalal R. C. and Menzies N. 

W. 2011. Crop residues and fertilizer nitrogen influence resi-

due decomposition and nitrous oxide emission from a Vertisol. 

Biology and Fertility of Soils, 47(1): 15-23. 

[60] Workineh Ejigu, Yihenew G. Selassie, Eyasu Elias and Mate-

be Damte. 2021. Integrated fertilizer application improves soil 

properties and maize (Zea mays L.) yield on Nitisols in 

Northwestern Ethiopia. Heliyon, 7(2): 6074. 

 

 

http://www.sciencepg.com/journal/ajpb

