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ABSTRACT

A field experiment was conducted to assess the effects of combined application of farm yard manure (FYM) and inor-
ganic NP fertilizers on soil physico-chemical properties and nutrient balance in a rain-fed lowland rice production sys-
tem in Fogera plain, northwestern Ethiopia. The study was carried out during the main cropping seasons of 2010 and
2011. Twenty-seven treatments comprising a factorial combination of three rates of FYM (0, 7.5, and 15 t-ha™"), three
rates of nitrogen (0, 60, 120 kg-N-ha™") and three rates of phosphorus (0, 50 and 100 kg-P,Os-ha™") were tested. The
experiments were laid out as a randomized complete block design with three replications. Bulk density, organic matter
content, and available water holding capacity, total N, and available P of the soil were measured just after harvesting the
rice crop. Results showed that application of 15 t-FYM-ha ' significantly increased soil organic matter and available
water holding capacity but decreased the soil bulk density, creating a good soil condition for enhanced growth of the
rice crop. Application of 15 tFYM-ha ' increased the level of soil total nitrogen from 0.203% to 0.349%. Combined
application of 15 t-ha '*FYM and 100 kg-P,Os-ha™' increased the available phosphorous from 11.9 ppm to 38.1 ppm.
Positive balances of soil N and P resulted from combined application of FYM and inorganic N and P sources. Applica-
tion of 15-t ha '"“FYM and 120 kg-N-ha 'resulted in 214.8 kg-ha '-N positive balance while application of 15
t-ha “FYM and 100 l<g,~P205'ha_1 resulted in a positive balance of 69.3 kg'P205~ha_l available P. From the results of
this experiment, it could be concluded that combined application of FYM and inorganic N and P 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 provement in the soil structure due to FYM application
leads to a better environment for root development [5].
FYM also improves soil water holding capacity [4]. The
fact that the use of organic fertilizers improves soil
structure, nutrient exchange, and maintains soil health
has raised interests in organic farming [1].

The use of FYM alone as a substitute to inorganic fer-
tilizer is not be enough to maintain the present levels of
crop productivity of high yielding varieties [6]. Therefore,
integrated nutrient management in which both organic
manures and inorganic fertilizers are used simultaneously
is the most effective method to maintain a healthy and
sustainably productive soil [4]. Emerging evidence indi-
cated that integrated soil fertility management involving

Despite the past gains in rice production through chemi-
cal fertilizers, recent observations of stagnant or declin-
ing yields have raised concerns about the long-term sus-
tainability of the crop production [1]. Continuous use of
inorganic fertilizers leads to deterioration in soil chemi-
cal, physical, and biological properties, and soil health
[2]. The negative impacts of chemical fertilizers, coupled
with escalating prices, have led to growing interests in
the use of organic fertilizers as a source of nutrients [2,
3]. Organic materials such as FYM have traditionally
been used by rice farmers [3]. FYM supplies all major
nutrients (N, P, K, Ca, Mg, S,) necessary for plant
growth, as well as micronutrients (Fe, Mn, Cu and Zn).

Hence, it acts as a mixed fertilizer [1,4]. FYM improves
soil physical, chemical and biological properties [1]. Im-
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the judicious use of combined organic and inorganic re-
sources is a feasible approach to overcome soil fertility
constraints [6]. The high cost of making inorganic fertil-
izers accessible to farmers in Ethiopia, coupled with the
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availability of livestock in the country, necessitates the
use of integrated nutrient management. However, this
practice has not yet been tested in rain-fed lowland rice
production in Ethiopia. The objective of this study was to
assess the effects of combined applications of FYM and
inorganic (NP) fertilizers on the soil physico-chemical
properties and nutrient balance under the rain-fed low-
land rice production system in Fogera plains, northwest-
ern Ethiopia.

2. Materials and Methods
2.1. Description of the Study Site

Fogera plain is found in northwestern Ethiopia at 13°19'N
latitude, 37°03'E longitude at an altitude of 1815 m above
sea level. Eleven-year (2001-2011) meteorological data
of the area indicates that, in the main cropping sea- son
(June-October), the area has mean annual minimum and
maximum temperatures of 13.5°C and 26.1°C, respec-
tively. Rainfall of the area is uni-modal, mainly falling
from June to October, and amounts to 1205 mm. The soil
is vertisol with a clay content of 71.25%. It is slightly
acidic (pH 5.90) and the 20 cm soil horizon contains
0.22% total N, 12.64 ppm available P (Olsen), 0.93 cmol
(+) exchangeable K-kg-soil !, 3% organic carbon, and
52.9 cmol (+) kg”' CEC. According to Bernard (1993)
[7], the total N and available P contents of the soil are
medium while the organic matter content is low. Ac-
cording to Roy et al. (2006) [8], the exchangeable potas-
sium content and CEC are high.

2.2. Materials used for the Experiment

2.2.1. Fertilizer Material

Urea (46% N), Diammonimum phosphate (DAP) (46%
P,O5 and 18% N), and TSP (46% P,0s) were used as
inorganic N and P sources. FYM was used as an organic
fertilizer.

2.2.2. Planting Material

A rice variety called X-Jigna was used as a test crop. The
variety matures in 130 days (medium), has a medium
plant height.

2.3. Treatments and Experimental Design

The study was conducted during the main cropping sea-
sons of 2010 and 2011. Treatments consisted of three
rates of FYM (0, 7.5, and 15 t-haﬁl), three rates of N fer-
tilizer (0, 60, 120 Kg-N-ha ') and three rates of P fertile-
izer (0, 50, 100 kg-P,0s-ha™"). The experiment was laid
out in a randomized complete block design in a factorial
arrangement and replicated three times per treatment.
Gross and net plot sizes were 4 m X 5 mand 3 m x 4 m,

Copyright © 2013 SciRes.

respectively.

2.4. Experimental Procedures

Sun-dried FYM collected from Andasa Livestock Re-
search Center was applied on dry weight basis a month
prior to planting and thoroughly mixed with the soil. N, P
and K contents of the FYM used in the experiment and
the relative N, P, and K additions to the soil were deter-
mined (Tables 1 and 2). All P and half of the N fertiliz-
ers for the respective inorganic N and P treatments were
applied at planting. The remaining half of the inorganic
N fertilizer was applied at tillering stage. Prior to plant-
ing, surface (0 - 20 cm) soil samples, from twelve spots
across the experimental field, were collected in a zizag
pattern, composited, and analyzed for soil physico-chem-
ical properties following the procedure outlined by Page
et al. (1982) [9].

The rice seed was broadcast by hand at the seed rate of
140 kg-ha™'. Weeds were removed manually three times
(at early tillering, maximum tillering and booting stages).
No insecticide or fungicide was applied as there was no
serious incidence of insect pests or diseases. Harvesting
was done manually using hand sickles.

2.5. Data Collection and Measurements

Just after harvesting the crop, composite surface (0 - 20
cm) soil samples were collected from five spots for each
plot for determination of total N, available P, bulk den-
sity, organic matter contents as well as the water contents
of the soil at field capacity and permanent wilting point.
Available water capacity (AWC) is defined as the water
held between field capacity and the water content at
permanent wilting point (PWP), and is the amount of
water a soil can store that is available for use by plants
[10]. The AWC therefore was calculated as using the
following formula:

AWC=FC-6PWP

where FC is the water content at field capacity and 6PWP
is the water content at the permanent wilting point [10].
Partial nutrient balances at plot level for each treat-
ment were estimated by separating inputs and outputs of
the plot. The main inputs were N and P from inorganic
fertilizer and FYM. N and P nutrient uptakes by the rice
plants were considered as output. The partial nutrient
balance for N and P were calculated by subtracting nu-

Table 1. Organic matter (OM), N, P, and K composition of
the FYM used in the experiment.

Year OM (%) N(%) P (%) K (%)

2010 10.5 1.83 0.49 1.92

2011 113 2.02 0.58 275
AJPS
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trient uptake from the total nutrient added to the plots.
Nutrient balance exercises may serve as an instrument to
provide indicators for the sustainability of agriculture
systems [11]. However, the nutrient balance did not ac-
count for the addition of nutrients from rainfall, dry
deposition, biological nitrogen fixation, nor gaseous
losses of N, or weed uptake of nutrients from the soil
[11]. Measurement of these inputs and output were be-
yond the scope of this study. Data collected were sub-
jected to analysis of variance using SAS software [12].
Differences among treatment means were delineated
using the least significant difference test at the alpha
level of 0.05.

3. Results

3.1. Soil Total Nitrogen and Available
Phosphorus

Analysis of the soil test data revealed that total nitrogen
and available phosphorus contents of the soil responded
significantly to the main effect of FYM application (Ta-
ble 3). The main effect of nitrogen, the interaction effect
of nitrogen with any of the other fertilizers as well as the
interaction effect of the three fertilizers did not affect
total nitrogen or available phosphorus contents of the soil
(Table 3). On the other hand, the available phosphorus
content of the soil was significantly influenced by phos-
phorus application and by the interaction effect of FYM
and phosphorus applications.

Increasing the rate of FYM from nil to 7.5 and 15 t-ha '
significantly increased the total nitrogen content of the
soil by about 17% and 30%, in the order mentioned here
(Figure 1). The highest available soil phosphorus after
rice harvest was realized with the combined application
of 15 t-ha”' FYM with 50 and 100 kg-ha™' P,Os (Figure
2). The available phosphate content of the soil signifi-
cantly increased in response to the interaction effect of
FYM and phosphorus by about 9% (Figure 2).

3.2. Soil Organic Matter, Bulk Density and
Available Water Holding Capacity

The soil organic matter content just after the rice harvest
responded significantly to the application of FYM only,
the highest organic matter being recorded for the highest
(15 t-ha™") FYM application (Tables 4 and 5). Soil phy-
sical characteristics after rice harvesting such as soil bulk

density and available water holding capacity showed sig-
nificant response only to FYM application but not to the
inorganic fertilizers and their interactions with FYM (Ta-
ble 4). Compared to lower two rates, the 15 t-ha' FYM
resulted in the lowest soil bulk density (Table 5). Con-
cerning the soil available water holding capacity, statis-
tically equivalent and higher values were recorded for 7.5
t-ha' and 15 t-ha”' FYM (Table 5). Application of 15
t-ha”' FYM increased the soil organic matter and avail-
able water holding capacity by about 2.16% and 17.6%,
respectively, while it reduced the soil bulk density by
0.31 g-cm ™ (Table 5).

3.3. Soil N and P Balances

The Balance of soil nitrogen over all treatments revealed
that much of nitrogen was removed from the soil with the
application of inorganic N fertilizer or with no fertilizer
application both resulting in negative soil N balance
(Table 6). Regarding the balance of soil phosphorous, it
was negative for the lower P levels (0 and 50 P-kg-ha™")
which resulted in negative soil P balance (Table 7).
Combined application of both FYM and inorganic N and
P sources mostly resulted in positive balance of soil N
and P (Tables 6 and 7). The highest positive N balance
was recorded for the combined application of 15
t-FYM-ha™' and 120 kg-N-ha™' with no inorganic phos-
phorus application (Table 6). Similarly, the highest posi-
tive P balance was realized with the combined applica-
tion of 15 tFYM-ha ', 100 kg~P205~hafl with no inor-
ganic nitrogen application (Table 7).

4. Discussion

4.1. Soil Total Nitrogen and Available
Phosphorus

The In Fogera plain, rice is generally produced with no
addition of organic and inorganic fertilizers. Manure is
currently collected and used for fuel rather than being
used as fertilizer. Decline in soil fertility and rice yield
have been markedly observed in Fogera plain. In the
present investigation, it was found that the total soil ni-
trogen content after rice harvest increased significantly in
response to the application of FYM. According to soil
total nitrogen ratings of Hazeltonan and Murphy (2007)
[13], FYM application raised the soil N to the highest

Table 2. OM, N, P, and K additions to the soil form the FYM.

7.5 tFYM-ha™' 15tFYM-ha™'
Year OM
OM (kg-ha')  N(kgha') P(kgha') K(kg-ha) (keha ') N (kg-ha™) P (kg-ha™) K (kg-ha™)
2010 787.5 137.3 36.8 144.0 1575.0 274.5 73.5 288.0
2011 847.5 151.5 435 206.3 1695.0 303.0 87.0 412.5
Copyright © 2013 SciRes. AJPS
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Table 3. Mean squares of soil total N and available P after
rice harvest due to integrated use of FYM, N and P in rain-
fed lowland rice grown at Fogera in 2010 and 2011.

Source of variation Soil total N Available Soil P

FYM 0.143" 34,95

N 0.031NS 9.035NS

P 0.002NS 18.939"

FYM x N 0.006NS 1.987NS
FYM x P 0.001NS 21.023"

NxP 0.011NS 1.776NS

FYM x N x P 0.003NS 2.453NS
EMS 0.012 4.776

"and NS denote significant difference and nonsignificant difference at P <
0.05, respectively.
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Figure 1. Effect of FYMon soil total N (%) after harvest in
rainfed rice at Fogera, northwestern Ethiopia.
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Figure 2. Effect of integrated FYM and phosphorous appli-
cation on soil available P (ppm) at Fogera in 2010 and 2011.

rate. On the other hand, the highest available soil phos-
phorus after rice harvest was realized with the combined
application of 15 t-ha”' FYM and 100 kg-ha™' P,Os.
These results are in conformity with the finding of
Thamaraiselvi et al. (2012) [14] who reported increases
in soil total N and available phosphorus due to FYM ap-
plication. Similarly, Aziz et al. (2010) [15] reported
maximum soil N and P contents after a maize harvest for
FYM whereas the minimum N and P contents were

Copyright © 2013 SciRes.

Table 4. Mean squares of organic matter, bulk density, and
available water holding capacity of soil due to integrated
use of FYM, N and P in rain-fed lowland rice grown at
Fogera in 2010 and 2011.

Source of Organic Soil bulk  Available water holding
variation matter density capacity of soil
FYM 31.841° 0.487" 2332.168"
N 1.266NS  0.002NS 24.78NS
P 0.477NS  0.004NS 4.12INS
FYM x N 1.199NS  0.003NS 9.402NS
FYM x P 0.315NS  0.00INS 10.181NS
NxP 0.137NS 0.002NS 3.917NS
FYM x N x P 0.229NS 0.00INS 9.035NS
EMS 2.090 0.007 47.53

“and NS denote significant difference and nonsignificant difference at P <
0.05, respectively.

Table 5. The interaction effect of integrated FYM, N, and P
application on bulk density (g-cm), organic matter content
(%) and available water holding capacity of soil just after
rice harvesting at Fogera in 2010 and 2011

Organic matter Available water holding

FYM Bulk density

(%) capacity
0tha 3.26° 1.334 474"
7.5tha”! 3.848 1.138 49,148
15t-ha™! 4784 1.02° 52.3%
CV (%) 18.23 17.55 28.67 LSC

Means followed by the same letters within each growth parameter are not
different at P < 0.05.

found for the treatments with the application of inorganic
NPK fertilizer. The increase in soil N and P after FYM
application might be due to the direct addition of N and P
through decomposition of the FYM added to the soil.
The improvement in the soil available P with FYM addi-
tion could be attributed to many factors, such as the addi-
tion of P through FYM, and retardation of soil P fixation
by organic anions formed during FYM decomposition
[16]. Many authors associated the soil nutrient improve-
ment role of FYM to a residual effect on succeeding
crops. Bodruzzaman et al. (2010) [17] stated that FYM
application on a preceding rice crop had a residual effect
on the yield of a succeeding wheat crop. Thus, improve-
ments in soil N and P nutrient status due to FYM appli-
cation could sustain high rice crop yields ensuring long-
term sustainability of the system.

4.2. Soil Organic Matter, Bulk Density, and
Available Water Holding Capacity

Given to the low organic matter content of the soil, the
rice production field of Fogera plain has low available
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water holding capacity. The negative impacts of the re-
peatedly occurring terminal moisture stress are more
pronounced because of the low water holding capacity of
the soil. On top of supplying plants with nutrients, FYM
has several advantages in improving the soil organic
matter, water holding capacity, and bulk density [1,4]. In
the current investigation, application of FYM signifi-
cantly increased soil organic matter and available water
holding capacity but decreased the soil bulk density.
Compared to no FYM application, 7.5 and 15 t-ha-FYM
applications resulted in 3.6% and 10.3% increases in
available water holding capacity, 17.8% and 46.6% in-
creases in OM, and 23.3% and 15.0% decreases in BD,
respectively. The increased water holding capacity of the
soil may enable the rice crop in Fogera plain to withstand

occurrence of terminal moisture stress and give better
yields. In agreement with the results of this study, Shirani
et al. (2002) [18] reported significantly increased soil
organic matter and decreased soil bulk density just after
harvesting a maize field supplied with FYM. Bayu et al.
(2006) [19] also concluded that FYM application in-
creased soil organic carbon content by up to 67% over
the control treatment. The present observation of im-
proved soil water holding capacity with FYM application
is supported by the results of Dejene and Lemlem (2012)
[4]. A similar experiment on sorghum crop in the north-
eastern part of the country demonstrated that the soil wa-
ter content was significantly improved with FYM appli-
cation and plots that received 10 and 15 t-FYM-ha ' had
1.3% and 3.5% greater water content than the control

Table 6. The interaction effect of integrated FYM, N, and P application on soil N balance at Fogera in 2010.

Fertilizer combination (FYM Ninthe ke ha ) TR T N in FYM (kg ha!) Tozlilgl-\lll:fi‘()ied Nltr(iggei;l'))take Ijkl;-lg}'c)e
t-ha'-N-kg-ha'-P,05-kg-ha™")
1 2 B)=M+® “ 5=03)-®
0-0-0 0 0 0 81.6 —81.6
0-0-50 0 0 0 79.4 =79.4
0-0-100 0 0 0 91.8 -91.8
0-60-0 60 0 60 93.4 —33.4
0-60-50 60 0 60 95.6 —35.6
0-60-100 60 0 60 112.2 =522
0-120-0 120 0 120 122.2 2.2
0-120-50 120 0 120 145.5 —25.5
0-120-100 120 0 120 125.1 =5.1
7.5-0-0 0 144.4 144.4 122.6 21.8
7.5-0-50 0 144.4 144.4 114.7 29.7
7.5-0-100 0 144.4 144.4 110.1 343
7.5-60-0 60 144.4 204.4 149.1 55.3
7.5-60-50 60 144.4 204.4 161.9 42.5
7.5-60-100 60 144.4 204.4 161.5 42.9
7.5-120-0 120 144.4 264.4 162.0 102.4
7.5-120-50 120 144.4 264.4 197.2 67.3
7.5-120-100 120 144.4 264.4 198.0 66.4
15-0-0 0 288.8 288.8 138.7 150.1
15-0-50 0 288.8 288.8 135.0 153.8
15-0-100 0 288.8 288.8 136.1 152.7
15-60-0 60 288.8 348.8 181.7 167.1
15-60-50 60 288.8 348.8 193.3 155.5
15-60-100 60 288.8 348.8 246.6 102.2
15-120-0 120 288.8 408.8 194.0 214.8
15-120-50 120 288.8 408.8 225.1 183.7
15-120-100 120 288.8 408.8 272.6 136.2
Copyright © 2013 SciRes. AJPS
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Table 7. The interaction effect of integrated FYM, N, and P application on soil P balance at Fogera in 2010.

Fortilizor combination (FYM P in the inorganjlc fertilizer Pin F\[Il\d Total P afilded P uptalfle P balance (kg-ha ')
t'ha"-N-Kg-ha"-PZOS-Kg-ha’l) (kg-ha™) (kg-ha™) (kg-ha™) (kg-ha™)
(€] @ G=MD+@ “ 6=0G-@
0-0-0 0 0 0 26.5 -26.5
0-0-50 21.8 0 21.8 28.4 -6.6
0-0-100 43.7 0 43.7 354 8.3
0-60-0 0 0 0 28.0 —28
0-60-50 21.8 0 21.8 30.6 —8.8
0-60-100 43.7 0 43.7 434 0.3
0-120-0 0 0 0 33.8 -33.8
0-120-50 21.8 0 21.8 40.8 -19
0-120-100 43.7 0 43.7 40.8 2.9
7.5-0-0 0 40.2 40.2 33.1 7.1
7.5-0-50 21.8 40.2 62.0 42.6 19.4
7.5-0-100 43.7 40.2 83.8 39.7 44.1
7.5-60-0 0 40.2 40.2 36.0 42
7.5-60-50 21.8 40.2 62.0 46.9 15.1
7.5-60-100 43.7 40.2 83.8 50.3 335
7.5-120-0 0 40.2 40.2 43.4 -3.2
7.5-120-50 21.8 40.2 62.0 52.2 9.8
7.5-120-100 43.7 40.2 83.8 60.0 23.8
15-0-0 0 80.3 80.3 454 349
15-0-50 21.8 80.3 102.1 48.5 53.6
15-0-100 43.7 80.3 123.9 54.6 69.3
15-60-0 0 80.3 80.3 50.6 29.7
15-60-50 21.8 80.3 102.1 62.5 39.6
15-60-100 43.7 80.3 123.9 81.7 422
15-120-0 0 80.3 80.3 44.4 359
15-120-50 21.8 80.3 102.1 62.6 39.5
15-120-100 43.7 80.3 123.9 80.6 433

[19]. In the present investigation, application of inorganic
N and P fertilizers were found to have no effect on soil
organic matter, bulk density, and available water holding
capacity. In line with the present result, Prasad and Sinha
(2000) [5] and Khan et al. (2010) [1] reported nonsig-
nificant effect of inorganic fertilizers on soil organic
matter, bulk density, and available water holding capac-
ity. Bayu et al. (2006) [19] also reported that application
of inorganic fertilizers had no significant effect on the
organic carbon content and bulk density of the soil.

The improvement in water holding capacity in re-
sponse to the addition of organic matter is due to im-
proved soil structure and water stable aggregates, as well
as moisture retention capacity by increasing the total
number of storage pores [20]. Improvement in soil aggre-
gation is attributed to the action of polysaccharides and

Copyright © 2013 SciRes.

fulvic acid components of organic matter [5]. In FYM
applied soils, water infiltrates easily, similar to forest
soils [21]. The consequence of increased water infiltra-
tion combined with a higher organic matter content is
increased soil water storage [21]. Especially in the top-
soil, where the organic matter content is greater, more
water can be stored [21]. Organic matter not only in-
creases the water holding capacity of the soil but also
increases the available water for plant growth [1]. In this
way, water becomes available to rice plants for a longer
duration [22].

4.3. Soil N and P Balances

The soil N nutrient balance in the present study revealed
that much of the nitrogen was removed from the soil with
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the application of inorganic N fertilizer or with no fertil-
izer application both resulting in a negative soil N bal-
ance. Combined application of both FYM and inorganic
N and P sources mostly resulted in a positive balance of
soil N and P nutrients. The highest positive N balance
was recorded for the combined application of 15 t-ha'
FYM, 120 kg-ha' N with no inorganic phosphorus ap-
plication. The observed highest N balance was just due to
the higher amount of N application, coupled with the
lower uptake of the nutrient by the plant, compared to the
treatments where the specified FYM-P combination was
integrated with 50 and 100 kg-ha™' P,Os. Similarly, the
highest positive P balance was realized with the com-
bined application of 15 t-ha”' FYM, 100 kg-ha™' P,Os
with no inorganic nitrogen application. In line with the
present finding, Hossain, et al. (2010) [23] indicated that
N and P replenishment through FYM with chemical fer-
tilizer was enough to balance N and P removal by rice
and the N and P balance was positive. Tiwari ef al. (2010)
[11] also reported similar findings that N and P balances
were negative when inorganic fertilizers were applied
and observe a positive balance of N and P nutrients due
to application of FYM.

5. Conclusion

Farm yard manure has been receiving much attention
because of its ability to sustain soil health in terms of
fertility. In the current experiment, integrated use of farm
yard manure and inorganic fertilizers was found to im-
prove the soil total N and available P. Moreover, the use
of FYM significantly increased soil organic matter and
available water holding capacity but decreased the soil
bulk density, creating a good environment for growth and
development of the rice crop. With the combined appli-
cations of FYM and inorganic N and P fertilizers, the soil
N and P nutrient balances after the rice harvest were
found to be in a good status. Generally, soil productivity
and health may be more sustainable with the integrated
application of farmyard manure and inorganic fertilizers
than with the use of inorganic fertilizers alone. From the
results of the current experiment, it could be concluded
that combined applications of 15 t-ha”' FYM, 120
kg-ha "N and 100 kg-ha™'-P,Os resulted in improvement
of most soil physico-chemical properties and nutrient
balances that may lead to increased and sustained pro-
duction of rain-fed rice in Fogera plains of northwestern
Ethiopia.
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