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ABSTRACT

A field experiment was conducted at Jinka AgrictdtiResearch Center to determine the effect of étflizers
application rate and bradyrhizobium inoculationrmdulation, N-uptake and crude prtein content gfbsan
[Glycine max (L.) Merrill] at Jinka under rain fembnditions in 2008. The experiment was conductat wio
levels of nitrogen in the form of urea (0 and 46h&d), two levels of bradyrhizobium (0 and Str-TAL-372)d
four levels of phosphorous fertilizer in the formTSP (0, 25, 50 and 75 kg Ha The experimental design was
split-split plot with four replications where, N warranged as main plot factor, bradyrhizobium Bndere
arranged as sub and sub-sub plot factors, respctiModulation parameters, N-uptake and crudeeprot
content of soybean were studied. Nitrogen appinagignificantly affected N uptake by soybean gicstraw

N uptake. Application of 46 kg N Hainoculation or P fertilization of 25 kg P haesulted in higher net benefit
and maximum MRR (%). Therefore, it can be conclufilerh this result that nitrogen application of 46 M ha

! inoculation or phosphorous application at the wft@5 kg P ha is advisable and could be appropriate for
soybean production in the test area even thoughefutesting is required to put the recommendatiom strong
basis.

Key words: Inoculation, Nitrogen fertilizer, Phosphrous fizér and Soybea

1. Introduction

The soybeanGlycine max (L.) Merrill] is a species of legume native to EastigAdt is a member of the
Leguminosae family. Soybealycine max (L.) Merrill], originally confined to temperate Zonésbecoming
more important in many tropical regions, especiail\Brazil, South America, the Far East and moendy
Africa (CIAT, 1987).

Although most parts of the southern regions of &ilé have a potential for soybean production, eatitbn is
limited to only some areas. In addition, farmeisuad the study area do not yet cultivate soybearfa there
is no research conducted in the area investigétiegesponse of the crop to NP fertilization aratlgrhizobium
inoculation. Thus, for inclusion of the crop in tasting cropping systems and increasing its pctdiy, some
of the packages that could increase productivityaybean such as NP fertilization and inoculathegdrop with
specific rhizobium strains should be worked out.

Objectives:-

1. To determine the influence dradyrhizobium japonicum strain inoculation and NP fertilization on
nodulation, yield and yield components of soybe@tydine max (L.) Merrill] cultivar at Jinka, Southern
Ethiopia

2. To assess the nodulation and N fixation capagitgoybean cultivar at different levels of NP ileers
application at the experimental site

3. To identify the optimum rate and combinationdN&f fertilizer with the specific bradyrhizobium itation
for profitable soybean production at Jinka.

2. MATERIALS AND METHODS
2.1. Description of the Study Area

The experiment was conducted at Jinka Agricult@esearch Center located 863 N latitude and 388' E
longitude. Jinka is situated in south Ethiopia 30 Kms from Addis Ababa, at an altitude of 1450hbnwe sea
level. The average annual rainfall of the areatfer last twelve years is 1294 mm with a range of.B90
1675.8 mm, while the average annual minimum and immax temperatures were 16.1°c and 27.6°c,
respectively. The main rainy season extends froanckito June interrupted by some dry periods in.Mdne
experiment was conducted during the second cropggagon (July to October, 2008) under rain fed itiond
Meteorological data such as mean monthly rainfath] and average minimum and maximum temperatucgs (°
of Jinka for the year 2008 are indicated on Fidure

2.2. Treatments and Experimental Design

Treatments were made from a combination of thretofa. Four levels of phosphate fertilizer (0 k§,Ky and
50 kg and 75 kg P Hin the form of (TSP), two levels of nitrogen fézer (0 kg ha and 46 kg N hd) in the
form of urea and inoculation (inoculation with @traf bradyrhizobium strain, Str-TAL-379 from natial soil
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research center or without inoculation) were ug@de variety of soybean namely Williams, which islea
maturing was selected for the study based onéisliyig potential and protein content.
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Figure 1. Average Maximum and Minimum Temperatd® and Mean Monthly Rainfall (mm) at Jinka, in

2008.
The experiment consisted of 16 treatments withta tf 64 plots. The field experiment was laid aug split-
split-plot design with four replications. Nitrogégwvels, inoculation and phosphorous levels wereal e main
plot, sub-plot and sub-sub plot factors, respeltivEhe seeds of soybean for the inoculation treatis were
inoculated with carrier- based inoculantsBo&dyr hizobium japonicum (Str-TAL-379) at the rate of 10 g Rapf
seed applied to the moistened seeds. All inoculatiwere done just before planting under shade intaia the
viability of the Bradyrhizobium bacteria. Seeds evair dried for a few minutes before planting.

2.3. Agronomic Management

Soybean was sown on Julyl, 2008 in eight rows pear with spacing of 40 cm between rows and 10 cm
between plants within a row. Each plot was 3 m land 3.2 m wide. Plots receiving no inoculants weaated
before others following those receiving inoculaim®rder to reduce the possibility of contaminatiénsingle
person, on a single factor level basis has madplémting for the inoculation factor. Ridges werada between
each plot to reduce the movement of bacteria frimtp plots by rainwater.

3.6. Plant Tissue Analysis

At physiological maturity, five plants from the tweentral rows were randomly selected from each. dlbe
sampled five plants were composited in to one saraptl were partitioned in to grain and straw. TtaltN in
the tissue samples was quantitatively determinedKj@dahl procedure by treating the plant with 3@y
(Sahelemedhin and Taye, 200G)ain nitrogen content is therefore multiplied by% (100/16) to give grain
crude protein percent (AOAC, 1975). Tissue nitro¢(f#) was calculated as the ratio of total nitrogentent of
the tissue to total biomass multiplied by 100.
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3.8. Economic Analysis

Simple partial budget analysis was employed foneadc analysis of fertilizers and inoculum. Thecprof
fertilizers and inoculum and the crop potentiapasse towards the added fertilizers and inoculumewsed to
determine the economic feasibility of fertilizersdanoculum. To estimate the total costs, mean etgrkice of
soybean, N and P fertilizers and inoculum wererigkem market assessment at the time of harvesting.
economic analysis was based on the formula develbpeCIMMYT (1988).

Adjusted vyield (t hd): the average yield adjusted downward by a 10%eftect the difference between the
experimental yield and yield of farmers.

Gross field benefit: calculated by multiplying fieprice that farmers receive for the crop when tbalg it by
adjusted yield and subtracting all costs associmatddharvest and sale.

Net benefit: calculated by subtracting the totalalzle costs from the GFB for each treatment.

Marginal rate of return (MRR%): calculated by divig change in net benefit by the marginal cost itha
change in cost.

Results and Discussion

2. 4. Nodulation Parameters

Nitrogen fertilization had significantly increaseddule number and nodule dry weight (Table 1). vaxn
number of nodule (21) was from application of 46 Mcha' and minimum (15) was from no N application
(Table 2). The highest nodule dry weight (230 manpl) was recorded from 46 kg N hand the lowest (90 mg
plant’) was from no N application (Table 2). This shovibdt nitrogen enhances nodulation when applied in
small amount as a starter fertilizer during inotiala This may be probably attributed to the pesiteffect of N
fertilizer to initiate nodulation. Mohammeet al. (2001) reported that application of 50 kg N'faoduced
greater number of nodules and more nodule dry weldwever, Dereje (2007) reported that N fertiliaa did
not significantly affect nodule number, nodule drgight and volume in soybean at Awassa.

Inoculation had significantly affected nodule numbaed nodule dry weight (Table 1). The maximum narndf
nodules (34.4) was recorded for inoculated treatrméhile nodules were almost absent from non indedla
treatments (Table 2). A similar effect was obsengd nodule dry weight. Inoculation enhanced nodule
formation and development in the roots of soybdainan be suggested that there were no native blazm
infect soybean. This could be attributed to thé faat soybean has not been growing in the areardeSimilar
results were reported by Neveen (2008), who redatttat inoculation of soybean significantly incredshe
nodule number over the control. The author alstedtéhat inoculation had significantly affected ntddry
weight. Moreover, Islangt al. (2004) reported that bradyrhizobium inoculati@suited in greater number of
nodules (24.1) in soybean.

Phosphorous fertilizer significantly affected naaluhumber per plant and nodule dry weight (Table 1).
Generally, P improves nodule number and nodulewdright. The reason might be that phosphorous inggov
the overall performance of the plant leading to eitdsy nodulation. Ankomalet al. (1996) reported that
application of P resulted in a significant increasaodule number on cowpea.

Table 1: Mean Square Values for Nodule NumbersNwdule Dry Weight of Soybean at Mid Flowering Stage
as Affected by Nitrogen Fertilizer, Inoculation aBtosphorous Fertilizer at Jinka, in 2008.

Mean square

Nodule numbe Nodule dry
plant* weight (gm)

Source DF
Replication(R) 3 16.29 0.006*
Nitrogen (N 1 650.25%** 0.29***
Error a 3 8.38 0.003
Inoculation (1) 1 17424 1.33%**
N*| 1 676" 0.29¢
Error b 6 8.25 0.005
Phosphorous (P) 3 50.42* 0.009*
N*P 3 32.08° 0.005¢
*P 3 58.83° 0.01"
N**P 3 37.1F 0.004¢
Error c 36 17.57 0.005

* o+ %% indicate significancat P < 0.05, P < 0.01 and P < 0.001, respectively;
‘ns,” not significant.
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Table 2: Nodule Number and Nodule Dry Weight of/lS®an at Mid Flowering Stage as Affected by Nitnoge
Fertilizer, Inoculation and Phosphorous Fertiliaedinka,

in 2008.

Treatments Nodule Nodule dn
Numbe weight
plant (mg plant)

Nitrogen (N kg ha™)

0 15b 90b

46 2la 230a
2.3 0.04

LSD 0.05

CV% 16.13 24.23

Inoculation (1)

Non inoculated () 1.44b 20b

Inoculated (}) 34.44a 310a
1.76 0.04

LSD 0.05

CV% 16.01 24.19

Phosphorus (P kg h&)

0 15.5b 140d

25 17.8b 150c

50 19.13a 170b

75 19.34a 190a
3.01 8.5

LSD 0.05

CV% 23.37 22.99

Note: Means with the same letters within the columresraot significantly different
at P <0.05.

2.5. Effect on N Uptake and Grain Crude Protein

Significant variation existed in grain N uptaketaloN and crude protein content of soybean dueittogen
fertilization whereas the effect on straw N uptaka@s not significant (Table 3). Grain N, total N acidide
protein content were increased by 35, 31 and 3te%pectively when N application rate was raisechfibkg N
ha' to 46 kg N hal(Table 4). The reason may be that the improvedahisiy of soil N increased N uptake and
consequently protein content. According-ossairet al. (2007), applied nitrogen fertilizer influenced Nntent
of seeds. Pongsakul and Jensen (1979) reportedtiest N application rate was raised from 0 andKdLRl ha;

! soybean grain crude protein content increased frt@ento 220 g k3. Fernando and Dobermann (2006) also
reported that grain protein content of soybeanedrfgom 37 to 42 % and N uptake of 61 to 151 kgal tiue
to varying N fertilization rate from 46 to 92 kghdi*. The increase in grain protein content due to milifmation
could be attributed to since N is source of proteid it is also mobile nutrient as a result accatea in grain
as the crop got physiological maturity.

There was no significant variation in straw N, gral, total N and crude protein content of soybealue to
inoculation (Table 3). There was some indicatioat tthese values seemed to increase under inoculated
treatments, though non significant (Table 4). Gndther hand, Dereje (2007) reported that theresigasficant
variation existed in grain N and crude protein patmf soybean due to inoculation by bradyrhizobatnains.

He also reported an increased grain yield for ifetcan with strain- TAL-379. It seems that the straas not
been effective in fixation in this experiment prbhadue to unfavorable environmental conditions.

Phosphorous fertilization significantly affectedast N and grain N uptake, total N and crude proteintent of
soybean (Table 3). Application of P increased gi#rocontent in all of these observed parameteraeier, the
variation among the three upper levels of P aptitinavas not significant. The result showed théé¢lization
enhanced N uptake of the soybean plant. Taylor Rinithdelphia (2006) suggested that phosphorus guppl
increased the amount of N accumulated at both fiimgeand late pod filling in soybean. Hossairal. (2007)
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also reported that N uptake of plants was imprdwe® fertilization. This indicates that phosphorapglication
not only increases yield but also improves nutngiioquality of soybean.

Table 3: Mean Square Values for Straw N, Grain &talN and Crude Protein of Soybean at Jinka, 0820

Source DF Straw N Grain N Total N Crude protein
(kg ha) (kg ha) (kg ha') (kg ha)
Replication(R) 3 2.26 237.86 277.5% 9291.3f
Nitrogen (N' 1 0.04¢ 1947.95 1964.55 76091.98"
Error a 3 3.02 245 302.18 9571.31
Inoculation (1) 1 4.58 143.3%° 199.8%* 5622.09°
N*| 1 8.7% 0.07* 10.42" 2.72¢
Error b 6 0.81 84.26 99.91 3291.54
Phosphorous (P) 3 10.66 1175.14" 1377.76° 45903.75"
N*P 3 1.7 380.55 370.53 14865"
I*P 3 0.g" 10.98" 9.61" 429.07
N**P 3 6.58" 102.17 153.93¢ 3991.19°
Error ¢ 36 1.56 76.43 91.69 2985.48

* ** *xxindicate significance at P < 0.05, £0.01 and P < 0.001, respectively; ‘ns,’ notsignificant.

Table4: Nitrogen Uptake of Soybean as AffectedNityogen, Inoculation and Phosphorous Fertilizediaka,
in 2008.

Treatments Straw N Grain N Total N Grain crude
(kg ha') (kg ha') (kg ha') protein
(kg ha")
Nitrogen (N kg ha?)
0 4.64a 31.29b 35.93b 195.51b
46 4.69a 42.32a 47.01a 264.51a
NS 8.45 10.83 47.84
LSD 0.05
CV% 17.21 22.53 21.92 21.62
Inoculation (1)
Non inoculated 1) 4.39a 35.31a 39.70a 220.65a
Inoculated (}) 4.93a 38.30a 43.23a 239.40a
NS NS NS NS
LSD 0.05
CV% 19.27 24.94 24.10 24.93
Phosphorous (P kg h&
2) 3.36¢ 24.07b 27.70b 150.44b
25 5.57a 40.82a 46.39a 255.14a
50 4.51bc 39.73a 44 .25a 248.34a
75 4.95ab 42.59a 47.54a 266.16a
0.89 6.27 6.87 39.18
LSD 0.05
CV% 26.74 23.75 23.09 23.75

Notevleans with the same letters within the columnsnatesignificant
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Phosphorous application significantly affected wtrid, grain N, total N and grain crude protein contef
soybean. There was an improvement in N uptake flyesm with rising P level.

Based on the above findings, application of 46 &J N fertilizer, inoculation with another suitablgan or
checking the viability of the strain before condogtthe experiment and P fertilization at the w@ft@5 kg P h#
could be considered as an alternative by small desrof the experimental area for increasing praditgtof
soybean. However, there is a need to repeat theriexpnt to account for weather variability prefdyaby
including the other growing season (March to June).
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