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ABSTRACT

Inherent low soil nitrogen (N) and phosphorus (P) is one of the major hindrances of increased
soybean productivity in Malawian soils. Although, inoculation of legumes with rhizobia, has been
advocated for decades as a way of boosting leguminous crops’ productivity through biological
nitrogen fixation (BNF), the effectiveness of this strategy, has been low. An experiment was carried
out to investigate the effect of the application of small doses of N and P to inoculated soybean. It
was laid out in a complete block design (CBD) replicated three times and the treatments included:
1. Soybean only, 2. Inoculated soybean, 3. Inoculated soybean + 30 kg N ha”, 4. Inoculated
soybean + 30 kg N ha™ + 25 kg P ha™', 5. Inoculated soybean + 30 kg N ha™ + 35 kg P ha™. The
soybean in all treatment plots except for treatment 1 was inoculated with 30 kg N ha” applied as
urea to treatment plots 3, 4 and 5. Phosphorus as TSP was applied to treatment 4 and 5 at the rate
of 25 and 35 kg P ha”. Data collected included; selected soil physical and chemical properties,
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the role of starter N in soils low in N.

biomass and pod yields. Data obtained were subjected to Analysis of Variance (ANOVA) using the
GenStat statistical package and treatment effects tested for significance using the F-test at 5%
level of significance. Means were separated using the least significant difference (P<0.05). Results
indicate that inoculating soybean with rhizobia and inoculating soybean with rhizobia plus applying
30 kg N ha™ did not significantly increase biomass yields. However, inoculating soybean plus the
combined application of 30 kg N ha™ and, 25 kg P ha™ or / and 35 kg P ha™ increased the soybean
biomass yields by 54% and 70% respectively above control. The lack of significant response when
N was applied without P points to the significant role played by phosphorus in root development
and energy transfer processes within the plant. Effective nodulation, however, was significantly
higher (p<0.05) above the control where inoculation was combined with the application of 30 kg N
ha” and 35 kg P ha”, hence underlining the role played by phosphorus in nodule development and

Keywords: Soybean; inoculation; biomass; biological nitrogen fixation.

1. INTRODUCTION

Soybean is a very important leguminous crop in
Malawi. The country is the third largest producer
of the crop in SADC (73,000 tones) after South
Africa (588,000 tones) and Zambia (112,000
tones), though having more land under the crop
(75,000 ha) than Zambia (62,000 ha) [1]. The
crop is cultivated under diverse climatic
conditions, on well drained soils. It has high
content of protein (40%) and no-cholesterol oil
(20%) [2], qualifying it as appropriate for human
consumption as well as livestock feed. Its
nitrogen fixing ability positions the crop as being
suitable for a wide range of cropping systems in
the country. Soybean production in the country is
dominated by smallholder farmers [1].

A myriad of production constraints however,
have kept the productivity of the crop far below
the yield potential of the many varieties currently
being grown in the country. At present, the mean
grain yield under smallholder farmers’ conditions
is pegged at 892 kg ha™ against a yield potential
of over 4,500 kg ha™ for most of the varieties
currently being grown by the farmers [3]. Low
crop productivity has been attributed chiefly to
poor soil fertility status of Malawian soils, which
are inherently low in nitrogen (N) and
phosphorus (P) [4,5]. This limits the productivity
of the crop. Being a legume, soybean fixes
atmospheric N through symbiotic relationship
with nodule dwelling rhizobium bacteria [6], a
process called Biological Nitrogen Fixation
(BNF). Both N and P are requisite in the growth
and development of the crop. Root development
and subsequent nodule formation after root
infection by the N fixing bacteria requires energy
derived from the phosphorus containing ATP
molecule [7]. Furthermore, nitrogen is required
for the general vegetative growth of the legumes.
The element is part of leaf protein which is vital

for chroloplast formation and photosynthesis [8].
This entails that where the element is limiting
photosynthesis is crippled hence crop
development and productivity is limited. This is
most critical in the early stages of the
development of leguminous crops before N
fixation by the nodule dwelling bacteria
commences. It is worthwhile to note that only 25
to 60% of N in soybean dry matter is derived
from symbiotic N fixation, the rest is absorbed
from the soil [9]. However a balance must be
struck; since if too much soil N is available,
nodulation is constrained as the plant will
prioritize soil N over fixed N and no nitrogen
fixation will take place. Therefore, it follows that
where soil N and P are limiting, judicious starter
doses of the nutrients coupled to inoculation is
essential for crop establishment prior to
nodulation and subsequent atmospheric fixation
of nitrogen. A review of soybean research by [10]
indicated that in experiments where soybean was
treated with mineral N fertilizer or not treated with
mineral fertilizer with or without inoculation with
Bradyrhizobium japonicum, N fertilization with or
without inoculation significantly increased grain
yields compared with untreated experimental
plots. On the other hand, in northern Nigeria, [11]
conducted a study on smallholder farms in 2011
and 2012 on understanding variability in soybean
yields and response to P-fertilizer and rhizobium
inoculants on farmers’ fields using four
treatments: no inputs (control); single super
phosphate (SSP) fertilizer (P); inoculants (I) and
SSP plus inoculants (P + ). A strong response to
both P and I, was observed which significantly
increased grain yields by 452 and 447 kg ha™
respectively. The combined effect of P + | (777
kg ha'1) resulted in the best average yields.

For the case of Malawi, inoculating legumes with
rhizobia, particularly the soybean, has been



advocated for decades as a way of boosting
productivity through BNF. But, the effectiveness
of the strategy however, has been constrained by
the low N and P status of Malawian soils. This
has been compounded by the deficiency of some
micronutrients in the soil. The strategy has been
crippled further by the low inoculants production
capacity in the country, which has resulted into
commercialization of the production of the
product through the private sector. Production
though and availability of inoculants remain low.
This implies that many smallholder farmers grow
the crop without inoculating with effective
rhizobia capable of fixing atmospheric nitrogen
and without applying starter doses of inorganic
fertilizer. Resultantly, soybean productivity is
compromised. The need therefore, to establish
nutrient rates combined with inoculation for
increased soybean production on smallholder
farmers’ fields in the country is apparent. To
contribute to this knowledge, a study, at
Bvumbwe Agricultural Research Station in
Malawi was conducted to assess the effect of
applying N and P starter doses to inoculated
soybean on soybean yields.

2. MATERIALS AND METHODS
2.1 Study Site

The study was conducted on experimental fields
of Bvumbwe Agricultural Research Station, (150°
55' S 350° 04' E). The Station is at 1174 to 1228
m above sea level off the Limbe-Thyolo road in
Malawi on the Shire Highlands. The average of
annual rainfall is 1,219 mm most of which falls in
December to April. Frequent mist and drizzles
(Chiperoni), and occasional frosts occur during
the cool months of May to August are a special
feature. The study was conducted off the
2013/2014 cropping season under irrigation from
June to August, 2014.

2.2 Materials

Materials used during the study included the
following; soybean (Nasoko) which matures in 3
months, soybean inoculants produced at
Chitedze Agricultural Research Station, triple
super phosphate (TSP) (Ca(H,PO,),.H,0) as a
source of P and urea (CO(NH,),) as a source
of N.

2.3 Soil Sampling and Preparation for
Laboratory Analysis

The sampling area was 0.093 acres. Nine
sampling points were randomly selected in a zig

Phiri et al.; IJPSS, 10(5): 1-7, 2016; Article no.lJPSS.24905

zag pattern. The soil auger was used to collect
soil samples at depths of 0 — 20 cm and 20 —40
cm. A Composite soil sample was made for each
soil depth and thereafter soil was placed in well
labeled bags [12]. The soil samples were air
dried, crushed in pestle and mortar and
thereafter sieved using 2 mm sieve. The soil
samples were therefore ready for analysis of
physical and chemical properties at Bvumbwe
Soils Laboratory, at Bvumbwe Agricultural
Research Station, in Southern Malawi.

2.4 Laboratory Soil Analysis

Laboratory soil analysis of the composite soil
samples was done in order to characterize the
soil. The composite soil samples were analyzed
for organic carbon (OC), total nitrogen (N),
available  phosphorus  (P), exchangeable
potassium (K), magnesium (Mg), calcium (Ca)
and soil pH (H;O). Soil pH was measured in
water (1:2.5) using the pH meter [12]. Soil
analysis for P, exchangeable K, Mg and Ca was
done using Mehlich 3 extraction procedures [13]
while OC was determined using the Wakley
black (colorimetric) method [14] and total N was
determined by Kjeldahl method [15].

2.5 Preparation of the Seed Bed

The field was demarcated into three blocks, with
each block divided into five, 5 m x 4 m plots for
planting the experiment. Ridges were made and
spaced at 75 cm apart. The experiment was laid
in a Complete Block Design (CBD). The field
where the experiment was conducted was largely
homogeneous in terms of topography and
fertility.

2.6 Inoculation of Soybean

In order to inoculate soybean 30 g of sugar was
added to 200 ml of clean lukewarm water in a
container and was shaken well until all the sugar
dissolved. Later 10 kg of soybean seeds and one
packet of soybean inoculant were added to the
solution in the container. Thorough mixing of the
soybean seeds and the inoculant was done until
all the seeds were uniformly covered with the
inoculant. The process was done at the field and
the inoculated soybean seeds were dried under a
under shade and planted thereafter under moist
conditions.

2.7 The Field Experiment

The experiment was laid out in a CBD replicated
three times. The treatments were as follows:



1. Soybean only, 2. Inoculated soybean, 3.
Inoculated soybean + 30 kg N ha™, 4. Inoculated
soybean + 30 kg N ha” + 25 kg P ha’, 5.
Inoculated soybean + 30 kg N ha” + 35 kg P
ha™. The soybean in all treatment plots except
for treatment 1 was inoculated with 30 kg N ha™
applied as urea to treatment plot 3, 4 and 5.
Phosphorus as TSP was applied to treatment 4
and 5 at the rate of 25 and 35 kg P ha™.
Adequate water was supplied to the crop through
irrigation thrice a week using sprinkler irrigation.
Yields data that included pod and biomass yields
were collected at harvest time. Poor seed yields
were registered as the crop was attacked by
soybean rust. The poor seed yields were not
weighed.

2.8 Biomass and Pod Yields Assessment
for the Soybean

Soybean biomass vyields at harvest were
assessed as described by [16]. Biomass and
pods were harvested from a 3 m x 2.25 m net
plot. Shelling of the pods was done, but most of
the pods were not filled with seed. The biomass
was oven dried for 72 hours at 70°C to constant
weights.

2.9 Statistical Analysis

All the soil and biomass data were analyzed
using Genstat statistical package and were
subjected to analysis of variance at 95% level of
confidence. Means were separated by the least
significant difference (P<0.05).

3. RESULTS
3.1 Level of Soil Nutrients at the Site

Tables 1 summarize the physical and chemical
properties of soils for the experiment site before
planting. The laboratory results indicate that soil
texture was predominantly sandy clay (SC) at 0-
20 cm to 20-40 cm. The soil reaction was
moderately acid at both soil depths (pH= 6.0)
(17). The total N content at 0-20 cm and 20-40
cm depths was low (< 0.12%) according to [17].
The soil organic carbon (OC) content was
medium (= 0.88%) [17] between 0-20 cm. Plant
available P was adequate (= 30 mg P kg'1) at
both soil depths due to use of poultry manure by
other researchers at the site. The field had
adequate (> 0.105 cmol kg') exchangeable
potassium (K) between 0-20 cm (0.39 cmol kg™)
and between 20-40 cm (0.62 cmol kg'1) while
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calcium and Mg was high (= 2 cmol kg™'; = 2.04
cmol kg™) [17] at both soil depths.

3.2 Effective Nodules, Soybean Biomass,
Number and Weight of Soybean Pods

The effective nodules, number of pods ha'1;
yields of pods in kg ha” and soybean biomass in
kg ha™' were as presented in Figs. 1, 2, 3 and 4.
As indicated earlier, soybean seed yields were
not reported because the yields were extremely
low across the treatments, due to the attack by
soybean rust [19]. However statistical analysis
of the collected data indicated significant
differences (p<0.05) for the number of effective
nodules, number of pods, the yields of pods and
biomass vyields across the ftreatments as
indicated in Figs. 1, 2, 3 and 4.

m Soybean only
= Inoculated Soybean
Inoculated Soybean + 30 kg N/ha
® Inoculated Soybean + 30 kg N/ha + 25 kg P/ha

® Inoculated Soybean + 30 kg N/ha + 35 kg P/ha
9% (b)

28%(a) _

_

23% (ab)

17% (ab) 23% (ab)
ola

Fig. 1. Effective nodules

4. DISCUSSION

The pods and biomass yields in Figs. 3 and 4
indicates that inoculating soybean with rhizobia
and inoculating soybean with rhizobia plus
applying 30 kg N ha™ did not affect nodulation,
the effectiveness of the nodules (Fig. 1) nor
increase biomass yields. However, inoculating
soybean plus the combined application of N at 30
kg N ha™ and P at 25 and 35 kg P ha™ increased
the soybean biomass yields by 54% and 70%
respectively above control. The lack of significant
response when N was applied without P points to
the significant role played by P in root
development and energy ftransfer processes
within the plant [20]. P also plays a role in initial
nodule formation and development [21]. Other
researchers [22,23] found no significant increase
in soybean biomass vyields using different
commercial inoculants but up to 50% increased
seed yields while [24] found 9 to 55% increase
in seed and biomass vyields respectively.
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Table 1. The soils’ physical and chemical properties at the study site before the experiment

Parameter Depth Depth Range Reference
0-20 cm Rating 20-40 Rating
cm

% sand 48 - 44 - - -

% clay 40 - 42 - - -

% silt 12 - 14 - - -
Texture class SC - SC - - [18]
pHH20 6.0 Low 5.76 Low <6.0 [17]
Soil reaction Moderately Moderately 5.5-5.7 “

acid acid

% OC 1.02 Medium 0.99 Medium 0.88-1.5% ¢
Total N (%) 0.09 Low 0.09 Low <0.12% ¢

P mg kg™ 42.2 Adequate 41.6 Adequate 230 mg P kg “
Ex. K cmol kg'1 0.62 Adequate 0.32 Adequate >0.11 1-4.0 cmol “

kg
Ex. Mgcmol kg' 275 High 2.24 High >2.0 cmol kg’ “
Ex. Ca cmol kg’ 10.4 High 8.23 High >2.04 cmol kg’ “
1.6 - =

Number of pods/ha 10x6
O 0 0 O BB
N b RPN
‘“
» T
—— =
o
.\

m Pod number/ha 10x6

Treatments

Fig. 2. Number of pods ha-'

300 a

250 o ab i f

adhid

Treatments

Pod wt ke/ha

Pod wt kg/ha

Fig. 3. Weight of pods kg ha™



Under the conditions of the study, where
soybean was inoculated and N applied the
biomass yields were statistically the same with
the treatments to which inoculation of soybean
was complemented with the application of both N
and P. Thus indicates that the response to P was
statistically insignificant. This may be due to the
initial adequate P amounts (42.2 mg kg'1) in the
soil attributed to previous use of poultry manure
at the site (Table 1). Effective nodulation
however was significantly higher above the
control where inoculation was combined with the
application of N (30 kg ha™') and a higher rate of
P (35 kg ha™), hence underlining the role played
by P in nodule development and effectiveness
[21].
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Fig. 4. Biomass yields for the soybean
according to treatments

5. CONCLUSION

Under the conditions of the study it can be
concluded that inoculation of soy bean without
fertilizers generate yields similar to the non
inoculated soy bean while inoculation of soy
bean together with application of 30 kg N ha™
and 35 kg P ha” fertilizer increases yields
relative to that of non-inoculated soy bean.
Further studies with different nutrient levels
including micronutrients may give further insight
into the best nutrient combinations for increasing
soybean yields in Malawi.

ACKNOWLEDGEMENT

The Ministry of Agriculture Irrigation and Water
Development in Malawi is acknowledged for
providing facilities at Bvumbwe Agricultural
Research Station. Technical advice by Prof. Ray
Weil of Maryland State University in the USA is
also duly acknowledged.

Phiri et al.; IJPSS, 10(5): 1-7, 2016; Article no.lJPSS.24905

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Opperman C, Varia N. Technical Report:
Soybean Value Chain. USAID Contract
No. 674-C-00-10-00075-00; 2001.

2. Coulibaly O, Alene AD, Manyong V,

Sanogo D, Abdoulaye T, Chianu J,

Fatokun C, Kamara A, Tefera H, Boukar

O. Situation and outlook for the tropical

legumes improvement — Il project in west

and east Africa; 2009.

Available:www.icrisat.org/what-we-

do/impi/projects/ti2-publications/regional-

situation-outlook-reports/

Soko HN, Dzinkambani MC, Matekera F.

Perfomance of soy bean genotypes in

Malawi: 1999-2002. DARS Annual Report;

2002.

4. Phiri AT, Njoloma JP, Kanyama-Phiri GY,
Sieglinde S, Lowole MW. Maize yield
response to the combined application of
Tundulu rock phosphate and pigeon pea in
Kasungu, Central Malawi. African Journal
of Agricultural Research. 2010;5(11):1235-
1242.

5. Mhango WG, Sieglinde S, Snapp SS, and
Kanyama-Phiri GY. Renewable Agriculture
and Food Systems. 2008;1.

6. Graham PH, Vance CP. Legumes:
Importance and constraints to greater use.
Plant Physiology. 2003;131:872-877.

7. Miyamoto C, Ketterings Q, Cherney J,
Kilcer T. Nitrogen fixation. Agronomy fact
sheet series. Fact Sheet 39. Nutrient
Management Spear Program, Cornell
University; 2008.

Available: http://nmsp.css.cornell.edu

8. Wickert S, Marcondes J, Lemos MV,
Lemos EGM. Nitrogen assimilation in
citrus based on CitEST data mining.
Genetics and Molecular Biology. 2007;30:
810-818.

9. Harper JE. Soil and symbiotic nitrogen

i

requirements  for  optimal  soybean
production. Crop Science. 1974;14:255-
260.

10. Singh MS. Effect of Bradyrhizobium

inoculation on growth nodulation and
yield attributes of soybean- a review.
Agricultural Review. 2005;26(4):305-308.



11.

12.

13.

14.

15.

16.

17.

Ronner AC, Franke B, Vanlauwe M,
Dianda E, Edeh B, Ukem A, Bala J, van
Heerwaarden, Giller, KE. Understanding
variability in soybean yield and response to
P-fertilizerand rhizobium inoculants on
farmers’ fields in northern Nigeria. Field
Crops Research. 2015;186(2016):133—
145,

Okalebo JR, Pal CA, Lekasi JK, Nandwa
SM, Othieno CO, Waigwa M, Ndungu KW.
Use of organic and inorganic resources to
increase maize yields in some Kenyan
infertile soils: A five-year experience; 2000.
Mehlich A. Mehlich 3 soil test extractant: A
modification of Mehlich 2 extractant.
Community of Soil Science and Plant
Analysis. 1984;15(12):1409-1416.
Schumacher BA. Method for the
determination of total organic carbon
(TOC) in soils and sediments. United
States Environmental Protection Agency
Environmental Sciences Division National
Exposure Research Laboratory, Las
Vegas; 2002.

Amin M, Flowers TH. Evaluation of the
Kjeldahl digestion method. Journal of
Research (Science). 2004;5(2):59-179.
Phiri AT, Msaky JJ, Mrema JP, Kanyama-
Phiri GY, Harawa R. Assessment of
nutrient and biomass yield of medium and
long duration pigeon pea in a pigeon pea-
groundnut intercropping system in Malawi.
Journal of Sustainable Society. 2013;2(1):
36-48.

Wendt JW. Chemical analysis manual soil
and plant samples. Rockefeller Foundation
and Department of Agricultural Research
and Technical Services, Lilongwe, Malawi.
1996;38-39.

Phiri et al.; IJPSS, 10(5): 1-7, 2016; Article no.lJPSS.24905

18.

19.

20.

21.

22.

23.

24.

SSSA. Glossary of soil science terms.
Madison, USA: Soil Science Society of
America. 2001;140.

Holshouser D. What’s causing flat pods in
Virginia soybeans? 2013.
Available:http://www.agprofessional.com/re
source-centers/soybean/insect/news/
Whats-causing-flat-pods-in-Virginia-
soybeans-228385911.html

Grant CA, Flaten DN, Tomasiewicz DJ,
Sheppard SC. Importance of early season
phosphorus nutrition. Better Crops. 2001;
85:2

Waluyo SH, Lie TA. Effect of phosphate on
nodule primordia of soybean (Glycine max
Merrill) in acid soils in rhizotron
experiments. Indonesian  Journal of
Agricultural Science. 2013;(2):37-44.
Rechiatu A, Nana EM, Clement AR.
Response of Soybean (Glycine max L.) to

Rhizobia Inoculation and Molybdenum
Application in the Northern Savannah
Zones of Ghana. Journal of Plant

Sciences. 2015;3(2):64-70.

Laditi MA, Nwoke OC, Jemo M, Abaidoo
RC, Ogunjobi AA. Evaluation of microbial
inoculants as  biofertilizers for the
improvement of growth and vyield of
soybean and maize crops in savanna soils.
African Journal of Agricultural Resesearch.
2012;7:405-413.

Njira KOW, Nalivata PC, Kanyama-Phiri
GY, Lowole MW. An assessment for the
need of soybean inoculation with
Bradyrhizobium japonicum in some sites of
Kasungu district, Central Malawi.
International Journal of Current
Microbiology and Applied Sciences. 2013;
(8):60-72.

© 2016 Phiri et al.; This is an Open Access atrticle distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http.//sciencedomain.org/review-history/14287




