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ABSTRACT

The effects of crop manure and inorganic fertilizers on composition of microbial communities of
central high land soils of Kenya are poorly known. For this reason, we have carried out on a thirty-two
year old long-term trial in Kabete, Kenya. These soils were treated with organic (maize stover (MS) at
10 t ha™, farmyard manure (FYM) at 10 t ha™) and inorganic fertilizers 120 kg N, 52.8 kg P (N2P),
N2P2+MS, NoP,+FYM, a control (C) and a fallow (F) for over 30 years. We examined 16S rRNA gene
and 28S rRNA gene fingerprints of bacterial and fungal diversity, by PCR amplification respectively
and denaturing gradient gel electrophoresis (PCR-DGGE) separation. The PCR bacterial community
structure and diversity was negatively affected by N2P2 and was more closely related to the bacterial
structure in the soils without any addition (control) than that of soils with a combination of inorganic
and organic or inorganic fertilizers alone. The effect on the composition fungal diversity by N2P2 was
different than the effect on the composition of bacterial diversity since the fungal diversity was similar
to that of the N2P2+FYM and N2P2+MS treated. However, soils treated with organic inputs clustered
away from soils amended with inorganic inputs. Organic inputs had a positive effect on both bacterial
and fungal diversity with or without chemical fertilizers. Results from this study suggested that total
diversity of bacterial and fungal communities was closely related to agro-ecosystem management

practices and may partially explain the yield differences observed between the different treatments.

Key words: Organic and Inorganic amendments, Microbial diversity.



46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

Introduction

In large parts of Kenya, food crop yields are very poor due to declining soil fertility as a result of
continuous cropping with little or no replenishment of nutrients removed through either crop harvests
or other losses such as leaching and soil erosion (Kibunja 2007). With the liberalization of trade and
introduction of Structural Adjustment Programs (SAP), unfavorable crop fertilizer prices and financial
constraints have greatly contributed to the low level of fertilizer use in many small-holder’ farms in
the country (Waswa et al. 2007). The Eastern and Central highlands smallholder farmers in particular,
have been experiencing declining soil fertility and crop productivity. This has compelled researchers
to place a high priority on increasing agricultural productivity and alleviation of poverty among small-
holder farmers. Attainment of this goal calls for an Integrated Soil Fertility Management (ISFM), with
management practices that necessarily include the use of fertilizer, organic inputs, and improved
germplasm combined with the knowledge on how to adapt these practices to local conditions, aiming
at maximizing agronomic use efficiency of the applied nutrients and improving crop productivity
(Vanlauwe et al. 2010). In response to these problems, researchers in collaboration with farmers have
set up trials on various soils management techniques for combating soil nutrient depletion.
Technologies being actively and vigorously promoted to farmers in the region include: the combined
use of soil amendments, organic materials, and mineral fertilizers to replenish the soil nutrients and
improve the efficiency and cost-effectiveness of external inputs. These technologies have been found
to be both technically feasible and socially acceptable (Sanchez and Jama 2000; Jama et al. 1999). The
emerging dilemma with this approach however, is that the impacts of these resources on soil biota
which are key functional groups influencing agricultural production and ecosystem services, are not

yet well documented.
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Intensification of agriculture has focused on the use of chemical and mechanical inputs, often
at the expense of biologically-mediated processes. Soil biota is indispensable for key soil function
such as decomposition of soil organic matter, nutrient cycling and formation of soil aggregates
(Sparling 1997). The total mass of living microorganisms therefore has a central role as a source, sink
and regulator of the transformation energy and nutrients in the soil. Both organic and inorganic
sources of fertilizer have residue effects in the field. These effects are a vital component of
sustainability because they smooth season-to-season variations in soil fertility and crop productivity,
but they are difficult to assess quantitatively. Therefore, it is advantageous to undertake well-
characterized medium-to-long term experiments rather than single-season trials, and to detail the
interactions rather than averaging the responses over different seasons and environments (Tandon and
Kanwar 1984). Long-term implies that primary objectives, treatment and management are not changed
during the period under consideration, often regarded as at least 10 years (Laryea et al. 1995). An
experiment was established in 1976 at Kabete and the primary objective of the trial was to identify
appropriate methods for maintaining and improving the productivity of the soil through repeated use
of inorganic fertilizers (in particular nitrogen and phosphorus), farmyard manure and crop residues
under continuous cropping following the husbandry practices of small-scale farmers. The challenge
now remains to provide some understanding on the impact of these resources on soil microbial
communities. The work described here was carried out in the long-term field experiment at the
National Agricultural Research Laboratories (NARL-KARI) Kabete, near Nairobi, Kenya, which
provides a unique resource to investigate of the impact of long-term fertilization of organic and inorganic

resources on the soil bacterial and fungal communities.

Materials and Methods
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The study site description

The study was superimposed on the on-going long-term field experiment, at Kenya Agricultural
Research Institute at the National Agricultural Research Laboratories (NARLS) station at Kabete,
located at 36° 41’E and 01°15’S and at an altitude of 1737 m above sea level (Kibunja et al. 2010).
These soils are mainly humic Nitisols (FAO, 1990) that are deep and well weathered. The mean
annual rainfall is about 980 mm is divided into two distinct annual rainy seasons; the long rains (LR)
between mid—March and June, and the short rains (SR) between mid-October and December. The

average annual maximum and minimum temperature is 23.8 °C and 12.6 °C, respectively.

Experimental design and choice of treatments

The field experiment was established in 1976 to investigate the effect of continuous application of
farmyard manure, crop residues and nitrogen (N) and phosphorus (P) fertilizers in a maize-bean
rotation. The experiment was established as a randomized complete block design (RCBD) with
eighteen treatments replicated four times (4 blocks). For this study, only seven treatments were
monitored for a period of one year from March 2007 to February 2008 and included one maize and
bean-growing season. Each plot is a rectangle with an area of 30 m? (4 x 7.5 m?). The selection of the
seven treatments (Table 1) was based on the crop yields data from the KARI yields data-base. The
averages of the soils characteristics are as follows: Organic Matter (3.67%), total N (0.16%), total C

(2.13%) and available P (163 mg of P kg™).

Experimental design for bacterial and fungal communities’ diversity
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Soil samples were collected six weeks after planting following a "W’ design, across the plots receiving
treatments of interest (Table 1), by pushing a sterile soil auger at a depth of (0-10 cm). Six soil cores
per plot were taken and well mixed to make a composite sample of 20 g. This was repeated for the 4
blocks. The soils were put in zip lock plastic bags and transported in cooler boxes to the laboratory

where they were frozen at -80° C degrees and analyzed within the three weeks.

DNA extraction, PCR amplification and DGGE

Total genomic DNA was extracted from all soil samples by the direct lysis extraction procedure
(Martin-Laurent et al. 2001). Soil (0.25 g) was treated using 0.5 g glass beads (106um diameter,
Biospec Products) and 1ml lysis buffer (100mM Tris-HCI (pH 8.0), 100mM NaCl, 1% (w/v)
polyvinylpolypyrrolidone (PVPP), and 2% (w/v) sodium dodecyl sulfate (SDS)) in a 2 ml Eppendorf
tube. The Eppendorff tubes were homogenized for 30 seconds at 1600 rpm using a Biospec Mini-
Bead- Beater cell disruptor, centrifuged at 14,000 g for 1 min at 4°C. The supernatant was collected,
1/10 volume of 5M sodium acetate added and incubated on ice for ten minutes, then centrifuged at
14,000 g for 5 minutes. The DNA was precipitated with one volume of ice cold isopropanol overnight.
The DNA was washed with 70% ethanol and dissolved in double distilled water.

PCR amplifications were performed using the forward primer 338f with a GC clamp and
reverse primer 518r (@vreas and Torsvik 1998). The total reaction mixture (25 pl) contained 2 pl of
pure total DNA extract, 1X freeze dried bead (Ready-to-Go PCR beads, Pharmacia Biotech)
containing 1.5 U of Taqg polymerase, 10mM Tris-HCI, (pH 9 at RT), 50 mM KClI, 1.5 mM MgCl,, 200
MM of each dNTP and 1.0 uM of each primer and sterile distilled water. Two replicates were
performed for each sample. A Primus 96 Plus pCR system (MWG AG BIOTECH) thermal cycler was

used for
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PCR amplification with 2 min at 94°C followed by 30 cycles of 30 sec at 94°C, 30 sec at 55°C
and 1 min at 72°C. The first 20 cycles had an annealing temperature of 65°C, which decreased every
cycle until a touchdown at 55°C. The primer extension was carried out at 72°C for 15 min. The PCR
product (approximately 180 bp) was checked on a 1% agarose gel stained with ethidium bromide.
PCR amplifications were performed using the forward primer 662f with a GC clamp and reverse
primer 314r as described by Sigler et al. (2002).

PCR amplifications were carried out in 25-pl reaction volumes with a Primus 96 P PCR
system (MWG AG BIOTECH). The reaction mixture was slightly modified by reducing the quantity
of template DNA from 2.0 ul to 1.0 ul. Cycling conditions were as follows: initial denaturation at
95°C for 10 min followed by 49 cycles of denaturation at 95°C for 1 min, annealing at 50°C for 1 min,
and extension at 72°C for 2 min followed by a final extension phase at 72°C for 10 min. The PCR
product (approximately 348 bp) was checked for size on a 1% agarose gel stained with ethidium
bromide.

PCR products were separated using DGGE with a D-Code Universal Mutation system (Bio-
Rad Laboratories). The PCR products were loaded on 8% (w/v) polyacrylamide (acrylamide-
bisacrylamide [37.5:1]) gels with a denaturing gradient of 40%-60% (100% denaturant contains 7 M
urea and 40% formamide). The gels were run for 16 hours at 75V in Tris-acetate-EDTA buffer (1X) at
60°C with a pre-run of 10 min at 20V. After migration, the DGGE profiles were stained with EtBr for
20 min, destained for 45 min and then scanned with Gel Doc ™ XR (BIO-RAD Laboratories). The gel
images were captured using Quantity-One software version 4.6.0 (BIO-RAD Laboratories).

The DGGE patterns were transformed to graphs by the Bio-Rad Quantity One™ software:
where each resolved band of the gel lanes was converted to a trait whose intensity is related to the

amount of the corresponding DNA fragment. Total Lab 120 version 2006 software (Nonlinear
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Dynamics Ltd) was then used to calculate the percentage of similarity among lanes taking into account
the migration distance and the relative intensity of all bands. The DGGE profiles were compared and
unweighted-pair group method cluster analysis used to produce the dendograms by using the total lab

120 version 2006 software..

Diversity measurements and Data analysis
The Shannon-Weaver indices (H’) Shannon and Weaver (1963) were calculated using the following
equation:
H’=-)_ pilog p
Where pi=n/Yn
Where: n is the volume of a single band per lane and > n is the total volume of all bands per lane.
The Shannon indexes were used to perform ANOVA analysis using GENSTAT Release 7.2 (Lawes

Agricultural Trust 2007).

Results

Genetic finger printing by DGGE of eubacteria 16S rRNA amplified fragment showed few dominating
bands and a number of faint unresolved bands (Fig 1a), compared to the PCR amplification of fungal
28S rDNA gene where most of the bands were distinct (strong) and well resolved (Fig 1b). However
the number of bands was higher in the eubacteria 16S rRNA gene DGGE profiles than in the fungal
28S rDNA gene DGGE profiles an indication of high bacteria numbers compared to the fungal
populations in the various treatments. Cluster analysis of PCR-DGGE patterns generally distinguished
the fungal and bacterial communities in two major clusters (Fig 2). In the bacteria community, cluster

analysis showed great similarity (65 %) with two major clusters, those with mineral fertilizers only,
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fallow and control and the fallow in one cluster and those with inorganic and with or without inputs in
another cluster (fig 2a), while for the fungal communities, a moderately lower percentage (55 %) with
two major clusters was also observed, organically treated soils clustered away from those with
combined inorganic and organic inputs (Fig 2b). Within the group of the combined inorganically and
organically as well as that of inorganic treatments, the control and fallow treatments further grouped
into a smaller cluster indicating different community structures in the control and the fallow land.
Shannon indices indicated a higher total diversity of fungal and bacterial communities in the
N2P,+FYM treatments. Lowest diversity in the bacterial community was in the NP, treated soils (Fig
3) while for the fungal communities the lowest diversity was observed in the fallow and control

treatments.

Statistical analysis of Shannon indices indicated that there were no significant differences (p<
0.05) between NyP,+R, N.P,+FYM and fallow treatments for bacterial communities (Table 2). A
significant difference was however noted between these treatments and N,P,, Control, MS and FYM
(Table 2). For the fungal communities no significant differences (p< 0.05) were found between
N2P,+MS and N,P,+FYM but significant differences were noted between fallow, control, M, FYM

and N,P,.

Discussion

While the significance of the microbial community shifts following soil management practices
remains to be recognized in the tropical regions, the results of this study indicate that the long-term
combination of organic and inorganic amendments enriches the soil bacterial and fungal community
and promotes diversity. Zhong et al (2010) showed how long-term fertilization of organic manure

(with or without NPK application) led to C utilization pattern shifts and increased soil microbial
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functional diversity. Previous work in the same site showed that use of manure, NP fertilizers and crop
residue retention caused least organic C loss from the soil and raised the total soil N significantly
compared to the control (Kapkiyai et al.1998). Allison et al (2007) found that N fertilization alone
reduced fungal taxonomic richness and altered community structures, N deposition reducing
significantly total fungal diversity in soils (mainly by reducing decomposer fungi). This has been
confirmed by our results. Maly et al (2009) showed that long-term mineral fertilization increases the
proportion of r-strategists in soil. The authors assume that these results are probably due to increases
in available P and rhizodepositions. Meanwhile Kibunja et al. (2010) found continuous application of
chemical fertilizers in this site led to net loss of SOC and a drop in soil pH explaining the decline in
bacterial communities in this treatment. Our results also showed that bacterial community population
was generally higher than that of the fungal community in all treatments. Zhong et al (2010) suggested
that soil bacteria were one sensitive indicators of soil fertility while Lesueur et al (unpublished data)
suggested that indicator based on the fungal communities might not be suitable as microbial indicator
for soil quality. On the other hand, appearance of less numerous but strong bands in the fungal DGGE
profiles would substantiate the hypothesis that a limited number of dominant and ecologically well-

adopted fungal types were present in the soil of the long-term experiment.

Shifts in bacterial community structure following adaptation of soil management practices have
been reported by different studies (Diacono and Montemurro, 2010). The distinct clustering of
treatments with and without organic and inorganic inputs suggested a direct effect of organic and
inorganic applications on total diversity of bacterial and fungal communities as the percentage
similarity in cluster analysis was greater than 18% in the microbial communities. It is always difficult

to distinguish between the direct and the indirect effects of an amendment on the behavior of soil
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microorganisms. However Murphy et al (2007) showed that organic material such as compost or
manure are slowly decomposed in the soil, and the continuous release of nutrients can sustain the
microbial biomass population for longer periods of time, compared with mineral fertilizers. Our results
are in accordance with such study. As a general rule the quantity and quality of organic material added
to soils are the major factors in controlling the abundance of different microbial groups and the
activity of microorganisms involved in nutrient cycling (Diacono and Montemurro, 2010). Acosta-
Martinez et al (2008) demonstrated 30-50% C reduction in soil resulted in a community structure with
lower fungal populations and lower enzyme activities compare with undisturbed pastures. Soil Carbon

may be one of the key factors influencing soil microbial diversity.

Considering that agricultural use of inorganic fertilizers unavoidably decrease microbial activity, Ge et
al (2010) recommend that combined use of organic manure with inorganic fertilizers should be
considered based on the balance between crop demand and soil supply of available nutrients. This is
totally in accordance with Manna et al (2007) who showed that if a balance fertilizer, either alone or in
combination with manure application, had a positive effect on crop yields, in a cereal based cropping

system, application of balanced fertilizer with manure had a great impact on soil fertility improvement.

Conclusion

Considering the long-term effects of continuous application of farmyard manure, residues and N and P
fertilizers we showed that the total diversity of bacterial and fungal communities was considerably
affected by the input type. Combination of organic and inorganic resources increased soil bacterial and

fungal diversity and resulted in a more even distribution than that in soil treated with inorganic
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fertilizers and in untreated control soils, these alterations were linked with the availability of organic

sources in inorganically treated soils.

Acknowledgement

This work was supported by the “Microbes” project coordinated by Dr. J.L. Chotte (IRD-SeqBio) and
funded by I’Agence Nationale de Recherche (France). The authors are very grateful to The African
Network for soil Biology and fertility in Nairobi (AfNet CIAT-TSBF) which is financially supporting
the maintaining cost of this long-term trial and to Dr Andre Bationo and colleagues for their patience

and relevant discussions about the trial.

References

Acosta-Martinez V, Acosta-Mercado D, Sotomayor-Ramirez D, Cruz-Rodriguez L (2008) Microbial

communities and enzymatic activities under different management in semiarid soils. Appl Soil Ecol

38:249-260.

Allison SD, Hanson CA, Treseder KK (2007) Nitrogen fertilization reduces diversity and alters

community structure of active fungi in boreal ecosystems Soil Biol Biochem 39:1878-1887.

Diacono M, Montemurro F (2010) Long-term effects of organic amendments on soil fertility. A

review. Agron Sustain Dev 30: 401-422.

FAO (1990) FAO-UNESCO Soil Map of the World Revised Legend. Soil Bulletin 60
Food Agriculture Organization: Rome.



276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

Ge G, Li Z, Fan F, Chu G, Hou Z, Liang Y (2010) Soil biological activity and their seasonal variations

in response to long-term application of organic and inorganic fertilizers. Plant Soil 326:31-44.

Jama BA, Niang IA, Amadalo B, De wolf J, Rao MR, Buresh RJ (1999). The potential of improved
fallows to improve and conserve the fertility of nutrient depleted soils of western Kenya In:

Proceedings of the 6th Biennial (Kari), Nairobi, Kenya, pp 133-144.

Kapkiyai JJ, Karanja NK, Woomer P, Quersh JN (1998) Soil organic carbon fractions in along-term
experiment and the potential for their use as a diagonistic assay in highland farming systems of central

Kenya. Afr Crop Sci J 6:15-20.

Kibunja CN (2007) Impact of long-term application of organic and inorganic nutrient sources in a
maize-bean rotation to soil nitrogen dynamics and soil microbial populations and activity. PhD thesis.

University of Nairobi.

Kibunja CN, Mwaura FB, Mugendi DN (2010) Long-term land management effects on soil properties

and microbial populations in a maize-bean rotation at Kabete, Kenya. Afr J Agric Res 5:108-113.

Laryea KB, Anders MM, Pathak P (1995) Long-term experiments on alfisols and vertisols in the semi-
arid tropics. In: Lal R, Stewart BA (eds) Soil management: experimental basis for sustainability and

environmental quality. CRC Press, Boca Raton, FL, pp. 267-292.



299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

Lawes Agricultural Trust (2007) Genstat 7 release 1. VSN International, Wilkinson House, Jordan

Hills Road,Oxford,UK.

Maly S, Kréalovec J and Hampel D (2009) Effects of long-term mineral fertilization on microbial
biomass, microbial activity, and the presence of r- and K- strategists in soil. Biol Fertil Soils 45:753-

760.

Manna MC, Swarup A, Wanjari RH, Ravankar HN (2007) Long-term effects of NPK fertilizer and

manure on soil fertility and a sorghum-wheat farming system. Aust J Exp Agr 47:700-711.

Martin-Laurent F, Philippot L, Hallet S, Chaussod R, Germon JC, Soulas G and Catroux G (2001)
DNA Extraction from Soils: Old Bias for New Microbial Diversity Analysis Methods. Appl Environ

Microbial 67:2354—-2359.

Murphy DV, Stockdale EA, Poulton PR, Willison TW, Goulding KWT (2007) Seasonal dynamics of
carbon and nitrogen pools and fluxes under continuous arable and ley-arable rotations in a temperate

environment. Eur J Soil Sci 58:1410-1424.

@vreas L, Torsvik V (1998) Microbial diversity and community structure in two different agricultural

soil communities. Microbial Ecol 36:303-315.

Sanchez PA, Jama BA (2000) Soil fertility replenishment takes off in East and Southern Africa.

ICRAF, Nairobi, Kenya.



322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

Shannon C, Weaver W (1963) The mathematical theory of communication. University of Illinois

Press, Urbana.

Sigler V, William, Ronald F, Turco (2002) The impact of chrothalnonil application on soil bacterial
and fungal populations as assessed by denaturing gradient gel electrophoresis. Appl Soil Ecol 21:107-

118.

Tandon HLS, Kanwar JS (1984) A review of fertilizer use research on Sorghum in India. International
Crop Research Institute for the Semi-Arid Tropics. Research Bulleting No. 8. ICRISAT, Patancheru,

Andhara Pradesh, India.

Vanlauwe B, Bationo A,Chianu J, Giller KE, Merckx R, Mokwunye U, Ohiokpehai O, Pypers P, Tabo
R, Shepherd K, Smaling E, Woomer PL, Sanginga N (2010) Integrated soil fertility management:
Operational definition and consequences for implementation and dissemination. Out Agric 39 (1):17-

24,

Waswa BS, Mugendi DN, Vanlauwe B, Kungu JB (2007) Changes in soil organic matter as influenced
by organic residue management regimes in selected experiments in Kenya. In: Bationo A, Waswa B
Kihara J, Kimetu J (eds). Advances in integrated soil fertility management in Sub-Saharan Africa:

Challenges and opportunities. Springer, Dordrecht, Netherlands, pp 457— 469.



344  Zhong W, Gu T, Wang W, Zhang B, Lin X, Huang Q, Shen W (2010) The effect of mineral fertilizer

345 and organic manure on soil microbial community and diversity. Plant Soil 326:511-522.



