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ABSTRACT

Aim: The current study investigated  effect of soil amendments; lime (L), manure (FYM)
and minjingu phosphate rock (PR) added to soils on soil microbial biomass carbon and
nitrogen (SMB-C and SMB-N), available soil nitrogen (N), crop N uptake and grain yields
of two maize hybrids (H513 and H614).
Study Design: Two experiments, one for each maize hybrid as test crop, were laid out in
a randomized complete block design with a 23 factorial arrangement. The factors each at
two levels were L (0 and 3 t ha-1), PR (0 and 60 kg P ha-1) and FYM (0 and 5 t ha-1) giving
a total of eight treatments; L, RP, FYM, L+RP, L+FYM, RP+FYM, L+RP+FYM and control
(nothing applied).
Methods: Soil and plant samples for the determination of SMB-C and SMB-N, available
soil N, and crop N uptake were collected at maize seedling, tasseling and physiological
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maturity.
Place and Duration of the Study: The experiment was conducted in Molo district of
Nakuru County, Kenya during the long rain seasons of 2009 and 2010.
Results: SMB-C and N levels were higher in 2010 than 2009, with lower levels obtained
at maize tasseling for both maize hybrids. Available soil N and crop N uptake were higher
at maize seedling and declined towards maturity. Statistically significant (P<.05) increases
in SMB-C and SMB-N and available soil N and uptake were obtained with the application
of soil amendments over the control. In all treatments, H513 had lower N uptake than
H614 at tasseling and maturity stages of maize growth and correspondingly higher
available N in soil. Maize yields (t ha-1) were higher in 2010 than 2009 and in H614 than
H513. The H614 yields were significantly higher (P<.05) in L+PR+FYM (3.9) and,
L+PR+FYM (4.1) and L+PR (3.9) treatments in 2009 and 2010, respectively. For H513,
yields were significantly higher in L+PR+FYM (2.1 and 2.4) and L+PR (1.9 and 2.1)
treatments in 2009 and 2010, respectively.
Conclusion: The L+PR+FYM treatment is a feasible acid soil amendment for its
superiority in the measured soil and crop parameters. The H513 matured faster than
H614 and because of this attribute, is a viable option in response to the diminishing
rainfall amounts and unpredictable weather patterns experienced in the County.

Keywords: Maize hybrids H614 and H513; soil acidity; soil amendments; soil microbial
carbon and nitrogen; weather patterns.

1. INTRODUCTION

Soils of Molo district in Nakuru County situated in the Kenyan Rift Valley highlands, are
primarily acidic with pH (H2O) below 5.5 [1]. Additionally, the soils are characterized by
toxicities of aluminium, iron and manganese, deficiencies of essential elements such as N,
P, Ca [2] and low microbial population [3,4]. Besides, the weather patterns have become
altered and unpredictable. These conditions are unfavourable for crop growth and have
particularly, resulted in poor maize yields - a paramount staple crop of the area [1].

To boost maize production in the region, particularly the long maturing maize hybrid (H614)
which is most prominent in this zone, Onwonga et al. [1] recommended application of soil
amendments; lime (L), minjingu phosphate rock (PR) and manure (FYM). The effects of
combined application of these amendments on soil microbial biomass carbon (SMB –C) and
nitrogen (SMB-N), availability and uptake of nitrogen (N) and yield of maize were however
not investigated. The possible effect of altered and unpredictable weather patterns on
continued reliance on H614 was also not taken into account. These factors thus
necessitated the current study.

Garcia et al. [5] indicated that as soil degradation takes place, soil properties change;
particularly the microbial activity. Microbial biomass of soil (SMB) defines the functional
components of micro biota primarily responsible for decomposition, soil organic matter
turnover and nutrients transformation in soil [6]. The SMB immobilizes mineral nutrients and
organic substrates on the one hand; thus acting as a sink or mineralizes them on the other
hand, thus acting as an immediate source [7]. It also acts as a catalyst for conversion of
plant nutrients from stable organic forms to available forms after a period of time [8]. The
high turnover rate of SMB is responsible for nutrient release and therefore promotes plant
uptake [9]. Crop productivity and nutrient availability in agro-ecosystems is therefore
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dependent mainly on the activity of SMB. Nitrogen (N) is a key component of enzymes and
other proteins essential to all growth functions [10] and influences maize grain yields [11,12]

Climate change has led to changing weather patterns; notably shortened growing season in
Kenya, including the Rift Valley province [13]. Kiiya et al. [13,14] indicated that unevenly
distributed rainfall in parts of the Rift Valley tended to affect the long maturing maize
varieties. Hybrid H513 is an early maturing maize variety that is suited to shortened growing
season in the Kenyan Rift Valley Highlands, caused by climate change [13,14]

Objectives of the present study were therefore to (i) determine the effect of soil
amendments; L, PR and FYM on SMB-C and N, and available soil N and uptake by maize
and (ii) compare performance of maize hybrids H513 and H614 in response to application of
the amendments.

2. MATERIALS AND METHODS

2.1 Site Description

The study was carried out at the Kenya Agricultural Research Institute located in Molo
district (0°1’S, 35°41’E, 2500m asl) of Nakuru County. The County falls in the medium to
high potential agroecological zone of Kenya [15].  Mean annual rainfall of the county is 1171
mm and is bimodal in distribution with the long rainy season (LRS) occurring from March to
August and the short rainy season (SRS) from September/October to December [15]. The
mean annual rainfall amounts received in 2009 and 2010; when the experiments were
conducted, was correspondingly 917 and 1120 mm. The mean maximum and minimum air
temperatures were 20.6°C and 6.9°C, respectively. Analyzed soil (0-60 cm) properties
(Table 1) were; acid [pH (H2O) 4.7], with 0.18% total N, medium exchangeable bases
(cmolckg−1); K (0.7), Mg (0.8) and Ca (9.6) and cation exchange capacity of 20.3 cmolckg−1

[15].

The soils are well drained, deep, dark reddish brown with a mollic A horizon and classified
by Jaeztold et al. [15] as mollic Andosol [17].

Table 1. Selected physicochemical properties of soils (0-60 cm depth)

Soil property Soil Depth (cm) Soil property Soil Depth (cm)
0-15 15-30 30-60 0-15 15-30 30-60

Exc. Al (cmolckg−1) 19.8 19.3 18.9 pH KCl 4.1 4.2 4.2
% Ntot 0.18 0.15 0.15 Organic C (gkg-1) 14 9 8
P (mg kg-1) 2.7 2.8 5.8 Ca (cmolckg−1) 9.6 7.6 8.9
K cmolckg−1) 0.7 0.6 0.5 Mg (cmolckg−1) 0.8 0.7 0.8
%C 2.0 1.8 1.8 %sand 35.8 34.2 35.0
CEC (cmolckg−1) 20.3 19.3 18.7 % silt 28.3 30.0 28.3
Mineral N (mg kg-1) 21.1 33.4 27.9 % clay 35.8 36.2 36.7
pH water 4.7 4.9 4.8 Textural class clay loam (across depths)

2.2 Treatment Application and Experimental Design

Two experiments, with maize hybrids H513 and H614 as test crops, were laid out in a
randomized complete block design with a 23 factorial arrangement in plots measuring 3.75 m
x 4.8 m during the long rain seasons of 2009 and 2010. The factors each at two levels were
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L (0 and 3 t ha-1), PR (0 and 60 kg P ha-1) and FYM (0 and 5 t ha-1) giving a total of eight
treatments; L, PR, FYM, L+PR, L+FYM, PR+FYM, L+PR+FYM  and control (nothing
applied). The treatments were similarly applied to both maize hybrids.

2.3 Agronomic Practices

Land was prepared manually using hand hoes before  application of amendments; L (3 t ha-

1) as CaCO3 (40% Ca) and Minjingu PR (438 kg PR ha-1 equivalent to 60 kg P ha-1;) were
broadcast and incorporated in the moist soil within 0-15 cm depth using hand hoes, two
weeks prior to planting. FYM (5 t ha-1) was placed in planting holes and mixed well with soil,
a week prior to planting. The FYM was analysed for determination of nutrient concentration
prior to application (Table 2).

Table 2. Nutrient concentration and quantity (kg) in 5 t/ha of the FYM

Nutrients Total N Org. C P K Ca Mg S
% mg kg-1

Nutrient concentration 1.4 0.8 64 2450 570 5870 700
Nutrient quantity (kg) 70 40 0.32 12.3 2.9 29 3.5

Calcium Ammonium Nitrate (CAN) fertilizer (26%N; 6% Ca) was applied in all plots as a top
dress one month after planting, at the rate of 60 kg N ha-1 (230.8 kg CAN ha-1).The two
maize hybrids; H614 and H513, were sown in the long rainy season of 2009 and 2010 at the
rate of two seeds per hill and a spacing of 30 x 75 cm, resulting in five maize rows per plot.
Thinning to one plant per hill was done a month after planting to give a total plant population
of 44 444 plants ha-1. Recommended cultural practices for maize such as weeding, pest and
disease control were carried out in all plots [18]. Weeding was done using hand hoes twice
during plant growth.  Bestox was used to control cut worms and stalk borers, respectively.

2.4 Sampling of Soil and Plant for Laboratory Analysis

2.4.1 Soil sampling

To determine the initial chemical and physical properties of the soil (Table 1), samples were
collected from six profile pits at three soil depths (0-15, 15-30 and 30-60 cm) before
application of treatments.  Samples from each depth were combined to get one composite
sample per soil depth before analysis. For the determination of SMB-C and N and available
soil N, top soil (0-15 cm) samples were collected at seedling, tasseling and maturity stages
of maize growth from four locations in all plots. The four samples from each plot were
composited, passed through a 2-mm sieve, stored at 4°C and analysed within 3 days.

2.4.2 Plant sampling

Plant sampling was done in all plots. At seedling four whole plants were randomly sampled,
while at tasseling, leaf opposite the ear was sampled from ten randomly selected plants. At
physiological maturity of maize, the above ground portion of plant was harvested from three
centre rows and divided into stover (stalk and leaves), cob and grains. The plant samples
collected at seedling, tasseling and harvest (stover) were chopped into small pieces and
sub-samples oven dried at 65o C for 72 hours.  Weights of the oven dried sub-samples were
recorded and used to calculate total above-ground dry matter yields.
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2.5 Laboratory Analysis of Soil, Plant and Farmyard Manure samples

Standard laboratory procedures were followed in analyzing nutrient contents of soil, plant
and FYM samples. Air - dried soils sieved through 2 mm mesh were analyzed for pH (Soil:
H20 and KCl: 1:2.5), texture (hydrometer method), total N (Kjedahl method), total carbon
[19], exchangeable Al [20], CEC [21], mineral N and available P according to Okalebo et al.
[22]. Exchangeable bases (K, Ca and Mg) were extracted with 1.0 M-ammonium acetate at
pH 7 and measured by atomic adsorption spectrophotometry (© Analyticjena). Plant samples
were ground and passed through 2 mm sieve and analysed for their N content [22] and
subsequent estimation of N uptake. Approximately 1 kg FYM was collected from source
(Tatton demonstration Unit of Egerton University) at approximately 45 cm from the surface of
the heaps and stored in plastic bags. It was air dried and ground to pass through a 2 mm
sieve and analyzed for Total N, organic C, available P, K, Ca, Mg and S (Table 2) according
to methods described by Okalebo et al. [22].

2.5.1 SMB-C and N

In the second day of soil sample collection, soils were processed for SMB-C and N by the
chloroform fumigation–extraction method [23]. Field-moist soils were fumigated with ethanol-
free chloroform for 24 hours. Both fumigated and non-fumigated soils were extracted with
0.5 M K2SO4 (for SMB-C and N) by shaking for 30 minutes. SMB- C was determined by a
heated sulfuric acid dichromate digestion, and SMB-N was analyzed in a persulfate digestion
of the extracts and measured total N using a modification of the micro-Kjeldahl method [24].

2.6 Calculation Procedures and Statistical Analysis

2.5.1 Calculation procedures

2.5.1.1 Nutrient uptake

The total nutrient uptake was calculated at three maize growth stages using the following
formulae [25];

Total nutrient uptake = nutrient concentration x dry matter yield ……...........…… (1)

2.5.1.2 Maize yield

Maize from three middle rows of each plot was harvested, dehusked, dried, threshed and
weighed. Grain yield (adjusted to 13% moisture content) was recorded and converted to kg
ha−1 using the following formula;

Grain yield (kg ha−1) = kg grain yield m−2 × 10,000m2 ………………................… (2)

2.5.1.3 SMB- C and SMB-N

The SMB-C and SMB-N were calculated as follows;

SMB-C = EC/KEC..................................................................................................... (3)
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Where EC = organic C extracted from fumigated soils – organic C extracted from non-
fumigated soils; KEC = 0.38 [23]

SMB-N = EN/KEN..................................................................................................... (4)

where EN = Total N extracted from fumigated soils – Total N extracted from non- fumigated
soils; KEN = 0.45 [26]

2.5.2 Statistical analysis

Analysis of variance (ANOVA) using a general linear model [27] was used to detect
statistical variation in treatment effects on SMB-C and N, available soil N and uptake and
maize grain yield, at P<.05 level of significance, while Tukey’s Honestly Significant
Difference was used for mean separation.

3. RESULTS AND DISCUSSION

3.1 Soil Microbial Biomass Carbon and Nitrogen

There were significantly higher levels of SMB-C and N in 2010 than 2009 (Tables 3 and 4).
Comparing growth stages, lower levels of SMB-C and N were found at tasseling. Statistically
significant (P<.05) increases in SMB - C and N were obtained with the application of soil
amendments either singly or in combination compared to the control in both years. The
pattern of variation of SMB - C and N in response to the treatments was however similar for
both maize hybrids and years (Tables 3 and 4).

There were significantly (P<.05) higher levels of SMB-N in the L+PR+FYM and FYM
treatments than PR+FYM, L+FYM and L+PR. Conversely, the PR+FYM, L+FYM and L+PR,
had significantly higher levels of SMB-N than PR, L and control treatments at seedling stage
of maize (H614) growth in 2009 (Table 3). The level of SMB-N was significantly higher in
treatments L+PR+FYM, PR+FYM, L+FYM and FYM at seedling stage of maize (H513)
growth in 2009 (Table 3). At maize tasseling and physiological maturity, the FYM, PR+FYM
and L+PR+FYM, and the L+PR+FYM treatments had significantly higher level of SMB-N,
respectively for both maize hybrids (Table 3). Significantly higher levels of SMB-N were
found in the L+PR+FYM and the FYM treatments at all stages of maize (H614 and H513)
growth in 2010.

For both maize hybrids, significantly higher amounts of SMB–C were registered in the
L+PR+FYM treatment in 2009 during seedling and maturity stages of maize growth (Table
4). At tasseling significantly higher levels of SMB-C were registered in the L+PR+FYM
treatment for H614 and L+PR+FYM and PR+FYM treatments for H513. The treatments
L+PR+FYM and PR+FYM had significantly higher SMB-C In 2010 at seedling stage of maize
(H614) growth (Table 4). SMB-C was significantly higher in the L+PR+FYM treatments
followed by PR+FYM, L+FYM and FYM treatments at seedling stage of maize (H513) growth
in 2010 (Table 4). In 2010, at tasseling stage of both maize hybrids, SMB-C was significantly
higher in the L+PR+FYM treatment. This was followed by the PR+FYM and FYM treatments.
Significantly higher amounts of SMB-C were found in the L+PR+FYM treatment for H513
and in the FYM treatment in H614 in 2010 at maturity stage of maize growth
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Table 3. Soil microbial biomass nitrogen (µg N g-1 dry soil) during plant growth after application of soil amendments

H614 H513
2009 2010 2009 2010
Seed Tass Mat Seed Tass Mat Seed Tass Mat Seed Tass Mat

control 15.6f 7.7e 11.9f 12.4f 7.2f 11.2e 14.9e 6.9e 9.5g 13.1e 5.6d 7.2f

L 21.2e 17.5d 24.7ef 26.3e 15.9e 21.4d 22.6d 18.1d 24.9f 27.4d 15.2c 20.6e

PR 32.2d 21.9cd 29.2de 33.4d 21.5d 30.6c 31.7cd 20.6d 32.4e 33.2cd 21.6c 29.4d

FYM 50.2a 37.8a 42.5b 61.3ab 39.2a 44.6a 48.7ab 35.3a 44.6bc 68.1a 46.4a 48.5a

L+PR 37.9c 25.1bc 32.7cd 39.6c 28.9c 35.2bc 38.5bc 26.1c 35.6de 39.7c 26.4bc 32.1cd

L+FYM 41.7bc 28.4b 35.2c 57.1b 31.2bc 40.1ab 44.2ab 31.2bc 40.1cd 54.6b 29.1b 38.4b

PR+FYM 45.3b 36.3a 40.3bc 58.2b 34.3ab 39.1b 42.5ab 32.5ab 38.6d 56.1b 30.2b 33.2bc

L+PR+FYM 56.7a 38.2a 49.7a 65.7a 36.2ab 45.4a 51.3a 37.3a 48.2a 70.4a 47.1a 50.1a

Key: Seed= seedling; Tass= tasseling; Mat= maturity; L=Lime; PR=minjingu phosphate rock; FYM=Farm Yard Manure. Means in a column followed
by the same letter are not significantly different (P<.05)

Table 4. Soil microbial biomass carbon (µg C g-1 dry soil) during plant growth after application of soil amendments

H614 H513
2009 2010 2009 2010
Seed Tass Mat Seed Tass Mat Seed Tass Mat Seed Tass Mat

control 158.7f 116.8f 161.7d 193.4e 137.2e 208.6g 159.3g 115.3f 157.2f 177.3f 105.6f 152.7f

L 189.3e 132.4e 202.4c 235.2d 151.7d 220.4f 171.7f 133.5e 186.4e 209.4e 127.4e 173.5e

PR 190.2e 161.7d 217.4c 241.3d 189.2c 241.7d 180.8f 154.7de 198.3e 220.4d 142.5de 185.7de

FYM 350.6b 244.5b 379.6b 395.4b 220.5b 392.5a 346.5bc 241.6bc 361.9b 379.5b 231.7bc 332.5b

L+PR 220.3d 171.5d 252.7d 267.5c 158.3d 270.4c 225.3e 169.7d 243.4d 277.6c 152.7d 228.6c

L+FYM 282.7c 215.5c 292.4c 402.4b 187.2c 248.7e 291.3d 221.3c 202.7e 382.3b 210.3c 194.7d

PR+FYM 338.3b 264.8ab 351.6b 411.6a 232.4b 304.2b 334.7c 266.5ab 339.4c 388.4b 251.5b 342.5b

L+PR+FYM 372.6a 281.6a 398.2a 418.3a 260.1a 337.2b 380.2a 284.2a 391.7a 404.3a 276.4a 410.4a

Key: Seed= seedling; Tass= tasseling; Mat= maturity; L=Lime; PR=minjingu phosphate rock; FYM=Farm Yard Manure. Means in a column followed
by the same letter are not significantly different (P<.05)
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The pronounced levels of SMB-N at seedling stage can be attributed to re-immobilization of
N that was mineralized due to low crop N demand at this stage of crop growth. Immobilized
microbial biomass N is less susceptible to volatilization or leaching losses and thus serves
as a protected source of N that can become available to plants during microbial biomass
turnover [28]. N immobilization is transient and inorganic N is mineralized from the microbial
community in advance of maximum plant N needs later in the growing season [29]. Nitrogen
uptake by maize peaks at tasseling [30] explaining the declined levels of SMB-N at seedling
stage. The observed increase in SMB-C at harvest was due to provision of substrates to soil
microbes in form of sloughed root cells, root exudates and leaf fall. Tejada et al. [31]
observed maximum levels of microbial biomass later in the growing season and attributed
this to C addition from plant roots. Adeboye and Iwuafor [32] studying soil microbial biomass
in crop rotation systems in a moist tropical savanna Alfisol also found that soil microbial
biomass carbon was significantly (P<.01) correlated with soil organic carbon.

The elevated levels of SMB-C and N observed with the combined application of
amendments may have been due to their positive interaction effects. FYM, a source of soil
organic matter, provided C and N that promoted microbial activities while lime and PR
ameliorated low soil pH, making it suitable for microorganism to thrive. This is in addition to
the supply of phosphorus by PR.

Yang et al. [33] reported that higher MBC and MBN are mainly attributable to the greater
availability of organic matter. Lack of available C (i.e. energy substance) in substrates is a
primary constraint to soil microbial growth and activity [34,35,32,36]. Entry of C-rich
substrate into soil is therefore a key factor which governs the size and activity of microbial
biomass [32,37]. Mohammadi et al. [38] reported that organic manure increased the level of
soil microbial biomass due to provision of greater amounts of biogenic materials like mineral
nitrogen, water, soluble C and carbohydrates. Weil [39] reported that PR rock was relatively
rich in carbonates and had significant liming effect in ameliorating soil pH. Lime application
changes soil pH over time and helps to remove negative effects of soil acidity [40].

The higher SMB-N and C in 2010 was as a direct result of residual effects of amendments
applied and presence of crop residues left in the field from previous year. This is in addition
to enhanced moisture levels due to relatively higher rainfall amounts received in 2010. Crop
residues thus contributed to retention of water and provided extra energy source to the
microorganisms. The numbers of heterotrophic microorganisms increase rapidly in response
to addition of suitable carbon substrates [41]. According to Ross [42], crop residues can
have a large effect on soil microbial biomass and activity, which in turn, affect the ability of
soil to supply nutrients to plants through soil organic matter turnover. Soil microbial
properties are influenced by variations in soil moisture and temperature and nutrient supply
[43]. It is under these conditions that organisms colonize organic matter and release
enzymes into the soil [41]. Logah et al. [Error! Reference source not found.] studying
dynamics of microbial biomass under three amendments; poultry manure and inorganic
fertilizer and poultry manure + inorganic fertilizer, reported that microbial properties were
influenced by variations in soil moisture, temperature and nutrient supply.

3.2 Soil Available Nitrogen during Maize Growth

Soil available N was higher at maize seedling and declined thereafter towards physiological
maturity in all treatments (Table 5). The control had the lowest levels of soil available N.
Application of amendments increased available soil N content over control for both maize
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hybrids. The increases were significantly greater with combined (L+PR, L+FYM, PR+FYM,
L+PR+FYM) application of treatments (Table 5). Between the two maize hybrids, levels of
soil available N were higher in H513 plots than H614 at tasseling and maturity stages of
maize growth (Table 5).

For hybrid maize H614, significantly (P<.05)) higher levels of available N in soil were found
in L+FYM, PR+FYM and L+PR+FYM treatments and, in the L+PR+FYM, PR+FYM, L+FYM
and FYM treatment in 2009 and 2010, respectively at seedling stage of maize growth.
Significantly (P<.05) higher amounts of soil available N were recorded in L+FYM, PR+FYM,
L+PR+FYM  and FYM treatments at seedling stage of maize hybrid H513 in 2009 and 2010
(Table 5).

At tasseling stage of maize growth, the levels of available N in soil were significantly higher
in L+FYM treatment in 2009 and L+PR+FYM in 2010 for H614 with H513 registering
statistically significant (P<.05) amounts in L+FYM+PR treatment in 2009 and L+FYM+PR
and PR+FYM treatments in 2010.

At physiological maturity of maize, there were significantly higher amounts of soil available N
levels in the L, PR, PR+FYM and L+PR+FYM treatments in 2009 and in L+PR+FYM
treatment in 2010 for hybrid maize H614. While for H513, available N in the soil was
significantly higher in PR+FYM treatment in 2009 and L+PR+FYM, PR+FYM, L+FYM and
FYM treatments in 2010 at physiological maturity.

The higher available soil N content at seedling stage of maize growth, for both maize hybrids
(Table 5) can partly be attributed to flush of nitrates formed at onset of the main rains. The
highest nitrate concentrations are typically found in tropical soils during the transition from
dry to wet seasons [45]. Nitrate frequently accumulates in tropical soils during the onset of
rains following a dry season [46]. Birch [47,48] showed flush of mineral N at the start of wet
season in East Africa that was as a result of population dynamics of soil microbes.
Immediately after rain, the young population increases rapidly, utilizing relatively easily
decomposable materials. These are derived in part; from the drying and death of most of the
old population, and in part from soil organic matter made decomposable by physical and
chemical changes brought about by wetting and drying [Birch, 47,48].

The low amounts of available N in soil at tasseling and maturity growth stages, for both
maize hybrids, could be as a result of uptake by maize. Komoni et al. [30] reported that
maize takes up maximum amounts of N at tasseling. A major portion of N applied to a crop is
removed as harvested outputs [49]. Immobilization of N due to presence of maize residues
left in the field after harvest also caused low available N in soil at maturity of maize. Jensen
et al. [50] reported that incorporation of crop residues in soil causes rapid increase in soil
microbial biomass which will act as a sink for nutrients. Microbial C and N are closely linked
since after adding a C substrate to soil, the energy and growth substances generated by
heterotrophic metabolism are used to increase  microbial biomass;  hence, the N demand for
decomposer populations [51]. Other soil processes could have also contributed to the
declining level of soil available N with maize growth. Gregory et al. [52] reported that
mineralized N may be rapidly lost by various processes including leaching, denitrification and
immobilization, depending on rainfall and wetness of soil. Warren et al. [53] observed that
after initial wetting and flush of Nitrate-N by rain, increases in soil water were accompanied
by decreases in nitrate concentration, while dry periods were accompanied by increases in
nitrate.
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Low available N in soil in control treatment (Table 5) was due to non-application of
amendments coupled with low soil pH which further limited mineralization of organic matter.
The main sources of N for crops are from mineralization of soil organic matter, inorganic
fertilizers and organic inputs, and biological N fixation [54]. Soil pH affects the activity of
microorganisms [55] which in turn have a marked influence on critical soil processes such as
degradation of plant and animal residues and nutrient cycling that accompanies this process.
The observed higher N content when amendments were applied; especially in combination,
was due to mineralization of FYM and the enhanced soil pH after  application of L and PR.
The latter provided a conducive environment for the nitrifyers. Lyngstad [56] reported that
liming of soil increased nitrification rate. PR has a high content of carbonates and therefore
has a liming effect [39]. Nekesa et al. [57] reported that liming alone cannot serve to achieve
the maximum potential of an acid soil.

The higher available N content in soil for maize hybrid H513 than H614 may be credited to
differences in rates and amounts of N uptake with lower uptake by H513. Quaggiotti et al.
[58] reported that maize varieties differed in uptake of nutrients and hence this partly
explains the lower N uptake by maize hybrid H513.

3.3 Plant Nitrogen Content

The N content in maize was higher at seedling stage of maize growth and declined with
progression of maize growth for both maize hybrids (Table 6). The maize hybrid H513 had
lower amounts of plant N than H614. Significant increases in plant N content over control
were observed with application of soil amendments (Table 6) for all maize hybrids.

The plant N content during maize growth was significantly (P<.05) higher in L+FYM,
PR+FYM and L+FYM treatments (at seedling and tasseling) and L+PR+FYM (at maturity)
stages of maize growth in 2009 for maize hybrid 614. In 2010, the L+PR+FYM, PR+FYM
and L+FYM treatments had significantly (P<.05) higher amounts of plant N at seedling and
maturity stages of maize growth whereas at tasseling stage, plant N contents were higher in
treatments PR+FYM and L+PR+FYM (Table 6). The hybrid maize H513 registered
significantly higher plant N contents in the L+PR+FYM, PR+FYM and L+FYM treatments
across all stages of maize growth and years.

The declining N uptake with progression of plant growth was partly due to dilution effect
resulting from increase in plant biomass with plant growth. Aflakpui et al. [59] similarly
observed that concentration of N in the leaf, stem and root of maize declined asymptotically
from first to the last sampling date. As crops grow, concentration of nutrient per unit of dry
mass normally decreases with time as more structural materials are produced [52].

The higher N content in maize hybrid H614 was due to its longer growing period and high
nutrient requirement. N content in plant tissues matches the growth-related demand of the
plant [60] and consequently varieties with a larger relative growth rate have higher N uptake
ability [61]. The observed higher N uptake in treatments where the amendments were
combined was a result of increased levels of available N in soil due to FYM mineralization
and enhanced pH of the soil due to application of lime and PR. The N content in maize
depends not only on peculiarities of varieties of cultivated hybrids, but also on the conditions
of cultivation [62].
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Table 5. Means of available soil nitrogen (kg ha-1) during plant growth after application of soil amendments

Treatment H614 H513
2009 2010 2009 2010
Seed Tass Mat Seed Tass Mat Seed Tass Mat Seed Tass Mat

Control 21.3e 8.8d 5.5d 13.2c 6.5d 5.8c 20.4a 8.6f 7.7f 14.1c 7.2d 6.1c

L 38.8cd 11.4c 10.4ab 27.1b 9.1c 8.2b 35.9b 12.6e 11.3d 30.1b 11.1c 9.6b

PR 36.4d 13.4c 10.9ab 25.3b 10.2c 8.2b 37.6b 15.2cd 11.6d 33.2b 12.5c 10.1b

FYM 67.9b 11.5c 8.3c 56.1a 12.7c 10.3ab 68.3a 14.3de 10.7d 59.1a 13.2c 11.3ab

L+PR 48.4c 12.5c 9.9bc 32.3b 10.2c 9.7ab 43.6b 17.1c 12.3cd 34.2b 11.9c 9.1b

L+FYM 72.2ab 27.5a 9.1b 59.1a 17.6b 10.4ab 74.7a 33.1a 17.8a 61.2a 18.5b 11.3ab

PR+FYM 73.5ab 22.5b 10.3ab 64.2a 19.2b 9.2ab 72.3a 24.5b 15.9ab 66.2a 20.3ab 10.2ab

L+PR+FYM 79.1a 23.8b 12.5a 65.1a 23.5a 11.1a 77.1a 25.2b 13.2bc 69.1a 21.4a 14.1a

Key: Seed= seedling; Tass= tasseling; Mat= maturity; L=Lime; PR=minjingu phosphate rock; FYM=Farm Yard Manure.  Means in a column followed
by the same letter are not significantly different (P<.05)

Table 6. Means of plant N uptake (mg/g) during plant growth after application of soil amendments

H614 H513
2009 2010 2009 2010
Seed Tass Mat Seed Tass Mat Seed Tass Mat Seed Tass Mat

Control 10.2d 8.2d 7.6e 8.1d 6.8e 6.4e 9.5d 7.8c 6.9d 7.9d 7.1c 5.1d

L 17.1c 15.2bc 8.6d 19.1c 16.7cd 9.2c 14.1c 11.2b 7.1b 14.1c 12.2b 8.1c

PR 15.8c 13.1c 9.8c 17.9c 14.6d 9.4c 13.8c 10.9b 8.1b 12.9c 11.1b 8.5c

FYM 22.8b 18.1b 9.2c 29.7b 20.1bc 10.1bc 20.1b 12.1b 8.7b 24.7b 14.2b 9.2bc

L+PR 19.1bc 17.4bc 9.9c 21.6c 14.7d 9.5c 16.2c 10.8b 8.8b 16.6c 11.6b 8.4c

L+FYM 32.5a 22.7a 11.2b 33.1ab 24.1b 11.2ab 28.1a 16.4a 10.1a 28.1b 19.2a 10.3ab

PR+FYM 33.1a 24.3a 11.1b 35.9a 27.2ab 11.5ab 29.6a 17.1a 10.4a 30.9ab 21.3a 10.9ab

L+PR+FYM 35.2a 25.1a 12.4a 37.9a 31.1a 12.8a 31.2a 19.2a 11.3a 32.9a 23.1a 11.7a

Key: Seed= seedling; Tass= tasseling; Mat= maturity; L=Lime; PR=minjingu phosphate rock; FYM=Farm Yard Manure. Means in a column followed
by the same letter are not significantly different (P<.05)
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3.4 Maize Grain Yields

Maize grain yields were higher in 2010 than 2009 and higher in maize hybrid H614 than
H513 (Figs. 1 and 2). The H614 grain yield (t ha-1) ranged from 1.0-3.9 in 2009 and 1.7-4.1
in 2010. For hybrid maize H513, grain yield (t ha-1) ranged from 0.9-2.1 and 1.1 to 2.4 in
2009 and 2010, respectively. In both seasons and hybrids, the control had lowest grain
yields. Application of amendments, especially when combined, gave significant (P<.05) grain
yield increments for both maize hybrids above control treatment. The yields of hybrid maize
H614 were significantly higher in L+PR+FYM treatment in 2009 and in L+PR+FYM and
L+PR treatments in 2010. The hybrid maize H513 yields were significantly higher in
L+PR+FYM and L+PR treatments in both growing seasons.

Fig 1. Hybrid maize grain yields in 2009 as influenced by soil amendments

Fig. 2. Hybrid maize grain yields in 2010 as influenced by soil amendments
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Higher grain yield of hybrid maize H614 could be attributed to its superior N uptake (Table 6)
that subsequently translated to higher yields. N has for long been considered the most
influential macronutrient for maize grain yields [63,64]. In a study to determine comparative
performance of advanced generations of maize hybrids with a local maize variety in Western
Kenya, Macharia et al. [65] observed greater hybrid maize H614 yields (2846 tha-1) than
H513 (2641 tha-1) across sites.

The observed grain yield increases with combined application of amendments over control
treatment was attributed to increased available N in soil due to improved soil conditions i.e.
favourable soil pH and enhanced N mineralization and subsequent uptake by maize. The
amelioration of soil acidity after application of L and PR provided a conducive environment
for nitrifyers. Nekesa et al. [57] studying the effects of applying Minjingu phosphate rock and
agricultural lime to acid soils of western Kenya on yields of maize-bean intercrop observed
that amending soil acidity with L and PR gave significant (P<.05) maize yield increases
above the control. The et al. [66] working on acid soils of Cameroon, reported highest maize
yields where L and chicken manure were combined.

The higher maize grain yield in 2010 can partly be explained by residual effects of
amendments and maintenance of organic matter through addition of maize residues,
senescent leaves and sloughed off roots. Soil organic matter (SOM) is crucial because of its
role in maintaining soil fertility and soil structure. Nutrients are stored in the organic form (N,
P, and S) and are held in mineral form on exchange sites of SOM [67]. Nekesa et al. [57]
reported that soil at the end of second cropping season showed improved conditions. They
reported that the second season entirely depended upon residual effect of minjingu PR and
agricultural L from the first season. Lime materials have residual effects since they take
much longer time in the soil ecosystem [57]. PR can persist in the soil for as long as 10
consecutive seasons [68]. The higher mean annual rainfall amounts received in 2010 (1120
mm) than 2009 (917 mm) may have also played a role. Water is often considered to be the
principal factor limiting crop production in rain-fed agriculture [52].

4. CONCLUSION

The application of soil amendments resulted in significant increases in SMB - C and N,
available N and N uptake and grain yields of maize over the control. The effect was greater
when amendments were combined. All measured parameters were higher in the second
year.

The maize hybrids differed in acquisition of N from soil and grain yields. N uptake and grain
yields of hybrid maize H513 were lower than H614. The hybrid maize H614 grain yields were
significantly higher in L+PR+FYM treatment in 2009 and in L+PR+FYM and L+PR
treatments in 2010. For hybrid maize H513 the yields were significantly higher in L+PR+FYM
and L+PR treatments in both years. The addition of L+PR+FYM to the acid soils of Molo is a
feasible trajectory for improved SMB-C and N, available soil N and uptake and consequently
higher yields of maize. Although the hybrid maize H513 gave lower yields, it is
recommended for planting in the County considering the reducing rainfall amounts coupled
with changing and unpredictable weather seasons. Farmers could thus prefer H513 for its
early maturity; maturing when food is scarce, and would escape dry spell effects better than
H614 to produce economically acceptable maize grain yield.
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