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Abstract: Nitrogen is the major limiting nutrient in crop production and it is also one of the nutrients that
is easily lost from the plant-soil system in various ways. Due to this, N supply, N management and N-use
efficiency will continue to be important factors in crop production and at the same time a reminder of
the concern as to the availability of fossil fuel reserves for future fertilizer N production. Determination
of the synchrony of the N applied and its uptake following application of tithonia, calliandra, lantana,
mucuna, manure and fertilizer amendments was carried out during the 2005 long and short rains season
in two existing experiments that had been established during the 2004 short rains. The experiments were
in two distinct agro-ecological areas (Mucwa – sub humid & Machang’a – semi arid) in the central
highlands of Kenya. The relatively high levels of mineral N (over 30 kg N ha ) were recorded at the-1

beginning of the seasons in the three sites posing a challenge because the high amounts of mineral N are
not utilized by the crops as at this time when the rooting system is not adequately established. The bulk
of mineral-N found in the soil in all the treatments and sampling periods in both seasons in the three sites
was in the form of nitrate-N. This could be as a result of the rapid conversion of ammonia to nitrate
following mineralization of inputs in the soil. In Machang’a the amount of ammonium-N was relatively
high compared to Meru South due to the drier condition of the soils in that site. The amount of
ammonium-N and nitrate-N fluctuated across the seasons, for instance in Machang’a during the LR 05
season, the percentage of the ammonium-N was relatively high during the 0 WAP (47%), however it
declined at 4 WAP (14%), and then at 8 WAP (13%), then increased at 8 WAP (28%) and remained the
same until the end of the season. There was a very weak correlation between maize grain yields and
mineral N at all sampling times in the three sites. In seasons when rainfall was well distributed, the N
uptake was relatively high with most of the mineral N being taken up during 0-12 weeks after planting
(WAP).
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INTRODUCTION

Soil fertility decline is a major impediment to
agricultural productivity in sub Saharan Africa. Causes
of decline in soil fertility include; widespread
disappearance of soil fertility restoration practices such
as fallowing and inadequate and inappropriate nutrient
adding practices and nutrient saving practices. Soil
fertility may be lost through leaching, soil erosion, and
crop harvesting . Unless the nutrients are replenished[1]

through the use of organic or mineral fertilizers, crop
residues, and traditional fallow systems, soil nutrient
levels and general health of the soil decline
continuously .[1]

Nitrogen is the plant nutrient taken up in the
greatest quantities by crops and is also the nutrient
most frequently limiting to plant growth in smallholder
farms in Africa due to its high susceptibility to
microbial transformations and losses by leaching
(espec ia lly  n itra te ),  vo la ti l iza tion  (amm onia)
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denitrification . Nitrogen supply plays an important[2]

role in fertility maintenance and crop production. An
adequate supply of nitrogen through fertilization is not
only associated with vigorous vegetative growth but
enhances the maturity of crops and improve both their
productivity and farmer’s net income . Effective[3]

management of nitrogen presents a greater challenge to
the farm operator than does that of any other nutrient
because it can enter or leave the soil-plant system by
more routes than any other .[4]

Response to soil available N is a function of both
N uptake from the soil and utilization of N within the
plant to produce grain . Plants take up nutrients from[5]

a film of soil solution immediately surrounding the
plant roots . Nutrient uptake is influenced by the pool[6]

of available nutrients and uptake of N is mainly in the
form of ammonium and nitrate . Nitrogen uptake by[7]

a crop is dependent on both the demand by the crop
and the soil N availability. Total dry matter
accumulation and total N uptake increases with
increasing rate of nitrogen supply .  reported that[8] [9]

application of gliricidia prunings significantly increased
N uptake in maize.  reported that N mineralized[10]

from soil organic matter is used more efficiently than
fertilizer N while  reported that nutrient uptake and[11 ,12]

grain yield of the crop was higher when N was
partially applied as prunings, indicating the importance
of combining plant residues and fertilizer N for
improving crop production. Grain yield in maize is
known to be strongly correlated with pre-season total

3 4mineral N (NO + NH ) in the surface soil horizons- +

and N mineralization potential following the addition of
external inputs in the soil .[13 ,14]

The high quality green manure provided by various
organic inputs, may therefore be used to meet the
nitrogen requirements of maize during vegetative and
reproductive growth. However, the N released is
susceptible to leaching, especially during the early
stages of the season when the crop is too young to
have a significant impact on soil nutrient status. When
a mixture of rapidly decomposing residues and material
with high C:N ratio such as maize stover is applied,
the latter may trap N released from residues with low
C:N ratio which would otherwise be lost by leaching
during the early stages of maize growth, as the N is
immobilized by microbes decomposing the high C:N
ratio material. Slow release would ensure continued
availability of nitrogen during the growing season,
although this would need to be synchronized with crop
development to ensure adequate supplies during critical
stages .[15 ,16]

There is therefore need to understand soil mineral
N concentration and N uptake by maize crop so as to
give guidelines that will enhance synchrony between N
released and the crop demand. This will significantly

reduce the amount of N that is prone to leaching
thereby increasing the efficiency in crop production,
reducing cost of production and also in reducing risk
of N pollution in rivers and underground waters. This
study sought to determine soil mineral N concentration
and N uptake by a maize crop following different soil
fertility amendments in different soil fertility status and
in varied climatic conditions.

MATERIALS AND METHODS

The Study Area: The study was conducted in Meru
South and Mbeere Districts in the central highlands of
Kenya. In Meru South the experiment was conducted
in Mucwa (00º 18' 48.2" S; 37º 38' 38.8" E), which is
located in upper midland 3 with an altitude of
approximately 1373 m above sea level. The soils are
Rhodic Nitisols , which are deep, well weathered with[17]

moderate to high inherent fertility. In Mucwa the study
was conducted in two farms one that had relatively
good soils (in terms of soil pH, total soil carbon, and
exchangeable P) and another that had poor soils (Table
1).  

Most of the areas in Meru South District are
highly populated, for instance, Mucwa sub-location has
641 persons km . The district is a predominantly-2[17]

maize growing zone with small land sizes ranging from
0.1 to 2 ha with an average of 1.0 ha per household.
The area is characterized by rapid population growth,
and low soil fertility . Crop productivity has[18]

dramatically reduced over the last 3 decades, for
instance maize production has reduced from 3.3 t ha-1

to 0.7 t ha . According to , poverty is one of the-1  [17] [17]

major developmental challenges facing the district with
72% of the population being considered to be in the
poverty bracket. The HIV/AIDS prevalence rate in the
district is 30% .[17]

The main staple food crop is maize (Zea mays L.),
which is commonly intercropped with beans (Phaseolus
vulgaris L). Other food crops include cabbages
(Brassica oleracea L), irish potatoes (Solanum
tuberosum L.), bananas (Musa spp. L.), sweet potatoes
(Ipomea batatas (L.) Lam), vegetables and fruits that
are mainly grown for subsistence consumption.
Livestock production is a major enterprise especially
dairy cattle of improved breeds. Other livestock in the
area include sheep, goats and poultry. The main cash
crops include coffee (Coffea spp), tobacco (Nicotiana
tabacum L) and tea (Camellia sinensis L) in that order.
The rainfall is bimodal, falling in two seasons, the long
rains (LR) lasting from March to June and short rains
(SR) lasting from October to December. The area
receives an annual mean rainfall of 1400 mm. Rainfall
for the four seasons in which the experiment was
conducted is presented in Figure 1.  
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Fig. 1: Rainfall received during the study period in Mucwa and Machang’a sites

Table 1: Soil Characterization in M ucwa good and poor site, M eru South and M achang’a site, M beere District, Kenya

Soil parameters                       Site

----------------------------------------------------------------

M ucwa good M ucwa poor M achang’a

pH in water 5.0 4.6 6.4

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Total N (%) 0.25 0.24 0.09

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Total soil organic carbon (%) 2.1 1.8 1.05

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Exchangeable P (ppm) 33.8 20.4 12.9 

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Exchangeable K (cmol kg ) 0.36 0.21 0.35 -1

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Exchangeable Ca (cmol kg ) 1.13 0.9 1.0 -1

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Exchangeable Mg (cmol kg ) 0.20 0.20 0.14 -1

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Clay (%) 40 40 22

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sand (%) 32 32 67

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Silt (%) 28 28 11
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Table 1. The major cropping enterprises include maize

(Zea mays L.) and beans (Phaseolus vulgaris L.). Other

food crops include cowpea (Vigna unguiculata), millet

(Eleusine coracana), sorghum (Sorghum bicolor L),

green grams (Vigna radiata), and fruits (pawpaws

(Carica papaya L) & mangoes (Mangifera indica)).

Livestock (cows, goats, sheep, and poultry) production

is a major enterprise and the farmers mainly keep the

local breeds. Bee keeping is also a major enterprise in

the area. Farmers plant food crops and keep livestock

with a high staple and economic value as they do not

grow any “cash crop” therefore the crops they grow

double as food crops and cash crops. Mbeere District

is sparsely populated with 81 persons per km ,-2

Machang’a is located in Mavuria location with a

population density of 81 persons per km  . About-2 [17]

56% of the arable land is currently under cultivation

and the remaining 44% is not enough for the necessary

livestock and fallow period for replenishing soil

fertility. The average farm sizes per family is less than

5 hectares[17]

Machang’a lies in the marginal cotton (lower

midland 4 - LM 4) agro-ecological zone . The rainfall[17]

is bimodal, falling in two seasons, the long rains (LR)

lasting from March to June and short rains (SR) from

October to December. The total rainfall is however

unreliable, with a mean annual rainfall of 800-900

mm . Total rainfall per season during the study[21,17]

period ranged between 209-731 mm (Figure 1).  

Experimental Layout and Management: The

experiments were established in Meru South and

Mbeere District, and were laid out as randomized

complete block design replicated thrice with the plots

measuring 6 x 4.5 m. In Meru South District, the test

crop was maize (Zea mays L, var. H513) planted at a

spacing of 0.75 and 0.5 m inter- and intra-row,

respectively while in Mbeere District the test crop was

maize (Zea mays L, var. Katumani) planted at a

spacing of 0.90 and 0.6 m inter- and intra-row,

respectively.  Three (3) seeds were sown per hole and

thinned four weeks later to two plants. External

nutrient replenishment inputs were applied to give an

equivalent amount of 60 kg N ha (this is the-1  

recommended rate of N to meet maize nutrient

requirement for an optimum crop production in the

area  with the exception of the herbaceous legume[22]

treatment, where by the amount of N was determined

by the biomass harvested and incorporated in the

respective treatments. The treatments included; 1)

manure, 2) manure + 30 kg N ha , 3) tithonia, 4)-1

calliandra/lantana, 5)  tithonia + 30 kg N ha , 7)-1

calliandra/lantana + 30 kg N ha , 8) mucuna, 9)-1

mucuna+ 30 kg N ha . There were also N response-1

curve treatments which included N application at 0

(control), 30, 60 and 90 kg N ha . The organic-1

materials (tithonia, calliandra and lantana) were

harvested, from nearby plots established for that

purpose. A sample of each organic input was taken and

N content determined (Table 2), then the amount of

organic to be applied, equivalent to 30 or 60 kg N,

was determined (for the treatments with sole organic an

equivalent of 60 kg N ha  and for the treatments with-1

integration an equivalent of 30 kg N ha  was applied).-1

All organic inputs were harvested, weighed,

chopped and incorporated into the soil to a depth of 15

cm during land preparation. CAN was the source of

 mineral N and at all application rates a third was

applied four weeks after planting and two thirds six

weeks after planting. Since organic inputs were being

applied in this experiment and they (organic inputs) are

often limited in their ability to increase P availability

due to their low P content , P was applied in all plots[23]

at the recommended rate (60 kg P ha ) as triple super-1

phosphate (TSP) to minimize the possibility of its

confounding effects. This way it was assumed that

nitrogen was the only macronutrient limiting maize

yields. Other agronomic procedures for maize

production were appropriately followed after planting.

Maize grain and stover was harvested at maturity from

a net area of 21.0 m (out of the total area of 27 m )2 2

after leaving out one row on each side of the plot and

the first and last maize plants on each row to minimize

the edge effect. Maize grains were dried and expressed

in terms of dry matter content. After harvesting, all the

maize stover was removed from the experimental plots

to ensure that no nutrients were returned to the plots

from the stovers that may confound the effects of

adding a material of different quality into the

experimental plots. Stover samples were oven dried at

70º C for 72 hours to determine moisture contents,

which were used to correct stover yields measured in

the field to dry matter produced.

Soil Sampling: Sampling was done during two

seasons; 2005 LR and 2005 SR seasons. Soil samples

were taken at the beginning of the season and

subsequent samples taken at 4, 8, 12, and 20 weeks

after planting maize at 0-15 cm depth. Soil samples

were taken at 8 different spots per plot using an

alderman auger and then bulked to one sample to

eliminate variability. The soil samples were then

packed in cool boxes and delivered to the laboratory

where they were stored in the fringe at 5 C to restrict0

any further mineralization before extraction. For each

sampling, net N dynamic was calculated as the

difference in mineral N between that time of

determination and the one preceding it.



Res. J. Agric. & Biol. Sci., 5(6): 978-993, 2009

982

Table 2: Average nutrient composition (%) of organic materials applied in the soil during the experimental period at M ucwa and M achang’a,

Kenya

Treatment N P Ca M g K Ash

Cattle manure 1.0 0.3 1.4 0.4 0.9 63.6

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Goat manure 2.0 0.7 4.3 1.2 4.2 29.2

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Tithonia 3.0 0.2 2.2 0.6 2.9 13.2

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Calliandra 3.3 0.2 0.9 0.4 1.1 5.8

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Lantana 1.5 0.1 1.1 0.4 0.8 5.8

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M ucuna 1.5 0.1 1.2 0.2 0.7 10.4

Determination of Soil Mineral Nitrogen: Soil

extraction were done using 2 N Potassium chloride and

the resulting extract was analyzed first for ammonium

(to avoid contamination) using colorimetric method,

followed by extractable nitrate, which was analyzed

using cadmium reduction with subsequent colorimetric

determination . Soil bulk density (0-15 cm) was[24 ,25]

determined and was used to convert the mineralized N

into kg ha  basis.-1

Determination of N Uptake Efficiency: Destructive

random sampling of maize plant was carried out at 4,

8, 12 and 20 weeks after planting (WAP) for

determination of N concentration in the plant tissue.

Except at seedling stage (4 WAP), maize leaves were

always separated from the stem and analyzed

separately. At harvest, the cob was separated from the

grain and stover and the three components analyzed

separately. The samples were then oven-dried at 60 Co

for 48 hours, ground to pass through a 1.0-mm sieve

and then analyzed for nitrogen using Kjeldahl digestion

method . Nitrogen uptake by maize crop was[25]

determined by multiplying the dry matter yields (kg)

with the nitrogen concentration (%). 

Statistical Analysis: Data on soil mineral N

concentration, and N-uptake were subjected to analysis

of variance using Genstat software version 10. The

means were separated using Least Significant

Differences of means (LSD at p < 0.05). Correlations

were carried out to determine the relationship between

the maize grain yield with soil mineral N and N

uptake. 

RESULTS AND DISCUSSION

Results: 

Soil Mineral N Concentrations: The nitrate-N and

ammonium-N were not significantly different (p <

0.05) across the treatments during all sampling dates

during the LR 05 season. On the other hand, during

the SR 05 season, nitrate-N was only significantly

different (p < 0.05) at 8 and 20 WAP sampling periods

whereas ammonium-N was significantly different at 8

WAP across the treatments (Figure 2). Mucuna + 30

kg N ha  recorded the highest nitrate-N during the 20-1

WAP with 85.0 kg N ha , while sole mucuna recorded-1

the highest nitrate-N during the 8 WAP with 49.5 kg

N ha  during the SR 05 season. Sole mucuna recorded-1

the highest ammonium-N levels during the 8 WAP

sampling periods with 11.9 kg N ha .-1

The bulk of mineral-N found in the soil in all the

treatments across the different sampling dates during

the two seasons in Mucwa poor site was in the form

of nitrate-N. For example, nitrate-N was recorded at

94, 92, 83, 80 and 76% during 0, 4, 8, 12 and 20

WAP during the LR 05. During this season, the

percentage of the ammonium-N however increased

gradually through the season from 6% at 0 WAP to

24% at 20 WAP. 

In Mucwa good site, during the LR 05 season, the

levels of ammonium-N were not significantly different

(p < 0.05) across the treatments in all the sampling

periods. On the other hand, the levels of nitrate-N were

only significantly different (p < 0.05) across the

treatments during the 0 and 20 WAP sampling periods.

During the SR 05 season, the nitrate-N was

significantly different across the treatments during the

0, 4, 8, and 20 WAP while, on the other hand,

ammonium-N was only significantly different across the

treatments during the 4 and 12 WAP sampling periods

(Figure 3). 

Just like in the Mucwa poor site, most of the

mineral-N found in the soil was in the form of nitrate-

N in all the treatments during the different sampling

dates in both seasons. During the LR 05 season, the

percentage of the ammonium-N, however, increased

gradually through the season from 9% at 0 WAP to

34% at 20 WAP. During the SR 05 season, the

percentage of the ammonium-N was relatively high

during the 0, 4, 8 and 12 WAP with 31, 26, 21 and

21% compared to the LR 05 season. 

In Machang’a during the LR 05 season, nitrate-N

levels were significantly different across treatments

during the 4, 8, and 12 WAP whereas ammonium-N

levels in the soil were significantly different across the
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Fig. 2: Mineral N (kg ha ) at 0-15 cm soil depth during the LR 05 and SR 05 seasons in Mucwa poor site, Meru-1

South District

3 4NO  – Nitrate N, NH  – Ammonium

treatments during 0 and 8 WAP (Figure 4). During the

SR 05 season, nitrate-N was significantly different

across the treatments at 4, 8, 12 and 16 WAP sampling

periods while ammonium-N was only significantly

different across the treatments during the 16 WAP

sampling period.

Sole manure recorded the highest levels of nitrate-

N at  the 4, 8, and 12 WAP sampling periods with

96.5, 69.9, and 37.4 kg N ha  during the LR 05 in-1

Machang’a respectively  reword this  statement (Figure

4). Mucuna + 30 kg N ha  recorded the highest-1

ammonium-N levels during the 0 WAP sampling

periods with 44.1 kg N ha , while fertilizer recorded-1

the highest levels (10.2 kg N ha ) during the 8 WAP-1

sampling period. Fertilizer (60 kg N ha ), lantana + 30-1

kg  N  ha , and fertilizer (30 kg N ha ) recorded the-1 -1
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Fig. 3: Soil mineral N (kg ha ) at 0-15 cm soil depth during the LR 05 and SR 05 seasons in Mucwa good site,-1

Meru South District

3 4NO  – Nitrate N, NH  – Ammonium N

lowest nitrate-N levels during the 4, 8, and 12 WAP

sampling periods with 23.7, 16.7, and 7.1 kg N ha-1

respectively. The control recorded the lowest

ammonium-N levels during the 0, 8, 12 and 16 WAP

sampling periods.

As had  been observed in Mucwa both in the good

and poor sites, most of the mineral-N found in the soil

was in the form of nitrate-N in all the treatments

during the different sampling dates, in Machang’a with

53, 86, 87, 72 and 72% during 0, 4, 8, 12 and 16

WAP in the LR 05 season, while during the SR 05

season the concentrations were 72, 81, 80, 88 and 72%

during 0, 4, 8, 12 and 16 WAP. The amount of

ammonium-N and nitrate-N fluctuated across the

seasons, for instance, during the LR 05 season, the

percentage of the ammonium-N was relatively high

during the 0 WAP (47%), however it declined at 4

WAP (14%), and then at 8 WAP (13%), then increased

at 8 WAP (28%) and remained the same until the end

of the season. 



Res. J. Agric. & Biol. Sci., 5(6): 978-993, 2009

985

Fig. 4: Soil mineral N (kg ha ) at 0-15 cm soil depth during the LR 05 and SR 05 seasons in Machang’a Site,-1

Mbeere District

3 4NO  – Nitrate N, NH  – Ammonium N

During the LR 05 season the amount of mineral N

(ammonium + nitrate) steadily decreased as the season

progressed and then increased slightly between 12-20

WAP in both Mucwa good and poor sites. In

Machang’a site during the same season, mineral N

increased as the season progressed peaking at 4 WAP

in all the treatments and then declined sharply between

4 WAP and 12 WAP, after which it leveled off until

harvest (Figure 5).

During the SR 05 season, mineral N increased

gradually as the season progressed peaking at 4 WAP,

after which it declined sharply at 8 WAP and then

increased gradually between 8-20 WAP in Mucwa

good site. During the same season in Mucwa poor site

the mineral N in the soil increased gradually as the

season progressed peaking off at 4 WAP, after which

it declined sharply at 8 WAP and then continued to

decline slowly up to 12 WAP after which it increased

up to 20 WAP (Figure 6). In Machang’a site, there

was no distinct pattern, however in most treatments,

the mineral N concentration increased as the season

progressed up to 4 WAP, then decreased between 4-8

WAP, increasing again between 8-12 WAP and then

decreasing between 12-16 WAP.

There was a very weak correlation between maize

grain yields and mineral N at all sampling times in the

three sites (Table 3).
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Fig. 5: Mineral N (kg ha ) in the 0-15 cm soil during the LR 05 season in Machang’a, Mbeere District-1

Fig. 6: Mineral N (kg ha ) in the 0-15 cm soil during the SR 05 season in Mucwa poor site, Meru South District-1

Table 3: Relationship between maize grain yields and mineral N concentration during the LR 05 and SR 05 seasons in M ucwa good & poor

sites and M achang’a site 

W eeks after planting (W AP) Correlation coefficient (r )2

---------------------------------------------------------------------------------------------------------------------------------

M ucwa good site M ucwa poor site M achang’a

---------------------------------------- --------------------------------- ---------------------------------------

LR 05 SR 05 LR 05 SR 05 LR 05 SR 05

0 0.09 0.05 -0.18 0.10 -0.06 0.35

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 0.11 0.18 0.16 0.28 0.15 0.19

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

8 0.02 0.10 0.20 0.05 0.06 0.01

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

12 0.07 0.18 0.12 0.26 0.01 0.04

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

16/20 0.10 0.31 0.16 0.22 0.003 0.02
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Apparent N Uptake by Maize Following Different

Soil Fertility Amendments: Figure 7 shows the

amount of total N uptake (kg ha ) by maize plants in-1

Mucwa good site during the LR 05 and SR 05 seasons

at different sampling periods. During the LR 05 season,

the amount of N uptake was significantly different

between treatments only during the 4-8 WAP sampling

period at p < 0.001.  

During the SR 05 season, the N uptake was

significantly different among treatments during the 0-4

WAP, 4-8 WAP and 8-12 WAP, respectively. During

both the LR 05 and SR 05 seasons the highest N

uptake was recorded during 8-12 and 12-20 WAP

sampling period while the lowest N uptake was

recorded during the 0-4 WAP sampling period. During

the LR 05 season, mucuna + 30 kg N ha  recorded the-1

highest cumulative N uptake (127.8 kg N ha )-1

followed closely by fertilizer (90 kg N ha ) with 121.8-1

kg N ha . Sole calliandra recorded the highest-1

cumulative N uptake during the SR 05 with 179.3 kg

N ha  followed closely by fertilizer (90 kg N ha )-1 -1

with 152.4 kg N ha . Control recorded the lowest-1

cumulative N uptake during the LR 05 and SR 05

seasons with 57.9 and 53.2 kg N ha , respectively-1

(Figure 7).

In Mucwa poor site, the N uptake was only

significantly different across the treatments during the

12-20 WAP sampling period in the LR 05, whereas

during the SR 05 season, the N uptake was

significantly different during the 8-12 WAP and 12-20

WAP, respectively (Figure 8). The highest N uptake in

Mucwa poor site was recorded during the 4-8 WAP

and the lowest during the 0-4 WAP in the LR 05

season. During the SR 05 season the highest N uptake

was recorded during the 4-8 and 12-20 WAP sampling

periods. During the LR 05 season sole manure recorded

the highest cumulative N uptake followed closely by

sole tithonia with 143.5 kg N ha  and 143.2 kg N ha ,-1 -1

respectively. Sole tithonia recorded the highest

cumulative N uptake during the SR 05 with 155.9 kg

N ha  followed closely by sole manure with 149.8 kg-1

N ha . The control recorded the lowest cumulative N-1

uptake during LR 05 and SR 05 with 51.3 kg N ha-1

and 53.9 kg N ha , respectively (Figure 8).-1

In Machang’a site, the N uptake was not

significantly different among the treatments during all

the sampling periods in the two seasons (Figure 9).

During the LR 05, the highest N uptake was recorded

during the 4-8 WAP and 12-16 WAP while the lowest

were recorded during the 0-4 WAP sampling periods.

During the SR 05, the highest N uptake was recorded

in the 4-8 WAP sampling periods while the lowest was

recorded in the 0-4 WAP. 

The highest cumulative N uptake in Machang’a

was recorded in the sole manure treatment during the

LR 05 season with 110.6 kg N ha  followed closely by-1

sole tithonia with 85.1 kg N ha . During the SR 05-1

season sole manure recorded the highest cumulative N

uptake (93.2 kg N ha ) followed closely by mucuna +-1

30 kg N ha  with 62.0 kg N ha . Control recorded the-1 -1

lowest cumulative N uptake during the LR 05 and SR

05 seasons with 40.1 kg N ha  and 23.9 kg N ha ,-1 -1

respectively (Figure 9).

In Mucwa good and poor sites, the N uptake was

higher during the SR 05 compared to the LR 05

season. However, in Machang’a the N uptake was

higher during the LR 05 season compared to the SR 05

season. This could be attributed to the rainfall

distribution in the two seasons in the different sites. In

Mucwa good and poor sites, the rainfall was better

distributed across the season during the SR 05 whereas

in Machang’a the rainfall was better distributed during

the LR 05 season (Figure 1 and 2). The higher soil

moisture could have permitted maize to absorb more N.

In Machang’a there was a very weak relationship

between the maize grain yield and N uptake at

different sampling periods during the LR 05 and SR 05

seasons (Table 4). In Mucwa good and poor sites there

was a weak relationship between the maize grain yields

and N uptake during the LR 05 season in all sampling

periods. However, during the SR 05 season at harvest

there was a strong correlation between the maize grain

yield and N uptake (Table 4). 

Discussions: The bulk of mineral-N found in the soil

in all the treatments and sampling periods in both

seasons in the three sites was in the form of nitrate-N.

This could be as a result of the rapid conversion of

ammonia to nitrate following mineralization of inputs

in the soil. Similar low quantities of soil ammonium-N

compared to nitrate-N were reported in Western and

central Kenya . The amount of ammonium-N[26 ,27 ,28 ,16]

was, however, higher in the Machang’a site and this

could be attributed to the drier nature of the soil in this

site. Dry soils encourage accumulation of ammonium-

N.  reported accumulation of soil ammonium-N[29]

towards the end of a growing season when soil

moisture was low. Also,  reported higher amounts of[13]

ammonium-N content ranging from 4.9 to 25.2 mg kg-1

compared to nitrate-N that ranged from 0.7 to 10.2 mg

kg  in a dry soil and attributed this to reduced-1

nitrification due to low soil moisture. The relatively

low ammonium-N in Mucwa good and poor sites could

be attributed to rapid nitrification, which is increased

by soil wetting. The soils in Mucwa good and poor

sites were relatively wetter throughout all the sampling

periods compared to the soils in Machang’a because

they have better water holding capacities.
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Fig. 7: N uptake (kg ha ) by maize plants during the LR 05 and SR 05 seasons at different sampling periods in-1

Mucwa good Site, Meru South District

Table 4: Relationship between maize grain yields and N uptake during the LR 05 and SR 05 seasons in M ucwa good site, M ucwa poor site

and M achang’a 

W eeks after planting (W AP) Correlation coefficient (r )2

---------------------------------------------------------------------------------------------------------------------------------

M ucwa good site M ucwa poor site M achang’a

-------------------------------------- ------------------------------- ---------------------------------------

LR 05 SR 05 LR 05 SR 05 LR 05 SR 05

4 0.42 0.33 0.45 0.13 0.43 0.09

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

8 0.50 0.26 0.16 0.19 0.27 0.37

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

12 0.28 0.67 0.23 0.35 0.04 0.25

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

16/20 0.44 0.75 0.58 0.84 0.10 0.04

In Machang’a site during the SR 05, the levels of

mineral N were not uniform in most of the treatments.

For instance, in the sole tithonia and tithonia + 30 kg

N ha treatments the mineral N increased from 0 WAP-1  

up to 8 WAP after which it declined up to harvest (16

WAP) whereas in the fertilizer (90 kg N ha ) treatment-1

the mineral N declined from 0 WAP up to 8 WAP

after which it increased steadily till harvest. This could

be as result of the rainfall distribution in that season

where 61% of the rains were received between 0-4

WAP, 34% between 4-8 WAP and 5% between 8-12

WAP  (Figure  2).  For tithonia, most of the biomass
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Fig. 8: N uptake (kg N ha ) by maize plants during the LR 05 and SR 05 seasons at different sampling periods-1

in Mucwa poor site, Meru South District

could have mineralized by this time and therefore with

no rains the levels of mineral N could have gone

down. For the fertilizer (90 kg N ha ) treatment, a-1

third of the N had just been applied (60 kg N ha ) at-1

8 WAP, therefore with the rains disappearing most of

the N was not available to the crops so it was left in

the soil explaining the drastic increment in soil mineral

N between 8-16 WAP.

The high levels of mineral N during the 0 WAP

sampling and 4 WAP sampling period during the LR

05 and SR 05 could be explained by the flush of

nitrogen following rapid mineralization after a dry

spell. During the LR 05 season, the rains had started

by the time of sampling (planting) whereas during the

SR 05 season there was very little rain which came

before planting and then there was a dry spell before

the rains came again consistently (Figure 1 and 2).

These results agree with those of  who reported[30 ,31]

nitrogen flush at the start of the rainy season.  In their

study, in Malawi, , also reported high pre-season[32]

values (above 85 kg N ha ) of total mineral N for all-1

treatments suggesting that mineral N had accumulated

during the dry season. 

The higher amount of nitrate-N in most of the

treatments during the 0 WAP and 4 WAP during the

LR 05 and SR 05 seasons is prone to leaching. High
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Fig. 9: N uptake (kg N ha ) by maize plants during the LR 05 and SR 05 seasons during different sampling-1

periods in Machang’a, Mbeere District

rainfall was recorded during this period (Figure 1 and
2) and the decline of nitrate-N during the 4 WAP and
8 WAP during the LR 05 and SR 05 could be as a
result of leaching. This corroborates with studies
by  who observed substantial nitrate build up in the[30 ,32]

soil early in the season with N supply (from
mineralization) exceeded maize-crop demand during the
first six weeks of each cropping season. 

Higher amounts of nitrate-N in fertilizer (60 and
90 kg N ha ), manure treatments during the LR 05-1

season and manure, mucuna, calliandra and tithonia +
30 kg N ha treatments during the SR 05 in relation to-1  

other treatments indicates a higher risk of leaching in
these treatments. At 4 WAP the maize roots are not yet
developed and this means that more nitrate-N might be

availed to the crop at a stage it does not require it,
implying lack of synchrony. The reduction of nitrate-N,
at 4 WAP and 8 WAP during LR 05 and SR 05,
respectively, was probably mainly due to plant uptake
coupled with leaching, which was more likely at this
period due to the high amounts of rainfall received
during this period. Such a phenomenon was reported
by  who estimated 40 to 50% of the mineralized N[33]

being lost under high rainfall environments through
leaching and  who noted that leaching of mineral N[34]

in the soil increased as the rainfall amount increased.
The generally higher total mineral N in the treatments
that had organic materials incorporated compared to
mineral fertilizer, throughout the cropping season could
be explained by the long-term nature of nutrient
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availability from organic materials. 
The high amounts of mineral N remaining in the

soil for most of the treatments during the SR 05
compared to the LR 05 was in large part due to the
lower maize yields obtained in SR 05 season, a
consequence of poorly distributed rainfall during this
season in all the sites.

During the LR 05 season in Mucwa good and poor
sites, the mineral N declined progressively though the
season and this results agree with  in their study in[32]

Malawi who reported that mineral N concentration in
the 0-20 cm horizon declined rapidly during the rainy
season, falling to < 20 kg N ha  by the 49 day after-1

planting and < 10 kg N ha  by the end of the maize-1

cropping season .[32]

Mixed results have been reported on the
relationship between maize grain yield and mineral N
in the soil.  reported a weak correlation (r  = 0.34[14 ,35] 2

and r  = 0.3, respectively) between preseason topsoil2

mineral N and maize yields in their studies in Malawi.
On the other hand,  reported a strong correlation (r[14] 2

= 0.92) between preseason topsoil inorganic N and
maize yields in gliricidia intercropping in one season.
This means that the amount of mineral N in the soil at
different sampling times was not related to the maize
grain yields. 

 reported that approximately 32% and 7% of the[36]

applied N-enriched urea N was found in the grain and15

stover, respectively. The higher total N (kg ha ) in-1

grains compared to the stover in all the seasons and
sites may be an indication of remobilization of N to
grains. These results agree with  who reported that[37 ,30]

as much as 60% of N retranslocation from the leaves
to the grain.

Treatments with sole organics had higher N uptake
compared to the ones with integration of organic and
mineral fertilizers during the LR 05 and SR 05 seasons
in Mucwa good and poor sites and in Machang’a
during the LR 05 season. This higher N uptake is
related to the yields, during these seasons the organics
recorded higher yields compared to the integration of
organic and mineral fertilizer (data not shown). This
shows that the higher the yields the higher the total N
uptake. The harvesting of the maize component in
these systems with high N uptake would lead to the
removal of a further N, for instance during the LR 05
season in Mucwa good site, a further 31.3 and 26.8 kg
N ha  in sole calliandra and sole manure treatments-1

compared to calliandra + 30 kg N ha  and manure +-1

30 kg N ha , respectively, was removed. This means-1

that for these systems to be sustainable, they would
require some replenishment of N from external sources.
During the SR 05 season in Machang’a the treatments
with integration of organics and mineral fertilizers
recorded higher N uptake compared to the ones with
sole organics. This higher N uptake in the integration

as compared to the sole organics during the SR 05
season is related to the yields which were higher in the
integration than in the sole organics treatments (data
not shown). These results agree with  who reported[11 ,12]

that nutrient uptake was higher when nitrogen was
partially applied as prunings, indicating the importance
of the combined addition of plant residue and inorganic
fertilizer N for improving crop production. 

N uptake at a particular time during the growing
period is influenced by the root development stage of
a plant. In Mucwa good site the total N uptake that
had accumulated in the maize plant between 0-12 WAP
was about 68% and 55% during the LR 05 and SR 05
seasons, respectively. In Mucwa poor site the total N
uptake that had accumulated within 0-12 WAP was
about 73% and 62% during the LR 05 and SR 05
seasons, respectively. Within 0-12 WAP in Machang’a
about 72% and 85% of N had accumulated in the
maize plants. These results agree with  who found[38]

that maximum maize rooting depth does not occur until
about tasseling (8-12 WAP), by which time only 60%
of total N uptake has occurred.

The strong correlation between maize yield and N
uptake in Mucwa good and poor sites indicate that the
maize grain yields were highly influenced by the N
uptake between 12 and 20 weeks after planting,
however in Machang’a where the correlation was very
weak the N uptake at this growing period did not
influence the maize grain yield.

Conclusions: The relatively high levels of mineral N
at the beginning of the seasons is as a result of
nitrogen flush following rapid mineralization after a dry
spell. However, this poses a problem because the high
amounts of mineral N are not utilized by the crops as
at this time when the rooting system is not adequately
established. This exemplifies the challenge in
synchronizing the availability and utilization of mineral
nitrogen in the soil. The bulk of mineral-N found in
the soil in all the treatments during all the sampling
periods was in the form of nitrate-N in the three sites.
However, in Machang’a the amount of ammonium-N
was relatively high due to the drier condition of the
soils in that site. The N uptake was closely related to
the rainfall distribution across the season. In seasons
when rainfall was well distributed the N uptake was
relatively high with most of the mineral N being taken
up during 0-12 WAP. The N-uptake in maize plants
was not highly influenced by the treatments and soil
fertility status in all the sites during the two seasons
due to the high inherent mineral N content that was
reported at the beginning of the seasons. Generally N
uptake was higher in the treatments with sole organics
compared to the treatments with integrations of
organics and mineral fertilizer N and this was related
to the higher maize yields that were obtained during
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the two seasons. 
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