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ABSTRACT 

Soil fertility is a major challenge depressing yields in small hold farms of Sub-Saharan Africa. Growth and yield 
parameters are key indicators of soil fertility status in most agro ecosystems. A study was conducted in Murang’a County 
Kandara Sub-County in Kenya. This was to determine the effects of applying different nutrients on growth and yield of 
maize.  The study was done in 2013 during the long rains season (LR13) and the short rains season (SR13). Twenty-three 
farmers were randomly selected for the study. The experiment was laid out in randomized complete block design (RCBD) 
with 8 treatments (control, NPK+ CaMgS micronutrient fertilizer (Ca, Mg, S, B, Mn, Cu, Zn,), NPK+ Manure, NPK+ 
Lime, NPK, NP, NK, and PK). Soil was sampled before establishment of the trials at a depth of 0–20 cm. The soil samples 
were analyzed for pH, total carbon, macro, and secondary nutrients. Treatment inputs were applied at rates of 100 kg ha-1 

N, 30 kg ha-1 P, 60 kg ha-1 K, 10 kg ha-1 Ca, 10 kg ha-1 Mg, 5 kg ha-1 S, 10 t ha-1 manure and 1 t ha-1 lime. Data on maize 
plant height, leaf number, and basal diameter was collected at 14, 28, 42, 56 and 70 days after planting (DAP). Grain and 
stover yield was collected at physiological maturity. The results showed that control, PK and NK treatment achieved means 
that were significantly different (p<0.05) for leaf number and bio-volume during the 2 cropping seasons. The grain and 
stover yields for control, NK and PK showed significant differences (p<0.05) during the two cropping seasons. Simple 
linear regression analysis between grain yield and leaf number achieved a coefficient of determination (R2) of 0.9 during 
both seasons. The coefficient of determination (R2) between bio-volume and grain yield at 42 DAP was 0.8 for LR13 
season and 0.9 for SR1, respectively. The yield response to nitrogen application was 1.87 Mg ha-1 in the LR13 season and 
1.90 Mg ha-1 during the SR13 season. The yield response (yield loss) for phosphorus was 0.84 Mg ha-1 in the LR13 season 
and 0.81 Mg ha-1 during the SR13 season. It was concluded that absence of N and P nutrients significantly affects maize 
leaf number and bio-volume and eventually these effects influence the achieved grain yield. The results of the study show 
the need to adopt specific nutrient application instead of the former use of blanket recommendation for whole regions. 
 
Keywords: limiting nutrients, nutrient amendments, crop bio-volume, grain yield. 
 
1. INTRODUCTION 

The dominant food crop in Kenya is maize (Lelei 
et al., 2009). It is grown across a wide range of agro-
ecological zones (Ngome et al., 2012; Romney et al., 
2003). About 1.6 million hectares of land are under maize 
and 80% is grown by smallholder farmers (Mureithi et al., 
2006). However, declining soil fertility has led to 
reduction in maize production (Karaya et al., 2012) with 
an average grain yield estimated at 1 Mg ha-1 (Mugwe et 
al., 2008; Ngome et al., 2011b). Studies have reported 
yield gaps of more than 3 Mg ha-1 from different localities 
in Kenya (Rutunga et al., 2003). The decline in soil 
fertility is a major biophysical cause of depressed maize 
yields in Central Kenya (Bationo et al., 2004; Kimani et 
al., 2007).  

The yields achieved by smallholder farmers in 
Central Kenya are estimated at 0.5 Mg ha -1 yr1 to 1.5 Mg 
ha-1 yr -1 (Ouma et al., 2002) compared to the potential of 
7-12 Mg ha-1. Central highlands of Kenya are associated 
with significant soil degradation caused by cultivation of 
fragile ecosystems and continuous cropping without soil 
replenishment (Mugendi et al., 2003). Severe nutrient 
depletion has threatened the agricultural productivity of 
smallholder farmers and thereby hindering efforts to 

reduce poverty (Lufumpa, 2005). Decreasing soil fertility 
is a result of imbalance between nutrient inputs and 
nutrient removals through harvesting, erosion, and 
leaching (Lynam et al., 1998; Zingore et al., 2005; Lal, 
2007). The depletion rates of specific nutrients depend on 
a number of factors including management, soil type, and 
climate (Wopereis et al., 2006; Zingore et al., 2007).  

Nitrogen is one of the key nutrients needed for 
crop production; however, it is the most mobile and 
volatile and the most exhausted nutrients due to its ability 
to exist in different forms and its easy leach ability (Palm 
et al., 1997; Mugendi et al., 2003; Mucheru-Muna et al., 
2009). In the absence of site-specific recommendations, N 
management poses a serious challenge in the highlands 
(Shanahan et al., 2008). Nitrogen management in agro-
ecosystems has been extensively studied due to its 
importance in improving crop yield and quality (Hillin and 
Hudak, 2003; De Paz and Ramos, 2004; Alam et al., 2006; 
Dambreville et al., 2008; Mugwe et al., 2009; Mucheru-
Muna et al., 2010; Mucheru-Muna et al., 2014). 
According to Lungu and Dynoodt (2008), one of the ways 
of addressing nitrogen limitation, is use of inorganic 
fertilizers. However, there exists inadequate use of 
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fertilizers to replenish the mined nutrients (Makokha et al., 
2001). 

Phosphorus is a limiting nutrient in maize agro 
ecosystems due to the low native soil P and high P fixation 
(Kwabiah et al., 2003). In addition, Fairhurst et al. (1999) 
observed that phosphorus unlike nitrogen couldn’t be 
replenished through biological fixation. For many 
cropping systems, application of P from organic and 
inorganic sources is essential to sustain high crop yield 
(Jones, 2003).  Enhanced early-season P nutrition in maize 
increased the dry matter partitioning to the grain at later 
development stages (Plénet et al., 2000).  

Secondary nutrients play an active role in the 
plant metabolism process starting from cell wall 
development to respiration, photosynthesis, chlorophyll 
formation, enzyme activity and nitrogen fixation (Das, 
2000).  

The importance Ca and Mg soils cannot be 
understated for their role in plant nutrition is crucial since 
they constitute plants protoplasm (Szulc et al., 2008). 
Sulfur (S) is often the third limiting nutrient in soils after 
N and phosphorus (P) (Randhawa and Arora, 2000), yet it 
is seldom included in the fertilizers commonly available.  

Micronutrient deficiencies occur not only due to 
low contents of these elements in the soil but also nutrient 
mining by growing plants (Brady and Weil, 2002). Studies 
across SSA indicate that many soils become deficient in 
Zn, Fe, and S though macronutrient status is corrected 
(Lipinski, 2005). Sustained removal of micronutrients 
means they need to be replaced after some time (Giller et 
al., 2006). 

The use of organic resources in combination with 
mineral fertilizers offers potential for improving soil 
fertility and crop yields (Vanlauwe et al., 2002b). The 
release of nutrients and the efficiency of nutrient 
availability to the plant can be manipulated by controlling 
the quality and quantity of organic resources.  Research by 
Nyamangara et al. (2003), Mtambanengwe et al. (2006) 
Mugwe et al. (2009) and Mucheru-Muna et al. (2014) 
showed that combinations of organic resources and 
mineral fertilizers result in greater crop yields. This 
increase in grain yield has been attributed to improved N 
synchrony with combined inputs through direct 
interactions of the organic resources and N fertilizers as 
observed by Vanlauwe et al. (2002b).  

The objective of this study was therefore to 
establish which nutrients limit growth and yield of maize 
in Kandara Murang’a County.  
 
2. MATERIALS AND METHODS 
 
2.1. Study area 

The study was conducted in Kandara Sub-county 
in Murang’a County which covers an area of 235 km2 of 
which 193 km2 has been put under agricultural production. 
Kandara geographical coordinates are 0° 54' 0" South, 37° 
0' 0" East. Kandara lies in upper midland 2 (UM2) agro-
ecological zones (AEZ), which support maize production 
(Jaetzold et al., 2006). Average annual rainfall is variable 
and ranges 1400- 2000 mm (Jaetzold et al., 2006). The 

rainfall pattern is bimodal and rainy seasons are clearly 
separated with long rains season in March – May and short 
rains season in October - December. According to Jaetzold 
et al. (2006), Kandara area has medium to long cropping 
days (155 - 174 days) and medium to short cropping days 
(115 - 134 days) in a cropping season. Kandara has mean 
annual temperatures ranging from of 18 - 210C. The soils 
are deep, well drained; weathered Humic Nitisols (locally 
known as red Kikuyu loams) with moderate to high 
inherent fertility (Jaetzold et al., 2006).  
 
2.2. Experimental design and treatment layout 

This experiment was carried out during the long 
rains season (LR13) and short rains season (SR13). The 
treatments were laid out in a randomized complete block 
design. Trials were established on-farm in 23 selected 
fields. Choice of experimental fields was limited to farmer 
fields currently in crop production. Each field was divided 
into eight plots measuring 5 m by 5 m. The 23 fields were 
treated as replicates. Land preparation was done by hand 
ploughing at a depth of 15-20 cm using hoes.  

The trial consisted of eight treatments, which 
were; control, PK, NK, NP, NPK, NPK+ CaMgS 
micronutrients fertilizer, NPK+ manure and NPK+ lime. 
Straight fertilizers were used to supply N, P, and K. The 
source of Nitrogen (N) was Urea, of Phosphorus (P) was 
Triple Super Phosphate (TSP), and of Potassium (K) was 
Muriate of Potash (MOP). The source of secondary 
nutrients was Mavuno fertilizer, which is locally available 
as a multi-nutrient fertilizer. It contains N, P and K, and 
Calcium (Ca), Magnesium (Mg) and Sulphur (S) and 
micro nutrients. Mavuno contains; 
N10+26P+10K+10Ca+4Mg+4S+ micronutrients. The 
application rates of Urea, TSP, and MOP in the NPK+ 
CaMgS and micronutrients treatment were adjusted to 
factor in the amount of N, P, and K supplied by Mavuno 
fertilizer. Lime and manure were applied at pre-planting, 
by broadcasting in the 5 m x 5 m plot by incorporation 
into the surface soil by digging. Basal fertilizer was 
applied in the planting holes at sowing. Top dressing using 
urea was done by spot-application in two equal splits, at 
three and six weeks after emergence. This was done for all 
treatments requiring nitrogen. Weeding was done using a 
hoe. The rate of nutrient application for each treatment is 
indicated in Table-1. 

Two seeds of maize variety H513 were sowed per 
hill at a spacing of 75 cm (inter-row) and 25 cm (intra-
row). Thinning to one plant per hill was done 10 days after 
emergence. Gapping was done 5 days after emergence. 
Other agronomic procedures were followed appropriately. 
 
2.3. Data collection 
 
2.3.1. Soil sampling and analysis 

Soil samples were collected before planting at 0 - 
20 cm depth using a soil auger. Soil pH was determined 
using potentiometric method i.e. soil: water at a ratio of 
1:2 (Miller and Kissel, 2010). For soil nutrients (P, K, S, 
Ca, Mg), ICP-AES instrumentation was used with Mehlich 
3 reagent, which estimates most macro nutrients and 
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micronutrients in, soils with acidic to neutral pH using a 
dilute acid-fluoride-EDTA solution of pH 2.5 (Schroder et 
al., 2010; Pittman et al., 2005). Total nitrogen was 
analyzed by the modified Kjeldahl oxidation method 
where salicylic acid was added during digestion to include 
nitrate-N and nitrite-N (Okalebo et al., 2002). Soil organic 
carbon was determined by the Walkley Black combustion 
method (Nelson and Sommers, 1996).  
 
2.3.2. Maize plant height, leaf number, and basal  
          diameter 

Data on plant height, leaf number and basal 
diameter of 8 random maize plants per plot from the net 
plot area of 3 m x 3 m was obtained at 14, 28, 42, 56 and 
70 days after planting. The measurement for basal 
diameter was obtained at about 1 cm from the soil surface 
using vernier calipers. Plant height was taken from the soil 
surface to the highest tip of the emerging leaf or the 
highest tip of the tassel. For each of the growth stages for 
which height and basal diameter were measured, the 
number of leaves on the 8 selected plants was counted. All 
leaves were counted including those that were senesced as 
long as they were identifiable. 
 
2.3.3. Grain and crop residue yield 

Harvesting was done after the crop had reached 
physiological maturity. Grain yields in each treatment 
were determined from a net plot of 3 m x 3 m. The cobs 
were removed, counted, and recorded. The grain sub 
sample was oven dried (at 60 ºC for 48 hours) and 
reweighed to determine moisture content. After drying to 
12.5% moisture content, the final dry weight was 
determined and recorded. 
 
2.4. Statistical analysis 

Plant height and stem diameter were used to 
calculate plant bio-volume. The leaf number and plant bio-
volume was analyzed using statistical analysis software 
(SAS) 9.2 (SAS Institute, 2009). Analysis of variance 
(ANOVA) was carried out to determine whether there 
were significant differences among treatments on plant 
growth parameters. Fisher’s LSD was used to separate 
means at (P<0.05) significance level. Simple linear 
regression analysis was done to establish the relationship 
between leaf number, bio- volumes and grain yield at 42 
DAP. Further, analysis was carried out on grain yield to 
deduce the average nutrient responses.  
 
3. RESULTS 
 
3.1. Average precipitation of Kandara 

The rainfall pattern is bimodal. The long rains 
(LR) last from March to June, while the short rains (SR) 
commence in October through December (Figure-1). The 
rainfall amount during the two cropping systems was 
adequate. Rainfall was well distributed across the entire 
crop establishment period over the two growing seasons. 
There was no rainfall failure at critical physiological 
stages of the crop. 
 

3.2. Soil characterisation  
The results from soil analysis indicated the pH 

ranges from extremely acidic (4.57) to slightly acidic 
(6.87) (Table 2). About 65% of the sampled fields had soil 
pH ranging between 5 -8, which is optimum for maize 
production. However, 17% fields were below the 
recommended pH levels for maize production. Total C and 
N were found to be inadequate in most of the fields (Table 
2). A high  percentage (87%) of the fields recorded low 
levels of total N whose critical level was ≥2.4% and 91% 
had inadequate levels of total C whose critical level was 
≥9.5%. P (ppm) was low in 34% fields whose critical level 
was ≥ 30 ppm while, K (ppm) deficiency was not observed 
in any of the sampled fields (Table 2). The fields that 
recorded low levels of Ca whose critical level was ≥ 513 
ppm were 17% (Table 2). No magnesium and sulphur 
deficiencies were recorded in the sampled fields (Table 2).  
 
3.3. Effect of nutrient application on leaf number 

Table-3 indicates significant differences (p<0.05) 
among different treatments for leaf number during both 
seasons of crop growth. Significant differences were 
observed in the control, NK and PK treatments for the 
entire growth period over the two seasons. During the 
LR13, NPK+ manure (6.9) had the highest leaf count 
while the control (5.3) treatment had the lowest leaf count 
at 14 DAP (Table 3). During the SR13 season, the 
treatment that recorded the highest leaf number was NPK 
(7.3) and control recorded the lowest leaf count (6.6) at 14 
DAP. At 28 DAP; during the LR13 season, NPK+ CaMgS 
recorded the highest leaf number (9.7) while control 
recorded the lowest (7.8) (Table 3).  

During the LR13 season of crop establishment, 
coefficient of determination (R2) for grain yield and leaf 
number simple linear regression was 0.9 at 42 DAP 
(Figure 2). This indicates a strong positive relationship 
between the number of leaves in maize and the achieved 
grain yields. Similarly, during SR13 season, coefficient of 
determination (R2) was 0.9 (Figure 3) indicating a strong 
linear relationship between leaf numbers and the achieved 
yield.  
 
3.4. Effect of nutrient application on plant bio volume 

At 14 DAP, bio-volume was significant (p<0.05), 
in control and NPK treatment (Table 4). The other 
treatments showed no significant differences during the 
LR13 season (Table-4). During the SR13 season, the 
treatments that indicated significance differences were 
control, PK and NK (Table 4). During the two seasons, 
control, PK and NK indicated significant differences in bio 
volumes. These significant differences were consistent in 
28, 42, 56 and 70 DAP (Table 4). The other notable 
observation was treatment NP, performed as well as other 
full fertilizer treatments. A large bio-volume was observed 
in NPK treatments across both seasons of crop 
establishment. Moreover, full fertilizer treatments with 
amendments, i.e. NPK +manure, NPK +lime; NPK 
+CaMgS achieved relatively high bio-volumes over the 
two seasons of crop growth. In this experiment, NP 
treatment, recorded high bio volumes. 
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Simple linear regression results indicated that 
bio-volumes achieved by specific treatments directly 
impacted on the yields realised at the end of the season. 
There was strong linear relationship between mean bio-
volume at 42 DAP and grain yield achieved for both LR13 
and SR13 seasons of crop establishment (Figures 4 and 5), 
the coefficient of determination (R2) for LR13was 0.8 
while R2 for SR13 was 0.9. 
 
3.5. Effect of nutrient application on grain and stover  
       yield 

The mean grain yield was significantly different 
(p <0.05) in both cropping season (Table-5). Control, PK, 
and NK treatments indicated significant differences in 
grain yields during SR13 and during cropping LR13 
season, the treatments, which showed significant 
differences in grain yield were; control, PK, NK, and NPK 
+CaMgS (Table 5). During the LR13 season, the treatment 
that achieved the highest mean grain yield was NP at 5.5 
Mg ha-1 while the control had the lowest mean grain yield 
of 2.6 Mg ha-1. During the SR13, NPK+ CaMgS achieved 
the highest grain yield (5.9 Mg ha-1), while control 
treatment achieved the lowest grain yield (2.8 Mg ha-1) 
(Table 5).  There was no wide variation in harvest index 
over the two cropping seasons. The range of harvest 
indices achieved for both cropping seasons was between 
0.43- 0.50. The harvest index is around 0.50 for a normal 
cropping season. Further analysis indicated that absence of 
N in PK treatment led to a yield loss of 2 Mg ha-1 over the 
two seasons (Figure-6). The net yield loss recorded in the 
NK treatment was about 1 Mg ha-1 for both seasons. The 
yield loss recorded by absence of CaMgS secondary 
nutrients was about 0.5 Mg ha-1. The rest of the treatments 
had yield losses below 0.5 Mg ha-1 (Figure-6) 
 
4. DISCUSSIONS 
 
4.1. Effect of nutrient applications on leaf number 

Results indicate that all treatments, which 
received full NPK fertilizer achieved good leaf 
establishment throughout the two growth seasons. This 
was in agreement with the observations of Stefano et al. 
(2004) who reported that fertilizer application resulted in 
luxuriant growth of leaves. Good leaf establishment is a 
precursor to high yields as indicated by the positive 
correlation between the leaf numbers of different 
treatments and the achieved yields. This observation was 
affirmed by Bray and Bailey-Serres (2000) who indicated 
that high number of leaves on fertilizer treated plants 
contributed to high yields. The omission treatments (NK 
and PK) showed reduced number of leaves across both 
seasons. In existing literature, nitrogen deficiency is 
known to effectively interfere with metabolic process in 
plants; for instance, Reddy and Dakota (2007) recognized 
that nitrogen deficiency leads to disruption of the fine 
structures of chlorophyll and instability of the pigment 
protein complex. Graham and Vance (2000) observed that 
an increase in the nitrogen supply stimulates growth as 
observed in NPK, NP, NPK + manure, NPK +CaMgS and 
NPK + lime. Gastal (2002) reported that an increase in 

number of leaves is brought about by a large effect of 
nitrogen supply on the expansion of individual leaves and 
on branching, or tillering in grasses. In all instances, the 
impact of nitrogen on leaf development is related more to 
the effect of nitrogen on cell production than cell 
elongation rate (Drew and Morgan, 2000).  

High N has shown higher leaf numbers (Sumi 
and Katayama, 2000) as observed in;  NPK, NPK+ 
manure, NPK+ Lime, NPK+ CaMgS and NP treatments. 
According to Bonhomme (2000), light interception by 
crop leaves is a major factor influencing dry matter 
productivity where leaves contribute more than 80%. 
Therefore, negative N deficits in maize fields could lead to 
depressed yields, since leaf growth is highly dependent of 
availability of N in adequate levels. 

Phosphorus deficiency is invariably a common 
crop growth and yield-limiting factor in unfertilized soils 
(Ibrikci et al., 2005). According to Rehman et al. (2011), 
nutrient P affects leaf growth dynamics in maize; this was 
observed in NK treatment, which recorded reduced 
number of leaves for both seasons of growth. Amanullah 
et al. (2009) observed that P is one of the most important 
factors affecting crop growth and yield of maize. This was 
corroborated by NPK, NP, NPK, + manure, NPK +CaMgS 
and NPK + lime treatments which showed robust growth 
with adequate leaf numbers. Alias et al. (2003) reported 
that leaf number was significantly increased by increasing 
dose of phosphorous by 125 kg ha-1.  
 
4.2. Effect of nutrient application on plant bio volume  

Studies have shown that application of balanced 
fertilizer accelerate plant growth resulting in taller and 
greener plants (Zhang et al., 2007; 2008a; 2010a, b). 
According to Fashina et al. (2002), the availability of 
sufficient growth nutrients from inorganic fertilizers leads 
to improved cell activities, enhanced cell multiplication, 
enlargement, luxuriant growth, and eventually high yields. 
This was observed in NPK, NPK + manure, NPK, 
+CaMgS and NPK + lime and NP treatments. PK and NK 
achieved low bio volumes across both seasons. This agrees 
with the observation by Adediran and Banjoko (2003) who 
indicated that the absence of N and P nutrients resulted in 
stunted growth and depressed yields. Nitrogen is typically 
the most limiting nutrient in maize production (Joern and 
Sawyer, 2006). This observation was confirmed by the 
poor performance of PK treatment in both seasons. 
Further, Uyovbisere et al. (2001) reported that there was 
substantial reduction of growth when nitrogen was omitted 
in smallholder cropping systems of South-western Nigeria.  
NK, achieved low bio volumes in both cropping seasons. 
This is enhanced by,  Busman et al. (2002) and Sahoo and 
Panda (2001) who indicated that the availability of 
adequate phosphorous improves plant growth and hastens 
maturity. This was evident in NPK, NPK + manure, NPK, 
+CaMgS, NPK + lime and NP treatments which achieved 
improved bio-volume. Plant growth parameters such as 
bio-volume increased by application of the phosphorous 
alone or in combination with the nitrogen (Saeed et al., 
2001). This observation was further affirmed by Ayub et 
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al. (2002), who indicated that growth and yield increased 
with increase in the rate of phosphorous application.  

Nitrogen internal efficiency does not only depend 
on its total amount taken up by the crop, but also on the 
concomitant supply of secondary nutrients (Jones and 
Huber, 2007; Potarzycki and Grzebisz, 2009). Although 
NPK +CaMgS had no significant differences from other 
full fertilizer treatments; observations show the treatment 
achieved high bio-volume. Nitrogen metabolism is related 
to the presence of magnesium in the chlorophyll and its 
role as a cofactor of the activity of enzymes responsible 
for the remobilization and transportation of metabolites 
(nitrogen among others) from the vegetative plant parts to 
the developing kernels (Rasheed et al., 2004). Moreover, 
since magnesium activates a large number of enzymes in 
the plant, its simultaneous supply increases the rate of 
mineral nitrogen transformation into proteins (Pessarakli, 
2002).  

NPK + manure treatment showed a high bio-
volume throughout the growth season. Manure temporarily 
immobilizes nutrients from mineral fertilizers and may 
release them in synchrony with crop nutrient uptake 
(Vanlauwe et al., 2002a). N mineralization of manure is 
improved with the combined application of manures and 
nitrogenous fertilizers (Sakala et al., 2001; Mucheru-Muna 
et al., 2014). Indirect interactions may also enhance crop 
growth by improving the soil environment for root growth 
through increased SOM (Vanlauwe et al., 2002b).  
 
4.3 Effects of nutrient application on grain and stover  
      yields 

The average yield findings are in line with the 
results of Adediran and Banjoko (2003) who reported high 
yields in treatments with balanced fertilizer treatment. 
Treatments, NPK, NPK +manure, NPK +CaMgS and, 
NPK + lime achieved high yields because they had 
adequate supply of all nutrients. This can be attributed to 
optimum utilization of solar light, higher assimilates 
production and its conversion to starches which resulted 
higher grains number (Derby et al., 2004). The results 
indicate low grain yield was achieved by treatment PK. 
This is in agreement with Sangoi et al. (2007) who found 
that lack of N before or at sowing results in reduced grain 
yield in maize. Further, studies conducted by Samira et al. 
(1998) and Torbert et al. (2001) found that N application 
increased yield and yield components of maize. Studies by 
Jones (2003) indicated that plants suffering from N 
deficiency mature earlier thus the vegetative growth stage 

is shortened leading to low grain yields. Further, Malhia et 
al. (2001) and Murshedul et al. (2006) reported that 
adequate supply of nitrogen leads to a significant increase 
in grain yield and its components.  

Treatment NK achieved low yields, this 
observation was in line with Kogbe and Adediran (2003) 
who found that the application of inadequate P depressed 
maize yield. Another study by Grant et al. (2001) found 
that plants require adequate P from the very early stages of 
growth for optimum crop production. Further studies that 
corroborate the observations made in this study were done 
by Tang et al. (2007), Blake et al. (2000), Krishna (2002), 
and Bunemann et al. (2004) who reported depressed maize 
yields when P supply was inadequate over the entire maize 
growth period. Studies in Ontario have shown that maize 
grain yield was strongly affected by P supply and tissue P 
concentration in the V4 to V5 stage, rather than by P 
concentration later in growth (Barry and Miller, 1989; 
Lauzon and Miller, 1997). Enhanced early-season P 
nutrition in maize increased the dry matter partitioning to 
the grain at later development stages (Gavito and Miller, 
1998). There exists low biomass production of maize 
under P deficiency in field conditions since the 
aboveground biomass accumulation was severely reduced 
(–60%) during early stages of maize growth (Plénet et al., 
2000). The spectacular effect of P deprivation on early 
reduction in shoot growth is explained by a slight although 
rapid stimulation of root growth (Mollier and Pellerin, 
1999). Phosphorus deficiency results in plants that grow 
slowly with poorly developed root systems and small 
leaves of greyish-green color (Plénet et al., 2000). 

Research has shown that combinations of manure 
and mineral fertilizers result in higher crop yields 
compared with sole use of manure or sole use mineral 
fertilizers (Mucheru-Muna et al., 2014; Mucheru-Muna et 
al., 2009; Mtambanengwe et al., 2006; Nyamangara et al., 
2003). NPK+ manure had grain yield response of 0.4 Mg 
ha-1. This increase in grain yield could be attributed to 
improved N synchrony with combined inputs through 
direct interactions of the manure and N fertilizers 
(Vanlauwe et al., 2002b). The results agree with the 
findings by Nziguheba et al. (2000), Kimetu et al. (2004), 
Mucheru-Muna et al. (2007) and Mucheru-Muna et al. 
(2014) who observed improved maize grain yields because 
of applying organic inputs with combination mineral 
fertilizers as compared to sole application of mineral 
fertilizers.  
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Table-1. Rate of nutrient application. 
 

Treatment Rate of nutrient application (kg ha-1) 

Control No fertilizer inputs 

NPK 100N+30P+60K 

NPK+ lime 100N+30P+60K+1,000 Lime 

NPK+ manure 100N+30P+60K+10,000 Manure 

NPK+ CaMgS 100N+30P+60K+10Ca+10Mg+3S+Micronutrients 

NP 100N+30P 

NK 100N+60K 

PK 30P+60K 

 

 
 

Figure-1. Average monthly precipitation in Kandara during the long rains (LR13) season and short rains season 
(SR13) of 2013. 

 
Table-2. Soil chemical properties determined at the start of the experiment in 2013 (top soil 0 - 20 cm). 

 

Results for soil chemical analysis at the start of the trials 

Soil 
parameter 

Max Min 
Nutrient 

critical levels 

Fields with 
below critical 

levels 

Fields with 
optimum 

levels 

Fields with 
above critical 

levels 

% of 23 samples 
with below critical 

levels 

pH 6.87 4.57 ≥5.5 8 15 - 34 

Total N (%) 4.1 1.2 ≥2.4 20 3 - 87 

Total C (%) 9.7 4.9 ≥9.5 21 2 - 91 

P (ppm) 208 5.22 ≥30 8 12 3 34 

K (ppm) 1170 126 ≥126 - 13 10 - 

Ca (ppm) 3600 334 ≥513 4 16 3 17 

Mg (ppm) 517 119 ≥216 - 16 7 - 

S (ppm) 86.7 10 ≥14.4 - 17 6 - 
 

Source of critical levels: Soil Suitability Evaluation for Maize Production in Kenya. A Report by NAAIAP in 
Corroboration with KARLO Department of Soil Survey, Feb 2014. 
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Table-3. Effect of nutrient application on leaf numbers. 
 

Leaf number 

 14 DAP 28 DAP 42 DAP 56 DAP 70 DAP 

Treatment LR13 SR13 LR13 SR13 LR13 SR13 LR13 SR13 LR13 SR13 

Control 5.3e 6.6b 7.8d 8.9d 8.6e 10.0f 11.6d 12.4d 11.7c 12.6c 

PK 6.8ab 7.2a 8.4c 9.3cd 9.2d 10.5e 11.7d 12.7d 11.7c 12.9bc 

NK 6.1d 7.2a 8.1cd 9.8c 9.9c 11.4d 12.7c 13.5c 12.4b 13.3b 

NP 6.6bc 7.2a 9.2b 10.9a 10.8ab 12.1bc 13.7a 14.5a 13.3a 14.2a 

NPK 6.7abc 7.3a 9.1b 11.0a 11.0a 12.6a 13.8a 14.6a 13.4a 14.3a 

NPK+ lime 6.8ab 7.2a 9.2b 11.0a 10.8ab 12.1bc 13.4ab 14.4ab 13.5a 14.4a 

NPK+ manure 6.9a 7.2a 9.4ab 10.3b 10.8ab 11.7cd 13.1bc 14.1b 13.4a 14.3a 

NPK+ CaMgS 6.5c 7.2a 9.7a 11.0a 10.4bc 12.3ab 13.7a 14.7a 13.4a 14.3a 

LSD. 5% 0.2024 0.1186 0.4807 0.4668 0.5066 0.5001 0.4433 0.4434 0.4717 0.4721 
 

Same superscript letters appearing in the same column indicate no significant difference between the treatments 
 

 
 

Figure-2. Linear regression analysis for grain yield and leaf number at 42 DAP in LR13. 
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Figure-3. Linear regression for grain yield and leaf number at 42 DAP in SR13. 
 

 
 

Figure-4. Linear regression for grain yield and bio-volume at 42 DAP in LR13. 
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Figure-5. Linear regression of grain yield and bio-volume at 42 DAP in SR13. 
 

Table-4. Effect of nutrient application on plant bio volume. 
 

Biovolume (cm3) 

 14 DAP 28 DAP 42 DAP 56 DAP 70 DAP 

Treatments LR13 SR13 LR13 SR13 LR13 SR13 LR13 SR13 LR13 SR13 

Control 19.5c 22.6d 126.4c 128.4b 255.0c 288.3c 435.7c 506.5c 437.2c 565.0c 

PK 29.3b 30.9c 180.6bc 201.4b 373.6c 411.0c 547.9c 585.4c 588.1c 679.7c 

NK 30.6ab 31.6bc 220.1b 219.9b 593.7b 660.3b 816.3b 928.6b 958.1b 1003.9b 

NP 30.0ab 34.5ab 327.8a 361.2a 727.3ab 806.5ab 1057.1a 1161.3a 1159.1ab 1209.1ab 

NPK 32.2a 35.9a 348.4a 373.4a 785.5a 848.1a 1143.7a 1185.4a 1119.6ab 1190.4ab 

NPK+ Lime 28.1b 34.6a 332.7a 347.7a 800.0a 817.7ba 1134.6a 1157.6a 1181.6ab 1142.9ab 

NPK+ Manure 28.5b 35.0a 354.9a 349.3a 857.5a 877.7a 1166.5a 1190.5a 1291.2a 1314.4a 

NPK+ CaMgS 28.2b 35.2a 412.3a 427.3a 864.6a 885.6a 1236.4a 1260.7a 1273.7a 1300.2a 

LSD. 5% 2.32 2.98 93.31 103.99 167.30 179.18 185.12 201.66 202.91 224.72 
 

Same superscript letters appearing in the same column indicate no significant difference between the treatments. 
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Table-5. Effects of nutrient application on grain and stover yields. 
 

LR13 SR13 

Treatments Grain yields Mg ha-1 Stover yields Mg ha -1 HI Grain yields Mg ha-1 Stover yields Mg ha-1 HI 

Control 2.6f 2.8e 0.48 2.8d 3.4c 0.50 

PK 3.4e 3.9d 0.47 3.2d 4.2c 0.43 

NK 4.1d 4.5c 0.48 4.3c 4.4c 0.49 

NP 5.5a 5.6ba 0.50 5.6a 6.0b 0.48 

NPK 5.2ba 6.0a 0.46 5.3b 6.1b 0.46 

NPK+ Lime 4.4dc 5.3b 0.45 4.7ba 6.1b 0.44 

NPK+ Manure 4.8bc 6.1a 0.44 5.2b 6.5a 0.44 

NPK+ CaMgS 5.1ba 5.7ba 0.47 5.9a 6.4a 0.48 

LSD. 5% 0.6411 0.7032  0.6984 0.8549  
 

HI: Harvest index. Same superscript letters appearing in the same column indicate no significant difference between the 
treatments 
 

 
 

Figure-6. Grain yields response (loss) for different nutrient omissions. 
 
5. CONCLUSIONS 

From the results of the experiment, it is evident 
that absence of N and P nutrients significantly affects 
maize leaf number and bio-volume and eventually these 
effects influence the achieved grain yield. Therefore, the 
limiting nutrients in the study area are nitrogen and 
phosphorus. The yield response to nitrogen application 
was 1.87 Mg ha-1 in the LR13 season and 1.90 Mg ha-1 
during the SR13 season. The yield response (yield loss) 
for phosphorus was 0.84 Mg ha-1 in the LR13 season and 
0.81 Mg ha-1 during the SR13 season. The results of the 

study show the need to adopt specific nutrient application 
in smallholder farming systems. This can be achieved if 
soil test is done before fertilizer recommendations are 
made. The use of blanket recommendations on fertilizer 
use in some regions needs stop and studies done to 
ascertain the specific nutrients needed to improve maize 
yields.  
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