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ABSTRACT 
 
Conventionally, crop production in sub-Saharan Africa (SSA) depends primarily on natural soil 
nutrients. Application of inorganic and organic fertilizers is an important way for maximizing 
agriculture in SSA that targets the full utilization of the agricultural lands for food to feed African 
population and to obtain surplus produces. However, it has been reported that several areas of 
agricultural soils fail to respond to application of fertilizers, but the specific reason remain unknown. 
This review paper aims at exploring techniques that can be used to amend non-responsive soils 
and evaluate methods of ameliorating such soils through the proper utilization of nutrients supplied 
from different organic and inorganic sources.   
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1. INTRODUCTION  
 
Agriculture is the main source of livelihood and 
income for two-thirds of Africa's population [1]. 
Furthermore, it has been reported that crop 
production should be improved in order to meet 
the demand of food and industrial resources for a 
fast growing global and as well as to obtain 
surplus crops. Current trend around worldwide 
shows that the normal consumption of food is 
beyond the crops produced [2]. However, it is 
documented that the major limitations in organic 
matter and other key nutrients largely constrain 
agricultural productivity to realize an optimum 
yield [3,4]. Also, it has been known that vigorous 
cultivation without soil replenishment is among 
the major driver of soil nutrient degradation in 
SSA. Population pressure and climate change 
exacerbate the condition of soils in the region. 
The depleted soil has caused average yields of 
grain crops to stagnate at around one ton per 
hectare since the 1960s while fertilizer use 
across Africa has remained at around 8 kg ha-1 
of cultivated land over the past 40 years [3]. 
 
There are several reasons for the low level for 
agricultural productivity and these include 
availability of inputs, infrastructure and policies 
that affect the high cost and low accessibility of 
mineral fertilizers [4]. The studies also revealed 
that the overriding factor is that most smallholder 
farms have soils depleted of nutrients and soil 
organic carbon, following years of nutrient 
removal by crop harvests with minimal return of 
crop residues or additions of nutrients through 
mineral fertilizers or organic inputs [5]. 
 
All crops, particularly maize uses substantial 
amounts of nitrogen (N), phosphate (P2O5), and 
potash (K2O) and relatively small amounts of 
secondary nutrients and micronutrients [6]. The 
nutrients taken up by the plants must be supplied 
either from soil reserves or by adding nutrients. A 
deficiency of any of these nutrients can reduce 
yields [7]. Maize production in SSA faces several 
production constraints which limit productivity. 
Poor soil fertility, drought, and parasitism all of 
this can reduce on-farm yield by over 70% even 
with the use of high-yielding varieties [8]. It was 
reported that Nitrogen is the nutrient most 
deficient in the soils and limits maize yield [9].  
 
Despite the great importance, the growth and 
productivity of crops such as Soybean and Maize 

has been slow as a result of physical and 
chemical environments. The continuous intensive 
cultivation that mines soil organic matter and 
nutrients has contributed to the steady decline in 
soil fertility [10,11]. Soil fertility is linked to soil 
organic matter, whose status depends on inputs 
such as biomass management and outputs such 
as mineralization, erosion and leaching [11]. 
 
The need for intensification of agriculture in Sub-
Saharan Africa (SSA) has recently gained 
support, because of the growing recognition that 
enhanced farm productivity in this region [12]. 
Various literatures indicated the effect of soil 
chemical and physical barriers that may hinder 
crop growth and performance [13,14] and 
ultimately that may negatively affect crop 
production. There are huge beneficial impacts 
from amelioration on yield, particularly those 
associated with such practices like incorporating 
with deep nutrients or liming materials [14-16]. 
Nevertheless, it was reported that these positive 
impacts may vary with the type soil at the 
particular location [15,17], but there is 
opportunity that may make studies that can bring 
positive results from amelioration, and also their 
effects may last for several seasons. In this 
review, some important selected soil nutrients 
(ameliorants) will be discussed to broadly explore 
the information of their contribution in the 
productivity of crops, and whether if the yield 
could be improved and sustained by using good 
cultural practices such as deep tillage and soil 
nutrients additions to the unresponsive soils. 
 
2. OCCURRENCE OF NON-RESPONSIVE 

SOILS IN TANZANIA 
 
The response of soils to management can be 
classified into three general categories, which 
are: (1) soils that may potentially respond to the 
applied fertilizers and (2) soils that show totally 
very little response to the applied fertilizers due 
to other constraints besides the nutrients 
contained in the fertilizer or non-responsive soils. 
Hence these soils does not respond well to the 
recommended doses and types of fertilizers, may 
be due to deficiencies in  essential nutrients [12], 
and (3) soils that receive large amounts of 
organic inputs each year, where crops respond 
little to fertilizer as the soils are partly fertile. It 
has been reported that, soil fertility status varies 
significantly from one farm to another and from 
varying landscape levels in Africa particularly for 
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the smallholder farmers, leading to variation in 
yield and performance of crops as they respond 
differently to the inorganic and organic nutrient 
(fertility) amendments [18]. Some challenges do 
exist to restore agricultural productivity for such 
non-responsive or degraded soils as they 
commonly fail to respond to NPK and other 
fertilizers. Deficiency in essential or major 
nutrients like nitrogen, potassium and 
phosphorus has been identified as a major 
problem affecting crop productivity [19]. 
Continuous intensive cropping with insufficient or 
no fertilizer input is a major contributor to 
progressive decline in these soil nutrients, 
resulting in poverty for many Tanzanian farmers 
[20,21]. In this aspect, the existence of the non-
responsive soils in Tanzania and their underlying 
reasons are discussed, as well as their impact 
when some management practices are done. In 
this view, the study on fertility improvement are 
examined where the selected ameliorants 
application are studied in detail hence to come 
up with good common approach to improve its 
productivity. Soil fertility management practices 
on unresponsive soils in smallholder farmers are 
rarely studied in detail, and hence necessitate 
the use of combination of approaches to 
overcome the problems associated with some 
soils that fail to respond adequately to the 
applied nutrients. 
 
3. CHARACTERISTICS OF NON-

RESPONSIVE SOILS IN TANZANIA 
 
Cereal crop production levels in Tanzania are 
reported to be below the optimum level, 
exemplified by the low yields of 0.905 t ha-1 
maize and 0.458 t ha-1 for beans which are 
common to smallholder farmers [22]. It is 
apparent that this trend of low yield levels is 
associated with poor soil fertility status as well as 
low nutrient replenishment [23]. The work of [22] 
indicated that most of Tanzanian cultivated soils 
are prone to nutrients loss averaging the rate of 
27, 9 and 21 kg N, P2O5 and K2O respectively ha-

1 in a year. It was projected that there will be an 
increase to 32, 12 and 25 kg N, P2O5 and K2O 
per ha per annum respectively in the following 
year especially if the soil management will not be 
improved. These nutrient losses are generally 
related to crops that are harvested, the removal 
of the crop remains or those occurring during soil 
erosion activities. 
 
It has been reported that major constraints of 
acrisols (soils found in in Mara, Tabora, Singida, 
Dodoma, Tanga, Kilimanjaro, Morogoro, Iringa, 

Mbeya, Ruvuma, Lindi and Mtwara regions) 
include low level of major and minor plant 
nutrients, low to moderate capacity to retain 
applied nutrients and high leaching losses [24]. 
Other problems include moderate to high fixation 
rates of phosphorus fertilizers, low pH and high 
risk of aluminium toxicity [25]. Furthermore, large 
areas of the Tanzanian highlands are 
predominated by fine-textured, P-fixing Oxisols 
also known as Ferralsols [26], hence making this 
element to become deficient to the crops grown 
in these regions. Despite the fact that soil fertility 
status of no-responsive soils in most areas of 
East Africa is not well known, there is no 
adequate research conducted to develop a multi-
approach of soil fertility amelioration on 
unresponsive soils and hence this impose a 
great need for such initiatives. 
 
3.1 Chemical Characteristics of Soils that 

Cause Unresponsiveness 
 
The important indicators on soil fertility that have 
been reported mostly are soil pH, soil organic 
matter (SOM); cation exchange capacity (CEC); 
exchangeable bases (EB), salinity and sodicity 
status and the amount of extractable N, P, K, Mg, 
Ca and Na [4], (Table 1), [27]. These indicators 
are realistic in predicting plant growth and 
development. Hence there is a need for regular 
and systematic evaluation to establish their 
levels in the soil so as to achieve sustainable 
productivity in cropping systems. It has been 
reported that loss of Soil Organic Matter (SOM); 
nitrogen (N) and phosphorus (P) deficiencies, 
and soil acidification are considered as major 
factors limiting plant growth and crop production 
in sub-Saharan Africa [28]. 
 
According to various studies, there are 
established minimum levels of nutrients required 
to support crop growth. For example, the critical 
value for Mg in most crops was proposed to be 2 
cmol kg-1 [29] and for K is recommended to be 
0.20 cmol kg-1, whereas the proposed critical 
value of Mg in most crops was 2 cmol kg-1 [30] 
and the proposed critical level of Ca for a 
majority of crops was 5.0 cmol kg-1. Further, it is 
suggested that soils having total N below 2.0 g 
kg-1 and C.E.C of 6.0-12.0 cmol kg-l are of poor 
fertility and soil organic carbon (SOM) less than 
20.0 g kg-1 has been reported to be of poor 
quality [31]. Further, based on the current soil 
fertility recommendations, the critical P critical 
levels of soil P range widely depending upon soil 
type, extractant used, and sample timing. 
Published critical levels of soil P include 6 to 12 
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mg kg-1 with a Mehlich-1 extractant [32], 12 mg 
kg-1 with a Mehlich-3 extractant [33], and 14 to 
32 mg kg-1 with a bicarbonate extractant [34]. On 
the other hand, for micronutrients, it has been 
reported that the recommended critical level 
(DTPA-extractable) in soil for Cu is 0.2 mg kg-1, 
for Fe to be from 0.3 to 10 mg kg-1 and for Mn 
optimum level ranged from 2.0 to 5.0 mg kg-1, 
whereas Zn level analyzed in the soil was found 
to be 0.4-0.6 mg kg-1 and values greater than 10-
20 mg kg-1 were regarded as excess [35,36]. 
Despite this, little information is known on 
specific soil chemical characteristics that cause 
unresponsiveness and if this remain unchecked, 
their limitation may result in complex mineral 
elements imbalances, consequent poor soil 
quality, and decline in soil productivity and crop 
yields. In this regard, more studies are required 
on the specific and complex soil chemical limiting 
factors. 
 

Table 1. Soil characteristics in two selected 
nonresponsive soils from sisal farms in 

Tanga, Tanzania 
 

Soil depth Bamba  
estate 

Kwamdulu  
estate 

0-20 0-20 
Clay (%) 35 52 
Silt (%) 6 8 
Sand (%) 59 40 
pH(water)1:25 5 4.6 
pH(Kcl)1:2.5 3.9 4 
Organic C (%) 1.4 1.8 
Total N (%) 0.09  Na 
Available P (Bray1)  
mg kg-1 

3 3 

CEC (NH4O Ac pH 7)  
mmol kg-1    

76 89 

Ca mmolckg-1 16 7 
Mg mmolkg-1 5 5 
K mmolkg1 1 1 
Base saturation (%) 29 14 
Al mmolkg-1 11 8 
Al saturation (% CEC) 29 37 

 
Physical and chemical properties of selected 
horizons of Rhodic Ferralsols [37]. 
 
3.2 Biological Characteristics of Soils 

that are Responsible for the Soil 
Responsiveness  

 
The importance of soil micro-organisms in 
nutrient cycling and maintenance of soil physical 
properties is well appreciated [38]. In particular, 
soil micro-organisms are responsible for key 

ecosystem functions such as decomposition of 
organic matter and mineralization and cycling of 
nutrients, humus synthesis, and aggregate 
stabilization, nitrogen fixation and the biological 
control of soil-borne pests and diseases [38-40]. 
It has been reported that improved soil organic 
matter contents through organic amendments 
under Integrated Soil Fertility Management 
(ISFM) practices enhance nutrient availability, 
support diverse soil biota, and improve soil 
aggregation and crop production [12,41]. It has 
been established that an acre of living topsoil 
contains approximately 408 kg of earthworms, 
1088 kg of fungi, 680 kg of bacteria, 60 kg of 
protozoa, 403 kg of arthropods and algae, and 
even small mammals in some cases [42]. 
Bacteria and fungi are important microfauna in 
soil that live on organic matter or on living plants. 
Most bacteria and fungi perform useful functions 
such as the decomposition of plant residues, 
release of nutrients, and formation of aggregates. 
Some bacteria such as rhizobia provide nitrogen 
to plants [43]. Some fungi live in symbiosis with 
plant roots, facilitating the uptake of immobile 
nutrients such as phosphorus and potassium [44-
46]. Studies have demonstrated that 
technologies such as green-manuring (biomass 
transfer) with shrubs or trees or crop residues 
increase crop yields [47,48]. These organic 
residues play an important role in soil fertility 
management through their short term effects on 
nutrient supply and longer term contribution to 
soil organic matter (SOM). Thus, the addition of 
organic materials to agricultural soil (with or 
without chemical fertilizers) is important for 
replenishing the annual C losses and for 
improving both the biological and chemical 
properties of the soils [49]. Although the effect of 
chemical and physical properties on crop 
response is well explored and known, a direct 
link between biological properties and crop 
response is not adequately established in 
nonresponsive soils of East Africa. Hence, better 
exploitation of soil-plant-microbe interactions for 
plant nutrition in non-responsive soils is crucial 
for enhanced agricultural productivity. 
 
3.3 Physical Characteristics of Soils that 

Cause Unresponsiveness 
 
Soil texture and structure exerts important 
influences on the edaphic conditions and hence 
crop production [5]. Soil texture is a basic soil 
property, which influences infiltration and 
moisture retention [50], and thus the availability 
of water and nutrients to the plant. It is well 
established that sandy soils cannot support good 
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plant growth and this is attributed in part to poor 
moisture retention and the leaching of nutrients 
from the rooting zone [51]. Moreover, [52] have 
reported that most sandy soils are nonresponsive 
to nutrient additions. Sandy soils are easily and 
freely draining, warm in hot days, but susceptible 
to lack of water in dry periods while clay soils are 
sticky and plastic when wet and prone to 
drainage problems, but hard when dry. On the 
other hand, loams that comprise sand, silt and 
clay sized particles generally makes good 
agricultural soils. Silts are also good soils for 
cultivation but it is associated to structural 
problems like [16]. It was pointed out that 
aeration and impedance to root growth through 
soil compaction are among the dominant factors 
affecting plant growth [53]. Soil compaction 
destroys the quality of the soil because it restricts 
rooting depth and decreases pore size. Among 
the effects of soil compaction are water-filled 
pores that become less able to absorb water, 
increasing runoff and hence erosion [54]. 
 
Cropping pattern has immense effect on soil 
physical and chemical properties and thereby on 
crop productivity. For example, soil fertility may 
often change in response to land use, cropping 
patterns and land management practices [55,56]. 
Intensive cropping promotes high levels of 
nutrient extraction from soils without natural 
replenishment [26]. In addition, the repeated use 
of inappropriate tillage practices in soils with 
slopes, and the high intensity of precipitation are 
key factors for the occurrence of the soil erosion 
and degradation processes that may reduce the 
quality of the soil in terms of physical as well as 
chemical fertility status [57].  
 
Therefore, improvements targeted at such 
limiting physical conditions of the non-responsive 
soils can make it possible to optimize crop 
production in diverse range of farming 
communities such as those found in East Africa. 
 
4. IMPORTANCE OF SOIL NUTRIENT 

AMELIORATION TO NON-
RESPONSIVE SOILS 

 
It is well documented that the soils in Sub 
Saharan Africa are inherently infertile as they 
have been used for agricultural production for 
many decades with little or no addition of nutrient 
resources, leading to declining soil fertility 
[25,58]. Therefore, enriching such soils through 
the addition of agricultural inputs is key to 
tackling hunger in the continent [59]. This can be 
achieved through developing and disseminating 

appropriate soil management recommendations, 
detailed up-to-date and spatially explicit 
information about the condition and trend of soil 
fertility and health [60,61].  
 
Several studies on advantages of different 
amelioration practices in enhancing crop yields 
have been reported [62-66]. For example, [60] 
reported that restoration of soil fertility through 
balanced fertilization and organic matter 
additions was necessary to achieve high crop 
productivity. Studies conducted in areas where 
crop growth was limited by the presence of poor 
physical structure such as hard pan were 
ameliorated through ripping and addition of 
nutrients such as gypsum and resulted into 
improved plant [15,66]. Other studies conducted 
on the depleted soils across Sub Saharan Africa, 
it was also revealed that applying N and P 
increased yields significantly [18]. Similarly, 
addition of organic soil amendments in poor soils 
in various forms [18,23,26,64] has increased the 
retention of nutrients and water, and hence 
created a better synchrony between the soil 
nutrients. According to [67] a well balanced soil 
(with Ca/Mg, Ca/K, and Mg/K ratios) contain the 
important components that enhance proper plant 
growth and hence yield and plant health 
sustenance at an adequate manner. Thus, plants 
grown in a soil whose cations exchange complex 
is not balanced, and does not contain the 
specified cation ratios, may lead to reduced crop 
yield [68]. The five most abundant exchangeable 
cations in the soil are calcium, magnesium, 
potassium, sodium and aluminium. It was 
reported that cations are held by negatively 
charged particles of clay and humus called 
colloids [69]. Cation Exchange Capacity (CEC) 
varies according to the type of soil, where as 
sandy soils rely heavily on the high CEC of 
organic matter for the retention of mineral 
elements as the OM has the highest CEC value, 
while the clay has a great capacity to attract and 
hold cations because of its chemical structure 
[70]. Cation Echange Capacity can be improved 
in weathered soils by adding lime and raising the 
pH [43] or by adding organic matter which is the 
most effective way of improving the CEC of the 
soil [71]. It was reprted that CEC of about 15 
meq/100 g-1 has a relatively high capacity to hold 
cations, such as  Ca+2, Mg+2, K+, NH+, Cu+2, Fe+2, 
Mn+2, and Ni+2[72]. Soils that are high in clay 
generally have higher CEC values, although the 
type of clay can substantially affect CEC [70]. 
Inadequate information is available in SSA on the 
importance of soil nutrient amelioration to non-
responsive soils and specifically targeting spatial 
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variability’s within and between farms in different 
farming systems found in Africa. 
 
5. STRATEGIES TO IMPROVE NON-

RESPONSIVE SOILS USING VARIOUS 
FERTILIZERS: NPK 

 
It is well established that in soils with exhausted 
fertility status, strategic fertilizer application with 
incorporation of crop residues in long period of 
time would be necessary to improve attainable 
yields over considerable period of time. This may 
be accompanied by alternative organic nutrient 
sources including animal manures and compost, 
and these may also play an important role in 
replenishing soil fertility and physical traits in 
Africa where inorganic fertilizers are mostly not 
affordable particularly to small holder farmers 
[73,28]. Strategic use of fertilizer to variable soil 
fertility conditions may combine incorporating 
crop residues, animal manures, and crop rotation 
particularly those involving leguminous crops are 
crucial for beneficial fertilizer use in smallholder 
farming systems in SSA [74-76]. In Tanzania, 
NPK are amongst the major limiting nutrients in 
the soils, in that order [77]. Nitrogen fertilizers 
make up the bulk of imports, where 61 percent of 
all fertilizers are imported [78]. Among the 
specific types of fertilizer imported, urea 
constitutes the largest portion. Nitrogen, 
Phosphorous and Potassium (NPK) blends make 
the second most common type of fertilizer 
imported, with 21 percent of fertilizer imports. 
Diammonium Phosphate (DAP) is the principal 
phosphate fertilizer, accounting for almost 90 
percent of all such fertilizers and 8.5 percent of 
all fertilizer imports, while Minjingu Rock 
Phosphate is only P fertilizer manufactured in 
Tanzania [77]. Therefore, in order to attain 
sustainable crop production, studies on optimum 
fertilizer application (NPK) to increase the crop 
production in unresponsive soils are essential. 
 
5.1 Improving Non-responsive Soils 

Fertility by Proper Application of N 
 
All crops require essential nutrient elements in 
order to carry out various physiological 
processes. The proposed the critical level of 
nitrogen in the soil for most crops in Tanzania as 
2.0 g kg-1 [79]. A study by [80] indicated that the 
percentage total nitrogen in the soils ranged from 
0.03 to 0.06 and these values were rated as very 
low. Any soil with N values below the critical 
levels provided above may be subjected to lower 
yield levels and hence the amelioration of the 
problem through fertilization (with Urea, sulphate 

of Ammonia, Calcium ammonium Nitrate, and 
Farm Yard Manure) is of paramount importance. 
All of non-responsive soils have N levels far 
below the critical level and hence meeting N 
requirements through various inorganic and 
organic sources is recommended. 
 
Numbers of studies have reported optimum 
fertilizer rates and means of their application in 
deficient environments [81-83]. The study by [84] 
reported that optimal fertilizer requirements 
depend on the productive potential of the cultivar, 
the previous cropping history and the general 
fertility of the fields used. In general, the fertilizer 
requirement for maize and most of cereal crops 
in tropical conditions ranges about 100-120 kg N 
ha-1. Generally, in order to attain an optimum 
crop growth and development, and hence yield, it 
is required to supply an adequate amount of 
nitrogen in form of organic or inorganic sources. 
 
According to various studies, nitrogen fertilization 
plays a significant role in improving soil fertility 
and increasing crop production [85-87]. For 
instance, N fertilization in maize increased the 
grain yield by between 43- 68 percent [88], its 
biomass (biological yield) between 25-42 percent 
[89] and boosted soil N stock by a range of 18-34 
percent [85,86]. Urea (NH2CO NH2) is the most 
used fertilizer nitrogen in Africa and contains 
about 46% N. When urea is applied as a top 
dressing fertilizer, it undergoes several 
processes before the crop can take it up. Such 
processes include hydrolysis to form ammonium 
carbonate which is further oxidized to form 
nitrates [82]. During hydrolysis, ammonia gas 
may also be generated and lost into the air and 
this takes place when the urea is not fully 
incorporated into the soil. Therefore, due to this 
processes, most crops do not respond quickly to 
fertilizers applications and hence need proper 
management and timing during application [90]. 
 
It is therefore important to replenish 
unresponsive soils with adequate amount of N 
that will restore fertility by using nitrogenous 
fertilizers especially in areas where this nutrient 
has been depleted in order to attain the optimum 
yields.  
 
5.2 Improving Non-responsive Soil 

Fertility by Application of P 
 
Phosphorus (P) is second to nitrogen as an 
essential mineral fertilizer for crop production 
[91]. Many non-responsive soils are inherently 
poor in available phosphorus content, and hence 
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proper management will contribute significantly 
to sustainable crop production. Studies have 
indicated that the sufficient P levels by Bray 1 
method is above 15.0 mg kg-1 [89]. It was 
revealed that the plant available phosphorus 
(Olsen’s P) ranging from 14.24 to 17.16 mg P kg-

1 soil rated as medium [80]. 
 
In non-responsive soils where yield may be 
limited because of inherently low P contents, 
application of P fertilizers is the only way to 
enhance soil available P status to sustain 
reasonable plant development and finally 
achieving higher crop yield [91,92]. Since P is a 
non- renewable resource, frequent applications 
are necessary to maintain P levels optimally to 
sustain crop yields. This can only be achieved by 
replacing the removed P from the crop harvest 
through the application of organic and inorganic 
fertilizers [93].  
 
In summary, steady supply of P fertilizers 
through inorganic sources, incorporation of plant 
residues and application of farm yard manures 
can enhance P supply in the soils and contribute 
to sustainable crop production in areas such as 
those involving non-responsive soils. 
 
5.3 Improving Non-responsive Soils 

Fertility by Addition of K 
 
To achieve or maintain maximal crop yields, 
supplemental K fertilization is often required, 
particularly on soils testing low for available soil 
K to provide enough K to meet crop needs [94]. It 
is established that the critical level below which 
yield are severely depressed is less than 0.4 
centimole per kilogram, (cmol kg−1) [95]. It has 
been reported that integrating K+ in soils has a 
positive roles in physiological processes, such as 
those lead to profound effects on crop growth 
and development [96,97].  
 
Many researchers have reported crop yield 
increases in response to K fertilization [97-99]. 
For example, it was reported that maize yield 
increase and reduced lodging with K fertilization 
[94,100].  
 
Also an increased ear size with K fertilization, 
may also contribute to the grain yield increases 
in maize [94,98]. Whereas the study [98] 
reported K fertilization increased the stover dry 
matter at maturity for maize, [101] found that K 
fertilization did not improve leaf weight or stalk 
weight at silking stage in maize. Increased stalk 
weight or stover weight in response to K 

fertilization may help explain the reduced stalk 
lodging observed with K fertilization [94]. 
 
The presence of K in soil solution is vital for plant 
growth and development because K is known to 
be an enzyme activator that promotes 
metabolism and also assists in regulating the 
plant’s use of water by controlling the opening 
and closing of leaf stomata’s of crops such as the 
cereals [102]. On the other hand K promotes the 
translocation of photosythates (sugars) for plant 
growth or storage in fruits or roots. Potassium 
has been shown to improve disease resistance in 
plants, improve the size of grains and seeds of 
maize, sorghum, and legumes such as soybeans 
[94], and improve the quality of fruits and 
vegetables such as eggplant, tomatoes and 
carrots [103,104]. Plants generally absorb the 
majority of their potassium at an earlier growth 
stage. Experiments on potassium uptake by 
maize showed that 70-80 percent was absorbed 
by silking time, and 100 percent was absorbed 
three to four weeks after silking [105]. 
 
In agricultural systems, K supply is normally 
delivered in the form of inorganic fertilizers such 
as potassium chloride, potassium sulphate, 
potassium magnesium sulphate and potassium 
nitrate and organic forms such as compost, wood 
ash and farm yard manure. Although 
considerable data exist on the response of K on 
plant growth and development, little evidence is 
available on the effects of K on non-responsive 
soils such as those found in East Africa, hence 
need for further studies on effects of K on the 
performance of crop plants grown in the non-
responsive soils. 
 
5.4 Contribution of N 2 Fixation in 

Improving Non-responsive Soils 
 
Biological nitrogen fixation (BNF) can play an 
essential role in crop establishment and yield, 
since no N fertilizer is applied and it fulfils most of 
plants need for nitrogen [106,107]. Study by 
[108] observed that biological N2 fixation can 
contribute as much as 112 kg N ha−1 in a 
season. Generally, the response to Rhizobial 
inoculation in soils is controlled by the population 
of indigenous strains and the environmental 
factors. Therefore, understanding these 
limitations in non-responsive soils is important in 
realizing useful results. 
 
Research findings have revealed that Rhizobium 
inoculation of legumes during sowing of seeds 
and the subsequent process could have positive 
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effects on N2 fixation, plant growth, uptake of 
macro and micronutrients and finally enhancing 
crop yields [109,110]. For example, it was 
revealed that there was a significant increase in 
the uptake of macro and micronutrients following 
inoculation with Bradyrhizobiumin in common 
beans, cowpeas and soybeans [74,75,111].  
 
Because the Rhizobia depends on the host plant 
for the energy required in nitrogen fixation, 
therefore anything that limits normal plant growth 
and development will affect nitrogen fixation. 
Symbiotic nitrogen fixation requires the balanced 
soil nutrients, oxygen, so well-aerated soils with 
good host plant growth provide the optimum 
environment [112]. Poorly drained, water-logged 
soils are detrimental to host plant root growth 
and to the Rhizobia bacteria. Rhizobia are 
adversely affected by very acid soils, and soil pH 
should be properly monitored and maintained for 
optimum legume production [113]. 
 
However, little attention has been paid to study 
the role of fixation of N2 specifically on non-
responsive soils in SSA. Hence, a need for 
detailed studies to tap into this cheaper 
alternative source of nitrogen for legumes and 
other companion crops. 
 

5.5 Effects of Supplying FYM to Non-
responsive Soils 

 
According to [114] a judicious fertilization of soils 
with Farm Yard Manure (FYM) was reported to 
reduce fertilizer requirement, increase soil fertility 
and then crop production. It is further reported 
that application of farmyard manure (FYM) with 
inorganic nutrients may contribute to soil fertility 
improvement. When FYM is applied at 
recommended amounts, they may play an 
important role in replenishing the macro and 
micro nutrients that are deficient in soils, and in 
turn contributes to yield increase [115]. 
Applications of FYM is not only complementary 
but also bring synergistic effects in soils such as 
increasing organic inputs and also have 
beneficial effects beyond their nutrient content 
[116]. It was reported that organic materials 
improved soil moisture storage, decrease soil 
erosion and then minimize leaching losses of 
nutrients especially N, contribute to P availability, 
stimulate soil biological activities [117], (Table 2), 
enhance chelation and bioavailability of 
micronutrient elements to both plants and soil 
microorganisms [118,119]. 
 
It has been well established that about 84 and 
78% of maize grain yield was produced in 2003 

and 2004 in degraded soil incorporated with 
FYMbiomass respectively [120].  
 
Other study showed that incorporation of FYM 
contributed 65 to 71% of the total N content to a 
succeeding maize crop (equivalent of 90 to 125 
kg N ha-1) and this suggests that the contents 
supplied in these organic manures has a 
tendency of releasing its nutrients slowly and can 
last in the soil for several cropping seasons 
[121]. 
 
Although FYM has been in use for long time, 
there is a need to explore more information on its 
effects when applied to non-responsive soils to 
ensure adequate nutrient supply and benefits 
from other aspects. 
 
5.6 Supplying Selected Micro Nutrients 

(Zn, Mo and Bo) to Non-responsive 
Soils 

 
It is well known that although micronutrients are 
required in relatively smaller quantities for plant 
growth, they are important to enhance crops in 
accomplishing their growth and production 
cycles. Moreover, it is well established that if one 
of essential element is not available in the soil or 
not in adequate amount or balance with other 
nutrients, plant growth may be limited or even 
may lead to complete crop inhibition [95]. 
Deficiencies of micronutrients in fields can be 
replenished with fertilizers that contain one or 
combination of these elements. Micronutrients 
often act as cofactors in enzyme systems and 
play an important role in reduction reactions, and 
in addition to having several other vital functions 
in plants. It is further reported that, micronutrients 
are involved in the key physiological processes 
of plants including the photosynthesis and 
respiration activities [95,96]. Deficiency of these 
nutrients may severely restrict such vital 
physiological processes thus limiting growth and 
yield gain in most of crops. For example, boron 
(B) deficiency can lead to yield reduction 
considerably in wheat and lentil crops [122,123], 
while in rice and maize zinc (Zn) deficiency can 
be a major hidden yield-limiting feature in most of 
the soils [124]. 
 
Therefore, although they are required in small 
quantities, these trace elements are important to 
be applied in the soils, as they are continuously 
being taken up by plants without being 
replenished [125]. While numbers of studies 
have targeted the relationship of macronutrients 
and plants growth, there is limited information for 
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the role trace elements on non-responsive soils 
that might cause their deficiency and lead to poor 
plant nutrition, growth and production and hence 
need for more studies in this aspect. 
 
5.7 Application of Zinc to Non-responsive 

Soils 
 
It has been reported that significant zinc 
deficiencies occur in soils for different regions, 
and especially in sub-Saharan Africa [126]. Zinc 
is essential element for the proper plant growth 
and it has a role in important physiological 
processes such as the reproduction activities in 
most of plants. It is well documented that when 
the supply of zinc is inadequate in soils, crop 
yields are reduced and the qualities of crop 
products are impaired [19,127-129]. Zinc is 
reported to have an important key role(s) in 
plants particularly those related to structural 
constituent or regulatory co-factor of different 
enzymes that regulates many important 
biochemical pathways [130]. Losses of maize 
yield of 40% or more in many zinc deficient soils 
have a major economic impact on the farmer due 
to the reduced income as a result of lost yield 
[131]. Poor growth and small brown spots on 
leaves are common symptoms in rice and maize 
plants grown on Zn deficient soils [132]. 
 
According to studies done by [133-135], the 
critical level of HCl-extractable Zn and DTPA 
extractable Zn in the soil ranged from 0.2 to 1.0 
mg·kg−1 and hence in this respect it is 
inadequate for plant growth.  
 
Studies on the effect of zinc fertilization on 
growth and yield of many plants such as alfalfa, 
wheat, maize, barley and potato have been 
reported increased yield with zinc application 
[136-138]. Also zinc fertilization of maize and 
alfalfa increased herbage, hay, dry matter crude 
protein yields and zinc concentration of alfalfa 
[136]. However, there are limited studies in SSA 

that have reported the effect of Zn on improving 
crop productivity in the non-responsive soils. 
Hence, there is necessity for detailed studies on 
the effects of Zn on yield of commonly grown 
crops such as maize and soybean. 
 
5.8 Application of Boron to Non-

responsive Soils 
 
Boron (B) is required for all plant to enhance 
growth [139]. It has been reported that adequate 
B nutrition is critical for high yields and quality of 
crops [140]. Deficiencies of B may result in many 
anatomical, biochemical and physiological 
changes in most crops [141,142]. It is well 
documented that Boron deficiency is among the 
factors that lead to low crop yield, due to 
interferences of activities involving B in the 
metabolism of food reserves such as 
carbohydrates and protein, and cell structural 
components synthesis [143,144]. For most of 
crops, B deficiency symptoms are related to 
interference in flowering and fruiting processes 
[145] and hence ultimately poor yields, which 
may be having poor grain or fruit qualities [146]. 
Also it has been reported that B deficiency 
symptoms vary among different species of crops. 
For instance, in soybean, B deficiency may 
cause empty or hollow heart seeds, while in 
black gram no symptoms of B deficiency may be 
visible in seeds, yet grain yield may be reduced 
considerably [147]. It was documented that the 
critical limit of B on maize was below 95 ppm 
[148]. Studies have revealed that Boron 
deficiency occurring in more than 30% of 
agricultural soils is even more widespread            
in SSA, affecting approximately 50% of the          
soils [126,149]. In order to attain optimum           
yields for any crop, nutrient stress should 
effectively be minimized. Therefore, a further 
investigation on supplying Boron in non-
responsive soils is important to address the 
problems of such limiting selected micronutrients 
in tropical soils. 

 
Table 2. Effects of FYM on improvement of the soil properties 

 
Treatment   Organic matter  Soil bulk density  Available water holding capacity of soil  
FYM  31.841*  0.487*  2332.168*  
N  1.266 ns  0.002 ns  24.78 ns 
P  0.477 ns  0.004 ns  4.121 ns  
FYM × N  1.199 ns  0.003 ns  9.402 ns  

* indicates statistical significance at P ≤ 0.05 and ns indicates non statistical significance. 
This trend in table shows positive effects of the organic manures on the soil properties [150] 
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5.9 Application of Molybdenum to Non-
responsive Soils 

 
Studies indicate that, Mo is an important element 
because it is responsible in nitrogen nutrition as it 
helps plants to use nitrates that are absorbed 
from the soil [151,152]. It is well established that 
legumes and other plants with no or low access 
to Mo can lead to poor growth, particularly, those 
field crops that are supplied with inadequate 
amounts of Mo. In such cases, nitrates tend to 
fail to be assimilated into protein products. In 
legumes, Mo plays the crucial role to help root 
nodule bacteria to fix atmospheric N and convert 
it into a usable form [153]. By counting all this 
merits of Mo, simple techniques such as seed 
coating may play an effective role in improving 
crop performance. However, some reports 
indicate that Mo can have toxic effects on 
bacterial strains used for inoculation in seeds of 
legumes coated with this element. Therefore, it is 
important that the efficacy of Mo seed coating 
with bacterial strains to be evaluated before 
using Mo seed coating. 
 

Also, the study indicated that there was a 
significant response in yield and other yield 
components of P. vulgaris L. supplied with Mo at 
0, 6 and 12 g kg-1 of seeds [42]. Further it was 
reported that significant interactive effect was 
between Rhizobium inoculation and the Mo on 
the number of seeds pod-1, seed weight, and 
grain yield [111,154]. Rhizobium inoculated 
treatments in combination with the highest rate of 
Mo gave good results suggesting that significant 
additive results by mixing the Mo and Rhizobium 
and this corroborates with other studies that 
stated that Mo has a crucial role in N2 fixation 
[104]. 
 

Currently there is limited research in SSA 
focusing on the position of Mo in non-responsive 
soils and hence need for detailed studies to 
establish the usefulness of this micronutrient in 
supporting plant growth  in heterogeneous soil 
types found in Africa. 
 

6. THE NEED FOR USE OF 
COMBINATION OF SOIL 
AMELIORANT’S TO IMPROVE SOIL 
RESPONSIVENESS 

 
It is well established that crop yields can only be 
produced at an adequate or optimum levels, 
when the proper management of the soil fertility 
are observed and implemented in Africa [26]. 
Proper soil fertility replenishment in Africa 
requires utilization of both inorganic fertilizers 
and organic manures at the desirable levels [40]. 
In order to make pace in this, it is desirable that 
the sufficient levels of nutrients to be applied for 
the purpose of making crops to have more yields 
and at the desired level, thus this can enhance 
maximum production and hence creating the 
desirable profit to the farmers [4], (Table 3). 
 
It was reported that the combined application of 
boron with molybdenum or zinc resulted in higher 
yields for some crops such as rapeseed and 
other grain crops yield and quality than the 
application of boron without molybdenum or zinc 
alone, and the seed yield of the B+Mo+Zn 
treatment was the highest in all treatments [155].  
 
Other studies have revealed positive interactions 
between some inorganic minerals particularly 
zinc and organic manure (FYM) in cereal crops. 
That can be contributed by synergistic activity of 
the two nutrient sources. For example, the study 
by [156] documented an increased Zn uptake, as 
well as grain and stover yields with the use of 
120 kg N, 10 t FYM, and 5 kg Zn ha-1 in the study 
involving maize. Further, it was also observed 
that combined use of 5 tons animal manure and 
16 kg ZnSO4 ha-1 resulted in higher maize yield 
components specifically the stems and seed 
yields. This effect was associated with more 
uptake of the Zn that resulted in increased yields. 
Similarly, the use of FYM had capacity to 
improve the uptake of Zn and other elements 
such as NPK uptake in plants hence enhancing 
positively the fertility of soils [157]. 

Table 3. Effects of combination of nutrient managem ent on maize yield, and yield components 
 

Treatment  plant  
height cm 

grain yield 
t ha -1 

Biological 
yield t ha -1 

harvest 
index % 

Oil  
contents % 

Control  102.5c 0.72c 2.7d 24.29c 3.3c 
Recommended dose offertilizer  
(200-120-125 kg NPK ha-1) 

02.5c 0.72c 26.7c 24.29c 3.3c 

Single spray of multnutrients  
(1.2 L ha-1) 

154.9b 4.13b 13.75ab 30.44b 4.6b 

Recommended dose  NPK and 1 
spray multi-nutrients 

176.9a  5.78a 15.73a 36.63a 4.96ab 

Means followed by similar letter(s) in a column are not significantly different. Source: [158] 
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Results from the research showed that there are 
dual mutual effects of phosphorous and zinc. It 
was indicated that the minimum leaf 
phosphorous content (0.262 mg kg-1) was 
obtained where there was zinc, but the maximum 
leaf phosphorous content (0.369 mg kg-1) was 
achieved at the application where no zinc was 
applied [159]. This shows that P and Zn had 
antagonistic effects. Similar results were also 
reported by [66]. A study by [160] found that 
maize production increased considerably by 
applying N, P, and Cu at rates of 120, 80, and 10 
kg ha-1, respectively. Similarly, it was reported 
that the highest grain yield (5.84 t ha-1) was 
produced when all micronutrients (B, S, Mn, Mo 
and Zn) were applied in combination with NPK 
fertilizers at 120:60:40 kg ha-1 followed by those 
which did not receive molybdenum (Mo) at the 
same level of fertilizers (5.26 kg ha-1) [161]. 
 
Integrated use of plant nutrients aim at combined 
use of inorganic and organic sources of plant 
nutrients to improve efficiency of applied 
nutrients, reduce environmental hazards and 
improve crop productivity [162,163]. It was also 
reported that the shoot and root dry matter of 
maize increased with increasing rate of the 
applied fertilizers [7]. Integrated use of organic 
manures and mineral fertilizer is reported to 
reduce the cost and amount of fertilizer required 
by crops [28]. Also, other study [164] reported 
that proper soil fertility management and 
sustainable agriculture can be achieved with the 
use of both mineral fertilizer and organic manure. 
It was further suggested that integrated nutrient 
management through combined use of organic 
materials and chemical fertilizers can be an 
effective approach to combat nutrient depletion, 
increase yield and promote sustainable crop 
productivity [165].  
 
Study by [166] showed that when the required 
essential elements were applied at right time on 
sandy soils, the dry weight of maize was highest 
(5.18 t ha-1) for the NPK treatment, followed by 
the K treatment, P treatment, N treatment, and 
lowest (2.54 t ha-1) for the control treatment. The 
study revealed that dry weight for the NPK 
treatment was significantly higher than those for 
the N, P and control treatments. It was further 
found that, the dry weight of maize for the 
manure treatment was higher than that of the 
NPK treatment, suggesting the positive effect of 
organic matter application in addition to inorganic 
fertilizer application. In separate studies involving 
legumes, foliar application of nitrogen, 
phosphorous, potassium, and sulphur at seed 

filling stage [167] reported greater influence on 
the growth and yield of soybean. In another study 
involving soybean, highest seed yield of 4.21 t 
ha-1 was recorded in a combination involving 
cattle manure with rock phosphate at the rate of 
50 kg ha-1 and control treatment gave 4.10 t ha-1 

[168].  
 
This trend indicates that the use of combined 
treatments of major elements such as NPK; trace 
elements such as  Zn, Bo and Mo as well as 
organic manures that are readily available 
particularly FYM may enhance replenishment of 
lacking nutrients in the soil and ultimately 
enhance crop growth and productivity and 
reward farmers efforts on using inputs. 
 
7. CONCLUSION  
 
In conclusion, to overcome soil constraints this 
can be done by adapting techniques that will 
discover the limiting nutrients in the soil. This is 
important approach to maximize yield in SSA, 
where particularly the non-responsiveness of the 
soils is a common problem. The adverse soil 
conditions that contribute to these problems 
should be explored well to enhance crop 
productivity as ultimately the soils will respond 
well to the applied nutrients. Mutual scientific 
efforts by optimizing specific limiting nutrient use 
and nutrient cycling to minimize external inputs 
and maximize their use efficiency is a suitable 
approach to enhance more crop productivity. 
 
Therefore, knowledge of soil nutrient status and 
the specific constraints is necessary to plan for 
the soil fertility management options in non-
responsive soils. Therefore, it is necessary to 
undertake detailed analysis of soil fertility by 
considering spatial variability between and within 
sites. Amelioration of the soil fertility constraints 
can be achieved by supplying appropriate doses 
of macro and micro nutrients through organic and 
inorganic fertilizer formulations. 
 
ACKNOWLEDGEMENTS 
 
This work was generously funded by the Nelson 
Mandela African Institution of Science and 
Technology. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 



 
 
 
 

Assenga et al.; IJPSS, 9(4): 1-19, 2016; Article no.IJPSS.13928 
 
 

 
12 

 

REFERENCES 
 
1. Dittoh S, Madhusudan A, Margaret A, 

Hanjra MA. Micro irrigation-based 
vegetable farming for income, employment 
and food security in West Africa. Global 
Food Security. 2013;178-199. 

2. Imhoff ML, Bounoua L, Ricketts T, Loucks 
C, Harriss R, Lawrence WT. Global 
patterns in human consumption of net 
primary production. Nature. 2004;429:870-
873.  

3. Monreal C, Dinel H, Schnitzer M, Gamble 
D, Biederbeck V. Impact of carbon 
sequestration on functional indicators of 
soil quality as influenced by management 
in sustainable agriculture. Advances in soil 
sciences: soil processes and the carbon 
cycle. Lal, R. 1997;435-457. 

4. Larson BA, Frisvold GB. Fertilizers to 
support agricultural development in sub-
Saharan Africa: What is needed and why. 
Food Policy. 1996;21(6):509-525. 

5. Smaling E, Stoorvogel J, Windmeijer P. 
Calculating soil nutrient balances in Africa 
at different scales. Fertilizer Research. 
1993;35(3):237-250. 

6. Vitosh M, Johnson J, Mengel D. TH-state 
fertilizer recommendations for corn, 
soybeans, wheat and alfalfa; 1995. 

7. Vanotti M, Bundy L. An alternative 
rationale for corn nitrogen fertilizer 
recommendations. Journal of Production 
Agriculture. 1994;7(2):243-249. 

8. Oikeh S, Carsky R, Kling J, Chude V, 
Horst W. Differential N uptake by maize 
cultivars and soil nitrate dynamics under N 
fertilization in West Africa. Agriculture, 
Ecosystems & Environment. 2003;100: 
181-191. 

9. Carsky R, Iwuafor E. Contribution of soil 
fertility research and maintenance to 
improved maize production and 
productivity in sub-Saharan Africa. In 
strategy for sustainable maize production 
in West and Central Africa. Proc. Regional 
Maize Workshop, IITA-Cotonou, Benin 
Republic; 1997. 

10. Mafongoya P, Bationo A, Kihara J, Waswa 
BS. Appropriate technologies to replenish 
soil fertility in southern Africa. In Advances 
in Integrated Soil Fertility Management in 
sub-Saharan Africa: Challenges and 
Opportunities. Springer. 2007;29-43. 

11. Roose E, Barthes B. Organic matter 
management for soil conservation and 
productivity restoration in Africa: A 

contribution from Francophone research. 
Nutrient Cycling in Agroecosystems. 2001; 
61(1-2):159-170. 

12. Vanlauwe B, Kihara J, Chivenge P, Pypers 
P, Coe R, Six J. Agronomic use efficiency 
of N fertilizer in maize-based systems in 
sub-Saharan Africa within the context of 
integrated soil fertility management. Plant 
and Soil. 2011;339:35-50. 

13. Chartres C, Cresswell H, Murphy B, 
Geeves G, Little I, Gessler P. Distribution 
of physical and chemical subsoil 
constraints and their prediction in 
landscapes. In National workshop on 
subsoil constraints to root growth and high 
soil water and nutrient use by 
plants.'Tanunda, SA; 1992. 

14. Belford R, Dracup M, Tennant D. 
Limitations to growth and yield of cereal 
and lupin crops on duplex soils. Animal 
Production Science. 1992;32(7):929-945. 

15. Hamza M, Anderson W. Responses of soil 
properties and grain yields to deep ripping 
and gypsum application in a compacted 
loamy sand soil contrasted with a sandy 
clay loam soil in Western Australia. Crop 
and Pasture Science. 2003;54(3):273-282. 

16. Buol SW, Southard RJ, Graham RC, 
McDaniel PA. Soil genesis and 
classification. John Wiley & Sons; 2011. 

17. Holloway RE, Bertrand I, Frischke A, Brace 
D, McLaughlin MJ, Shepperd W. Improving 
fertiliser efficiency on calcareous and 
alkaline soils with fluid sources of P, N and 
Zn. Plant and Soil. 2001;236:209-219. 

18. Zingore S, Murwira H, Delve R, Giller K. 
Influence of nutrient management 
strategies on variability of soil fertility, crop 
yields and nutrient balances on 
smallholder farms in Zimbabwe. 
Agriculture, Ecosystems & Environment. 
2007;119:112-126. 

19. Akinrinde E. Issues of optimum nutrient 
supply for sustainable crop production in 
tropical developing countries. Pakistan 
Journal of Nutrition. 2006;5(4):377-387. 

20. Tittonell P, Giller KE. When yield gaps are 
poverty traps: The paradigm of ecological 
intensification in African smallholder 
agriculture. Field Crops Research. 2013; 
143:76-90. 

21. Ngoze S, Riha S, Lehmann J, Verchot L, 
Kinyangi J, Mbugua D, Pell A. Nutrient 
constraints to tropical agroecosystem 
productivity in long‐term degrading soils. 
Global Change Biology. 2008;14:2810-
2822. 



 
 
 
 

Assenga et al.; IJPSS, 9(4): 1-19, 2016; Article no.IJPSS.13928 
 
 

 
13 

 

22. Kaihura F, Stocking M, Kahembe E. Soil 
management and agrodiversity: A case 
study from Arumeru, Arusha, Tanzania. In 
Proceedings of the Symposium on 
Managing Biodiversity in Agricultural 
Systems; 2001. 

23. Ndakidemi P. Agronomic and economic 
potential of Tughutu and Minjingu 
phosphate rock as alternative phosphorus 
sources for bean growers. Pedosphere. 
2007;17(6):732-738. 

24. Haule K, Solonchaks P. 6.8 The extent 
and management of problem soils in 
Tanzania. World Soil Resources Reports. 
1985;58. 

25. Nandwa SM, Bekunda M. Research on 
nutrient flows and balances in East and 
Southern Africa: State-of-the-art. 
Agriculture, Ecosystems & Environment. 
1998;71(1):5-18. 

26. Sanchez PA, Shepherd KD, Soule MJ, 
Place FM, Buresh RJ, Izac A-MN, 
Mokwunye AU, Kwesiga FR, Ndiritu CG, 
Woomer PL. Soil fertility replenishment in 
Africa: An investment in natural resource 
capital. Replenishing Soil Fertility in Africa. 
1997;1-46. 

27. Brady NC, Weil RR. The nature and 
properties of soils. Prentice-Hall Inc; 1996. 

28. Jones C, Jacobsen J. Plant nutrition and 
soil fertility. Nutrient Management Module. 
2005;2:11. 

29. Joachim H, Makoi J, Ndakidemi PA. 
Selected chemical properties of soil in the 
traditional irrigation schemes of the Mbulu 
district, Tanzania. African Journal of 
Agricultural Research. 2008;3(5):348-356. 

30. Marx E, Hart JM, Stevens RG. Soil test 
interpretation guide. Oregon State 
University Extension Service Oregon; 
1996. 

31. Kemper WD, Koch EJ. Aggregate stability 
of soils from Western United States and 
Canada: Measurement procedure, 
correlations with soil constituents. 
Agricultural Research Service, US 
Department of Agriculture; 1966. 

32. Cope J. Relationships among rates of N, 
P, and K, soil test values, leaf analysis and 
yield of cotton at 6 locations. 
Communications in Soil Science & Plant 
Analysis. 1984;15(3):253-276. 

33. Cox F, Barnes J. Peanut, corn, and cotton 
critical levels for phosphorus and 
potassium on Goldsboro soil. 
Communications in Soil Science and Plant 
Analysis. 2002;33(7-8):1173-1186. 

34. Duggan B, Gaff N, Singh D, Yeates S, 
Constable G. Cotton yield response to 
sources, rates and placement of P 
fertilizers in tropical Australia. In Proc. 
Beltwide Cotton Conf., Nashville, TN. 
2003;6-10. 

35. Mbila MO, Thompson ML, Mbagwu JS, 
Laird DA. Distribution and movement of 
sludge-derived trace metals in selected 
Nigerian soils. Journal of Environmental 
Quality. 2001;30:1667-1674. 

36. Karamanos R, Kruger G, Stewart J. 
Copper deficiency in cereal and oilseed 
crops in northern Canadian prairie soils. 
Agronomy Journal. 1986;78(2):317-323. 

37. Hartemink AE, Wienk JF. Sisal production 
and soil fertility decline in Tanzania. 
Outlook On Agriculture-ICI Limited Then 
Pergamon Press. 1995;24:91-91. 

38. Bremer C, Braker G, Matthies D, Reuter A, 
Engels C, Conrad R. Impact of plant 
functional group, plant species, and 
sampling time on the composition of nirK-
type denitrifier communities in soil. Applied 
and Environmental Microbiology. 2007;73: 
6876-6884. 

39. Coleman DC, Reid C, Cole C. Biological 
strategies of nutrient cycling in soil 
systems. Advances in Ecological 
Research. 1983;13:1-55. 

40. Stanford G, Smith S. Nitrogen 
mineralization potentials of soils. Soil 
Science Society of America Journal. 
1972;36(3):465-472. 

41. Ayuke F, Brussaard L, Vanlauwe B, Six J, 
Lelei D, Kibunja C, Pulleman M. Soil 
fertility management: Impacts on soil 
macrofauna, soil aggregation and soil 
organic matter allocation. Applied Soil 
Ecology. 2011;48:53-62. 

42. Pimentel D, Harvey C, Resosudarmo P, 
Sinclair K, Kurz D, McNair M, Crist S, 
Shpritz L, Fitton L, Saffouri R. 
Environmental and economic costs of soil 
erosion and conservation benefits. 
Science-New York Then Washington. 
1995;1117-1117. 

43. Bambara S, Ndakidemi PA. Changes in 
selected soil chemical properties in the 
rhizosphere of Phaseolus vulgaris L. 
supplied with Rhizobium inoculants, 
molybdenum and lime. Scientific Research 
and Essays. 2010;5(7):679-684. 

44. Cwala Y, Laubscher C, Ndakidemi P, 
Meyer A. Mycorrhizal root colonisation and 
the subsequent host plant response of soil 
less grown tomato plants in the presence 



 
 
 
 

Assenga et al.; IJPSS, 9(4): 1-19, 2016; Article no.IJPSS.13928 
 
 

 
14 

 

and absence of the mycorrhizal stimulant. 
Mycotech. Afr. J. Microbiol. Res. 2010;4: 
414-419. 

45. Joachim HM, Patrick AN. The agronomic 
potential of vesicular-arbuscular 
mycorrhiza (VAM) in cereals–legume 
mixtures in Africa. African Journal of 
Microbiology Research. 2009;3(11):664-
675. 

46. Fließbach A, Oberholzer H-R, Gunst L, 
Mäder P. Soil organic matter and biological 
soil quality indicators after 21 years of 
organic and conventional farming. 
Agriculture Ecosystems & Environment. 
2007;118:273-284. 

47. Makoi JH, Ndakidemi PA. Reclamation of 
sodic soils in northern Tanzania, using 
locally available organic and inorganic 
resources. African Journal of 
Biotechnology. 2007;6(16). 

48. Palm CA, Myers RJ, Nandwa SM. 
Combined use of organic and inorganic 
nutrient sources for soil fertility 
maintenance and replenishment. 
Replenishing Soil Fertility in Africa. 
1997;replenishingsoi:193-217. 

49. Goyal S, Chander K, Mundra M, Kapoor K. 
Influence of inorganic fertilizers and 
organic amendments on soil organic 
matter and soil microbial properties under 
tropical conditions. Biology and Fertility of 
Soils. 1999;29:196-200. 

50. Jury W, Gardner W, Gardner W. Soil 
Physics, Wiley, New York; 1991. 

51. Sullivan DM, Brown B, Shock CC, Horneck 
DA, Stevens R, Pelter G, Feibert EBG. 
Nutrient management for onions in the 
Pacific Northwest. [Covallis, Or.]: Oregon 
State University Extension Service; 2001. 

52. Glaser B, Lehmann J, Zech W. 
Ameliorating physical and chemical 
properties of highly weathered soils in the 
tropics with charcoal– A review. Biology 
and Fertility of Soils. 2002;35(4):219-230. 

53. Letey J. Relationship between soil physical 
properties and crop production, in 
advances in soil science. Springer. 1985; 
277-294. 

54. Hillel D. Fundamentals of Soil Physics. 
Academic Press, Inc.(London) Ltd; 1980. 

55. Alam MK, Salahin N, Rashid M, Islam A, 
Hossain M. Effect of tillage depths and 
cropping systems on soil physical 
properties in grey terrace soils; 2013. 

56. Salam MA, Alam M, Rashid M. Effects of 
different tillage practices and cropping 
patterns on soil physical properties and 

crop productivity. Journal of Tropical 
Resources and Sustainable Sciences. 
2013;1(1):51-61. 

57. Ramos M, Martínez-Casasnovas J. Impact 
of land levelling on soil moisture and runoff 
variability in vineyards under different 
rainfall distributions in a Mediterranean 
climate and its influence on crop 
productivity. Journal of Hydrology. 2006; 
321(1):131-146. 

58. Bationo A, Kihara J, Vanlauwe B, Waswa 
B, Kimetu J. Soil organic carbon dynamics, 
functions and management in West African 
agro-ecosystems. Agricultural Systems. 
2007;94:13-25. 

59. Clover J. Food security in sub-Saharan 
Africa. African Security Studies. 2003; 
12(1):5-15. 

60. Hofmockel M, Callaham MA, Powlson DS, 
Smith P. Long-term soil experiments: Keys 
to managing Earth's rapidly changing 
ecosystems. Soil Science Society of 
America Journal. 2007;71:266-279. 

61. Busse MD, Sanchez FG, Ratcliff AW, 
Butnor JR, Carter EA, Powers RF. Soil 
carbon sequestration and changes in 
fungal and bacterial biomass following 
incorporation of forest residues. Soil 
Biology and Biochemistry. 2009;41:220-
227. 

62. Zingore S, Murwira H, Delve R, Giller K. 
Influence of nutrient management 
strategies on variability of soil fertility, crop 
yields and nutrient balances on 
smallholder farms in Zimbabwe. 
Agriculture, Ecosystems & Environment. 
2007;119:112-126. 

63. Hamza M, Anderson W. Improving soil 
physical fertility and crop yield on a clay 
soil in Western Australia. Crop and Pasture 
Science. 2002;53(5):615-620. 

64. Vanlauwe B, Bationo A, Chianu J, Giller K, 
Merckx R, Mokwunye U, Ohiokpehai O, 
Pypers P, Tabo R, Shepherd K. Integrated 
soil fertility management operational 
definition and consequences for 
implementation and dissemination. Outlook 
on Agriculture. 2010;39:17-24. 

65. Graham R, Turner N, Ascher J. Evidence 
for subsoil constraints and potential 
benefits from amelioration. In National 
workshop on subsoil constraints to root 
growth and high soil water and nutrient use 
by plants'. Tanunda. (Ed. GRDC). (GRDC); 
1992. 

66. Ellington A. Effects of deep ripping, direct 
drilling, gypsum and lime on soils, wheat 



 
 
 
 

Assenga et al.; IJPSS, 9(4): 1-19, 2016; Article no.IJPSS.13928 
 
 

 
15 

 

growth and yield. Soil and Tillage 
Research. 1986;8:29-49. 

67. Major J, Rondon M, Molina D, Riha SJ, 
Lehmann J. Maize yield and nutrition 
during 4 years after biochar application to 
a Colombian savanna oxisol. Plant and 
Soil. 2010;333:117-128. 

68. Sparks D, Page A, Helmke P, Loeppert R. 
Cation exchange capacity and exchange 
coefficients; 1996. 

69. Van de Graaff R, Patterson RA. Explaining 
the mysteries of salinity, sodicity, SAR and 
ESP in on-site practice. In Proceedings of 
On-site’01 Conference: Advancing Onsite 
Wastewater Systems; 2001. 

70. Brady N, Weil R. Soil organic matter. The 
nature and properties of soils. Prentice 
Hall, Upper Saddle River, New Jersey. 
1999;446-490. 

71. Loveland P, Webb J. Is there a critical 
level of organic matter in the agricultural 
soils of temperate regions: A review. Soil 
and Tillage Research. 2003;70(1):1-18. 

72. Muchena F, Hilhorst T. Nutrients on the 
move: Soil fertility dynamics in African 
farming systems; 2000. IIED. 

73. Place F, Barrett CB, Freeman HA, 
Ramisch JJ, Vanlauwe B. Prospects for 
integrated soil fertility management using 
organic and inorganic inputs: Evidence 
from smallholder African agricultural 
systems. Food Policy. 2003;28:365-378. 

74. Nyoki D, Ndakidemi PA. Influence of 
Bradyrhizobium japonicum and 
phosphorus on micronutrient uptake in 
cowpea. A case study of zinc (Zn), iron 
(Fe), copper (Cu) and manganese (Mn). 
American Journal of Plant Sciences. 2014; 
5(04):427.  

75. Tairo EV, Ndakidemi PA. Bradyrhizobium 
japonicum inoculation and phosphorus 
supplementation on growth and chlorophyll 
accumulation in soybean (Glycine max L.). 
American Journal of Plant Sciences. 
2013;4:2281. 

76. Ojiem J, De Ridder N, Vanlauwe B, Giller 
K. Socio-ecological niche: A conceptual 
framework for integration of legumes in 
smallholder farming systems. International 
Journal of Agricultural Sustainability. 
2006;4:79-93. 

77. Msolla M, Semoka J, Borggaard OK. Hard 
Minjingu phosphate rock: an alternative P 
source for maize production on acid soils 
in Tanzania. Nutrient Cycling in 
Agroecosystems. 2005;72(3):299-308. 

78. Benson T, Kirama SL, Selejio O. The 
supply of inorganic fertilizers to smallholder 
farmers in Tanzania; 2012. 

79. Ndakidemi P, Semoka J. Soil fertility 
survey in western Usambara Mountains, 
northern Tanzania. Pedosphere. 2006; 
16(2):237-244. 

80. Kajiru G, Mrema J, Mbilinyi B, 
Rwehumbiza F, Hatibu N, Mowo J, Mahoo 
H. Assessment of soil fertility status under 
rainwater harvesting systems in the Ndala 
River catchment Northwest Tanzania: 
Farmers’ versus scientific approaches; 
2005. 

81. Cooke G. Fertilizer for maximum yield, 
Granada Publishing Ltd., London; 1980. 

82. Msarmo K, Mhango W. Yield of maize as 
affected by fertiliser application practices. 
Bunda College of Agriculture; 2000. 

83. Vanlauwe B, Wendt J, Diels J. Combined 
application of organic matter and fertilizer. 
Sustaining soil fertility in West Africa. 
2001;sustainingsoilf:247-279.. 

84. Yayock J, Lombin G, Owonubi J. Crop 
science and production in warm climates. 
Macmillan Publishers; 1988. 

85. Dang T-H, Cai G-X, Guo S-L, Hao M-D, 
Heng L. Effect of nitrogen management on 
yield and water use efficiency of rainfed 
wheat and maize in Northwest China. 
Pedosphere. 2006;16:495-504. 

86. Habtegebrial K, Singh B, Haile M. Impact 
of tillage and nitrogen fertilization on yield, 
nitrogen use efficiency of< i> tef</i>(< i> 
Eragrostis tef</i>(Zucc.) Trotter) and soil 
properties. Soil and Tillage Research. 
2007;94(1):55-63. 

87. Binder DL, Sander DH, Walters DT. Maize 
response to time of nitrogen application as 
affected by level of nitrogen deficiency. 
Agronomy Journal. 2000;92(6):1228-1236. 

88. Khan A, Jan MT, Marwat KB, Arif M. 
Organic and inorganic nitrogen treatments 
effects on plant and yield attributes of 
maize in a different tillage systems. Pak. J. 
Bot. 2009;41:99-108. 

89. Ogola J, Wheeler T, Harris P. Effects of 
nitrogen and irrigation on water use of 
maize crops. Field Crops Research. 2002; 
78(2):105-117. 

90. Doran JW, Jones AJ. Measurement and 
use of pH and electrical conductivity for 
soil quality analysis; 1996. 

91. Drew M. Comparison of the effects of a 
localised supply of phosphate, nitrate, 
ammonium and potassium on the growth 
of the seminal root system, and the shoot, 



 
 
 
 

Assenga et al.; IJPSS, 9(4): 1-19, 2016; Article no.IJPSS.13928 
 
 

 
16 

 

in barley. New Phytologist. 1975;75(3): 
479-490. 

92. Damodar Reddy D, Subba Rao A, Sammi 
Reddy K, Takkar P. Yield sustainability and 
phosphorus utilization in soybean–wheat 
system on Vertisols in response to 
integrated use of manure and fertilizer 
phosphorus. Field Crops Research. 
1999;62:181-190. 

93. Hedley M, Stewart J, Chauhan B. Changes 
in inorganic and organic soil phosphorus 
fractions induced by cultivation practices 
and by laboratory incubations. Soil Science 
Society of America Journal. 1982;46(5): 
970-976. 

94. Pettigrew WT. Potassium influences on 
yield and quality production for maize, 
wheat, soybean and cotton. Physiologia 
Plantarum. 2008;133(4):670-681. 

95. Mengel K, Kosegarten H, Kirkby EA, Appel 
T. Principles of plant nutrition. Springer;l 
2001. 

96. Marschner H, Marschner P. Marschner's 
mineral nutrition of higher plants. 
Academic Press. 2012;89. 

97. Ebelhar S, Varsa E. Applications in 
sustainable production: Tillage and 
potassium placement effects on potassium 
utilization by corn and soybean. 
Communications in Soil Science & Plant 
Analysis. 2000;31(11-14):2367-2377. 

98. Heckman J, Kamprath E. Potassium 
accumulation and corn yield related to 
potassium fertilizer rate and placement. 
Soil Science Society of America Journal. 
1992;56(1):141-148. 

99. Mallarino AP, Bordoli JM, Borges R. 
Phosphorus and potassium placement 
effects on early growth and nutrient uptake 
of no-till corn and relationships with grain 
yield. Agronomy Journal. 1999;91(1):37-
45. 

100. Kant S, Kafkafi U, Pasricha N, Bansal S. 
Potassium and abiotic stresses in plants. 
Potassium for sustainable crop production. 
Potash Institute of India, Gurgaon. 
2002;233-251. 

101. Ebelhar S, Kamprath E, Moll R. Effects of 
nitrogen and potassium on growth and 
cation composition of corn genotypes 
differing in average ear number. Agronomy 
Journal. 1987;79(5):875-881. 

102. Kaya C, Kirnak H, Higgs D. Enhancement 
of growth and normal growth parameters 
by foliar application of potassium and 
phosphorus in tomato cultivars grown at 

high (NaCl) salinity. Journal of Plant 
Nutrition. 2001;24(2):357-367. 

103. Fawzy Z, El-Nemr M, Saleh S. Influence of 
levels and methods of potassium fertilizer 
application on growth and yield of 
eggplant. Journal of Applied Sciences 
Research. 2007;3(1):42-49. 

104. Ravikovitch S, Porath A. The effect of 
nutrients on the salt tolerance of crops. 
Plant and Soil. 1967;26(1):49-71. 

105. Leigh R, Wyn Jones R. A hypothesis 
relating critical potassium concentrations 
for growth to the distribution and functions 
of this ion in the plant cell. New 
Phytologist. 1984;97(1):1-13. 

106. Hungria M, Vargas MA. Environmental 
factors affecting N< sub> 2</sub> fixation 
in grain legumes in the tropics, with an 
emphasis on Brazil. Field Crops Research. 
2000;65(2):151-164. 

107. Zahran HH. Rhizobium-legume symbiosis 
and nitrogen fixation under severe 
conditions and in an arid climate. 
Microbiology and Molecular Biology 
Reviews. 1999;63(4):968-989. 

108. Ojiem J, De Ridder N, Vanlauwe B, Giller 
K. Socio-ecological niche: A conceptual 
framework for integration of legumes in 
smallholder farming systems. International 
Journal of Agricultural Sustainability. 2006; 
4:79-93. 

109. Rodelas B, González-López J, Martinez-
Toledo M, Pozo C, Salmeron V. Influence 
of Rhizobium/Azotobacter and 
Rhizobium/Azospirillum combined 
inoculation on mineral composition of faba 
bean (Vicia faba L.). Biology and Fertility of 
Soils. 1999;29:165-169. 

110. Rengel Z, Batten G, Crowley Dd. 
Agronomic approaches for improving the 
micronutrient density in edible portions of 
field crops. Field Crops Research. 1999; 
60(1):27-40. 

111. Ndakidemi PA, Bambara S, Makoi JH. 
Micronutrient uptake in common bean 
(Phaseolus vulgaris L.) as affected by 
rhizobium inoculation, and the supply of 
molybdenum and lime; 2011. 

112. Chianu JN, Nkonya EM, Mairura F, Chianu 
JN, Akinnifesi F. Biological nitrogen fixation 
and socioeconomic factors for legume 
production in sub-Saharan Africa: a review. 
Agronomy for Sustainable Development; 
2010. 

113. Tran YT. Response to and benefits of 
rhizobial inoculation of soybean in the 



 
 
 
 

Assenga et al.; IJPSS, 9(4): 1-19, 2016; Article no.IJPSS.13928 
 
 

 
17 

 

south of Vietnam. in The 4th International 
Crop Science Congress; 2004. 

114. Roy RN, Misra RV, Montanez A. 
Decreasing reliance on mineral nitrogen-
yet more food. AMBIO: A Journal of the 
Human Environment. 2002;31(2):177-183. 

115. Bekeko Z. Effect of enriched farmyard 
manure and inorganic fertilizers on grain 
yield and harvest index of hybrid maize 
(bh-140) at Chiro, eastern Ethiopia. African 
Journal of Agricultural Research. 2014;9: 
663-669. 

116. Shah Z, Ahmad MI. Effect of integrated 
use of farm yard manure and urea on yield 
and nitrogen uptake of wheat. Journal of 
Agricultural and Biological Science. 2006; 
1(1):60-65. 

117. Horst W, Härdter R. Rotation of maize with 
cowpea improves yield and nutrient use of 
maize compared to maize monocropping in 
an alfisol in the northern Guinea Savanna 
of Ghana. Plant and Soil. 1994;160(2):171-
183. 

118. Sylvia DM, Fuhrmann JJ, Hartel P, Zuberer 
DA. Principles and applications of soil 
microbiology. Pearson Prentice Hall New 
Jersey; 2005. 

119. Marinari S, Masciandaro G, Ceccanti B, 
Grego S. Influence of organic and mineral 
fertilisers on soil biological and physical 
properties. Bioresource Technology. 2000; 
72:9-17. 

120. Getachew M, Belete K. Yield related traits 
and yield of maize (Zea mays L.) as 
affected by green manuring and nitrogen 
levels at Mizan Teferi, South-west 
Ethiopia. International Journal of 
Agronomy and Plant Production. 2013; 
4(7):1462-1473. 

121. Gill H, Meelu O. Studies on the substitution 
of inorganic fertilizers with organic manure 
and their effect on soil fertility in rice—
wheat rotation. Fertilizer Research. 1982; 
3(4):303-314. 

122. Srivastava S, Bhandari T, Yadav C, Joshi 
M, Erskine W. Boron deficiency in lentil: 
yield loss and geographic distribution in a 
germplasm collection. Plant and Soil. 
2000;219:147-151. 

123. Rerkasem B, Jamjod S. Boron deficiency 
in wheat: A review. Field Crops Research. 
2004;89(2):173-186. 

124. Atique-ur-Rehman, Farooq M, Cheema 
ZA, Wahid A. Role of boron in leaf 
elongation and tillering dynamics in fine-
grain aromatic rice. Journal of Plant 
Nutrition. 2013;36:42-54. 

125. Fageria N, Baligar V, Clark R. 
Micronutrients in crop production. 
Advances in Agronomy. 2002;77:185-268. 

126. Godfray HCJ, Beddington JR, Crute IR, 
Haddad L, Lawrence D, Muir JF, Pretty J, 
Robinson S, Thomas SM, Toulmin C. Food 
security: the challenge of feeding 9 billion 
people. Science. 2010;327:812-818. 

127. Cakmak I. Enrichment of cereal grains with 
zinc: agronomic or genetic biofortification? 
Plant and Soil. 2008;302(1-2):1-17. 

128. Passioura JB. Review: Environmental 
biology and crop improvement. Functional 
Plant Biology. 2002;29(5):537-546. 

129. Yilmaz A, Ekiz H, Torun B, Gultekin I, 
Karanlik S, Bagci S, Cakmak I. Effect of 
different zinc application methods on grain 
yield and zinc concentration in wheat 
cultivars grown on zinc‐deficient 
calcareous soils. Journal of Plant Nutrition. 
1997;20:461-471. 

130. Alloway BJ. Zinc in soils and crop nutrition. 
International Zinc Association Brussels, 
Belgium; 2004. 

131. Timperley M, Brooks R, Peterson P. The 
significance of essential and non-essential 
trace elements in plants in relation to 
biogeochemical prospecting. Journal of 
Applied Ecology. 1970;429-439. 

132. Sharma CP. Plant micronutrients. Science 
publishers Enfield, NH; 2006. 

133. Kparmwang T, Chude V, Raji B, Odunze 
A. Extractable micronutrients in some soils 
developed on sandstone and shale in the 
Benue Valley, Nigeria. Nigerian Journal of 
Soil Research. 2000;1:42-48. 

134. Landon J, Manual BTS. A Handbook for 
Soil Survey and Agricultural Land 
Evaluation in the Tropics and Subtropics, 
Longman Scientific and Technical, Harlow; 
1991. 

135. Sakal R, Singh A, Tandon H. Boron 
research and agricultural production. 
Micronutrient research & agricultural 
production. 1995;1-31. 

136. Mousavi SR, Galavi M, Ahmadvand G. 
Effect of zinc and manganese foliar 
application on yield, quality and 
enrichment on potato (Solanum tuberosum 
L.). Asian Journal of Plant Sciences; 2007. 

137. Shaheen R, Samim M, Mahmud R. Effect 
of zinc on yield and zinc uptake by wheat 
on some soils of Bangladesh. Journal of 
Soil Nature. 2007;1(1):07-14. 

138. Kinaci G, Kinaci E. Effect of zinc 
application on quality traits of barley in 



 
 
 
 

Assenga et al.; IJPSS, 9(4): 1-19, 2016; Article no.IJPSS.13928 
 
 

 
18 

 

semi arid zones of Turkey. Plant Soil and 
Environment. 2005;51(7):328. 

139. Gupta UC, MacLeod J, Sterling J. Effects 
of boron and nitrogen on grain yield and 
boron and nitrogen concentrations of 
barley and wheat. Soil Science Society of 
America Journal. 1976;40(5):723-726. 

140. Rashid A, Rafique E, Bughio N. 
Diagnosing boron deficiency in rapeseed 
and mustard by plant analysis and soil 
testing. Communications in Soil Science & 
Plant Analysis. 1994;25(17-18):2883-2897. 

141. Pilbeam D, Kirkby E. The physiological role 
of boron in plants. Journal of Plant 
Nutrition. 1983;6(7):563-582. 

142. Shelp BJ, Marentes E, Kitheka AM, 
Vivekanandan P. Boron mobility in plants. 
Physiologia Plantarum. 1995;94:356-361. 

143. Dell B, Huang L. Physiological response of 
plants to low boron. Plant and Soil. 1997; 
193(1-2):103-120. 

144. Tanaka M, Fujiwara T. Physiological roles 
and transport mechanisms of boron: 
perspectives from plants. Pflügers Archiv-
European Journal of Physiology. 2008; 
456(4):671-677. 

145. Farooq M, Wahid A, Siddique KH. 
Micronutrient application through seed 
treatments- a review. Journal of Soil 
Science and Plant Nutrition. 2012;12(1): 
125-142. 

146. Shorrocks VM. The occurrence and 
correction of boron deficiency. Plant and 
Soil. 1997;193(1-2):121-148. 

147. Keerati-Kasikorn P, Panya P, Bell R, 
Loneragan J. Effect of boron on peanut 
grown in north-east soils: 1986; 1988. 

148. Adhikary BH, Shrestha J, Baral BR. Effects 
of micronutrietns on growth and 
productivity of maize in acidic soil; 2003. 

149. Moura J, Prado R, Benvindo R, Chaves 
Alencar L. Applying boron to coconut palm 
plants: effects on the soil, on the plant 
nutritional status and on productivity boron 
to coconut palm trees. Journal of Soil 
Science and Plant Nutrition. 2013;13:79-
85. 

150. Tadesse T, Dechassa N, Bayu W, 
Gebeyehu S. Effects of farmyard manure 
and inorganic fertilizer application on soil 
physico-chemical properties and nutrient 
balance in rain-fed lowland rice ecosystem. 
American Journal of Plant Sciences. 
2013;4:309. 

151. Foy CD. Soil chemical factors limiting plant 
root growth, in Limitations to plant root 
growth. Springer. 1992;97-149. 

152. Evans HJ. Role of molybdenum in plant 
nutrition. Soil Science. 1956;81(3):199-
208. 

153. Campo RJ, Albino UB, Hungria M. 
Importance of molybdenum and cobalt to 
the biological nitrogen fixation, in nitrogen 
fixation: From molecules to crop 
productivity. Springer. 2000;597-598. 

154. Valenciano J, Boto A, Marcelo V. 
Response of chickpea (Cicer arietinum L.) 
yield to zinc, boron and molybdenum 
application under pot conditions. Spanish 

155. Rong DYQLX, Huang Zhi Yao H, Yuan 
JHZXH, Ting C. Effect of boron and 
molybdenum on nitrogen metabolism of 
peanut [J]. Acta Agronomica Sinica. 2001; 
5:008. 

156. Glaser B. Prehistorically modified soils of 
central Amazonia: a model for sustainable 
agriculture in the twenty-first century. 
Philosophical Transactions of the Royal 
Society B: Biological Sciences. 2007; 
362(1478):187-196. 

157. Sharma S, Sharma S. Effect of different 
combinations of inorganic nutrients and 
farmyard manure on the sustainability of a 
rice-wheat-mungbean cropping system. 
Acta Agronomica Hungarica. 2006;54(1): 
93-99. 

158. Saracoglu A, Saracoglu KT, Aylu B, Fidan 
V. Influence of integrated nutrients on 
growth, yield and quality of maize (Zea 
mays L.). American Journal of Plant 
Sciences. 2011;2:63. 

159. Raboy V, Dickinson DB. Effect of 
phosphorus and zinc nutrition on soybean 
seed phytic acid and zinc. Plant 
Physiology. 1984;75(4):1094-1098. 

160. Lisuma JB, Semoka J, Semu E. Maize 
yield response and nutrient uptake after 
micronutrient application on a volcanic soil. 
Agronomy Journal. 2006;98(2):402-406. 

161. Reddy TP, Umadevi M, Rao PC. Effect of 
fly ash and farm yard manure on soil 
properties and yield of rice grown on an 
inceptisol. Agricultural Science Digest. 
2010;30(4):281-285. 

162. Altieri MA. Agroecology: The science of 
natural resource management for poor 
farmers in marginal environments. 
Agriculture, Ecosystems & Environment. 
2002;93(1):1-24. 

163. Hobbs PR, Sayre K, Gupta R. The role of 
conservation agriculture in sustainable 
agriculture. Philosophical Transactions of 
the Royal Society B: Biological Sciences. 
2008;363(1491):543-555. 



 
 
 
 

Assenga et al.; IJPSS, 9(4): 1-19, 2016; Article no.IJPSS.13928 
 
 

 
19 

 

164. Celik I, Ortas I, Kilic S. Effects of compost, 
mycorrhiza, manure and fertilizer on some 
physical properties of a Chromoxerert soil. 
Soil and Tillage Research. 2004;78(1):59-
67. 

165. Khaliq A, Abbasi MK, Hussain T. Effects of 
integrated use of organic and inorganic 
nutrient sources with effective 
microorganisms (EM) on seed cotton yield 
in Pakistan. Bioresource Technology. 
2006;97(8):967-972. 

166. Yanai J, Nakata S, Funakawa S, Nawata 
E, Tulaphitak T, Katawatin R, Kosaki T. 
Re-evaluation of fertility status of sandy 
soil in northeast Thailand with reference to 

soil-plant nutrient budgets. Management of 
Tropical Sandy Soils for Sutainable 
Agriculture. FAO Regional Office for Asia 
and the Pacific. 2005;368-372. 

167. Odeleye F, Odeleye O, Dada OA. The 
performance of soybean (Glycine max (L.) 
Merrill) under varying weeding regimes in 
south western Nigeria. Notulae Botanicae 
Horti Agrobotanici Cluj-Napoca. 2007; 
35(1):27-36. 

168. Piraveena S, Seran TH. The effect of cattle 
manure enriched with ERP fertilizer on 
seed yield of soybean (Glycine max) in 
sandy regosol. Journal of Food and 
Agriculture. 2013;3(1-2):24-30. 

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

 
 
 
 
 
 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/12493 

View publication statsView publication stats

https://www.researchgate.net/publication/285746817

