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Introduction
Food demand is predicted to increase substantially in 
Sub Saharan Africa (SSA) where more than half of the 
anticipated growth between now and 2050 is expected to 
occur, with most of the projected increase concentrated 
in Nigeria (UNDESA, 2017). The current world 
population of 7.8 billion is expected to reach 8.5 billion 
by 2030, 9.7 billion in 2050 and 11.2 billion in 2100 
(Worldometers, 2020). In SSA, children under the age of 
15 account for 41% of the population, while young 
persons between 15 and 24years account for a further 
19% (UNDESA, 2017). With such young growing 
population and over 54% of the work force based on the 

agricultural sector for livelihoods, income and 
employment (FAO-DG, 2018), the need to increase crop 
productivity for food, industrial uses and other purposes 
that will improve the living standard becomes 
important. However, only a small proportion of the 
required increase in food production can come from 
expansion of the area cultivated (Koning et al., 2008; 
Hall and Richards, 2013; Barnosky et al., 2016). There 
is increased awareness of the impacts of CO  release and 2

decrease in biodiversity, resulting from the conversion 
of grassland or forest to arable lands (Haberl, 2015). 
Moreover, it is expected that there will be losses of good 
quality agricultural lands for urban development and 
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Cassava (Manihot esculenta Crantz) is a major staple food in sub-Saharan Africa (SSA), providing an important 
source of calories and options for food security for the increasing population. It is a warm season crop, with 
unique and useful environmental physiological traits, including the ability to produce in marginal soils, and yield 
even under conditions of extreme drought. Analysis of literature was carried out to understand the crop's yield 
potential, since there is wider recognition of cassava as a crop of choice for climate change adaptation strategies 
and to increase food security in the near future, particularly in (SSA). Literature study includes: cassava 
physiology, yield potential, crop characteristics for potential yield, understanding the nutrient dynamics, and 
modelling of cassava growth and yield. The study indicates that cassava has a high yield potential of over 90 tons 

-1 -1ha  of fresh storage roots (32 t DM ha ) in a year, and high nutrient use efficiency. This suggests that some crop 
parameters used currently in cassava growth simulation models require modification. Good estimates of potential 
yields provide important benchmarks for realistic yield targets and understanding of yield gaps with local 
relevance. The increasing demand for cassava offers farmers the opportunity to intensify production, earn higher 
incomes, and boost their food supply. Therefore, the use of inorganic fertilizers, following 4R nutrient 
stewardship (right amount, right time, right place and right source), is inevitable to sustainably improve 
productivity in the future. Also, understanding the dynamics of nutrient requirements and the impact of uptake 
limitations of cassava during the growth cycle enables prediction of cassava yields under nutrient limited 
conditions, and may provide insight in best management practices to improve nutrient use efficiency. Knowledge 
of nutrient (N, P and K) demand and uptake patterns under deficient conditions in cassava can be used to develop 
a simulation model. After testing the model, it may be used for many purposes, including: generation of crop 
responses for series of years in order to characterize cassava growth and nutrient uptake, provide location-
specific fertilizer recommendation, and extrapolate from the studied area to other areas where less detailed 
information is available. Increasing cassava yield requires an in-depth understanding of limitations in growth. 
Therefore, researchers need to adopt a wholesome approach in developing useful technologies for good 
agronomic practices that will support sustainable cassava production and bridge the large yield gap. 
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other non-agricultural uses. In addition, the likelihood 
of expanding irrigated agriculture in Africa is limited 
(Viala, 2008; Strzepek and Boehlert, 2010). Therefore, 
90 % of the increase in crop production will have to be 
from improved crop varieties and management (Hall 
and Richards, 2013; Ray et al., 2013).

The ultimate challenge becomes to provide the growing 
population in SSA with a sustainable, secure supply of 
safe, nutritious, and affordable high-quality food; using 
less land, with lower inputs, in the context of global 
climate and environmental changes. Sustainable 
agricultural intensification especially in SSA, resulting 
in increased yields per unit of land has been identified as 
the most promising approach towards food security 
(Godfray et al., 2010; Tscharntke et al., 2012). The food 
scarcity of 2008 may be a warning of what is to come. 
Staple food prices increased rapidly and caused unrest in 
36 countries (BBC-News, 2008; Mittal, 2009). 
Therefore, food self-sufficiency has become a necessity. 
Cassava is a major staple food in SSA and has been vital 
to food security in SSA despite the low productivity in 
the area (Howeler et al., 2013; Senkoro et al., 2018). 
There is a large potential to sustainably increase the 
crop's productivity; subsequently, increasing food 
availability and provision of other by-products for 
industrial uses.

Cassava: a crop of hope for meeting the food needs of 
sub Saharan Africa
Cassava is extensively cultivated for its edible storage 
roots, which is rich in starch and has high energy content 

-1of about 16.5 MJ kg  DM (Montagnac et al., 2009). It is 
more resilient to adverse conditions and climate change 
than other crops, like grains (Rosenthal and Ort, 2012; 
De Souza et al., 2017) or other cereals, and seems a 
better option for various reasons. It has the ability to 
survive on poor soils, with a high yield per hectare. The 
flexibility of planting and harvesting times makes it a 
farmer's friendly crop, reduces cost and price risks 
(Fresco, 1986). Cassava could provide sub-Saharan 
Africa with options for food security in the face of 
increasing population, dwindling resources, and 
changing climate. The global area cropped with cassava 
has expanded considerably over the past decades 
(Howeler, 2017; Shackelford et al., 2018), with over 26 
million hectares of land cultivated in 2017, of which 
approximately 78% is in Africa (FAOSTAT, 2020a). 
Nigeria is the largest cassava-producing country in the 
world with about 60mt of fresh cassava roots produced 

yearly from 2015 to 2018 (FAOSTAT, 2020a). 
Therefore, an in-depth study of the crop is essential to 
understand its growth and yield potentials in the region, 
to explore ways of maximizing its benefits for food 
security and economic growth.

Cassava physiology
Cassava is propagated from the stems. Emergence of 
new sprouts from the stem cuttings begins at 5-15 days 
after planting (DAP), and is fully achieved at 30 DAP. 
Until 30 DAP, shoot and root growth depends on the 
reserves of the stem cutting. The first adventitious roots 
are replaced by fibrous roots (Cock et al., 1979; Alves, 
2002). These new roots take up water and nutrients, only 
a few of them (between 3 and 14) become storage roots, 
which can be distinguished from the fibrous roots from 
60 to 90 DAP (Alves, 2002). Cassava shows 
simultaneous shoot and storage root development in 
which photo assimilates are partitioned between shoots 
and storage root growth (Fukai et al., 1984; Alves, 
2002). However, photo assimilates are preferentially 
partitioned to shoot until 6 months after planting (Fig. 
1). Maximum growth rates of stems and leaves are 
achieved within 90–180 DAP, which is the most active 
vegetative growth stage for cassava. In the absence of 
Western Africa (WA) seasonal dry period, cassava leaf 
area index (LAI) attains its peaks at 120 to 150 DAP, 
when senescence of lower leaves begins to counteract 
further leaf production at the top of the canopy. LAI 
typically begins to decline at 270 DAP when senescence 
outpaces new leaf production (El-Sharkawy et al., 1990; 
El-Sharkawy and De Tafur, 2010). The fastest rates of 
dry matter (DM) accumulation in storage roots occur 
from 180–300 DAP. At 300–360 DAP (referred to as the 
dormancy period or end of a growth cycle), the leaf 
production decreases, while starch accumulation in 
storage roots continues (Alves, 2002). The plant 
completes its 12-month cycle, and this could be 
followed by a new cycle (Fig. 1). To obtain high storage 
root yield, the crop should reach a leaf area index (LAI) 
of 3–3.5 as quickly as possible, and maintain that LAI 
for as long as possible (El-Sharkawy, 2003). Leaf life 
varies between 60-80 days during the first four months 
of growth and increases to about 120 days at later plant 
stage (El-Sharkawy, 2003). However, patterns of dry 
matter partitioning among the plant's organs are affected 
by growth conditions and could show different trends, 
particularly with changes in soil nutrient level, water 
regime, solar radiation, length of the day (photoperiod), 
and temperature. 
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Fig. 1: Cassava growth cycle begins with emergence at 15-30 DAP and matures 300-360 DAP, 
depending on variety, environment and climatic conditions

Attaining cassava yield potential 
Cassava, though grown mostly as a subsistence crop by 
smallholder farmers is becoming increasingly important 
as a commercial crop, and now cultivated on large scale 
in order to meet the growing demand. Average fresh 
storage root yield of cassava varies between 1.1 and 32.1 

-1 -1t ha  fresh roots with a global average yield of 11.3 t ha  
fresh roots among 104 cassava growing countries. 
Current average root yield in smallholder farmers' fields 

-1in SSA is estimated at only 7.2 t ha  fresh roots 
(FAOSTAT, 2020b). Yields in research trials varied from 

-18.6 to 55.5 tons ha  of fresh root yield (Fermont et al., 
2009; Eke-Okoro and Njoku, 2012; Howeler, 2017). 
These values are far below the potential yield of 80–100t 

-1ha (Cock et al., 1979; El-Sharkawy et al., 1990; Byju 
and Suja, 2020), when growth conditions and 
management are optimal. Hence, it is possible to further 
increase cassava yields through improved fertilizer 
management. 

Improving crop yield with fertilizers must be considered 
alongside nutrient use efficiency (NUE) (Janssen, 2011; 
Norton, 2014), for sustainable crop production. NUE is 
an important concept for evaluating crop production 
systems and depends on fertilizer management (Norton, 
ibid; Fixen et al., 2015). However, if the pursuit of 
improved NUE impairs current or future productivity, 
the need for cropping fragile or preserved lands will 
likely increase. At the same time, as nutrient rates 
increase towards an optimum, productivity continues to 
increase but at a decreasing rate, and NUE typically 

declines (Barbieri et al., 2008). Though, the extent of the 
decline will be determined by factors including soil, and 
climatic conditions. Improvements in agronomic 
practices including balanced fertilizer (N, P and K) 
application can markedly improve NUE, and when 
implemented concurrently with increased nutrient rates, 
can result in simultaneous increase of both crop yields 
and NUE (De Wit, 1968; Fixen et al., 2015). Yield 
response, nutrient uptake, agronomic efficiency, 
internal utilization efficiency, apparent recovery 
efficiency, and nutrient harvest index are used in 
agronomic research to assess the efficiency of fertilizer 
application and such studies should be included in 
cassava production for better understanding of the 
system.

Cassava crop characteristics for potential yield
The physiological and phenological traits of a crop 
determine its potential yield. These traits are influenced 
by genotype, environment and management (Byju and 
Suja, 2020). In cassava, some variables related to the 
canopy, such as LAI, leaf retention etc, are strongly 
positively correlated with storage root yield (El-
Sharkawy and De Tafur, 2010). Improvement of 
resource use efficiency is an important approach 
towards achieving the potential yield. It depends on the 
efficiencies with which the crop converts intercepted 
light into biomass over the course of the growing season 
(De Souza et al., 2017). Light interception is affected by 
canopy size, duration and speed of ground coverage 
after planting. Values of intercepted light from improved 
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cassava cultivars ranged between 52.3-64.1%. These 
are below values recorded from modern cultivars of 
major grains and seed crops, and the theoretical limit of 
100% (De Souza et al., 2017). Therefore, increasing 
seasonal light interception of cassava to approach 
theoretical maximum could greatly improve cassava 
storage root yield. Further, improving the radiation use 
efficiency appears to present the greatest opportunity for 
improving cassava yield potential. For instance, average 

−1RUE of 1.16 g DM MJ  IPAR (Ezui et al., 2017) 
recorded from experiments in West Africa is only 36% 
of the RUE of other C  plants such a potato (Rezig et al., 3

2013; Zhou et al., 2017). Understanding the basic 
physiology of cassava and relations among or between 
parameters and crop growth rate (CGR) will enable us to 
optimize crop management and improve crop growth 
simulation models (Kiniry et al., 1999; De Souza et al., 
2017).

Understanding cassava nutrient dynamics
The growth rates of cassava are inextricably related to 
cumulative nutrient uptake (Howeler, 2002; Byju and 
Suja, 2020), and they determine fertilizer requirements. 
Nutrients uptake occurs during the entire growth cycle, 
with the maximum at about 4 MAP (Howeler, 2012). 
This period corresponds to maximum DM accumulation 
and uptake rate of cassava (when the canopy is fully 
developed and vegetative growth has reached its peak). 
Uptake rate of nutrients decreases after six months, 
though uptake of nutrients of the plant continues 
throughout the growth period (Howeler and Cadavid, 
1983; Howeler, 2012). Nutrients uptake and growth 
rates, including the production potential of cassava are 
influenced by demand from the growing crop, climatic 
conditions, soil water availability, soil fertility and plant 
age (Alva et al., 2002). Also, nutrient concentration of 
plants decreases during the growth cycle, even when 
nutrient supply is sufficient (Justes et al., 1994; Lemaire, 
2012). The concept of nutrient dilution and nutrition 
index for nitrogen (N) have been widely used as a 
diagnostic tool for crop N sufficiency, but only few 
studies are available for other macronutrients (Zamuner 
et al., 2016; Gómez et al., 2018). To our knowledge, 
none exists for cassava. Therefore, it becomes important 
to understand the nutrient uptake of cassava as affected 
by fertilizer application and establish nutrient dilution 
curves and nutrition indices for cassava, for improved 
crop management. 

Modelling cassava growth and yield
In order to provide information to farmers, policy 
makers and other stakeholders on approaches to 
sustainable agriculture, many researchers and farmers 
seek to estimate the yield of crops before harvest. On 
this basis, crop growth simulation models are used to 
study the system and provide relevant information for 
planning and managing crop production. Robust 
simulation models that describe the processes of cassava 
development and nutrients uptake can help to 
understand changes in crop growth in response to 
changes in environmental conditions, and nutrient 
management (van Ittersum et al., 2003). A LINTUL-

type of model that simulates dry matter production as a 
function of the amount of light intercepted and constant 
radiation use efficiency (RUE), can be used for this 
purpose. LINTUL has been developed to simulate 
potential and water limited crop growth of cassava (Ezui 
et al., 2018). However, this model has not been tested in 
Nigeria where cassava is cultivated across a range of 
environmental and climatic conditions. Further, nutrient 
limited growth has not been included in the LINTUL 
model. Hence, the need to develop and test a dynamic 
model for cassava that simulates N, P, K limited growth 
in the tropics. 

Rationale for a comprehensive study 
The potential yield of cassava in SSA is not known. 
However, if we apply the general rule of thumb in crop 
production, average daily dry matter yield is about 200 

-1kg DM ha , with a harvest index of 0.5, the potential 
-1storage root yield of cassava could be about 36 tons ha . 

Disturbingly, annual average yield in SSA has remained 
poor (FAOSTAT, 2020a). No research has yet 
investigated the response of cassava to targeted 
optimized dosages of NPK fertilizer, aimed at potential 
yields for improved cassava production in Nigeria. 
Existing crop models on water limited yield (Matthews 
and Hunt, 1994; Gabriel et al., 2014; Ezui et al., 2018) 
have not been tested for cassava in Nigeria. In fact, no 
crop model has yet been developed to simulate cassava 
growth under nutrient limited conditions. Cassava 
simulation model will help to determine potential and 
economical yields in different agro-ecologies for agro 
advisory purposes. Also, to improve the existing 
LINTUL-Cassava model (Ezui et al., 2018) to better 
accurately assess yield gaps under water- and nutrient 
limited conditions. These findings could inform better 
practises for increased productivity.

Research focus for the Future
Studies should explore the yield potential of cassava and 
the dynamics of nutrients limitations in relation to water 
availability; obtain better insight and a theoretical 
understanding of how the crop responds to nutrient 
availability and application of fertilizers in different 
agro-ecologies. Studies should focus on the following:

· assess cassava yield potential and response to 

fertilizer application, including the nutrient use 

efficiency;

· evaluate the temporal dynamics of light 

interception in cassava and radiation use 

efficiency under non-water limited conditions, 

calibrate, evaluate and test existing cassava 

models;

· understand the biomass growth and nutrient 

uptake of cassava as affected by fertilizer 

application and establish nutrient dilution 

curves and nutrition indices for cassava; and

· develop and test a dynamic model for cassava 

that simulates N, P and K limited growth. 
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Conclusion
Many studies have been done to elucidate the relevance 
of cassava for food security and economic growth. Yet, 
its potential yield in SSA is unknown and the 
productivity on a land area basis has remained low. This 
systemic literature analysis shows that cassava yield can 
be enhanced tremendously for the future; this is 
confirmed by large yields reported by scientists from 
South America, Asia and Australia. Improved crop 
management practises that improve both NUE and 
productivity without negative consequences for the long 
term are essential and a key strategy for food security.

References
Alva, A., Hodges, T., Boydston, R., Collins, H.  
  (2002). Dry matter and nitrogen accumulations and 
  partitioning in two potato cultivars. J. Plant Nutr., 
  25,:1621.
Alves, A.A.C. (2002). Cassava botany and physiology, 
  In: Hillocks, R. J., Thresh, J. M., Bellotti, A. C. 
  (Eds.), Cassava: biology, production and utilization, 
  CAB International, Brazil. Pp. 67-89.
Barbieri, P.A., Echeverría, H.E., Saínz Rozas, H.R. and 
  Andrade, F.H. (2008). Nitrogen use efficiency in 
  maize as affected by nitrogen availability and row 
  spacing. Agron. J., 100:1094-1100.
Barnosky, A.D., Ehrlich, P.R. and Hadly, E.A. (2016). 
  Avoiding collapse: Grand challenges for science and 
  society to solve by 2050. Elementa-Sci. Anthrop. 
  DOI: 0.12952/journal.elementa.000094.
BBC-News (2008). The cost of food. Available at 
  http://news.bbc.co.uk/2/hi/in_depth/world/2008/co
  stoffood/default.stm. Accessed on June 21, 2015.
Byju, G. and Suja, G. (2020). Mineral nutrition of 
  cassava. Adv. Agron. 159:169 - 235.
Cock, J.H., Franklin, D., Sandoval, G. and Juri, P. 
  (1979). The ideal cassava plant for maximum yield. 
  Crop Sci., 19:271-279.
De Souza, A.P., Massenburg, L.N., Jaiswal, D., Cheng, 
  S., Shekar, R. and Long, S.P. (2017). Rooting for 
  cassava: insights into photosynthesis and associated 
  physiology as a route to improve yield potential. 
  New Phytol., 213:50-65.
De Wit, C. (1968). Plant production. Instituut voor 
  Biologisch en Scheikundig Onderzoek van      
  Landbouwgewassen. Wageningen Medeleling, 3:5-
  50.
Eke-Okoro, O. and Njoku, D. (2012). A review of 
  cassava development in Nigeria from 1940-2010. J. 
  Agric. Biol. Sci., 7, 59-65.
El-Sharkawy, M.A. and De Tafur, S.M. (2010). 
  Comparative photosynthesis, growth, productivity, 
  and nutrient use efficiency among tall-and short-
  s t e m m e d  r a i n - f e d  c a s s a v a  c u l t i v a r s . 
  Photosynthetica, 48:173-188.
El-Sharkawy, M.A. (2009). Pioneering research on C 4 
  leaf anatomical, physiological, and agronomic 
  characteristics of tropical monocot and dicot plant 
  species: Implications for crop water relations and 
  productivity in comparison to C 3 cropping systems. 
  Photosynthetica, 47:163-183.
El-Sharkawy, M.A. (2003). Cassava biology and 

  physiology. Plant Mol. Biol., 53: 621-641.
El-Sharkawy, M.A., Cock, J.H., Lynam, J.K., del Pilar 
  Hernàndez, A. and Cadavid, L.F.L. (1990). 
  Relationships between biomass, root-yield and 
  single-leaf photosynthesis in field-grown cassava. 
  Field Crops Res., 25:183-201.
Ezui, K., Leffelaar, P., Franke, A., Mando, A. and Giller, 
  K. (2018). Simulating drought impact and 
  mitigation in cassava using the LINTUL model. 
  Field Crops Res., 219:256-272.
Ezui, K., Franke, A., Leffelaar, P., Mando, A., van 
  Heerwaarden, J., Sanabria, J., Sogbedji, J. and 
  Giller, K. (2017). Water and radiation use 
  efficiencies explain the effect of potassium on the 
  productivity of cassava. Eur. J. Agron., 83:28-39.
FAOSTAT (2020a). Food and Agriculture Organization. 
  G l o b a l  c a s s a v a  y i e l d .  A v a i l a b l e  a t 
  http://www.fao.org/faostat/en/#data/QC. Accesed 
  on January 17, 2020.
FAOSTAT (2020b). Food and Agriculture Organization. 
  Data on yield of crops and area harvested.  Available 
  at http://www.fao.org/faostat/en/#data/QC. 
  Accessed on March 13, 2020.
FAO (2018). Food and Agriculture Organization. Food 
  Outlook - Biannual Report on Global Food Markets 
  – November 2018. Rome. Pp.104. Available at 
  http://www.fao.org/3/CA2320EN/ca2320en.pdf. 
  Accessed on September 30, 2019.
FAO-DG (2018). Africa's prosperity also lies in creating 
  decent and attractive jobs for rural youth. Available 
  a t  h t t p : / / w w w. f a o . o r g / n e w s / s t o r y / e n / 
  item/1103385/iode/.  Accessed on February 25, 
  2020.
Fermont, A.M., Van Asten, P.J., Tittonell, P., Van Wijk, 
  M.T. and Giller, K.E. (2009). Closing the cassava 
  yield gap: an analysis from smallholder farms in 
  East Africa. Field Crops Res., 112:24- 36.
Fixen, P., Brentrup, F., Bruulsema, T., Garcia, F., 
  N o r t o n ,  R .  a n d  Z i n g o r e ,  S .  ( 2 0 1 5 ) . 
  Nutrient/fertilizer use efficiency: measurement, 
  current situation and trends. Managing water and 
  fertilizer for sustainable agricultural intensification 
  8. ISBN 979-10-92366-02-0. Available at 
  https://www.researchgate.net/publication/2697096
  48_Nutrientfertilizer_use_efficiency_measurement
  _current_situation_and_trends. Accessed on April 
  8, 2019.
Fresco, L.O. (1986). Cassava in shifting cultivation: a 
  systems approach to agricultural technology 
  development in Africa. Wageningen University. 
  PhD. Thesis Wageningen University, Wageningen, 
  NL. Pp. 245.
Fukai, S., Alcoy, A., Llamelo, A., Patterson, R. (1984). 
  Effects of solar radiation on growth of cassava 
  (Manihot  escu len ta  Cran tz . ) .  I .  Canopy 
  development and dry matter growth. Field Crop 
  Res., 9: 347-360.
Gabriel, L.F., Streck, N.A., Roberti, D.R., Chielle, Z.G., 
  Uhlmann, L.O., da Silva, M.R. and da Silva, S.D. 
  (2014). Simulating cassava growth and yield under 
  potential conditions in Southern Brazil. Agron. J., 
  106:1119-1137.

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

Nigerian Agricultural Journal Vol. 51, No. 2 | pg. 422 
Adiele

     

http://news.bbc.co.uk/2/hi/in_depth/world/2008/costoffood/default.stm


Godfray, H.C.J., Beddington, J.R., Crute, I.R., Haddad, 
  L., Lawrence, D., Muir, J.F., Pretty, J., Robinson, S., 
  Thomas, S.M. and Toulmin, C. (2010).  Food 
  security: the challenge of feeding 9 billion people. 
  Science, 327:812-818.
Gómez, M.I., Magnitskiy, S. and Rodríguez, L.E. 
  (2018). Critical Dilution Curves for Nitrogen, 
  Phosphorus, and Potassium in Potato Group 
  Andigenum. Agron. J., 111:419-427.
Hall, A.J. and Richards, R.A. (2013). Prognosis for 
  genetic improvement of yield potential and water-
  limited yield of major grain crops. Field Crops Res., 
  143:18-33.
Haberl ,  H. (2015).  Competi t ion for land: A 
  sociometabolic perspective. Ecol. Econ.,119:424-
  431.
Howeler, R.H. (2017). Fertilizer requirements for 
  balanced nutrition. In Howeler, R. (Eds). Nutrient 
  sources and their application in cassava cultivation. 
  Centro Internacional de Agricultura Tropical 
  ( C I A T ) .  P p .  1 2 - 1 7 .  D O I : 
  10.19103/AS.2016.0014.35.
Howeler, R., Lutaladio, N., Thomas, G., 2013. Cassava, 
  a 21st century crop, in: Save and grow: cassava. A 
  guide to sustainable production intensification. 
  Available at http://www.fao.org/3/a-i3278e.pdf pp. 
  1-18. Accessed on October 8, 2019.
Howeler, R. (2012). Dry matter accumulation and 
  nutrient absorption and distribution during the 
  growth cycle of cassava. In Howeler (Eds). The 
  cassava handbook: a reference manual based on the 
  Asian regional cassava training course, held in 
  Thailand. Centro Internacional de Agricultura 
  Tropical (CIAT). Pp. 351-410.
Howeler, R.H. (2002). Cassava mineral nutrition and 
  fertilization. In: Hillocks, R.J., Thresh, J.M., 
  Bellotti, A.C. (Eds.), Cassava, Biology, Production 
  and Utilization. CABI Publishing, Wallingford. Pp. 
  115-147.
Howeler, R. and Cadavid, L. (1983). Accumulation and 
  distribution of dry matter and nutrients during a 12-
  month growth cycle of cassava. Field Crops Res., 
  7,:123-139.
Janssen, B.H. (2011). Simple models and concepts as 
  tools for the study of sustained soil productivity in 
  long-term experiments.  II .  Crop nutrient 
  equivalents, balanced supplies of available 
  nutrients, and NPK triangles. Plant Soil, 339:17-33.
Justes, E., Mary, B., Meynard, J.-M., Machet, J.-M. and 
  Thelier-Huché, L. (1994). Determination of a  
  critical nitrogen dilution curve for winter wheat 
  crops. Ann. Bot., 74:397-407.
Kiniry, J., Simpson, C., Schubert, A. and Reed, J. 
  (2005). Peanut leaf area index, light interception, 
  radiation use efficiency, and harvest index at three 
  sites in Texas. Field Crop Res., 91:297-306.
Koning, N., Van Ittersum, M., Becx, G., Van Boekel, M., 
  Brandenburg, W., Van Den Broek, J.,Goudriaan, J., 
  Van Hofwegen, G., Jongeneel, R. and Schiere, J. 
  (2008). Long-term global availability of food: 
  continued abundance or new scarcity? NJAS-
  Wageningen J. Life Sci., 55:229-292.

Lemaire, G. (2012). N Uptake and Distribution in Plant 
  Canopies. In Lemaire, G. (Eds). Diagnosis of 
  the nitrogen status in crops. Springer, Pp. 3-41.
Matthews, R. and Hunt, L. (1994). GUMCAS: a 
  model describing the growth of cassava (Manihot 
  esculenta L. Crantz). Field Crop Res., 36:69-84.
Mittal, A. (2009). The 2008 food price crisis: rethinking 
  f o o d  s e c u r i t y  p o l i c i e s .  Av a i l a b l e  a t   
  https://unctad.org/en/Docs/gdsmdpg2420093_en.p
  df. Accessed on February 24, 2020.
Montagnac, J.A., Davis, C.R. and Tanumihardjo, S.A. 
  (2009). Nutritional value of cassava for use as a 
  staple food and recent advances for improvement. 
  Compr. Rev. Food Sci. F., 8:181-194.
Norton, R. (2014). Combating climate change through 
  improved agronomic practices and input-use 
  efficiency. J. Crop Improv., 28:575-618.
Ray, D.K., Mueller, N.D., West, P.C. and Foley, J.A. 
  (2013). Yield trends are insufficient to double global 
  crop production by 2050. PloS one, 8(6): e66428. 
  doi:10.1371/journal.pone.0066428.
Rezig, M., Sahli, A., Hachicha, M., Jeddi, F.B. and 
  Harbaoui, Y. (2013). Light Interception and 
  Radiation Use Efficiency from a Field of Potato 
  (Solanum tuberosum L.) and Sulla (Hedysarum 
  coronarium L.) Intercropping in Tunisia. Asian J. 
  Crop Sci., 5:378-392.
Rosenthal, D.M. and Ort, D.R. (2012). Examining 
  cassava's potential to enhance food security under 
  climate change. Trop. Plant Biol., 5:30-38.
Senkoro, C.J., Tetteh, F.M., Kibunja, C.N., Ndungu-
  Magiroi, K.W., Quansah, G.W., Marandu, A.E., 
  Ley, G.J., Mwangi, T.J. and Wortmann, C.S. (2018). 
  Cassava yield and economic response to fertilizer in 
  Tanzania, Kenya and Ghana. Agron. J., 110:1600-
  1606.
Shackelford, G.E., Haddaway, N.R., Usieta, H.O., 
  Pypers, P., Petrovan, S.O. and Sutherland, W.J. 
  (2018). Cassava farming practices and their 
  agricultural and environmental impacts: a 
  systematic map protocol. Environ. Evid., 7:30.
Strzepek, K. and Boehlert, B. (2010). Competition 
  for water for the food system. Philosophical
  Transactions of the Royal Society B: Biol. Sci., 
  365:2927-2940.
Tscharntke, T., Clough, Y., Wanger, T.C., Jackson, L., 
  Motzke, I., Perfecto, I., Vandermeer, J. and 
  Whitbread, A. (2012). Global food security, 
  biodiversity conservation and the future of 
  agricultural intensification. Biol. Conserv., 151:53-
  59.
UNDESA (2017). World population projected to reach 
  9 . 7  b i l l i o n  b y  2 0 5 0 .  A v a i l a b l e  a t 
  https://population.un.org/wpp/. Accessed on May 
  28, 2019.
van Ittersum, M.K., Leffelaar, P.A., Van Keulen, H., 
  Kropff, M.J., Bastiaans, L. and Goudriaan, J. (2003). 
  On approaches and applications of the Wageningen 
  crop models. Eur. J. Agron. 18:201-234.
Viala, E. (2008). Water for food, water for life a 
  comprehensive assessment of water management in   
  agriculture. Irrig. Drainage Syst., 22:127–129.

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

Nigerian Agricultural Journal Vol. 51, No. 2 | pg. 423 
Adiele

     



Worldometers (2020). Current world population.
  Available at https://www.worldometers.info/world-
  population/. Accessed on January 8, 2020.
Zamuner, E.C., Lloveras, J. and Echeverría, H.E. 
  (2016). Use of a critical phosphorus dilution curve to 
  improve potato crop nutritional management. A. J. 
  Potato Res., 93:392-403.

Zhou, Z., Plauborg, F., Kristensen, K. and Andersen, 
  M.N. (2017). Dry matter production, radiation
  interception and radiation use efficiency of potato in 
  response to temperature and nitrogen application 
  regimes. Agri. Forest Meteorol. 232, 

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

Nigerian Agricultural Journal Vol. 51, No. 2 | pg. 424 
Adiele

     


	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

