
World Journal of Agricultural Sciences 5 (3): 323-327, 2009
ISSN 1817-3047
© IDOSI Publications, 2009

Corresponding Author: Daniel K. Asare, Department of Plant and Soil Sciences, BNARI/GAEC, Box LG 80, Legon, Ghana
323

Response of Rainfed Cassava to Methods of Application of 
Fertilizer-Nitrogen in a Coastal Savannah Environment of Ghana

Daniel K. Asare, Emmanuel O. Ayeh and Godwin Amenorpe

Department of Plant and Soil Sciences, Biotechnology and Nuclear Agriculture Research Institute,
Ghana Atomic Energy Commission, P.O. Box LG 80 Legon, Ghana

Abstract: A study was carried out during the 2004/2005 and 2005/2006 cropping seasons to evaluate the
response of two cassava genotypes Afisiafi and Akwetey to methods of application of fertilizer-nitrogen. The
objective was to quantify, in relation to three methods of application of fertilizer-nitrogen, total dry matter, fresh
root yield, accumulated nitrogen and apparent recovery of fertilizer-nitrogen by the cassava genotypes, Afisiafi
and Akwetey, grown under rainfed condition in the coastal savannah environment of Ghana. The two cassava
genotypes  were  grown  on  the  field  under  rainfed  condition  and 60  kg  N  ha   was  split-applied  using1

spot,  banding  and  broadcasting  methods of fertilizer -nitrogen application. Additionally, 60 kg P ha  and1

90 kg K ha  were broadcast. The mean total dry matter ranged from 23.1 to 29.5 t ha , mean fresh root yield1 1

ranged from 35.3 to 39.2 t ha , the mean accumulated nitrogen ranged from 168.1 to 201.1 kg ha  and mean1 1

apparent fertilizer-nitrogen recovery ranged from 39.1 to 40.3% for the spot, banding and broadcasting methods
of fertilizer-nitrogen application. Total dry matter, fresh root yield, accumulated nitrogen and apparent fertilizer-
nitrogen recovery were the lowest for the spot application of fertilizer-nitrogen. However, the effects of banding
and broadcasting of fertilizer-nitrogen on the cassava genotypes were similar. In spite of the 18 months that
the cassava genotypes took to mature, the apparent fertilizer-nitrogen recovery could not be more than 50%
for the banding and broadcasting methods of fertilizer-nitrogen application. This could be attributed to the
shallow rooting characteristics of cassava, in which case nitrogen moved below the 60 cm soil depth might not
be available to the crop. We recommend the broadcasting method of fertilizer-nitrogen application because the
method is simple, easy to use and time saving.
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INTRODUCTION over time [4]. The application of supplementary nutrients

Cassava (Manihot esculenta Crantz) is one of the could be sustained to ensure continuous cropping of
important crops in tropical regions of the world [1]. In cassava on the same piece of land. Thus, sustainable
addition to yielding higher returns to farmers compared to production  of  cassava  on  the  same  piece  of  land,
other staple crops, cassava provides food security and season after season, would require the application of
employment [2]. The crop is grown extensively in almost supplementary nutrients. 
every part of the country, Ghana, serving as a major Nitrogen is the second nutrient, after potassium,
source of carbohydrate for human consumption and raw most used by cassava [5]. However under field
material for industrial starch production. The importance conditions, nitrogen is lost through processes that
of cassava in Ghana cannot be underplayed as the crop include leaching [6] and run-off [7]. Additionally, the wide
contributes significantly to the country’s gross domestic planting distance (1.0 m by 1.0 m) used for cassava and
product [3]. the relatively long time the crop takes to mature, between

As cassava has assumed an industrial crop status in 12 and 18 months, suggest that applied fertilizer-nitrogen
Ghana, it is now being grown on large scale, repeatedly could  be  lost  leading  to  reduction  in available
season after season, on the same piece of land. Under this nitrogen, efficient use of applied fertilizer-nitrogen and
condition, the fertility of the soil and crop yields decline consequently    waste    of    scarce   resource   to  farmers.

is, therefore, a sure means by which the fertility of the soil
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Applied fertilizer-nitrogen, therefore has to be managed
effectively to enhance the recovery of applied nitrogen,
reduce the loss of applied nitrogen to the environment,
ensure effective use of scarce resources and
consequently maximize returns on supplementary nutrient
application.  It  is,  therefore, imperative to identify the
best  method  of application of fertilizer-nitrogen that
could enhance cassava production while ensuring
efficient and maximum use of fertilizer-nitrogen.

This study was, therefore, conducted to assess total
dry matter, root yield, accumulated nitrogen and apparent
fertilizer-nitrogen recovery of two cassava genotypes as
affected by different methods of application of fertilizer-
nitrogen under rainfed condition in a coastal savannah
environment. The overall objective was to identify the
best method of application of fertilizer-nitrogen that
maximizes productivity and ensures high recovery of
fertilizer-nitrogen for sustainable large scale production of
cassava.

MATERIALS AND METHODS

Field experiments were conducted during the
2004/2005 and 2005/2006 cropping seasons on a sandy
loam soil at the Research Farm of the Ghana Atomic
Energy Commission. The experimental site is about 76.0 m
above sea level and it is situated on latitude 05º 40’N and
longitude 0º 13’W in the coastal savannah environment of
Ghana. Additionally, the annual rainfall at the experimental
site is less than 1000 mm. Some characteristics of the soil
are presented in Table 1. 

Two cassava genotypes (Afisiafi and Akwetey) were
planted  at  1.0  m  by 1.0 m, yielding a population of
10,000 plants ha . Planting was done in July 2004 and1

harvesting in December 2005 for the 2004/2005 cropping
season. Similarly, for the 2005/2006 cropping season,
planting was in July 2005 and harvesting in December on the experimental design used for the field experiments
2006. A total of 60 kg N ha  of urea was split-applied as1

spot, banding and broadcasting six weeks after sprouting
and three months thereafter. Plots with no nitrogen
application  were also included as reference. In addition,
all the plots received 60 kg P ha  and 90 kg K ha . The1 1

experiments were set up based on the randomized
complete block design (RCBD) in a split-plot arrangement
in four replicates for the 2004/2005 cropping season and
three replicates for the 2005/2006 cropping season. The
main  plot  was  cassava  genotypes  and  the  sub-plots
(49 m  each) for the three methods of application of2

fertilizer -nitrogen (spot, banding and broadcasting).

Table 1: Some chemical and physical properties for the 0-20 cm layer of the

soil at the experimental site

Parameters Values

pH (1M CaCl ) 5.102

Total nitrogen (%) 0.06

Available P (mg kg ) 18.531

Available K (mg kg ) 21.391

Calcium (cmol(+) kg ) 2.371

Magnesium (cmol(+) kg ) 1.051

Organic matter (%) 1.24

Sand (%) 70.00

Silt (%) 16.00

Clay (%) 14.00

At crop maturity, total biomass was harvested and
separated into leaves, stems and roots and fresh weight
recorded. Sub-samples of the different total biomass
components were oven-dried at 65°C for 3 days for dry
matter determination, ground and chemically analyzed for
total nitrogen using the Kjeldahl-nitrogen procedure.

Seasonal accumulated nitrogen was calculated,
multiplying the concentration of nitrogen in the harvested
plant parts by the corresponding dry matter and then
summed up. The apparent fertilizer-nitrogen recovery
(ANR) was calculated using the difference method:

ANR = (N  - N ) x 100/Nacf acnf app

where N is the total nitrogen accumulated byacf

cassava at the rate of fertilizer-nitrogen applied, N is theacnf

total nitrogen accumulated by cassava at no fertilizer-
nitrogen application and N  is the total fertilizer-nitrogenapp

applied.
Data for total dry matter, root yield, seasonal

accumulated nitrogen and apparent fertiliser-nitrogen
recovery were subjected to the analysis of variance based

and mean differences were compared with the Least
Significant Difference (LSD) test at the appropriate
probability level when the F-ratio test was significant. 

RESULTS

A total precipitation of 845.7 mm was observed
during  the  2004/2005  cropping  season,  while  the
2005/2006  cropping  season  experienced  a  total
precipitation of 917.3 mm. Thus, for each of the cropping
seasons  spanning about 18 months, precipitation was
less  than 1000.0 mm at the experimental site.
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Total Dry Matter (TDM) and Fresh Root Yield: Generally,
the mean TDM was 22.6 t ha  for the cassava genotype1

Afisiafi  and 23.6 t ha  for the cassava genotype1

Akwetey  across all the methods of application of
fertilizer- nitrogen for the 2004/2005 cropping season.
Similarly for the 2005/2006   cropping   season,   the   mean
TDM  was  29.0  t  ha   for  Afisiafi  and  30.1  t  ha  for1 1

Akwetey. However, TDM of the cassava genotypes
varied significantly (P<0.01) with methods of application
of fertilizer-nitrogen, in which case the spot application of
fertilizer-nitrogen produced the lowest TDM, while
banding  and  broadcasting  produced  similar  TDM
levels (Table 2). Additionally, there was no interactive
effect (P>0.05) between the cassava genotypes and
methods  of  fertilizer-nitrogen  application  for TDM.
Also, no significant  difference  (P>0.05)  was observed
for TDM accumulated by the cassava genotypes.

The mean fresh root yield was 36.3 t ha  for Afisiafi1

and 34.3 t ha  for Akwetey across all the methods of1

application of fertilizer-nitrogen for the 2004/2005
cropping  season.  For  the  2005/2006  cropping  season,
the mean fresh root yield for Afisiafi was 34.1 t ha  and1

that for Akwetey was 36.5 t ha . While the cassava1

genotypes produced similar levels of fresh root yield
(P>0.05), significant differences in fresh root yield (P<0.01
for 2004/2005 cropping season and P<0.05 for 2005/2006
cropping season) were observed among the methods of
application of fertilizer-nitrogen, with fresh root yield
being the lowest for the spot application, while similar
fresh root yield level was produced by banding and
broadcasting methods of fertilizer-nitrogen application
(Table 3). Additionally, there was no significant
interactive effects (P>0.05) between cassava genotypes
and methods of application of fertilizer-nitrogen for fresh
root yield during the 2005/2006 cropping season.

Accumulated Nitrogen andApparent Fertiliser-Nitrogen
Recovery: The mean seasonal accumulated nitrogen (AN)
for all the methods of application of fertilizer-nitrogen
ranged from 126.1 t ha  to 177.5 t ha  for the cassava1 1

genotype Afisiafi and from 155.8 t ha  to 195.6 t ha  for1 1

the cassava genotype Akwetey during the 2004/2005
cropping season. During the 2005/2006 cropping season,
AN for Afisiafi ranged from 186.2 t ha  to 206.2 t ha1 1

and from 191.1 t ha  to 212.1 t ha  for Akwetey.1 1

Additionally, AN for the two cassava genotypes was
significantly the lowest for spot application of fertilizer-
nitrogen whereas AN for fertilizer-nitrogen banding did
not differ significantly from that of fertilizer-nitrogen
broadcasting     during     the   2004/2005    and   2005/2006

Table 2: Mean total dry matter for two cassava genotypes observed under
different methods of fertilizer-nitrogen application during the
2004/2005 and 2005/2006 cropping seasons

Method of 2004/2005 2005/2006
fertilizer-N season season
application (tha ) (t ha )1 1

Spot 18.9 23.9
Banding 23.6 32.1
Broadcasting 26.9 32.6
LSD 5.0 6.80.01

CV (%) 14.2 14.5

Table 3: Mean fresh root yield for two cassava genotypes observed under
different methods of fertilizer-nitrogen application during the
2004/2005 and 2005/2006 cropping seasons

Method of 2004/2005 2005/2006
fertilizer-N season season
application (t ha ) (t ha )1 1

Spot 28.4 35.0
Banding 38.6 39.8
Broadcasting 38.9 42.7
LSD 6.6** 5.7*
CV (%) 12.1 11.0

* LSD value computed at P=0.05
** LSD value computed at P=0.01

Table 4: Mean accumulated nitrogen for two cassava genotypes observed
under different methods of fertilizer-nitrogen application during the
2004/2005 and 2005/2006 cropping seasons

Method of 2004/2005 2005/2006
fertilizer-N season season
application (kg ha ) (kg ha )1 1

Spot 159.6 195.2
Banding 171.5 201.9
Broadcasting 173.1 206.2
LSD 5.5 5.40.01

CV (%) 2.1 1.4

cropping seasons (Table 4). Even though the mean AN
for Afisiafi across the fertilizer-nitrogen application
methods was not significantly different from that of
Akwetey during the 2004/2005 cropping season,
significant difference in AN was noted during the
2005/2006 cropping season, with the mean AN for Afisiafi
being 198.0 kg N ha  and 204.2 kg N ha  for Akwetey1 1

(LSD0.01 = 4.6 kg N ha ).1

Apparent  recovery  of fertilizer-nitrogen (ANR) for
the cassava genotype Afisiafi ranged from 15.3% to
55.7%, while ANR for the cassava genotype Akwetey
ranged from 17.7% to 53.5% during the 2004/2005
cropping  season.  Additionally,  ANR  for   Afisiafi
ranged  from  27.6%  to  54.2% and values for the cassava
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Table 5: Mean apparent fertilizer-nitrogen recovery (ANR) for two  cassava
genotypes observed under different methods of  fertilizer-nitrogen
application during the 2004/2005 and  2005/2006 cropping
seasons

Method of 2004/2005 2005/2006
fertilizer-N Mean ANR Mean ANR
application (%) (%)

Spot 25.0 30.5
Banding 44.9 41.6
Broadcasting 47.5 48.9
LSD 9.2 9.00.01

CV(%) 15.4 11.5

genotype Akwetey ranged from 29.3% to 51.4% during
the 2005/2006 cropping season. The cassava genotypes
recovered similar fractions of applied fertilizer-nitrogen
(Table 5). The apparent nitrogen recovery (ANR) by the
cassava genotypes was significantly lowest under the
spot application method, whereas ANR was similar for the
banding and broadcasting methods of application of
fertilizer-nitrogen (Table 5).

DISCUSSION

Cassava is grown under rainfed condition in Ghana.
Consequently, the crop is potentially prone to drought
whenever seasonal rainfall is irregular and/or inadequate,
a condition that could adversely impact on crop
productivity and recovery of fertilizer-nitrogen. The
generally low seasonal rains observed at the site during
the cropping seasons could potentially affect fertilizer-
nitrogen recovery by rainfed cassava.

Spot application of fertilizer-nitrogen had lower
impact on the productivity of the two cassava genotypes,
resulting in TDM and root yield levels which were
comparatively lower than those for the banding and
broadcasting methods of application of fertilizer-nitrogen.
However, banding and broadcasting of fertilizer-nitrogen
had comparative effects on productivity. Thus, TDM and
root yield did not differ significantly between the two
cassava genotypes under banding and broadcasting. In
a study to evaluate the effect of different methods of
application of fertilizer-nitrogen on the productivity of
barley, Cochran and Schlentner [8] observed no difference
in yield of barley grown under conventional tillage
between banding and broadcasting of fertilizer-nitrogen
(urea). Generally, the fresh root yield of cassava
genotypes were more than twice the national average
fresh root yield of 12.0 t ha  [9-10] but compares1

favorably with the 31.0 t ha  value observed by Adjei-1

Nsiah et al. [10]. This suggests that supplementary

application  of  fertilizers  could   enhance   fresh  root
yield of cassava. Therefore, efforts designed to ensure
sustainable production of cassava in the coastal
savannah may have to include supplementary fertilizer
application.

The generally low recovery of spot-applied fertilizer-
nitrogen by the cassava genotypes is an indication of
limited availability of the fertilizer-nitrogen to the crop.
Spot application confines fertilizer-nitrogen to a small
area, thereby limiting the availability of fertilizer-nitrogen
to few roots, particularly when there is not enough
moisture in the soil to facilitate optimal movement of
nutrient from the localized spot into the effective root
zone of the cassava crop. In addition, the nature of the
adventitious  rooting system of cassava limits its ability
to take up fertilizer-nitrogen, which has been spot applied.
Therefore in an environment characterized by erratic
rainfall pattern and inadequate amount of rainfall, spot
application of fertilizer-nitrogen could limit the availability
of applied fertilizer-nitrogen to cassava resulting in low
recovery of fertilizer -nitrogen.

Though the two cassava genotypes grown are long
duration crops which took about 18 months to mature, the
recovery of fertilizer-nitrogen for the banding and
broadcasting application methods was about 50%. Being
shallow rooted, cassava roots hardly get beyond 50 cm
below the soil surface. Consequently, applied fertilizer-
nitrogen moved or leached below the 50 cm root zone
would not be available to the cassava crop, which could
result in reduced fertilizer-nitrogen recovery. Using the
difference method, Garabet et al. [11] estimated 49 to 66%
recovery of fertilizer-nitrogen by barley grown under
rainfed condition in the semi-arid Mediterranean
environment, suggesting that inadequate soil moisture
potentially limits the recovery of fertilizer-nitrogen,
particularly in environments characterized by poor rainfall
pattern and amount. Similarly, Zemenchik and Albrecht
[12] observed a decreasing trend in ANR of rainfed grass
species with decreasing amount of rainfall. Thus, under
rainfed condition, ANR could be adversely affected by
erratic rainfall and inadequate amount of rainfall.

CONCLUSION

Total dry matter, fresh root yield, accumulated
nitrogen  and  apparent  fertilizer-nitrogen  recovery for
the broadcasting of fertilizer-nitrogen by the cassava
genotypes were significantly lower under the spot
application of fertilizer-nitrogen compared to the values
for the banding and broadcasting. However, banding and
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broadcasting  of fertilizer -nitrogen resulted in similar 4. Cadavid,  L.F.,   M.A.   El-Sharkawy,   A.   Acosta and
effect for each of the cassava genotypes. Though T. Sanchez, 1998. Long term effects of mulch,
broadcasting and  banding  of  fertilizer-nitrogen fertilization and tillage on cassava grown in sandy
produced similar effects, additional cost and time soil  in northern  Columbia.  Field  Crops  Research,
associated with the method of banding makes 57: 45-56.
broadcasting the preferred method of application of 5. Ayoola, O.T. and E.A. Makinde, 2007. Fertilizer
fertilizer-nitrogen. Additionally, broadcasting facilitates treatment effects on performance of cassava under
easy application of fertiliser-nitrogen. Fertilizer-nitrogen two planting patterns in a cassava-based cropping
recovered by the two cassava genotypes, Afisiafi and system in south west Nigeria. Research Journal of
Akwetey, was less than 50% due to the shallow rooting Agriculture and Biological Sciences, 3(1): 13-20.
characteristics  (roots  hardly  moved  beyond 50 cm 6. Stewart,   L.K.,   P.B.   Charlesworth,   K.L.   Bristow
below  the  soil  surface)  and that nitrogen moved and P.J. Thornburn, 2006. Estimating deep drainage
beyond  the  50 cm  soil  depth  could  not  be taken up by and nitrate leaching from the root zone under
the crop. Consequently, we recommend that management sugarcane  using APSIM-SWIM. Agricultural Water
strategies designed to enhance the recovery of fertilizer- Management, 81: 315-334.
nitrogen by cassava under the rainfed condition in the 7. Drury, C.D., W.I. Findlay and J.D. Gaynor. 1993.
coastal  savannah  environment must take into account Influence of tillage on nitrate loss in surface runoff
the shallow rooting characteristics of the crop. Split and tile drainage. Soil Science Society  of  America,
applications of fertilizer-nitrogen could be an effective 57: 797-802.
management strategy for ensuring high recovery of 8. Cochran, V.L. and S.F. Schlentner. 1992. Fertilizer
applied nitrogen by cassava crop. placement for conventional and no-tillage barley in
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