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ABSTRACT 
 

Due to the high cost of inorganic fertilizer, small-scale resource poor farmers of Northern Zambia are unable to afford 
it. Cheaper alternatives are being sought. Addition of P alone tends to be ineffective as some of the P is fixed. Thus, use of 
Tithonia alone or in combination with sources of P was employed as this approach has been shown elsewhere to improve crop 
yield and available soil P better than inorganic P sources alone. This study evaluated Tithonia prunings as (1) a source of 
nitrogen for maize, alone or when combined with P sources and (2) its effects on soil acidity and fertility in general. Prunings 
were cut as fresh material and incorporated into the soil based on the maize recommended rate of N of 112 kg N ha-1 
(McPhillips, 1987).  Mixtures of Tithonia residue with P sources were made before incorporation (Malama, 1998).  Northern 
Zambian Tithonia was found to be of high quality. Tithonia prunings had 2.5% N, 0.14% P, 4.20% K, 0.98% Ca, 0.32% Mg, 
300 ppm Fe and 11 ppm Zn.  Application of Tithonia improved available soil P and P uptake by maize. Thus, Tithonia 
appears to enhance P availability on these P-fixing acid soils. Exchangeable Al, acidity and Al saturation were reduced in all 
the Tithonia treatments. Both the stover and the grain yields were improved by the incorporation of Tithonia. Tithonia 
prunings were found to improve soil fertility and maize yield, alone or in combination with P sources (single superphosphate 
[SSP} or Ground Rock Phosphate [GRP]), and are a cheap and effective method of ameliorating soil acidity in Northern 
Zambia. 
 
Keywords: Al-saturation, maize, P-fixation, soil acidity amelioration, Tithonia diversifolia, Zambia ground rock phosphate. 
 
 

INTRODUCTION 
 

Justification of this study is that due to the high cost of 
inorganic fertilizer, small-scale resource poor farmers of 
Northern Zambia are unable to afford it. Therefore, cheaper 
alternatives are being sought. Soils of northern Zambia are 
acidic and are of medium-to-high P fixing capacity (1-3 ppm 
Bray 1) (Soil Productivity Annual Reports, 1990, 1991, 
1996). Thus addition of P alone tends to be ineffective as 
some of the P is fixed and therefore becomes unavailable to a 
crop. Use of mixtures of Tithonia alone, or in combination 
with inorganic sources of P or ground rock phosphate (GRP) 
has been shown in Kenya to boost crop yields and improve P 
availability better than inorganic P sources alone (Niang et 
al., 1999; Questions and Answers in Agroforestry Today, 
1998; Buresh and Tian, 1998; Sanchez et al., 1997), in 
Zimbabwe (Jiri and Waddington, 1999) and Malawi 
(Ganuga, 1998).  Past research work with Zambian GRP at 
Misamfu has shown that using GRP on its own, on annual 
crops, was not agronomically effective due to the slow rate of 
P release (Soil Productivity Annual Reports, 1990, 1991, 
1996) and thus testing of Zambian GRP has shifted to 
perennial crops where it is believed that over the long-term, 
release of P would be beneficial to such perennial crops. 

Tithonia diversifolia popularly known as the Mexican 
sunflower, is a common plant in the Isoka and Kasama 
Districts of Northern Zambia. It is mainly planted as a hedge 
around households in compounds as an ornamental. A few 
farmers plant it as a hedge around their fields in Isoka 
District. This plant is used as fish food (Fisheries Specialist, 
Dept of Fisheries Isoka District, pers comm., 2000). Fresh 
leaves are put into fish-ponds and within few days the leaves 
undergo decomposition, providing some valuable food. 
According to the Fisheries Specialist, the fact that Tithonia 
decomposed leaves makes the pond water green is an ideal 

environment because it provides camouflage for the fish. 
This makes the fish to feel good as the fish is thus protected 
from predators. Some farmers say they use it as a medicinal 
plant to treat various ailments. However, when farmers were 
asked if they have used it for soil fertility improvement the 
answer was no. Even those few farmers who have planted it 
as a hedge around their gardens do not know that it can be 
used for soil fertility improvement. When asked what the 
prunings were used for, they responded by saying that they 
threw away the prunings. Apparently pruning were carried 
out on average 3 times during one rain season (Malama and 
Kapekele, 2001).  

Therefore this study was conducted in order to evaluate 
the Tithonia prunings as a source of plant nutrients on the 
performance of maize, when used alone or when combined 
with P sources and its effects on soil acidity and fertility in 
general. 
 

MATERIALS AND METHODS 
 

Prunings were cut as fresh material (small twigs and 
leaves). These were incorporated into the soil using a hand 
hoe as intact unground fresh leaf materials based on the 
recommended rate of N of 112 kg N ha-1, which translates 
into 4.5 t ha-1 fresh matter of Tithonia. Mixtures of Tithonia 
residue with either SSP or GRP where made by mixing 
residues with these P sources and then incorporated into the 
soil. The rate of P applied was the recommended rate of 60 
kg P ha-1 and 20 kg P ha-1, respectively, at Misamfu Regional 
Research Center (10o 10’ S 31o 12’ E) and Mungwi (10o 10’ S  
31o 15’ E) District, both in Northern Zambia. This difference 
in rate being due to differences in fertility status between the 
two sites as has been shown by previous soils data from these 
sites.  Misamfu soil is an oxisol, a Kandiustults. Mungwi soil 
is classified as udandic Kandiustults. 
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Treatments: 
1. Control (no Tithonia, no fertilizer) 
2. NKP compound fertilizer 
3. Tithonia alone 
4. Tithonia + ¼ recommended rate of P as SSP 
5. Tithonia + Full recommended rate of P as GRP 
6. Tithonia + ¼ recommende rate of P as GRP 
 
Design: RCBD replicated four times. 
 
Grain yield:  Grain harvest was recorded from plants in an 
area with borders 0.5m from the edge of each plot. Seed was 
allowed to dry in the sun after shelling of the cobs. A sub-
sample of about 100 g was taken for moisture content 
determination using a Dole 400 moisture Tester (1987) in 
order to see whether the grain had reached 12% moisture 
content after which yield measurement (t ha-1) were corrected 
for moisture content based on the entire plot harvested area 
rather than cropped area. 
 
Soil nutrient analysis:  Soil samples were collected from the 
depth of 0 –15 cm in each harvested area per plot using a 
standard auger at the time of harvesting maize. The samples 
were put into polythene bags and taken to the laboratory for 
analysis. They were air dried and sieved to pass 1 mm sieve 

Exchangeable bases Ca, Mg, K, Na and Al were 
extracted by 0.1 N ammonium acetate (pH 7); Ca and Mg 
were determined on a Perkin Elmer atomic absorption 
spectrophotometer and K on a flame photometer. Available P 
was analysed by Bray-1; total N by the regular Macro–
Kjeldahl Method, Organic C by Walkley and Black, effective 
cation exchange capacity (ECEC) was found by adding the 
exchangeable bases and the exchangeable acidity (H+ and 
Al3+). Al and H cations were extracted in 1 M KCL solution. 
CEC was estimated from ECEC based on the pH. Base 
saturation was calculated by adding the exchangeable bases 
multiplying by 100 and dividing by CEC. Aluminium 
saturation was calculated by multiplying exchangeable 
acidity by 100 and dividing by ECEC (Laboratory methods, 
1985). 
 
Tithonia leaf analysis:  Fully matured leaf samples were 
sampled at random. Samples were oven-dried at 60o C for 48 
hours and ground to pass a 1 mm sieve before sending them 
to Mount Makulu Research Station, Lusaka for nutrient 
analysis. The mineral nutrients were extracted from the leaf 
material in 1 N HNO3. Concentrations of N, K Ca, Mg, Fe 
and Zn were determined in a similar way as described above 
for soil analysis. P was determined with HCl and NH4F as 
extractants (Lab. Methods, 1985). 
 
Statistical analysis: Analysis of variance was performed on 
all parameters using SAS Software (2000). 
 

RESULTS 
 
Tithonia residue characterization:  Tithonia prunings had 
2.5% N, 0.14% P, 4.20% K, 0.98% Ca, 0.32% Mg, 300 ppm 
Fe and 11 ppm Zn (Table 1). 
 Lignin and polyphenols were not determined as neither 
the laboratory at Misamfu or Mt. Makulu have ever carried 
out such specialized techniques but these parameters shown 
in Table 1 are extrapolated from TSBF organic database 
(Mutuo et al., 2000). 

Table 1.  Chemical characterization of Tithonia from 
Northern Zambia  

Note: Lignin and Polyphenol values are averages from TSBF 
Organic database, (Mutuo, at el., 2000). 
 
Available soil P:  At Misamfu the available soil P (Bray 1) 
was significantly different (P<0.05) between the NPK 
fertilizer treatment and the rest of the treatments. All the 
treatments, except NPK fertilizer were around and below 
0.1% available P. The control was significantly different 
(P<0.05) from Tithonia alone, Tithonia combined with ¼ rate 
P as SSP or as GRP (Table 2).  At Mungwi, available soil P 
was higher than at Misamfu, except in the treatment where 
NPK fertilizer was added. The highest was NPK fertilizer. 
There were no significant differences at Mungwi. 
 
Exchangeable acidity:  At Misamfu all treatments with 
Tithonia were not significantly different (P<0.05) from one 
another, but all were significantly different from the control 
and NPK fertilizer treatment. The latter produced the highest 
exchangeable acidity (Table 2).  At Mungwi there were no 
significant differences between the treatments which was 
caused by high CV due to some plots recording zero 
exchangeable acidity. 
 Exchangeable acidity was relatively lower than at 
Misamfu by comparing the control treatments only at these 
two sites.  
 
Exchangeable aluminium:  At Misamfu, exchangeable Al 
was significantly different (P<0.05) between control and all 
the treatments receiving Tithonia and between NPK fertilizer 
and all treatments receiving Tithonia, with NPK fertilizer 
being the highest (Table 2). 

At Mungwi, there were no significant differences 
between treatments due to high CV as a result of some plots 
recording zero exchangeable Al. 
 
Aluminium saturation:  At Misamfu Al saturation was 
highest in the control treatment. The latter was significantly 
different (P<0.05) to the rest of the treatments. NPK fertilizer 
treatment was the second highest and was significanlty 
different (P<0.05) to all treatments receiving Tithonia. The 
lowest were Tithonia alone and Tithonia combined with ¼ P 
as GRP. These latter two treatments were not significantly 
different from each other.  At Mungwi Al saturation was 
highest in the NPK fertilizer treatment. Tithonia alone was 
the lowest. At this site Al saturation levels were lower than at 
Misamfu (Table 2). There were no significant differences 
between treatments due to high variations as a result of some 
plots recording zero Al saturation. 
 
P uptake:  At Misamfu, the P uptake by maize was 
significantly different (P<0.05) between the NPK fertilizer 
treatment and the rest. All the Tithonia treatments were not 
significantly different from each other. The control was not 
significantly different from all Tithonia treatments (Fig. 2).  
At Mungwi, there were no significant differences between all 
the treatments due to the fact that P seems not to be limiting, 
which also confirms the available soil P results above. 

 

N Lignin Poly-
phenols P K Ca Mg Fe Zn 

- - - - - - - - - - - - - - - - - - (%) - - - - - - - - - - - - - - - - - -  (ppm) 
2.7 13.16 3.83 0.14 4.2 0.98 0.32 300 11 
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Table 2. Effect of treatments on available P (Bray-1 P) and exchangeable acidity at the time of harvesting maize at  
  (a) MRRC, Kasama, and (b) Mungwi District, Northern Zambia. 

Bray P Exch Al+H Exch Al Exch Al Satn 
Treatment 

MRRC Mungwi MRRC Mungwi MRRC Mungwi MRRC Mungwi 

 - - - - (ppm) - - - - - - - - - - - - - - (cmol kg-1) - - - - - - - - - - - - - - - (%) - - - - - 

1. Control (no Tithonia, no 
fertilizer) 0.06 0.22 0.45 0.25 0.35 0.12 20 3.6 

2. NKP compound fertilizer 0.61 0.38 0.58 0.50 0.45 0.28 15 9.0 

3. Tithonia alone 0.10 0.28 0.33 0.22 0.25 0.05 8 1.0 

4. Tithonia + ¼ recommended 
rate of P as SSP 

0.11 0.32 0.35 0.25 0.25 0.08 10 2.4 

5. Tithonia + Full recommended 
rate of P as GRP 

0.09 0.26 0.40 0.30 0.22 0.20 10 6.0 

6. Tithonia + ¼ recommended 
rate of P as GRP 

0.11 0.20 0.35 0.15 0.20 0.12 6 3.0 

 

 
Grain yield:  At Misamfu, the stover yield showed that the 
control treatment was significantly different (P = 0.05) from 
the rest of the treatments. There was no significant 
difference (P = 0.05) between the NPK fertilizer treatment 
and treatments receiving Tithonia either alone or in 
combination with SSP or GRP on stover yield. There were 
no significant differences between the control and NPK 
fertilizer on grain yield, as well as among treatments 
receiving Tithonia combined with P sources (SSP and GRP). 
The treatment receiving Tithonia combined with ¼ rate P as 
SSP, produced the highest grain yield at Misamfu (Fig. 3) 
while Tithonia alone produced the lowest grain yield. 

These results also showed that at Mungwi stover yield 
was significantly different (P = 0.05) between the control 
and the rest of the treatments.  There was no significant 
difference (P = 0.05) in terms of stover yield between the 
NPK fertilizer treatment and the treatments receiving 
Tithonia alone or in combination with either SSP or GRP. 
The grain yield also showed that there was a highly 
significant difference (P = 0.05) between the control and the 
NPK fertilizer treatments (Table 2). Among the treatments  
receiving Tithonia, there were no significant differences (P = 
0.05) on grain yield (Fig. 3). 

 
DISCUSSION 

 
Tithonia residue contained adequate concentration of 

N, very low concentration of P, higher concentration of K, 

very high concentration of Ca and some adequate amount of 
Mg, as well as high quantities of Fe and some Zn (Table 1).  
At Misamfu grain yield data showed that P was the most 
limiting nutrient element (this is confirmed by previous soils 
data, where available P (Bray 1) = 1 ppm, (data not shown), 
because despite providing recommended N rate in form of 
Tithonia-N (Tithonia tissue-P was 0.14%), the grain yield 
was not significantly different to the control (Table 2).  

According to Buresh (1999) upon decomposition, 
Tithonia residue would be expected to release its tissue-P 
readily if the latter concentration was equal or more than 
0.25% P. The evidence from the data from this experiment 
suggests that this assertion does not perhaps hold for the acid 

Figure 1.  Effect of treatments on P concentration in maize at 
harvest at (a) MRRC and (b) Mungwi.
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Figure 2.  Effect of incorporating Tithonia prunings on maize grain 
and stover yield at MRRC stover.
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Figure 3.  Effect of incorporating Tithonia prunings on maize grain 
and stover yield at Mungwi.
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soils of Northern Zambia since it is clear that there was a 
response to grain yield at Mungwi where Tithonia alone was 
not significantly different from Tithonia combined with ¼ 
rate P as SSP (Table 2). When recommended NKP fertilizer 
was applied at Misamfu without Tithonia, it appears the 
applied P was fixed, thus the grain yield was significantly 
different to that of Tithonia combined with quarter rate P as 
SSP (Fig. 3). This implies that Tithonia perhaps helped to 
make the applied P available to the maize only in the 
presence of  inorganic source of P as SSP, and that even with 
P concentration of 0.14%, some solubilization or desorption 
appeared to have occurred. The presence of Tithonia appears 
to also make available P from rock phosphate as can be seen 
from the two treatments with Tithonia combined with GRP 
which were significantly different to Tithonia alone (Fig. 3). 
The high SED obtained at Misamfu was due to poor 
germination (caused by drought) which occurred at the time 
of planting. The biggest improvement in terms of grain yield 
was with Tithonia combined with ¼ rate of P as SSP. This is 
desired because it involves using a cheap material – 
Tithonia, with the addition of a small quantity of expensive 
inorganic P fertilizer.  

The maize grain yields are higher at Mungwi than has 
previously been found (by Soil Productivity Research 
Programme (1990, 1991, 1996) which was based at 
Misamfu) when GRP was used on its own on maize.  SPRP 
yields were around 2 t ha-1 while in this study the yield was 
around 4 t ha-1 indicating that perhaps Tithonia helped to 
solubilize the added rock P to some extent, may be not to a 
degree as with inorganic P source on the Mungwi site where 
the acidity was lower than at Misamfu. However, both 
treatments with GRP had relatively low grain yield 
compared to Tithonia combined with quarter rate P as SSP, 
due probably to the relatively low solubility of the GRP 
compared to inorganic SSP (Fig. 3).  

These results are in agreement to those of Ganunga 
(1998) who also showed that at three sites in  Malawi, 
Tithonia combined with inorganic P source was able to 
produce comparable grain yield with inorganic fertilizers 
alone or produced even better yields (Table 2). In this study 
the NPK treatment produced comparable grain yield with 
Tithonia combined with GRP (Fig. 3). These results are 
similar to those obtained in studies in Kenya (Niang et al., 
1999; Question and Answers) where yield of maize was 
shown to be boosted by applying Tithonia combined with 
rock phosphate. 

The Misamfu soil (an oxisol) was relatively poor in 
fertility terms compared to the udandic Kandiustults  soil at 
Mungwi. The latter had all soil parameters, except for 
exchangeable Al and Al saturation, higher than the former 
site (Table 3). The soils at Mungwi are more fertile than 
those at Misamfu as indicated by high pH, available P (Bray 
1), organic matter and CEC (from previous data not shown). 
These differences in soil fertility status explain why at 
Mungwi both stover and grain yield were higher than at 
Misamfu. This is why a lower rate of P was applied at this 
site. 

Mungwi soils seem not to represent the major soil 
types of Northern Zambia, so the challenge to attain food 
security at household or the village level lies with options 
such as use of Tithonia combined with judicious amounts of 
inorganic P or with GRP on these acid soils typically 
represented by Misamfu soil. 

These results show that a resource-poor farmer of 
Northern Zambia can grow and produce adequate maize  

Table 3.  Initial chemical soil properties (0-15 cm depth) 
of the experimental sites 
Soil characteristics Misamfu Mungwi 

pH (CaCl2) 4.5 4.7 
CEC (cmol (+) kg-1) 

Org. C (%) 
3.72 
0.60 

6.8 
1.31 

Total N (%) 0.05 0.11 
Bray-1 P (mg kg-1) 
Exch. K (cmol (+) kg-1) 
Exch. Ca (cmol (+) kg-1) 
Exch.Mg (cmol (+) kg-1) 
Exch. Al3+ (cmol (+) kg-1) 
Al3+ Saturation (%) 

1.07 
0.47 
0.28 
0.03 
0.36 

20 

2.65 
0.97 
0.84 
0.08 
0.13 
3.5 

Base Saturation (%) 41 48 
 
 
grain yield to attain household food security merely by using 
either Tithonia combined with judicous quantities of 
inorganic fertilizer (which is desirable because inorganic 
fertilizer is costly) or some full to quarter rate P as GRP and 
this practice is even more desirable as Tithonia is cheap and 
readily available locally and GRP is a cheaper source of P if 
only the deposits found in Northern Zambia can be exploited 
as this is readily available in this province. This is more 
applicable on the less fertile Misamfu soil, which is one of 
the dominant soil types in Northern Zambia. On the more 
fertile Mungwi soil, a resource-poor farmer would easily 
attain household food security by applying Tithonia alone or 
combined with cheap and  locally available GRP, or if he/she 
can afford a little amount of inorganic P. The control shows a 
somewhat high grain yield at Mungwi (Fig. 3), perhaps this 
could be attributed to some residual P effect.  
 
Al saturation 
 

The pattern of Al saturation results is a mirror image of 
the pattern of the grain yield produced at Misamfu, implying 
that clearly Al saturation was the most limiting parameter to 
increased maize grain yield at this site (Table 2). The other 
soil parameters (Exchangeable acidity and Al, available P 
and P uptake) consistently showed that Mungwi soil was 
relatively more fertile than Misamfu soil. Yield data 
confirmed this quite accurately. Hence the discussion has 
dealt mostly with yield data and the soil available P, the latter 
being a crucial element in these soils due to its unavailability, 
which is directly influenced by the soil acidity. Exchangeable 
acidity and Al, as well Al saturation merely help to show the 
degree of acidity. 

In general pH was lowest in fertilizer treated plots at 
both sites (4.4 at Misamfu and 4.5 at Mungwi), confirming 
the soil degradation which seems to be caused by the 
application of fertilizers on these soil as has been shown by 
other workers (e.g. Dalland et al., 1993; Singh and Goma, 
1995; Stocking, 1988), as also shown by the exchangeable 
acidity, exchangeable Al and Al saturation.  
 

CONCLUSIONS 
 

(1) Maize stover and grain yield obtained from the 
application of Tithonia leaves alone or in combination with 
both P sources, were comparable with yields obtained with 
inorganic NPK fertilizer treatment at Mungwi site; at 
Misamfu, the NPK fertilizer was able to give grain yield 
comparable to Tithonia combined with GRP.  (2) Soil acidity 
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was reduced and there was an overall improvement in soil 
fertility as a result of applying Tithonia.   (3) GRP appears to 
be agronomically effective on the performance of some 
annual  (short-duration) crops such as maize if it is 
incorporated together with Tithonia prunings (contrary to the 
sole application of GRP) before application on the acid soils 
of Northern Zambia. This work has not only verified that 
Tithonia does work in improving maize yield, which has 
been shown elsewhere in Kenya, Malawi and Zimbabwe, but 
the most significant added piece of knowledge is the acid 
ameliorating effect. This latter aspect is particularly pertinent 
to Northern Zambia where acid soils are widespread and will 
no doubt go along way in solving the acidity problem and 
the associated crop production constraints. 
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