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ABSTRACT 
 
Pymarc, a by-product of pyrethrum processing has a potential to be used as a fertilizer but 
little is known about its nutrient release patterns. An incubation experiment was 
conducted to study NPK release patterns of pymarc. It was applied at five rates (0, 2, 4, 6 
and 8 t ha-1) to three soil types; Phaeozems, Cambisols and Ferralsols in a completely 
randomized design with three replications. Samples were taken after 2, 4, 6, 8, 12 and 16 
weeks and analyzed for mineral N, available P and K. The cumulative nutrient release 
followed the first order regression model. The overall amount of nutrients released 
generally increased with increasing rate of pymarc application in all the three soils. But 
the N, P and K released from pymarc applied at 4, 6 and 8 t ha-1 were not however 
significantly different from each other. They were however, higher though not always 
significant, than those at 0 t ha-1 or 2 t ha-1. When considering only the cumulative 
amount of N mineralized from pymarc applied at 4 t ha-1, the N released followed the 
order; Phaeozems (142 mg N kg-1 ) > Cambisols (134 mg N kg-1 ) > Ferralsols (127 mg N 
kg-1). A similar trend was observed for P and K mineralization. Based on the nutrient 
release kinetics, pymarc appears to be a good source of N, P and K. However, these 
results need to be tested under field conditions.  
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INTRODUCTION 
Declining soil fertility has been identified as the fundamental cause of declining crop 
yields in many parts of Africa (Sanchez et al. 1997). Amelioration of soil fertility is 
therefore considered an important component of interventions that have been proposed 
for increasing crop production. Both organic and inorganic fertilizers can be used to 
replenish soil fertility but most farmers cannot afford or have limited access to fertilizers. 
Efforts to increase crop productivity on smallholder farms must, therefore, be consistent 
with the reality of low use of inorganic fertilizers (Gachengo et al., 1998). Thus in 
Kenya, there is growing interest in finding alternative affordable, viable and sustainable 
technologies to replenish soil fertility. Many agencies and farm groups have now shifted 
focus on solutions that utilize local organic resources and low external inputs (Pretty and 
Hine, 2001). One such organic resource is pymarc, a by-product of pyrethrum processing 
that currently appears to be under utilized. The bulk of the nutrients in organic materials 
such as pymarc are in the organic form and therefore not available to plants unless 
mineralization takes place. An understanding of the nutrient release patterns of such 
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organic resources is, therefore, important in assessing their potential to supply nutrients to 
a crop (Nhamo et al., 2004).  
 
The factors determining decomposition and nutrient release patterns of organic materials 
are now well established. These include quality of the organic resource, temperature, 
moisture, and soil factors such as texture, pH, biological activity and presence of other 
nutrients (Haynes, 1986). Nitrogen is often the most limiting nutrient in most soils and 
there is therefore considerable literature reporting decomposition and nitrogen release 
patterns for a variety of organic materials from tropical agroecosytems. Nitrogen 
deficiencies in Kenya often occur simultaneously with those of P and K (Jama et al., 
1998). Few studies have, however, investigated the mineralization of these two major 
nutrients simultaneously with that of N. The objective of this study was to determine 
decomposition and N, P and K release patterns for pymarc and examine how this varies 
in three soil types i.e. Cambisols, Phaeozems and Ferralsols.  
 
MATERIALS AND METHODS 
 
Characterization of soil and pymarc 
Surface (0-15 cm) composite soil samples of three soils were collected at three sites in 
Kenya; Egerton University (Njoro campus), Molo and Kosirai. The soils were selected to 
represent a range of soil types with different physical and chemical characteristics. The 
samples were then air-dried, sieved through a 2 mm sieve and subsequently analyzed for 
site characterization. Organic C, total N, particle size distribution, soil pH, CEC, 
available Olsen P and exchangeable bases (Ca, Mg and K) were determined by standard 
procedures as described by Okalebo et al (2002). The soil pH was determined using a 
glass electrode pH meter at 1: 2.5 soil:water ratio and the CEC by the ammonium acetate 
(pH 7) method. The Olsen P was determined with 0.5 M NaHCO3 (pH 8.5) using a soil 
extractant ratio of 1:20 and the P in the extract determined colorimetrically at 880 nm 
(Murphy and Riley, 1962). The basic cations (Ca, Mg and K) were extracted using 
ammonium acetate at pH 7. Exchangeable Ca and Mg in the extract were determined 
using atomic absorption spectrophotometry, and exchangeable K by flame photometry. 
Some of the initial soil properties from the three sites are presented in Table 1.  
 
Pymarc materials were dried at 65 oC and ground to pass through a 1 mm mesh sieve. 
Total N was determined using the same procedure as that of soil. Total P, Ca, Mg and K 
were determined by methods described by Anderson and Ingram (2003). Briefly, the total 
N and P in the soils were determined by digesting 0.3 g of the pymarc sample in a 
mixture of Se, LiSO4, H2O2 and concentrated H2SO4. The N and P content in the digest 
were determined colorimetrically and K by flame photometry while Mg and Ca were 
determined by the atomic absorption spectrophotometry. Soluble polyphenols were 
determined using the Folin-Denis method and lignin by the acid detergent fiber (ADF) 
method (Anderson and Ingram, 2003).  
 
Table 1. Some initial physical and chemical properties of the soils used in the study 

Soil Property Sampling site 
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Egerton (soil 
type) 

Molo (soil 
type) 

Kosirai (soil 
type) 

0-15cm 0-15cm 0-15 cm 
Soil pH  H2O 6.00 6.20  4.60 
KCl 5.30 5.70 4.10 
% Total Nitrogen 0.25 0.28 0.12 
% Carbon 2.46 2.16 1.32 
C:N ratio 9.84 7.71 11.00 
Olsen P (mg kg-1) 1.20 1.70 1.00 
K (Cmol (+) Kg-1soil) 0.38 0.42 1.23 
Ca (Cmol (+) Kg-1soil) 11.21 6.11 3.42 
Mg (Cmol (+) Kg-1soil) 8.01 3.01 2.01 
CEC (Cmol (+) Kg-1soil) 28.80 24.20 14.30 
Texture 
% Sand 35 38   56 
% Silt 43 42 22 
% Clay 22 20 22 
Texture class Clay loam Clay loam Sandy clay 

loam 
Classification Mollic 

Phaeozems 
Humic 
Cambisols 

Rhodic 
Ferralsols 

 
The incubation procedure 
Two kg of each soil type were put in round open plastic pots. Pymarc was applied at 5 
rates, equivalent to 0, 2, 4, 6 and 8 t ha-1, and thoroughly mixed with the soil. Each of the 
treatments was replicated 3 times in a completely randomized design. The soil moisture 
was maintained at about the field capacity during the entire experimental period. Soil 
samples were collected from the pots at 2, 4, 6, 8, 12 and 16 weeks after application of 
the treatments and analyzed for mineral N, available P and exchangeable K according to 
methods described by Anderson and Ingram (1993). For determination of mineral N 
(NH4

+ + N03
-), about 20 g of moist soil was extracted with 100 mL of 2 M KCl by 

shaking for 1 hour at 150 reciprocations min-1 and subsequent filtration by Whatman no. 
5 filter paper. Ammonium in the extract was determined by the salicylate-hypochlorite 
colorimetric method (Anderson and Ingram, 1993). NO3

- was determined by the Cd 
reduction method. The available P (Olsen) and exchangeable K were determined by 
methods already described.  
 
Data analysis 
All data on mineralization of nutrients at each sampling date were subjected to analysis of 
variance using the General Liner Models (GLM) (SAS, 2001). A first order model was 
used to describe data on nutrient mineralization (Equation 1). Non linear regression 
analysis was used to evaluate potential mineralization values and rate constants (SAS, 
2001). 
 
y  =   No Po Ko (1-e-kt) (Smithson et al., 1980)    Equation 1. 
 



 

 

  

4

Where: 
y = cumulative inorganic nitrogen, phosphorus and potassium produced by time t 

(days) 
k = Mineralization rate constant (day-1)  

The coefficients No, Po and Ko denote N, P and K mineralization potential respectively 
 
RESULTS AND DISCUSSION 
 
Pymarc characteristics 
The pymarc had high N (2.2%), P (0.28%) and K (3.8%) contents. It’s C:N ratio of 11.2 
was low and thus this organic material was expected to readily mineralize N. The lignin 
and polyphenol contents of 11.5% and 4.8% respectively are generally low. According to 
the classification scheme of Palm et al., (2001), pymarc is an organic material of medium 
quality.  
 
Nutrient release patterns from pymarc 
The cumulative amount of nutrients mineralized after 112 days of incubation is presented 
in Table 2. The amount of N, P and K released generally increased with increase in rate 
of pymarc application in all the three soils. The N, P and K released from pymarc applied 
at 4, 6 and 8 t ha-1 were not however significantly different from each other with an 
exception of P in Ferralsols, K in Cambisols and N in phaeozems. However, they were 
higher than those at 0 t ha-1 or 2 t ha-1, although statistical significance was not always 
attained. This suggests that under smallholder farming conditions, where the amount of 
organic materials are often in limited supply, there may be no need to apply pymarc 
above 4 t ha-1. When considering only the cumulative amount of N mineralized from 
pymarc applied at 4 t ha-1, the N released followed the order Phaeozems (142 mg N kg-1 ) 
> Cambisols (134 mg N kg-1 ) > Ferralsols (127 mg N kg-1) but while the difference 
between the Phaeozem and Ferralsol was significant, that between the phaeozem and 
Cambisol were not. A similar trend was observed for P and K mineralization. The general 
increase in amounts of nutrients mineralized with increasing rate of application of organic 
resource is consistent with the findings of Nhamo et al. (2004), who found a similar 
relationship from a long-term study on rates of manure application and nutrients release. 
In another study, Schimitt et al. (1992) also found a linear relationship between release of 
inorganic N and manure application rate. However, in the present study, this increase was 
only up to 4  t ha-1. Further increase above 4 t ha-1 is likely to have been limited by the 
microbial populations. The amount of soil used was small (2 kg) and this was confined to 
a pots whose carrying capacity of microbial populations is likely to have been limited. 
Therefore, the addition of pymarc above 4 t ha-1 is not likely to have been accompanied 
by a concomitant increase in microbial populations to decompose it and hence release 
nutrients. 
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Table 2: Nitrogen, phosphorus and potassium release (mg/kg of soil) after 112 days of incubation. 
 

Nitrogen, Phosphorus and Potassium release (mg/kg of soil) 
 Soil types 
 Ferralsols Cambisols Phaeozems 
Pymarc rate(t ha-1) Nitrogen Phosphorus Potassium Nitrogen Phosphorus Potassium Nitrogen Phosphorus Potassium 
0.00 91.00c 2.30c 89.00c 87.00b 5.20dc 90.00c 99.00c 2.00c 26.00b 
2.00 112.00abc 2.20c 94.00bc 94.00b 4.40d 89.00c 95.00c 3.00b 26.00b 
4.00 127.00ab 6.00b 99.00ab 134.00a 6.60bc 101.00b 142.00b 3.50ab 49.00a 
6.00 129.00ab 7.10ab 100.00a 129.00a 7.90ab 105.00ab 165.00a 3.90ab 49.00a 
8.00 139.00a 8.10a 96.00ab 137.00a 8.40a 107.00a 170.00a 4.20a 51.00a 
LSD 25.00 1.24 59.00 27.90 1.50 5.50 21.00 0.95 4.40 
C.V% 29.30 33.20 8.40 33.00 31.60 7.80 21.60 39.10 14.80 

   
LSD is the least significant difference of means.  
Means followed by the same letters in one column are not significantly different (P ≤ 0.05) 
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The patterns of N, P and K mineralization from Phaeozems, Cambisols and Ferralsols for 
soils amended with 4 t ha-1 of pymarc are shown in Figures 1, 2 and 3. The 4 t ha-1 rate is 
used in the following discussion because as previously indicated, there was no significant 
increase in amounts of nutrients mineralized above this rate. Nutrient mineralization in 
the soils followed the first order kinetics.  There was an initial rapid release of nutrients 
followed by slower phase of nutrient release. No immobilization of nutrients due to 
application of pymarc occurred in all the soils at all sampling times. This is expected 
given that pymarc had N and P concentrations of 2.2% and 0.28% respectively which are 
above the critical values required for mineralization of the two nutrients (Palm et al, 
1997; 2001). Likewise, the lignin content was below the level of 15% that significantly 
reduces decomposition (Palm et al, 1997; 2001). Lignin is considered an important 
component determining the rate of decomposition (Palm and Rowland, 1997), because it 
physically protects cellulose and other carbohydrates and also inhibits the synthesis and 
activity of cellulolytic enzymes.   
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        Figure 2: Phosphorus m ineralized from  soils am m ended with Pym arc 
                        at 4 tonnes ha-1
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  F igu re 3 : P o tassiu m  M in era lized  from  so ils am m en d ed  w ith  P ym arc  a t 4  ton n es h a -1
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From the fitted regression model, 20 days of incubation was the time at which the 
amounts of N, P and K mineralized were almost equal in all the three soils. In the first 2 
weeks of incubation, the amount of N mineralized from pymarc followed the order 
Ferralsols > Phaeozems > Cambisols (Figures 1). However, the trend changed after 28 
days and by 112 days, the cumulative N released was highest in Phaeozems, followed by 
Cambisols and in Ferralsols. On the other hand, the amount of P and K mineralized 
followed the trend Cambisols > Phaeozems > Ferralsols in the first 2 weeks after which 
Phaeozems and Cambisols gave relatively similar P and K levels but which were still 
higher than those by Ferralsols (Figures 2 and 3). 
 
The observed differences in nutrient release in the three soils may have been due to the 
variations in their nutrient status and pH.  Nutrients availability to microorganisms 
especially C, N, P and K have been reported to govern the rate and extent of 
decomposition (Haynes, 1986). Soil properties favouring rapid litter decomposition 
include near neutral pH and adequate nutrient availability. The Phaeozems and Cambisols 
had a higher nutrient content and near neutral pH (6.0 for Phaeozem and 6.2 for 
Cambisols) (Table 1). This could have contributed to the higher mineralization of 
nutrients observed in these soils compared to Ferralsols which had a low nutrient status 
and were very acidic (pH 4.6). This is confirmed by the higher NPK mineralization 
potentials and rate constants for Phaeozems and Cambisols than the Ferralsols (Table 3). 
The higher initial mineralized N from the Ferralsol compared to the Phaeozem and 
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Cambisol is not easily explainable. However, a closer examination of the initial soil 
properties reveals that the C:N ratios of the Phaeozem (9.8) and Cambisol (7.7) were 
lower than that of the pymarc (11.2) but the C:N ratio of the Ferralsol (11.0) was very 
similar to that of pymarc. It is likely that the microorganisms may readily have attacked 
the pymarc added in the Ferralsol resulting in immediate mineralization. However, the 
microorganisms may have initially preferred using the more readily available N from the 
Phaeozem and Cambisol, than using that from pymarc since these soils had a lower C:N 
ratio than pyamrc. But later on in the incubation, the C:N ratio in the pymarc probably 
reduced to a level lower than that in the Phaeozem and Cambisol and thus 
microorganisms readily attacked it. This coupled with the generally higher initial N 
content in the two soils compared to the Ferralsols is likely to be the cause of the higher 
mineral N contents in the Phaeozems and Cambisols compared to the Ferralsols in the 
later stages of the incubation. 
 
Table 3: Model parameters for nutrient release kinetics for Phaeozems, Cambisols 

and Ferralsols 
Soils type No 

(mg kg-1) a 
Po 
(mg kg-1) a 

Ko 
(mg kg-1) a 

KN 
(d-1) b 

KP 
(d-1) b 

KK 
(d-1) b 

Phaeozems 
Cambisols 
Ferralsols 

163  
182  
148 

6.4  
7.6  
3.6 

  99  
101  
  49  

0.05 
0.03  
0.12  

0.16  
0.10 
0.06 

0.33  
0.23  
0.22  

Note: a No, Po and Ko is the potentially mineralizable N, P and K 
               b   KN, KP and KK represent N, P and K rate constants. 
 
CONCLUSION AND RECOMMENDATIONS 
The rate of pymarc application and the type of soil were found to influence the nutrient 
mineralization patterns of pymarc considerably. Phaeozems and Cambisols, classified as 
productive soils, had a higher nutrient release potential than Ferralsols. Phosphorus and 
potassium mineralization in the three soils amended with pymarc were higher for 
Phaeozems and Cambisols than the Ferralsols. Most of the nutrients were mineralized 
within the first 4 weeks. This compares well with that of other high quality organic 
resources such as tithonia biomass, which have been found to be effective sources of 
nutrients for crops (Jama et al. 2000). Pymarc appears to be a potentially good source of 
NPK particularly in Phaeozems and Cambisols. These results, however, need to be 
verified under field conditions.  
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