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ABSTRACT

Organic matter plays an important role in the nutrient recycling that helps 
improve the soil physical, chemical, and biological properties of the soil. This study 
looks at the characteristics of the two taro soils as affected by the application of 
four organic amendments used as treatments (Biochar, Mucuna, Erythrina, and 
grass). The effects of nutrients released from these four treatments were analyzed 
in the soil laboratory using various soil tests such as Labile Carbon, Fluorescein 
diacetate (FDA) hydrolysis activity, Potentially mineralizable nitrogen (PMN), 
Mineral nitrogen, Urease assay, and Phosphatase assay. The results showed that 
Erythrina and Mucuna are the two cover crops that significantly responded to the 
two soils. In terms of carbon mineralization, Mucuna and Erythrina fallow mulches 
had higher means compared to grass and biochar. The difference in the carbon 
mineralization could be attributed to the characteristics of Mucuna and Erythrina 
are both legume mulches which have lower C: N ratio.  Therefore, they have faster 
rates of mineralization compared to grass and biochar fallows. However, at the 
highest rate of application (45 tons/ha), Mucuna was found to have faster rate of 
mineralization compared to Erythrina. From the other tests that were being carried 
out, Grass and Erythrina cover crops showed the highest levels of mean biological 
activity at their highest rate of application (45 tons/ha) on both soils. Mucuna and 
biochar covers, on the other hand, showed highest levels of mean biological activity 
at the lowest rate of application (15 tons/ha).

Keywords: taro soils, green mulches, carbon mineralization, cover crops

� � �
INTRODUCTION

� Soil health is the capacity of soil to sustain life. In terms of agricultural land use, 
soil health has the capacity to sustain and support growth of crops and animals 
while also maintaining and improving the environment (Bhupinder et al 2011). A 
healthy soil can be used productively without adversely affecting its future 
productivity (Soil health 2014). However, soil fertility has decreased rapidly over the 
years after much clearing of land for agricultural use, which has led to the fast 
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decomposition of organic matter. Therefore, intensive agricultural practices have 
led to major impacts on the soil environment. Low and declining soil fertility are 
recognized by many farmers as a major constraint to agricultural production 
(Smaling 1997). Both scientific research and farmer's observations clearly point to 
the need of improving current farming practices with respect to their ability to 
increase and sustain soil fertility and agricultural productivity (Schroth et al 2003).
 Soil organic matter is very critical for cycling plant nutrients and improving soil 
physical, chemical, and biological properties. According to past researches, organic 
matter along with fertilizers have been successfully used to enhance soil health and 
fertility. However, it is important to know that in order to evaluate the physical, 
chemical, and biological properties of the soil, the nature of soil quality or health 
must be better understood. These biochemical and physical indicators are essential 
as they have significant influence on the crops; hence the quality of soil is rather 
dynamic and can affect the sustainability and productivity of land use. 
 Taro is considered as staple food for Samoans. Studying soils planted with taro 
could be a great help in knowing their current soil health condition. This project 
focused on the effect of selected organic mulches on the soil health condition of 
taro soils in Samoa. These organic mulches were Mucuna, Erythrina, Grass, and 
Biochar. The effects of these mulches were specifically determined on the following 
biochemical indicators of the soil:  Labile carbon, FDA (Fluorescein Diacetate), 
Potentially Mineralizable Nitrogen (PMN), Ammonium Nitrate, Nitrate, 
Phosphatase, and Urease.
 This research based on soil health aims to determine the rate of nutrient release 
which can be used to synchronize the decomposition process with critical nutrient 
requirement periods. Furthermore, this research aims to provide information on 
biological forms of soil amendments, which can be used to address the problem of 
declining soil fertility in areas where cropping is very high. Hence, any application of 
organic mulches can be pre-planned to coincide with the crop nutrient 
requirements. 
 This study aimed to evaluate the rate of decomposition and nutrient release of 
various organic mulches, and investigate the incubation effects of the various 
organic mulches on the various biochemical soil health indicators of two soil series.

MATERIALS AND METHODS

Experimental design and treatments 

 This trial experiment was carried out at the research farm of University of South 
Pacific / Institute for Research, Extension and Training in Agriculture (USP/IRETA) in 
which two soil series were used: (a) Salani (wet zone of Upolu island), and (b) 
Safa'atoa (dry zone of Upolu island). The treatments consisted of four organic 
mulches namely: (a) Grass, (b) Erythrina, (c) Mucuna, and (d) Biochar.  The 
experiment was carried out in 2 x 4 x 3 Factorial arranged in Randomized Complete 
Block Design (RCBD) with twelve (12) treatments, replicated three (3) times and 
twenty-four (24) treatment combinations in a semi -controlled environment. The 
different treatment combinations were designated as follows: T1- SAL-G-15, T2- 
SAL-G-30, T3- SAL-G-45, T4- SAL-M-15, T5-SAL-M-30, T6- SAL-M-45, T7- SAL-E-15, 
T8- SAL-E-30, T9- SAL-E-45, T10- SAL-B-15, T11- SAL-B-30, T12- SAL-B-45, T13- SAF-
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G-15, T14- SAF-G-30, T15- SAF-G-45, T16- SAF-M-15, T17- SAF-M-30, T18- SAF-M-45, 
T19- SAF-E-15, T20- SAF-E-30, T21- SAF-E-45, T22- SAF-B-15, T23- SAF-B-30 and 
T24- SAF-B-45. 

Figure 1. Experimental site (Alafua Screen house)

Pot preparation data collection

Preparation of each treatment involves the process of chopping and weighing 
except for biochar. All four treatments (organic mulches) were weighed based on 3 
rates: 15 tons/ha, 30 tons/ha and 45 tons/ha).  These pots were labelled and filled 
with soil right up to the middle, based on two soil uses (Safa'atoa & Salani) with 
respect to each gram of treatment used. After adding of treatments into each 
required pot, the soil samples were then collected after every two weeks, to study 
the effect of decomposition of the selected organic material on these soils. The 
decomposition rates of the organic materials on two soil series were studied under 
controlled environment. 
 Data was collected at the end of each month within the four-months period for 
the following biochemical indicators of soil fertility through laboratory procedures:

a. Labile Carbon
 

 Labile carbon (or active carbon) is the most active pool of organic carbon with 
rapid turnover. It is a chemical indicator and measured using the method described 
by Weil et al (2003) in the Samoa Soil Health Protocol. Required chemicals, 
reagents, and standards were first prepared for five different standard solutions of 
KMnO . The following materials and chemicals were used:  5g of air-dried soil, 4

sieved through 2 mm, 25 mL of 33 mM KMnO , and 1 mL of 0.1M CaCl . 1 ml of the 4 2

supernatant pipette out was added to deionised water, and after a few shakes, the 
absorbance of the solution was measured using a spectrophotometer set at 550 
nm.
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b. Fluorescein Diacetate (FDA) Hydrolysis Activity

 FDA hydrolysis was used to test the organic matter suppressiveness 
(Bonanomi et al 2010) following the Samoa Soil Health Protocol for FDA hydrolysis. 
Soil incubation was done for seven (7) days, where 5g samples of air-dried soil was 
added to 5ml acetone resistant centrifuge tubes, with 2ml of water added to each 
sample and incubated at 26⁰C. In determining the FDA of the soil, time 30 was used. 
Then, in determining the background of the soil, time 0 was used. Five (5) grams of 
soil samples, 20 ml of prepared buffer solution, and 20 ml of acetone were used. 
Shaking and centrifuging were done accordingly to time and maximum rpm 
required. Lastly, the required amount of the supernatant was measured for 
absorbance readings of the solution.

c. Potentially Mineralizable N

 Potentially mineralizable nitrogen (PMN) was analyzed using the procedure 
from the Cornell Soil Health Assessment training manual. Potentially mineralizable 
nitrogen is an indicator of the capacity of the soil microbial community to convert 
nitrogen tied up in complex organic residues into the plant available form of 
ammonium. Soil samples were incubated for seven (7) days and the amount of 
ammonium produced in that period was analyzed. The difference between the time 
0 and 7-day ammonium concentration became the rate measured at which the soil 
microbes are able to mineralize organic nitrogen in the soil sample.

+ -d.  Mineral N; NH -N & NO N4 3

 The amount of mineral-N in the solution was determined using the distillation 
method of Bremner and Keeney (1965). Nitrate was reduced to ammonia by 
Devarda's alloy and the ammonia is distilled using magnesium oxide. This method 
was used to provide an estimate of plant-available nitrogen and involves extraction 

+ -of ammonium (NH ) and nitrate (NO ) by 2M KCl solution. Nitrate-12 N was 4 3

determined separately by distilling off the ammonia for 3 minutes, and with 
Devarda's alloy added and distilled for 5 minutes, the remaining N was converted to 
ammonia. For the extraction, 10g of air-dried soil (˂2 mm), two reagents blank, and 
2M KCl and stopper bottle were used. Shaking for an hour was done before the 
supernatant was extracted through filtering for analyzing. For the distillation and 
titration, 20 mL aliquot was used with 0.2 g MgO and 2.0 g Devarda's alloy. Steam 
distillation was done, then the distillate was titrated against 0.0025 M H SO  from 2 4

which readings were taken from.

e.  Phosphatase Activity

 For analysis of Phosphatase activity, the procedure used is a preliminary 
version of the method from the Samoa Soil Health Protocol and Abawi (2000). In 
carrying out the analysis, 1 g of air- dried soil, 200 μL Tween 80, 1 mL of 0.5M 4-
nitrophenyl phosphate disodium salt hexahydrate, and 1 mL of McIlvaine buffer 
were used. The samples were incubated for one (1) hour, and 1 mL 0.5M CaCl  and 4 2

mL of NaOH were used to stop the reaction. Samples were then centrifuged for five 
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(5) minutes at 5000 rpm before the absorbance was measured at 405 nm.

f.  Urease Activity

 Urease is known as an enzyme that catalyses the hydrolysis of urea to carbon 
dioxide and ammonium (Abawi et al 2009 in Samoa Soil Health Protocols 2009). 
Incubation of soil with urease solution is done purposely to increase the 
temperature for soil microbes to hydrolyze urease. Measurements obtained 
indicates how much urease has been hydrolyzed; as well the population of microbes 
in the soil prior to the decomposition of organic mulches. Urease was analyzed 
using a two-hour incubation method by Tabatabai and Bremner (1972).
Statistical Analysis
 Data were subjected to statistical analysis using the GENSTAT software. If 
found significant, treatment means were separated using the Least Significant 
Difference or Tukey's test at p<0.001 Level of Significance.

RESULTS AND DISCUSSIONS

Labile Carbon

 The analysis of repeated measures of variance tests on for changes in 
treatment effects within different point of time and the treatment effects combined 
over all the time points shows a highly significant interaction of soil and fallow for 
active Carbon. Most especially with the Mucuna mulch which adding higher mean 
levels to the labile pool on Salani soil compared to all the other mulches on both soil 
series (P<0.001) (Table 1).   In terms of carbon mineralization, Mucuna and 
Erythrina fallow mulches both had higher means compared to the other mulches, 
though the response of mean soil labile carbon pool to the interactive effects of the 
fallow mulches and the rate of application was found to be highly significant 
(P<0.001). The possible reason for the higher means of carbon mineralization in 
Mucuna and Erythrina is that they are both legume mulches with lower C: N ratio, 
thus having faster rates of mineralization compared to grass and biochar fallows. 
However, at the highest rate of application (45 tons/ha), Mucuna was found to be 
have high carbon mineralization as compared to Erythrina. 
 On the other hand, the interaction between different soils and the application 
rates of the mulches on the changes to the mean soil labile Carbon pool was not 
statistically significant (P<0.983).  This indicates that during the pot incubation, 
both soils responded identically to different rates of various organic applications. 
Moreover, it was also found that there was no significant (P<0.106) interaction 
between the soils, fallow cover crop mulches, and the rate of application.
 The general trends of the mean labile Carbon for the two soils incubated with 
the different organic mulches at different rates in pots without plants under screen 
house conditions, were similar (Figs 2 & 3). It was observed that after 30 days of 
incubation, the trends significantly increased from initial low levels. Furthermore, 
though the application rate was found to be not significant (P=0.979), the overall 
mean effects of soil and cover crop mulches were highly significant (P<0.001) (refer 
to Table 1). However, the mean level of active C under all the organic mulches was 
still increasing by the end of the 90-day incubation period.
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Table 1. Repeated measures analysis of parameters for soil labile C

FIXED TERM  F-STATISTIC  FPR.  S.E.D  

Soil 21.92 <0.001*  5.213 

Fallow  61.43 <0.001*  7.372 

Rate 0.02 0.979 ns 6.384 

Soil.fallow  10.25 <0.001*  10.43 

Soil.rate  0.02 0.983 ns 9.029 

Fallow.rate  10.40 <0.001*  12.77 

Soil.fallow.rate  1.81 0.106 ns 18.06 

 ns: not significant, * = significant at p<0.001

Figure 2. Labile carbon dynamics for Salani soil incubated with different organic mulches at 
different rates in pots without plants under screen house conditions

Fluorescein Diacetate (FDA) Hydrolysis Activity

 For FDA hydrolysis activity, the results showed that the individual mean effects 
of soils, cover crop mulches as well as their application rates were all highly 
significant (P<0.001) with regards to the mean levels of biological activity during 
pot incubations (Table 5). This revealed that FDA as a biochemical indicator shows 
that the applied organic mulches and their rate of application does have effect on 
biological activities during the incubation process.  The repeated measures 
analysis of variance test for the ante dependence also revealed highly significant 
interactions (P<0.001) between levels of all the three factors with regards to the 
mean levels of soil biological functioning (Table 2). 
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Figure 3. Labile carbon dynamics for Safa'atoa soil incubated with different organic mulches 
at different rates in pots without plants under screen house conditions

 Figures 4 and 5 show that grass and Erythrina cover crops had the highest 
levels of mean biological activity at their highest rate of application (45 tons/ha) in 
both soils. Mucuna and biochar mulches, on the other hand, showed the highest 
levels of mean biological activity at their lowest rate of application (15 tons/ha). 
This could be due to the difference in the rate of decomposition of the fallow cover 
crops. Erythrina, in particular, decomposed much faster during 90-day incubation 
period than Mucuna, thus increasing the overall soil biological activity through 
quicker nutrient release. Mucuna, on the other hand, follows a steady pattern of 
decomposition, thus its nutrient release is much slower. 
 There was a significant decreasing trend in mean biological activity as the rate 
of biochar application increased in both soil series. This could be due to the 
increase in surface compaction by the fine biochar material, which then caused 
severe limitations such as air-flow into the soil in the pots. This situation may have 
worsened when watering was done to keep the soil's moisture content to near field 
capacity. However, on average, Safa'atoa soil was more biologically active than 
Salani soils for all the fallow covers, except Mucuna, during the pot incubations 
under screen house conditions.

Table 2. Repeated measures analysis parameters for soil biological activity (FDA 
hydrolysis activity)

FIXED TERM  F-STATISTIC  FPR.  S.E.D  

Soil 793170.27  <0.001*  0.01897  

Fallow  121606.92  <0.001*  0.02683  

Rate 54595.56  <0.001*  0.02324  

Soil.fallow  212012.38  <0.001*  0.03795  

Soil.rate  130720.93  <0.001*  0.03287  

Fallow.rate  167242.75  <0.001*  0.04648  

Soil.fallow.rate  110817.17  <0.001*  0.06573  

 * = significant at p<0.001
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Figure 4. Fluorescein diacetate hydrolysis activity dynamics for Salani soil 
incubated with different organic mulches at different rates in pots 
without plants under screen house conditions

Figure 5. Fluorescein diacetate hydrolysis activity dynamics for Safa'atoa soil 
incubated with different organic mulches at different rates in pots without 
plants under screen house conditions

Potentially Mineralizable  N (PMN)

 Table 3 shows that the individual mean effects of soils, cover crop mulches as 
well as their application rates were all highly significant (P<0.001) with regards to 
the mean levels of PMN during pot incubations. Similar situations have been 
observed by several other researchers (Odhiambo 2010; Neely et al 1991; Hunt 
1977). For the repeated measures analysis of variance test for second order ante 
dependence, the interactions between levels of all the three factors were highly 
significant (P<0.001) with regards to the mean levels of mineralizable pool of soil N.
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 Generally, there is a similar mean trend for potentially mineralizable nitrogen for 
both the soils incubated with the different organic materials at various rates in pots 
without plants under the screen house condition (Fig 7 & 8). There was a significant 
increase in mineralizable N in both soils from low level rates of organic mulches 
added after 30 days of incubation.
 Figures 6 and 7 show that Erythrina fallow made the highest mean contribution 
to the mineralizable N pool for both Salani and Safa'atoa soil over the 90-day 
incubation period. All the fallow mulches significantly contributed to higher mean 
mineralizable N levels to the Salani soil pool, except for grass mulch which had a 
higher significant mean effect in the Safa'atoa soil. Individually, grass and Mucuna 
fallows raised the mean mineralizable N levels from the lowest rate of application 
(15 tons/ha), however, Mucuna contributed more N at 30 tons/ha. For biochar 
treated soils, there was a significant increase in the mineralizable N as the rates 
increased. This is due to their predominant negative charges which attract 
ammonium ions. For all the other fallows, each showed a significant decline in 
mineralizable N at higher rates. This could be due to the increase in the microbial 
population and N immobilization.

Table 3. Repeated measures analysis parameters for potentially mineralizable N 
(PMN)FIXED TERM  F-STATISTIC  FPR.  S.E.D  

Soil  57722.53  <0.001*  0.01355  

Fallow  14205.37  <0.001*  0.01916  

Rate 10627.18  <0.001*  0.01659  

Soil.fallow  14276.45  <0.001*  0.02709  

Soil.rate  21018.51  <0.001*  0.02346  

Fallow.rate  31152.29  <0.001*  0.03318  

Soil.fallow.rate  32214.66  <0.001*  0.04692  

 ns, not significant; *, significant at p<0.001

Figure 6. Potentially mineralizable N dynamics for Salani soil incubated with different organic 
mulches at different rates in pots without plants under screen house conditions
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Figure 7. Potentially mineralizable N dynamics for Safa'atoa soil incubated with 
different organic mulches at different rates in pots without plants under 
screen house conditions

Ammonium N

 Table 4 shows that the individual mean effects of cover crop mulches (fallow) 
as well as their application rates were all highly significant (P<0.001) with regards to 

+the mean levels of NH  - N during pot incubations. Thus, the cover crop mulches or 4

organic mulches and their different rates of application have an effect on the 
biochemical indicator, ammonium nitrogen. Similar findings on N dynamics in soils 
amended with different organic fertilizers in pot incubations were reported by Javier 
and Tabien (2003). However, the difference between the two soils was only slightly 
significant. The repeated measures analysis of variance test for the ante 
dependence revealed highly significant interactions (P<0.001) between soil and 

+fallow, and between fallow and rate with regards to the mean levels of NH  - N (Table 4
+4). For ammonium nitrogen (NH  - N), both the soils incubated with the different 4

organic materials at various rates in pots without plants under screen house 
conditions showed similar trends (Figures 8 and 9). There was a significant 

+increase in NH  - N from initial low levels as observed for both the soils after 30 days 4

of incubation except for the grass cover.
 Figures 8 and 9 show that most of the cover crop mulches had a very high 

+ early release of NH - N. Erythrina mulch, for one, shows a very high early release, 4

peaking just after 30 days of incubation declining sharply afterwards. Mucuna 
however, showed an increasing trend over the successive measurement taken 
during the 90-day incubation period. At the end of the 90-day incubation period, the 

+mean levels of NH  - N under all the rates of Mucuna mulches were still increasing. 4
+This shows that the peak release of NH  - N by the Mucuna cover is expected to 4

+occur at a later stage of decomposition. The early release of NH  - N by the Erythrina 4

green manure was considered too rapid for a crop such as taro to fully utilize it over 
its growth cycle. Mucuna cover crop would be more desirable for taro, which has a 

+ mean life cycle of 210 days, because of its much slower rate of release of NH - N. 4
+The overall mean NH  - N mineralization was significantly higher for Mucuna 4
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treated soils than all the other fallow mulches. Conversely, grass and biochar 
+treated soils had the lowest mean NH  - N mineralization after the 90-day 4

incubation period. While Erythrina and Mucuna both had significantly higher mean 
+levels of NH  - N mineralization under Salani soil, the interactions between fallows 4

and soils revealed that only mucuna was higher under the Safa'atoa soil. Fallow and 
+application rate interactions also showed significant mean increase in NH  - N 4

mineralization with increasing rates of Mucuna and Erythrina; however, no such 
statistical significance was found for the grass and biochar treated soils. This could 
be credited to the high N contents of the leguminous cover crop mulches.

+Table 4.  Repeated measures analysis parameters for NH  - N4

FIXED TERM  F-STATISTIC  FPR.  S.E.D  

Soil 3.99 0.051 ns 1.087 

Fallow  82.58 <0.001*  1.537 

Rate 48.79 <0.001*  1.331 

Soil.fallow  6.36 <0.001*  2.173 

Soil.rate  1.49 0.235 ns 1.882 

Fallow.rate  9.28 <0.001*  2.662 

Soil.fallow.rate  0.30 0.933 ns 3.764 

 ns: not significant, * = significant at p<0.001

Figure 8. Ammonium N for Salani soil incubated with different organic mulches at 
different rates in pots without plants under screen house conditions
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Figure 9. Ammonium N for Safa'atoa soil incubated with different organic mulches 
at different rates in pots without plants under screen house conditions

-Nitrate Nitrogen (NO -N)3

 For this biochemical indicator, table 5 shows that the individual mean effects of 
cover crop mulches (fallow) as well as their application rates were significant 
(P<0.05). This has indicated that the different organic mulches applied do have a 
positive incubation effect on NO -N. On an average, Mucuna had the highest rate of 3

-NO -N mineralization. With increasing rates of application for all the fallow covers 3
-on both the soils, there was a significant increase in the rate of NO -N mineralization 3

as well. Similar scenarios have been elaborated on by Odhiambo (2010).
 For the repeated measures analysis of variance test for the ante dependence 
factors, there was no significant interactions between various levels of the three 

-factors towards the mean levels of NO -N mineralization (Table 5).3

 Figures 10 and 11 show that there was a significant increase observed from the 
initial low levels of organic mulches applied for both the Salani and Safa'atoa soils 
over the 90-day incubation period, except for the biochar cover. This contributed to 
an increase during the first 30 days after incubation then declined afterwards.

- However, the general mean changes for nitrate nitrogen (NO -N) for both the 3

soils incubated with the different organic materials at various rates in pots without 
plants under screen house conditions still shows similar trends (Figure 10 and 11). 

- All the fallow mulches show a trend of decline of nitrate nitrogen (NO -N) over 3

the 90-day incubation period for both the soils incubated. The overall release of 
-nitrate nitrogen (NO -N) for most of the fallow crops peaks at 60 days of incubation 3

for the soils. Mucuna conversely, exhibits an increasing trend over the 90-day 
incubation period for both soils, and at the end of period, the mean level of nitrate 

-nitrogen (NO -N) released, under Mucuna mulches was at its peak during the 90-day 3

incubation.
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FIXED TERM  F-STATISTIC  FPR.  S.E.D  

Soil 0.10 0.757 ns 46.28 

Fallow  11.89 <0.001*  65.46 

Rate 4.20 0.021* 56.69 

Soil.fallow  0.02 0.996 ns 92.57 

Soil.rate  0.12 0.891 ns 80.17 

Fallow.rate  1.33 0.261 ns 113.4 

Soil.fallow.rate  0.23 0.965 ns 160.3 

 

-Table 8. Repeated measures analysis parameters for NO  - N3

ns: not significant, * = significant at p<0.05

Figure 10. Nitrate N for Salani soil incubated with different organic mulches at 
different rates in pots without plants under screen house conditions

Figure 11. Nitrate N for Safa'atoa soil incubated with different organic mulches at 

different rates in pots without plants under screen house condition

50

Organic Mulches, and Biochemical Soil Health Indicators of Two Taro Soils 



Assay of soil phosphatase activity

 The individual mean effects of cover crop mulches and the two soils were 
significant (P<0.05) with regards to the mean levels of phosphate mineralization 
during pot incubations. However, it is not significant for the application rates of the 
cover crops. On average, Mucuna had the highest significant rate of phosphate 
mineralization while the Salani soil expressed greater significant phosphate activity 
than the Safa'atoa soil. 
 The repeated measures analysis of variance test for second order ante 
dependence revealed there are significant interactions between the different 
fallows and their application rates towards the mean levels of phosphate 
mineralization (Table 6). However, there is no significant interaction between the 
soil and fallow, soil and rate etc. 
 Significant interactions between the fallow covers and their application rates 
revealed that mean levels of phosphate mineralization and release of plant available 
P increases significantly with increasing rates of Mucuna application. Nevertheless, 
the increasing rates of biochar application resulted to a decrease in phosphate 
mineralization. This can be partly explained by the limited mineralization of the 
highly uncooperative biochar material. 
 Figures 12 and 13, show a significant increase from initial low level to maximum 
peak levels for all the fallows for both the soils during the first 30 day of incubation; 
afterwards a decline. For all the different fallows and their application rates, 
phosphatase activity was more active at the 30-day incubation period. It is 
important to note from long-term experiments that phosphatase enzyme plays a 
critical role in the process of solubilizing phosphate into available forms for plants.

Table 6.  Repeated measures analysis parameters for phosphate mineralisation

FIXED TERM  F-STATISTIC  FPR.  S.E.D  

Soil  38.62  <0.001*  0.5998  

Fallow  15.64  <0.001*  0.8482  

Rate 1.08 0.345 ns 0.7346  

Soil.fallow  2.50 0.064 ns 1.200  

Soil.rate  0.70 0.500 ns 1.039  

Fallow.rate  2.35 0.037*  1.469  

Soil.fallow.rate  1.03 0.412 ns 2.078  

 ns: not significant, * = significant at p<0.05

Assay of soil urease activity

 Table 7 shows that the individual mean effects of cover crop mulches, their 
application rates and the two soils were all highly significant (P<0.001) with regards 
to the mean levels of soil urease activity during pot incubations. There was an 
increasing trend of the hydrolysis of urea as the application rates of the cover crop 
mulches were increased. On average, Mucuna had the highest significant rate of 
hydrolysis of urea, while the Safa'atoa soil showed greater significant urease 
activity than Salani soil across all the mulch treatments. This can be linked to the 
significantly higher microbial activity (FDA) of the Safa'atoa soil. Zantua et al (1977) 

51

Votaia, Lamusasa and Tulin



reported urease activity to be positively correlated to the total N in the soil. The 
increased levels of urease activity in the organic amended soil have generally been 
attributed to the increased microbial biomass although additional evidence 
suggests that plant materials may directly contribute enzyme to the soil. The urease 
activity in the soil varies depending upon the type and amount of organic matter 
added (Kumar & Wagenet 1984; Zantua & Bremner 1976; Frankenberger 1983).

Figure 12. Phosphatase activity for Salani soil incubated with different organic 
mulches at different rates in pots without plants under screen house 
conditions

Figure 13. Phosphatase activity for Safa'atoa soil incubated with different organic 
mulches at different rates in pots without plants under screen house 
conditions
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 Repeated measures analysis of variance test for second order ante 
dependence revealed significant interactions between the different fallows and 
their effect of the two soils towards the mean levels of urease activity (Table 7). 
Erythrina mulch showed significantly lower urease activity than the grass fallow for 
the Salani soil, however, it showed significantly exceeding urease activity for the 
Safa'atoa soil. Mucuna, which supported the highest levels of the hydrolysis 
reaction of urea, could make available ammonium N readily available for plant 
uptake.
 The mean dynamics for soil urease activity for both the soils incubated with the 
different organic materials at various rates in pots without plants under screen 
house conditions showed similar trends (Figs. 14 and 15). Significant increases 
from initial low to maximum peak levels were observed across all the fallows for 
both the soils during the 90-day incubation period. Incorporation of organic 
materials into soil promotes microbial activity and also soil urease activity 
(Nannipieri et al 1983; Boltan et al 1985; Zantua & Bremner 1976). Many researchers 
have reported that urease activity in soils is positively correlated with organic C and 
total N (Zantua et al 1977; Frankenberger &Dick 1983), which are indicators of 
organic matter content. Zantua et al (1977) suggested that organic matter 
accounted for most of the variations in soil urease activity. Furthermore, the parts of 
the organic matter also determine the activity of urease in soils.

Table 7. Repeated measures analysis parameters for urease activity

FIXED TERM  F-STATISTIC  FPR.  S.E.D 

Soil  456.70  <0.001*  10.71  

Fallow  21.08  <0.001*  15.15  

Rate 82.05  <0.001*  13.12  

Soil.fallow  4.92 0.004 ns 21.43  

Soil.rate  2.60 0.084 ns 18.56  

Fallow.rate  1.68 0.143 ns 26.25  

Soil.fallow.rate  2.57 0.029  ns 37.12  

 ns: not significant, * = significant at p<0.001

Figure 14. Urease activity for Salani soil incubated with different organic mulches at different 
rates in pots without plants under screen house conditions
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Figure 15. Urease activity for Safa'atoa soil incubated with different organic 
mulches at different rates in pots without plants under screen house 
conditions

CONCLUSION

 The rate of decomposition and nutrient release of the four organic mulches 
applied to the two taro soils were significantly different. The results showed that 
Erythrina and Mucuna were the two cover crops that responded quite differently to 
the two soils. In terms of Carbon mineralization, Mucuna and Erythrina fallow 
mulches had higher means compared to grass and biochar. This could be because 
Mucuna and Erythrina are both legume mulches with lower C: N ratio, therefore 
having faster rates of mineralization compared to grass and biochar fallows. 
However, at the highest rate of application (45 tons/ha), Mucuna was found   to 
have a significantly higher mineralization rate compared to Erythrina. Generally, it 
was noted from the other tests that were carried out, grass and Erythrina cover 
crops showed the highest levels of mean biological activity at their highest rate of 
application (45 tons/ha) on both soils. Mucuna and biochar covers, on the other 
hand, showed the highest levels of mean biological activity at the lowest rate of 
application (15 tons/ha). However, it is important to note that Erythrina 
decomposed much faster over the 90-day incubation period than the Mucuna, 
thereby increasing the overall soil biological activity via quicker nutrient release. 
Mucuna, conversely, followed a gradual pattern of decomposition and 
consequently contributed to a slower release of nutrients. At higher rates of 
application, the decomposition rate of Mucuna further reduced, possibly owing to 
its high lignin content. On average, Safa'atoa soil was more biologically active than 
Salani soils across all the fallow covers except Mucuna during the pot incubations 
under screen house conditions.
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RECOMMENDATIONS

 Based on the results of the study, it is recommended that future research should 
be carried out and focus on analyzing other macro-nutrients and micro –nutrients 
that have not been analyzed in Safa'atoa and Salani soils. Secondly, farmers should 
be informed that Mucuna and Erythrina are the two leguminous crops that need to 
be applied two weeks as mulch in the field before planting of taro. This is because 
these two legume crops will synchronize the necessarily important nutrients such 
as nitrogen for the early initiation of growth and development of taro plants.
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