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Abstract: Soil microbial population, organic carbon and nitrogen mineralization are major indicators of measurable properties of 

soil that provide clues about how well soil can function. Little is known about how these properties are modified by application of 

boiler ash (BA) alone or when mixed with soil or poultry droppings (PD) and grown to cowpea. This study investigated effects of 

sole BA and its integration with soil or poultry dropping (PD) on soil pH, electrical conductivity, microbial population, organic 

carbon, nitrogen mineralization, and cowpea performance at 30, 60, and 90 days after planting (DAP). The experiment was a 

completely randomized design, replicated three times and conducted in a screen house for 90 days. The result showed that 

following a 30, 60 and 90 days incorporation period, BA alone or in combinations with soil or PD significantly increased soil pH 

and microbial activity but inhibited fungal growth and with little effect on cowpea biomass growth. The concentration of total 

organic carbon (6.03 %) and NH4-N (5.25 mg Kg-1) were higher but NO3-N (0.032 mg Kg-1) lower relative to the un-amended soil. 

The effects were however found to be time and mixture ratio-specific. These results demonstrate that amendment of soils with BA 

increase soil carbon, improve nitrogen mineralization and crop productivity and has the potentials to inhibit pathogenic fungi but 

unlikely to disrupt bacterial activities in soil environments.  
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Introduction 
Boiler ash (BA) though, a problematic solid waste has  

potentials as  an ameliorant for improving soil due to its  silt-

sized particles, low bulk density, high water holding capacity , 

favorable pH, and significant presence of plant nutrients (Ram 

and Mastro, 2014). Similarly, a considerable amount of 

research has indicated synergistic interactions between BA 

and varieties of organic and inorganic materials in enhancing 

nutrient availability, decreased bioavailability of toxic metals, 

pH buffering, organic matter addition, microbial stimulation, 

overall improvement in the general health of the soil, etc. 

(Inam, 2007). However, numerous short-term laboratory 

incubation studies have also found that addition of BA to soils 

severely inhibited microbial activities such as nitrification and 

N mineralization (Wong and Wong, 1986; Garau et al., 1991). 

Perrott et al. (1992) noted that the amount of microbial 

biomass present in soil is commonly used to evaluate the 

effect of soil management practices. 

Soil microbial population, organic carbon and nitrogen 

mineralization are major indicators of soil properties that 

provide clues about how well the soil can function. 

Furthermore, soil microbial biomass is a sound indicator of 

soil health since it regulates nutrient cycling and acts as a 

highly labile source of plant available nutrients (Jenkinson 

and Ladd, 1981).  Nitrogen (N) mineralization can be useful in 

quantifying the impact of management practices and organic 

amendments on soil functions and environmental quality. 

Furthermore, soil quality and agricultural sustainability are 

linked to organic carbon  in soil and the increase of organic C 

in the soil is a function of the amount of C input to soil and its 

balance with decomposition (( Liu et al., 2006; Malhi et al., 

2011). Several studies have been carried out on effects of 

application rates and nutrient change over time in soil 

amended with BA. Kahl et al. (1996) reported minimal effects 

at low ash dose rate, but heavier additions influence the soils 

buffer capacity. Yeledhelli et al. (2007) observed that the rate 

of BA application among other factors influence soil bacterial 

count and total microbial population. Effects of application 

rates of 10% and 505 Mg ha-1 BA have been reported by Kohli 

and Goyal (2010); Schutter and Fuhrmann (2001), 

respectively. Similarly, Das et al. (2013) reported its 

integrated use with recommended dose of fertilizer and 

farmyard manure. A considerable amount of research has 

explored the potentials of BA as soil amendment and 

fertilizer. However, there is a paucity of data on their short-

term effects on soil microbial population, organic carbon, 

nitrogen mineralization and potentials of using cowpea in 

reclaiming ash ponds. Therefore, this study was aimed at 

investigating the short-term effects of sole BA and its 

integrated use with soil or poultry dropping (PD) on soil 

chemical and microbial properties. 

 
 

Materials and methods 

The study was conducted in the screen house of the 

Department of Agricultural Technology, Enugu State 

Polytechnic Iwollo, Southeastern Nigeria  which lies between 

coordinates 06o 26.35` N and 07o 16.83`E. The sandy loam 

top-soil used in the experiment was collected from the 

Research Farm of the Department. It had not been treated 

with pesticides, fertilizers or soil amendments for 10 years. 
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The boiler ash, produced from brewery wastes, was acquired 

in an ash pond located at the Nigerian Breweries Plant at Ama, 

Ngwo, Enugu State, Nigeria. Cowpea seeds were collected 

from the Seed Services Unit of Department of Crop Science, 

University of Nigeria, Nsukka. Perforated black polythene 

bags measuring 40×60 cm were used for potting the media. 
 

Experimental design and establishment 

Before treatment application, soil and boiler ash samples 

were collected and analyzed using the 

analytical procedure as contained in the laboratory manual of 

the  International Institute for 

Tropical Agriculture (IITA) Juo, 1979). The experiment 

consisted of five (5) treatment combinations namely, BA100 

(100% Boiler ash, No Soil, No Poultry droppings), BA50 (50% 

Boiler ash, 50% Soil, No Poultry droppings), BA25 (25% Boiler 

ash, 75% Soil, No Poultry droppings), BA90 +PD10 (90% Boiler 

ash, No Soil, 10% Poultry droppings) and Control (No Boiler 

ash, 100% Soil, No Poultry droppings).  Four (4) kg of each 

treatment were bagged in the 40×60cm black polythene bag, 

cropped to cowpea and replicated three (3) times. The 

polythene bags were arranged in a Completely Randomized 

Design (CRD). 
 

 Cultural practices  

Four cowpea seeds were planted per polythene bag. The 

screenhouse was not shaded but fenced round with one 

millimeter mesh stainless wire gauze against rodents. The 

experiment was carried out during the dry season. The media 

were watered routinely every other day at the rate of 300 

ml/bag for a period of 90 days of the experiment. Weeding 

was done by hand rouging throughout the duration of the 

experiment and data was taken on total dry matter yield on 

each cowpea plant at 90 days when the experiment was 

terminated. 
 

Soil analysis 

At 30,60 and 90 days after planting, soil samples were 

collected from each polythene bag, air-dried and prepared for 

chemical analysis using standard procedures. Soil pH was 

determined potentiometrically in a soil - solution ratio of 

1:2.5 in water using a glass electrode pH meter (Peech et al., 

1965) and electrical conductivity (EC) determined by the 

method described by Rhoades  (1996). The Walkley – Black 

procedure as described by Nelson and Sommers (1982) was 

used to determine organic carbon. Concentration of 

ammonium (NH4) and nitrate (NO3) nitrogen were 

determined by extraction using 2 M KCl as described by 

Keeney and Nelson (1982) and measured colorimetrically 

using a Bran-Luebbe auto analyzer (Bran-Luebbe, 

Norderstedt, Germany). 
 

 

 

 

Bioassay 

Soil samples from each treatment were collected at 30, 60 and 

90 days of incubation for determination of microbial counts 

and fungal numbers. At each period of determination, 1 g 

portions of each treatment were rehydrated with 10 ml of 

sterile distilled water in test tubes containing some glass 

chips. Thereafter, 0.1 ml of the suspension was transferred 

into 9.9 ml sterile distilled water to obtain hundred- fold 

serial dilution of the suspension. For microbial count, 1 ml of 

each dilution was plated in triplicates in sterile nutrient agar 

medium in sterile Petri dishes. Each Petri dish containing 

nutrient agar and the inoculants were swirled clockwise, anti-

clockwise, left and right several times before allowing it to 

cool and set. The culture plates were thereafter, incubated 

aerobically at 35oC for 36 to 48 hours. The plates were 

observed for growth and plates with colonies ranging from 30 

to 300 selected for counting. The average viable count was 

multiplied by the dilution factor and expressed as the number 

of cell forming units (cfu)/g of the original soil sample. To 

determine the mycological load, the above procedure was 

adopted except that the medium used was malt extract agar 

(MEA) and the plates were incubated in inverted position at 

30oC for 5 to 7 days until the colonies showed no further 

increase in number. 
 

Data analysis  

Data on soil chemical properties and cowpea biomass were 

analyzed using analysis of variance (ANOVA) technique and 

means were separated using Duncan’s New Multiple Range 

Test (DNMRT) at 5% level of probability with SAS Software 

Package. 
  
Results and Discussion 

               Properties of the experimental soil, boiler ash and poultry 

droppings 

 The soil used for the experiment was loamy sand, 

moderately acidic and low in nitrogen and available 

phosphorus (Table 1). Analysis of the boiler ash indicated that 

it had considerable high amounts of P, K, Ca, and Mg but low 

in N with reference to the control soil.  Their pH, Na content 

and electrical conductivity were high and as such had the 

potentials of limiting microbial activity. Elliot et al. (1982), 

obtained similar results.  The poultry dropping had lower pH 

(8.3) but was higher in nitrogen (3.2%). 
 

Effects of boiler ash alone and their combinations with soil or 
poultry droppings on soil microbial load at 30, 60 and 90 days 
after planting  

Table 2 shows differences in microbial proliferation 

(counts) in boiler ash alone, or in combination with soil or PM 

and cropped to cowpea at 30, 60 and 90 days after planting. 

At 30 days after planting (DAP) determination, microbial 

count ranged from 1.15×109 (cfu/g) in BA100 to 1.31×104 

(cfu/g) in BA25. On the contrary, BA25 rate was lower than the  
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control. Microbial counts increased with increase in the rate 

of BA50 application. Blending BA with PM did not increase 

microbial count relative to BA100. The increase in microbial 

count may be attributed to increase in pH and likely 

availability of nutrients in the boiler ash (Wong and Wong, 

1986). Whereas, the decrease in microbial count  in BA25 rate 

relative to the control (Table 2) may be attributed to likely 

initial increase in microbial count at 30 DAP that could not be 

sustained by available nutrients that may have led to death of 

a good number of them at 90 DAP. This may have informed 

the high organic carbon content recorded in the BA25 

treatment Table 4). 

At 60 DAP, BA25 rate had the highest value (1.21×109 

cfu/g) followed by BA90+PM10 while the least value (4.8×105 

cfu/g) was observed in BA100 treated soil. The BA90+PM10 

increased bacterial load more than BA50 and control, 90 days 

later,  soil alone had the highest value (1.41×107   cfu/g ) while 

the least (6.4×106 cfu/g) was observed in soil treated with 

BA90+PM10. At early stage of application (30 DAP), microbial 

load increased with increase in application rate but as time of 

application progressed the increase could not be sustained 

but rather declined. The result corroborates that of 

Zimmermann and Frey (2002), Kohli, and Goyal (2010) and 

Pugliese et al. (2014) but contrary to that of Pandey and Singh 

(2010) who reported inhibited microbial respiration, enzyme 

activity and N mineralization in sandy soils. 
 

Effects of boiler ash alone and their combinations with soil or 

poultry droppings on soil fungal count at 30, 60 and 90 days 

after planting 

The soil fungal population as influenced by BA and their 

combinations with soil or PD over-time are shown in Table 3.  

The result at 30 DAP indicated that there was no visible 

growth of fungi when BA exceeded 25%. Fungal growth was 

higher in the control. Thirty days later (60 DAP), fungal 

growth was observed in all treatments with the control 

maintaining the lead (9 cfu/g), followed by BA50 (7 cfu/g). The 

trend continued up to 90 DAP. From these results, BA at rates 

higher than 25% inhibited fungal growth but the negative 

effect declined with time. The result was in line with that of 

Pichtel and Hayes (1990) which reported that with 20% BA, 

fungal population decreased by 86%.  Prem et al, (2010) 

attributed these negative effects on excessive levels of soluble 

salts and trace elements present in ash which decreases 

overtime (Sims et al., 1995) due to natural leaching processes 

thus reducing detrimental effects. 

 
Effects of boiler ash alone and their combinations with soil or 
poultry droppings on soil pH, organic carbon, nitrogen 
mineralization, electrical conductivity and cowpea biomass  

 A statistically significant (P<0.05) influence of BA alone or 

in combination with soil or poultry droppings was observed  

 
in pH relative to the control. The pH in BA25 treatment (6.38) 

was higher than that of soil alone (5.62). However, in higher 

BA rates (>25%) pH did not significantly increase relative to 

the lower rate (25%).  The increase in soil pH by 0.76 units in 

BA25 is indicative of the fact that BA is a potential agent for soil 

remediation and soil fertility improvement. The increase 

could be ascribed to the release of some basic cations into the 

soil, which may have occurred during microbial 

decarboxylation of the BA, leading to displacement of acid 

cations from the exchange sites. The non-significant 

difference in pH observed among the different rates of BA and 

a reduction from its pre – cropping pH value (9.2), (Table 1) 

may be attributed to the leaching of basic cations (Chirenje 

and Ma, 2002) and changes in soil buffering capacity (Brady 

and Weil, 2005). Increase in soil pH is favorable for active 

biological life and mineralization of organic substances. This 

increase according to Theis and Wirth (1977) may be 

attributed to decrease in mobilization of heavy metals thus 

promoting higher microbial growth. Average electrical 

conductivity increased with increase in quantity of BA but 

generally not significant. The finding disagrees with that of 

Kumar (2002) and Buddhe et al. (2014) which reported that 

rates as high as 8%w/w increased electrical conductivity of 

soils. This implies that use of BA from brewery wastes for 

purposes of soil amelioration and soil refill in agriculture may 

not induce high electrical conductivity in the ameliorated soil. 

Organic carbon ranged from 117.4 mg Kg-1 in soil alone to 

60.3 mg Kg-1 in BA100. The OC of BA50 and BA90+PD10 

treatments were not significantly different (p≥0.05) from the 

control but were statistically similar to BA25.  In spite of 

negligible content of carbon in the BA, total organic carbon 

increased probably due to indirect contribution of C from 

increased microbial biomass. This agrees with the findings of 

Yeledhelli et al. (2007) and Gupta et al. (2012). These findings 

were not in tandem with that of Das et al. (2013) and Buddhe 

et al. (2014) which reported increase in organic C with every 

subsequent increase in doses of BA, which they attributed to 

faster oxidation (decomposition) at lower rates. The higher 

soil OC content recorded in BA25  cannot be explained from 

the tenets of this research, but the reduction in soil organic C 

when BA was integrated with PD may be attributed to faster 

oxidation (decomposition) of BA  by microbes under the 

influence  PD (Brady  and Weil, 2005). From this study, it can 

be deduced that the effects of BA on soil OC is dependent on 

application rate and not linear. Boiler ash significantly (P 

≤0.01) modified the soil concentrations of NH4-N and NO3-N 

(Table 4).  The BA100 had the highest soil NH4-N (5.25 mgkg-1) 

and least NO3-N (0.032 mgkg-1).The control soil had the least 

NH4-N (0.16 mgkg-1) and highest NO3-N (0.052 mgkg-1) values. 

Generally, nitrogen in BA amended soils exist more in their 

ammonium form and less as nitrates. The increase in soil 

available levels of NH4-N and NO3-N with increase in BA could  
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be attributed to increased microbial activities, resulting from 

increased concentration of carbon and improved favorable 

pH. This could have resulted in enhanced decomposition of 

the organic forms of N and P, hence increased availability of 

NH4-N and NO3-N. The result agrees with the findings of Schegel 

(1992), who stated that extractable soil organic N fraction 

reflect soil microbial activities and represent easily 

mineralizable N pools. The reduction in accumulation of NO3–N 

by BA is important as excess amounts may result in harmful 

effects on crop production, yield, product quality and the 

environment. Table 4 also shows the comparative effects of 

BA alone or in combination with soil or PM on cowpea 

biomass yield.  

 
Treatment BA50 had the highest biomass yield of 4.63g plant-1, 

although it did not differ significantly (p≥0.05) from BA25 and 

the control. Boiler ash alone (BA100) suppressed biomass 

growth by about 49% relative to the control. Substituting 

10% of the BA with PM (90% BA+10% PM) could not exert 

significant positive effect. The increased pH, OC and NH4-N 

nutrient supply to the soil by the BA was not reflected in the 

plants biomass growth.  Spark, (1996) observed that 

occasionally, application of BA do not always induce positive 

response on plant growth due to high salt content and as such 

have negative impact on growth factors such as nutrient 

uptake and assimilation.  

 
       Table1: Physico-chemical characteristics of the experimental soil and poultry droppings. 

Properties Soil Boiler ash Poultry droppings 
pH (H20) 5.60 9.00 8.30 
OC (mg kg-1) 12.90 132 431 
Total N (mg kg-1) 2.40 1.40 32 
C:N 5.40 94.30 62 
Available P (mg kg-1) 7.50 198.10 8.30 
Exch. Ca (cmolkg-1) 0.80 1.60 4.30 
Exch. Mg (cmolkg-1) 1.00 7.80 7.20 
Exch. K (cmolkg-1) 0.19 11.20 1.70 
Exch. Na (cmolkg-1) 0.36 13.10 1.20 
EC (mmhos/cm) - 356.80 14.30 
Sand (gkg-1) 800   
Silt (gkg-1) 90   
Clay (gkg-1) 110   
Textural class Loamy sand   

                OC= Organic carbon, Total N= Total nitrogen, EC = Electrical. Conductivity    
 
Table 2: Total microbial counts in boiler ash and their combinations with soil or poultry droppings at the end of 30, 60 and 90 days of 

cowpea cropping. 

Treatment 30 DAP (cfu/g) 60 DAP  (cfu/g) 90 DAP (cfu/g) 

100% Boiler ash (BA100) 1.15×109 4.8×105 8.4×106 

50% Boiler ash (BA50) 1.22×106 4.2×108 1.36×107 
25% Boiler ash (BA25) 1.31×104  1.21×109 1.05×107 
90%BA+10%PD(BA90+ PD10) 1.99×106 7.8×108 6.4×106 
Control 1.55 104 3.0 ×108 1.41×107 

   Cfu = colony forming unit per gram 
 
Table 3: Fungal counts in boiler ash and their combinations with soil and poultry droppings at the end of 30, 60 and 90 days of cowpea 

cropping 
Treatment 30 DAP (cfu/g) 60 DAP  (cfu/g) 90 DAP (cfu/g) 

100% Boiler ash (BA100)   No visible growth 3 5 

50% Boiler ash (BA50) No visible growth 7 7 
25% Boiler ash (BA25) 5 2 5 
90% BA+10%PD(BA90+ PD10) No visible growth 5 6 
Control 7 9 13 

Cfu/g = colony forming unit per milliliter, DAP =days after planting 
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Table 4: Mean effects of treatments on soil pH, organic carbon, ammonium nitrogen (NH4

-N), nitrate nitrogen (NO3
-N), soil electrical 

conductivity and cowpea biomass 
Treatment pH OC NH4

-N NO3
-N  EC CB 

 ………… mgkg-1…………… (mmhos/cm) (g/plant) 
100% Boiler ash (BA) 6.40b 6.03c 5.25c 0.032a 139.7 1.83a 
50% Boiler ash (BA) 6.37b 2.23ab 0.63ab 0.041b 116.7 4.63b 
25% Boiler ash (BA) 6.38b 4.06b 1.97b 0.041b 41.7 4.48b 
90%BA+10% ( PD) 6.35b 2.75ab 1.84ab 0.037ab 127.2 1.73a 
Control 5.62a 1.74a 0.16a 0.052c 4.0 3.57ab 
% OC = percent organic carbon, EC = electrical conductivity (mmhos/cm), Cowpea biomass weight (g/plant), Means with the same letter(s) under the 
same column are not significantly different (P ≤ 0.05) using DMRT. 

 

 

 Soil pH, electrical conductivity, organic carbon, ammonium 

nitrogen (NH4-N), nitrate nitrogen (NO3-N) in BA alone and their 

combinations with soil or poultry droppings at 30, 60 and 90 

(DAP). Results of the effects of BA and combination with 

poultry droppings on soil pH, organic carbon, ammonium 

nitrogen (NH4-N), nitrate nitrogen (NO3-N), and soil electrical 

conductivity after 30 ,60 and 90 days of application are 

presented in Table 5. Results showed that the pH of soils 

amended with BA and its combinations were higher than soil 

alone at all stages of sampling. In general, pH decreased with 

time but stabilized from 60 days after planting. This 

observation was in line with Krakow, (2010) who recorded 

similar results on soil pH with application of stabilized wood 

ash. The EC generally decreased with time. In 30 day 

sampling, EC in BA100 (358.5 mmhos/cm) did not differ 

significantly from BA50 (315.5 mmhos/cm) and BA90+ PD10 

(333.5 mmhos/cm). In 60 day sampling, EC reduced 

drastically in all treatments with BA25 having the highest 

value (43.5 mmhos/cm). Further general reduction occurred 

at 90 day sampling with highest value (21.0 mmhos cm) in 

BA100. This observation may be attributed leaching of basic 

salts with time. 

The organic carbon content generally increased from 30 day 

sampling (2.78 %) to 60 day sampling (4.09%) but declined to 

3.21% at 90 day sampling. The OC in BA25 was highest in 60 

day sampling but did not differ significantly from BA100, which 

had the highest value. In the 60 day sampling, it was only in 

BA alone (100% BA) that OC differed significantly (p<0.05) 

from the control. The OC dynamics may be associated with 

microbial activities as less OC will be released with  

 

accumulation of persistent lignite-derived organic carbon 

compounds in the BA (Rumpel et al. 1998). Similar trend was 

obtained in the soil NH4-N concentration. 

The three sampling dates differed significantly (p≤ 0.01) in 

terms of concentration of NH4-N and NO3-N. The trend for NH4-

N was 30 > 60> 90. This trend was expected given that with 

time NH4-N released may have been tied up by 

microorganisms and cowpea. The BA100   consistently had the 

highest NH4-N value although in a decreasing order with time. 

Among the BA treatments, BA50 had the least value at all 

stages of sampling. Blending of BA with PM led to a sharp 

reduction in soil concentration of NH4-N especially at 60 DAP. 

The control and BA25 had higher concentrations of NO3-N in 

the 30 DAP, but beyond this point BA alone or with soil 

significantly (p≤ 0.05) had lower NO3-N which did not differ 

from each other. This result was in tandem that of Ayeni and 

Adeleye (2009) which stated that wood ash significantly 

increased (p≤ 0.05) soil organic C, N, N03-N, NH4-N, at 30, 60 

and 90 days of incubation. 

Conclusion 

Based on the conducted trial it can be stated that dumped 

boiler ash (100% BA) stabilize overtime and improved soil 

pH, microbial population, organic carbon and nitrogen 

mineralization. When mixed with soil or poultry droppings, 

organic C and N, N-supplying power (N mineralization), pH 

and microbial population in soil also increased, but the 

magnitude of increase varied with ratio of mixture. Our 

findings suggest enormous potential for the use of cowpea to 

reclaim abandoned ash ponds for agriculture and that soil 

quality and fertility can be improved with boiler ash. 
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 Table 5: Effects of treatments on soil pH, organic carbon, ammonium nitrogen (NH4-N),  

  Nitrate nitrogen (NO3-N) and soil electrical conductivity after 30, 60 and 90 days of application. 

Time 
(days) 

Treatment pH OC 
(%) 

NH4-N 

mgkg-1 
NO3-N  

mgkg-1 

EC 
(mmhos/cm) 

30 100% Boiler ash (BA) 6.45b 3.45b 6.32e 0.29a 358.5c 
 50% Boiler ash (BA) 6.45b 2.28a 1.45b 0.33a 315.5c 
 25% Boiler ash (BA) 6.75c 4.13c 4.93d 0.44b 67.0b 
 90%BA+10% ( PM) 6.45b 2,14a 2.93c 0.35a 333.5c 
 Control 5.7a 1.9a 1.09a 0.48b 3.5a 
 Mean 6.36b 2.78a 3.15c 0.038a 215.6c 
60 100% Boiler ash (BA) 6.35c 10.23b 5.89d 0.034a 39.5cd 
 50% Boiler ash (BA) 6.40c 1.95a 0.25b 0.051ab 23.0b 
 25% Boiler ash (BA) 6.15b 3.67a 0.44c 0.037ab 43.5d 
 90%BA+10% ( PM) 6.30c 3.17a 0.18a 0.033b 32.5c 
 Control 5.55a 1.45a 0.17a 0.052c 3.0a 
 Mean 6.15a 4.09c 1.39b 0.041b 28.3b 
90 100% Boiler ash (BA) 6.40c 4.43d 3.53d 0.034a 21.0d 
 50% Boiler ash (BA) 6.25b 2.45b 0.18a 0.039ab 11.5ab 
 25% Boiler ash (BA) 6.25b 4.40d 0.55c 0.041ab 14.5abc 
 90%BA+10% ( PM) 6.30bc 2.96c 0.44b 0.044b 15.5cd 
 Control 5.60a 1.86a 0.19a 0.056c 5.5a 
 Mean 6.16a 3.21b 0.98a 0.043b 13.6a 
              Time= Time of sampling after application, % OC = percent organic carbon, Ec = electrical conductivity (mmhos/cm), Means 

with the same letter(s) under the same column are not significantly different 
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