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SOIL MICROBIAL POPULATIONS AND ACTIVITIES IN 

REDUCED CHEMICAL INPUT AGROECOSYSTEMS 

ABSTRACT 

Crop management systems which reduce chemical inputs 

represent attempts by researchers and farmers to find a way 

to sustain productivity while reducing costs, protecting 

human health and maintaining the resource base. This study, 

conducted in the Piedmont of North Carolina, was initiated 

to determine how reductions in nitrogen (N) fertilization, 

and the use of crimson clover (Trifolium incarnatum L. var 

Tibbee) as a green manure would affect populations and 

activities of soil microorganisms. Four continuous corn (Zee 

mays L.) treatments were used: no-till (receiving 

herbicides and soil insecticides) with 0 to 140 kg N ha"1 as 

NH4N03; conventionally tilled receiving 140 kg N ha"
1 but no 

pesticides; and conventionally tilled with a crimson clover 

winter green manure but no fertilizer or pesticides. 

Populations were determined using selective media for total 

bacteria, Gram-negative bacteria, fungi, actinomycetes, 

Bacillus spp., and Pseudomonas spp.. Microbial activities 

were estimated by enzyme assays for acid and alkaline 

phosphatase, arylsulfatase, and 0-glucosidase. Microbial 

biomass carbon (C) was determined following chloroform 

fumigation-extraction procedures and levels of available N 

were measured by an anaerobic incubation procedure. Surface 



soil (0 - 7.5 cm) from the no-till treatment receiving 140 

Kg N/ha contained significantly more fungi than did soil 

from the non-fertilized, no-till treatment. Microbial 

biomass C and available N were not affected by N addition, 

but activities of acid phosphatase and /3-glucosidase were 

significantly higher in the fertilized soil than in the non-

fertilized soil. Surface soil from a crimson clover/corn 

rotation contained significantly larger populations of 

Bacillus spp. (260% more) , actinomycetes (310% more) , and 

total bacteria (12 0% more) than did soil from the well-

fertilized conventionally tilled, no pesticide treatment. 

In addition, microbial biomass C, available N, and 

activities of alkaline phosphatase, arylsulfatase, and 

/3-glucosidase were significantly higher in surface soil in 

the crimson clover treatment compared to no clover surface 

soil. Although the soil biological properties changed 

significantly during the year, values remained constant 

relative to each other. Microbial numbers and activities 

were highest in the spring (peaking approximately in May), 

lowest in September, and reached a secondary peak in the 

fall (approximately in November). The effect of N 

fertilizer on soil biological properties deeper in the 

profile (7.5 - 30 cm) was similar to the effect in the soil 

surface. However, the numbers and activities of the soil 

microflora at a depth of 7.5 - 30 cm generally did not 

significantly differ between the crimson clover treatment 



and the conventionally tilled, N fertilized treatment. 

Incorporation of a crimson clover green manure as an 

alternative to inorganic N fertilization appears to optimize 

the internal cycling efficiency of the cropping system and 

maximize use-efficiency of external resources. 
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INTRODUCTION 

During the last 50 years, farmers in the United States 

have dramatically increased crop yields through the use of 

fertilizers, pesticides, and improved varieties (National 

Research Council, 1989). Today, the rising costs of 

chemical inputs and a host of environmental concerns have 

caused farmers to consider alternative agricultural methods 

to reduce costs and to protect human health and the resource 

base. Some of these methodologies include using crop 

rotations, leguminous winter cover crops as green manures, 

reducing tillage, adding animal manures to the soil, and 

integrated pest management procedures. 

Changing the crop management system will change the 

soil microclimate and affect the soil biota (Paul and Clark, 

1989). Changes in the soil microflora may have significant 

implications regarding the productivity and sustainability 

of reduced chemical input (RCI) agroecosystems. Such 

alternative systems represent an attempt to optimize the 

internal cycling efficiency of nutrients and to maximize the 

use-efficiency of external resources (Buchanan, 1990). 

Although microorganisms make up only 1 - 8 % of the soil 

organic matter they influence crop production by acting as 

catalysts for biotransformations (Roder et al., 1988). 

Through the processes of decomposition, immobilization, and 

mineralization, soil microorganisms control the flow of 

carbon (C) , nitrogen (N) , phosphorus (P) , and sulfur (S) 

through the terrestrial ecosystem (Sarathchandra et al., 
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1988). As farmers consider conversion to RCI systems they 

must consider the effect of these systems on soil 

microflora. 

A common RCI system is the incorporation of a 

leguminous green manure into the soil to supply N and 

organic matter. This practice serves as an alternative to 

inorganic N fertilization. Bolton et al. (1985) showed that 

the incorporation of a leguminous green manure increased 

soil microbial biomass and enzyme activities as compared 

with soil which had been inorganically fertilized. Soil 

from a rotation of oats (Avena sativa L.) and clover (Trifolium 

pratense L.) was found to have significantly greater 

microbial biomass, bacterial and fungal populations, 

dehydrogenase activity, and C02 evolution as compared with 

soil from a system of continuous corn (Fraser et al., 1988) . 

Fertilization affects the soil microbial biomass by 

increasing root biomass, root exudates, and crop residues 

and thus provides increased substrate for microbial growth. 

Martyniuk and Wagner (1978) found microbial populations were 

greater in fertilized soil than in non-fertilized soil. 

Sarathchandra et al. (1988) found that N fertilization 

increased levels of organic C in the soil. Any management 

practice that increases total C accumulation should also 

increase the size and activities of the soil microbial 

biomass (Buchanan, 1990). 

Roder et al. (1988) comment that interactions between 
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rotation treatments and organic soil amendments or 

fertilizer treatments on microbial biomass have received 

little attention. Therefore the study reported in this 

paper had as its objectives a comparison of the soil 

biological properties in RCI and conventional agroecosystems 

and a description of the seasonal variation in the soil 

biota. The treatments considered showed how the practices 

of N fertilization and including crimson clover (Trifolium 

incarnatum L. var Tibbee) in the rotation as a green manure 

crop would influence populations and activities of the soil 

microflora. 



MATERIALS AND METHODS 

The 6-hectare experimental site was established in the 

fall of 1985 in the Piedmont of North Carolina near Raleigh, 

at the North Carolina State University Research Unit 9. The 

soils at Unit 9 are Cecil and Appling gravelly sandy loams 

(Typic Kanhapludults) with 2-6% slope and moderate erosion 

(Table 1) and are typical of the southern Piedmont of the 

United States. Treatments were arranged in a randomized 

complete block design with four replications of each 

treatment based on landscape position and soil texture and 

were designed for a long-term study to assess the agronomic 

and economic feasibility of cropping systems utilizing 

reduced rates of chemical inputs. Four treatments were 

chosen for the present study (Table 2) . A no-till corn 

monoculture system (winter fallow), which received 0% or 

100% of the recommended N fertilizer (140 kg N ha"1 as 

NH4N03) , showed the effect of reducing N fertilization on 

soil biological properties. Only N fertilizer was used 

because soil levels of P and K were considered adequate, 

based on soil tests conducted by the North Carolina 

Department of Agriculture Agronomic Division, Soil Testing 

Laboratory. Reduced chemical input systems received N 

either in the form of inorganic fertilizer (140 kg N ha"1 as 

NH4N03) or as crimson clover grown as a green manure crop. 

Comparing the RCI systems showed the effect of the green 

manure vs N fertilizer on soil biological properties. Since 

the no-till inorganic N treatments differed from the green 


