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ABSTRACT 

     Even though research and education systems have transformed agriculture from a traditional to a high technology 
sector, soil erosion still remains as a major universal problem to agricultural productivity. The Universal Soil Loss 
Equation (USLE) and its replacement, the Revised Universal Soil Loss Equation (RUSLE), are the most widely used 
of all soil erosion prediction models. Of the five factors in RUSLE, the cover and management (C) factor is the most 
important one from the standpoint of conservation planning because land use changes meant to reduce erosion are 
represented here. Even though the RUSLE is based on the USLE, this modern erosion prediction model is highly 
improved and updated. Alcorn State University entered into a cooperative agreement with the NRCS of USDA in 
1988 to conduct C-factor research on vegetable and fruit crops. The main objective of this research is to collect plant 
growth and residue data that are used to populate databases needed to develop C-factors in RUSLE, and used in 
databases for other erosion prediction and natural resource models. The enormous amount of data collected on leaf 
area index (LAI), canopy cover, lower and upper biomass, rate of residue decomposition, C:N ratio of samples of 
residues and destructive harvest and other growth parameters of canopy and rhizosphere made the project the largest 
data bank on horticultural crops. 
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INTRODUCTION 

     The increased demand for food, fiber and firewood, due to population increase, is causing marked acceleration of 
soil erosion. The quality and degradation of soils are more serious problems in the developing countries than in the 
USA, and a number of these countries are already using most of their potentially arable soils (Duval, 1982). Buringh 
(1982) estimates that 4 million ha (10 million acres) of the world’s productive land are lost each year through soil 
degradation and that worldwide annual conversion of farmland to non- agricultural uses is 8 million hectares (20 
million acres). Soil degradation is one of the greatest challenges facing mankind and its extent and impact on human 
welfare and the global environment are greater now than ever before (Lal and Stewart, 1990). Water erosion is the 
main degradation process, while human pressure, the reduction of plant cover, and the nature of the parent material 
are the main causes of soil erosion (Lopez Bermudez and Albaladejo, 1990). A review of the impacts of soil 
degradation found that 1.2 billion ha (almost 11% of the vegetative area in the world) have undergone moderate or 
worse degradation by human activity over the last 45 years (World Bank, 1992). 

     The principal soil and water conservation programs of USDA were established in the 1930s, amid the stark 
atmosphere of the Great Depression and the Dust Bowl. The National Resources Inventory ( NRI) was conducted by 
the Soil Conservation Service (SCS) in 1977 and again in 1982. A thorough evaluation of all USDA conservation 
programs was required by the Soil and Water Resources Conservation Act (RCA) of 1979 (Public Law 95-192). 
Federal conservation programs over the past 45 years have cost $21.3 billion, adjusted for inflation. Farmers, states 
and local groups have contributed $21.6 billion, also adjusted for inflation.  
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Yet, after a commitment of $43 billion, the problem remains, and the need for additional effort grows each year 
(Bentley, 1985).  

  

      Soil erosion is a major conservation issue on about 50% of U.S. cropland (Larson, 1981). Previous studies by 
Crosson (1985), Benbrook et al. (1984), and Myers (1985) had estimated the on-farm costs of soil erosion in the 
U.S. at between $525 million and $1 billion per year. In the U.S., up to one billion tons of agricultural soils are 
deposited in waterways every year, and an estimated one-half of the suspended sediments in U.S. surface water 
originate from agriculture (OECD, 1994). 

 



USLE & C-FACTOR 

      The Universal Soil Loss Equation (USLE) was developed at the National Runoff and Soil Loss Data Center in 
cooperation with Purdue University in 1954 and subsequently used around the world. The development of USLE 
and its introduction to agriculture created a new era of modeling of physical phenomenon. It is reported that the 
USLE and its various modifications are considered to be the most suitable tool available for assessing sediment 
contribution to nonpoint source pollution (Peterson and Swan, 1979). 

      The USLE grew from the analysis of data collected over thousands of plot-years from the 1940s to the 1970s. 
The USLE estimates long-term average annual or long-term average seasonal erosion (Wischmeier and Smith, 
1978). A general description of the USLE is given below. 

A= R K LS C P 

Where A is the average annual soil loss. The factor R represents effects of climatic erosivity; K, soil erodibility; LS, 
slope length and steepness; and C, cover and management; and P, supporting conservation practices. The cover and 
management (C-Factor) and topographic factors had the most significant effect on the overall model efficiency. This 
indicates that most of the research emphasis should continue to be placed on these parameters (Risse et al.,1993). 
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     The C-Factor is the ratio of soil loss from land cropped under specific conditions to the corresponding loss from 
tilled, continuous fallow conditions. The correspondence of periods of highly erosive rainfall with periods of poor or 
good plant cover differs appreciably between climatic areas; therefore, the value of C for a particular cropping and 
management system will not be the same for all parts of the country. Locational C values are derived using specific 
rainstorm-trimming probabilities and research data that reflects the erosion- reducing effectiveness of crops and 
management during successive periods within a rotation cycle (Wischmeier, 1972). The dimensionless C-factor, 
which has a range between 0 and 1, expresses the degree of protection of the soil surface by the crop or vegetation 
(Biesemans et al., 2000). 

     Complete cover at the soil surface fully protects the soil from raindrop impact, and management that changes 
aggregate stability effects interrill erosion. These C-Factor effects are divided into three classes: (i) canopy effects, 
(ii) ground-cover effects, and (iii) within-soil effects (Wischmeier, 1975). 

     Kind of tillage, time of tillage, implements used, postemergence cultivation, crop planted, time of planting, crop 
sequence, residue cover of soil surface, and changes in soil organic matter affect the C-factor. Leaf area index (LAI), 
canopy cover, plant height, and growth of upper and lower biomass are important factors considered in growth 
parameter studies of C-factor research. Leaf area index is one of the most important observations in C-factor 
research. LAI is a fundamental attribute of plant canopies because the leaves are the dominant photosynthetically 
active tissue in the canopies (Pearson, 1984). Leaves dominate the interaction of electromagnetic radiation with 
plants so that  
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interpretation of remote spectral observations is based primarily on foleage characteristics (Wiegand et al., 1972). In 
the photo- synthetically active radiation (PAR) wavelengths, chlorophyll and other pigments determine the optical 
behavior of leaves (Knipling, 1970). 

     Measurement of Leaf Area Index (LAI) or leaf area per unit ground area, is useful for studying crop growth, 
radiation interception, and water use (Dewitt, 1965; Ross, 1981). Photosynthesis is closely related to dry matter 
production in most crops, and dry matter production determines yield (Moss and Musgrove, 1971; Yoshida, 1981). 
Canopy photosynthesis measurements integrate the effects of leaf area, leaf angle, plant density, and shading effects 
of leaves, stems, or panicles (Evans, 1993; Fischer, 1993; Ishii, 1993). Crop growth can be considered as the product 



of incoming solar radiation, the fraction of that intercepted by the crop as determined by the leaf area index (LAI), 
and the efficiency with which the intercepted radiation is used to produce biomass, i.e., radiation use efficiency, 
RUE (Nam et al., 1998). The dry matter productivity of many crops has been closely linked with light interception 
(LI), and RUE is generally considered constant for a given crop species (Muchow and Sinclair, 1994). 

     The distribution of leaf and stem area with height is needed to determine the reduction of air flow through the 
plant canopy and, thus, the velocity near the soil surface (Bache, 1986). The energy of a falling raindrop available at 
the soil surface for detachment of soil particles depends on the canopy cover (Wischmeier and Smith, 1978; Quinn 
and Laflen, 1983). The plant canopy increases the drop size; alters the spacial distribution (Armstrong and Mitchell, 
1987), and decreases the volume of rain reaching the soil surface once 50% cover is produced (Morgan, 1985). One 
common output of all plant growth simulation models is the dry weight of biomass produced. Although dry weight 
is often required in soil erosion modeling, the new Wind Erosion Research Model (WERM), 
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now called Wind Erosion Prediction System (WEPS), (Hagen, 1991) and  
Water Erosion Prediction Project (WEPP) (Lane and Nearing, 1989) also  
require information on the structure of the plant canopy.  

RUSLE & C-FACTOR 

     The USLE has been recently revised. The U.S. Department of Agriculture (USDA), Soil Conservation Service 
(SCS) made the decision to implement RUSLE as its official erosion prediction and conservation planning tool (Soil 
Conservation Service, 1993). A general description of RUSLE is given below (Renard et al., 1994). 

A = R . K. LS. C. P Where 

A = predicted soil loss (tons acre-1 year-1) 

R = climate erosivity ([hundreds of ft- tons] inch acre-1 hr-1 year-1) 

K = soil erodibility measured under standard unit plot conditions (tons hour [hundreds of  ft-tons]-1 in-1)  

LS = dimensionless factor representing the effect on erosion of slope length and steepness 

C = dimensionless factor for cover and management 

P = dimensionless factor for conservation support practices, such as contouring, strip cropping, terraces, deposition, 
etc.  

The Revised Universal Soil Loss Equation (RUSLE) uses the same fundamental structure as did the USLE, but it 
represents a significant improvement over USLE technology in calculation of each of the factors (Renard, 1992; 
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Renard et al., 1991). The RUSLE has integrated several changes since it was first released by Soil and Water 
Conservation Society (SWCS) in December, 1992. The changes include seasonal variation in soil erodibility (K), 
new methods of calculating cover-management factors (C), new conservation-practice values (P), and rainfall-run-
off erosivity (R) for rangeland, and computerization of the algorithms. RUSLE is also capable of accounting for rock 
fragments in and on the soil (Renard et al., 1991). 



     The RUSLE has the following differences compared with the USLE on C-factor. RUSLE uses subfactors such as 
prior land use, canopy cover, surface cover, surface roughness, and soil moisture. The C-factor is more refined by 
dividing each year in the rotation into 15 day intervals, calculating the soil loss ratio for each period. It recalculates a 
new soil loss ratio every time a tillage operation changes one of the subfactors. RUSLE provides improved estimates 
of soil loss changes as they occur throughout the year, especially relating to surface and near-surface residue and the 
effects of climate on residue decomposition (Renard et al., 1994). The USLE and its replacement, the RUSLE, are 
the most widely used of all soil erosion prediction models. Of the five factors of RUSLE, the C-factor is the most 
important one from the standpoint of conservation planning because land use changes meant to reduce erosion are 
represented here. 

     The RUSLE is a factor-based erosion model designed to predict long-term average soil losses carried by run-off 
from specific field slopes in specific cropping and management systems (Renard et al., 1997). The RUSLE can 
assess both on-site soil losses and off-site sediment accumulations. It re- quires only a limited amount of data to 
perform a field-scale erosion analysis for large areas, compared to other process based models (Bieseman et al., 
2000). 
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WEPP & C-FACTOR 

     Water Erosion Prediction Project (WEPP) is a process based erosion model (Flanagan and Nearing, 1995). The 
objective of the Water Erosion Prediction Project is to develop a new generation water erosion prediction 
technology for use by the USDA-Natural Resources Conservation Service, USDA-Forest Service, USDI-Bureau of 
Land Management, and other organizations involved in soil and water conservation and environmental planning and 
assessment (Foster and Lane, 1987). 

     The Water Erosion Prediction Project (WEPP) is a computer model to predict water-induced soil erosion, storm 
run-off, root zone soil water, evapotranspiration, plant growth, and snow melt on cropland, rangeland, and forest 
land watersheds (USDA, 1989). The WEPP model represents a new erosion prediction technology based on the 
fundamentals of infiltration theory, percolation, soil physics, plant science, hydraulics, and erosion mechanics. In 
theory, WEPP provides several major advantages over existing hydrologic models; normally, it reflects the effects of 
land-use changes due to agricultural, range, and forestry practices, and it models spacial and temporal variability of 
the factors affecting the surface and subsurface water quality and quantity along a single hillslope or over a small 
watershed. The WEPP model can be divided into six conceptual components: climate generation, hydrology, plant 
growth, soils, management, and erosion (Savabi et al.,1995). 

     The WEPP model may be used in both hillslope and watershed applications. The major inputs to WEPP are a 
climate data file, a slope data file, a soil data file, and a cropping/management data file (NSERL, 1995). The 
cropping/management input file contains the largest number of different types of input parameters which describe 
the different plants, tillage implements, tillage sequences, 
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management practices, etc. The plant growth components for cropland calculates above and below ground biomass 
production for both annual and perennial crops in cropland situations, and for rangeland plant communities in 
rangeland situations (NSERL, 1995). The plant growth routines in WEPP are based upon an Epic. (William et al., 
1989) model approach which predicts potential growth based upon daily heat unit documentation. Actual plant 
growth is then decreased if water or temperature stress exist. In terms of erosion, perhaps the most important factor 
related to plant growth is the amount of biomass produced by the crop. (NSERL, 1995). Because of its complexity 
and the large number of input parameters in the WEPP plant growth model, only a few of those input parameters 
were collected in this study. 

 



WEPS & C-FACTOR 

     The Wind Erosion Prediction System (WEPS), developed by the USDA-ARS scientists, is process based, 
continuous daily time-step model that stimulates weather, field, conditions, and erosion (Hagen et al., 1995). It is 
intended to replace the predominately empirical Wind Erosion Equation (WEQ) (Woodruff and Siddoway, 1965) as 
an erosion prediction tool. The USDA-ARS scientists have also developed another process based but more empirical 
model that is known as the Revised Wind Erosion Equation (RWEQ) (Fryrear et al., 1998). 

     A crop growth model CROP is one of the submodels in the WEPS. The model calculates daily production of 
masses of roots, leaves, stems, and reproductive organs and of leaf and stem areas. At harvest, an estimate of the 
amount of dead biomass remaining on the soil surface is required for the DECOMPOSITION and other submodels 
of WEPS (Retta and Armbrust, 1995). Standing residue is more effective than flat residue, because it absorbs more 
of the wind’s energy 
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(Siddoway et al., 1965). Like the plant growth model in WEPP, the WEPS plant growth model is very data 
intensive. Only a few of the input parameters were collected in this study. 

RESIDUE DECOMPOSITION & C:N RATIOS 

     Crop residue management has been established as a valuable technology for reducing erosion and improving run-
off water quality from agricultural lands (Mustaghimi et al., 1988). Surface residue management is the most 
promising and practical erosion control practice in use today. Crop residues influence soil quality, nutrient cycling, 
and microbial processes and contribute significant amounts of N to the main crop (Vigil et al., 1991). 

     Residue management has become an important component of conservation tillage systems because surface 
residues help reduce water loss and erosion (Schomberg and Steiner, 1999). Surface residues decompose slower than 
incorporated residues (Douglas et al., 1980; Schomberg et al., 1994). The rate of crop residue decomposition is 
important from both agricultural and environmental standpoints. Decomposition of crop residues is a function of 
organic N content or C/N ratio (Gilmor et al., 1998). Decomposition rates have been shown to differ for the same 
residue in different soils (Ajwa and Tabatabi, 1994). 

     Litter from leaves, stems, branches, coarse roots, and fine roots is allocated into a readily decomposable 
(metabolic) root or a resistant (structural) residue pool based upon its lignin: N ratio (Pastor and Post, 1986). Soil 
litter carbon is divided into two major organic pools: residue (Woody debris, leaf litter and roots) and humus (Soil 
organic matter). Each of the carbon pools has an associated mineralization rate, efficiency of carbon transformation, 
and a specific range of C:N and C:P ratios (Lowrance et al., 2000). 
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     Plant residue decomposition for croplands is based upon a "decomposition day" approach, which is similar to the 
growing degree day approach used in many plant growth models. Each residue type has an optimal rate for 
decomposition, and environmental factors of temperature and moisture act to reduce the rate from its optimum 
value. The WEPP model tracks the type and amounts of residue from the previous 3 crop harvests. The model also 
allows several types of residue management, including residue removal, shredding, burning, and contact herbicide 
application (NSERL, 1995). 

     The crop residue decomposition component of WEPP is based on the RESMAN Residue Management Model 
(Stott and Rogers, 1990; Stott and Barrett, 1993; Stott, 1991). This component estimates the amount of residue 
present daily as standing, flat or buried, as well as dead roots. It also determines the amount of surface cover 
provided by the residue. 



     Microbial biomass may reduce losses of N and other nutrients during periods of low crop demand, and may act as 
a source of nutrients during active crop growth (Breimer and Kessel, 1992). Microbial biomass is generally highest 
in the fall and spring. Greater microbilization of nutrients in the microbial biomass during this period may conserve 
nutrients until the following crop is actively growing. The decline in microbial biomass during the summer may 
increase the nutrient supply for plants (Bremer and Kessel, 1992). Freeze- thaw cycles during the overwinter period 
may also enhance C availability (Inversan and Snowden, 1970). 

     Legumes have been long known to benefit sub- sequence crops. Although limited plant availability of legume N 
is primarily due to stabilization of N in organic forms, losses of legume N through NH3 volatalization, 
denitrification, or leaching may also be considerable (Bremmer and Kessel, 1992). Ladd and Amato (1986) and  
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Janzen et al. (1990) reported that losses of legume 15N were as great or greater than uptake by a subsequent crop. 
Mineralization of N is generally rapid from plant residues with a low C:N ratio (Amato et al., 1987; Fox et al. , 
1990) because N is in excess of the requirements for microbial growth. Nitrogen in plant residue with a high C/N 
ratio is retained by the microbial biomass (Ocio et al., 1991) and only slowly released. 

     The potential for considerable losses of NH3-N from immature plant residues decomposing on the soil surface 
was observed by Whitehead et al. (1988) and Janzen and McGinn (1991). Losses of NH3-N, however, were 
negligible when plant residues were buried (Janzen and McGinn, 1991). The influence of plant residues on plant-
available N also depends on the effects of plant residues on net mineralization of other sources of N in the soil 
(Bremer and Kessel, 1992). Yaccob and Blair (1980) and Fox et al. (1990) also reported that additions of legume 
residues increased indigenous soil N mineralization by 14 to 39% of the amount of N added. Wilson and Hargrove 
(1986), using crimson clover (Trifolium incarnatum L.) residues contained in nylon mesh bags, noted that N 
disappearance was faster for buried residues than with surface placement. 

     Residue inputs subsequently modify soil properties important to soil quality and crop production (Carter and 
Rennie, 1984; Collins et al., 1992). Crop residue, if retained on the soil surface, can dramatically reduce soil erosion. 
Crop residue requirements for erosion control depend on the type of residue and severity of erosion (Unger, 1988). 
However, it is estimated that 2200 Kg ha-1 of crop residue reduces soil loss from water erosion by 65% 
(Wischmeier, 1973). The Natural Resources Conservation Service estimates that 617 Kg ha-1 of residue is necessary 
to protect soil surfaces from the erosive effects of rainfall and water run-off (Kusmenoglu and Muehlbauer, 1998). 
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SURFACE RESIDUE & HORTICULTURAL CROPS 

     The benefits of surface residues or mulch in conserving soil moisture in horticultural crops has been known for 
many years (Emerson, 1903) with materials such as black plastic emulating the benefits of crop residues (Estes et 
al., 1985). Growing winter cover crops for surface residues in conservation tillage provides mulch that may decrease 
soil temperature and influence vegetable yields, depending on cover residue selection (Coolman and Hoyt, 1993). 
Legume residues have increased vegetable yields when compared to grass residues (Hoyt and Hargrove, 1986) and 
have increased nitrogen, potassium, and phosphorus recycling within the soil horizon (Wagger, 1993). 

CONSERVATION TILLAGE & RESIDUE MANAGEMENT 

     Under conventional tillage practices, plowing results in mixing of the soil profile and the burial of crop residues. 
With no-tillage management the soil is not plowed and crop residues accumulate on the soil surface as a mulch. 
These differences in soil disturbance and residue placement and their effects on soil physical and chemical 
properties (Phillips and Phillips, 1984) can influence the composition, distribution and activity of soil microbial 
communities (Doran, 1980; Lynch and Panting, 1980; Rice and Smith, 1982; Groffman, 1985). Knowledge of these 
influences can be important to understanding nutrient cycling (Hendrix et al., 1986; Andren et al., 1990; Beare et al., 



1992) and organic matter dynamics (Doran, 1980; Holland and Coleman, 1987) in different tillage and residue 
management systems. 

     In conventional tillage and no-tillage soils the "native" placements of residues (i.e., buried in CT, surficial in NT) 
significantly alters residue - associated microenvironments (Van Doren and Ahmaras, 1978). Water content, 
temperature, and nutrient proximity are among the most important variables that differ with residue placement 
(Beare et al., 1992). 
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In grain sorghum, buried residues (CT) had higher densities of fungal hyphae but fewer fungal colony-forming units 
than surface residues (NT). Buried decay rates were 3.4 times faster than surface residues. Fungal hyphae were more 
abundant in NT than CT mineral soils but there were no differences in fungal colony-forming units (Beare et 
al.,1993). 

     No-tillage to control soil erosion and enhance rainfall capture and retention is a proven practice in the 
Southeastern USA, particularly on the broadly slopping lands of the Piedmont and Appalachian Plateau. Yield 
increases due to no-tillage have been most notable for corn and double-crop soybean, and were primarily attributed 
to greater soil water availability from increased infiltration (Jones et al., 1969; Moscher et al., 1972; Wagger and 
Dention, 1989). In contrast, however, there are reports of grain yields being equal or lower with no-tillage than with 
conventional tillage systems. On heavy clay soils in the Mississippi Blacklands Prairie region, no-tillage resulted in 
a 20% soybean yield reduction compared with conventional tillage (Hairston et al., 1984). 

CONSERVATION TILLAGE & HORTICULTURAL CROPS 

     Conservation tillage CT has become an accepted cultural practice for many seeded agronomic crops since its 
introduction in the 1950s. Horticultural crops have not been studied as thoroughly as agronomic crops in CT 
experiments (Hoyt et al., 1994). The introduction of no-till transplanter has provided a means for planting bare 
rooted or containerized transplants in undisturbed soil (Morrison et al., 1973). Direct seeded vegetables such as 
sweet corn and squash can be planted easily by current no-till seeders designed for agronomic row crops (Hoyt, 
1999). 

     In Kentucky, Knavel et al., (1985) obtained greater sweet corn and popcorn yields with conventional tillage. CT 
improved or maintained yields similar to conventional tillage 
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in tomatoes (Morse et al., 1982), field beans and peppers (Lugo - Mercando et al., 1984), potatoes (Mundy et al., 
1999), cabbage and broccoli (Hoyt et al., 1996), and lima beans (Beste, 1973). 

OBJECTIVE 

     Alcorn State University, Mississippi, entered into a cooperative agreement with the Natural Resources 
Conservation Service (NRCS) of the USDA in 1988 to conduct a special study of plant and residue parameter values 
for fruit and vegetable crops. The main objective of this study is the part of a national conservation research effort 
designed to collect data on plant growth and residue data that are used to populate databases needed to develop C-
factors in RUSLE, and used in databases for other erosion prediction and natural resource models. 

 

 

 



MATERIALS & METHODS 

Parameter Measurements and their Techniques 

     The data collection procedures for the C-Factor is comprehensive and requires a series of very technical 
procedures. The procedures were established by USDA-NRCS and ARS Scientists in cooperation with the scientists 
of Alcorn State University’s Conservation Research Team in 1989 and refined and updated several times to make it 
highly acceptable to RUSLE and WEPP. Alcorn State University is located at the Southwestern part of Mississippi 
and the C-Factor Research Project is located on Memphis Silt Loam Soil (Typic Hapludalf, Silty, Mixed, Thermic) 
coming under the order Alfisols. Alfisols have a clay and nutrient enriched subsoil. They commonly have a mixed 
vegetative cover and are productive for most crops. 

     Two experimental plots are simultaneously raised and maintained for the same crop; one for the destructive 
harvest 
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studies and the other for yield, leaf area index (LAI), percent canopy cover, date of leaf drying initiation 
(Senescence), and percent residue cover after harvesting and disking. Plants are randomly selected for destructive 
harvest studies. 

     Destructive harvest study is carried out for every 15 days from the date of emergence until the final harvest. The 
parameters which are measured at each destructive harvest are: 

a) Leaf area index (LAI) 

b) Canopy cover percent 

c) Canopy height 

d) Stem diameter 

e) Root depth 

f) Root mass (Fresh & dry) 

g) Upper biomass (Fresh and dry) 

h) Edible portions 

i) Root/shoot ratio 

j) Rhizosphere width 

Root, shoot, and edible portions are always separated and their weights are recorded after drying to get the value of 
dry weights in Kg m2 as follows. 

Supposing plant to plant distance = 12" 

Row to row distance = 36" 

Then one plant area = 12 x 2.54 x 36 x 2.54 sq cm 



= 2787.0912 sq cm 

2787.0912 sq cm contains 1 plant 

Hence, 1 meter square may contain 

1 x 100 x 100 plants = 3.5879701 plants  
   2787.0912                           

Supposing the dry weight of one plant’s specific portion = (x) grams 

Then 3.5879701 will weigh — 3.5879701(x) gms 

= 3.587970 (x) Kg = .0035879701 (x) Kg  
       1000  

Hence, the factor = .0035879701 
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This factor when multiplied by the actual value obtained for one plant’s average dry weight of its specific portion 
(root, shoot or edible portion) will give the needed value in Kg m2. 

ZENITH ANGLE: 

     Zenith angle is the angle the sun makes with respect to a line vertical to the earth’s surface. Zenith angle of the 
sun is required for inversion of canopy light transmission data to determine leaf area index (AccuPAR Operators’ 
Manual). 

 

Fig. 1. Zenith angle is determined with the board/scale zenith angle device. 

     The zenith angle is determined with a device called board/scale zenith angle device before the ceptometer reading 
is taken (Fig. 1). 
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LEAF AREA INDEX (LAI): 

     LAI is the area of leaves per unit area of soil surface. LAI and percent canopy cover are measured with the 
AccuPAR (Fig. 2 & 3). AccuPAR is a battery-operated linear PAR ceptometer used for the collection of light 
interception data in crop and forest canopy research.  AccuPAR’s sensors 

 

Fig. 2. Leaf Area Index (LAI) and percent canopy cover are measured with the AccuPAR. Here, photosynthetically 
Active Radiation (PAR) is measured above the canopy. 

measure PAR (Photosynthetically Active Radiation) in the 400 to 700 nanometer waveland. Biomass production in 
plant communities is directly related to PAR interception (AccuPAR Operators Manual).  
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Fig. 3. AccuPAR measures light interception data below the canopy for LAI and percent canopy cover. 

     Ceptometer reading is taken between 10:00 a.m. and 2:00 p.m. The ceptometer is first set in READ mode F2, 
then use F4 for segmented proble par sampling with no external point sensor. The user will then center the bubble in 
the circle and take one reading unshaded F1 and one reading shaded F4. By pressing the F4 key, the probe will 
automatically calculate 12 readings and average them. This will give the Fd value. 

     The next step is to take the readings inside the plot. To minimize the chances of errors, the border rows of the 
undisturbed yield harvest area will be avoided. By the same procedure mentioned above, the user should take 1 
reading above the canopy with a F1 key. Next, by pressing the F4 key 1 time, the ceptometer will automatically 
calculate and average 12 readings below the canopy. The center of the probe should be placed at the stem of the 
plant and moved slowly away as the ceptometer calculates the readings. 
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CALCULATION OF LAI: 

Take one PAR measurement above the canopy, one below the canopy and record the average. 

i = PAR below/PAR above 

In READ mode, take 1 reading shaded F1 with the tip of the ceptometer shaded by a 10 cm diameter shade at a 
distance of about 1 meter, and 1 reading unshaded. Record the average. 

Fd = PAR shaded/PAR unshaded 

Fb = 1-Fd 

Calculate the zenith angle: 

= arctan (X/10). 

Where X is the shadow length (cm) and 10 is the height (cm) of vertical piece. 

K = 1/cos 

Calculate LAI: 

A = 1 -1/2 K 

B = Fb - 1 

C = A * B 

D = C * 1n i 

E = 0.86 (1 - 0.47 Fb) 

LAI = D/E 
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PERCENT CANOPY COVER: 

     This measurement is taken using function 2 of the ceptometer. The border rows are avoided to record this 
reading. Place the instrument above the leaf canopy in full sunlight and press the A button. This Dv value is the 
measurement when the ceptometer probe is fully exposed to sunlight. Press B button twice to clear this display. 
After taking 10 readings below the canopy press the B button to display the arithmetic mean Num. Percent canopy 
cover (PCC) = (1 - Num/Dv)*100. 

RESIDUE MEASUREMENT TECHNIQUE 

     Crop residues were originally quantified in terms of dry weight per unit area until conservationists learned that 
percentage of soil covered by residues correlated better with erosion control than dry weight (Gilley et al., 1986). 



Additional emphasis on quantifying percentage cover has been generated by the Food Security Act of 1985 and 
Food, Agriculture, Conservation and Trade Act of 1990 (USDA. 1985; USDA. 1990). 

     Percentage residue cover is used to characterize the soil surface coverage by pieces or fragments of plant material 
as seen by a nadir view and herein termed "cover", given in units of "% - cover" (Morrison et al., 1997). Various 
residue measurement techniques are currently in use. A line transect method covering both line-intercept and 
pointinterc ept is used to measure the residue cover. A cord with equally spaced knot markers is stretched diagonally 
across the plot and coincidences of the markers and pieces of crop residue on the Soil Surface are visually counted 
(Morrison et al., 1993). 

NON-EDIBLE PLANT MATERIAL DECAY STUDY: 

     Fresh plant residues collected from the field immediately after final harvest are used for this study. They are cut 

21 

into small pieces, almost to the same size and type of cuttings usually produced by the rotary tiller. Cuttings are 
weighed immediately and packed in previously washed, dried and weighed fiberglass bags. Each non-edible part in 
triplicate is checked for its initial moisture and dry matter content. Labeled bags are spread over the well-plowed 
field. Each bag is tied with a thread across the field to prevent any movement that could happen by heavy winds or 
animal pests. Seventy two bags of roots and 72 bags of shoots are used for each crop. Roots and shoots of 36 bags 
each are surfaced and the same number of bags are sub-surfaced at 6" deep for a period of six month study. Two 
bags of shoots and 2 bags of roots are collected from the field every ten days (Fig. 4). Bags are very carefully 
brushed to remove the adhering soil particles. 

 

Fig. 4. Residue decomposition study using fiberglass bags.  
Surfaced and subsurfaced roots and shoots are studied for a period of six months.  
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Residue is dried, ground and analyzed for C, H, and N analysis with the Elemental Analyzer E.A. 1108 (Fig. 5). The 
principle of analytical method is based on the complete and instantaneous oxidation of the sample by "flash 
combustion" which converts all organic and inorganic substances into combustion products. The resulting 
combustion gases pass through a reduction furnace and are swept into the chromatographic column by the carrier 
gas (helium) where they are separated and detected by a thermal conductivity detector (TCD) which gives an output 
signal proportional to the concentration of the individual components of the mixture (Carlo Erba Instruments 
Production Manual). 



 

Fig. 5. C, H, and N analysis using the Elemental Analyzer E. A. 1108. The principle of analysis is the oxidation of 
the sample by "flash combustion".  

MINIMAL-TILLAGE AND NO-TILL STUDIES 

     Considering the highly erodible nature of the Memphis Silt Loam, a minimal-till study was initiated in 1992. 
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     The objective of this study was to determine the effect of minimum tillage on the yield of sweet corn, cowpea, 
and snap beans with the yearly treatments of wheat, clover, vetch and control. 

     Two no-till plot have been established in spring 2000 to raise vegetable crops. Two crops will be raised 
simultaneously on conventional-till and no-till plots to compare for yield, LAI, percent canopy cover, canopy height 
and upper biomass. 

WEATHER DATA: 

     Weather information are recorded by a computerized weather station and assembled as a data base according to 
RUSLE and WEPP model specifications. 

DATA MANAGEMENT: 

     Data gathered in the field and laboratory are compiled and stored using a data base management program called 
SEIMS (Soil Erosion Information Management System). It has been updated with more recent software; i.e; from 
DOS to Windows base program for recording data and generating reports. Units used for the parameter values 
correspond to those agreed upon by the Alcorn State University’s C-Factor Project Team, USDA-ARS, and NRCS. 
Both field and climatic data collected in the project are transmitted to the user agencies at regular scheduled 
intervals. 

PROGRESS AND ACHIEVEMENTS 

     The enormous data collected on leaf area index (LAI), canopy cover, lower and upper biomass, rate of residue 
decomposition, C:N ratio of samples of residues and destructive harvest, and other growth parameters of canopy and 
rhizosphere made the project the largest data bank on horticultural crops. 
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Horticultural crops studied: Bell pepper, broccoli, cabbage, cantaloupe, cauliflower, Chinese cabbage, collards, 
cowpea, English peas, hot pepper, Irish potato, kale, lettuce, mustard, nectarine, okra, onion, peanut, plum, radish, 
snap beans, spinach, squash, strawberry, sweet corn, sweet potato, tomato, turnip, and watermelon. 

Agronomic crops studied: Cotton, soybean, canola, 

Study continues on: (1) Vegetables on conventional & no-till, and (2) muscadine, blueberry, peach, plum, and 
nectarine. 

Destructive Harvest Studies: Completed data collection on 32 crops raised on 246 research plots with a total of 
87,984 readings until Fall 2000. 

Non-Edible Plant Material Decay Study: 

3114 samples from 21 crops 

No-till: Studies on vegetables continue 

CHN Analysis:         

(a) Samples from destructive harvest - 557  

(b) Samples from residue decomposition - 3114  

Number of Publications:  

(a) Papers presented and published at regional, national    
      and international conferences - 21    
(b) Theses - 3  
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