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ABSTRACT

NITROGEN RECOVERY AND NITROGEN BALANCE WITH 15N IN POTATO

SYSTEMS AMENDED WITH COVER CROPS AND MANURE.

By

Judith Nyiraneza

Potato yield response to the combination of fertilizer, with cover crop and/or

manure was assessed and nitrogen partitioning determined using 15N. In the first field

based experiment, benefits of growing a pure stand of a winter cereal cover crop (rye)

versus growing a mixture of legume (hairy vetch) and cereal were compared in terms of

biomass produced, nitrogen returned to the soil and yield of the following crop

(potatoes). At two sites, the mixture significantly increased yield biomass of cover crop

and nitrogen incorporated. In the second experiment, manure was applied in a split plot

field study and in a large container study to evaluate cover crop and manure effects and

their interactions, on potato yield, N use efficiency and N recovery. N partitioning by

using 15N was carried out in the complementary container experiment and nitrates

released from different sources were monitored using anion exchange membranes. Net

nitrogen recovery by 15N ranged from 71 to 76%, with the main allocation in tubers. Rye

and manure application significantly increased potato yield and nutrient uptake. Nitrate

on anion exchange membranes followed the same trend, as nutrient uptake and potato

total yield, indicating that, the anion exchange membranes are good tools in assessing

nutrient release capacity from different sources. Organic sources rapidly improved the

soil productivity.
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Chapter 1. Literature review

Nitrogen effects on plant growth

Nitrogen (N) is often the most limiting nutrient for many crops because it is

required at high levels. Crops obtain N mainly from mineralization of soil organic

matter but also from added inorganic N from fertilizer, manures, and from N

fixation by legumes. The nitrogen present in soil can generally be classified as

inorganic or organic. Ninety-five percent or more of the N usually occurs in

organic form in surface soils (Tisdale et al.1985). The inorganic forms of soil

nitrogen include ammonium (NHH), nitrate (NOa‘), nitrous oxide (N20), nitric

oxide (NO) and, elemental nitrogen (N2). From the standpoint of soil fertility, the

NHI, N20, and N03' forms are of greatest importance; N20 and NO are also

important in a negative way, they represent forms of nitrogen that are vulnerable

to gaseous loss through denitrification (Tisdale et al. 1985).

The application of N fertilizer to grow crops is generally cost-effective. The

cost of fertilizer is minimal compared to the extra value obtained. For this reason,

farmers are encouraged to apply relatively high levels of N to optimize yields,

which may be close to the maximum potential yield (Kitchen and Goulding 2001).

Application of N fertilizer generally increases crop biomass and protein yield as

well as nitrogen concentration in plant tissue. Nitrogen is important not only for

the quantity of the crop produced, but also for the quality of the crop. Nitrogen

fertilization has a big impact on potato quality for processing. It also influences

potato size in regard to the fresh marketable yield. Nitrogen fertilization affects



potato tuber size but also starch content and sugar content (Blumenthal et al.

2001). Low nitrogen fertilizer rate will cause particular problems in potatoes, as it

is related to small tubers with low dry matter content and high reducing sugar

levels. On the other hand, excessive nitrogen fertilizer rate delays tuber initiation

while promoting excessive vine growth. It is therefore important to manage

nitrogen properly to achieve optimum crop quality and quantity. In addition,

nitrogen merits particular attention, more than any other nutrient because of

environmental issues.

Of all the nutrients required for plant growth, N is by far the most mobile;

losses of as much as half of the applied amount are frequent (Stevenson 1999).

Five main processes for N loss include: bacterial denitrification,

chemodenitrification, NH3 volatilization, leaching and erosion (Stevenson 1999).

From the standpoint of groundwater quality, leaching of N03'-N is the primary

concern, and for that it requires careful consideration.

Nitrogen losses from soil by leaching

Modern farming practices that rely on N fertilizer rate in excess of use are

often presumed to be responsible for the non-point source pollution of drinking

water. The transfer of N from soil to lakes and streams occurs primarily through

leaching and surface flow. Nitrogen is mainly leached as NO3'-N, although NH4“

may be lost from sandy soils and from soils where excessive amount of NH...+ are

applied.

Historically, the N03'-N content of surface waters has been increased by

Clearing native vegetation, practicing excessive tillage, increasing livestock



numbers and recently by increasing N fertilization rate (Stevenson 1999). A study

conducted in Sierra Polona Valley in Los Angeles County showed that

anthropogenic sources contributed more than half of the N03'-N found in the

basin and almost 40% of water wells routinely or occasionally exceeded the

public drinking water standard of 10 mg L‘1 (Williams et al. 1998). Studies have

shown that the level of N03‘-N leached and/or lost in subsurface tile drainage

increases as N fertilization rate increases (Angle et al. 1993, Baker and Johnson

1981; Gast et al 1978). Concerns about N03'-N in drinking water and food arise

from the fact that when consumed in large amounts, NO3‘-N has the potential to

cause methemoglobinemia and stomach cancer (Stevenson 1999). Leaching

losses occur when three conditions are met (Stevenson 1999): i) soil N03'-N

levels are high; ii) plant uptake and microbial immobilization cannot remove all of

the N03'-N from solution before it reaches greater depths in the soil profile where

there are few roots and decreased microbial activity; and, iii) downward

movement of water is sufficient to move NO3'-N below the rooting depth.

From this, it is Clear that crops, which have high nitrogen and water

requirement and prefer deep and well-drained soils, are at risk for allowing a

downward movement of N03‘-N in groundwater. As potatoes meet all those

conditions, it IS not surprising that the potato producing area in Montcalm County

in central Michigan has N leaching problems. In 1984, a survey of 178 wells in

Montcalm County (Michigan) found that 7% of the water samples exceeded the

standard of 10 mg L‘1 of N03'-N in drinking water (Vitosh 1990). Most probably



this is caused by the fact that this region represents an intensive agricultural

area, high in irrigated potato production combined with sandy soils (Vitosh 1990).

Management practices that minimize N03'-N levels include (Stevenson

1999): i) modifying cropping systems, integrating cover crops and legume to

reduce the need for N fertilizers; ii) using slow release fertilizers; iii) developing

better models for predicting available soil N and reducing N fertilizer

appropriately, iv) growing a winter cover crop which assimilates residual N03‘-N

into plant organic N, which is then returned to the soil in the spring when the

plant is killed. lf well managed, simple soil management practices which consist

in combining fertilizer with an organic source such as cover crop and/or manure

could help to avoid excessive N losses to the environment by decreasing N

fertilizer rate.

Managing organic sources to reduce the need of N fertilizers

The main organic sources include animal manure, crop residues, green

manure and cover crops. Also, logging and wood manufacturing residues,

industrial organic wastes, and residues from the food processing industry are

good sources for nutrients in agriculture. In the USA, estimates of organic

residues are at about 694 metric ton per year (Rajendra and Power 1997).

An estimated 175 million tons of manure is excreted each year by all

domestic livestock and poultry (Rajendra and Power 1997). N content in animal

manure (dry weight basis) varies from 3 to 4% in poultry and 1 to 2% in beef

cattle (Rajendra and Power 1997). Animal agriculture produces half of Michigan’s



agriculture income and animal nutrients represent 18%, 37%, and 25% of the

crops needs for N, P, K, respectively in the State (Bickert 2002).

The main problem associated with organic sources (manure, cover crops

or green manures) respect to fertilizer is that their N content is mostly under

organic form and need to be mineralized, before being available to the following

crop. The mineralization rate also depends on environmental conditions. Another

constraint is that, there is also a high variability of manure nutrient, both in space

and in time, depending on how they are treated and stored, and the related

variability during application to the soil. A challenge associated with cover crops

and manure is the poor synchronization or delays in nitrogen mineralization,

which can reduce plant available nitrogen during a time of high demand

(Malpassi et al. 2000).

Organic sources help to build the soil over the long-term by increasing soil

quality, through increases in cation exchange capacity, water holding capacity,

and organic matter. For example, approximately 20% greater water-stable

aggregates were formed under crop residue treatments, compared to fertilizer

alone (Ordan et al. 1996). Organic sources are important during transition from

conventional to low input agriculture. Transitional Changes were studied by Scow

et al. (1994); after four years, soil pH and percent N levels were consistently

greater in organic and low input systems than in conventional plots for all crops.

Levels of the soil organic matter, phosphorus and potassium were also

Significantly greater in the organic than conventional plots.



The use of chemical fertilizer along with organic fertilizer is probably the

best way to maintain satisfactory yields, to build the soil, and avoid environmental

problems. Combining composts with reduced amount of mineral fertilizer to

satisfy crop requirements presents several benefits. Sikora and Enkiri (2000)

compared compost and fertilizer alone using 15N analysis and observed that

NH4NO3 fertilizer stimulated soil and/or compost mineralization, producing more

N than predicted from incubation studies on compost N mineralization. The same

increase of N use efficiency was observed by Jensen et al. (1999), who

combined 15N labeled ruminant manure with fertilizer.

To avoid the decline in soil organic matter concentration as well as the

decline in aggregate stability observed in potatoes systems (Saini and Grant

1980), it is important to incorporate manure and cover crops.

Cover crop effects

A cover crop is a crop grown as a complementary plant to a cash crop to

benefit the soil in many ways: it reduces erosion, weed pressure, insects,

nematodes, other pest problems, and improves soil quality (Mutch and Martin

2000). Cover crops seeded in fall may reduce N03--N leaching by uptake of

residual N03' after fall crop harvest. Meisinger et al. (1991) and Power and Doran

(1988) reported that the reduction of N03'-N leaching by non legumes ranged

from 29 to 94%, compared with —6 to 48% by legumes in the southeast and

northeast (Sainju and Singh 1997). McCraken et al. (1994) found that rye

reduced N03'-N leaching by 94% compared with 48% for hairy vetch. Rye has



been shown to be an effective recycler of soil N03'-N in the early growing season

presumably due to high root density (Upendra et al. (1998).

Cover crops used as green manure can increase soil carbon content

(Bolton et al. 1985; Muller and Sundman 1998; Wagger et al.1998). Increasing

soil labile organic C by green manure results in increased microbial number and

activity, improved soil structural stability, and increased water-holding capacity

(Kuo et al. 1997; Muller and Sundman 1998; Abdallahi and N’Dayegamiye 2000).

Several studies have demonstrated that green manures increase soil biological

and enzymatic activity more than mineral fertilizer (Bolton et al. 1985; Kirchener

et al.1993; Abdallahi and N’Dayegamiye 2000).

Cover crops or green manure N could represent an important N source for

a subsequent crop. In a study where residual effects of five green manure

species were studied over a period of five years, green manure application

provided 15 to 36 kg N ha'1 to as subsequent wheat crop, and this contribution

accounted for 25 to 31% of the total wheat N uptake (N’Dayegamiye and Tran

2001)

However, estimating the amount of N released from green manure or

cover crops can be difficult due to many interacting factors, which are involved in

the mineralization process including temperature, moisture, physical and

chemical composition of residues (Pare and Papendick 1978; Bending and

Turner 1999).



Manure nitrogen availability

Animal manures contain important quantities of plant nutrients and,

therefore, can substitute for mineral fertilizers such as N, P and K. Nitrogen

content and availability from manure depends on animal species and age,

composition of feed, type and amount of bedding, Climatic conditions, storage

and handling systems, and method of field application (Dawson and Kelling

2002). A better understanding of manure N availability to crops and, its effects on

soil N mineralization is important to allow estimation of correct credit for N

supplied and to adjust fertilizer accordingly (Eneji et al. 2002). However, it is

difficult to estimate manure nutrient supply because of many factors that

influence manure N mineralization rate.

Internal factors such as manure characteristics as well as external factors

such as climatic conditions greatly influence the N mineralization rate of manure.

Nitrogen mineralization is a microbial process and iS influenced by substrate

Characteristics, but also by temperature, soil water status and aeration (Griffin

and Honeycutt 2000). Water content has been long known to exert a pronounced

influence on the rate at which N is mineralized (Stanford and Epstein1974;

Flowers and O’Callaghan 1983).

Nitrogen mineralization is also influenced by soil type. Gordillo and Cabrera

(1997) carried out an incubation assay for 140 days to study N mineralization of

broiler litter applied to nine soils. There was a positive correlation between sand

content and mineralization rate, whereas a negative correlation was observed

with Slit and Clay content.



Temperature is also important in N mineralization. Stark (1996) observed that

a maximal nitrification rate occurs between 30-35 C, whereas the optimal range

was between 20 and 25 C (Grundman et al. 1995). The effects of moisture and

temperature on N mineralization were evaluated for three poultry manures (Sims

1986), and the results showed that temperature generally accelerated N

mineralization.

Cropping systems also influence the rate at which manure is mineralized.

Two different systems: a rotation (maize-maize-soybean- wheat) fertilized with

manure and with cover crops were compared to a maize monoculture fertilized

conventionally (Sanchez et al. 2001). At 70 and 150 days of laboratory

incubation, net N mineralized was 90 and 40%, respectively, greater for the

rotation system, compared to the monoculture. This indicates that, there are

other factors beside temperature, moisture and soil characteristics that highly

influence manure N mineralization rate, such as substrate from residue

incorporation.

Several studies have evaluated N mineralization rates of various animal

manures and, a broad range of values are reported. Bitzer and Sims (1988)

found that N mineralization from 20 different types of poultry manure averaged

66% of organic N over a 140-d incubation but rates varied widely among

manures. Chai and Tabatai (1986) and Castellanos and Pratt (1981) found rates

varying from 57% of organic N for chicken manure, to only 17% for dairy manure.

Chai and Tabatai (1986) obtained similar values in a 26-week laboratory

incubation, with Chicken manure mineralizing 53%, compared to 31% for horse



manure. Approximately 45% of N in poultry manure is released, compared with

18% for beef manure (Schmitt et al.1999).

Fescue N uptake was also used to study N availability from manure, compost

manure, and plant residue compost; the values were 11%, 6%, and 2% of total

N, respectively (Hartz et al. 2000). Enghball and Power (1999) evaluated the

effects of P and N from manure and compost application on corn yield in a four

year study. They reported that biannual manure or compost applications resulted

in similar grain yields as annual application, but increased available P in the soil.

Estimated N availability was 40% for manure and 15% for compost in the first

year and was 18% for manure and 8% for compost in the second year after

application.

Because many factors are involved in N mineralization, the estimation of

nutrient availability from organic sources needs to consider crop nutrient

requirements, type of soil and environmental conditions. It is also important to

consider methodology, as improved prediction tools can help to better

understand N dynamics in soil for the best N management decision.

N use studies

The most frequent method of estimating N availability from an organic source

is carried out under controlled conditions in laboratory by incubating a soil

amendment mixture and determining the quantity of inorganic N produced. This

method does not Simulate field conditions where there is a great variation of

temperature and moisture content. However, it does provide a consistent basis

for relative comparison. Methods carried out under field conditions are more

10



representative because they integrate realistic soil and climatic conditions. Field

methods are frequently based on yield and/or plant N uptake and have the

advantage in that they integrate soil and climatic conditions for a given crop. The

most commonly used method is the apparent N recovery or difference method: N

released from manure or fertilizer is estimated by difference method, measuring

N crop uptake from the soil with manure/or fertilizer and the control without any N

inputas:

% Apparent N recovery= ((N uptake in manured or fertilized soils-N uptake

from the control)/ amount of total N in manure or fertilizer»*100 (1)

This method assumes that mineralization, immobilization and, other N

transformations are the same for both fertilized and unfertilized soils (Westerman

and Kurtz 1974). This assumption does not always hold because soil microbial

activity may be enhanced under organic amended soil, increasing the N

mineralization rate.

A more precise method involves the introduction of a labeled 15N input, such

as fertilizer, manure or cover crop, and calculates the labeled N budget

(Stevenson 1982). A labeled N source indicates how the labeled N interacts with

the system by tracing its fate throughout the system. The tracer method is more

accurate but more expensive (Stevenson 1982). Net recovery by using 15N is

calculated as follows (Hauck and Bremner 1976):

Percent recovery of ’5N= 100 *p*(c-b)/f *(a-b) (2)

11



Where "p” is total N uptake (kg ha-1), “f” is enriched N fertilizer applied (kg ha")

and “a", “”,b and C are atom percent 15N in fertilizer, in plants grown with

unlabelled fertilizer, and in plants grown with labeled fertilizer, respectively.

Comparisons between 15N method and the difference method for estimating N

recovery efficiency (RE) have been done (Westerman and Kurtz 1974; Olson and

Swallow 1984; Rao et al., 1991). These authors reported that estimated RE is

often higher using the difference method than the 15N method. This may be

caused by the priming effect of fertilizer application, which stimulates soil N

mineralization (Westerman and Kurtz 1973). Apparent and net recovery methods

are important tools to understand N dynamic by evaluating N recovered in plants.

However, it is also useful to assess the fate of N in soil or lost to the system.

Understanding the dynamic of nitrate during a growing season is needed to

quantify N supply capacity from different N sources.

Methods for monitoring soil N03'-N pool

A method which allows measurement of plant available N03'-N will help to

minimize environmental concerns of N03'-N. It also helps us to understand

nitrate-N dynamics and synchronize nutrient release with plant uptake. It is

possible to follow the dynamic of N03‘-N availability by using anion exchange

membranes (AEM), which act as ion exchangers. The membranes are charged

by the addition of a counter ion, such as chloride (Cl'). If the membrane is placed

into a concentrated solution of N03'-N , the Cl' will be exchanged.

Use of anion exchange allows an integrated approach to monitoring nitrate-N.

Soil extraction techniques by contrast, provide a short-term measure of soil N03“-

12



N content, which can fluctuate widely within a few days. Nitrate held on the

membranes should reflect N03'-N available by diffusion that is not removed by

microbes or displaced by other anions. This provides an estimate of the quantity

of N03'-N that is available to plants and/or susceptible to leaching.

Paré et al. (1995) compared soil nitrate extracted by 2M KCI to that adsorbed

on an anion exchange membrane in situ from a soil amended with manure or

inorganic N fertilizer. The Authors showed that N03’-N extracted by both methods

was greater with the inorganic fertilizer treatment than with the manure or the

control treatments throughout the growing season. The N03'-N concentrations

measured by both methods were correlated with r of 0.78. In a study by Collins

and Derek (1999), anion exchange membranes were found to provide a positive

correlation between N03'-N and N application rate and between N03'-N and

yields.

lon exchange resins or membranes are increasingly used for measurement of

potential N supply in soil. For example, Qian and Schoenau (1995) and Friedel et

al. (2000) used AEM in an incubation system to assess N mineralization in

Western Canadian soils. These Authors found that nitrate supply rate measured

by AEM after two weeks of incubation was more Closely correlated with plant N

uptake than nitrate measured by a conventional incubation assay. Because of

intimate contact and short diffusion paths, N mineralized from organic

compounds are readily adsorbed by the AEM, thus processes like nitrification,

accumulation, immobilization, or losses of mineralized N are prevented (Friedel

etal(2000)

13



By using AEM, it is possible to monitor nitrate-N dynamics after incorporation

of cover crop and manure. This may help to manage N fertility for combinations

of organic input and fertilizer

Organic matter fractions

Organic matter (OM) in soil can be divided into two categories: plant debris at

different stages of decomposition and organic matter adsorbed on mineral

surfaces. In many studies, these categories are often referred to as the light and

heavy fractions respectively (Theodoru 1990). Light fractions of OM are in an

intermediate state of decomposition between fresh plant tissues and stable soil

organic matter. Organic matter in the light fraction decomposes quickly whereas

that in the heavier fraction decomposes more slowly.

Light fraction content is frequently used as an indicator of soil quality and N

availability. The light fraction and macro organic matter are mainly plant and

microbial residues, in various stages of decomposition. These pools are

Significant for soil C and N dynamics, because they serve as a readily

decomposable substrate for soil microorganisms and as a short-term pool for

plant nutrients. The light fraction usually represents 0.1 to 4% of the total weight

of cultivated topsoil, is highly enriched with C and N; up to15 times more C and

10 times more N percent concentration than whole soil (Janzen et al. 1992).

The soil light fraction content has been found to be a sensitive indicator of

cropping systems and organic input effects on the soil organic matter quality. In a

study of long-term crop rotations, Janzen et al. (1992) found that the light fraction

content was generally greatest in treatments with continuous cropping or
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perennial forages and lowest in those with high frequency of summer fallow.

Janzen (1987) observed that light fraction content was inversely proportional to

the frequency of summer fallow in various spring wheat rotations. Wander and

Traina (1993) compared three different systems; organic cover cropped rotation,

conventional and, organic manure amended. The organic cover cropped rotation

had a larger percentage and proportion of C and N in its light fraction than others

soils studied.

The weight of light fraction of OM has been found to be strongly related to soil

microbial respiration, carbon biomass and potential N mineralization (Janzen et

al. 1992; N’Dayegamiye et al. 1997). Light fractions of OM are associated with a

large portion of the microbial population and the soil enzyme and carbohydrate

contents (Janzen et al. 1992). Cover crops or green manures may strongly

stimulate soil microorganisms and thus increase the light fractions and labile N,

which is related to N availability to crops (Liang et al. 1999).

N use efficiency on potatoes

Efficient use of N in agricultural production systems can be viewed from

agronomic, economic and environmental perspectives (Westerman 1988). A

potato is a high N demanding crop; although the exact amount of N required

depends on yield goal, potato variety, Climate, soil, and irrigation systems.

Because higher potato yields are associated with relatively higher N fertilizer

rates, growers tend to increase the N rate applied (Vitosh 1990). Over fertilization

with nitrogen results in high residual N at the end of the season and can cause

tuber quality problem. Inorganic N is susceptible to be lost either below root zone
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or into the atmosphere. The total amount of N applied as well as its partitioning

during the season affects tuber quantity and tuber quality. Excessive N delays

tuber growth (Westerman and Kleinkopf 1985), increases yield of non marketable

tubers (Errebhi et al. 1998) and decreases specific gravity, an important tuber

quality factor.

To minimize N losses and to ensure high N use efficiency in potatoes it is

recommended to supply N in synchrony with plant demand (Snapp et al. 2002).

N efficiency has been found to be increased by splitting N fertilization to multiple

applications (Snapp et al. 2002, V05 1999, Lauer 1985, Roberts et al. 1982,

Stark et al. 1993, Ojala et al. 1990). High N demand corresponds to plant growth

stages of tuber initiation and tuber bulking (Vitosh et al. 1997). These authors

reported that 35-45% of total nitrogen uptake occurred between early tuber

initiation and tuberization, whereas 30-40% of total N uptake corresponded to the

moment of enlargement of tubers.

To avoid over fertilization, it is important to take into account N credits

supplied by sources others than mineral fertilizer (Snap et al. 2002, Vitosh et al

1990). These N sources include N from irrigation water, legumes, cover crops, as

well as N mineralized from the soil. For example, alfalfa may supply 89-112 kg

ha‘1 of N credits at 60-100% stand (Vitosh et al. 1990).

In the present study, N use on potatoes was assessed by monitoring total N

budget of labeled N fertilizer; by partitioning into soil, plant and nitrate N pools in
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the profile. Cover crops and manure were integrated in the system to reduce

mineral N fertilizer need, enhance yields and system sustainability.

The overall objective of this study was to increase the understanding of N

dynamics in potatoes amended with cover crops and manure. In order to reduce

leaching, N rate was maintained at recommended level and cover crop and

manure were integrated into the system.

The specific objectives were; i) to calculate fertilizer, manure and cover crops

N recovery and efficiency; ii) to evaluate the benefits of manure and cover crops

on potato yields, quality and N dynamic; iii) to determine N budget; iv) to assess

the influence of cover crops and manure on soil quality through changes in light

fraction.

Hypotheses are:

1. Cover crops and manure will increase soil available N, potato yield and

nutrient uptake.

2. The combination of manure and cover crops will result in lower nitrate leaching

potential.

3. Organic fertilizer sources will enhance the soil labile (light fraction) organic

matter more than mineral fertilizer will.
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Chapter 2. Benefits of a mixture of winter legume and cereal cover crops on

biomass harvested, N incorporated and on yield of the succeeding potato

(Solanum tuberosum L.)

ABSTRACT

Integration of organic sources such as cover crops will allow decreased

amounts of fertilizer to be used and will improve soil conditions in potato

systems. Potato response to cover crops and N fertilizer was assessed by

monitoring total yield and marketable yield. Winter cover crops constituted of rye

(SecaIe cereale) cover (67.2 kg seed ha"), a mixture of rye-hairy vetch (Vicia

viIIosa) at a rate of 67.2 and, 11.2 kg ha", respectively were compared to a bare

winter fallow. The study was carried out at three site-year combinations in

Michigan: Montcalm Research Farm (MRF) in 2001 and 2002, and at

Southwestern Michigan Research and Extension Center (SWMREC) in 2002.

Fertilizer N was applied to potato at 224 kg ha", and was split in three

applications to minimize losses. Total N uptake by rye shoots was between 33

and 43 kg N ha'1 and between 53 and 101 kg N ha'1 for rye-hairy vetch mixture.

The mixture of rye and hairy vetch significantly increased cover crop biomass

and N uptake during 2002 at SWMREC and similar trend was observed at MRF.

There was a trend toward total and potato marketable yields (US# 1) being

increased in the following order: mix cover> rye> bare soil. On average, potato

yield increases from rye and rye hairy-vetch mixture were 12% and 16%,

respectively. Results indicate that repeated applications of cover crops could be
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beneficial on potato farming systems and would help to reduce the amount of

chemical fertilizer.

INTRODUCTION

Cover crops are defined as plants grown primarily to protect the soils from

erosion and loss of residual nutrients though leaching and runoff. Cover crops

are used for short-periods during rotations. Currently, winter season cover crops

are used in temperate and subtropical zone cropping systems. In addition to

winter cover crops, annual crops grown in summer such as cowpea and velvet

bean are used as green manures. They are incorporated into soil at the end of

the season to improve soils properties.

Effective winter cover crops should demonstrate rapid germination,

aggressive, and extensive rooting systems (Sainju et al. 1998). Rye, hairy vetch,

barley and crimson Clover were found by Creamer and Bennett (1997) to be

suitable, because of their competiveness, quick establishment and their

possibility to produce adequate biomass when mixed. Although grasses are

effective catch crops in regard to nitrogen (N), their wide C:N ratio may result in

immobilization of nitrogen, increasing the fertilizer N requirement of following

crops (Sustainable Agriculture Network 1998). Legumes cover crops can supply

more N than grasses to a following crop (Amado et al. 1998), but typically

recover only 20 to 30% of the mass of N recovered by grass or brassica cover

crops (Shipley et al. 1992). It is therefore possible to combine benefits offered by

legumes with those offered by grasses by combining them in a mixed culture.
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Several studies have reported that a mixture of legume and cereal cover

crops increased biomass and recovered N (Odhiambo and Bomke 2001,Clark et

al. 1994, Holderbaum et al.1990). One reason may be that N fixation by legumes

may benefit grasses through transfer of N to the plant by roots (Griller et al.

1991). Another explanation is that, grasses scavenge more N than legumes, and

this would favor a rapid depletion of N in soil, increasing legume biological N

fixation (Ofori and Stern 1987). The mutual advantage of mixing grass and

legumes, is related to their quality.

Carbon and N play an important role in the regulation of soil biological

activity and hence nutrient cycling. These parameters are related to cover crops

quality when assessing their N availability. Cereals tend to have a wide C:N ratio

with respect to legumes. The C:N ratios of 10 to 20 have been reported in

legumes monoculture in the southeastern USA (Hargrove 1986, Wagger 1989,

Clark et al.1994). In contrast, rye has been shown to have a high C:N ratio (>20)

with the risk of N immobilization. For instance, Rosecrance et al. (2000) studied

N mineralization from hairy vetch and rye cover crop monoculture and bicultures.

Net N mineralization was observed in vetch and rye-vetch, while net N

immobilization was observed in rye. Also, Wagger (1989) examined nitrogen

release from crimson Clover, hairy vetch and rye cover crops. In that study 75 to

80% of N in hairy vetch and crimson clover residue was released, compared with

50% from rye residues after eight weeks of dessication. A mixture of cereal and

legume may increase decomposition rate of a grass while moderating the more

rapid N mineralization of a legume (Rannels and Wagger 1997).
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In order to recommend cover crops to growers as a standard practice, it

needs to be evaluated from the economic standpoint (Reeves 1994). Increasing

soil productivity by using cover crops needs to be well investigated. Rye has

been shown to decrease corn yield (Johnson et al. 1998, Kessavalou and

Walters 1997). The explanations behind are that rye may deplete or immobilize

soil N causing early season N stress in com, rye may use too much water in

spring (Munawar 1990), or rye residues may cause allelopathic phytotoxicity

(Kessavalou and Walters 1997, Shilling et al. 1986). The negative effects of rye

may be reduced by application of fertilizer N. Reductions in corn yields were

found when N fertilizer was not applied, and this was not observed when N

fertilizer was applied, suggesting N deficiency caused by the immobilization of

inorganic N during decomposition (Ebelhar and Blevins 1984, and Blevins et al.

1990). The age of the rye crop at the time of its incorporation in spring may play

an important role in determining the degree of its phyototoxicity to corn

(Kessavalou and Walters 1997). Also, the lag time between incorporation of

cover crop and planting play an important role. Corn yield increased when rye

was incorporated two weeks before corn planting, as opposed to rye

incorporated just before corn planting (Raimbault et al. 1990).

Conflicting response of potato yield on legume green manures have also

been observed. Odland and Sheehan (1957) obtained 13% increase in total

tuber yield following red Clover, Emmond and Ledingham (1972) obtained a 25%

yield increase following sweetclover and Griffin and Hesterrnan (1991) did not

observe yield benefits because of asynchrony of crop demand and N supplied by
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legumes. Weinert et al. (2002) assessed N availability from different green

manures to potato grown three weeks after incorporation of cover crops. They

observed increases of soil NH." and NO3'-N following cover crops and this

increased N availability to the potato crop. Also Porter et al. (1999) compared

different soil managements: green manure constituted by hairy vetch and pea

versus oat, in potatoes systems. They did not observe any significant effect of

green manure rotation on yields or tuber quality, compared with the oat rotation.

They concluded that benefits on crop growth and yield from the rotation crop, in

this case from a green manure, may be manifested only after more growing

seasons or at lower rates of N fertilization.

Cover crop effects on crop yield could also be attributed to the non-

nitrogen effects (Abdallahi and N’Dayegamiye 2000 ; N’Dayegamiye and Tran

2001). The non-nitrogen effects mainly refer to the improved soil physical

properties primarily due to the production of biomass which serves as the source

of soil organic matter and substrate for soil biological activity. It is well

established that cover crops can maintain or increase soil C and N (Hargrove

1986; McVay et al. 1989). Cover crops frequently result in greater infiltration of

water, due to direct effects of the residue coverage or to changes in aggregation

and formation of macro pores by roots.

In this study, potato yield response to rye and to a mixture of rye-hairy

vetch has been examined. A bare soil was maintained during winter in order to

assess apparent increase in yield from each cover. The study was carried out in

Montcalm Research Farm (MRF), Enrtican, Michigan, during two years (2001
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and 2002) and in Southwest Michigan Research and Extension Center

(SWMREC), near Benton Harbor during 2002.

MATERIALS AND METHODS

Site and soil description

Two sites were used to assess potato yield response to cover crops:

Montcalm Research Farm (MRF) in Entrican , Michigan (43°20’; 85 01’) and

Southwest Michigan Research and Extension Center (SWMREC) near Benton

Harbor (42.0841, -86.3570). The soil was well drained in both sites with a loamy

sandy at SWMREC and sandy loam at MRF. The soil at MRF was

Montcalm/MCBride loamy sand (coarse-loamy, mixed, frigid alfic fragiorthods)

with 1% of organic carbon. Soil texture was constituted by 84%, 11%, 5% of

sand,slit, and clay, respectively (Snapp and Fortuna 2003). At SWMREC the soil

was an Oakville fine sand (mixed, mesic typic udipsaments) transition to loamy

sand with 1.16% of organic carbon. Soil texture at SWMREC was 88.59%,

5.42%, 5.61% of sand, silt and Clay respectively.

Variety and fertilization

Cover crops were grown in 2001 and 2002 in MRF and in SWMREC in

2002. On both sites, three winter managements were compared in four

replicates: a bare soil, a rye cover crop and rye-hairy vetch mixture.

The potato cultivar used was the chip processing standard Snowden.

Seeds pieces (56 g) were planted in early May at 30.5 cm within row and 86 cm

between rows. N fertilizer was applied at 224 N kg ha'1 in three splits as

recommended by Michigan State University. One third was applied at planting,
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another at hilling, and the last at tuberization. Potassium (0-0-60) and

phosphorus (19-17-0) were applied at 201.6 K20 and 37.6 P205 kg ha",

respectively before planting. Supplemental overhead irrigation was used and

pest and weed control measures were applied as standard practice. Two rows

were harvested and tubers graded for US#1 category.

Analytical methods.

Soil analysis

Surface soil (0-15 cm) was sampled before potato seeding and fertilizer

application. The soil pH was measured in water (1:1). Total N was extracted by

Kjeldhal digestion (Bremner and Mulvaney 1982) and mineral N was extracted in

a 1N KCI solution (Bremner 1965), and measured calorimetrically on ion

chromatography (0| analytical flow solution IV). Organic C was determined by

the modified Walkley-Black procedure (Nelson and Sommners 1982). Soil texture

was determined by hydrometer (Bouyoucos 1962).

Plant sampling and analysis

Rye or hairy vetch were seeded in fall and the seeding rates were 67.2, or

11.2 kg ha", respectively. Before incorporating cover crops, in early April, two

sub samples were taken in 0.25 m2 area to determine dry matter and total

nitrogen. Thereafter, cover crops were ploughed down by chisel. Plant materials

were dried at 70 C, weighed to determine dry matter, and finely ground to pass a

1mm mesh for N analysis by Kjeldhal. (Bremner and Mulvaney 1982).
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Experimental design and statistical analysis

In both sites and years, the experimental design was a randomized

complete block design with four replications with a total of 12 plots. The plot sizes

were 5.5 x 15.25 m.

All data were subjected to analysis of variance (one way ANOVA) to test

for main effects. The SAS GLM procedure was used for analysis.

RESULTS AND DISCUSSION

The mean low and high monthly air temperatures and total precipitation

recorded for the growing season of 2001 and 2002 are presented for both Sites

(Figure 2.1). The two Sites had similar temperatures regimes but rainfall tended

to be lower at SWMREC than at MRF during 2002.
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Figure 2.1.High (A), low (B) monthly temperatures and total monthly precipitation (C) at

Montcalm Research Farm in 2001 and 2002 (MRF 2001 and MRF2002) and Southwestern

Michigan Research and Extension Center in 2002 (SWMREC 2002).
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Cover crops yields and N Content

Cover crop dry matter and N content for the two sites are presented in

figure 2.2. Dry matter ranged between 1.5 to 2.1 ton ha'1 for rye and between 2.3

to 3.9 ton ha'1 for rye-hairy vetch mixture. Total N uptake for rye varied from 33.4

to 43.5 and from 53.7 to 101.7 kg N ha" for rye- hairy vetch mixture.

The dry matter and N recovered in cover crops produced in SWMREC

during 2002 for rye and rye hairy vetch mixture was greater than that produced in

MRF (Figure 2.2). This is probably due to differences in soil type and/or climate

The SWMREC site is warmer in the early spring compared to the MRF site. This

trend is similar to that obtained by Weinert et al. (2002) in central Washington.

These Authors conducted a two-year study to identify winter cover crops for

recovering N and to determine N uptake by a succeeding potato. The first year,

the study was conducted in the Southern end of the state and during the second

year in the Northern end. At spring incorporation, dry matter and shoot N in rye

was 4600 kg ha'1 and 133 kg N ha’1 in the Southern end respectively, whereas it

was greatly reduced at 2100 kg ha'1 and 60 kg N ha‘1 in the Northern end. During

the exponential growth period of early spring, cover crop biomass is greatly

influenced by degree days which tend to be higher at Southern site in Michigan

or Washington

In our study, the mixture produced greater biomass and greater N uptake,

compared to rye alone (Table 2.1

The high productivity of mixing a legume with a cereal has been reported

by others Authors (Odhiambo and Bomke 2001; Clark et al. 1997; Holderbaum et
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al.1990). Over the long term, the legume benefits a grass during spring by

increasing the N concentration of the mixture by biological N fixation and by

minimizing the potential for Short term N immobilization (Rannels and Wagger,

1997). Hairy vetch has complementary root and shoot growth habit to an erect

cereal which minimizes competition.

The shoot N amount recovered in our study, was close to that found by

Shipley et al. (1992) in Maryland: in mid April, rye recovered 48 kg N ha". Hairy

vetch and rye mixture has been estimated to be equivalent to N fertilizer credit

before corn of 56 to 112 kg ha“(Sustainable Agriculture Network 1998). Clark et

al. (1994) reported N accumulation in rye of 51 kg N ha'1 in Maryland, even

though, the N in vetch-rye mixture were very high compared to our finding (144-

203 kg ha"). The high N content for the mixture in their study may be due to the

high seeding rate of hairy vetch used (28 and 47 kg ha") for vetch and rye,

respectively. Also the difference in climate conditions may be a cause, as

Maryland Climate is warmer in the spring than Michigan.
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Figure 2.2. Dry matter and nitrogen recovered for rye and rye-hairy vetch mixture In

Montcalm Research Farm in 2001 and 2002 (MRF 2001 and MRF 2002, respectively) and in

South Western Michigan Research and Extension Center In 2002 (SWMREC 2002).

Lsmeans are reported and bars represent standard errors. Lsmeans with different letters

are different at P<0.05.
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Total and marketable potato yields.

Total and marketable potato yields are presented in table 2.2. Total yield

ranged from 31 to 33, from 34 to 37, and from 36 to 39 t ha'1 for bare soil, rye

and, rye plus hairy vetch, respectively (Table 2.2). Marketable tubers yield

(US#1) represented 83, 85 and 88% of the total tuber yield for bare soil, rye and

hairy vetch, respectively. Depending on the year and site, total potato yield

increases for rye and rye-hairy vetch mixture represented on average 12 and

16%, respectively. The same trend was observed for the US#1 category. Overall

a consistent, though non significant trend was observed, as tuber yield was in the

following order at all site-year combinations: mixed cover> rye> bare soil.

As was observed in several other studies, the mixture of cover crops

offered an advantage to the rye alone. However, the benefit depends on seeding

rate. Clark et al. (1994) studied different mixture rates for rye and hairy vetch.

Cover crops were incorporated in early April and early May, followed by no-till

corn without fertilizer N. Within each kill-date, corn yield was greatest following

vetch, least following rye, and intermediate following all mixtures. Corn yield

following legume-wheat mixture was intermediate to that of pure stands, possibly

due to N immobilization by the wheat component (Holderbaum et al. 1990).

Decreased yield of corn after a rye cover has been observed (Amado et

al. 1998; Johnson et al. 1998; Tollenaar et al. 1993) and is possibly due to

allelopathic effects or N immobilization. However, that was not observed in this

study. Nitrogen immobilization and allelopathic effects are influenced by

incorporation date of cover crops (Kessavalou and Walters 1997). In our study,
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the planting date was carried out after almost four weeks of incorporation of

cover crop, which allowed net N mineralization.

Even though potato yield increases reported in this study are not

statistically significant at P<0.05, results suggest the potential for improvements

in potato yields, even though the amounts of cover crop biomass were relatively

limited as these are established in late fall, after crop harvest. Repeated

applications of higher amount of cover crops biomass should produce significant

increases of crop yields. Shephered (1999) reported potato yield increases of 7%

over seven years when cover crops were incorporated.

Several studies reported yield increases when organic sources were

applied alone or in combination with fertilizer (Bhandari et al. 2002; Gami et al.

2001; Yacoob and Blair 1980; Abdallahi and N’Dayegamiye 2000; N’Dayegamiye

and Tran 2001). Positive crop yields were attributed to large amount of biomass

incorporated and increased nutrient availability (Bhandari et al. 2002; Gami et al.

2001 and Hattab et al. 1998), and/or improved soil physical and biological

properties (Yaacob and Blair 1980; Abdallahi and N’Dayegamiye 2000). The

trend towards increased potato yields with cover crops may also be due to the

synchronization of nutrients released with plant uptake (Snapp and Fortuna

2003)
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CONCLUSION

Mixed cover crops produced consistently higher biomass and N uptake,

compared to a pure stand of rye at SWMREC. A similar Significant trend (p<

0.10) was observed at MRF during 2001 and 2002. Total potato tuber yield and

marketable yield increases were not significant, but a consistent trend was

observed in the following order: bare< rye< mixture. Compared to a bare soil, rye

and rye-hairy vetch mixture increased yield by 12 and 16%, respectively.

Repeated cover crop applications in crop rotation may be necessary to increase

the soil productivity. Future research is needed to better understand synergistic

effects between cover crops and fertilizer in increasing yield, decreasing N03'-N

leaching, and increasing N use efficiency.
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Chapter 3. Potato (Solanum tuberosum L.) response to manure and cover

crops: N use efficiency and N budget by using 1"’N

Abstract

Cover crops and manure have several benefits when combined with

fertilizer. They can help to improve soil properties over the long-term and they

can also increase yield. We investigated potato response to manure and cover

crop in two studies: a field experiment was conducted in parallel with a container

study by using the same soil.

Field experiment: in the field experiment, three winter management

strategies were compared: a bare soil, rye, and a mixture of rye and hairy vetch.

In addition, manure was applied in a split plot design to study cover crop and

manure interaction. Potato tuber yield and quality were assessed comparing

different soil managements. Manure combined with rye-hairy vetch mixture

increased yield by 18%. Total yield and marketable yield ranged in the following

order: rye-hairy vetch mixture> rye> bare. Rye and manure tended to slightly

increase scab disease, but not significantly.

Container experiment: the same soils from the field experiment were used

in 75 containers. The objectives were to assess : i) nitrogen use efficiency and

apparent nitrogen recovery of cover crop, manure, and fertilizer; ii) N partitioning

in different pools following 15N label; Iii) nitrate released during the growing

season by using anion exchange membranes; iv) changes in soil labile organic

matter by determining light fraction. Four treatments were compared alone or in

combination with fertilizer: soil without any amendment (bare), soil with
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incorporated rye cover crops (rye), soil with incorporated manure (manure) and

combined effect of rye and manure (rye+manure). The combination of rye and

manure produced the highest yield and a very similar trend was observed for

nutrient uptake. Apparent N recovery in tubers from rye, manure and fertilizer

was 27%, 5%, and 30% respectively. Rye had the highest N use efficiency

compared to fertilizer and manure. Total net N recovery by use of 15N ranged

from 71 to 76% with main allocations in tubers. Rye application increased

significantly N content in the light fraction of the soil organic matter. N03‘-N

adsorbed by the anion exchange membranes (AEM) showed a similar pattern as

yield and nutrient uptake, in this order: rye+manure>manure>rye>bare. Rye was

associated with the increase of N03‘-N released toward the end of the season.

Introduction

Nitrogen (N) from soil, fertilizer and manure sources is inefficiently used in

most crop production systems (Burkart and Stoner 2001). Applying more N than

is needed for optimum yield greatly increases the potential for losses from the

crop-soil systems. N leached or lost in subsurface soil has been found to

increase with increasing rate applied N (Angle et al. 1993).

Nitrogen use efficiency may be increased by minimizing losses and by

maximizing use of available N (Kitchen and Goulding 2001). Research has

Shown that N efficiency can be enhanced in potatoes systems when N was

applied in multiple splits (Vos 1999; Lauer 1985; Roberts et al. 1982; Stark et al.

1993; Ojala et al. 1990). However some authors did not find any effect of splitting

(Joern and Vitosh 1995, Li et al 2003, Erhebhi et al. 1998). An important means
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to improve N efficiency and enhance potato systems sustainability is to use

organic sources such as cover crops and manure to supply N and to enhance

soil quality.

The influence of cover crops and manure amendment on yields and soils

depends on their quantity and quality. Increases in yield were observed in

potatoes following legume cover crop (Odland and Sheehan 1957; Emmond and

Ledingham 1972). But Griffin and Hesterrnan (1991) did not observe any

increase. Moreover, rye cover crop has been reported to decrease yield in some

cases (Johnson et al. 1998; Kessavalou and Walters 1997). Negative effects of

rye may be due to N immobilization (Ebhelhar et al. 1984; Blevins et al. 1990) or

to phytotoxicity (Kessavalou and Walters 1997).

An additional difficulty with organic amendment is the potential for

asynchrony between N released with plant uptake. To achieve maximum crop

yield and to avoid environmental concerns, N needs to be available during high

plant nutrient demand periods. Cover crops that have high C:N ratio frequently

release N late in the season (Malpassi et al. 2000), or may not be available until

subsequent year (Karlen and Doran 1991). Dynamics of N mineralization from

two manures and N uptake for two crops (Maize and Wheat) were assessed by

use of a simulation model (Pang and Letey 2000). These authors reported that N

mineralization and corn N uptake curves did not match well. A synchrony study

by Snapp and Fortuna (2003) Showed that, potato N uptake demand and organic

N supply could be highly synchronized if a mixed quality of organic input (manure
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and cover crop) was used, while seasonal temperature and soil temperature had

minimal effects.

To optimize the use of organic sources in cropping systems, and to

achieve maximum crop yields, combined mineral fertilizer with organic sources

may be effective at reducing N immobilization from cover crops, with high C/N.

Combining application of manure and fertilizer enhanced nutrient uptake in

potato (Hattab et al. 1998). Even though there are not many studies, which

assessed combined effects of organics sources and inorganic sources, N use

efficiency by using fertilizer in potatoes has been studied by several authors.

Saffigna et al. (1977) reported N uptake on potatoes to be between 120

and 145 kg N ha'1 in Wisconsin. Some studies confirm that N efficiency depend

on N fertilizer rate. Tyler et al. (1983) used 15N depleted fertilizer and found N

uptake efficiency to be 57% with 200 kg N ha'1 applied, but only 39% with 270 kg

N ha". However, Lauer at al. (1985) reported high recovery even at high rate; at

maximum total uptake, N in tubers was 72% and 77% of 300 and 200 kg N ha'1

respectively. During a two year period, Tran and Giroux (1991) assessed N

efficiency, using 15N labeled fertilizer and found that foliage recovered 14-20 %

and 12-14 % during the first and second year respectively, whereas tubers

recovered 43-47% and 36-50% during first and second year respectively.

Applying 336 kg N ha‘1 to potato, Roberts et al. (1991) reported maximum N

recoveries in the whole plant to be between 61-67% of 15N-labelled fertilizer.

Maidl et al. (2002) reported fertilizer N recovery in plant (tubers and foliage) to be

between 35.9 and 68.5%, with the main fraction in tubers.
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Cover crops and manure positively affect crop yields over the long-term by

improving soil properties (structure, biological activities and organic matter).

Porter et al. (1999) observed an increase in soil C and total aggregation in potato

cropping systems after a single large application of compost or manure. Other

research has indicated that soil organic matter and fertility can be enhanced by

manure applications (Khaleel et al. 1981; Magdoff and Amadon 1980;

N’Dayegamiye and Cote 1989; Gao and Chang 1996; Sommerfeldt and Chang

1985). Soil carbon is also increased by cover crop incorporation (Kuo et al.

1997a). Because organic sources provide a substrate, they have been frequently

shown to stimulate soil microbial activity (Kirchner et al. 1993; Mullen et al.

1998). Moreover, cover crops have been found to increase the readily

decomposable fraction of organic matter, the so-called “light fraction” (Kuo et al.

1997a; Miller et al. 1978; Abdallahi and N’Dayegamiye 2000). This active fraction

of OM is an important N source for subsequent crops. Manure and cover crops

frequently increase yield and improve soil properties, especially when combined

with inorganic fertilizer.

A major limitation in using manure is the slow release of N from organic

forms that need to be mineralized. Tyson and Cabrera (1993) reported values of

N mineralization in broiler litter ranging between 0.4 to 5.8% of total N

mineralized in composted materials compared with values ranging from 25.4 to

39.8% for uncomposted material. A Slow N mineralization rate in composted

manure was confirmed by other authors (Eghball 2000; Paul and Beauchamp

1994; Preusch et al. 2002). Low N availability from composted material reflects
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the loss of easily convertible N compounds during composting and the presence

of stable N compounds (Eghball 2000). Nitrogen release from cover crops is also

slow and depends on many interacting factors, such as temperature, moisture,

type of residue; physical and Chemical properties (Bending and Turner 1999;

Ranells and Wagger 1997; Abdallahi and N’Dayegamiye 2000).

Disease such as common scab caused by Streptomyces scabies

incidence is another potential problem associated with manure use.

Contradictory findings exist about the increase of scab by manure application.

Some authors reported that the disease increases only in sensitive varieties, or

when manure is applied at high rate. In a trial evaluating crop rotation sequences

of potato-snap bean-cucumber, Rotenberg and Cooperband (2002) assessed the

effect of fresh and composted paper mill residues on the severity of common

scab on potato. Scab disease was greatest for tubers grown in soil amended with

the high rate of paper mill residues. Dawson and Kelling (2002) examined the

effect of moderate (10,000 gal acre") and high dairy manure application rate

(20,0009al acre"), compared to mineral fertilizer (nitrogen or phosphate) applied

at several rates. When manure was the primary source of N and P, higher tuber

yields were found compared to fertilizer-derived nutrients. However, tuber solids

were significantly lower when manure was applied and increased scab was

observed at one of several sites. Effects of chicken, liquid swine and solid cattle

manures on potato scab were studied by Conn and Lazarovits (1999) in Ontario.

Generally, manure decreased scab disease over two years, although chicken

manure was associated with scab incidence compared to an untreated plot.
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There is no clear evidence that manure application increases common scab in

potatoes, which appear to be influenced by multiple factors such as rate of

manure applied, site characteristics and potato variety.

The main objective of this study was to increase our understanding on the

effects of manure and/or cover crops on potato yield and quality. The specific

objectives are to evaluate: i) nitrogen use efficiency and apparent nitrogen

recovery of cover crop, manure and fertilizer; ii) N partitioning in different pools

by using 1'5N0315NH4; iii) nitrate released from fertilizer, manure, and cover crop

during the growing season by using anion exchange membranes; iv) Changes in

soil labile organic; v) potato yield and quality response to combined source of

organic and nutrient sources.
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MATERIALS AND METHODS.

MANURE PROPERTIES AND N MINERALIZATION

In order to account for manure credits, poultry manure was incubated as

described by Hartz et al. (2000) with small modifications. In brief, poultry manure

was mixed with sandy soil (1: 50 g/g) and the moisture content of the soil was

adjusted at 12 %. The mix was incubated in plastic cup (specimen containers).

The open containers were then put in a basin containing small amount of water.

The basin was loosely closed by using transparent plastic Sheet to allow gas

exchange. The temperature of incubator was set at 25 C. After 0, 10, 30, 60, 90

and 120 days, N03-N was extracted using 1N KCI (Bremner 1965) and analyzed

colorimetrically on ion chromatography (OI analytical flow solution IV). The

poultry manure characteristics are presented in Table 3.2 and analysis were

conducted on dry aShed sample by the Soil and Plant Nutrient Lab at Michigan

State University. Organic C was carried out by using Leco carbon analyzer, K

and Ca by fly flame photometer, and P and Mg were determined colorimetrically.

FIELD EXPERIMENT

The field experiment was conducted at Montcalm Research Farm (MRF)

during 2002. Site and soil descriptions were presented in chapter 2. Three winter

soil cover managements were compared; bare soil, rye cover crop and a mixture

of rye and hairy vetch. In addition, manure was applied to half of each plot

(5.4x15.2m) to study manure-cover crop interactions. All plots were fertilized as

recommended and weed managements and irrigation were applied as needed,

following Michigan State University recommendation. The experimental design
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was a split plot, randomized complete block design (RCBD) with four replications.

The main factor was cover crop management and the sub factor was manure

treatment. Before incorporating cover crops, sub samples were taken to

determine cover crop dry matter and total nitrogen in a 0.25 m2 area. Plant

materials were dried at 70 C, weighed to determine dry matter, and finely ground

to pass through 1mm mesh for N analysis by Kjeldhal.

Dry aged poultry manure at a rate of 5.6 t ha'1 and cover crops were

incorporated by disking before planting. The potato cultivar planted was

Snowden, tuber pieces of around 56 9 sizes each were planted at a space of

30.5 cm. within row and 86 cm. between rows. Urea was the nitrogen fertilizer

source applied in three splits for a total of 224 kg ha", as recommended by

Michigan State University (Snapp et al. 2002). One third was applied at planting,

another at hilling and the last at tuberization. Source of potassium (0-0-60) and

source of P (19-17-0) were applied at rates of 201.6 and 37.6 ha", respectively

before planting. Supplemental overhead irrigation was used and pest and weed

control measures were applied as recommended. A two row harvester was used

and tubers were graded for size classes, including US#1 category, internal and

external defects as well as scab rating. Specific gravity was determined using a

hydrometer with an 8 lb tuber sample.

CONTAINER EXPERIMENT

A similar study was conducted in a container experiment, to better monitor

continuously the nitrate dynamics and to facilitate the application of 15N in a

limited area (see photo in appendix 7). The containers had a volume of 75 L. and
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were 58.4 cm tall, and 48.3 cm in diameter. The soils were collected from the

topsoil of the field experiment described above at MRF. Four treatments were

compared alone or in combination with fertilizer: a bare soil, a soil with

incorporated rye, a manured soil and a soil with incorporated rye and manure.

The experimental design was a randomized complete block design with four

replications. The soil was sampled after manure and cover crops were

incorporated, and then were mixed with perlite on a 50% volume based to redue

soil compaction. Soils in the containers were left to mineralize over 10 days

before planting.

The potato cultivar used was “Atlantic” and two seed pieces were planted

and the more vigourous plant was left per container. The plants were watered as

needed. To be able to measure soil moisture, four soil tensiometers were

installed at two depths; two at 15 cm and two at 30 cm.

Fertilizer application
 

The objective of the study was to apply N at recommended rate by taking

into account N credits supplied by manure and rye. Manure was applied at a rate

of 5.6 t ha’1 (total N added = 250 kg). Manure was found to mineralize 15% of N

after 60 days in incubation assay for 44.8 kg N ha". From a previous study, rye

was found to supply about 11.2 kg ha". Taking into account all sources of

nitrogen, the treatments were balanced in such a way to provide 224 kg ha'1

(table 3.1). N credits from manure and rye were substracted equally for all

treatments.
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Table 3.1. Balance of treatments in function of available N.

 

Treatments Estimated N available N Added Total N

(kg ha") (kg ha“) (kg ha")

Organic source Fertilizer

bare 0 224 224

rye 11.2 212.8 224

Manure 44.8 179.2 224

Rye+manure 56 168 224

 

Estimated N available represented net N mineralization (treatment- bare soil)

Potassium and phosphorus fertilizers were applied as in the field. To avoid

Ca deficiency in treatments without manure, a rate of 112 kg Ca ha'1 using

CASO42H2O was applied. Ammonium nitrate was used as the source of N at a

rate of 224 kg ha". As in field experiment, nitrogen fertilizer was split in three

applications. Moreover, 15.2 N kg ha‘1 was given as ‘5NH415N03 at 99.9%

enriched at tuber initiation. Labeled N was applied (30 days after planting) by

diluting the required amount in 200 ml and sprayed uniformly to the soil surface

by using a sprayer.

Nitrates dynamic

To follow dynamics of nitrate-N over time, anion exchange resin

membranes (AEM) fixed into plastic probes (Plant Root Simulator (PRS TM),

Western Ag. Innovations, Saskastoon) were used. For each container, two
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membranes were used; one membrane was inserted at the top of the container

between 0-15 cm to monitor for nitrate released, and another one was inserted in

the bottom of container (40-55 cm) to estimate N susceptible to leaching. The

membrane in top was placed 2 cm from the container edge to avoid root

competition. The one in bottom was inserted by creating a rectangular vertical

Slot in the container at 40 cm from the top of container. The membranes were

attached to a wire to facilitate retrieval and to minimize soil disturbance. A tape

was applied over the slot to facilitate good contact between the soil and the

membranes. The membranes were Changed every two weeks. The extraction

and the membranes preparation were carried out by following the protocol from

the supplier (httpzllwww. Westemag.ca/innov). Membranes were charged by

soaking them in 0.5 M sodium bicarbonate. This solution was changed four times

at one hour intervals. The solution and membranes were slowly Shaken at 100

rpm during that time. After that period, they were rinsed with ion free water before

installation. After the burial period, membranes were cleaned under distilled

water to ensure the complete removal of soil, then each membrane was placed in

a zip bag and soaked in 0.5M HCI for one hour while shaking at 100 rpm. After

the extraction, the extract was placed in vials for NOa-N analysis. Analysis of

N03'-N was carried out colorimatrically on ion chromatography (0| analytical flow

solution IV). The 15N content of the extract was analyzed by volatilizing the N031

N and capturing the NH3 on an acid trap using the methods developed by Brooks

et al. (1989) and redescribed by Hart et al. (1994). Briefly 0.2 g of MgO was

added in a specimen container containing N03'-N mixed with two acid washed
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glass beads. The solution was mixed to get MgO dispersed within the solution.

The MgO makes the solution basic, causing NH3 vapor to be released. To

capture the gas, a filter disk was suspended on a wire inserted into the top of the

container. The disc papers were previously acidified by using 10 pl of 2.5M

K2HSO4 _ Nitrate in the extracts was reduced by 0.4 g of Devarda’s alloy, and the

resulting NH4+ displaced to an acidified disc papers during incubation period of

six days. After the incubation time, disk papers were dried over night in a

desicator containing concentrated H2804. Finally, the disc papers were pushed

into tin capsules by using a paper Clip, and were sent to the University of

California, Berkeley for 15N analysis by mass spectrometry.

film

Before harvesting, four random containers were selected for bulk density

assessment; the cylinders used were 7.6x7.6 cm. An average was calculated.

Fifteen small cores were taken in each container for chemical analysis including.

( the soil 0M, N, light fraction, N and C content in light fraction). In addition three

cores were taken at three depths in each container (0-15, 15-30 and 30-45 cm),

and composite by depth. They were immediately extracted with 1N KCI (Bremner

1965 ) to assess inorganic N (N03’-N and NH4-N). Data were corrected for

moisture content. Levels of N03'-N in membrane extracts and from soil KCI

extracts were analyzed colorimetrically by using ion chromatography (OI

analytical flow solution IV). For NH4 analysis, samples were sent to Soil test

laboratory of Michigan State University and were determined by using Lachat

flow injection analyzer (FIA).
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The harvest was carried out after 79 days (July 29, 2002) before the

complete senescence of the shoot. Shoot were cut at the soil level, weighed and

cut in small piece and dried at 70 C. To recover tubers and roots the soil in

container was sieved. Tubers and roots were washed, and then weighed

immediately. Tubers were cut and dried at 70 C. After drying, tubers, shoot,

roots and soil were grinded to pass 100 mesh before analysis. The ‘5 N content

of the biomass was analyzed by mass spectrometry at the University of

California, Berkley.

Light fraction

To measure the light fraction of organic matter, 10 g of finely ground soil

(<100 mesh) was suspended in 50 ml of Nal solution with a specific gravity of

1.59 g cm'3 (Janzen 1987; N’Dayegamiye et al. 1997). The suspension was

centrifugated at 2500 rpm for 30 minutes. The supernatant was filtered through

0.45 pm filter under suction. The procedure was repeated another time to allow

complete recovery of the light fraction. The material remaining on the filter is the

light fraction, which was dried at 105 C, and weighed. Analysis of C and total N

content were carried out by the Walkey—Black method (Nelson and Sommers

1982) and micro Kjeldhal digestion (Bremner and Mulvaney 1982) respectively.

The 15N analysis in plant tissue, from membrane extract, and in the light

fraction of OM was conducted at the University of California, Berkeley, on a mass

Spectrometer
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Apparent and net N recovery calculation

Apparent N recovery, N use efficiency and nutrient uptake were calculated

as follows:

Apparent N recovery for cover crop or manure = ((N uptake from treated

plant- N uptake of control)/ total N applied) )*100 (1)

N use efficiency= ((yield from treatment- yield from control)/ total N applied)

(2)

Percent recovery of 15N was calculated from the following equation (Hauck and

Bremner 1976).

Percent recovery of 15N= 100 )*p*(c-b)/f *(a-b) (3)

Where”p” is total N uptake (kg ha”), “f" is enriched N fertilizer applied (kg ha")

and “a”, “”,b and “C” are atom percent 15N in fertilizer, in plants grown with

unlabelled fertilizer, and in plants grown with labeled fertilizer respectively.

Nitrogen derived from labeled fertilizer (Ndff) in different parts

A nitrogen budget was calculated by considering Ndff of the 15N that is the

percentage of nitrogen derived from labeled fertilizer.

%Ndff =100*(15N excess in a sample (soil, plant tissues or N03

extract)/fertilizer 15N excess (4)

This method allowed uS to include 15N recovered using anion exchange

membranes. The nitrates adsorbed on anion exchanges membranes are

expressed as pg cm-2 of membrane surface per unit burial time; there is no exact

conversion per soil volume or per mass as the area absorbed from, cannot be

calculated (Qian and Schoenau 2002). However, 15N label of ion exchange
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membranes is a unique method of monitoring nitrate dynamics. A total of Ndff in

nitrates adsorbed on anion exchange membranes was carried out by summing

different values obtained at different sampling times over the growing season.

Ndff partitioning was calculated for roots, tubers, soil, Shoot and in nitrates

extracted from the membranes during the growing season.

Experimental design and statistical analysis.

In the field experiment, a split plot, randomized complete block design

(RCBD) was used with four replications. The main factor was cover crop

managements and the sub factor was the presence or absence of a manure

treatment. In the container experiment, a randomized complete block design was

used, with two main factors and four replications. The first factor was fertilizer

(yes or no) in combination with four different soil managements (bare, rye,

manure and rye+manure). We performed analysis of variance for each data set

using the SAS GLM procedure for the container experiment and the MIXED

procedure for the field experiment. Nitrates released in the top soil and in the

bottom soil of each container were monitored every 15 days, and were treated as

repeated measurement of the corresponding experimental unit.
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RESULTS AND DISCUSSIONS

ORGANIC INPUTS

Manure characteristics

Aged poultry manure had high total N levels and also contained other

major nutrients such as P, K, Ca and Mg (Table 3.2). Mineral N contents (NH4-N

plus NO3-N) represented 2.5% of total N, which indicates 97% of manure N was

in organic form and has to be mineralized to be available to following crop. Aged

poultry manure pH value in water was 8.9 and the organic C was 23.5%.

Table 3.2. Characteristics of aged poultry manure.

 

pH 8.95

Total N 50 g kg"

NOg-N 148 mg kg"

NH4-N 1144 mg kg"

Organic C 235 g kg"

Total P 1243 mg kg"

Total K 6275 mg kg"

Total Ca 6600 mg kg"

Total Mg 450 mg kg"
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Available N was estimated by aerobic incubation over 120 days (Table

3.3). Mineralized N quantities increased linearly during the incubation period

meaning that aged poultry manure contained labile N fractions as indicated by

the low C:N ratio of 4.7. After 120 days of incubation, mineralized N was 23 % of

total N (Table 3.3).

Table 3.3. Aged poultry manure aerobic assay and N mineralization at different

 

  

periods.

Incubation period N mineralized Nmineralized

N03-N (%)

pg/g soil

0 day 4.89 ------

10 days 30.72 3.07

40 days 63.75 6.37

60 days 53.63 5.36

120 days 83.16 8.36

 

Initial total N was 50 g kg" soil and the amount applied was 5.6 t ha" During the incubation 1mg

N from manure was mixed with 1 gr soil.

FIELD EXPERIMENT

Potato yield, N uptake and tuber quality

Total potato yield without aged poultry manure varied from 33 to 38 t ha",

and ranged from 37 to 45 t ha" with aged poultry manure application (Table 3.4).

On average marketable yield (US#1) represented 87% of total yield. Cover crops
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and manure application did not Significantly affect total and marketable yield

compared to the fertilized bare soil. However, manure application in combination

with cover crops mixture increased total potato yields by 18%, compared to the

control. The level of increase is large enough to benefit the farmer’s profit margin

(Labarta et al. 2002). There was a trend whereby rye and cover crops mixture

slightly increased potato total yields compared to the fertilized bare, and yield

tended to be higher for the mixture than for rye alone. Increased potato yield

through application of manure alone or in combination with fertilizer has been

reported previously (Antonious et al 2001, Sikora and Enkiri 2000, Dawson and

Kelling (2002). These studies used relatively large amount of organic inputs:

10,000 to 20,000 gal acre" by Dawson and Kelling 2002, 50 t acre" by Antonious

et al. (2001) and up to 25 Mg ha" by Sikora and Enkiri (2000). Hattab et al.

(1998) observed large increases in rice yield and N uptake by using a small

amount of N, 25% of organic N plus 75% of fertilizer.

Potato N uptake varied from 111 to 130 kg ha" (table 3.4). Although yield

increase was on average 1.8 t with manure application, the increase in N uptake

was only 3.4 kg. Nitrogen uptake efficiency has been observed to decrease with

increased levels of N applied. Tyler et al. (1983) reported N uptake efficiency of

white potato tubers in California to be about 57% at N rates up to about 200 kg N

ha", but only 39% at 270 kg N ha" rate. However, Lauer (1985) ; found high

efficiency of 72% at a rate of 300 kg ha".

If we consider the fertilized bare, soil which received 200 N lb acre", the N

uptake was near 50% (99 lb acre") of applied N fertilizer. This value is
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intermediate compared to others. Errhebhi et al. (1998) found that, at a rate of

270 lb acre" “ Russet Burbank” potato recovered 33% of applied N with heavy

leaching and the recovery raised to 56% with few leaching. Our values (99 to 116

lb acre") are also Close to those found by Saffigna et al. (1977); in their study,

tuber N uptake ranged from 120 to 145 kg N ha" in Wisconsin. Nitrogen uptake

depends on many factors, such as variety, rate applied, application method and

type of fertilizer used.
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Tubers health and quality

In the field experiment, tubers were graded for scab defects, in order to

assess if manure application has increased scab rate. On average, the

percentage of tubers with scab area greater than 50% (weight basis) was 18.7 %

(table 3.5) indicating that scab is a problem at this site. However, manure and rye

appeared to increase scab rate (Table 3.5). Streptomyces scabies, the causal

agent of scab is generally enhanced by the decomposition of soil organic matter

and increased pH. This may explain the slight increase of scab disease in the rye

treatment and in the manure treatment.

The specific gravity was on average, 1.069, 1.071, 1.073 for bare, rye and

rye-hairy vetch respectively (table 3.5). Also manure tended to increase specific

gravity as well as mixed cover crops (Table 3.5). This is important as farmers are

paid a premium by processors for high specific gravity potato tubers, which

improves the chip product. Small increases were Observed in this order: mixture

> rye> bare. However, these values are Slightly lower than the industry standard

of 1.080 (personal communication D.S. Douches). In 2002, specific gravity levels

were generally lower in Michigan, due to a higher than average temperature

which increased tuber respiration and reduced starch accumulation.
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Table 3.5.Least square mean (Lsmeans) and analysis of variance of speclfic

gravity and scab rate.

 

 

 

Scab rate Specific gravity

With manure No manure With manure No manure

Bare 25.1 11.2 1.069 1.069

Rye 21.4 27.1 1.074 1.069

Mixture 14.8 12.7 1.075 1.073

ANOVA Pr>F

g: Scab rate Specific gravig

Block 3 0.76 NS 0.36 NS

Cover 2 0.23 NS 0.40 NS

Manure 1 0.74 NS 0.62 NS

Cover crop*manure 2 0.87 NS 0.54NS

OVERALL LSMEANS

Scab rate Specific gravig

Bare 18.1 1.069

Rye 24.5 1.072

Mixture 13.7 1.074

With manure 20.4 1.073

No manure 17.0 1.070
 

NS: not Significant at P<0.05.

Scab rate was the percentage of tubers (weight basis) presenting > 50% of area with scab

lesions.

67



CONTAINER EXPERIMENT

Potato yield and nutrient uptake

Potato tuber yield varied from 321 to 741g/plant in no N fertilized

treatments (Figure 3.1). These values ranged from 766 to 1017g/plant when N

fertilizer was applied (Figure 3.1). Potato yields were significantly increased by

manure combined with rye cover crop without additional N fertilizer. This was

was not apparent with additional fertilizer. Manure significantly increased yield

with respect to a bare soil. Rye combined with manure alone produced as much

as N fertilizer (224 kg ha"). This demonstrates the importance of organic sources

in increasing yield. The combination of rye and manure produced the highest

yield similar to the trend seen in the field experiment; there could be a number of

reasons including effects on soil properties, or nutrient release in synchrony with

crop demand.
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Figure 3.1. Container experiment. Potato yield. Least squares means i standards errors.

Treatments with different letters are statistically different at P< 0.05.
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Potato N uptake response was similar to the pattern of response seen for

potato tuber yield and fresh weight of different plant parts in term of the benefits

of manure and rye, when these amendments were applied alone or in

combination with fertilizer (Table 3.6 and Appendix 1). The biomass accumulated

influenced uptake, as there were almost no difference observed in N

concentration (Appendix 2). Rye plus manure Significantly increased N uptake

compared to manure, rye applied alone or a bare soil. The treatment effects were

Similar for other nutrients (K, P, Ca and Mg) uptake, where the highest nutrients

uptake was associated with the highest potato tuber yield in the rye plus manure

treatment (Table 3.6). Yield and nutrients uptake increases observed are due to

several benefits offered by manure and cover crops. The non-N effects are

Showed by high P, K, Ca, and Mg uptake in the soil with rye cover crop

compared to the bare soil. Rye tended to increase all nutrients uptake compared

to a bare soil, which could be attributed to an improvement of soil physical and

biological properties that have stimulated plant root growth and access to N and

other nutrients.
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Table 3.6. Least squares means (Lsmeans) and analysis of variance for potato

nutrients uptake.

 

 

LSMEANS Nutrients uptake (kg ha")

Without fertilizer N P K Ca Mg

Bare 21.8 a 9.9 a 89.9 a 15.2 a 8.5 a

Rye 32.4 ab 14.1 ab 135.6 ab 17.6 a 12.3 a

Manure 35.8 a 16.7 b 155.4 b 20.3 b 12.7 a

Rye+manure 57.8 b 22.5 c 241.9 c 34.9 b 18.7 b

With fertilizer

Bare 89.6 a 23.1 a 1213.3 a 54.9 a 34.3 a

Rye 97.3 a 24.3 ab 233.5 a 59.9 ab 37.2 a

Manure 104.9 a 27.6 ab 267.5 ab 53.8 a 37.3 a

Rye+manure 101.8 a 29.5 b 308.1 b 64.4 b 40.7 b

Overall Ismeans

Management effect

 

Bare 55.7 a 16.5 a 151.6 a 35.0 a 21.4 a

Rye 64.8 ab 19.2 ab 184.5 ab 38.8 a 24.7 a

Manure 70.4 b 22.2 b 211.5 b 37.0 a 24.5 a

Rye+manure 79.7 b 26.0 c 274.9 c 49.3 b 29.7 b

Fertili_zer effects

With fertilizer 87.9 b 23.3 b 228.2 b 52.0 b 33.2 b

No fertilizer 32.9 a 14.1a 139.0 a 19.6 a 11.6 a

ANOVA (Pr>F )

Block 0.56NS 0.6634 NS 0.4958 NS 0.3911NS 0.9122NS

Management (M) 0.0082" 0.0002 *** 0.0001*** 0.0006*** 0.0007***

Fertilizer (M) <0.0001*** <0.0001*** <0.0001*** <0.0001*** <0.0001***

M x F 0.1915 NS 0.4002 NS 0.5954 NS 0.1924NS 0.6753 NS
 

Lsmeans with different letters within a group are statistically different at P< 0.05.

NS, *,**,***: non significant at P< 0.05, significant at P <0.05, P<0.01, and P<0.001 respectively.

Management is referred to the presence or absence of organic inputs (cover crop and/or

manure).
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Nitrogen partitioning by using 15N

Nitrogen partitioning was evaluated for whole plants and in soil using 15N

(Table 3.7 and Figure 3.2). N recovery was high in shoot and tubers representing

> 50%, and was low in roots (Table 3.7). N recovery in soil ranged from 16 to

21.5%. Total N recovery ranged from 71 to 76%. No significant effect of

treatments was observed on total N recovered.

Table 3.7. N partitioning by using ‘5 N

 

LSMEANS 15N recovery (%)

$.93 M $19.91 Iu_be_r§

Bare 16.29 0.70 25.62 28.69a

Rye 16.32 0.58 26.59 31.303

Manure 21.50 0.74 21.14 33.13a

Manure+rye 18.30 0.76 23.55 30.87a

ANOVA P>F

Block 0.56 NS 0.35NS 0.07 NS 0044*

Management 0.37NS 0.51NS 0.26NS 0.16 NS

 

NS, *2 Not significant at P< 0.05, significant at P<0.05, respectively.
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Figure 3.2. Total 15N recovery (%) in plant and soil from 15N labeled fertilizer applied 30

days after planting. Least squares means i standard errors. Treatments with the same

letters are not statistically different at P<0.05.

Nitrogen partitioning pattern observed for a 15N labeled fertilizer, was high

in Shoot and tubers (50%) (Table 3.7), while N recovered in soil varied between

16 and 21%. On overall treatments, total N recovery ranged from 71 to 76%

(Figure 3.2). These values are close to those found in a potato 15N labeling

experiment by Maidl et al. (2002), where total 15N recovery ranged between 60

and 80%, N recovery in soil was between 19.5% and 24.6% and the main

proportion of 15N was found in tubers. Our data are also Similar to those of Tran

and Giroux (1991) where 12 to 20% Of 15N was recovered in the shoot and 36 to

50% in tubers. In our study, we harvested before the senescence and this may

explain why N recovery in Shoot was moderately high compared to Tran and
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Giroux (1991). Roberts et al. (1991) found whole potato plant 15N recovery

ranging between 61 to 67%, with 42% to 54% in tubers. Slightly high values in

the later study may be related to the high rate of N applied (336 kg N ha").

Apparent N recovery in tubers and N use efficiency.

Apparent N recovery in tubers was in the following order: fertilizer (30%) >

rye (27%) > manure (5%) (Appendix 3). N use efficiency by tubers was in this

order: rye > fertilizer > manure (Appendix 3).

Apparent N recovery in tuber for N fertilizer (30%) is very Close to the

value obtained by using 15N (28%). Several conditions such as the rate of N

applied, climatic conditions, and the type of soil may influence N apparent

recovery. For instance, Li et al. (2003), compared the effect of side dressed N

versus split application on potatoes in Quebec. They found that apparent

nitrogen recovery ranged between 29 and 70% depending on years and N rates.

Apparent N recovery of 27% for rye cover is similar to the findings by

N’Dayegamiye and Tran (2001). In their study with five green manure species, N

recoveries for the following wheat ranged between 19 and 36%. As for fertilizer,

N recovery for cover crops is influenced by external factors such as crop grown,

quality and quantity of residues, type of soil. For instance, Wagger et al. (1985)

found that the proportion of 15N from labeled sorghum residues (C/N ratio 25 to

38) recovered in the following crop was about 12% in a very sandy loam soil and

27% in a silt loam. Rye showed high N use efficiency compared to other

treatments. This may be explained by the fact that rye cover provided low N; it is

well known that N efficiency increases at lower levels of N inputs.
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Apparent N recovery from manure was very low compared to the fertilizer

and to the rye cover crop. However, nitrate membranes data showed that this

treatment continuously released nitrate during the growing season, and was the

treatment associated with the highest tuber yield and nutrient uptake. This

apparent contradiction may be explained by the combined effects of high total N

inputs in manure treatment and by the fact that most of N in manure was

stabilized and mineralized slowly. It is well known that apparent N recovery

calculations assume that immobilization-mineralization and other N

transformations are the same for both treated and control plots, which was not

the case in this experiment.

74



Light fraction dry matter, C and N contents

The light fraction ranged between 3.2 and 6.2 g kg" soil (Table 3.8).

These values are similar to those reported by Janzen (1987) for a cropping

system study, which were between 1.8 and 4.3 g kg" depending on rotations

considered.

There was a trend towards increased C content of the light fraction of OM

with rye and a significant increase in N content of the light fraction with rye

application (Table 3.8). The high C and N contents in the light fraction associated

with rye treatment are probably related to the amount and quality of organic

residues applied (Janzen et al 1992). Light fraction is believed to consist primarily

of incompletely decomposed organic matter of plant origin (Janzen 1987), but it

also contains substantial amount of microbial biomass.

The amount of N present in the light fraction ranged from 11 to 24 mg kg"

soil (Table 3.8). These values are lower in respect to those found by Janzen et

al. (1987), which ranged from 29 to 72 depending on the treatments. Average N

in light fraction was 1.69% in Janzen et al (1987) study, compared to values

obtained in this study which ranged between 0.30 to 0.50% (data not shown).
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Table 3.8. Least square means (Ismeans) and analysis of variance of light fraction

drymatter, C, and N contents

 

Ismeans

Without fertilizer

Bare

Rye

Manure

Rye+manure

With fertilizer

Bare

Rye

Manure

Rye+manure

Overall Ismeans

Managements effects

Bare

Rye

Manure

Rye+manure

Fertilizer effects

With fertilizer

Without fertilizer

ANOVA Pr>F

Block

Management (M)

Fertilizer (F)

MxF

LF

9 kg" soil

4.53 a

4.27 a

4.15 a

4.24 a

4.71 a

6.24 a

3.54 a

3.22 a

4.62 a

5.25 a

3.84 a

3.73 a

4.42a

4.30a

0.1986 NS

0.6391 NS

0.8945 NS

0.6923 NS

N content C content

9 kg"soil g kg" soil

0.014 a 0.208 a

0.016 a 0.319 a

0.0119a 0.192a

0.0126 a 0.203 a

0.0112 a 0.181 a

0.024 b 0.415 a

0.0172 3 0.335 a

0.013 a 0.213 a

0.0130 a 0.194 a

0.020 b 0.367 b

0.014 a 0.264 ab

0.012 a 0.208 ab

0.016 a 0.286a

0.014 a 0.23a

0.0475* 0.1065NS

0.0073“ 0.0349“

0.1403NS 0.2040NS

0.0845NS 0.4796NS

Lsmeans with different letters within a group are statistically different at P<0.05.

NS, *,**. Not significant at P<0.05, significant at P<0.05, and 0.01 respectively.

Management is referred to presence or absence of organic inputs (cover crop and/ or manure).
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Rye combined with fertilizer could have stimulated more soil microflora

activity compared to other treatments due to the labile organic carbon addition.

Cover crops, especially grasses (rye and annual rye grass) have been reported

to increase total organic C and carbohydrate compared to legumes (Kuo et al.

1997a). An increase in readily decomposable C fraction may be associated with

grass residues. Several authors reported increases in soil biological activity

subsequent to cover crop incorporation (Hu et al. 1997, Bolton et al. 1985,

Kirchner et al.1993, Abdallahi and N’Dayegamiye 2000).

Cover crops not only increase the soil organic carbon but also the soil

organic nitrogen. Soil organic nitrogen is an important component of soil quality

and positively affects soil N mineralization (Stanford and Smith 1972). Influence

of cover crops on short-term and long-term N availability depends on the

quantity, quality and degradation rate of biomass incorporated. Kuo et al. (1997b)

evaluated effects of several cover crops (grasses and legumes) on soil inorganic

N and organic N levels. Grasses were found to be ineffective in increasing soil

inorganic N levels, whereas they were more effective than legumes in increasing

soil organic nitrogen accumulation, presumably due to higher biomass.

The contribution of cover crops to soil organic nitrogen depends more on

the input of organic C than total N (Kuo et al. 1997b), which may explain why rye

plus fertilizer increased more N content in the light fraction compared to other

treatments (manure plus fertilizer and manure plus rye and fertilizer). This

suggests that labile carbon was probably the limiting factor in the other

treatments. Also Hargrove (1986) reported increases in soil organic nitrogen from
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rye and crimson clover residues, even though rye contained only one fourth as

much N, meaning that carbon source is very important in stimulating microflora

activity. Comparing a livestock based rotation to a cover cropped rotation with a

conventional system, Wander et al. (1994) reported that total C was greatest in

the cover cropped, intermediate in the animal based and the lowest in

conventional treatments soils. Increased soil organic matter levels with manure

or cover crop Incorporation compared to a conventional system were also

confirmed by Drinkwater et al. (1998).

The light fraction of OM is known to be more sensitive than total organic

matter content in assessing cropping practices effects (Dalal and Mayer 1987).

In addition, light fraction is a transient property (Janzen et al. 1992), and, for

these reasons, most probably our results reflect short-term effects. Further

studies are needed, to better understand long-term effects of combination of

cover crops or/and manure with fertilizer on building soil.

N03'-N dynamics during the growing season and residual N03'-N at harvest

time.

Net soil nitrate dynamics were monitored using anion exchange

membranes In the topsoil and at the bottom of the container. Soil mineral N was

highest during the first period and decreased with time as plant N uptake

occurred (Figure 3.3). The depletion over the season due to the plant uptake of

N03'-N was observed also by Pare et al. (1995) and Jowkin and Schoenau

(1998) by using anion exchange membranes. Contrasts between treatments
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showed that significant differences between treatments were observed at the

beginning and disappeared with time (Appendices 4 and 5).

Rye plus manure Showed a consistent high level of mineral N released

over time compared to other treatments (Figure 3 and Appendix 6). In the top

layer, for the rye treatment, inorganic N was significantly higher at the end of the

season, indicating that late mineralization occurred with the rye cover crop

(Figure 3.3 and Appendix 6).

If we consider cumulative nitrates over the season (Appendix 6), N

released in the top soil was in the following order: rye+manure>

manure>rye>bare soil, indicating that nitrates adsorbed on membranes were

proportional to available N from different treatments. This is similar to data

reported by Collins and Allinson (1999), and Ziadi et al. (1999), where NO3‘-N

desorbed from membranes were found to be related to the rate of fertilizer N

applied. The treatments that increased nitrate-membrane levels also increased

yield and nitrogen uptake as has been reported by other authors (Collins and

Allinson 1999; Qian and Schoeanau 2000; Ziadi et al.1999). Monitoring N03°-N

by anion exchange membranes appeared to reflect the dynamic nutrient uptake

by the crop during a growing season. This is in agreement with tuber yield and

nitrogen uptake data, indicating that high level of N03‘-N availability was

sustained in the rye plus manure plus fertilizer treatment, which supported plant

N uptake and optimized tuber yield.

Our nitrate results from membranes are much lower than those of Pare et

al. (1995) in a study where 200 kg N ha-1 was applied (46 pg crn‘2 d"). The soil
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in our study has very low organic matter compared to the previous Cited study

and a positive relationship has been observed between soil OM content and N03-

-N sorbed on AEM (Ziadi et al. 1999). Thus, we might expect to find low nitrate

levels in our study. Subler et al. (1995) observed a high correlation between N03'

-N released from membranes, soil N03'-N concentrations and net soil nitrification.

It is well known that N mineralization potential is positively related to organic

matter content (Simard and N‘Dayegamiye 1993).
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Figure 3.3. Container experiment: nitrate dynamics monitored by using anion exchanges

membranes In top ( 0-15 cm) and in bottom layer (40-55 cm). Membranes were inserted 10

days after planting and were changed every 15 days.
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Residual nitrates at harvest time

Residual NO3-N at harvest was analyzed by KCI extracts of soil composite

sampled at three depths: top (0-15 cm), middle (15-30 cm), and bottom layer (30-

45 cm). No significant effects of treatments were observed, and low N03'-N was

recovered (from 3 to 8 pg g"). Higher levels of mineral N were observed in the

top and in the middle layers for rye treatment (Figure 3.4). This is in agreement

with ion exchange probe data reported in Figure 3.3 where a peak was found late

in the season for rye treatment. The high level of residual nitrate for rye was not

observed when rye was combined with fertilizer.
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Figure 3.4. Container experiment. Nitrate at harvest time in top layer (0-15 cm), middle

layer (15-30 cm) and in bottom layer (30-45 cm). Least squares means :1: standard errors.

Nitrates were extracted by using 1N KCI
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In general, soil nitrate levels were low (<10 pg g") by the end of the

season. This may be related to the rate applied (recommended dose), to the split

application of fertilizer and to the fact that N credits from different sources were

taken into account. N-fertilizer combined with high level of organic input from

manure and rye, were associated with slight increases of residual nitrates in the

bottom layer (Figure 3.4).

Nitrogen derived from labeled fertilizer (Ndff)

This study using 15N allowed us to distinguish N derived from labeled

fertilizer from that derived from soil or other N sources. By using 15N, it is possible

to calculate percent N recovery or percent Ndff. While N recovery appears to be

more realistic because it takes into account total N uptake and total labeled

fertilizer applied, Ndff is the ratio between enrichment in samples and the

enrichment in 15N fertilizer. So the two parameters give different information (see

equations on page 63). Percentage N derived from 15N in roots, in soil, in tubers,

in shoots, and in nitrates is presented in Figure 3.5. Results indicate that for all

treatments, % Ndff was presumably recovered in tubers, roots, shoot and little in

soil. If we consider % Ndff as nitrates adsorbed on anion exchanges membranes

in bottom layer, bare soil tended to have higher % Ndff more than other

treatments.

Even though not significant, there was an interesting trend in that a large

amount of 15N fertilizer was recovered in lower layer for the bare treatment

compared to other treatments. This may be explained by the fact that, other

treatments tended to Slowly supply nutrients because of the combination
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between fertilizer and manure/or cover crops. Therefore, only a small amount of

N-nitrates was found down in the profile. In contrast, a bare soil has only

fertilizer, which is high soluble and in case it is not taken up by the plant, the

residual N is susceptible to be leached.
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Figure 3.5. Percent Ndff in different parts

CONCLUSION

Results of this study in field and in containers indicated that manure and

cover crops generally increased potato tuber yields. Cover crop application (rye)

was associated with the highest N efficiency, and significantly increased the N

content in the light fraction of the soil OM. This indicates that rye improves soil

properties in short-term. The combination with rye, manure and fertilizer resulted
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in highest yield, and nutrient uptake overall. In addition, this combination showed

a constant release of nitrates during the growing season, which could increase

the synchrony between N released and potato uptake. Results of the experiment

showed that the combination of organic sources with reduced N fertilizer was

beneficial for potato yields and nutrient absorption. The Ndff values indicated that

the bare treatment could be associated with higher N03'-N losses. Further

research is needed to better understand the synergetic effects between different

sources, especially over a long-term period.
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Appendix 1. Container experiment: Least square means (Ismeans) and analysis of

variance for fresh weight in tubers, shoot and In roots.

 

Ismeans

Without fertilizer

Bare

Rye

Manure

Rye+manure

With fertilizer

Bare

Rye

Manure

Rye+manure

Overall Ismeans

Bare

Rye

Manure

Rye+manure

Fertili_zer effects

With fertilizer

No fertilizer

Block

Management(M)

Fertilizer(F)

M x F

Fresh wgight (g/container)

Roots

16.0 a

19.7 a

28.0 b

24.4 b

25.9 a

26.9 a

40.2 b

43.6 b

20.9 a

23.3 a

34.1 b

34.00 b

34.2 b

22.0 a

0.3439

0.0043"

0.0004***

0.4937

Tubers

321.8 a

456.5 ab

533.2 b

741.7 c

766.2 a

883.5 b

1009.6 D

1017.3 b

544.0 a

670.0 b

771.4 bC

879.5 c

919.2 b

513.3 a

0.3285NS

<0.0001***

<0.0001***

0.3499 NS

Shoot

135.5 a

199.0 ab

260.5 b

383.0 C

567.0 a

607.5 ab

600.0 ab

710.0 b

351.2 a

403.2 a

430.2 a

546.5 b

621.1 b

244.5 a

0.6824

0.0014"

<0.0001***

0.5547

Lsmeans with different letters within a group are statistically different at P<0.05.

NS, *,**,***. Not significant at P<0.05, significant at P<0.05, 0.01 and 0.001 respectively.

Management is referred to the presence or absence of organic inputs (cover crop and/or

manure).
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Appendix 2. Container experiment. Least square means (Ismeans) and analysis of

variance for nitrogen concentration in tubers, shoot and in roots.

 

N concentration (%)

 

Without fertilizer Roots Tubers Shoot

Bare 1.293 1.13a 1.83a

Rye 1.18a 1.09a 1.56a

Manure 1.02 a 0.98 a 1.53 a

Rye+manure 1.12 a 1.09 a 1.78 a

With fertilizer

Bare 1.45 a 1.66 b 2.41 3

Rye 1.45 a 1.56 ab 2.41 a

Manure 1.37 a 1.44 ab 2.18 a

Rye+manure 1.32 a 1.42 a 2.14 3

Overall Ismeans

Bare 1.37 a 1.39 a 2.11 b

Rye 1.32 a 1.32 ab 1.98 ab

Manure 1.20 a 1.21 C 1.85 a

Rye+manure 1.22 a 1.26 Cb 1.96 ab

Fertilizer effects

With fertilizer 1.39 b 1.52 b 2.28 b

No fertilizer 1.16 a 1.07 a 1.67 a

ANOVa Pr>F

Block 0.6370NS 0.1401 NS 0.5060NS

Management(M) 0.4126NS 0.0092“ 0.2281 NS

Fertilizer(F) 0.0064"r <0.0001*** <0.0001***

M x F 0.8524NS 0.2225NS 0.2878NS
 

Lsmeans with different letters within a group are statistically different at P<0.05.

NS, *,**,***. Not significant at P<0.05, significant at P<0.05, 0.01 and 0.001 respectively.

Management is referred to the presence or absence of organic inputs (cover crop and/or

manure).
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Appendix 3. Container experiment. Apparent N recovery in tubers and N use

 

efficiency

Apparent recovery N use efficiency

% thY/lb total N

Rye 27 1 .34

Manure 5 0.28

Fertilizer 30 0.75

 

Apparent recovery= ((N uptake in rye or manure-N uptake in bare soil)/total N applied) x100.

N use efficiency= ((Yield in rye or manure treatment-N bare soil)/total N applied.

Y: 1 metric ton=22.05 cwt
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Appendix 6. Container experiment. Cumulative nitrate adsorbed on anion

exchange membranes during the growing season In top layer (0-15 cm) and in

bottom layer (40-55 cm) at different sampling dates.
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Appendix 7. Large containers used to grow potatoes (75 L).
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