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ABSTRACT 

RoderIck John MacRae Renewable Resources 

Effects of green manuring in rotation with corn on 

the physicaJ properties of two Québec soils 

E ight treatments were applied, for a three-year period ta a 8earbrook 

clay and a Franklin gra\lelly loamy sand in a rotatIon experiment which 

1 included corn and several green manures. 

1 
Aggregate distribution, bulk density, 

mpisture retenti on, and water flaw were measured for each saIl. 

Incorporating red claver inta the 8earbrook sail improved dry-aggregate 

pistribution and reduced bulk density but did not increase the stability of 

aggregates in water. InfiltratIOn did not, imprave in respanse ta green manures. 
J f 

Physical parameters had less effect dn crop performance than clïtnatic and 

fertility factors. Incorporating cammon vetch and buckwheat into the Franklin 

soil did not af'fect any physical parameter differently from the 

monocul ture·corn treatment though a laboratory study suggested that buckwhea t 

was more sui~able for producing aggregates. In general, row cropping praved 

detrimental ta the sqlt:physical condition. Significant correlations between 
..jJ 

in-dependent parameters made it impossible ta determine cause-and-effect 

relationships between corn yield a~d soil physical properties. 
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Ressources Renouvables 

Les effets des engrais verts en rotation avec le mais sur 

les propriétés physiques de deux sols du Qœbec 

A l'interieur d :"une rotation de troIS ans incluant le mais et des engrais 

verts, huit trai tements furent appliqués à une argile 8earbrook et à un sable 

loameux gravelleux Franklin. Î La dIstribution granulométrique des aggr~gats, la 

densité apparente, la rétention en eau, et l'écoulement d'eau furent mesurées 

sur chacun de ces sols. 

Sur l'argile Bearbrook, l'enfouissement du trèfle rouge ame1iora la 

distrIbution granulométrique des aggre'gats secs et diminua la densitt! apparente 

du sol. Par contre, la stabilité des aggrégats dans l'eau ne fut pas augmentée. 

Pour ce qui est de l'infiltration aucune ame1iora.tion fut notée. Ce sont les 

facteurs climatiques et la fertIlité qui affectèrent le plus les rt!coltes, 

l'influence des paramètres physiques étant moins importante. Sur le sol 

Franklin, l'enfouissement de la vesce commune et du sarrazin n'affecta aucun 

paramètre physique différemment à la monoculture de mais. Un étude au 

laboratoire a toutefois indique'" que le sarrazin prodUisait le plus d'aggrégats. 

En gMéral, la sufture en rangs fut !1uisible aux conditions physiques du sol. 

Les cor~lation/~ignificatives entre les param~tres indépendants font qu'il est 

impossible et!blir une relation de cause à effet 

et les pl' pri~1és physiques dü sol. 
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INTRODUCTION 

Corn has become -a major ecommic crop in Québec. It is weIl known 

",that conventional, continLDUS corn production is an agricultura! system with 

intensive demands on the soil resource and production inputs. The soil 

organic-matter supp!y may be depleted in this system, and this may result in 

a p::lor physical condition and declining yields. The incorPJration of green 

manures 

used in a 

could alleviate these prblems by supplying organic material and if 

srort-term cropping SY1tem could still allow for maximum use of land 

for corn production. 

Green manuring is the process of turning a erop into the sail, whether 

originally irtended or net, irrespective of its state of maturity, for the purpose 

of effeeting some agronomie improvement. It i~ an ancient practiee. The 

earliest references ta green manuring date from the Han dynasty of China, 

prior to 1134 B.C. Lupines and faba beans were used by the Greeks as 

green-manure crops before the third century B.C. and the practiee has 
, 

continued in southern Europe sinee then. The adoption of green manuring 

oceurred much Iater in mrthern Europe (Pieters, 1927). 

Green manuring ha;! existed as a farming practice in North America 

s ince the 18th century. Its j:O pulari ty reached a peak in the first decades of 

this century at which time its practice was very widespread. The advent of 

cheap inorganic fertilizers resulted in its decline. Research effort has been 

minimal since the Iate 1950 'os and attempts te re-evaluate the usefulness of 

green manures have been hindered by a lack of recent information. Virtually 

no work has been clone on green manuring in Québec. 
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The literature on green manuring on a global scale is voluminous and 

confusing. Joffe (1955) has explained the variability in green-manure research 

results with a zonality principle; the effectiveness of green manures is 

dependent on the climatic zone in which they are used. Uterature cited in 

the thesis has been confined ta the temperate world as much as possible. 

Alsa, t-hè authJr has concentrated on studies invol,ving field cropping systems, 
'" 

particularly thJse involving corn and green manures that were used in these 

experiments. 

S everal sail physical parameters have been used in this study ta 

evaluate the impact of green manuring: aggregate distribution and stability, 

bulk density, water movement and moisture content and retention. Two soils 

with physical limitations ta corn production have been studied, a Bearbrook clay 

and a Franklin gravelly loamy sand. Two green manures were used at each 

site and were chosen on the basis of agronomie suitability and economic 

potential. An attempt will be made ta relate i,mprovemen~ in the physical 

condition of the soil ta crop performance. 

2 
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LITERA TlRE REVlEW 

It is weIl known that there is a general relationship between sail 

physical properties and the amount of organic matter a sail cantains. The 

general statement would be that, (Ill other factors being equal, soil with high 
1 

sail organic-matter leveis has a ÇJJod physical conditIon. / "Soil organic matter 

refers ta the organic fraction of the sail; it includes plant and animal residues 

;at variotJs stages of decom~sition, cel~s (living and dead) and tissues of 

microbes, and substances synthesized by the soil ~pulation.n (Canadian 

Department of Agriculture) 1972). Seldom does the addition or synthesis of 

such material' not cause' an effect on at least one salI parameter (Allison, 

1973). [f a green manure ls capab1e of increasing the sail organic-matter level, 

then one would expect that the physical condition would be improved. The 

li terature indicates, however, that j) organic matter does r()t directly affect 

a11 physical parametersj ii) green manures do not necessarily increase soil 

organic-matter levels and different plant species can vary widely in their 

affect; iii) green manures do, IlOt necessarily impro ve the sail physical condition 

even when total sail organic-matter levels are maintained or increased by 

green-manure addition and 'iv) if the soil physical condition is improved, there 

may not be an associated improvement in crop performance. 

3 
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EFFECT Œ"" CRGANIC MATTER ON PHYSICAL PARAMETERS 

The properties most likely to be affected by increased organic-matter 

levels are aggregate distribution and stability, bulk density, moisture reten,,,, 

and \'l'ater rnovement, but the extent ta which these parameters might be 

improved, and the conditions under which the imp.rovement might occut, ar 

not well-defined. 

Aggregate distribution and stability 

Marti n et al. (1955) define a soil aggregate as a " ••• naturally occurring 

cluster or group of soil particles in which the forces holding the particles 

together are much stronger than the forces between adjacent ~egates." 

A9gregate formation and stabilization result fram separate forces but often 

occur simultaneously. Few agents are involved in bath processes. 

Formation involves the orientation of soil particles into doser proximity 

wrth the result that physical forces of attraction are better able ta hold the 

particIes tagether. The dominant forces involved in formation incIude wetting 

and drying cycles, cycles of freezing and thawing and other temperature 

changes, cultivation, root pressures involved in plant growth, earthworm 

tunnelling, and animal trampling. 

Organic matter plays a minimal raIe in aggregation. Only in sandy 

soHs, and perhaps clays, does it have any effect. Decomposed fungal myceIia 

may form aggregates in sandy soils through physical entanglement, particularly 

after the addition of plant residues, as fungi are closely associated with freshly 

incorporated plant tissue (Ko no no va, 1966). Hartmann and De Boodt (1974) 

have found that sands of medium ta high organic-matter oontent in the 

4 



Netherlands eXhib~ed 

-They, thus, attriJuted 

, 
an aggregating pattern similar to a sandy Ioam soil. 

to organic matter a major raIe in aggregate formation 

in co arse-textured soils. In fine-textured soils, coarse organic materiai may 

prevent the formation of large aggregates- by blocking the attractive !orces 

between smaller aggregates. But in general, agricultural soils have sufficient 

opp:lrtunity for aggregate formation and insufficient stabilizing material. It is 

in this area that organic matter plays an important roie. 

Organic matter is the primary stabilizing agent in temperate soifs. 

~ecifically, it is the decomposition products of plant and animal residues that 

are responsible for aggregate stabilization: microbial gums and mucilages, low 
1 

molecular weight fulv ic-acid moiecules and linear organic polymers like fats 

and waxes (Greenland et a!., 1962; Harris et al., 1966; Allison, 1973). 

Theories of stabilization mechanisms are numerous. The most widely 

accepted VIeW is that of Emerson (1959), who described organic binding at a 

microscopie level. In his mode 1, organic material of mdlecular thickness acts 

as a binding agent between clay micelles or clay and quartzitic particles. 

Infrequently, the organic materiai coats clay domains. A series of linkages 

between clay and quart:zitic material results in a soil crumb. This model has 

not, as yet, been experi mentall y pro ven correct. 

Emeroon's model is applicable over a wide range of texturai classes but 

m.ay not completely explain a,ggregate stabilization in very sandy soils or clay 

soils. Sails of <10% clay content generally aet as if non-aggregated (Allison 

1973) and Emerson's model seems ta sUPlXlrt this. Pringle and Coutts (1956), 

however, found stable aggregates in a Scottish soil having 8.9% clay content 

and a loamy sand texturaI' classification. In fine-textured soils, improving 

aggregation often involves the breakdown of large aggregates. In addition ta 

5 
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the stabilization mechanisms that organic molecules, 

slightly decomposed and not part of Emerson's model, may be necessary ta 

prevent slumping or the creation of a very finely div Ided system of aggregates 

(Green land, 1965). 

The highest percent age of stable aggregates is fol1nd in soils of high 

organic-matter content (Do yle and Hamlyn, 1960; Harris et al., 1966). 

Although this has been proven chemically, it is sometimes difficult ta reach 

.t~ sane conclusion in agronomie studies. Greenland (1965) has indicated that 

organic carbon determinations may not correlate well with aggregate analyses 

because the total organic-carbon analysis commonly used in agronomie studies 

is not measurlng just those organic materials responsible for aggregate 

stabilization. Chester et al. (1957) correlated sail gum and total 

organic-matter levels of silt loam soils in Wisconsin with aggregate stability 

and found only a slightly slgnifieant correlation with total soil organie matter, 

while sail gums were highly positively correlated to stability. De Kimpe et al. 

(1982) found no Signrieant correlations between soi! organie-matter levels and 

dry and ~et-sieve a alyses in their study of 21 Québec topooils. Coote and 

Ramsey (1983) did not find a slgnificant correlation between organic carbon 

and wet mean weight diameter (MWO) in their study of four Ontario soUs. 

These results could aisa be due ta the inadequacies of sieving procedures 
\J 

(Harris et al., 1966). 

In summary, organie matter is known to play a primary role in 

aggregate stabilization, although agronomie studies have not been able ta 

suitably quantify the relationship. Organic matter pla ys a miror raIe in 

aggregate formation. 

1 6 
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Bulk _density 

With few exceptions, organic matter décreases the bulk density of soil. 

1 . 
This may occur directly by dilution of the soil matrix with a less dense 

material, or indirectly by impraving aggregate stability. This effect does oot 

seern ta be limited ta certain sail textLEal classes. It is the indirect 

improvement of bulk density, through the improvement of aggregate distribution 

and stability that is mast important. Physical incor[Xlration alone can affect 

detrimentally other physical parameters such as rnoisture movement (Jamisan, 

1960). 

- In a recent Q(jébec study of 21 topooils with organic-matter contents 

ranging from 1.6 ta 11.9%, De Kimpe et al. (1982) found hlgh negative 

correlations between organic matter and maximum bulk density after 

compaction. Millette et al. (1980), comparing cultivated (for 60 years) and 

forested Orthic Podzols, found a highly-significant negative correlation between 

organic matter and bulk density. Saane ,(1975) found organie-matter levels to 

be highly negatively correlated with bulk- density in compaetion studies. The 
1 

cnrreJation of texture with bulk density was rot significant. Coote and Ramsey 

(1983), 'WOrking with four Ontario soBs of different texturaI class, found organic 

matter to be highIy negatively correlated with bulk density in tillage studies. 

Moisttre content and availability 

Organic matter improves available water-holding capacity of soUs under 

specifie circumstances only. It is the exception rather than the ruie. 

Peele et al. (1948) found significant correlations between organic-matter 

content in sandy Ioam soUs of South Carolina and available water-holding 

capacity (AWC). Using their data, Jamison (1953) refined their aJnclusions. 

7 
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{ He found the same significant correlations between organic matter and AWC 

in ooils with less than 15% clay. With more than 15% clay, other 'factors were 

dominant in determimng the AWC. Jamison and Kroth (1958) supfXlrted this 

finding with, results from Mississippi soils. They found organic matter ta 

influence AWC only in soils of medium-Iow clay content (13-20%). As they 

. fa und A WC ta increase wi th silt. content, they suggested that the organic 

matter tends ta help form stable micro-aggregates of coarse-silt size.- Their 

mnclusion was that coarse silt had the greatest influence on AWC. Reeve et 
" 

al. (1973) alsa found significant correlations between coarse silt and AWC. 

They felt that organic-carbon levels were not a primary factor in deter1nining 

what they refered to as available water (essentially AWC in mineraI soils). 

Altrough Singh (1962) claimed that organic material has a very high 

water-retention capacity, Jamison (1953) and Feustal and Byers (1936) have 

mncluded that most of the moisture is held at potentials below -15 bars, thus 

unavailable for plant growth. Feustal and Byers (1936) found little ta be 

gained by adding peat muck ta a clay soil. Jamison (1953) found that adding 

103 tonnes/hectare of peat ta a silty clay loam improved AWC only slightly. 

He suggested that only in very sandy soils, with low AWC, might 

organic-matter additions improve the AWC, tmugh the volume of material 

necessary to effect such a result might be tao large to be agronomically 

feasible. Stevenson (1974) supported this conclusion below -1 bar pressure on 

a Ioémy said when moisture content' was determined volumetrically. He found 

no effect of adding peat to a sandy Ioam and a detrimental decline of AWC 

in a sil t 10 am. The minimLm required addition of peat was substantial, 10% 

by weight of soil used. Hartmann and De Boodt (1974), on the other hand, 

found that organic matter had no effect on the water-retention properties (or 
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cri tic al capillary depression in their study) of sandy soils with organic-matter 

leveis ranging from 0.12 te 7.17%. 

De Kimpe et al. (1982) found a positive correlation between organic 

matter and gravimetric V/ater content at field capacity on a wide range of 
, 

Québec soils. There was aisa a significant negative correlation between bulk 

density and organic carbon. Stevenson (1974) - has srown that changes in 
. 

gray imetric water content with organic matter are often not a function of 

impro vements in ma Îsture-ho Iding capacity but rather a function of the lower_ 

bulk density and that maisture content has ta be measured volumetrically ta 

really evaluate the relationship. The correlation between organic matter and 

,water conte!it in the De Kimpe et al. (1980) study is likely a function of the 

relationship between bulk density and organic matter. Denis Coté (1982, 

unpublished seminar, Journée d'échange scientifique, CPVQ, May 5, Ste. Foy, 

Québec) in a summary of data on AWC in a variety of Québec soils found 

large increases in AWC with increases in arganic matter in sands a~d loamy 

sands. Increases in organic matter had no effect in other texturâl groups 
l\ 

except clay where AWC was slightly higher in clay soils having >6% organic 

matter. AWC was measured on a gravimetric basis. Bulk density values were 

not reported. 

Improvements in other physical properties induced by organic matter 

-.sometimes increase water-holding capacity. Such is not often the case for 

aggregation. JaJï1ison (1953) found 

various texturaI cksses ta result in 
\ 

increased aggregation in three soils of 

decreased A WC. This result was due, in 

part, ta an increase in maisture retention at the permanent wilting point 

(PWP). Doyle and Hamlyn (1960) faund similar results. Hillel (1980) srowed 

that inc:reased aggregation can decrease the micropore volume and decrease the 
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water content at field capacity, thus decreasing A WC. Ja~Json has stated that 

1 

only in poorly-drained clayey soi'ls does increased aggregation improve AWC • . 
He was of the opinion that the increased macropore space is par.t of the 

defined AWC in poorly-drained soils. He felt that plant responses ta imp~ved 

aggregation in soils was due to the increas'ed rOÇlting volume fram which water 

coulé! be taken and not improvements in water-holding capacity in a given 
q 

voJume. Tamboli et al. (1964) have found that aggregates with the greatest 

organic-l1!atter content do IlOt have the greatest moisture retentive ability. In 

bulk-density studies conducted in England and Wa'les, Reeve 'et al. (1973) found 

that bulk density correlated negatively with available water in A horizons of 

silty soils o,nly. Band C horizons had negative correlations in al! texturaI 
1 

classes, however, not a11 correlations in this study were significant. 

Water movement 

Organic matter has a strang effect on Infiltration of water inta soils. 

, . Wischmeier arK:! Mannering (1965), working with 44 Corn-Belt soils with 

organic-matter contents ranging fram 1 ta 14%, found that, of a11 variables 

examined, organic matter was the most closely correlated with increases in 

i nfil tr ation. Texturai differences had li ttle influence. The reason for this 

relationship is somewhat unclear. 

AUison (1973) stated that, when weIl mixed in the sail, organic matter 

greatly aids infiltration by p'roviding bette~ aggregation and structure, 

ÇXJnsequently lowering bulk density and easing water movement. The results of 

Coot,e and Ramsey (1983) are in agreement as they found a high negative 
r 

correlation between infiltration and wet MWD. Martin and Richards (1969) 

found, however, tllat increases in aggregate stability did not necessarily result 

10 



,. 

". "b,. 
,_ ~ 1_ s;~ ~I,>...-.. ":PlI~~"''''r '~#PII"'Ai"';a:Ri""U:"'J4I,""'i _______ "_MT.I __ l!iIIr._--~ 

, ' ~, 

" 

in increased hydraulic conductivit~ in a sandy loam aggregated by various 

bacterial polysaccharides. In fact, improvement in hydraulic conductivity was 

noted in some cases withJut an increase in aggregate stability. Wischmeier 

and Mannering (1965) found similar resuits; the aggregatioh index for wet 

agg:egates was J:X]orly corl'elated with infiltration (1'2<0.10) even though organic 

matter was highly correlateo with infiltration. 

, In some sandy soils, decreases in infiltration are desirable and organic 

matter plays an important raIe in this. Working with a synthetic sandy Ioam, 

~'arley (1954) found coarse organic materiai ta decrease permeability. These 

results confirmed trose of a previous study (BarIe y, 1953) in which permeability 

decreœed as the coarse organic-matter content of a sandy loam soil increased 

,in the surface 7.5 cm from 0.6 ta 2.2%. 

De Kimpe et al. (1982), found that organic matter had litt le, if any, 

effect on the saturated hydraulic conductivity of soils in a state of maximum 

organization or maximum compaction. Their study did not determine the 

relationship between organic !'TIatter and saturated hydrau~ic conductivity for 

spatial arrangements normally found in the field as did the studies mentionned 

above. 
l ~ 

EFFECT CF mEEN MANl.RES ON OR.GANIC MATTER LEVELS 

It is generaUy accepted that green manures will maintain or increase 

organic matter or maintain or increase sail N levels but rarely bath at the 

same time (Allison, 1973; Warman, 1980). Jaffe (1955) stated that green 
f 

manures were originaUy used as fertilizer; they were not perceived as a means 
1 

ta increase the organic--matter content of the sdi! until the late 19th century 
1 

Il 

". "-
, Aoc 

~ 1 , ' 

1 
f 



~----"'----------""'-""""'-~~_",",')-Jl."'':'''$l"''~ '. 

. , 

.j. 
. / 

'* \ 

/ 

• '\ "J , ~ 
m the trend t~wards a speciallzed and mect)anized agriculture. Ple~ers (1927) 

,. lait thet the most ~r:npOrtant function of green manuring was ta increase soil ' 

0. 

/ 

organic-matter levels tmugh he later modified this, ~ncluding " ••• that .in .the 
, < '" ~ 

~main -the 0 bject of green' manuring must be to maintain rather than increase 
• r 

the qua1tity of organic matter in soils." (Pieters and McKee, 1938). Some have 

,not accepte.d that green manures ca~ even maintain organic-matter levels 
. . . 

·(Pinck et~ al., 1?46; Payser et al., 1957). R!-Issell (1973) maintained that on a 
, 

global level green manure has been much more effective as a N source then 

as a source of organic matter. Most rese~c~ers will at least ,concede that 
c • . 

green manures will affect the rate of loss of organic carbon in crapping 

systems and its ultimate level in the soil • 

The maintenance or accumulation of organic matter in soil is dependent 

on a number of factors such as the chemical nature of the added material, soil 

and climatic factors ?~they affect microbial activity, and cultural pr~ctices. 

, The' JXlpular conclusion is that a plant material rf;!sistant ta ready decoml=Osition 
-, 

is necessary if sail organic-matt-er levels are to be maintained or lncreased. 

- Warman (1980) stated that plant material typically low in nitrogen, i.e. 1.5% 
1 _ 

N or less on a dry-weight basis, can be effective in improving the 

organic-matter content of a seil. A survey of complementary cropping-sys~~m 

studies, however, is inconclusive regarding the effect of plant nitragen on 

Organic-~atter maintenance or accumulati1 -.. ,. . 

tram the literature on l~guminous and non-Ieglf!11inous green manures, 

there is no clear-cut relationship W,.ith regard ta organic-matter accumulation 
~\ 

and N content. Prince et al. (1941), in a 40-year 'lXItting study, found that 

vetd1, incnrporated two years in a fi.ve-year rotation of corn, dats, oats, wheat, 

and timothy di<t not maintain the Q_rganic-matter content at its original levei. 

• Q 
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Po yser et al. (1957), 'l.wor king • w!th clay sOil1 in Mani toba, round the 

organ..ic-carbon levels in the soil te decrease across aU treatments over a 
1 

25-year periode Lasses of organic carbon in a green manure-wheat-corn-wheat 

rotation ranged fram 30.7% for sweet claver ta 6.1% for peas. Losses fram 

non-leguminous green-manure treatments were slightly greater, ranging fram 

37.8% ta 26.3%. Cheter and Gasser (1970), working at Rothamstead on a sandy 

Iaem sail, found trefoil, incorPJrated each yeer between 1936 and 1965, ta 

increese organic-matter levels significantly, by 18.7%. R yegrass, incorporated 

yearly over the sarne period, did IlJt increase sail organic-matter levels ta the 

sane degtee, even though more organic material and less nitrogen were added 

o ver the co urse of the experiment. Mann (1959), warking at Woburn 

Experimental Station in England, found, during 18 years of green manuring with 

legumes and nan':'legumes, that the manurial value was not directly connected 

with the N levels of the plant tissue or with the total amount of organic 

material buried. Allison (1973) reached the same conclusion with regard ta 

amount of material buried but disagreed with Mann's conclusions on tissue N 

levels. De Haan (1977), warking with a sandy and a clayey sail in the 

Netrerlands, foun~ no correlation between the % N of the added tissue and the 

élTiOlJ1t of organic matter accumulated over 10 years, t!"nugh he did find highly . 

significant cori'elations with the % lignin of the original material. Leuken et 

-al. (1962), working with Saskatchewan clayey soils, concluded that nitrogen was 

very important in determining the degree of organic-matter accumulation. 

These different results are likely a function of other factors affecting 

organic-matter accumulation. Any so il factor that ia likely ta a'ffect the soil 

microbial land faunel JXl pulations is likely ta have an effect on organic-matter 

maintenance or accumulation. These include such- factors as pH, soil N levels, 

13 



naqve soil organlc-matter levels, soil moisture, temperature, and exchangeable 

catiors. The fallowing study provides an example. Sowden and Atkinson (1968) 

applied annual additions of the same leguminous and non-Iegum imus green 

man ures ta Uplands sand and Rideau clay. Besides textlEal differences, the 

soils differed in pH (the clay sail was quite acidic), initial organic-caroon level 

(the sand had approximately one half that of the clay), and initial sail N (the 

clay had almost twice as much as the sand) (5.iowden, 1968). After 20 years, 

they observed on the clay sail a loss of organic matter on the control and rye 

!J'een-manure plots. AlI other treatments maintained soil organic-matter levels. 

On t he sand, only the control plo t lost organic matter; ail other treatments 

iflcreased organic-matter levels. 

The aut!-nrs did not try ta explain which factors and their interactions 

might have been responsible for the different responses, but De Haan (1977) 

concluded that clay content is not a significant factor in determining the 

amount of organic matter formed. pH was a .highly significant factor in his 

studies. In the Sowden and Atkinson study, the lower pH of the clay soil likely 

slowed the rate of organic-matter decomposition. N::Jrmally, organic matter 
-

would then accummulate. As it did not, other factors were of greater 

influence. Several autl"nrs have postulated that, in arable soils, an equilibrium 

soil organic-matter level exists (Jenny, 1930; Jaffe, 1955; Allison, 1973). If 

this is 50, the initial soil arganic-matter level may affect the rate or amount 

of aCCUT1ulation of new organic material. According ta this theory, the jXlwer 

~Itivation ta reduce organic-matter levels is much greater than that of any 

~lral '~ractice that attempts to incf'ea~e the organic-matter levei of the soil. 

But once a cul~vated soil reaches its equilibrium level, Joffe (1955) has stated 

that no manage!l1ent practice can lower it and it would be more feasible for 

14 
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incorporation of plant material, ta increase soil levels. It is possible that the 

smdy soil in Sowden and Atkinson's study was closer ta this equilibrium level 

than the clay soil. If a sail has rot reached that equilibrium level, 

organic-matter additions may be able ta retard the rate of de'cllne or may, as 

some have suggested (Broadbent and Norman, 1947), increase the decomposition 

a f the native organic matter, a process known as "priming". Priming would 

actually increase the rate,' of decline. Allison (1973), however, reviewed the 

literature on this effect and concluded that it is insignificant in the course of 

a growing season. 

Low soil nitrogen levels will affect the rate of decomposition and the 

amount of material that decomposes, depending of course on other soil and 

climatic factors and partlcularly the N content of the material being added. 

Generally, low sail N levels will result in a slawer decomposition of organic 

m aterial but, over the long term, there is p:Jtential for greater ,accumulation. 

The work done by Sowden and A tkin50n demonstrates this result. 

Green manures will affect soil organic-matter levels and many factors 

play a role in determining what that effect will be. There is agreement on 

what the major factors are but no t necessarily on which factors exert the most 

influence, of what magnitude the effects will be and how they interact. The 

co nclusions of Allison (1973) and Warman (1980), outlined at the beginning of 

this section, are appropriate only when aIl these factors are controlled. 
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EFFECTS OF œEEN MANlRES ON PHYSICAL PARAMETERS 

Green-manure studies have usually been performed independent of the 

general examination of mw organic matter affects physical properties. It is, 

thus, important ta see if bath have produced the same results. 

A~egate distribution and stability 

Although Ram and Zwerman (1960) have rep:>rted that aggregate 

stability " ••• is positively correlated with the quality and quantity of organic 

material added to the soi!...", an examination of their citations and other work 

reveals that effects and effectiveness vary with soil texture and green manure 

used and that effects do not last long unless continuous additions are made. 

Silt Ioam soils seem ta be the most responsive ta aggregate-stability 

increases from green manuring (Browning and Milam, 1944; Chester et al., 

1957; Wisniewski et al., 1958; Ram and Zwerman, 1960). Effects are more 

variable in clayey and sandy soils with seemingly !ittle association between 

increased aggregate stabilization and green manure used, frequency of 

incorporation, or number of years incorJXlrated. Browning and Milam (1944) 

found increased aggregate stability in a silty clay Ioam but suggested that 

effects would be minimal in c1ays and in sandy soUs. Mortensen and Young 

(1960), working with a silty clay in Ohio, found only transient improvements in 

aggregate stability attribut able ta the a'ction of grass green manures. The 

chvers used in the study had no significant ~ffect. Guttay et al. (1956) found 

no impro vement in aggregate distribution or stability in a Michigan Ioam soil 

fram biannual additions of sweet claver. Bowren and Wiloon (1959), on the 

o ther han d, working wi.th a Saskatchewan fine sandy loam, found a three-year 
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, rotation of sweet cJover, wheat, and oats ta have larger dry aggregates than 

a fallow-wheat-oats rotation and more water-stable aggregates in the top 15 

cm (Bowren and MacNaughton, 1967). 

Work done with a sandy loam in New Jersey by Benoit et al. (1962) 

indicates that several years of annual additions mày be necessary before 

aggregate stability increases (three years in their study). They used ryegrass 

end fOlJ1d that inOJrpoI'ation of tops alone did not improve ag9I'egate stability. 

It is no~ cIeaI' from their study whether the structural improvements caused by 

green manuring occuned contimously over a three-year peI'iod. The effects 

may have been transitary. Halstead and Sowden (1968) did not find ryegrass 

to increase the aggregate stability of a Rideau clay after 20 years of annual 

additions. Alfalfa as a green manure increased the aggregate stabiIity 

somewhat and an increase in organic carbon was associated with this 

improvement. The strength of the association was not determined. Rennie et 

al. (1954) found that more readily-decomPosable incorPJrated material (legumes) 

pmduced more stable ~g9I'egates in the very shJrt term in a laboratory study, 

but that non-leguminous plant material produced effects that were more 

jE'Sistent. That a11 the field studies mentionned aOO ve did not reach the same 

conèlusion is Iikely because of the multitude of factors, prevbusly described, 

that affect decompostion of organic matter. 

Bulk density 

The addition of organic materials to a soil zone will automatically 

decrease the bulk density of thet zone becaLlse the added materia1 is of Iower 

density than- the soil matrix. The material used ta effect such a reault ia 

1argely inconsequential. Morachan et al .. (1972) found no difference between , 
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alfalfa and corn stalks used to lower the bulk density of a silty clay laam 

subsa il. They felt the result might have been due " ... partly or ta tally ta the 

physical incorporation of the chopped residue." Their study did not take place 

o ver a su fficient time period ta evaluate the affects of the respective 

decompositian products. 

The relatlOnship between an improved aggregate condition and an 

improvement in soil bull< density is theoretically straight forward but agronomie 

results do not consistently confirm this. Mortensen and Young (1960) did not 

find any change in the bulk density of a silty clay in the first grawing season 

due to addition of various green manures even trough the aggregate stability 

of the sail was higher. In a companion' study, there were bulk-density effects 

due ta green-manure treatments, that were mt simply a functlon of dilution 

(alfalfa and red elaver were more effective in reducmg bulk demiJty than 

yelbw sweet 'claver, ryegrass, and orchard grass) but there were no effects on 

agçregate stability. Ram and Zwerman (1960) did find differences in aggregate 

stabîlity assaciated with bulk density changes, as did Benoit et al. (1962) •• 

There are aIsa differences in the amount of time required to show 

effects and the duration of these affects. As mentionned above, Morachan et 

al. (1972) found affects immediately after incorporation but this was tf'nught 

ta be a purely mechanical effect. ~rtensen and Young (1960) found two years 

had ta pass before effects were apparent. Ram and Zwerman (1960) found bulk 

density was lower during the first two years after incorporation but increased 

in the third. Bemit et al. (1962) found three successive years of ryegrass 

additions were required before a decrease in bulk density was apparent but it 

lacited for the following three years. De Haan (1977), in a potting study, found 

a11 green manures used in his experiment, applied annually for 10 years, ta 
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decrease bulk density, particularly in sandy soil. 80wren and MacNaughton , 

(1967) found that there were ne differences,: between two rotations of 

three-year length after 28 years of cropping a n fine sandy loam in 

Saskatchewan. The rotations differed one year in thr-ee as one contained sweet 

clo ver as green manure, the other lay fallow. There were differences, 

however, in aggregate stabiIity. Hagem an and Shrader (1979) found no 

significant differences in bulk density in a ZO-yeer comparioon of continllJ us 

corn and a corn-oats-meadow-meadow (as green manure) rotation. They 

attributed this result, in part, to the location of the sampling aree in the , 
continuous-corn plots. These aress did net receive any compaction. This 

suggests that degree of traffic and compaction may be a major factor in bulk 

density studies. The studies mentionned above do net discuss the amount of 

cnmpaction experimental units received and if there were differences between 

treetments due ta the management system. One can speculate that more 

information in this area would provide more consistency in the pubIished 

results. 

Moistll"e œntent and availability 

The literature is sparse regarding the relationship between green 

manures and soil moisture properties. What exists suggests thet moisture . 
ratention may be improved in sandy $OtIs. ThIS is consistent with litereture 

discussed earlier in connection with organic matter. 

Singh (1962) and De Haan (1977) have suggested that the total 

moisture-retention capacity of sandy soils will be increased by a variety of 

organic materials. De Haan did net find improvements in the clay sail he 

studied in a po tting experiment. Singh stated that the organic matarial that 

19 

-----~-- ~ -----



( 

· . 

\ 
'1 

~, ~ 

results from green-msqure additions 1s not colloidal in nature and therefore 
~ 

cannat improve the water-holding capacity of most soils. This is likely true 

in the short term but in the long term al! organic materiai added and 

decomposed becomes colloidal. ft is possible that aerobic conditIons in sandy 

soils result in more rapid decomposition than occurn in finer textured soils 

(Allison, 1973), and this produces an organie material in the sail that has a 

more f avourA.ble water-holding capaci t y. 

R am an d Zwerman (1960) attributed a higher soil moisture content to 

treatments with cover- crops but their study did not indicate whether this 

moisture mcrease was plant available. In light of conclusions drawn by severaI 
tQ 

authors mentionned above regarding the avaitability of water held by organic 

materia!, their findings are not of much value. 

Morachan et al. (1972) found increased water-holding capacity in a silt 

Ioam sail with increased amount of residue added (the maximum addition was 

16 t!ha). Ram and Zwerman (1960) found that, although they had significant 

results on a gravimetric basis, they did not on a volumetrie one. Morachan et 

al. (1972) did not do a volumetrie determination. This might have changed 

their results and conclusions as Jamison (1953) and Stevenson (1974) have 

indicated. 

Water movement 

Most of the work on the effects of green manures on water movement 
, 

has been carried out on irrigated lands of the southern United States. Little 

has been done on the more northerly temperate soUs. 

Several authors have reported favourable improvements in infiltration 

and hydraulic conductivity when aggregate stability was a130 improved (Browning 
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and Milam, 1944; Benoit et al., 1962). Browning and Milam concluded that 

increased stability in the macro-aggregate size range was of primary 

importance in effecting this result. Joffe (1955) concluded from his review of 

. green manures in temperate soils that physical incorporation is alsa beneficial 

.. 

for increasing infiltration. Browning and Milam (1944) a.greed. Jamison (1960), 

however, pointed oul the limitations of physical incorporation. His study 

shawed that isolation of soil zones can result with a decrease in moisture 

movemen t and air permeability that can cause yield decreases. Morachan et 

al. (1972) did not see any improvement in infiltration due ta physical 

incorporation of various amounts of various residues. 

, 
The pauci ty of green-manure 8xperimentation in northern climates 

makes it difflcult ta conclude whether resuits are consistent with more general 

work on the organic-matter-physical-property relationship. Few of the authors 

that have done work have properly examined the relationship between green 

manures, organic matter j and physical parameters. In generaI though, there is 

some consistency with results discussed in the previous section. 

EFFECT OF GREEN MANURES ON CR OP PERFORMANCE RELATED TO 

IMPROVEMENTS IN THE SOIL PHYSICAL CONDITION 

Undoubtedly, improvement in the soil physical condition provides the 

opportunity for increased crop growth. This is an accepted facto It is 

difficult, however, ~o assess quantitativety the degree of improvement, 

associated with green manures and organic-matter levels, necessary ta effect 

a significant corn-yield increase, or which physical parameters have the rnost 
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marked influence on corn production, and under what conditions yield increases 

will occur. 

Most authors that have reported on the interaction of green manuring 
. 

with corn yields have found increased corn yieIds associated with improvements 

in the physical condition but have been unable, because of experimental design, 

ta differentiate the affect of Im'proved fertility status from the improved 

physical environment CGuttay et ai., 1956; Bowren and MacNaughton, 1967; 

Halstead and Sowden, 1968; Guernsey et al., 1969; De Haan, 1977; Sheard, 

1977). 

Sopher and McCracken (1973) have made a comprehens.i:ve: attempt to __ "" 

determine the relationships between a variety of soil factors and corn, yields. 

Using standard ragression techniques, they attempted ta determine 

cause-and-effect relationships between a variety of factors, including 

organic-matter leveis and available-water capacity, and corn yields. Because 

of the high correlations between independent variables, however, they were 

un able to sufficiently define the factors of greatest importance. 

Strickland (1951) and Morachan et al. (1972) found no correlations 

between physical improvement in silt loam soils and corn yield. They bath 

cancluded that the physical condition was not limiting to yields on the soils 

used. Page and Willard (1947) did find significant positi ve correlations between 

aggregate stability and corn yield in several clay soils of Ohio. Strickland 

suggested that effects would be more apparent on clay soils than on silt soils. 

Dirks and Bolton (1980), working with a clay sail in Ontario, did find bulk 

density to have substantial indirect and direct effects on yield of grain corn. 

Ccmpacted sail reduced nutrient uptake and root growth. Fertility factors also 

played a major role in determining yields. 
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Others have concluded that physical properties will only significantly 

affect corn yield in years of abnormal total moisture. De Boodt et al. (1953) 

found no significant correlations between corn yield and any physical property 

affected by green manuring of sweet claver in a corn-aats rotation. This' 

result was attributed ta a sufficient mois,ture supply in the year the 

correlations were determined. Yield differences were thought, thus, ta be 

caused by fertility factors. Benoit et al. (1962) faund significant correlations 

between corn yield and aggregate stability of a sandy loam only one year in 

four and attributed this result to adverse weather conditions in that year. 

Mortensen and Young (1960) found aggregate stability and aeration porosity to 
, 

be positively correlated to the number of corn plants per hectare, ear count, 

and yield of corn in a dry year only. They concluded th,at the improved sail 

structure aided germination. Due ta the design of theïr study, their results 

are most likely a correlation of VAMA-improved, rather than green 

manure-improved, aggregate stability and aeration porosity with corn yield. De 
'; 

Boodt et al. (1961) concIuded that significant correlations of soil structure with 

crop yield are weather dependant. 

" .. 
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MA TERIALS AND METHOOS 

Two soils were used l in this study: a Bearbrook clay of the' Gleysolic 

sail arder, si tuated at Rigaud, Québec, classified 3w in the Canada Land 

Inventory System; and a Franklin gravelly loamy sand of the Podzolic soit 

arder, located near Rockbyrn (Blair Farm),' Québec, classified ,5t in the Canada 

land Inventory System. The Bearbrook claX sail was in grass pasture far at 

least five years priar ta the commencement of the experiment. The Franklin 

graveUy loamy sand soil supported smaH grains for several years prior ta 1978 

but did not have any craps on it from 1978-1980, though it was cultivated 

periodically. Some physical and chemical properties af the two sail series are , 
presented in Tables land 2. 

The statistical design at each site was a~ randomized complete block 

with eight treatments and three blacks. The treatments used at each site 

consiste of three-year rotations ~Tabl8' 3). At the Rigaud site, sweet clover 
, , 

(Melilot s officinalis L.) and double cut red claver (Trifolium pratense l.) were , 

intercropped with badey (HOI"deum vulgare L.) while corn (Zea ~ays l.) was 

intercropped with white Dutch claver (Trifolium repens l~) in 1980 and cam man 
• <:; 

vetch (Vicia sativa L.) in 1981 and 1982. At Blair farm, corn was intercropped 

wi th 'Plowdown', a commercially-prepared green manure containing 60% sweet 

claver, 20% red claver (single eut), and 20% ryegrass (lalium perenn~ ,L.}, in 

1980 and vetch in 1981 and 1982. AlI corn was harvested as sil age, barley as 

,grain. Corn and barley stubble were incorporated with the assaciated green 

manure. Each experimental unit was 300 m Z 'in size at Blair farm and 20a m2 

at Rigaud. These plot sizes were chasen in arder to simulate a farm scale 

operation. 
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Table 1. ?ome' physical and chemical preperties of 8earbrook clay 

Seil separate (% by weight) 
sand 

• 
sUt 

clay 

. 
~ 

Extractable P (ppm) 

Extraotable K (pp,m) 

Extractable Ca (pp~) 

pH 

Organic carbon (%) 

Bulk density (Mg/m3) 

Aggregation index (AI) 

Gravimetrie water content 
at ~O.1 bar (%\) 

Drainage class 

\ 
, , 'iî 

- 0 

D~h (cm) 

0-10 

et 

18+5 " 
31+4' 

51;t4 

~ 26.5+6.5 

312+32 

. 02370+570 

5.2!0.6 

2.45+0.58 

1.07+0.17 Q 

512.8+30.6 

48.6+4.1 

lmperfect 

, 
25 

10-20 

14+4 

31+5 

55+4 

2380+520 

5.1+0.2 

1.24+0.65 

1.35+0.16 

545.2+34.6 

39.8+05 
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Table i. '. Sorne physical and chemical properties of 
• F)anklin graVeUy l<:>amy sand / 

. " 

,/ Soi! seporate (~ by weight) 
1 coarse fragments 

sand 

sUt . -
1 • 

clay 

Extractable P (ppm) 

'E~tractable 0 K (ppm) 

Extractable. Ca (ppm) 

pH. 

Organic carbon (%) 

~ulk density (Mg/m3) 

'r 

% Aggregation (sand axcluded) 

Gravimetrie water content 
et -0.1 bar (%) 

p 

Drainage dass -. 

1 
j 

"1 . 

,.,. 

'. 
.. 

'. 
--'f' .... ~..,.,.{.,...., .... 1'\, 

-t,"" 

• 1 

fa 

. 
" 

, 1 

Depth: (cm) 

0-10 10-20 

39 

51+2 53+4-==---
·6+2 6+1 

4+1 .' 2+1 

ç' 

87.9121•1 

117+22 

1310+140 

~.3+0.3 5.21°·2 .... 
1 

'l.94+0.56 
" \ 

'" .. 1.60+0.14 

.~ ~. 38.27+6'.87 . . 

11.1+0.4 
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Table 3. Treatments applied on Bearbrook c'la~ and :1 
!.t Franklin graveUy loamy sand '~ 
• 
f. . 
:f 

" 

Veer 

f 
Treatment 1980 1981 1982 

, 
, 

~ .. Bearbrook clay f 
) , 
t , 

A corn corn corn 

.J <;J 
E red clover/barley corn corn ,. 
G corn red clover/berley corn .,. 

8 corn corn rad clover/berley 

C sweet clover/barley corn corn 

"t.'1I H corn sweet 
" 

clover/barley corn 

F corn corn sweet clover/barley 
<-

D, w • Dutch claver/corn vetch/com vetch/com 
. ' , 

Franklin gravelly loamy sand ~ 

A corn èorn corn 

0 buckwheat corn corn 

B corn buckwheat corn 
! 
~ 

C " corn corn buckwheat t 
! • " 

H Plowdown corn corn f 
" , 

./ 

G corn vetch corn 

F corn 
~ 
. corn vetch 

v 

E Plowdownl corn vetch/corn vetch/carn 

1-
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,/ 
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FIELD EXPERIMENTS 

BearbrtxIk clay 

Agronomie information is presented in Tables 4 and 5. The site was 

limed in 1980 at a rate of 5 t/ha CaC03 equivalent. Fertilizer rates were 

deliberately set below recommendations at the beginning of the study (Anan., 

1978) ta accommodate an associated fertility studY. Inherent sail K values 

were extremely high, sa K application was higher th an recommended. No 

recommendations were available for pure claver stands. 

In 1981 treatments A, C, and E were randomly split into 4 sub-plot 

lI1ibJ reœiving varying rates of N fertilizer (Table 4). Sub-plot 4 received the 
1 

same fertilizer rate as the main-plot units. In 1982, treatments A, C, E, G, 

and H were divided for sub-plot fertilizer application. P fertilizer levels were 

increased in 1981 as sorne P deficiencies were apparent in the corn in 1980. 

Excessive moisture conditions affected field operations in 1980 and 

1981. Corn (Warwick w-777) could not be removed by machinery in the fall 

of 1980, sa it was removed with machetes. A wet June 1981 caused paor 

germination of the corn crop. Approximately 50% of the area was reseeded 

in mid-June. Cultivation, the primary weed control methad, proved ta be very 

difficult and not a11 experimental units received complete cultivation coverage. 

Atrazine was used for weed control at a rate of 1.1 kg active ingredient/ha in 

1980 bu~ proved ta be ineffecti ve. Higher dosages were deemed inadvisable 

because of the possible residual effects on claver and barley in following years. 

Claver and barley seeding rates were increased in 1981 ta better compete with 

weeds. 
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Table 4. Field pr-actices on corn plots, Bearbrook clay 

Year 

1980 1981 1982 

Site- preparation 20/04-22/05 27/04-05/05 07/05-13/05 

Seeding date 23/05, 23/05+15/06 23/05 

rate (seeds/ha) 61,800 59,000 60,000 

F ertilizer (kg/ha) side dress 33-66-99 1 0-100-100 as 1981 
(N-PZ05-KZO) 

1r.&lt:IJ 2-4 50-100-100 

top dress 1:07-0-0 3 5~-0-0 as 1981 

\ 4 100-0-0 

total 140-66-99 l 0-100-100 as 1981 
iC..I' 

2 50-100-100 

3 100-100-100 

4 150-100-100 

Harvest date sub-sample 15/09 19/09 24/09 

/ total 21/10 01/10 16/09 

( 
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Table 5. Field practices on intercrop plots, Bearbraok clay 

Vear 

1980 1981 1982 

Clover/barley 

Seeding date 24/05 19/05 19/05 

Seeding rate (kg/ha} claver 16.5 , 18.9 as 1981 

barley 64.0 80.0 ag 1981 

Fertilizer (N-P ZOS-KZO kg/na) 67-100-100 as 1980 as 1980 

Barley harJest date 22/08 14/08 17/08 

Corn/white Dutch claver or cornivetch 

Seeding date· 

corn o 23/05 23/05+15/06 23/05 

claver 24/05 
vetch 03/07 23/05 

Seeding rate 

.. corn (seeds!ha) 61,800 59,000 60,000 

claver (kg/ha) 16.5 

'., vetch (kg/ha)' 23.1 180.0 

Fertilizer (N-P Z05-K20 kg/ha) 140-66-99 50-100-100 as 1981 

( 

JO 



1 

" i t1'i ' ... ...., .... 

Common vetch replaced white Dutch claver in 1981 as it did not 

establish well in 1980. The seeding rate was then increased in 1982, and the 

time of seeding change d, as the 1981 stand was very sparse. Bruce barley 

replaced l Burier, used in the first 2 years, in '1982 as laurier was no longer-

available. 

Corn yield was calculated on a per-plant basls and multiplied by the 

stand density. Sarley grain yield and green-manure biomass were determined 

on an aree basis. AlI sampling W8S done from three randotn locations within 

eaeh experimental unit. The 1982 corn crop was incorrectly haI"vested by 
1 

machine before sampHng for silage had occurred, sa 312 whole plants that were 

missed by the haI"vester were collected, representing approximately 20% of the 

total that would have been collected. Only 65% of the units, bath main and 

sub-plots, had saI vageable corn. These data were used to estimate yield. 

The site was plowed in late October or early November each year with 

green manures sampled for characterization iust priaI' to incorporation. 

Franklin gravelly loamy sand 

Agronomie information ia presented in Tables 6 and 7. The 'Plowdown' 

did not prove viable under the Franklin sail conditions. It had ta be r-eseeded 

in June 1980. A straw mulch was used in two experimental units but did not 

assist its establishment. When the mixture faHed ta germinate in 1981, it was 
() 

replaced by common vetch. This plant was chosen for its hardin~99, 

competitiveness and large seed which allowed it to be drilled, thereby being 
~ 

pl aced deeper in the sail and better able ta exploit whatever moisture was 

available. It wes reseeded in the intercrop plots with a 'Planting Junior' but 

l. t 
~ 
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Table 6. Field practices on corn plo~s, Franklin gravel1y loamy sand 

Year 

1980 1981 1982 

Site preparation osrs 16/04-05/05 OZ/OS 

Seeding date lZ/05 05/05+07/05 05/05 

rate (seeds/ha) 54,400 59,000 60,000 

F ertilizer (kg/ha) side dress 28-55-82 44-60-80 * 44-64-80 

(N-P 20 5-K20 ) <1 

top dress 105-0-0 2 50-0-0 as 1981 

3 100-0-0 

total 133-55-82 1 44-60-80 44-64-80 

2 94-60-80 94-64-80 

3 144-60-80 144-60-80 

Harvest date- sub-sample 03/09, 17/09 31/08 

total 28/09 29/09 Da/la 

* 25-50-75 kg/ha N-PZOS-KZO. /' Block 1 was fertilized at 

r ~~/ 
=----
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Table 7. Field practices on green manure and intercrop plots 
Franklin gravelly loamy sand 

Y~r 

1980 1981 1982 

Buckwheat 

Seeding date 05/06 03/06 08/Q6 

Seeding rate (kg/ha) 94.0 227.0 227.0 

Fertilizer (N-P20S-K20 kg/ha) 33-:p-33 40-40-40 34-34-34 

Incorporation date 10/08 11/07 20/07 

Plowdown or vetch 

Seeding date 05/05+17/06 05/05-03/06 05/05 

Seeding rate (kg/ha) 20.2 unknown 183.0 

Fertiliter (N-P205-K20 kg/ha) 17-67-67 13-80-106 7-44-58 

Incorporation date 30/04/81 13/08 20/07 . 
Corn/Plowdown or corn/vetch 

Seeding date 
com 12/05 05/05+07/0S OSl05 

Plowdown 05/05+17/06 05/05 
vetch 03/06 05/05 

Seeding rate 
corn (seeds/ha) 54,400 59,000 60,000 

Plowdown (kg/ha) 20.2 unknown 
vetch (kg/ha) 10.1 183.0 

F ertilizer (N-P 20 5-K 20 kg/ha) 150-122-149 144-60-80 7-44-58 
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dld not establish well, even with a second seeding, due ta strong competition 

from the already established corn (Warwick w-777). As a resul t, the seeding 

r,ate was increased in 1982 and the time of planting changed ta give it a 

better chance to establish. The fertilizer rate in the intercrop plot was 

lowered considerably ta accommodete the associated fertility experiments. 

Fertilizer rates were set below recommendatlOns except for N 

application to buckwheat which was actually higher than recommended because 

of confusion about the variety's maturation period. Black 1 was incorrectly 

ferilized at 25-50-75 kg/ha in 1981. Treatment H was randomly split into 

three sub-plot units and received dïfferent fertilizer rates (Table 6). The rate 

applied to sub:-plot 2 corresponded ta the rates of the main-plot units. 

Treatments A, B, D, G, and H were split in 1982. Lime was applied in 1981 

at 3.3 t/ha CaC03 equivaient as it was felt that the pH was a Iimiting factor 

in 'Plowdown' development. The higher pH did not assist its growth. 

The buckwheat (Fagopyron esculentum -L.) seeding rate was increased in 

19,81 to ensure that seeding rate was not a limiting factor in stand density. 

Buckwheat, 'Plowdown', and vetch were incorporated by discing in aIl three 

years. Two passes had ta be made on several occasions ta more completeiy 

incorporate the materia!. Weeds were controlled by cultivation, thaugh atrazine 

was used in 1981 at 2.5 kg active ingredient/ha. This was not effective but 

the rate was not increased due ta the possibility of having residuai effects. 

Corn yield was determined on a per-plant basis and multiplied by the 

stand density. Biomass produced by green manures was determined on an area 

basis. AIl sampling was done in three random locations of each experimental 

unit. The site was not plowed in the fall of 1980, but in Iate April of 1981. 

Fall plowing was done following the 1981 and 1982 growing sessons. 
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LABORATORY EXPERIMENT 

A laboratory experlment was conducted on the Franklin sail ta evaluate 

whether aggregation would occur in response ta green manure in a more 

cantrolled ~nvironment than the field. The experiment was a 2x3x6 factorial 

experiment with 2 replicates. Two green manures were used, buckwheat and 

common vetch, as in the field experiments, and were applled to the soil in 

three different ways: finely chopped and thoroughly mixed WI th the sail, 

simulated plowing (achieved by sandwiching a layer of plant material between 

sail layers), and simulated dise incorporation (achieved by mixing coarsely 

chopped plant materlal with sail in the top third of the cup). Buckwheat and 

vetch were added to the sail at the rate of 4.5 t/ha. Six aggregating forces 

were applied: three different moisture contents, freezing and thawing, wetting 

and drying, and compaction (Table 8). 

The experiment was of 21 days duration on a growth bench with a 

controlled daytime environment of approximately 12 hours sunlight, 25°C and 

70% humidity. Night temperature was 15°C with the same humidity. Covers 

were removed from the incubatîon cups every second day for a few minutes 

ta maintain aerobic conditions except treatment 6 which was not covered to 

allow moisture ta evaporate. AU samples were air dried prior ta 

aggregate-distribution analysis. 

35 

Il 



I_er--....... "_t""'UA ......... ;a;s ....... , ".., _. I....-~~. ~-~ 1T"; ,...-.:(~~ ('_ .. ...., 

( 

Table 8. Details of lab experiment, Franklin gravelly loamy sand 

Treatment Aggregating Moisture Bulk den,ity Remarks 
force (Mg/m ) 

1 field capacity -0.1 bar 1.22 

2 freezing and thawing -0.1 bar 1.22 48h at -2oe then 48 
h at 23°C. 2 cycles 

3 optimal moisture -0.87 bar 1.22 

4 moisture stress -5.0 bar 1.22 

5 compaction -0.1 bar 1.40 

6 wetting and drying varrable 1.22 wetting ta -0.1 bar 
then 5 days drying 

.. 
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Table 9. Sampling information, 8earbrook clay 

Parameter Year Sampling time Sampling depth Sampling locationl 

Bulk density + 80 pl/aug/bh each 5 cm ta 20 cm ncomp 
Gravimetrie 81 be/aug/ph each 5 cm ta 20 em ncomp 
water content 82 bpl/aug/ph each 5 cm ta 20 cm comp+neomp , 

Aggregation 80 pl/aug 0-10, 10-20 cm neomp 
81 aug/ph 0-10, 10-20 cm ncomp-
82 bpl/ph 0-10, 10-20 cm ncamp 

Water retentien' 80 bh 0-10 cm ncomp 
81 aug 0-10, 10-20 cm ncamp 
82 bpl/ph 0-10, 10-20 cm ncomp 

Water flow 80 bh 0-10 cm ,ncamp 
81 
82 be/ph 0-15 cm comp+ncomp2 

pH, Ca, O.C. 80 h 0-20 cm 1 corn row "-

81 ph 0-10, 10-20 cm interrow 
82 bpl/aug/ph 0-10, 10-20 cm interrow 

Tissue 80 not sampled 
81 incorporation 
82 irrcorporati on 

Legend 

bpI - pre-planting aug - mid-August ph - post-harvest 
pl - planting bh - pre-harvest cemp - trafficked raws 
bc - pre-cultivation h - harvest ncomp- non-trafficked rows 

l Sampling within 20 cm radius of corn row in corn plots except where 
noted. 

2 Cylinders placeq direetly over corn row in corn plots for the 
post-harvest sampling periode 
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, Table 10. Sarnpling information, Franklin graveUy loamy sand 

Parameter lt'ear Sampling time Sampling depth Sampling location1 

Bulk density + 80 
Gravimetrie 81 
-water content 82 

Aggregation 80 
81 
82 

Water retenti on 80 
81 
82 

Hydraulic' 
conducti vit Y 

pH, Ca, O.C. 

Tissue 

80 
81 
82 

80 
81 
82 

80 
81 
82 

bpI - pre-planting 
bc - pre-cultivation 
jul'" - July 

bc/aug 
bc/juI/ph 

bpI/ph 

bc/aug/ph 
bc/juI/bh 

bpI/ph 

ph . 
BUg 

bpI/ph 

ph 
BUg 

bpl/ph 

h 
bh 
ph 

incorporation 
incorporation 
incorporation 

each 5 cm ta 20 cm 
each 5 cm ta 20 cm 
each 5 cm ta 20 cm 

0-10, 10-20 cm 
0-10, 10-20 cm 
0-10, rO-20 cm 

0-20 cm 
0-20 cm 
0-20 cm 

0-20 cm 
0-20 cm 
0-20 cm 

0-20 cm 
0-10, 10-20 cm 
0-10, 10-20 cm 

nqpmp 
camp +ncomp 
comp-mcomp 

comp+ncomp 
ncamp 

comp+ncomp 

camp 
ncamp 

comp+ncomp 

camp 
ncamp 

comp+ncomp' 

corn row 
interrow 
interrow 

Leqend 

aug - mid-August 
bh - pre-harvest 
h - harvest 

ph - post-harvest 
comp - trafficked rows 
ncomp - non-traffieked rows 

l Sampling within 20 cm radius of corn row in corn plots except where 
noted. 

2 AU sampling in the past-harvest sampling period was do ne in 
compacted sail. 
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PHYSICAL. ANALYSES 

, " 

Tables 9 and 10 contain the times and locations of sampling for aU .. 
parameters. ~The sub-plot units were only sampled for aggregate distribution 

and stability analysls as thes~ are the only parameters likely to be affected by 

N fertlllzer rate (Ram and Zwerrnan, 1960). 

, Cosne fragment and particle-size analysis 

The quantity of coarse fragments ln the plow layer (0-20 cm) of the' 

Franklin sail was determined by hand sieving a sail volume 100 times greater 

then the vol,ume of the largest fragment (Avery, 1974). Coarae-fragment 

volumes were determined by displacement in water (Smith and Thomasson, 

1974) •. Having determined the density and gravimetric proportion of coarse 

fragments in the Franklin soil, the density of the sail alone ({2.00 mm) could 

be calculated for any given total sail bulk density using: 

pb :: pB ptRI pB - ~(l-R-), 

where R :: ratio of (Z.OO mm fraction ta total sample weight on an air-dry 

basis, ~ :: bulk density of (Z.OO mm fraction, pS = coarse fragment density, 

and pt = total bulk density (Mehuys et al., 1975). 

Partic1e-size distribution waB determined bY the hydrometer method 

(Day, 19t>5). 

BuIk density 

Bulk-denslty measurements were made by radiation-scattering using a 

surface moisture-density gauge, Troxler model 2401 (l980 and 1981) and J40l 

(1982). The instrument determined wet density which ~as corrected to an 
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oven-dry basis fram a gravimetric-moisture determination. 

Aggregate distribution and stability 

Aggregate distribution was determined by dry-sieve analysis. using flat 

sieves of 4.75, 2.00, 1.00,.,and 0.25 mm openings, respectiv~ly, on a mechanical 

,lihaker at 276 revolutions pel' minute. AlI samples were passed thraugh an 

B-rnm sleve, using a rubber hammer-, prior ta shaking. Franklin graveUy loemy 

sand semples were corrected for sand content using the method of Kempeï 

(1965). The mean weight diameter (MWO) (Van Bavel, 1949) and the percent 

aggregated material of total non-sand f.-acti@!Jns- present (Kemper, 1965) were 
o 1 

used as- indices, but the MWO proved to be sa variable and have such low 

values that the index outline~ by Kemper was deemed more suitable. AIl 1980 

samples were aven dried; 1981 and 1982 samples were air dried. Because oven 

drying can ~ncrease the stability in water of aggregates, the 1980 Bearbrook 

... s~ples were sprayed with approximately l ml of water and allowed ta air dry 

in an attempt ta reverse this effect (Nijhewan and Olmstead, 1947). With the 

Bearbraok sail, an index developed in Poland by Dobrzanski et al. (1975) was 

usee! to evaluate aggregete distribution. The index attempts ta measure 

agt:.lculturally-valuable aggregates by assigning a weight value ta each 

aggregate-size range. Several authors have indicated that aggregates between 

1 and 5 mm are the most important fOr plant growth (Kononova, 1966; Allison, 

1973). Table 11 contains a comparison of weight values used in the Polish 

study and in this study. The index, AI, is calculated by the equation: 

wher~ Pi = content of aggregate fractions in percent, and Qi = weight value 

sssigned to an aggregate fraction (i). 
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Aggregate distribution in water was det,érmined, by wet sieving, on the 

8earbrook sail only.' (As a primary physical problem on the Franklin soil is 

wi nd erosion during, tractor operations, the dry-sieve analysis was thought ta 

be most' suitable for evaluating aggregation status (Chepil, 1951)). The samples 

were sieved in water for Z minutes at a rate of 42 strokes pel' minute. The 

sieves were displaced vertically 3.3 cm. The same index used for 

dry-aggregate distribution wes used to evaluate the wet-aggregate distribution. 

Tre percentage wet value/dry value was used as an indicator of the resistance 

of the aggregates ta disintegration in water (refered to hereinafter as stability). 

Three indices were used ta evaluate the effect of N fertilizer rates on 

wet-aggregate distribution: percent age of aggregates between 0.25 and 4.75 mm 

in size (W A), percentage of aggregates between 0.25 and 2.00 mm in size (SA), 

and percentage of aggregates between 2.00 and 8.00 mm in size (LA). 

Moisture retenti on 

Moisture retenti an was determined on pressure plate and pressure 

membrane apparati. Undisturbed Bearbraok samples were used for law-pressure 

determinatians. At -15 bars, equilibrium could not be attained consistently 

with undisturbed samples, so ~eterminatians were made on disturbed, oven-dried 

sanples, crushed ta / pass a 2-mm sieve. 

height by B cm dia~eter were used. In 

In 1980, cores of approximately 8 cm 

1981 and 1982, smaller cores of 5 cm 

by 5 cm were used ta speed up equilibration time. 

Disturbed samples were used for analysis of the Franklin sail as cores 

could nat be driven into the ground because of the quantity of caarse 

fragnents. AH coarse fragments were removed from the sample. Côres 5 cm 

in cianenter and 2 cm high were packed ta the field density of the fine-earth 

42 .. 
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fraction «2 mm) alone. 
, 

Three sub-samples par experimental unit were 

prepared except for- the 1980 samples which were not sub-sampled. At " 

equilibrium, the moisture content of the semples wes determined 

gravimetrically. Moisture retention of the total sail wes estimated using: 

Mw = Mf/O+R) 
1\ "'. 

where Mw = retenti vit y of whole soil, Mf = retentivity Qf fine soU «2.00 mm), 

and R = ratio of weight of coarse fragments to sail (Richards, 1965). 

Water flow 
, 

Saturated hydraulic conductivity (Ksat) was determined by the 

falling-head method with Ksat being mathematically determined by regression, 

using a computer programme developed in the Dept. of AgriculturaI 

Engineering, McGill University. Undisturbed cores, approximately 8 cm high by 

8 cm diameter, were used with the Bearbrook sail-. For the Franklin soil, 

disturbed samples, with coarse fragments removed, and packed ta field density 

in 2-cm intervals, were used. The procedure was run thrice per sample. 

The f alling-head method proved to be unsa~isfactory on the Bearbrook 

solI as it was tao difficult ta obtain a good undisturbed sample and worm 

~ channels were not avoidable. As a result, a modified infiltration prpc.edure wes 

developed for the Bearbrook site. Rings of 26 cm diameter and 20 cm high 

were placed in the soil to a depth of 15 cm. Water was added ta the soU 

surface ta produce 8 2-cm head at time, t=O. The Ume necessary for the 
1 

water ta infil trate W8S recorded. A fter l minute the procedure was repeated. 

If i t took longer than 20 minutes for the water ta infiltrate, the test WBB 

halted and the soil considered ta have sealed. Up to 12 cm of water were 

added ta the soU surface. 
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Q-EMICAL ANALYSES 

Soil samples were obtained from main and sub-plo,t units, air dried and 

ground to 1 ess than 1 mm. Soil organÏC' carbon wes determined by the 

Walkley-Black method (Allison, 1965). Sail pH was determined with a 

glass-calomel electrode (1:3 sail to water ratio by volume). Soil extractable 

phosphorus was determined using the Bray 2 method (Bray and Kurtz, 1945). 

Soil potassium and calcium were extracted using IN ammonium acetate at pH 

7 (Chapman, 1965) and determined by flame photometry. 

PIS'lt t;issue was dried at 700 e and ground throl1gh a 20-mesh sieve. It 

was digested with a sulfuric-peroxide digestion (Miller and Miller, 1948). 

NH 4 -N was determined following the alkaline phenol hypoc~lori te method 

described by O'Brien and Fiore (1962). 

ST A nSTICAL ANALYSES 

Standard analyses of variance (Steel and Torrie, 1980) were carried out 

on all data except water-flow experiments on the Bearbrook soil which were 

malyzed by Friedman's 2-way analysis of variance (Siegel, 1956). The stepwise 

multiple Iinear-regression procedure was used ta evaluate the relationship 

~tween yield and various physical-property parameters 'using the maximum RZ 

option fol'" determining the best model. Standard multiple linear correlations 

Wf!Jre determined for all independent variables in the mQdel. Physical-parameter 

data from the final sarnpling perlod were used in the correlations and 

regression modela. 
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pO 

BEARBROOK CLAY 

Backgro"und data 

Monthly rainfall data are presented jn Table 12. The fall of 1980 and , ~ 

~/ 

Spring of 1981 were very wet, but __ :±9~W'as a dry grawing season, particularly 

May, September and October. 

l ncarporated material is characterized in Table 13 by total biomass 

praduced and % N of the tissue. The green manures were not sampled priar 

to incorporation in 1980. From visual observation, clover-stand densities in 

that year were the' lawest of the three years of the study. A negligible 

quantity of green-manure dry matter was produced in the intercrop treatment 

(treatment 0) in 1980 and 1981. Inappropriate selection of intercrop species 

in 1980 and a lack of information on compatible seeding rates and dates were 

the causes of this poor performance. Because barley stubble and weeds, with 

low tissue-N levels, were lncludBd in the collected samples, tissue nitrogen 

values were generally law. This was particularly the case for sweet claver 

(treatments F and H) which did not establish as weil as the red clover. 

Sail organic carbon, pH, and calciun ' 

There were no significant treatment effects on levels of sail arganie 

carbon in the main-plot units in any sampling period. Over the three years, 

the me an values fram sampling periods first increased quite dramatically to a 

hi1h of 3.06% at post-harvest, 1981 (Fig. 1) and then decreased gradually during 

1982: As i ndicated by the standard dev iations, this dec line was not 
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Month 1980 

1 

May nd 

Table 12. Total rainfall 
B earbroo k c la y 

'teer 

1981 

cm 

9.7 

June 2.8 (5)2 13.2 

July 14.9 8.1 

August 5.8 11.0 

September 13.8 10.8 (24) 

October 7.5 nd 

Total 44.8 52.8 

1 Data fram Ministère de l'environnement du Qu~bec. 

2 Number in brackets is the day of the month recording 

nd Not determined. 
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12.1 
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12.9 

7.1 

3.8 

47.3 
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Table 13. Characterization of green manures used on 8earbrook clay 

Treatment 

Measurement B C 0 E F 

1980 Dry matter Ct/ha) nd neg nd 

.% N nd nd nef 

1981 Dry matter Ct/ha) neg 

%N nd 

1982 Dry matter (t/ha) 3.951 2.381,2 3.531 

%N 1.943 1.572,3 1.513 

nd Not determined 

neg Negligible biomass produced 

1 Top dry matter multiplied by root:shoot ratio. 
red clover/barley 1: 3.26 (determined 
sweet clover/barley 1:2.60 (determined 
vetch 1:9.67 (determined 

2 Ooes not include corn stubble. 

1981) 
1981) 
1982) 

G 

4.751 

1.693 

3 Oetermined by multipling % N of tops and roots respectivley by the 
raot:shoot ratio, % N values for roots determined in 1982. 
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significant. The final levei was considerably higher than levels recor~ed prior 

to the experiment. This is largely a function of increased organie carbon from 

10-20 cm. Priar ta commencement of the experiment, organie-carbon levels 

were only 1.24::!:..O.65% (Table 1). 

There were no significant effects due to treatment on pH and calcium 
• 

in main-plot units in any sampling period of the experiment. Effects in 

Slb-plot units are presented below ln association with the effect of N fertilizer 

rates on agWegation. 

Aggregation 

There was a general improvement in the distribution value of dry 

aggregates (AI) over the course of the experiment, with some seasonal 

variab ility apparent (Fig. 2). Samples col1ected in August of 1980 and 1981 

had the highest values as these were the first sampling periods to follow 

cultivation for weed control. By post-harvest, the index Lndicated a less 

favourable env ironment for plant growth than earlier in the grawing season. 

This effect like ly resulted From soil settling, the effects of rainfall, and foot 

pressures from growing plants. No significant differences between treatments 

were apparent until the final sampling period at post-harvest, 1982. At this 

time, there was a signifieant effect at p~0.05. Although the results of the 

means test are not clear eut, it Îs apparent that plots cropped ta green 

manures in 1980 and 1981 had a more favourable dry-aggregate distribution. 

Treatment G (red clover in 1981) was significantly different (p<0.05) From 

treatments B (red claver in 1982), 0 (intercrop), and F (sweet clovertn 1982) 

(Fig. 3). 
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and Stability, SampU ng Period Mean 
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Figure 3 Dry-Aggregate Distribution and 

Stability, Treatment Means 
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l'Wet-aggregate distribution remained quite constant over the three years 

(Fig. 2). There were significant differences between treatments in August, 

1981 (p~O.05) and pre-planting, 1982 (p~O.Ol). In August, 1981, treatment H 

(sweet claver in 1981) was significantly different fram treatments A, S, and F 

(Fig. 4). This effect did not persist through to the post-harvest pel"Îod. By 

pre-planting, 1982, the beneficial effects of the cio vers, apparent the prevbus 

August, had disappeared (Fig. 5). The monoculture treatment (treatment A), 

had a s igni fic an tly higher wet-aggregate-distribl,ltion value (p~O.05) than 
1 

treat~ents C, E (00 th clo vers in 1980), and H. Only tl"eatment G (red cJo ver 

in 1981) 0 f the green-manure tl"eatments was no t significantly different fram 

treatment A. This effect did not persist ta the n'ext sampling periode 

There was a steady decline in the ability of aggregates ta resist 

disintegration in water. This decline in stability was due to cultivation. 

Other wOl"k done in Québec (Martel and MacKenzie, 1980; Millette et al., 1980) 

has aloo found cultivation tp pro duce this effect. The seasonal fluctuation of 

stability was op~~ite to that of dry-aggI"egate distribution. The lowest values 

were recol"ded after land prepal"atlon or cultivation (Fig. 2). Significant ) 

treatment effects occurred only at pre':'planting (p~O.05) an,d at JXJst-harvest, 

1982 (p~O.Ol). In bath sampling periods, plots l'lOt cropped ta green manures, 

or having insignificant growth of green manure, in 1980 al" 1981 had the highest 

stablility (Fig. 5 and 3)~ At pre-planting, treatments A and F had significantly 
. 

higher stability than treatments E and Ho At IX'st-harvest, treatments D and 

F had significantly higher values than treatments C, E, G, and H~, 
" 

As mentionned in the opening paragraph of the Materials <~ Methods, 

this site was in pasture foI' at least five years prior ta the commèncement of 
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Figure 4 Wet -Aggregate Distribution, 

Treatment Means -

August 1981 , B~arbrook Clay 
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the experiment. ' The str\,Jcture of thi's sail is inherently poor. The 

dry-aggregate distribution index of the uncultivated sail was in the low 500's 

(Tab~ 1) with aggregates of 4.75-8.00 mm in diameter the most abundant. The 

results 'indicate that mechanical manipulation of the sail improved the 

dry-aggregate distribution by breaking down the large aggregates. The effect 

of cultivation for weed control was likely a primary factor in effecting this 

result. This is demanstrated by the values praduced in the sampling period 

fallowing cultivation in 1980 ,and 1981 as well as by the depth effects fram 
~ 

each sampling period (Table 14). By August 1981, the depth means fqr dry AI 

showed significant differences (p<D.05). From 0-10 cm, the average depth to 

which the cultivator penetrated, a more favourable environment for plant 

growth existed than from 10-20 cm. 

1 

" , 

It is evident that treatments which had green manures in 1980 and 

1981, particularly treatment G, had more favaurable dry AI values. It may be 
1 
that more coarse, inert organic material was present in this treatment. After 

mlchanical tl,reakdown of the aggregates, this material would keep aggregates 

small by reducing exterior forces between them. Small aggregates in plots that 

were not cropped ta green 'manures in 1980 and 1981 could have been bound 

into larger aggregates by these physical forces in the absence of this coarse 

organic material. As the quantity of coarse organic material in each treatment' 

was not determined, this explanation of the results cannot be proven. 

Al though the dry AI value improved, the wet AI value did not, 

irrlcating that the dry aggregates produced were not water stable. There was 

no increase in the number of aggregates stabilized by organic matter. In fact, 

results fram the pre-planting, 1982 sampling period suggest that plots cropped 

ta green manures had fewer aggregates stable in water than those that 

J ,> , 
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Table 14. "Depth means of aggregate analyses fol' each 

sarnpling period, 1980-2 

Sampling Depth (cm) 

pl 80 

aug 80 

aug 8l" 

ph 81 

bpI 82 

ph 82 

10 

20 

10 

21 
10 

zn 
10 

20 

10 

20 

10 

20 

Bearbrook clay 

Aggregation index 

Dry AI 

515.0 

523.5 

569.8 

551.4 

610.0a 

55é .. 8b 

536.0a 

50Z.1b 

634.1a 

568.3b 

605.5a 

S05.9b 

Wet AI 

459.9 

474.9 

493.3 \ 

483.2 

491.1 

490.1 

462.4 

444.6 

481.2 

462.9 

488.68 

445.0b 

Stability (%) 

89.63 

91.05 

8'5.05b 

89.528 

80.70b 

88.148 

85.81 

88.57 

76.14b 

81.65a 

80.98b 

87.94a 

Means with the same letter within aggregate distribution-depth-sampling 
combinations are l'lOt significantly different (p<0.05) by Duncan '8' new multiple 
range test. 

Legend 

bpI - pre-planting pl - planting ph - post-harvest 
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were note This is possible if the aet of incorporation caused the "priming" of 

native organic carbon and a reduction in total soil organic-carbon levels 

(Broadbent and Norman, 1947; Allison, 1973) although the results of the soil 

organic-carbon analysis do not support this conclusion. The stability data show, 

'as well, that plots tliat were not in green ,manures in 1980 or 1981 had more 

stable aggregates thougM this may be as mueh a function of ari thmetic 

manipulation as anything else, for the results are basically the inverse of the 
1 

dry AI results. Differences in aggregation between treatments cannot be 
1 

explained by the soil organic .. carbon, pH, or calcium results. The failure of 

sail organic-carbon results ta demonstrate effects that might explain the 

aggregation results could be because the Walkley·8lack procedure does not 

differentiate between the various components of sail organic matter (Greenland, 

1965). 

Effect of N fertilizer rates on aggregation 

Fer'tilizer rates affected significantly the distribution of wet aggregates 

at pre-planting, 1982 (p<O.Ol) and there was a significant interaction of 

treatment with N fertilizer rates at post-harvest, 1982 (p<O.OS) (Table 15). In 

the pre-planting sampling period, the percentage of aggregates 0.25-4.75 mm 
\ 

in size (WA) was significantly lower (p~O.05) at 0 kg N/ha than at 50, 100, or 

150 kg N/ha. The percentage of aggregates 0.25-2.00 mm in size (SA) was 

• signi ficantly lower (p<0.05) at 0 kg Nlha than at lOg or 150 kg N!ha. The 
~ 

percentage of large aggregates (lA)~ 4.75-8.00 mm in size, decreased as 

fertilizer rate increased though the differences were not significaJ1t at the 0.05 

level of probability. 
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Table 15. Effect of N fertilizer rates on wet-aggregation indices, 
pre-planting and post-harvest, 1982 

8earbrook clay 

Sampling period 

pre-planting 82 post-harvest 82 
, 

Wet-aggregation index Wet-aggregation index 

N fertilizer (kg/ha) WA SA LA WA SA LA 

0 55.53b 34.24b 48.42 51.46 30.31 53.59 

50 60.92a 38.62ab 45.15 53.75 31.68 52.76 

100 62.62a 40.7la 42.83 52.40 32.16 52.26 

150 61. 7la 41.19a 43.33 53.99 32.28 51.57 

Means with the same letter within aggregate indices are not significantly 
different (p~O.05) by the Waller-Ouncan K-ratio test. 
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At post-harvest, 1982 an interaction between treatment and fertilizer 

rate occurred for two of the three àbove mentionned indices, namely SA and 

LA. The interaction is presented graphicaHy in Fig. 6. The response of both 

imces to increased N fertilizer rates is visibly different for treatment G (red 

clover in 1981). The lOO-kg/ha rate holds some special significance. 

Treatment E (red clover in 1980) had a slightly different response trom 

treatments A (monoculture corn), C, and H (sweet clovers in 1980 and 1981 

~ctively). A similar trend for LA was apparent for treatment E from ~he 
~ Î -

pre-pJanting, 1982 sampling period, though the interaction of treatment with N 
\ 

fertilizer rate was only signi ficant at the 0.10 level of probability (Fig. 7). 

Ram and Zwerman (1960) found that as aP8lications of N fertilizer 
1 

increased, 50 did the proportion of smaH aggregates~ They did not find any 

interaction between caver crops used in a cropping system and N fertilizer 

rate. They were unable to explain why N ,fertilizer rate significantly affected 

aggregate 'stability in water. It is likely that the effects reported here are a 

function of soil organic-matter levels, root action, and, possibly, the short-term 

decompostion products of the various organic additions. At pre-planting 1982, 

soil organic-ca.,rbon levels were signi ficantly lower (p~0.05) ,at 0 kg N/ha 

fertilizer than at 50, 100, or 150 kg N/ha (Table 16). The effec~ of N 

fertilizer rates on soil orgânic carbon was significant at the 0.01 level of 

probab ili ty in the analysis of variance. This low soil organic-carbon level at 

o kg f\Vha was alsa likely a function of poor corn yields at low fertilizer rates 

in 1981. Results from the 1981 harvest (Table 16) show that fertilizer rate 

had a significant effect (p~O.Ol) on yield c and that yield at 0 and 50 kg N/ha 

was significantly differ1nt (p~O.05) from yields obtained with 100 and 150 kg 

N/ha. The sub-plots with higher corn yield had more vigorous growth which 
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Table 16. Effect of N fertilizers on soil organic carbon (pre-pJanting 
1982), and 1981 and 1982 corn yields " 

Bearbrook clay 

N fertilizer (kg/ha) Sail O.C. (%) Yield (t/ha) Yield (t/ha) 

o 

50 

100 

150 

bpi 82 

2.73b 

2.93a 

2.93a 

3.00a 

1981 1982 

* 3.34b 2.82c 

4.04b 5.0Ib 

6.78a 6.24ab 

7.35a 6.77a 

Means with the same letter are not significantly ctifferent (p<0.05) by the 
Waller-Ouncan K-ratio test (* Duncan'g new multiple range test) -

Table 17. Effect of treatment on sail organic carbon (post-harvest, 
1982) and i982 corn yield 

Bearbrook c la y 

Treatment Soil organic carbon (Ofo) Corn yield (t/ha) 

A 2.92 5.12 

C 2.93 4.20 

E 2.47 5.99 

G 3.16 7.22 

H 2.85 5.01 
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would mesn a more vigorous root system. It is fX.lssible thât root pressures 

caused the breekdown of large aggregates· into sm aller units. 

The interaction in the fXlst-harvest sampling period is more difficult ta 

explain. There were no significant effects (p<O.05) 0 f N fertllizer rate on sail - , 

organic carbon, ooil cale ium, or soil pH, but there were on corn yield (p~O.01). 

Data in table 16 srow that when no fertilizer was applied, low 'corn yields 

resulted. For two measured parameters there were significant effects at the 

0.10 level of probability: the effect of treatment on soil organic carbon 

(sub-plot units only), and on corn yield in 1982, averaged over N fertililer 

rates. Treatment G had the highest level of sail organic caroon and the-

highest corn yield (Table 17). This does not expia in the reasons for the 

i~rtance of the 100-kg-N/ha rate but ches suggest that treatment G was the 

o nI y treatment ta retain conditio-ns fava ur able to aggregate stebility fint 

evident in the pre-planting sampling periode It is aloo fX.lssible that the 

decomposition products of red cio ver were more suitable for the stabilization 

of a certain size of aggregate. This is suggested by the resfX.lnse of aggregates 

in treatment E to N fertilizer rates. In Table 17, ooi! organic-carbon levels 

are lower for treatment Ethan any other treatment, yet treatment E has a 

slightly more favourable resjnnse to N fertilizer rate than aIl ather treatments 

in 1982, treatment G excepted. 

Bulk density 

There was an overall decrease in bulk density across a11 treatments 

(Fig. 8). From planting, 1980 te post-harvest, 1982, bulk density declined fram 

1.32 to 1.16 Mg/m3• The seasonal variability corresJXInded with that of 

iy-aggrega,e distribution. As the dry-aggregate index decreased during the 
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growing season due to climatic and cropping factors, the bulk density increased. 
... 

This seasonal variability occurred fram 0-15 cm, which was the depth of 

heav ies t mechanical disturbance. At 15-20 cm, bulk density was "relatively 

unaffected (Fig. 9). 

During the first two years of the experimenl'!, a significant treatment 

effect occurred in only one sampling period, that of pre-cultivation, 1981. This 

effect was significant at pS.0.05. There was a significant interaction of' 

treatment with depth (pS.0.Dl). An analysis of variance was performed at each 

depth. Only at 15-20 cm was there a significant treatment effect (pS.0.Ol), 

tho ugh t~e probability of a greater F statistic at 10-15 cm was 0.0581. The 

treatment meana test (pS.0.05) is presented in Table 18. That the treatment 

effects occurred at the ho ttom of the plow layer is a reault of the dilution of 

the soil matrix with a less dense material, the surface residues that were 

pbwed Lflder in the fall o'f 1980. AIl plats that were cropped ta corn in 1980 

did not have significantly different bulk densities except treatment B which 

was significantly different fram all other treatments. Plots of treatment C, 
'. 

which were cropped ta green manure and barley in 1980, produced significantly 

higher bulk densities than all treatments but A and H. Whether these 

differences are prolXlrtionat' ta the amount of material incorp:lrated is unknown. 

f There were significant treatment _ effects (PS.0.OS) in the pre-planting, 

1982 sampling period that were not caused by dilution. By the means test 

(Fig. 10), all treatments that had been successfully cropped ta green manure 

'. to that point had significantly Iower bulk densities then the monoculture corn 

(treatment A). Treatment B (red cJover ln 1982) was aisa significantJy lower 

than treatment ,A, IXIssibIy a continuation of the trend that fint, appe,arad in 
, .. 

the pre-planting·;sampling period the prevbus year. 
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Table 18. Bulk-density mesns by treatment-depth combinstion, 
pre-cultivstion, 1981 

8esrbrook clay 

. 
0 

Bull< density 

Depth (cm) 

Treatment 5 '.~ 10 15 j 20 

'Mg/mJ 

A 1.19 1.35 1.28 ·l.JJab 

B 1.14 1.22 1.14 Y.Ild 

e . 1.18 1.23 1.17 1.39a 

0 1.24 1.::$0 1.35 ' 1.30b 

. 'E 1.10 ·1.21 1.18 1.21c 

F 1.13 1.17 1.15 1.26bc 
~ 

.G" 1.13 1.22 1.15 1.2~bc 

H 1.16 1.26 1.13 1.34ab 

• 

Mesns at each depth with the same letter are not significantly different 
. (P5.o.05) by the Waller-Ouncan K-ratio test 
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c _ Figure 10 Bulk Densily, Treatment Means 
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There was a significant interaction of treatment with depth (ps.0.05) in 

the August, 1982 sampling periode An analysis of variance by depth did not . 

reveal the nature of the interaction though if suggested that the effect 

. ocClITed from 5-15 cm. Figure 11 is a graphical representation of the effect. 

Treatrnents Gand F showed a different response fram the other treatments as 

the bulk density did not increase from 5-10 cm ta 10-15 cm. As this is the 

interface of the zone of disturbance by the cultivator (0-10 cm), it i~ possible 

that the curves are expressing an induced mec~anical effect, though its physical 

significance is not apparent. 

An analysis of variance by depth of the data collected at post-harvest, 

1982 (Table 19) .r.eveals significant treatment effects at 0-5 cm (pS.o.Ol) and 

at- 5-10 cm (p<0.05). At 0-5 cm, treatments Gand B were significantly 

-:'-different from treatments A, D, E, F, and H. At 5-10 cm, treatment G values 

were again the lowest, significantly different from values in treatments Band 

F (claver and barley in 1982). These plots wese not mechaniçally disturbed 

after planting as were the other plots excluding those of treatment D. There 

• were no significant treatment effects from 10-20 cm. 

The bulk-density results are consistent with the dry-aggregation results. 

The lower bulk-density values were found in treatments that had green manure 

incorporated, particularly treatment G. Treatment G had the most favourable 

é\ggregation index for plant growth and had the most favourable interaction 

with N fertilizer rate in produc ing water-stable aggregates in the post-harvest 

sampling period of 1982. It appears that the beneficial effect of the green 

manure on bulk density may only persist for one growing season following 
1 

incorporation. The positive effects of green manures in treatments C and E 

(green manures in 1980) did nat persist through the 1982 growing sesson • 
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Table 19. Bulk-density me ans by treatment~epth cbmbination, 
post-harvest 1982 

1 Bearbrook c la y 

Bull< density 

Depth (cm) 

Treatment\ 5 10 15 20 

Mg/m3 

A 1.068 1.11 abc 1.18 1.43 
, 

B O.97b 1.18ab 1.20 1.35 

C 1.02 ab 1.07abc 1.15 1.30 

0 1.068 1.148bc 1.21 1.37 

E 1.08a 1.06bc 1.05 1.35 

F' 1.07a 1.19a 1.18 1.33 

G l.OOb 1.0Ie 1.07 1.31 

H 1.08a 1.08abc 1.18 1.31 

Means at each depth with the same letter are not signifieantly different 
(piO.05) by the Waller-Ouncan K-ratio test 
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This is consistent with other reported results (Mortensen and Young, 1960; 

Samit et aJ., 1962) that suggested that annuel or biannual additions of organic 

material are necessary if effects are ta persist for any length of time. The 

benefici"1 effects of sweet clover ~ rtlt as persistent as t"'s. of rod 

cbver, as only treatment G still had a low bulk density by p:lst-hal'vest, 1982. 

Effect of green man .... es on Slil compoctibility 

An a"lalysis of variance of the six' tl'eatments that were in corn in 1982 

shows that the mean bulk density of aU rows (compacted and non-compacted, 

Table 9) was affected by 'th,e cropping system at the 0.05 level of significance 

at a depth of 0-5 cm. Treatment 0, which had a well-established stand of 

vetch in 1982, had a significantly Iowar mean bulk density then treatmen~ A, 

E, and H (Fig. 12). An analysis of variance was alsa performed 0/ the 

difference between the bulk densities of ran-compacted and compacted rows 

of each treatment. Altrough data in Fïg. 13 sh::!w that the smallest diffel'ence 

wœ visibly in treatment 0, the analysis of variance showed the probability of 

a higher F statistic ta be just 0.0549. The small sample size and high 

variability within treatments likely caused this result. Although the coefficient 

of variability was reduced from 41% ta 26% with a square-root transformation, 

the probability of a greater F statistic did Olt decrease. 

The vetch in the intercrop plot may have decreased compactian during 

harvesting by spreading the pressure more evenly ovel' the sail surface or 

perhaps by keeping the surface soil at an optimal moisture content ta withstand 

compactive forces. Feit (1965) discussed this phenomenon in clay soUs of 

stbstantial aggregation, 8S was the case with this soil. According ta him, 'the 

aggregates in these soUs often swell at a certain moisture level te give the 
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Figure 12 Bulk Density at 0- Sem, Treatment Means 
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(~:~reater resistance to compaction than it would have at a Iower moisture 

eontent. MOlsture content was measured at the same tlme as bulk 1 density in 

this study and there was a significant treatment effect at 0-5 cm (pS,0.Ol). 

Gravimetrie moisture values in treatment 0 were signi ficantly higher than those 

of several other corn treatmef1ts (Table 21). Felt's explanation is, thus, quite 

plausible from the results obtained. 

Moistt.re retention 

~ There were no significant treatment effects on gravimetric water 

contents at any point of measurement during maisture desorption from -0.06 

to -15 bars in any sampling period. Volumetrie moisture contents were 

ealculated for 1982 data. It :t'as anticipated that the treatment effects on 

bulk density in 1982 might mask effects that would be apparent by measuring 

volumetrie water contents (Jamisan, 1953; Stevenson, 1974). This was not the 

case. Several authors have indicated that organic-matter additions rarely 

affect retention properties ilT elay soils (Jamison, 1953; Jamison and Kroth, 

1958; Reeve et aL, 1973). 

T here was a deeline in gravimetric moi sture content at field capacity 

and in a vailable-water capacity during the three years (Table 20) in response 

to mechanical disturbance. With the decrease in the number of large 

aggregates came an increase in the macropore volume at the expense of 

micrOJlJre space, a volume which for the most part is drained by gravitational 

forces and is not considered plant available. This decline does not seem ta 

have been suffie ient ta make moisture a limiting factor in this sail. 

Al though, ith regard to moisture retention, there was no inherent 

structural improve the addition of organie matter, green 

2. 
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Table 20. Gravimetrie moisture-content means for selected pressures 
during moisture desorption and available-water capacity, 1980-2 

Bearbrook clay 

Grav imetric ma isture co ntent 

SampljJ:1g- period -0.10 bar -1.0 bar -15.0 bar AWC 

% 

Untreated 44.2+2.3 

bh 80 39.0+3.0 37.1+3.0 29.S+L5 9.2+2.5 

Aug. 81 36.8+2.1 

bpI 82 38.1+2.2 29.3:,1.4 8.8+1.8 
-

ph 82 35.5+2.0 33.6+1.8 28.8+1.2 6.7+1.5 

'l> Legend 

bpI - pre-planti ng bh - pre-harvest ph - post-harvest 

.. 

J 
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Table, 21. Gravimetrie moisture contents, by treatment at eaeh depth, 
post-harvest (October 29),1982 

Bearbrook clay 

Gravimetrie moisture content 

Oepth (cm) 

Treatment 5 10 15 20 

% 
fi 

A 25.8bc 31.9ab 35.6 33.7 

B 32.0a 34.7a 33.6 33.9. 

C 23.8c 30.Sbed 33.6 . 35.0 

0 29.9ab 33.2ab 33.0 33.5 

E 24.6c 28.'2d 31.2 32.6 

F 31.48 32.1ab 32.8 33.5 

G 26.5bc :n.7abc 35.2 35.1 

H 25.6bc 28.7cd 32.0 32.6 

Mesns at each depth with the same letter are not significantly different 
(p~o.05) by the WaUer-Duncan K-ratio test 
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mam.l'ing did have some benefit regarding soil moisture levels. As the fall of 

1982 was extremely dry, 'it 'was thought to be an optimal time to~xamine field 

moisture contents. An analysis of variance was performed on gravimetric field 

moisture content at 5-cm-depth intervals to 20 cm. There were signi ficant 

effects due ta treatment at 0-5 cm (pS,0.Ol) and. at 5-10 cm (pSO.Olh The 

means test (pŒ.05) at 0-5 cm indicated that treatments Band F, cropped ta 

clover and barley in 1982, had significantly higher moisture contents than a11 

other treatments except treatment D, the corn/Legume intercrop treatment 

(Table 21). These three treatments were the anly ones, with me an values above 

the permanent wilting point (Table 20). The same trend was apparent fram 

-5-10 cm though the differences between treatments were not as great. As 

there was almost complete plant coverage of the sail surface in these three 

treatments, moisture 1055 was reduced. The effect was evident to a depth of 

10 cm. 

Water f1oW>' 

No significant effects of treatment on salurated hydraulic conductivity 

or infiltration occurred in any sampling periode Results within 

<treatment-replicate combinations were highly variable for both the falling-head 
ft , ., 

method and the modified infiltration procedure. This necessitated the use of 
.-------

the non-parametric test, Friedman's 2-way analysis of variance, a test 

essentially as powerful as the parametric analysis of variance (Siegel, 1956). 

No' significant X. 2 statistics resulted from this test. 
r 

TreatmètJt means from the falling-head ~nalysis at pre-harvest, 1980 

ranged fram 0.007 ta 0.371 m/day. Pr-i or ta cultivatian 1982, using the 

modified infiltration procedure, the time required for the initial 2 cm of water 
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to infiltrate varied from 7 to 303 seconds. At post-harvest, 1982, the second 

2-cm infiltration was thought ta be a better measure of infiltration in the plow 

layer as the sail was sa dry during the test. Treatment mesns ranged from 
! 

22 to 792 seconds. 

Many authors have indicated that additions of organic matter will 

il1l>rove infiltration, particularly if there has been an improvement in aggregate 

distribution (Browning and MiJam, 1944; Joffe, 1955; Benoit et aL, 1962i 

Allison, 1973). There were no si9-r,i ficant treatment effects on soil 
~ -

organic-carbon levels in this study. Only ~t post-harvest, 1982 were water flow 

and wet-aggregate distribution determined at approximately the same time. In" 

neither case were there àny signifïcant differences among treatments. The 

absence of effects on sail organic carbon and wet-aggregate distribution 

explains the absence of treatlir,lent effects on infiltration. Althaugh there were 

effects in dry-aggregate distribution, this did nat aid infiltration, partly because 

the smaH aggregates created were not stable in water and partI y because of 
" ' 

the r'!10isture conditions particular to the soil at the sampling times. As the 

soil was very dry during the 1982 sampli[lg periods, the rapid addition of water. 

caused immediate swelling of the surface, aggregates and reduced the large pore 
; 

~aces in the testing zone. 
1. 

This rapid swelling likely would have reversed any 
" 

beneficial structural effects that wauld be associated with an improved . 
dry-aggrE;lgate distribution. The swelling pressures were sufficiently great ta, 

force the cylinder of an air-entry permeameter (Topp and Binns, 1976) out of 

the soil. 
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t Table 22. Correlation coefficients (r) of measured parameters 
Bearbrook clay 

,. 
, < 

~ 
1 

1 
1 

Parame ter A , 
~ ,! 

pC Pb FCW06 FCV06 AWW AWV PWPW PWPV 
J 

OryAI WetAI 1 OC 
l 2 3 4 5 6 7 8 9 10 Il 12 i 

i 
~ 

1 

S ** -.38 T T ** * ** 1 .66 -.39 ns -.57 ns ns ns -.42 -.57 ns 1 
i , 

2 .44 * ns ns ns ns na ns na ns ns 
'-

3 
-li-

ns na ns ns na na na .45 na 

~ * ** ns .42 ns na ns .66 ns ns 

** ** ** .7}** * 5 .70 .84 .81 na .51 ns 
1 

** ** ** ** ** 6 .57 .74 .53 .75 .52 ns 
.... ' 

9 ** 7 . 6 <na ns ns na 

B na ns ns na 

9 ** ** .53 ( .59 ns 

l 10 .37 T ns 

11 ns 

ns Not significant at the 0.10 level of probability 

T Significant at the 0.10 levei of probability 

* Significant at the 0.05 levei of probabUity 

** Significant et the 0.01 level of prob~bi1ity • 

( 
'i 
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Correlations between meastred parlinetel"S 

. A matrix 'of 'correlation coefficients is presented in Table 22;' 

Parameters examined were: dry-aggregate distribution (dryAI); wet-aggrègate 

distribution (wetAI); stability (PC);. bulk density (p b); gravimetric and 

va lumetric water cOntent at field capa city at -0.06 bars (FCW06 and FCV06), 

permalent wîlting lXlint (PWPW and PWPV), and available-water capa~ity (AWW 

and AWV); time required for infiltration of a second 2-cm addition of water 
; 

(1); and soil organic carbon (OC). 

Of greatest inter est is that soil organic-carbon levels were not 

significantly correlated with any meastEed physical parameter. Based on the 

li terature, no significant correlations with ma isture-retention properties wel'e 

expected. It was anticipated, however, that some significant correlations with 

aggregate indices and bulk density would exist and possibly one between time 

for infi! tration ;:~and organic carbon because of the significant correlation 

(p<O.Ol) between this parameter and dry-aggregate distribution. It is very 

unlikely that organic matter did not have any influence on these parameters • 
.... 

Different organic compo nents will affect different physical parameters (Harris 

et a!., 1966; Allison, 1973; Lowe, 1978) but rarely does sorne component not 

affect sorne physical parameter (Allison, 1973). The Walkley-Black rT1etlnd 

determines readily-oxidizable carbon and is not designed ta measure subt!e 

• shifts in, say, po lysaccharide content, which Lowe (1978) estimated comprises 

o nly 5-20% of total soil organic matter. Greenland '5 (1965) conclusion,' 

men,*,nned previously, seems ta account adequately for the failure to have any~ 

significant correlations with organic carbon. 

The signi ficant correlation between time for infiltration and 

dry-aggregate distribution was a negative one. With an improvement in 
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dry-alJFegate distribution came a" decrease in the amount of time for a certain 

amount of ~ater ta infiltrate. That the significant treatment differences in 

dry-aggregate dis.tribution did not produee signi ficant treatrhent effects in the 
.. 

time required for infiltration, supports the hypothesis that aggregate sW!;llling 

duri ng testing masked any effect. The significant correlation (p ~O.05) of 

infiltration and stability was most likely an artifaet of the relationship bétween 

dry-aggregate distribution and stability Csignifieant at p<O.lO). The signi{icant 

reJationships of infiltrati~n with gravimetric and volumetrie field capacity can ' 
\ -

be tied ta theiJ;" r~latio~~h~P with dry aggregation, in that the inereased 
" 

maçropore space associated with an improved dry-aggregate distribution resulted 

in a lower field-eapaeity value and more ra'pid infiltration. The relationships 

... with gravimetrie and volumetrie permanent wilting point (PWP) were lil<ely an 

artifact of the relationship of PWP with field eapacity. PWP is nat affected 

~J sail struetUÎ'al factors as its value is largely a function of the surface area 

of the sail partie les. 

The relationship between bulk density and dry-aggregate distribution was 

s igni fiea~t a~ the p.5.0.10 level only ~d buLlt density wal not correlated 

significantly ta any other aggregate index. It is not known why the correlation 

was ndt stronger in li~ht of the similari ties in treatment effects in the t'fla 

parameters. As bulk density was not 'significantly carrëlated to any gravimetrlc 
, J 

moisture measuréments, the relationship with volumetrie field capacity and PWP 

is "most l1kely a function of the mathematic~l manipulation used to de termine 

volur:netrie moisture values (ô=wPb). The same is likely true, through the <, • 

relationship between bulk density and gry-aggregate distribution, for the 

si~ificant relationships between dry-aggregate distribution ~nd volumetrie ~ield 
~ 

capacity and PWP. There were no signifiçaflt correlations of wet-aggregate 
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distribution 'with peramèters other than aggregation indices even though 
~ , 

wet-aggregate distribution was significently correlated (pS.0.Ol) to dry-aggregate 

'distribution. Of particular note is that there Was no significant correlation of 

wet-aggregàte distribution with infiltration Ume. 

Crop yieJd 

An analysis of variance was performed on the total economic crop yieId 

produced by each rotation: i.e. sUage c~rn and barley griin (Table 23). The 

results showed that there wes a significant effect due ta year (p~O.05) and a 
, 

treatment x yeer interaction (p~o..Ol). There was no effect of treatment on 

total rotation yield. The interaction was causèd by the 'tiifference in yieid 

produced by barley ~nd .com, as each year two different treatments were 

f
Oj:5ped to barrey and clove~. The year means indicate that 1981 was the most 

favourable year for corn growth.and 1982 the worst. 
J 
1 
1 

{Two regressions analyses were performed using total rotation yield (YI) 
! \ ' 

and' r;t,ean annu~l corn y ield (Y2) as dependent variables and 12 independent 

variables: dry-aggregate distribution (dryAI); wet-aggregate distribution (wetAI); 

stability (PC); bull< density (pb); gravimetric and volumetrie field capacity 
1 

(FCW and FCV), permanent wilting point (PWPW and PWPV), and , .... 

available-water capacity (AWCW and AWCV); Ume required for il)fJ,ltr ion- of 

a s.econd 2-cm addition ,of water (Ir" and soil organic carbon (0). The 

purpose of the, regression was ta determine if measured physical, arameters 

could explain the variation in yields. 

The results demonstrated the difficulties of yield analy~;s in' short-term 

rot.ion experiments. The oost equation for YI was: 

YI = -17.3 + 62.iPb .. 1.lOPWPV. 

'j 
7 82 ,_,Jo 
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1 
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The model was significant et the 0.01, level of probability.- Thèa 1 "alue was 
C> 

s igni ficant at the 0.01 leveI of significance, 62 at the 0.05 level. This 

equaticn explained 44% ~f, the variation in total rotation yield. The equation 

suggests that a higher bulk density will produce a higher yield. In this 

. experiment" t'his was thi case because the ~reatments with the ~owest bulk 

density (treatment G in p rticular) did not have corn in one year of three and, 

thus, total rotation yiel was lÇl~er, though not signifieantly. Alsa the high 

correlation between bulk density and volumetrie permenent wilting point (r=.66) 

shows that the factors were probably not independeflt. The best equ~tion j , ,-, 

expressing the reJationship between mean annual corn yield and measured 

par~eters wast 

~ 
Y2 = 22.8 - O.404FCW. 

·1 

The model was signlficant at the 0.05 1e1e1 of probability. The el value was 

s igni fi,cantly ,dîf~erent f~om zero (p~O.05t This equation only' explained 24% 

of the variation in mean annual corn yield. / 
Al though th~re were no 8igni ficant differences between total rotation 

, , 

y ields, indicating that ;reen ma~urin, was contributing something to cr~p 

performance, this could not be explained by regression analysis. With less than 
" ,/ 

50% of the variation in yield explained by the models, it is likely that climatic' 
, ' 

variability, a major problem in short-term rotation 'studies, and sail fertilil!y 

factors, particuJarly available nitrogen, were paramount in determining yields. 

/ 
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Backgrotn:! data 

AU three cropping seasons were climatica11y abnormal for this site. 

The 1980 and 1981 seasons were wetter than average, such that moisture was 

rot a limiting f~ctor to' plant growth .;)s usually the case. The 1982 growing 

season _ was extreme ly dry CT able 24). . 

Siomass and % N for incorporated mater}al is presented in Table 25. 

As with the intercrop treatment on the Beal"brook sail, difficulties in 

determ ining the right management programme for intercropping l"esulted in 

neglig ib le production of thé undersown legume in 1980 and 1981. The 1980 

'Plowdown' stands were estimated visually ta cover only 35% of the area of 

the experimental uni ts. Although buckwheat biomass. in treatment 0 was not 

determined, ITom visual observation, a strong stand existed and the biomass 

produced was not 

'/Suckwheat stands 
( 

likely different from that produced in 1981 and 1982. 

contained very few weeds while vetch was not as 

competitive. The low tissue-N levels in vetch plots are a result 'of low 

tissue-N levels in weeds which were included in a11 tissue-N estimates. 

Soil organic carbon 

Treatments did not significantly affect soil arganic-carbon levers in any 

sampling period. Levels remained fairly constant, though there, was a slight 

decline after the first year of cropping (Fig. 14). The type or amount of 

res'idue incorporated was obviously not a factor in determining sail 

organic-carbon leveis. U,fortunateIy, no analysis of the organic materiai was 

performed, but from visuel inspection it appeared that there was an increase 
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" Table 24. Total rainfall 
Franklin gravelly loemy sand 

! 
L 
! 

Year 

Mont.h 1980 1181 1982 

cm 

~ay nd 5~0 2.0 

Jt (5)* 
June 16.6 7.8 

J(j'ly 8:4 1 ~ 7.6 9.4 
0 

August 18.3 22.3 9.8 
~ 

September 12.0 14.7 (24) 9.8 

October 

'\ 
4.9 nd 2.5 (14) " , 

Total 47.0 41.3 66.2 

il- Nunber in brackets is the dey of the month recording began or ended 

nd Not deterrnined 
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Table 25. Charactenization of green man ures used on 
Franklin gràvelly loamy sand 

Treatment 

Measurement B C • 0 E F G 

1980 Dry matter (t!ha) 'nd neg 

%N nd nd 
l 

1981 Ory matter (t!ha) 4.47 neg 6.27 

% N 1.06 nd 1.28 

1982 Dry matter (tfha) 4.49 2.002 5.56 

%N 1.97 nd 1.78 

é 

nd Not determined 

neg Netiglbte biomass produced 

l Estimated by multiplying average biomass produced in three meter' 
squared sections of the experimental units by the percent of the 
experimental unit covered by 'Plowdown', estimated visually at 35%. , 

2 Does not include corn stubble 
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in the coarse organic-matter fraction. This may have occurred at the ~xpense 

'" of other orgsnic-matter components because the sampling-period mesns 

remained ,fairly constant. Organic carbon effects in the sub-plots and the 

labdratory experiment will be discussed with the effect of N fertilizer rates --~ 

on aggregation, and the laboratory experiment, respectively. 
\ 1 ~) 
\ 

Aggregation (field experiment) 

There were, ne significant effects due ta treatmer1t in any sampling 

periode CultOivation had a great impact, however, on the amount of sail that 

wœ aggregated. From Fig. 15, it is apparent that site preparation reduced the 

éITlOunt of aggregated non-sand soi! and that in 1980 and 1981, compaction was 

a strong aggregating for~e. That this did jt occur in 1982 likely means that 

the ability of this soil ta withstand the forces of cultivation and compaction 

declined. The extent ta which: this decline was a function of the dry season 

could not be determined. Besides organic-carlxln levels, the effect of pH and 

caJoi..m on aggregation was examined as these two factors can be a limitation 
-, 

ta aggregate formation and stabilization. There were no significant effects 
~-

due to treatment on calcium but there was a significant effect on pH (p<O.05) 

at harvest, 1980. The means te~t (Table 26) soows that a11 plots planted in 

corn were net SignificrtlY different from each 0 ther. Treatments D and H, 

wmse plots were croppeq. ~ green manures in 1980, had the highest pH levels, 

substantially higher than the background levei of 5.3::.0.2. Treatment D was 

.significantly higher then treatments A (monoculture corn), B (buckwhe;3t in 

1981), and F (vetch in 1982), while H was significantly different from 

treetments A and F. This effect on pH, however, did no t affect aggregation. 

Differences in pH were neutralized by the addition of lime in the spring of 

, 89 
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5.1-c 5.2bc . 
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-'Table 26. pH means at harvest 1980 

Franklin gravelly loamy sand 

Treatment 

c D E F 

5.3abc 5.8a 5.4abc 

, . 

\' 

G H 

5.5abc 5.7ab 

Means witIT,-the 5ame letter are nat significantly different (p~O.b5) by the 
Waller-Duncan K-ratio test 
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,198l. There was aisa a signi ficant interaction of treatment with depth, 

post-harvest, 1982 (p~O.01). Treatments hav ing buckwheat in the rotation in 
~ 

1980 or 1981 had a more uni form pH throughout the plow layer (FIg. 16). 

Again, no significant treatment effects on, aggregation resulted. J 

Aggregation (Jaboratory experiment) 

Althaugh no significant trea~ment differences resulted fram the b field 

study, treatments with buckwhea~ in the rotation were often found to have the 

highest ag9I:egatian index. The laboratary'study showed that under controlled 

conditions, incorporating buckwheat resulted in a Si9~~iCantly higher level of 

aggregation (pS.0.05) than incorporating vetch (Table 27). 

This result can be explained by examining soil levels of orgaryic carbon, 

pH, and calcium. Sail calcium levels were significantly affected by treatment 

(p<O.05). With vetch incorporated, more calcium was available than with 

buckwheat incorparated (Table 27), suggesting that calcium was involved in 

aggregate stabilization in the buckwheat-incorporated soi 1 to a greater extent 

than in the vetch-incorporated soil. This resulted in more aggregation. Sail 

with vetch incorparated had a higher arganic-carbon levei than sail with 

buckwheat incorparated though this was anly signi ficant at the p~0.10 level of 

signi ficance (Table 27). This result sUÇ)gests, though, that decompasition 

occurred at different rates, perhaps yielding different organic campounds that 

affected aggreg~tian in different ways. The vetch, under these controlled 

conditions, appears to have decomposed more rapidly, as would be expected 

fram the literature' (Allisan, 1973; Warman, 1980). It is likely that the 

buckwheat, with a slower rate of decamposition, had a more favourable effect 

on aggregation because readily decamposable materiai aften causes aggregate 
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1 Changes in Soil pH wittY Dept 
Post-HarVttst 1982, Franklin Gravttlly Loamy Sand 

Soil ,pH 

Treatment 

"0 A 
El B 
<) c 
8 0 
~ E o F 
~ G 
G H 
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~T$ble 27. Effedt of incfilrporated plant maferial on sail aggregation, 
soil cale iu.m and soil o'rganic carbon 

Laboratory experiment 
Franklin gravelly loamy sand , 

Plant material Aggregation (%) 
• 

Ca lc ium (ppm) ofganic- carbon C%) 

Buckwheat 35.68a, 965b 1.68 

.. Vetch 29.58b 1060a 0 • 3:'.80 
.' 

o 

tvteans with the same letter are pot significantly different (p~ O.OS} by Duncan"s 
new muniple range test . . • 

" 

1 
r-:C=-

1 

Effect of aggregating force ';'n soil aggregation 
Laboratory experiment 0 

Franklin graveUr loamy sand 

1 
--------------------------------------------------------~----~I 

* 
~ 

1 
Aggregating farce 

~ 

l' 
1 

2 3 4 5 
... 

1 

6 

33.62ab 29.18b 34.91a :n.20ab' 30.40ab 34.40a 

Mesns with the sarne letters are not significantly different, (p~ 0.05) by the 
Waller-Duncan K-ratio test 

* See page 36 for the descriptions of the aggregsting forces 
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stabilization to occur rapidly, but the effects do not persist as long as the 

effects produced by' more slowly decomposable material (~ennie et al., 1954). 

This c re la tes particu~rly to polysaccharides produced by the decomposing 

msterial which were not measured in ~his study • 

. Sail pH levels were affected significantly by plant material incorporated 

(Pl) (p~O.Ol), the method of incorporation (Pr) (p~O.05), and there were '\ 

significant interactions of plant 'material incorporated with method of 
\ --

incorporation (pfD.01), plant material incorporated with aggregati.ng force 

applied (trt) (p~o.05), and method ct incorporation with aggregating force 

applied (p~o.05). For the m~st part, soil with vetch incorporated had higher 

pH IeveJs though t'he significant differences between maans' of factprs measured 

were almost always less than 0.3 ~H units and, ITam a practieal viewpoint; 

neglig ibie. 

Cycles of wetting and drying produced the most aggregatlon, only 

significantly different, howeve~, from cycles of freezing and thawing (p~O.05). 

'. The optimal mOi,sture content, as described by Hartmann and De Boodt (1974), 

was aIse significantly different from cycles of freezing and thawing (Table 28). 

Soil organic-carbon levels, sail pH, and sail calcium were not significantly 

affected by aggregating forces. 
C~) 

material with aggregating force and method of incorporation and aggregating 

The pH analysis of inter~ctions of plant 

ferce (Fig, 17 and 18), suggests that the affect was related to soil pH, though 

again, the signi ficant differences were very small in praétical terms • 

. Effeet of N fertilizer rates on aggfega~on" . 

. Nitrogen fertilizer rates' hac!' no signific'ant effeet an aggregation in any 
" .. 

sampling period. This is explained by the absence of effects on soif organiç 
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Figure17 Effect on pH of the Response of 
Aggregating Force ~o IncorporClted 
Plant Material. 0 • 

Laboratory Expetiment, Fr: nklin Gravelly Loamy Sr=Qn:.:.::d~_---. 
6~ 'Plant 
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Figure 18 Effect on H 0 f the Respo nse of 
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carbon, soi! pH, soi! calcium or corn yiel?s~ 

Bulk denaity 

There were no significant effects of treatment on bulk density in any 
" 

sampling period. The sipling-period-bulk,density mea,ns declined slightly in 

1982, after increases in 1981, tI"YJugh, by' standard deviations,' this decline was 

not significaht (Fig. 19). ,The absence of treatment effects could be a function 
1 

of the vagaries of sarrybling a stony soil. As the soil CQ.Qtains 26% coarse 
1 

fragm~nts by volume, vériability in coarse-fragment content within the sampling 

volume of the radiation-scattering gauge was inevitable and this variability 

might have been great énOugh ta hide any differences in bulk density due ta 

treatment. Another possibility is that the progortion of coarse fragments by 
1 

weight was su'fficiently large (39%) and inert in terms of interaction with 

organic matter, that any effects that did occur were tao diluted by the 

coarse-fragment fraction ta be apparent. The absence of effects in aggregation 

and soil~ organic-carbon Ievels due ta treatment, however, supports, the 
, ~ 

conclusion that there wàs no intrinsic effect of rotation on bulk density and, 

therefore, no improvement in bulk density. 

An examination of the bulk density at Q-S-cm depth at post-harvest 

1981 and 1982 suggests, tl"llugh the differences were rot significant at the 0.05 

.. 'level, that treatments in buckwheat and vetch had lower bulk-density values 

becauae the soil was not compacted with harvesting machinery (Table 29). 

Ov,rall, this was not a çpod resuJt because, in the first two years, aggregation 

seemed to impro ve with compaction. Data in table 29 suggest, however, that 

there wss no relationship between the bulk-density values at 0-5 cm and theil" 

associated aggregation index at 0-10 cm. 
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Figure 19 Bulk Density, 
l, Sampling Period Means 

, 

1980-1982. Franklin Gravelly Loamy Sand 
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Table 29. Bulk density and aggregation means from post-harvest 
sampling peri ods 

Franklin gravelly loamy sand 

Post-harvest 1981 - Post-harvest 1982 

Bulk density Aggregation Bulk density Aggregation 
(0-5 cm) (0-10 cm) (0-5 cm) (0-10 cm) 

Treatment Mg/m3 % Mg/m3 % 

A 1.70 34 .. 16 1.49 n.27 

B 1.61 51.97 1.48 22.33 

C 1.68 ~1.32 ~ 18.96 

0 1.74 43.37 1.55 30.45 

E 1.65 .36.54 1.51 23.37 

, 'F 1.B1 39.0B . ! 1.31 . 21.37 

G 1.56 39.04 1.48 24.98 

H 1.67 39.65 1.56 24.37 
1 

Underlined values are the lowest in each sampling period 
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Sattrated hydraulic conductivity (Ksat) 

There were no significant effects due to treatment in any sampling 

periode Table 30 shows that Ksat means varied inversely with bulk density ', .... 

means. Wi th decreases in bulk density in the field, it is likely that Ksat , 
~ 

.C 

increased, though the magnitude of the increase was likely less than 
r 

demonstrated by Table 30. Ksat values in the field would be lower;: than those 

recorded in laboratory tests due ta the presence of coarse fragments (Dunn and 

Mehuys, 1983). It had been hypothesized that the green manures would 

decrease Ksat due to the addition of coarse organic material which would 

reduce the rate of flow (Barley, 1953; 1954). Although from« visual inspection 

there appeared to have been an overall increase in coarse organic materia!, 

bulk density changes were more importa~t in determining Ksat. 

Moisture retention 

There were no significant treatment effects on moisture retention in 

any sampling periode The amount of green manures incorporated was not 

sufficient to bring about significant differences between treatments, although v'-

a11 treatments with buckwheat in the rotation (treatments B, C, and D) had 

the highest moisture contents (not significantly different at the 0.05 level from 1 

any other treatments) at aIl points of measurement during moisture desorption 

in the post-harvest, 1982 sall'lpling periode Only treatment F had higher 

available-water capacity values. This is an interesting trend which suggests 

that, in the long term, additions of buckwheat will increase the moisture 

holding capacity of the soil. 
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Table 30. Saturated-hydraulic-conductvv ity trea tment mesns, 1980-2, 
measured by the falling-head method on the less than 2-mm fraction 

Franklin gravelly loamy sand 

Year 

1980 1981 1982 ),1; 

Treatment pre-planting post-harvest 

Saturated 

A 5.59 

B 3.11 

C 2.30 

0 4.37 

E 3.44 

F 2.59 

G 4.72 

H 4.08 

Mean 3.77 

Mean 1.31 

hydraulic conductiv ity 

2.47 

2.46 

2.99 

1.92 

2.72 

2.14 

3.16 

2.60 

2.54 

Bulk density (Mg/m3) 

1.36 

lIn 

(m/day) 

4.36 4.20 

3.78 4.15 

4.81 3.11 

3.25 4.66 

5.67 4.18 

3.16T. 4.49 

5.10 4.77 

4.63 5.13 

4.34 4.34 

1.26 1.27 

) 
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Table 31. Gravimetrie r,noisture-content means for selected pressures 
during moisture desorption and available-water capacity, 1980-2 

Franklin gravelly loamy sand 

Gr-avimetric' moisture content 

Sampling 8ulk -0.10 bar -b.33 bar -15.0 bar AWC.10 
time density 

Mg/m3 % 

ph 80 1.31 16.7+3.0 14.7+2.6 10.8+2.1 5.9+1.4 

Aug. 81 1.36 18.1+1.1 16.0:,1.3 1l:.1!.0.6 7.0+0.9 

9pl B2 1.26 15.2+1.4 13.5+1.2 9.2+0.8 6.0+0.8 

ph 82 1.27 16.4+1.2 14.6+1.2 10.0+1.2 6.4+1.0 

Legend 

bpI - pre-planting ph - post-harvest 

,1 
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( Moisture-retention means varied directly with mean bulk densities (Table 

f. 

\, 

31). By standard deviations, there were only differences between some means 

in the 1981 and pre-planting, 1982 sampling periàds. '- The highest moisture 
\. 

contents at each point of measurement were associated' with the highest bulk 

density, that of the 1981 sampling period. Because sa much of thls sail 

comprises single sand grains, dense packJng of particles was required to keep 

void spaces from becoming tao large and drainable by gravltational forces. The 

loosening of the soil produced an undeslrable effect: lasses in moisture holdIng 

capacity. 

MJ significant treatment differences occurred in field moisture contents 

in an'y sampling period ovet a wide range of sail moisture tonditions. The 

potential for vetch and buckwheat ta reduce moi sture lasses from the sail 

surface was not evaluated. 

Correlations between measured parameters 

Eleven physical parameters were examined for their degree of 

association: aggregation (KI); bulk density (Pb); field capacity at -0.06 bars 

(FC.06); field capacity at -0.10 bars (Fe.lO); field capacity at -0.33 bars 

(FC.33); permanent wilting point (PWP)j available-water capacity measured 

from -0.06 bars ~AW06); available-water capacity me~sured from -0.10 bars 

(AWIO); available-water capacity measured from -0.33 bars (AW33); saturated 

hydraulic conductivity (Ksat); and sail organic carbon (O.C.). 

Tt-ere were a large number of significant correlations between measured 

parameters (Table 32). Sail organic-carbon levels were significantly correlated 

ta ail moisture-holding-capacity parameters and ta saturated hydraulic 

conductivity at the 0.05 or 0.01 levels of significance. The positive 
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Table 32. Correlation coefficients (r) of measured parameters 

Franklin gravelly loamy sand 

Parameter 

KI pb FC.06. Fe.lO FC.33 ' PWP AW06 AWlO AW33 Ksat .. .. * * ** KI • 43 .47 .47 .50 .69 ns ns ns ns 

pb ns ns ns ns ns ns ns ns 

FC.06 .99 ** .95** .87 ** • ** 
.83 .74** ** ** .56 -.67 

FC.ID ** ** ** ** ** ** .98 .85 .82 .78 .61 -.67 

FC.33 ** ** ** ** ** .83 .78 
of .68 -.72 

PWP * ** .44 ns -.52 

" ** ** ** AW06 .~6 .82 -.63. 

** ** AW10 .91 -.58 
,1 

AW33 -.60 ** 

Ksat 

ns Not significant at the 0.05 levei of probability 

* Significant at the 0.05 level of probability 

** Significant at tne 0.01 leval of probability 

1 , i 

( , 

104 
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a.c . 

ns 

ns 

.60 ** 

** .57, 

11'* .64, 

* .50 

** .52 

* .43 

* .47 

-.71 ** 
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.. 
correlation wlth aU', moisture-holding-capacity parameters indicates that, on a 

plot-by-plot basis, increases in soil organic-carbon levels were associated with 

an increased water holding capacity. Jamison (1953) and Stevenson (1974) have 

. indicated that this \s feasible. on this kiild of soil. On a plot-by-plot basis, 

increases in organic-car.-bon levels were associated with a décrease in Ksat, a 

desirable effect on this soil. Lhe key component of organic matter in 

" 
producing this correlatiqn was likely coarse organic material (Sarley, 1953; 

1 
1 

1954). In ,li9ht ,r these porrelations, ~igh variability within treatment-replicate 

co mb 1 nstlo ns r like ly 1 the resso n thst there ware no algnl flcsn t . trestment 

effects on soi~ 'àrganic-carbon levaIs, moisture-holding-capacity parameters, o~ 

Ksat.o 
ôrganic carbon was rot significantly correlated with aggregation or bulk 

density. This supports the previous cônl?lusion that there was no intrinsic 

improvement in bulk density related ta organic-matter additIOns. 

That aggregatian values were significantly correlated with bulk density 

~o.05) may be an indirect result of the response of each of these parameters 

to mechanical forces applied to the sail. The values of both parameters 

respJnded similarly to compaction and cultivation. The significant correlations 

of aggregation with moisture-rolding-capacity parameters are similarly likely 

also due to parallel respo nses ta these forces. Bulk density was not 

signi ficantly correlated ta Ksat, even tmugh the mean values of each varied 
, 

in close association with the other (Table 30). The absence of correlation· 
1 
1 l 

migrt be a function of the high variability of coarse fragments per unit "Plume' 
l ' 

of soil. Ksat was significantly negatively correlated ta aIl 

moisture-holding-capacity parameters (p~O.Ol). This lS likely an artifact of the 
1 

relationship between organic carbon and moisture-holdin9)capacity parameters, 

and organic carbon and Ksat. There was no signific~ relationship between 
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bulk density and moistt.n:e-holding-capacity paramtters even though there was 

,an association between sampling-period means. I~gain, the high variability of 

coarse fragments might e,xplain the absence of correlation on a plot-by-plot 

basis. 

Corn yields 

. An analysis of variance was parformed on total rotation yleld (Tabl~ 

33). Traatment, year, and the interaction of year with treatment aIl affectad 

yield at the 0.01 levei of significance. The treatment x year interaction was 

caused by the absence of any yield in two treatments in each year. Yaar 

means showed, even more dramatically than at the Rigaud site, the affect of 

seasonal moisture variability. The 1981 growing season had the highest yield 

followed by those of 1980 and 1982, the latter bemg a very poor year fo~ corn. 

Those treatments that had green manures in the rotation in 1981 fared 

extremely poorly (treatments Gand B). Only treatm~nts C, E, and F had 

similar yields ta those recorded for Ii'l7eatment A beeause they aU had either 

po or or no corn in 1982. 

A n a ttempt was made ta determine cause-and-effect relationships 

between physieal parameters ex values) and total rotation yield (Yl) and mean 

annual corn y ield (Y2). The high number of signifieant correlations between 

supposedly independent factors made it impossible to properly assess the 

relatianships. As suggested by Sopher and Meeraeken (197}), an attempt was 

made ta delete many of the highly intercorrelated factors, but this failed tÇl 

produce any significant models at the 0.05 level of probability. 
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St.JMMAFiy ANl CONC1USlONS" . --,-

The incofporation of green manures had sorne beneficial affects on thJ 

sail physical properties of the Bearbraok sail. .reatment G (red claver 

incorporated in 1~81) had the highest dry-aggregate-cfistripution values- in the 

plow layer and the lowest bulk densities from 0-10 cm. ~ggregate stability in 

water was not increa~ed by any 'tre~tment. In fact, wet-agçjregate distribution, 

and stability results suggested that stability in water decreesed slightly. The 

reœon for this is not apparent as no signi ficant' changes in sail orgenie carbon 

due ta treatment occurred in any sampling period. 

Infiltration did not increase in response ta green manures although this 

may be because the sweIling of very' dry aggregates during testing masked 
.~. 

differences between treatments. Treetments did not affect the moi sture 
, ~J 

hol~ing capacity of the sail. There was a general decline in the water content 

of variàus moisture-holding-capacity parameters with cultivation. 

As the application rate of nitrot)en ferti1izer increased, sa did the 

ç:er:entage of small aggregates increase, particularly for treatments whose. plots 
, 

were cropped ta red claver. Although this response would be favour~bl~ ta 

plant growth for the 'Present sail conditions, the long-term effects of this 

response would likely be detrimental ta crop ,production. 

The practice of intercropping corn with an under~own legume showed 

the potential ta reduc,e surface compaction in a dry year by reducing 

evapor,ation from the sail surface and keeping aggregates sufficiently moist ta 

~ithstEVld compactive pressures better than those aggregates in treatments with 

very little soil caver. . ' 
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Although some improvements in soil physicaJ properties resulted fram 

green mânuring, the effect of these improvements on silage corn yield could 

not be reaoily determined. There were no signtficant treatment differences of 

total rotation yield, indicating that the green manures, made some 'êontribution 

ta crop performance. As ,less ,t~an 50% of the variation in total rotation yield 

wes explalned by physical· pr~perties, it Is likely that fertili'ty factors were of 

greatest importance. 

On the Franklin grayelly loam) sand, no treatment effects occurred in 
1 

the measurement of ~ny physical propfrties or soil o:ganiC carbon in the field. 

There were indications that buckwheat, incorporated on a regul,ar basis, could 

" improve aggregation and moisture retention in the long terme In a laboratory 
. 

, study~ incorporated buckwheat proved able to aggregate more of the non-sand 

soil fraction than incorporated vetch. lri the. field, aU three treatments that , 

hB:d buckwheat in the rotation had the highest moistt:Jre':'holding, capacity (th'Ôugh 

not significantly) at the en.d of the experiment. 
r 

In general, row cropping 
~ .. 

proved detrimental ta the soil physical 
, " 

condition. Bulk density and the proportion of the sail aggregated were slighUy 

reduced. ln laboratory detelrmi~ations" saturated hydraulic conductivity 

increased and moisture retention decreased with decreases, in bulk density. It 
. . 

ia ,likely that this occurred in the field as weIl and would affect negatively 

, : crop performance. Unfortunately, the larg:ymber of significant correlatio~~ 

between independent pa,rameters made it impos~!ble to determine 
'-

caurië'-and-effect relationships between sUage coro yield and soi! physical 

properties. 't, , 

For both soHs, , 'the determinatlon of total sail organic carbon was 

,Inadequate to explain effects of treatments on soil physical preperties. The 

" , (j 
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measurement of the various components of organic matter, including 

polysaccharides and coarse organic material, would be better suited ta this kind 

of study. 

TfTee years would appear ta be insufficient Ume to assess properIy the 

impact of green manuring in a rotation on sail physical properties. It wes not 
. L 

possible ,in' three years ta' evaluate the persistence of effects, or the 

implications of changes in the soil phY$ical condition for crop performance. A 

study of this kind would require at Ieast one more three-year cycle ta 

determine if green manuring has benefits for crop production. 
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Bulk density (cont.) 

Sampling period: 1982 

.... Probability of > F 

Source df pre·planting Augu~t post·harvest 

Repli~ate (r) 2 
Treatment (trt) 7 
R*trt (erraI' ) 14 
Depth a 3 
Trt*depth 21 
R * depth(trt) (erx:..prb) 48 

C.V. (%) 
C.V.~ (%) 

0.0642 
0.0073 

0.0001 
0.7877 ' 

6.86 : 
7.28 

0.2631 
0.3209 

0.0001 ' 
0.0063 

10.86 
4.62 

Sampling period: pre·culti vation, 1981. Analysi~ by depth. 

Probab Hi t Y of > F 
\ 

Source df 5 cm 10 15 

Replicate (r) 2 0.7894 0.8895 0.2620 
Treatment (trt) 7 0.1126 0.2726 0.0581 
R*trt (error) 14 

C.V. ,(%) 4.74 6.81 6.82 

Sampling period: August, 1982. Analysis by depth. 

Probability of > F 

Source df 5 cm 10 15 

Replicate (r) 2 0.1805 0.4944 0.1342 
Treatment (trt) 7 0.3216 0.1257 0.1022 
R*trt (erraI') 14 

C.V. (%) 4.29 7.69 7.33 
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0.2608 
0.1006 

0.0001 
0.0523 

7.19 
4.90 

1 
1 

20 

0.4138 
0.0001 

3.44 

20 

0.7189 
0.4931 

6.99 
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Buik density (eo~t.) 

Sampling peri ad: post-harvest, 1982. Analysis by depth. 

Probability of > F 

Source df " 5 cm 10 15 20 > 

!ePlicate (r) 2 0.0064 0.2139 0.3224 0.6847 
reatment (trt) 7 0.0052 0.0470 0.2287 0.3162 

,R*trt (error) 14 
1 

c.v. (%) 2.98 5.78 7.18 4.81 

S~mpling period: post-harvest compaction study, 1982. 

i Probability of > F 

'" ., 
\ 

So~ df 5 cm 10 15 20 

Replicate Cr) 2 . 0.8242 0.7849 10.7219 0.7707 
Treatment (trt) 5 0.0251 0.3864 0.1110 0.8764 
R*trt (error ) ,10 
Compaction ~cornp) 1 0.0001 0.0001 0.0001 0.0920 
Comp*trt 5 0.2103 0.1726 0.3798 0.1496 
R*comp(trt) (error

b
) 12 

C.V. (%) 5.18 2.82 7.44 5.81 a 
(%) 5.36 5.44 4.47 4.29 C,V'b 

Sampling period: Compaction study, 1982. Differences between compacted 
and non-compacted rows at 5 cm. 

Source. df Proi?ability of > F 

Replicate (r) 2 0.0393 
Tr.eatment (trt) ~ 5 0.0549 
R*trt (error) Y' 

9 

C.V. (%) 41.10 
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Aggregation 

Sampling period: planting, 1980 

Source df 

Replicate (1') 2 
Treatment (trt) 7 
R*trt (erraI' ) 14 
Depth a l 
Trt*depth 7 
R*depl:h(trt) (error

b
) 16 

c. v. (%) 
c.v .. ~ (%) 

.-------- SampIing period: August, 1980 

Source df 

Replicate (r) 2 
Treatment (trt) 7 
R*trt (error ) 14 a 

l Depth 
Trt*depth 7 
R*depth(trt) (error

b
) 16 

C.V. (%) 
a (%) C,V'b 

( 

t~ 

Probabil1ty of > F 

dry wet 

0.0491 0.6262 
0.1264 0.7322 

0.3522 0.1023 
0.4976 0.1885 

8.61 9.44 
5.93 6.43 

ProbabiIity of > F 

dry wet 

0.6603 0.0166 
0.91-20 0.4309 

0.1530 0.3207 
0.2668 0.1666 

7.34 8.21 
6.86 6.92 
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% 

0.3063 
0.5878 

0.4477 
0.7492 

9.52 
7.00 

% 

0.0843 
0.5826 

0.0189 
0.9361 

i 
i 

9.75 
6.38 

( 
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Aggregation (cont.) 

Sampling period: August, 1981 

Probability of > F 

Source df dry wet % 

Replicate (r) 2 0.4845 0.0216 0.0259 
Treatment (trt) 7 0.4791 0.0464 0.0854 
R*trt (error a) 14 
Depth 1 0.0018 0.9288 0.0012 
Trt*depth 7 0.6895 0.8126 0.4133 
R *depth(trt) (errorb) 16 

C.V. 1 (Ofo) 4.48 6.61 6.58 
C.V.~ (Ofo) 8.47 8.31 7.80 

Sampling period: post-harvest, 1981 

Probability of > F 

Source df dry wet % 

Replicate (r) 2 0.6876 0.2938 0.2363 
Treatment (trt) 7 0.1997 0.4280 0.2281 
R*trt (error ) 14 
Depth a 1 0.0002 0.0971 0.0786 
Trt*depth 7 0.1"804 0.5508 0.1430 
R*depth(trt) (error

b
) 16 

C.V. ' (Ofo) 7.46 9.02 6.74 
C.V.~ (Ofo) 4.60 7.72 5.83 

( 
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( 
Aggregation (conL) 

< 

Sampling period: pre-planting, 1982 

Probability of > F 

Source df dry wet % 

Replicate (r) Z 0.6396 0.7271 0.6082 
Treatment (trt) 7 0.6686 0.0070 0.0173 
R*trt (error ) 14 a 

1 0.0001 0.1234 ,,'.. 0.0069 Depth 
Trt*depth 7 0.5089 0.3361 0.8444 
R*depth(trt) (error

b
) 16 

C.V. (%) 9.64 7.25 8.16 
C.V.~ (%) 6.69 8.26 7.80 

( Sampling period: post-harvest, 1982 

Probability of > F 

Source df dry wet % 

Replicate (r) 2 0.1279 " 0.0250 0.0024 
Treatment (trt) 7 0.0188 0.8740 0.0048 
R*trt (error a) 14 
Depth ' l 0.0001 0.0001 0.0001 
Trt*depth 7 0.0728 0.5155 0.7472 
R*depth(trt) (errorb) 16 

C.V. (%) 5.94 7.9J 3.97 
C.V.~ (%) 5.60 5.93 4.64 

" 

129 



1 

J . 

~ 

( 

Aggregation (cant.) 

Sampling period: N fertilizer study, post-harvest 1981 

Probability of ) F 

Source df WA SA 

Replicate (r) 2 0.8775 0.9848 
Treatment (trt) 2 0.3436 0.4255 
R*trt (erraI' ) 4 
F ertili zer (f~rt) 3 0.7249 0.9433 " 
Trt*fert 6 0.9920 0.9868 
R*'fert(trt) (error

b
) 18 

Depth 1 0.0031 0.0017 
Trt*depth 2 0.2978 0.2800 
Fert*depth 3 0.3619, 0.5663 
Trt*fert*depth 6 0.7303 0.8890 
R*depth(trt fert) 24 

(error ) 
c 

C.V. (%) 31.43 51.85 
C.V.~ (%) 14.18 39.96 
C,V'c (%) 22.84 32.06 

Sampling period: N fertilizer study, pre-planting 1982 

Source df 

Replicate (r) 2 
Treatment (trt) 2 
R * trt (erl'or ) 4 
F ertilizer (f~rt) 3 
Trt*fert 6 
R *fert(trt) (error

b
) 18 

Depth 1 
Trt*depth 2 
Fert*depth 3 
Trt*fert*depth 6 
R*d~pth(trt fert) 24 

(erraI' c) 

C.V. (%) 
C.V.~ (%) 
C. V. (%) 

c 

WA 

0.6261 
0.8845 

0.0057 
0.1066 

0.0001 
0.2265 
0.5 62 
0.1048 

21.84 
9.28 
11.68 
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Probability of 

SA 

0.5279 
0.9004 

0.0196 
0.5763 

0.0001 
0.6587 
0.6199 
0.1611 

31.13 
16.B8 
19.89 

> F 

LA 

0.7513 
0.6764 

0.9591 
0.8515 

0.0009 
0.7061 
0.1269 
0.2512 

20.51 
19.20 
12.01 

LA 

0.5067 
0.9565 

0.2076 
0.0748 

0.0001 
0.9467 
0.5752 
0.1111 

41.73 
18.44 
20.97 

" 
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Aggregation (eont.) 

, Sampling period: N fertilizer study, post-harvest 1982 

.. Probability of > F 

Source df WA SA LA 

Replicate (r) 2 0.5379 0.9987 0.8922 
Treatment (trt) 2 0.1306 0.3154 ·0.5965 
R*trt (error ) 4 
Fertilizer, (f~rt) 3 0.6995 0.7664 0.9017 
Trt*fert. 6 0.1639 0.0283 0.0346 
R*fert(trt) (errorb) 18 
Depth 1 0.0001 0.0001 0.0001 
Trt*depth 2 0.2017 0.0160 0.0141 
Fert*depth 3 0.4986 0.3344 0.5324 
Trt*fert*depth 6 0.1909 0.2926 0.4159 
R*depth(trt fert) 24 

(error ) 
c 

C.V. (%) 16.14 26.74 27.54 
C.V.~ (%) 17.75 25.32 20.34 
C.V·c !%) 10.58 14.30 12.49 

( 
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Soil organic carbon, pH, and calCilMTl 

Sampling period: 1980 
\. 

Prabability of > F 

Source df pH OC Ca 

Replicate (r) 2 0.8021 0.5351 0.9723 
Treatment (trt) 7 0.2188 0.2064 0.2768 
R*trt (error) 14 " 

C.V. (%) 5.00 9.11 11.36 

Sampling peri ad: 1981 

Probability of > F 

Source df pH OC 
~ 

Ca 

Replicate (1') 2 0.1392 0.0064 0.OU8 
Treatment (trt) 7 0.2427 0.2254 0.6865 
R*trt (error a) 14 
Depth 1 0.1036 0.1973 0.-6151 
Trt*depth 7 0.6744 0.7695 Of2169 
R*depth(trt) (error

b
) 16 -----

C.V. (~ 5.74 13.46 34.69 
C.V.~ (%) 4.90 10.44 33.30 

Sampling peri ad: post-harvest, 1982 
"-

ProbabiIity of ) F 

Source df dry wet % 

Replicate (r) 2 0.7474 0.4082 0.9672 

"'- Treatment (trt) 7 0.6819 0.4438 0.8335 
R*trt (error a) 14 . , 
Depth 1 0.6035 0.6642 1.0000 ':1_ 

Trt*depth 7 0.8620 0.9812 0.4908 

'. 
R*depth(trt) (errorb) 16 

C.V. (%) 6.40 23.18 23.57 a (%) 3.35 18.68 6.47 C,V'b 

<-

", 
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Soil organic carbon, pH, and calcilBll (cont.) 
Cf 

Sampling peri ad: Organic carbon, pre-planting and August, 1982 

Source df 

Replicate Cr) 2 
Treatment (trt) 7 
R*trt (error ) 14 

a 1 Depth 
Trt*depth 7 
R*depth(trt) (error

b
) ~? 

C.V. (Ofo) 
a (Ofo) C.V·b 

Sampling peri ad: N fertilizer study, 

~--~-

Source 

Replicate Cr) 
Treatment (trt) 
R*trt (error ) 
F ertilizer Ugrt) 
Trt*fert 
R*fert(trt) (errorb) 
Depth 
Trt*depth 
Fert*depth 
T rt* fert*depth 
R *depth(trt fert) 

(errorc ) 

C.V. (Ofo) 
C.V.~ (Ofo) 
C.V'c (Ofo) 

... 

df 

2 
2 
4 
3 
6 

18 
1 
2 
3 
6 

24 

Probability' of > F 

pre-planting 

0.3675 
0.5346 

0.1737 
0.8049 

18.28' 
11.56 

post-harvest 1981 

pH 

0.1520 
0.3375 

0.0083 
0.8227 

0.0089 
0.4689 
0.7407 
0.5253 

9.53 
8.55 
4.67 

133 

Probabil'ity 

OC 

0.0192 
0.0062 

0.0632 
0.7807 

0.4248 
0.0791 
0.7219 
0.5895 

5.66 
13.49 
12.27 

August 

0.3872 
0.2954 

0.2570 
0.5746 

19.55 
12.48 

of > F 

Ca 

0.0041 
0.0246 

0.1109 
0.2204 

0.0148 
0.0379 
0.0233 
0.7321 

19.09 
38.30 
43.19 
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Soil organic carbon, pH, and çalcÎlBTl (cont..) 

Sampling periad: N fertilizer study, organie carbon pre-planting 1982 ., 
Source df Probabilit~ of > F 

Re:licate (r) 2 0.2846 
Tr atment (trt) 2 0.4694 
R*trt (error ) 4 
F ertiIizer (f~rt) 3 0.0046 
Trt*fert - 6 0.1043 
R*fert(trt) (errorb) 18 
Depth 1 0.1560 
Trt*depth 2 0.9178 
F'ert*depth 3 0.8856 
Trt*fert*depth 6 -0.8759 "u 

R*depth(trt fert) 24 
(errare) 

c.v. (%) 16.85 
. C.V.~ (0J0) 6.94 

C,V'c (%) 12.63 

Sampling period: N fertilizer study, post-harvest 1982 

Source df 

Replicate (r) 2 
. Treatment (trt) 2 
R*trt (erraI' ) 4 
F ertili zer (f~rt) 3 
Trt*fert ~6 
R*fertCtrt) (errarb) 18 
Depth 1 
Trt*depth 2 
Fert*depth . 3 
Trt*fert*depth 6 
R*depth(trt fert) 24 

c.v. (%) 
C.V.~ (%) 
C.V. (%) e 

(error e) 

pH 

0.0628 
0.2260 

0.1424 
0.3084 

0.4156 
0.4749 
0.6838 
0.9402 

5.06 
3.73 
3.44 
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Probability of > F 

, 

OC 

0.2527 
0.0679 

0.5637 
0.4990 

0.4484 
0.2691 
0.7563 
0.6596 

23.48 
19.00 
15.44 

\ 

Ca 

0.5263 
0.5808 

0.5268 
0.7133 

0.0545 
0.4321 
0.5133 
0.5620 

23.51 
11.11 
7.04 

1 
,> 
1 

~ 
, .' 
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, 



. (~ 11 
r, 

Moisture' content and retention " 1 
! 

Sampling period: Field moisture at each depth, post-harvest 1982 
..---

,#) 

Probability of > F 

Source 2! 5 '. cm 10 15 20 

Replicate (r) 2 0.0012 0.0001 0.0012 0.0408 
Treatment (trt) 7 0.0062 0.0061 0.2370 0.9285 

,- R*trt (error) " 14 ~ 

c.v. (%) 9.15 5.46 . 6.18 -13.44 
~ 

Sampling period: 1980 

Probability of > F 

Source df "-0.10 bar -1.0 bar -15.0 bar AWC.10 
, 
" 

Rep (r) 2 0.4619 0.3407 0.4991 0.4118 
0 Treatment (trt) 7 .. 0.5913 0.8132 0.7649 0..4765 
~ 

R*trt (error) 14 

C.V. (%) 7.62 7.94 4.90 27.03 

Sampling period: 1981 

Probability of ) F 

Source df -0.10 bar 

Rep Cr) 2 0.0092 
, .1 freatment (trt) 7 0.2376 

R*trt (error ) 14 
y , 

a 1 0.0903 Depth 
Depth*trt 7 0.0209 
R*depth(trt) 16 

(error
b
) 

C,V'a (%) 6.93 
C,V'b (%) 5.75 

g 

( / 
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Moiatla'e content and retention (cont.) , 
.' 

Sampling period: pre-~lanting 1982 

Probability ~f > F .. 
Source df -0.10 bar -1.0 bar -15.0 bar AWC.10 

Rep (r) 2 0.6990 0.9018 0.5340 
Trestment (trt) 7 0.6957 J 0.7405 0.5522 r R*trt (error a) 14 u 

\ 
1 0.0042 '0.0231 0.0525 '-

, , 
f Depth ' 

f Dépth*trt 7 • 0.0662 0.2382 0.1964 

f R*depth(trt) 16 
1 (errorb) 

. 

1 
'l, C,V's (%) 8.89 - 6.17 28.58 

C,V'b (%) ~ 5.64 4.82 ~ 19.92 
.~ 

(, Sampling period: post-~srvest 1982 , 
Probability of > F 

ï 

, 

Sourèe df -0.10 bar ' -1.0 bar -15.0 bar AWC.lO' 
! 1 

1 

' ' 

1 

Rep Cr) 2 0.0244 0.0185 0.0040 0.4209 
~ 

Treatment (trt) 7 0.7789 0.7064 0.1567 0.9832 i 
R*trt ,(error a) 14 "" J 

1 

Depth 1 0.0009 0.0001 0.0553 0.0016 1 
1 

D~pth*trt 7 0.5662 0.2923 0.7514 0.6552 , 
R*depth(trt) 16 

1 ' (errorb) • 
j 

j 

Î 
C.V. (%) 6.60 7J25 3.92 31.00 
C.V.~ (%) 5.68 5~35 4.17 e·57 

1 

f ... 

1 

.. 
" f 

1 - '1 

l' 
i i , 

ï . 1 

i ! 
~ .i 

l .. 1 

> 
1). , 

r • 
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, 
Water flow 

Friedman'~ 2-way enalysis of variance 

Sampling peri ad: Ksat 1980. 

Rep 

A B 
1 3 7 
2 8 1 

..... ' 3 4 3 
Total 15 11 

C 
4 
2 
5 

.11 

Treatrfnent 
1 

D E 
1 2 
6 7 
7 2 
14 11 

Xr 2' =5.11 

F G H 
8 6 5 
4 5 3 . 

6 B 1 
18 ·19 9 

-,d 
- ; 

• • 
Sa"!pling peri ad: Infiltration time at 2 cm added, pre-cultivation 19~2 

'Rep Treatment 

A B C D E F G H 
1 l 8 5 6 2 7 3 4 
2 5 , 1 4 ' 8 7 6r 3 2 
3 3 6 4 2 8 7-- 5 1 

Total 9 15 13 16 17 20 11 7 
2 

Xr :7.}3 

, . 
Sampling period: Infiltration time et 4 cm added, pre-cultivation 1982 

Rep" . 
" 

T~atment 

A B C D E F G 'H 
1 l 8 4 5 3 7 2 6. 

" ,2 - 5 l 7 6 4 ,3 '8 2 
. . 

,3 : 5 • 8 2 1 7 3 6 4 
Total' ", U 17 13 12 14 13 16 12 

2 
:1.67 , Xr 

j. 
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Water flow (conte) 

Sampling period: Infiltration time at 4 cm added, post-harvest 1982 

Rep 

11 
2 ... 
3 

lotal 

. 
Sampling 

Rep 

1 
2 
3 

Total 

A B 
3 5 
8 6 
3 7 
14 18 

périocf: 

A B 
2 ·5 
8 6 
7 6 
17 17 

Treatment 

C D E F' G H 
2 8 4 7 6 l 
1 7 5 4 2 L3 /, 
5 2 4 8 1 6 
8 17 13· 19 9 10 

2 ' 
\- =7.00 

Infiltration time at 6 cm added, post-harvest 1982 

Treatment 

C 0 E F d' H 
3 8 4 7 6 r 
l 7 4 3 5 2 
3 l 4 8 2 5 
7 16 12 18 13 8 

2 
Xr =7.00 

~ 

" ... 
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Crop yield 

1 

1 
1 
1 

Sampling period: Total rotation yield . \ 
Source df Probabilit~ of > 

Year (yr) 2 '0.0126 , 
Replicate (r) 2 0.0407 
Yr*r (error ) 4 
Treatment ~rt) 7 0.1215 
Trt*yr 14 o.ooch 
R*trt(yr) (error

b
) J6 

C.V. (%) 15.91 
a 

C,V'b (%) 26.30 

Sampling period: N fertilizer study, 1981 

Source df P~bability of > 

Replicate (r) 2 " >0.1000 
Treatment (trt) 2 >0.1000 ' 
R*trt (error ) 4 
F ertilizer U:rt) 3 0.0001 
Fert*trt 6 >0.1000 
R*fert(trt) (errorb) 18 

C.V. (DA:.) 51.36 
C.V.~ (DA:.) 22.03 

Sampling peri ad: N fertilizer study, 1982 

Source df Probability of > 

Replicate (r) 2 0.0669 
Treatment (trt) 4 0.0929 
R*trt (error ) ,6 
F ertilizer (fgrt) 3 0.0017 
Fert*trt 12 0.5387 
R*fert(trt) (errorb) 11 

C,V'a (%) 27.32 
C,V'b (%) 27.12 
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FRA~UN GRAVELL y LOAMY SAI'D 

""' Bulk density 

Sampling period: 1980 

\ 

Source 

Replicate (1') 
Treatment (trt) 
R*trt (errara ) 
Depth 
Trt*depth 
R*depth(trt) (errorb) 

C.V. (Dfo) 
C.V.~ (Dfo) 

Sampling period: 1981 

. Source 

Replicate (1') 
Treatment (trt) 
R*trt (erraI' a) 
Depth 
Trt*depth 
R*depth(trt) (error

b
) 

C.V.a - (Dfo) 
, .---

~~ 

C,V'b (%) 

df 

2 
7 

14 
3 

21 
48 

df 

2 
7 

14 
3 

21 
48 

-----

, .... 

Probability of ) F 

pre-culti vation 

0.3995 
0.0533 

0.0444 
0.5422 

7.29 
7.83 

Probability of ) F 

pre-culti vation July 

0.4650 0.8255 
0.9356 0.9070 

0.0128 0.0001 
0.1083 0·P106 

1 ---~ 1 
9.56 14.04 
7.29 11.24 

August 

0.8354 
0.1654 

0.1473 
0.5515 

8.93 
8.02 

post-harvest 

0.1122 
0.8019 

0.1922 
0.5087 

9.53 
7.75 

.... 

t 
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Bulk density (cont.) 

Sampling peri ad: 1982 

1 

ProbabilIty of > F 

Source df pre-planting past-harvest 

Replicate (r) 2 0.0157 0.8454 
Treatment (trt) 7 0.5243 0.3346 
R*trt (error ) 14 a 

3 0.1836 0.0001 Depth 
Trt*depth 21 0.1889 0.1067 
R*depth(trt) (error b) 48 

C,V·a (%) 9.97 8.58 
C,V'b (%) 8.71 5.96 

"\ 

\ 
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( Aggregation 

Sampling period: 1980 

Probability of > F 

Source df pre-cultivatIon August post-harvest 

Replicate (r) 2 0.0528 0.0492 0.0398 
Treatment (trt) 7 0.7474 0.6358 0.5154 
R*trt (error ) 14 a 1 0.4057 0.0001 0.0966 Depth 
Trt*depth 7 0.9241 0.4755 0.6088 
R*depth(trt) (errorb) 16 

C.V. (%) 38.49 33.41 21.66 
a (%) 24.52 15.22 14.03 C,V'b 

Sampling period: 1981 

Probabilîty of > F 

Source df pre-culti vation July pre-harvest 

Replicate (r) 2 0.2256 0.0060 0.0187 
Treatment (trt) 7 0.4294 0.0956 0.6123 
R*trt (error a) 14 
Depth 1 0.0002 0.0001 0.0001 
Trt*depth 7 0.8833 0.6582 0.9364 
R*depth(trt) (errorb) 16 

C.V. (Ofo) 23.80 23.54 25.99 
a (%) 22.66 19.28 14.35 C,V'b 

, 

( 
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Aggregation (cont.) 

Sampting period: 1982 

Probability of > F 

Source df pre-planting post-harvest 

Replicate (r) 2 0.7727 0.1233 
Treatment (trt) 7 0.4866 0.4413 
R*trt (error ) 14 a 

1 0.0062 0.0001 Depth 
Trt*depth 7 0.8998 0.3239 
R*depth(trt) (error

b
) 16 

C.V. (%) 28.78 30.68 
C.V.~ (%) 24.17 13.34 

Sampling period: N fertilizer study 1981 and 1982 

Probability of > F 

Source df pre-harvest IH pre-planting 82 

Replicate (r) 2 0.6483 0.1274 
Fertilizer (fert) 2 0.5210 0.4825 
R*fert (error ) 4 a 

1 0.0092 0.2198 Depth 
Fert*depth 2 0.2110 0.6047 
R*depth(fert) (error

b
) 6 

C.V. (Cfa) 15.52 14.81 
C.V.~ (Cfa) 10.52 25.99 

( 

/'-' 
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Aggregation (cont.) 

SampHng period: N fertilizer study, post-harvest 1982 

Source 

Replicate (r) 
Treatment (trt) 
R*trt (error ) 
Fertilizer (fgrt) 
Trt*fert 
R*fert(trt) (errofb ) 
Depth 
Trt*depth 
Fert*depth 
Trt*fert*depth 
R *depth( trt fert) 

(error ) c 

c. V. (%) 
a 

C. V.
b 

(%) 
C.V·c (%) 

df 

2 
4 
8 
2 
8 

20 
1 
4 
2 
8 

24 

144 

Probability of > F 

post-harvest 82 

0.0990 
0.2112 

0.4918 
0.7605 

0.0001 
0.1219 
0.0858 
0.6277 

46.27 
24.83 
15.60 

! 

• 
[' . 
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(~ 
Soil organic carbon, PH, and calch.m 

Sampling period: 1980 

Source df 

Replicate (r) 2 
'ft" Treatment (trt) 7 

R*trt (error) 14 

C.V. (%) 

Sampling period: 1981 

Source df 

Replicate (1') 2 
Treatment (trt) 7 
R*trt (error a) 14 
Depth 1 
Trt*depth 7 
R*depth(trt) (errorb) 16 

C.V. (%) 
C.V.~ (%) 

( 

Probability of > 

pH OC 

0.0126 0.4393 
0.0415 0.6009 

4.74 33.52 

Probability of > 

pH OC 

0.0478 0.5069 
0.2998 0.6035 

0.0001 0.8771 
0.1761 0.5269 

8.59 "'" 22.33 
3.68 15.39 

145 

F 

F 

Ca 

0.5694 
0.3397 

20.68 

Ca 

0.5758 
0.2996 

0.0001 
0.2129 

38.33 
28.87 

, , , 
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Soil ,organic carbon, pI-I, and calcium (cont.) 

Sampling period: post-harvest, 1982 

Probability of > F 

Source df pH OC Ca 

Replicate (r) 2 D·5392 0.0329 1.0000 
Treatment (trt) 7 0.6336 0.4258 0.3349 
R*trt (ertor a) 14 
Depth 1 0.0371 0.7323 0.4382 
Trt*depth 7 0.0075 0.0930 0.3587 
R*depth(trt) (errorb) 16 

C.V. (Ofo) 5.51 28.39 30.15 
C.V.~ (Ofo) 2.70 18.48 13.16-

Sampling period: N fertilizer study, post-harvest 1982 

Probability of > F 

,. 
Source df pH OC Ca 

Replicate (1') '2 0.8499 0.1712 0.2146 
Treatment (trt) 4 0.9384 0.7920 0.5136 
R*trt (error ) 8 
Fertilizer (fgrt) 2 0.6443 0.1698 0.7430 
Trt*fert 8 0.2936 0.3801 0.0694 
R*fert(trt) (errorb) 20 
Depth 1 0.0001 0.0547 0.0076 
Trt*depth 4 0.1494 0.0412 0.2428 
Fert*depth 2 0.6104 0.1466 0.2166 
Trt*fert*depth 8 0.4452 0.6693 0.9056 
R*depth(trt fert) 24 

(error c) 

C.V. (Ofo) 5.64 44.02 41.12 a 
21.28 C,V'b (%) 5.09 23.39 

C.V. (Ofo) 2.78 21.62 15.97 c 

( 
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(' 
Laboratory experiment --

Probability of > F 

1 
Source df Aggregation pH Organic carbon CalcIum 

Pl l 0.0001 0.0001 0.0575 0.0023 
Pr 2 0.3563 0.0270 0.7080 0.8522 
Trt 5 0.0450 0.1577 0.7820 0.3809 
PI*Pr 2 0.4825 0.0004 0.7345 0.7167 
PI*trt 5 0.2782 0.0305 0.4825 0.6900 
Pr*trt la 0.7875 0.0172 0.2328 0.9909 
PI*Pr*trt 10 0.5678 0.5008 0.6535 0.2996 
R(PI Pr trt) 36 

,. 
C.V. (%) 15.32 1.47 15.13 12.55 

, 

( 
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"Moillture retention 

IN Sampling period: 1980 

Probability of > F , 

Source df -0.10 bar -0.33 bar -15.0 bar AV/C.I0 

Rep (r) 2 0.1715 0.0828 0.0347 0.4461 
Treatment (trt) 7 0.9436 0.8901 0.9929 0.6455 
R*trt (error) 13 

, C.V. (%) 17.87 17.52 19.37 23.06 

Sampling peri ad: 1981 

Probability of > F 

Source df -0.10 bar -0.33 bar -15.0 bar AWC.I0 

Rep (r) 2 0.0537 0.1376 0.6444 
Treatment (trt) 7 0.7905 0.8787 0.6735 
R*trt (error) 14 0.0001 0.0001 0.0001 
S(r*trt) 48 

C.y. (%) 19.61 25.95 .31.20 

l 
L 

\" 

--------------- ~ 
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(~ 
Moisfure retention (cont.) 

i' Sampling per1od: pre-planting, 1982 

Probability of > F 

Source df -0.10 bar -0.33 bar -15.0 bar AWC.I0 

Rep Cr) 2 0.0772 0.0833 0.1405 0.2111 
Treatment (trt) 7 0.8572 0.9517 0.7636 0.8975 
R*trt (error) 14 0.0001 0.0001 0.0001 0.0001 
S(r*trt) 48 , , 

C.V. (%) 22 .. 09 23.89 27.12 29.90 

Sampling period: post-harv~st, 1982 

Pr.obability of> F 

Source df -0.10 bar 1 -0.33 -15.0 bar AWC.10 .' / 
Rep Cr) 2 0.0516 0.0656 0.0327 0.4823 
Trêatment (trt) 7 0.4067 0.7335 0.5102 0.3542 

., R*trt (error) 14 0.0001 0.0001 0.0001. 0.0001 
j; . S(r*trt) 48 

C.V. (%) 20.99 ,22.89 22.81 32.73 
',-

" 

, ' 'J ! 
( 

, " 
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Sat1A'8ted hydraullc conducti,vity 
• 
t 
~ 

f 

.. . Q* 
Probability Of' > F 

i 

1 
f • 
r~, 

Source c' df 1980 1981 bpi 1982 ph 1982 , 

Rep (r) 2 0.0760 0.0044 0.1272 0.2852 
Treatment (trt) 7 0.4877 0.7806 0.1760 0.8885 o.ootn , 
R*t~t (error) ,14 0.0001 0.0001 0.0001 
S(r*trt~ 48 , 

~ 

, 
C.V. (%) 46.07 37.19 3.19 41.83 

f 
1 

,F 

,.h 
" 

* A,nalysis performed on log base 10 values 
'~ 

". 
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Cœ'n yield 

Sampling period:, Total rotation 'yield 

SoUrce 

Year (yr) 
Replicate (r) 
Yr*f (error ) 
Treatment 'etrt) 
Trt*yr 
R*trt~yr) (errorb) " 

C,V'a (%) 
C,V'b (%) 

df Probability of > F 

2 
2 
4 
7 

14 
42 

0.0001 
0.9937 

0.0001 
0.0001 

20.91 
'27.21 

Sampling period: N fertilizer study, 1981 

'-s our ce 

"Replicate (r) 
Treatment (trt) 
R*trt (error) 

c.v. (%) 

df PrQbability of > F 

2 
2 
4' 

>0.1000 
0.1000 

:- 9.5). 

Sampling peri ad: N fertilizer study, 1982 

Source 

f!.eplicate (r) 
Treatment (trt) 
R *trt (error ) 
F" ertilizer (f~rt) 
Fert*trt • 
R*fert(trt) (errarb) 

ç,V'a (%) 
C,V'b ,(%) 

, 

1 

- -/ 

df Probability of > F 

2 ~ 
4, 0.3714 
8 
2 
8 

20 

.. 

0.'2208 
,0.5458 

91.49 _ 
30.34 

. \ 
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