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* " ABSTRACT s

\_///%amplxng procedures for seed bank studies kave long been ighored and wmy

abjective was to evolve a procedure which would give an unbiased estima-
-

te of the seed bahk of a mgjor weed species while minimizing the sampl-

tng variance and the sampling effort. 1024 soil cores (1.9 cm 1n diame- _. .

o

ter and 15 cm deep) were taken systematically over 1.35 ha 1n a corn
ficld 1n Oxford Countyl Ontario. Intact seeds of Chenopodium spp.

(lamh's~quarters) were extracted using a solution of sodium hexameta-

. . v

phasphat> and sodium bicarbonat® (2:1 w/w). Seed pumbers were regorded

to ereate a data-bank from which repeated samplings with replacement

were made to cbmpare random, systematic, stratified random and cluster

* . . ” -
sampling 1n the1r capacity to minimize the sampling variance calculated

» ot

by Monte Caglo technique (MC S%). The MC S% decreased with i1ncreasing

sample si1ze regaY¥less of the sampling me t hod used. . The MC S% for sys;

- . o=

tematic and cluster sampling was greatly influenced by the sampling

tnterval and the.'shape and size of the clpster‘iéépeclively. This was

attributed to the underlying aggregate seed'distribution 6f lamb's-quar~

ters 1n the soil with'its pattern of high and low seed density parallel

-

- *
to corn rows. There wetre some differences between—the MC S% of random
. L

- . . .
and stratified random sampling but either of these methods could be used

to sample seed banks. Of the auger size ‘tested (1.9, 2.7 and 3.3 cm tn
iV < o

v diameter and 15 cm deep), the smaller sampling unit gave the most preci-
. -

- -
"
14 -

se estimate of seed density of lgmb“s-guartets on a per volume basis.:

The minimum sample si1ze .needed to estimate the size of seed banks of
common species such as lamb's-quarters rakqed between 60 and 100 small

~sampling units. Fields under various crop rétagions were - found to have

- . . . »

. TR »




1

similar sieeéd seed banks of lamb's-quarters (802 to 2912 seeds/m?). The

application of manure was the most noticeable factor 1n increasing the

T : }
aumher of Chenopodium spp. seeds 1n the so:l (11 829 seeds/m?). A muck

soil under cultTvation had no lamb's~-quarters sced bank while two fatlow
fields.with large populations of lamb's-quarters had similarly large
sred banks (I'® 357 and 21 512 seeds/m2). The seed banks of lamb's-quar-

ters of all frelds surveyed consisted of 92% hlack seeds and 8X brown

seeds. The contribution of the different categories of Chenopodium
spp. seeds to the seed population 1n the soil was constant throughout

all fields with approximately 102 whole (viable) <reds, 562 damaged

seeds .and 343 underdeveloped seeds.
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CHAPTER |

INTRODUCTION

1.1 Seed banks in arable soils

Weed seeds in the soil are an integral but unseen part of the weed
- flora. Any modification of the visible weed flora by changing cultural

practices will result in gradual changes in the potential population of

weedy plants as represented by the weed seeds in the soil (Froud-Willi-
ame et al., 1983). The visible weed population is often much smallerfin

numbers than the potential weed flora including buried seeds (Roberts,

K

1966; Froud-Williams et gl.,'EQEB) and may represent as ltittle as 0.52

of the seed bank (Roberts and Feast, 1973a) but usually ranges between

-

3.0 and 9,02 (Roberts, 1966; Roberts and Nawkins, 1967; Roberts  and

L]

Feast 1973a; Roberts and Ryiketcs, 1979).

Most seed bank studies have dealt with the pattern of loss of via-
. s

ble seeds over several years as well as the factors which govern';he
decrease of seed populations in arable soils, When seed production in a
weed population is prevented; the decreas; in the seed dank is exponen-
tial (Roberts and pqyéi;s,'l9q7q Roberts, 1970; Roberts asd Feast,

- 1973a; E?OR‘ 1980; Roberts, 1983) and approxii;tely constant in percent-
age from year to year (Robetés, 1962, 1953b; Cook, 1980). The rate of

[] -
decrease of a seed bank is related to its species composition (Roberts,
. ~ ’

1962, 1963k, 1968), the degree of natural dormancy of che‘honinihé'spe-

cies (Roberts, 1962) and the cultural practices employed (Roberts, 1962,

b
A




1968). The rate of decrease of a mixed-species sced baé& ranges between
22 and 700 with a mean of 50% (Roberts, 1962; Roberts and Dawkins, 1967;
-

Roberts and Feast, 1973a; Froud-Williams et al., 1983; Roberts, 1983)

————

\éependxng on The nature of the dominant species (Roberts, 1962),

The species composition of the seed bank of an arable soil as main-
ly represented by annuals (Kropég, 1965; Robercts, 1970; Barralis, 1973,
Lewandowske and Skapski, 1979; Dvo¥ak and KrejEfF. 1980b; Roberts, 1981;
Froud=Williams et al., 1983; Roberts, 1983). Very often a few species

can account for most (70 to BO%Z) of the seeds found in the soil (Ro- .

herts, L9Y20; Barralis, [973; Roberts, 1981, 1983).

1.2 Methods of sampling seed banks

Descriptions aof seed bank popylations have been done repeatedly in
va;inu§ studies of agricultural and natural vegetation (Tnglnq 1 and 11
Qf Appendix A). The problem 1n describing any 2ﬁvd population in the ‘
soll 1s associated with the i1nherent heterogeneity of the sc;d bank.

* The estimation of a seed bank must be based on a samplidyg procedure
which will minimize the sampling,effort and feature an element of ran-
domness during sampling. This point has been made repeatedly for sampl-
1dg of other kinds of communtety. Rowever,'very lictle work has been
done to see how the applicatxop of sampling theory to seed bank studies
affects the estimates when the underlxing population is unknown. A

casual inspection of a seed bank furnishes no information on plant abun-

dance or distribution.

-




Many I;vestigators have been concerned with the efficiency of
extraction techniques used to ;btain seeds from soil samples (Btenchiey
and Warington, .1930; Dyer, 1938; Rabotnov, 1958; Kropé?, 1966; Malone,
1967; Egg%t and Roberts, 1973; Thorsen and Crabtree, 1977; Fay and

{ Olson, 1978; Ssaédife;, 1980; Roberrs, 198l). Only a few investigators,

were concerned with the efficiency of the vari0us,sémp1ing methods in .

estimating the desirved statistics. They have concentrated thext_st;§ies
on (i) defining the dimension of the samplxng‘ﬁﬁT}'ZQr soil core) used; '«
(11) defining the sample size (or total number of soil cores) needed and
(1i1) describing of the seed distribution in the soil.

Many authors have looked also at the effeccs_#f either cultivatibn
or vegetation cover on the distriburtion of seeds in the soil profile.

In so doing, a wide variety of sampling methods has been used but fre-

quently many investigators have failed to identify their sampling method

¢ [ 4

clearly (Table IV of Appendix A). To my knowledge, no work has been
done (i) to evaluate the efficiency of different sampling @ethods in
- estimating seed populations in;che soil and (ii) to evaluate the effect

of the seed distribution in the soil on the efficiency of different sam—

« pling methods.. ‘

b 1.3 Description of Chenopodium album L.

«

Cﬁ?nopodiu- alﬁum'(Chenopgdiaceae) is known by several common names

- ° b el

Ct - fat-hen, pigweed, white goosefoot, amarante commune, ansérine, chpu
. . gras, farineuse herbes grasses, poulette grasse (Bassett and Crompton,

e 1978) but in Canada is officialiy called lamb's-quarters or chenopode

.
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.
blanc (Alex et al. 1980). This tosmopolitan weed of Eurasian origin 1s

found growing in disturbed waste places, roadsides and Cultivate§ fields

-

all over North America. In Canada, 1t has been recorded from coast to

.

coast {(Fig. 1),

Several li1fe cycle stages of Chenopodium album are 1llustrated in

Plate 1. The fdllowing botanical description 1s taken from Bassett aﬂﬂ~\\\

Crompton (1978, 1982) and Smith (1977):

~

_aanual , 1 to 2.95m bigh. Stém angular, greenish or SparSOIyTEarl—

nose with sometimes reddish or purplish lengthwise stripes and rid-:

gé@z asceqping or erect, simple to much branched. Leaves alter-

nate, petioled without stipules, mealy-farinose to nearly glabrous,
- .ovate-lancrolate to rhombic-lanceolateswith stnu-dentdte to entire
B -

mavgins, deep to tight green, often turning reddish late tn the

~ season., Laminal-12cm long, 0.5-8.0cm wide and at least l.5 times

“lonxkgr than wide. Plant wind pollinated, with small perfect flow-
- .

- \,‘ v 14 ) ) .
wrg, clustered 1n elongate spikes of continuous glome-rules., Calyx

2-5 connate sepals, farinose to glabrous. Corplla absent. Perianth
- - -
+- basally,united with keeled midrib, cldaspin; or nearly’

the mature. fruit (or utricle). Stamens S-merous, r
. . . L4
opposite sepals. Pistil with short style and 2 papirt
1 . ~— b
Gymoecium of 2 (rarely 3-5) united carpels, unilocutar, l-ovuled

.

‘with superior ovary. Seeds horizontal, almost shiny black, gene-
»

.

rﬂily circular, 1.1-1.5mm wide by l.l-1.5mm long. Pericarp smooth,

véry thin, adherent ar nonadherent. Testa smooth or with faint

radiating reticulate-regulate ridges. Egbfyo colled. Chromosomse
- L)

hgpber, 27 pairs. Flowers from late May to October. ’ )




Figure | The distribution of three Chenopodium spp. ,1n Canada.

Source: Bassett and Crompton, 1973,
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Plate 1 Chenopodium album L. 1) 28 day old seedlings; 2) adult

plant; 3) top = black sereds; middle = brown..seeds, bottom =

. underdeveloped “seeds.
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Within the genuas Chenopodium, the botanical description of many
sprcles 1s difficult because of the plasticity of the macroscopic mor-
phological characters af the genus (Bassett and Crompton, 1982). A com-
parison of the various North American floras 1néxcates that there are

-

.di1fterences 1n the nomenclature of many taxa (Bassett and Crompton,
{982). It 1s very difficult to i1gentify plants tc»\ﬁzﬂz;:::és level
unless they are flowering and fruiting. To i1dentity a plant bv only 1ts
cserd can become 1mpossible since many features of the seeds are no

I3

longer vesible after a prolonged stay 1in the so1l. For this reaeon, 1
will often refer to Chenopodimm species rather than Chenopodium album.
-
. P R

Seeds of Chenopodium species can remain i1n the soil for many vears.
L

They have been found 1n archeological sites both 1n Europa (fdum, 1965)

‘ tn North America (Yarnell, 1964 cited 1n Erichsen-Brown, 1979).

Cﬁvnogodlgm album seeds were found at the Juntunen site (800 A.D. - 1320
A.D.) 1n Michigan and this finding tends to i1ndicate that i1t was probab-
Ie natgve to the region and was not introduced from Europe_as previously
believed (Yarnell, 1974 cited 1n Erichsen-Brown, 1979), )

Triazine resistance i1n certain populations of Chenopodium album was

first reéported 1n Washingtom State in 1973 (Anonymous 19/3; Peabody

1974). Presently, triazine-resistant lamb's-quarters are found 1n 29

~

conaties in Ontario (Alex dnd McLaren, 1983) (Fig 2). Populatlgps of

. -

resistant and susceptible biotypes of Chenopodaum album 1o southern

Ontarro exhibited variation in growth characteristics and these varia-
Al a

tions wege correlated with geographical location and climatic differen-

ces between these locations (Warwick and -Black, 198]; Warwick and
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Marriage, 1982a,b). My work i3 centered on a farm which had had large

populations of triazine-resistant Chenopodium album for several years.

1.4 The importance of Chenopodium album as an agricultural veed

$

Chenopodium album 1s listed as the tenth worst weed in the world

and 1s reported 1n 40 crops in 47 countries (Holm et al., 1977). 1t 1s
considered an 1mportant weed of cultivated fields, grain crops and

gardens (Muenscher, 1980). It has been also reported as A problem 1n

plantings of nursery stock (Fletcher, 1983).

In Canada, Alex (1964) reported Chenopodium album as ranking second

in abundance of weeds in tomato fields surveyed 1n three Ontario coun-
ties. It was ranked among the. ten most 1mportant weeds in cropland in

Saskatchewan by Thomas (1977). Doyon and Bouchard (1981) recorded Che-

nopodium album in 362 of the corn fields surveyed in St-Hyacinthe CToun-
ty, Quebec. However, in cereal crops, it was reported in 74 to 932 of

the fields surveyed 1n different regions of Quebec (Doyon: 1984).

Since Ch;nqpadium album is such an important weea, efforts have
been made to control it by the timely use of cultural and chemical me- ’
thods, Lamb's-quarters can be controlled effectively by several herbi-
cides applied either as a ére-gmergence {PRE), a post-emergence (POST)
or a pre-plant incorporated (PPI) spray (Bandeen and HéLaren, 1976).
A major factor in the success of lamb's~quarters as an important

arable weed is the persistence of its seed bank. The longevity of



.
dormant lamb's-quarters seeds 1in the soil 1s documented as 20 years or
more (Bassett and Crompton, 197&). Since the plants are prolific seed

preducers, the escape of a few lamb's-quarters plants can contribute

many thousands or even millions of seeds everv year to the seed bank,

Chenopodium album exhibits "sdmatic seed polymorphism’ (as defined by

Harper, 1977) bf producing both biack and brown seeds (Williams and Har-
per, l965). Black seeds show dormancty and are produced 1n grest quant:-
ties. The larger brown seeds germinate quickly and are produced early

1n the season and 1n much smaller quantities {Willi1ams and Harpér,

1965). Bec;use black seeds exhibit dormancy, they form the seed bank ofh
lamb's-quarters. However, the contribution of brpwn seeds to the seed

bank 1s not documented and may be of some importante 1f they are

present.,

L chose tu study the seed bank of.lnmh‘s-qunrters rather than the
total secd bank because this species 1s an cconomically important weed
and g major coutributor to the seed bank of arable soils in temperate
regrons (Roberts 1981, 1983).  The presence of large pﬁpﬂln[lnn; of
trrazine-resistant lamb's-quarters on the farm where my work was carried
nét. guaranteed the presence of 3 large seeb bank of lamb’s-quarters.

-

1.5 Purpose of this thesis

The aim of seed bank studies is generally to estimate the seed po-
pulation 1n the soil. In order to achieve this goal, the sampling pro-

cedure must ensure that the ssmples are representative of the pnpuiation

- and devoid of selection bias. Since Chesopodium album i's an important

agricultural weed and a major contributor to seed banks of arable soils,

.




this genus was chosen for our inveStaigation.

Beecause little attention has been pard previvusly to the efficiency

of ditferent sampling procedures 1n estimating seed pnpulécxons in the

b
so1}, the tirst objective was to evolve sampling procedures tor sood

bank studios whieh would permit an unbiased estimate of the si1ze of the
soed bank while minimizing the sampling variance {or 1acreasiny Lhe pre-

cision) and maximizing the etficiency of the sampling etfort. The da-
’ .
menston ot the sampling umit (or soil core), the sample si1ze (or total

number of sotl cores) and the sampling method (random vs systematic vs -

—

stratified random vs cluster) were the components of the sampling proce-

-

dure which were 1nvestigated tn this study, ' .

The second objective was to de ibe with precision the seed bank

.

nf Chenopodium spp. tn several cultivated fields.  Attempts were made to
determine the proportional contribution of hlack and brown seeds to the

. o) . )
seed bank and to describe their physical <tate 10 the soil. Special

attentton was paid also to the sampling procedure and its rffrct on the

estimate of the size of the seed bank of Chenopodium spp. i

s




CHAPTER 2

SAMPLING METHODS FOR ESTIMATING THE SEED BANKS OF WEEDS IN THE SOIL

2.1 General Principles of Sampling Theory

The purpose of any procedure of sampling from a population is co
obtain a sample which within i1ts size limitations, will deseiibe the
desired characteristics of that population as closely as péssible
(Yates, 1960; Zar, 1974). Thus, any sampling proceduré consists of two

parts: a means of takuing the sample (i.e. the sampling'mechod) and a

set of rules for making estimates about the population from the results

of the sample (Snedé;or and Cochran, 1980). - .

In the first part of the sampling procedure, an element of random-
ness must be tncluded so that the sampie ils representative of the popu-~
lation. Randomness will allow one to make valid inferences about the
population as well as remove any possibility of seleétion bias (i.e.
unduly favouring selection of any one sample)(Steel and Torrie, 1960).
The sample can thus be drawh entirely at random, or. at random Subjecf to
restrictions which improve the accuracy without introducing bias into
the results (Yates, 1960). Absence of selection bias does not automati-
cally imply that eatimnt;o; bias will be avoided (Stuart, 1976). The
second part*of the sampling procedure (the rules for making esiimates)

should exhibit efficiency, computstional convenience and absence of bias

L] - 8

(Yates, 1960).




" This is an essential requirement. Secondly, the sampling units should

16
4

Before deciding on a sampling proceéure one must always consider a)

the i1nformation saought, b) the problem under investigation and c) the
degree of precision necessary (Greig-Smith, 1964, p. 21). Most studies

can be divided into two categories: those restricted to a small number

of variables in a large context and those dealing with a large number of

*variables in a small context (Elliott, 1977), In vegetation stadies,

variables usually refer to specxe} and the context 1s the sampling area

under investigation., The area must be deéfined clearly bef;ré any fur-

ther considerations of the sampltng procedure can take pface (Elliote,

1977). Other considerations entering into the sampling process are: a)

the dimensions of the sampling unit, b) the number of sampling units in -
each sam?le gnd ¢) the location of the {amplxng units i1n the sampling

area (Elliott, 1977).

2.1.1. Dimensions of the Sampling Unit

Quantitative studies of vegetation have dealt for the most part

with the description of plant populations. The most commonly used sam-
pling unit has been the "quadrat'. Greig-Smith (1964), p. 20-34, has

thoroughly discussed the problems associated with the choice of the size

and shape of quadrats.

The choice of a sampling unit for any survey rests on a few general

principles. First, the units sheuld be defined clearly so that an ade-
quate sample can be obtained at a reasonable cost (Sampford, 1962).

be uniform in size and enumeration within each unit should be fessible
) s

c




(Sampford, 1962). Third, a sampling unit from which data can be record-
ed cheaply is often preferable to one which is less variable but more
costly or less.convenéent to enumerate (Sampford, 1962). However, pro-
vided that the unit is large in comparison to the size of the individual
(Sampford, 1962), the final choice in the?’'sampling unit is very often a
cpm;romise between the stacistical and practical requirements (Elliott,'

1977).

If a population i1s-truly random, then all sizes of sampling unit
will be equally efficient (i.e. give estimates of equal precision) in
estimating population parameters (Kershaw, 1973; Elliott, 1977). Howev-

X . . L o A\
er, tf the population is clustered, a smaller unit is more efficient

than a larger one (Elliott, 1977). A small sampling unjL ts also more
advantageous for the following reasons: 1) More units can be taken and
processed with the same amount of labour in a sample €EYliott, 1977). 2)

1f a fixed volume of soil is to be collected, a sample of small unich

has a lower statistical erxor because of its greater degrees of freedom .

than a sample of larger unfégk(ﬁtliott,_1977). 3) Many small units can ,

-,;‘-

covey a larger proportion oggiﬁe sampling area and thereby become more

representative of the area (Elliott, 1977). - -

LY

2.1.2 Number of Sampling Units (or Sawmple Size)

g
One of the fundamental probie.s in setting'up a sampling .procedure
N ) . .
is to determine the number of ssmpling units needed to describe the

4 .
population adequately. As =z general rule, an increase in sample size

will give a better estimate of the mean of the population, but to reduce
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the standard error requires a very large sample'iize (Kershaw, 1973).

Thus, it is recommended that one take as large a sample as time (Ker-
»

shaw, 1973) and labour will permit (Ellioct, 1977). It is also essen-~
ti1al to des¢ribe fully the sampling method used, and the degree of p;e-
“cision requ{red 1n’all aspects of the investigation (Sampford, 1962).

An estimate of the variance of the variable under investigation 18 need-

ed to determine the minimum sample atze (Sampford, 1962). Such est ima-

tes may be obtained from a previous survey, a pilot survey or a related

study (Sampford, 1962).

LS

R4

Ld
o) ~

The minimum number of sampling units need not be the same for dif-
ferent variables of the same population (Greig-Smith, 1964). Consequen-
*
tly, a compromise may be made on sample size but there is no reason why

’ .
this number should be the same for different variables (Greig-Smith,

1964 ). : . g

2.1.3 Sampling Methods . “

Randomness can be incorpotrated in various ways into the sampling

~ - -

procedﬁre. The most common sampling methods’are 1) simple random sam—
pling, 2) systemgtic sampling, 3) stratified random sampling and 4) -~

cluster and multi-stage sampling (Steel and Torrie, 1960; Cochran).1977;

Snedecor and Cochran, 19§0). A suamary of ;&g propgrtiés of each of
these sampling methods is given below,. e

4

<

a) Simple random sampling

+ .

With this method e¢ach possible sample has an equal (or known)

-




chance or probability of being selected (Zar, 1974; Stuarc, 1976;
Elliott, 1977; Snedecor. and Cochran, 1980). Random selection provides
us with unbiased estimates of populagxon mear® (Cochran, 1977; Kenkel,
l;;l). An unbiased estimate of the sampliing variance can also be
calculated (Sampford, 1962; Cochran, [977). &erYer, this method dées
not enabhle the investlgator to'take account of any known relevant
information about the nature of the populatron (qudecor and Cochran,
1980).. This method 1s most appropriate for populations with low
vartability (Steel an&*Tabrre,3T960).. .
-

b) Systématlc sampl ing

There ts at least one pre-requisite for this sampling method: a

complete description of the individual elements and their arrangement 1in

the population. The first sampling unit is drawn at random from the

L3

population and every ifh unit is selected until the required sample size

has been obtained. Provided that the first sample unit is located ran-
duomly within the population, then an unbiased estimate of the population
mean can be obtained (Sampford, 1962)., An advantage of thia method 1s

the acase with which samples can be obtained (Sampford, 1962; Elliote,

- 1977; Snedecor and Cochran, 1980),

4

Systematic samplihg may be more accurate than simple random sam-
pling 1n certain instances since the sampling units are more evenly dis-
tributed throughout the entire population (Poole, 1974). Unfortunately,
an unbiased estimate of the standard errot of the sample mecan (Sampford,

-

1962; quTé, 1974; Elliott 1%?7; Snedecor and Cochran, 1980; Kenkel,

1981) cannot be calculated.




/

c) Stratified random sampling

Stratified random sampling is thought To-combine the advantages‘of

—

both random and systematic sampling (Mueller-Dombois and Ellenberg,
. L 4
1974). A population is first divided (stratified) into subpopulations

; . -

or strata, which may or may not be of equal size (Stuarc, 1976). Within

each stratum a sample 1s selected randomly and independently. Sampling
J
uxthzn ‘each s:ratum enabled the 'sampling units to be more evenly distri-

buted throughout the uhofé pOpulac1on (Yates, 1960; Elltott 1977). ~ For ’

thxs method (o be better chan randoq sahplrng, chese strata should.be

more homogeneOus ‘than the whole populatton (Elllott 1977 Snedejor and

‘

Cochran, 1980)(i.e. their variances should be minim:zed while the

.differences between their means is maximized (Stuart, 1976))and should

be of known sizes. An efficient allocation of the physical resonrces
{1abour and fixed costs) i3 usually associacted with such stratification
(Steel and Torrie, 1960). Qery often stratification will be baSed on
arbitrary factors (Stuart, 1976) such as geographical divisions,

-

temperatures, etc.

With stratified sampling; the investigator can choose the sample
size within any stratum (Snedecor and Cochran, 1980). The allocation of
sapples within s;;ata can be achieved by two methods: a).pr0portional
allocation or b) optimal alincation. With the former, the sampling )
fraction i; the same for all strata while with the latter, che sampling

fraction is proportional to either the size, the standard deviastion or

the cost per sampling'unit nf each stratum. In general, each stratum

"should be sampled by the most efficient method. The choice of a speci-

fic means of allocating sampling units for all strata is only used for

P

o haagt
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convenience in analysis (Sampford, 1962) and in this study proportional

allocarion was chosen.

>

: !
One disadvantage of this sampling method is that stratification
increases the complexity of the analysis (Sampford, 1962).

-
-~

d) Cluster and multi~-stage sampling

Cluster sampling 1s similar to s&:ple random sampling whereby
groups of units are selected randomly from the populatio; (3tuare,
19%6). These grOups'can also be called clusters or primary units énd
be composed of sacondary units. With cluster'saqpling all secondary
units are sampled (Steel and Torrie, 1960) In situations where a random
s;mple of secondary units is chosen, the process is called multi-stage
sampling (Yates, 1960; Samgfor@, 1962). The clustering method will work
besr when the individuals within a clu;aer vary as much as possible whi-
.1le the cluster means ;re as similar as possible (Sampford, 1962; Stuart,
.1976). This leads to a reduction of the variance of the population of
cluster means but Lo an increase in the average within-cluster variance

(Sampford, 1932, Stuarf, 1976). The occurrence- of clusters having these

characteristics does not happen often (Stuart, 1976).

The main advantage of cluster sampling is practicalicy. ~Crp3:ers
or groups are often easier to identify and locate than individuals

(Ssmpford, 1962). The second advantage is the economical use of availa-

b}e resources (slnpford. 1962). However, this is achieved at the expen-

se of a greater complexity in the gselection process as well '‘as in the

analysis of the results (Styart, 1976).

.
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2.2, Sampling Principles for Seed Bank Studies —~ - Y
‘ : s =" Q

- 7
The principles of sampling theory discussed 1n°the previous section® *

have Been applied extensively 1n quastitative and qualitative studies of

r '
vegetation. Howexer, very little work nas peen done to see how the
application of samplin; theary to seed bank studies affects the estima-

tes when the underlying population 1s unknown. Those investivators that

Y

have looked at this problem, have concentrated their efforte 1n thres

different areaﬁe the dimension of sampling units, the sample si1ze and

‘o e o . 1 4
tne seed distribution 1n the syl

hd L]

7

2.2.1 Dimensions of Sampling Units in Seed Bank Studies
- L)

. . =
. : ) ¢
The ramifications of the dimensions of the.sampling unit have Been
] - ¢ \

1nvestigated hy Rabotnov (1888), Kropat (196n), Cavars and O'Tools

(1981, and unpublished) and Tulikov et al. (1981). " An AMPATLARL ASpeCL

of so1l sampling: for seed tontent is the time and’ [abour necded o rden~ ©

t1fy and quantify seeds from soil samples rega}ﬂle:s of tht’tvrhnlquvs

L] ’ . . .
used (so1l washing or seedling emeryence), Ultimately the total sl -7
volame sampled 1s ghe Limitiag facfor 1n seed bank studies., The depth
N - .- . : :

' A
to which.sampling units are taken wili depend. on the purposé of the

1 . : ,
thvestigation, the type of vegétatipn and the. voiume oT s01p which can
r'd . . .
be processed. . . ) Lo o
. :
9 2

Numata et al. (1964a), %ayash: and Numata (1971) and Forcella

=2 J
- o ‘oo
(1984) estimsated species-so01l ¥olume curves for the plant communities

thdy 1nvescigated. Hayashi and Numata (2971)‘deternxncd':he nininum




soi1l volume needed to characterize Miscanthus- and Zoysia-type grass=—
A ——————— eo—————

lands as 0.5-0.6 liters. In fact Hayashi (1975 cited in Roberts, 1981)
suggusted that enough samples should be taken to‘dnuble the minimum soil
volume recommended. Hore.reqentfy..Forcella (1984) demonstréced that
individual soil samples of 50-200 em? (10 cm deep) were adequate to

record the species diversity 14 the seed banks of pasture. He also

indicatsd that the estimation of seed density did not change as a func-
™

0

tion of ®e size of the sampling unit.

.

Dospekhov and Chekryzhov (1972) and Tulikov et al.-(1981) used soil

——

weight to describe their sampling unit. The latter authors recommended
0.95-1.0 kg soi1l samples to estimate the number of weed seeds and samples

21 kx to determine the species composittion of weed seeds 1n the soil.

L4

Most 1avestigators have arbitrarily chosen a sampling unit based on
the avarlability and practicality of the sampling tool. Soil texture

. and compactness often itnfluence the chowce. The toois mav range from

»

kn fe, trowel, home-made steel frame, golf cup-cutter and bulb planter

L.
to brass pipe, "IN so1l probe, 'SS Shime's’' auper, 'Nekravov's' goger

nd 'Ekpnn' dredpe .- Regardlecs of the auger or ¢vlindrical borer cho-

s, compdction occurs so thak the volume of undisturbed soil 1o a core

» ,

1s not constant and can change with soil depih and texture (Bohm, 1979).

-

A summary of the different dimensions of sampling units used 1n-seed

bank studies 1s given 1n Tables V to VII of Appendix A. It may be con-

tluded that not only qas there becn na standard sampling unit used 1n

. . 4 . -~ »
seeg Bank studies but in fact there has been more\variabilitv 1n types




-,

5t

2.2.2. Sample Si1ze 1n Seed Bank Studies

The determimationof sample s1ze 1n seed bank studies has been
investigated specifically by Champness (1949a), Rabotnov (1958), Goyean
and %ablet (1982) and Forecella (1984). The corseénsus among tnvestiga-
tors working en the description of seed banks 1n the soi1l®1s that a lar-
2o number of small sampling units 1s more appropriate than a small num-
ber of large nnmits (eg. Roberts, 1958; Kropal, 1966, Roberes, 1970; Dos-

*

pekhov and Chekryzhov, 1972) lowever, i1n moast studies the sampling cost,

]

the available resources (time, «space and labour) and the sampling tool.

~
available have 1afluenced the chores of Sample size and a "reasonable”

numher of sampline units 1s usually chosen (Tabke 11D of Appendix A).

The nnmber of sampling units needed to estimate the aumber ot seeds | -

it the sotl (erther of spectrtic species ar for the total qnna npmsvr)
increase as the requirement for precision inereases (Table 1), Fower
~ampling units will be neededn f “stimates arn ;Pqu1red for tin total
seerd pumber, the most abundant species and those species evenlty distyry-
buted 1n the sorl (Rabotnov, 1958). Champness T1949b, caited an Major
int Pyatet, L966) sugpested 300 samplxng units of 250 cm? cach 1f the

mean number of seeds of individual species por sampling unit 1s to be

.

-

estimated within 10X of the mean..,?or sampliog untts with total seed
it .
numbers ranging from three to ten, 70 sampling units would be required

to ensure a result within 102 of the #éan and 200 sampling uanits would

be needed to estimate the most abaondant species. However,.most i1nvesti-

pators have collected too few sampling units to make reliable

28
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Table 1 The number of sampling units (10 x 10 cm) needed to estimate the
number of seeds 1n a meadowx,

Variables Precision (%)t .
2 10 t 15 20

Total seed bank 15 -7 . 4
Seé"bank of \
individual. species . 29-1587 13-705 7-397

* Suymmarized from Table 1 of Rabornov (1958}
Estimates were made fFor individual species and tor the
“ntire seed bank.

* Precistion i1s defined as the halt-width ot the confidence
limits

[




estimations of(}he total number of seeds i1n the seed bank (Table 111 of

Appendix A),

1t the seed distribution s expected to be aggregated, the sample

size should also be greater than one hundred (Goyeau and Fablec, 1982).
3

Studies by Goyeau and Fablet (1982) and Pratt et al. (1984) seem to in-

dicate that. the number of sampling units needed to describe a seed bank

depeq%ﬂ on the expected seed density and hot on the size of the surveyed

area (Table 2). Since plant speciegpdiffer an their seed distriburions

P . 'y, ’

I SRR
1n the soil (Goyeau and Fablet, lﬂsz),-the'ﬁﬁnyle s1zd needed to de-
.".' N

scribe the seed bank may vary from species .to species.
a

Efforts should be made to record data for separate sampling units

rather than for bulked samphss. Estimates of variation of the mean va-

.lues (SD, SE, Siz or CV) can then be calculated (Roberts, 1981). Unfor-

tunately, this has not always been done. Many investigators have either
sibsampled their ind1vidual sampling units, bulked all of their sampling
units or subsampled their bulked sampling units, In some cases several
cores made uyp erach sampling unit, which was 1n turn sdisampled.after
thorough mixing (Table VIII of Appendix A).
4 : |

In situations where all sampling units were bulked, dry weight as
well as volume has ,been used to measure subsamples (Table 3}, Rabotnov
(1958) tried to determine the size of the average subssmple one should
take in order toﬂestimate with some'degree of precision the size and the

species composition of a seed bank. His results indicated that subsam~

ples 1/20 and 1/10 of the total bulked sample underestimated the spacies

-
.

26
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-
-

W)

needed

averdge seed density 1n the soil¥.

T ¢

The number of sampling units of 5 ¢m diameter (19.5 cm<)

to estimate with 20% precision {(e¢= §.01} the

Seed density Required sample stize
(X / sampling umit)

X > 40 10 - 20
5 £ X €40 ~ 50
1 £ X £ 5 100 - 200
» o=
X < | > 200
-

From Goyeau & Fablet (1982)

Precision 13 defined as the hal f-width of the
confidence limitey
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conpositigo. They did not reflect the seed number of individual species
with enough precision. Marginally, subsampling could be used to deter;

ﬁl;e the total number of seedg and the number of seeds of the most abun-
dant species (Rabotnov, 1958). . :

In summary, the total number of seeds and the number of seeds of an
abundant species in the soil can be estimated with precision 1f a large
numbec of small sampiing units is collected. These should preferably be
processed individually to permit the estimation of the sampling
vnrxéch:.

A .

.2.2.3 Seed Distributjon in the Soil

$

The depth of the sampling unit varies with the purpose of the study

and the type of vegetation surveyed (Tables V to VII of Appendix A)
Arable soils are often sampled to the depth of the plough layer (15-25

cm), while sampling the upper 10 :cm of meadows and pastures may be suf-

ficient (Rabotnov, 1958).

Many authors have looked either at the effects of cultivation or of
» . )

the vegetatiagn cover on the distribution of seeds in phe soil profile.
- »

§uch factors as zeto tillage in conjunction with good weed control
iFroud-Uiilians et al., 1983), good\vegetation coverlin pasture (Rabot-

nov, 19533 Kr0p;¥, 1966) and certain cuitura!‘prdctices such as plough- :
ing (Roberts and Stokes, 1965), all result in a small numbey of seeds in

the upper soil layer (0~5°'cm). However, if seed shedding occurs either

in a natural environme Roachy 1983) or as a result of inadequate veed

LN 8
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- - -
. o)
control tan an apricultural environment (Kropad, 1966; Froud-Williams rt

al., 1983), cthe upper scorl laver (0-5S cm) will contain a targe number of

seeds,

High seed deasaly 1s also observed 1o the uppermost sotl laver de-

scribed by the 0-1 cm sori laver (Modgkinson et al

<

., 1980) or by the 8-2

cm ac1l laver of seweral kinds of natural vegetation (Major and Pyvort,

1966; Havashi and Numata, 1971; Leck and Graveline, 1979; Zimmergren,
. b4 '

A - 1980), The numbg; of seeds and the species diversaty Jn the uppermost
* . a

so1l laver (0-2 cm), however, may not necessarily reflect the si1ze of,
. -
the seed bank. For example, the number of seeds 1n the uppermost layer

of riverbank mcadows can exhibit great vearly fluctuations and be more

\ 4 -4
! . *r

reflective -of tha seed 1nput and germination conditions 1o 1 tven vear

than the total si1ze of the seed bank (Rabotnov, 1958).

s

The problem of dfscrlbxng the seed distribation in the sorl (both

hori1zontal and vertical) 1s associated with tts i1nherent heterogeneity,

Sceds often are shed close to the parent. plant with the result’ that the

qv‘p papulation 1n the soil exhibits an aggregacted distribution rather

than a normal one (Major and Pyobt, 1966). The most abundant species

atten have a anormal seed distribution, while the less abundant ones

- -
" usuallv have a Poisson or aggregated disctribution (Goyrau and Fablet,
1982).
. Seed populations 1n the so1l are frequentiy and arroneously assumed

.

to he homogeneous and normally distributed. The sampling methods used

s

to sample these populations can lead to biased estimates. A wide




wvartety of sampling methods has been used i1n previous studies (Table IV
of Appendix A). However, no work has been done to evaluate the effi-

ctency of differeng <sampling methods 1n estimating sced populations n

Cthee sl ' b

, ) .
2.3 "Objectives of .the Present Studyv *
’ ~
. . . The purpose of this study was to compare sampling methods 1n their
»

estimation of rhe size of the seed bank of a major specties and therr

efficiency in minimizing the sampling variance. The species under

St tnvestigation was Cheanpodium album. However, since the extraction
.

method did not permit the identification of the seeds to the species

4
level, they were grouped as Chenopodium spp. .

Five objectives were defined for thts study and these are listed

) 4 \

below: o
1} to determine the most apﬁruprxate diameter of sampler to
cthmafe the density of seeds 1n the so1l.
.o 2) to determine the homogenedyty of variance of the samplxﬁg anits

used to estimate the seed distribution 1n the sotl over a small

area (0.25 -m2), ‘

3) to determiane the homogeneity of variance of the sampling units

used to estimate the seed distribution in the soil over a large

area (1.35 ha).

‘
.

. s,

4) to determine the minimum number of sampling units needed to- N

provide an acceptable estimate of the mean density and the

. "

1
sampling vAriance of a population.
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3) to detgrmine which sampling methgd mintmizes the sampling

variLanc» .,

Separate experiments were conducted to test each of the ahove ob-

Jrctives., Several assumptions were retained throughout the study. A

sampler, circulag 1n shape, was chosen and the sampling depth was 15 cm.
Tve .recommended depth of ploughing on this reagion 1s 6 1n. (15 ¢m) so

. v
that soi1l from a sampling unit represented the ploughed layer of the

field. A seed bank wis defined as the viable sced population in the

sorl (Roberts, L981). 1In this study, whole seeds which agpeared intact,

were presumed to be viable. The assessment of these apparently viable
L]

<reds can be adequate (Roberts and Ricketts, 1979; Roberts, 1981) but

will tend to overestimate the seed bank (Roberts, 1981).

Wl
L4
2.4, Descraiption of the Sampling Site
: In Dereham Township, Oxford County, dﬁtnrln whepe Criazine-rosis-
N " >

tant Chenopodium album had peen reported to occur (H., Wright, personal

communication), Mr. John Tucsok's farm was tdentified as having 1 barge

opulation of triazine-resistant lagh's-quarters. This farm was located
p q S .

4.0 km S.E. of.the village of Mount Elgin and 2.1 km vast of Highway No.

19 an Deresham road #5 (420 56'.N,.800 46’ W;~(Fl£. 3). <

N
A fireld 9.7 ha in area was selected for the study. It was favored

over ocger available oées because of,1ts good drainage and level topo-

graphy and the presence of a corn crop in 1982. A corn field was chogen -

because corn 13 the crop with the largest acreage 1n southwestern

»




Figure 3

Map of southwestern Ontario with Oxford County

Jelineated

in black and shown in expanded form in the inset. The

location of the study area (X) in Dereham Township, Oxford

County is marked in the inset.
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Ontario and large populations of Chenopodium spp. are present in corn
fields. The soitl prbflles 1n the field were primarily those of the
Perth series with a small area recognized as the Crombie series (Wick-
lund and Richards, }961). For my puépose, a field was defined as a cul-
tivated area.excluding the border rows (or headlands) around 1t. A rar-
dom area of 1.3% ha (155 paces x 155 paces) was marked permanently 1o

the field and became i1dentifired as the sampling site (Fig. 4). A pace

as measured by the field assistant was 0.7 m long.
2.5 Objecllh. 1

To determine the most appropriate diameter of sampler to estimate

the density of seeds 1n the soil.

2.5.1. Description:of Samplers

Each sampler consisted of a 40-44 cm long metal cylinder of the
doesired diameter welded at right angles to a handle of¢ fitted with a

wooden handle. The other extremicy.of the cylinder was ground to a

14

shatp edge. A 20-38 -cm lengthwise cut was made 2.5-3.5 cm-from this

—~ —

edge and a portion of the cylinder -was removed (Fig. S5)}. This feature

.facslitaced_the cutting of a’'soil sample to thg proper'dépth and also

B - - "4o.
permitted rasy removal of the core. . s

-

Three sizes of sampler,. described in Table 4, were compared for
efficrency in sead sampfing and for the relative ease of processing of
their symples. The small sampler was.available commercially while the

other two samplers w%re byilt to sample the required volume of soil. In
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Figure S Schematic diagram of large so1l sampler,
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Tahle 4 Characteristics of the different so1l samplers.

1

Expected Total no, of

Size of <sampler Diameter of
. sampler volume (ml) sampling
(cm) units (n)
V= Mrip =
Small 1.9 42.5 60
Med 1o 2.7 85.9 30
) [ 4
Large 3.3 1281 20
* V.= volume; r = radius; h = height



i ‘ - 61
* total, the volume of soul sampled\thh each type of sampler was equal to
that from rach other type. Consequently, the total number of soil cores
taken with each size of sampler varied.. .
»
- , .

2.5.2 _sampling Procedure

Suil cores (5 cm deep) were taken at random within the sampling

site with the number for each of the different sizes of sampler given 1n
Table 4. Sampling was carried out on 5 November &82 when most of the
corn remained to be harvested. All soitl cores were bagged i1ndividually
tn pre-labelled plastic bags. These were stored i1mmediately in a con-:

stant” temperature room (6.3 t 0.89C) until they could be processed.

2,.5.3 Seced Extraction Method

T Seeds were extracted from the soi1l cores according to 3 modifaca- )
tion of Malbne‘s'(l967) teehnique (Appendix.B). Once dried, all socdg
(;w ; were <gparated froé the debris by hand under a dissecting microscope
‘s (h,4 X). The seeds were further separéted into f) Chenégodlum spp. and

2) other seeds. For seeds to be placed into either of these categories

they had to be recognizable as seeds and be whole Qtth po sign of damage
R .

to the testa. These whole seeds were assumed to be viable. en cracks

»

and 1ndegtations to the testa were observed,,they'indicated ei1ther an

eqfcy or rotten seed and consequenfly seeds with such characteristics”™ " )
2 ¢ L] i
3

wére rejected.- The total number of seeds and the number of Chenopodium

spp. seeds were determined for every sampling unit.

, - v A




2.5.4 Statistical Analysis

A~ both mreasured variables (the total number ot sceds and the num-

bersof Chenopodium spp. seeds) were counts and many values were O's, the

values were further transformed by (X + 0.9%) (Zar, 1974, p. I187) and

-

Al1%subsequent analvsis was done on the traasfarmed data. Comparison of
the samplting unils was made on an equal soil volume basis (100 ml) re=-
rardless of the sampler aize. All results are reported 1n a retransfor-

med form. The SAS program 'GLM' {(gemeral linear models) for unbalanced

designs (Anonymous, 1982) was used to perform the analysis of variance,

Some areas of the field had already been harvested while 1n others,
.

very wet soil conditions prevallad because of impeded drainage. A two-
way analysis of variance was used to detect differcnces between means
for comparisons lnvolvxngvthe status of the harvest (not harvested vs
harvested), the soil canditions (normal vs wet).and their i1nteractions,
Subsequently when the effects of these other fuctors were known, compa-
rison-of the means from samplers of different si1zes were madﬁ.’

2.9.% Results and discussion

Samples obtained from either harvested or non-harvested sections of

= -

the field did not affect the number of Chenopodium spp. seeds or the to-
v .

tal number of seeds per 100 ml of soi1l sampled. However, the differen-

ces 1n the number of seeds/100 mi of so1l between wet and normal soil

' L . . .
conditinns was significant (P £ 0.05) But the analysis of vartance did

aot 1ndacate any interaction between the two factors (Table S5 and
L} -

42
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Table 5 Summary of an analvsis of variance on the effect of the harvest:

.. .
status and sotl conditicns on the number of Chenopedium spp. sceds
and the total numbrr of seeds per 100 ml of sotlt, RN

Source df No. seeds Of_ChEnOEOdlum
spp. per 100 ml soul

Mean square

F value

Total number ot seeds
pex LOO ml sorl

Mean square F value

Made |

Harvest
Wetness
Interaction

Error 106

L7

)

.55
.10
.87

.94

2.32 N§

0.58 NS
&, 37>
1.99 NS

2.34 2.28 NS

4 x 1073 4 x 10-3Ins
6.41 6.23% %
0.61 0.60 NS

1.03

¥0.05,1,106 = 3.94

t The analysis was done

wis (% + O.S)h

= aisRificant at

-
NS = non significant

the 0.05 levet

2

I'e

on the transformed vartabtes. The transformation

' 4




“1s. nV.- Sampling anits that were collected from harvested areras with

tmperded dratnage had greater numbers of sceds/100 ml soi1l. Consequent=-

ly, these four sampling units were excluded from the subsequent analvsis

.
af variancce.

-
-

There.were no significant diyfferences be'tween samplers of different

- .
s12es 1n eatimating the number of ChenoEod1um spp. seeds or the total

number of seeds on a per valume basis (100 ml) (Fipg. 7). However, the

smail sampler 1< recommended over the other si1zes since samples of a

.
smaller size are easier to collect and can be processed faster than lar-

ger ones. For the same total volume of soil sampled, the small sampler

permitted A greater numger of sampling units to be collected.

.

This result 16 1n line with Kropal's (1966) opinion that a large
. i
nimber Af smaller sampliog units 1« more advantaseous than a tew larpe

ones. By subsampling an wnitial large sample,; Rabotnov (1958) had al-

o ) .
ready demonstrated that a small sample (1/10 of the original volume)
could be used tnstead of the larger one for the estimitions of the toral

» number of seeds and the nymber of secds of the mast abundaat spegies an

‘ “the sorl. Talikov et al. (1981) found that smaller soil samples (100 g)

overcstimated signiticantly (P £ 0.01) the total number of seeds in the
. : so1l. However, Forcella (1984) showed that the relationship between
seed densicy and 1ncreasing Size of sampling unit was podr, indicating :

that seed density was more or less constant.




.')-v
g
-
—— .
<2
" <
2 Figure % The effeocts ‘l the so1l conditrons on the estimation of the

mean number of Chenopodium spp. seeds and the mean total

number of seeds per 100 ml of soi1l. Results are given as

transformed data ({Jx ¥ 0.5). MSD refers to the minimum

«

oy sagnificant difference as calculated by the GT2-method (see

Sokal and Rohlf (1981, p. 242-252) for the déscr&ptlon of

Ce ' . the method).
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.Figure 7

-

Comparison.éf‘different sizes of samplexr 1n estimating X %
954 CI of Chenopodium spp. seeds and the total numbe; of
seeds per NO ml.soil (small n = 58; medium n = 28; large n
= 20). .The s%all; medium and large sampler had diameters

of 1.9 -cf, 2.7 cm and 3.3 cm respectively. Results repre-

sent the retransformed data. ’ .
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2.6. Objective 1I

4+

To determine the homogeneity of variance of the sampling units used

to estimate the seed distribution in the soi1l over a small area (0.25

.

ml) . ‘ ’ el

o
2.6.1. Sampling Procedure

~

Four quadrats (50 cm x 50 cm) were located within the sampling site

v

using random nugber co-ordinates (expressed as paces). All quadrats
T L4

:’t. - .
were sited bet®een parallel corn rows. Thirty six soil cores were

-

sampled at 10 cm intervals in each quadrat according to the arrangement

in Figure 8.

.

Sampling was done on 21 Ocrober 1982 to a depth of 15 ¢cm using a

soil sampler of 1.9 ém‘diameter. "The soil cores were removed carefully

from the sampler and sealed individually in numbered plastic bags. They

were stored immediately in a constant temperature room (6.3 % Q.8°C)
[}

until the soi1l cdres could be processed. Seeds were extraclted from the

’ ~

soil cores by means of the procedube described in Section 2.5.3 and

.-

Appendix B.

2.6.2 Statistical Analysts

3
»

- ¢

= -

. o
The program ’gyEHAY' (Nie et al., 1975) was used to c;rry out an

analysis of variance and Scheffé's test was used to detect differences

in the average nusiber of Chengzgéxuﬁ spp. seeds and the total number of




Y

: N . [

Schemat'ic representation of the sampling procedure over
- ¥

small areas (50 cm x.50 cm) ‘1in a corn field in Oxford

. - ’ o
. - . :

County, Ontario.
- ; !
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secds between the four quadrats. Since both variables were counts, the
4at wak fransformed by (J(X + 0.5)) and the subscequent analyses was
Aot 0 the transformed data.  Some sampling units were removed hefore

the aralvsis since compacted soil or rocks prevented the auger from

tvacterng the standard- 1% cm sampling deptir, !

Tne sced distribution within each gquadrat was turther investaipated,
All calculations were done with the MINITAR computer language (Ryan ot

al., 1976). For those quadrats where thers wers mrssidy <amplong anits,

the number of sceds was 1nterpolated for those missing sampling umits
nsing the mothod described by Smedecor and Cochran (1980, p. 276}, The

poodaess of tir to a Porsson distoibutron tar the number ot Chevopodiom

-

spp. sceds 1n each quadrat was checked by means of a chi-square test,

[z was later used to test the homogensity of row and column totals of

1Y

both the total number of seds and the mmber of <ecds ot Chenopadiom
Spp. 1N p;ch quadrat. A row total 1s formed bv the symmation of the
mombers of a horizontal axis of the matrix ;U(]lnﬂd by the qundrdt.whllv'
a column total 1« fnrmed by the summatien ot the members of o vertical

axis of the matrix. The vertical axis of the martrix (1.0, column total)

was designed to run parallel to the corn rows 1n the field.

'-.'..b.'; Results

v
.

The analysis of variance demonstrated significant dlfferrnsrs (r<

€

&
0.09) between quadrats for both the medn number of Chenopodiug spp.

sevds ahd the mean total anumber of seeds per sampling unit. The third

v

>
quadrat was &1gnxf1can£ly';xfferent (P £ 0.05) from quadrats 2 and 4 in

—— . )




both cases (Table 6).

One wav of examlﬂing the seed dJdistribution 1n each quadrat 14 v 1=
lustrated 1n Figure 9. The distributions of Chenopodium spp. seeds in
quadrats 1 and 2 followed Poisson d:strlbutxons while those for quadrats

- ‘
3} and 4 did not (Table 7). 1f the single extremely high seed value due
to «ved shedding 1n quadrat\h 1s removed from the data, then the good-

ness of fi1t to the Poisson distribution of the resulting seed distribu-

tion 1s accepted by the chi-square test (Table 8).

The hvpothesis of homogencity of row totals of quadrat | and 2 was
accepted for soth the total numger of seeds and the number of Chenopo-
diuym spp: sceds but 1t was rejected for both attributes for quadrats 3
and 4 (P £ 0.05) (Table 9). Similarly, the hypothesis of homogeneity of
c;lnmn totals of both tﬁe total number of seeads a;d the aumber of‘gﬁuno-

podinm spp. <eeds was rejected (P £0.05) for all guadrats except the

tir~t one (Table 9).

2.6.4 Prscussion

The third quadrat had significantly more seeds than the two other

-

B

quadrats because some of 1ts sampling.untts had very large numbers of
~eeds (Tabte 6).  The occurrence of thesp'large values 1ndrcated that

scrd shedding had occurred at the time of sampling, and this shedding

resulted tn strong clustering of seeds over very small areas (1.e. areas

the si12e of the sampling units). The other quadrats which had lower

mean numbers of seeds per sampling unit either had Poisson secd




Table 6. Comparison of the mean number of Chenopodium spp. seeds and the
mean total number of seeds per sampling unit in different
quadrats. i
Quadrat No. of Chenopodium spp. seeds/ .~ Total number of seceds/
No. sampling sampling unit sampling unit
units(n) _* - 951 CI¢ _* 952 CI
X Lower Upper NI Lower Upper,
1 33 4.16abdb 3.44 4,94 5.53ab 4.71 6.4l
2 36 3.81a 2.97 4,74 5.00a 4.00 6.09
3 35 6.39 b  4.68 8.35 7.83 b 5.92 9.99
4 35 2.90a. 1.87 4.11 3.89%a 2.67 5.32

* Means followed by the same letter are not different (P £ 0.05) according
to Scheffé's test. Results represent the retransformed data.

t CIL = confidence i1nterval.




~ b
- ..
@
Figure 9 4 Seed distribution for Chenopodium spp. and total seed num- .

-

» ber per sampling unit for four 50 ¢cm x 50 cm quadracs (n =

36)
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Table 8. A summary of the chi-square test to determine the goodness of fit

* .« to the Poisson distribution of the number of Chenopodium spp.
seeds/sampling unit for quadrar no. 4. The single extremely high
seed number was excluded from the test. Expected: frequencies were

pooled 1 f they were less than one and the minimum expected fre-
quency at each tail of the distribution was at least one,

Number of Observed Expected xz : xz
Chenopodium spp. frequency fr:qugncy for pvuole& 0.05 3
seeds/sampling unit X = 3.00 ¢
<1 i L 6.9720  6.453 - 1.81%
2 . 9 1.8400
3 = 5 7.8400
4 2 5.8800
* 25 8 6.4645

H, is accepred
Hy: The sampling units of Chenopodium spp. seeds in quadrat no. 4 came
from a population having a Poisson distribution, -
' Ha: The ssmpling units of Chenopodium spp. seeds in quadrat no. & did not
come from a population having a Poisson distribution,

s
I
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. ' \v
diseributions (Table 7) oz had them.gitef the remaval of an unlqup s§&<\
Y L,

plxng‘:nxt with a high seed number resulting from localized seed sheddy
i .

1ng (Table 8). This rasult follows Qn}ifcnd documented by Goveau and

Fablet (1982) whereby species with fewer seeds tehd to have a Poiesan

distribution. Indeed, all count data for randomly distributed popula-

tion of discrete units should have a Porsson distribution. ., It will be

nore pronounced for data with low values becausc with High values the

normal -and the Poisson distribution essentially merpge (Goyeau and Fa-

biest, 1982).

The heterogenerty of column totals occurred 1n all gquadrats except
the first (Table 9). Weeds that escapad the contrnl measures wore

usually found 1n or near the corn rows, These plants tended tn be tall

and 1 October many had falled between the rows and away from the corn.

Since seed dispersal 1s usually near the parent plant, 1t seems probable

that serd shedding was heavier in the middle position hetween the corn

rows, 18 nhserve{ by the seed distribution 1n the quadrats {data not

.
shown).

~
.

Because soil sampling was done in October when s%ed dispersal had
atready begun, strong clustering of seeds over amall areas was evident.,
Such clustering may have altered the seed distributions such that thewy

could not be described conclusively as having Porsson distributions or

as being homogeneous over small areas.




Objective II1

To ¢t inc the homogenetty of variance of the sampling units used

_ .
to estimate secd distribution 1n the sorl over a large area (1.35 ha).

Sampling Procedure

»
Soil cores of 1.9 ¢m diameter and 15 cm deep were taken systemati-

cally at 3.5 m (5 pace) intervals throughout the sampling site. Thuis

created a total of 1024 sampling units arranged 1n a 32 x 32 matrix

-

(an: 10). sSampling was dome from S August to 9 August 198Z.° Each soul
core was numbered and placed 1n a plastic bag. The cores were stored on

»
the date of collection 1n a constant temperature room (.3 t 0.8°C)

until they could be processed. Seeds were extracted from the soi1l cores

by means of the procedure described 1n Section 2.5.3 and Appendix B.

2.7.2 Statistical Analysis

An artempt was made to describe over a large area the distributions

of Chenopodium spp. seeds and the tatal numbér_of seeds in the-soil. ¢

The goodness of_fxt to a Poisson distribution for both the Chenopodrum

spp. sceds and the total number of seeds was investigated by means of a

s

chi-square test.

i . *
-ln a Poisson distribution the variance is equal to the mean so that

their ratio is equal to.one (2ar, 1974, p. 302). The variance: mcan
' .

ratio can be considered as a measure of randomness (Kefshaw, 1973) and-ra




Figutre 10 Diagrammatic vepresentation of the sampling procedure over

the sampling site (108.5 m x 108.5 m) in a corn field in

(

Oxford County,EOntario.
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t-test can thus. e used iy test the population for departure frow

~
-,
]

.
Tandomness,

$ L4
. .

The homogeneity of row and column totdals ter both the total fumbe

of sceds and the number of Chenopodium spp. seeds in the matruix outlined

by the sampling site was checked by means of the chi=square test. A row

RY

.

total of the matrix represents the summation of 1its horizdntal members
while a column total represents the summation of 1ts vertically aligned

members. With the latter, the vertical axis 1s parallel” to the corn

—— et

rows tn the field. The MINITAB computer l#hguage (Ryan ct al., 1976}

- -

was. used for all computagions of-chi-square values.

2.7.) Results. ’ .

-

" The #tistrabution of the ausmber Ot Chenopodium.spp. seeds and the
. . ' . 'Y
total number of seeds over the sampling site ts rliustrazed i1n Figurae

¢

11. Tt indicated that a tacge number of sampling untits had v«}y fow ™
. )

seeds per ‘antt. Hnuevnp the chi-square test showed that tﬁn'phpnlJtWUnw

" ot Chbnnggdxum app. seeds and’ total sSeeds within the <ampling site did

.

not exhibit Boisson distributions (P £ 0.001) (Table 10). The varianes:

AN rAtio test similariy showed 3 rejection nf the noodness of fi1t 'to a
. ‘ .._\- -
. Porsson distribation wath P}_ 0.0(h"’or both the total number nf ;mdg '

v

and the number of Chenopodium op. sceds (Table 1), - . -
. - ' ‘ . .
. ’ - L N . . ' . . J'
The row and colymn totals for\total seed numbjer. and -the coludin. : ’
. : Y : o T " .
- . , ' .
totals for Chenopodium spp. seeds e not bomp oux at- P £ P MM} - ", -
I} b . ~ .

using the cﬁx-squaré‘ccst (Tadle '12). ?hﬁ)hypdtheit;.of.hodo;géq:ty °f




. . 'S
Distribution of Chenopodium spp. seeds and totad seeds per

sampling uait for a {08.% m'x 108.5 m area

(n = 1026).
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The variance: mean 'ratio test$for
total segds for the sampling site.

Table 11

seeds of Chengzgéium spp. and

Seed category Expected , .Obgerved tealculated ‘1000(1)0.001'
s2/X .~ . six '

Chenopodium spp. ' 1 2.78 40.25*~ 3.30

Total seed number 1 g Co2n 38 Buw+. 3.30

~~

L

N

' 1

** Differences'between expected and observed ratios msro significanmt

at P < 0.00]. \ N
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2

) T'a‘ble 1Z A auuimary of the chi-square teat to deter'mir;e zhe,‘hdhog.cneicy of
. row ard column totals for numbers of Chenopodium .spp. seeds and
total seeds for the sampling site.

. oo Sced cstegory Row total Coluymn totals’
R ‘ ' xzcnlcul'ated Rejection xTcalcul&ced Rejection
 level P(X)- level P(X)
»
Chenopodium spp. 58.467 0.01£P(X)c 868.87 P(X) <4 0.001
. , 0.005 -
: 5 Tétal .seed: number §8.237 ' PB(X) £0.001  -709.49 . P(X)£0.001
~ . . . .
x?0.05,31 = 06.985 x%0.01,31 = 52.191
. Hy: row (column) totals are homogeneous
LS Ha: row (column) totals are aot homogem®ous
. . . 4
N e
' ® /
- - 4 . .
/
" . /.
Nl ' /"
1 . -




» ‘
row totals of Chenopodium spp. seeds was rejected at 0.01<P£0.005 but
the calculated chi-square was close to the fvjectxon level. This 1s
best 111 ' L
est 1 ustra,:cdsa'?' Figure 12

N -
\

2.7.46 Discussion
et ——————

o

VeV '

Both the chi-square test ahd the variance: mean ratio test were

-

T _
used to test the goodnel¥s of fit of the seed population of the sampling
.Sile to the Poisson distribution., The varianCe: mean ratio 1s a measure,

of randomness and as spch this ratio can be used to further describe the

o - . -
)

distribution of the seed populatiom.

-’
- - -

A large Aumber of sampling units had very low secd numbers per unst

(Fig. 11), and oné might expect that this would give a Peasson distietbu-
A ' .

Lron. Hquvcr, both the chiTsquare test and the variance: mean ratio’

¢ .

test rejected:the Polsson distribution as describiag the distrshution of
. - . 1

-

cither Chenopodium spp. seeds Qr the total number of seeds ﬁnr‘tﬁe sam-

pling «\te‘(fables 10 and 11). -Because the calculated vartance: mean

' . .

ratto 1s greater than one, the distribution 19 dcdﬁc&d as heing clustir-
. . Q ) . ~ - -
ed (Kersghaw, 1973, p. 129).

)
-

Y
. \.

.

o

/,_UQon closer.exauinatxon, the calculated chi-square values for row

Y

. topals are much closer to the enpeqgted chi-square valucs Ctzo-OL;Bl =7

52.191) than thoge calculated for'coluanﬂtotals for both;Chenogggluu

spp. seeds and the total numtrer of Qeeﬁl: This trqﬁd'ccn be demonstrat-

L] o - .
-

ed by graphing the tvow and column totals for Chenopodiym spp, seeds

,(Flé? 12). There is little variation between row totals and these,

» ‘u
.

" . .




E

Total number of Chenopodium spp. seeds/row and /column of

the matrix outline&<by'the sampling site. a) Rows of

matrix run perpendigular to corn rows in the sampling site;

~

b) Columns of matrix Yun pardllg},to corn rows in the sam~

e .

pling site. The mean of the total npamber of Chenopodium

spp. seeds per row or column (X) is 75,9
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ascillate E‘osely about the meamrzFLg. 123). In cothq*t; there are
. » -

large discrepancies between column totals (Fig. 12b). .Since columns 1n
: o . -
the matrix correspond to eord@?ows in the field, the partern 1s that of
groups of corn rows with high numbers of Chenopodium spp. seeds and
- ‘ <
froups nf corn rows with log sedd n@mbers.
«Q

)
»

Heterogeneity 1n the seed bank between crop rows may be explained

by aotinyg that tarm machinmery moves along the same axis of the field

- - [ -

Qdi:,year. This patctern results 1n weed seéd dispersal along crop rows
- . ’ )
rather than ecross them. Eventually, areas with consistently bhigh weed

’”

-populations or with poor weed control may 3cvelqp large seed banks 1n

the so1l. Areas which elther have good weed control or a micro&nviron-

ment favnur&rminacmn or rapid decay of wecd seeds may end up with

-

relatively small seed banks. To my knowledge, such a pattern i1n the

seed banks of row crops has not been documented tn previvus literature.

. .

-~
’

Srandi1fer (1980) stated that repeated cultivations resulted 1n a

'more nearly nnrmal';ﬁstribuc1on of seeds 1n the s01l. However, an

tndatatian of the scale at which results are oObserved should be stated.

Indeed, after seed dfspersal.many seed populations in the soil may)exhn-

v .

bit .4 strong clustered distribution.” Cultivations may in this case lead

to a*'more normal’ sced distribution on a microscale (a few meters).

~ -

However, on a macroscale (a3 large field), reprarbd cultivatrons tend to

.

! 4 3 N . » . .
create a clustered distribution assnciated with rqw cropping, as was

L)

.
.

observed’ 1n ‘this study. ' "

'Y .

»
" ’

* This patcern vithin the sampliag site sHould bk kept 1n mind as ¢
4 . N .

« -
f 3 .
~ ’




will affect the effxc.lency of thc saNmeg-metlwds exa:uned xn‘e%bse- v

. . \ - ° . e
quent sections of this thesis - -
P
\8 e *
8- Bbjectaves, IV and V A
/
\\\ _ i N

To determine the minimum number of sampling units needed to provide

an acceptable estimate of the mean density and the sampling variance of
a population, - ) . : .

To determine which sampling method minimizes the sampling variance,

i

2.8.1. Sagpling Procedure. . . My

. N -

So1l cores sampled systemarically throgghout thi sapplang sttt as

described 1n the previous section were used is a framework for testing

-~

the lest two objectives, This 32 < 32 matrix eacompassang 1024 samp |l 1ny;
. units can be used as a saed bank population with known pirameters, the - ‘
-..\ n\“;: » : '
assumption being that each sampling unit n thr matrix are imoediately

adjacsnt to ecach wther and form a comtiguans popylation. The variabl»

under 1avestigation was seeds of Chénogudlum.Spﬁ. 1n the soul.

2) Determination of minimum number ot sampling units - )
- IS : : . ‘e

»

The minimum number. of samplgng gnits needed to estimate the true

,pnputatlon mean QA) vas determ:ned by visually comparing the <sample size

- .

obtained by.random samp ing within the mrtrix and the corresponding

.

Monte Ch?lo estimate of sampling variance. The sample si1ze tested rang- -

, wds from 2 to 512. . ‘




: L'y
oo - O
*t 8 4
By de'ﬂ’dit 1on, the samphngwerp‘ﬂf ‘“the mean (S@ estimates,

for all samples, the dispersion of ‘the sample mean (X;) from the true
population mean (M) (Kenkel, 1981) -~ The Monte Carlo technique consists
of calculating a desired statistic for each random sample drawn from a

. . .
population and thereby pravides a sampling distribution of the statistic

{Snedecor and Cochran, 1980). The variance of the sampling dxst;s;utlon

15 called the sampling variance (Stuart, 1976). The desired statistic

tn this case 1s the sample mean (X{)} and the general formula to calcula-

te the Monte Carlo estimate of the sampling variance of the mem 18

given below. T

s (:,—i..)2~

axl

¢ M.C. S

WHERE

Xy, ts the 3th sampling unit of the 1" sample
. o Y
ry*1,...n

y=1,...m
n 18 the total number of samples drawn from a population
m 18 the total number of sampllng'nnlts 1n a sample

.

L4 : A
b) Comparison of sampling methods

. t
The sampling methods which were seledted for this study were

randowm, svigetatlé. stratified random and closter sampling. The Hopte

‘




.

+

Cardo estimate of sampling variance (HM.C. Szg) was the statistic used to
compare the efficiency of the different sampling methods in estimating
the true population mean {4). The formulas used to calculate the Monte

Carto estimate of sampling variance of the mean for the different s am-
. »" .
pling méthods, are given 1n Appendix C,

-

All are based on Lhe .,;um‘ral

formula presented 1n Section 2.Hi1a.

)

- . . ) ,
At all times, sampling wtthireplacement was used whereby at any

i~ . . L .

draw, every member of the popula?xon ts given an equal chance of beang
{ . - ;

drawn. Four hundred samples {(n =-400) were drawn at random from the

populatiaon tor cvach sample si1zw studied with eich sampling method nmder

tnvestigation. The sample si1zes 1ovestigated with eéch sampling method |
arv ltisted 1n Appendix D al%pi with thelr rquvét:vn spatistics,
"%s- : ' i ’ ) '
R . : ' . .~ : -
FORTRAN computer -programs used for sampling within the populatigg— —

(nereafter referred to as the matrix) were kxndfy written by Norm Ken-

kel, former graduate student of the Plant Scieaces Deparlmhnf'uf the -

.

University of Western Ontarro. These are dc;alled 1n Appendix C, -

: S ‘ R 4 ) :
- B . , .

2.8.2 Statistical Analysis .

L3

- | -
P A \

The results of all <ampliny methods - random,’syqtnma{lc,'q(rariv
LaE R 7 R

-

§ied random and cluster - were graphed to t1lustrate: the offect of sam-

plv s1ze# on the Moate Carlo estimate of sampling variagce. With strati-

.

fied random sampling, the effect of increased <tratification on the Mon-

te Carlo citl‘.‘g of variadce was 1nvestigated for fined sample <126,

o

Similarly wvath cloater sampling, the effect of increasing the number of




A

sampled-clusters on the Monte Carlo estimate of the sampling variance

was studied when the samplie size was kept constant.. All feasible permu-

tations of cluster and stratified random sampling within a 32 x 32 me-

\
-

trix vere made and their results sre reforted 18 Tables IV and.V of
Appendix D. However, within the text, the gpraphical representationa of

the results of both rhe stratafied random and cluster sampling methods

will be restricted to 4 and 8 strata (or clusters) and to sample stzes

-

of b4 and 128 units.

. .
The relationships between sample si1ze and boch the Monte Carla

+

cskimate of vartance and the theoreticat sampling variance were 'studied

for random sampITng; The original data ekhmbxtfd a décay curve and the

‘natural logarithwm tradsformations (in) of the values of both variables
- - . . L. . ' _,_./
resulted 1n a linear relitionship on which the simple regfession propgram

" REGRESSION/OK (Orloct and Kenkel, 1985) vas) used. Thi$ transformation

\

»

1= jJustified since honosce‘:sticnty 18 mantained when the fegiduais are
’ - N -

4

plotted as n”fpnétfon’of their corresponding independent variable (1.ec

-~ *

sample g1zed (Fig. II of Appendix E}. The Student's t tech descrlbsg

i Zar (1924) were vaed to test the aquality nf (gRceson cgeflticients

»

(p. 228-229) and the equality of elevations (p._ZZ?-%?l) for buth

. -
regression iacs,

)

. - , - * . * - ’

‘ . b - . ' v'
ro Multaple palrvﬁ?e co-plrlson\\qf Monte Carlo estimates of samplifip
: . . . © .ooet

-

\ ’ . .
viariance for different sampling methods were conducted using the F g‘:.
» ' | ' ‘

. - \ '
The ekplanation for the choice of wmultaipl
. - ! .

-— . -
e pairvise.comparisons of samp-

hing vartances 18 giyen 1n Agpendix F. The sampling sethods were repre-
. ‘ v

antrd by nol$é(ed cxﬂnpleu of two sample siacs (04 and 128). tme

-




" 3) Dctermination of Lhe minimum aumbe

both thie gample size and the sampling vgranTe, e, rn}.a mhmlp hﬂum

thuse two variablea é.m‘bA.-pacud as lmrar' (Fm.. M).. ﬂu- rnt--nag ¥

¢
L}
\

. s M . -~
> .
rogults‘of these paitrwise cuomparisons of ﬁl;mzf Carfa=pstimatas of -

pling vartance are Arvag 1n Tables VI to V1T o ApprndaiX 'D.

. .
.
R . . M

2.3.3 Results N "

. 8
r ol sampliog anits :

' )

t - "
N ~ . . . . ' .
The sved bank ot L."hcn.o&gduuo app.’ teeds can modt clfectively bee Y

’ .

i ., ' .
descrthed by 3 Avaple ayze ranging hefwern A0 and 100D saaplng ugifn
{Fir. 13, ) > ) .
- , .
" < " :-' . v
b} Clmpartann of saapling. merhous - - . _
) - .
- >~ . e - .
o > | S
Randon sampling” . . . P T

- ' Ce V'Jcl_‘ N - ', ‘ .
with ramdom wnp}xna. as rn- "zm.v!-n'umh.vﬂ at x-.mpl,mk uu\:f pna g
1' N
«¢&, thi Hone® Larlu esnmtw ot tha saaplmg v"n_n.iq-cc duroug !»lhw-

[
. A

1Ag an vxponential decay cupve (.Frg.“ 137, '-_ay_(nnc(on-mg‘mo -\F'T‘.: YR TEY )
. [

) AN - MY H

(

.

- \ e R ] ':

n( beast Qqu\rl d*'\n.l(u\l\t descnbed thr co-gn-“mn hnb !or (h- popula~

.
. 1} M » : c

: ‘P:‘n n-nptmg vnn»gg-' A lo r ) 2.216 - I. 1!6 b x 1nd 'fnr nw ‘bn!-ﬂ;

. ‘9 . 2 ' .. ,. ' /r

(urln uaumtt of sgupling varumcc an ln v l 385 -n ‘)'N Jox (Fap.

fa .md- Table IS). ' u AN S : . , !
. : « .

. - (]
v . - - . . . -
-

. .
“In duth cases, the analysis ot variance for the 'lmv,u.n“ L hion

v

rejected the aukl Mppothests §,: -8 <0 (r < 0.001) ('ﬁb;.‘.‘yn{' The Stva-
SRS S T

Y

dent s U (el ‘demonstrated (hat the regression cpnfliéignte udd toe ~
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Figure 13
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The effects of different total numbérs of sampling units on

the population sampling variance agd the Monte Carlo estti-
. [

mate of sampling variance.

'used.

N

The random sampling method was

T -

te
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Figure 14

4

3

Linear regressions of a) the transformed Monte Carlo esti-

mate of sampling variance (Ln) and b) the transformed popu-

lation sampling variance (Ln) on the transformed pample

size (Ln). )

{2



24 3 S—MONTE CARLD ESTIMATE OF SAWPLING VARIANCE

‘X——POMRATION SAMPLING VARIANCE

'SAMPLING
VARIANCE

(Ln Y}

-

-
4

-
-
& ~4

TOTAL NOMBER OF SAMPLENG UNITS (Ln X),
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Table 13 Soemmary of analysis of variance for testing Hoi/3 ™ 0 for_hoth
the Monte Carlo estimate of sampling variance (Ln) and the "~

_,— ’ population sampling variance {(Ln) regression lines. “
Scurce of Monte Carlo estimate pof Population sampling variance
variation sapling variance (Ln) (L) regression _lime .
. regression line
Ss DF S F S DF MS F

’

-
A —

 Regression 69.02 i 49.02 4478.11w** $0.87 L 60.87 4818 |74

Residual 0.37 30 0.01 4) ,0.38 30 0.01
Total 49.35 31 , 61.25 31
L 3
]

a }.89 2.22 ;

- '/"
b 1.00 -1.11
r2 0.99 . . 0.99

. &~

Fo.os(l)l:io = 5.57
**%* gignificaat at the 0.0l level
t2 = cosfficient of determination = ss,e,/§sg°t,1
Ho: the regression cpefficient (b) comes from a population with a
- population regression coefficient of zero (/3= 0)
;a’ the regression coefficient (b} does not come from 2 population with N

a population regression.coefficient of zero (/9¢ 0).
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. M .

clevations (Tables IX and X of Appendix D respectively) of the regres-

<1on line of population sampling variance and the regression line of the
.
.

Monte Carlo estimate of sampling variance were not significantly

dr1fferent .,

e

Systematic sampling:
;' When samplzﬁg a matrix svstematically, every 10 row 1n the matrix
and every jth column 1s selected from a randomly chosen pivot unit (or

starting unit) (Fig.” 15). The j columns correspond tn the corn rows 1Ln

-
* e

~

the field. The sampling i1nterval can be identified by the 1 and j

interval selected (i - j) and may vary depending on the choice of.the

tnvestigator (e.g. Figure 15).

As the total number of samé??hgﬁ:rxésl.uneases, the Monte Carlo

estimate of the sampling variance decreases (Fig. 16). For any sample .

stze, the Monte Carlo estimate of sampling variance can fluctuste depen-

ding an the configuration of the ;Empling interval used. These fluctua-

tions jare less pronounced as the sample size increases (Fig. 16),

- . ) \ - -

Similarly for any sample si1ze, 0 f the tnterval between the 1 units

Y<. large compared to the 1nterval between the ) units thea the Monte
.’/ - Kl

. . . . ' . : s
Carto estimate of the sapPling variance 13 small and vice versa. When

v

. . . , o .
the interval between the. i units is much smaller than that of the )

units, the Monte Carlo estimate of sampling variance is greatly

increased (Fig. 16). A .
. : : ' .

. * .
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3

Diagrammatic representation of the systematic sampling
method within the sampling site (or matrix). The first
number of ‘the sampling interval represents every i1th rou
selected in the matraix and thé second numbe? represents ‘
every jtP column selected 1n the matrix. The small dots
tgdicate the possible sampling units 1n the matri;. The
stars and the }arge dots represent the sampling ;nits taken

~

at 4-2 and 2-4 1ntervals tespectively from a randomly chos-

L]
en starting point:

\I‘



4-2 sampling intervals

2-4 sampling intervals




AL

Figure 16

pes

The effect of increased sample size on the Monte Carlo

>
estimate of sampling variance .using the systematic sampl-

if®g method.” The numbers above each bar represent the sam- '

pling intervals. The first number represents the ith row

interval and the second number, the jth column interval.
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Stratified ratdom sampling: -

With stratified random sampling, three factors will 1nfluence the
Monte Carlo estimate of sampling variance. These are a) the total aum-
ber of sampling units, b) the number of strata into which the matrix is

subdivided and ¢) the orientati:on of the strata.

.

The oraientation of the strata refers to the way the matrix 1s sub-~

divided. Each stratum i1ncorporates 1 number of successive rows and j
. ;v
aumber of successivq columns of the matrix. Thus, any strafum identt-

fied by a large value for i and a small one for j is described as having

a vertical orientation (Fig. 17b). Similarly a s&atum idencified by a

small value for 1 and a large one for ) is described as having a hori-
R4 .

zontal orientation wit®ian the matrix (Fig. 17a).

AL

L
- o -~
[ M .

As the sample size incrfgsésf the Monte Carlo estimate of sampling

varitance decrease®, This occurs regardless of the extent of stratifica-

variance for a sample size of 64 were significantly different (P£0.003)
from those for a sample size of 128 (Fig. 19).

*

Thezorlentatxon_nf the strata influences the Monte Carlo estimate

of sampling variance. Subdivision of the matrix leading to vertically

oriented strata.results in smaller Monte Carlo esdtimates of sampling

)
i

. e . o ) ' .
variance [while the ‘horizontally oriented strata have larger Monte Carlo

: . e .
estimatés ofrsampli{g variance (Fig. 18).}This trend sttenuates as the

4 . ®
sample sigz\ipcreases. The F test demanstrated for .both sample snizes of

64 and 128 units significant difference]ik? £ 0.01) between vertically

tion within the matrix (Fig. 18). " The Monte ég::o estimates of sampling * .




‘.

" Diagrammatic representation of the stratified randém sam

r
pling method within the sampling site or matrix. The ori-
A .
entationm of the strata refers to the way the matrix is sub-

divided. The firs number represents the number of 1 rows

and the second aone represents the number of ) colums in-

B

cluded in each stratum. The small dots indicate the possi-

ble sampling ynits in the matrix while the large dots re-

present the randomly chosen sampling units within each

.

atratum. . -
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Figure -18° ‘I’he effec: o«f anreas.ea semple size

» . -

sing Jrat 1fied random sympl iig .

ot}

4

, o orientatio® of the strata refers to
[ N - . N - . .

and the Second number ref’e\'s'to the

-

- " within any stragum. »
. whl : ~ .
C .- ~.

’The.‘ first number of the + -

on the Monte Carlo - - T

I'y -

\ estxm&!e of sapphng vanan'ce for any given stratification_ - -

i

the number of 1 rows - -

+

number of j columns .-

.
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estimate of sampling
of the strata refers
number refers to the

tum,

tly different at P <

fied random “sampling.

The effect of 1ncreased sample size on the Monte Carlo

varrance for four strata using strati-
The first auamber of the orieantation

to the number of 1 rows and the second

number of j columns within any stra-

Means surmounted by different letters are significan-

0.003 by multiple pairwise F tests.




monte
carlo
estimate

of 0.05

sampling
variance

NUMBER OF STRATA =4

A
A ‘
01& ORIENTATION OF STRATA

- _16 X 16.
3 32x 8
™ am 8 x 32

L J

n=128

Total number of sampling units

95
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orteated strata (16 x 2) and their horizoatally oriented .counterparts (2
-

x 16) (Fig. 20a). .
o

Extensive stratificationi{within th® matrix does not lead to a 'Y
decrvase 1n the Monte Carlo estimate of sampling variance 1rrespective

of the sample si12e used (Fig. 21).

Cluster sampling:

As with stratified randon campling, [h‘auo will mflu»nge

the Monte Carlo estimate ob ‘sampling variance. These are a) the total

number of sampling units, b) the total number of clusters sampled and ¢)
.

3

the shape of the clusters.

Cluster sampling 1nvolves the toral enumerativon of sampliog Unltﬁ‘
within eadhtcluster. There "are however,'several ¢luster shapes uhxcﬁ
witl result 1n the same numbaer of sampling units per cluster. The shape
of a cluster can be described by the number of 1 rows and the number of
j columns 1t encompasses. A‘horizontally shaped cluster 1s one where
the value of 1 15 smaller than j (Fig. 22b) and a vertically. shaped

cluster t1s one where the value of 1 is larger than j (Fig. 22a7J.

~

The shape of the cluster has a stroag influence on the Moate Carlo

rstimate ot sampling variance. Sampling with horizomtally shaped clius-

v

ters (across cotn.rows) results in a decredse 1n the Monte Carlo estima-

“te of the sampling variance (Fig. 23). The opposite nccurs when verti-

- .

cally shaped clusters (along corn rows) are used (Fig. 23). This trend

19 consistent regardless of both the total number of sampling units and




Figure 20

.

\_-

L}

Effects of different patterns of stratg fied random and

¢luster sampling on the Monte Carlc estimate of sampling

- -
variance for sample sizes of 64 and 128 units. a) Compari-
son of different ori®ntations of strata; b) Comparison of
- . .
different shapes of cluster. Means surmounted by different

letters are significantly different at P £°0.01 by multiple

pairwise F tests,
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Figure 21 The effect of increased stratification within the matrix on
the Monte Carlo estimate of sampling variance for any cons-
&ant.sample size using the stratified random sampling ﬁ;“
thod. The first number of the orientation of the ;trata

x

refers to the number of 1 rows and the se-ond number refers
. L ¢
to the number of j columns within any stratum.

)
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Figure 22

» Diagrammatic representation of the cluster sampling method
( . <

. 3
within the sampling site or matrix., The shape ob. a cluster

is described by the number of i rows and the number of j

columns i1t encompasses,

The small dots indicate the possi-
ble sampling units in ‘the matrix.

The large dots represent
the sampliogsunits taken within each cluster,
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Figure 23

The effect of Encreaséd sample size on the Monte Carlo

. .
estimate of sampling variance for any given number of sam—
, :

pled clusters using the cluster sampling method. The num-

bers above each bar represents the cluster shape used for
sampling. The first number refers to the aumber of i rows

and the second one refers to the number of j columns 1n

. X (
each cluster. e \
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N

the number of clusters sampled (Fig. 23). For sample sizes of both 64
and 123 units, the differences between the vertically shaped cluster 6lo

X 2) and 1ts harizontally shaped counterpart (2 x lbn) were significant

at P £ 0,01 (Fig. 20),

«

As the total number of sampling unirs increases, the Monte Carle *
estimate of sampling variance greatly varies regardless of the mmber of
clusters sampled (Fig. 23), For any sample size, the Monte.Carlo eati-

mate of sampling variance decreases as the number of clusters 1ncreases

261, ) * -

{Fiw,

Compartson nf sampliag methods: (T\\
LY

For a rixed sample size of 64 units, the difforent samplang methods

-

\Kwero crmpared in their determinations of the Hgnia Carlo estmmate of

e . -
samnlany viriances Results tnticate thar ctustar samplaing is siunifa-

cantly fess precese (P<£ 0.001). from all other sampling methods (Fiy.

2%). Simitarly, the sampling interval 8-2 used un svstematic sampling

pave 3 significantly more precise Monte Carlo estimate of samplying va-

.rrance trom all other sampling methods (P < 0.001) (Fig. 25). ;

N

2.8.4. Discassion

a) Determination of the minimum number of sampling umits

[

. - '
- .

If my results have general applfbatxon, then the numbe% of sampling

“~

units needed to describe the Seed bank of an abuyndant species sich as °
2 -

N

Chenopodiud spp. should range between 60 and .100 sampling unaits. ﬁglby

- 3




Figure 24

.

The efféct Ancreasmg the number of clusters sampled on

the Monte Carlo estimate of sampling variance for agy given

‘sample si1ze using the cluster sampling methad. The numbers

s
above gach bar represents the cluster shape. The first

number refers to the number of 1 rows and the second one

. .

refers to the number of j columns i1n each cluster.
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Figure 25

Comparison of the Monte Carlo estimate of sampling variance

for different sampling methods of sample size of 64 units.

' L . . .
Means surmounted by different letters are significantly

different at P < 0.001 by multiple pairwise F tests. RAN.
* random; SYST. = systematic; STR.RAN = stratified random;

CLUST. = cluster.
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. ’ .
this range, the number of sampling units collected 1s too small so that
the Monte Carlo estimate of the sampliag vartance 1s large as predicted
bv the population sampling variance (Fig. 14). Bevond 100 sampling

units the decrease 1n the Monte Carlo estimate of sampling variance s

tos small te justify by the extra libour needed to collect and process
»
’

these additional sampling units.

According to Forcella (1984), sample size of 800-1000 cm? 18 pot
only !Frke enough to represent the species diversity of the seed bank of
4 pasture but also large enough to adequately estimate the densities of
tts species. My estimate of sample size (60-100 -units) for Chenopodium

-
spp. sevds represents a ﬁuch smaller combined surface area of replicatead
sorl samples {170-284 emd). This 1s not critical since both the presen-
ce of serds of verv common species and of seeds in general can be detec-
ted with wadrvidual <amples of Ll-4 em? (Forcella, 1984) as used in this

study,

My estimate of an optimal sample size approximate previous findings
by Rahotaov (1958) and Goye;u and Fablet (1982). For the tntal <oed
sumber, the most, abundant species and rthose species evenly distributed
tn the soil, Rabhgtnov (1958} concluded that no fewer than 100-200-sampl=-

~

ine units should be collected regardless of their dimensions.

Goyeauy and Fablet ({982) made two 1mportant observations:

1) If the seed distribution 1s eipected‘to be aggregated, then the -

<ample size should be greater than onec hundred.

110




2) If the oxprcted mean seed densttv per sampling uniet (5 cm dia-
meter, 30 cm deep) ranges between five and forty, then ranging

a sample si1ze of approximately 50 :s needed o estimate the mean
-
‘seed density with 200 precision (<= ¢,01),

The seed distribution of Chenoggdxum spp. for the arvra surveved

{i.P. the matrix) was shown to be clusternd {Table 11, page 68) with a

L S

prpulation mean for Chenopodium spp. seeds ~f 2,37 & 2.568 (X t sp)
(Fig. 11, page 65). According to the findings of Goyeauv and Fabluet,

(1982), the number of Chenopodrum spp. sceds would be described bv a

-

sample size 3f 50. My results 1ndicate that a sample 912f rnnglﬁg het-
ween 60 and 100 qnﬁplxng uni1ts would bé adequate to describe the sced "™
hank of Chenopodium spp. 1n the soil only 1T ats population as the same
as the one described by the overlay of regularly spaced samblxn: oLt S

forming the matrix. It as, however, unjustified to assume that the seod

\
drstribuytion tn the matrix emufates the fr1eld a« a4 whole,

b) Comparisan of sampling methods

-

fhe campling methods wery tested on a matrix created by sampling
noits taken svstematically from a field. Thus the matrix mrpht have
boen influenced by the method used to sample the field. It 1< possidble
that the sampling i1nterva! coincided with a repgularly repeated pattecn
in the seed population of the-field as a whole. Indeed this scemed to
haQn occured. Since the matrix ts assumed to represent a popud ation of

contiguous sampling units, the population of Chenapodium spp. seeds for-

m:d by the matraix showed, 1n this case, directionality (Fig. 12, page

»




[

e

I3

7/). This characteristic of the population formed by the matrix had an -

influence on the efficiency of the sampling methads tested.

Random sampling:

The Student's t tests 1ndicated no <1gn\f1cant differences between
either the regression coefficients (slope) or the elevaclgzs of the
regression lines of the population samplang variance and the Monte Carlo
cstaimate of sampling variance (Tables IX and X of Appendix D). Since
the two regression lines not only are parallel but also have the same

»levations, we can then conclude that these two regression lines coin- .
L}

cide (Fap. 14). The decrease of the Monte Carlo estimate of sampling

variance with 1ncreasing sample size then follows the same pattern as

the one for the population sampling varianco. This Zive further evi- .
. v

dence of the adequacy of the Monte Carlo technique i1n estimating a desi-

red statistic.

.

Systematic sampling:

L]

The papulation of Chehopodinm spp. seeds 1dent:f1cd by the matrix
shows dairectionality, where groups of corn.rows exhibert hipheseed
mumbers while others exhibit low ones (Flg. 12+-and Table 12}. Because
ot this pattern, the configuration of the sampling i1nterval 1s 1mportant

1n determining the Monte Carlo estimate of sampling variance.

When the interval between 1 rows 1s less than that between j

columns, the Munte Carlo estimate of sampling vartiance 1s large, This

mcans that a large number of the sampling units are collected from only

a few j columns (or corn rows). There 1s a g‘eater chance that the

N -
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interval between ) columns coincides with the periodic occurrence (or
tts multiple) of corn rows with high seed density tFig. 15)., The
resulting sample will be badly biased {Greig-Smith, 1964, Ellrote, 1477,

Snedecor aad Cochran, 1980).

On the ather hand,.when the 1nterval between 1 gows 18 greater than
that between } columns, the Mente Carlo estimate of sampling variance 1«
<mati, This means that only a4 few sampling un{ts are collected from a
laryee number of §) columns {or corn rows). The cesalt 1s a boetter dia-

tribution of Sampling units over the entire matrix orvr sampling syte,

[y

~ N - -

An equal sampling i1nterval {(where the (rterval betwern 1 rows
cquals that between 7 columns) mav be preferable to an arregular <ompl-
1nz 1nterval when the underlying distribution of the seed population an

the so1l 18 unknown.

Stratitied random sampling:

The main advantage of stratified random sampling 13 that the popu-
Latron under Investigation can be divided i1nto subpopulations or strata
which are more homogencous tham the entire population. The consequence
1< a substantial gain 1n precision 1n sampling {(Snedecor and Cochfan,
1980). This 1s demonstrated by a reduction i1n the variation of the
estimate ot the population param;te¥e (Sterl and Tarrie, 19A0).

-~

Strattfied random sampling alse allows the use of relevant nforma-

tion about the population-Y%neHecor and Cochran, 1980). 1In this case,

the aggregate seed distribution of Chenopodium spp. 1n the sotl Mony




the corn rows makes stratifrcation advantageous.,

When the orientation of the strata coincides with the corn rows
{1.r. the value of 1 1s greater than that of 3) (Fig. 17), the Monte
Caflo cstimate of sampling variance s small {(Fig. 18). This means that
nach stratum covers only a few corn rows () columns) over a long distan-

, ‘ .
ce {manv 1 rows). Thus str-glfxcatxon along corn rows will 1liow the

variance wtthin strata to be minimized while the variance betwren strata

15 maximized. The final result 1s a gain 1n sampling precision over

simple random sampling (Fig. 25).

Alternatively, when the orientation of the strata is such that ‘the

value of 1 1s less than that of j (Fig. 17). the Monte Carlo estimate of

<amplinR variance is large (Fig. 18). Each stratum thus covers many
corn rows (J colupas) over very short distances (few t rows). This

stratification across the corn rows will not minimize the variance with-

in the strata stnce each stratum wiii extead over a wide range of geced

o
. sr oMy

density. This vartatioo 1n the number of Cﬁen%ﬁ!ﬁjum spp. <eede in the

difterent corn rows hag-bedn 1llustrated tn Fl%nrn 12, page 87.

-

The discrepancy between the Monte Carlo estimate of sampling vari-

-

ance of horizontally and vertically oriented strata decreases with in-

- - T

creasing sample size (Fig. 18 and 19). 1Indeed, four any pre-determined

number of straca, an incrfease 1n the total number of sampling units

.

“translates 1nto an increase in the number of SamplinMg units per stratum.

This ts beneficiral, since the need for at least six sampling units per

stratum in order to obtain a reliable estimate of variance for that




stratum has been.pointed out by Sampford (19623, b
L]
Similarly for a given sample si1ze, 4an i1ncrease 1n stratification
X ]

within the matrix does not ‘lead to a decrease 1n the Monte Carlo cstima-
te of sampling variance (Fig. 21). As stratificatiom.ancreases, the
number of sampling unmits per stratum decreases, rendering the estimate
of variance tor that ‘'stratum snreliable {Sampiord, 1952). ’
Clu~ter samplaing: : - e y

¢ pu -

R " The aggregate seed distribution of Chenopodium spp. sceds 1n the

sotl has.a strong 1nfluence on the precision of cluster sampling. With

. * M

horizontally shaped clusters (uhv;r the 1 valu= 15 less than the j va-

lur), the Monte Carlo estimats of'ssmpltng variance 1s small (Fig. 20b,

23). These clusters cover many corn rows (j columns) over a short dis-
[

tance {few 1 «rows), The resplt 1 a large waithin=cluster varildnce aad a
-

small between-cluster variance., This 1s consistent with the clustering

principle (Stuart, 197€). By making the between-cluster variation as

small 3% possible, the varratioe caused by the random selection of clus=

ters 1s minimal (Sampford, 1962).

- .
With vartically shaped clusters (where the 1 valur is laryer than

L}

the } value), the Monte Carlo estimate of sampling variance i1acreasnes

(Fi;. 20b, 23). Each cluster covecs only a: few corn rows () cajumns) -
- ' . -.t- -

but over a long distance (many 1 rows). The comparable number of seeds

of Chenopodium spp. sampled within each corn Towmay ensure tHEt the.

sampling units within the cluster tend to be similar, This is contrary

L)

to the clustering principle where heterogeneous clusters are needed
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(stuart, 1976).

-

. v
When the total_number of sampling units selected 15 fixed, the MHon-

te .Carlo estimate of sampling variance decreases as the number of clus-

ters 1ncreases (Fig. 24). These numerous small _clusters result 1n det-
'l

ter precision of estimates {(Kenkel, 1981). The random selection of a

largerum%er of clusters may provide a better distribution of these

clusters over the sampling site {Kenkel, 1981), _ . o

S . . o RO

However, when ghe cluster size 1s fixed, the effect'of.an-xdc}easu
1n the sample size on the precrsion af the estimate i1s dependent on the
undrrlying distribution of the vartable (Kenkel, 1981). The aggregate
send distribution af Chenopodium spp. seeds ensures that cluster shapc-
has a strong influence on the precision of the estimate. This is evi-
dent by the lack of any discernable trend in the behavior of the Monte

Carto estimate of sampling variance with increasing sample si1ze assnci-

ated with fixed cluster size (Frg, 23).
Cnmpa;lsnn of‘sampflng methods:

The myltiple patrvfse comparisons of iampling methods i1ndicated
clearly that random systematic and stratified random sampling methods
were not sign{ficantly different from one anéther'(Fig. 25). 1t was
also demonstrated that an 8-2 sampling interval used for systematic sam—
pling was significantly different (P £ 0.001) from pandom sampling (and
all other sampling methods) for the Monte Carlo egtimate o; sampling

variance (Fig. 25). 1In the former case, the Molte Carlo estimate of sam-

pling variance was lower since the population had a fairly consistent




e S
trenJ for the measured variable (Sampford, 1962). However, the npposite

can also oveccur 1f the sampling waterval coincides with regularly repeat-

-

~d features. Regardless of this inconventence, systematic sampling s

-

often preferred over other methods since 1) 1L is vasier to execute than

a random sampling method (Sampford. 1962E Gricg-Smith, 1964), 2) cthe

L]
sampling units are more evenly distributed over rhe area (Ettioct, 1977}

. . /
ind 3} a1 randomly sited isystematic sample willigive- an unbilased estimate

.

of the population mean ()} ‘(Sampford, lqbi}f/
- c e ] ) . 5
. s P . R -
- oot RN .,V':;(»
e E ) - - ]
Systematic sampling: hay Be quite satisfactorv 1f the typification

AEY

of an area (1.e. the description of dlsilnguxﬁhable groups) 1s desired,

provided that no sampling variance is required. An unbiased sampling
variance cannot be estimated even wjith a4 randomly sited systematic sam-

. ple (Sampford, 1962), If estimation of papulation parameters 1s the
.~ ) - /‘\
N~ primary objective of the sampling procedure, then these estimales mast

-

.

be unbra<ed and the calculation of confidence 1imits about the estimates

N 2]
mi<t be.possible (Kenkel, 1981). Thus; the sample obtained from the ’

~

selected sampling methods should maximi2e the precision of the statistic

{(that 1s, minimize thHe sampling variance of the statistic) (Kenkel,
1981). Such an objective can be achieved with random, stratified random

and cluster sampling methods.

The Monte Carlo estimates of sampling-variance for the cluster sam-

pling method were significantly different (P £ 0.001) from all other
sampflng methods tested (Fig. 25). This substantial loss of precision
1s often characteristic of cluster sampling (Stuart, 1976). The clus-

tering principle demands that sampli‘w uynits within each cluster vary asa




much as possible uhxle'the variation between clusters is:minimized (Stu-
art, 1976). However, for cluster sampling, a1l the units within a clus-

ter are selected so that the sampling vartrance for an estimated parame-

ter depends sSlely on the variation between clusters (Sampford, 1962),
Simultaneousiyv, the seed distribution 1n the soil over the area surveyed

exhibited bands of high and low seed densities parallel to the corn rows

(Fig. 12). Randomly located clusters within the surveyed area would re-
flect thi1s pattern, accentuating the varitation between clusters. This

15 ta direct contradiction to.the clustering principle. The onlv valid

B

reason for ustng cluster sampling 1s that the sampling cost (r.e. the

ecase of obtaitning the sampling units).compensates for the loss 1n preci-

aton of the estimates (Stuart, 1976).

Figure 25 i1ndicates no signi-.icant differﬁpce between the Monte

Carlo estimates of sampling variance of the random and stratafied random
- - . » -

sampling methods. The gain in precision from using stratified random

sampling over random sampling depends on the variation between means of

strata. As the latter increases, 3o does the gain 1n precision (Stuart,

19753, As long as the sampling fraction (sample size/population size)

18 negligible, there can be no loss in precision and a uniform sampling

fraction 1n each stratum almost always increases the precision (1.e.
‘e

reduces the sampiing variance (Stuart, 1976). The gain in precision -
over random sampling will depend on making the strata in a hetervgeneous

population as homogeneous as possible (Snedecor and Cochran, 1980).
This resyltd in an 1ncrease in the variation betwéen means of strata.

¢
r

In this instance the stratified random samgling methad did not give -

a,

118




l

.

Iy gA10 10 precision over the randem sampliag method. The advantage of ) '
’ * . * . v

stra:ifled'raqgoﬁ samnpling 1s 1n the use &f physical charac:erswo(—a

-

freld such as drainage gradients, Tertility lgvels, location of weed
. -

. .
v

infestations ot orientation of crop rows 1n delimiting the strata. Such

b : -
characggrs may prove useful 1a bPyplarning the seei distribution 1n'thq_

2 -~ -

o1l

o0

2.8 Summary . . -

s

In arder U determine the sampling procedure that shonld be used 1o

0 ' - ‘ . -
.the studv of seed bank, five objectrves were 'defined and £he results of
. . . [

- .
. . ~ .

these tests” ITe summarized below.  ~.
. ' \\. . >

. ) . \ . 3
Db ective 1 . ) o

+ ’ P2y o ) »

T deteormine the most approprlhte‘dtamet»r of sampler o estimate the
-

v : !

density of secds 1a th® soil. , . ' - T

. N M ‘-

sy .

PR ‘ Thare were no significant differences between the three si1zes of

vsori sampler (1.9 cm, 2.7 ¢m and 3.3 c¢m 1n drameter) 1n t&o estimation
-

N
-

of the aumber of sceds of Chenapadgum spp. and the total numbér of sesds *

- .

per 100 ml af snil., The smaller sampler 1is recommended since samples of _ -
E 3 . .

4 ! .
smaller size are easier to collect ahd can be to processed faster than

~ a . '
. .

larger ones.’ . , : . ‘

. . -

- b -
»

. ' - ' N .
Objective 11: - ’

To determine the homogeneity of variance of the sampling units used to

esti:mte the seéd distribution In the soil over :small area (0.25 m?).,




AC the time of sampliny (late October) ) some' seed shedding had al-
ready occurred and clustering of seeds nf Chenopodium spp. was evident

on the ®sopl surface. Because ot this seed snedding, the seed distridu-

-

tion of Chenopodium spp. over small arcas 130 cm:X 50 ¢m) could not ™

cone lustvely described as nomogenous or as snowing a Poirdson distriba-
. [} N

tion,  Halt ot the quadra[ﬁ‘camolud n2d g Porsson distribution while the

nthePs did not .

Ohyerctrve T1:

To determine the homogeneity of vartance of the sampling units used o

1

ostimates the seod distribution tn the sovi over 1 Large area (1033 a0,

-
-

-

Dver the laryge arca tested 11,35 ha) the Arstribution of <seedgs of
‘- g

M’M and that ot the total number of seceds did not follow g

,

Poisson distribution. Instead, they cechibiged clustering on 3 macr -

scale. This cluster distribution was assoctated with areas of largee

‘— N » :
numbers of Chenopodium spp. seeds among corn rows.

Obje-ctarve 1V,

To determie® the miniomum number of sam@ling units needed to provided an

Acceptable estimate of the mean density and the sampling vartance of a

populat ron.

)

for the pupnlatiqntscudled, the minimum number of sampling unmi

noeded to describe the seed bank <Cheno odium spp. rtanged between 6
. ot

and 100 sampling units. . -




Objuctive V:

.

[ determine which sampling meothod mintmizes the sampling variance.

'

. .
With random sampling, as the sample stz jocpeased the Moote Carlo

eLtamate of <ampling varrance decreased, With <vstematic samplany,, the

confaibiuration of the sampling i1atereval xreatly influenced the Monte Car-

]
Vooestamate of sampling variance since the anderliving distroibution ot

the Chgooupodium spp. seeds 10 the field cxhabited a clustered pattern.

-

Extensive stratification did not lead rto a reduction 1n the Monte

Cartoe estimate of sampling variance when stratified random <ampling was

SRS NN

Stace the seed distribution of Fhennnodlum spp. was clustered,

the orieatation of the strata may have influrnced the Monte €arlo esti-
mate ot <ampling variance although these differences tended to decrease
with tacreasiap sample si1ze. Strata orientead Alvnﬂ thee sam: axts as Che

cotn rows resulted in emaller Monte Carlo estaimatas of <nmpf1nx vdagi1angse

-

than thetlr counterparts. : o -

N
v \

The underlving distribution of ChenoEodlué spp. svuas‘xn the <ot

hWad 1 strong 1nfluence on the precision of ¢cluster <dh§¥lnﬂ- Incressinyg

L
hoth the total number of sampling units and the numbeY of cluster< and

vasi1ny clusters which 1ncluded as many as corn rows as .poss&1ble, decreas-

L

-

+~d the Monte Carlo estimate of sampling variance,
o

.
‘

When comparisons were made of all four sampling methods, both clus-

[ 4
ter and systematic sampling were strongly influended.by the underlying |

agrregate seed distribution of Chenopodium spp. seeds. Cluster sampling

’ -
.
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-

resulted 1o a 1+8s of precision of the estimates and systematic sampling

conld aot pive o»n unbrased estimate of samjting variaace There were no
stanificant difference between randem and stratlfleq randon sampliag 1n
their determination of the Monte Carlo estimate of sampling variance.
Based on my results, one of these samplimg—eethods (random or <gratitied
random) could be used to study the seed banks of weeds 1n the s$>&. In
3ltuations such as mine, stratified random sampling 1s more advantifv0u<

<ince» the stratification makes use of knawn phveical, bieolngical or

savironmental characters of the area.

O

as
F
.
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CHAPTER 3

ESTIMATION OF THE SEED BANK OF Chenopodium spp.

IN CULTIVATED FILLDS

3.1 Influence of crop husbandry on the sizes of the <seed banks ol ‘weeds

¥ -
’ b . ¢ -
] ICI . %'
, VA - : s »
, The sred Bank of weeds 1n the soi1l 1< a reflection ofzthefgrohpwnﬂ &
" - . & . ;‘.' 4 . .
. e
mistory ot the land as’well as on oandicatron ot the eftectivearss of the
: -
weed control measures used 1n the past (Roberts, 1966, 19R1). A seced

bank under cropping conditions 1s described often as the number of via-
ble seeds 1a the top 15 to 20 cm of sorl. Varions componentg of crop
husbandry such as manuring, crop rotation, fallowing, cultivation uand

herbicides have an effect on the s1ze of the seed population of weeds in

arable <orls,

Mannring:

\ .
Neither the continuous use of farmyard manure (Roberts, 1962;

 Robert< and Stokes, ‘63;'Allott, 1970; Roberts and Frast, 1973a) nor of

tnoryants fertrlizers (Roberes, 1972) had anv etfect on the numbers of

viabde weed seads as long‘as good weed control was maintained. However,
)

Allote (1970). menti1oned that raspberry plots which had received a mulch
of farmyard manure had slightly more viable weed seeds 1n the soil than

plots whichyhad not received a mulch cover.

Crop rotation:

v rv

Lvorak and Krej&i€ (1974) reported that in A crop rotation, the

-
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Marington, 1933, 1936, 1945). However, !he d1Eferences in seed dormancy

preceding crop does not appear fo influenice the si1ze of the seed bank of

wewd species while Dogtenﬁo et al. (1969) observed the contrary situa-~
tion. However, i1n later studies, Dvotak and Kre)&i¥ (1980a.b)  found
that smaller sced populations of weeds i1n the soi1l were pre<eat 1n reta
tions haviny a high proportion of broad-leaved crops ghan 1na a cerval
- .

{wheat) monoculture. In Morocco, a Trop rotation of three vears of rice
and three years of dryland crops had the lowest number af Lchinochlea
crusgalii (L.) Beauv. seeds in the soi1l of all crop rotations uysed for

rice firelds {Bouhache et al., 1973). Any depietion of the soil seed
reserves occurred only when the weed control methods were successful.

1
Weed control 1s usually difficult to maimtain under crop rotataion (Ro-

berts and Stokes, 1965). Wherce a vegetable rotation is 1ntroduced, the

spectes composition of the seed pqpulation 1n the. soil may be alteted

(Roberts apd Stokes, 1965) to 1nclude a greater proportion of weed spe-
. - )
c1es associ1ated with vepetable cropping and 1ntensive cultivation (Ro-
5
berts, 1962; Roberts and Stokes 1965).

Fallowing: ) - ~
A third component of crop husbandry which can i1nfluence the stze of

1 seed populatto; of weeds 1n arable soirls 1s fallowing. 1Its effective-

ness 1n reducing the seéd bank of a weed population 1s governed by a se-

rics of factors and thetr wnteractions. These are the frequeacy and

thﬁrnughncss of altivation, the timing of cultivatxén with regard to

seedling emergence, the environmental conditions such as temperature and

rainfall and the kinds of weeds pregent in the.population (Brenchleyv and

of the different weeds (Brenchley and Warington, 191’9 and in their

¥
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response to cultivation wili result 1o various degrees of rvductron 1o

their seed populattoas wtn the sortl (Brenchlev and Warington, 1933,
1945, Archibold and Hume (1983) also indicated that dispersal of weed
se~ds onte fallow laad ts an 1mportant factor 1n maintaining the seed

haak, as well as 1nfluencding subsequent weed populations 1n cultivated

land t1n Saskatchewan. ¢

Cultivartion:
.

Cultivartion-is anothar compenent af crop hushandry which tag preatg-

\
In-several oxperiments the ratel .
[ - 1Y

v 1nfluence the size of a sced bank.

~f decrease n the number of viable seeds 1n fhe <01l increased as Chu Y
» . \
nimoey of culzivations per year increased (Raberts, 196b; Raberts and

Dawkias, L9975 Koberes, 1970 Raburts and feast, 1923a; Cook, 1980). -ln \

the absence of seéd production, the weed seed pobulat;on 1n the soil

-

decliaed more rapidly with cultivation than without cultivation (Ro-

burres, 1966, Roberts and Dawkins, 1967; Robercrs, 19704 Roberts and

Feast, 1973a; Froud-Williams et al

., 1983; Warnes and Andersen’, 19843},
Where cultivation 1s intensified, there 1s a general tendency for weed
specines associlated with intensive cropping (e.y. vegetable production)

te 1ncrease in relative i1mportance (Roberts, 1962, Roberts and Stokes,

1965).

- »

. ) Variations 1n the eftect of different deep plouphing treatments gn

sced banks of weeds have been small (Roberts, 1963c; Roberts and Stokes,

- .-
1963) and not statistically different (Robertd,jl9633,c). Indead, d1f-

ferences between cultivation treatments appeared as differeaces in the

- .

di1stribution of seeds in different layers of soil rather than in the




total number of seeds present throughout the working depth {(Roberts,

19b3c; Roberts and Stokes, 1965).

Herbicides: .
The last component which ean 1nfluence the size of a seed bank 13
the use of herbicides. Theivr use 1s dictated by the crops sown and the
rotatton used. * If adequate weed control is obtained with herbicide
application and seed production of weeds 1s prevented, then the seed
. 3 ‘ .
‘population 1n the soul can;bg reduced by 907 within four years fer con-
tinuous c@rn with mintmum ti1llage (Schweizer and Zimdahl, 19843}, How-
ever, 1f herbicide-application 1s discontinued, the seed bank of weeds

will tncrease (Schwetzer and Zrmdahl, 1984a).

Better ueea control was obtained when ,intensive use of herbicides
rather than moderate use was lngorporated 1nto a crop rotation (Séhwor-
zer and Zimdahl, 1984b). The rate of decline rn sced numbers 1s deter-

mined bv the annual perceatage of germination and by the longevity of

the weed seeds 1n the so1l (Chancellor, 1979). When intensive manage-

ment systems itavolvang fertilizers and herbicides are gsed, thea coed
. A N

banks of weceds can be reduced by 38% on average (Zawislak, 1980). How- |

»ver, 1f environmental conditions delay herbacide application or till- .

.
-

. .
ags, then the number of weed seeds in the 'so1l can be ex

ted to 1n-

(3

.

crease (Schwetzer and Zimdahl, 1984b).
Long-term herbicide application to the same crop has been reported
to alter the species composition of the ;!51\::nk (Roberts, 1970; Hurle,

1974; Roberts, 1981). However, after several years of various

.

.- d
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herbicide applacation, various authors have reported a change 1a the
number of seeds for individual species but no alteration to the species
) % ey e g
composition of the seed bank (Dveorak and Kre j¢{¥, 1980b; Chancellor,
1979, Roberts and Neilsonm, 1982).
. .
) : - -« . R
3.2 O0Objectives of the study

. -

[ -

The - Adjective of this stud¥ was to compare the sced banks of
- ot .
thenspodium album in cultivated frelds with different cropping histo-

-

rie<. Since the extraction method did not permit the identification of

the sceds te the spe¢ies level, thev were grouped as Chenopodium spp.
However, surveys of growing plants in the area revealed that Chenopodium

album was the only common species of Chenopodium 1a that commanttv and

~

1t was very abundant. N

P

The second objective was to determine the proportional contribution

. of plack and brown seeds of Chenopodium spp. to the seed bank and de~

scribe their phivsica %state .

The third objective was to examine the effect of the sampling pro-

5 .
cedury on the estimate of the size of Che secd bank of €henopodium app.
*
. .
3.3 Uescraption of sampling site ta
" i . -
B -t " o, . B

' , Figlds with different cropping higtoties were sampted .on Tucsok's

farm to «sgamate the seed bank of Chenopodium spp. The loca{ion of thrs

farm 1s described in Section 2.4, The layout of the seven fields or




areas sampled on the farm 1S schematically represented 1n figure 4 on
pars 36. ~The soil differed slightly from field to field but was fairly
unt form within each Field. Table 14 gives a brief description of the

soils encountered on Tucsok's farm. Most fields were well drained ex-

cept for one low area (6) which had a muck so1il.

-

This furwm had a fifteen year history (1961-1976) of cern monocul-

']
tutre with yearly applications of atrazine (Tucsok, personal communica-

tion). In the last few years of this period, lamb's-quarters had become

increasingly difficult to.control. Application rates of atrazine had

increased above the recommended rate without any success 1n controling

. L 4
this weed. It became evident that the population of lamb'’s-quarters an

-

Tucsok's farm was triazine-resistant, As a result farm management prac-

tices were drastically altered. An intensive crop rotation program with

’

* \]

little or no herbicide application was 1nitiated 1n 1979 to reduge the
cost of production, to control this lamb's-quarters’ i1afestation more
cfficiently and to improve the soi1l texture, Table 14 gives a summary
n(lthe_crops grown 1in eacﬁ fi1eld (or area) over rhe.last four ?ears.

4

3.4 Sampling procedures

The seed bank was sampled on 1-15 July 1982. Soil cores (1.9cm 1in

diameter and 15cm deep)‘uere sampled and stored in numbered plastic bags

.

. -~ . )
in 4 constant temperature tvoom (6.3 t 0.8°C). The extraction,of seeds

from the soi1l followed the procedure described in Section 2.5.3 a#nd Ap-

- _ . ] ,
pendix B. Once dried, all Chenopodium spp. seeds Were separated*from

the debris by hand under a dissecting microscope (6.6%). Recognizable
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v Table 14. Crop rotations on the surveyed fields on Tucsok's farm,
Oxford County, Ontario, in 1979-1982.
Field Sugveyed Soil Crops in the rotation
No. area series 1979 1980 1981 1982
(ha)
1 17.6 Perth Corn Barley Peas! Soybeans?
: 0.5 Perch .Corn Barley Peas Wheat
7 11.7 Perth & Corn Peas Wheat Corn .
Grombie :
. 8 22.0 Crombie & Corn Corn Barley Peas!
. Embro
S 4.1 Perth Gorn Corn Soybeans Corn3
6 4.t Muck Corn _ Corn Soybeans Corn
3 0.1 Perth -- -- Fallow Fallow .
4 0.1 Perth -- -- Fallow Fallow \
1

(¥

Winter wheat was planted in the fall and‘ploughed under as green
manure in the spring.

Metolachlor was applied in the spring at 2.6 Kg ai/ha to control
weeds.
Manure was applied in the previous fall,
--'= ynknown crop history

L 3aY

Y,
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Chenopodium spp. seeds were separated into either black or brown seeds.

Those seeds that were included 1n the black category had a true ebony
black color. Brown seeds exhibited ; continuum of color rangingﬂfrom
light red to dark brown. My brown deed category did not exactly corre-
spond to the one described by Williams ' (1963) and Williams and Harper
(1965) since my brown seeds were ;f the same size range as the black
anes,

Seeds were also classified as whole, damaged or underdeveloped and
formed the seed population 1n the sorl. Similar criteria'as those de;
scribed by Fleischman (1951) were used to describe the physical state of
the seeds.. Seeds were recognized as whole tf Fhey were plump and whole
with no si1gn of damage to the testa. These whole seeds were considered
viable and represented the seed bank. When cracgs, indentations or per-
forations to the testa were visible, the seeds was considered as damag-
ed. Underdevelobea seeds were defined aé‘those seeds with a wrinkled or
collapsed te;ta'around the coiled embryo but with no visible sxgﬁs'of‘

damage to the testa. The category of underdeveloped black seeds most

probably represented an empty or malformed black seed rather than an im-

-

mature seed as 1t was the case with brown seeds. Even though underdeve-

-

lbpod sceds may have contained some viable seeds, they most probably did
‘ ;

.

not contribufe to any extent to the seed bank of Iamb's—qqarcers. Roth

‘damayed seeds and underdeveloped seeds were notlpar: of the seed bank

but they contributed to the seed population of lamb's-quatteté’iﬂ}thc

soil. " The number of seeds’'in the different Chenopodium spp. seed cacp-

LK - . .
Rories was determined for every soil sample. The different seed cate-

gories used in this study are listed in Tabke 15.

‘
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Table 15. List of the Chenogggium spp. seed categories + enumerated
1n every soil sample

Total number of seeds/m2

Number of black seeds/m?

Number of brown seeds/m?

Number of whole seeds/m?

Number of damaged seeds/m?

Number of urdderdeveloped Seeds/m?
Number of whale black seeds/m?

Number of whole brown seeds/m?

Number of damaged black seeds/m?

Number of damaged brown seeds/m?

Number of underdeveloped black seeds/m?
Number of underdeveloped brown seeds/m?

+ Whole seed s plump seed with no visible damage to the testa
Damaged seed = plump seed with visible damage to the testa
Underdeveloped seed = gseed with wrinkled or collapsed testa around

the embryo but with no visible damage to the
" testa

~

-

<
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All fields were measured by carefql pacing of their perimeters.
Certain areas in some fields were aot i1ncluded in the survey since they
either had been planted with a different border c¢rop, had been placed
under cultivation after recent lumberxng.operation or were contaminated
with subsoil from a recently excavated drain. Figures III £o IV "of
Appenéix E give a detaricd map of every field (or area) surveyed on
Tucsock's farm. Each field was subdivided 1into 40.3m x 40.3m (50 paces
x 350 paces) sampling areas.

Sampling was done following a stratified cluster design where 25
so1l cores uére taken systemattically 8,06m abapc (10 paces) within each
randomty chasen ;ampllng area (from now on, refered to és a clusterj._
Flelds were divided irto strata to permit a relatxvéiy una form position—
ing of the cluétgrs to be surveyed. Clustering allowed for easier relo-

[N

cation of the sampling points within each field in subsequent sampiing.'

1
s

" Since 1 maximum of 800 soil cores could be processed, a total of 32

clusters were sampled for all fields, indicating an overq}l,shmpling

intensity (f) of 0.087, where f is defined as:

. ' P
'

-

- -

f = n/N where n = total number of clusters to be sampled for all
-7 . b}
fields

"N = total possible number aof clusters for all fxeldéh

This sampling intensity was maintained for all field surveyed and
ts summarized in Table 16. 1In this table, scrath,veach consisting.of
approximately 30 clusters, are mentioned. It was decided arbritarily

that three randomly chosen clusters would be sampled per stratum. Areas

132
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Table 16. Allocation of actual number of clusters surveyed per field
on Tucsok's farm in 1982. .
Field Surveyed Total # paossible & ,actual # Agize_of stra-.
No. area (ha) clusters, <clusters to- clusters tum (rotal
e (0.16 ha) be surveyed* surveyed ¥ clusters)
1 17:56 108~ 9.39 9 36 .
.2 0.49 3 -, 0.26 SN --t ¢
7 11.7F - T2 -~ 6.26 6 31
8 21.95 135 ° 11.74 12 33 - 3%
b) 4 .06 25 2.17 2 - ==t
6 . 4,086 25 2.17 a2 -t
All : - N
fields 368 32 ’

* All fields were samplé& at e

as rtelated to their size
t Calculations not applicable

o

quivalent sampling intensity (F = 0.087)



»

from cach field vere.grouped in approximately equal's;zed strata. ILf°
there were fewer than 30 possible clusters 1n a fxéld. 1t was dQonstderec
as a sungle strétum. However, 1f there were fewer than ter poss\ble
clusters 1n a field, at least one ¢luster was randomly chosen for sampl-

ing. Figures LIl to V of Appendix E give tne exact location of every
" L)

cluster surveyed 1n each field.

-

N

A small section on Tucsok’'s farm was rented as a testing si1Ze to 4

chemical company. Within this section, Zw> ~mall firelds (3 de &Y,
3J4.7m x 33.1m (43 paces x 4] paces) and 9.7m x 59.7m (12 paces x 79
paces) respectively, had not been cultivated for two consecutive vears

(1981 and 1982). 1In both yrars high density papulations of Chenopodium
album were found growing on both fglloﬁ fields. Within each of_these
fields, sotl cores were taken systematically 7.3m apart (9 paces) for a

toral ot 29 sotl cores 1n figld 3 and 16 cores 1n field 4.

¢ 1

3.9 Stataistical 4ggalysis ’
N 3
s

.

The oraginal data had an underlying distribution which was mtt nor-
. ¢ . . .

-

mal. Consequently, those variables whose unde¥l%ving diEstribution could
br anrmalized by the transformatidn (Ux + 0.5) were transformed and

analy8ed. Such variables were the total number of sdeds/mZ, the number

't ~

of black seeds/m?, the number of brown seedsbm’? the aumber .of whole

[y

seeds/mZ, the number of dcnaggd_seeds/hz, the number d* underdeveloped

seeds/mé and the number of iFole black'seed#(mz. Afl aﬁalyges were done
N / - ' ¢

on the transformed data but "the results are reported in a retransfgtmed
\ '( . - !- \ .
format. The SAS program "GLMY (general linear models) for %nbalancqﬂ

' ; . . -




N

o . t

designs (Anonvmous, 1982) was used to perform the analysis ot variance
for each variable associated with the differedr cultivated frelds sur-
veyved by stratified cluster sampling. The modeld used for the analysas

vt vartances was a three factor hierarchical mixed model with unegual

11 trequencies. Field and stratum were constidered fixed factors whale
~\ cluster was declared a random factor. Strata were nested within fields

and clusters were nested within~both fields and strata.  The expected

values of the mean squares for the model are wiven 1a Table 17,
o

The residuals of each transformed variable were ploteterd as a func-

tion ~f therr corresponding tndependent variable (el field or clusters

«
within field) 1n order to check the homoscedasticity of the transtormed

data. The comparisans of the means of the measured variables from Che
different fiolds were made using Scheffé's multiple contrasts test. The
/”GLH propram was used also to perform an analvsis of variance for each

of the vartables on the fallow fields surveyed by systematic sampling

(anonymous, 1282). \h

e \"quxﬁ root Cransformation did not i1mprove the %rmnllry af the

~
underlying distribution of the data for the number of whole brown sceds/

ml. Similarly the alrsine transfc-yrrnatton was inefficient an nnrm.uli}zin;}
the underlyxng distribution of the any of variables which were expressed
as ratros of the seeds in the sorl. Consgquently these ratio variables

and the nu;ber of whole brown sends/mZ were ranked using the RANK proce-

dures of the SAS program. This procedure ranks together all of the ob-

servations of each- variable from the smallest value with the rank of one

to the largest value. Tied observations were given averaged ranks. An
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_ Table 17. The'expected values of the mean squares for a three-factor_
hierarchical model with the form X, » .. +ox_ + 3wV, &R
and with unequal ce!.l frequencies. Factors o, and Y~y are

, fixed and factor Y,;.,, is random. * .

Source of variation dF Expected values of mean squares
» .
z
Field <. p-1 ::G‘{" + o T2 2T
P
Stratum within field ) Z (q-1) a q;l + b q;l ¢ d (};l
ANy
Cluster within stratum and £ ¢ ’ g 2 o2
Ereld Yo ;) Z2(-1) o~ b
- 9 f v‘
-~ - S (- -2
Error &_ .Z 2 33.(n 1) e ge
* o< = main factor 'field' with i = 1...p

/5](.,)- stratum with j.» l...q nested under field
Y..( J)- cluster with k = l...r nested under field and stratum

A’b, /C/J d are cor\st.a.f:\'ts

-

" A
-




analvsis of variance using the GLM program for unbalanced designs and
Schefte's multiple contrasts test were performed on the ranked data
(Anonymous, 1982). The results are reported on the original data. The

validity of this technique has been discussed by Conover and Iman

(1981).

3.6 Results aad discussion

a) Mean aumber of Chenopodium spp. sceds/md

A summary of the analyses of variance on the mean numbers 1in the
different categories of Chengpodium spp. seeds/ml 1n the different cul-
tivated fields surveyéd by stratified cluster <sampling 1s piven 1n t:blv
1 of Appendix G. For all variables examined, there was a significant
coftribution to the variance cgmponent by~fleld< at various probabaility
levels depending on the variable examined (Table I of Appendix G). How-
ever, there was no evidence of significant variance differences among
stratag within fields. No gatn 1n precisxoq'for the measyred varlasles
was obtained by stratification since 1t dld'not allow the variance among

. - -
strata to be maximized. The only benefit that stratification provided
to the sampling procedure was to permit a more efficient use of the phy-
sical resources at che time of sampling by reducing the time and labour

associated in collecting the soil cores. Since the criteria for locat-

Ing the strata in the field were determined arbitrarily, they were not

associated with any known physical character of the field.
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There were highly significant variance differences among clusters

-

within field and stratum (P < 0.0001) for all variables é§cept the num-
. »
_ber of whole brown seeds (Table I of Appendix G). 14 this latter case,

the added variance component for cluster within field and stratum was

significant at P £ 0.05 (Table 1 of Appendix G).

i
f

The homoscedastxci:y%of the transformed variables was checked by
plotting the residuals of each variable as a function of its correspond-
1;g fi1»1d4 or cluster within field. The plots of the residuals are given
in Pigures VI to XIV of Appendix E. Variables such as the total “number
of Chenogodium Spp. seeds/m2 and the number of black seeds;/rn-2 showed the
greatest homoscedasticity in all fields (Fig. VIa and 1Xa of Appendix E)
and tn clusterse within each field (Fig. VIb, VII, VIII and Fig; IXb, X,
X1 qf Appendix E). All other variables exhibited a greater spread of
the residuals in all fields and in tlusters within each field. This
geteroscedasticitic pattern is demonstrated by the total number of brown
ChenoE;diuu spp. seeds/m? (Fig. XII to X1V of Appendix E.).'The greatest
s 1pre;d of the residuals for all variables was observed for field 5 (Fig.
Vlia ang IXa of Appendix E). This field had received an application of
manqure the previous fall. Many intactweed seehs including lamb's~quar-"
. ters are found in manure (Dore and Raymond, 1942) and its distribution
in field 3 most probsbly contributed to creatiné areas of high seed den-
sity of 1anbﬁs-qulr¥;rs tn the soil, Other possible 'means of creating
high density seed pépulutiona are a) localiy dense weed popuiaciops, 57
crop harvesting methods which amass plant debris in rows or piles and c)

uneven application of herbicides. - ) : . S5




For all éategorxes'of Chenopodium spp. seeds examined, field 5 had
szgﬁificanfly higher numbers of seeds at P<0.05 than field & (Fig. 26a,
27a, 29a, 363, 3la, 32a and 33a and Table Il of Appendix G) excepé for
the mean number of brown seeds/m2 where significant differences between
the means were not ;etected by Scheffé's multiple contrasts test
(Fig. 2Ba and Table II of Appendix G). Fields 5 and 6 had similar qrbp
rotations and they differed by the addition of manure the previous fatl
1n f;eld 5 (Table 14). This may have contributed to the high number of
Chenopodium spp. seeds/m? found in field 5. Lewandowska and Skapski
(1979) also observed that seed banks of dominant species were highest
immed;ately after the appligation of manure and decreased wigh timee,
Ttnld 5 had also significantly higher dumbers of whole Chenopodium #pp.
seeds/m? and whole brown seeds/m2 than all olher fields (P£0.05) (Fig.

29a apd 33a). Greater number of intact (whole) Chenopodium spp. seeds

to_dhe seed bank may have contributed by the addition of manure.

M

Lower nuébers of seeds/m? for al] seed categories were fouand Ln’

field 6 but these quanttities were not significantly different from those
of frelds 1, 7 and 8 (Fig. 26a to 33a). Field 6 was also the only field
with muck soil. Lewandowska and Skapﬁii (1979) reported that muck soils

of Poland had the greatest number of weed seeds/mZ but individual spe-

cies such as Chenopodium album did not necessarily follow this tendency,

Fields | and B had comparable numbers of segds/nz for all seed’
categories studied (Table II of Appendix G). Field 7 had consistently

lower numbers of seeds/al though not significantly fewer than fields |

and 8 (Pig. 26a to 33a). These low numbers might have been a
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Figure 26

Mean tntal number of Chenopodium spp. seeds/mZ 1n a) diffe-
rent cultivated fields and 1n b) two fallow fields on Tuc-
sok's farm, Oxford Countv, Ontario, in July 1982 (see Table
l4 for descripttiod). Means 1o graph A surmounted by diffe-
rent letters are significantly different at P£0.05 by
Scheffé's mu-ltiple 'aontrasts-test. Means 1n graph B n.oc

surmounted by any letter are not significantly different

from any other mean by Scheffé's multiple contrasts test.
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#Aean number of black Chenogo‘Fum SPP- seeds/m2 in a) diffe-

rent cultivated fields and in b) two fallow fields on Tuc-
sok's farm, Oxford County, Ontario, in July 1982 (see Table
14 for description). Means in each graph surmounted by

different letters are significantly different at P£0.05 by
P 4 :

Scheffé's multiple contrasts test.
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Figure 28 Mean number of browa bhenogo&ium spp. seeds/mZ in a) diffe-
rent cultivated fields and in b) two fallow fields on Tuc-
sok's farm, Oxford Councty, thério, in July 1982 (see Table

14 for description). Means in each graph not surmounted by

any letter are not significantly different from any other

mean by Scheffé's multiple contrasts test.
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Figure 29

Mean number of whole Chenog®dium spp. seeds/m? 1n a) diffe-

~
rent cultivated fields and tn b) two falloew fields on Tuc-

sok's farm, Oxford County, Ontario, in July 1982 (sce Table
14 for description). Means in graph A surmounted by diffe-

rent letters are significantly different at P£0.05 by-

Scheffé's multiple contrasts test. Means in graph B not

‘ surmounted by any letter are not significahtly different

from any orher mean by Scheffé's multiple contrasts test.
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. Figure 30 Mean number of dataged Chenopodium spp. seeds/m? 1n a) dif-

-

. ferent cultivated fields dnd in b) two fallow fields on
Tucsok's farm, Oxford County, Ontario, in July 1982 (see
- Table 14 for description). Means in each grapR surmounted

by different letters are significantly different at P£0.05

by Scheffé's multiple contrasts test.
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pure 31 Mean number of underdeveloped Chenopndium spp. seeds/ml 1n
A) different cultivated frelds and 1n b) two fallow fields”
nn Tucsok's farm, Oxford County, Ontario, 1n July 1982 (see

Tahle {4 for description). “Meags in graph A surmounted by

different letters are significantly different at P£0.05 by

N

oo Scheffé's multiple coantrasts test. Means 1n graph B not

surmounted by any letter are not significantly different

from any other mean by Scheffé's mulciple contrasts test.
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Figure 32

L4
Mean number of wﬁole black Chenopodium spp. seeds/mZ 1n a)
different cultxva;cd fields and 1n b) two fallow f;elds on
Tucsok's farm, Oxford County, Ontario, i1n July 1982 (sce
Table 14 for description). Means in graph A surmounted by

different letters are significantly diftereat at P£0.05 by

‘j;heffé's multiple contrasts test., Means 1n graph B not

surmounted by any letter are not significantly different

from any other mean by Scheffé's multiple contrasts test.
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Figure 33

“

Mean number of whole brown Chenopodium spp. seeds/m? in a)

.

different cultivated fields and in b) two fallow fields on

Tucsok's farm, Oxford County, Ontario, in July 1982 (see

-Table 14 for description). Means in each graph surmounted

)

by different letters are significantly different at P£0.05

by Scheffé's multiple contrasts test.
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characteristic of the seed bank of field 7 since no differences in soil
type, crop rotation or weed control measures used could explain this
slight difference. Dvorak and Krejcir (1980a) have suggested that a

smaller total bank of weed seeds could be expected in fields where there

was less than 602 cereals in the rotation snd where succeeding c¢rops had

widely differing growth characteristics and widely differing crop hus-

(Y

bandry practifes associated with them. The crop sequence is thought to
S an impyfrant factor in influencing the size of the seed bank the fol-

towing year (Dotzenka. gt al., 1969; Paatela and Ervio, 1971, cited in,

Dvorak and Krejéif,\1980b). However, no trend attributable to crop

\

sequence was observed in this study. Dvordk and Rrejeir (1980b) observ-

‘ed that the seed bank of Lhenopodium album did nor change subscantially

ovecr the years aad its proportional representation in the total seed
bank remained unchanged regardless of the crop rotation.

There were no significant differences between the numbers of seeds/
mZ in fields 3 and & foé the categories of brown sceds, whole seeds,
underdeveloped seeds, whole black seeds and total number of seeds (Fig.
26b, 28b, 29bh, 3lb and 32b and T;bles 1II and IV of Appendix G). There

N
were significant difFerences at P4 0.05 between the number of seeds/m?
in field 3 and the gumber ia field & for the categnries black seeds,
damaged seeds and whole brown seeds (Fig. 27b, 30b and 33b). These dif-
. . -
ferences are the consequence of seed dispersal close to the pareht plant

and a patchy djfribution of seeds of lamb*s—quarters in the soil.

32 two adjace

similar manag®@Ent history. The lack of any weed control measures in

field 3 and & allov!d'lanb's-qutrCers plants to reach maturity and shed
¢ ’ ‘
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X -

thorr <veds unniadered.  Thais allowed the %wed banklpf lamb's-quarters
1n thos: two tilelds t}become very 1\ #ge as can be observed when these

<
two tirelds are compared with the other tields surveved (Fig. 26 to 13,

) Proportian of Chenopodiom spp. sceds 1n different catepories 1 the

-
soul : .

The contributions of the different catepories of Chenopodium spp. :
- -~
secds 1 Che seed population woere approximately constant from tield to

-~
*

field (Table 18). Black sceds contributed between 74.04 to 93.5% (Table

A

18) to the sved population of lamb's=-quarters with an aver.apie cantribu-

-

tion for all frelds of 88.1%. A large percentay:e ot “Lhe

30 black weed s

were damaged (coverall mean percentage of 58.6 £ 4.5) and

-

118 may ru-~

flocr the brittloness of the testa aor‘its slow rate ot decay 1n the sorl

. [V are . N YVl . -
anze permination has occurred (Dvorak and Krejci¥, 1980c). Fields an

this study had on average 595.8% (£ 5.8) damaged sceds 1n the seed popu-

tat tomr ot lamb' s=quarters. DvoYak and ‘1ro*'}€":"r t14980c¢) reported samilar

percentages of "decompoased séeds' of lamb's-quarters ia thear cultivated

~ -

fields (48.hc to 76.483 with an averagesot 62,0653,

urowin seeds contributed on average 1.9« (£ H.9) 3 e Sifed popua-

lation of lamb's—quarters but most of the ‘seeds within this Category we-

re underdevel?spped (overall mean percentage of 62.9 't 17.5) (rable 18).
L}mbls-quarfers Is a species with an indetrrminate ttowertng habit (Bas-

sett arnd Crompton, 1978) so that when the plant population is deatroyed

tn the fall by the harvesting and ploughln':g operations?t seeds ..ncorpo-

rated tnte the seed bank may be at various stages of devélopmen:. Whole




Table 18-

A summary of the mean percentages of different Chenopodium spp.
seed categories in different fields in Tucsok's farm, Oxford
County, Ontario, in July 1982 .
Seed " Mean grcenta&e'f
categoryt ) Field number All
1 3 4 5 6 7 8 fields
Percent of total number of seeds -
Total number of black seeds 90.5 74.0 87.5 89.8 93.5 92.9 88.5 88.1
Total number of brown sefds 9.5 26.0 12.5 10.2 6.5 7.1 11.5 11.9
Total number of whole seeds 10.5 16.0 8.5 15.4 0.0 7.6 10.8 9.8
Total number of damaged seeds 63.6 48.7 50.7 55.4 51.2 60.0 60.8 55.8
Total number of underdeveloped
seeds 25.9 35.3 40.8 29.2 48.8 32.4 28.4 34.4
Perceat of total number of black eeceds
Number of whole black seeds 11.8 18.1 9.1 15.9 0.0 8.6 11.5 10.7
Number of damaged black meeds’ 64.6 57.8 '53.2 57.9 53.0 60.4 63.3 58.6
Number of underdeveloped .
black seeds ‘ 23.5 24.1 37.7 26.2 47.0 31.0 25.2 30.7
Percent of total n r of brown seeds
Number of whole brown seeds l.4 13.0 5.6 9.0 0.0 1.4 4.8 5.0
Number of damaged brown seeds. 46.7 20.7 33.3 37.7 0.0 47.6 41.6 32.5
Number of underdeveloped ’ ]
brown seeds . . 51.9 66.4 61.1 53.3 100.0 51.0 53.7 62.5
Percent of astal number of whole seeds
Number of whole black seeds 98.5 76.9 92.3 91.3 .8 98.0 95.8 92.1
Number of whole brown seeds 1.5 23.1 7.7 8.7 ..8 2,0 4.2 7.9
Perceat of tota] number of damaged seeds . )
Number of damaged black seeds 92.5 87.5 92.1 93.7 100.0 94.4 92.0 93.2
Number of damaged brown seeds 7.5 12.5 7.9 6.3 0.0 5.6 8.0 6.8°
Perceat of total aummber of underdeveloped seeds
Number of undardeveloped i
black seeds’ ' 82.9 56.1 81.5 81.7 86.3 88.0 78.0° 79.2
Number ofSunderdeveloped 't
brown seeds 17.1 43.9 18.5 18.3 13.7 12.0 22.0 120.8
t Whole seed = plump seed with no visible damage to the tesca
Damaged seed = plump seed with visible damage to the resta
Underdeveloped seed = seed with wrinkled or collapsed arownd the

embryo but with no visible dssage to the testa

¥ Pield 1| = mean
Field 3 = wman
Field & = mean
Fields $ and 6
Pield 7 = mean
l’i‘ld 8 = maan

of 224 soil samples
of 16 soil samples
= pean of 49 soil samples

of 1350 soil samples
of 299 soil.samples.

i

§ There were no whole seeds in asy 3f the soil samples

-

L IV

‘of 25 soil sampleas *
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seeds constituted on average 9.8% (2 5.4) of t~he‘ secd bank of tamb's-~

\

quarters and of these 92.1% (x 8.0) on average were black and 7.9% (%
8.0) on average were brown (Table 18). These findings are in agrecment

with those of Dverak and Krejlif (1980c). They reported 11.65%Z to

L]

.12% 'healthy' seeds of Chenopodium album with different crop

v

ratatrons.,

It 1s 1nteresting to note that the tontribution of whale brown

3

sreds ta the secd bank was similar (0.0 to 8.7% excluding field 3) (Ta-

- ble 18) to the documented contribution of brown sceds to the total sced

praduction- of lamb's=-quarters. Inaegd, Williams and Harper (19653) re-

ported that plants of Chenopadium album in ‘the United Kingdom, produced
between 0.2% and 5.0% brown seeds and that this proportion of brown

sceds was fairly constant and was observed i1n every plant. -Although my. .| s

definition of 'brown seeds' differed slightly from that of Williams ansd

Harper (1965) (sce page 130) " a comparison of our results supgests that

we were both counting the same type of lamb's-quarters’' seceds.

{
“

The analyses of variance of the ratios of the ditferent seed cate-

L]

PBOTLES 1n-the.cultivate3 fields is summarized in Table V of Appendix G:

Scheffé's multiple contrasts tests for the proportions of the dif-
ferent seed categories in the cultivated frelds ate reported 19 Tables

19 to 21. For the seed population of lamb's-quarters, signtfitant daf-
. . ~ - . . . - d *> -
ferences 8P £0.05) between fields werg appaFent for the whole seed

>

category but no significant-differences for tha dameged and uédgﬁdeve-

loped Seed categories were oLoerved between fields (Table 19). Indeed

. . D aamtmd




Table 19. A summary of the mean ratios of different Chenopodium spp.
seed categories to the total number of seeds in different
cultivated fiélds in Tucaok s farm, Oxford County, Ontario,
in July 1982 *t.

e

-

Seed category ¥
(ratio.to total number of seeds ) - N
black brown whole damaged underdeveloped
seeds seeds seeds seeds seeds

-

0.91sb %  0.10ab 0.1la 0.64 0.26
0.90ab  0.10ab 0.15b - Q.55 0.29
0.9%ab  0.07ab 6.00¢ 6.51 0.49
. D.93b 0.02a 0.08ac 0.60 0.32
0.86a 0.12b 0.1la. 0.61 . 0.28

+ The analysis of variance and Scheffé's multiple contrasts test were
done on the ranked values of the variables. The results are given as
the original values. :

Field 1 = wmean.of 224 soil samples
Fields 5 and 6 = mean of 49 soil samples
Field 7 = mean of 150 soil samples
Field 8 = mean of 229 soil samples

¥ Whole seed = plump seed with no visible damage to the testa
Damaged séed ®= plump seed with visible damage to the testa
Underdeveloped seed = seed with wrinkled or collapsed testa around the
embryo butf with no v1sxble damage tq the testa

§ Ratios in the same column followed by different letters ar sxgnlfl—
cantly different at 0.05 level using Scheffé's multxple conkrasts
test.




-
I
-’ /
there woere no sagntficant ditfecehces for’ratios of damaged or underde—

-

veloped sceds within eitther .the total number of black or brown sced

. . . . ‘ N
categories (Table 20). No sigmificant differences were observed either

-

for the ratios of black or,brown seeds to the totai number of damaged or

underdeveloped sceds (Table 21). WNeither the crop rotation nor the sopl

type had any 1afluence on the proportions of damaged and underdeveloped

.

seeds 1n the seed population of lamb's-quarters. This could 1ndicate

that the rate of decay of either catogury of Chenopodium spp. sedds 1n

»
the svu1l 1s constant,

.
-
- ‘ .

Field 7 had a sxgnxfxcantly greater (P & 0.05) proportaon of b{1ek

sceds and a significantly lower (P £ 0.05) proportion of brnun seeds in

1ts sued\population'than fField 8 (Tabtle i9). Hownver, these differances

-

-c#Bld not be attributed to the management practices used in these two

fields but rather cauld arisen either frnm_ﬁambltng or frum inhereat
differences between the Qeeg populagionsg of fiesltds 7 and B,

-

—

Whole black seeds constituted ‘betwegn Q['dnd 99 ot'ihcfaucd haqkl
At 1aab’ s-qui‘Lern (Tablo 2l) %éctngs aFfec;xng.cﬁb s12e of Lha nurd

bank of lamb’ e-Quarters wtll Also affect the' proportLon uf vhole hrack
seedsPin, similar manner Fteld 5 had a sngnxflcan:ly graa&er (r'£ Q. 05)
ﬁm;h;réion vf whole 'seeds ‘r.i) cha total nmbe;(- o seads (Table I‘)) and to

The total number of black s,eedé‘ (Table 20) thaﬁ'k‘ﬁy-éthtr freld. 'rm- ,'

N

»>

application of mnure co nua '.i in' the fall @ay hmn- mtluéuccd the.

nuaber of vhole seeds-tn;:\e‘soxl ‘the joLlauxnx yean,by rhe addgt of
AR S ' :
‘1nt3ct Cbenogodaum opp. :ee3¢ ;o the ao:l Crop qequence xn the LYE

~ N

-

tion had QO)n\fluence on the nimbers of whole Cntnogggnn_’pp. secds in

'
'\;i
\
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A summary of the mean ratios of different Chenopodium spp.

<

- danged seed =

g Underdeveloped

* Table 20.
Coa seed categories o the total number of black and hgown seeds
N . in different cultivated fields in Tucsok's farw, Oxford
‘ ‘County, Ont2rio} in July 1982 +. ; i a
e ‘
Seed cate;éry*
Field (Ratia to total number - (Retio to total number
s C of black seeds) of brown seeds)
number wvhole damaged underdeveloped whole damaged underdeve [Eped
‘ seede, ‘yeede seeds seeds seeds seeds '
‘- |« 0.1263 7.85 0.24 0.0la. 0.47 .0.52
5 0.16c. 058 0.26 0.69 0.38 . 0.53
i 6 . 0.00a 96.53 0-47 0.00ab D.00 1.00
? 0.094p 9. .66 Q.31 0.01g 0.48 0.51
8 0.I20  0.62 6.25 0.05a 0.42 0.56
"+ TMe analysis of vaviance acd Scheffé's multiplecontrasts test were  ~
done on the canked ;ra'lues of the variables. The results are given as .
» the original values. '
Fie¥d | * mean of 224 soi1l samplés .
Barlgs 5 and 6 = mean of 43 soil wemples
. Field 7-= mean of 50 satl samples = . , .
Field B * meso nf 229 so1l sampies ' "
* .+ § Whole seed = plump seed waith no visible damage to the testa

plump seed with visible dhmage to the thsta

sed¢d -

Ratins in the.same column followed by different letters are sigaifi-

seed vith wrinkled or collepsed testa

round the
é-bry?‘but'r with no visible damage to 44& testa

- .

. cantly diffgcent at 0.05 ?‘E’"L using Scheff&’s multiple contradts

teat.,

1.
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Table Z1. A summary of the mean Jsatios of diffecent Cheno dium spp.
: seed categories to the total aumber of whoie, dana;ed and
underdeveloped seeds ia different cultivated fields n

~ . Tucsok's fars, Oxford County, Ontario, 1n July 1982 t. -7
. Seed categor{*‘ B .
“ {Ratio tov total {(Rati1o to total . (Rati1o to total
: number of number of nusber of
Field - whole seeds _damaged sceds underdevelaped seeds
number ‘Tsk brown black brown black  brown .-
: eds . seeds seeds ceeds . seeds . seeds
-
i 0.99a%  0.02a 0.93 0.08 ' 0.83 - "0.17
- 5 0.91b 0.09b Q.94 0.06 0,82 ~0.18
6 — 9 _ 1.00 0.00 -0.86 0.14
P 0.98a 0.02a . 0.94 . Q.06 0.88 0.12
8 0.96ad 0.0%ad 0.92 0,08 0.78 0.22

I 4

The analysie of ‘variante and Scheffé's multiple contrasts test were

done on the ranked values of the varxableﬁ ~The results are given as

the original values,

Field | = mean of 224 soil samples .

Frelds 5 and 6 = mean of 49 soil samples

Field 7 = mean of 150 so1l samples

Field.B = @ean of 229 s0il sawmples

¥ wole seed = plump seed with no visible damage to ﬁhe testa

5. Damaged seed = plump seed with visible damage to the testa
Underdeveloped seed = geed with wrinkled vr collapsed testa.around ‘the

. embryo but with mo visible dawage to the testa
§ Ratios In the same column followed by different leétters are signifi-

cantly different at 0.05 level using Scheff&'s multiple contrasts
wtest., . ’

'S

¥ There were no whole seeds present. ’

’

e .o 1




b

P
<
a .
: -
-
IS
.
'2
f ~ )
b
1
[
"
- - - .
. .

- 164
-~

fts secd population (Table 19) and on the proportions of black or brown -

wheol o vt oy 0t \'l‘c'g bank \T-l‘hll' 21). . '

v

. N whole sceds (e1ther black or brown ) were tound gn fiold 6 oand
N ¢

therctarey U was Axgn;fxcantiy difternnt (P 0.05) from all other

Do lde exce pU T ld 7 anblr 19).  fue seed papulation of lamb's-quar-
o o1t taedd ¥ oWwas composed exclusively ot damaged and underdeveloped
~c;d» (Tables 15 and 19). The explanativn for such -an océurrcnco (s nnt

. ) > .
thear siace muck solls are kaown ta contatn ll{:“ numbers of woeesd soeede

-

(Lewandowska -and Skapsky, 1979) . However, Dvorak and Krc}cif (19xs0¢)

.

polﬁted out thae-crop rotatfons 1n which fewer cereal crops were 1nclud-

e nad low: s proportions of "healihy seeds' ot all species and of

3
'healtny seeds' of Yamb's-quarters. They explained this phenomenon as

Lo - ] . .

3

rn})fd by higher microbral activity 1n the soil as -a result of a higher
P .
tedgueney of brogdleaved €rops 1o the -ratation,  Field & had the highest

“trequency ot broadleaved crops of all_ the fields surveyed, as well as

the lowekD propurtion of whole seeds, Greater micrabial actavity wonld

result n Aot onlv 1 lower proportion of whole seede byt alw? a4 wreater
L d
proportion nt damaged seeds (Dvorak and Kreejoir, 1980c¢). However, l“;: ¥
¢ ’ : )
Lot ter risalt was not evadent 1n freld & (Tables 1B and 19). ;
. , . S |
*» . -

The aﬁalysos nf'var;ancc”fgy the two fallow fields ‘:glgﬁtvd that

-
- "

, . .
_therp were significant dr1ffeFences betpeen frelds for the ratias of coer-
L -

= ’

tun sovd CAtegOT IS @t proPeglity tevels vanging from P " .0.05 to P - ~,
.01 (Table 22). -Indeed, there ugre.s;gnlflcant differenced (P 0oL {
between frelds 3 and 4 for.che'ratios of dlack seeds, brown seeds and .

'
v

wholc’seeds ta Lhe seed.poputatiron of lémh's-quarters tn the

.

g1l while

Py
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" . Table 22. A summary of analysed of variance on the ratios of difterent
Chenopodium spp. seed categories in two fallow fields (fxelds

3 and 4) on Tucsok's farm, Oxford County, Ontario, in July
1982¢ ¢

- 2

Seed ) Source of variation
category ¥ . .- Field
: MS F value
R "

Ratio to total number of seeds

Total number oF black seeds 1356 ° 12.08 *w

Total number of brown seeds: 1356 12.08 **

Total number of whole seeds 1109 * o 2.35 %

Total number of damaged seeds 119 0.82 NS

Total number of undecdeveloped se¥ds 160 1.12 NS

Ratio to total number of black seeds - '

Number of whole black seeds . . 849 6.80 *

Number of damaged black seeds ’ 181 1.27 NS
Number of underécvelopcd black seeds . 1640 15.6] wew
Racio to total number of brown seeds ) o
Number of whole brown seeds : <§ " 581 5.90 * .
Number of damaged brown seeds’ . 631 4.02 NS .

.« Number -of underdeveloped brown seeds ‘98 0.83 NS - .
Ratio to total number of whole seeds ~ . . T
-Number of whole black seeds v . 563 ° - 5,68 * @ ‘
Nymber of whole brdwn sceds ‘ 563 . 5.68 w

. . . K
Ratio to total aymber of dmggd seedy - ! .
Number of dadtaged black seeds 485 133 Ns
Nunber ot Jdamaged brown seedsd ' 185 . 1.33 Ns
Ratio to totll number of uuqerdevuloped seeds -
' .Number .of underdeveloped black seeds 1297° . 11.46 #+
Number of underdeveloped brown seeds 1297 [1.46 »»®

t The analysis of variance was done on'the ranked values of the .depen-
" dent variable. The degrees of freedom vere d\strtluted as fotlows:
model = |, field = 1, error = S@
NS = non significant
* - significent at the- 0.05 level
_ ** = gignificant at ‘the 0.01 level
*** » gignificant at the 0.001 level .
%+ Whole seed = plump seed with no visible damage to Che t¢sta
* Dawaged seed = plump seed with vigible daaage to the testa

Underdeveloped seed = seed with VUrinkled or collapsed around <he !
* embryo but with no visible dtuage to, the testa '
L] .
~ - .
) ) *
PO , ' . . ‘q
. - \ Se \ ’ . [} a
-
* . -



B Luth signaiticant difterences were observed for the ratios of damaged

or underdeveloped seeds to the seed -population.  There were also signi-

froand ditterences (P2 0.05) between the two tallow fields for the ra-

tias of whole black seeds and whole brown scede to the seed.hank 1t

[Jnh'<-quartvru'(T1blo 22).

These differences betweevn thng sced banks of tirelds 3 dnd 6 wery not

associated with any management practices but rather were dud to the dis=

-

trabution of the Plant populations i1n those arras and to seed shedding

: hy adult plants ot lamb's-quarters.

.

No patterns 1n the seed distribu-~
. l
L4

tiron tn the soil were detected Wwithin erther freldt and the confribuytion

ot ditterent swed categories of lamb'ssquarters to the seed population
. . -7 N

: ts conxtstent witheptoportions tonnd 1n other tidtds on Tacsok's farm

(Tabie 18D, {

) ’ . » % e




CHAPTER &, ‘ ”
- ~
" \\
° - - & P4 . .
. GENERAL DISCUSSION S . )
. v .
. : 'Y -
The optimal sampiaing procedure 15 defined h‘v* onents whiteh

rilow an unbrased es<timate of a papulation to B calculated while the

. L. .
- -
manplorp varitance and the sampling effort are dorh minmimized.,  These

somponent s wore defined 1n thas study as the dimension of the sampling
anit, the sample size and, the sampling method,  The dretribution ot the

underiving sced population 1n rhe sovl may have a®strong anfluence on |

4 -

the cfficrency of the samplinyg methnd.

n) The dimensidr ot the sampixngdhnlt
N R . - :

The sampleny, an1t can.bé defincd by weight (Dokpekhov and Chekryz- ,

al., 198i) or volume (Rahdtngv, 1958 ; Numat a “t » 4

. .

bov, 1972; Tulikov.et

al., 1964a; Hayash: and, Numata, Y97t; Goy-ain and Fablet, 1982, ?orcull4,

1984). Volume ts aften-.the casiest way ta define 3 shmpling umit <incs

o ~ &

- the samplang tool (augbys_;an b made to collect the desired volome.
N )

. . L4

. * .
The valume pf <01l collected 1s not necaessdrily precise since compaction

actur regardless pé=the dimension of the sampling tool (Bohm, 1979).

So1l augergs should not bes used tn heavy clay 3011\(Krap£;, 1966 }-.

Il b4

. ‘ N

Thé shape of the sampixgg'untt and the depth to wh)ch taken, will

.

(L4

depend on the purpose of the investigation. These factors were not ex-

* aminod 1n thist stody except for the diameter of the sampling umit., A .
' sampler, circular i1n shape, was chésen 4nd the sampling depth'ua¢ 1% cm
v . '
. L . 167 )
1 .
b ,
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9o that so1l from a sampling umit ceptesented the ploughed laver of the

F]

field. 1t is ackpowledged that some‘lough layers are deeper, but 15 cm
-

sacompassed the great part of -the laver in this study.

Ls
5

Three sizes of sampler (1.9 cm, 2.7 cwm and 3.3. cm 1n diameter),
L
E 3

collecting 63°'ml, 86 ml and 128 ml respectively, were compared for their

»fficiency 1n sampling f‘or bucrted seeds. On 3 per volume bas:is (l(’

s

ml), there were no significant differences betworn samplers in estimac-

. \ng’ ei1ther the number of Chenopodium spp. secds or the total number of
seeds tn the sotl. Similarly, Forcella (1984) did not find any rela-

tionship betwern <secd densitly and tncreasing soil surface of i1ndividual

samplrs. Ultimately, rthe total soil volume sgled ts the limeting fac-

tor 1n sved bank studies because of the time :

labnur'neg‘éed to ex-

\
e

tract weed seeds from the soil regardless of the technique used. Thus,
for .i';:w-.-h so3l volume sampled, the smaller auger permitted a greater

number of sampling units to bé collected. This larger. sample siae al-

lows for an acceptable estimate of the mean (Kershaw, [973) ,nd a small-

er sampling wrror (élll‘ott. 1977). This confitms the consensus among

»

pPTAN10US INVesLiRALOTS that a large number of smatl <ampling units s,

preferable in sesd bapk studies (Rabotnov, 1958; Roberts, 1958; Kropac,

1966; ‘R«l)bérts. 1970; Dospekhov. and Chekryzhov, 197.2_)./ . ' *
» . ( - -7
. . i
R .
b) The sample size

]

. . ‘ :
In most studies, the samplingg cost, tRe available resources and the
CT e - X . . ' . :
saaplting tool available have influenced che choice of the sample size,

; i
..

However, many investigators have collected too [few sampiing units to
. w




¥

, ‘ b4 ~ ' - .
¢mé¢) ranges between five and forty: Indecd,{spme studies indicated that
A ‘ ' . ) . ” .
ths sample si12# needed 15 dependent on the expected: sead densify antl not
R . . . ,‘., . L
“ooonathi cze of the sarveyed area (Goveau aad FablFt, 12 Farcellas
1984, Pratt et al,, 1984). Ideally the sampling units shontdq he procre-
3 - - = '
sed and recorded nndtvrduaf]y to permit the estimation. of Che sampling -~ N
' . o - ' ’ . ’ v
variance, ) , i
s . VY , .
c) The,distribJ'xcn of Ghenopodium spp. seeds i1n the soal ; .
- - .

. 169

O

aake reluiable v;tlmdtxons of the total number of 'seeds 1a the seed bank
(Whippile, 1978). My gresults indicated that the sample size needed to
descraibe the Gc;d bank .of an abundant weed species such as Chanopodium
spp. sbould range bétween 60 and lOO.samplxég uﬁxts for & symilar type
of seed dlgcrtbutioa 0 ché soil. ﬁcloy this minwvmum, the samplinp
varitance Lﬂcreases r#pidly and bevond J0O unrts, the ;ain tn precistan

. R
daes not justify the extra labour needed to collect and process these
s - .

additional units. ' ) '
\

These results tend to confirm previcus findings by Rabotnov (1958)

.

and Gnyveau and Fablet {(1982). Rabotnav (1958) concluded that no fewer.

-

shnﬂ }00-200 sampling units shauld be collectsd: This large sample <i1ze
12 destrable eithur when the total soed bank dr the seed bank of the ~
£ . ° - N * .
. 4 _ ' 3 ,
most ahundant species 1s to be described or whea the seed distribution
) . . . . :
1% rxprcted to be agpregated.: Goyeau and Bableco (1982) suggested a 5am-

ple <ize of 50 when the expected serd densiCy per sampling nnie flé.bv

L
-

The problem af describing the sced distrabution in the s0il both
. , _ . . ‘
horizontally and verticaldy, 1s often associated with 1ts inherent

" h




. (DL
b J

-
-

heterogeaetty. Several authors have studied the seed distributian in
a )

[ J
the ao{T profile (vertical) in relation tg Cu&@ural practices {Rabotnov,

1958 Roberts, 1963a,c; Roberts and Stokes, 1965; Kropad, 1966; Dvofik

» .. - ) )
and Krejci¥, 1980c; Froud-Williams et al., 1983). Zhis study investi-

. ! .
pated specifically the spatial seed dié!‘Lbution (horizontal) of lamb's~

[ 4
>

Y. quarters 1n the soil.

-

Seeds often are shed close to phe parent plant so that.the seeod
population in the s0il can be expected to exhibit. an aggregﬁted distri-

but ton rather than a random normal one (Major and Pyotr, 1966) . Goyeau

- , A .

and ¥ablet (1982) found that seeds of the wost abundant species often

Rl

3 . . .
have & norfml distribution & seeds of the legs abundant ones usually
had 3 Poisson or'aggrega:ed.dlstrlbu:ioy on @ microscale (an arca of a

fow square metevrs), My description of the sced distribution of lamb's-

- -

qu.irters on 3 microscale (using quadrats) was inconclusive since some

P
a

- aruué‘ﬁaﬁ a Paisson distribution while others had a strongly aggregated

distribution.” Seed dispersal had begun several weeks prior to sampling
=

and clumps of fresh seeds were visible on the soil surface. The occur-

renee of these fresh seeds 1o some quadrats rasulerd an apgregated seoed

<. »°  diatribution for those quadrats. B

1]
- - . -

N ' . o ' R
Y . On 2 macroscale (a large corn field), the total seed bank and thc

e, serd bank ﬂf lamb's-qdartérs did not have a Poisson distribution'but ra-
2 ther éxhib{ged a2 clusterad distribution. Indeced, a pattern of ggodbsfof
corn rows with high seed numbers and groups of corn rows with low seed

»

numbhers could be detected vithin_thé sampling site. In a field where

cultivated row crops nave*bgen-groun for several years, the pattern of

.




Q
*
. - 1 . ® . .
. - » '
dispersgl of weed seeds by farm machinery woyld be aloag crop rows ra-

ther than\across them. Evenrually, areas which\consistently had higher
N \ N

werd popu};;TBhs\max,bava*' loped large Seed>§‘nks jn the soi1l, where-

as areas which either had ::::\IEZE‘EGQLLQL,B{ a microenviconment favou-

riny, gcrmxnagxo;.or rapid seed decay may have develgped {clatxvelz smn{l
" seed banks. The spatial dis{ribution-of the. seed bank of the Chehapo-

dtum spectes tn a row crop has not been described previously 1n the

Fiterature. .

1

- 4} The =ndvli9g @methods »

.
-

‘v

sampling was used to form the matrix on which the daffe-
0 N ‘

s under investigation, were superimposced. The ori-

Wenc B

cinal samplihg mcthnd may have i1nflumnced the nature of the matrix. In-

tng meth

decd the sampling interval seemed to évincide with a regularly repeated
. - .
pattern actoss corn rows in the seed populataon of the f}eldQ Thus ; the

matrix 15 assumed to represent adjdeent sampling daits forming a coatr~
: _ . R ] N
nuous population of Chenopodium spp. seeds. The main freature of thys

.

soefl bank was 1ts directionality. This pattern within the matrix should

pe remembered since it will affect the rfficirncy of the sampling me-

thnds as measured by the Monte Carlo estimate of 'sampling variance.

’

With random sampling, as the samale size increased the Monte Carlo
estimate of sampling varjance decreased. With systematic sdmpling, the

configuration of .the sampling interval greatly influenced the Monte Car-.

lo estimate of sampling variance. 1f the interval coincided with the

.

regular repeated pattern of seed density in the nampling site, the Monte
’ .




-

Y
‘4, e . -
Carlo estimate of sampling variance was large and the te of the

population could be brased (Greig-Semth, 1964; Elliott, 1977; Saedecor

-

and Cochran, 1980). ' %
-
When stratifind random sampling was used, excessive stratification
did not lead to a reduction in the Monte Carlo estimate of sampling
- ]
variMce, Because of the underlying clustered distridbution of lamb's-
" quarters, the otientation of the strata within the sampling 'site may

-have 1afluenced the Monte Carlo _estimate of sampling variance. These
- :

~\> dittorences decreases with increasing sample size. Strata oriented

. ' - )
- along the same axis as®the corm rows had smaller Honte Carlo estimates

~

of sampling variance than their counterparts. Steatification along corn

* .

rows allowed the variance within strata to Be minimized and .the variance

bwtween strata to be maximized. The vesult was 2 gain in precision over
simple random sampling (Sampford, 1962;.Snedccor .and Cochranm, L?ﬁu?;i

lowever, this.gain in precision 1s dependent on the strata re -3 hetervs

geasous papulation being as homogenecus as possible (Snedecor and Coch-,

r?n‘aifﬁQ).
y - " .

3

s -

" .

When random sampling and stratified random sampling were compared

for a piven sample $i1ze of 64 units, no s1gﬁifica6t‘dtfierenc¢s brtween

the buo';ampilng«qnthodi were dbserve§ even tﬁough the_H;nEe éa}lolestt—~:
mate of samnlxngvvariaace for straixfied'randpm sampling ;as sltghtly‘
lower than: that for sinplé random snmpiing.. The ﬁgin’sdvénta*gs of
ﬁs:racjfiéd fandON'siwp;}ng are éhgg the sampling units'ﬁiéﬁinla{ch stra- .
}ua'Are ﬁo}e evénly.dist(ibut;d:throughéut_;hé saépling s{re (ta:e&,

§

1960; Ellio#t, 1977) and atbaitrary factors useful .in describing the

~




sampling site (e.g. crop rows, drainage patterns, fertility gradients)
can be associated with stratification (Stuarr, 1979). This allows fur-

ther relevent 1nformation to be used to describe the poputation (Snede-

. P - . ¢
cov and -Cochran, 1980). In this case, orientation nf the strata along

the acis of the corn rows proved ta be Advantagrous.

.

. The apgregated distributyon of Chenopodium spp. seeds 1n the soul

had 1 strong lnf{uongw oan the precision of cluste? samphring. Hectangu-

lar=<shaped clusters oriented across the corn rows had smaller Momge Car-

la estimates of campling wariance thaan therr cgrnterparts. In the for-~
. . . mer, clusters covered ‘as many corn -rows as possibilw, resulting in 4 tr=
pe within—cluster varvance.and a smatl between-cluster variance. ,Thic
3 o ‘ . o . _
resitlt 1s coaststent with the clusteting prancipladSruast s 1976) .-

Ingr-asing either ‘the sample ‘s1ze or the numbar of cluster< deceeased @

the Monte Carid estimate of <anmplenp vati1ance.

. - . ) - -
. " .- , . -

. Coy ] .
_For a given sdmple size (n 2-64), the Monts Carlo estimate of sam-

- »

-

plwnu variance fof the ﬁ)uetef ii?pllng'was t\xnzf}cangﬁy 1uru5r'ﬁ’g§
- . . P -

0.001) than all other sampling metinds tested,  This substantial loss of .

b . . O
.

precia}nn is often characteristic of cluitér sampling (Stuarc, 1976),

. ~ .since the aggregated secd distribution 'nf lamb's-quarters ensowes ‘that

the sdmpling”unifs within a eluster éend to be- similar., Indecd, the

mdi1q advantage of cluster sampling is the economical use of available

\ - N -

resources since clusters are more easily identified and located within a
< . ' ) .
population (Sampford, 1962). . The sampling cost compensate faor the loss

in precision (Stuart, 1976). However, thia is also achieved at the ex-

//f”d’/ pense of greater complexity tn the selection process and in the analysis
” . . N

o 0 . IR ‘




- procedure descri

allocated ﬁropoytionally‘according to the size of the field so.fhat sam-"

“was carrivd out at the same time s the .data for testing the saapling
"methads were being .collected. Consequently .ane errdr 1n CThe sampling
C.procedure was 1dentifired later. . The stratification was made across the

. ceoap rows and.as 4 resule no gaun En precision resuLtlng'fro@ stratifa-

clusters vzchxn Elctd and stratum cnntrlbuted algnlfltantiy to thé vari-

‘were Q) 802,"2621, 2912 and.ll829.£gr‘]eglds-b,:l, 1, 8 and 3 té&fﬂtt{_

. -~
»

“60 to 6640, 8q.to 11800 and ' L%O'co\BZOO seeds/m2 (0-20 cm layer) for

‘cultxuated podzolxc, broun and muc so;ls tespect;Vely. Sxmllarly, NDva- '

-
.

wf the results (Stuart, 1976).

#) The seed bynk of Chémppodium spp. 1a cultivated fields

In ocder t

~

test the validity apd the feasibility of the sampling

ed above, seed banks of laqb“i;guarcers tn cultivated
frelds ue}e Sample& using ‘a stratified clyscer sénpltng method. The

xnall <on1 duger was used and a mintmum sample Size of 50 umits was

L

Mdlnl1!ntd 1o all the Cultxvared fields surveycd : Samplxng uits were .

~

pling Jintensaty wa«'iﬁg same. It should be femembercd thai thxt'ftudy

4 ] . ~

éatiun was uhserbedl The anagysas of var\enco 1nd1cated chac fiblds and

- ~

ancp-;nmponent of the‘fﬁnear mpdei of stratified cluster sampltnn.

fhu mean numbers of whole Chédogod}um $pp. sccds/wz (OQﬁﬁucm'liré;T;

-

. ,1 .
vely. ‘!m:se values are s\unlar to the ones gaven in prevmus studtes.

» - «’=

Lewanidowska and’ Skapska (1979) reported \for- Chandelum album a rangp of

\l

Fak. and Krejxfr (1980¢) repoéted verage densities of Cbenopoo4um album
A\
ranging between @226 and 6143 seedpluz (0-3Q cm layer) in plots undet

-
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differeat crop rutatiovns , - °
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-
The application of saniire was the qust‘ﬁ-‘vl‘:cqﬂ:lc- factor 1nflucac-

iny. the nopmber of Chenoggdxua Spp. ‘eedr. —m The so:l. Freld' § Qtilch ad-
A 4 o ST B .0
fecsived an applicatinn of wanure an the talb Thad -y signitycantiy (P2

o - ST .

» . . 1

fx-whi.. This addxm_un of manyre may have g:.mtnbn(--d 1o a grdater number

N N . - . >
>

of ant mL,Lwht)rt-) t mb &-quaru-ra &ﬂ-gn tn the \-.q,lrf’\.lgu(.( the'y ate $Fresn

- st - )

The mick £01l bad no whole Seeds (blawk oy'r.hi_dw3 Jeded Tim e

' L2 - A " ) ‘ ." .‘. i
papnlatron ot {_aw'f.-;q‘u._n:u-ru was composvd exclusrveds <07 Rean-4 aon

o . . L.~
R} + L)

underde v e sami,g.-‘, ',Thufcp m.'rh:y( K 4 wl-d; LChere wSte o seed biud ot
P imh s-quatters. No éexplanntian for g‘!;w tognit \-m.](iq .h't"inu'r\d.f-tnr\. :

- , L - c‘ . .
- . S ‘ - . R ,
- 2 fek ks - s W IS
dowska Tanad Skhapskd, (19793, . . Coe e, B .
- : ' - - * N " T N ° 3 .t .
. . ' . 2 4
~ , . - Coty, . . .
. o )

3 . - Co ) . . .

M:ltht*r cron, v’*qucﬁcv aoc cTap r-ﬁ-;( ton hud Ay an{laence aa The
T ’ . » - Co > 0 )
-s:'z-’,w(‘('hi' ERATENY Hynk o f 1lmb n"qq‘lfll vy iy et b 7 amd 8L Tha . g

——— ———
- " -

'.Hkt' Dvifah .‘aﬁd Kzt.-'):"f?' (1980.1). Ho&rvcr, "f)_u;)?a'i 1".“ -K:.o:jzt’? fl‘iﬂf)b) '

3

] ‘ . ° ' X L :
ua.lly over, chw 9ears and 1:9 proﬁottxwrpr.-wntnmn lu nw tr»tal

\:e»d. bank renamgd unchmcd regardleas oF - ﬂw rr’np ;mznon. Hhvrn wend

A .

.

: v.m.ddx.ng uf lamb s—quarters wag aHoued €0 uccor mt.'hdut mtu:f’e:znce n

.

,a faﬂon-r f:eld :.ts seod bcnk becm w-r‘y largo .n \;o’pafeﬂ to seed .’

-
1

br:mk-t n the ather cult:vstﬁ-.fl.elds. o T Co

-t .

0.05) higher numsber of whole Ch_cr;pgg&'ma PP tgeé{fslnf than yvy 3,'t.h‘\~r .

N s L. o . . .
found 14 lnrge numbrrs . tn @gaues (Dore iod Raveond, (9821, T,
Y . 4 ' i * N - : ! ,
-~ ~ - ¢

auck <2ils ire Xaded to Raye Lirgn .- '{*a ol we »d Sants 1m Thew (L-avm-_f

A ) - ) ’ .- : . LW
CcQAatrary to fmdmp_s by Dorteenku et al. (!9890*, Paarela and brwvr 11901

.)bwrw-d rhat thg s»ed bank of (‘hcﬁopddnm a}bmt dus st ck-mgn ~-:U.: m*'
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)
. : ; The contribution of the diffetent categories of Chenopodium spp. )

»

¢
’ seeds to the seed population 1s approxihatelyv constant fri~ field to -

[

tield. The seed population of lamb's-quarters was comprised on average

(; 10% whole seeds, 565 damaged seeds and 4% underdévoloped secds, *

Dvafik and Xre)Cit (1980c¢) reparted samilar perceentages of healthy and

damaged seeds ofrynmb's-quarters 1n cultivated fields. Fields had on

Average 88% black seads, 595 of which were damaged. This mav reflect
the braittleness of ithe testa and the slow rate of decay of the seeds an

. . thé o1l (Dwe¥ik and Krej&i¥, 1980c¢). - ..
I Ty : ,..
g

v
Brown seeds coatributed 123 on average to fhe sced population with i
.o —
, mosl ot them (63%) being underdeveloped,  Lamb's-quarters with 1ts 1nde-

-

terminate tlowering habit has seeds at various stages of development

when the plant pOpulattbns are destroyed 1n the fall by har;thxng and
- ' .

I3

ploughiny operations. Many undecdeveloped seqgds are 1n@nrporated tnto
- \ v
the sced hank. It 1s interesting €o note that the contribations of

R whole brown seeds to the seed bank exhibited a similar range tn the con=—
. tribution of brown seeds to to(yl seed™production of lamb's-quarters as

a

documented by Williams and Harper (1943). The proportions of damagnd
. .

be

seeds and underdeveloped seeds 1n the seed population of lamb's-quarters

.

weree not siyetficantly diffecent among ticlds.  This may indicate that

the ratv’nf-decay of damaged secds and underdevelnped serds tn the sl

1~ .onstant regardless of the crop rotating or the so1l type,

! ’

L]

- :3 iiﬁq The smplicatinns of quantifyimg the seed banks of wred popwrlations 1n
¢ . o - , ., -

arable soils

.-
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red .
. ' g iy "-‘

In the past, studies relating tg sced banks of arable soils have

v

congentrated on describing the conzribution of different weedy species

tu the sced popuaatlpﬂl. The tnfluence of different types of cultivation
\ A ". l.o' .
and crop rotations on the. srze and the species composition of seed banks

. v

have been investigated thorcughly (Roberts, 1962 " Roberts and Stokes,

/_,._ - ~
196;?‘;;herts and Dawkins, 1967; Roberts and Feast, 1973a). At one

{ time, 1t was thought that the knowledge of the species composition.of a

g sced bank 1n a site coyld be used to predict the si1zé and composttion of
its weed population., This idea was soon dropﬂéd since there was no cor-
\_\ : . . -
. reldtion between the seed bank and the plant population of a site.

Thuld, Sced banks cannot be used-to predict the presence or the si1ze &f

o infestations.,

However, the size of a seed bank could become a factor used to mea-

sure and compare the cfficiency o§ weed contral by varitous regimes of '

4 -8

herbicide application. Seed bakes are important olements 1n the life
history of annual weeds. The cffect of herbicide application %hc
population dynamics of annual weeds can be measured by the survaval of

I . - .
the seedlings, their fecondity and the i1ncorporation of their seeds intu’

the so1l. Modelling can then be used to predict the size of the weed
population after several years of continuous herbicide use, The effi-
" ciency and the relative cost of various regimes of herbicide applicatijon

1 : hd

can also be compared. McMahon and Mortimer- (1980) successfully modelled

(/ the population dynamics of an important perennial weed (Agropyron repeas

-

(L.) Beauv.) under different chamical weed control regimes. A similar

approach is also feesible for annual weeds. , Modelling of the popdlétion

et al., 1978) to

e

dynamics of wild oaty (Avena fatua L.) (Mortimer




-

‘simulate the consequences of varioug control measures has also been
. e

. L]

atrtempted,

[N

the estimate of the

[}

To improve the reliability of these models,

: s17e of seed bank should be unbiised and precise. Thus, the choice of
teliable sampling procedyres as forwarded tn this study become all the
more important.
-
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SUMMARIES OF SELECTED SEED BANK STUDIES




. P
. K
ha
ST - APPENDIX A
4
Table ] P.‘e
: [. Summary of selected seed bank sgtudies in arable land and
PASEUTES ... ....ovenrncnwnnnnn D oo 181
i IT. Summary of selected seed bank studies of.vari0us non- e
agricultural habitats...... N e Ceeen : 182
II1. List of the numbers of individual sampling units per plot.
(or site) used in sglected seed bank studies ............ 183
IV. List of the sampling methods used in selected seed bank
BBUGLES .ttt iittentte ettt e, S 184
: V. Summary of the dimensions of sampling units used ip
selected seed bank studies ,of arable land ......... 185
/ .
A
V. Summary of the dimensise of sampling units used in
selected seed bank studies of ‘pastures, leys and
meadows ..........000.. e et e ceteas e 186 *
VII, Summary of the dimensions of sampling units used in .
selected seed bank studies of various habitats .... 187
VII1. List of methods used to collect sampling units-in selected
seed bank studies

............. P 188

- 4




: W . . 181

* .. TABLE 1. S;-nary of selected zeed bank studxes';ﬁ Srable land and N
L pastures. L . s I
. Py r Ll . :
Crop -Country References . T
Vegetab‘ii/// England  Roberts, 1958, 1962,%1963b, 1968;

Roberts and Stokes, 1965; Roberts and
Rickerts, 1979; Roberts and Neilson,

. 1981, 1982
Poland - Lewandowska und Skapski, 1979
Cereals , ) Canada Budd et al., 1954
Czechoslovakia Kropal, 1966
England Brenchley and Warington, 1930, 1933;
. . . . , 1945
., Scotland . Warwick, 1984
Cornisoybean . Hungary . Fekete, 1975
U.S.A. Schweilzer and Zimdaht, 1986a, b g
: Bridges and Walker, 1985; Burnside et
r . - al., 1986a, b . ~
. Root «¢crops- o U.S.A. . Dot zenko et al.. 1969
e ‘
Rice ’ Auvstralia McIntyre, 19853
" . Morocco Bouhache et al., 1983
Pineapple Malaystia Wee, 1974
Misacellaneous Englan - Froud-Williams et al., 1983
- arable crops Morncco MWyouhache and Tanji, 1985 .
. U.S.A. Williams and Egley, 1977; Conn et al.
- 1984
" Fallow or Canada Acchibold and Hume, 1983 ' :
_cyltivated land England ) Roberts, 1963a; Roberts and Dawkins,

L. .. . 1967; Roberts and Feasf, 1973

Pasture/meadow Canada Qore and Raymond, 1942; Archibold,
: . 71981 ’
- ‘ Czechoslovakia Dvotik>eand Krejli¥, 1980b
England - Champness and Morris, 1948; Champnews °
- . 194%a; Howe-and Chancellor, 1983; .
. * Villiams, 1984 . .
C Japan Hayasshi and Numata, 1971
USSR Rabothov, 1956, 1958 .. .
R . I g
7 - '
v -
>, ] . -
* . >
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. : TABLE 11. SamaSry of selected seed bank studies of varxous.non—agricqiturll
habicdts.
td

Habitat Country References

Abandoned fields U.S.A. Livingston and Allesio, 1968

> Prairaie Cansda g ' Archibold, 1981
-U.S.A. " Lippert and Hopkians, 1950; Msjor and
. Pyott, 1966; Marlette and Anderson,
1986
Shrub woodland Austfalid Hodgkinson et ai., 1980
Semi~desert U.S.A. Hassan and West, 1986 .
Forest Britain ~ Hill.and Stevens, 1981
Canada . Kellman, 1970; Johnson, 1975; Moore
and Wein, 1977; Archibo)d, 1979
. ) . Poland . Piroznikow, 1983 :
. . “ U.S.A. ., Olmsted and Curtis, 1947; Livingston
: and-Allesio, 1968; Whipple, 1978; :
Prate ot al., 1984
Rainforest Australia Hopkins and Graham, 1984
New Guinea Enraight, 1985
2 Tundra . X U.S.A. McGraw, 1980; Roach, 1981
- Marsh : .S A. ° Van der Valk and Davis, [978; Leck
) . o and Craveline, 1979; Smith and
* ) Kadlec, 1983, Hopkine and Parker,
. . 1984; Parker and Leck, 1983; Smith
and Kadlec, 1985
N .




TABLE II1.

List of the numbers of individual sampling units per plot (or
site) used in selected seed bank studies.

Number of sampling--- -
untts per plot (or site)

References

10
12,

15,

24,

* 34,

a4

68,

Y 60,

1y

25, 28

36, 40

45

.50

64

1Y

12, b3, 80, 84

a

, 100

200

2

-

Lipperg and Hopkins, 1950; Johnson, 1975;_ '
Zimmergren,,1980; Enright, 1985; Parker and
Leck, 1985 -
Olmsted and Curtis, 1947; Rabotnov, 195%6;
Hayashi and Numata, 1971; Hopkins and Graham,
1984 ; Panetta, 1985 i : ‘
Rgberts and Stokes, 1965; Roberts, 1968; Hall
and Stevens, 1981; Hopkins and Parker, 1984
Radbotnov, 1956; Major and Pyott, 1966;

Hayashi and Numata, 1971; Fekete, 1975; Moore
and ®ein, 1977; Bridges and Walker, 1985
Johnson, 1975; DvbFak and Krej&i¥, 1980b;
Smith and Radlec, 1985; Marlete and Anderson,
1986

Champness, 1949a; Roberts and Stokes, 1965
Kropd®, 1966; Whipple, 1978; Williams, 1984,
Bridges and Walker, 1985

Kelley, 1977; Lewandowskajand Skapski, 1979;
Standxfer, 1980; Goyeau and Fablet, 1982;
Bouhsche et al., 1983; Bouhache and Tanji,
1985; Hassan a and wWest, 1986

Andrew and Mott, 1983; Howe and Chancellor,
1983; Smith and Kadlec, 1983; Smith and Kad-
lec, 1985; Burnside et al., 1986a,b; Martette J
and Andersgn, 1986

Kelimdn, }970; Lewandowska and Skapski, 1979;
McGrag, 19803 Roach, 1983;. Harlette and An-

derson, 1986 coe ’

' Kellman, [974b; Marliette and Anderson, 1986

Hilton, 1939; _ Rabotnov, 1956; Howe and Chan-

cellor, 1983; Marlette and Anderson, 1986

Rellman, 1974b; Nicholson and Keddv, 1983;

Warwick, 1984; Marlette and Anderson, 1986 .
Kellman, 1974a; Warwick, 1984; Mcintvre, 1985;
Marlette and Anderson, 1986 '
Rabotnov, 1958; Thompson and Grime, 1979;
Piroznikow, 1983; Marlette and Anderson, 1986

Pavone and Reader, 1982

L]
.

-
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.TABLE IV. List of the sampling methods used 1n selected seed bank

studies,

Sampling sethod

References

Random

Sy<tematic

Stratitfied random
ﬂulti-stage_
Along transect
Regularly along

transett
.

Randomly along
transect

Zrg-zag
Representative

(middle of plot)
»

Unidentified

Milton, 1936; Major and Pyott, 1966; Dotzenko et al. -
1969; Kellman, 1974a; Johnaon, 1978; Van der .¥alk

and Davis, 1978; Roberts and Ricketts, 1979; McCraw,
1980; Smith and Kadlec, 1983; Coan et al., 1984 ;
Hopkins and Graham, 1984; Warwick, 1984; Williams,
1984; Bridges and ‘Walker, 1985; Panett 1985; Smith
and Kadlec, 19853; Burnside et al., | , b; Hassan

~and West, 1986

Rabotnov, 1958; Kropé{, 1966; Kellman, 1974b; Archi-
bold, 1979; Hodgkinson et al. 1980; Bouhache rt gl..
1983; Pratr et al., 1984; Schweizer and Zimdahl,
1984 a, b; Bouhache and Tanji, 1985

Thompson and Grime, 1979

Kellman, 1970; Goyeau and Fablet, 1982

Johnston et al., 196Y; Leck and Graveline, 1979

Olmated and Curtas, 1947; Hapash:i and Numata~1971;
Kellman, 1974b; Archibold, 1981; Archibold and llume,
1983; Froud-Williams et al., 1983; Nicholson and

Keddy, 1983; Piroznikow, 1983; Roach, 1983; Hopkins

and Parker, 19884; Parkep_and Leck, 1985; Marlette
and Anderson, 1986 .

Livingston and Allesio, 1968; Kelley, 1977, Pavone
and Reader, 1982

Brenchléy and Warington, 1930, 1945; Mglntyre, 1985

Wee, 1974; Standifer, 1980; Hill and Stevena, 1981,

Roberts and Neilson, 1981; Lewandowska and Skapski,
1979 -

-

‘Chippendale and Milton, 1934; Milton, 1939; Dore and

Raymond, 1942; Champness and Morris, 1948; Champ-
ness, 19493; Lippert and Hopkins, 1950; Budd et al.,
1954; tnov, 1956; Roberts, 1958, 1962, 1963a, b,
1968; Roberts and Stokes, 1965; Roberts and Dawkins,
1967; Roberts and Feast, 1973; Hurle, 1974; Fekete,
1975; Moore and Wein, 1977; Whippte, 1978; Dvofék
and Krej&{F, 1980b; Zimmergren, 1980; Andrew and
Mott, 1983; Howe and Chancellor, 1983; Warpes and

Andegsen, 1984 ; Bridges and Walker, 1985; Enright,
1985 e )
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Suamgry of the dimensioas of ssapling
seed Bank studies of arable Land.

TABLE ¥

<

wnits ueed 1n selected

Sswpiing Dimeasion® Depth Volume (rop Country References
toot (cm) {cm) 1{ml} . .
Auger t.9 1S 43 Corn Canada  Benoit and
. Cavers, 1981
20 57 Vegetables U.S.A. Standifer, 1980
2% 7i Owrn U.S.A. Schweizar and
' Zisdaht, 19844,b
30 8% Corn-aoybean U,S.A, Warnes and ’
Cereals JAndersen, 1984
2.1=2.% 10 49 Vegetables England Roberts, 196)a;
10 49 Yegecables- England Roberts and
- cereals Ricketts, 1979
1S 74 Vegetables Eangland Roberts, 1958,
1963, Roberta
. and Stokes 1965;
R te, 1968 .
i5 74 Vegetabplcs- England berts and
cereals eyvlson, 1981,
© 1982
‘ 20 98 AR England Fraud-Witltl,ses
et al., 1983
23 13 CULT England Roberte and
Dawkina, 1967;
Roberts and
Feasr, 197}
| 1% 10% Pincapple Mslaysia Wgo, 1974
1.7-4¢ 8 ., 101 CULT Canada Archibold and
- Himpe , {98)
- ~10 126 Rice Auctralia Mclntyre, 1985
4 30 377 Corn-soybean- U.S.A. Warnes and An-
cerrals drreen, 1984
S ) 98 ... UM Mates Baylor, 1970
19 299 UN .S A, Conn et al,,1984
20 393 Raice Mnrocco B«nuhar_f\-ﬂ—& g
1943
0 191} uN V.S A, Willrme and
. Egley, 1917
' - Coen .S A, Burneide et al.,
ws 19863, b
° 30 589 Corn France Gayeau and Fa-
. . blet, 1982
60 1178 Corn-goyheanf 1. A, MAPidgeg and
. . Walker, 198%
AR Marnucr Roghiache and
h Tanjy, 1485
L] 4 113 im Rallman,. 19744
1. 46 . 1771 Carn-soybean- U.S.A, Wirnre and An-
cereals der<en, 1984
- 1t 15 laze Corn-woybean U.S.A. Bridges and
. = Walker, 1989
Knife/ 7.% x 10 15 11400 Wheat-bariey England Beenchley and
blade. . s Warington, 1910,
1945
15 L1a00 Wheat Canada Budd et al., 195
15 x 15 23-304 6730  Cereals Czechos- Kropi¥, 1966
' . : : tovakia
- 20 x 20 23 10000 ° Wheat

Cecmany Hurle, 1974

* Dimensions for th': augers celer to the dismeter; those for the bladea
refer to the side of & block of morl. o
t Calculstions fof volume are rounded off to the nearast unit.
7 The larner value {9 used for the required calculations.
AR - Aroble coops; CULT = cultivated but no crops grownr; .

UN - uvaidentitied crap
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TABLE VI. Summary of the dimensions of sampling unj¥s used-in selected ! e
. seed bank studies of pastures, leys and meadd(s.
Sampling Dimensidn* Depth Volumet Country References
tool (cm) (cm} (=)
Auger 2.3-2.5 15 74 England . Howe and Chancellor, R
1983; Williams, 19
3 13-18¢ 127 Wales Miiton, 1936 N
5.6 S-1i# 271 England Champness and Morris, . .
1968 .
. 6-17¢ 419 England Champness, 199, \
8 10 503 Canada Archibold, 1981. \
Knife/ 10 x 10 10 1000 . USSR Rabotnov, 1956, 1958 )
btade Japan Hayashi and Numata,
[971 1 !
15 x 15 2.5 563 Canada Dore and Raymond, 1942 - !
33 x 23 36 19064 Wales Chippendale and’ ‘

Milton, 1934

* Dimensions for the augers refer to the diameter; those for the blades
refer to the side of a block of soil. )

-

t Calculations for.the volume are rounded off to the nearest unit.

# The largef;dzigg}is'used for the trequired calculations.
=
‘"‘.

-
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TABLE V1I1. Summary of the dimengions of sampling unils used 1n selecled
seed bank stodies of various habitals.

. - | d
- Rabitat Sampling Daimension® Depth Voliumet Country ‘ncrs
toot (cm) (cm) fml)
Abandoned Auger 5 < 10 196 Canada Pavone and Reader,’
frelds . 1982
Auger 7 , 3 116 England Thompscon and CGrime,
1978
Xnfe/ 10 = 10 2 200 Sweden Zimmergren, 1980
dlade » »
NI¢ Nl L} 40  Japan Numata et al.,
’ . 19642, b
Chaparral Kaife/ 29 x 29 10-15 12615 0.S.A. Keeley, 1977
Blade ’
Forest Auger 8 10 503  Canada Atchibold, 1979
10 10 785 Canada Ketiman, 1970,1974b
Canada ™ Johnson, 1975
Auger 10 10-11 863 U.5.A. Livingston and
Alleaio, 1968
Knife/ 929 1.3-1.9 4645 U.S.A. Olmsted and Curcis,
blade . . 1947 .
Nl 10 x 10 Nt Nl Canadp Hoore and Wain, 1977
10 » 10 10 1000° U.S.A. Pratc et al., 1984
20 x 20 $ 2000 U.S.A. Whipple, 1978
200 x 30 - 10 6009 Britain Hill and Strvena,
. 1481
Harsh Auger 3 18 127" Walrs 4 Milton, 1939
) 21 148 Canada Nicholson and
? Keddy, 198)
. Knife/ 10 x 10 10 1000 U.S.A. Leck and Graveline,
. blade 1979 '
Knife/ 20 x 20 - 4 1600 U.S.A. Seith and Radlec,
hlade o 1983, 1985
Knafe/ 20 x 20 3 2000 U.S.A, Hopkins and Parker,
hlade 198B4; Parker and
' Leck, 1985
L] 67% 4-5 3315 U.S5.A, Van dear Valk and
’ Davie, {978
Prascie N1 929 1.3 121 U.S.A, fappert and Hop-
. * Xina, 1950
Anger 10 . .8 194 Canda Johaseon At al,1969
- 15.2 A 1083  U.5.A. Marletee and Ander-
. . . won,.1386
Ryinforret Knmafe/ 295 x 50 S K250  Australia Hopkine and Griham,
h)ade . 1984
NI 20 x 20 7,% 30N0  New Goinea Fariphr, 1985
Semy - Auger $.6 A2 115 U.S.A. Haxesn and Weat,
desert 1986
Tundras Aager S 3% 687 2.5.A. McGraw, 1980
Auger 12.5 20 2454 B.S.A. Roach, 1943
Savanna NI 1400 2.5 J%0 Acstralia Andrew and Mote,
woodland | 1983
Shrub Rnife/ 40 x 40 t 1600 Australia Hngkineon ot al.,
woodland _ biade 1980 -
* Dimensions for the augers refer to the diameter: thnse for the blade«
* vefer to the side of & block of soit.
+ Calculations fogr, thé volumd: are rounded off to Lhe nesrest untt.
$ N1 - not idﬂu(?‘x

TRE lorger value is used for the reqdired calcuiations
The value refers to an afea in cm?

- .
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« TABLE Y1II. List °§ methods used to c¢ollect sa-plit_'\g units to selected
- seed bank studies. '

- -

Method of colledting References
sampling wnits (S.U.) Lf

«

Subsampled Chippendale and Milton, 1934; Dore and Raymond,.
L[]

1942; Champness and Morris, 194B; Dotzenko et-

. al., 1969;. !!ot!gl:il-\zm\"t5_(__.1_}_:,~ 1980
Sulked  Milton, 1936; Budd et al., 1954; Robercs, 1958,

1962, 1963a, b; Wee, 1974} Leck and Grave&'i‘ne,

1979; Hill and Stevens, 1981; Roberts and Neil-.

Son, 1981; FroudWilliams et al., 1983; Conn et

al., 1984; Prat% al., lﬁ&?ﬂcrnes and’ An-
~ . dersen, 1984; .Sm¥th and Kadlec, 1985

Subsampled,- bulked S.U. Livingston and Allesio, 1968; Johnaton et al.,
]

1969; Hurle, 1974; Roberts and Ricketts, 1979

S.U. made up of bulked Brenchliey and Warington, 1930, 1945; Roberts.
cores - and Dawkins, 1967; Roberts and Feast, 1973;
. Archibold, 1979, 1981; Archibold and Hume,
1983; Williams, 1984; Bridges and Walker, 1985;
B Panetta, 1985; Burnside et al., 198%a, b

Subsampled S.U. made up Van der Valk and Davis, 1978; Schweizer -and

of 'bulked cores Zimdahl, 1984 a, b
o . . s
t ' :
o
«r 9
>
|
® , ’ -
r R :
|
1 A '
-
’
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- & MODRFIED MALOWE'S TECHNIQUE TO EXTRACT SEEDS FROM SOIL SAHPLES.
. w, ) .

SR

" Soil samples are soaked for ® minimum of 30 minytes in a solution

.

of sodium hexametaphosphate (Calgon) and sodium bicarbonaté {baking.

soda). The solurtom-is prgéared'b; mixing in watgr 50 g of sodium hexa-
meCaphasphate and 25 g of sodium biéai?onate per liter of 'solution. The

iuﬁort&ﬁf characteristic of these compounds %s to disperse soil parti-

cles. -This suspension ig poured over a set of sjeves, the upper one ,_.

with 2.0 mm mesh‘opening® (No. 10 Canadian $randard) and the lower one
with 9.5, wm mesh openings (Ne. 35 Cdhadian Standard). The material is

washed ﬁhrOugh these

sieves by 4 fine spray 4f water from a garden spra~ -

-

LT L X I .
ye (Fig. I of Appendix E). "'The seeds as well as some debris are col-

A .
A L]

. T - ¥ .
lected in the lower sieve.

. ’.

rs

o . Lo e 3 e
‘Thil sieve is then imderted over a clay saucer (18 cm in diame-

ter). By gently tapping, material is~emptied upon a Whatman No. | qua-
Y ¥ ‘ a . * . -

licative filter paper in.the bottom of the saucer. The samples were -

moved °to a well-ventilated room amd covered with a fine mesh nylon to .

a v

prevent’ any contsmination. They are left to dry for one or two day;

The zaterial is thed gently brushed off the filter paper and placed i

-

o . +
labelled:-No. 1 coin eavelope.




" APPENDIX C

L

LISTING OF COMPUTER PROGRAMS FOR SAMPLING .
e IN A 32 X 32 MATRIX AND THE SUMMARIES OF & .
THE MATHEMATICAL FORMULAS USED IN THESE PROGRAMS
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SECTION 1. RAND.FOR - Fortran computer program for random sampling in
a 32 x 32 matrix ;
C* THIS PROGRAM TAKES NN RANDOM SAMPLES OF SIZE M FROM
C* A SQUARE MATRIX OF DATA VALUES.
C PROGRAMMER - N. KENKEL
DIMENSION N(32,32), REM(400), REV(400), RESV(400)
OPEN(UNIT = 1, FILE = 'CALDAT.DAT’)
IDIM =32 ,
NUM = 1024 .
DO 20 I = 1, IDIM \
20 READ (1,25) (N(I, J), J =1, IDIM)
25 FORMAT (12, 1913,/,12,1113)
CLOSE (UNIT = 1, FILE = 'CALDAT.DAT')
904 MWRITE (5,26)
26 FORMAT ('SPECIFY RANDOM SEED VALUE')
. READ(5,27)IR
27 FORMAT(1)
CALL SETRAN(IR)
*C * RANDOM SAMPLE; NN SAMPLES EACHGOF SIZE M*
. WRITE(S 28)&
28 FORHAT(' RANDOM; SPECIFY # SAMPLES, AND SAMPLE SIZE' )
READ(S,30)NN M ‘
30 FORHAT(ZI) : .
DO 100 L=1,NN
IRS=0
IRS2=0
DO 80 K=1,M .
X=(RAN(Q)*IDIM)+]1.0
Y=(RAN(Q)*IDIM)+!1.0
I=IFIX{X)
J=IFIX(Y) ’ ]
IF(X.GT.32.0)1=32 =
IF(Y.GT.32.0)J=32
IRS=IRS+N(I,J)
IRS2=IRS2+N(1,J)**2
80 CONTINUE '
QQ=FLOAT(IRS) .
QQ2=FLOAT(1RS2) * : :
REM(L)=QQ/M
REV(L)= (QQZ-QQ**Z/H)/(H—I)
RESV(L)=(REV(L) /M) *{1-FLOAT{(M) /NUM)
100 CONTINUE
.C RANDOM COMPUTE AVE oF QHE NN MEAN AND VARIANCE VALUES
. TRM=0.0
TRV=0.0
TRS=0.0
DO 110 I=1,NN
TRMeTRM+REBM(T)
TRV=TRV+REV(I)
TRS=TRS+RESV(1)
110 CONTINUE
RM=TRM/ NN




| 4

RV=TRY/NN
RS=TRS/NN

C* FIND THE MAX. AND MIN VALUES T

I5

RMMN=REM(1)
RMMX=REM(1)

> RVMN=REV(1)

RVMX=REV(1) . Y
RSMN=RESV(1)

RSMX=RESV(1) . ]
DO 115 L=2 NN v . v
IF(REM(L).GT. YRMMX=REM(L)

IF(REM(L).LT.RMMN)RMMN=REM(L)
IP(REV(L).GT.RVMX)RVMX=REV(L)
IF{REV(L).LT.RVMN)RVMN=REV(L)
IF(RESV(L).GT.RSMX)RSMX=RESV(L)
IF(RESV(L).LT.RSMN)RSMN=RESV(L)
CONTINUE

C * MONTE CARLO SAMPLING VARIANCE

120

RV1%0.0 . d’,}
DO 120 Is1,NN .
Rv1-Rv1+(Rn-Reu(1))**2

RS1=RV1/NN

C * COMPUTATIOR OF POPULATION PARAMETERS

450

ISM=0 -

1SM2=0 ‘

DO 450 I=1, IDIM

DO 450 J=1,IDIM

ISH-ISH+N(I,J)

ISM2=1SM2+(N(I,J)**2

CONTINUE .
RR=FLOAT(ISM) , .
RR2=FLOAT(ISM2)

PM=RR/NUM

PV=(RR2-RR**2 /NUM}/ (NUM-1)
PSV=(PV/M)*(1-FLOAT(M)/NUM)

C * OUTPUT THE RESULTS

500
505

510

515,

525

530

545

WRITE(6,500)M,NN

FORMAT(' RANDOM SAMPLING:SAMPLE SIZE=',14,' #SAMPLES=',14)
WRITE(6,505)

FORHAT(/ ' CALCULATED MEAN AND RANGE')

WRITE(6, SIO)RH.RHHN RMMX

ronnar(zx F8.5,"' (',F8.5,' - ',F8.5,' )")

WRITE(6,515)

ronnar(/ ' VARIANCE ssrxnarss AND RANGE')

HRITE(6.SLO)

WRITE(6,510)RV,RVMN, xvux -

WRITE(6,525) )

ronnar(/.' SAMPLING VARIANC! ESTIMATES AND nancz )
WRITE(6,510)RS ,RSMN, nsax

WRITE(6, sso)nsz :

ronnnr(l ! MONTE CARLO ESTIMATE OF SAHPLING VARIANCE=' F8.5)
WRITE(S, 565)

rom‘r.(/ ' POPULATION PARAMETERS')

193,



WRITE(6,550)PM,PV,PSV ’

550 FORMAT(' MEAN=',F8.,5,’ VAR*=',f8.5,'  SVAR=',F8.5)
WRITE(S,923) _ :

923 FORMAT(/,' TYPE'l TO CONTINUE')

924 FORMAT(I) .
IF (NAJ.EQ.1)GO TO 904

] STOP

- : END




195

SECTION II. SYST.FOR - Fortran computer program for systematic sampling
in 8 32 x 32 matrix
C SYST.FOR- PROCRAM FINDS A SET OF SYSTEMATIC SAMPLES
C FROM A SQUARE MATRIX OF VALUES.
C PROGRAMMER - N. KENKEL
DIMENSION N(32,32),YEM(400),YEV(400),YESV(400)
OPEN(UNIT=!,FILE='CALDAT.DAT')
g IDIM=32
NUM=1024
Do 20 I=1,IDIM ;
: 20 READ(1,25)(N(I1,J),J=1,IDIM)
— 25 FORMAT(12,1913,/,12,1113)
CLOSB(UNIT'l FILE=' CALDAT DAT')
904% WRITE(5,26)
26 PORHAT(' SPECIFY RANDOM SEED VALUE')
READ(5,27)IR
27 FORMAT(I)
CALL SETRAN(IR)
C * SYSTEMATIC SAMPLE - NM SAMPLES EACH OF S{2E MM
WRITE(S5,121) ' :
121 PORHAT(' SYSTEMATIC: SPECIFY SAMPLING INTERVALS(X AND Y COORDS)')
REA ,122)NX NY
122 (21)
uxx-xnrn/nx
NYY=IDIM/NY
MM=NXX*NYY
WRITE(5,128)
124 PORHAT(' SPECIFY ¢ SYSTEHATIC SAMPLES TO TAKE')
READ(S5,125)8M ] .
- 125 FORMAT(1) - : .
: DO 200 L=1,NM .
1YS=0 y
1YS2=0
X=(RAN(Q)*NX)+1.0
Y=(RAN(Q)*NY)+1.0 ‘
I=IFIX(X) ’
, J=I1FIX(Y) ' )
A IF(X.GT.NX)I=NX
IF(Y.GT.NY)J=NY
DO 140 KK=I,32,NX : :
DO 140 LL=J,32,NY : y L ‘ <
IYS=1YS+N(KK,LL)
1YS2=1¥S2+N(XK,LL)**2
140 CONTINUE ) )
QQeFLOAT(IYS) .
‘QQ2=FLOAT(1YS2).
. YEM(L)=qQ e
. . YEV(L)={(QQ2-QqQ**2/MM)/ (Ht-1)
YESV(L)Y=(YEV(L)/MM)*({~FLOAT(MM) /NUM) . -
200 CONTINUE T ‘
C * SYSTEMATIC - COMPUTE AVE. OF NM MEAN AND VARIANCE VALUES T -
TYN=0.0 _ -
TYVv=0.0




210

TYS=0.0°

DO 210 I=1,NM
TYM=TYM+YEM( 1)
TYV=TYV+YEV(I)
TYS=TYS+YESV(I)
CONTINUE
YM=TYM/NM

. YVRTYV/NM  _
YS=TYSMNM
C * FIND THE AND MIN OF THESE VALUES

220

YMMN=YEM(1)

YMMX=YEM(1)

YVMN=YEV(1)

YVMX=YEV{(1)

YSMN=YESV(1)

YSMX=YESV(1) s

DO 220 L=2,NM

TF(YEM(L).CT YMMX)YMMX=YEM(L)
IF(YEM(L).LT.YMMN)YMMN=YEM(L)
IF(YEV(L).CT.YVMX)YVMX=YEV(L)
IF(YEV(L).LT.YVMX)YVMN=YEV(L)
IF(YESV(L).GT.YSMX )})YSMX=YESV(L)
IF{YESV{L).LT.YSMN)YSMN=YESV(L)
CONTINUE

€ * MONTE CARLO SAHPLING VARIANCE

225 .

YV1=0.0 _

DO 225 I=1,NM -
YVI‘YVI*(YH-YEH(I))**Z

YSI=YV1I/NM

C * OUTPUT THE RESULTS .

500
© 505

310

5tS
_WRITE(6,510)YV, YVMN, YVMX

' 525

530

923

924 -

WRITE(6, SGO)HH NM~

_FORHAT(' SYSTEMATIC SAMPLING:SAMPLE SIZE=' I4,' #SAMPLES='

WRITE(6 ,505)
FORHAT(/, CALGULATED HEAN AND RANGES')

WRITE(6,510)YM, YMMN  YMMX T

FORMAT(2X,F8.5,' (',FB.5,' - ',F8.5,’ )')
WRITE(6,515) ©
FORMAT(/,' VARLANCE ESTIMATES AND RANGE' )

WRITE(6,525) °©

Ponnaf\/, SAMPLING VARIANCE zsrtnarzs AND RANGE' )
WRITE(6,510)YS, YSMN ,YSMX

wWRITE(6, sso)vsn

FORMAT(/,' MONTE CARLO ESTIMATE OF SAHP VAR=',P8.5)
WRITE(6,023). °

?oamr(/ ' m’s 1 10 connuva )

".READ(6,924)KZ
'Fokuar(l)

IF (KZ.EQ.1)GO TO 904
STOP

END

T4

)

o]
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SECTION 11E. STRAN.FOR - Fortran conput!r’brogran for stratified random
sampling in a 32 x 32 matrix.
C STRAN. Pon ~ PROGRAM TARES A STRATIFIED RANDOM SAMPLE FROM A MATRIX.
C. THE STRATA ARE OF THE SAME SIZE, AND RECTANGULAR (USER SPECIFIED).
C THE SAME NUMBER OP SAMPLES ARE TAKEN FROM EACR STRATA.
C PROGRAMMER - N, KENKEL
DIMENSION N(32,32),SEM(400),SEV{400),SESV(400),
=SAVE(16,16), VAK(lé 16), SVAR(16 16)
OPER(UNIT=], FILs-'CALDAr DAT')
IDIM=32
/ NUM=1024
DO 20 I=1,IDIM
20 READ(1,25)(N(1,J)),J=1,1IDINM) .
25 FORMAT(I2,1913,/,12,1113):
CLOSE(UNIT=1,FILE="CALDAT.DAT')
904 WRITE(5,26)
26 FORMAT(' SPECIFY RANDOM SEED VALUE')
READ(5,27)IR
27  FORMAT(I)
CALL SETRAN(IR)
C * STRATIFIED SAMPLE . NL SAMPLES EACH OF SIZE MP
WRITE(S5,300)
300 FORMAT(' SPECIFY STATA SIZE IN X, Y COORDS.
+ AND THE NUMBER OF SAMPLES TO TAKE W/I EACH STRATA')
READ(5,305)NX,NY,NS
305 FORMAT(31)
C * TAKE NL STRATIFIED SAMPLES EACH OF srzs MP
NXX~IDIM/NX
NYY=IDIM/NY
NSTRA=NXX#NYY
MP=NXX*NYY*NS : . -
QX=NX*NY
QXX={QX*(QX-NS))/NS
" QXX=QXX/ (NUM**2)
o WRITE(5,306)
306 Fonuar(' SPECIFY NUMBER OF STRATIFIED SAMPLES TO TAKE')
', -READ(5,307)NL
ad7 FORHAT(I)

¢ DO 400 L=i,NL

ADX=1.0

DO 320 K-1,NXX

ADY=1.0 .

DO 316 KK=1,NYY . -

" 188=0 '
18S2=0
DO 315 LL=1,N§
X=(RAN(Q)*NX) +ADX - . .-
Y= (RAN(Q) *NY) +ADY _
I=IPIX(X) ‘ - d , ~
J=IPIX(Y)
XX=MNX+ADX-1.0

. YY=NY+ADY-1.0

TP(X.CT.XX) I=XX




IF(Y.GT.YY)J=YY Y
1SS=1SS+N(1,J)
ISSZ'ISSZ+N(I J)**Z

+ 315 ~“GONTINUE

316

320

325

. 350

400

C STRATIFIED. COMPUTE AVE OF THE HEAN AND VARTANCE VALUES

410

QQ=FLOAT(ISS)

QQ2=FLOAT(18S2)

SAVE(K,RK)=QQ/NS
SVAR(K,KK)=(QQ2-QQ**2/NS)/ (NS=1) _ -
ADY=ADY+NY
CONTINUE
ADX=ADX+NX
CONTINUE
TSA=0.0
TSV=0.0 *

. -DO 325 I=1,NXX

DO 325 II=1,NYY

‘ TSA'TSA*SAHE(I 11)

TSV=TSU+SVAR(I, 1) A
CONTINUE '

SEM(L)=TSA/NSTRA

sev(L)-Tsv/us1n4 ,

QQz=0.0 °

DO 350 K=1,NXX
“DO 350 KK=1,NYyd
QQZ=QQZ+SVAR(K ,KK)
SESV{L)=QXX*QQ2Z
CONTINUE -

TSM=0.0
TSV=0.0 "
TSS=0.0
DO 410 t=1,NL

.TSM=TSM+SEM(1)

TSV=TSV+SEV(I)
TSS®TSS+SESV(I)

- CONTINUE

SM=TSM/NE . -

. SY=TSV/L "

SS=TSS/NL '

C * FIND THE MAX AND-MIN VALUES

"IF(SEV(L) .LT.SVMN)SVMN=SEV(L) _

SMMN=SEM(1)

_ SMMX=SEM(})

SVMN=SEV(1)
SVMX=8EV(1)
SSMN=SESV(1)
SSMX=SESV(1)
DO 415 L=2,NL °
IP(SEM(L) .GT. suux)snmx-szu(L)
IP(SEM(L) . LT.SMMN) SMMN=SEM(L)
IP(SEV(LY.CT.SVMX)SVMX=SEV(L)
IF(SESV(L) .GT.9$SMX)SSMX“SESV(L)
IF(SESV(L) .LT.SSMN)SSMN=SESV(L)

.
. -

<
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415 CONTINUE
C MONTE CARLO ESTIMATE OF THE SAMPLING VARIANCE
SV1=0.0
. DO 425 I=1,NL
425 SVI=SV1+(SM-SEM(I))™*2
$S1=SV1/NL
. C OUTPUT RESULTS
WRITE(6,500)MP,NL
SO0 FORMAT(' STRATIFIED RANDOM: SAHPLE SIZE=',14,' #SAMPLES=', 14)
WRITE(6,505)"
505 soxnar(l,‘ CALCULATED MEANS, AND RANGE')
. WRITE(6,510)SM, SMMN, SMMX .
510 FORMAT(2Xx,F8.5,' (',F8.5,' - ',F8.5,' )
) WRITE(6,515) N .
515 FonnAT(/ * POOLED VARIANCE ESTIMATES AND RANGE')
WRITE(G, 510)sv SVMN, SVMX )
WRITE(6,525)
$25 Fonnar(/ ' SAMPLING VARIANCE ESTIMATES AND RANGE )
WRITE(6, 510)ss SSMN, SSMX
HRITE(6,530)SSI -
530 FORMAT(/,' MONTE CARLO ESTIMATE OF SAMPLING VARIANCE=', F8.5)
. C POPULATION PARAMETERS ' '
IPQ=0 ] .
IPR=0 -
DO 680 I=1,NXX
DO 670 K=] NYY ) :
v-o A
VM=0
DO 650 J=1,NX
1J=1PQ+J
DO 650 JJ=1,NY
_IK=IPR+JJ \
Vay+FLOAT(N(1J, IK)**2)
VM=VM+FLOAT(N(1J, IK))
650 CONTINUE
G VAR(I ,K)= (V-Va*+2/QX)/(QX-1)
_IPR=IPR+NY
670 CONTINUE
IPR=0
- . IPQ=1PQ+NX
4 680 CONTINUE
A=Q
B=0
DO 700 i=1,Mxx
DO 700 K=1,NYY : »
A-Aocqx-l)*van(t.x)
n-n+qx*€qx—ns)*(van(r.x)fﬂs)
700 CONTINUB ..
va-rnont(uun—nsraQ) _
PSVI=PLOAT(NUM*2) = . - - ' ©
: . : Pv=(1/PVX)*A ' : : ‘
‘ PSV=(1/PSVX)*B
3 WR1ITE(6,750)




750
751
+
752
923
'924
.

JFORMAT(/,’ POPULATION BARAMETERS')
WREITE(6,751)PV

FORMAT(' POPULATION POSLED VARIANCE=',F8.4)
WRITE(6,752)PSV ’
FORMAT(' POPN SAMPLING VARIANCE=',F8.4)
WRITE(5,923) B}

FORMAT(/,' TYPE 1 TO .CONTINUE')
READ(5,924)NA)

FORMAT(1) -

IF (NAJ.EQ.1)GO TO 904

STOP

END




SECTION IV. CLUSR.FOR - Fortram computer program for cluster sampling
in & 32 x 32 matrix.

C* THIS PROGRAM TAKES A SET OF CLUSTER SAMPLES FROM A GRID POPN.

C PROGRAMMER - N. KENKEL

DIMENSION NA(32,32),vW(400),VB(400),VAR(K400) ,VSAMP(400) ,XMEAN(400

IDIM=32
NUM=1024
OPEN(UNIT=1,FILE="'CALDAT.DAT' )

DO 20 I=1,IDIM
READ(1, 25) (NACL »J3),J=1,IDIM)

EORMAT (12,19;3,/,12,1113)

‘CONTINDE
CLOSE(UNIT=1, FILE='€CALDAT.DAT')
WRITE(S5,26) =« .

PORMAT(' SPECIFY RANDOM SEED VALUE')

READ(5,27 )3IR
- PORMAT(I) .

CALL SETRAN(IR)

. WRITE(S5,100) '

FORMAT(' SPECIFY # OF CLUSTERS ro SAMPLE')
_READ(5,110)% N ‘
* FQRMAT(1I)

. WRITE(5,120) —

FORMAT(' SPECIFY X AND Y COORDS OF EACH CLUSTER')
.READ{(5,130)NX,NY
FORHAT(ZI)

M=NX*NY
NM=N*M -

WRITE(S,140)NM_

FORHAT(' TOTAL SAMPLE SI2E IS=', 1)
NN=NUM/M
WRITE(S,150)NN .

FORMAT(® TOTAL § POSSIBLE CLUSTERS =',I)
WRITE(S,160) °

FORHAT(' SPECIFY # SAMPLES TO TAKE')
READ(5,170)NK

Ponanr(x)

XM1~0.0

XM2=0.0 - .

DO 300 L=1,NK

SW=0.0 _

VIT=0.0 .

SSW=0.0

DO 250 JK=1,N =

X=(RAR(Q)*32.0)+1.0

Y=(RAN(Q)*32.0)+1.0

I=17Ix(X)

JeIrIX(Y).

- XNX=FLOAT(NX)
YNY=FLOAT(NY),

1P(X,GT.32. 0)1=32

18(Y.GT.32.0)J=32
-GG TO 180




f=1+1 . .
IFCINT(I/XNX) .EQ.{1/XNX)) GO TO 190

GO TO 175

J=J+1

IF(INT(J/YNY) .EQ.(J/YNY)}) GO TO. 200

50 TO 185

NT=0

NSS=0

Kl=I-(NX-1)

K2=1

KK1=J-(NY-1)

KK2=J

DO 220 K=K1,K2

DO 220 KK=KXI],bKK2

NT=NT+NA(K,KK)

NSS=NSS+NA(K,KK)**2

QQl=FLOAT(NT)

QQ2=FLOAT(NSS)
VIT=vIT+{QQ2~-QQ1**2/M)/(M-1)S
SW=SH+QQl/M

SSW=SSW+(QQl/M)**2

CONTINVE

VW{L)=VET/N

VB(L)=(SSW-SW**2/N)/(N-1)

VAR(L)=(M* (NN-1)*VB(L) +NN*{M-1)*WW(L))/ (NN*M-])
VSAur(L)-(FLOAT(NN-N)/PLOAT(NN*N);*VB(L)
XMEAN(L)=SW/N
XM1=XMt+SW/N
XM2=XM2+ (SW/N)**2
CONTINUVE
SVEST=(XM2-XM1**2 /NK) /NK
XMEST=XM1/NK
vIi=0.0 ]
UR=0.0

TQT=0.0

Jg=1

IDI=1DIM/NY
[D2=1DIM/NX

DO 400 I=],1IDl
1Q=! -
JIQ=IQ¢NY-1
DO K20 J=1,1D2
NT=0

NI2=0

TIQ=IQ+NX~1

DO 140 K=1Q,I1IQ
DO 410 KK=JQ,3JQ
NT=NT+NA(K,KK) '
arz-urz+(na(x K&)**z) <
CONTINUE -
UQ=FLOAT(NT)
UQQ=FLOAT(NT2)
TOT=TOT+UQ




VI=VI+((UQQ-UQ**2/M)/(M-1))
UR=UR+ (UQ/M)**2

IQ=IQ+NX S
JQ=JQ+NY

VIB=(UR-((TOT/M)**2) /NN)/(NN<1)

« VIWeVT/NNNN®M)
VSPOP=(FLOAT(NN-N)/FLOAT(NN*N) )*V1B

C FIND MAX AND MIN VALUES
VWMN=VW (1)

© VWMX=VW(])
VBMNeVE(1)
VBMX=VB(1])
VRMN=VAR(])
VRMX=VAR(1)
VSMN=VSAMP(1)
VSMX=VSAMP( 1)
XMMN=XMEAN{ { )
XMMX=XMPAN(1 )

DO 500 I=2,NK

. IF(VW(1).GT.VWMX)VWMX=VW( 1)
IF(VW(IY.LT.VAMN) VWMN=YW( 1)
{F(VB(L):0T.VBMX)VBMX=VB(1)

. IF(VB(E).LT.VBMN)VBMN=VB(1)
TF(VAR(I).GT.VRMX)VRMX=VAR(I)
IF(VAR(I).LT.VYRMN)VRMN=VAR(I)
IF(VSAMP(I) .GT.VSMX )VSMX=VSAMP(1)

1F(V522i(;).zr‘vsnu)vsnn-VSAHp(x)

TR ).GT. XMMX ) XMMX=XMEAN(1)
IF(XMEAN(1) .LT.XMMN)XMMN=XMEAN(1)
500 CONTINUE
C CALCULATE MEANS FOR THESE
. TVW=0.0
TV8=0.0,
TVR=0.0
TVS=0.0 -
TXM=0.0
DO 550 I=},NK
TVWTUW+VW( 1)
TVB=TVB+VB(1)
TVR=TVR+VAR(I) ,
Tvs-TVSOVSAHPGI‘\-V
550 TXM~TXM+XMEAN(I)
TVW=TVW/NK
TVB=TVB/NK
TVR=TVR/NK
TVS=TVS/FK .
, TXM=T XM/ NK
C OUTPUT RESULTS
. WRITE(6,600)
=600 PoauArx' THE FOLLOWING ARE PdPULATIOH PARAMETERS,')
WRITE({5,605)VIB,VIW
605 romu-r(' BETWEEN VARIANCE=',F,' WITHIN VARIANCE='F)
WRITE(6,610)VARI ,XME

~




610
¥

615
-620
630
635
640

645

650

660

670

« 680

690

\.

FORMAT(' POPN VARIANCE=',F,' POPN MEAN=' F)

WRITE(6,612)VSPOP .
FORMAT{ ' POPN SAMPLING VARIANCE=' F) ..
WRITE(6,615) .

FORMAT(//,"' -THESE ARE THE MONTE PYTHON ESTIMATES')

WRITE(6,620)

FORMAT(' WITHIN VARIANCE AND RANGE')
WRITE(6,630)TVW, VWMN , VWMX

FORHAT(ZK F8.% ' { ',F8.5,' TO ',F8.5,' )")
WRITE(6,635)

FORMAT(' BETWEEN VARIANCE AND RANGE')
WRITE(6,630)TVB, VBMN, VBMX

WRITE(6,640) =

FORMAT(' VARIANCE AND RANGE')
WRITE(6,6303TVR,VRMN,VRMX .
WRITE(6,645)

FORMAT(' SAMPLING VARIANCE AND RANGE')
WRITE(6,630)TVS,VSMN ,VSMX

WRITE(6,650)

FORMAT("' MEAN VALUES AND. RANGE')
WRITE(6,630)TXM,XMMN XMMX .

WRITE(6,660)SVEST e
FORMAT(//,' MONTE CARLO SAMPLING,gﬁglANCE ESTIMATE="' F)
WRITE(6, 670)XHEST

FORHAT(/,' VERIFICATION OF MONTE CARLO ESTIMATE OF MEAN =' F)
WRITE(5,680)

FORHAT(' DO YOQU WISH TO DO ANOTHER RUN?IF YES,TYPE 12,ELSE 0')
READ(5,690)NOR

FORMAT(I)

IF(NOR,EQ.12) GO TO 940 °

STOP

END
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‘Scctaon M Summary of the mathcwatical formulas used in the RANDLFOR
orogram for random sampling.

Formula

Statistics
K ) éx
population mean v
. ~
% where N = peoaulation size
. . ‘ - ‘:\1
.population variance .E_—L‘_*;:/_
. ) N~
population sampling 2
variante _L_ <(——.F'>
" .
where n sample s1zc
F : n/h
=
calculated mean (RM) RM, w3 REM.
tor all 400 samples (1)} . Hoo -
. ) ~—-
whe e UM Z. X,
- ] hal
variance estimate (_RV) ':}.f REV. .
®or all 400 samples: (1) RV o
. Yoo
,E. N
where KEV = = ("ta - K;)
! .on-t
;1 = wean of samnle |
Yoo
sampling variamce s :
estimate (RS) for afl RS: _uu Resve
400 samples “1) Yoo
| . 4
wnere RES\" - R!-TVl {1-F)
. .
+ o Larlo est . .mate ot - TS1 - RV
sampling varianc» 400
(RS1) woo 2
where W1 - 2 (RM-REM})
“re v, ) '
s




LY
Section_ﬂ Summary of the matnematical formylas used 1n tie sYST. for
progren for systematic sawpling.
Weatistics Formula
calculated mean (YM) . < :
! + 3 2% -~ YEM'
for all 400 samples 1) bS] et L
Yco
where YE - = x.
5 1 =
. n - samplc size
, Yoo
variance estimate (YV) = Ny
. for all 400 samples (1} Yy _,_-;___'_E_\;, - )7
$co ("
: . < 2 _ 2t
) where YEV - <2 X, n
1 o
sampling variance estimate i}: VE SV
(YS) tor all 400 samples (1) Ys s <
i Yoo
, where YESVx YV (l-n)
. : a ( N )
! N population <{ize
tiop.e Carlo estimate af ' b, i )2
sampling variance (YSI) Ysl Y YM ~.Y,E'M‘
: _‘" ' Yoo
- ‘? .
N ' .
o b
P
L J
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Sect:on}Q!l Summary of the athematical formulas used 1n the STRAN.FO-

-

program for strotified random sampling. Gk

Statistics

Formula

population pooled
variance {PV)

.

5opula:10n sampling
variance (PSV)

calculated menn (SM)
for all 40C samples (i)

pooled vartance es.imate
(V) for all.400 °
samples (i}

-

— 1-2': (Nh "WARK

PV =
N=K Lku
where N = total no. of sampling units
K = total ne. of strata
Nh = total no. of sampling umits
per stratum ; :
v B
ARh Zx :_- (ZX_,)
LJ --N.h---.
R Ny=-1
= true variance per stratum
L 4
vV - - VA
PSV = L, 1S N, (N, - R, AR,
N ha TN :
where ry a0. of sampling units per
stratum
doo A
Z
St} = L% SEM"
Yoo
where SEV.‘ = 5 SAVE;
> 3
= mean of all stratal means
o §
-SAVEi . =3 x i . .
"
= mean per stratum or
stratal mean
Yoo
'z V.
SV = L34 SE o
Yoo
[
where SEV’i = lZ SVAR,
al

= mean of all stratal
- variances oer sample

L, ] 0y l i
sVar, - 1 é (=, = %)
1 r\h

~ = variance jer s{ratum or
stratal variance

mean 'for stratum i

xt
"

—-—



Statistics Formula

sampling variance estimate

“oe
(SS) for all 400 samples S SESV
(1) SS - i
Yoo

,
4
/

x
Ny (Np=np)
kh h™"h jf SVAR,

f wee
. h .

where SES\.’l

sampling variance per
sample

Monte Carlo estimate of

sampling varfance—{SS1) Svi
400

where SVI1




Scctron VI Summary of the mathemat.cal formulas used «n the CLUSR.
FOR program for cluster sampling.

L.

Statistics

Formula

between cluster
variance (VIB)

‘within clqster variance
(Viw)

population vartiance
(VARL)

population mean
( XME)

population sampling
varfance (VSPCP}

ViB= UR - 291\2
oo M/
NN

NN-1

where NN - total ne. of possible
) clusters i1n matrix for
that cluster size

total no. of sampling urmits
ser cluster
AT
< (—
i «\M;
summation of all clusters
1n the matrix
5

< *;,,

- all possible sampling. units
tn one cluster '

S NT.

2

- - NT

NT2 - 77
M-

"summation of all clusters

S <7

3

= M (NN-1) (VIB + NN) {it - 1) VI4
(NNY(M) -1 ;

TOT
. NN(M)

= {RN-N \VIB
NN(N)

N = no. of clusters.to vbe sampled




witnin cluster
variance (TVW)

vartance (TVR) |

Monte Carlo estimate
of sampling variance
(TVS)

Monte Carlo estimate
of mean (TX!)

Monte Carlo sampling
variance estimate (SVEST)

Vertfication of Monte Carto
estimace of mean (XULEST)

. TVS =

+

‘TVR = x

. e
Statistics , formula
between cluster TVB = E% VB
variance (TVB) veo 5 r
where VB - SSW. - SW
1 i 1 R
- N
N-1
:i(z"~ ) :
r %)

S x. - summation of all sampling
Z X, :
' units in one cluster

sW - 2§:<i§i: - ’>

TVW -
* 4oo

where V\-«‘i B VlTi

N ;N2

VIT =
1

= VAR,

Yoo -

where VAR . H(NN-I)(VB;~NN)(H-1)Vwi

.4 Y1
Z VSAMP, |

‘Y400

vsaMp - [NN-N TvB
: NN(N)

oo »
= X MEAN,
"l

460

where

TXM -

AMEAN, 6 - SW
_i !

w~ .
2

where

SVEST - XM2 - XMl
400

400

L SIAI 1
M2 = O (-;,"")

(S 8]

where

wMl - ii S
f (T ~N
XMEST = XML
%00

» . -
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A ssampling event consisted in drawing a sample of "n" sampling
onits "where "n" is the sample size) according to the s!;pling me thod
under investigation and calcul;ting the required.st;tistics. These data

- were éhen stored geuporariiy. A second iample was drawn aand* the proce-
dure was repeated until a total oé 400 samples had been drawn and tﬁeir -

repa:ed statistics calculated. The mean, the variance, the-sampling

variance of the mean and the Monte Carlo estimate of the‘sappl{ng vari-

T ~—_ance of the mean for the population (or matrix) weté:fﬁéh cj[ﬁg@ated

A

based on all 400 sggplés. This whole sequencg-of-opgraqioéé is called-a

sampling sequence. The mathematical formulas used to calculate. the
required statistics variea with the different sampling method under
inv;stigation. They are summarized in section V to V;II of Appendix C.
If the sample size.9pder investigation was AOO‘AE less, then three sam-
pl?ng sequeqces ver; ma&e and their resﬁlt; averaged.‘.lt 1s these ave;

raged values which are reported in the figures in Section 2.8, If the

sample size was greater than 400, then only one such sampling sequence

was made.




TABLE 11. Summary of ¥We sample mean (X), the Monte Carlo estimate of .
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~
sampling variaoce (M.C.52%) and the population sampling
variance (S2¥) calculated for various sample sigzes.by
RAND.FOR computer program for ranmdom sampling of a 32 x 32
matrix, -
Sample Statistics
size Sample mean Monte Carlo estimate Popylation sampling®h
(X) of sampling ‘variance variance $2%)
. (M.c.s2%)
& 2.434 .1.876 . 1.643 =~
5 2.278 - 1.37% 1.313
8 2.312 ‘ 1.485 ‘ 0.818
10 Z.337 0.691 - 0.653 ,
15 z.381 - o pelao 0.433 .
16 2.357 - 0.397 - 0.406
20 2.412 . e 7 0.368 . ey 8.323
25 2uly 1 ©e.303:. ST 0.257 T
30 TS50, . . ' 0.223 R STR21%
32 2:357 0.178 10.200 .
35 2.395 - 0.176 0.182 - .
40 2.346 ' ©0.170° 0.159
45 2.374 0.165- 0.140
50 Z.380 0.146 0.126
55 2,402 0.137 0.11a
60 2.367 0.116 0.104
64 2.381 ; 0.096 0.097
65 2.363 ' 0.098 0.095
70 2.362 0.091 7~ N0.088 ‘
75 2.358 0.075 ‘ 0.082 . *
80 2.372 . 0.063- 0.076 )
90 2.371 0.067 : 0.067
100 2.370 0.072 0.06Q
120 2.373 0.058 : 0.0469
128 2.366 0.049% . 0.045
150 2.371 - 0.042 - 0.038
200 2.376 ¢ . 0.037 ©0.027
256 2.384 ' 0.025 0.019
300 . 2.364 0.022 0.016
400 2.379 : 0.018 0.010
500 2.382 0.015 ~ 0.007
512 _ 2.378 0.012 _ 0.006
* The values given are averaged over three sampling sequences if the
sample size is £ 400; otherwise the values given represent one sam-
pling sequence if the sample size is > 400.
t The calculation of the population sampling variance (82%) is not

rélated to the sampling event.. It is'pbtained from formula $2% = _
1/n S2% (I-F), where P = n/N; S2R% = population variance; n = sample

size; N * population size.

\,"
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TABLE IIl. Summary of :he sanple uean (X), the Monte Carlo estimate of

. i ' 2154

' sa-plxng variance (M.C. $2%) calculated for various sample
sizes by SYST.FOR conputer program for systematic sanplxqg of
8 32 x 32 matrix. -

Sample Statisticst .
size Sampling™ Sample mean Monte Carlo estimate of sampling 4
Intervatl (XY -variance (M.C.$2%)
4 16-16 . 2,431 ‘ 1.863
8 16-8 2.449 0.545
8-16 2.283 1111
32-4 2.423 0.589
4-32 2.452 2,421
16 _ 8-8 2.341 0.204
16-4 - 2.387 0.281
4-16 2.277° . 1.110 -
32-2 - 2.386 ' 0.268
©2-32 2,318 1.927
‘ R .
32 8-4 2.378 0.116 ‘ .
48 2.354 0.160 .
16-2 2.348 0.104
2~-16 2.283 1.017
64 4-4 2.319 ‘< 0.088
8-2 2.394 . ) 0.627
2-8 2.377 , 0.094
128 4-2 2.374 0.017
2-4 2.374 0.047
236 2-2 2.378 *0.006
*

. the j colunn- of the matrix,

Sampling interval refers to the distance between the sglected
sampling units as represented by the elements (ij) of the matrix.
The first number corresponds to the interval betwéen the. i rows of
‘the matrix and the secoad nuaber corresponds to the interval between

The values given are averaged over three 3ampling sequences if the

_sample size is %400,
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TABLE 1V, Suna:y of the sample wmean (X), che Monte Carlo estimate of
. . sampling variance (M.C. s2%) calcu}ated for various sample ~
sizes by STRAN.FOR computer progru for stutxh}d/ﬁndo-k

[ 4

sampling of a'32 x 32 matrix. - S~
Sample Strata - No. of - Wo. af Statisticst
s1ze orientation* strata sampling: - Sanple Monte Catlo esti-
v . in wnits sampled wmean . mste of sampling -
_ matrix /stratum x) . variance
.1 : v o (M.C.8$2%)
4 32 x 16 2 2 . 2.34] 1.499
< 16 x 32 2 2 2.412 1.904
8 16 x 16 4 2 2.413 0.785
32 x 8 4 2 2.328 0.624
8 x 32 4 2 . 2.388 0.906
32 x 16 2 & 2.385 0.741
16 x.32 2 4 2.6062 . 0.861
16 " " 32 x 4 8 .2 2.356 0.339
4 x 32 8 2 . 2.373 - 0.392
168 ¥ 8 2 .. 2.381 0.349
8 x 16 8 2 2:384 0.400
16 x 16 4 4 2.339 . 0.395
~ 32 x8 4 4 2,427  <0.382
8 x 32 A A 2.395 0.413
.32 x 16 .2 8 2,401 . .0.353
16 x 32 2 8 - 2.366 0.457,°
32 8 x 8 16 2 2.312 0,150
- 32 x 2 16 2 2.369 0,144
\ 2 x 32 16 2 - 2.369 0-211
16 x &4 16 .2 2.343 0.128
4 x 16 16 2 '2.354 0.204
32 x &4 8 4 . 2,374 0.179
G x 32 & 4 2.370 0.225 ) -
. 16 x & 8 4 . 2.330 0.163
8 x 16 8 4 ; 2.352 0.19%
16 x 16 L - 8 S 2,369 . 0.200
32°x 8 . 4 8 2.387 . 0.153
8 x 32 4 8 2,380 " 0.199
32 « 16 2 16 2.364 0.195
16 x 32 2 16 2.389 . 0.212
_ . )
64 16 x 2 =32 2 2,369 0.080 "
71 x16 32 2 2.376 0.10r
8 x48. 32 2 2,369 © .0.086
& x8 <32 2 2,370 0.073 .
" 8x8 16 4 _ 2.372 . 0.985 .
- 32 x 2 fe - - 4 ~ 72,3719 0.080 - '
J 2 x 32 16 & 2.355 0.108
1]




TABLE IV,

(Cont'd)

Strata

Statisticst

x

orientation* strata sampling Sample Moote.Carlo esti-
in units sampled ‘mean mate of sampling

matrix /stratum - (X) variance

(M.C.52%)
16 x & 16 2.390 0.078
4 x 16 16 2.346 0.095
32 x 4 8 2.382 0.081
4 x 3% 8 2.387 0.096
16 x 8 8 2.382 0.078
" 8 x 16 8 2.380° 0.102
16 x 16 4 2.37} 0.101
32 x 8 4 2,382 "0.082
8 x 32 4 2.369 0.185
32 x 16 2 -2.361 0.097.
16 x 32 2 2.176 0.118
4 x & 64 2.374. 0.033
8 x 2 64 2.365 0.031
2x8 64 2.1388 0.039
1b x 2 32 . 2.37u 0.038
2 x 16 32 2.381 0.050
8 x 4 32 2.384 0.039
4 x 8 32 . 2.360 0.036
8 x 8 16 2.375 0.042
32 x 2, 16 2.358 0.039
2 x 32 16 2.360 0.045

16 x & 16 2.365 0.035 -
~—” 4 x 16 16 2.376 0.048
32 x & 8 2.388 0.042
4 x 32 8 T 2.381 0.050
16 x 8 8 2.367 0.041
8 x 16 8 2,386 0.045
16 x 16 4 2.370 0.047
32 x 8 4 2.386 0.040
8 x 32 4 2.397° 0.051
32 x'l6 2 2.371 0.047
16 x 32 2. 2.380 0.057
4 x'2,. 128 2 2.373 0.Cla
2 x4 128 T2 2.369 0.018
4 x4 64 4 2.372 0.018
8 x 2 64 4 2.363 -0.017
2 x 8 64 4 2.376 0.019
16 x 2 32 8 2.379 0.017
2 x 18 32 8 2,385 0.029
8 x4 32 8 2.370 0.020
6 x8 - 32. - 8 2.375 0.020
8 x$ 16 16 .2.378 .022
32 x2 - 16 2.371 .019
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TABLE IV. (Cont’d)
Sample Strata - No. of No., of Statisticst
si1zg orientation® strata sampling Sample  _Monte Carlq'gsti-/
1n units sampled mean  "mate of samplin
matrix /stratum X). variance
. (M.C.S2%)
256 2 x_ 32 16 16 2.360 0.024
16 x & 16 6 2.371 " 0.019
. 4 x 16 16 16 2.370 0.025
32 x 4 8 32 2.366 0.021 .
. 4 x 32 8 32° 2.370 0.028
16 x 8 - 8 32 2.358 0.021
8 x 16 8 32 2.355 0.024
16 x 16 4 64 2.359 0.029
32,x 8 4 64 2.368 0.021
8 x 32 4 64 2.373 0.024
’ 37 x_ 16 2 128 2.380 0.025
» 16 x 32 2 128 2.370 0.028
512 2 x 2 356 2 28371 . 0.005
4 x 2 128 QY 21377 0.006
2 x & 128 A 2.372 0.008
8 x 2 64 8 2.377. 0.008
- 2 x 8 64 8 2.379 0.010
4 x & 64 8 2.369 0.009
16 x 2 32 16 ©2.368 0.009
2 x 16 32 16 2.175 0.010
8 x 4 32 16 2.369 0.008 !
4 x 8 3 16 2.374. 0.011
32 x 2 1 32 2.376 0.009
2 x 32 16 32 2.380 0.013
16 x & 16 32, 2.371. . 0.008
4 x 16 16 32 2.370 , . 0,011’
8 x 8 16 32 2,371 0.010
. 32 x 4 8 64 . 2.378 "0.012
4 x 32 -8 . 64 2.312 0.014 .
16-x 8 8~ 64 2.371 20.010
8 x 16 8 64 ~2.376 0.013
32 x 8 4 128 .2.390 v.010
8 x 32 & 128 " 2,372 6.013
16 x 16 4 128 :2.370 0.011
32 x 16 2 256 2.375 0.011
16 x 32- 2 256 fl? 2.37F ... 0.013
. Lot 7
* Strata orientation refers to the way the m#k¥rix is subdivided. Each

stratum incorporates 1 successive rows and ] nuccessxve columms of’
the matrxx.

t+ The values given are averaked over three sauplihg sequences Lf the
sample size is'<400; otherwvise, the values given represent nne

samplxng sequence if the sanple size is > 400.

.
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TABLE V. Susmary of the sample mean (X) and the Honte Carlo estimate of
sampling variacce (M.C.SZx) calculateghfor varicus sample:
sizes by CLUSR. I"OR computer program for cluster smphag of a.

-~

32 x 32 matrix. -
Sample Cluster® No. of No. of - Statisticst
stze shape clusters ssmpling Sample Monte Carlo esti=
sampled unit/cluster: mean wmate of sampling
13 magrix (X) variaace
' (M.€.52%)
8 2 x 2 2 4 2.364 2.158
16 2 x 2 4 4 2.266 '\ 0.792
4 x 2 2 8 2.319 1.559
2 x 4 2 8 T 2.418 \) 1.159
N
32 2 x 2 8 & 2.327 0.492
4 x 2 4 8 2.325 0.680
2 x & 4 8 , 2.350 . 0.526
4L x & 2 16 - 2.399 1.083
8 x 2 2 16 2.410 1.259
2 x & 2 16 2.317 0.781
64 2 w2 *16 - 4 2&376 0.248
) 4 %2 8 8 2.403 0.379.
2 x4 8 8 2.418 . 0.357
4 x 6 4 16 2.368 0.537
. 8 x 2 4 16 _ 2.435 0.686
2 x 8 4 16 2.379 0.438
8 x 4 2 32 2.352 0.912
4 x 8 2 32 2.381 0.769
16 x 2 2 32 2.387 1.062 .
2 x 16 2 32 2.405 0.249
. 128 2 x 2. 32 4 2.389 0.122
&4 x 20 16 8 2.377 0.186
2 x & 16 - 8 2.367 " 0.142
4 x & . 8 16 2.403 0.263
8 x 2 8 16 . 2.362 . 0.296
2 x 8 8 16 2.397 0.213
8 x &4 4 - 32 2.408 0.465
4 x 8 4 32 2.355 0.380
16 x 2 A 4 32 2.383 0.526
A 2 x 16 4 32 - " 2.364 0.111
8 x38 2 64- . 2.398 - 0.642
= 16 x & 2 64. - 2.368 0.8
4 x 16 2 64 ‘ 2.386 0.182
32 x 2. 2 64 2.369 0.820
2 x 32 2 64 2.392 0.040
256 2x2 64 _ 4 2.379 0.0
6 x 2 32 8 .. 2.368 0.10
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Sample  Cluster* No;‘gﬁ No. of - Statisticst
size shape clu rs sampling . Sample Monte Carlo esti-
sampled unit/claster mean ‘mate of sampling
in matrix x> " variance
(M.C. .$2%)
TN
256 2 x & 32 8 2.385 0.070
4 x 4 16 16 2.374 0.140
8 x 2 16 16 2.314 0.165
2 x 8 16 16 2.377 " 0.103
8 x &4 8 32 2,343 G.219
4 x 8 8 32 2.368 0.179
16 x 2% 8 - 312 2.347 _0.250
. 2 x 1w 8 32 2.310 0.053
_ 8 x 8 & . 64 S_2.37% . 0.326
Al -l T 16 x 4 4 66 *x3}.377 0,426
) o4 x 16 4 64 2:379 T "°0.8%G,
32 x 2 4 64 20855 % 0,392
$a , °
2 x 12 4 64 2.377. ‘ 0.019
16 x 8 2 128 2.478° D.658
8 x 16 2 128 2.376 + 0.172
32 x 4 2 128 2.380 0.664 :7
4 x 32 2 128 2.374 0.017
512 2 x 2 128 4 2.348 0.032
4 x 2 64 8 2.377 0.045
2 x 4 64 8 2.391 G.041
4 x & 32 16 2.358 0.060
8 x 2 32 " 16 2.380 0.081
2 x 8 32 16 2.379 Q.055
8 x4 16 32 2.377 0.116
4 x 8 16 32 2.383 0.098
16 x 2 16 32 2.367 0.119
2 x 16 16 32 2.38) ) 0.028
8 x 8 8 64 2.414 0.160
16 x & 8 64 2.393 0.196
4 x 16 8 64 2.377 0.042
32 2 8 64 2.402 0.213
2 32 8 64 2.369 0.010
16 x.8 4 128 2.342 0.271
8 x 16 4 128 2.375 0.079
32 x & © b 128 2.407 0.353
& x 32 4 128 2.368 0.008
T 16.x 16 2’ 256 . 2.354 0.116
32 x 8 2 256 . 2.428 0.526
o 8 x 32 2 256 2.371 - 0.016

* "Cluster shape is identified by the number of i rows and j columns

it encompasses

-+ pThe values given are avetraged over three sl-pling sequences if the
sample size is £ 600. otherwise the values given reprelent one

sanpling sequence if the sample size is > 400.

L]
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TABLE VII. Multaple patrwise comparisons of the Monte Carlo estimates-of
sample variance of two sample sizes (64 and 128 units? for
stratified random sampling. -~

Sample Pattern M.C.S5¢% Comparison F* Accept/

size order vejecet

64 ™ 16 x 16 0.101 1-2 1.235 A
32 x § 0.082 1-3 1.040 A
8 x 32 0.105 -4 2.166 R

128 16 x 16 0.047 1-5 2.922 R
32 x 8 0.040 1-6 ¢ " 1.983 R

8 x 32 0.051 2-3 1,284 A
. 2-4 1.736 R
‘ 2-5 2.042 R 4
2-6 1.606 R
-4 . 2.229 R
' 3-5 2.622 R 4
3-6 2.062 R
4-5 1.176 \ A
Lt 1.081 \ A
5-6 1.272 Y A
- Y
*

+

Text of equality of variance F = H.C.ézil/H.C.Sziz .
. . . \

t Hy: The two Monte Carlo estimates of -sampling variance are equal

Hy: Tire two Monte Carlo estimates of samplng variance are not equal
For 6 comparisans the rejection level is F(2)0_003, 399, 399 = 1.318
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TABLE IX. Comparison of the equality of two regression coefficient cazng

a Student's t test.

Ho: ﬁl '/g 2 bl '_'.0.9962
VAR - . bz = -1.11372

sby - bz = [(2y.4)p {_ (s yox)p = 1.83145

- b -
Sby 2 = 0.0819 . ,

e T
, Lszy_,) p = (residual SS)} + (residual §§)7
‘ (residual DF)| ¢ (residual DF)3

= ny * nz -4 =60

s
a%

t by - by = -0.9942 - (-1.11372) = 1.,42537
’ 0.08019 © '
Spl ~ b2
t0.05(2)60 = 2.000 KRN
Hy, 1s accepted ' : ’

The two regression coefficients came from the same population

)
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TABLE X. Comparison of the equality of two elevactions ising a Student's

t test. : ‘ .
Regresssion s x4 S xy Sy n b residual residual
- . ’ ] ss DF
Monte Carto 569.369 -49.046 196.528 32 ‘-0.999 192.303 30
regression
Population  569.369 -54.654 226.847 32 -1.114 221.600 30
regression = ‘ ’
Pooled - ~ . 413.906 - 60
regressioh T
"Common”  1,138.737 -103.700 423.375 -0.097 413.931 61
regression : T .

Hy:e<| = X5 Yy - Y = 0.1302
Hg:eX} ¢ X2 X, - % =0

] ’
(szy-x) c " SSc/DFc‘ 1/n} = t/np =.0.0316

S Exn) B ) (SZY.,‘)C- 6.7858
E <) +E<Y), . . ‘.

Q = ny ¥y -3 =61

t -(Y 7/) E; .-"z o.1302 = 0.632

R ] TR

to.05(2), 61 = 1.995

’ ﬁ§ i3 accepted

-

The two regression lines have the same elevation
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Figure

XII. Plotting of the residuals (Y - ¥) of the total number of
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XIII.'Plotting of the residuals (Y - Q) of the total number of -

brown Chenopodium spp. seeds/m2 (Jx + 0.5). A) as,a
function of the corresponding clusters of field S and B)
as a function of the corresponding clusters of field 6 .

XiV. Plotting of the tresiduals (Y — ¥) of the total number of

brown Chenopodium spp. seeds/m? ( Jx + 0.5). A) as a -
function of the corresponding clusters of field 7 and B) ' -

as a function of the corresponding clusters of field 8 . 255
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Figure 1 Diagram of equipment used to wash soil samples.
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Figure IL. _ Plotting of the residuals (Y-Y) as a function of their cor-
responding sample stzes. a) The restduals of the popula-
tion sampling vaﬁcn_ce‘ (Ln); b) The residuals of the Monte
.o . ) ) .
) Carlo estimate of sampling variance (Ln). ' ‘
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Figure III.

“farm, Oxford Gounty, Ontario. Numbers refer to ‘field iden-

Schemagjc diagram of fields 1, 2, 3 and 4 on Mr. Tucsok's

t1fication codes. Strata are delineated by thick lines e

and clusters are drawn with thin lines

. The location

of the randomly chosen clusters from each field are illus-

trated by E:] .
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Figure 1V. " Scheamatic diagram of fields S5, 6 and 7 on Mr. Tﬁfaék‘s
farm, Oxford County, Ontario. Numbers refer to field 1den-
tification codeé.» §trata are delineated by thick lines ==
and clusters are drawn with thin lines . The location

of’the randomly chosen clusters from each field are illus-

trated by . ;







Figure V. Schematic diagram of field-8 on Mr. Tucsok's farm, Oxford

Al

County, Ontario. Numbers refer to field identification co-

des. Strata are delineated by thick lines == and clusters
-

are drawn with thin lines ——. The location of the random-

ly chosen clusters from each field are illustrated by -
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Figure VI. Plotting of the residuals (Y - Y) of the total number of

Chenoggdfum spp. seeds/m? (Jx + 0.5).- A) .as a function of

(8]

& the corresponding fields and B) as a fuﬁctioa of the cor-
reéponding clusters of field 1. There are 87 hidden obser-
vations in figure VI-A. Letters of the alphabet represent
"increasing number of observations: A=1l, sz.lc=3. N

Z=26.
<5
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Figure VII. Plotting of the residuals (Y - ;) of the total number of. )
Chenopodium spp. seeds/m? (m) A) as a function of
the corresponding clusters of field 5 and B) as a fur;ctiqn
of the corresponding clusters of field 6. Letters of the

alphabt; represent imgreasing number of ébservaltions: A=l

B=2, C=3, ..., 2=26.
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Figure VIII. Plotting of the residuals (Y - ¥) of the total number of
s/m2 (Jx + 0.5). A) as a function of

,' the corresponding flusters of fieid 7 and B) as a function

g

Chenopodium spp. se

of the corresponding clusters of field 8. letters of the
alphabgt represent increasing number of observations: A=}l

Be2, C=3, ..., 2=26. .
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Figure IX. Ploteing of the residuals (Y - Y) of the total aumber of

black Chenopodium spp. seeds/mZ ( Jx + 0.5). A) as a func-

tion of the corresponding fields and B) as a function of
the corfepponding clusters of field 1. There are 98 hidden
observations in figure IX-A. dLetters of the alphabet
cepresent in;teasxng number of observattions: A=}, B=2, p=3.

..., 2%26. .

«
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Figure X.

black Chenopodium spp. seeds/m2 (Jx ¢ 0.5). A) as a func-

~
Plotzing of the residuals-(Y - Y) of the total number of

tion of the corresponding clusters of field 5 and B) as a
functioo of the corresponding clusters of field 6. Letters
of the alphabet represent increasing number of observa-

tions: A=l B=2_ C=3, ..., 2Z=26.
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Figure

XI.

Plotting of the residuals (Y - 9) of the total number of
black Chenopodium spp. seeds/m? (Jx + 0.5). A) as a func-
titon of the corresponding clusters'of field 7 and B) as a

function o¢f the corresponding clusters of field 8. Letters

of the alphabet.represent increasing number of observa-

tions: A=), B=2, C=3, ..., Z=26.
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Figure XII.

. ~ * -
Plotting of the residuals (Y - Y) of zhe total number of

. brown Chenogggium‘spp. seeds/m? (Jx + 0.5). A) as a func-

tion of the correaponding fields and B) as a function of

the corresponding clusters of field 1. There are 51 hidden

observations in figure XII-A. Letters of the alphabet

‘represent increasing number of observations: A=I, B=2, C=3,

.y 2.26-
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Figure X

I.

Plocting of the residuals (Y - ¥) of the total number of

brown €henopodium spp. seeds/m? ( Jx + 0.5). A) as a func-

tion of the corresponding .clusters of field 5 and B) as a
function of the corresponding clusters of field 6. Letters

of the alphabet represent increastng number of observa-

..

tions; A=}, B=2,6 C=3, ..., 2#26.




y-y

Residuals’"

2
2 4
A ) o
wo ¢ - L
. - .
b ¥ [ N 4 ’ .
s .
: Y
%0 [d R M
. +
- o
8 [~
Q -
o
-2 ° .
- 80 4 - - /
”
° ’ -
-78 b . . . .
o .-
- 100 .
] -
N
o L 2 3 s s » 1 s * . n
Clusters of field 5
* B
L -
-
18 - L
w . ' - A :
s “\
o
v w ° .
- 28 . -.
. L.
1 2 3 . e r 7 s ’ w0 " "

‘

“




Figure Xiv. ° Plotting of the residuals (Y - ¥) of the total number of

brown Chenopodium spp. seeds/m2 (Jx + 0.5). A) as a func-

tion of the corresponding clusters of field 7 and B) as a -

.

-

function of the corresponding clusters of field 8. Letters

E)

of sthe alphabet represent increasing number of observa-

tions: A=1, B=2, C=3, ..., Z=26.
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. - MULTIPLE PAIRWISE COMPARISONS OF SAMPLING VARIANCE

Bartlett's test for homogeneity of variance is based on,the M sta-
tistic which approximates the chi-square disribution with n - 1 degrees’

. . -
of freedom (Snedecor and Cochran, 1980, p. 252). However, it is affect-
ed advgrsgly by non-normal populations (Zar, 1974; Snedecor and Cochran;

-

1980). 1In this case the underlying distribution of sampling variance is

assumed to he normal since a minimum of 400 random sampling events were
conducted to calculate the Monte Garlo estimate offsampling variance

(s Snédbcog and Cochran, 1980 for further explanations), Lt is thesa‘.
estimates which were tested for homogeneity with.the Bartlett's test.

-

1€ the null hypothesis {Ho) for Bartlett's test (Ho: the variance
are equal) ts rejected, then pdirviSe coméérisonn of

test foflows. Houever it shOuld be . remenbered chap

-

Are u%u1lly conq:dered xnvaltd to test a multzsampie hypotheslw (Snede-
' @ L - ‘- » -

cor and Cochran l989,jp. lJO)J

- 4 . - . . P vy
+ - . - . . - -
P '

~ -

. g " As the nunbe: of 1tens to be c0apared 1ngreases so does the chancc .

-

of- mak\ng‘a.Type I error tl‘e .réJecttnz 3 true M,) (Sunedecor an¢ o
' cochran. 1980, p 130). Thc proﬁqulxcy_of such an error.lso((the,le-.

vcl at uﬁ;ch Hy.is re;ecteﬂ) ijthe‘level of probnbitifj of éhyrsuch

o « .

; ' o - error xo to be ua;n:atned “the probaS:lxty of a Type I error for any oP

all posc9ble pairs of‘coqgartsogg~ﬁ&'?1’nst be so small that.thexq sum—

_mation dows-not exceed the desired &. - ‘This results in a conservative -




test since the small’ give xef&.feg"ianificant‘Hif{erén«ns betwden

- - . Vs .. a . -, . -
individual pairwise co-g;f{;ons (§dﬂal and Rohlf, 1981, p. 243

&K' = o kEk - 1) . -
2 0T
where < = desired-probability level

3

c& = probabxltty level of any paxrvxne couaatlsoo

SRk = L) - number of all posaxble conpnrxsona of k items
2 _ :

>

The'o('was calculated for each number of the different Monte Carto

. < S
P} - -
[N .

' eatiﬁptgs'qf sampling variance 2o be compared. R . .

. . - . * - ) -~5

" Total number of Monte Carlo Re;ec:xon.lev?\ foc, cmch pazrn;ne
estimates of sampling Qarlance comparisons (')
to be coggpred : .o S ‘

-+ 9.02
'0.01%
0.005
6.003 - -
o ‘ T ’ - 0,002 .
: 10;1x1r2. ' ' 0.001

- i ) -

' . stqg the dgolradc< ay the probabxttty of regecgion of, :ny nult
. ' %'
hypochesls {Bo zhe sa-plxng va::an;ee ave equal} the crtttcal 4 vatue :o be

» . <

nsad fot chc F test vas calculated unxng the"FPROBS' progrli 00rloct lnd

Kenkelpl?&S}.
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APPENDIX G

A summary of analyses of variance.on the mean number of

Chenopodiua spp. seeds/m? in different cultivated fields -
on Tucsok's farm, Oxford County, Ontario, i1n July 1982

e e,

A-summary of Che mean number of Chenopodium spp. seeds/n?
in different cultivated fields on Tucsok's farm, Oxford
County, Ontario, 1a July 1982 v |

A summary of an analysis of variance on kbe mean numbrer of
Chenopodiua spp. seeds/m? in two fallow fields (fields 3

and"4) on Tucsok's farm, Oxford County, Ontario,. in July
1982 .. .. ...l .
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A summary of analyses of variance on the ratios of dif-

ferent Chenopodium spp. seed categories in different culti-

vated fields on Tucsok's farm, Oxford County, Ontario, in
July 1982 ‘
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Table 1.

A summsry of analyses of variance on cht mean number of

Cbenoggdxu- spp.
Tucsok s farm, Oxford County, Ontario,

seeds/w? in different culfivated fields
im July 1982 ¢t

~

Seed* ) Source of varigtion
category Model Field Stratum within Cluster within
(Mean number/ml) , field field and stratum
F value F value F value .F value '
Seed totasl 41 . 53%wms 5 | [am 2.29 NS 22,99 ke
. Black seeds L] . 11%whn 4 Boww . 2,28 NS 23.26 %00
Brovn seeds 13.4 Wik 5 J4we 2.02,NS 7.43%%wx
Whole seeds 1S5, 19%w*%  § 37w 2.02 NS 6. 95k
Damaged seeds  39.75%F#% 4 _g3irx ., 2,42 NS 22.00%%*
Underdeveloped ) C
seeds 20.71%¥*x 3 g9 2.25 NS T 12.88% %
- Whole black : . -
seeds = 14,56k 7 B3akk 2.09 NS 6 .8aRxnn
whale hrown ‘ : : . ' .
seeds J.1e%wkk 7 8 dik ,>. 0.93 NS 1.6?*.'

r e

transfo tion was (x * 0.5)"" faor all variables exgept for the number
nf who¥e-brown seed®/nl. .This latter variable was ‘ranked and an ana-
lysis of variance was perfor-ed o the ranks.

t The anallsxs of variance was done on the transformed variables.. The

The degrees of freedom

were distributed as follows: model = 30 field = 4, stratum within’ .
field = &, cluster within stratum and field = 20, error = 740,7 . "yt
o*. = s;gnxf\canz at. the O\OS'Ievel ) - g ’
** = gignificant at-the 0:01 level . . W

*k = gignificant at the 0.00} 1level .o B
ktdr @ gignificant at the

0.0001 level -~ -~ ¢ no

NS é non nxguxflcnnt ’

whole aeed - plump seed with no v;sxble dpnage Lo che tesca

Damaged seed = plpymp seéd with visible-dsmage to the testas

Qnderdevekoped seed = seed with wrinkled or collspsed testa arourd the

e . embryo but with no visible damage to the testa.
3 ‘ J . ,
P - -t ' S -
N A S~ e
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~Tabie A summacry of. an analy513 of variance on the mean namber of
Chenopodium spp. seedsfm 1n two fallow fields (fields 3 and
&) on Tucsok's farm.Oxford County, Ontariq, 1n July 1982 ¢
Seed # Source .of variation
category ' Field
{(Me-an numbvrfmz) M5 F value
Tetal number of sseds 110305 3.09 NS
Black seeds 181292 6.16 *
Brown seeds 9649 0.95 NS
Whele seeds 3440 0.5 NS
- Damaped sceds 87886 4.97 *
UndqrdeveloPed seeds 55433 3.55 NS
Whole black ‘séeds 55% 0.09 NS
Whole hrown see¢s 7965 -5.046 - -

-

i,

~

T The” anatysts
ttansform‘\lo
ed as follows:

The
The degrees of freedom were distrihut-

of narxance was done on the cransformed variables.
n was (x & 0.5)

model = }

tl»ld =1,

error = 39,

*.

NS = non significant

% Whole seed -

*

% gignificant at the 0.05 tevel -

>

= plump seed with no visible &nmage to the testa
Pamaged seed = plump s¢ed with wisible damage to. the testa

Hﬂdordovoroped°sced = gged with wrxnklad or collapsed testa around the

embryo but with no visibte damage to the testa




[

264

- -
. b )
’ - ” . v
-< . . ) - ‘ . -
.o ] * . _
Y . ‘ N . . .
' . . M . R
. .— ? 4 ) " . . ) | . .
_-\\\ ! " .‘ ! » . . . ‘r.
. : : - 19491
, GO0'Q I¥ U3z IP a_ueaudrucw_w P1v $23133] 3U32IJ1P £q vo:o_~pm venjod swes 3yl o« spods jo ouunusz §
, ’ g <
_ : * . " ?3I923 Y31 02 o . i
a%vwep 21qIS1A OU Yy11A ING 0A1qWd 8Y) v::ouq ®1691 pRsdrP{109 JO PONUTIA YIIA PIIS « Pads padoloadpaspun
’ . . q“-vu aya o3 28vukp 21q1814 UIIA“ PSS Al:—uar paos paSemeq
’ ' . ' vis23 oyl 01 a8wwep 61Q181A oU K1yA P38 denid o poss 325#
‘s o - a . "saiduve 1108 91 JO uUsem o« y PIOYY
. " s21durs (108 ¢ jO uvds o ( PIOQ
. ae~¢uu»qw 11®- uc ﬁw 0 - Na.xu_ .o=-> vosucuaenucou uAu -ueoqvusOu vIvg §
994 976 %1 66¢ (8 . 981z st 156 91 280 wz,” aE8y 6T B9 €Ty
eyt € 928 91 . 118 89 | vIBL 6S e 12 A% ") cn . Jnmm_ao 09¢ %(1 £
spoas . Bpoas Bpaos . ‘ . ./ . 1®303
- . us01q a[oyM Nde1q 310yM pado13Aapaapu) spass paBeuwrq $pII¢ 2{0YM- Spads umolg BpIIS AJeY pong
| " :a\uen._.:c uvaK) g L 3squngte-
Luxuouuueo podag : ) . . .p1oY4

L b 86l Snr ur foravaup *4A3unon vumuxo ‘was} s ,jn08dny uo .
(7 PUB § 8p121J) 9p{d}] mOL(E] ORI Ul Luw/5PadE *dds wn1podousy) jO JIIQUNU URIW 'IY3 jo Aowwmns y "A] Qe

.

v



: » 265
¢ 4
Tadble V. A summacy of anaslyses of variance oa the ratios of diffecent
Chanopodium spp. seed categories in differeat.cultivatéd
fietds oa Tucsok's fars, Oxford County, Ootario, in July
1982t

sved N ) Source of vatiettioa- 4

category ¥ . NHodel frield Stratom Cluster
. -t within within
- ) field field and
Al -7 - stratom
~" '_alue F value F vatue F value
l.pllo'lo total number of sceds "
Totat numbec of dlack seeds J.AGedRE 4 K)we 1.08ns 2.3 4ee
Total nusber of broun seeds Y. hgreee 4. 463 1 O8NS 2.3
Total number of whole seeds 4.38%%e |3 Qf0rwe 2.48u8 1.51NS
Total number of damaged seeds | .3]|®e 2.89%S 5.28ee 0.92ns -
Total number of undecdeveloped ’ -
sgeds . 2.14nwe 1.81NS 2.22NS ].56MS .

Aatio to totsl nusber of'dlack seeds

Number of whole black seeds 4.04%s4e |2 Sgeves 2 SONS 1.4208
NumBer of damaged black sceds 1.87%e 3.22¢ 7.43e8e Q. 72NS ’
Mumber of underdeveloped :

black seedn - 2.40%eee 7 _JONS 4,93 1.16R8.

Ratio to total aumber of brown seeds

Number of whole brown seeds . 2. 44040 4. 98 1.1INS 1.51NS
Nustber of damaged brown seeds 2.19%*w 1.05N8S b.léns 2.09%
Noaber of underdeveloped :

brown seeds 2.16%** " Q.7INS 0.55NS .58 we

Ratio to total puwber of whole ;eeq' *
Nuaber of whole Black seeds 2.18%0r 3.2 O.B8NS - 1.47N8S
Number of wvhole brown seeda 2.18ve S5.kav Q.88NS ©  L.4INS

fatio to total~number ol demaeged seeds

Number of demaged black sgceds 3. 23vees 3 g7« 2.4208 2,07 .

Nuaber of demaged brown aweds 3.239%eev 3 2 2.42u8 2.02%
-

Ratio to total nomber of, yndecrdeveloped seeds -~

Ruaber of underdeveloped

black needs ' 1. 2940w 2.72N8 1.07nS 2.700%w

Nusber of und-rdevllvped

hro\m seels 1.29%%ee 7 72NS *1.0I8s 2.7000we

t The saslysis of variance wae done oa the ranked valucs of the depen—

Yent varisdle. The degress ol freedom were distributed as follows: . . 3
mode) = 30,-field = 4, stratum within f1reld = 6, cluster within weras

tus’ and th = 20, error = 140
uS = non signilicant

® " = gignificant at the 0.0 lavel . . . :
** o gigni¥icant st the 0.01 ltevel ' ’
et = gegnificant at the 0,001 level N

e o g1gnificant at the 0.0061 level

.

¥ whole sesd = plump seed vith no visible damege to The tasta
Dansged seed = plump seed wich visible damage to the tests
Uodc(écvclopgé seed * seed vith wrinkled or collapsed stcund the
.. enfryo-biut with o vx.m. dasmage to the testa -
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