Colloquium Biometricum 41
2011, 175-186

SOME BLOCK DESIGN WITH NESTED ROWS AND
COLUMNS FOR PLANT PROTECTION RESEARCH

Agnieszka tacka *, Monika Jaskulska 2

'Department of Mathematical and Statistical Methods
Poznan University of Life Sciences
Wojska Polskiego 28, 60-637 PozanRoland
?Institute of Plant Protection — NRI
Wiadystawa Wgorka20, 60—318 PozhaPoland
e—mail: aga@riders.pl; m.jaskulska@iorpib.poznan.pl

Summary

The study presents the new method of constructlogkbdesigns with nested rows and
columns of the type S having C property. Presedigsigns are dedicated to experiments with
adjacent control, i.e. experiments conducted orsgdibound experimental units. For this type of
experiments, a two—phase analysis is being propasdtie beginning with the consideration of
the control treatment, and in the second phasarnhéysis of the differences between the values
observed on control and operational units. Thewakttonsiderations are illustrated with the
analysis of the study of plant protection.
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1. Introduction

Due to specific character of plant protection resgawhen planning an
experiment, one should consider a number of uncbbedr variabilities, such as
duration of measurements or the use of differenhsueng appliances what
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may affect the observed feature. The fundamentéd wf planning an
experiment says, that the type of the experimeseaign should be matching
quality and variability of the experimental maté&rigechnical possibilities of
carrying out the procedures related to the stupgheshomena and ability to carry
out the observation. To protect oneself from negainfluence of uncontrolled
variabilities on the experiment results, it is agkzgeous to plan experiments of
several block structures.

Within the scope of research on alternative mettoddsontrolling the slug
Arion lusitanicusMabille (Arionidae) an experiment concerning thee wf the
biological preparation Nemaslug (Becker Underwoddeat Britain) in
reducing damaging of Chinese cabbage by those, pesdgplanned.

SlugA. lusitanicusis a pest of growing economic significance (Koziy
2008). It origins from the Iberian Peninsula, frarmere it spread as an invasion
species among many European countries, includit@nBolts most often place
of appearance are the areas of growing garden amd plants. The slug
damages all parts of a plant, however its favoyiéee of prey is germinating
seed, plants in seedling phase and juvenile leaves.

Biological preparation Nemaslug contains parasitinematode
Phasmarhabditis hermaphroditand is intended to control different species of
slugs. This pesticide, completely safe for humamsmals and environment is
available mostly in countries of Central and Nomth&urope. It is being used
mostly in ecological farms. In some field reseanducted in England
concerning the use &. hermaphroditat was possible to reduce the damage of
plants such as winter wheat and Chinese cabbagseady slugs (Wilson et al.
1993, 1996; Hass et al. 1999; Speiser et al. 2001)

Due to lack of information on efficiency of the usd# nematodes
P. hermaphroditain controlling Polish populations of slugs, theeusf that
biological pesticide is the subject of the planmedearch. The examined
Nemaslug preparation, containing nematodes in iperously infective stage,
easily dissolves in water, forming a suspensioral be applied by spraying
over plants, watering them or immersing the segdlinoots in the suspension.
After applicationP. hermaphroditgpenetrates into the soil searching for slugs to
attack on. They penetrate into the host after pigrinto its back opening where
they release bacterfdloraxella osloensisvhich toxins are lethal for the slug
organism. After few days the slug is sick what eteits prey activity. In the
planned experiment, the following three sources vafiability should be
considered: time of performing series of observegji@bility to perform camera
observation and the distance to the camera. IftseBom the planned use of
bound experimental units (simultaneous observatbrireatment unit and
control treatment).

The aim of the study is to present the proposed cmvstruction of block
design with nested rows and columns, adequategedaesearch issue, present
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the property of estimation of treatment contrasid testing hypotheses in that
design. Also showing on exemplary data that propesbeme of distribution of

treatments (experimental combinations of two factand single control) on

pairs of bound experimental units, allows for diffieces of the observed value
on treatment unit and control unit to simplify theaalysis to the analysis in

block design.

2. NRC designs

In a block design with nested rows and columns (Nie€ign) v treatments
are distributed irb; blocks grouped irb; rows andb, columns. Due to its
structure, NRC design allows to eliminate threeeations of heterogeneity
originating from the experimental material. Intdia after Koztowska (2001),
tacka and Koztowska (2009), Lacka al. (2009a, 2009b), Koztowsket al.
(2010) we assume thatdimensional vector of observation, wherd,b,b; has
the following form

y=pl+Dy+D;p+D,p+A'T+e+e, (2.1)

where [l is a common parameter and, p, ¢ are the vectors of random
effects of blocks, rows and columns, respectivalyis the vector of treatment
effects; D', D'l, D'2 and A' are the design matrices of blocks, rows, columns

and treatments, respectivel\g ande are the vectors of errors connected with
experimental units and technical error, respegctjVkls a vector of ones. This is
a standard linear mixed model resulting from randation of blocks, rows and

columns in which the expected value pfis E(y)=pl+A't and the
dispersion matrix has the following form

Couy) =a2D'(l,, —11/b,)D' +02D;(1, O (I, —11/h))D, +
+02D,(1, O(1,, —11/b,))D, +
+02(1, 0(1, -11/8)0(, —11/b,))+0?,

where 03, Gﬁ, O’i, o’ and Oé denote the respective variances of the model

random effects. The matrik, denotes the identity matrix of orderand the
symbol [1 denotes the Kronecker product (see also MejzaMejda, 1994).
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NRC designs considered in the study, apart fromacteristic for that class of
designs orthogonal block structure, have also tioparty of general balance,
hence the analysis of experiments conducted witiém can be based on the
so—called stratum analysis, which, in this casdl, vé based on four strata:
between blockssEl), between rowssE2), between columnss£3) and the
bottom stratums=4), the so called "rows—by—columns stratum” (sedey and
Williams 2007; Nelder, 1965). Thanks to propertiésstudied design in every
strata we can consider the estimation of the sah@fsbasic contrasts;’'t,
i=1,...,v=1, on which the analysis of the experiment is Ba3de measure of
the efficiency of the design igth strata in relation ta’th contrast is the
canonical efficiency factohwi, s= 1, 2, 3, 4; i=1, ...,v=1 fulfilling the
conditionC(S)R‘lq =A@ G, whereCyfors=1, 2, 3, 4 is the information matrix
for stratum, whereaR is a diagonal matrix of the diagonal elements Etuthe
number of replications of successive treatmentatBnh analysis based on the
analysis of basic contrasts for NRC designs cordeirt fourth stratum (only
such designs are presented in this study) waspkatiy described in the article
tackaet al. (2009a).

In research concerning plant protection, the paldicrole is played by
control treatment. Idiosyncrasy of that issue deiees using in such
experiments mostly enclosed or adjacent contratabge only such approach
allows including the control treatment in the s&tal analysis of the
experiment (see EPPO Standards PP1: 2004). Theiaqued planning of
experiments with control treatment was raised @nliterature repeatedly. As it
was noticed by Pearce (1960), very often the ma gf an experiment is
comparing new treatments exactly with the distisgad (control) treatment.
On the other hand however there exist studies wdiithis to state which one of
the applicable methods of plant protection is testland the control treatment is
being introduced into the experiment just to dertras consequences of not
using the protective procedure. In first of presdngituations, the major stress
should be put on such planning of the experimemit the efficiency of
estimation of the contrast between control andratfeatments was the highest
in the bottom stratum. In second situation we aterested in the efficiency for
other contrasts. In both situations, the most fealole design, except the
orthogonal design, is a type S design having C-gtgp

Type S or “supplemented balance” designs were filyrdafined by Pearce
in 1960 for a classic block design (earlier theyravdescribed by inter alia
Cochran and Cox (1957) and Cox (1958) and sincentmanent they occupy
a high post in literature concerning planning operments. Worth noticing is
the study of Gupta and Kageyama (1993), where diigoes present extensive
tables of type S designs foA<v<24 They also present methods of

construction of described designs using known assiBIlB and GD(2). The
significant feature of those designs, belonginghto class of partially balanced
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designs, is that information matrix for the bott@tmnatum has two different

eigenvalues calculated with respect to matrix ®,all contrasts in that stratum
are being estimated only with two different effiniges; the first of them is

connected only with one contrast — with contrélst between the emphasized
(control) treatment and other treatments; the athére efficiency of estimation

of contrastsC; T , i = 2,..,v—1 between other treatments.

According to Pearce’s original definition, type &s@jns (designs having S
property) are those, in which the contrast conrkwaii¢gh the control treatment is
the most, as well as the least interesting forrdsearcher (see Pearce, 1960).
However, the approach to this issue is not condisteliterature. Later works
concerning the discussed designs focused on tis¢ &F the mentioned
situations. This was the case in Gupta’s and Kagajgmworks (1991, 1993),
after which we give the definition of the discussidign. We say that a block
design with nested rows and columns has the S gyoie

blE(w)i1+b2§(|)i1_E,(j)i1:So for i=2,..Vv 22)
P& wyiir F02& i —&(jyiv =S for Pz 0,i'=2,...v '

where & i, &qyir &y Mean the number of meetings bfth andi’—th
treatment respectively in rows, columns and bldéksi’ =1,2,...v). While s,

and § are integers such tha, #0 and s, +(v—1)# 0. Constructions of

SNRC designs known from literature describe situestj in which all the
treatments beyond control have the same numbeptitations. In such a case,
parameters of type S NRC design (SNRC) are usudkgcribed by

D(v,b;,b,b,,1,,1,5,,S,) . wherer, andr mean the number of replications for
the control treatmenti €1) and for the rest of the treatments=(2,...,v)

respectively. The theory of SNRC designs has begareled by tacka and
Kozlowska (2009).

The C property is strictly connected with estimatio the fourth stratum.
For C designs every basic contrast is estimatdtiarbottom stratum with the
efficiency A ,; =1 or A,; =1-q, thus discretionary designs are estimated

with the efficiency not lower thab—pu (Pearceet al. 1974).u is described as a

loss coefficient when estimating some basic cotgras
It should be remembered, that an SNRC design willabC design only
when

Iro=Sbs. (2.3)
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So far in literature only two classes of SNRC designeeting this
requirement have been known, described in the woikSupta and Kageyama
(1991), as well as tacka and Koztowska (2009) woBath classes of designs
have full efficiency of estimation of precisely ooentrast in the fourth stratum
(it is contrast connected with the control treatthewhereas the rest of the
contrasts in the bottom stratum of each designeatamated with the same

2
efficiency (141, where 4 = (v—1)% ).

We will now suggest a new construction of such glesi dedicated above
all to experiments with adjacent control. It hamedimitations when it comes
to the number of treatments, namely, it can be wsdygif v=21 +1, so when
the number of all treatments (beyond control) isrev

Theorem 1. For any integet =1 there exists a SNRC design being a C design,
of the parameters:

— o+ _Ir(2) r(2+1) _ r(2)
v=2 1,b3——2(I ) b=2,b,=2,r,= r2() N r2() ,(2.4)
2 r2-2 __,r@)

Ty -y T ey
wherel ([) is the value of Gamma function for

For a giver, the construction of the design is connected wiitth distribution
of treatments on experimental units, that the nurobeneetings of treatments
in rows, columns and blocks will equal respectively

: r(2) : _1r(2+1 : r(2 +1)

iz = 2(1)’ O (1+1)’ i = T 200
212 1r(2+ . -
S =7 H Sy =0, &y ZE—I‘(Z(I +1§ for i=2,...v=2+1,i#".

Therefore, the requirement (2.2) is met. It sha@léd be noticed, that in the
discussed design

Cr= r2+1 r() _ . r*a)
N IO
and
r@)ir(2+1 __r*2)
0y =203 2(1) 2T 2(|+1)_2|r“(|)’
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therefore, the requirement (2.3) is also met, thesdiscussed design has the C
property.

Let's determine information matrices for strata éodesign of the parameters
(2.4); they are as follows:

1r(@2-1 o 0y
C.= 0, c,=———"7 , )
1) ; 2) 4 I—Z(I +1)|:02| 12I12|_2| |2|:|
c __1 I_(ZI) 0 0,
Oarr i+ 0,  1,1,-21, (2.5)
o _1r@-1 42-1° -2(2-1) 1,
@7 gre(+1)|-2(2-01, (2-121,+@Q,L, —1,)|

From the above information matrix it results th&R8&C design from the class

D(v,b,,b,,b,,r,,1,8,,5) of the (2.4) parameters has the full efficiency of
estimating contrast between the control treatmadtthe rest of the treatments
in the fourth stratum, sod,; =1 and A, =0 for s=1,2,3. Contrasts not

connected with control are not estimated in thatgtn between blocks, thus

/1(1)i =0, fori=2,...y=1. All estimated contrasts in the stratum betwesmns

1 1

have the efficiencyA ,, = 22 -1) = A=)
— V_

for i=2,...v=1. The third

- 1 ,
stratum has the efficiency of :E for any contrast not connected with

control, and in the bottom stratum these contrdsive the efficiency

-1 _1v-3
Awi = =5

201-1 2v-2
The above design can be successfully used in reedorfal experiments, so in
a situation where apart from control treatmentdhame combinations of at least
two experimental factors, and the control itselfnrtat be regarded as
a combination of levels of these factors.

fori=2,...nv-1.
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3. Method and analysis

The experiment, which aimed at determining thduerice of the
nematodes$. hermaphroditaon limiting the activity of the slué. lusitanicus
preying on Chinese cabbage, as well as the exfatdmage caused by it, was
planned to be conducted in an air—conditioned ¢adhithe temperature 16°C,
RH 93%+3%, photoperiod 12/12 hours (day/night) adiom to the following
method. 6 seedlings of Chinese cabbage varietyomdilvere planned to be
planted in each of 24 containers 1/3 filled withl,seach plant in the growth
phase of 4 to 6 leaves. The biological preparat@maslug containing 30
million nematodes”. hermaphroditawas planned tde used in the form of
spraying in doses divided into 3 parts, 0.5 ml (alnematodes/cm?) and 1 ml
(about 10 nematodes /cm?) each, or by immersingptasts halfway in its
suspension with the addition of carboxymethyl de#le (5g CMC/1000ml
water), which task was to increase adherence oftwias to plants, in single 3
ml (about 30 nematodes /cm2) and 6 ml (about 6Cataes /cm?) doses. Plants
in the control containers were planned to be spraygh water. The planned
experiment is a near—factorial experiment, in whitke treatments were
examined. Distribution ofv=2|+1=5 (I=2) treatments is described by the
following schema:

K 1 K 2 K 2 K 3 2 K 4 K

3 K 4 K 4 K 1 K K 1 K 3

It is a schema of a block design with nested romg @lumns from the class
D(5,3,2,4,12,3,12-1), where 1 and 2 stand for spraying lower and higher
dose, respectively, 3 and 4 stand for immersinguspension of lower and
higher concentration, and K stands for adjacentrobmwo slugsA. lusitanicis
starving for 48 hours were planned to be placeceach container. After
determining masses of slugs used in the experindamtage of the plants was
planned to be observed every other day, usinge-d@irade scale of damages
(0, 25, 50, 75 and 100% of damaged plant surfaselell as activity of preying
and state of the health of the slugs.

With the above plan of distribution of treatments eéxperimental units,
information matrices for the design strata areoliews:
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0 0 0 0 O]
0O 3 -1 -1 -1
C(l): 05, C(Z):_ O _1 3 _1 _l,
0 -1 -1 3 -1
0 -1 -1 -1 3

48 -12 -12 -12 -12]
1 -12 9 1 1 1
Co=Fpe  Cu=g~12 1 9 1 1
-12 1 1 9 1
-12 1 1 1 9 |
Thus A 5 = Az =Ay,; =0 for  1=1234, for =234 A, =1/6,

Aai =12, N, =13andA ), =1

As it can be seen, in a design of the (2.4) par@rsebbservations are
conducted on pairs of experimental units. It islassic design with adjacent
control, which is an experimental situation in whieach treatment unit is
adjacent to a control unit. It is worth emphasisititat the variation inside
columns being in the design from theorem 1 pairbaafnd experimental units,
is different from variation between bound pairs, is different inside columns
than between them. Observations on pairs of pkrisbe used here to determine
the difference or proportion of values observed tha treatment plot and
adjacent control plot. In the case of such deteedhivariable, analysis is easier
than in the case of the observed variable, for wihie observation model is the
model of near—factorial experiment of block desigith nested rows and
columns. The above SNRC design guarantees fullieficy of estimation of the
contrast between control treatment and the resheftreatments in the fourth
stratum. The rest of the contrasts, that is both ¢bntrast between factor
A levels, as well as contrasts between factor Relewithin a given factor
A level, are implicit in strata between rows antileen columns, and efficiency
of estimation of these contrasts in the bottontginamay not be satisfactory for
the researcher. Determining differences for pditsooind units leads to analysis
of experiment in block design of complete blockss lan orthogonal design for
a two—factorial experiment, allowing for estimatioh all contrasts with full
efficiency. Such an approach significantly simgkfistatistical analysis of the
experiment, but also limits conclusions to detesdimifferences. For the full
assessment of research conducted, however, afferrpgng an analysis taking

@)i
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into account control as a separate treatment, woikh comparing differences
for experimental combinations observed on bountsuni

Stratum analysis for the discussed experimentheilbased on a set of four
basic contrasts and conducted for demonstratiopgges on exemplary data. In
research, the answer to the question whether wkifegent doses of biological
preparation Nemaslug in the form of spraying or Emsing plants will be
effective is interesting, hence the planned corsparibetween the control
treatment and the rest of the treatments expressgd the contrast

c't= @[4,—1—1—1—1]1 . Another contrastc,'t = ?[0,1,1—1—1]1 is a

comparison of two methods of applying the Nemaglgparation, whereas the

contrasts C,'t = @[0,],— ],0,0]r and c,'t= @[ 0,0,0,L—l]r are

comparisons of effects of using a lower and higlese of the examined
preparation, respectively in the case of usingyépgaand immersing. Analysis

of variance runs in the stratum between columnsiaride bottom stratum. In

both cases, for exemplary data from the intréalycexperiment performed in

Institute of Plant Protection — NRI in Po#nathe general null hypothesis
Hoe: Cgt=0 for s=3,4 at the significance level @£0.05, has been rejected. It
should be noticed, that only in the fourth stratiithe interesting contrasts are
estimated. A detailed analysis of contrasts in lotom stratum on these
exemplary data has been presented in table 1. 3@h a complicated structure
of the experimental design, for two contrasts highgnificant variety has been
shown. The average value in the case of sprayiagldver dose is 23.5%,

whereas 30.8% in the case of higher dose. When isingethe plant in the

suspension of lower concentration, on average 3%138%been shown, and in
the case of higher concentration— 36.5%.

Table 1. Stratum analysis in NRC design — bottom stratum)(s=4

Degr ees of Sum of =
freedom squares P

Treatments 4 4030.666667811.5436 | 0.0000003
contrast 1C, 't 1 3927.0416673162.718 0.000000
1 76.5625 | 61.66107 | 0.0005378
1 26.28125 0.45302] 0.53075%40
contrast 4C, 't 1 0.78125 0.629195 0.4636120
5
9

Source

o

contrast 2C,'T

contrast 3C,'T

Error 6.208338
Total 4036.875




SOME BLOCK DESIGN WITH NESTED ROWS AND COLUMNS ... 185

Further analysis is proposed to be conducted féerdnce of observations
on pairs of bound units. In this case, the analisisonducted in the block
design of three complete blocks and four treatment® observations are
differences between values of the attribute obskenrethe treatment plot and
control plot. By adopting mixed observation modsg Caliski and Kageyama
, 2000) it can be noticed, that statistical analysill run only in the bottom
stratum (intra block analysis). In this stratunhtla contrasts are estimated with
full efficiency. As a set of basic contrasts weetakomparison between two

methods of application of the Nemaslug prepara@iom =§[ll—l—1]i- and

comparison of using lower and higher dose of treparation in the case of

spraying €', 71 zg[l—l0,0]t and in the case of immersing

(o 4 =76[0,0,l—1]t. After rejecting the null hypothesis at the sigrafice
level of a=0.05, a detailed analysis of contrasts for exergptita has been
conducted. This analysis, presented in table 2yshbat for two contrasts, high
significance has been shown. In this case, theageetecrease of value of the
observed attribute in proportion to control wagpezsively 33% in the case of
using spraying in the lower dose, 23.33% for sprgyin the higher dose, and
22% and 20.67% for immersing in the preparationlafer and higher
concentration, respectively.

Table2. Particular analysis in block design

Degr ees of Sum of

Source freedom squar es F P
Treatments 3 282.9166667] 6.830986 0.023144
contrast 1C'; © 1 140.0833333 10.14684 0.018946
contrast 2C', T 1 140.1666667 10.15293  0.018923
contrast 3C; T 1 2.6666667  0.193159 0.675688

Error 6 82.8333333

Total 9 365.75
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