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I. Objectives

The MAERC Buck Idand Ranch project seeks to evduate the effects of cattle
gocking rate on water qudity. After gathering dl the water qudity result files, Laurence
Amilhat performed the datiicd andyds for the data of the years 1998/1999, that is to
say the two first years of the project. However, the data did not yield clear conclusions.
This paper reports the study and the conclusons that result from the 2001 data This
report can be aso reach on the Internet at:

http:/Amww.intellitemps.net/houssard/data. andlysis/data andysishtm

Il. Project design

The demongration project seeks to evauate four cattle stocking rates of cow-cdf
units on bahiagrass padures Stes The infragtructure conssts of multiple experimenta
pastures fenced and ditched separately from each other, and are instrumented, so that al
surface water runoff can be captured and andyzed. The designisdescribed in Table 1.

Tablel. Design of the stocking rate treatments demonstration project.

Treatment
Block Plot ID
_ Cow-Caf .
Description Uniits Acres/Unit
o Wwagwy Control _______ O ________ NIA_ .
. W1& W6 Low 15 53
Winter - - - - - - o o e e oo
_W2g w8 Medium 0 A
W3 & W5 High 35 23
_S1ES8 Control 0 _______. NIA___.
A& 6 Low 15 53
111107 e
o S2&S7T____Medium Z- V. U
B& SH High 35 23

These grazing blocks reflect the two principd pasturing regimes of a typicd
central Florida ranch. Each study anima was assigned to agtocking rate a the beginning
of the sudy and remains at this same stocking rate for the life of the project. The winter
gtes ae located on aea containing a mixture of mature grasses, dong with some
bahiagrass. Winter pastures are for the grazing of cows immediately after caving and
during breeding (dry season). The summer sites are improved pasture with bahiagrass
and usad for the grazing of cow-cdf pars. All the experimentd pastures are Smilar in
desgn and indrumentation. A data logger indaled a each flume triggers the auto
sampler based upon the flow volume and hydrograph geometry. The resulting water
samples are shipped to the laboratory then andyzed for phosphorus, nitrate, ammonia and
tota nitrogen. Also, grab samples are taken manudly and andyzed for soluble reactive
phosphorus. The data logger records severd different parameters including the water
depth before (upstream) and after (downgtream) the flume, the year, date, time, and



sample number. The combination of these measurements and the laboratory results are
saved in a database and then analyzed to assess the effectiveness of the stocking rate

treatments.

lll. Stages of the data analysis

a) Distribution of the data

Fird, it is important to have an idea of the data distribution. Indeed, each datistical
test assumes that the data are normdly distributed. This assessment was accomplished by
producing frequency histograms.

The higograms reflect the kind of didribution, so it is important not to neglect this
stage. Indeed, the choice of the width of intervals cdled bin range, has an important
influence on the shgpe of the didribution. If too many intervals are chosen then the
number of vaues in each interva is smal and the hisogram gppears flat and featurdess.
At the other extreme, if the hisogram consdts of only two or three intervas, then dl the
vaues will lie in those intervas and the shape of the higogram reveds little. There are no
hard and fast rules about choosing the width of intervals but a weful rule of thumb is to
choose about N = vn intervals, where n is the number of vaues. Once N has been
rounded to awhole number, the interva width, w, can be caculating using:

w =range/ N = ( max value—minvaue) /N
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Figure 1. Exampleadf a (non-normal) distribution.

The higogram shown in Figure 1 does not exhibit a norma digribution. Water
qudity data typicdly manifes a lognormd didribution. Therefore a log trandformétion is
likely to yidd anormd frequency didtribution, as it can be seen on Figure 2.
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Figure2. Exampleof anormal distribution.

It is possble to determine datigticdly if a distribution corresponds to a normd
digribution or not. A relevant test is the Kolmogorov-Smirnov test, which compare an
empiric digribution (Fn*(x)) to a theoretica continuous one (F(x)). We just compare the
infinite norm of the 2 functions (Dn = | i* - F k = Sup {|F*(X)-FX)|,x €IR} )toa
tabulate vdue dn. If D, < d, (&), we can conclude that the didribution is a norma one
(with aerror of a%)

b) Outliers (Chauvenet’s criterion)

Identification of outliers is important as they may indicate a nove effect such as
the existence of incorrect recording of the measured vaue. Trying to identify the cause of
an outlier is very important.

One gpproach to deciding whether an outlier should be removed from a group of
vaues is to begin by asking the question: Given the scatter displayed by the data as a
whole, what is the probability of obtaining a vdue a least as far from the mean as the
outlier?

If this probability is very low then we have good datigticd grounds for omitting
the outlier from any further andyss. To cary out this study, we must assume that the
scatter datais well described by the normd distribution. For each value x, we cdculate

z=(x-<x>)/s [Eq.1]

where <x> is the mean, s the standard deviation



Then, we find the probability that a vaue differs from the mean by at least z
dandard deviations ( 2*Norm(-8 < Z < -abgz) ) where Norm is the norma distribution
(a gdidic table or the direct Excd function Normdist can be used). Then, we multiply
this probability by n, the number of vaues It results the number of vaues N, we expect
to be a least as far from the mean as the outlier. If N, < 0.5, we can rgect this number of
the study.

c) Means Test

By andyzing the treatment replicate results among themsdves we seek to verify
whether they are valid replicates (means not sSgnificantly different). One option in
performing this verificaion is to run a pared test, but this test requires equa sample Szes
and the assumption that our samples ae dependent rather than independent
measurements.  Since nether of these assumptions holds true in our case, we instead
choose to run a two-sample Ttest. This alows us to assume independent samples and to
test the difference between means calculated from unequal size samples.

d) ANOVA / GLM Tests

By peforming an andyss of the vaiance (ANOVA), we seek to assess the
dggnificance of man effects on the nutrient concentrations and runoff loads. There are
two effects in the MAERC pasture project, so the two-way variance anadyss should be
used. The two effects studied are the type of Block (winter or summer pasture) and the
Treatment (cow-caf docking rates). These test were previoudy caried out for the
analysis of 1998/1999.

Unfortunately, ANOVA tests require equa subclass numbers, which is not
verified for our current sudy. This difficulty was avoided for the 1998-1999 analyses by
doing the te on the means only. But, taking into account the data variaion would be
more interesting. It is the reason why we chose to submit the data to genera linear mode
(GLM) tests. To perform these tests, we had to use Minitab because MS Excd cannot do
them.

It would be ingppropriate to devdop here the GLM [see
http:/Mmww.statsoftinc.com/textbook/stgim.ntml  as  pat  of this report] but the
presentation of the computerization may be rdevant in this paper. To run the test, Minitab
needs 3 columns of same length:

?? A column which specifies eech vdue

?? A column which specifies the block corresponding to the data (summer/winter)

?? A column which specifies the treatment corresponding to the data
(control/low/medium/high)

The results gppear in a table (Smilar to a ANOVA table), gathering for each test
(block/treatment/interaction block-treatment):
?? Df (degrees of freedom)
?? Seq SS (sum of sguares)



?? Adj SS (adjusted sum of squares)

?7? Adj MS (=Adj SS/Df)

?7? F(F4datigtic)

?? P (probability of means being as different as observed if the null hypothess is
true)

The mogt important of these 6 numbers is the P-vdue This vaue dlows

determination if the null hypothesis (dtating that there is no main effect) must be reected
or not. If P < 0.05 (5%), we can conclude thet there is a Satigticaly sgnificant effect.

V. Data analysis

a) Distribution of data

i) NH3

The hisogram shown in Fgure 3 represents the digtribution of NH3 for the
summer plots. To make it clearer, the boxes have been replaced by points linked each
together by lines. This avoids having to produce 16 different hisgograms figures or
depicture 16 different bar setsin the same figure.
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Figure 3. Histogram of NH3 concentration for the summer plots.



Table2: Meansand standard deviation for NH3

Figure4. Graph showingthe 68% confidenceinterval for NH3.

The abnorma standard deviation for w2 leads usto consider carefully the data for
thisste. Actualy, we can see avaue of 18 whereas dl the other vaues arelessthan 4
(mean of 1.71 with this value 0.43 without). This value won't be considered in the tests

snceit can only be a mistake.

Control Low Medium High
1 2 1 2 1 2 1 2
Mean 0.65 0.29 0.30 0.41 0.41 0.34 0.33 0.49
Summer
St Dev 0.56 0.14 0.30 0.26 0.28 0.20 0.20 0.37
Winter Mean 0.40 0.21 0.23 0.23 0.58/0.40 0.20 0.20 0.25
St Dev 0.67 0.11 0.12 0.10 1.71/0.32 0.16 0.29 0.24
(Without outliers)
Means and Standard deviations
3
o 2
(2]
g1
= TN I I T e TR S B T
T 0 t t t t t t t t t t t t t
P4
1
2
S1 S8 S4 S S2 S7 S3 S5 W4 W7 W1 W6 W2 W8 W3 W5
Sites

We can then check the shape of the digribution of the logarithm of the
concentration snce we will use these data for the following andlyss.

Table3: Frequency of log NH3 concentration

S1 S8 S4 S6 S2 S7 S3 S5 W4 W7 W1 W6 W2 W7 W3 W5
Bin ccLLMMHHCCL L MMMHH
200 1.2 0 0 0 2 0 2 2 0 O O O O0 2 2
-5 0 0 0 0 0 0O O OOO O O O O 0 O
-150 3 0 2 0 0 0O 1 1 0 1 O O O 1 1 O
(125 1 1 3 0 2 11 2 1 2 2 2 O 2 5 3
-100 0 4 2 4 1 4 4 1 8 13 5 7 5 13 19 14
-075 4 11 8 13 8 18 8 5 22 28 28 24 22 28 19 22
-0.50 34 47 40 25 30 33 43 24 52 56 56 48 35 56 42 62
-0.25 14 35 40 31 3536 23 29 21 14 17 20 30 14 2 15
000 22 4 2 191214 7 19 4 0 5 0 11 0 O 4
02 14 0 0 2 3 0 2 8 5 0 0 0 10 0 0 1
00 5 0 0 01 00 1 2 O O O O O 1 1
075 0 0 0O 0 0 OO O 2 O O O 1 0 00O
More O O O O O O O O O O O O 1 O O O
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Log(NH3) - Summer

——S1-C
§ S8-C
e S4-L
9? —S6-L
* ——s2-M

——S7-M

——S3-H

S5-H
Bin 2 -175 -15 -125 -1 -075 -05 -025 0 025 05 075 1 1.25
Intervals of concentration
Figure5. Histogram of log concentration NH3 for summer plots.
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Figure 6: Histogram of log concentration NH3 for winter sites
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i) NOXx

Table4. Meansand standard deviation for NOX.

Control Low Medium High
1 2 1 2 1 2 1 2
Summer Mean 0.11/0.06 0.03 0.04 0.03 0.05 0.09 0.07 0.03
St Dev 0.29/0.15 0.07 0.11 0.10 0.13 0.29 0.23 0.07
Winter Mean 0.12 0.07 0.27/0.13 0.08 0.38/0.10 0.03 0.04 0.12
St Dev 0.25 0.24 0.54/0.20 0.32 0.77/0.20 0.06 0.12 0.31
Means and Standard deviations
1.4
1.2
1
3 08
g 06
0.4
X 0.2
S % ——— 1 — 1+
0.2
0.4
0.6
S1 S8 S4 S6 S2 S7T S3 S5 W4 W7 W1 W6 W2 W8 W3 W5
Sites

Figure7. Graph showingthe 68% confidenceinterval for NOX.

The same approach for NOx reveds abnorma vaues in the dte w2, which will be
removed from the tests. It B very difficult to interpret the results Snce each Ste presents a
great range (max vaue/min vaue about 100), but most of the cases it is not maiter of
isolated outliers, just the naturd spread of the datgpoints. Besides, it is not reasonable to
apply the Chauvend’'s criterion for outliers given the digtribution, which is not Gaussian,
unlike the other parameters (NH3, TP, TKN) are. Moreover, it would not be reasonable to

get rid of 10% of the values.

Table5. Frequency of log NOx concentration.

S1- S8- S4- S6- S2- S7- S3- S5- W4 W7 W1 W6 W2 W7 W3 W5

Bn ¢c cL L MMMHMHCLCLC-L-L-M-M-H -H
-200 62 72 74 60 61 69 63 72 42 56 44 50 42 58 50 51
-180 2 5 3 2 3 8 1 1 6 6 3 6 9 6 8 6
-160 9 8 5 15 10 10 11 5 16 18 7 17 8 18 17 8
-140 4 6 2 4 4 4 1 5 8 5 5 2 6 5 5 1
-120 4 5 5 4 4 3 5 2 10 11 6 10 5 11 3 13
-100 2 3 1 4 3 5 0 2 2 5 10 4 2 5 2 6
-080 3 0 2 2 1 1 1 0 11 4 2 4 7 4 2 4

12
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Figure 8. Histogram of log concentration NOx for summer sites.
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Figure9. Histogram of log concentration NOx for winter sites.

13




Here, we must acknowledge that the concentration of NOx is not lognormaly
distributed. No need to say that Kolmogorov-Smirnov tests (which have been run for
severd dtes) are unsuccessful. Indeed, the low vaues have redly a great weight in the
digribution. This means tha the concentraion is very often low, effectivdy zero.

However, this property prevents us from beng completely confident in the NOx GLM

test, which requires anorma distribution.

i) TKN

Table6. Meansand standard deviation for TKN.

Control Low Medium High
1 2 1 2 1 2 1 2
Summer Mean 4.14 3.72 3.36 3.9 4.32 3.51 3.61 3.43
St Dev 1.95 1.58 1.32 1.93 1.71 1.84 1.46 2.02
Winter Mean 3.07 3.12 2.66 2.98 3.49/3.32 2.55/2.62 2.78 2.82
St Dev 1.43 1.32 1.01 2.46 2.19/1.18 0.97/0.90 0.93 1.13
Means and Standard deviations
7
6
=5
£ 4
Z3
Fo2
1
0 t t t
S1 S8 S4 S6 S2 ST S3 S5 W4 W7 W1 W6 W2 W8 W3 W5
Sites

Figure 10. Graph showingthe68% confidenceinterval for TKN.
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Table7. Frequency of log TKN concentration.

S1- S8- S4- S6- S2- S7- S3- S5- W4 W7 W1 W6 W2 W7 W3 W5

Bn ¢c C L L MMMHHCC-L-L-M-M-H-H
-0 0 0 0 0 0 0 0 0O O OO O O OO0OUWO
-150 0 4 0 2 0 0 0 2 0 0 1 O O O O O
-1301 0 0 0 0 0 0 0O 0O 0 0 0 0 0 0 O
-110 0 0 0 0 1 0 0 0O 0O 0 0O 0 0 0 O O
000 0 1 01 0 12 0 0 0O O 0O OO OO
-0 0 0 0 0 0 0O O1TL 00 O 0 0 0 0O
050 0 1. 0 0 0 1 0 0 O O 01 0 0 0 O
0300 0 1. 1. 0 4 0 2 1 0 0 1 0 0 2 O
0100 1 2 2 0 1 0 3 1 4 0 2 0O 4 0 1
008 0 5 4 3 2 6 2 9 8 1513 9 8 3 9

030 7 10 12 12 4 23 5 16 21 14 19 16 8 14 7 24

05012 11 13 8 13 18 21 15 34 28 31 19 34 28 52 38

0.70 38 57 54 43 41 36 38 33 46 51 47 43 56 51 26 49

09028 18 9 22 29 23 18 18 6 9 0 6 8 9 1 3

1104 0 0O 0O 0O O 0O 0O 1 O O O O O O O
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Figure 11. Histogram of log concentration TKN for summer sites

-1.1 -09 -07 -05 -03 01 01 03 05 07 09 11 13 15

1.7

S1-C
——S8-C

S4-L

S6-L
——S2-M
— S7-M
—S3-H
——S5-H

We can see that the log-concentration of TKN is skewed, not symmetric and has
more vaues on the left tall.
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Log concentration TKN - Winter
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Figure 12. Histogram of log concentration TKN for winter sites.
iv) TP
Table8. Meansand gandard devi ation for TP
Control Low Medium High
1 2 1 2 1 2 1 2
Summer M ean 1.07 0.82 1.11 0.85 0.88 0.7 0.79 0.8
St Dev 0.87 0.57 0.98 0.88 0.5 0.76 0.5 0.98
Winter Mean 0.11 0.15 0.12 0.18 0.14 0.08 0.24 0.16
St Dev 0.13 0.16 0.09 0.17 0.20 0.10 0.27 0.25
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Means and Standard deviations
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Figure 13. Graph showingthe 68% confidenceinterval for TP.

It is obvious here that the summer pasture nutrient concentrations are higher than
the winter pasture concentrations (factor of 5 or more).

Table9. Frequency of log TP concentration.

S1 S8 S4 S6 S2 S7 S3 S5 WA W7 W1W6W2W7 W3 W5
Bmn ¢c cL L MMHHCCL L MMHH
2700 0 0 0O 0 0O O OO 0O O 0 0 0 0O
2450 2 0 2 0 0 0 3 4 0 1 1 3 4 3 1
2200 0 0 0O 0 0 0 0 0O 0O O 0 0 0 0 O
-19%5 0 2 1 0 1 2 0 O 2 1 8 1 0 2 2 O
-0 0 0 0 0O 0 0 0 O 3 0 2 0 2 2 3 3
-1451 2 0 0 0 2 1 1 13 6 5 1 5 18 3 3
-1203 0 0 1 0 3 O 3 33 33 18 21 18 30 11 29
0958 1 1 2 3 6 9 3 30 25 29 25 45 35 10 31
0705 7 6 10 5 14 1 7 21 18 31 14 25 15 12 33
-04518 10 18 18 12 18 13 24 4 26 17 27 11 4 30 14
-0.2011 27 13 12 13 20 22 20 9 4 2 10 3 0 14 7
0058 21 20 29 21 22 13 6 0 O O O 2 1 2 2
03021 28 27 13 37 16 30 18 0 1 O 1 1 O O O
05283 2 6 2 0 4 01 0 0O 0 0 O O 1 1
0800 0 5 5 0 2 0 6 0 0O 0O OO O 0 O
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Log concentration TP - summer
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Figure 14. Histogram of log concentration TP for summer sites.
Like TKN, We can see that the log-concentration of TP is not symmetric and has
more vaues on the |ft tall.
Log concentration TP - winter
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Figure 15. Histogram of log concentration TP for winter sites.

It isinteresting to note that the log-concentration of TP for winter has agood bell

shape (except for w3).
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b) Duplicate tests

1. Year 2001

Here are the results of the tests to verify if the replicate means are smilar. If the
P-vdue is beow 5%, it can be concluded that the 2 means cannot be consdered as equd.

Table10. P-valueof theT-Testsfor replicate sites (2001).

Summer Winter
Control Low Medium High Control Low Medium High
NH3 0.000 0.002 0.004 0.002 0.003 0429 0.000 0.161
NOx 0.011 0.710 0.219 0.081 0.066 0.003 0.000 0.015
TKN 0.082 0.027 0.002 0.564 0.767 0.076 0.245 0.845
TP 0.016 0.067 0.053 0.863 0.073 0.000 0.004 0.032

This shows tha we must be very cautious drawing conclusons snce for haf of
the dtes (17 / 32), it is impossble to know what the red effect is. However, the ANOVA
GLM procedure takes this into account.

2. Year 1999
Table11. P-valueof the T-Testsfor replicate sites (1999).
Summer Winter

Control Low Medium High Control Low Medium High

NH3 0.066 0.476 0.723 0.144 0.627 0.071 0457 0.670
NOx 0.097 0.461 0.775 0.047 0.242 0.016 0.169 0.000
TKN 0.184 0.539 0435 0.960 0.631 0402 0.323 0.836
TP 0.067 0477 0.723 0.144 0.627 0.071 0458 0.670

The table 11 shows that the replicates for 1999 are correct and give the same
means for a same treatment except in 2 cases.

3. Year 2000
Table12. P-valueof the T-Testsfor replicate sites (2000).
Summer Winter

Control Low Medium High Control Low Medium High

NH3 0.847 0.489 0111 0.108 0.619 0.979 0.503 0.150
NOx 0.350 1.000 0.341 1.000 0.919 0.79%6 0439 0.391
TKN 0.001 0.301 0.012 0.108 0219 0.327 0.822 0.138
TP 0.000 0.845 0443 0.037 0.008 0.019 0.347 0.288

We can see on the table 12 that replicates for 2000 are quite good for NH3 and
TKN. For TP and to a lesser extent for TKN, we can underline a difference between the
means for severd treatments.
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c) GLM tests

i. Year 2001

Let's condder that we can run the tests. The following table shows the results for
the four nutrients. (The Minitab window is shown in the Appendix)

Table13. P-valueof the GLM tests (2001).

NH3 NO x TKN TP
Block 0.000 0.000 0.000 0.000
Treatment 0.056 0.313 0.000 0.004
B*T 0.010 0.138 0.000 0.001

Different conclusions can be drawn:

1. The block effect is dways datidicdly dgnificant. It means tha summer and
winter trestments have an influence on the nutrient concentrations.

2. For TKN and TP, the trestment effect is dso dgnificant. Concentrations differ
with the treetment (control / low / medium / high).

3. For NOx, the very high P-vdue (31%) dlows us to conclude that the
concentration do not differ with the treatment

4. It is more difficult to conclude for NH3 since the vadue (5.6%) is closed to the
threshold (5%). We can say that the treatment effect is not very sgnificant but
that the influence is yet more important than for NOKX.

il Year 1999

The GLM method has not been gpplied for the data of the previous years. To
complement the report, we can insert here the results for 1999.

Table14. P-valueof the GLM tests (1999).

NH3 NO x TKN TP
Block 0.000 0.001 0.000 0.000
Treatment 0.000 0.002 0.970 0.883
B*T 0.117 0.004 0.027 0.638

Conclusions:
1. Theblock effect is dways Satidticaly sgnificant. It means that summer and
winter treetments have an influence on the nutrient concentrations.
2. For NH3 and NOx, the treatment effect is dso sgnificant. Concentrations differ
with the treetment (control / low / medium / high).
3. For TKN and TP, the very high P-vaue (97% and 88%) alows us to conclude
that the concentration do not differ with the trestment

20



ii.  Year 2000

Table15. P-value of the GLM tests (2000).

NH3 NO x TKN TP
Block 0.000 0.000 0.000 0.864
Treatment 0.695 0.028 0.471 0.018
B*T 0.204 0.121 0.374 0.560

Conclusions:
1. The block effect is often datisticaly sgnificant (for al the nutrients except TP). It

means that summe and winter trestments have an influence on the nutrient
concentrations.

2. Thereisno ggnificant effect for any of the treatments

d) Concentration vs. Treatment

. Year 2001

The previous test showed that in most of the cases, the trestments had an effect on
the nutrient concentrations. In other cases the variability of the data could not dlow
drawing such a concluson.

So, let’'s condgder the TP concentration data, which saisfy the firs assumption
(lognormd didtribution). We can report on a graph the concentration vs. the number of
cow-cdf by unit. Unfortunately, we do not obtain monotonous curves. Therefore, it is
impossble to conclude on the nature of the effect athough the apparent reaionship is
actudly inverse. The study of the other nutrients leads to the same conclusions.

Figure 16. TP concentration vs. treatment.
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Figure17. TKN concentration vs. treatment.
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Figure 18. NOx concentration vs. treatment.
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Figure 19. NH3 concentration vs. treatment.
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[l. Year 1999

Table 16. Means of concentration for each treatment.

Control Low Medium High

0 15 20 35
NH3 Summer 0.305 0.365 0.500 0.425
Winter 0.280 0.220 0.215 0.320
NOX Summer 0.011 0.009 0.010 0.003
Winter 0.017 0.025 0.018 0.028
TKN Summer 4.310 6.500 8.670 5.590
Winter 4.290 4.385 3.055 4.655
TP Summer 0.656 0.765 1.130 0.795
Winter 0.209 0.140 0.170 0.148

Figure20. NH3 concentration vs. treatment.
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Figure21. NOx concentration vs. treatment.
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Figure22. TKN concentration vs. treatment.
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Figure23. TP concentration vs. treatment.
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1. Year 2000

Table17. Meansof concentration for each treatment.

Control Low Medium High

0 15 20 35
NH3 Summer 0.275 0.128 0.099 0.112
Winter 0.466 0.7373 0.7979 1.291
NOXx Summer 0.011 0.01 0.025 0.01
Winter 0.1165 0.0257 0.095 0.075
TKN Summer 2.65 2.71 2.058 2.272
Winter 3.5235 4.6 4.2 5.1435
P Summer 0.402 0.277 0.184 0.212
Winter 0.181 0.5262 0.118 0.393
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Figure24. NH3 concentration vs. treatment.
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Figure 25. NOx concentration vs. treatment.
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Figure26. TKN concentration vs. treatment.
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Figure27. TP concentration vs. treatment.
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V. Tukey’s w test

1. Objective

So far, we carried out globa tests in order to identify if a block or a trestment
effect dould be found, andyzing, andyzing the whole data (16 sStes). It is posshble to
process a more advanced study, andyzing dl the treatments by pairs. Let's consder the
Tukey’s w procedure. It makes use of the Studentized range and is applicable to pairwise
comparisons of means. It requires a sngle vaue for judging the gSgnificance of dl
differences and is thus quick and easy to use. However, this test can only consder one
factor a a time (it is a one-way ANOVA test). It is the reason why we will gpply it only
for the Steswithin ablock (summer/winter).

2. Tukey’s w procedure on Minitab

MS Exce cannot carry out this kind of tests. Therefore, Minitab was used instead.
Just as we did for the GLM test, we put dl the data in a column with the trestment
corresponding in ancther one. Obvioudy, the 2 columns must have the same length.

Then, we just sdect Stat / ANOVA / One-way and specify the option Comparison /
Tukey’ s with afamily error rate of 5%.

Therefore, we obtain in the Sesson window the results, which consgst on:
?? A one-way andyds of variance for dl the data
?? A table with the means, sandard deviations and confidence interva
?? The Tukey'stest

The firg pair of number in the Tukey output table gives the confidence interva
for the difference between the mean of Column and the mean of Row (for instance for the
firs test: mean of concentration of S1 — idem for S8). [See the fird table]. If O is not
included in this interva (when the 2 vadues have the same sgn), it means tha the means
can be declared different (Snce the difference cannot be null).

If it is the case for 2 means in a same treatment, it means that 2 replicaions
present different averages. Obvioudy, it is bad for our study since it shows we cannot
trust the treatment effect. Other parameters we cannot identify have an effect on the
concentrations. Don't forget that a negative result shows that 2 means are dgnificantly
different but a positive result do not show that the 2 means are equal!

Beddes, the case when the vaues have the same dgn is expected for dtes of

different trestments, otherwise, we can dso say that the variability of the data avoids
knowing which the higher vaue among the two of them is
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3. Tests

Here are presented the results of the Tukey’s w procedure.

o

We cannot compare the 2 means

+ Mean of column > Mean of row

- Mean of column < Mean of row

Therefore, an experiment for which the replicates gave the same means and for
which it is possble to see a dgnificant difference between the treatments have the
following results (given that the more the trestment is important, the higher the

concentration should be):

Table18. Tukey'stest - Example.

Tukey's procedure Control Low Medium High
Example S1 S8 S4 S6 S2 S7 S3
Control S8 0
S4 + +
Low
86 + + O
S2 + + + +
Medi
edium S7 + + + +
. S3 + + + + +
High
S5 + + + + + + 0
a. Tukey’'sprocedure— 1999
Table19. Tukey'stest - Summer pasture- NH3—1999.

Tukey's procedure Control Low Medium High
NH3 - Summer S1 S8 S4 S6 S2 S7 S3
Control S8 0

S4
Low 0 0
56 + 0 0
2
Medium S 0 0
S7 0 0 0 0 0
S3
High 0 0 0 0
S5 0 0 0 0
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Table20. Tukey'stest - Winter pasture— NH3—1999.

Tukey's procedure Control Low Medium High
NH3 - Winter w4 w7 w1 W6 w2 w8 W3
Control w7 0
Low w1 + 0
W6 0 0 0
W2
Medium 0 0 0 0
w8 0 0 - 0 0
W3
High 0 0 0 0 0
W5 0 0 - 0 - 0
Table 21. Tukey'stest - Summer pasture- NOx —1999.
Tukey's procedure Control Low Medium High
NOx - Summer S1 S8 S4 S6 S2 S7 S3
Control S8 0
S4
Low 0 0
S6 0 0 0
S2
Medium 0 0 0 0
S7 0 0 0 0
S3
High 0 0 0 0 +
S5 0 0 0 0 + + 0
Table22. Tukey'stest - Winter pasture- NOx —1999.
Tukey's procedure Control Low Medium High
NOx - Winter W4 w7 w1 W6 W2 W8 W3
Control w7 0
w1 - -
Low
W6 0 0 +
W2
Medium 0 0 0 0
w8 0 0 0 0 0
W3
High 0 0 + 0 0
W5 0 0 0 0 -
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Table23. Tukey'stest - Summer pasture- TKN—1999.

Tukey's procedure Control Low Medium High
TKN - Summer S1 S8 S4 S6 S2 S7 S3
Control S8 0

S4

Low 0 0
S6 0 0 0
S2

Medium 0 0 0 0

S7 0 0 0 0 0
S3

High 0 0 0 0 0
S5 0 0 0 0 0

Table24. Tukey'stest - Winter pasture- TKN —1999.

Tukey's procedure Control Low Medium High
TKN - Winter W4 W7 W1 W6 w2 w8 w3
Control w7 0

W1 0 0

Low
W6 0 0 0
W2

Medium 0 0 0 0

w8 0 0 0 0 0
W3

High 0 0 0 0 0
w5 0 0 0 0 0

Table25. Tukey'stest - Summer pasture- TP—1999.

Tukey's procedure Control Low Medium High
TP - Summer S1 S8 S4 S6 S2 S7 S3
Control S8 0

S4

Low 0 0
S6 0 0 0
S2

Medium 0 0 0 0

S7 0 0 0 0 0
S3

High 0 0 0 0 0
S5 0 0 0 0 0
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Table26. Tukey'stest - Winter pasture- TP —1999.

Tukey's procedure Control Low Medium High
TP - Winter w4 w7 w1 W6 w2 w8 W3
Control w7 0
w1 0 0
Low
W6 0 0 0
W2
Medium 0 0 0 0
W8 0 0 0 0 0
W3
High 0 0 0 0 0
w5 0 0 0 0 0
b. Tukey’s procedure— 2000
Table27. Tukey'stest - Summer pasture- NH3-2000.

Tukey's procedure Control Low Medium High
NH3 - Summer S1 S8 S4 S6 S2 S7 S3
Control S8 0

S4

Low 0 0
S6 0 0 0
S2

Medium 0 0 0 0

S7 0 0 0 0 0
S3

High 0 0 0 0 0
S5 0 0 0 0 0

Table28. Tukey'stest - Winter pasture- NH3— 2000.

Tukey's procedure Control Low Medium High
NH3 - Winter w4 w7 w1 W6 w2 w8 W3
Control w7 0

Low w1l 0 0
W6 0 0 0
W2

Medium 0 0 0 0

W8 0 0 0 0 0
W3

High 0 0 0 0 0
W5 0 0 0 0 0
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Table29. Tukey'stest - Sumer pasture - NOx — 2000.

Tukey's procedure Control Low Medium High
NOx - Summer S1 S8 S4 S6 S2 S7 S3
Control S8 0
S4
Low 0 0
S6 0 0 0
S2
Medium 0 0 0 0
S7 0 0 0 0 0
S3
High 0 0 0 0 0
S5 0 0 0 0 0
Table30. Tukey'stest - Winter pasture- NOx — 2000.
Tukey's procedure Control Low Medium High
NOx - Winter W4 W7 W1 W6 w2 w8 w3
Control w7 0
W1 0 0
Low
W6 0 0 0
W2
Medium 0 0 0 0
w8 0 0 0 0 0
W3
High 0 0 0 0 0
W5 0 0 0 0 0
Table31. Tukey'stest - Summer pasture- TKN—2000.
Tukey's procedure Control Low Medium High
TKN - Summer S1 S8 S4 S6 S2 S7 S3
Control S8 i}
S4
Low 0 0
S6 - 0 0
S2
Medium 0 0 0 0
S7 0 0 0 0 0
S3
High 0 0 0 0 0
S5 - 0 0 0 0
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Table32. Tukey'stest - Winter pasture- TKN —2000.

Tukey's procedure Control Low Medium High
TKN - Winter w4 w7 w1 W6 W2 w8 w3
Control w7 0

w1 0 0

Low
W6 0 0 0
W2

Medium 0 0 0 0

w8 0 0 0 0 0
W3

High 0 0 0 0 0 0
W5 0 0 0 0 0 0 ??

Table33. Tukey'stest - Summer pasture- TP—2000.

Tukey's procedure Control Low Medium High
TP - Summer S1 S8 S4 S6 S2 S7 S3
Control S8 .

S4 -
Low 0
S6 - 0 0
S2
Medium 0 0 0 0
S7 0 0 0 0 0
S3
High 0 0 0 0 0 0
S5 - 0 0 0 0 0 0
Table34. Tukey'stest - Winter pasture- TP —2000.
Tukey's procedure Control Low Medium High
TP - Winter W4 W7 W1 W6 W2 W8 W3
Control w7 0
w1 0 0
Low
W6 _ 0 -
W2
Medium 0 0 0 h
w8 0 0 0 + 0
W3 -
High 0 0 0 0 0 0
W5 0 0 0 + 0 0 0




c. Tukey’'sprocedure— 2001

Table35. Tukey'stest - Summer pasture- NH3—2001.

Tukey's procedure Control Low Medium High
NH3 - Summer S1 S8 S4 S6 S2 S7 S3
Control S8 + 0

S4 + 0

Low
S6 0 0 0

Medium S2 0 0 0 0

S7 + 0 0 0 0 |
S3

High + 0 0 0 0 0
S5 0 + 0 0 0 0 0

Table36. Tukey'stest - Winter pasture- NH3—2001.

Tukey's procedure Control Low Medium High
NH3 - Winter w4 w7 w1 W6 w2 w8 W3
Control W7 +

w1 0 0

Low
W6 0 0 0
W2

Medium 0 hl 0 hl

w8 + 0 0 0
W3 - -

High 0 * 0
W5 0 0 0 0 0 0

Table37. Tukey'stest - Summer pasture- NOx —2001.

Tukey's procedure Control Low Medium High
NOx - Summer S1 S8 S4 S6 S2 S7 S3
Control S8 0

S4

Low 0 0
S6 0 0 0
S2

Medium 0 0 0 0

S7 0 0 0 0 0
S3

High 0 0 0 0 0
S5 0 0 0 0 0
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Table38. Tukey'stest - Winter pasture- NOx — 2001.

Tukey's procedure Control Low Medium High
NOXx - Winter W4 W7 w1 W6 W2 W8 W3
Control W7 +
W1 0 +
Low
W6 0 0 +
w2
Medium 0 * 0 *
W8 + 0 + 0
w3
High 0 0 * 0
W5 0 0 0 0 -

Table39. Tukey'stest - Summer pasture- TKN—2001.

Tukey's procedure Control Low Medium High
TKN - Summer S1 S8 S4 S6 S2 S7 S3
Control S8 0
S4
Low 0 0
S6 0 0 0
S2
Medium 0 0 0 0
S7 0 0 0 0 0
S3 R
High 0 0 0 0
S5 0 0 0 0 + 0

Table40. Tukey'stest - Winter pasture- TKN—2001.

Tukey's procedure Control Low Medium High
TKN - Winter w4 W7 w1 W6 W2 W8 W3
Control W7 0
wi 0 0
Low
Wé 0 0 0
w2 -
Medium 0 0 0
w8 0 + 0 0
w3
High 0 0 0 0
W5 0 0 0 0 0
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Table4l. Tukey'stest - Summer pasture- TP—2001.

Tukey's procedure Control Low Medium High
TP - Summer S1 S8 S4 S6 S2 S7 S3
Control S8 0

S4

Low 0 0
S6 0 0 0
S2

Medium 0 0 0 0

S7 0 0 + 0 0
S3

High 0 0 0 0
S5 0 0 + 0 0

Table42. Tukey'stest - Winter pasture- TP —2001.

Tukey's procedure Control Low Medium High
TP - Winter w4 W7 w1 W6 W2 W8 W3
Control w7 _
Wi 0 0
Low
w6 - 0 0
w2
Medium 0 0 0 0
w8 0 + + +
w3 -
High + 0 0 0 +
W5 0 0 0 0 + 0

4. Conclusion

| condgdered as usdess the fact of drawing a concluson for each test. Indeed, dl the
results go dong the same lines:
?? The mgority of the cdls are null, what it means that the distributions do not
alow comparing two means each other.
?? There is not a mgority of postive results compared to negative ones. It States
that a more important trestment increase a nutrient concentration sometimes,
decrease it other times.

Therefore, al the different conclusons agree to say that the data of 1999/2000/2001
are incgpable to bring to the fore a difference between the 4 different treatments. control,
low, medium, high. Consequently:

?? Either it does exig an influence but the experiment has not managed to
unvell it, because of experiment errors or smply because the signd is lost
inanoise of high amplitude.

?? Either it must be admitted that the dendty of cow/caf by unit has no effect
on the concentration of the 4 nutrients concerned.
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Conclusion

This paper brings to the fore the difficulty of drawing conclusons for the Buck
Idand Project. Firgt of dl, we have seen that the data contained severa anomadlies, which
reveded experimental errors (measuring the parameter) or computer errors (reporting the
vaue in the database) migtakes. Neverthdess, after diminating the outliers the datitical
tets were performed. Then, the different conclusons must be drawn very cautioudy
because dl the digributions used did not respect the norma distribution. Afterwards, we
redized that means, which were supposed to be equd, are not, nearly for haf of them, so
that it is difficult to figure out what redly happens (Sometimes, we have a ratio of 10
between two means representing the same treatment!). Ladtly, even if the GLM tedts date

that an effect for a nutrient can be identified, it is less obvious to find the nature of this
effect given that the curves of the concentration vs. the treatments are not monotonous

(increasing curves were expected).

38



Appendix 1: GLM tests with Minitab (1999)

Fact or Type Level s Val ues
Bl ock fixed 2 summer winter
Treatment fixed 4 control high | ow nmedi um

Anal ysis of Variance for NH3, using Adjusted SS for Tests

Sour ce DF Seq SS Adj SS Adj MB F P
Bl ock 1 5.57339 4. 90896 4.90896 122.67 0.000
Tr eat nent 3 0. 88935 0. 82794 0. 27598 6.90 0.000
Bl ock* Tr eat nent 3 0. 23691 0. 23691 0. 07897 1.97 0.117
Error 729 29.17291 29. 17291 0. 04002

Anal ysis of Variance for NOx, using Adjusted SS for Tests

Sour ce DF Seq SS Adj SS Adj M5 F P
Bl ock 1 0. 63091 0.91773 0.91773 11.09 0.001
Tr eat nent 3 1.42231 1.19704 0. 39901 4,82 0.002
Bl ock* Tr eat nent 3 1.13306 1.13306 0. 37769 4.56 0.004
Error 731 60. 49710 60. 49710 0. 08276

Tot al 738 63. 68338

Anal ysis of Variance for TKN, using Adjusted SS for Tests

Sour ce DF Seq SS Adj SS Adj MB F P
Bl ock 1 2. 59755 2.55429 2.55429  34.07 0.000
Tr eat nent 3 0. 05938 0. 01850 0. 00617 0.08 0.970
Bl ock* Tr eat nent 3 0. 69137 0. 69137 0. 23046 3.07 0.027
Error 728 54.58008 54.58008 0.07497

Tot al 735 57. 92837

Anal ysis of Variance for TP, using Adjusted SS for Tests

Sour ce DF Seq SS Adj SS Adj MB F P
Bl ock 1 119. 906 114. 569 114.569 810.40 0.000
Tr eat nent 3 0.071 0. 093 0.031 0.22 0.883
Bl ock* Tr eat ment 3 0. 240 0. 240 0. 080 0.57 0.638
Error 729 103. 060 103. 060 0.141

Tot al 736 223. 277
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Appendix 2: GLM tests with Minitab (2000)

Fact or Type Level s Val ues
Bl ock fixed 2 summer winter
Treatment fixed 4 control high | ow nmedi um

Anal ysis of Variance for NH3, using Adjusted SS for Tests

Sour ce DF Seq SS Adj SS Adj MB F P
Bl ock 1 11.5341 11. 5655 11.5655 48.36 0.000
Tr eat ment 3 0. 3635 0. 3468 0. 1156 0.48 0.695
Bl ock* Tr eat ment 3 1.1206 1.1206 0.3735 1.56 0.204
Error 87 20. 8044 20. 8044 0. 2391

Tot al 94 33. 8226

Anal ysis of Variance for NOx, using Adjusted SS for Tests

Sour ce DF Seq SS Adj SS Adj MB F P
Bl ock 1 4.1344 4. 0470 4.0470 21.31 0.000
Tr eat ment 3 1. 2505 1.8139 0. 6046 3.18 0.028
Bl ock* Tr eat ment 3 1.1362 1. 1362 0. 3787 1.99 0.121
Error 87 16. 5216 16. 5216 0. 1899

Tot al 94 23. 0426

Anal ysis of Variance for TKN, using Adjusted SS for Tests

Sour ce DF Seq SS Adj SS Adj MB F P
Bl ock 1 1. 05733 0. 93519 0.93519 13.22 0.000
Tr eat ment 3 0. 14164 0. 18021 0. 06007 0.85 0.471
Bl ock* Tr eat ment 3 0. 22337 0. 22337 0. 07446 1.05 0.374
Error 87 6. 15329 6. 15329 0.07073

Tot al 94 7.57563

Anal ysis of Variance for TP, using Adjusted SS for Tests

Sour ce DF Seq SS Adj SS Adj M5 F P
Bl ock 1 0. 0068 0. 0058 0. 0058 0.03 0.864
Tr eat ment 3 1.8215 2.0574 0. 6858 3.52 0.018
Bl ock* Tr eat ment 3 0. 4041 0. 4041 0. 1347 0.69 0.560
Error 87 16. 9694 16. 9694 0. 1951

Tot al 94 19. 2017
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Appendix 3: GLM Test with Minitab (2001)

Fact or Type Level s Val ues
Bl ock fixed 2 sumrer w nter
Treatment fixed 4 control high | ow medi um

Analysisof Variance for NH3 log, using Adjusted SSfor Tests

Sour ce DF Seq SS Adj SS Adj M5 F P
Bl ock 1 12. 4749 12. 5995 12.5995 119.27 0.000
Tr eat ment 3 0.9325 0. 7995 0. 2665 2.52 0.056
Bl ock*Treatnent 3 1.2111 1.2111 0. 4037 3.82 0.010
Error 1653  174.6262 174.6262 0. 1056

Tot al 1660  189. 2447

Analysis of Variance for NOx_log, using Adjusted SSfor Tests

Sour ce DF Seq SS Adj SS Adj M5 F P
Sour ce DF Seq SS Adj SS Adj MB F P
Bl ock 1 24. 3559 24. 6486 24.6486 77.02 0.000
Tr eat ment 3 1. 2503 1. 1405 0. 3802 1.19 0.313
Bl ock*Treatnent 3 1.7684 1.7684 0. 5895 1.84 0.138
Error 1653 528.9825  528.9825 0. 3200

Tot al 1660  556. 3571

Analysisof Variancefor TKN_log, using Adjusted SSfor Tests

Sour ce DF Seq SS Adj SS Adj M5 F P
Bl ock 1 48. 321 46. 815 46.815 169.17 0.000
Tr eat ment 3 93.519 81.524 27.175 98.20 0.000
Bl ock* Tr eat nent 3 93.588 93. 588 31.196 112.73 0.000
Error 1652 457.173 457.173 0.277

Tot al 1659 692. 601

Analysisof Variancefor TP_log, using Adjusted SSfor Tests

Sour ce DF Seq SS Adj SS Adj M5 F P
Bl ock 1 247. 353 245, 141 245.141 1085.14 0.000
Tr eat nent 3 3.332 3.032 1.011 4.47 0.004
Bl ock* Tr eat nent 3 3.611 3.611 1. 204 5.33 0.001
Error 1653 373. 425 373. 425 0. 226

Tot al 1660 627.721
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Sour ce DF
S 7
Error 381
Tot al 388
Level N
1 50
2 45
3 29
4 44
5 45
6 57
8 52
Pool ed St Dev

Tukey's pairw se

Critical

Fam ly error
I ndi vi dual

error

val ue =

Tukey’s test — NH3 — Summer - 1999

Intervals for (colum |eve

N
1

w
'

N
1

(&)
1

~
1

[e¢]
1

©CO0000000000000

1

. 1461
. 0706

1185
1277
0633
1547
0089
2078
0296
2340
0538

. 1433
. 0080
. 2009

©coocoo00000000

SS VB
1.1349 0. 1621
11.5143 0. 0302
12. 6491
Mean St Dev
-0.5175 0.1721
-0. 4797 0. 1400
-0.5221 0. 2896
-0. 5632 0.1838
-0.6170 0. 1841
- 0. 6493 0. 1560
. 2078 0. 2484
-0.6139 0. 1543
0.1738
conpari sons
rate = 0. 0500
rate = 0.00258
4.29
nmean)
2 3
. 0832
1680
0283 -0.0851
1953 0. 1672
0261 - 0. 0307
2484 0. 2204
0644 0. 0069
2747 0. 2474
0191 -0.0771
1842 0. 1574
0268 -0. 0304
. 2415 0. 2140

Appendix 4

F

P

5. 36 0. 000

I ndi vi dual 95% Cl's For Mean

Based on Pool ed St Dev

( ___________
(CERERLISPER
(-mmmoroees
0. 2204 0. 1656-)
(----- R )
_______ e EY
-0.640  -0.560

- (row | evel nean)

4

-0. 0580
0. 1656
-0. 0197
0. 1919
-0. 1033
0.1014
-0. 0573
0. 1587

42

. 0729
. 1375
. 1564
. 0469
. 1104
. 1043

-0.480

-0. 1820
0. 0080
-0. 1365
0. 0658

-0. 0458
-0. 0458
0. 1491



Sour ce DF
S 7
Error 383
Tot al 390
Level N
1 50
2 45
3 29
8 53
5 45
6 57
7 67
8 53
Pool ed St Dev

Tukey's pairw se

Critica

Intervals for (colum |eve

N

w

N

©COO000000000000

Fam ly error
I ndi vi dua

1

. 1840

0959
0064
3244
0578
2221
0198
2602
0811
1829
1560
0986

. 0617
. 2070

error

val ue

©cooooo000000

-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.

0.

r
r

4.

SS VB
. 5997 0. 2285
. 3157 0. 0504
. 9154
Mean St Dev
8242 0. 2117
7801 0. 2707
9896 0. 0559
8969 0. 2291
9444 0.1324
8751 0. 2367
7955 0. 2906
8969 0. 2291
2246
conpari sons
ate = 0.0500
ate = 0.00258
29
mean) -
2 3
. 0473
. 3717
0174 -0. 2455
2698 0.0789
0207 -0. 2074
3079 0. 1170
0409 -0. 2699
2308 0. 0408
1159 -0. 3455
. 1467 -0. 0427
. 0214 -0. 2501
. 2548 0. 0646

Tukey’s test — NOx — Summer - 1999

E
4.53

| ndi vi dua

0. 000

95% Cl's For Mean
Based on Pool ed St Dev

________ s
-2.00 -1.90
(row | evel nean)
4 5
-0. 1055
0. 1817
-0.1671 -0. 2052
0. 1046 0. 0665
-0.2421 -0.2802
0. 0205 -0.0176
-0. 1476 -0. 1857
0.1286 0. 0905
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-0. 2023
0. 0432
-0. 1082
0. 1518

-0. 0239
0. 2265



Sour ce DF
S 7
Error 380
Tot al 387
Level N
1 50
2 45
3 28
4 45
5 44
7 66
8 53
Pool ed StDev =

2
2

Tukey's pairw se

Fam ly error
error

I ndiv

aitic

Intervals for (colum |eve

2 -0
0
3 -0
0
4 -0
0
5 -0
0
6 -0
0
7 -0
0
8 -0
0

dual

al value =

1

. 2069
. 1197
. 1437
. 2315
. 0871
. 2396
. 1239
. 2047
. 1147
. 1933
. 1685
. 1296
. 0885
. 2249

Tukey’s test — TKN — Summer - 1999

SS
0.6218
6. 0863
6. 7081

Mean
. 6403
. 6839
5964
5641
5999
6598
.5721

coooooo0

o

. 2620

VB
0. 0888
0. 0686

COoo00000
N
\‘
©
0

conpari sons

rate = 0.
rate = 0.

4.29

2

. 1038
. 2788
. 0477
. 2874
. 0845
. 2525
. 0756
. 2414
. 1295
. 1778
. 0493
. 2730

0500
00258

nmean) - (row | eve

3

-0. 1590
0. 2236
-0. 1957
0. 1886
-0.1881
0.1788
-0. 2426
0. 1159
-0.1614
0. 2100

1.2

I ndi vi

E
9 0

252

dual 95% Cl's For Mean
Based on Pool ed St Dev

nean)
4

. 2044

. 1327

. 1955 -0
. 1215 0
. 2494 -0
. 0579 0
. 1691 -0
. 1531 0

e - O
0. 640 0.720
5 6
. 1606
. 1584
. 2145 -0. 2024
. 0948 0. 0850
. 1343 -0.1227
. 1899 0. 1806

- 0. 0589
0. 2343



Sour ce DF
S 7
Error 381
Tot al 388
3 28
Level N
1 49
2 45
3 28
4 45
5 45
6 57
7 67
8 53
Pool ed StDev =

Tukey’s test — TP — Summer - 1999

Tukey' s pairw se comnparisons

Famly error rate
error rate

| ndi vi dua

Critical value = 4.29

SS VB F P
0. 945 0. 135 0. 82 0.575
63. 117 0. 166
64. 063
I ndi vi dual 95% Cl's For Mean
-0. 4637 0.5062 (--------- Fooeeeeee - )
Mean StDev -4--------- aEEEEEEER aEEEEEEEE SRR
-0. 3688 0. 3963 (------ REEEEE )
-0. 3312 0. 3362 (------- REEETEEE
-0. 4637 0.5062 (--------- R )
- 0. 3865 0. 4409 (------- REE T )
-0.3259 0. 4862 (------- REEEEEEE
-0.3308 0. 3167 (------ LEEE )
-0.3581 0. 4637 (----- KR )
-0. 2583 0. 3077 (------- REEEEE )
R - S S S S
0. 4070 -0.60 -0.45 -0.30 -0.15
= 0. 0500
= 0. 00258
Intervals for (columm |evel nean) - (row | evel nean)
1 2 3 4 5 6
2 -0.2925
0.2174
3 -0.1976 -0. 1647
0. 3874 0. 4296
4 -0.2371 -0. 2050 -0.3743
0.2727 0. 3156 0. 2201
5 -0.2978 -0. 2656 -0.4350 -0.3210
0.2120 0. 2550 0. 1594 0. 1996
6 -0.2785 -0. 2466 -0.4178 -0. 3020 -0.2413
0. 2025 0. 2458 0. 1521 0. 1904 0. 2511
7 -0.2428 -0. 2111 -0.3834 -0. 2665 -0. 2058 -0.1952
0. 2214 0. 2648 0.1722 0. 2095 0.2701 0. 2498
8 -0.3551 -0.3232 -0.4938 -0.3785 -0.3178 -0. 3080
0.1342 0.1774 0. 0831 0.1221 0. 1827 0. 1632

45

- 0. 3267
0.1272



Tukey’s test — TP — Winter - 1999

Sour ce DF SS M5 F P
W 7 0. 561 0. 080 0.70 0.670
Error 340 38. 748 0.114

Tot al 347 39. 308

I ndi vi dual 95% Cl's For Mean
Based on Pool ed St Dev

Level N Mean StDev ---H--------- Ao R oo -

1 50 -1.0910  0.3116 (-=meme- L )

2 38  -1.2183  0.4920 (---------- LSRR )

3 31 -1.1500  0.2242 (CEETEET L )

4 74 -1.1744  0.2284 (-=----- L )

5 44 -1.1224  0.3340 (<emmmmem- LR )

6 52 -1.1958  0.2663 (-emmmme- e )

7 37 -1.1285  0.5474 (m=mmmmeme- L )

8 22 -1.1278  0.1573 [T — L )
S N N, . P o -

Pooled StDev = 0.3376 -1.30 -1.20 -1.10 -1.00

Tukey' s pairw se comnparisons

. 0500
. 00260

Famly error rate
Individual error rate

[eoNe]

Critical value = 4.29

Intervals for (colum |evel nean) - (row | evel nean)

1 2 3 4 5
2 -0.0931
0. 3477
3 -0.1751 -0. 3162
0. 2931 0. 1795
4 -0.1040 -0. 2482 -0.1946
0. 2709 0. 1605 0. 2436
5 -0.1802 -0. 3226 -0. 2677 -0. 2470
0. 2431 0. 1309 0.2126 0. 1429
6 -0.0980 -0.2411 -0. 1866 -0. 1640 -0. 1364
0. 3076 0. 1960 0.2782 0. 2067 0. 2831
7 -0.1846 -0. 3263 -0. 2708 -0. 2521 -0. 2224
0. 2596 0. 1467 0. 2279 0. 1602 0. 2345
8 -0.2252 -0. 3649 -0. 3077 -0. 2953 -0. 2620
0. 2988 0. 1838 0. 2633 0. 2020 0.2728

46

-0. 2875
0. 1530
-0. 3285
0. 1925

-0.2764
0. 2750



Sour ce DF
w 7
Error 340
Tot al 347
Level N
1 50
2 38
3 31
4 74
5 44
6 52
7 37
8 22
Pool ed St Dev

Tukey's pairw se

Fam ly error
error

I ndi vi

Critic

dual

al val ue

Tukey’s test — TKN — Winter - 1999

SS VS F P

0. 4373 0. 0625 0.75 0. 627

8. 1854 0. 0829

8. 6227
I ndi vidual 95% Cls For Mean
Based on Pool ed St Dev

Mean StDev -------- [ R S Fom e

0. 4951 0. 1350 (------- koo )

0. 4140 0.3825 (-------- *o--- )

0. 5332 0. 2055 (--------- ... )

0.5106 0. 2907 (------ Koo )

0.5228 0. 2246 (------- *_ ... )

0. 5303 0.2671 (------- oo __ ... )

0. 4691 0. 4813 (-------- LR )

0. 4809 0.1190 (-----mmmm-- Ko e meeaoos )
-------- Ty

0. 2879 0. 40 0.50 0. 60

conpari sons

rate = 0. 0500

rate = 0.00260

4,29

Intervals for (columm |evel nean) - (row | evel nean)

2 -0
0
3 -0
0
4 -0
0
5 -0
0
6 -0
0
7 -0
0
8 -0
0

1

. 1068
. 2691
. 2377
. 1616
. 1753
. 1444
. 2082
. 1529
. 2081
. 1379
. 1633
. 2155
. 2092
. 2377

2

. 3306
. 0922
.2709
.0777
. 3022
. 0846
. 3027
. 0701
. 2568
. 1467
. 3009
. 1671

3 4 5 6
-0.1643
0. 2095
-0.1944 -0.1785
0. 2152 0. 1541
-0. 1953 -0. 1777 -0. 1864
0. 2011 0.1384 0.1714
-0. 1485 -0.1343 -0. 1411 -0. 1267
0.2768 0.2174 0. 2485 0. 2490
-0.1912 -0. 1824 -0. 1861 -0.1728
0. 2958 0. 2418 0. 2700 0. 2715
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-0.2470
0. 2233



Tukey’s test — NOx — Winter - 1999

Sour ce DF SS M5 F P
W 7 4,001 0.572 5.10 0. 000
Error 340 38. 136 0.112

Tot al 347 42. 137

I ndi vi dual 95% Cl's For Mean

Based on Pool ed St Dev

Level N Mean StDev --------- e, Fomm o

1 50 -1. 6297 0. 6012

2 38 -1.8272 0. 2905 (------ [

3 31 -1.9612 0.1287 (------- ¥ )

4 74 -1.8702 0. 2650 (----%----)

5 44 -1.7024 0.3174 (-----

6 52 -1.8538 0. 2289 (----- oo )

7 37 -1.9170 0. 1534 (------ X o-- )

8 22 -1.6828 0. 4269 (-------
_________ s H

Pool ed StDev = 0. 3349 -1.95 -1.80

Tukey' s pairw se comnparisons

. 0500
. 00260

Famly error rate
Individual error rate

[eoNe]

Critical value = 4.29

Intervals for (colum |evel nean) - (row | evel nean)

1 2 3 4 5
2 -0.0211
0. 4162
3 0.0992 -0.1119
0. 5637 0.3798
4  0.0545 -0. 1598 - 0. 3083
0. 4265 0. 2457 0. 1264
5 -0.1373 -0. 3498 -0. 4970 -0. 3612
0. 2827 0. 1002 - 0. 0205 0. 0256
6 0.0229 -0.1902 -0. 3379 -0. 2002 - 0. 0567
0. 4253 0. 2434 0.1232 0. 1675 0. 3595
7 0.0670 -0. 1449 -0. 2916 -0. 1578 -0.0120
0.5076 0. 3244 0. 2032 0. 2513 0. 4412
8 -0.2068 -0. 4165 -0.5615 -0.4341 -0. 2848
0.3131 0.1278 0. 0049 0. 0593 0. 2457
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-0. 1553
0. 2817
-0. 4294
0.0874

-0.5077
0. 0394



Sour ce DF
w 7
Error 340
Tot al 347
Level N
1 50
2 38
3 31
4 74
5 44
6 52
2 38
8 22
Pool ed St Dev

Tukey's pairw se

Critica

2

3

4

Fam ly error
I ndi vi dua

-0
0
-0
0
-0
-0
- 0.
- 0.
- 0.
0
- 0.
0
- 0.

1
2290
0539
2642
0363
2633
0226
3725
1008
2466
0138
2707
0144
4045

error

val ue

- 0.

- 0.

-0.
- 0.
- 0.

- 0.
0.
- 0.

Tukey’s test — NH3 — Winter — 1999

SS VB F P
1. 6877 0. 2411 5.14 0. 000
5. 9624 0. 0469
7.6501
I ndi vi dual 95% Cl's For Mean
Based on Pool ed St Dev
Mean StDev -------- +o-e-- - +oeee-- - +o-------
0. 8703 0.3043 (----%----- )
0. 7827 0. 2125 (----- R )
0. 7563 0. 2536 (----- REEE )
0.7273 0. 2175 (---*----)
0. 6336 0. 1340 (----*----- )
0. 7538 0.1874 (----%----)
0. 7827 0. 2125 (----- LR )r
0. 6339 0.1394 (----- AR )
-------- Ty
0. 2167 -0.84 -0.72 -0.60
conpari sons
rate = 0.0500
rate = 0.00260
4.29
Intervals for (columm |evel nean) - (row | evel nean)
2 3 4 5 6
1855
. 1326
1866 -0. 1696
. 0758 0.1116
2947 -0.2768 -0. 2189
0036 0.0314 0. 0314
1691 -0. 1516 -0.0924 -0.0144
. 1114 0. 1467 0. 1455 0. 2549
1924 -0.1742 -0. 1175 -0.0381 -0. 1531
1112 0. 1459 0. 1471 0. 2551 0. 1296
3249 -0. 3056 -0. 2530 -0.1713 -0.2871
. 0273 0. 0608 0. 0662 0.1719 0. 0472

-0

0682
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-0. 2852
0. 0687



Tukey’s test — NH3 — Summer — 2000

Sour ce DF SS M5 F P
S 7 1.818 0. 260 1.14 0. 350
Error 52 11. 797 0. 227

Tot al 59 13. 616

I ndi vi dual 95% Cl's For Mean

Based on Pool ed St Dev
Level N Mean StDev -+4--------- Fo-m - R +-----
1 8 -0.8803 0.5185 (--------- R )
2 7 -1.3169 0. 3951 (--------- R )
3 5 -1.3442 0.4011 (------------ R )
4 8 -1.0078 0. 5259 (-------- R )
5 8 -0.9350 0. 4057 (-------- R )
6 5 -1.1830 0. 3564 (----------- M )
7 11 -0.9720 0. 4543 (------- oo )
8 8 -0.8242 0.6182 (-------- R
e [ S [ R, F-m - o=
Pooled StDev = 0.4763 -1.75 -1.40 -1.05 -0.70
Tukey' s pairw se comnparisons
Famly error rate = 0.0500
Individual error rate = 0.00262
Critical value = 4.47
Intervals for (colum |evel nean) - (row | evel nean)
1 2 3 4 5 6
2 -0.3425
1.2158
3 -0.3943 - 0. 8542
1. 3222 0. 9089
4 -0.6253 -1.0883 -1.1948
0. 8802 0. 4700 0. 5218
5 -0.6980 -1.1611 -1. 2675 -0. 8255
0. 8075 0. 3973 0. 4490 0. 6800
6 -0.5555 -1.0154 -1.1134 -0. 6830 -0.6103
1.1610 0. 7476 0. 7909 1. 0335 1. 1063
7 -0.6078 -1.0728 -1.1842 -0.7353 -0. 6625 -1. 0230
0. 7913 0. 3830 0. 4398 0. 6638 0. 7366 0. 6010
8 -0.8089 -1.2719 -1.3784 -0. 9364 -0. 8636 -1. 2171
0. 6966 0. 2864 0. 3382 0. 5691 0. 6419 0. 4994
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-0. 8474
0. 5517



Tukey’s test — NOx — Summer — 2000

Sour ce DF SS M5 F P
S 7 0.1797 0. 0257 0. 56 0.788
Error 52 2.4011 0. 0462

Tot al 59 2.5808

I ndi vi dual 95% Cl's For Mean
Based on Pool ed St Dev

Level N Mean StDev ------- R R Fo-m -
1 8 -2.0000 0. 0000 (--------- REEEEEEERE )
2 7 -2.0000 0. 0000 (---------- R )
3 5 -2.0000 0.0000 (------------ Hommm oo )
4 8 -2.0000 0. 0000 (--------- REEEEEEERE )
5 8 -2.0000 0. 0000 (--------- REEEET R )
6 5 -2.0000 0.0000 (------------ BEEEEEEEEEEEE )
7 11  -1.8585 0. 4692 (-------- REEEE R )
8 8 -1.9404 0. 1687 (---------- WEEEER TR )
------- T
Pooled StDev = 0.2149 -2.10 -1.95 -1.80

Tukey' s pairw se comnparisons

. 0500
. 00262

Famly error rate
Individual error rate

[eoNe]

Critical value = 4.47

Intervals for (colum |evel nean) - (row | evel nean)

1 2 3 4 5 6 7
2 -0.3515
0. 3515
3 -0.3872 -0. 3977
0.3872 0. 3977
4 -0.3396 -0. 3515 -0.3872
0. 3396 0. 3515 0.3872
5 -0.3396 -0. 3515 -0.3872 -0. 3396
0. 3396 0. 3515 0. 3872 0. 3396
6 -0.3872 -0. 3977 -0. 4296 -0. 3872 -0.3872
0.3872 0. 3977 0. 4296 0. 3872 0.3872
7 -0.4571 -0. 4699 -0.5078 -0.4571 -0.4571 -0. 5078
0.1741 0. 1869 0. 2248 0.1741 0.1741 0. 2248
8 -0.3992 -0.4112 -0. 4468 -0. 3992 -0. 3992 -0.4468 -0.2338
0. 2800 0. 2919 0. 3276 0. 2800 0. 2800 0.3276 0.3974
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Sour ce DF
S 7

Error 52
Tot al 59
Level N
1 8
2 7
3 5
4 8
5 8
6 5
7 11
8 8
Pool ed St Dev

1

Tukey's pairw se

Critical

Intervals for (colum |eve

2

3

4

Fam ly error
I ndi vi dua

-0

0
-0

0
-0

0
- 0.
- 0.
- 0.
- 0.
- 0.

0.
- 0.
- 0.

1
5098
1489
5815
1441
5899
0465
6622
0258
7716
0459
5414
0501
8172
1807

error

val ue =

Tukey’s test — TKN — Summer — 2000

SS

. 2179
2.1081
3. 3260

Mean
. 0536
. 2340
2723
3252
3975
4623
. 2992
. 5525

cocoocooo00

o

. 2013

0.1
0.

VB
740
0405

St Dev

ococoocooo00

conpari sons

rate =
rate =

4.47

2

. 4109
. 3344
. 4206
. 2382
. 4929
. 1659
. 6009
. 1444
. 3729
. 2425
. 6479
. 0109

[eoNe]

. 2229

1247
1101
0988
1449
2539

. 2561

2645

. 0500
. 00262

3

. 4158
. 3099
. 4881
. 2375
. 5925
. 2125
. 3702
. 3163
. 6430
. 0826

F P
4.29  0.001

I ndi vi dual 95% Cl's For Mean
Based on Pool ed St Dev

e . . +- -
(CEE PR PPERE)
(<-mecemess)
(---n-- EREERE )
(--mee¥eme)
(<-meeemee)
(=-me-e fenaens )
(-=-=%ems0)
(=-mseemes)
e . o +- -
0.00 0.25 0.50 0.75

mean) - (row | evel nean)

4 5 6

-0. 3905

0. 2459

- 0. 4999 -0.4276

0. 2257 0. 2980

-0. 2697 -0.1974 -0. 1802
0. 3217 0.3941 0. 5064
- 0. 5455 -0.4732 -0. 4530
0. 0909 0. 1632 0. 2726

52

-0. 5490
0. 0424



Tukey’s test — TP — Summer — 2000

Sour ce DF SS VS F P
S 7 5. 456 0.779 4,94 0. 000
Error 52 8. 205 0. 158

Tot al 59 13. 661

I ndi vidual 95% Cls For Mean
Based on Pool ed St Dev

Level N Mean StDev  ---4--------- - oo $oo -

1 8 -1. 3358 0. 3469 (----*%----- )

2 7 -0. 9032 0. 3575 (----- oo )

3 5 -0.9738 0. 3646 (------- koo )

4 8 -0. 5956 0. 4026 (-=--- oo )

5 8 -0. 4842 0. 3093 (----%----- )

6 5 -0. 5459 0. 4502 (------ *o___ .. )

7 11 -0. 7598 0. 4032 (----*----)

8 8 -0. 3409 0.5103 (----*--n-- )
R e ppep—— [ R, Fem e e o n +-- -

Pool ed StDev = 0.3972 -1.50 -1.00 -0.50 0.00

Tukey' s pairw se comnparisons

Famly error rate = 0.0500
I ndividual error rate = 0.00262

Critical value = 4.47

Intervals for (columm |evel nean) - (row | evel nean)

1 2 3 4 5 6
2 -1.0824
0.2172
3 -1.0778 -0. 6646
0. 3538 0. 8057
4 -1.3679 -0.9574 -1.0940
-0.1124 0. 3422 0. 3376
5 -1.4794 -1.0688 -1. 2054 -0.7392
-0.2238 0. 2308 0. 2262 0.5164
6 -1.5057 -1.0925 -1. 2220 -0. 7655 -0.6541
-0.0741 0.3778 0. 3662 0. 6660 0.7775
7 -1.1594 -0. 7505 -0. 8912 -0. 4192 -0. 3078 -0. 4633
0. 0074 0. 4636 0. 4632 0.7476 0. 8590 0. 8911
8 -1.6226 -1. 2121 -1. 3486 -0. 8824 -0.7710 -0. 9207
-0.3671 0. 0875 0. 0829 0.3731 0. 4845 0.5108
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-1.0022
0. 1646



Sour ce DF
W 7
Error 27
Tot al 34
Level N
1 5
2 6
3 4
4 5
5 4
6 4
7 3
8 4
Pool ed StDev =

anN w

P OOOOOOOo

0.

SS
. 2243
. 3093
. 5335

Mean
. 8834
. 8977
. 3650
. 9268
. 5900
. 1343
. 6259
. 1435

2925

Tukey’s test — TP— Winter — 2000

VB

0. 4606
0. 0855

Tukey' s pairw se comnparisons

Famly error rate
Individual error rate

Critical value = 4.64

[eoNe]

ococoocooo00

St Dev

. 4354
. 1735

2809
1465
2645
3047

. 0709
. 4395

. 0500
. 00285

Intervals for (colum |eve

1
2 -0.5668
0. 5953
3 -1.1620
0. 1253
4 -0.5635
0. 6503
5 -0.9371
0. 3503
6 -1.3928
-0. 1054
7 -0.9582
0. 4433
8 -0.3836
0. 9037

-1.
. 0868
- 0.
. 6102
-0.
. 3117
-1.
- 0.
- 0.
. 4068
- 0.
. 8652

2

1520
5519
9270
3827
1440
9502

3736

POOOOCOOOrRO

5.3

I ndi vi

E
9

dual

0. 001

95% Cl's For Mean

Based on Pool ed St Dev

nean) - (row | eve

3

. 0819
2054
4535
9035
9092
4478
4720
9937
0999
. 4569

-0.
-1.
- 0.
-1.

- 0.

4

9805
. 3069
4362
1488
0016
. 3999
4270
. 8603

nean)

Fommm e S
50 0.00
5 6
. 1342
. 2228
. 6969 -0. 2412
. 7688 1.2245
. 1250 0. 3307
. 2320 1. 6876

-0. 2153
1. 2504



Sour ce DF
W 7
Error 27
Tot al 34
Level N
1 5
2 6
3 4
4 5
5 4
6 4
7 3
8 4
Pool ed StDev =

Tukey's pairw se

Fam ly error
I ndi vi dual error

Critical value

Intervals for (colum |eve

1
2 -0.6000
0. 5161
3 -0.7505
0. 4859
4 -0.4954
0.6703
5 -0.1448
1. 0916
6 -0.7475
0. 4889
7 -0.6955
0. 6506
8 -0.6364
0. 6001

Tukey’s test — TKN— Winter — 2000

SS
. 0621
. 1302
. 1923

WN -

Mean
. 5648
. 6067
6971
4773
0914
6940
. 5872
. 5829

cocoocooo00

o

. 2809

VB
0. 1517
0.0789

St Dev
. 1685
. 2391
5596
1679
4327
1897
. 0129
. 0532

ococoocooo00

conpari sons

rate =
rate =

[eoNe]

4. 64

2

. 6852
. 5045
. 4286
. 6875
. 0795
. 1102
. 6822
. 5076
. 6321
. 6712
. 5710
. 6187

. 0500
. 00285

1

I ndiv
Based

F P
92  0.105

idual 95% Cl's For Mean
on Pool ed St Dev
------ e
(+noo Fooones )
(sromotonens )
(------- WSEREEE )
(------- oo )
R S, )
(------ Foeeee- )
(CERREEEE e )
(-------- AREEEEES )
------ T
00 0.35 0.70 1.05

mean) - (row | evel nean)

3

-0. 3984
0. 8380
-0. 0460
1. 2573
- 0. 6486
0. 6547
-0. 5940
0. 8137
-0. 5375
0. 7658

4 5 6
0. 2323
1. 0041
0. 8350 -1.2543
0. 4015 0. 0490
0. 7829 -1.1997 -0. 5970
0. 5631 0. 2080 0. 8107
0.7238 -1. 1432 -0.5405 -
0.5126 0. 1601 0. 7628
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0. 6996
0. 7082



Tukey’s test — NOx— Winter — 2000

Sour ce DF SS M5 F P
W 7 3. 258 0. 465 0. 96 0.478
Error 27 13. 070 0. 484

Tot al 34 16. 327

I ndi vidual 95% Cl's Fo
Based on Pool ed St Dev

Level N Mean StDev --------- R Fo-m - R

1 5 -1.7772 0. 4982 (--------- REE TR )

2 6 -1.0943 1. 0354 (------- R )

3 4  -2.0000 0.0000 (--------- B R )

4 5 -1.2660 0.7238 (-------- REEEEEEE )

5 4 -1.5689 0.8621 (---------- REE R )

6 4 -1.8495 0. 3010 (---------- REEEETEEEE )

7 3 -1.3010 0. 0000 (---------- Fommm - - )

8 4 -1.5797 0. 8406 (--------- R )
--------- B T L pepp

Pool ed StDev = 0.6957 -2.10 -1.40 -0.70

Tukey' s pairw se comnparisons

. 0500
. 00285

Famly error rate
Individual error rate

[eoNe]

Critical value = 4.64

Intervals for (colum |evel nean) - (row | evel nean)

1 2 3 4 5
2 -2.0652
0. 6994
3 -1.3085 -0. 5678
1.7541 2.3792
4 -1.9550 -1. 2106 -2.2653
0. 9325 1. 5539 0.7972
5 -1.7396 -0.9989 -2.0452 -1. 2283
1. 3230 1.9481 1.1831 1.8343
6 -1.4590 -0. 7183 -1.7646 -0.9478 -1.33
1. 6036 2.2287 1.4636 2.1148 1.89
7 -2.1432 -1.4074 -2.4424 -1.6320 -2.01
1.1909 1.8208 1. 0445 1.7021 1.47
8 -1.7288 -0.9881 -2.0344 -1.2176 -1.60
1.3338 1. 9589 1.1938 1. 8450 1.62
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r Mean

6
36
47
14 -2.2919
56 1.1950
34 -1.8839
49 1. 3443

-1. 4648
2.0221



Sour ce DF
W 7
Error 27
Tot al 34
Level N
1 5
2 6
3 4
4 5
5 4
6 4
7 3
8 4
Pool ed StDev =

Tukey's pairw se

Fam ly error

I ndi vi dua

Critical

Intervals for (colum |eve

1
2 -1.2013
0. 8189
3 -1.1673
1.0708
4 -0.9710
1.1391
5 -1.7925
0. 4456
6 -1.1080
1.1301
7 -1.2571
1.1795
8 -1.1211
1.1170

error

val ue =

POPRPRPOORRORO

SS
1.693
6. 980
8.673

Mean
0.4120
0. 2207
0. 3637
0. 4960
0. 2615
0. 4230
0. 3732
0. 4099

0. 5084

conpari sons

rate =
rate =

4.64

2

. 9338
. 2198
. 7349
. 2854
. 5590
. 5946
8745
2791
0272
. 3320
. 8876
. 2660

PRPPPRPORRO

ococoocooo00

0
0

. 242
. 259

St Dev

7171

. 5776

6385
4846
1215
5200

. 1434
. 2554

0500
00285

E
0.94

| ndi vi dua

0

p
496

Tukey’s test — NH3— Winter — 2000

Based on Pool ed St Dev

nmean) - (row | eve

3

. 9868
. 2513
8047
5544
1203
2389
2646
2835
. 1334
2258

4

. 8765
. 3616
1920
0461
3411
0954
. 2051
. 0330

PRPPPRPEPPRPOR

57

nean)

Fomm e - S
0.00 0.50
5 6
. 4951
. 8640
. 6395 -1.3239
. 9087 1.2242
. 5082 -1.1927
. 8510 1. 1665

95% Cl's For Mean

-1. 2373
1. 3109



Tukey’s test — NH3— Summer — 2001

Sour ce DF SS Y5} F P
NH3 7 4,263 0. 609 5.63 0. 000
Error 765 82. 682 0.108
Tot al 772 86. 945
I ndi vidual 95% Cls For Mean
Based on Pool ed St Dev
Level N Mean StDev  ------- R Fommmeeaa R
S1_NH4_| 98 -0.3757 0. 4604 (----- R )
S8 NH4 | 103 -0.6002 0.2597 (----- L )
S4 N4 | 97 -0.5882 0. 2650 (----- B )
S6_NH#_| 94  -0.4794 0. 2835 (------ LTS )
S2_NH4_| 92  -0.4689 0. 2820 (------ R )
S7_NH4 | 108 -0.5650 0.3331 (----- R )
S3_NH4 | 89 -0. 5526 0. 2570 (------ R )
S5 NH4_| 92  -0. 4498 0. 4207 (------ oo )
------- T T T e Y
Pool ed StDev = 0.3288 -0.60 -0.50 -0. 40
Tukey's procedure Control Low Medium High
NH3 - Summer S1 S8 S4 S6 S2 S7 S3
0. 0838
Control S8 0. 3652
0. 0697 | -0.1292
S4
0. 3554 0. 153
Low
s6 | 0. 0403 | -0. 0215 | -0. 2532
0. 2477 0. 263 0. 0355
S2 -0.0515 | -0.0118 | -0.0258 | -0. 1358
Medi 0. 238 0. 2743 0. 2644 0. 1567
edium < [TO708027 -0.1022 [ -0.1627 | -0.055 | -0.0454
0. 3285 0.1725 0.1163 0. 2263 0. 2376
s3 0.0309 | -0.0968 | -0.1108 | -0.2207 | -0.0646 | -0. 1303
) 0. 3229 0. 1919 0.182 0. 0743 0. 2319 0. 1552
High
S5 -0. 0707 0.0073 | -0.2836 | -0.1166 | -0.1662 | -0.0262 | -0. 2511
0.2188 0. 2935 0. 0067 0. 1759 0.1279 0. 2568 0. 0454

Conclugon: it is impossble to diginguish each other mogt of the
results we obtain for the Control trestment seems only reflect an abnorma mean for S1.
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means. The postive




Tukey’stest — NH3—Winter — 2001

Sour ce DF SS VS F P
NH3 7 9.0144 1.2878 14. 02 0. 000
Error 880 80. 8104 0. 0918
Tot al 887  89.8248
I ndi vi dual 95% Cl's For Mean
Based on Pool ed St Dev
Level N Mean StDev ---------- o - Feceeeanaa- eeenn-
W 119 -0. 6029 0. 3834 (---*--)
W 114 -0.7375 0.2438 (---%---)
Wi 113  -0.6730 0.2141 (---*---)
V6 101 -0.6944 0.2241 (---%---)
w2 115 -0.4835 0. 3594 (---*--)
8 111 -0.7877 0. 2930 (--*---)
%] 91 -0.8319 0.3338 (----*---)
") 124  -0.7088 0. 3175 (---*--)
---------- B T T T TS
Pool ed StDev = 0. 3030 -0.75 -0.60 -0.45
Tukey's Procedure Control Low Medium High
NH3 - Winter W4 W7 W1 W6 W2 W8 W3
0.0141
Control W7 0. 255
W1 -0.1908 | -0.0575
0. 0507 0. 1865
Low
W6 -0.0329 | -0.0823 | -0.1044
0. 2159 0. 1687 0.1473
W2 - 0. 0008
di 0. 2396
Medium 0.1819
w8 0. 4265
-0.1742
) 0. 0858
High
-0.0412 -0. 25
0.199 0. 0038

Conclusion: it is again very difficult to see a difference between the means. We cannot
trust the few pogtive results we find because of the negative results for the replicates

plots.
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Tukey’stest — NOx— Summer — 2001

Sour ce DF SS M F P
NO x 7 2.639 0. 377 1.74 0. 098
Error 766 166. 406 0. 217
Tot al 773 169. 045
I ndi vi dual 95% Cl's For Mean
Based on Pool ed St Dev
Level N Mean StDev  --4--------- R Fommma- +- - -
s1 98 -1.6502  0.6042 (------ LT )
S8 103 -1.8271 0.3611 (-annnas Fooans )
S 97 -1.8201 0.4212 (------ LR )
S6 94 -1.7890  0.3820 (------- LR )
S2 92 -1.7663 0. 4568 (------- LETTR )
S7 109 -1.7302 0. 5402 (------ R )
S3 89 -1.7633 0.5185 (------- LR )
S5 92 -1.8397  0.3769 (------- LT )
e e oo B T [
Pool ed StDev = 0. 4661 -1.92 -1.80 -1.68 -1.56
Tukey's procedure Control Low Medium High
NOx -Summer S1 S8 S4 S6 S2 S7 S3
Control S8 -0. 0226
ontro 0. 3764
-0.0327 -0.193
S4
0. 3723 0. 2071
Low
s6 -0.0653 | -0.1636 | -0. 2357
0. 3429 0. 2398 0.1736
S2 -0.891 -0. 142 -0.152 | -0.1847
Medi 0. 3214 0. 2636 0. 2595 0.23
edium o | -O-1168 | -0.0974 | -0.2872 | -0.2578 | -0. 2363
0.2768 0.2912 0. 1075 0. 1402 0. 1641
S3 -0.0939 | -0.1408 | -0.1508 | -0.1834 | -0.2131 | -0. 2351
Hiah 0. 3201 0. 2684 0. 2643 0. 2348 0. 2072 0. 1689
i
9 S5 -0.157 | -0.2154 | -0.1861 | -0.2581 | -0.1351 | -0.3097 | -0.1338
0. 3948 0. 1902 0. 2254 0. 1566 0. 2819 0. 0907 0. 2866

Conclusion: dl the data are here confined in the same range. No conclusion is alowed.

60




Tukey’stest — NOx—Winter — 2001

Sour ce DF SS M F P
NO x 7 37. 358 5. 337 14. 41 0. 000
Error 879 325. 598 0. 370
Tot al 886 362. 956
I ndi vi dual 95% Cl's For Mean
Based on Pool ed St Dev
Level N Mean StDev  -------- [ o o
W 118 -1.4341 0.6279 (----*---)
W 114 -1.6772 0.4799 (----*---)
WL 113 -1. 2644 0. 7829 (---*----)
W6 101 - 1. 6547 0.5167 (----*%----)
W2 115 -1. 2443 0. 8519 (---*----)
8 111 -1. 8156 0. 3471 (---%----)
VB 91 -1.7687 0. 4015 (----%----)
Wb 124 - 1. 4587 0.6222 (----%---)
-------- B I
Pool ed StDev = 0. 6086 -1.75 -1.50 -1.25
Tukey's Procedure Control Low Medium High
NOXx - Winter w4 w7 w1 W6 w2 ws8 w3
0. 0006
Control W7 0. 4856
W1 -0.0732
L 0.4128
ow We | -0-0297 | -0.2207 [ 0.1375
0. 4708 0.2748 0. 6431
W2 -0. 0521 -0. 2646
Medi 0. 4318 0. 2245
edium
| -0.1078 -0.0929 | 0.3257
\ 0. 3846 0.4148 | 0.817
W3 -0. 351 -0. 3809 -0. 2142
. -0.077 0. 1681 0. 1528
High
-0.2128 | -0. 0211 -0. 0515
W5
0. 262 0. 4581

Conclusion: the bad vauesfor the replicate tests avoid drawing any conclusion.
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Tukey’stest — TKN—Summer — 2001

Sour ce DF SS M5 F P
TKN 7 1. 757 0. 251 1.92 0. 063
Error 764 99. 836 0.131
Tot al 771 101. 593
I ndi vi dual 95% Cl's For Mean
Based on Pool ed St Dev
Level N Mean StDev ------- Fomme--- SEE TR SEE R
s1 98 0.5428 0. 3127 (------ oo )
S8 102 0. 4571 0. 4865 (------ L )
4 97 0. 4670 0. 2666 (------- LT )
S6 94 0. 4826 0. 4201 (------ oo )
S2 92 0.5708 0. 3137 (------ Foooo-- )
S7 108 0. 4642 0. 2996 (----- Fommmm - )
S3 89 0. 5002 0. 2636 (------- *oo-- )
S5 92 0. 4060 0.4515 (------- *ooo-- )
------- T T T e Y
Pool ed StDev = 0.3615 0. 40 0.50 0. 60
Tukey's Procedure Control Low Medium High
TKN - Summer S1 S8 S4 S6 S2 S7 S3
Control ss | 0. 0694
ontro 0. 2408
sal” 0.0812 | -0. 1456
L 0. 2329 0. 1654
ow s6 -0.0982 | -0.1312 | -0.1744
0. 2185 0. 1824 0. 1431
s2 |” 0.1872 | -0.0439 | -0.0558 | -0.0726
. 0.1312 0.2714 0. 2634 0. 249
Medium
S7 -0.0744 | -0.1442 | -0.1506 | -0. 1361 -0. 049
0. 2315 0. 1586 0. 1561 0.1731 0. 2622
s3 -0.1179 -0.116 | -0.1278 [ -0.1447 | -0.0924 | -0. 1211
. 0. 2032 0. 2022 0.1941 | -0.1797 0. 2337 0. 1929
High
ss |- 0.0224 | -0.2088 | -0.0986 | -0.2375 | 0.0031 | -0.2138 | -0. 0688
0. 296 0. 1066 0. 2206 0.0842 0. 3265 0. 0973 0. 2572

Concluson: most of the data are confined in the same range. The 2 postive results are
not enough to draw viable conclusons.
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Tukey’'stest — TKN—Winter — 2001

Sour ce DF SS VS F P
TKN 7 1.6613 0. 2373 3.97 0. 000
Error 880 52.6131 0. 0598
Tot al 887 54.2744
I ndi vi dual 95% Cl's For Mean
Based on Pool ed St Dev
Level N Mean StDev  --------- R R S -
W 119 0. 4304 0.2334 (----- LT )
wr 114 0.4412 0.2312 (----- *emme- )
WL 113 0. 3749 0.2718 (------ Fooao- )
6 101 0. 4000 0. 2840 (m==n-- *onan. )
w 115 0.4938 0.2014 (------ LI )
8 111 0. 3395 0.3184 (----- R )
VB 91 0.4121 0. 1894 (------ oo )
' 124 0. 4079 0.1974 (----- Koo )
--------- B iy
Pool ed St Dev = 0. 2445 0. 350 0. 420 0. 490
Tukey's Procedure Control Low Medium High
TKN - Winter W4 W7 W1 W6 W2 W8 W3
Control W7 -0.108
ontro 0. 0864
W1 -0.1529 | -0.1648
0. 0419 0. 0322
Low
W6 -0.07 -0.1425 | -0. 1267
0. 1307 0. 0602 0. 0764
W2 -0.0336 | -0.0454 [ -0.2171 | -0. 0074
Medi 0. 1604 0. 1506 | -0. 0206 0. 1949
edium g | -0-007 [FOI00Z8 0. 0637 [ -0.0415 | 0.0556
0.1888 0. 2006 0. 1345 0. 1625 0. 253
W3 -0.1216 | -0.1334 | -0.1417 | -0.0951 | -0.0224 | -0. 0323
High 0. 085 0. 0752 0. 0673 0.1193 0. 1858 0.1775
i
9 W5 -0.0728 | -0.1295 | -0.1295 | -0.0915 | -0.0102 | -0.0284 | -0. 0983
0.1176 0. 063 0. 0634 0.1074 0.1818 0. 1654 0. 1065
Conclusion: no congtructive conclusion can be drawn from this test.
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Tukey’stest — TP— Summer — 2001

Sour ce DF SS NB F P
TP 7 6. 225 0. 889 3. 47 0. 001
Error 765 196. 065 0. 256
Tot al 772 202. 290
I ndi vi dual 95% Cl's For Mean
Based on Pool ed St Dev
Level N Mean StDev  ----H--------- R Fom - +- -
S1 98  -0.2036 0. 5240 [ )
S8 102 - 0. 2828 0. 5681 (----- MR )
4 97 -0.1382 0. 4392 (------ R )
S6 94  -0.2915 0. 5335 (------ *ooo )
S2 92 -0.1763 0. 3936 (------ oo
S7 109 -0. 3933 0. 5052 (------ Foeoo- )
S3 89  -0.2458 0. 4046 (------ LT )
S5 92  -0.3991 0.6270 (------ LI )
T, S [ +- -
Pool ed StDev = 0. 5063 -0.45 -0.30 -0.15 0.00
Tukey's Procedure Control Low Medium High
TP - Summer S1 S8 S4 S6 S2 S7 S3
Control sg | %18
ontro 0. 2965
-0.2853 | -0.0732
S4
L 0. 1546 0. 3624
ow s6 -0.1338 | -0.2282 | -0.069
0. 3096 0. 2109 0. 3756
S2 -0.2503 | -0.1142 | -0. 2615 -0.11
. 0. 1956 0. 3274 0. 1855 0. 3405
Medium
S7 -0.0241 | -0.322 0.0407 | -0.1144 | -0. 0004
0. 4035 0.1011 0. 4694 0. 3179 0. 4345
S3 -0.1826 | -0.1858 | -0.333 | -0.1815| -0.1587 | -0.0719
. 0.2671 0. 2598 0.1178 0.2728 0. 2979 0. 3669
High
S5 -0.0274 | -0.3371 | 0.0374 | -0.3328 | -0.0036 | -0.2232 [ -0.075
0.4184 0. 1045 0. 4844 0.1176 0. 4493 0. 2116 0. 3816

Conclusion: The digtributions are too superposed to be capable providing a conclusion.




Tukey’stest — TP — Summer — 2001

Sour ce DF SS VS F P
TP 7 12. 803 1.829 9.74 0. 000
Error 880  165.275 0.188
Tot al 887 178. 078
I ndi vidual 95% Cl's For Mean
Based on Pool ed St Dev
Level N Mean StDev ----4--------- Fomm o o e o +- -
W 119 -1.1719 0. 4767 (----*%----)
wWr 114  -0.9879 0.3619 (----%---2)
WL 113 -1.0774 0. 4195 (----*----)
W6 101 - 0. 9046 0. 4028 (----*----- )
e 115 -1.0334 0.4218 (----%----)
8 111 -1. 2588 0.4194 (----*----)
VB 91 -0.8655 0. 5602 (-=--- *oool)
W6 124  -0.9890 0.4018 (----%---2)
R L L g S, [ +- -
Pool ed StDev = 0.4334 -1.28 -1.12 -0.96 -0.80
Tukey's Procedure Control Low Medium High
TP - Winter w4 W7 W1 W6 W2 w8 W3
-0. 3563
Control w7 -0.0118
wil’ 0.0782 | -0.2641
L 0.2672 0.085
ow -0.0963 | -0.3529
0.263 0. 0071
-0.2193 | -0.2182 | -0. 3081
Medium 50505
0. 4004
-0. 3523
High

Concluson: we have here more podtive results but it is difficult to trust them because of
the replicate tests. Anyway, we cannot identify a generd law to identify the different

means.
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