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basis. In the present experiment with Washington Navel oranges, it is 
anticipated that the growth responses of the trees to the different treat­
ments can be interpreted with increased satisfaction because the pre­
liminary records of size are available. I t also seems possible that if size 
at the beginning of the differential treatments should be a better index 
of future yields than past yields, then size may be taken into account in 
the interpretation of yield data. 

The relation of the mean size per tree of the plots to the future 
experiment, as planned, is indicated in tables 28 and 29. Table 28 shows 
the mean area of cross section of the trunks of the trees and their mean 
top volume in the continuity plots, and in plots contiguous to them, in 
a manner similar to the yield data of table 21. From the data of these 
tables it may be seen that there was considerable difference in the size 
of the trees in the different areas of the orchard at the start of the 
experiment, and that the mean size of trees in the plots chosen for the 
continuity treatment is on the whole correlated with the mean size of 
trees in contiguous plots. 

In table 29 the size measurements per tree for 1926 are given for the 
plots of each treatment, and the means of the values for the 4 plots are 
also recorded. These means indicate that the plan of the experiment 
on the basis of yield during a six-year period has resulted in providing 
each treatment with a group of plots the mean size per tree of which 
was, generally, very uniform at the time the experiments were begun. 
However, some noticeable exceptions between treatment means do exist. 
If it should be indicated by future records that these differences are 
important in influencing yields, it may be possible that adjustment of 
yields by them might be advantageous. 

SUMMARY 

The fluctuations of yield of plants in experimental fields that are 
independent of the factors under trial, are of such importance that they 
must be taken into account in the plan of the experimental field and in 
the interpretation of the results obtained. Such difficulties are espe­
cially great in experimentation with trees because of the area of land 
involved and the long life of the plants. These considerations greatly 
increase the difficulty of securing a representative sample of the plant­
ing for each treatment. 

Various methods have been proposed for the planning of experi­
ments and interpretation of experimental results obtained under field 
conditions. Studies of uniformly treated fields and orchards have sug-
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gested that the application of certain principles may depend on the 
individual characteristics of the field for their effect. The study of the 
characteristics of the individual orchard while under conditions of 
uniform treatment before the beginning of the experiment proper has 
been emphasized as having a bearing upon the plan of the future trials. 
The results of such a study are herein recorded. 

The material consists of 199 plots of Washington Navel orange trees 
planted on land which had been originally uniformly cropped to grains 
under dry-farming conditions. The plots are of 8 trees each, arranged 
in a single row. Plot rows are separated by guard rows of trees of other 
citrus fruits. The rootstocks, buds, and nursery trees were carefully 
selected in an attempt to secure uniformity. The nursery trees were 
well mixed and planted at random. The irrigation system was arranged 
so that each plot could be separately irrigated in accordance with soil-
moisture conditions. The orchard was maintained under as nearly uni­
form conditions as practicable until 7 crops (1921 to 1927 inclusive) 
had been harvested. At the end of that time the differential treatments 
were put into effect. 

I t was observed that the distribution of yields of trees approached 
that of the normal frequency curves in six of the seven years for which 
studies were made. In the first year of bearing (1921), the distribution 
was not normal. The mean yield per tree of plots in all years was of 
practically normal distribution. The use of statistical formulas based 
upon an assumption of normality in treatment of most of the data is 
believed warranted. 

Studies of variability of the yields of individual trees indicated a 
very high coefficient of variation for 1921. Coefficients for the six 
remaining years averaged 25.4 per cent, a relatively low figure, espe­
cially in consideration of the plan of planting. When the yields per tree 
of the individual plots were considered for the various years, the vari­
ation was reduced materially, but not to the extent which would be 
anticipated on the basis of random sampling. This phenomenon was due 
to a positive correlation of considerable magnitude which was found to 
exist between yields of trees in the same plots. Emphasis is placed upon 
systematic variations due to soil influences. 

I t was observed that the yields of all years except 1921 tended to 
have about the same degree of gross variation. Consideration of the 
mean annual yield per tree of plots in the various years, expressed in 
percentage of the mean annual yield of all trees, showed that there was 
a tendency for individual plots to yield about the same relative amount 
in all years except 1921. This tendency was measured by the use of 
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interannual correlations of yields of individual trees and of plots. In 
this study, the yields of 1922 and of 1923 were not as highly or as con­
sistently correlated with yields of later years, as the yields of these later 
years were correlated with each other. The coefficients of variation of 
yields of 1922 and 1923 were also higher. 

I t was apparent that the use of yield data for the first year of pro­
duction would not have led to results which would have been duplicated 
in succeeding years if the orchard had been under differential treatment 
at the time. The yields of 1921 were, therefore, not used in studies of 
various possible plans for the future experiment which are reported. 
The yields for the six-year period, 1922 to 1927 inclusive, are, however, 
rather consistent, and are used as an index of the productivity of each 
plot during the preliminary period. The variation of the six-year mean 
yield was found to be less than that of the yields of individual years, 
but not so low as that which would be expected on the assumption of 
random sampling. This effect is due to the positive interannual correla­
tion existing between yields of the same plots in the different years. 

The calculations made upon data obtained during the preliminary 
period of observation, during which the orchard may be regarded as a 
uniformity, or blank, experiment, seem to justify the expectation that 
an experimental plan which would have been most reliable in the pre­
liminary period would also be most efficient in the future. The records 
of mean yields for six years were, therefore, subjected to a study to de­
termine the effect of various plans upon variability of test plots, and the 
magnitude of the differences between the mean yields of combination, or 
treatment, plots which would be necessary to insure significance. 

I t was shown that the use of single plots for each treatment would 
be unsatisfactory, owing to the great differences which occur normally 
between them. Increase of the area devoted to each treatment by com­
bining contiguous plots decreased natural variations between treat­
ments, but this decrease was not rapid because of correlation between 
yields of adjacent plots due to systematic influences of soil fertility. 
The combination of systematically replicated plots for each treatment, 
however, reduced the variation of treatments approximately according 
to the expectations of random sampling. The size of the combination 
plots necessary to insure a reasonable degree of significance under these 
conditions was found to be larger than desirable. 

Certain aspects are presented of the theory of the use of check plots 
in attempts to reduce systematic variations due to fluctuations in the 
fertility of the soil. Attempts have been made to determine the effects 
of adjustment of test-plot yield by means of systematically replicated 
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check plots. Checks were located at various intervals, and several of 
the more common methods of calculating the theoretical check yields of 
the intervening test plots were used. The greatest reduction in variation 
of adjusted yields was found when check plots were located at frequent 
intervals and an interpolation, or ' ' grading, ' ' formula was used for the 
calculation of theoretical check yields of test plots. Differences between 
treatment means necessary for a moderate degree of significance were 
also calculated, and showed corresponding decreases. I t is pointed out, 
however, that the use of check plots requires a large area of land which 
might be used for increased replications of the treatments. By assuming 
that a constant number of hypothetical treatments were to be tried upon 
the area studied, the number of test plots devoted to each varying 
according to the number of checks employed, it was found that the most 
favorable gain in reliability obtained by adjustment to checks was 
slightly greater than that obtained by increased replication of test plots 
for each treatment which was made possible by the elimination of the 
check plots. 

I t was observed that the use of differences between yields of test 
plots, adjusted by means of check plots, and the yields of the check plots 
themselves reduced systematic variation in yield due to soil fluctuations. 
Rather accurate conclusions can be drawn by this method as to the sig­
nificance of small differences in yield between any 1 treatment and the 
check plots. This advantage, however, vanishes when it is desirable to 
compare 2 treatments by means of the difference between their adjusted 
yields and the check yield. 

The use of methods of differences between test plots was found by 
means of Student V59) formula to give about the same reliability, with 
many treatments and a small number of systematically distributed repli­
cates for each treatment, as that obtained in direct comparisons between 
the means of the treatments. This indicates that little or no correlation 
exists between the "pa i r ed" plots of a replication series under such con­
ditions, and that the last term in the formula for the variance of a 
difference, σ\-\-σ\ — 2τι.2σι σ2, is practically equal to zero. 

The adjustment of yields of test plots by means of other contiguous 
test plots is discussed. I t is believed that the value of the use of such 
methods can be obtained after the differential trials are in effect. 

The use of yields of test plots, obtained under conditions of uniform 
culture, for the adjustment of yields of the same plots after the different 
treatments have gone into effect is discussed. There are certain aspects 
of experimental work with trees which indicate that interannual corre­
lations of yields with orchard material may be more consistently positive 
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than with annual plants. The calculations made upon the data of this 
orchard suggest that they may be important. I t is believed that methods 
may be used to take advantage of whatever correlations may be found 
in the future between yields prior to and during the actual period of 
testing the various treatments. I t is probable that pairing plot yields 
of individual treatments may be carried out in the future trial upon the 
basis of their correlated yields during the preliminary period of testing. 

As a result of these studies a plan for the experimental orchard 
under consideration has been adapted to the practical ends desired. 
Four plots are used for each treatment and are chosen on the basis of 
preliminary yield. Check plots designated as continuity plots, are pro­
vided as a precautionary measure, and to obtain certain information 
as to orchard experimental technique. The check plots are also arranged 
on the basis of preliminary yields in such a way that they are a fair 
sample of the area contiguous to them at the time of starting the differ­
ential treatments, with the idea of judging the relative productivity of 
that area. Adjustment of yields of test plots by the use of the con­
tinuity plots, under the conditions existing during the preliminary 
testing, gave an increase in reliability comparable to that given by the 
use of systematically replicated check plots at more frequent intervals. 

The 4 test plots allocated to each treatment were chosen on the basis 
of their mean annual yield per tree for the six-year period in such a way 
that the mean yields of the sets of 4 plots for this period were approxi­
mately equal. Wherever feasible, 1 plot was chosen from each quartile 
group of the frequency distribution, forming 4 replication series. The 
importance of a good geographical scattering of the replicates and of 
certain features which are important from a cultural point of view was 
also recognized in selecting the replicates for each treatment. With the 
high correlation existing between yields of plots in the same yield group 
during the preliminary period, the use of Student's(59) method for the 
determination of the average variance of a difference between treat­
ments indicated that relatively small differences would be significant 
with a considerable degree of reliability. The reliability of small differ­
ences in the future as determined by this method depends upon the 
correlation between yields of plots in the 4 yield groups. Should this 
correlation vanish entirely, a possibility which does not appear immi­
nent, the more common methods of interpretation may be used, such as 
adjustment by means of check plots or contiguous test plots, or by 
comparisons between unadjusted yields. 

Some relations of the plan of the experiment, as developed on the 
basis of past yields, to the variability of measures of tree size are 
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presented. Yield was somewhat more variable than the volume of the 
top of the tree, or the area of the cross section of the trunk. Interannual 
correlations between the size measurements were high. These correla­
tions emphasize the value of a knowledge of the size of trees before the 
beginning of an experiment as an aid in the interpretation of the effects 
of the treatments. Since the size of these trees at any one period was 
correlated with their yield in the same crop year, a knowledge of the 
size at the beginning of an experiment might logically be used as a basis* 
of pairing trees or plots for comparison of yields by methods of differ­
ences. The tree-size relations of the plots of the experimental orchard, 
as planned on the basis of yields, are presented. The data indicate that, 
on the whole, the mean size of the trees devoted to each treatment 
approaches the mean of the orchard. Occasional differences of consid­
erable dimensions do exist, however. I t is possible that future records 
may show that some recognition of these differences should be made and 
that some adjustment may be desirable. 
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APPENDIX 
TABLE OF ODDS* 

Difference from 
mean m 

terms of probable 
error 

Difference between 
two results in 

terms of probable 
error 

Odds against such a 
difference occurring 

under uniform 
conditions 

With difference in either direction 

1.00 
1.25 
1.44 
1.71 
1.90 
2.00 
2.05 
2.50 
2.93 
3.00 
3.20 
4.00 
4.90 
5.00 

1.41 
1.76 
2.03 
2.41 
2.68 
2.83 
2.87 
3.53 
4.13 
4.24 
4.51 
5.66 
6.93 
7.07 

1 to 1 
3 to 2 
2 to 1 
3 to 1 
4 to 1 
9 to 2 
5 to 1 

10 to 1 
20 to 1 
22 to 1 
30 to 1 

140 to 1 
1,000 to 1 
1,350 to 1 

With difference in one direction only 

1.00 
1.25 
1.44 
1.58 
1.71 
1.81 
1.90 
2.00 
2.48 
2.70 
2.89 
3.00 
3.03 
3.44 
4.00 
5.00 

1.41 
1.76 
2.03 
2.23 
2.41 
2.55 
2.68 
2.83 
3.50 
3.81 
4.07 
4.24 
4.28 
4.85 
5.66 
7.07 

3 to 1 
4 to 1 
5 to 1 
6 to 1 
7 to 1 
8 to 1 
9 to 1 

10 to 1 
20 to 1 
30 to 1 
40 to 1 
44 to 1 
50 to 1 

100 to 1 
290 to 1 

2,700 to 1 

* From Wood, T. B. The interpretation of experimental results. 
Jour. Bd. Agr. [London] Sup. 17:15-32. 1911. 






