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TILIOTHY HULLIITG STUDIES 

By Jos# Dicht# 
Department of Field HTisUandry, University of Alberta# 

lUTRODUCTIOIT 

Growers of timothy seed have often experienced difficulty 

in securing a satisfactory grade for their seed owing to the 

loss of hulls during threshing# This has been especially 

noticeable in western Canada# It is commonly remarked that 

western-grown timothy seed is exceptionally plump; but this 

fact only tends to increase the loss of hulls# An analogous 

condition exists in the case of oats, where western-grown seed 

has a marked tendency to plumpness, but also loses a con¬ 

siderable percentage of the hulls during threshing# 

Alberta farmers have been urged from time to time to en¬ 

gage in timothy seed production# It has been thought possible 

to supply profitably part of the Canadian demand for seed, 

most of which has formerly been supplied by the United States# 

Accordingly, farmers in several districts have groY.n timothy 

seed for market# In one case, at Pincher Creek, Alta., the 

timothy seed producers have formed an association# However, 

hulling of the seed has caused considerable discouragement in 

this district, although the quality of seed in other respects 

has been quite satisfactory# 

The work reported herein has been carried on at the 

University of Alberta with the ob;iect of securing a better 
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understanding of the nature of the problem; and of devising 

if possible, practical means of control. 

OUTLniE OF THE PROBLEM 

Terms used: 

In accordance v/ith the report of the Committee on 

Standardization of Descriptive Terms, etc^, (Scientific 

Agric. 4(8):242-246, Apr. 1924) 

Hulled seed is taken to mean seed which has 

retained the hull. 

Hulless seed is taken to mean seed from which 

the hull has been removed. These meanings will 

be implied throughout this thesis. 

Seed a:rade requirements: 

The following limits for percent hulless seed were set 

by the Canada Seeds Act of 1923:- 

Crade Max. 5^ hulless (#) 

Registered ..  10 

Extra Ho.1 ......... 15 

Ho. 1 .. 25 

Ho. 2 .  60 

Ho. 3.  100 

Western Canada growers fround difficulty in getting a 

satisfactory grade for their seed under these regulations. 

It was thought advisable to amend the regulations in 1924. 

r#) The term '^hulled*^ is used in the Seeds Act with the same 
meaning as the term "hullessin this thesis. 
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Therefore an extra lOjS hulless was permitted in ITo. 1 and 

an extra 5^ in lTo.2 seed from western Canada, the origin 

of such seed to he designated hy the letters C.W. These re¬ 

gulations are still in force (1925 regulations), hut the 

problem of hulling continues to he a source of trouble for the 

Alberta grower* 

Lines of investigations 

The experimental work on this problem may be briefly des¬ 

cribed under the following headings; 

I. An experiment to determine the relative value of 

hulled and hulless seed from a practical stand¬ 

point, and thus to ascertain in how far the pre¬ 

sent grades are justifiable, 

il. Experiments to determine the differences in 

hulling v/hich might exist in crops grown from 

seed from various sources; and to investigate the 

possibility of selecting pure strains which would 

retain the hull. 

III. Tests of practical methods for reducing the loss 

of hull, including: 

Curing samples in atmospheres of different 

humidities (on a small scale under carefully con¬ 

trolled conditions). 

Cutting at various stages of maturity. 

Curing for different periods, and exposure to 

weathering. 

Adjusting the machine in different ways during 

threshing. 
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experuceutal part 

I.Relative Value of Hulled and Hulless Seed. 

All the seed used in this experiment was secured from Cal¬ 

gary. It was grown in 1919 and graded Ho.2 hy the Dominion 

Seed Laboratory at Calgary. This sample contained 50 per cent 

of hulless seed. 

Since the beginning of this experiment the seed has been 

stored in the experimental field barn. Samples have been taken 

each year for experimental purposes. These have been separated 

into lots of hulled seed, hulless seed and lots of the original 

mixture. From these lotscyearly comparisons have been made of 

the per cent germination in the laboratory and in the field. 

In addition to this, each year rows from each lot have been 

seeded in the field in triplicate to make comparisons of the 

hay yield and general quality of the crop. 

Laboratory germination tests. 

The original test of the mixed seed, made by the Dominion 

Seed Branch at Calgary, gave 97.0 per cent germination in 6 days. 

An official test was made again in March 1926 with the following 

results after a 10-day test; 

hulled seed 95^ 

original mixture 88^ 

hulless seed 71^ 

The loss of 9 per cent in the viability of the mixed seed cor¬ 

responds quite well with the findings of Sifton (11), but this 

loss is not as great as would be expected according to the re- 
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suits of Dorph-Peterson (3). Hov/ever, Sifton’s results seem 

to agree more generally with various other longevity tests. 

The details of the germination counts made in the 

laboratory at the University from 1920 to 1926 are shovm in the 

follov/ing table: 

Table 1, 

Per cent germination in laboratory of lots of seed selected 

from the same sample in successive years. 

Year Orig, mixture Hulled seed 
only 

Hulless seed 
only 

5 day 
count 

iU day 
count 

5 day 
count 

10 day 
count 

5 day 
count 

10 day 
count 

1920 94,0 95.5 98.5 100,0 92.5 93.0 

1921 67.0 88.3 74.3 91.3 76.3 80.7 

1922 85.8 92.8 91.5 94.8 78.2 82.8 

1923 61.8 90.5 54.2 96.8 45.8 73.0 

1924(#) 52.5 70.8 70.0 87.0 52.8 57.8 

1926 62.5 77.2 82.0 94.5 50.2 63.0 

(#) Results for 1924 are for 6 and 12 day counts. 

The 10"day counts from Table 1 are shown graphically in 

fig, 1. The failure of successive annual germination percentages 

to fall on a straight line is, no doubt, partly accounted for 

by the lack of accurate temperature and moisture controls on the 

germinator employed. However, the results show an interesting 

relation between the retention of viability in the different 

kinds of seed, which arrange themselves plainly in the order: 

hulled, mixed, hulless. 
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J’igure !• 

Change in viability of hulled, hulless and mixed timothy 

seed, from the same sample. (Laboratory tests.) 
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Figure 2. 

Changes in relative viability of hulled, hulless and mixed 

timothy seed, selected from the same sample• (Laboratory 

and field tests,) 
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This relation is brouglit out more plainly in Fig# 2 

where the same data are rearranged to show the relative changes 

in viability# The germination of the hulled seed is taken as 

100 each year; and the germinations of the other lots are ex¬ 

pressed as percentages of that of the hulled seed for the same 

year# This arrangement of the data shows a marked tendency of 

the hulless seed to lose its viability more rapidly than the 

hulled seed; with the original mixture in an intermediate 

position as would be expected# 

Field germination tests# 

Counts of the field germination of hulled, hulless and 

mixed seed were made in the years 1921 to 1924 inclusive# The 

counts were made in the triplicate rows of each kind of seed 

which were planted each year. Three counts of spaces 2 feet 

long were made in each row, or a total of 18 feet for each 

sort# The nionber of seeds planted per foot was calculated from 

the rate of seeding and the weight per thousand kernels of 

each sort# The ratio av# no# of plants ner ft# gives the 
no# of seeds per' 'fl;# 

field germination# 

The results of the field germination counts are given in 

Table 2 
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Table 2. 

Per 

selected 

Year 

cent 

from 

germination in 

the same sample 

Per cent 

the field of lots of seed 

in successive years. 

germination 
original 
mixture 

Hulled seed 
only 

Hulless seed 
only. 

1921 30.7 46.5 19.0 

1922 33.5 41.9 28.5 

1923 32.6 44.2 25.2 

1924 27.1 38.8 16.2 

A statement is made in the 1921 field notes, that atethe 

time of counting a number of tiny shoots v/ere observed in the 

"hulless” rows, which appeared to be only a fe?/ days old, also 

a very few in the rows of "original mixture”. This probably 

accounts for the comparatively low germination of these tv/o 

lots. Unsatisfactory soil conditions must have been the cause 

of this delayed germination. The hulled seed, being more 

vigorous, had evidently succeeded in coming above ground before 

the count was made. 

The field germination data are shown graxDhically in Uig. 

3. Again we mu-St expect deviations from a straight line re¬ 

lationship owing to variable soil conditions from year to year. 

However, with the exception of the results for 1921, in regard 

to which the field note quoted in the preceding paragraph seems 

to offer an adequate explanation, the figures for the re¬ 

maining 3 years show a relative decrease in viability of the 

three lots, which agrees quite well w^ith the results of the 

laboratory germination trials. 

On examining Fig. 2 the relative difference in germination 
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Figure 3* 

1 
1 

Field germination of hulled, hulless and mixed timothy 

seed, selected from the same sample. 
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of hulled and hulless seed is seen to he much greater in the 

field tests than in the laboratory tests. This T/ould indi¬ 

cate that the differences in vigor of hulled and hulless 

seed, which sho’w up fairly well in the laboratory, are greatly 

accentuated under field conditions. This non-agreement of 

field and laboratory tests is in harmony with the general 

findings of W.H. Wright (12), ?/ho observed fairly great dif¬ 

ferences between laboratory and field germination, especially 

in the grass seeds# 

The difference in stand could be readily noticed in the 

seedling stage. For a short time the rows from hulled and 

mixed seed would appear much better than the rows from hulless 
f 

seed. Hov/ever, as the plants became larger and began to tiller 

these differences soon disappeared. This is further shown by 

the data for hay yield which v;ill be discussed now. 

Yield of hay from hulled, hulless and mixed seed. 

The triplicate rows seeded each year were left down until 

1925. The yield of hay was taken each year. The results are 

shown in Table 3. 
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Table 3* 

Relative value of hulled and hulless seed# 
Hay yields 1921 - 25 (Grreen Y/t# tons per acre) 

Year Year of 
seeding 

Averages for triplicate rows 
Grig. 
mixture 

Hulled 
seed only 
only .... 

Eulless 
seed 

- - 1921 "O'S 576 7 5*13 

1922 1920 e.69 0.66 0.67 

1922 1921 1.58 1.66 1.59 

1923 1920 3.99 4.24 4.23 

1923 1921 6.06 6.18 6.56 

1923 1922 9.54 9.91 9.39 

1924 1920 0.96 0.99 0.96 

1924 1921 1.31 1.31 1.30 

1924 1922 2.41 2.22 2.41 

1924 1923 3.33 2.99 2.90 

1925 1920 2.10 2.14 2.05 

1925 1921 2.43 2.41 2.41 

1925 1922 3.82 3.94 4.15 

1925 1923 7.14 6.96 6.69 

1925 1924 6.35 6.60 6.00 

Average 3.765 3.869 3.763 

The odds have been calculated by StudentMethod(#) for 

the difference in yield from the hulled and hulless seed*. The 

following values were obtained:,Hal5; 3*0.36, Hence the odds 

are approximately 9:1 that the difference is not due to chance 

variations. Yery little importance can be attached to a dif¬ 

ference giving such small odds. 

(#)See section on experimental and' statistical methods. 
3 decimal places were used in calculating Z. 
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Per cent hulling in seed crop from hulled,hulless and 
mixed seed* 

This part of the experiment v/as undertaken not because 

any difference in hulling tendency was expected, but to ansv/er 

definitely any doubt which might exist as to the practical 

working of this system of seed selection, which might be con¬ 

sidered as a form of mass selection. However, other work re¬ 

ported in this thesis ?/ill show that hulling is not suffi¬ 

ciently affected by hereditary influences to shov/ any results 

from mass selection methods. 

In 1925 a short portion of each row was allowed to ripen 

for seed. These samples were threshed and the per cent hulless 

counted. Details in regard to threshing and counting will be 

found in the section on experimental and statistical methods. 

The results are given in Table 4. 

The greatest difference in average per cent hulling is 

shown between the crops from hulled and hulless seed. However 

no significance can be placed on this difference, as the odds 

by Student*s method are only 7:1 against the difference being 

due to chance. On examination of the data in column (x-y), it 

is seen that most of this difference is due to the samples 

from the 1920 planting. The large differences in these samples 

are undoubtedly due to chance errors, as the stand was very 

poor in these oldest rows and the samples were consequently 

too small for accurate work. Disregarding the 1920 planting 

the odds would be in favor of the crop from hulless seed 

showing the larger per cent hulling; which might seem to agree 
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Table 4. 

Per cent hulless seed in crop from lots of biilled, 

hulless and mixed seed selected from the same sample• 

Year of Row ^Slulless Row Hulless Rov/ ^ Hulless 
planting no , from orig. 

mixture 
no. from hulled 

seed 
no. from hulless 

seed 
(X) (y) \ x»y) 

1920 1 40.6 2 57.1 3 24.1 33.0 
1920 4 45.9 5 47.2 6 29.1 18.1 
1920 7 42.3 8 50.6 9 26.9 23.7 

1921 1 40.3 2 44.3 3 46.8 -2.5 
1921 4 41.3 5 42.5 6 41.0 1.5 
1921 7 35.6 8 35.2 9 36.8 -1.6 

1922 1 34.4 2 32.8 3 37.9 -5.1 
1922 4 29.7 5 29.4 6 36.7 -7.3 
1922 7 26.7 8 27.4 9 30.8 -3.4 

1923 1 37.7 2 46.9 3 42.4 4.5 
1923 4 43.2 5 38.5 6 37.9 0.6 
1923 7 51.5 8 38.0 9 40.1 -2.1 

1924 1 27.8 2 32.7 3 27.2 5.5 
1924 4 28.1 5 26.8 6 33.0 -6.2 
1924 7 27.6 8 25.4 9 29.0 -3.6 

A-verag es 36.8 38.3 34.6 

Gomparing ^Hiulled seed" and "hulless seed" by Student's 

method - H r: 15, Z ^ 0.32 

The odds are approximately 7:1 that the crop from hulled 

seed produced a greater per cent of hulless than the crop from 

hulless seed. 
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with expectation tased on superficial reasoning. Hov/ever, the 

results from the mixed seed do not support this "view. 

Discussion 

The data presented show the hulless seed to ha^e a 

marked tendency to lose its viability more quickly than the 

hulled seed* 

The reason for this difference in longevity might he 

attributed to the hulless seed being more freely exposed to 

the oxygen of the atmosphere, thereby increasing respiration 

processes in the embryo, and possibly other chemical pro¬ 

cesses connected with after-ripening. 

A somewhat analogous case has been observed with scari¬ 

fied and non-scar ified alfalfa seed. L. F. Graber (4) com¬ 

pared the longevity of scarified and non-scarified alfalfa 

seed (5 samples each), stored for periods ranging from 2 to 

years, with the following results: 

Average germination at start of period: 

scarified seed - 86.45^, non-scarified seed -70.6^5 

Average germination at end of period: 

scarified seed - 40.0^, non-scarified seed -74.4^ 

Considering the differences in both laboratory and field 

germination tests, the hay yields from the hulled and hulless 

seed are not as widely different as one would expect. This 

has resulted from the use of a heavy rate of seeding. The 

seed was S07m 10 grams per row. The rows being 200 links long 

and 30 inches apart, the actual rate of seeding Y/as 2.93 lbs. 

per acre. The same rate of seeding in 6 inch drill rows v/ould 
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amoimt to nearly 15 lbs. per acre. IThile this rate might be 

necessary to secure a stand under broadcasting conditions; a 

perfect stand should be secured with a much lighter rate ?/here 

the seeding is done as carefully as in this experiment. There¬ 

fore the observed differences in germination would undoubtedly 

affect the stand of the crop if a light rate of seeding was 

used. 

Another factor in determining the relative value of seed 

is its appearance. The appearance of hulless seed is objec¬ 

tionable to most people. This may be partly a fad, but there 

is also a practical consideration involved. Eany common weed 

seeds, e.g.. Tumbling Mustard, are quite noticeable in a 

sample of timothy which is free from hulless seed; whereas 

they would only be found on careful examination of seed 

samples which are partly hulless. 

The above considerations would suggest that the per cent 

hulling deserves some consideration in setting seed grades. 

However, the present regulations seem quite fair in this re¬ 

spect. Therefore it becomes the problem of the seed grower 

to reduce the percentage of hulless seed in any way possible. 
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II. Experiments Related to Yarietal Differences in 

Percentage Hulling, 

The data for this section have been derived from a 

plant breeding block of individual plants and a row test of 

different strains of timothy. Seed of the strains used v/as 

furnished by the Dominion Seed Laboratory at Calgary, the 

McDonald College, and the Murray Seed Company 

Plant breeding block. 

The plant breeding block consisted of from 70 to 262 

plants of each of 15 strains spaced 32 inches each way. These 

plants were started in the greenhouse from seed and were set 

out during July 1919. Records were kept of various characters 

of each plant during 1920 and 1921. In addition to this the 

seed was threshed from each plant separately and the per cent 

hulless seed estimated.(#) 

Prom this data an attempt has been made to answer the 

following questions: 

1. Do different strains possess inherent differences 

for loss or retention of the hull? 

2. Would pure line selection of plants showing low per 

cent hulless seed be of any value in producing strains 

resistant to hulling? 

In answering the first question several points must be 

considered. In deciding how significant any observed dif¬ 

ference in the average per cent hulless of two strains may be 

(#) Por description of technique see section on experimental 
and statistical methods. 
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it is necessary to knov; the degree of variability of each 

strain. However, there is another factor which should be 

considered first. One should kno?/ how* closely the data of 

one year v;ill compare with the next year’s data from the 

same plants. 

It has been shown by C. F. Clark (2) that yearly 

climatic changes may alter the relative standing of a group 

of plants with respect to any character. This yearly 

variation in the data may be shovm by correlating the mea¬ 

surements of a character for one year with the measurements 

of the same character for the next year. 

Tables 5 to 14 show such correlations for tv/o charac¬ 

ters, "length of head" and "height of plant". The data are 

given for 4 strains, each of which is, of course, presented 

separately. 

Table 15 gives a summary of the results from Tables 

5 to 14. 

Fig. 4 (page 29) shows the lines of regression for the cor¬ 

relation data of Table 9. An examination of this figure shows 

the data to be quite well represented by a straight line rela¬ 

tionship. Therefore, the ordinary coefficient of correlation 

may be considered as applying fairly well to these data. How¬ 

ever, one should note the fact that many of the frequency dis¬ 

tributions ,( in columns labelled f),. bear no resemblance to the 

normal curve of probability. Therefore, the values given for 

probable errors of the correlation coefficients are in many 

cases too lov/. 
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Table 5. 

Correlation, "Length of heads" 1920 with 1921* 
(Seattle #3296) 

Length of head inches 1920 

2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 

-r 

6.0 6.5 7.0 7.5j 

L.O 2 2 3 1 

1.5 1 1 15 2 13 1 1 

^.0 2 3 12 14 26 8 9 

12.5 5 3 9 7 10 11 

j3.0 
j 

1 2 10 4 1 1 

b-5 F* ' .L 

114 5 36 22 58 20 
1 

22 3 1 i 

r = 0.429 ± 0.042 
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Tahle 6* 

Correlation, "Length of head" 1920 with 1921. 
(Svaiaf #523) 

Length of head inches 1920 

1.5 4.0 4.5 5.0 5.5 6.0 6.6 7.0 f j 
1.5 1 1 2 

1.75 1 2 1 1 
I 
1 S 

2.0 : 6 4 1 ! 11 
i 

2.25! 2 3 6 2 4 1 18 
1 

2.5 
1 

1 
1 
1 1 

1 1 7 2 3 
1 1 
1 

2.75! 1 2 4 9 2 3 21 

3.0 
1 

i 2 4 2 4 12 
1 

3.25| 
\ 1 

1 j 
2 2 

i 

b.5 
i 1 1 1 

1 

1 

1 
1 
t 

|3.75j 1 1 1 
J 

t4 0 ' 
j 
i 
1 1 il 

j. 1 
11 6 17 34 10 19 2 1 

1 

r = 0.204 0.068 
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Table 7. 

Correlation, "Length of heads" 1920 with 1921. 
(Lacomhe #6290) 

Length of head inches 1920 
1- 
1 
L_ 

— 

1 3.0 5.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 1 
1 1 

f 1 r ■ ' ■ 
i 
1.0 

I' ' 
1 
1 
1 
1 

2 

! 
2 

1.25 , i 
f 

10 « 

1. 
1 
1 
1 

1 2 
1 

^ 1 

1.75 
1 
1 
1 

1 8 5 4 IS 

2.0 1 ^ 
2 2 5 13 2 2 1 1 30 ; 

2.25 3 4 11 1 1 20 

2.5 1 1 4 8 3 3 20 j 

2.75 6 5 11 2 9 3 1 i 
1 

1 37 ! 
1 

5.0 3 1 5 3 1 1 
1 

13 1 

3.25 3 1 1 1 
8 
8 a 6 1 

<*1 
2 5 19 28 58 9 23 5 2 i 2 1 149 \ 

r = 0.107 ± 0.055 
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Table 8. 

Correlation, '^Lengtli of head". 1920 with 1921, 
(Primus #12) 

r = 0.340 - 0.059 
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Table 9, 

Correlation* Hei/^ht of plants 1920 with 1921. 
(Seattle #3296) 

Height of plant 1920 
I 

32 34 36 38 40 42 44 46 48 50 52 54 56 58 64 f 

30 

32 

34 

36 

38 

40 

42 

44 

4 3 2 2 

1 4 2 6 9 1 1 

1 1 2 3 11 11 14 4 

1 1 3 7 6 7 5 

2 3 5 9 10 

13 2 4 

1 

I 

I 12 
\ 

I 24 
1 

1 47 

I 37 
I 

1 i 57 

12 

2 

—i~'H 
1 • 173 I '”11 2 2 9 12 31 36 35 25 10 6 1 2 

r = 0.488 - 0.039 
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Table 10. 

Correlation. Height of plants 1920 with 1921. 
(SvalSf #523) 

(Using 1 inch class intervals) 

Height 1920 

14 36 37 38 39 40 41 42 43 44 45 46 47 48 49 52 f 1 
1 i 

30 1 

01 
, 1 i 

32 1 1 1 
i 
i 3 1 
i ! 

33 1 1 1 1 1 5 

34 1 1 4 2 1 2 
1 

■ 1 
1 

I 

Sll 1 

35 1 1 1 3 3 2 1 2 1 1 1 1- 
36 1 2 2 2 2 1 2 2 2 

1 
1 
1 
j 
il6 
1 

37 ' 1 1 1 1 1 2 1 2 1 
1 
1 
1 ill 

38 1 1 1 1 2 1 3 1 
1 
1 
i k 

39 1 2 1 1 1 1 1 
1 1 ’ 

40 1 1 2 
1 
41 1 1 1 

42 1 1 2 1 
1 1 2 3 2 8 13 8 9 9 8 10 7 4 3 1 1 89 j 

r = 0.395 * 0.060 
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Table 11. 

Correlation. Height of plants 1920 with 1921. 
(Svaldf 7f52S) 

(Using 2 inch class intervals). 

r == 0.376 * 0.061 
(#) (including plant which was 14 inches tall in 1920) 

r = 0.414 - 0.060 
(#) (excluding plant which was 14 inches tall in 1920) 
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Tahle 12. 

Correlation. Height of plants 1920 with 1921. 
(Lacomhe #6290) 

Height of plant 1920 

! 36 38 40 42 44 46 48 50 52 54 

30 ! 

32 j 

i 
134 i 

'36 

38 

40 

42 

1 

4 

11 

11 

4 

4 

1 

4 1 

2 

1 1 

11 

i ^ 
I 19 i 

34 

1 38 
1 
! 27 

14 

I 10 

3 4 7 18 20 35 28 24 7 3 I 149 

r = 0.442 ^ 0.044 
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Table 13# 

Correlation. Height of plants 1920 with 1921. 
(Primus #12). 

Height of plant 1920 

1 30 32 34 36 38 40 42 44 46 48 50 52 54 
! 

I ^ 1 
30 1 

1 i ! 
i 1 

1 M 
32 1 3 1 1 1 

j 
1 
1 vl 

i 

'34 i 
1 

1 1 
1 

1 2 4 3 3 4 1 
i 

“1 
24 1 

1 26 1 
1 1 

136 1 j i 5 6 4 4 4 1 
1 

38 1 
i 

i 
1 

2 2 3 3 7 4 2 2 il 
1 

40 i 
j 

1 

i 1 
I 

3 6 4 1 1 
i 1 1 

16. 
J 

6 ! 
1 

2 i 

42 1 
1 

1 
1 

j 1 1 1 3 

44 1 i 1 
1 

2 

46 
1 

1 1 1 

i48 1 . 1 1 ^ 4-8 

<•-1 
1 4 14 17 12 21 21 4 5 2 

1 

2j 

r
-
F

T
i 

0
 

iH
 

r = 0.426 ~ 0.054 
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TalDle 14. 

Summary of correlations showing yearly variations. 

^^Length of head^^ 1920 with 1921. 

Strain Goeff, , of Gorr. (r) 

Seattle #3296 0.429 - 0.042 

SvalOf #523 0.204 ± 0.068 

lacombe 7#6290 0.107 ± 0.055 

Primus #12 0.340 ± 0.069 

Height of plant in inches 1920 with 1921 

Strain_Goeff. of Qorr. (r) 

Seattle #5296 0.488 - 0.039 

SvaliJf 7f523 

SvalSf #523 

SvaieJf #523 

Lacomhe #6290 

0.395 - 0.060 (using 1” class 
intervals) 

0.376 i 0.061 (using 2’^ class 
intervals) 

0.414 - 0.060 (using 2'^ class inter¬ 
vals and discarding 
14plant 1920). 

0.442 i 0.044 

Primus #12 0.426 - 0.054 
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Figrire 4 

Regression lines. Height of plant 1920 with 1921, From 

[Table 9. 
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From the foregoing results it may he seen that the com¬ 

parison between plants changes markedly from year to year^ If 

the plants did remain in the same relative standing regarding 

length of head and height of plant, perfect correlations 

(1.0) would result. 

Hov/ever, the magnitude of the correlation coefficient 

depends upon the accuracy of the data as well as upon the 

real expression of the characters by the plants. This, no 

doubt, partly accounts for the low values obtained in cor¬ 

relating 2 years^ results for length of head. The length of 

head, as reported, is a rough average for all the heads on 

the plant, which was of necessity quickly estimated. Ob¬ 

viously these values must include fairly great errors. Height 

of plant is subject to more satisfactory measurement, but even 

here difficulties are involved. 

The "probable error” does not take account of these 

errors in measurement. 

In this connection the differences obtained by dropping 

1 plant from Table 11 should be noted. This plant differed 

widely from all the others In 1920. 

By dropping this plant ”r” (coefficient of correlation) 

is increased by 0.038, while a difference of only -0.001 

occurs in the P.E. (probable error). From this it is seen 

that the P.E..is not sensitive to errors which might occur in 

the experiment; while the same errors might influence r con¬ 

siderably. Hence, unless one is working with characters 
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suliject to accurate measurement, the correlation may he ob¬ 

scured by the inaccuracy of the data. 

Therefore, v/hile the correlations in the foregoing 

tables are at best quite low, we may safely presume that they 

really should be somewhat higher than shown by these data. 

Only one year’s results have been recorded for per cent 

hulless of these individual plants. The possible yearly 

variation of this character will, therefore, be discussed 

later in the light of the characters .just dealt ?/ith, and of 

other data. 

Before comparing the per cent hulless seed of different 

strains, we should examine their differences in respect to 

other characters which are more easily evaluated. Tables 15 

to 20 shoT; the frequency distributions and derived values for 

’’date of bloom”, ’’length of head’,’ and ’’height of plant”. 

In comparing the mean values of the strains for these 

characters, it is seen that many of the differences are quite 

significant; providing ?/e have sufficient data to warrant the 

application of the ”probable error” method of comparison. 

Figs. 5 and 6 show the type of frequency curve obtained 

from the data given. 

The P.S. is a value based on the ’’normal curve of pro¬ 

bability”; such that the ”P,E.s” (probable error of a single 

determination) giveB a range on each side of the mean which 

will include one half the total number of variates. A glance 

v/ill show such a determination to be a poor approximation when 

applied to the curves given. Therefore, it cannot be said 
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with certainty that any of the differences observed are 

significant, even thorigh they are several times as great 

as the P.E. 

In comparing the mean per cent hulless seed (Tables 

21 and 22), it is seen that all strains np to #5 compare 

very closely,with a change between #5 and #6. Strains 6 to 

15 compare closely. This change between #5 and #6 may have 

been caused by different previous management of the soil; or 

by weather conditions interfering with the harvest at this 

point. Considering this difference (between #5 and #6) as due 

to gro\7th or management conditions; most of the remaining dif¬ 

ferences are not of much significance Y/hen compared with their 

probable errors. 

However, in comparing strains #10 and #13 a difference 

occurs of 9,6/J ^ 1,35 (#), With the ordinary interpretation of 

the P,E,,the odds that this difference is significant would be 

high. But the sources of error in determining per cent hulless 

seed are more numerous than in determining height of plant, etc. 

We must also consider the limitations of the P.E, concept, as 

previously mentioned in regard to Pigs, 5 and 6. Hence, we 

must conclude that the data do not demonstrate any differences 

in the mean per cent hulling of the strains tested. 

(#) Por the error of a difference use the square root of the 

sum of the squares of the errors. 
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Table 16. 

Date of Bloom July 1921. 

Determinations from preceding table of frequency distributions. 

Strain ITo. of Mean date Error of Standard P.E. of 
No. plants of bloom mean (-) deviation single 

July_determination (^) 

1 155 8.48 0.128 2.356 1.590 

2 184 10.15 0.082 1.651 1.114 

3 156 10.21 0.097 1.805 1.217 

4 173 9.27 0.140 2.722 1.836 

5 89 7.35 0.201 2.809- 1.895 

6 158 10.13 0.139 2.586 1.744 

7 149 10.77 0.116 2.099 1.416 

8 164 10.76 0.134 2.555 1.723 

9 55 11.05 0.230 2.526 1.704 

10 97 10.68 0.172 2.518 1.698 

11 73 10.64 0.208 2.635 1.777 

12 103 11.17 0,.150 2.253 1.520 

13 109 11.13 0.159 2.457 1.657 

14 70 10.39 0.176 2.186 1.475 

15 63 10.67 0.178 2.093 1.412 
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OTable 17. 

Lenp^th of head inches 1921^frequency distributions. 
[Strain 
ffro. 0.75 1.0 

—-Q ~ 

1.25 1.50 1.75 2.0 2.25 

- 

2.50 2.75 3.0 

-1 

3.25 3.75 4.0 

1 Frequencies j 
U 1 
i 1 

i 1 
1 

7 11 23 29 45 27 9 12 7 2 ivd 

j® ! 
j 
1 2 5 11 15 17 21 12 4 1 1 1 

1 

1 H 
1 831 
1 ! 
1 149i 7 j 

1 i 
2 3 19 30 20 20 36 13 6 1 

1 

12 

1 
1 

1 

1 
1 

1 4 24 45 19 6 3 1 1 102 

1 

i 

Table 18. 

Length of head inches 1921. 

Determinations from frequency distributions of Table 17. 

Strain ITo. of Mean length Error of Standard P.E. of sin- 
no. plants of head._mean (-) deviation gle determination(±) 

173 1.97 0.026 0.498 0.336 

89 2.52 0.033 0.460 0.310 

149 2.36 0.026 0.471 0.318 

103 2.02 0.019 0.285 0.192 12 
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Talile 21* 

Per cent liulle&s seed in 1921, frequency distributions. 

Strain 

-1 I-- 

no. tlO 20 50 40 50 60 70 80 90 100 Potal no. of 
. . . plants 

Frequencies 1 
i 

1 2 2 6 11 29 28 34 31 12 155 i 
2 1 5 4 16 47 40 38 23 10 184 

1 
1 1 

3 1 5 3 14 32 30 37 27 9 156 1 
1 

4 1 2 8 9 27 37 48 34 6 173 1 
i 

5 1 5 8 17 20 20 14 6 
i 

89 
i 
3 
3 

6 1 1 3 7 23 25 39 44 15 1 158 
1 
! 1 

7 2 5 4 5 16 14 28 47 30 1 
i 

i 149 
1 

! 
3 
1 

8 1 1 2 7 15 15 32 46 47 1 164 
1 
3 
6 

9 1 2 5 4 14 17 14 i 55 S 
J 

10 5 4 9, 18 36 27 ! 
t 

i 

I 97 1 
1 

11 t 
1 2 4 6 10 17 23 i ! 73 

3 
1 

12 1 4 9 13 13 20 27 16 
r 

103 i 
I: 

15 1 1 10 17 16 20 32 12 i 109 
1 

it 
i 
3 
s 

14 
i 

1 ■8 16 17 20 1 70 
i 
! 

15 
1 
1-_ 

\ 

1- 

1 4 10 21 16 1 
i 

_1 

63 

i 

! 
i 
1 
1 

JL 
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Table 22. 

Per cent hulless 1921. 

Determinations from preceding taDle of frequency distributions* 

Strain 
no. 

No. of 
plants 

Llean per Error of 
ctot hulless mean(-) 

Standard 
deviation 

P.E. of sin¬ 
gle determination(t) 

1 155 72.9 0.94 17.27 11.65 

2 184 69.8 0.81 16.20 10.93 

3 156 72.0 0.87 16.16 10.90 

4 173 72.7 0.83 16.20 10.92 

5 89 72.2 1.12 15.63 10.54 

6 158 77.3 0.85 15.81 10.66 

7 149 80.1 1.04 18.80 12.68 

8 164 83.5 0.88 16.77 11.31 

9 55 84.5 1.30 14.25 9.61 

10 97 86.6 0.86 12.60 8.49 

11 73 80.4 1.20 15.21 10.26 

12 103 77.3 1.17 17.58 11.86 

13 109 77.0 1.04 16.17 10.91 

14 70 80.1 1.01 12.48 8.42 

16 63 82.7 1.02 11.97 8.07 
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Figure 

of Jufy b/oo/n 

Frequency distrilDutions of plants in strain #4 for 

"length of head” and "date of hloom" 19E1. 
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Figure 6. 

Frequency distributions of plants in strain #4 for 

"’height of plant in inches" and "per cent hulless seed" 1921. 
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How Tests 

The data from the row tests furnish further e'vidence of 

the similarity of all strains regarding hulling tendencies* 

This test included 13 check rows and rov/s from 60 different 

lots of seed, some of which represented strains which had under¬ 

gone selection. The data include a record of the per cent 

hulless of the original seed of each strain, as well as the per 

cent hulless in the crops of 1919, 1920 and 1921. 

Attempts were made to correlate per cent hulless of ori¬ 

ginal seed with that of the 1919 crop (Table 23), and with an 

average of crops of 1919, *20 and *21. It was also attempted 

to correlate the crop of 1919 with that of 1920 (Table 24). 

The results may be summarized as follows: 

Correlation orig. seed with 1919 crop, r rr -0.113 - 0.105 

” rr n IT av. 1919-20-21 
crops r = 0.164 — 0.126 

** 1919 crop with 1920 crop, r = -0,115 — 0.084 

This shows a decided lack of correlation in the results from 

year to year. Hence, we ma37- conclude that no consistent diffe¬ 

rences in hulling tendencies ezist between these strains. 

This conclusion is strengthened by an ezamination of the 

results from the check rows. The 1921 results from the check 

rows vary from 28 per cent to 66 per cent hulless, while the 

results of all the other strains vary from 15 per cent to 67 

per cent hulless. The check rows might easily cover the range 

of all the other strains if the number of checks was increased. 

This may be seen by arranging the check rows according to per 

cent hulless with class intervals of 10 per cent. 
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Table 23, 

Correlation. Per cent hulless "original seed" with per 

cent hulless 1919 crop. 

r = -0.113 - 0.105 
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Table 24. 

Correlation. Per cent hulless seed 1919 crop v/ith per 

cent hulless seed 1920 crop. 

Per cent hulless seed 1919. 
J- 
J 

-- 
•/ .J* • 

"I- 

10 15 20 25 30 35 40 45 1 f 

15 2 

• 
i 

! 2 
1 

20 1 1 
I 
! 2 1 

i 1 1 

25 I 1 i 1 
! 

1 1 2 ! 5 
1 

i 12 
i 
1 

1 

J 

iso 

! i 

1 

i ^ 
1 1 5 1 1 

1 
1 
1 
J 

|36 1 3 1 2 1 1 
1 9 

F i } 

140 
i 

3 1 3 1 1 8 

i 6 

1 

1 
i 

|45 
1 1 

3 1 1 
t 

1 
i 

j50 1 
■1 

2 3 1 1 1 1 
! 5 

\ 

i55 1 

jeo 

2 1 ! 3 

! 3 
n 

i 
5 

I 

1 
1 1 1 i 

s 

|66 1 1 1 1 ! 4 
f 

1 1 1 

i 
1 
j 

|70 1 
1 

1 
\—- 
j «M 9 15 11 8 10 3 3 4 i 63 ! 

1 

r = -0.115 - 0.084 



i 

* ' ’ 

^ ■ 
i'O “ 

>1 ■• ■ • 

'€ 
T 

‘■^f. 

I ^ 

i 

V- V- •' 
p > 

® - ■ • 

' VrS 
'1 

.»'•■' 

♦ ■ 

■ I 

’ ▼ , * 

.\y/' 

v> 

/ 
I 
\ 



-44- 

Per cent hulless 
(class) 

ITo. of check rows 
(frequency) 

30 4 

40 1 

50 5 

60 2 

70 1 

13 

Increasing the number of checks ?/ould, no doubt, increase the 

range of per cent hulless. 

It has been amply shown that all the strains tested 

possessed the same hulling tendencies. However, we have not 

shown the individual plants all to be the same. Yery little 

difference seems to ezist in the mean values for "date of 

bloom", "length of head", and "height of plant" in the strains 

used. Even if slight differences do really ezist in these 

means, we see that no significant difference exists between 

individual plants of the different strains, i.e. the "P.E.s" 

(probable error of a single determination) is always large in 

comparison to the differences in the means. Phus we see that 

the individuals of all strains vary widely in spite of efforts 

at artificial selection, and all strains contain roughly the 

same types of plants. 

However, if selection processes were carried far enough, 

distinctly different types could, no doubt, be propagated. 

The question arises as to vrhether selection for a low per cent 

hulling would result in a strain possessing real advantages in 

this respect. 
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Attempts were made from the plant hreeding data to cor¬ 

relate per cent hiilless seed v;ith other characters, with re¬ 

sults as follow: 

Per cent hulless seed 1921 with length of head 1921, 
r = -0.117 i 0.051 

” " " " " " height 1921,r = 0.134 i 0.050 

TT M »T I? If IT IT 1921 

(25 plants ?/ere selected with the same width of crown), 
r == -0.088’^ 0,134 

It seems impossible to correlate per cent hulless with any 

plant character. However, by correlating per cent hulless with 

"Y/eight per 1000 kernels". Table 25 and Pig. 7, a coefficient 

of 0.497 - 0.057(#) was secured. This result may be con¬ 

sidered significant. 

Weight per 1000 kernels may be a result of environmental 

conditions rather than a varietal characteristic. It is more 

reasonably thought of as such, since we have already failed 

to demonstrate definite differences between strains for such 

characters as height of plant. Also the check rows show a 

variation in weight per 1000 kernels from 0.41 grs. to 0.52 

grs., while all the other strains only vary from 0.38 to 0.52 

grs. This is similar to the previous observation for the 

Tf)- 
This correlation might be slightly increased by allowing for 

the weight of the hulls from samples containing a high percen¬ 

tage of hulless seed. The percentage hull (by weight) of a 

sample of "hulled seed" was determined by weighing, removing 

the hulls by rubbing, and re-Y/eighing. The follov/ing results 
were obtained: Sample A, 10.06^ hull. Sample B, 9.787b hull 
av. approx. 10“^ hull. 
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range of per cent hulless seed in this experiment. There¬ 

fore, we must consider v;eight per 1000 kernels and per cent 

hulless seed as tv/o values varying with incidental changes 

in the environment, hut both tending to vary in the same 

way. 

This relation may he regarded in two ways: 

1. That the variations in both values are caused 

by the same set of conditions; or 

2.That one value {i.e. Y/eight per 1000 kernels) 

varies with environmental conditions and exerts 

a causal influence on the per cent hulless seed. 

The latter seems to be the more reasonable view, as large 

plump kernels would have a tendency to separate the lemma and 

palea. 

However, we cannot hope to settle the problem of hulling 

on the grounds of any definite relation to size of seed. At 

best the correlation is small, and in the data of the expert- 

ment on "time and method of harvesting", discussed latter, an ^ 

attempt at correlation of these two values failed to give 

significant results. 

Discussion. 

The wide variation of individual plants within all com¬ 

mon strains of timothy make it difficult to demonstrate dif¬ 

ferences in the "mean" values of plant characters. Moreover, 

the "yearly variations" in the relative development of plants 

make it inadvisable to place too much reliance on one year’s 

data. The per cent hulless seed seems to be more purely 
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Table 25« 

Correlation* Per cent hulless seed 1920 and weight per 

1000 kernels 1920. 
(Samples from row tests.) 

per 1000 kernels 1920 in hundredths grams. 

38 39 40 41 42 43 44 45 46 47 48 49 50 51 

. l20 
o j 

ol £5 
I 
1 

r = 0.497 ± 9.057 
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Figure 7. 

Hegression lines# Weight per 1000 kernels with per cent 

hulless seed# From OJahle 2*5, 
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an expression of environment than do the common characters, 

such as "height of plant", "date of bloom”, etc. Hence, it 

is impossible to demonstrate differences in hulling tendencies 

of different strains. One might conjecture that very rigid se¬ 

lection would develop strains differing even in hulling tendencies. 

Our data do not disprove this view, but it is discouraged by the 

failure to correlate hulling with any common growth character. 

The only significant correlation obtained was between per cent 

hulless seed and weight per 1000 kernels, - two values which seem 

to be controlled by the environment. 

The possibility of developing strains differing in hulling 

tendencies might be investigated by working v/ith clonally pro¬ 

pagated lines. Owing to its normal habit of cross fertilization, 

this is the only practical way of obtaining pure lines of timothy. 

Only by comparing the hulling tendencies of pure lines propagated 

in this v/ay, could one definitely clear up this point. 

We must conclude from this part of the v/ork that the grower 

cannot, at present, obtain strains of timothy which will resist 

hulling. Moreover, there seems to be very little hope for im¬ 

provement in this v/ay in the future. Therefore, v/e must turn to 

the management of the crop for means of reducing the per cent 

hulless seed. 
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III# Practical Methods for Partially Controlling the Loss 

of Hull. 

Effect of relative humidity of the atmosphere v/hile curing. 

As the prohlem of hulling seems to he more serious in 

western Canada than elsewhere, climatic influences during the 

curing process were thought possibly to have some effect. 

Consequently, an experiment v;as undertaken in 1925 to deter¬ 

mine the effect of the relative humidity of the atmosphere 

during the curing process. In this experiment large desi- 

cators were used in which the small saii5)les of timothy were 

stored before threshing. The relative humidity desired in the 

various desicators was obtained by using solutions of sul¬ 

phuric acid calculated to give humidities as follow: 

concentrated sulphuric acid.rel. hum. 0 

469 c.c. acid in 1 litre of solution t..rel.hum. 50 

267 c.c. ” n 1 IT IT IT IT IT 74 

pure water ..... " " 100 

The relative humidities of 74 and 50 were chosen to represent 

the mean hourly huLiidities of localities of the type of Toronto 

and Swift Current respectively. The heads of timothy for this 

work were selected as nearly of a uniform maturity as possible, 

(medium ripe), and were tied in very small bundles. This 

material was allowed to dry before putting it into the desi¬ 

cators. This fact probably makes a difference in the results 

obtained, as will be shown in the other experiments in this 

section. However, the possible effect of drying previous to 

re-moistening v/as not appreciated at the time of planning 
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this experiment. 

The data obtained are sho^vn in Table 26, 

The data of Table 26 are not sufficient to demonstrate 

small differences which might exist between slightly different 

treatments. This fact is brought out by the wide variation 

between duplicate samples. Mention might be made here also 

of the possibility of considerable error being involved in 

estimating the per cent hulless seed in a sample. This is 

dealt with in the section on experimental methods, etc. 

However, Table 26 shows a marked difference between 

samples which were very dry and those which were very wet at 

the time of threshing. But the retention of the hulls by 

the moist samples may depend on the fact that they were dried 

before being placed in the moist atmosphere. This will be 

shovm more clearly in the follov/ing experiment. 
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Table 26. 

Hulling in small samples of timothy cured in atmospheres of 

different relative humidities. 

Treatment 
Sample 
no« 

1st period 
7uTyT9'"t“ 

Aug.22 

2nd period Date of io mois- 
Aug.22 to threshing ture in 

Sep. 7 seed 

^0 hulless 
seed 

Average 

1. R.H.lOO Threshed Aug. 22 27 10 

2( a) R.H. 74 n n IT 13 40) H
 

» O
 

(b) R.H. 74 It n II 12 28) 

3(a) R.H. 50 TT IT TI 6 68) 67.5 
(t) R.H. 50 n IT n 6 67) 

4. R. H. 0 n It IT 2 74 

5(a) R.H. 74 R.H. 50 Sep. 7 6 35) 40.5 
(5) R.H. 74 R.H. 50 IT n 6 46) 

6(a) R.H. 50 R.H. 74 TT II 10 71) 67.5 
(5) R.H. 50 R.H. 74 IT IT ‘ 11 64) 

7. R.H.lOO R.H. 0 IT IT 3 51 

8. R.H. 0 R.H.lOO n IT 21 2 

9(a) Dried in Ihreshed Aug. 24 13 54) 
harn ) 46.5 

(5) Dried in IT n n 13 39) 
harn 

10(a) Dried in Sep. 7 13 38) 

harn ) 42.5 

(5) Dried in n n 13 47) 

harn 

H.H. - Relative Humidity 
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Time and method of har^estinr. • ' - . . ... .. , , , 

These experiments v/ere planned to determine the effect 

on hulling of cutting the crop at various stages of maturity; 

and of handling it in different ways v/hile curing. The first 

experiment of this kind was conducted during the years 1919, 

19£0.and 1921. An additional experiment was carried out in 

1925. 

The plan of the experiment as carried out in 1919, '20 

and *21 may readily he seen from the first two columns in 

Table 27. The material was obtained from 4 rows in the row 

tests previously mentioned. Therefore, each series consisted 

of 4 rows almost 30 links long. Each row was handled sepa¬ 

rately with the average results as shown in Table 27. These 

figures, of course, represent the averages of figures which 

are sub.ject to fairly wide fluctuation; but this fact will be 

taken account of in the following remarks, where no conclusions 

will be based on small differences in the data. 

From Table 27 it will be seen that the lowest per cent 

hulless seed is shown by the samples cut slightly on the green 

side and dried in the field. It may be seen on close examina¬ 

tion of the data that considerable variation has existed from 

year to year, due to the personal element in j'udging stages of 

maturity. For example, in 1920 the weight per 1000 kernels 

and the weight of seed per row would indicate that series A 

and B were only slightly less mature than the other series. 

In 1921 a similar exanination reveals the fact that series A 

and B were very immature| while series G. and J) seem, from the 
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T7eight per 1000 kernels, to have keen slightly immature* In 

this connection we should note that series D shows the lov;est 

per cent hulling in 1921. Ho difference of this kind should 

he expected between the ripe and over-ripe samples of 1919 and 

1920, as the data shov; them both to be fairly well matured be¬ 

fore cutting. 

Curing the sheaves in the barn seems to have had a marked 

effect on the green cuttings. But as no data are available 

as to the moisture content of these sheaves at threshing time, 

the discussion of this point will be resumed in connection 

with the 1925 results. 

Allowing the crop to become over-ripe before cutting 

seems to increase the hulling. This is again indicated by the 

1925 results. 

Exposing the sheaves to weathering has given rather sur¬ 

prising results as regards per cent hulling in several in¬ 

stances. That is, the per cent hulless seed in the weathered 

samples is usually low. However, the weight of seed from the 

weathered sheaves is invariably ^lov/er than that of the other 

sheaves cut at the same stage of maturity. This brings out 

the fact that the weathered sheaves v/ere subject to con¬ 

siderable shattering both during weathering and subsequent 

handling. It is reasonable to believe that the seeds which 

were loose in their hulls would be the first to shatter. 

Hence, much of the seed which would be threshed naked is lost 

from the sample, thus reducing the per cent hulless. Eov/ever, 
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in spite of this assumption, we must at least admit that 

weathering does not seem to have any tendency to increase the 

loss of hulls in threshing. 

The data from 19E5, as shown in fahle 28, support the 

conclusions drav/n from Table 27 as already mentioned. However, 

some special features of the 1925 results are worthy of men¬ 

tion. The good effect of drying the immature cuttings in the 

field rather than in the barn is demonstrated again in this 

table. One might assume this to be due to the samples re¬ 

maining tough in the barn, thus having a tendency to retain 

the lemma and palea attached to the glumes and rhachis. never¬ 

theless, this theory does not explain the differences in Table 

27; as all the samples in this experiment were stored in the 

barn for a long period before threshing. Threshing was not 

done until December in 1919 and *20; and on August 30th, 1921. 

Again in Table 28 the moisture content of the seed shows 

the relationship to be quite complicated. Tne high moisture 

content in series 1 v/as due to a rain 4 days before threshing. 

But in spite of the fact that this series was quite damp, it 

tlireshed completely, the heads breaking up well. The low per 

cent hulless seed obtained from this series corresponds well 

v/ith the results obtained from the desicators (Table 26). How¬ 

ever, we see in series 2 that a high moisture content has 

failed to give a low per cent hulless seed. It should be men¬ 

tioned in connection with series 2, that it did not thresh as 

completely as series 1. The heads came through v/ithout being 

broken up. lYith series 4 further removing the possibility 
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Table 28. 

Averages of results from time and method of harvest 

experiment 1925. 

Averages of 3 rov/s 
•h' of mn-i cs-hnr A Series Management Date 

no. cut 
Ue ight of 

seed 
grams 

^ moisture 
in seed 

5^ hulless 
seed 

1. Cut green;dried in 
field;threshed at 

once. 

July 16 26 3 

2. Gut green;dried in 
barn;threshed at 

once. 

n n 22 22 38 

3. Cut green; weathered" 
in field. 

II 15 10* 4 

4. Gut green; stored 
in barn. 

tr IT 20 10* 51 

5. Gut medium ripe; 
dried in field; 
threshed at once. 

If 27 66 18 24 ^ 

6. Cut medium ripe; 
dried in barn; 
threshed at once. 

IT IT 69 25 8 

7. Cut medium ripe; 
weathered in field. 

tr IT 52 10* 10 

8. Cut medium ripe; 
stored in barn. 

TT IT 73 10* 47 

9. Gut over-ripe; 
dried in field; 
threshed at once. 

Attg. 1 70 10 19 

10. Cut over-ripe; 
dried in barn; 
threshed at once. 

IT IT 94 11 44 

11. Gut over-ripe; 
weathered in field. 

n IT 52 9* 20 

12. Cut over-ripe; 
stored in barn. 

IT 11 66^ 10* 41 

^ average of 2 figures. 

^ average of 1 figure. 
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of a simple relationship between moisture content and 

hulling; one is forced to the conclusion that some climatic 

effect of the open air, such as the sunlight, the dew, or 

both, must have a desirable effect in curing the immature 

cuttings. 

Method of threshing. 

This experiment was designed to determine the extent to 

which the speed and ad^'ustment of the threshing machine might 

effect hulling. The machine used was a 20 inch overshot 

separator, with a normal speed of 1050 revolutions per minute. 

Large samples of seed were threshed with different adjustments 

of the concaves both at normal speed and at a speed of about 

800 revs, per min. The latter speed was obtained by changing 

the cylinder pulley. Small samples Y/ere taken from the large 

ones by carefully mixing, coning and quartering. From these 

small samples the per cent hulless seed was estimated by 

counting the hulless in 2000 seeds from each sample, in lots 

of 100 each. The significance of the average differences 

Y/ere obtained by comparing the differences between successive 

hundreds by Student* s method. The resuJ.ts, along with the 

probable errors of the means, are shown in Table 29. 

The odds that the differences in Table 29 are significant 

seem very high. Of course, one should not place too literal 

an interpretation on the statistical terms used. For example, 

the only error included in the so-called "probable error" is 

part of the error in counting the percentage of hulless seed. 

However, the differences are so regular in this experi- 
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Table 29. 

Per cent hnlless seed obtained by various methods of 

threshing. 

Sample Management 
no. 

Mean hul- 
less seed. 

P.E. ( 
mean 

1. Hun fast - concaves 
mesh -4- inch. 

in 30 -0.6 
2. Run fast - concaves 

mesh li inches. 
in 34 ^0.8 

3. Run slow - concaves 
mesh i inch. 

in 11 iO.3 

4. Run slow - concaves 
mesh li inches. 

in 15 ^0.4 

Difference Odds that difference is 
significant. 

( Student^ s metho d) 

Sample 2 - 
(34 - 

Sample 
30) 

1 182 ; 1 

Sample 4 - 
(15 - 

Sample 
11) 

3 
over lOCOO ; 1 

SaiTole 1 - 
(30 - 

Samrnle 
ii)‘ 

0 over 10000 : 1 

Sample 2 - 
(34 - 

Saiiiple 
15)' 

4 over 10000 : 1 
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ment that they seem worthy of attention. Therefore, it ap¬ 

pears possible to reduce hulling considerably by reducing 

the speed of the thresher. It also appears possible to re¬ 

duce the hulling by setting the concaves as far open as pos¬ 

sible. Very little difference could be noticed in the com¬ 

pleteness of threshing with the various adjustments described 

above. However, this is a consideration which would depend 

largely on the individual machine and the condition of the 

crop. 

Discussion. 

IThile no conclusions should be based on small differences 

in the foregoing data, the general trend of the results seem 

to justify the follo\Ting remarks: 

Prom the standpoint of reducing the loss of hulls, the 

most desirable stage of maturity seems to be just a little on 

the green side. Curing the crop in the open seems to be de¬ 

sirable. The best results seem to depend on getting the crop 

thoroughly dried at the beginning of the period. Tnreshing 

before the crop has lost its original moisture gives poor 

results. However, re-moistening after the crop has once be¬ 

come thoroughly dry seems to have a good effect in reducing 

the hulling. This would suggest that threshing v/hile the 

crop is moist from dew or rain would give good results, pro¬ 

vided the machine could be regulated to thresh clean. Hoy;- 

ever, storing under shelter after the crop has been dried in 

the open does not have any bad effect. This might be de- 
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sirable to prevent v/eatherlug. Yfhlle v;eathering does not 

seem to increase the per cent hulless seed, it may resrilt 

in loss of considerable seed through shattering, as v;ell 

as giving a very poor color to the seed sample. In addition 

to the consideration of time and methods of harvesting, we 

should hear in mind the importance of a proper adjustment of 

the threshing machine. As this point has already been dis¬ 

cussed in connection ?/ith the experiment on methods of 

threshing, it will not be given further mention. 

GEKSHAL HSIviARKS. 

In addition to the regular experiments mentioned in this 

paper, samples of seed were available from plots of timothy 

seeded in rows of various spacings. Examination of these 

samples failed to establish any relation between distance of 

planting and hulling. This, of course, might be expected as 

the effect of the plots being in different stages of maturity 

when harvested might easily obscure any direct effect of 

distance of planting. 

Data were also available for the nitrate and moisture con¬ 

tent of the plots in the experiment on relative value of hulled 

and hulless seed. This data gives separate values for the 

plots occupied by each yearns seeding. However, it would be 

impossible to relate hulling with nitrate or moisture content 

as here again the stage of maturity varied considerably v/ith 

the different years of planting. 
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EXPEHII.IE1'ITAL AIII) STATISTICAL LIETHOLS, 

^ith the exception of the experiment on methods of 

threshing, the samples used v/ere quite small. In most cases 

they consisted of single sheaves. This made it necessary to 

use a special threshing machine, which consisted merely of a 

cylinder and concaves closed in,with a drawer to catch the 

seed and chaff. The sheaves were held by the butt ends 7/hile 

the heads Y/ere threshed off. The straw was then thrown away 

v;ithout being run through the machine. The seed was separated 

from the chaff with a small fanning mill. This method of 

threshing is not exactly comparable to ordinary threshing. 

However, it seems reasonable to assume that the comparisons 

obtained in the results from various samples would apply quite 

well to ordinary methods of threshing. 

The per cent hulless seed was determined by actual coun¬ 

ting in every experiment except the plant breeding block. In 

most cases the determination was based on the number of hul¬ 

less kernels counted in 1000. In the earlier work the coun¬ 

ting was reported directly on the basis of 1000 kerne Is | vrhile 

in the later work the 1000 kernels have been counted in 10 

lots of 100 each. In this way it has been made possible to 

determine part of the error in counting by examining the 

variability of the individual counts. Howrever, this only 

gives part of the error, as one of the most important steps 

in the determination is working from a sample of a few ounces 

or more down to the 1000 kernels^which are to be counted. 
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Tliis is done "by coning and quartering: but as this procedure 

is usually gone through only once for the v/hole sample, there 

is a certain error involved v/hich is not shov/n by the varia¬ 

bility of the hundred kernel counts. 

In some cases the probable error of the average per cent 

hulless has actually bean calculated. These errors always 

seem very small, and as pointed out above, they are smaller 

than they really should be. However, in some of the tables 

the results given are averages of several samples; and here 

the error, as calculated for the average of all the samples, 

will tend to be more useful. For example, the probable 

errors were calculated for some of the averages given in 

Table 28. These averages represent 30 counts of 100 kernels 

each. Their probable errors range from -0.23 in series 1, 

to -1.78 in series 4. 

The large amount of material from the plant breeding 

block made it necessary to use a more rapid method of esti¬ 

mating the per cent hulless seed, Hor this purpose the 

samples were spread out and compared with standard samples 

containing various percentages of hulless seed. All con¬ 

ditions, su3h as lighting, were made the same for sample and 

standards. The per cent hulless was then estimated according 

to the standards which the sample resenbled most closely. 

In the 1925 experiments on time and method of harvesting 

and effects of relative hunidity, it was thought useful to 

know the moisture content of the sanples at the time of 

threshing. This was determined most conveniently by oven 
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drying a sample of the seed immediately after threshing. The 

results obtained hy this method from duplicate samples checked 

very closely. 

Statistical methods. 

The statistical variables used are described in various 

articles and text books. ITo attempt will be made at giving 

a complete list of references for this part of the v/ork. How¬ 

ever, a few of the most easily available references will be 

given. 

The probable error, (of a mean, and of a single deter¬ 

mination) is described by Babcock and Claussen (1); Hayes 

(5); Jones (6); and Kemp (7). 

The coefficient of correlation is explained by Babcock 

and Claussen (1) and Jones (6). 

Student*S method of calculating the significance of a 

difference is discussed by Love (8); Love and Brunson (9); 

and Salmon (10). The first tvro articles explain the use of 

the method in a very plain manner. The table of calculated 

odds given in (8) was used wherever Student* s method v/as 

en^loyed in this report. 
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SmCIAHY. 

The hulling of timothy seed in threshing has resulted 

in considerable loss to Alberta growers. Although special 

regulations exist, it is often impossible for western growers 

to keep the percentage of hulless seed low enough to secure 

top grades. This paper forms a report of experimental work 

on various phases of the problem. The data presented seem 

to justify the following remarks; 

The present discrimination between hulled and hulless 

seed seems justifiable, as considerable differences in via¬ 

bility have been shown both in the laboratory and in the 

field, the differences being in favor of the hulled seed. 

Besides this, the hulless seed tends to spoil the appearance 

of the sample. 

There appears to be very little possibility of selecting 

strains of timothy which would be especially resistant to 

hulling. However, such a possibility can only be directly 

disproven by comparing clonally propagated pure lines, 0!he 

greatest opportunities for reducing hulling are to be found 

in the management of the crop during harvest and threshing. 

Gutting the crop slightly on the green side has given 

the lowest percentage of hulless seed. Drying these green 

cuttings in the field has given much better results than 

drying them in the barn. Storing in the barn after drying 
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in the field has no had effect. IThile v/eathering does not 

appear to increase the hulling, it is undesirable, as it 

causes shattering and gives the seed a poor color. 
0 

Once the crop has been properly dried, threshing it 

v/hile moist from dew or rain should give good results as re¬ 

gards hulling. 

Proper adjustment of the threshing machine is important. 

The percentage of hulless seed was reduced by lessening the 

speed of the separator. The adjustment of the concaves also 

made a noticeable difference 
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