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the yield of pyrethrins of these individual plants from year to
year.

The A9 plants were from seed planted in 1929· the A2
series was planted in 1932. The 1932 analyses of the A2 series
are not comparable because the samples for analysis were col
lected in the late fall which is not the normal blooming period
for this plant. It has since been found that flowers harvested
in the late fall are somewhat richer in pyrethrins than flowers
harvested in June and July from the same plants.

TABLE I.-Variation in yield of pinettirins of individual plants
franz, year to year.

--Pyrethrins (air-dried basis)--
1932 1933 1934

Plant no. lJo % 70

0.89
1.11 1.57
1.10 1.05

1.07
0.89
1.05

0.95 1.03
1.39

1.21 0.99
1.07
1.08 0.90
1.25 0.97
1.11 1.01
1.22 0.99
0.94 0.89
1.04 1.13
1.03
0.79 0.80
0.86 0.81

A2-117 .
A2-118 1.26
A2-125 .
A2-138 .
A2-282 .
A2-355 1.29
A2-361 .
A2-369 .
A2-706 1.03
A2-927 0.94
A2-1052 1.12

A9-77 1.77
A9-86 1.00
A9-90 -......... 1.29
A9-150 1.10
A9-151 -.......................................... 1.13
A9-153 0.94
A9-187 1.13
A9-206 0.90
A9-237 1.96

Analyses were not calculated to the moisture-free basis be
cause it has been shown that the moisture content of the air
dried flowers is sufficiently uniform (5).

These results (table 1) are at variance with those of
Martin and Tattersfield (6), who state that a given plant
yielded flowers containing approximately the same percentage
of pyrethrin I for 3 successive years, while the yield of total
pyrethrins of flowers from eight individual plants was the
same for each plant for successive harvests.

There was also a wide variation in the number and weight
of flowers produced by the plants included in table 1. This is
shown in table 2.
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TARLE 2.-Variation in Jjield of itoicers from individual plants
franz, year to year.

Plant no.

---1932--
Dry

No. of weight
flowers g.

---1933--
Dry

No. of weight
flowers g.

-------1934-----
Dry

No. of weight
flowers g.

A9-86 96 13.70 106 14.30-~ -...............

A9-90 77 10.42 80 9.50 178 22.90..................

A9-150 543 66.15 354 43.30 346 46.07................

A9-151 283 28.51 200 26.94................

A9-153 82 9.86 190 20.90
.- ......

A9-187 84 11.63 123 16.91................

A9-206 ......... _--.... 325 39.89 184 19.48 131 16.20

A9-237 .......... -..... 85 10.81 221 26.07

I

A2-117 •••• 0 ••••••••••• 217 26.30 113 11. 73

A2-118 .................. 108 10.61 115 10.80

A2-125 ................ 169 20.81 468 52.99

A2-138 ................. 259 28.56 399 53.22

A2-282 ................ 286 38.76 300 31.19

A2-355 ................. 57 9.15 195 20.23 439 46.92

A2-361 -........... -... 153 22.51 342 51.36

A2-369 ................ 232 25.26 357 47.79

A2-706 ................. 49 8.33 195 22.92

A?-927 ................. 85 10.76 259 24.53 454 47.98

A2-1052 .............. 65 8.57 170 22.70 388 57.29

These data show no correlation between the yield of pyre
thrins from a given plant and the number and weight of flowers
produced by the plant from year to year. Earlier studies (1)
have shown no significant correlation between yield of pyrethrins
and number and weight of flowers of an individual plant.

Comparison of Yield of Pyrethrins of Mother Plants
and Progeny Lines

At the beginning of the investigations in 1932 little was
known about the amount of cross-pollination that occurs in
pyrethrum under field conditions. To eliminate cross-pollina
tion and facilitate inbreeding, a portion of the flowers from
selected plants was covered with a 40-mesh cloth bag. A very
small amount of seed was obtained from the bagged heads, and
as a result it was necessary to plant open-pollinated seed the
following season for the first-generation progeny lines. The
failure to obtain a high percentage of viable seed from the
bagged heads led to the study of self-fertilization in pyrethrum
as influenced by the type of isolator used. The results of these
studies to date show wide differences in the yield of inbred
seed from various types of isolators. A small population of
inbreds was studied in 1935 and is reported herein.

The open-pollinated seed from a number of individual
plants of the A9 series was sown early in 1933 in hotbeds, and



6 COLORADO EXPERIl\IENT STATION Bulletin 428

the plants were transplanted to the field in May. The progeny
lines contained a small number of plants, due to the loss that
occurred from "damping-off" (Puih.iurn. deboruomum.) in the
seed bed. A well-drained soil together with proper aeration and
watering of the hotbeds have reduced the plant losses due to
"damping-off"; hence larger populations have been obtained
within the open-pollinated and self-pollinated progeny lines.

In table 3 the yield of pyrethrins of some of the mother
.plants is compared with that of progeny lines at Fort Collins in
1934 and 1935, and at Avon in 1935.

TABLE 3.-Comparison in yield of puretlirins of niottier plants
and progeny lines.

Number
Mother plant

Pvrethrins (%) Year Place Number
Progeny line

Pvrethrins (70) Year Place

A9-77 1. 77 1932 FC PI A-4-1
" A-4-3
" A-4-4
" A-4-7
" A-4-8
" A-4-11
« A-4-12
" A-4-13
" A-4-15
" A-4-26
« A-4-31
" A-4-32
" Average

Open-pollinated line
0.97 1934
1.28
1.03
1.05
1.08
1.11
0.94
0.90
1.01
1.58
1.55
1.48
1.17

FC

P z A-4-11-13
,. A-4-11-14

" A-4-11-16
" Average

P 2 A-4-11-1
" A-4-11-3
" A-4-11-4
,. Average

1.02
1.17
1.00
1.06

1.28
1.24
1.79
1.44

1935 FC

1935 Avon

Self-pollinated line
PI A-4-55 1.30 1935 FC

A9-86

A9-90

1.00
0.89

1.29
1.11
1.57

1932
1934

1932
1933
1934

FC
Fe

F'C
FC
FC

PI A-32-2
" A-32-9
" A-32-11
" Average

PI A-1-3
" A-I-I5
" A-1-22
" A-1-26
" A-I-38
" Average

Open-pollinated line
1.08 1934
0.88
0.91
0.96

Open-pollinated line
1.08 1934
0.89
1.13
1.15
1.05
1.06

FC

FC

-Note-; FC==Fort Collins.
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Mother plant Progeny line
Number Pyrethrins (0/0) Year Place Number Pyrethrins (0/0) Year Place

Open-pollinated line

A9-140 1.51 1932 FC PI A-2-15 0.83 1934 FC
4C A-2-24 0.89
" A-2-32 0.87
4C A-2-40 0.89
" A-2-42 0.55
" A-2-58 0.87
" A-2-GO 0.73
4C A-2-78 1.08
" A-2-79 1.22
4C Average 0.88

Open-pollinated line

A9-151 1.13 1932 FC PI A-19-2 0.89 1934 FC
1.07 1934 FC " A-19-3 1.15

" A-19-5 1.05
4C Average 1.03

Open-pollinated line
A9-153 0.94 1932 FC PI A-30-4 1.04 1934 FC

0.89 1934 FC " A-30-8 0.99
" A-30-10 0.86
.. Average 0.96

Open-pollinated line
A9-237 1.95 1932 FC PI A-5-1 1.54 1934 FC

1.39 1934 Fe " A-5-3 1.12
" A-5-5 1.39
" A-5-6 0.96
" A-5-8 1.13
" A-5-9 1.18
" A-5-11 1.13
.. A-5-12 1.05
" A-5-13 1.18
" A-5-16 1.18
.. A-5-20 1.15
" A-5-30 0.89
.. A-5-34 1.13
" A-5-36 1.15
" A-5-41 1.10
.. A-5-45 0.94
" A-5-47 1.02
.. A-5-48 1.07
•• Average 1.13

P:J A-5-1-4 1.11 1935 Avon
.. A-5-l-7 1.08
" Average 1.10

P::lA,-5-45-1 1.24 1935 FC
" A-5-45-2 1.42
" A-5-45-3 1.40
4C A-5-45-6 1.14
4C Average 1.30

Note: FC=Fort Collins.
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Mother plant
Number Pyrethrins (0/0) Year Place

Progeny line
Number Pyrethrins (0/0) Year Place

Note: FC==Fort Collins.

PI A-5-50
" A-5-53
" A-5-54
" A-5-55
.. A-5-56
" A-5-58
" A-5-61
" A-5-62
" Average

Self-pollinated line
1.06 1935
1.28
1.27
1.08
1.21
1.21
1.01
1.19
1.16

Fe

As shown in table 3, there is considerable variation and a
reduction in the yield of pyrethrins within the progeny lines.
Comparison of the mean yield of pyrethrins of the mother plants
and progeny lines shows a partial relationship, although it is
not considered significant. Further analysis of the table shows
that the mean yield of pyrethrins of the self-pollinated line,
number A-5 in 1935, compares favorably with the mean yield
of the open-pollinated line, number A-5 in 1934. Apparently
one generation of inbreeding has little effect on the yield of pyre
thrins. The mean yield of pyrethrins of individual plants at
Avon has been slightly higher than the mean yield of similar
plant material at Fort Collins. The difference is shown by com
paring the yield of pyrethrins of progeny lines, numbers A-4
and A-5 at Fort Collins and Avon for the season of 1935.

Considering the variation that occurred in the yield of
pyrethrins, it is noted that the progeny lines from high pyre
thrin-yielding mother plants (A9-77 and A9-237) are slightly
higher in yield of pyrethrins than the parent stock, progenies,
common seed stock, or foreign and domestic strains. The dif
ferences in the yield of pyrethrins between the various plant
materials and the selected progeny lines are shown in table 4.
In every instance, except one, the selected progeny lines yielded
a higher mean percentage of pyrethrins in 1934 and 1935 than
did the parent stock, common seed stock, progenies, or foreign
and domestic strains during the same period.

The evidence, although based on small populations, indicates
an improvement in the yield of pyrethrins over common seed
stock through selection of the open-pollinated seed from mother
plants.

The plant improvement project includes a further study
of the variability of morphological and physiological characters
of the open-pollinated and self-pollinated progeny lines as com
pared with the parent stock or clonal lines. Other phases of the
plant-improvement project include a study of the effect of self-
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TABLE 4.--11fean yield of pyrethrins of parent stock, communi seed stock, prog
enies, and ioreum. and domestic strains as conipareti u itt: the mean.

yield of proge'ny lines number A.-.J and A-5.

19~5

0/0
1932

'/0

-----Mean yield of pyrethrins-----
1933 1934

0/0 0/0
Plant Material

Parent stock (A9 series)....... 1.18
Parent stock (A2 series) 1.01
All progeny lines:

F'ort Collins .
Avon .

Common seed stock:
Fort Collins 1.18 1.01
Avon ..

Foreign and domestic strains:
Fort Collins .

Open-pollinated progeny line. A-4:
Fort Collins .
Avon .

Open-pollinated progeny line, A-6:
Fort Collins .
Avon , .

Self-pollinated progeny line, A-5:
Fort Collins .

1.12
0.94

1.06 1.07
1.36

0.93 0.94
1.26 1.23

0.95 0.97

1.17 1.06
1.44

1.13 1.10
1.30

1.16

fertilization on morphological and physiological characters and
amount of cross-pollination that occurs in pyrethrum.

Since 1932 there has been a gradual decline in the mean
yield of pyrethrins of the plant material at Fort Collins, Colo.
The variation in the precipitation, irrigation water supply, and
mean temperatures that occurred during this period offers a
partial explanation of the wide differences and reduction in
the mean yield of pyrethrins of the plant material. In table
5 the total monthly precipitation for the 4 years, 1932 to 1935,
is compared with the normal at the end of 1932.

TABLE 5.-Total monthly precipitation. for 1.932, 1933, 1934. and
1nS,j coniporesi icitli norm.al,"

Month Normal 1932 1933 1934 1935

January ............ .... -..... ... -......... 0.42 0.08 0.16 0.00 0.07
February ................ -................. 0.62 0.48 0.13 1.11 0.89
March ........ -...............- .... ~~ . .~~~~ ............. ~ ........... 1.02 1.09 0.60 0.71 0.21
April ...... ~ ........... 2.05 0.88 1.91 1.41 1.24
May ........................................................... 2.83 2.14 4.66 1.92 6.71
June ....................................................... a. 1.60 1.11 0.05 1.25 0.62
July ............................................................ 1.73 2.15 0.71 1.33 1.11
August ...................................................... 1.28 3.68 4.34 0.28 0.50
September ........................ ............... ........ 1.24 0.01 2.10 0.79 3.29
October ............ .......................................... 1.15 0.34 0.00 0.00 0.62
November .................................................. 0.50 0.34 0.06 0.06 0.66
December ................ ~ ................................. 0.46 0.49 1.03 T 0.00

*Weather records furnished by R. E. Trimble. Colorado Experiment Station Meteorologist.
Colorado State College.
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The precipitation for the 4 years was generally lower than
the normal. The area around Fort Collins had a rather adequate
and uniform supply of spring moisture from 1932 to 1935. Dur
ing the 4-year period, 1932 to 1935, the precipitation during
the winter months was below normal, and as a result there was
a depletion of moisture reserves in the subsoil. The total precipi
tation for May, 1933 and 1934 was well above the normal.

In addition to the low rainfall there was a gradual decline
in the amount of reservoir water available for summer irriga
tion purposes from 1933 to 1935. With a shortage of reser
voir water, it was necessary to limit the number of summer
irrigations and shorten the duration of each irrigation during
the seasons of 1933 and 1934. The number of irrigations dur
ing the growing period decreased from five in 1932 to four in
1933 and to three in 1934. The three irrigations in 1934 were
of shorter duration, amounting to 1 to 11/ 2 hours each as com
pared with 2 and 3 hours for each irrigation in 1932 and 1933.
In 1935 the water supply was about normal; however, the runs
were short, amounting to 2 hours each. The lengths of rows
were comparable for the four seasons.

The mean monthly temperatures during the growing period
for each of the four seasons, 1932 to 1935, were as abnormal
as the precipitation for the same period. These temperatures
are given in table 6.

TABLE 6.-.111ean 1no'nthly tern.peratures, Apri! to October, for 1.932, 1933, 1934,
and 1.9,)5, compared u-itli normal.

Month Normal 1932 1933 1934 1935

April a •••• __ • ___ ••• ..... ...... _---....... _-... -... -... 45.50 47.75 43.51 48.14 45.12
May ..... -.- ......... _--._--_. ........... _-_.-.-......... __ .. 54.00 56.69 53.28 61.04 48.88
June ...... --_... --.. -... _-.... _- ----_.. ---- .. --- .. -.. -- .. 63.40 63.50 68.86 66.07 63.31
July .............. -...... _-_......... _-.. -- ... __ .. ---.... -.-. 67.40 71.86 72.06 73.68 71.89
August ....... --..... -..... --- ......... --- ............... 67.30 69.51 67.29 70.16 69.57
September ............... -....... _ ..................... ..... 59.10 59.70 62.86 55.68 59.08
October ...._ ............. _...-- ................. -..... 47.60 45.65 52.39 53.30 47.18

The season of 1932 was nearly normal in mean monthly
temperatures and total precipitation. In 1933 the mean tempera
tures were below normal during the months of April and May.
The total precipitation for May in 1933 and 1935 was 4.56 and
6.71 inches, respectively, which accounts for the cooler tempera
tures that prevailed during that month. In 1934 the mean tem
peratures for April, May, and June were higher than the nor
mal mean temperatures for these months. In 1935 mean tem
peratures for these months were nearly normal.
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The climatic conditions during the growing seasons for the
past four seasons, 1932 to 1935, had a direct effect upon the
date on which the pyrethrum began flowering. In 1932 the
first flowers opened on June 14, and the peak of flowering was
reached on June 29. In 1933 the season was late, due to the
lower temperatures during April and May. The plants in
1933 did not commence flowering until June 29, and the peak
of flowering was reached on July 8. In 1934 the season was
greatly advanced because of the warm temperatures during
April, May, and June, and as a result the first flowers opened
on June 6, and the peak of flowering was reached on June 16.
In 1935 flowering commenced on June 29, and the peak was
reached on July 7.

In table 7 the mean monthly temperatures for June and
July are compared with the mean yield of pyrethrins of the
plant material at Fort Collins for the four seasons, 1932 to
1935, and at Rocky Ford, Fort Lupton, Avon, and Vanadium for
the two seasons, 1934 and 1935. It is noted that the mean yield
of pyrethrins at Fort Collins for the four seasons is quite vari
able, and is to a certain degree associated with the mean monthly
temperatures for June and July. The months of June and July
in 1932 were characterized by low mean daily temperatures
during the blooming period, together with an adequate supply
of moisture. The plant material under study in 1932 "vas par
tially shaded by trees in the afternoon. In 1933 and 1934 the

TABLE 7.-Comparison of tn c sn.ccni monthly temperatures tor June and July
and mean yield of pyrethrins of the plant 'material tor the

seasons lDJ.'2 to uis.:

---Mean monthly tenlperatures---
June Normal July Normal

Plant Material Degrees F.

Fort Collins:
1932 .................. 63.5 63.4 71.8 68.4
1933 .................. 68.9 63.4 72.0 68.4
1934 .................. 66.0 63.4 73.6 68.4
1935 .................. 63.3 63.4 71.8 68.4

Rocky Ford:
1934 .................. 73.5 70.'1 80.6 74.9
1935 .............. __ .. 70.2 70.4 78.3 74.9

Fort Lupton:
1935 .................. 65.7 66.4 74.4 71.2

Avon:

1934 .............. __ .. 58.2 55.6 66.1 61.1
1935 ................. 56.8 55.6 63.6 61.1

Vanadium:
1934 .................. 51.4 53.8 59.0 58.6
1935 .. __ .............. 51.8 53.8 57.1 58.6

Py ret.hr ins
0/0

1.18
1.01
0.93
0.94

0.83
0.87

0.96

1.26
1.23

1.20
1.34

Eleva
tion
Feet

5,000

4,250

4,906

7,600

9,200

Note: Mean monthly temperatures at Avon and Fort Lupton approximate.
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