South Dakota State University
Open PRAIRIE: Open Public Research Access Institutional

Repository and Information Exchange

Electronic Theses and Dissertations

1974

The Effect of Simulated Hail Damage on Oats

David Gaylord Hanson

Follow this and additional works at: https://openprairie.sdstate.edu/etd

Recommended Citation

Hanson, David Gaylord, "The Effect of Simulated Hail Damage on Oats" (1974). Electronic Theses and
Dissertations. 4723.
https://openprairie.sdstate.edu/etd/4723

This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research
Access Institutional Repository and Information Exchange. It has been accepted for inclusion in Electronic Theses
and Dissertations by an authorized administrator of Open PRAIRIE: Open Public Research Access Institutional
Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu.


https://openprairie.sdstate.edu/
https://openprairie.sdstate.edu/
https://openprairie.sdstate.edu/etd
https://openprairie.sdstate.edu/etd?utm_source=openprairie.sdstate.edu%2Fetd%2F4723&utm_medium=PDF&utm_campaign=PDFCoverPages
https://openprairie.sdstate.edu/etd/4723?utm_source=openprairie.sdstate.edu%2Fetd%2F4723&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:michael.biondo@sdstate.edu

THE EFFECT OF SIMULATED HAIL DAMAGE ON OATS

BY

DAVID GAYLORD HANSON

A thesis submitted
in partial fulfillment of the requirements for the
degree Master of Science, Major in
Agronomy, South Dakota
State University

1974

sOUTH DAKOTA STATE UNIVERSITY LIBRARY.



5

THE EFFECTS OF SIMULATED HAIL DAMAGLE ON CATS

This thesis is approved as a creditable and independent investiga-
tion by a candidate for the degree, Master of Science, and is acceptable
for meeting the thesis requirements for this degree. Acceptance of this

thosis does wot imply that the concluzions

necessarily the conclusions of the major department.

Thesis Adviser Date

Head, Plant Science Dep¥rtment Vate



ACKNOWLEDGMENTS

The author expresses gratitude to his thesis adviser, Dr. Dale L.
Reeves, for his guidance and counsel throughout the period of investiga-
tion and the preparation of this thesis.

Sincere appreciation is expressed to the Hail Insurance Adjustwment
and Research Association and the Crop Insurance Research Bureau for
their financial support of this investigation.

I express my great appreciation to Dr. Harbans S. Sraon for his
assistance and association as a colleague, to Mr. Clarence Olson for his
assistance in collection of the data, and to all of the summer employ-
ees for their assistance in data collection.

I express appreclation tu Dr. Lee w. Tucker for his assistance in
the statistical analysis of the data and to Dr. Duane Sander and Mr. Roy
Muchow for their assistance in the design and construction of the "hail

gun." I also thank Mrs. Pam Clark for typing this thesis.



TABLE OF CONTENTS

Page
ENTRODUGCTEEON . . o o« . o o e s w0 s o =o %an o @ omes s w. s Let a0 e 1

LITERATURE REVIEW. . & & & s % s-0 o 1 o o o ® o « o o o s o o . 3

Simulated Hail Studies on Small Grain . . . .« « « « « o o & 3

Blasit im 0atsS & o o o « @ o & o % ‘o 5 % »w e w e e re e 7

MATERTFALS“AND] METHODIS . . o o 5o aTs o vo o 19 Tu e woie o o oo 13
RESULTS AND DISCUSSION . & o o o o o © o 4 ¢ o o a- 56 & o o & s » 18
Yieldijan « « « W s wrow 5 6 8 sm s w6 e £ w0 e DL g8 e 1.8

Test:WedBht . o o o 5 o 5 o 5 o & « % & & & & & & &1 & ©.% » 21

1000 Rernel Weight. . o o o s o o o o o o o ¢ » o = & o & 23

Kerneld 8426 + o srle «f% o5 « @ ¢ s wiwse o = « o 5 3 5.5 « 2
Blast © « ¢« ¢ ¢« 5 ww = s o s & & s % B ' s & 8 & @a'n s w ® 30
Head Droppage - « o « « o o o o o o o o o o o o o o o o o o 31
SUMMARY AND CONMCLUSIUNS. . « ¢ & & s & o o o o o o o o o o o o« o« 34
REFERENCES . ¢ ¢ ¢ ¢ & o o ¢ o o ¢ s s o o o o o s o o o o s s s 37

IAPPENDLX . . o wmerw v mre o o o osice @9 ecem @ @ 5" ¢ 57 o & & o« 39



Table

10.

LIST OF TABLES

Temperature and Precipitation Data From the Brookings
Experiment Station During the 1973 and 1974 Growing
SIedlSom| . . - . o cmmenmel b @ ch aORReien g e Tehasilaranr ot T e

Temperature and Precipitation Data From the Watertown
Experiment Station During the 1973 and 1974 Growing
SRASOM' & ¢« « ¢« ¢« o s e o s e s e e s wmee e s o s aaiGe

Dates of Sowing, Treatment Application and Harvest for
Two Oat Varieties at Brookings and Watertown, South

Dakota, in 1973 and 1974 . . . ¢« ¢ ¢ ¢ ¢ ¢ e e e e W e
Grain Yield as Affected by Simulated Hail Treatments on
Oats. The yields are an average of two varieties grown
at two locations in 1973 and 1974. . . . . . < . o . . .

Test Weight as Affected by Simulated Heil Treatments on
Oats. The weights are an average of two varieties grown
at.two locations in 1973 and 1974. . . . . . . . o . . .

10600 Kernel Weight as Affected by Simulated Hail Treat-
ments on Oats. The weights are an average of two vari-
eties grown at two locations in 1973 and 1974. . . . .

Kernel Size as Affected by Simulated Hail Treatments
on Chief and Froker Oats. The percentages are an
average of two locations in 1973 and 1974. . . . . . . .

Blast as Affected by Simulated Hail Treatments on
Chief and Froker Oats. The blast percentages are an
average of two locations in 1973 and 1974. . . . . . . .

Head Droppage as Affected by Simulated Hail Treatments
on Oats. The percentages are an average of two vari-
eties grown at two locatiomns in 1973 and 1974. . . . . .

The Fffects of 3/3 Intensity Simulated Hail Treatment
on Oats. The valves are an average of two varieties
grown at two locations in 1973 and 1974. . . . . . . . .

Page

19

L9

20

22

24

26

29

32

33

36



LIST OF FIGURES
Figure Page
L. "Hail gun!' used for hitting treatmemts . .....o% *mdier, Tié

2. Blast of oat panicle caused by simulated hail treatments . 17



INTRODUCTION

With all of the advances in science and technology, the farmer is
still helpless against the powers of nature. A natural disaster, such
as a hail storm, can seriously affect an individual farmer, or a small
region. During the course of a growing season, the sum of these hail
storms can result in a substantial loss to the total farm economy. Hail
insurance provides a way for farmers to protect themselves from losses
due to hail, but the estimation of losses in a hailed field is a dif-
ficult job since the entire field is often hit leaving no check area
from which to determine actual yield. It is to the benefit of farmers
and insurers alike to have accurate and uniform adjusting procedures.
The improvement of adjusting precedures has come 2 long wav in small
graiuns, especially in the case of wheat and barley. There are still
several questions left unanswered in the case of oats, however.

The major objective of this study was to determine the effect of
simulated hail damage on ocats at warious stages of growth. This infor-
mation may lead to the development of an adjustment table for use solely
on oats; at the present time, there is one adjustment table for all
small grains. In addition to providing a more factual basis for the
adjustment of hail damage on oats, it will also increase our knowledge
on the growth and development of the oat plant.

Several treatments applied at various stages of growth were exam-
ined in an attempt to answer several of the questions raised about the
adjustment of oats. The specific objectives were: . 1) to determine the
amount of blast caused by hail, 2) to determine whether a reduction in

kernel weight occurs when the culm is broken below the head, and 3) to



determine the percent of heads that fall prior to harvest. Amnswers to
these objectives will help insurers make more accurate and uniform adjust-

ments and provide farmers with just compensation for their losses.



LITERATURE REVIEW

Simulated Hail Studies on Small Grain

Most of the literature on simulated hail studies or actual hail dam-
age of small grains is cn wheat, but Eldredge (10) and Knowles (19) have
both studied the effect of simulated hail damage on oats and barley, as
well as wheat. Eldredge, working in Iowa, inflicted five types of in-
jury: 1) plants beaten off at the surface, 2) cut off at the surface of
the ground or above the growing point, 3) whipped lightly, 4) heads
bruised, and §5) straws broken.

The first type of injury resulted in the complete destruction of
all above-ground plant material. There was good correlation for all
thivee crops with this treatment. Declining partial recovery from the
injury was reported until the boot stage when all recoveryhceased. Dam-
age done in the vegetative stage prior to extension of the growing point
above the surface resulted in a 10 to 50% lcss in yield, depending on
the crop, stage of injury, and environmental factors. Once the growing
point was 1 to 2 inches above the surface, the yield was reduced by about
70% for all crops.

When plants were cut off above the growing point, there was less
damage dbne, in all crops, than with, the preceding treétment. When the
growing point was still below the surface, however, there was more damage
done with the second treatment on oats and barley. This probably would
be true for winter wheat as well, but the treatments were applied on the
same date for all crops, regardless of stage, so winter wheat was well
into the jointing stage. |

The losses due to the light whipping tended to increase as injury
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was inflicted at advanced stages of maturity. An increasing amount of
the yield came from new tillers as the injury was inflicted at later
stages of development. Other simulated hail studies support the finding
that as injury is inflicted from the early leaf stages through the head-
ing stage, the plant's ability to recover decreases with advanced matu-
rity (1) (15) (19) (22). Test weight and 1000 kernel weight declined

in a similar manner in the wheat treated by Hella and Stoa (15

The head bruising injury was not as severe on oats as barley and
wheat probably due to its loose panicle. This type of injury was not as
severe as the others, but the yield reductions were significant for
barley and wheat. Hella and Stoa (15), working in North Dakota on wheat,
simulated head, as Eldredge (10) did, by holding a board beside
the head and striking the other side of the head with the edge of a thin
board. This treatment applied in boot, heading, and milk stages resulted
in about a 21% loss for all three stages.

Stem breakage has been simulated by breaking stems over a lath,
using clay marbles and hand bendiung. Regardless of the method used, the
most severe injury occurs during the period from boot through milk stages
(1) (15) (19) (22). Eldredge (10) reported a 46.6% loss for oats when
bent in the boot stage and a 22.17% loss when bent at maturity. Low
breaks averaged between 23 and 28% losses for all years in Laude and
Pauli's study on wheat (22), indicating little influence due to environ-
mental conditions. At 5 days before heading, the kernel number was de-
creased by 15% and the kernel size by 5%. The influence of kernel size
on yield increased with increasing maturity, having an effect as late as

25 days after heading.



ItAhas been found that the amount of damage done by stem breakage
is dependent upon the location of the break. Low breaks were found to
be about 1.5 times more severe than the mid and upper injuries by Laude
and Pauli (22), working on winter wheat in Kansas. Knowles (19) also
found low breaks to be more severe. In 1930, Eldredge (10) collected
heads of wheat from a field which had been struck by hail when the plants
were in the bloom stage. If the culms were broken near the head, with
the head still attached, there was a 31.2% reduction in yield and if
broken closer to the ground so that the head actually rested on the
ground, although still attached, there was a 65.27 yield reduction.
Busch (3), working with wheat, and Deckard and Peterson (7), working with
barley in North Dakota, found that bending the stems below the flag leaf
reduced the yield less than bending the stems above the flag leaf. For
wheat, this was due in part to a decreased number of kernels per head.
For barley, the grain quality (as measured by test weight, Z plump and
7% thin kernels) was reduced at the various bending treatments, especially
in soft dough.

Much of the loss due to stem breakage can often be attributed to
the complete loss of heads. Knowles (19) found that in the case of
wheat, 16% of the heads dropped when stems were bent 6bdays after head-
ing and 10% dropped when bent 11 days after heading. He found the same
general trends for cats and barley. Afanasiev (1) also found the great-
est loss occurred in the heading and milk stages, but yield losses
could not be attributed solely to loss of heads. 1In hailed fields of
wheat where the average droppage was 27.8%, Knowles (19) found that the

yield was decreased by 23% due to the loss of hanging heads, and there



was an 18% loss in kernel weight. Dry, windy weather was also found to
increase the amount of droppage. Laude and Pauli (22) bent stems above
and below the flag leaf as Busch (3) did; both studies showed a higher
frequency of head droppage when stems were bent above the flag leaf.
hen Laude and Pauli bent stems above the flag leaf 17 to 21 days after
heading, they had 447 head droppage. This loss was magnified even more
by the fact that the heads that fell were 137 heavier than the heads
still attached. They also noticed an apparent varietal difference in
head droppage.

Some attempts have been made to simulate stem bruising. TIn 1953
and 1954, Hella and Stoa (15) applied treatments to spring wheat which
resulted in yield losses of 10%. Tceot weights and 1000 kernel weights
were decreased similarly. Ripening was delayed about 5 dgys when treat-
ments were applied in jointing and becot stages and about 2 days when
applied at later stages. Plants that had stems bruised by hail were
collected by Knowles (19), and he found that these bruises caused little
or no reduction in yield or kernel weight.

At Carrington, North Dakota, Busch (3) inflicted injury under both
dryland and '"'post wet" (application of water following injury) condi-
tions. The '"post wet" condition was thought to be more>representative
of actual hail conditions. Trends for yield were similar under these
two situations, but some of the other parameters varied somewhat. Test
weights varied more by treatment under dryland than "post wet." One
thousand kernel weights were similar for dryland and 'post wet'" as was
the percentage of fallen heads. Yield reauctions by stage of develop-

ment were from most to least damaged: milk, heading, soft dough, boot,



and hard dough. The milk stage was the most critical, since yield, test
weight, and 1000 kernel weight were all reduced severely at this stage.

There have been other studies done on wheat that applied treatments
similar to those applied in simulated hail studies. One of these was
done by White (31) who artificially defcliated wheat plants. He found
that defoliation caused the greatest yield reduction when done in the
heading stage. Defoliated plants were slightly shorter, required about
1.9 days longer to mature, had fewer heads, and were lower in test
weight. Defoliation was detrimental at any stage except the last two
weeks prior to ripening. The effect of lodging on yield was studied by
Laude and Pauli (21) by artificially bending the stems by hand. Yields
were reduced by one-third one to two weeks before heading and also one
to two weeks after heading. Early lodging reduced the number of kernels
and late lodging reduced the size of kernels. |

Blast in Oats

Blast in oats has had several common names, such as blindness,
blight, white ear, deafness and sterility (i1, 27). Johuson and Brown
(18) defined blast of oats as "a condition in which the growth of some
of the spikelets is inhibited during the development of the panicle so
that when the panicle emerges, the blasted spikelets are sterile and
have a white, papery appearance.'" Typical blast in oats, according to
Sheals (26) is 85.3% of the blast on the lower third of the panicle,
14.1% on the middle third, and 0.67% on the upper third. Three general
causes for the condition have been listed by Eldredge (10): 1) a vari-
etal characteristic; 2) unfavorable growiﬁg conditions, such as extremes

in temperature, moisture, light, and nutrients; and 3) injiury to the



developing spikelets while still in an early stage of growth. The most
common forms of injury are insect damage, disease, and hail.

Some of the first evidence for varietal differences was found by
Elliott (12). She suspected a relationship between haio blight and
blast but found none; instead, she found a great deal of variability in
the amount of blast among varieties. The cccurrence of blast in several
varieties was observed and it was found that the percentage of blast
in each variety varied from year to year, but variability between vari-
eties was consistent (11). In 1922, the blast percentage ranged from
6 te 28%, in 1923 from 17 to 46%, and in 1924 from 11 to 45%. She also
noted that the varieties with the highest blast percentages were either
known or suspected to be of hybrid origin. Huskins {(16), on the other
hand, found no indication of hybridity having anything to do with blast;
he, therefore, believed that blast-resistant varieties could be produced
by breeding.

Varietal differences were also found by Derick and Hamilton (9),
but they felt these differences could be due to maturity since early-
maturing varieties might escape the environmental conditions favoring
blast. No consistent association was found, however, so environmental
factors cannot be the sole explanation of varietal resistance to blast.
Genetic factors must play a part in blast resistance.

Observations were made on over 300 varieties by Mackie (23) and
varietal resistance was found to be quite stable. He concluded from his
studies that there was a single factor for blast resistance, but other

researchers, such as Wakabayashi (29), believed multiple factors were

involved.



No varietal differences were found by Sheals (26) in spring oats,
but varietal differences were found for winter oats. The average blast
percentage for spring oats was 25.97% and that for winter oats was 27.7%.

Several studies have found that drought increases blast (8, 11, 18).
Johnson and Brown in two separate studies found late drought
(drought during the time of active panicle elongation) tc cause more
blast than an earlier period of drought. The early drought periods
reduced the total number of spikelets produced.

Frey and Browning (14) studied blast in Iowa in 1557 when an
epiphytotic of blast occurred. Two distinct types cf blast were found--
normal blast as described by Sheals (26), and an atypical type. The
atypical type had 211 spikelets on 2 panicle or porticn of a paunicle
blasted. They felt this atypical condition was probably due to a peri-
od of cool and cloudy weather 30 to 40 days before heading. They found
that 100 seed weights from blasted panicles were heavier than seeds from
normal panicles. This finding is in contrast to that of Derick and
Hamilton (9) and Johnson and Brown (18) who found no significant increase
in seed weight on blasted heads.

The influence of light on blast was studied by Derick and Forsyth
(8) by placing plants under different combinations of iight and water
treatments. Normal light always gave a lower blast percentage than
excess or reduced light under all water treatments. Excess light produced
significantly higher blast percentages under all moisture conditions.
Excess water treatments were significantly lower in causing blast than
other water treatments.

The effect of mineral nutrients on blast was included in Johnson



and Brown's study (18). Nutrient conditions prior to spikelet develcp-
ment had an influence on the number of spikelets per panicle, and nutri-
ent conditions after spikelet initiation had an influence on the percent-
age of blast.

Late seedings were reported significantly higher in blast than
early seedings by Derick and Forsyth (8), but only the variety Gopher
showed an increase in the fregquency of blast with late seeding in John-
son and Brown's study (18). Late seeding did decrease panicle size and
reduce yields, however. Johnson and Brown also found that the frequency
of blast decreased with increased seeding rates. At the lower seeding
rates, the plants were prcoably growing under more favorable conditions
early in deveilopment which allowea more spikelets to be initiated than
could be carried through to maturity. Often, conditions are drier as a
plant approaches maturity which would limit the plant's ability to
develop a large number of spikelets.

Frit flies and thrips are two insects most commonly associated with
blast. Sheals (26) concluded that their "activity in the developing
panicle was of little importance in relation to the blindness condition
found in North Wales."

Elliott (12) studied the association cof blast and halo blight. On
some plants, she sprayed the bacterial suspension and on others sterile
water. Check plants had 21% blast, those sprayed with sterile water had
40 to 52%, and those sprayed with the bacterial suspension had 44 to
63%. She concluded that ''the amount of sterility does not appear to be
in proportion to susceptibility to halo blight."

The effect of rust on the occurrence of blast was studied by Johnson
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and Brown (18). They increased blast from 23% on the check to 52% on
plants inoculated with rust. They felt "it would probably be errcneous
to include either stem rust or crown rust among the common causes of
blast in Western Canada, as these rusts rarely cause severe injury to

oat plants until after the panicle has emerged, at which stage the amount
of blast has already been determined."

Hail has been found to increase the amount of blast in two separate
studies. 1In association with his head bruising treatments, Eldredge
(10) found that primary panicles from check plots were 16.47% sterile,
and primary panicles from bruised plots were 35.37% sterile. Secoandary
panicles from check plots were 40.0% sterile; this was probably due to
the main stems having an advantage in moisture and nutrients. Xnowles
(19) used clay marbles to simulate hail damage while plants were in the
boot stage. He found that "eordimary blast seldom occurs at the top of
the panicle, among the first formed spikelets, whereas blast due to

hail is distributed fairly evenly." 1In 1938, check plots averaged
37.1% blast and bruised plots 46.8%, and in 1939 check plots averaged
9.67% blast and bruised plots 14.0%.

Defoliation studies were comducted by Johnson and Brown (18) and
Empson (13). Johnson and Brown conducted two studies under greenhouse
conditions, one in the fall and one in the spring. They removed all of
the leaves at the 7-leaf stage im the fall study and increased blast
from 50% in the check to 86% in the defoliated plants. Repeating this
in the spring at the 6-leaf stage, they increased blast from 10% in the
check to 34% in the defoliated plants. They attributed the difference

in blast frequency in spring and fall to light conditions. In a field
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study, they defoliated plants at the 5-leaf stage. The percent blast on
the check was 447, plants with 4 leaves removed had 477, and complete de-
foliation resulted in 63% blast. Empson found in his study on defolia-
tion that the most severe damage occurred when defoliation was done in
the boot stage, and moderate damage was done in the 5~ to 6-leaf stage
and after the panicle was fully emerged.

There is agreement among most researchers that blast can be caused
by adverse conditions or injury occurring during the period of active
spikelet differentiation and panicle elongation (18, 26). This critical
period usually occurs 6 to 8 weeks after seeding (8, 14). It is also

known that varieties vary in their susceptibility (9, 11, 18, 26).
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MATERIALS AND METHODS

The study was conducted during the 1573 and 1974 growing seasons
at two South Dakota Experiment Stations: Brookings and 15 miles north
of Watertown. The varieties (Chief, a midseason oat, and Froker, a
late maturity oat for the region involved) were used at both locations.
A randomized complete block design was used with four replications per
treatment. Each plot consisted of four fourteen-fsct rows one foot
apart. All four rows of each plot were treated; the center rows were
shortened to twelve feet and machine harvested.

The hail damage was simulated by hitting or bending the plants at
four different developmental stages. The hitting treatments were meant
to bruise the head while the plants were in the boot stages. These
treatments were included so the effect of hail damage on blast could be
studied. The hitting treatments were applied by using the "hail gun'
pictured in Fig. 1. The leaf sheath was positioned on the center of the
pad, and the solenoid was triggered once for each sheath so the dowel
would bruise the head within the sheath. Two 12-volt lantern batteries
were the source of power for the 24-volt, direct current, intermittent
solenoid. The dowel length was 8 inches. The bending treatments were
done by bending the culm or peduncle by hand so that the terminal portion
of the culm or head hung downward. The plants were considered to be in
a specific stage when fifty percent had entered or passed through that
stage. A plant was considered to be in early boot when the distance
from the collar of the second leaf to the collar of the flag leaf was
5 to 10 em. (25). A plant was considered to be in the late boot stage

when the tip of the head was located at the terminal portion of the flag

297355 SOUTH DAKOTA STATE UNIVERSITY LIBRARY
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leaf's sheath. The various treatments are listed below.
A. Control (no treatment)
B. Treatments applied at early boot.
1. Leaf sheaths bent just below the collar of the
flag leaf (3/3 intensity).
2. Sheath of the flag leaf hit near the center of the
head (3/3 intensicty).
C. Treatments applied at late boot. Three intensities were
used (1/3, 2/3, and 3/3 incensities).
1. Stems bent where the base of the head was lccated.
2. Sheath of the flag ieaf hit near the center of the head.
D. Treatments applied at the heading stage (when heads were
completely emerged frcm the boot). Intensities were 1/3,
2/3, and 3y 3:
1. Stems bent two inches below the flag leaf collar.
2. Stems bent 1% to 2 inches below the bottom joint of the
head.
E. Treatments applied when the peduncle was fully extended
(near soft dough). Intensities were 1/3, 2/3, and 3/3.
1. Stems bent two inches below the flag leaf éollar.
2. Stems bent about 3/4 the distance from the flag collar
to the head.
In treatments B and C where blast was likely to be a significant
factor, the culms were tagged (10 tags per plot) for later identifica-
tion. The tagged heads were collected in the soft dough stage, and the

amount of blast was determined.
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Thé number of fallen heads was determined for treatments D anc E
in 1973 and for all bending treatments in 1974 by tagging individual
culms at the time of treatment and counting the fallen heads prior to
harvest. Tags were applied at the same frequency as the simulated hail
treatments (1/3 intensity equals 10 tags per plot, 2/3 intensity equals
20 tags per plot, and 3/3 intensity equals 30 tags per plot). Grain
yield (bushels/acre), test weight (pounds/bushel), percent thin kernels
(0.0640 X 3/8 inch screen as used for commercial grading), percent inter-
mediate kernels (going through the plump screen size but not through the
thin screen size), percent plump kernels (5%/64 X 3/8 inch screen), and
1,000 kernel weight were determined for all plots.

When the results were statistically analyzed, all treatments were
compared with the control; therefore, the Dunnett procedure was used.
It is a more conservative test than the Least Significant Difference

(SD); therefore, any significant difference is more likely to be a

valid difference.



Figure 2.

hlast of oat panicle caused by simulated hail treatments.
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RESULTS AND DISCUSSION

The years during which this study was conducted were dry at both
locations, but the effects of these dry conditicns on production were
especially noticeable the second year. The temperature and precipita-
tion data for the 1973 and 1974 growing seasons at the Brookings and
Watertown Experiment Stations are given in Tables 1 and 2. In 1973,
both stations were below normal for both temperature and precipitation.
Temperatures were a little warmer in 1974, especially later in the grow-
ing season, but precipitation was again below normal. The effects of
simulated hail treatments may be quite different on plants growing under
conditions of adequate rainfall. This data may apply to conditions of
adequate or surplus rainfall as well, but no -work has been done in this
study to substantiate this. The results and conclusions, therefore, are
limited in application to oats grown under dry conditions.

A comparison of sowing, treatment, and harvest dates are presented

in Table 3. The early boot treatment at Watertown was not done in 1973

on the variety Chief.

Yield

Of the parameters included in this study, grain yield is the most

important. The potential yield cof a field is an important factor in

hail adjustment. The effects of bail on yield of oats will vary with

the stage of development when damaged. This was demonstrated by the

effects of simulated hail treatments on grain yield in 1973 and 1974

which is summarized in Table 4 for both varieties at both locations.

The greatest yield reductions occurred when stems were bent below the

head at the late boot and heading stages at the 3/3 intensity treatment.



Table 1. Temperature and Precipitation Data at the Brookings
Experiment Station During the 1973 and 1974 Growing

Seasons.
Temperature (°F) Precipitation (inches)

Monthly Deviation Monthly Deviation

Average from Average Total from Average
1973
April 42.5 S20Y) 0.72 -1. 05
May 53.2 -4.4 1.78 ~ 1 O
June 66.4 -0.7 1.22 -2.73
July 70.1 -3.1 2.54 +01289
1974
April 44 .6 0.0 1.44 -0.61
May 52102 -4.0 L. 46 +1526
June 63.5 -2.2 1.57 -3.01
July 7404 +3.3 1.96 -0.88

Table 2. Temperature and Precipitation Data at the Watertown
Experiment Station During the 1973 and 1974 Growing

Seasons.
Temperature (°F) Precipitation (inches)

Monthly Deviation Monthly Deviation

Aver age from Average Total from Average
1973
April 42.3 -0.9 1.14 -0.92
May 55.1 -0.9 2.87 0.00
June 66.8 +1.1 1.00 -2.70
July 71.2 -1.1 2.05 -0.62
1974
April 45.0 +2.3 1.22 -0.90
May 52.5 -2.2 3.37 +0.18
June 65.3 +0.6 1.45 -2.30
July 76.0 +5.3 2.09 -1.08
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Table 3. Dates of Sowing, Treatment Application, and Harvest
for Two Oat Varieties at Brookings and Watertcwn,
South Dakecta, in 1973 and 1974.

Brookings Watertown
Chief Froker Chief Froker

1973

Sowing 4/5 4/5 4/18 4/18
Early Boot Treatments 6/8 6/12 -k 6/18
Late Boot Treatments 6/11 6/14 6/15 6/21
Heading Treatments 6/18 6/21 6/25 6/27
Soft Dough Treatments 7/2 7/6 7/11 7/16
Harvest 7/23 7/27 7/26 n 26
1974

Sowing 4/16  4/16 4/19 4/19
Early Boot Treatments 6/14 6/18 6/24 6/24
Late Boot lreatments 6/17 6/21 €/26 6/27
Heading Treatments 6/25 7/1 7/8 e
Soft Dough Treatments 7/12 7/15 7/18 7/22

Harvest 7/24 7/25 7/23 7/26

*No treatment applied

There was alsc a large yield loss when stems were bent below the flag leaf
at the heading stage. Treatments applied at the soft dough stage did not
reduce yields as greatly as at the late boot and heading stages, but
yields still were reduced up to 18% when stems were bent below the flag
leaf. When bending treatments applied below the head and below the flag
leaf were compared at the heading stage, yields were reduced more by
bending below the head. When the same treatments were compared at the
soft dough stage, yields were reduced more by bending below the flag leaf.
Bending stems at the early boot stage reduced yields only slightly.

Hitting heads in the sheath at early and late boot also had little effect
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on yield. As the intensity of the treatment increased, so did the re-
ductions in yield. This trend was absent only at the late boot stage
when heads were hit in the sheath.

When all of the data for yield were analyzed, there were significant
differences among years, varieties, locations, and treatments (Appendix
2), The trends, however, were quite consistent over the two years for
both varieties at both locations. The largest losses occurred at the
heading stage with considerable losses also at the late boot stage. There
were significant differences in yield losses for both years at Watertown.
Most of the plots at Brookings in 1974 were severely lodged, and yields
were, therefore, much lower than normal. The lodging may also be a
contributing factor in the absence of any significant differences at
that location in 1974.

The actual reductions in yield were higher in 1973 than 1974.

Losses at the late boot and heading stages were in the range from 19
to 497 for the 3/3 intensity treatments at those stages in 1973 and +1
to 17% in 1974. The greatest reduction of 497 occurred at the late

boot stage at Brookings for the variety Froker. Much of the less was

due to head droppage.
Test Weight

Test weight contributes directly to yield, therefore, if test
weights are low, the yield will be reduced. The effect of simulated

hail damage on test weight in 1973 and 1974 is summarized in Table 5 for

both varieties at both locations. The greatest reductions in test
weight were found when stems were bent below the head or flag leaf at

the heading stage. The reductjon increased as the irtensity of treat-

ment increased. There was little change for treatments at the other



Table 4. Grain Yield as Affected by Simulated Hail Treatments on Oats.

of two varieties grown at two locations in 1973 and 1974.

The yields are an average

- 1
Early Boot

Time of Treatment

Late Boot Heading Soft Dough
Treatment Bu/A % Loss Bu/A % Loss Bu/A % Loss Bu/A % Loss
Check 57.0 0 58.3 58.3 53.3 0
1/3 bent below flag leaf 53.6 8.1 57.1 2.1
2/3 bent below flag leaf 49.6 14.9 52.1 10.6
3/3 bent below flag leaf 55.8 2.1 46.1 20.9 45.0 17.7
1/3 bent below head 57.0 2.2 52.2 10.5 54.1 7.2
2/3 bent below head 47.9 17.8 47.7 18.2 52.8 7.7
3/3 bent below head 43.6 25.2 42.6 26.9 51.6 11.5
1/3 hit center head 58.6 +0.5
2/3 hit center head 56.1 3.8
3/3 hit center head 57.5 +0.9 56.7 2.8

hisf at Watertown in 1973.

(44



stages of development. There was a slight reduction (about half of that
found at the heading stage) when stems were bent below the head at the
3/3 intensity at the late boot stage. Test weight was affected very
little by bending treatments at the early boot or soft dough stages.
Hitting treatments in early and late boot were also not very influential.
When all of the data for test weight were analyzed, there were sig-
nificant differences among years, varieties, locations, and treatments
(Appendix 4). The trends are similar for 1973 and 1974, but the loss
was greater in 1972. The range for 3/3 intensity treatments in 1973
was +3 to 19% and in 1974 it was -5 to 47. The majority of losses in
both years were from treatments in the heading stage when stems were
bent belcocw the head. Leosses were also ccmmcn when stems were bent below
the flag leaf in the heading stage. There was a tendency to increase
test weight when treatments were applied at early boot and late boot,
especially when heads were hit in the sheath. Bending stems below the
head at the late boot stage resulted in several losses in 1973, but in
1974 at Watertown, test weight was significantly increased by bending
at this stage and early boot for Froker. The same is true for treat-
ments at soft dough. In 1973 at Watertown (and 1974 at Brookings), test
weights were reduced. Test weights were also reduced for Chief at Water-
town in 1974, but for Froker, test weight increased after treatment.
Froker probably had more favorable conditions than Chief at some critical
periods of deve10pmént at Watertown.

1000 Kernel Weight

One thousand kernel weight helps judge the quality of the grain, since

the heavier the sample, the larger the kernels. The effect of simulated



Table 5. Test Weight as Affected by Simulated Hail Treatments on Oats. The

weights are an average
of two varieties grown at two locations in 1973 and 1974.

Time of Treatment

Early Boot™ ~Late Boot Heading Soft Dough
Treatment Lb/Bu % Loss Lb/Bu % Loss Lb/Bu % Loss Lb/Bu % Loss
Check 30.3 0 30.5 0 30.5 0 30.5 0
1/3 bent below flag leaf 30.1 1.3 31.0 +1.6
2/3 bent below flag leaf 29.1 4.6 30.3 0.7
3/3 bent below flag leaf 31.2 +3.0 27.7 9.2 29.5 3N 3
1/3 bent below head 30.8 +1.0 29.8 2.0 30.5 0
2/3 bent below head 30.0 1.6 28.5 6.6 30.7 +0.7
3/3 bent below head 29.0 4.9 27.1 11.2 29.8 2.8
1/3 hit center head 30.8 +1.0
2/3 hit center head 31.1 +2.0
3/3 hit center head 30.7 +1.3 31.1 +2.0

lNo data for Chief at Watertown in 1973.

ve
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hail treatments on 1000 kernel weight in 1973 and 1974 are summarized in
Table 6 for both varieties at both locations. The greatest reductions
in kernel weight occurred at the heading stage, especially when stems
were bent below the head, and also when stems were bent below the flag
leaf. Losses at the soft dough stage were only about half those of the
heading stage. Both bending and hitting treatments at eérly boot and
late boot resulted in slight increases in kernel weight rather than de-
creases as found at heading and soft dough.

When the data were analyzed, there were significant differences
among years, varieties, locations and treatments (Appendix 6). When
years, varieties, and locations were observed individually, the trends
were much the same with the greater reductions occurring in 1973. The
range in percent loss for 3/3 intensity treatments was 47 to 227 in 1973
and +3 to 2% in 1974. The greatest losses occurred at the heading stage,
especially when bent below the head, except in 1974 when significant in-
creases in kernel weight at Brookings for both varieties resulted
from the late boot treatment. At the late boot stage some of the lower
spikelets must have been damaged, therefore, providing more available
nutrients for the remaining spikelets. Due to the increased supply of
materials, the remaining spikelets developed larger than those of the
control accounting for the significant increase in 1000 kernel weight.

The varieties responded similarly to all treatments at the same

location in both years except at Brookings in 1973. Froker was affected

more than Chief in this case.



Table 6.

1000 Kernel Weight as Affected by Simulated Hail Treatments on Oats.
average of two varieties grown at two locations in 1973 and 1974.

The weights are an

Early Bootl

Time of Treatment

Late Boot Heading Soft Dough
Treatment Cms % Loss Gms % LOss Gms % Loss Gms % Loss
Check 25.8 0 25.6 0 25.6 0 25.6 0
1/3 bent below flag leaf 25.4 0.8 25.5 0.4
2/3 bent below flag leaf 24.3 5.1 24.9 2.7
3/3 bent below flag leaf 26.2 +1.6 24.0 6.3 25.3 1.2
1/3 bent below head 26.2 +2.3 25.2 1.6 25.1 2.0
2/3 bent below head 25.7 +0.4 24.1 5.9 24.7 3.5
3/3 bent below head 25.7 +0.4 23.1 9.8 25.4 0.8
1/3 hit center head 25.4 0.8
2/3 hit center head 25.8 +0.8
3/3 hit center head 26.6 +3.1 26.1 +2.0

1No data for Chief at Watertown in 1973.

9¢
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Kernel Sizes

In evaluating the effect of simulated hail damage, the quality of
the grain is an important consideration. One of the factors in oat
quality is the plumpness of the kernel. When Laude and Pauli simulated
hail damage on wheat in Kansas, they found kernel sizes were reduced,
especially from treatment in the heading stage (22). The effects of
simulated hail treatments on Chief and Froker oats in 1973 and 1974 is
summarized in Table 7 for both locations. The two varieties differ in
kernel size; Froker is a plumper oat than Chief, so the percentages of
the various kernel sizes differ considerably for the two varieties.

In the summary table for Chief oats, the largest deviations from
the control occurred at the late boot stage when stems were bent below
the head and at the heading stage when stems were bent below the flag
leaf. The percent plump kernels increased, the percent intermediate
kernels decreased, and the percent thin kernels decreased from the late
boot treatment, but increased when treated at the heading stage. Kernel
sizes from oats treated at the other stages of development and under
other treatments varied little from the control.

When the percentages of various kernel sizes were summarized for
Froker oats, the largest deviations from the control occurred at the
heading and soft dough stages when stems were bent below the head. 1In
these treatments, the percent plump kernels decreased, the percent inter-
mediate kernels increased, and the percent thin kernels tended to increase
slightly from heading treatments but did not change for soft dough.

The effect of simulated hail treatments varied between the two

Varjeties not only in the time and location the varieties were most



susceptible to influence, but also in the expression of that influence
on kernel size. The percentage of plump kernels decreased with treatment
for Froker oats and increased for Chief oats, while the quantity of inter-
mediate kernels increased for Froker oats and decreased for Chief oats.

Kernel size varied greatly from year to year, and also varied be-
tween locations in the same year. The data for 1973 and 1974 is presented
in appendix tables 7-10. 1In 1973, the percentage of plump kernels for
Chief at Brookings was 60%; in 1974 it was 19%Z. 1In 1973, Chief at Water-
town had a plump kernel percentage of 16%, which was about one-fourth
that at Brookings. Froker demonstrated a fluctuation between years and
locations also.

In additicn to the trends noted for Chief from the summary table,
there were significant differences in kernel size when stems were bent
below the head at the heading stage in 1973 at Brookings‘and in 1974 at
Watertown. In addition to the large deviations mentioned for Froker,
there were also significant differences at the heading stage when stems
were bent below the flag leaf for all locations and years. There were
also significant differences at late boot when stems were bent below
the head and in 1974 at Watertown when stems were bent below the flag
leaf at soft dough.

Overall, the most critical period for influencing kernel size was
the period from late boot to heading. At the heading stage, bending
the stem below the head seemed to be especially critical, although bends
below the flag leaf were influential also.

It was observed from the data on individual years and locations

that when considering plump and intermediate kernels, the kernel size



Table 7.

The percentages are an average of two locations in 1973 and 1974.

Kernel Size as Affected by Simulated Hail Treatments on Chief and Froker Oats.

Early Boo rl

Time of Treatment

Late Bcot Heading Soft Dough

pZ 13 T4 P 1 T P I T P I T
Chief
Check 34.4 62.6 3.0 29.7 67.4 2.9 29.7 67.4 2.9 29.7 67.4 2.9
1/3 bent below flag leaf 31.8 65.1 3.1 36.1 -61.5 2.3
2/3 bent below flag leaf 33.6 63.5 2.9 29.4 67.4 3.2
3/3 bent below flag leaf 37.5 60.2 2.3 36.9 59.6 3.5 31.9 65.0 3.1
1/3 bent below head 34.7 62.8 2.5 31.0 66.2 2.8 28.7 68.3 3.0
2/3 bent below head 37.3 60.9 1.8 31.1 65.1 3.8 29.3 67.3 3.1
3/3 bent below head 38.9 59.7 1.4 31.2 65.4 3.4 28.6 68.2 3.2
1/3 hit center head 1.4 66.0 2.6
2/3 hit center head 32.2 65.7 2.1
3/3 hit center head 37.3 60.1 2.6 33.5 64.3 2.2
Froker
Check 67.0 32.1 0.9 67.0 32.1 0.9 67.0 32.1 0.9 67.0 32.1 0.9
1/3 bent below flag leaf 63.9 35.1 1.0 64.0 35.0 1.0
2/3 bent below flag leaf 62.6 36.3 1.1 61.9 37.2 0.9
3/3 bent below flag leaf 67.6 31.6 0.8 62.6 36.2 1.2 64.6 34.5 0.9
1/3 bent below head 67.1 32.1 0.8 63.0 35.9 1.1 64.9 34.3 0.8
2/3 bent below head 52.7 36.6 0.7 61.8 37.1 1.1 62.0% 37.2 OL8
3/3 bent below head 67.7 B82.% 0.8 584 40.7 1.3 61.8437.2 IO
1/3 hit center head 66.2.4 8840 O%3
2/3 hit center head 66.9  32.2 @©.9
3/3 hit center head 68.0 31.2 0.8 6y INE 329 OFS

1 No data for Chief at Watertown in 1973.
2 P-Plump; kernels remaining on top of a 5%/64 x

3 I-Intermediate; kernels going through the plump screen size but not

3/8 inch screen.

4 T-Thin; kernels going through a 0.064 x 3/8 inch screen.

the thin screen size.

67
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present in the greatest amount always decreased after treatment while
the kernel size present in the smallest amount always increased. The
percentage of thin kernels tended to decrease from treatments at early
and late boot, increase from treatments at heading and increase slightly
or remain unchanged from treatments at soft dough.

Blast

Since blast has often been associated with hail damage to oats, an
evaluation of simulated hail treatments on oats must consider the problem
of blast. The effect of simulated hail treatments on blast for Chief
and Froker oats in 1973 and 1974 is summarized in Table 8 for both lo-
cations. There was a big difference between the varieties Chief and
Froker in their susceptibility to blast. Chief had two to four times
more blast than Froker. The percentage of blast was increased 57% at
early boot and 627 at late boot for Chief by hitting treatments. Froker,
on.the other hand, increased 20 and 16%, for early and late boot, re-
spectively.

In 1973, the amount of natural blast and the amount of blast caused
by simulated hail treatments were less in Watertown than Brookings, but
the percent increase in blast was greater for Watertown. Statistically,
significant differences were found only for the variety Chief at both
locations, however, blast was increased 39% by treating Froker at the
late boot stage at Watertown (Appendix 11).

In 1974, the plots at Brookings responded much the same as they did

in 1973. The percent increase in blast was only about half that of

1973, but the trends were similar. Blast due to simulated hail treat-

ments increased greatly at the early boot stage for Chief at Brookings;
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in fact, this was the only significant difference found in 1974. Both
varieties at Watertown, showed reductions in the amount of blast after
treatment rather than increases. The reductions were not statistically
significant, but were as high as 13% for Chief at the late boot stage
(Appendix 12).

Blast is affected greatly by environmental factors which make it
very difficult to find exact causes of increases or decreases in the blast
percentages. The increases in blast as a result of simulated hail treat-
ments certainly demonstrated the positive association of hail and blast
at the early and late boot stages. The lower percentages of blast at
Watertown in 1974 might be explained by a loss of spikelets prior to har-
vest. A reduced number of total spikelets would account for lower blast
percentages if some of the blasted spikelets were lost due to high winds,
which are common at the Watertown station. However, total spikelet num-
bers were not in all cases less than those for the check. Some environ-
mental factor or combination of factors must have been involved.

The variability of blast among varieties and between locations is
evident when thirty oat selections from the Standard Variety Trials grown
at Brookings and Watertown are compared (Appendix 15). Characterization
of hail's effect on blast is not enough. Information on individual vari-

eties, locations, and environmental factors is also essential to an

understanding of blast in oats.

Head DroEEage_

Head droppage has been a major cause of yield reductions due to

hail, especially in wheat and barley. The effects of simulated hail

treatments on head droppage for Chief and Froker oats in 1973 and 1974
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Table 8. Rlast as Affected by Simulated Hail Treatments on Chief and
Froker Oats. The blast percentages are an average of two
locationis in 1973 and 1974.

Time of Treatment

Early Bootl Late Boot

% Blast % Increase 7% Blast 7% Increase
Chief
Check 12.7 0 12.7 0
1/3 kit center head 14.1 g 11 [t 0)
2/3 hit center head 15.0 18.1
3/3 hit center head 19.9 56.7 20.6 62.2
Froker
Check 14.3 0 14.3 0
1/3 hit center head 14.7 28
2/3 hit ceuter head 15.6 - 271
3/3 hit center head 17.2 20.3 16.6 16.1
g

Nc data for Chief at Watertown in 1973.

are summarized in Tahle 9 for both varieties at both locations.

In the case of oats, unlike wheat and barley, there was no natural
problem with head droppage. This is probably due in part to the open
panicle which allows individual spikelets to entangle with spikelets
of their neighboring panicles. If the peduncle should break, many times
the head will not fall but will remain entangled with another panicle.

When simulated hail treatments were applied at the various stages
of growth, the stage most susceptible to head droppage was the late boot
stage. The amount of droppage caused by bending the stems below the

head in this stage was almost twice that of a similar treatment in the

heading stage.

There were varietal differences in head droppage, but they were not



33

consistent from one year to the next. Froker at Brookings had the
greatest droppage in 1973; this was especially true for the late boot
stage where actual counts of dropped heads revealed a 56% drop for the
3/3 intensity treatment of bending stems below the head. In 1974, how-
ever, Chief had a higher frequency of droppage than Frokey, and at
Brookings, most of the dreppage occurred from heading treatments while at
Watertown most resulted from late boot treatments (Appendix 13 and 14).

The highest frequency of droppage usually occurred at the 2/3 inten-
sity. When all stems were bent, the heads clustered together not allow-
ing for much movement, but when 2/3 of the stems were bent, the wind
could move and twist those hanging heads until many finally fell.

As was evident in 1973, head droppage can be a problem in oats
during certain years if the oats are hit by hail at an especially vul-
nerable time. However, normally head droppage is usually not nearly the
problem in oats that it is in wheat and barley.

Table 9. Head Droppage as Affected by Simulated Hail Treatments on

Oats. The percentages are an average of two varieties grown
at two locations in 1973 and 1974.

Time of Treatment
Early Boot* Late Boot* Heading Sof t Dough

Treatment % Drop % Drop % Drop % Drop
Check 0 0 0 0
1/3 below flag leaf 1.6 0
2/3 below flag leaf 0.6 0.4
3/3 below flag leaf 1.5 0.4
1/3 below head 4.0 5.8 1.6
2/3 below head 14.0 8.2 3.4
3/3 below head 0.6 12.9 6.2 2.9

*

average of two varieties in 1974



SUMMARY AND CONCLUSIONS

The effects of simulated hail treamments on oats have been shown
to vary between years, varieties, and locations. The effects are, there-
fore, very dependent on environmental factors. A summary of 3/3 intensity
simulated hail treatments is presented in Table 10. Bending the stem
below the head at the heading stage resulted in the greatest losses in
yield, test weight, 1000 kernel weight and plump kernels. About one-
quarter of the yield reduction was accounted for by head droppage.
Bending the stem below the head at the iate boot stage also resulted in
a large yield reduction. About one-half of this lnss was due to head
droppage and about one-fifth was due to a reduction in test weight.

Yield reductiocns and reductions in test weight, 1000 kerncl weight,
and plump kernels were also found at the soft dough stage, but they
were less than those for either treatment at the heading stage. By the
time a plant had reached soft dough, it was far enough along in develop-.
ment to avoid great losses from the bending treatments which simulated
hail damage. The early boot stage, on the other hand, was early enough
in development to allow some recovery from hail damage. The critical
period for grain development of an oat plant was the pgriod from late
boot tﬁrough the heading stage.

The locatjon of damage at the heading stage was important. Bending
the stem below the nead, but above the flag leaf resulted in greater
use of the amount of head droppage that occurred

losses primarily beca

at that site on the plant. If the stem was bent below the flag leaf

collar, there was apparently enough sheath material to support the



broken culm and keep it from falling. That was also trues at the soft
dough stage. However, at the soft dough stage, bending the stem below
the flag leaf resulted in greater losses in yield. Head droppage was
not much of a factor from those treatments, because harvest was usually
completed before heads had a chance to fall. Losses in yield at this
stage must have been due to a reduction in translocatien.. The trans-
locating vessels must have been damaged, thus not allowing as gr=2at a
supply of materials to the head. The vessels could be more rigid at
advanced maturity, therefore, being more susceptible to damage. The
younger tissue below the head was probably more flexible and not as
susceptible to injury.

Although blast was affected by simulated hail treatments, it had
little effect on the final yield. The plant was 2pparently able to
supply the undaméged kernels with additional ma ials resulting in
increases in test weight, 1000 kernel weight and in the early boot

stage, increases in plump kernels.



Table 10. The Effects of 3/3 Intensity Simulated Hail Treatments on Oats.

The values are an average
of two varieties grown at two locations in 1973 and 1974.

FPercent Reduction

1000 Increase Head
Test Kernel Plump in Blast roppage

Stage Treatment Yield Weight Weight Kernels (%) (%)
Check 0 0 0 0 0 0
Early Boot:  Bend below flag leaf 4.3 +2.3 +2.3 +3.7 e 0.6
Early Bootl Hit center head 1.4 +0.7 +3.9 +3.9 38.5 -
Late Boot Bend below head 25.2 4.9 +0.4 +5.1 X 12.9
Late Boot Hit center head 2.8 +2.0 +2.0 0.8 39.2 ——
Heading Bend below flag leaf 20.8 9.2 6.3 1.8 - 1.5
Heading Bend below head 26.9 11.2 9.8 121.0 - 612
Soft Dough Bend belew flag leaf 17.7 3.3 1.2 4.7 = 0.4
Soft Dough Bend below head 11.3 2.0 0.8 10.8 - 7229

1 No data for Chief at Watertown in 1973.
Counts for early and late boot were taken only in 1974.

9¢
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Appendix 1. Partial Analysis of Variance of the Effects of Simulated Hail Treatments on Grain Yield
of Chief and Froker Oats at Brookings and Watertown in 1973 and 1974.

1973 1974

Brookings Watertown Brookings Watertown
Stage and Treatment Chief Froker Caief Froker Chief Froker Chief Froker
Early Boot-3/3 bent below flag leaf n.s. n.s. -1 s n.s. n.s. n.s. L
Early Boot-3/3 hit center head n.s. n.s. --1 mysSTs n.s. n.s. TS n.s.
Late Boot - 1/3 bent below head n.s. * n.s. n.s. n.s. n.s. n.s. n.s.
Late Boot - 2/3 bent below head *% *% n.s. *% n.s. n.s. %% *
Late Boot - 3/3 bent below head n.s. ok * *% n.s. n.s. w% ok
Late Boot - 1/3 hit center head n.s. n.s. .S, n.s. n.s. n.s. n.s *% T
Late Boot - 2/3 hit center head n.s. n.s. n.8. * n.s n.s. n.s. n.s.
Late Boot - 3/3 hit center head n.s. n.s. f.S. Sk n.s. n.s. n.s n.Sst
lleading = 1/3 bent below flag leaf n.s. n.s. n.S. N.S. n.s. n.s. n.s. n.s.
Heading - = 2/3 bent below flag leaf  *% * ok *% n.s. n.s. * n.s
Heading - 3/3 bent below flag leaf  ** * *k *%k n.s. n.s. n.s. *
Heading - 1/3 tent below head n.s. *% n.s. n.s. n.s. n.s. n.s. n.s.
Heading - 2/3 bent below head %k *% i, S Aok BB = s ke n.s.
Heading - 3/3 bent below head *k Ko *¥k *% %S’ DS, K%k *%
Soft Dough-1/3 bent below flag leaf n.s. n.s. n.s. n.s. n.s. n.s. 73533 n.s.
Soft Dough-2/3 bent below flag leaf *k it ok * n.s. n.s. . nost
Soft Dough-3/3 bent below flag leaf *% * *k k% s ¥ *ghge n.s. n.sk
Soft Dough-1/3 bent below head n.s. n.s. n.s. n.s. NS/ n.s. n.s. n.s.
Soft Dough-2/3 bent below head n.s. n.s. n.S. n.s. n.s. n.s. n.s. n.s.
Soft Dough-3/3 bent below head n.s. AWsE NSk, n.s. n.s. n.s. n.s. n.s.

INo treatment applied.

%, %% gignificant at 5 and 1% level, respectively
n.s. Not significantly different

I Increase in yield rather than decrease

6¢€



Appendix 2.

Analysis of Variance for all Yield Data for 1973
and 1974.

Source of Degrees of Mean
Variation Freedom Squares
Locations 1 16,652.06 *%
Replications 3 39.34 ns
LxR 3 135.35 *%k
Treatments 18 762.34 *%
LxT 18 98.74 *%
RxT 54 37.07 *%
LxRxT 54 224758 ns
Varieties 1 1,519.28 *
LxV 1 1,547.21 *%
RxV 3 244,15 *%
LxRxV 3 7.3%.3i7 ns
TxV 18 90.95 *%
LxTxV 18 57.97 *
RxTxV 54 24 .84 ns
LxRxTxV 54 31.30 ns
Years 1 71,572.88 *%
LxY 1 381.64 *%
RxY 3 134.32 *%
LxRxY 3 170.60 *%
TxY 18 193.19 *%
LxTxY 18 84.89 *4
RxTxY 54 25.91 ns
LxRxTxY 54 31.79 ns
VxY 1 7,071.41 *%k
LxVxY 1 5, 785. 34 *%
RxVxY 3 20.04 ns
LxRxVxY 3 213.26 i
TxVxY 18 138.97 *%
LxTxVxY 18 49.10 ns
RxTxVxY 54 27.95 ne
LxRxTxVxY _54 30.65

TOTAL 607

n.s. Not significantly different

*, ** gignificant at 5 and 1% level, respectively



Appendix 3. Partial Analysis of Variance of the Effects of Simulated Hail Treatments on Test Weight

of Chief and Froker Oats at Brookings and Watertown in 1973 and 1974.

1973 1974

Brookings Watertown Brookings Watertown
Stage and Treatment Chief Froker Chief Froker Chief Froker Chief Froker
Early Boot - 3/3 bent below flag leaf n.s. n.s. - n.s. n.s. n.cs. n.s. *% T
Early Boot - 3/3 hit center head n.s. n.s. -1 n.s. n.s. n.s. n.s. n.s.
Late Boot -'1/3 bent below head n.s. n.s n.s n.s n.s. n.s. n.s. *% T
Late Boot 2/3 bent below head n.s * % * n.s. n.s. n.s. *% T
Late Boot - 3/3 bent below head n.s xx n.s n.s n.s. n.s. N.8.= NS
Late Boot - 1/3 hit center head n.s. 1.s. n.s. 1n.s n.s. n.s. Tl (She K% T
Late Boot 2/3 hit center head n.s. n.s. n.s. n.s. n.s. n.s. *% T * I
Late Boot 3/3 hit center head n.s. n.s. n.s. n.s. n.s. n.s. n.s. * I
Heading - 1/3 bent below flag leaf n.s. n.s n.s n.s. n.s. n.s. n.s. * I
Heading - 2/3 bent below flag leaf n.s. n.s. n.s. * * n.s. n.s. n.s.
Heading - 3/3 bent below flag leaf n.s. n.s. *% *% * %% * *
Heading - 1/3 bent below head n.s. TS . n .Sk n.s. 0l s n.s. n.s. n.s.
Heading - 2/3 bent below head n.s. *& *% NS n.s. n.s. *%k 11.S.
Heading - 3/3 bent below head *k Ly *% ek %k K%k * *
Soft Dough-1/3 bent below flag leaf nJE. Bl RS JALS. n.s. n.s. ok k% I
Soft Dough-2/3 bent below flag leaf n.s. 1.s. *% n.s. n.s. 1N.S. MN.S. NSk
Soft Dough-3/3 bent below flag leaf NaS+ % A, S F*k NsS's NrSten m e Ske n.s. n.s.
Soft Dough-1/3 bent below head ReiS. RaS. ReSia WS WS n.s., %% 1
Soft Dough-2/3 bent below head R M RaSe N.S. BB,  Qash * k% T
Soft Dough-3/3 bent below head n.s. nLis. * n.s % n.s. n.s. n.s.
1 No treatment applied.
*

n.s.

I Increase in test weight rather than decrease.

Not significantly different

, **% significant at 5 and 1% level, respectively.
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Appendix 4. Analysis of Variance for all Test Weight Data for
1973 and 1974.

Mean

Source of Degrees of Squares
Variation Freedom

Locations 1 16.28 *
Replications 3 SH28 *%
LxR 3 2.91 ns
Treatments 18 42 .14 *%
LXT 13 2.45 *
RxT 54 0.95 ns
LxRxT 54 1.75 ns
Varieties 1 8.17 **
LxV 1 0.91 ns
RxV 3 0.64 ns
LxRxV 3 7.16 k%
TxV 13 4.57 *%
LxTxV 18 3.29 *%
RxTxV 54 1.42 ns
LxBxTxV 54 1 bRk 72 ns
Years L 1,064.51 *%
LxY 1 1,009.65 *%
RxY 3 13.53 *%
LxRxY 3 1.11 ns
TxY 18 6.05 **k
LxTxY 18 4.48 *%
RxTxY 54 0.87 ns
LxRxTxY 54 1.38 ns
VxY 1 51.24 *¥%
LxVxY 1 15.00 *%
RxVxY 3 1847 ns
LxXRXVXY 3 1.68 ns
TxVxY 18 3.85 %
LxTxVxY 18 3.18 g
RxTxVxY 54 1.69 1S
LxRXTxVxY 54 1.35

TOTAL 607

¥, %% significant at 5 and 1% level, respectively

n.s. Not significantly different



Appendix 5. Partial Analysis of Variance of the Effects of Simulated Hail Treatments on 1000 Kernel
Weight of Chief and Froker Oats at Brookings and Watertown in 1973 and 1974.

1973 1974

Brookings Watertown Brookings Watertown

State and Treatment Chief Froker Chief Froker Chief Froker Chief Froker
1

Early Boot - 3/3 bent below flag leaf n.s. n.s. --7  n.s. n.s. n.s. n.s. n.s.
Early Boot - 3/3 hit center head n.s. n.s. -1 n.s. n.s. n.s. n.s. n.s.
Late Boot - 1/3 bent below flag leaf n.s. n.s. n.s s n.s. n.s n.s n.s.
Late Boot - 2/3 bent below flag leaf n.s. n.s. n.s n.S. *% T L n.s n.s.
Late Boot - 3/3 bent below flag leaf EST * n.s n.s. *% T *% I n.s. n.s
Late Boot - 1/3 hit center head nese n.s. nysskE n.s. n.s. n.s. n.s n.s.
Late Boot - 2/3 hit center head n.s. n.s. n.s. n.s n.s. n.s. n.s. n.s.
Late Boot - 3/3 hit center head n.s. n.s. n.s. n.s n.s. n.s. n.s n.s.
Heading - 1/3 bent below flag leaf n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
Heading - 2/3 bent below flag leaf n.s. wk n.s. n.s. n.s. n.s. nl. Sk n.s.
Heading - 3/3 bent below flag leaf n.s. = % n.s. n.s. n.s. n.s. n.s. n.s.
Heading - 1/3 bent below head n.s. n.s. n.ls : n.s. n.S. n.s. n.s. n.s,
Heading - 2/3 bent below head n¥est. Ak n.s. n.s. NSk 0.5 n.s. n.s.
Heading - 3/3 bent below head *% %% 0 .Se n.s. n.s. 7. Sl * *%
Soft Dough - 1/3 bent below flag leaf n.s. n.s. n.S. 1N.S. n.s. 1n.S. n.s'. M[.S.
Soft Dough - 2/3 bent below flag leaf n.s. n.s. i -8 $ =0asg Ngs . b Ded. n.s. m.s.
Soft Dough - 3/3 bent below flag leaf n.s. n.s. n.s. n.s. %S, n.s. n.s. oS 3
Soft Dough - 1/3 bent below head n.s. * 0. Sk n.s. n«iSk n.s. n.s. n.S.
Soft Dough - 2/3 bent below head n.s. * n.s. n.s. n.s. n.s. * n.s.
Soft Dough - 3/3 bent below head . 8l. n.s. n.sfe n.s. n.s. n.s. n.s. n.s.
1 No treatment applied.

*, ** gignificant at 5 and 1% level, respectively
n.s. Not significantly different
I Increase in 1000 kernel weight rather than decrease.
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Appendix 6.

Analysis of Variance for all 1000 Kernel Weight
Data for 1973 and 1974.

Source of Degrees of Mean

Variation Freedom Squares

Locations 1 486.02 **
Replications 3 0.54 ns
LXR 3 6.84 K%
Treatments 18 19.52 **
5%T 18 - 3.42 *
RxT 54 1x:29 ns
LxRxT 54 55 ns
Varieties 1 1,315.10 %
LxV 1 0.75 ns
RxV 3 8.G7 *%
LxRxV 3 4.45 ns
TxV 18 4.78 *%
LxTxV 18 2.25 ns
Rx1TxV 54 1.50 ns
LERTxV 54 1.92 ns
Y&ars 1 13,012.83 *%
1Y 1 4, 840.91 k%
RxY 3 1.70 ns
LxRxY 3 8.74 e
TxY 18 7.13 * %
LxTxY 18 8.86 *x
RxTxY 54 1.36 ns
LxRxTxY 54 1.94 s
VxY 1 487.80 *%
LxVxY 1 24.72 e
RxVxY 3 3.37 -
LxRxVxY 3 e Be
TxVxY 18 4.40 ns
LxTxVxY 18 1.78 -
RxTxVxY 54 1.38 re
LXRxTxVxY 54 1.80

TOTAL 607

%, %% significant at 5 and 1% level, respectively

n.s. Not significantly different



Appendix 7,

Chief and Froker Oats at Brookings in 1973.

Percentage of Grain in Various Kernel Sizes as Affected by Simulated Hail Treatments on

Time of Treatment

Early Boot Late Boot Heading Soft Dough

pl 14 T 3 I T 3 T P I T
Chief
Check 59.9 39.7 0.4 59.9 39.7 0.4 59.9 39.7 0.4 59.9 39.7 0.4
1/3 bent below flag leaf 63.8 35.9 0.2 60.5 39.1 0.4
2/3 bent below flag leaf 60.4 39.2 0.4 60.8 38.9 0.3
3/3 bent below flag leaf 64.2 35.5 0.3 63.6 36.1 0.3 62.1 37.6 0.3
1/3 bent below head 64.8 34.9 0.3 60.3 39.1 0.6 59.7 40.0 0.3
2/3 bent below head 61.6 37.8 0.6% 49.9%%49,5% 0,6% 61.7 38.0 0.3
3/3 bent below head 63.5 36.2 0.3 43.9%%55 4%%0.7% 52.4 47.2 0.4
1/3 hit center head 61.2 38.4 0.4
2/3 hit center head 67.2 32.5 0.3
3/3 hit center head _ _ _ 63.5 36.1 _0.4 64.5 35.2 0.3 _ _

P-Dunnett (.05)= 7.8 1I- Dunuett (.05)= 8.6 T- Dunnett (.05)= 0.2
Froker (.01)= 9.0 (.01)= 10.3 (.01)= 0.4
Check 90.6 9.0 0.4 90.6 9.0 0.4 90.6 9.0 0.4 90.6 9.0 0.4
1/3 bent below flag leaf 89.1 10.6 0.3 89.2 10.4 0.4
2/3 bent below flag leaf 85.7%%13.9%*%0.4 891 4% 11@.\.8% (OF3
3/3 bent below flag leaf 91.3 8.4 0.3 83.9%%15.6%%Q.5 87.8 11.8 0.4
1/3 bent below head 89.4 10.3 0.3 82.9%%16,.5%*0,6*% 83.0 11.6 0.4
2/3 bent below head 835" WAIT 1N i 79.8%%19.3%%0,9%%x 39.4 10.3 0.3
3/3 bent below head 83.9%%15 3%%(0.8  64.4%%34 3kx], 3%k 86.6%%13.0%*%0.4
1/3 hit center head o1%a> Ea6. 0.3
2/3 hit center head Oilk-15 2B 8 S 1 7
3/3 hit center head _ _ _ 90.5_ 9.2 _043_ obate Mool g¥ad
P-Dunnett  (.05)= 3.0 I- Dumnett (.05)= 3.4 T- Dunnett (.05)=0.2
(.01)= 5 (.01)= 4.0 (.01)=0.4

1 P-Plump; kernels remaining on top of a 5%/64 x 3/8 inch screen.

2 I-Intermediate; kernels going through the plump screen size but nct the thin screen size.
3 T-Thin; kernels going through a 0.064 x 3/8 inch screen.

%, %% Significant at 5 and 1% level, respectively.



Appendix 8. Percentage of Grain in Various Kernel Sizes as Affected by Simulated Hail Treatments
on Chief and Froker Oats at Watertown ia 1973.

Time of Treatment

Early Boot! Late Boot Heading ___ Soft Dough
P I T P i T p I T P I T
hief
Check 15.6 81.9 2.5 15.6 81.9 2.5 15.6 81.9 2.5
1/3 bent below flag leaf 16.8 80.5 2.7 35.9%%61.8%*%2.3
2/3 bent below flag leaf 19.7 77.8 2.5 19.3 78.1 2.6
3/3 bent below flag leaf 24.3 71.8 3.9% 23.3 74.6 2.1
1/3 bent below head 26.0 72.5 1.5 18.3 78.8 2.9 14.5 82.9 2.6
2/3 bent below head 26.3 72.4 1.3 20.4 76.0 3.6 19.2 78.2 2.6
3/3 bent below head 30.7*% 67.8% 1.5 22.3 74.4 3.3 19.8 77.2 3.0
1/3 hit center head 22.6 75.5 1.9
2/3 hit center head 21.8 76.4 1.8
3/3 hit center head 2108 ¥HL8 19 00
P- Dunnett (.05)= 13.1 I- Dunnett (.05)= 13.1 T- Dunnett (.05)= 1.2
Froker (.01)= 15.8 (.01)= 15.8 (.01)= 1.4
Check 65.1 34.4 C.5 65.1 34.4 0.5 654 345,33  OkS 65.1 34.4 0.5
1/3 bent below flag leaf 58.7 486 @.7 468.8 35.5) O7
2/3 bent below flag leaf 52.8%%46.,5% 0.7 54.6 44.8 0.6
3/3 bent below flag leaf 72.3 27.2 0.5 56.6 42.4 1.0 59..3.4 40L2 "0L5
1/3 bent below head 70.0 29.5 0.5 6310 31O e s Do S Hils. 2 2381l gl 7
2/3 bent below head 7130 28520 (0L$5 S9k8L 395 0.7 52.3%%47.1*% 0.6
3/3 bent below head , 750 105? 3,.18' L 10816 56.6 42.6 0.8% 56.7 42.6 0.7
1/3 hit center head 69.1 30.4 0.5
2/3 hit center head GBEIONISIS, .7 QL 7
3/3 it center head ..y 9. 3udif-? =05 Foa_ 6 SN & ME6- o
P- Dunnett (.05)= 9.8 I- Dunnett (.05)= 11.4 T- Dunnett (.05)= 0.3
(:01)=-1134 (.01)= 13.6 (.01)= 0.4

b

1 No treatment applied for Chief
%, *% Significant at 5 and 1% level, respectively.



Appendix 9.

Chief and Froker Oats at Brookings in 1974.

Percentage of Grain in Various Kerrel Sizes as Affected by Simulated Hail Treatments on

Time of Treatment

Early Boot Late Boot Heading Soft Dough
P I T P I T P I T P I T
Chief
Check 19.1 74.7 6.2 19.1 74.7 6.2 19.1 74.7 6.2 19.1 74.7 6.2
1/3 bent below flag leaf 17.4 75.6 7.0 22.0 73.5 4.5
2/3 bent below flag leaf 21.1 72.0 6.9 16.9 76.2 6.9
3/3 bent below flag leaf 19.1 76.1 4.8 23.8 68.9 7.3 18.8 74.1 7.1
1/3 bent below head 19.8 74.0 6.2 20.8 74.5 4.7 19.4 74.2 6.4
2/3 bent below head 25.7% 70.8 3.5% 18.9 73.4 7.7 18.2 75.3 6.5
3/3 bent below head 32.2%%635.6% 2,2%% 26,0 68.5 5.5 17.8 75.6 6.6
1/3 hit center head 16.4 77.7 5.9
2/3 hit center head 18.8 76.5 4.7
3/3 hit center head _ _ _ 18.2 76.0 5.8 17.3 77.6 5.1  _ _
P- Dunnett (.05)= 6.1 I- Dunnett (.05)= 7.0 T- Dunnett (.05)= 2.5
Froker (0.1)= 7.1 (.01)= 8.2 (.01)= 2.9
Check 40.3 57.8 1.9 40.3 57.8 1.9 40.3 57.8 1.9 40.3 57.8 1.9
1/3 bent below flag leaf 42010 55w 2 2 39.3 58W2=1 2.5
2/3 bent below flag leaf 43845 @S5 47508 2.5 39.7 58.1 2.2
3/3 bent below flag leaf 40.9 57.3 1.8 49 .1% 48.7%%2.2 L2051 S5 8) ™ITES
1/3 bent below head 43.7 54.6 1.7 42.3 55.1 2.6 43005 “ S4vr. 108
2/3 bent below head 51.6%%47.1%%1.3  49.2% 49.0%%1.8 43.6 54.8 1.6
3/3 bent below head 58.7%k40,0%%1, 3%% 51,2%%46.9%%1.9  43.2 54.5 2.3
1/3 hit center head LOMDL..5850 2.9
2/3 hit center head 43 viBiee 1B
3/3 hit center hiead - -.-:40.5 ;57.6 1.9 3%%-S0e6 188
P~ Dunnett (.05)= 6.5 I-Dunnett (.05)= 6.1 T- Dunnett (.05)= 0.7
(.01)= 7.5 (A= 17/l (.01)= 0.8

*, %% Significant at 5 and 1% level, respectively.
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Appendix 10. Percentage of Grain in Various Kernel Sizes as Affected by Simulated Hail Treatments on
Chief and Froker Oats at Watertown in 1974.

Time of Treatment

Early Boot Late Boot Heading Soft Dough
P I T B I T P I T P I T
Chief
Check 24,0 73.5 2.5 24.0 73.5 2.5 24.0 73.5 2.5 24.0 73.5 2.5
1/3 bent below flag leaf 29.3 68.4 2.3 26.0 72.2 1.8
2/3 bent below flag leaf 33.1*% 65.0*% 1.9 20.7 76.5 2.8
3/3 bent below flag leaf 29.3 69.0 1.7 36.0%%61.4%%2,6 23,3 73.9 2.8
1/3 bent below head 28.2 69.7 2.1 24,5 72.6 2.9 21.0 76.5 2.5
2/3 bent below head 35.5%%H2,9*%%1.6  35.2%*%61.7%*3.1 17.9 79.0 3.1
3/3 bent below head 29.0 69.5 1.5 32.6% 63.3%*%4.1% 24.3 73.1 2.6
1/3 hit center head 25,4 72.4 2.2
2/3 hit center head 21.1 77.2 1.7
3/3 hit center head _ _ _ _30.2 _68.2 1.6 _30.5 68.0 1.5 _ _
P- Dunnett (.05)= 8.1 I- Dunnett (.05)= 7.5 T- Dunnett (.05)= 1.2
Froker (.01)= 9.4 (.01)= 8.7 (.01)= 1.4
Check 72.0 27.3 0.7 72.0 27.3 0.7 72.0 27.3 0.7 72.0 27.3 0.7
1/3 bent below flag leaf 65.8 33.4 0.8 63.8%*%35,6% 0.6
2/3 bent below flag leaf 68.4 30.8 0.8 63.8*%*%35.6% 0.6
3/3 bent telow flag leaf 66.0 33.5 0.5 60.6%*%38.4%*%1.0 68.6 30.6 0.8
1/3 bent below head 65.0% 34.3 0.7 63.6*%*%35.7% 0.7 66.9 32.7 0.4
2/3 bent below head 66.3 33.2 0.5 58.4#%%40.5%%1,1% 62.6%*36,7%*(0.7
3/3 bent below head ‘ 69.0 30.4 0.6 59.6%%39 ,3%*]1 1% 65.0% 34.5 0.5
1/3 hit center head 64.4%%35,1 0.5 '
2/3 hit center head 69.4 29.9 0.7
3/3 Wit center head LS~ 281 0.4 7060 2.8 M0ub.. |
P- Dunnett (.05)= 8.0 I- Dunnett (.05)= 8.1 T- Dunnett (.05)= 0.4
(.01)= 9.2 (.01)= 9.4 (.0)= 0.5

*, *% Significant at 5 and 1% level, respectively.
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Appendix 11. Percent Blast in Chief and Froker Oats as Affected by Simulated Hail Treatments
at Brookings and Watertown in 1973.

Chief Froker
Early Boot Late Boot Early Boot Late Boot
Blast Increase Blast Increase Blast Increase Blast Increase
% % % % % % % %
Brookings
Check 15.3 0 15.3 0 13.6 0 13.6 0
1/3 hit center head 16.0 4.6 13.7 0.7
2/3 hit center head 16.5 7.8 15.5 14.0
3/3 hit center head 25.3% 65.L4 30.9% 1C2.0 17.8 30.9 17.0 25.0
Dunnett (.05)= 9.8 Dunnett (.05)= 5.5
(.01)= 12.9 (.01)= 7.2
Water town
Check - - 8.9 0 11.1 0 11.1 0
1/3 hit center head 9.9 11.2 11.4 297
2/3 hit center head 13.8% £)5) L. 13.4 20.7
3/3 hit center head -_ - 19.3*%% 116.9 dh o 7] 32.4 15.4 38%7
Dunnett (.05)= 3.7 Dunnett (.05)= 5.2
(.0L)= 5.0 (.01)= 6.9

%, %% Significant at 5 ahd 17 level, respectively.



Appendix 12. Percent Blast in Chief and Froker Oats as Affected by Simulated Hail Treatments
at Brookings and Watertown in 1974.

Chief Froker
Early Boot Late Boot Early Boot Late Boot
Blast Increase Blast Increase Blast Increase Blast Increase
% % % % % % % %
Brooking§
Check 11.4 0 11.4 0 17.4 0 17.4 0
1/3 hit center head 14.6 28.1 +18.1 4.0
2/3 hit center head 16.5 44,7 19.1 9.8
3/3 hit center head 20.9%%* 83.3 18.0 57.9 21.4 23.0 19.6 12.6
Dunnett (.05)= 7.0 Dunnett (.05)= 5.9
(.01)= 9.2 (.01)= 7.8
Watertown
Check 15.1 0 15.1 0 14.9 0 14.9 0
1/3 hit center head 15.9 5.3 15.7 5.4
2/3 hit center head 13t -13.2 14.3 -4.0
3/3 hit center head 13.6 -9.9 14.1 -6.6 14.9 0 14.4 -3.4
Dunnett (.05)= 6.8 Dunnett (.05)= 5.6
(.01)= 9.0 (.0)= 7.4

*, *% Significant at 5 and 1% level, respectively.
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Appendix 13.

Percent Head Droppage for Chief and Froker

Oats as Affected by Simulated

Hail Treatments at Brookings and Watertown in 1973.
Chief Froker
Treatment
Headin Soft Dough Late Boot# Heading Soft Dough
% Drop % Drop % Drop % Drop % Drop

Brookings

Check 0 0 0 0
1/3 below flag leaf 0 0 0 0
2/3 below flag leaf 0 0 1.7 0
3/3 below flag leaf 0 0.8 0 0
1/3 below head 3.3 0.8 11.7 10.7%* 0.8
2/3 below head 1.7 0.9 43.3 10.9%%* 3.4
3/3 below head 4,2% 0 56.0 10.0%* 0.8

Dunnett (.05)= 3.8 Dunnett (.05)= 8.7
(.01)= 10.7

Watertown

Check 0 0 0 0
1/3 below flag leaf 1.7 0 0.8 0
2/3 below flag leaf 0 0 0 0
3/3 below flag leaf 0.8 0 0.8 0
1/3 below head 1.7 0 0 0
2/3 below head 0 0.9 1.7 0
3/3 below head 3.3% 0.8 0 0

Dunnett (.05)= 2.9 Dunnett (.05)= 1.8

1 Values represent whole plots, each has been corrected for the various intensities.
2 Values represent actual droppage count because this treatment wasn't tagged.

*, %% Significant at 5 and 17 level, respectively.
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Appendix 14. Percent Head Droppage for Chief and Froker Oats as Affected by Simulated Hail Treatments

at Brookings and Watertown in 1974.

Chief Froker
Time of Treatment

Early Boot Late Boot Heading Soft Dough Early Boot Late Boot Heading Soft Dough

% Drop % Drop % Drop % Drop % Drop % Drop % Drop 7 Drop

Brookings

Check 0 0 0 J 0 0 0 0
1/3 below flag leaf 9.4 0 0 0
2/3 below flag leaf 0.8 3.4 0.8 0
3/3 below flag leaf 9.2 C.8 0.8 0.8
1/3 below head 9.2 13.3 5.0 2.5 8.3% 5.8
2/3 below head 12.5 25.0%% 14.2 8.3% 6.7 )
3/3 telow head 2.5 15.0% 21.7%% 13.4 0 5.0 4.2 w5

Dunnett (.05)= 14.7 Dunnett (.05)= 8.2
(.01)= 17.7 (.0L)= 9.9

Water town

Check 0 0 0 0 0 0 0 0
1/3 below flag leaf 0.8 0 0 0
2/3 below flag leaf 0 0 | I 0
3/3 below flag leaf 0 c 0 0
1/3 below head , 4.2 8.3 0 0 0.8 0
2/3 below head 24 2%% 14,2% 0 10.9%% 5.0 0
3/3 below head 0 17.5%% 7.5 C 0 5.9 4.2 )18

Dunnett (.05)= 14.2 Dunnett (.05)= 6.2
(.01)= 17.2 (.01)= 7.5

*, %% Significant at 5 and 1% level, respectively.
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Appendix 15, Blast and Spikelet Numbers of Oats in 1974 Standard Vari-
ety Oats at Two Locations.

Erooking§£ Water town?Z

Spikelet Blast Spikelet Blast

Variety No./Panicle % No./Panicle %
Trio . 25.3 4.7 25.6 10..5
Dupree 531165 7/ 5.7 28.1 7/ cHl
Nodaway 70 24.9 10.4 24.0 9.2
Portal 34.0 11.2 22055 18.2
Purdue (61353) 30.5 12.1 26.0 14.2
Diana 28.8 12.2 247 9.3
Random 45.7 11 3pil. 38.4 26.0
SD 711035 17.4 1.31%2 17.1 1:0..'S
MN 71101 32.3 13K6 2075 S3P7
Froker 29.5 14.2 28%3 k3.8
Noble 36.0 14.4 Du7 138
Stout 27.6 14.5 28.0 16.4
Astro 30.9 14.6 2314k 12.1
Burnett 30.8 14.9 30.9 12.3
SD 711045 1951 1587 17.8 9.6
1641-2 (Wisc) 37.8 16.4 8a¥il: 15.4
Dal 32.2 16.8 30.7 251
Kelsey 38.6 16.8 28.6 24.1
Otee 29.5 L 73 2849 13r5
Cayuse Sl 11913 28.8 1245
Chief 39.1 19.4 864 1 = L7 (A
Grundy 28.8 19.8 30,2 12.9
M-73 36.4 19.8 34.9 13755
SD 955 33.6 20.2 26.2 23.4
Lodi 38.8 21.6 35.0 20.6
Holden 28.7 220, '3 26.0 16.5
Ot 186 (Hudson) 35.0 22.6 40.6 21.9
Otter 40.6 26.4 39.4 21158
Goodland 31.0 26.8 2%, 29 21,
Garland SR8 27.9 28.5 14.7
Average 32.1 16.6 28.9 1857

1 Average of 4 replications with 10 heads per replication.
2 Average of 2 replications with 10 heads per replication.
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