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INTRODUCTION 

With all of the advances in science and technology, the farmer is 

still helpless agalnst the powers of nature. A natural disaster, such 

as a hail storm, can seriously affect an individual fanner, 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 pro.tect themselves from losses 

due to hail, but the estimation of losses in a hailed field is a dif­

ficult job since the entire fie1d 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 accura.te and uniform adj us ting procedures. 

The iJTJ�rovement of 20.justi.ng procedures has come A long way i.n small 

grains, especially in the case cf wheat and barley. There are still 

several questions left unanswered in the case of oats, however. 

The major objective of this study was t o  determine the effect of 

simulated hail damage on oa�s a't various stages of growth. This infor­

mation may lead to the development of an adjustment table for use solely 

on oats; at the present time, th·ere 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 ap·plied 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 cu1m is broken below the head, and 3) to 
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determine the percent of heads that fall prior to harvest. Answers 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 

3 

Most of the literature on simulated hail studies or actual hail dam­

age of small grains is on 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 

thn::e c.ro:ps with this trea.tment. Declining partial recovery frcr,1 the 

injury was reported until the boot stage when all recovery ceased. Dam­

age done in the vegetative stage prior to extension of the growing point 

above the surf ace resulted in a 10 to 50% loss in yield, depending on 

the crop, stage of injury, and environmental factors. Once the growing 

point was 1 to 2 inches above the surf ace, the yield was reduced by about 

70% for all crops. 

When plants were cut off above the growing point, there was less 

damage d�ne, in all crops, than with, the preceding treatment. 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 f or 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 inf li c t e d  a t  a dva nced s t a.g es of m atur i t y .  An i ncreasi n g  amount of 

the y ield came f r om ne w til lers as the i njur y was i nf l ic te d  at l ate r 

st ages o f  d e ve l opmen t .  Other s im ul ate d hai l s tud ies  s upport th e fi naing 

th a t  as inj ury i s  i nf l i c t e d  f r om t he early leaf s tag es th roug h t he head­

ing s t age , the plan t 's ab i l i ty to recove r decre as es wi th a dvan ced mat u­

rity (1) (15) (19) (22). Tes t  we igh t a nd 1000 kerne l weigh t  decl ined 

in a s imil ar m ann er in the whe at treate d by Rel la and St oa (15). 

The head bruis ing inj ury was n ot as s evere on oats  as b ar l ey and 

whe at p r ob ably due to i ts l oos e p an i c le .  Thi s ty pe of in jury was not as 

severe a s  the othe r s, b ut th e yield r e duct ions wer e  s i g ni f i cant f or 

bar l ey and whe at .  Rel la an d S t oa (15), w or king in Nor th Dakot a on wheat , 

simulated he ed , a;., Eldredge (10) di<l, by hol e.li ng a board b es ide 

the head and s tr iking the oth er si de of the h ead with t he edge of a thin 

b oar d . Thi s  treatment app li e d  i n  b oot , heading, an d mi l k  s tag es re sult ed 

in ab out a 21% l oss f or all thr e e  st ag ts . 

Stem breakage has be e n  simulated by b reaking stems o ver a lath , 

us ing clay marbles and hand ben di1�. Regar<lless of t he met hod used ,  the 

mos t  s evere injury oc cur s duri ng th e per iod fr om b oot thr ough mi lk s t ages 

(1) (15) (19) (22). El dredge (10) rep or te d  a 4 6 . 6% lo s s  f or oat s when 

b en t  in the b o ot s t ag e  an d a 22.1% l os s  when b ent a t  maturi ty . L ow 

bre aks averag ed between 23 an d 2 8% l os s e s  for al l years in Laude and 

Pauli 's s tu dy on whe at (22), indi cating li t t le influenc e due t o  en viron ­

ment al condi t i ons . A t  5 days b ef ore heading , th e kernel numb e r  was d e ­

cr e as ed b y  15% an d t h e  kerne l s i ze b y  5%. The inf luence of ke rne l s i ze 

on yi el d in cr ea s e d  wi th increas ing m aturi t y, having an e f f e c t  a s  late as 

25 days af ter  he ading . 
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It has b e en foun d tha t th e amoun t o f  damage done by st em b r eakag e 

i s  dep enden t upon the loca tion of the br eak: Low b r eaks w er e foun d to 

b e  about 1.5 times mor e  s ever e  than th e mi d an d upper inju ri es by Laude 

and Pau li (22) , working on wint er wh ea t in Kansa s. Know l es ( 19) al so 

found low b r eaks t o  b e  m or e  s ever e . In 1 9 30 ,  Eldr edg e ( 1 0) c o l lected 

heads o f  wh ea t from a fi eld which ha d be en s t ruck by hai l when the pl2.11ts 

wer e in the b loom stage. If the culm s w er e  b roken n ea r  the h ead, wi th 

the h ead sti l l  attached ,  there was a 31.2% reduction i n  yield a nd i f  

broken c l o se r  to th e g round so that t h e  h ead ac tually reste d on the 

ground , although sti l l  a ttach ed , the re wa s a 6 5.2% yie ld reduction. 

Busch (3), working with whea t ,  and Decka rd and Pe t er s on ( 7), worki ng with 

bar l ey i n  North D akota, found tha t ben ding the stems below t e flae Jeaf 

reduced th e yield  l e s s  than bending the s t em s  above th e f lag l ea f. For 

wh eats thi s was du e in par t to a decrea s ed numb e r  o f  kern els per head. 

For bar l ey, th e grain qua lity (a s measu r ed by t est weight , % p lump an<l 

% thi n  kerne l s) wa s r educed. at the va ri ou s b en ding t r eatm en ts,. especially 

in s o ft dough. 

Much o f  the loss du e to s t em br eakag e can oft en b e  a ttribut ed to 

the comp let e l o ss of heads. Know les (19) found that in the cas e  o f  

wheat , 16% o f  th e h ea ds dropped when s tem s we re b ent 6 days a f t er h ea d­

ing and 1 0% dropped wh en b ent 11 days a f t er h eadi ng. H e  found the s.ame 

g eneral t rends for oa ts  and bar l ey. A fanasiev ( 1) a l so f oun d th e g reat­

es t los s  occurre d in th e hea ding and mi lk stag es , but yi eld  lo s s es 

cou ld not be attribu ted so lely to los s of h eads. In hai led fi e ld s  o f  

wh eat wh ere the averag e droppag e was 27.8%, Know l e s  ( 19) found that t he 

yi eld wa s decreas ed by 2 3% due to t he loss  of hanging h ead s , and there 
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was an 18% loss in kernel we.ight. 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. 

When Laude and Pauli bent stems above the flag leaf 1 7  to 21 days after 

heading, they had 4 4% head droppage. This loss was magnified even more 

by the fact that the heads that fell were 1 3% heavier than the heads 

still attached. They also noticed an apparent varietal difference in 

head droppage. 

Some attempts have been made to simulate stein bruising. In 1953 

and 195 4, Rella and Stoa (15) applied treatments to spring wheat which 

resulteJ in yield lose es of 1 0%. T2Gt -.. .  •c:::.ghts and 1000 kernel weights 

were decreased similarly. Ripening was delayed about 5 days when treat­

ments were applied in jointing and boot 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 reductions by stage of develop­

ment were from most to least damaged: milk, heading, soft dough, boot, 
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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 defoliated 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 o f  lodging on yield was studied by 

Laude and Pauli (2 1) 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 a fter heading. Early lodging reduced the number of kernels 

and late lodging reduced the size o f  ker�els. 

Blast in Oats 

Blast in oats ha� had several common names, such as blindness, 

blight, white ear, deafness and sterility (11, 27).. Johnson and Brown 

(18) defined blast of oats as "a condition in which the growth o f  some 

of the spikelets is inhibited during the development of the panicle so 

that when the panicle emerges, the blasted spikelets are sterile and 

h l . 
n ave a w11te, 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 . 6% on the upper third. Three general 

causes for the condition have been listed by Eldredge (1.0}: 1)  a vari-

etal characteristic; 2) un favorable growing conditions, such a s  extremes 

in temperature, moisture, light, and nutrients; and 3) injury to the 
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dev el op ing sp i ke le ts whil e  s ti ll in an ear l y  s tage of g r ow th . Th e mo s t  

common f orms of injury ar e inse ct dama ge, dis ea se ,  and hai l .  

Some o f  th e f i rs t  evi denc e for vari etal di ff er en c e s  was f oun d b y  

Elli ot t (12 ). She ·  s us pected a rela t i onshi p b e t we en ha lo bligh t and 

b las t b ut f o un d  none; ins t ead , sh e f ound a gr e at d ea l  o f  vari a bility in 

th e amoun t o f  b las t among var ie ti es .  Th e occurr en c e  of b las t  in sev eral 

var i e t i es was obs erve d and it w as fo und that th e ·  p er c entag e  o f  b las t 

in each var i e ty var i ed fr om year t o  y ea r, but v aria bi li ty b e tw e en vari ­

e t i es was c ons i stent (11). In 192 2 ,  th e blast p e r c en tag e rang e d  f ro m 

6 t o  2 8%, i n  19 2 3  f rom 1 7  to 46%, a nd in 19 2 4  f rom 11 to 45%. S he als o 

not e d  tha t th e v ari eties  wi th th e highe s t bl as t per c en t ag es wer e ei th er 

kn ow n o r  sus pectE:J to be of hyb1 hl orlgi11. l�uskins (16) , on  th e o ther 

han d, f o und n o  i n di ca t i on of hyb ri dity h avin g any th ing t o  d o  with blas t ;  

he , t he refore , b el i ev e d  tha t blas t -r es i stant  var i et i e s  c ou l d  b e  pr od uc e d  

by  b r e e ding . 

Varietal di ffere n c es w e re a lso f ound by D e ri c k  and Hami l t on (9) , 

but th ey f el t  thes e di ff er enc es coul d be due t o  ma tur ity s inc e ea rly ­

maturing v ar i et ies migh t esc a pe th e environmenta l c ondi t i ons fa vo ring 

b las t . No c ons i s t ent as s ociati on was f oun d, h oweve r ,  s o  env ir o nmen t al 

f ac t ors canno t  b e  th e s ol e  e xplana ti on of var i e t a l  r e s i s t an ce t o  blas t .  

Gen etic fa c t ors  m ust p l ay a pa rt in blas t r es is tanc e .  

Obs er va t ions w er e  ma de on ov er 30 0 var i e t i es b y  Mac ki e  (2 3) and 

var i e ta l  r es is tanc e was f o und to be qui t e  s ta ble . He c oncl ud e d f rom his 

s t udi es that t he r e  was a s ing l e  fac t or f or b las t r es is t anc e ,  but oth er 

r es ea rch er s , such as Wa kabayashi (2 9) , beli ev e d  m ul t i pl e  fa ct or s  w e re 

inv ol ved . 
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No varie tal diff erences we�e fou.1d by Shea l s  ( 2 6 )  in s p r ing oat s , 

bu t var i e ta l  d i f f erences wer e fo und for winter oats . The average blas t 

p er c entag e  for spr ing oats wa s 2 5. 9% and that f o r  w inter oats was 2 7 . 7%. 

Several s tu d ies have found that dro ught increa ses b last (8, 11, 18). 

Johns on an d Brown in two separate stud ies found late drought 

(drought d uring the time o f  active pani cle elongat ion) to caus e  mor e 

b las t than an earl ier per iod o f  drough t . The ear ly drought p eriods 

r educ ed the t o tal numb er of sp ikel ets produced . 

Frey and Browning (14) s tudied b las t in Iowa in 195 7  when an 

ep iphy t o t i c  o f  b las t o ccurr ed . Two dis tinc t types of b las t w e r e  found-­

normal b las t a s  describ e d  by Sheals ( 2 6 ) , and an atypical typ e . The 

atypical type h�d all spikelets o� 3 panic le·�r portion of a p�nicle 

b las t ed . They fel t  th is a typical cdndi t ion was probably due to a per i­

od of cool and cloudy wea ther 30 to 40 day s before heading. They found 

that 100 s ee d  weigh ts from b las ted panicles wer e h eavier than s eeds from 

normal pani cles . This finding i s  in contras t to that ·of Derick and 

Hami lton (9) and Johnson and Brown (18) who found no s igni ficant in creas e 

in s eed w e i ght on b las ted h eads. 

The inf l uenc e  of ligh t on b las t was s tudied by Deri ck and Fo rsy th 

(8) by p la cing p lants under d i f fer ent co�b inati on s  o f  light and water 

trea tments . Normal l igh t always gave a lower b last p ercentag e than 

e xces s o r  redu c e d  l igh t under all water treatmen ts. Excess l ight produced 

signif i cant l y  h igher b las t p ercentages under al l mois ture condi tions . 

Exce s s  wa t e r  treatments wer e  s ignif icant ly lower in caus ing b las t than 

o the r wate r  trea tmen ts. 

The e f f e ct of mineral nu trients on b las t was included i n  Johnso n  
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and Brown's study (18). Nutrient conditions prior to spikelet develop-· 

ment had an influ ence on the number of spikelets per panicle, and nutri­

ent conditions after spike let in�_ tia ti on had an inf 1 uence on the percent--

age of blast. 

Late seedin gs w er e repo ited significantly higher in blast than 

ear ly seedings by Derick and Forsy th (8), but only the variety Gopher 

showed an increase in the frequency of blast with late seeding in John­

son and Brown ' s study (18). Late seeding did decrease panicle size and 

reduce yields, however. Johns.on and Brown also found that the frequency 

of blas t decreased with increased seeding rates. At the lower seeding 

rates, the plants were probably growing under more favorable conditions 

e�cly in <levelopment which allowed more spikelets to be i nit i ated than 

could be carrie d through to maturity. Often, conditions are drier as a 

plant approaches maturity which would limit the plan t' s ability to 

develop a large number o f . spikelets. 

Frit flie::; and thrips are two insects most connnonly associated with 

blast. Sheals (26) concluded that their "a.ctiv H y in the develo ping 

panicle was of little import ance in relation to the.blindness condition 

found in North Wales." 

Elliott (12) studied the association of blas t and h alo blight. On 

some plants, she sprayed the bacterial suspension and on o thers sterile 

water. Check plants had 21% blast, those sprayed with sterile water had 

4 0 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 propor ti o n to susceptibility to halo blight." 

The effect of rust on the occurrence of blast was studied by Johnson 
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and Brown (1 8) .  They increased b1ast from 2 3% on th e c hec k to 5 2% on 

plant s inoculated with rust. They felt tti t would p robably b e  errcneous 

to  include either stem rus t or crQwn rus t  among th e comm on causes of 

blast in Wes tern Canada, as the se rus ts  rarely cause severe i nj ury t o  

oat plants un t il after th e panicle has emerged, at which stage the amo u nt 

of b las t h as already been determined. " 

Hail has been f ound to increase the amount of b las t in two separate 

stud ies . In as s ocia t i on with his head brui s i ng treatments, Eldredge 

(10) found that primary pani cles from chec k p lot s were 16. 4% s t erile, 

and p rimary pani cles from bruis ed plo ts were 35. 3 %  sterile. Secondary 

panicles fro m check p lots wer e 40. 0% s ter i le ;  this  was probably due to 

the main s tems having an advan tage in m oi s t ure and nutrients. Knowles 

(19) used clay marbles t o  s imu late hail damage wh ile p la nt s  were in the 

b oot s t a ge . He fou n d that "ordinary blast seldqm occ u r s at the t op of 

the panicle, among the firs t f ormed s pi ke le ts , wher eas b las t due to 

hail i s  d istrib u ted fairly evenly,.'" In 1938, check p lots averaged 

3 7  . 1% b las t and bruised plots 46 .. 8%> and in 19 39 check plo ts averaged 

9. 6% blast and bruised p lots 14.0%. 

Def oli at i on. s tu di es were conducted b y  Johnson and Brown (18)  and 

Empson (13 ) .  Johnson and Brown conducted t wo s tu di es under greenhouse 

cond itions, one in the fall and one in the spring. They rem oved a ll of 

the lea ves a t  the 7 -leaf stage in the fall study and increased blast 

from 50% in the check t o  86% in the defoliated p lants. Repeating th is 

in the s p r i ng at the 6-leaf s t age, t hey increas e d  blast f r om 10% in the 

check to 34% in  the d efoliated plants. They attr ibuted the di f f  er·ence 

in b las t frequency in spring and fa l l  t o  ligh t condi t ions. In a fie ld 
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study, they defoliated plants at the S�leaf stage. The percent blast on 

the check was 44% , p l ants with 4 leaves removed had L�7%, 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 agre�ment among most researchers that blast can be caused 

by adverse conditions or i�jury 9ccurring 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 s tudy was conduc ted during the 1973 and 19 7 4  g rowing s eas ons 

at two S ou th Dako ta Experiment  Stations: Bro okings and 1 5  mi les north 

of Water town . The varieties (Ch i ef ,  a midseason oat� and Fraker , a 

late maturi ty o a t  for the region involved) were us ed a t  both locat ions . 

A randomized comp le te  block d es ign was us ed w i th four replicat ions per 

treatment . Each plo t  cons is t ed of four four teen-foot rows one foo t 

apart . All four rows of each plo t were treat ed; the c enter rows were 

shortened to twelve fee t and machine harvested. 

The hai l  damage was s imulated by hi t t ing or bend i ng th e p lant s  at  

four differen t developmental s tages. The h i t t ing treatmen ts were mean t 

to bruis e the head while the plants  were in the boo t· s t ages . Thes e 

tre atments were included so  the effect of hail damage on blas t cou ld be 

s tudied . The hi t ting treatment s  were applied l?y using the "hai l  gun" 

pictur ed in Fig .  1 .  The leaf s heath was·po s i t ioned on the cen t er of the 

pad, and the s o leno id was t�iggered once fo r each s hea th io t he dowel 

wo uld bruise the head wi thin the s heath .  Two 1 2 -vol t  lantern bat t eries 

were the source of power for the 2 4-vo l t ,  dir ec t  current , intermittent  

solenoid .  The dowel length was 8 inches . .  The bending t rea tments were 

done by bending the culm or peduncle by hand so that t he terminal po rtion 

of the culm or head hung downwar
-
d .  The plants were cons idered to be in 

a specific s t age when fif ty p ercent had ent ered or pa s s ed through that 

s tage . A plan t was co nsidered to be in early bo o t  when the d is tance 

from the co l lar of the s econd l eaf to the collar �f t he flag leaf was 

5 to 10 cm .  ( 2 5 ) .  A plant was cons idered to b e  in the la te boot s tage 

when the t ip of the head was located at the t erminal por tion of the flag 

297555 'SOUTH DAKOTA STATE UNIVERSITY LIBRARY 



Figure 1. "Hail gunn used for hitting treatments. 
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leaf's she a th . The var io us treatmen ts are lis ted b elow . 

A .  Control (no t reatment) 

B. Tr e a tmen ts applied at early b o o t . 

1. Leaf . sheaths bent jus t b elow the collar of the 

flag leaf (3/3 intens i ty) . 

2. Sh ea th of the flag leaf hi t near the c enter of the 

head (3/3 intensity) . 

C .  Tr ea tments applied at late b o o t . Three i ntensi ti es w er e  

us e d  (1/3, 2/3, and 3/3 intensities) . 

1. Stems b ent where the l-ase o f  the head was loca ted. 

15 

2. Shea th of th e flag leaf hit near the cen ter of the head . 

D .  Tr eatments applied at the heading stag e (when headB were 

comp l e te ly emerg ed from the boo t) . Int ensiti es were 1/ 3, 

2/3, and 3/3. 

1. S tems b ent two inches b elow th e f lag l e af collar . 

2 .  S t ems b ent l� to 2 inch es below the b o t tom jo int o f  the 

head. 

E. Tr ea tments applied when the peduncle was f.ully e xt ended 

{ne ar  sof t do ugh) . Intensiti es wer e  1/3, 2/3, and 3/3. 

1. S tems b ent two inches b elow th e f lag leaf c olla r . 

2 .  Stems b ent ab o ut 3/4 the d i s tance from the flag collar 

to the head . 

I n  t r e a tments B and C wher e b las t lvas likely t o  b e  a s ignifi c ant 

factor , the culms were tagg ed (10 tags per plo t) f o r  l a t e r  iden tifi ca­

t ion . The tagged hea ds were colle c ted in the s of t  do ugh s tage , and the 

amo un t  o f  b la s t was determined . 
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The numb er of fallen heads was determined for treatments D and E 

i n  1973 and for all bending treatments in 1974 by t agging individual 

c ulm s at the time of treatment and counting the fallen heads prior to 

harvest. Tags were applied at the same frequency as the simulated hail 

trea tments (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). Gr ai n 

yi eld (bushels/acre), test weight (pounds/bushel), perce�t thin kernels 

(0. 0640 X 3 /8 inch screen as used for comm er c i a l  grading), percent inter-

mediate kernels (going through the plump screen size b ut not thr o ugh the 

thin screen size), p er cen t plump kernels (512./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 Signifi c ant Difference 

(LSD); therefore, any significant difference i s  more likely to be a 

vali d difference. 
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Figure 2.  Blri�=- t of oat panicle caused by simulated hail treatments. 
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RESULTS AND DISCUSSION 

The years during which this study was conducted were di-y at both 

locations, but the effects of the.se dry conditions on production were 

especially noticeable the s econd 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 i.n the grow­

ing season, but precipitation was again below norrna.1. The effects of 

s imulated hai.1 treatments may be quite different on plants growing under 

conditions of adequate rainfall. This data may apply to conditions of 

adequate or s urplus rainfall as well, but no-work has been done in this 

stu dy to substantiate this. The results and conclusions, therefore, are 

limited in application to oats grown under dry conditions. 

A comparis on of sowing, treatment, and harvest d ates a re 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 of a field is an important factor in 

hail adjustment. The e ff ects of hail on yield of oats wi1 1 vary with 

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

effects of s imulated
.

hail treatments on grain yield in 1973 and 1974 

which is s ununarized in Table 4 for both varieties at both locations. 

The greates t· yield reductions occurred when stems were bent below the 

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



Table 1. Temp e rature and Precipitation Data at the Brookings 
Experiraent Station During the 19 7 3  and 1974 Growing 
Seasons. 

19 7 3  

April 
May 
June 
July 

19 7 4  

April 
May 
June 
July 

Temperature (°F) 
Monthly Deviation 
Average from Average 

4 2 . 5  
53.2 
6 6.4 
7 0 . 1  

44. 6 
5 2 . 2  
6 3 . 5  

.. 74 . 4  

- 2 . 7  
-4 . 4  
-0 . 7  
- 3 . l  

0.0 
-4 . 0  
- 2 . 2  
+3. 3 

Precipitation (inches) 
:Monthly Deviation 

Total from Average 

o. 7 2  
1. 78 
1 . 2 2  
2 . 5 4  

1.4 4  
4 . 4 6 
1 . 5 7  
1. 9 6  

-1. 05 
- 1 . 0 1 
-2 . 73 
+o . 39 

- 0. 6 1  
+1.26 
- 3. 01 
-0. 88 

Table 2 .  Temperature and Precipitation Data at the Watertown 
Experiment St ation During the 19 7 3  and 1974 Growing 

1973 

Ap ril 
May 
June 
July 

19 7 4  

April 
May 
June 
July 

Seasons . 

Temperature (°F) 
Mon thly Deviation 
Average from Average 

4 2.3 
5 5 . l  
66 . 8  
71. 2 

45 . 0  
5 2 . 5  
65 . 3  
7 6 . 0  

- 0 . 9  
-0.9 
+1 . 1  
-1 . l  

+2. 3 
- 2.2 
+0 . 6  
+5 . 3  

Precipitation (inches) 
Monthly Deviation 

Total from Average 

1 . 14 
2.87  
1 . 00 
2 . 05 

1 . 22 
3.3 7  
1. 45 
2 . 09 

-0 . 9 2  
0 .. 0 0  

- 2 . 70 
-0 . 62 

- 0.90 
+0 . 18 
- 2 . 3 0  
-1. 08 

19 



Tab le 3 . Dates o f  Sowing , Treatmen t App licat ion , and Harves t 
for Two Oa t Varieties at Brookings and Wat ertown , 
South Dako ta , in 1 973 and 1974 . 

197 3 

Sowing 
Early Boo t  Trea tments 
Lat e Boo t Trea t ment s  
Heading Treatmen ts 
Soft Do ugh Treatments  
Harves t 

1974 

Sowing 
Early Boo t  Trea tments 
Lat e  Boo t Trea cmen ts 
Heading Tr eatments 
So f t  Dough T r ea tments  
Harves t 

*No treatmen t ap p lied 

:Brookings 
Chief Fra ker 

4 / 5  4 / 5  
6 / 8  6 /1 2  
6 / 11 6 / 14 
6 /18 6/21  
7 / 2  7 / 6  
7/ 23 7 / 27 

4 / 16 4 / 16 
6/ 14 6/ 18 
6 / 17 6 / 2 1  
6 / 2 5 7 / 1  
7/ 12 7 / 1 5  
7 / 24 7 / 2 5  

Water town 
Chief Froker 

4 / 18 4 / 18 
- - *  6 / 18 

6/ 15 6 / 2 1  
6 / 25 6 / 2 7  
7 / 11 7 / 16 
7 / 2 6  7 / 2 6 

4 / 19 4 / 19 
6 / 2 4  6 / 24 
6 / 2 6  6 / 2 7  
7 /8 7 / 9  
7 / 18 7 / 2 2  
7 / 23 7 / 2 6 ·  

20 

There was als o a large yield loss  when s tems were bent below the flag leaf 

a t  the head ing s tage . Trea tment s applied at the soft dough s tage did no t 

reduce yields as greatly as at  the late boot and heading s tages, but 

y ields s � ill were reduced up to 18% when s t ems were b ent below the f lag 

leaf . When bending treatments applied below the head and below the flag 

leaf we.re compa red at the heading s tage, yields were redu ced more by 

bending below the head . When the same treatmen t s  were compared at the 

soft dough s tag e , yield s were reduced mo re by bend ing below the flag leaf . 

Bending s tems a t  the early boo t s tage reduced y ields only slightly . 

llit ting heads in the s heath at early and late boo t  also had l i t t l e  effect 
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on yiel d . As the int ens ity o f  the treatment increa s ed , s o  did the re­

duct ions in y ield . This t r end was ab s en t  only at the late b o ot s t age 

when heads wer e  hit in the sheath. 

When a l l  o f  the data for yield were ana lyzed, there were s ignificant 

dif f er ences among year s , var i e t i es , locat ions , and t rea tment s  (Appendix 

2) . The t r ends , however , were quite consis t en t  over the tw o y ears for 

bo th var i e ties at b o th locations . The lar g es t los s e s  o ccurred at the 

heading s tage wi th cons iderable los ses also a t  the la t e  b oo t s t age . Th er e 

were s igni f i cant dif ferences in y i eld l o s s e s  for b ot h  yea rs a t  Water town . 

Mo s t  o f  the p l o ts a t  Brooking s  in 1974 wer e s ever ely l odge d , and y ields 

wer e , ther efo r e ,  much. lower than no rmal . The lodging may also be a 

contr ibu t ing f a c to r  in the ab s en ce of any s igni ficant d i f ferences at 

tha t  l o cat i on in 1974 . 

The a c t ual reductions in yield were high er in 19 7 3  th an 19 74 .  

Los s es a t  the la te b oo t  and heading s tages wer e in the r ange f rom 19 

to 49% fo r th e 3 / 3  intensity t rea tmen ts a t  those s t ag es in 1973 and +l 

to 1 7% in 19 7 4 . The greates t reduct ion of 49% occurred at the late 

bo o t  s tage at Bro okings for the variety Fraker . Much o f  the los s was 

due to he ad d ropp age . 

Tes t Weight 

Tes t wei gh t  con tributes d irectly to y ield , ther e fo r e ,  if test 

weigh t s  are l ow,  the yield wi ll b e  reduced . The e f f e c t  o f  s imulated 

hail  damage on tes t weight in 1 9 7 3  and 1974 is sununari z ed in Tab le 5 for 

bo th varie t ie s  at b o th lo cations . The gr eates t  r�ductions in tes t 

weight wer e f o und when s t ems were b ent b elow the head o r  f lag l eaf at 

the head ing s tage. The reduc t ion increas ed as the inten s i ty o f  trea t­

men t  increas ed . There was lit tle change f or  t reatment s at the o ther 



Tab le 4 .  Grain Y i e l d  a s  Af f e c t ed b y  S imul a t e d  Hail T r e a tmen ts o n  O a t s . The y i e l d s  ar e an averag e 
o f  two var i e t i es grown a t  two lo cat ions in 1 9 7 3  and 19 74 . 

Early Bo o t  
1 

Treatment Bu/A % Lo s s  

Check 5 7 . 0  0 
1 / 3  b ent b elow f lag l eaf 
2 / 3  b ent b elow f lag l e af 
3 / 3 b ent b elow f lag l e af 5 5 . 8  2 . 1 
1/ 3 b ent b elow h ead 

2 / 3 b ent b elow h ead 
3/ 3 b ent b elow head 
1 / 3  h i t  center h ea d  

2 / 3 h i t  c enter h ead 
3 / 3 hit c enter head 5 7 . 5  +0.9 

-

1·�·"!o data f o r  Chief  at Wate.rto":rn in 19 7 3 . 

T ime o f  T r e a tmen t  
Lat e  Boot Heading 

Bu/A % Lo s s  Bu /A % Lo s s  

5 8 . 3 0 5 8 . 3  0 
5 3 . 6  8.1 
49.6 1 4 . 9 
4 6 . 1 2 0 . 9  

5 7 . 0  2 . 2  5 2 . 2  10 . 5  
4 7.9 1 7 . 8  4 7 . 7  18 . 2  
4 3 . 6  2 5 . 2  4 2 . 6  2 6 . 9 
5 8 . 6  +0 . 5  
5 6 . 1  3 . 8 
5 6 . 7  2 . 8  

S o f t  Do ugh 
Bu/A 

58 . .3 
5 7 . l  
5 2 . l  
4 8 . 0  
,.... , ... 
.Y+ . J. 
5 3 . 8  
51 . 6 

% L o s s  

-·- - -

0 
2 . 1  

1 0 . 6 
1 7 . 7  

7 . 2  
7 . 7  

1 1 . 5 

N 
N 
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s tages o f  developmen t . There was a s light reduct ion (abou t ha lf of that 

found at the h ea d in g  s tage) wh en s t ems wer e  b ent b elow the head at the 

3/ 3 int ens i ty a t  the. late  b o o t  s ta ge . T es t  weight was af f e c t ed very 

l i t tl e  by b en d ing · treatmen ts at the early boot or s o f t dough s tages . 

Hi tt ing t r ea tmen ts in early and l a te b o o t  were also n o t v e ry influential . 

When a l l  o f  the data for tes t we igh t were analy z e d ,  ther e  were s ig­

ni f icant d i f f er ences among years , varie t ies , lo ca t i on s , and treatmen ts 

(Appendix 4 ) . The tr ends are s imilar fo r 1973 and 1974 , b u t  the lo ss 

was grea t er in 1973.  The rang e for 3/3 intens i ty t r ea tmen ts in 1973 

was +3 to 1 9% and in 1974 it was +5 to 4 % .  The maj o r i ty of losses in 

bo th y ea r s  we re f rom t reatments in the heading s tag e when s tems were 

b en t  b elcw 4:hc he. n.d . Lo s s es .. ,.;rer e  also co1T'.mdn when s tems ·wer e b ent b elow 

the f l ag lea f  in the heading s t age . ·  Th ere was a t ende ncy t o  increas e 

t es t  weigh t when t r eatments wer e app l i ed at  ea rly b oo t  and l a te boo t ,  

especial ly when heads were hi t in the sheath . Bending s tems b e low th e 

h ead at  the l a t e  b oo t  s t age res ulted in s everal loss e s  in 1973, but in 

1 974 at Wa t er town , tes t we ight was s igni f i can t ly incre a s ed by b ending 

at this s tage and early b oo t  fo r Fraker . The s ame ·is  t r ue fo r trea t ­

men t s  a t  s o f t  do ugh . In 1973 at Water town ( and 1974 at Brookings ) , test 

weights  were red uced . Tes t weigh ts were also reduced for  Ch ief at Water-

. town in 1974 , b u t  fo r Fr oker s tes t weigh t incr eas ed a f t er treatment . 

Fraker probab ly had mo re favo rab le cond i t ions than Chi e f  at some cri ti cal 

p er iods of d eve lopment at Watertown . 

1000 Ke rnel Weight 

One tho us and kernel weight help s j udge the quali ty o f  the gra in , since 

the heavi er the s amp le ,  the larger the kernels . The ef f e c t  o f s imu la ted 



Tab le 5 .  Tes t Wei g h t  as Af f e c te d  by S imul a t ed Hail Tr ea tmen t s  on O a t s . The w e i gh t s  are an aver ag e  
o f  two var i e t i e s  g r own a t  two lo ca t.i on s i n  1 9 7 3  and 1 9 7 4. 

1 T im e  o f  T r e a tment 
Early B o o t L a t e  B o o t He ading S o f t  Dough 

Trea tment Lb / Bu % Lo s s  Lb /Bu /� Lo s s  Lb / Bu % Loss  Lb / B u % Lo s s  

Che ck 30 . 3  0 30.5 0 30.5 0 3 0.5 0 
1 / 3 b en t  b e low f l ag l e a f  3 0.1 1.3 31.0 +1.6 
2/ 3 b en t  b e low f lag l e af 29.1 4.6 3 0.3 0.7 
3/ 3 b en t  b elow f l ag leaf 31.2 +3.0 2 7.7 9.2 2 9.5 3.3 
1/ 3 b en t  b e low head 30.8 +1.0 29.8 2.0 3 0 . 5  0 
2/ 3 b en t  b e low head 30.0 1.6 28.5 6.6 3 0.7 +0. 7 
3/ 3 b en t  b e low head 29.0 4.9 2 7.1 11 . 2  29.8 2.3 
1/ 3 hi t center head 30.8 +L O 
2/ 3 hi t center head 31.1 +2.0 
3/ 3 hi t cen t e r  head 30. 7  +1.3 31.1 +2 .0 

-

1
No da t a  f or Chief at W a t er t own in 19 7 3. 

N 
� 
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hail treatments on 1000 ker nel weight i n  19 7 3  aad 19 74  are s ummar i z ed in 

Table 6 fo r both v ar ieties at both locations. The greatest reductions 

in ker nel wei ght o c curred at the heading stage, especi ally when stems 

wer e bent below the head, and also when s tems were bent below the flag 

leaf . Los ses at the soft dough stage were only about hal f  those of the 

heading s t age . Bo th bending and hitting treatments at  ea
.
rly boot and 

late boot resulted in slight increases in kernel weight rather than de­

creas es as fo und at heading and soft dough. 

When the data were analyz�d, there were s ignificant d i ffer e nces 

among year s, var ieties, lo catio ns and treatments (Append ix 6 ) . When 

year s, v ar ieties, · and locatio ns were observed individually, the trends 

were much the s ame wi th the g reater red u c t io ns o ccurr i ng i n  19 7 3. The 

range in per cent los s  for 3 / 3  intens ity trea tments was +7 to 22% in 19 73 

and +3  to 2%  in 19 74. The greates t losses oc cur red at the heading stage, 

especially when bent below the head , except in 1974 when s ig nificant in­

creas es 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 mo re avail able 

nutrients fo r the remaini ng spikelets . ·nue to the i ncreased supply of 

mater ials, the remai ning sp ikelets developed larger t han those of the 

control a c counting fo r the s i gnificant in crease in 1000 kernel weight . 

The v ar ieties responded s imilarly to all treatments at the s ame 

location i n  both years excep t at Brooking s  in 19 7 3. Fraker was affected 

more tha n Chief in this cas e. 



Tab l e  6 .  1 00 0  Kernel We igh t as Af f e c ted by S imul a t ed Hai l  T r e a tmen t s  o n  O a t s . The weigh t s  a r e  an 
average of two v ar i e t i es g rown at two l o ca t ions in 1 9 7 3 and 19 74 . 

Ear ly Boot 1 

Trea tmen t Gms �� L o s s  

Check 25 . 8  0 
1 / 3 b ent b elow f lag leaf 
2 / 3  b ent below f lag l e af 
3 / 3  bent  b elow f lag leaf 2 6 . 2  +1 . 6  
1 / 3 b ent b e low head 
2 / 3  b en t  b e low head 
3/ 3 b ent  b e low he a d 
1 / 3  hi t center head 
2 / 3 hi t c enter head 
3/ 3 hi t cen t er head 2 6 . 6  +3 . 1  

-

1No da ta fo r Chief at  Wat er town in 1 9 7 3 .  

T ime o f  T re a tmen t 
L a te Boo t 

Gms 

25 . 6  

26 . 2  
25 . 7  
25 . 7  
25 . 4  
25 . 8  
2 6 . 1  

C l  T 
lo LO S S  

0 

+2 . 3  
+0 . 4  
+0 . 4  

0 . 8  
+0 . 8  
+2 . 0  

Heading 
Gms % L o s s  

25 . 6  0 
25 . 4  0 . 8 
2 4 . 3  5 . 1 
24 . 0  6 . 3  
2 5 . 2  1 . 6  
24 . 1  5 . 9 
2:3 . 1  9 . 8  

S o f t Dough 
Gms % Lo s s  

2 5 . 6  0 
2 5 . 5  0 . 4  
2 4 . 9  2 . 7  
25 . 3  1 . 2  
2 5 . 1  2 . 0 
2 4 . 7  3 . 5  
2 5 . 4  0 . 8  

N 
°' 
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Kernel S i zes 

In ev alu a t ing the e f fe ct of s imula ted hail damage, the q ua li ty of 

the grain is a n impo rtant cons idera t ion . One of  the f a c to rs in o at 

q ua l ity is the p lumpnes s of the kernel . When L aude and P auli s imula ted 

ha i l  damage on wheat in Kansas, they found kernel si zes were redu ced ' 

especia lly from treatment in the he ad ing s tage ( 2 2) .  The
.

e f f e c ts o f 

s imul a t ed hai l  treatments  on Ch ie f and Frake r oa t s  i n  1 9 7 3 and 1 9 7 4  is 

summari zed in T ab le 7 for bo th lo cations. The two var ie t ie s  d i f fer in 

kernel s i ze ;  Fraker is a pl umper oat than Chie f ,  so  t he p er c entages o f  

the vari ous kernel sizes differ cons iderab ly for the two va r ieties. 

In the s ummary tab l e  for Chief o ats , the lar gest dev iations from 

the con tro l o c c urred a t the la t e bo o t  s tag e when stems 7e re bent below 

the hea d an d at the heading stage when s tems were bent b e low the f lag 

leaf . T he per cent p lump kernels J_nc reased, the · per cent i ntermediate 

kern e ls dec reased, and the per c en t thin kernels decreased from t he l ate 

boot trea tment , b u t  increased when t reated at the hea ding stage . Kernel 

si z es f rom oat s  treated at the o ther s tages of d evelopment and under 

other treatments var ied little f rom th e contro l .  

When the p ercen tages of var iou s kernel sizes were s ummar ized for 

Fro ker oats, the la rgest deviat ions from the control o cc urred a t the 

hea ding and so ft dough stages when stems were bent below the h ead . In 

these treatments , the per cent p lump kernels de cr eased, the per cen t i nter­

mediate kernels in creased, and the p er cen t thin kernels ten ded t o  increase 

sligh tly f rom heading trea tment s  but d i d  no t change. f o r  so ft dough . 

The ef fe ct o f  simulated ha i l  treatments va ried between the two 

varieties no t only in the time and loca tion the varieties were mo s t  
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s us cep t ib le to influence, but a lso in the expr es s ion of that infl uence 

on kernel s i z e . The p ercentage of plump kernels d ecreas ed with treatment 

for Froker oat s  and increas ed for Chief oats , wh� l e  the quantity of inter­

media t e  kernels increas ed for Froker oa ts and decreas e d  for Chief oats. 

Kernel s i z e  var i ed greatly from year to y ear , and also varied be­

twe en locations in the same year. The da ta for 19 7 3  and 19 74 is p r es ented  

in  app endix tables 7-1 0 . In 19 7 3 ,  the percentage of p lump kernels fo r 

Chie f  at Brookings was 60% ; in 19 74 it was 19%. In 19 7 3 , Chief  at Water­

town had a plump kernel percentage of 16%, which was abou t one-fourth 

tha t at Brookings . Fraker demons trated a fluctuation between years and 

lo cation s also. 

In addi tion t o  the t rends no ted for Chief f rom the s ummary table ,  

there w er e  s ignificant diff eren c es in kernel siz e when s tems w ere bent 

below the head a t  th e h eading s t age in i97 3  a t  Brookings and in 1 9 74 at 

Wat e rtown. In addition to the large devia tions mentioned for F roker , 

there were also significant · differenc es at the heading stage when s t ems 

were ben t below the f lag leaf for all locations and y ears. There were 

also significant differences a t  late boot when s t ems were bent b elow 

the head and in 1974 at Wat ertown when s tems w ere ben t  below the flag 

leaf at soft dough. 

Overal l , the mos t  cri tical p eriod for influencing kernel size  was 

the p eriod from late boo t  to heading. At the h eading s tage , bend ing 

the s tem below the head s e emed to be especially cri tical , although bends 

below the flag leaf were influential also . 

I. t  was obs erved from the data on individual years and lo cations 

that when considering plump and int ermedia t e kernels , the kernel size 



Table 7 .  Kernel S i z e  a s  Affe c ted b y  S imulated Ha il Trea tmen t s  o n  Chi ef and Freker O a t s . 
The p ercent ages are an average of two loca t i ons in 1 9 73 and 19 74.  

T ime o f  T r ea tment 
Earll Boo tl 

p2 13 T4 
Late Boo t He a ding S o f t  Do ugh 

p I T p I T p I T 

Ch ief 
Che ck 34. 4 62 . 6 3 . 0  29 . 7  6 7. 4  2 . 9 29. 7 6 7 . 4  2. 9 2 9 . 7  6 7. 4 2. 9 
1 / 3 b ent b elow f lag le af 3 1 . 8  65. 1 3. 1 36. 1 - 6 1. 6 2 . 3  

2 / 3 b en t b elow f l ag leaf 3 3 . 6  6 3 . 5 2. 9 29. 4 6 7 . 4  3. 2  

3/ 3 b en t b elow f l ag le af 37. 5 6 0 . 2  2 . 3  3 6 . 9  5 9 . 6  3 . 5  31 . 9  65 . 0  3. 1 
1 / 3 b en t  b elow he ad 34 . 7 6 2 � 8 2. 5 31. 0 6 6. 2 2 . 8  28 . 7  68. 3 3 . 0  
2 / 3 b en t  b elow h e a d  3 7 . 3  60. 9 · 1 . 8 31 . 1 65. 1 3 . 8  29. 3 6 7. 3  3 . 1  

3/ 3 b en t  b e low head 38 . 9  59. 7 1. 4 31. 2 65. 4 3 . 4  28 . 6 68. 2 3. 2 
1 / 3 h i t center h e ad 31 . 4  6 6 . 0  2. 6 
2 / 3 h i t cen t e r  h e ad 32. 2 6 5 . 7  2. 1 
3 / 3 h i t cent er he a d  3 7 . 3  6 0 . 1  2 . 6  33. 5 64. 3 2 . . 2 

Fr aker 

Che ck 6 7 . 0  3 2 . 1  0 . 9  6 7 . 0  32 . 1 0 . 9  6 7 . 0 32 . 1  0 . 9 6 7. 0  3 2 . 1 0 . 9  
1 / 3  b ent b elow f lag leaf 6 3 . 9 3 5. l 1 . 0 64. 0 35 . 0  1 . 0  

2 / 3  b ent b e low f lag leaf 6 2 . 6  36. 3 1 . 1  61 . 9 3 7. 2  0 . 9 

3/ 3 b ent b elow f lag leaf 6 7 . 6  31 . 6  0 . 8  6 2. 6 36. 2 1. 2 6 4 . 6  34. 5 0 . 9  
1 / 3 b en t  b e low h ead 6 7 . 1 32. 1 0 . 8  6 3 . 0  35 . 9  1. 1  6 4 . 9 34 . 3 0 . 8  
2 / 3 b en t  b e low head 6 2 . 7  3 6. 6 0 . 7  6 1. 8 37. 1 1. 1 6 2. 0 3 7. 2 0 . 8  

3/ 3 b e n t  b elow head 6 7. 7 3 2 . 5  0 . 8  5 8 . 0  40. 7 1 . 3  61.8 3 7. 2 L O  
1 / 3 hit center head 6 6 . 2  3 3 . 0  0 . 8  
2 / 3  hi t cen t e r  head 6 6 . 9 3 2 . 2  0 . 9  
3 / 3  h i t c en t e r  h e ad 6 8. 0 31. 2 0 . 8 6 7. 1 32. 1 0 . 8  

1 No da t a  f o r  Chie f a t  Water town in 19 7 3. 
2 P -P lump ; ke rne l s  r emaining on top o f  a 5�/ 64 x 3 / 8  inch screen . 
3 I - I n t ermedi a t e ; kerne ls going thr ough the plump s cr een s i z e  but no t the thin s creen siz e . 
4 T-Th in ;  kern e l s  g o ing through a 0 . 0 64 x 3 / 8 i n ch s cr e en . 

N 
\.0 



30 

pres en t  in the greates t amount always decreas ed af t e r  treatmen t whi l e  

the kernel s i z e  pres ent in the smalles t amount a lways incre as ed . The 

percentage of thin ke rnels t ended to d e creas e f rom t re a tment s  at early 

and l a t e  boo t ,  increase f rom t r eatments at head ing and incre as e  s l igh tly 

or remain un changed from Lreatments a t  sof t dough . 

Bla s t  

S ince blas t has often been associated with hail d amage t o  oa ts , an 

evalua tion of s imula t ed hai l treatments on oa ts mus t  cons i d e r  the problem 

of blas t .  The e f f e c t  of s imula ted hail treatment s  on b l as t  for Chi e f  

and Fraker oa t s  i n  1973  and 1974 is  s ummari z ed in Table 8 f o r  both lo-

ca tions . The re was a b ig d i f ference between the vari e t ies Ch i e f  and 

Froker in the i r  sus ceptib i li ty to bl as t .  Chief h ad two t o  f o nr t imes 

more blas t than Fra ke r. The pe rcentage  of bla s t  was incr eas ed 5 7% a t  

early boo t and 6 2% at  late boo t  for Chief  by hi·t t ing trea.tment s . Fraker, 

on the other hand, in creased 20 and 16% , ·for e arly and la t e  boo t, re-

spec t ively .  

In 19 7 3, the amoun t of natural bla s t  and the amoun t o f  blas t caus ed 

by s imula ted hail tre atmen ts wer e less in Watertown · than Brookings, but 

the percen t increas e in blas t was g re at er for Wat ertown . S t a t is t ically, 

s igni f i can t  di fferences we re found only for the vari e ty Chi e f  a t  both 

locat i ons, however, blas t was incre a s ed 39% by treat ing Fraker at the 

la t e  boo t s ta ge at Watertown (Appendix 1 1 ) . 

In 19 7 4, the plots at Brooking s responded much the s am e  as they did 

in 197 3 .  The perc ent incr ease in blas t was only about hal f tha t of 

197 3, but th e trends were s imi l ar .  B las t due to s imul a t ed ha il trea t-

ment · d tl t the early boot s tage for Chi e f  a t  Brookings ; 
s increas e grea y a -
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in f a c t , this was the only s ignif icant: -di f ference f o und in 1 9 7 4 . Bo th 

v ar i e t ies a t  Wa ter town , showed reductions in the amount o f  b las t a f t er 

t r ea tmen t r a�her than incr eas es . The r educ tions were no t s ta t i s t ically 

s igni f i cant , b u t  were as high as 1 3% for Chief a t  the l a t e  boo t s tage 

(App endix 1 2 ) . 

B l as t i s  a f f e c ted grea t ly by environmental f a c tors whi ch make i t  

v ery dif f i c ul t  t o  f ind exact caus es o f  incr ea s e s  or d e c re as es in the b las t 

p er cen t ag e s . The increas es in blas t: as a r es ul t  o f  s imu l at e d  hail t reat­

ments c er t a inly d emons tra ted t�� p o s i t iv e  as so ciation of hai l and b las t 

a t  the ear ly and la te b oo t  s t ages . The low e r  p er centages o f  b las t at 

Wat er t own in 1 9 74 migh t be explained by a loss o f  s p ikele ts p r i o r  to har­

v es t .  A redu ced numb er o f  to tal spikele·t s would acco1 int f o r  lower b las t 

p er cen tages i f  s ome o f  the b las ted s.pikel e ts were los t  d ue to high winds , 

wh i ch a r e  common a t  the Water t own s t.a t: ion .  However , t o t al s p ikel e t  num­

b ers wer e no t in a l l  cas es less than thos e for th e che ck . Sotne environ­

mental fac tor or comb ina tion · o f  f ac t.ors  mus t have b een invo lve d . 

The var i ab i l i ty of b l as t  among varie t i e s  and b e tw e en loc a t ions is 

ev i d en t  wh en thir ty oat s elections f rom th e S tandard Var ie ty T rials grown 

a t B rookin gs and Water town are compared :(App endix 15 ) . Ch aracteri zation 

of ha i l ' s  ef f e c t  o n  b l as t i s  no t enough . Informa tion o n  individual vari­

et ies ,  lo ca tions , and environment al f.ac tors is also es s en tial  t o  art 

unders tanding of b las t in oats . 

Hea d  Droppage_ 

H ea d  drop p ag e  has b een a maj or  caus e o f  yield redu c t ions due to 

hail , es pe c ially in wheat and barl ey . The ef f e c t s  of s imula t ed hail 

tr ea tments o n  head dropp age f o r  Chief and Fraker oats in 1 9 7 3  and 19 7 4  
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T ab le 8 .  Bla s t as Af f e c ted b y  S inrnlat ed Hai l  Trea tment s  on Chi e f  and 
Fra ker Oa ts . The b las t p ercentages ar e an av erage o f  two 
lo c a t ions in 1 9 7 3  and 1 9 74 . 

T ime o f  Treatment 
Ea rl y Boo t l L a t e  B o o t 

% B l as t % Increas e % B l a s t % I n cr e as e 

Chi e f  

Che ck 12 . 7 0 12 . 7 0 
1 / 3  h i t  cen ter h e a d  14 . 1  11 . 0  
2 / 3  h i t  cen t e r  hea d 15 . 0  18 . 1  
3/3 h i t  c en t e r he a d  19 . 9 5 6 . 7 20 . 6  6 2 . 2 

Frake r 

Che ck 14 . 3  0 14 . 3  0 
1/ 3 h i t  cen t e r  head 14. 7 2 . 8 
2/ 3 h i t  cen ter head 1 5 . 6  9. 1 

3/ 3 h i t  cent e r  he a d  1 7 . 2 20 . 3  16 . 6  1 6 . l 

1 No d a t a  f o r  Ch ie f a t  Wa ter town in 1 9 7 3 . 

ar e summa r i zed in Tah le 9 f o r  b o th vari e ti es a t  b ot h  loc a t i ons . 

In the cas e o f  o a ts , unlike wh eat and b ar ley , the r e  was no na t ural 

pr ob lem w i th h e ad dropp age . Th is is p robab ly d u e  in part to the o p en 

p ani c le wh i ch al lows individual sp ikele ts t o  en tang le w i th s p i ke l e t s  

of the i r  neighb o r ing p ani cles . I f  th e p edun cl e  s h o u l d  b r e ak ,  many t imes 

the h� a d  w i l l  n o t  f a l l  b u t  will remain entang l ed w i th a no t he r p anic l e . 

When s im u l a t e d  hail treatments we re app li e d  a t  the var ious s tages 

o f  growth , the s tage mo s t  s u s cep tib le to head d r o pp age was the l at e  b o o t 

s tage . The amo un t o f  drop p ag e  caus ed by b end ing the s tems b e low the 

head in this s tage was a lmo s t  tw ic e tha t o f  a s imilar trea tment in the 

hea ding s tage . 

Ther e  were var i e t a l  d i f f erences in head dr opp age , b ut th ey w e re no t 
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cons is te nt f rom one year to the next. Froker a t  Brookings had the 

greatest droppag e in 1 9 7 3 ;  this was espec ially true for the late boot 

stage where a ctual co unts of dropped heads revealed a 5 6% d rop for the 

3 / 3 inte nsity treatme nt of bending s tems b elow the he ad. In 1 9 7 4, how-

ever , Chie f had a higher frequency of droppag e than Froke� and a t  

Brooki ng s, most of the d roppag e occurred from hea di ng treatments whi le at 

Watertown mos t  resulted f rom late boo t treatments (Appendix 1 3  and 1 4 ) .  

The highest f requ ency of droppag e  us ually occurred at the 2 / 3  i nten -

sity. When all stems were b en�, the heads clustered to g eth er not allow-

ing for much mov ement, but whe n 2 / 3  of the stems were b ent, th e wind 

could move and tw ist those hanging heads until many f inally f ell . 

As was evid�nt in 19 7 3 ,  head dropp age c an b e  a problem i n  oats 

durin g certain years if the oats are· hit by hail at an espe cially vul-

nerable time. However , normally head drop page is u sually not nearly the 

problem in oats that it is in wheat and barley . 

Tab le 9 .  Head D r o p p ag e  as Af fected by S imulated Hail Treatments on 
Oats . The percentages are an averag e of two v arieti es grown 
at two loc ations in 19 7 3  and 19 7 4. 

Treatment 

Check 
1/ 3 b elow 
2 / 3  below 
3/ 3 b elow 
1 / 3 b elow 
2 / 3 b elow 
3/ 3 b elow 

* averag e 

flag 
flag 
flag 
head 
head 
head 

le af 
leaf 
leaf 

Early Boot * 

% Drop 

0 

0. 6 

· of two varieties in 19 74  

Time of Treatment 
Late Boot* Heading 

% D r op % Drop 

0 

4. 0 
14 . 0  
12. 9 

0 
1 . 6  
0 . 6  
1 . 5  
5 . 8  
8 . 2  
6 . 2  

S oft Dough 
% Drop 

0 
0 

0. 4 
0. 4 
1 . 6 
3. 4 
2 . 9 
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S UMMARY AND CONCLUS IONS 

The e f f e c ts of s imula t ed hai l  treatmen t s  o n  o a t s  have b een shown 

to vary b e tween years , var ieties , and l o c a t ions . The e f f e c t s  a r e , there­

fo r e , very d ep endent on environmen t a l  f ac t o r s . A s umma ry o f  3/ 3 i n t ensi ty 

s imula t ed ha i·l t r e a tmen t s  is presented in Tab l e 1 0 . Bendin g  the s tem 

b e low the h e a d  a t  the heading s t ag e r es ul t ed in the g r ea t e s t  l o s s es in 

yiel d ,  t e s t w e i gh t � 1000 kernel we igh !. nnd p llllllp kerne l s . Ab out o ne­

quar t er o f  the y i eld reduct ion wa s acco un t ed for by h ead dro pp ag e . 

B end ing the s t ern b e low the head a t  the la t e  b o o t s t age a l s o  r es u l t e d  in 

a lar g e  y i e l d  r ed uc t ion . Abo ut one -ha l f  o f  th i s  lo s s  w a s  d u e  to h e ad 

d rop p a ge and ab o u t  one-f if th was due to a r educ t ion i n  t e s t weigh t . 

Y i e l d  r ed u c t ions and redu ct ions in t es t  w ei gh t , 1 00 0  kernel u eight , 

and p lump kernels were al s o  found a t  t h e  s o f t d o ugh s t ag e ,  b ut they 

wer e  l e s s than tho s e  f o r  ei the r t reatment a t  the h e ad ing s tage . By th e 

t ime a p lant had r ea ched s of t  dough , i t  was f a r  eno ugh along in dev e lop- . 

men t to avo i d  g r ea t l o s s es f rom the b ending t r e a tmen ts wh i ch s imul a t ed 

hai l  damage . The early boo t s t age , on the o ther h an d ,  was ear ly eno ugh 

in d ev e lopmen t to al low s ome recovery f rom h a i l  d a.Iilage . Th e cr i t i cal 

p er i o d f o r  g r a i n  d e·'!e lopment of an o a t  p l an t was th e p er i o d  f rom l a t e  

b oo t  thro ugh the head ing s t ag e . 

The lo ca t i on of d amag e  a t  the heading s t a g e  w as imp o r t an t . B ending 

the s t em b elow t he hea d , bu t ab ove the f la g  l eaf r es ul t e d  in g r e at er 

lo s s es p r imar i l y  b e caus e of the amo un t  o f  h e a d  droppag e tha t o c cur r ed 

at tha t s i te on th e p lan t . I f  the s t em was b en t  b el ow the f lag leaf 

col l ar , the r e  w as app a r c:ntly eno ugh shea th mat er ial t o  s up p o r t  the 
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bro ken culm an d keep i t  f rom falling . That was a l s o  tru� c:.t the s o f t 

do ugh s tag e .  However , a t  the so .f t  dough s t ag e , b ending the s tem b e low 

the f lag l e af r es ul t ed in g r ea ter lo s s e s  in yiel d . Hea d  dro :>page wa s 

no t much of  a f actor from thos e treatments , b e caus e harves t was us ually 

comp l e te d  b e f o r e  heads had a chance to f all . !..o s s e s  in y i eld a t  this 

s t age mus t h ave b een due to a r educ t io n  in trans lo ca t ion . - The trans ­

lo cating ves s els mus t have b e en damaged , thus no t allm,1 ing a s  gr 2 a t  a 

supp ly o f  ma t er ials t o  the hea d . The ves s els c o u l d  b e  mor e  r ig i d  a t  

advan ced matur i ty ,  ther efo r e , b e ing mor e  sus cep t J.b l e  "C o  da�rn.s.g e . The 

younger t is s ue below the head w as p robab ly mo re f lexi b l e  and no t as 

s us cep t ib l e  to  inj ury . 

Al though b las t w as af f ec t e d  by s imulated h ai l  t r ea tmen ts , i t  had 

li t t le e f f e c t  on the f inal yield . The p l ant was �pparEn t ly ab le t o  

s upply the undamaged kernels wi th addi t ionn.l m:i i· ial s  r es ul t ing in 

incre as es in t es t weigh t ,  1000 kernel weight and in the ea rly b oo t 

s tage , incr e a s es in p lump kernels . 



Tab l e  1 0 .  The Effe c ts o f  3 / 3  Int ens i ty S imulat ed Ha il T r ea tmen ts o n  Oa ts . The va lues a r e  an aver ag e 
o f  two var i e t i es grown a t  two lo c a t ions in 1 9 7 3  and 19 74 . 

P e r c e n t  Redu c t i on 
10 00 

Tes t Ke rnel 

S tage Treatmen t Y i eld We i gh t  Weigh t  

Che ck 0 0 0 

Ear ly Boo t1 B end b elow f la g  l e af 4 . 3  +2 . 3  + 2  . 3  
Ear ly Boo t l Hi t c en te r  h e a d  1 . 4 +0 . 7  + 3 . 9 

La te Boo t B end b e low head 2 5 . 2  4 . 9  +0 . 4  
Late Boo t Hi t cen ter head 2 . 8 + 2 . 0  +2 . 0  

Head ing Bend b elow f lag l e af 2 0 . 8  9 . 2  6 . 3  
He ading Bend b e low head 2 6 . 9  11 . 2 9 . 8  

S o f t Dough Bend b e low f la g  le af 1 7 . 7  3 . 3  1 . 2  
S o f t Do ugh Bend b e low h ead 11 . 3 2 . 0  0 . 8 

1 No da t a  f o r  Chie f at Water town in 19 7 3 . 
2 . 

Co unts f o r  ear ly and late b o o t  were taken only in 1 9 7 4 . 

Incr eas e Head 
2 

P lump in B l as t Dr opp ag e 
Kernels ( %) (% ) 

0 0 0 

+ 3 .  7 - - 0 . 6  

+ 3 . 9  3 8 . 5  

I + 5 . 1  - - 1 2 . 9  

0 . 8  39 . 2 

1 . 8  - - 1 . 5  
1 7- . 0 - - 6 . 2  

4 . 7  - - 0 . 4  

1 0 . 8  - - 2 . 9 

w 
O'\ 
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Appendix 1 .  Pa r t ial Analys i s  of  Var iance o f  the Effec t s  o f  S imulated Hail T reatmen t s  on Grain Yield 
o f  Chi ef and Fraker Oats a t  Bro oking s and Watertown in 19 7 3  and 19 7 4 . 

19 7 3  19 7 4  
Bro okings Wat e r t own Brooki ngs Wa ter t own 

S t ag e  and Treatment Chi ef Fraker Gii e f  F roker Chief Froker Chief Fro ker 

Ear ly Boo t - 3/ 3 b en t b e low f la g  leaf n . s .  n .  s .  -- 1 n .  s .  n .  s .  n . s . n . s .  -Jc I 
E ar l y  Boo t- 3/ 3 h i t  c en ter head n .  s .  n . s .  - -1 n .  s .  n .  s .  n . s . n .  s .  n .  s .  

L a t e  Boo t  - 1/ 3 b en t  b e l ow hea d n . s . * n .  s .  n .  s .  n . s . n . s . n . s . n .  s .  
La t e  Boo t - 2 / 3 b en t  b e low h e ad * *  * *  n . s . * *  n . s .  n .  s .  ** * 

La t e Bo o t  - 3/ 3 b e n t  b e low hea d  n . s . io': * * '"  n . s .  n . s . * .," '" '"= 

La t e  B o o t  - 1/ 3 h i t  cen t e r  head n .  s .  n . s . n . s . n . s . n . s . n .  s .  n .  s .  ,._.,._ I 
La t e  Boo t  - 2 / 3 h i t  cen t e r  hea d n .  s .  n . s . n . s .  * n . s .  n . s . n . s . n . s . 
La t e  Boo t - 3 / 3 h i t . c en ter hea d n .  s .  n .  s . :.1 . s .  n . s . n .  s .  n . s . n . s . n . s . 

Heading - 1 / 3  b en t  b e low flag leaf n . s .  n . s . n . s . n . s . n . s .  n . s . n . s . n . s . 
Hea d i ng · - 2 / 3  bent b e low f lag l e a f  '""'" .... * '" ** n .  s .  n .  s .  * n . s . 
Hea ding - 3 / 3 b ent b e low f lag leaf ** * .,,_ ,._ * *  n.  s .  n .  s .  n . s . * 

Hea d i ng - 1 / 3  b ent b elow head n . s . * *  n: .  s .  n . s . n . s . n . s . n . s . n .  s .  
He ading - 2 / 3 ben t b e low head '"* ** n . s . ,._.,._ n . s . n . s . * *  n .  s .  
Head ing - 3 / 3  bent below head "J� i< ic ,·c * ir:  ** n . s . n . s . ** * ''� 

So f t  Dough-1/ 3 bent be low flag leaf n .  s .  n . s . n . s .  n . s . n .  s .  n . s . n . s . n .  s .  
So ft Dough- 2 / 3 bent be low flag leaf . ,,. * n . s . id� * n . s . n . s . n . s . n . s . 
S o f t  Do ugh- 3/ 3 bent below f lag leaf * *  * ,·� .,._ * *  n . s . n . s . n .  s .  n . s . 

So f t  Do ugh-1 / 3 bent b e low head n . s .  n . s . n . s . n . s .  n .  s .  n . s .  n . s . n . s . 
So f t  Do ugh-2 / 3 b ent b e l ow head n . s . n . s .  n . s .  n . s . n . s . n . s . n .  s .  n . s . 
So f t  Do ugh- 3/ 3 b e n t  be low hea d  n . s . n . s .  n . s . n .  s .  n . s . n .  s .  n . s . n .  s .  
INo t r e a tmen t ap p l i ed . 

VJ )t 1< * s ign i f i can t at 5 and 1% level , respec t ively \0 ' 
n . s . No t s ign if i can t ly d i f f e re� t 
I Increase in y i e ld rather th an d e c reas e 



App endix 2 .  Analys is of Variance for al l Yield Data fo r 1 9 7 3  
and 19 74 . 

Sour c e  of  D egrees of Me an 
Var iation Freedom S quares 

Loca t ions 1 16 , 6 5 2 . 06 *-;': 
Rep l i ca tions 3 3 9 . 34 ns 
LxR 3 1 35 . 35 ** 
Trea tmen ts  18  7 6 2 . 34 * *  
LxT 1 8  9 8 . 7 4 *'k 
RxT 54  3 7 . 07 * *  
LxRxT 54  2 2 . 5 8 ns 
Var i et ies 1 1 , 5 19 . 2 8 * 
LxV 1 1 , 5 4 7 . 21 ** 

RxV 3 2 4 4 . 15 ** 

Lx..rzxv 3 7 3 . 3 7 ns  
TxV 1 8  9 0 . 9 5  ** 

LxTxV 1 8  5 7 . 9 7  * 

RxTxV 54  2 4 . 84 ns 
LxRxTxV 54 31 . 30 ns 
Y ea rs 1 7 1 , 5 7 2 . 8 8 * *  

LxY 1 381 . 6 4  * *  

RxY 3 1 34 .  32 ** 

LxRxY 3 1 70 . 60 ** 

TxY 1 8  19 3 . 19 ** 

LxTxY 18 84 . 89 * *  

RxTxY 54  2 5 . 91 ns 
LxRxTxY 54  31 . 79  ns 

VxY 1 7 ,  0 7 1 . L�l ** 

LxVxY 1 5 , 7 85 . 34 ** 

RxVxY 3 2 0 . 0 4 ns 

LxRxVxY 3 2 1 3 . 2 6  ** 

TxVxY 18  1 3 8 . 9 7 * *  

LxTxVxY 18 49 . 10 n s  

RxTxVxY 54 2 7 . 9 5 ns 

LxRxTxVxY 54 30 . 6 5 

TOTAL 6 0 7  

* ** s igni f i cant at 5 and 1% level , respectively 
> 

n . s . No t s igni f i cantly dif ferent  

4 0  



App endix 3 .  Partial Analys i s  o f  Variance o f  the Ef fects  o f  S imula ted Hail T reatmen ts o n  Tes t Weight 
of Chi ef and Freker Oats  at Bro oking s and Water town in 1 9 7 3  and 19 74 . 

197 3 

S tage and Treatment 

Ear ly Boo t - 3/ 3 b en t  b elow f lag le af 
Ear ly Bo o t  - 3/ 3 hi t cen ter head 

L at e  Boo t - · 1/ 3 b ent  b elow head 
La te Boo t  - 2 / 3 bent below he ad 
L at e  Boo t - 3/ 3 b en t  b e low head 

Late Bo o t  - 1 / 3 hi t center head 
Late  Boo t - 2/ 3 hit  center he ad 
Late Boot - 3/ 3 hit cent er head 

Heading 
Heading 
Heading 

Heading 
Heading 
Heading 

- 1 / 3 b en t  b elow f lag leaf 
- 2 / 3 b ent below flag leaf 

3 / 3 bent be low fla g  leaf 

- 1 / 3 ben t  b elow head 
- 2 / 3  bent  below head 
- 3/ 3 b ent b elow head 

S o f t  Dough-1/ 3 b ent b elow f lag le af 
So f t  Dough-2/ 3 ben t  below flag leaf 
Sof t Do ugh- 3 / 3  bent b elow flag leaf 

Brooking s  
Chie f  Fro ker 

n .  s .  
n . s .  

n . s . 
n . s .  
n . s . 

n .  s .  
n . s . 
n . s .  

n . s . 
n . s . 
n . s . 

n . s .  
n . s . 

** 

n . s .  
n . s . 
n .  s .  

n .  s .  
n . s .  

n . s . 
"I'< 
* *  

:i .  s .  
n . s .  
n . s . 

n . s .  
n . s .  
n . s . 

n . s . 
** 
'l:"J"c 

n . s . 
n .  s .  
n . s . 

Soft  Dough-1 / 3 ben t  b elow head n . s .  n . s . 
S o f t  Dough-2 / 3  bent below head n . s . n . s . 
So f t Do ugh- 3/ 3 bent below head n . s . n . s .  
1 No treatment applied . 
* , ** s ignif icant at 5 and 1% level , resp ectively . 
n . s .  No t s igni f i can tly different 
I Inc rease in tes t we igh t rathe r than decreas e . 

Wa ter town 
Chi e f  Fraker 

_ _ l 

_ _ l 

n .  s .  
* 

n . s . 

n . s . 
n . s .  
n .  s .  

n . s . 
n . s . 

** 

· n .  s .  
*,'<  
*;'< 

n . s . 
** 
,'<* 

n . s . 
n . s .  

1� 

n .  s .  
n .  s .  

n . s . 
* 

n . s . 

n .  s .  
n . s ,. 
n . s . 

n . s . 
-;'< 
** 

n . s . 
n . s .  

"J°<* 

n . s . 
n .  s .  
n . s . 

n . s . 
n . s . 
n . s . 

1 9 7 4 
Bro okings Watertown 

Chie f Fra ker Chie f  Fraker 

n . s . 
n .  s .  

n .  s .  
n . s . 
n . s .  

n . s . 
n . s . 
n .  s .  

n . s . 
* 
* 

n . s . 
n . s . 

**  

n .  s .  
n . s . 
n .  s .  

n . s . 
n .  s .  

,'< 

n .  s .  
n . s .  

n .  s .  
n . s . 
n . s . 

n . s . 
n . s .  
n . s . 

n . s . 
n . s . 

,'<* 

n .  s .  
n . s . 

** 

n . s .  
n .  s .  
n .  s .  

n . s . 
n . s . 
n . s . 

n .  s .  
n .  s .  

n .  s .  
n .  s .. 
n . s . 

n . s . 
** I 
n .  s .  

n . s . 
n . s . 

* 

n . s . 
** 
* 

** 

n . s . 
n . s . 

n . s . 
* 

n . s . 

** I 
n . s .  

,'<* I 
,'<1< I 
n . s . 

''<* I 
* I 
* I 

* I 
n . s . 

* 

n . s . 
n .  s .  

* 

**  I 
n . s . 
n . s . 

�'<* I 
** I 

n . s .  
..p.. 
........ 



App endix 4 .  Analys is o f  Variance for all Tes t Weigh t Data f o r  
1 9 73 and 19 7 4 . 

Mean 
Sourc e  o f  Degrees of  S quare s  
Varia t ion Fr eedom 

Loca tions 1 16 . 2 8 * 
Rep l i catio ns 3 5 . 28 * *  
LxR 3 2 . 9 1 ns 
Tr ea tmen ts 1 8  4 2 . 14 *)� 

LxT 18  2 . 45 * 

RxT 54 0 . 9 5 ns 
LxRxT 54 1 .  75 ns 
Var ie t ies 1 8 . 1 7 * *  

LxV 1 0 . 9 1 ns 
RxV 3 0 . 64 ns 
LxRxV 3 7 . 1 6  * *  

TxV 18 4 . 5 7 �-- * 

LxTxV 18  3 . 2 9 * *  

RxTxV 54 1 . 4 2 ns 
LxRxTxV 54 1 · . J 2 118 

Y ear s 1 1 , 0 64 . 5 1 * -1" 

LxY 1 1 ,  0 09 . 6 5  * *  

RxY 3 1 3 . 5 3 * *  

LxRxY 3 1 . 11 ns 

TxY 1 8  6 . 0 5 * *  

LxTxY 1 8  4 . 4 8  * *  

RxTxY 54 0 . 8 7 . ns 

LxRxTxY 54 1 . 3 8 ns 

VxY 1 5 1 . 24 ** 

LxVxY 1 15 . 00 ** 

RxVxY 3 1 . 4 7 ns 

LxRxVxY 3 1 . 68 ns 

TxVxY 18  3 . 85 * *  

LxTxVxY 18 3 . 18 * *  

RxTxVxY 54 1 . 69 ns 

LxRxTxVxY 54 1 . 35 

TOTAL 607 

* * *  s ignif ica n t  at  5 and 1% leve l ,  resp e c t ively 
, 

n . s . No t s igni f icantly d i f ferent 

4 2  



. Appendix 5 .  Part ial Analys i s  o f  Va rian ce of  the Ef fects of S imulated Hail Treatmen t s  on 1000 Kernel 

Weigh t of  Chief  and Fre ker O at s a t  Broo kings and Wa ter town i n  1 9 7 3  and 19 7 4 . 

19 7 3  
Brookings 

Chief  Fraker 

Wa ter town 
S ta t e  and Treatment Chi e f  Fra ker  

Early Boo t  - 3/ 3 b ent b elow flag leaf 
Early Boo t - 3/ 3 hit  center head 

La te Boo t 
Late Boo t 
La te  Boo t 

Late Boo t 
Late Boo t 
La te  Boo t 

Heading 
Heading . 
Hea ding 

Heading 
Heading 
Heading 

- 1 / 3  b en t  b elow f l ag leaf  
- 2 / 3 b ent b e low f lag leaf 
- 3/ 3 b ent b elow flag  leaf 

- 1/ 3 hi t center head 
- 2 / 3 hit  cen ter head 
- 3/ 3 hit center he ad 

- 1 / 3 b en t  b elow flag leaf 
- 2 / 3  b ent b elow flag leaf 

3/ 3 b ent b elow f lag l eaf 

- 1 / 3  b ent  b elow head 
2 / 3 b ent b e low head 

- 3 / 3  b en t  b elow head 

S o f t Dough - 1/ 3 b en t  b elow f lag leaf 
S o f t Dough - 2 / 3 b en t below flag leaf 
S o f t  Do ugh - 3/ 3 b en t  b elow f lag leaf 

n .  s .  
n . s . 

n . s . 
n . s . 
n .  s .  

n . s . 
n . s . 
n .  s .  

n .  s .  
n . s . 
n . s . 

n . s .  

n .  s . 
** 

n . s . 
n .  s .  

n .  s .  

n .  s .  
n . s . 

n . s . 

n . s .  
* 

n . s . 
n . s . 
n . s . 

n . s .  
"J'O� 
,'-< 

n .  s .  
,·�* 
*"� 

n . s . 
n .  s .  

n .  s .  

1 .J.. 

_ _ l 

n .  s .  

n .  s .  
n .  s .  

n .  s .  
n . s .  
n . s .  

n .  s .  
n . s . 
n . s .  

n . s . 
n . s .  
n . s .  

11 .  s .  

n . s . 
n . s .  

Sof t Dough - 1/ 3 b ent b elow head n . s . * n . s . 
S o f t  Do ugh - 2 / 3 b ent b elow he ad n . s .  * n . s . 
Sof t Dough - 3/ 3 b en t  b elow head n . s . n . s . n . s . 
l No treatmen t applied . 
* ,  ** s i gni fi cant a t  5 and 1% level , resp e c tively 
n . s . Not s i gnif icantly dif fer ent 
I Increase in 1 000 kernel weigh t  rather t.han decr e as e .  

n . s . 
n .  s .  

n .  s .  
n .  s .  
n . s . 

n . s . 
n . s . 

n .  s .  

n .  s .  
n . s . 
n . s . 

n . s . 
n . a .  
n . s . 

n . s . 
n .  s .  
n . s . 

n . s .  
n .  s .  

n . s . 

19 74  
Brookings Wat er town 

Chi e f  Fr aker Ch ief  Fraker 

n . s . 
n .  s .  

n . s . 
** I 
*'I• I 

n .  s .  
n . s . 
n . s . 

n . s . 
n .  s .  
n . s . 

n .  s .  

n . s . 

n . s . 

n . s . 

n . s . 

n .  s .  

n .  s .  
n .  s .  
n .  s .  

n .  s .  

n . s . 

n . s . 
* ,� I 
** I 

n . s . 
n . s . 
n . s . 

n . s . 

n . s . 

n . s . 

n . s . 

n .  s .  
n .  s .  

n .  s .  

n .  s .  
n . s . 

n . s .  
n . s . 

n . s . 

n . s . 
n .  s .  

n .  s .  
n .  s .  
n . s . 

n . s . 
n .  s .  
n . s . 

n . s . 
n . s . 
n . s . 

n . s .  
n . s .  

* 

n . s . 
n . s . 
n .  s .  

n .  s .  
* 

n . s . 

n . s . 

n .  s .  

n . s . 
n . s .  
n . s . 

n . s . 
n . s . 

n .  s .  

n . s . 
n .  s .  
n .  s .  

n . s 9  
n . s .  

**  

n . s . 

n .  s .  
n . s . 

n . s . 
n . s . 

n .  s .  
.p.. 
w 



Append ix 6 .  Analys is o f  Varianc e f o r  a l l  1000 Kernel Weigh t 
Dat a for  1 9 7 3  and 19 74 . 

S o ur ce o f  D egrees o f  Mean 

Varia t io n  Fr eedom S q uares 

----

Lo ca tions 1 4 86 � 02 * *  

Rep l i ca t ions 3 0 . 5 4 ns 

LxR 3 6 . 8 4 * *  

Tr ea tmen t s  1 8  1 9 . 5 2 * *  

LxT 1 8  3 . 4 2 * 

RxT 54 1 .  2 9  ns 

LxRxT 54 1 . 5 5 ns 

V a r i e t i e s  1 1 , 315 . 10 ** 

LxV 1 0 . 7 5 ns 

R.xV 3 8 . 0 7  * *  

LxRxV 3 '• . 4 5  ns 

TxV 1 8  l� . 7 8  * *  

LxTxV 1 8  2 . 2 5 ns 

RxTxV 54 1 . 5 0  ns 

Lx��TxV 5 4  1 . 9 2  n s  

Yt!aL·s  1 1 3 , 0 1 2 . 8 3 * *  

LxY 1 4 , 8 4 0 . 9 1 ";"* 

RxY 3 1 .  7 0  n s  

LxRxY 3 8 .  7·4 ** 

TxY 1 8  7 . 1 3 * *  

L:xTxY 1 8  8 . 8 6 * *  

RxTxY 54 1 . 36 ns 

LxRxTxY 54 1 . 9 4 ns 

VxY 1 4 8 7 . 80 * *  

LxVxY 1 24 . 7 2 * *  

RxVxY 3 3 . 37 ns 

LxR.xVxY 3 1 . 2 1 ns 

TxVxY 1 8  4 . 40 ns 

L xT xVxY 1 8  1 . 7 8 ns 

RxTxVxY 54 1 . 3 8 ns 

LxRxTxVxY 5 4  1 . 8 0 

TOTAL 6 0 7  

�* s ig n i f i c a n t  a t 5 and 1% leve l ,  res p e c t ively 
, 

n .  s .  No t s ignif i can t ly dif f er en t  

4 4  



App endix 7 .  P er cen t age of Grain i n  Various Kernel S i z es a s  Af f e c t ed b y  S imulated Hai l  Tr eatment s  o n  
Chi e f  and Freker O a t s  a t  Bro oking s  i n  1 9 7 3 . 

T ime o f  Treatment 
Early Boo t Late Bo o t  Hea ding S o f t Do ugh 

Chi ef 

Che ck 
1 / 3 b en t  b e low f la g  l e af 
2 / 3 b en t  b e low f lag l e a f  
3/ 3 b en t  b el ow f lag l e af 
1 / 3 b en t  b e low head 
2 / 3 b ent b �low head 
3 / 3 b en t  b e low h e ad 
1 / 3  hit  center head 
2 / 3 h i t  center head 
3/ 3 hi t cen ter head 

pl - -fz-- T:; 

5 9 . 9  39 . 7 0 . 4  

6 4 . 2  3 5 . 5  0 . 3  

P I T P I T 

59 . 9  3 9 . 7  0 . 4 

6 4 . 8  34 . 9  0 . 3  
6L 6 3 7 . 8 0 .. 6,'<  
6 3 . 5  36 . 2  0 . 3 
6 1 . 2 38 . 4 0 .  4 
6 7 . 2  32 . 5  0 . 3 

5 9 . 9 39 . 7 0 .  4 
6 3 . 8  3 5 . 9  0 . 3  
60 . 4  39 . 2  0 . 4  
6 3 . 6  3 6 . 1  0 . 3  
60 . 3  39 . l  0 . 6  
4 9 . 9 i<*49 . 5* 0 .  6 �� 
4 3 . 9 �!(* 5 5 . 4**0 . 7 *  

p I 

5 9 . 9  3 9 . 7  
6 0 . 5  39 . 1  
6 0 . 8  3 8 . 9  
6 2 . 1  3 7 . 6  
5 9 . 7  4 0 , 0 
6 1 . 7 3 8 . 0 
5 2 . 4  4 7 . 2  

Fr oker 

6 3 . S  3 6 . 1  0 . 4  6 4 . 5  35 . 2  0 . 3  
-P-Dunn�tt 

-
(-:-os)-; 7 .. 8 - r-

"""""
num1et t

-
(�Os)-: -8-:6-

( . 0l ) = 9 . 0  ( . 01 ) =  10 . 3  
T- Dunne t t  ( . 0 5 ) = 0 . 2  

( . 01 ) =  0 . 4  

Check 
1 / 3 b e n t  b elow f lag leaf 
2 / 3 b ent  b e low f lag l eaf 
3 / 3 b en t b elow f lag l eaf 
1 / 3 b en t  b e low head 
2 / 3 b ent b elow head 

9 0 . 6  

9 1 .  3 

9 . 0 0 . 4  9 0 . 6  9 . 0 0 . 4 

8 . 4  0 . 3 

9 0 .  6 9 . 0 
89 . 2  10 . 4  
89 . 4  10 . 3  
8 7 . 8  1 1 . 8  
88 . 0  1 1 . 6  
89 . 4  10 . 3  

T 

0 . 4  
0 . 4  
0 . 3  
0 . 3 
0 . 3  
0 . 3 
0 . 4  

0 . 4  
0 . 4 
0 . 3 
0 . 4  
0 . 4  
0 . 3  

3 / 3 b ent b e low head 

89 . 4  10 . 3  0 . 3  
88 . 5  1 1 . 1  0 . 4  
8 3 . 9 ,'c* l S . 3,�*0 .  8 

9 0 . 6 9 . 0  0 . 4 
89 . 1  10 . 6  0 . 3  
8 5 . 7 ,�* 1 3 . 9 *,tcO . 4 
8 3 . 9,h·�1s . 6,'d�O . 5 
8 2 . 9 * ,'cl6 .  5 *7'cQ . 6* 
7 9 . 8**19 . 3**0 . 9 ** 
6 4 . 4** 34 . 3**1 . 3** 8 6 . 6 �h'c l  3 .  o�'dc Q . 4 

1 / 3  hi t cent er head 
2 / 3 hi t cen ter head 
3 / 3  hi t center head 

9 1 . 1  8 . 6  0 . 3  
91 . 5 8 . 3  0 . 2  

9 0 . 5  9 . 2 0 . 3  90 . 7  9 . 0 0 . 3  
P-Dunnett - (.os)= -3-:0- r--Dunne-tt-{:-osY� 3.4 -

( . 01 ) =  3 . 5  ( . 01)= 4 . 0 
1 P -P lump ; kernels r ema ining on t o p  o f  a 5�/ 64 x 3 / 8 inch s creen . 

T- Dunnet t  ( . 05 ) = 0 . 2 
( . 01 ) =0 . 4  

2 I - In te rmed ia te ; kernels go ing through the p lump s cr een s i z e  b ut no t th� thin s creen s iz e .  
3 T-Thi n ; kerne ls go 'i.ng thro ugh a 0 .  064 x 3/ 8 inch s cr e en . 
* ,  ** S igni f i cant a t  5 and 1% l eve l , res p e c t ively . 

.p.. 
Vt 



App endix 8 .  P er centage of  Grain in Vario us Kernel S izes as Aff e c t ed by S imul ated Ha il Trea tmen ts 
on Chi e f  and Froker O a ts at  Watertown ia 1 9 7 3 .  

Ch ief 

Ch eck 
1/ 3 b en t  b elow f la g  l eaf 
2 / 3 b ent b�low f lag leaf 
3 / 3 b ent b e low f lag leaf 
1 / 3  b ent  b elow head 
2 / 3 bent b e low head  
3 / 3 bent b e low head 
1 / 3 hi t cen ter head 
2 / 3 hi t cen ter head 
3/ 3 hi t cen ter head 

Early Boo t1 

P I T 

Time o f  Treatmen t 
La te Boo t  Heading 

P I T P I T 

15 . 6  81 . 9  2 . 5  

2 6 . 0  7 2 . 5  1 . 5  
2 6 . 3 7 2  . ·4 1 .  3 
30 • 7 )t 6 7 • 8 * 1 .  5 
2 2 . 6  73 . 5  1 . 9 
2. 1 . 8  7 6 . 4  1 . 8 
2 1 . 8. 7 6 . 3  1 . 9 

15 . 6  
1 6 . 8  
19 . 7  
24 . 3  
1 8 . 3  
20 . 4  
22 . 3  

81 . 9  2 . 5  
80 . 5  2 . 7  
7 7 . 8 2 . 5  
71 . 8  3 .  9 ,t  
7 8 . 8  2 . 9 
7 6 . 0  3 . 6  
74 . 4  3 . 3  

S o f t Dough 
P I T 

1 5 . 6  81 . 9  2 . 5 
35 . 9·,'c* 6l . 8** 2 . 3 
19 . 3 78 . 1  2 . 6 
2 3 . 3  74 . 6  2 . 1  
14 . 5  82 . 9  2 . 6  
1 9 . 2  7 8 . 2  2 . 6  
19 . 8  7 7 . 2 3 . 0  

P- Dunne t t  ( . 05 ) =  1 3 . 1  
Fraker ( . 01 ) =  15 . 8  

-r-:- Durmett ( .05)=
-

13 .I 

( . 01 ) =  1 5 . 8  
T- Dunne t t ( . OS ) =  1 . 2  

( . 01 ) =  1 . 4  

Che ck 
1/ 3 b ent b e low f l ag 
2 / 3 bent b elow flag 
3/ 3 b ent b elow f lag 

leaf 
leaf 
l eaf 

65 . 1  

72 . 3 

34 . 4  0 . 5  65 . 1  34 . 4  0 . 5  

2 7 . 2  0 . 5  
1/ 3 b en t  b elow head 70 . 0  29 . 5  0 . 5  

6 5 . 1  34 . 4  0 . 5  
63 . 8  35 . 5  0 . 7 
54 . 6  44 . 8  0 . 6  
59 . 3  40 . 2  0 . 5  
61 . 2  38 . 1  0 . 7  

2 / 3 b ent b elow head 71 . 3  2 8 . 2  0 . 5  

65 . 1  34 . 3  0 . 5 
5 8 . 7  40 . 6  0 . 7  
5 2 . 8"�*4 6 . 5* 0 . 7  
5 6 . 6  42 . 4  1 . 0  
6 3 . 0  3 6 . 5  0 . 5  
59 . 8  39 . 5  0 . 7  
5 6 . 6  4 2 . 6  0 . 8* 

5 2 . 3*,t 4 7 . l* 0 . 6  
3/ 3 ben t  b elow head 75 . 6  2 3 . 8  0 . 6  
1/ 3 h i t  center head 69 . 1  30 . 4  0 . 5  
2/ 3 h i t  center head 6 3 . 6  35 . 7 0 . 7 
3/ 3 hi t center head 69 . 3  30 . 2  0 . 5  68 . 6  30 . 8  0 . 6  

5 6 . 7  4 2 . 6  

-p:- Du;;-n;tt (.os)=- 9.8 - -1-: Du�nett (.os)=-11.4 T- Dunne t t  ( . 05 ) =  0 . 3 

��� -���������-< ·_0�1)�=�11_._4��� ( . 01 ) = 1 3 . 6 ( . 01 ) =  0 . 4 
1 No tr eatme n t  app lied fo r Ch ief 
* , ** S igni f i can t at 5 and 1% level ,  respec tively . 

0 . 7  

� 
0\ 



App endix 9. P ercentage of Grain in Var ious Kernel S iz es as Affe cted by  S imulated Hail Treatments on 
Chie f  and Fraker O ats at B rookings in 19 74 . 

Time o f  Tr eatmen t 
E arly Boo t Late Boo t Heading 

P I T P I T P I T 
Chief 

Check 19 . 1  74 . 7  6 . 2  19 . 1  74 . 7  6 . 2  1 9 . 1  
1 / 3 b ent  b elow f lag leaf 1 7 . 4  
2 / 3  b en t  b elow f lag leaf 2 1 . 1  
3 / 3 b ent  b elow f lag  l eaf 1 9 . 1  7 6 . 1  4 . 8  2 3 . 8  
1 / 3 b en t  b elow head 19 . 8  74 . 0  6 . 2  20 . 8  
2 / 3 b ent  b elow head 2 5 . 7*  70 . 8  3 . 5* 18 . 9  
3/ 3 b en t  b elow head 3 2 . 2**65 . 6 * 2 . 2** 2 6 . 0  
1 / 3 hit  center head 1 6 . 4  7 7 . 7  5 . 9 
2 / 3 hit  center head 1 8 . 8  7 6 . 5  4 . 7  
3 / 3 hi t cen ter head 1 8 . 2  7 6 . 0  5 . 8  1 7 . 3  7 7 . 6  5 . 1  

74 . 7  6 . 2  
7 5 . 6  7 . 0 
7 2 . 0  6 . 9 
68 . 9  7 . 3  
74 . 5  4 . 7  
7 3 . 4  7 . 7  
68 . 5  5 . 5 

S o f t  Dough 
P I T 

19 . 1  
2 2 . 0  
16 . 9  
1 8 . 8  
19 . 4  
1 8 . 2  
1 7 . 8  

7 4 . 7  
7 3 . 5  
7 6 . 2  
74 . 1  
7 4 . 2  
7 5 . 3  
7 5 . 6  

6 . 2  
4 . 5  
6 . 9  
7 . 1 
6 . 4  
6 . 5  
6 . 6  

Froker 
P--Dunnett- (-:-os )� 6.I - - 1--D�n;·e-tt-(-:-os )-;; 7.o 

( O . l ) = 7 . 1 ( . 01 ) =  8 . 2  
T- Dunnet t  ( . 0 5 ) = 2 . 5  

( . 01 ) =  2 . 9  

Che ck 
1/ 3 b ent b e low f lag leaf 
2 / 3  b ent  b elow f lag l eaf 
3 / 3 b ent b elow flag l eaf 
1 / 3 b ent below head 

40 . 3  5 7 . 8  1 . 9  

40 . 9  5 7 . 3  1 . 8  

40 . 3  5 7 . 8  1 . 9  

4 3 . 7 54 .,, 6 1 .  7 
2 / 3  b ent b elow head 5 1 . 6**4 7 . l**l . 3  
3 / 3  b ent b elow he ad 58 . 7**4 0 . 0**l . 3** 
1/ 3 hit cen ter h ead 40 . 0  58 . 0  2 . 0 
2 / 3  hi t center head 4 3 . 2 54 . 9  1 . 9  
3/ 3 hi t cen ter head 40 . 5  5 7 . 6 1 . 9  3 8 . 6 59 . 6  1 . 8  

4 0 . 3  5 7 . 8  1 . 9 
4 2 . 1  55 . 7  2 . 2 
4 3 . 5  54 . 0  2 . 5 
49 . 1* 4 8 . 7**2 . 2  
42 . 3  5 5 . 1  2 . 6 
49 . 2* 4 9  . 0* * 1 . 8 
5 1 . 2 **4 6 . 9 10'\l .  9 

L�O . 3 
39 . 3 
39 . 7 
4 2 . 5  
4 3 . 5  
4 3 . 6  
4 3 . 2  

5 7 . 8  
5 8 . 2  
58 . 1  
5 5 . 8  
54 . 7  
5 4 . 8  
5 4 . 5  

P-Dunnett-(:-os);- 6.5 - - r:-nu;nett (.05)=-6-:-1-

( . 0l ) =  7 . 5 ( . 01 ) =  7 . 1 
T- Dunnet t  ( . 05 ) =  0 . 7 

( . 0 1 ) =  0 . 8 
* ,  ** S ignif icant at 5 and 1% level , respectively . 

1 . 9  
2 . 5  
2 . 2  
1 .  7 
1 . 8  
1 . 6  
2 . 3  

� 
-...J 



App endix 1 0 .  Percentage of Grain in Various Kernel Sizes  as Af fected  by  S imulated Hai l  Tr ea tments on 
Chi e f  and Fraker Oa ts  at Water town in 1 9 7 4 . 

Ch ief  

Early Boo t 
P I T 

Time o f  Treatment  
L a t e  Boo t  Heading 

P I T P I T 
S o f t  Dough 

P I T 

Che ck 2 4 • 0 7 3 • 5 2 • 5 2 4 • 0 7 3 • 5 ·2 • 5 2 4 • 0 7 3 • 5 2 • 5 2 4 • 0 7 3 • 5 2 • 5 
1 / 3 b ent b e low f lag leaf 29 . 3  6 8 . 4  2 . 3  2 6 . 0  7 2 . 2  1 . 8  
2 / 3 b en t  b elow f lag leaf 3 3 . 1* 65 . 0* 1 . 9 2 0 . 7  7 6 . 5  2 . 8 
3 / 3 b ent b elow flag leaf 29 . 3 69 . 0  1 . 7 3 6 . 0** 61 . 4**2 , 6  2 3 . 3 7 3 . 9  2 . 8  
1/ 3 b ent b e low head 2 8 . 2 6 9 . 7  2 . 1 2 4 . 5 7 2 . 6  2 . 9 21 . 0  7 6 . 5  2 . 5  
2 / 3  b ent  b e low hea d 3 5 . 5**62 . 9 **1 . 6  35 . 2**61 . 7 **3 . l  1 7 . 9  7 9 . 0  3 . 1  
3 / 3 b ent  b elow head 29 . 0  69 . 5 1 , 5  32 . 6 * 6 3 . 3**4 . l* 24 . 3  7 3 . l  2 . 6  
1/ 3 hi t center head 2 5 . 4  7 2 . 4  2 . 2  
2 / 3 h i t  center head 2 1 . 1  7 7 . 2  1 . 7  
3 / 3 hi t center head 30 . 2  6 8 . 2  1 . 6  30 . 5 6 8 . 0  1 . 5  

. P--Dun;ett-(:-os):': S.l ...... 
- I-

-
Dt;n�ett

-
(-:-os)";; 7 . 5 T- Dunnet t  ( . 0 .5 ) =  1 . 2  

Froker ( . 01 ) =  9 . 4 . ( . 01 ) =  8 . 7  ( . 01 ) =  1 . 4  

Che ck 
1/ 3 b ent  b e low flag leaf 
2 / 3  b en t  b elow f l ag leaf  

7 2 . 0  2 7 . 3  0 . 7 7 2 . 0  2 7 . 3  0 . 7 7 2 . 0  2 7 . 3  0 . 7  
65 . 8  3 3 . 4 0 . 8  
68 . 4  30 . 8  0 . 8 

3/ 3 b ent b elow flag leaf 66 . 0  33 . 5  0 . 5  60 . 6**38 . 4**1 . 0  
1 / 3 b ent b elow head 65 . 0* 34 . 3  0 . 7  6 3 . 6** 3 5 . 7* 0 . 7  
2 / 3 b ent b elow head 6 6 . 3  33 . 2  0 . 5  5 8 . 4**40 . 5**1 . l* 
3 / 3 b ent be low head 69 . 0  30 . 4  0 . 6  59 . 6**39 . 3**1 . l* 
1/ 3 hit  center he ad 64 . 4**35 . l  0 . 5 
2/ 3 hit  center head 69 . 4  29 . 9  0 . 7  
3/ 3 hit  center head 71 . 5  28 . 1  0 . 4  70 . 6  2 8 . 8  0 . 6  

7 2 . 0  2 7 . 3  0 . 7  
6 3 . 8,'d\35 . 6,� 0 .  6 
6 3 . 8,'o'• 35 . 6.,� 0 . 6  
68 . 6  30 . 6  0 . 8  
6 6 . 9  32 . 7  0 � 4  
62 .  6'1�* 36 . 7-,'o'cO . 7 
6 5 . 0'" 34 . 5 0 .  5 

P-
-

Dunnett
-

(-:-os);- 8.o
-

- I--Dunnett-(�OS);- 8.1 
( . 01 ) =  9 . 2  ( . 01)= 9 . 4 

T- Dunne t t  ( . 05 ) =  0 . 4  
( . 01) ::: 0 . 5  

* ,  **  Signi f i cant at 5 and 1% level , respectively . � 
co 



App endix 11 . P er cent Blas t in Chie f  and Fraker O a t s  as Af f e c t e d  by S imulat e d  Hail Treatments  
at Brookings and Wa t e r town in 19 7 3 .  

Brookings 

Check 
1/ 3 h i t  center he ad 
2 / 3 h i t  center head 
3/ 3 h i t center head 

Water town 

Che ck 
1/ 3 h it cen ter head 
2 / 3 hi t cen ter head 
3/ 3 h i t  center head 

Chi e f  
Early Boo t Late Boo t  

Blas t Increas e Blas t Inc r eas e 
% % 

1 5 . 3  0 

2 5 . 3)'• 65 . 4  

Dunnet t  ( . O S ) =  9 . 8 
( . 01 ) =  12 . 9  

Dunnet t  ( . 05 ) =  3 . 7  
( . 01 ) =  5 . 0  

% 

15 . 3  
1 6 . 0  
16 . 5  
30 . 9 *  

% 

0 
4 . 6  
7 . 8 

102 . 0  

8 . 9  0 
9 .  9 11 . 2 

1 3 . 8)'• 5 5 . 1  
19 . 3H 116 . 9  

* , k* S igni f i can t at S and 1% level ,  r e s p e c t ively . 

Freker 
Early Boo t  

Blas t Increa s e  
% % 

13 . 6  0 

1 7 . 8  30 . 9  

Dunn e t t  ( . OS ) =  5 . 5 
( . 01 ) =  7 . 2  

11 . 1  0 

14 . 7  32 . 4  

Dunne t t  ( . 0 5 ) ; 5 . 2 
( . 01 ) =  6 . 9  

La t e  Boo t 
Blas t Incr eas e 

% 

1 3 . 6  
1 3 . 7  
1 5 . 5  
1 7 . 0  

11 . 1  
11 . 4  
1 3 . 4  
1 5 . 4  

% 

0 
0 . 7  

14 . 0  
2S . O  

0 
2 . 7  

20 . 7  
38 . 7  

� 
\0 



App endix 1 2 . P er cent Blas t in Chief and Freker Oats as Af f ec t ed by S imula ted Hai l  Treatment s  
a t  Brookings and Wat ertown i n  19 74 . 

Chief  
Earll Boo t La te Boo t 

Bro okin� 

Check 
1/ 3 hit center head 
2 / 3 hit center head 
3/ 3 hi t center head 

Wa te r t own 

Check 
1/ 3 hi t center head 
2 / 3 hi t center head 
3/ 3 hi t cen ter he ad 

Blas t 
% 

11 . 4  

20 . 9ic * 

Increas e 
% 

0 

8 3 . 3  

Dunne tt  ( . 05 ) � 7 . 0  
( . 01 ) =  9 . 2  

15 ·. l 0 

1 3 . 6  -9 . 9  

Dunne t t  ( . 05) = 6 . 8  
( . 01 ) =  9 . 0 

Blas t 
% 

11 . 4  
14 . 6  
1 6 . 5  
18 . 0  

. 15 . 1  
15 . 9  
1 3 . 1  
14 . 1  

* ,  ** S igni f i cant at 5 and 1% leve l , r esp ec tively . 

Incr ease 
% 

0 
2 8 . 1 
44 . 7  
5 7  . 9  

0 
5 . 3  

-13 . 2  
- 6 . 6  

Fre ker 
Ear ly Boo t  L a t e  Boo t 

Blas t Incr eas e B l as t  Incr ease 
% % % % 

1 7 . 4  0 1 7. 4 0 
18 . 1 4 . 0  
19 . 1  9 . 8  

2 1 . 4  2 3 . 0  1 9. 6 1 2. 6 

Dunne t t  ( . 05 ) =  5 . 9 
( . 01 ) =  7 . 8  

1 4 . 9  0 14 . 9  0 
1 5 . 7  5 . 4 
14 . 3  -4 . 0  

14 . 9  0 14 . 4 - 3 . 4  

Dunnett ( . 05 ) =  5 . 6  
( . 0 1 ) =  7 . 4 

V1 
0 



App endix 13. P er cent Head Droppag e  f o r  Chi ef and Fr.o ker Oats as  Affec t ed by S imula t ed 
Hai l Treatmen ts a t  Brookings �nd Wa ter t own in 19 7 3 . 

Brookings 

Check 
1/ 3 b elow f la g  l eaf 
2 / 3 be low f lag leaf 
3/ 3 b e low flag leaf 
1 / 3 b elow head 
2 / 3 b elow head 
3 / 3  below head 

Wa ter toWn 

Check 
1/ 3 b elow f lag leaf 
2 / 3 b e low f lag leaf 
3 / 3 be low f lag leaf 
1/ 3 b elow head 
2 / 3 below he ad 
3/ 3 b elow head 

Chief  Freker 
Time of Tr eatment 

Heading Sof t Do ugh Late  Boo t2 Headi ng So f t  Do ugh 
% D r opl % Drop % Drop % Dro p  % Drop 

0 0 0 0 
0 0 0 0 
0 0 1 .  7 0 
0 0 . 8  0 0 

3 . 3  0 . 8  11 . 7 10 . 7* ''¢ 0 . 8 
1 .  7 0 . 9  4 3 . 3  10 .  9 10'( 3 . 4  
4 . 2* 0 5 6 . 0  10 . Q,9¢ 0 . 8  

Dunnet t ( . OS ) = 3 . 8  Dunne t t  ( . 0 5 ) = 8 . 7  
( . 01 ) =  1 0 . 7  

0 0 0 0 
1 .  7 0 0 . 8  0 

0 0 0 0 
0 . 8 0 0 . 8  0 
1 .  7· 0 0 0 

0 0 . 9 1 .  7 0 
3 .  3;� 0 . 8  0 0 

Dunne t t  ( . 05 ) =  2 . 9 Dunnet t  ( . 05 ) =  1 . 8  

1 Values rep r es ent whole p lo ts , each has b een co rr ec ted f o r  the various in tens it ies . 
2 Val ues rep resent ac tual dropp age count  b ecause  this treatment wasn ' t tagg ed � 
* ,  ** Signi f i cant at  5 and 1% level , respectively . VI 

!-' 



Appendix 14 . Percen t  Head Droppage f o r  Chi e f  and Fraker Oats as Af fec ted by S imul ated Hail Tr eatments 
at  Bro okings and Watertown in 1 9 74 . 

Chief  Froker 
Time of Treatment 

Early Boo t  Late Boo t  Head ing Sof t Dough Ear ly Boo t  Late Boo t  Head ing S o f t  Dough 
% Drop % Drop % Drop % Drop % . Drop % Drop % Drop % Dr op 

Brookings 

Ch eck 0 0 0 0 0 0 0 0 
1 / 3 b elow flag leaf 9 . 4  0 0 0 
2 / 3 b elow f lag leaf 0 . 8  3 . 4  0 . 8  0 
3 / 3 b e low f la g  leaf 9 . 2 0 . 8  0 . 8  0 . 8  
1/ 3 b elow head 9 . 2  1 3 . 3  5 . 0 2 . 5 8 .  3�'( 5 . 8  
2 / 3  b elow head 1 2 . 5  2 s . o,-.�� 14 . 2  8 . 3* 6 . 7  7 . 5 
3 / 3 b e low head 2 . 5  15 . 0* 21 . 7 ''c*  13 . 4  0 5 . 0  4 . 2  7 . 5  

Dunne t t  ( . 05 ) =  1 4 . 7  Dunne t t  ( . 0 5 ) =  8 . 2  
( . 01 ) = 17 . 7  ( . 01 ) =  9 . 9  

Water town 

Check 0 0 0 0 0 0 0 0 
1/ 3 b e low f lag leaf 0 . 8  0 0 0 
2 / 3 b elow f lag leaf 0 0 1 .  7 0 
3/ 3 b e low f lag leaf 0 c 0 0 
1/ 3 b e low head 4 . 2  8 . 3  0 0 0 . 8  0 
2 /  3 b e low hea d 24 . 2 ** 14 . 2'" 0 10 . 9 ** 5 . 0  0 
.3/ 3 b elow head 0 1 7 . s �h'- 7 . 5  0 0 5 . 9 4 . 2  0 . 8  

Dunne t t  ( . 05 ) =  14 . 2  Dunne tt ( . 0 5 ) =  6 . 2  
( . 01 ) =  1 7 . 2  ( . 01 ) =  7 . 5  

V1 
* ,  ** S igni f i cant at 5 and 1% level , resp ec tively . N 



5 3  

App endix 1 5  • B las t  and Sp ike le t  Numb ers of Oats in 19 7 4  Standard Var i -
e ty O a ts a t  Two Locations . 

Brookings I Wa t er town2 

Sp i ke let B la s t  Sp i ke le t  B las t 
Var i e ty No . /Pani cle "I lo No . /P ani c le % 
Tr i o  2 5 . 3  4 . 7  2 5 . 6  10 . 5  
Dup ree 31 . 7 5 . 7  2 8 . 1  7 . 1  
No daw ay 7 0  2 4 . 9  10 ." 4  2 4 . 0  9 . 2  
Por ta l 34 . 0  1 1 . 2  2 2 . 5  1 8 . 2  
Purdue ( 61 35 3 ) 30 . 5  12 . 1  2 6 . 0  14 . 2  
Diana 2 8 . 8  1 2 . 2  2 4 . 7  9 . 3  
Random 4 5 . 7  1 3 . 1  3 8 . 4  2 6 . 0  
S D  711035 1 7 . 4  1 3 . 2  1 7 . 1  1 0 . 5  

MN 7 1 1 0 1  32 . 3  1 3 . 6  2 7 . 1  13 . 7 

Fraker 2 9 . 5  1 4 . 2  2 8 . 3  13 . 8  
Nob le 3 6 . 0  1 4 . 4  2 9 . 7 1 3 . 8  

S t ou t  2 7 . 6  1 4 . 5  2 8 . 0  1 6 . 4  

As tr o 30 . 9  1 4 . 6  2 3 . 1  1 2 . 1  

Bu rne t t  30 . 8  1 4 . 9  30 . 9  1 2 . 3  

S D  7 1 1 0 L� 5  19 . 1  1 5 . 7  1 7 . 8  9 . 6 

1 64 1 - 2  (Wis c )  3 7 . 8  1 6 . 4  3 3 . 1  1 5 . 4  

Dal 32 . 2  1 6 . 8  30 . 7  2 5 . 1  

Ke l s ey 38 . 6  16 . 8  2 8 . 6  2 4 . l  

O tec. 29 . 5  1 7 . 3  2 8  .. 9 1 3 . 5  

Cayus e 31 . l  19 . 3  2 8 . 8  1 2 . 5  

Ch i ef 39 . 1  1 9 . 4  3 6 . 4  1 2 . 4  

Grundy 2 8 . 8  19 .• 8 30 . 2  12 . 9  

M- 7 3  36 . 4  19 . 8 34 . 9  1 3 . 5  

S D  9 5 5 33 . 6  20 . 2  2 6 . 2  2 3 . 4  

L odi 38 . 8  21 . 6  3 5 . 0  20 . 6  

H olden 2 8 . 7 . 2 2 . 3  2 6 . 0  1 6 . 5  

Ot 1 8 6  (Hu ds on )  3 5 . 0  2 2 . 6  4 0 . 6  21 . 9  

Ot ter 40 . 6  2 6 . 4  39 . 4  21 . 8  

Goo d land 31 . 0  2 6 . 8  2 7 . 9  2 7 . 2  

Gar land 3 7 . 3  2 7 .  9 2 8 . 5  14 . 7  

Avera ge 32 . 1  1 6 . 6  2 8 . 9  1 5 . 7 

1 Average of 4 r ep li ca tions wi th 10  heads per r ep li ca t io n . 

2 Aver ag·e of 2 r ep lica tions wi th 10 heads p er rep lica t i on .  
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