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THE RELATIVE RESISTANCE OF WHEAT 
VARIETIES TO BUNT (TII.lI.,ETIA 

'1'RI'1'ICI) . 
By KATHLEEN SAMPSON, M.Sc. (I.ond.), 

lInivcrsity College, AbC'rystwyth. 

J. bTRODlTTIOX. 

II. Ex.I'ERun::ST.\L DATA AXD DISCUSSION OF RESUI,'·S. 

I. l'ure line selections of Hen Gymro. 
2. Foreign varieties selected for resistanee. 
3. Common British varieties. 

III. BIOLOGICAL OBSERVATIONS. 

IV. SUlIIM.\RY. 

Y. Rt:nllt:sc.:s. 

I. Introduction. 

In 1928 tlle attention of the present writer was called to the 
high percentages of bunt (Tilletia tTitici) occurring in some of the 
pure line selections of Hen Gymro wheat which were under study 
by Mr. T. J. Jenkin at the Welsh Plant Breeding Station. The 
selections were made for the most part in 1920 and multiplied on 
the ear to row system, and in three years the majority of the 
lots were found to be badly bunt contaminated.1 Since Hen 
Gymro is known to be a composite variety, including a series of 
types which differ by clearly marked morphological characters 

1 In subsequent years the disease was satisfactorily controlled by the 
apl)lication of copper carbonate dust (see 16). 
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(8), an experiment was started with the object of testing a 
number of pure line selections in the hope that some might be 
found to differ also in regard to bunt resistance. For comparison 
with Hen Gymro certain common British wheat varieties were 
included in the trials, together with several varieties from other 
countries which have been recorded as possessing exceptiorml 
resistance to bunt. 

It is not necessary on this occasion to review in detail the 
work already published on varietal resistance of wheat to bUilt, 
since this work was summarised by Humphrey and Woolman 
(7), and by Reed in 1924 (15). 

The pioneer in this as in other aspects of wheat breeding 
was Farrer in Australia, and as the outcome of his work we have 
the relatively resistant varieties Genoa and Florence (2, 13). 

In Germany the most extensive studies in this problem were 
made by Von Kirchner, who tested for bunt resistance during 
the period 1903-1916 360 varieties and selections of cultivated 
wheats. Considering the species as a whole, T. durum, polollicwn 
anti 1nonococcmn showed the highest resistance, but infection of 
one or more varieties of these species was obtained; while within 
each of the species T. compact1tm, turgidttm, spelia, dicocCUIII, 
and vulglJTl', several varieties were found of marked susceptibility. 
Among varieties of 'r. ,'ulpare Furst Hatzfeld, Hohenheimer No. 
77 and Beardless Odessa were exceptionally resistant, but none 
were found to he immune. 

More recently in Germany a number of winter wheat varieties 
were tested for bunt resistance by Zade (20). Among fifty-six 
'Yarieties only one, Heils Dickkopf, showed high and consistent 
resistance to bunt over a four seasons' trial. This variety, 
together with two others which showed a weaker resistance, were 
included in the experiments described below. 

In 1918 the AustraHan resistant variety Florence was found 
to be highly resistant in some American trials (4), and at the 
same time certain selections of Turkey, a red Crimean wheat, 
remained almost free from infection under conditions which 
produced over 70 per cent. infection in susceptible varieties. 
A highly resistant and promising variety, Ridit, is the outcome of 
the cross Turkey x Florence, which was made at that time and 
.tudied by Gaines (4, 5). 

An extensive search for bunt resistant varieties of wheat 
was made in America during the years 1918-20; nearly all the 
commercial varieties of wheat grown in the United States were 
tested at mor~ than one station and numerous samples from 
Australia, India and South Africa were also included. Three 
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strains of White Odessa, nine selections from Turkey and the 
varieti .. Ridit, Florence and Banner Berkeley proved to be highly 
resistant to bunt (Tilletia tritici), while strains of Hussar and 
Martin, both varieties of common wheat, appeared to be actually 
immune (19). These varieties have remained free from infection 
in all subsequent trials in the United States and may be regarded 
as completely resistant to all collections of Tilletia trifid so far 
investigated in that country. 

The genetics of bunt resistance have been studied by Gaines 
(5), Gaines and Singleton (6) and Briggs (1). Gaines, working 
with the highly resistant varieties Turkey and Florence, showed 
that in some wheat varietics bunt resistance is not A simple 
Mendelian unit character. If Mendelian, it is composed of 
mUltiple factors, and apparently different wheats possess different 
kinds of resistance (5). Briggs, using the completely resistant 
forms Martin and Hussar in crosses with highly susceptible 
varieties, found that resistance to bunt was completely dominant 
in Martin and almost completely dominant in Hussar. He 
concludes that the two varieties are apparently not exactly similar 
in thf'ir resistance to bunt, resistance in Hussar being due 
probably to more than one Mendelian factor (1). 

From the genetical work already published one may conclude 
that it should not be difficult to use thesl' immune varieties of 
wht'a~ in brcl"di1lg for bunt resistallC!e. 

II. Experimental Data and Di.cu •• ion of Re.ulta. 

The same method of testing any particular line selection or 
,·ariety of wheat was used throughout the series of experiments 
described in the present paper. Samples of the grain to be tested 
were shaken with excess of bunt spores, the surface of the grain 
thus treatt'd being appreciably darkened by large numbers of 
spores adhering to it. In thc first experiment (harvest year 1924) 
the spores were taken from an English farm crop of Benefactor. 
In the subsequcnt years a spore collection was used which came 
originally from a Welsh ('rop of April Bearded wheat and was 
propagated at the station on Hen Gymro in 1025 and on various 
Yluieties in 1926.2 

The grain thus contaminated was sown under field conditions 
in five-foot drills at the approximate rate of four grain per inch. 
Every grain sample under test was sown in duplicate, with the 
exception of those included in the March sowing, 19~5 (Table II). 

2 No significant difference Willi observed in the infection ('aplll"ities of 
t!IF two ('ollef·tions l'mployed, but the experiments were not designed to h·~t 
till. point critically. 
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In 1924 and 1926 the plants from each row were pulled by 
lland at harvest and divided into three groups as follows :-

1. Plants bearing heads containing only healthy grain. 
2. Plants bearing both healthy and bunted heads. 
8. Plants bearing only heads with bunted grain. Partially 

infected heads were classified as " bunted." 

The plants in each group were counted and recorded, and an 
estimation was also made of the number of healthy and bunted 
heads in each row. In ]925 the rows were cut at ground level 
and the percentage of disease was estimated only on the basis 
of bunted heads. It is evident from the tables that where 
estimations were made by both methods the figures show in most 
cases good agreement. Considerable divergence only occurred 
when the number of plants was unusually small, with the result 
that certain plants had space for excessive tillering. On the 
whole the figures given by estimating the percentage of bunted 
plants are slightly higher than those obtained when the heads 
alone are used as a basis for estimation. In 1926 (Table III) 
the greatest divergence between the two methods was 14 per cent. 
(April Bearded). Taking the average of the same fifty-six lots 
we have:-

Perccntage bunted plants 73 
Percentage bunted heads 72 

In 1924 the corresponding figures for Hen Gymro selections 
were 69 per cent. and 65 per cent. 

It will be convenient to consider the results under three 
headings :-

1. Pure line selections of Hen Gymro. 
2. Foreign varieties selected for bunt resistance. 
S. Common British varieties. 

The results are summarised in Tables I, II and III. 

1. PUTe linc selections of Hen GymTo. 
In 1924 twenty-two pure line selections were tested for bunt 

resistance by the method outlined above, all the lots being sown 
on the same date, 6th February, 1924. 

The range of infection throughout the experiment was 49-
~5 per cent. 011 an estimation of infected plants, 46-84 per cent. 
on an estimation of bunted heads (Table I). Although there was 
an apparent difference between the resistance of one line and 
another the results did not offer grounds for hoping that a highly 
bunt-resistant strain might be discovered by this method. It was 
decided, however, to repeat the trial in the following season with 
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the same lines and to includf: also eighteen other selections not 
previously tested. The grain was contaminated and sown on 
4th November, 1924. 

In the harvest year 1925 the infection was slightly lower 
than in the previous season. The average for all lines of Hen 
Gymro tested was 53 per cent. ; the range among forty selections 
was 27-72 per cent., the estimation being made on the basis of 
bunted heads. 

Considering lines tested in both seasons, the results do not 
show in all cases close agreement; certain lines which appeared 
to be relatively resistant in 1924 were found to be somewhat 
heavily infected in 1925. While a more extensive study might 
possibly reveal certain sman but real differences in regard to 
bunt resistance between pure line selections of Hen Gymro wheat, 
it was not considered to be a useful subject for further invest
igation, since not a single selection in either season showed out
standing resistance. Such differences as appeared in the results 
were probably accidental departures from an average figure, 
which, under the conditions of the 1924-25 experiments, seems 
to lie between 50 per cent. and 70 per cent. This view is con
firmed by the following result, obtained in 1926 when two lots 
were again tested, which showed respectively the highest and the 
lowest infection in a two year average in 1924-25 :-

Station, Average Percentage lJ1U1tctZ 
No. 192",,-25. heads 10;26. 
150 88 80 
878 76 81 

In Table I the selections have been grouped according to 
ear characters, but it is evident that no correlation was found to 
exist between morphological features and resistance to bunt. 

Since the method of pure line selection appears in the matter 
of bunt resistance to offer so little hope of success, breeding 
experiments have been started with the object of trying to 
introduce resistance by crossing selected lines of Hen Gymro with 
certain of the resistant varieties of Triticllm vulgare, which will 
be discussed in the following section. 

2. Foreign varieties selected for bunt resistance. 

By the' courtesy of Dr. Zade and Dr. Gaines, to whose work 
reference has already been made, samples were obtained in 1924 
and 1925 of certain'vari,eties of common wheat, which had been 
especially marked in their experiments for relatively high bunt 
resist8'bce. These varieties have been tested three or four times 
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in the seasons 1024-26, together with certain British varieties 
which were in,l:lluded for comparison. The British varieties were 
not selected from any definite knowledge of their resistance or 
susceptibility to bunt. The data from four experiments are 
summarized in Table II. 

TABLE I. 

Showinl' the relative susceptibility to bunt of pure line selections of 
Hen Gymro wheat, 1924-25. 

:Hellrltl'll, r.·.t, .month Illumes 

Jlellrrlclt. r~d. rnugh IIlulll.·s 

Beftrd,'d. \\ htt~ •• mouth !thIllIC' 

lII'ard.·.I, whit.·, rough •.......•. 
!it'IDI-J:ot.'artletl, red, sm.K,th ..... . 

rouRh 

8Iali"" 
Nn. 

101 
111;; 
1I)t! 
:?tm 
.-,111 
jO:! 

2011 
2011 

lUI 
HS 
I:ill 
:1l!1I 
11111 
4110 
.Jilt 
4116 

BeIlTIUI· ..... rl·.t. rou!!h ghlll1"M 157 

lWartlt~ ••. "htlr, "1Il""th qlull1(·s.. t65 
171 
47:1 
H4 
4111) 
0181 
~84 

Jlearc!JI't!., whltr, rough IIhll11.... . • 178 

AverHII~ ...••...•........•.... 

* Glullles pale red. 

2704 
277 
52:! 

IIl:!1 
pel' ceil!. 
bunted 
plant •• 

:'8 7r, 
711 
7R 

fl6 
7:1 

;5 
6-l 
40 
81 

It! 

77 

OR 
O:l 
H 
6:1 

i6 

78 
66 

75 
flO 
H5 

61l 

, 11l:!·1 
ptr "",t. 
bunt.lf. 
,.tadt<. 

a:, 
76 
;;6 
67 

:,:J 
tIS 

i:! 
01 
46 
III 

114 

i8 

fill 
O:! 
:l8 
:;9 

62 

ill 
611 

0:; 

1925 
p.r ~".t. 
bunled 
htads. 

54 
.-,11 
27 
45 
:;6 
51 
66 
6:' 

41 
66 
a7 
61 

AI'eraqe 
:! 'Ilea,. 
1'tr cenf. 
bunttd 
heath< 

fli 
;;fI 

;iil 
6:1 
48 
:;11 

ill 

110 
61 
:1:1 
l~ 

61 

62 
60 

In 1924 the rows of wheat in this experiment were unfor
tunately attacked somewhat severely by wireworm, and the 
.:amber of pl$.nts which survived until harvest was too small to 
admit of reliable conclusions in all cases. Moreover, two of the 
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samples, Ridit and Turkey (and possibly Hussar) were apparently 
not free from impurity. The results, nevertheless, are not without 
interest. Martin remained completely bunt-free under conditions 
which resulted in 82 per cent. of bunted plants in one line of 
Hen Gymro and 14-52 per cent. bunt in other common British 
wheat varieties. 

In the following season two sowings were made. On the 
4th November, 19240, the same varieties were sown again, the 
seed in this case heing taken from the healthy plants of the 1924 
experiment. Three samples from Germany were then included 
for the first time. 

In this trial two lines of Hen Gymro gave (,5 per cent. and 
07 per cent. of bunted heads, Pommersche and Kirches (Germany) 
gave respectively 72 per cent. and 67 per cent., while eight 
varieties commonly grown in the British Isles gave 6 per cent.-
85 per cellt. Ridit, Florence and Turkey, with 3 per cent., 
7 per cent. and 17 pcr cent. bunt, showed a certain degree of 
resistance, whilc Hussar and Martin were entirely bunt-free. 
Heils Dickkopf, with 20 per cent. bunt, was distinctly more 
resistant than the other German varieties, a result which agrees 
with that obtained by Dr. Zadc in Germany. 

In the same season a second sowing was made on 10th March, 
1925, new samples of seed of the American-varieties having been 
received for trial, together with White Odessa, which was theu 
tested in Wales for the first time. In this experiment the highest 
figures for bunt were given by two spring varieties, Red Marvel 
and April Bearded, which were almost completely infected, 
producing respectively 87 per cent. and 92 per cent. of bunted 
heads. Pommersche and Kirsches were again relatively suscep
tible with 81 per cent. and 50 per cent., while Heils Dickkopf 
with 4 per cent. was highly resistant. Florence, with 41 per cent., 
was distinctly less resistant than in the previous November 
sowing. The British varieties, Benefactor, Little Joss, Cook's 
Wonder and Hen Gymro (219), showed surprisingly low bunt 
infections when compared with results obtained in 1026 from 
grain sown in November. White Odessa and Turkey showed 
high resistance. Ridit, Hussar and Martin gave only healthy 
plants. 

In 1926 the same varieties were again studied for bunt 
resistance from sowings made on 10th November, 1925. In this 
trial strong infection was obtained with Kirsches, Pommersche 
and the British varieties, which showed a range of 56 per cent.-
88 per cent. bUllted plants. In comparison with these, Florence, 
~ls Dickkopf and Turkey (88 per cent., 18 per cent. and 12 per· 
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cent.) were more resistant, White Odessa and Ridit (9 per cent. 
and 2 per cent.) were highly resistant, and Hussar and Martin 
completely resistant, again producing only healthy plants. These 
two varieties have, therefore, with the doubtful exception of 
Hussar in 1024, remained bunt-free in four trials extending over 
three seasons and conducted under conditions which did not fail 
to produce in certain other varieties very high percentages of 
disease. Ridit, Turkey and White Odessa have shown marked 
resistance in three trials (1925-~6), and results with these varieties 
also agree very closely with those obtained in America. This, 
undoubtedly, is the result of first importance arising out of the 
present series of experiments, since it appears to indicate that 
"arieties showing high resistance to bunt over a long period in 
America, and proving of value there in breeding experiments, 
hchave in this same way to 7'iIlf'fia tritici in this country and 
may possibly be used here also for the production of bunt-resistant 
varieties. 

This result was not altogether anticipated in view of the 
increasing number of parasitic fungi which, on investigation, 
prove to be differentiated into several distinct biologic species, 
to which varieties of cultivated plants show varying degrees of 
resistance. Thus it was found recently that certain oat varieties 
resistant to Ustilago laevis in America were markedly susceptible 
to Welsh collections of the same fungus (14, 17). Fortunately 
for the plant breeder Tilletill tritici appears to be less variable in 
this respect, and up to the present time no well established 
hiologic species of this fungus have been discovered.3 Thus the 
variety Florence, which was bred in Australia for bunt resistance, 
has proved of value I\S a bunt-resistant variety in America. It 
appears now from the results of the above experiments that Martin 
and Hussar, which are immune to bunt in America, show the same 
reaction to the disease in this country and may conceivably be 
of value here in breeding work. 

Interesting in the same connection is the behaviour in these 
trials of the three German varieties, Pommersche, Kirsches and 
Heils Dickkopf. The results agree in so far as Heils Dickkopf 
is concemed, since this variety in Wales and in Germany showed 
relatively high resistance. With the two varieties, Kirsches and 
Pommersche, rather higher results were obtained in Wales (1925-
:26) than were obtained in Germany by Dr. Zade (1920-28), but 
this discrepancy in results might be due to seasonal variation, 

II Results 'Indicating that biologic sPC'C'j(,s of Tilletia t"fie-; do ('xist 
huy(' bl"Cn obtained in America by Faris (8), 
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since Dr. Zade informs me by letter that higher figures for 
infection were obtained in 1924-25 than in the earlier series of 
expeoriments reported on in 1928 (20). 

TABLE II. 

Showillll' the relative susceptibility to bUilt (Tillctitt trilid) of certaill 
wheat varieties from Germany, Uilited States and Britaill, 1924-26. 

i t9:!" 19201 1925 192;; 1926 11J:l1i I Peb. "',~. NOI'. • 1Iarrh Nm.' . Nt)". 
";OF/IN: OF "~:~:I) .\:1"11 Statum Hamn VOU'" HOlI'n R(JU'fI, Hmon ,'l:tJr.tI 

\'.\RJETY. .Yo. perr.enl. p'" ~tnt. l't! ~,nt. pn emt. PPr ""nt. l'rr crill. 
blilited bulltrr{ b""I.d bu",td bu1llM /lI""tr{ 
plantB. Mild •. /"ad •. hffld.,. plrrnt'. I"ad •. 

-.~.-- .. ----- .. --_--- --. _ .. _--_. ---- - - -----
~: 1':RXANl" : 

HeU. Hkkkopf ....... :,119 20 .. 18 I:> 
K.ir.~hl'l< ............. ;;90 67 :.0 S" 1'111 
l'onlln~r~rh~ .......... :.91 72 :11 112 58 

C'I.A.: 
~'J()ren",' ... .. -.... :-.iO (.1';) (Ul) .. 

Ill:! H :111 :!" 
White Oll('l,,'" ........ IIl1i 9 4 

Rhllt ............... !jAil :l8- :l~· :1 
11111 0 :l 

'!'lIrkt>y .............. :\78 20- :10- 1. 
Illl .. 12 II 

HU~Rllr .............. :\81 (tI) (4) n 
6011 II I) 1/1 

lIartlu .............. aK~ n 0 () 

608 I) [I II 

I!RITAUI: 
Yeoman l:W ~5 26 26 63 :;1 
Victor .. ::::::::::::: 121 (20) (3;;) 2 .. 75 ;4 
Benefactnr ........... 1211 14 11 ~o to II:! fI::! 
i'lquarehl'nll's llft8t~r .. 12:1 II 7!1 7~ 
Htandard lted ....... 128 (-l7) (-lr.) 22 80 711 
MUle .J O!l' .......... 1:!7 52 ;;~ :15 1:1 ,.6 4; 
HvaJof fron 561 016 :17 111 69 71 
Cooks WOlld;·j.:::::::: ;;71 (30) (16) a:; 1;; Ill) 81 
Hen Gymrn ......... 3711 II:! 84 117 113 Si 

210 lit 111 llii 15 6r. no; 
Red Marvel ......... 686 81 till 

19 87 
.April Beard"lI ....... 606 92 

* Samples 578 and 580 gave rise to 11 mixed population. Figul'f'li 
marked ( ) arc based on only ten to twenty plants owing to a severe attack 
of wireworm in ~Iarcb. In the ('ase of Hussar (581) only thirteen planta 
lIurvived. of which one was bunted. It is. of course, possible that this plaat 
11'88 a rogue, since the variety remained immune in three subsequt'nt trialli, 
('aeb of whi(,h involved a large number of plants. 

I. British wheat varieties. 

In 1924-25 certain of the British varieties included in the 
trials with foreign samples gave somewhat unexpectedly I." 
percentages of infection. So far as the writer is aware n. 
extensive trial has been made in this country to determine the 
relative bunt resistance of wheat varieties commonly grown ia 
Britain, but it appears to be generally held that certain varietia 
such as Squarehead's Master, Little Joss and Benefactor are 
Jaighly susceptible to bunt. In these trials Squarehead's Master 
prod'bced in the first two seasons only a small number of 
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plants, but these were almost completely bunt-free.4 Benefactor, 
Standard Red and Svalof Iron also gave low figures when 
compared with a variety such as Hen Gymro. The writer 
decided, therefore, to obtain a larger number of samples of British 
wheats and to test these for bunt resistance under conditions 
made as favourable as possible for infection. Fifty-six samples 
were obtained, contaminated with bunt spores, and sown on lOth 
November, 1925. A period of unusually cold weather followed 
the date of sowing and the germination was delayed for nearly 
six weeks. In most cases, however, a good stand was made and 
closely concordant results were obtained from the duplicate rows. 
The results are given in Table III, from which it will appear that 
the conditions were particularly favourable for infection by bunt. 
One sample (Fortuna) showed 91 per cent. of bunted plants. 
nineteen of the winter-sown wheats gave over 80 per cent. of bunt. 
and the lowest figure in the whole experiment was Little Joss 
(127) with 56 per cent. 

The varieties have been grouped on the colour and morph
ology of grain and ear, but there is no indication in these data 
of a correlation between such characters and resistance to bunt. 
Taking the average of all white-grained and all red-grained 
varieties the same figure, viz., 75 per cent. of bunted plants, is 
obtained for the two groups. In America also, taking the average 
of a large number of samples, the soft red winter wheats and 
the white-grained winter wheats showed close agreement, having, 
rcspectively, 60.2 per cent. and 58.8 per cent. infection, while the 
bard red winter wheats proved to be relatively more resistant, 
with only 22.7 per cent. infection (19). The latter group included 
several selections of Turkey, which, as previously stated, is 
relatively a very resistant variety. Of British wheats tested in 
Wales, Yeoman is undoubtedly the hardest red wheat, and it is 
perhaps worthy of record that among eight samples included in 
~he trial the bunt infection varied between 60 per cent.-67 per 
~ent., a range of figures undoubtedly high, but one which falls 
below the average for the varieties taken as a whole. It should 
be understood that these varieties were sown on the same day 
and under the same conditions as the resistant American varieties 

4 This raises th€' question 88 to a possible selective ft('tion of environ· 
mental factors 011 11 mixed population of bunted and healthy plants. Some 
evifl€'II('c hUll been brought forward which indicates the relatively low rate of 
estnhlisIJIII('nt of hllnt-l'ontaminated grain 11S eompared with bunt·free grain 
f16, 18). Although exa(·t data are not available, there is some evidence that 
in tile 1926 expt'rim€'lIt .. winter killing" was less pronouneed than in 192'·2;. 
and the lll'rcl'ntlljte of bunted plants was remarkably high in eertain varietil's 
whfrh gave in tbe two previous years relatively few plants and low pc1'C'entagC' 
af disl'i1se. Experiments to test this point further are in progress. 
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TABLE III. 
Showinl' the rel.tive auac:eptibility to b_t of wh_t vanellaa auppliMi 

by firma in the Britiah lain, 112 •• 

I Pl!rcl'nt. Perct'nt. 
Sam(' of ('aril'tll Statiun IJtlnle.l btlntl'lII 

811/'1,1;1''' lrill! Blimp/c. * No. ll/anis. "I'ad,. 

.\. \\'IN .... :R Sows. i 

i 
I. Tritielllll "II/ya,'1' \'I\r. a/bidumt i Dukh Million ... 1 .~1 541 

Milliou I H 70S 
, 

74- 65 ... , 
Benefol'tr{'l.s ... 675 66 68 
White Stllndup ... iO'J 83 87 
Stanclup White ... 691 t14. 79 
Houbl{' Standu~ Whitl' ... 716 70 66 
Old Brook!"r's ;\'hit{' Standup 667 I'ln 78 
White Wonder ... 683 1'1'; '79 
Wilh!"lmina ... 668 Al H2 
Wilh!"lmilln ... 7'10 81 85 
Vidor ... 121 75 r.t. 
Vidor ... (iRn 78 HI 

.lV('rage '''1 71 75 

2. '1'./·I"(Iarl' Vllf. "lI1lIl'IIl1rlllll 
l"'w Empire ... (i!It, 73 12 

:1. 'l'.v11lfJar(· \ur. /('II"O"/'I'I'III,mt 
B{'uf'fartof ... 126 li~ 1,2 

:\ "('rugl' "hitf' ~rnin("d 
varil'ti{'s ... ;.j i40 

,I. 'I'.I·III!Jorl' \:\f. 111111111'''''1 . 
Littl!" Jo .. ~ ... l~i .->li 11 
Litt"· .Ioss ... Iii I il 65 
Little JUl." ... w,n Ii.; 64. 
Littl!" Joo;s ... iO!I fifi fi2 
Standard RI'II ... 12!>l t-IO i8 
Standard Red ... (i6l HO 75 
Standard Uf'd ... 679 72 ;0 
Standard RN) ... "HO ;i 73 
Squarelwod lfn~h'f ... 12a is 13 
Squnrl'hl'IUI Ma~h'r ... fiG.; 71 7!1 
Sqllllrl·head Ma~h'r .. , flG9 HI) 1M 
Squarehead Master ... 677 i7 fi9 
Squarehcad Ma~tcr ... 681 77 79 
Squarchead Ma!ilter ... fi92 S,') 84. 
Squarehead Master ... 701 : 87 87 
Scluarehead Mast!"r ... 705 : fl7 69 
HNI Chaff Squarehead .. 71M : 6a 61 
Red Standup ... iOO ! 80 83 

Average 
I 

7to 72 ... 
.;. T.Dtllgarc var. ltltelcen8 

Yeoman ... 120 63 540 
Yeoman ... 681 67 65 
Yeoman ... 695 66 71 
Yeoman ... 717 60 li7 
Yeoman II ... 658 66 66 
Yeoman II ... 688 63 .';8 
Yeoman II ... 712 67 72 
Y I'Oman King ... 708 6 .. 68 

-
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TABLE IU (ContiDuecI). 
Showinl' the relative auac:eptibiJity to bunt of wheat varietiea aupplied 

by fir~a in the Britiah lal ... 19H. 

Namc u/ rarietg 
HlIl'l,lied l1'it1o Hampll'.* 

5. T.rlllyal·l' \'Dr. lut('scrns «(.'on.) 
frail 
Iron 
fron HI 
Iroll IJ I 
lIarvf'st('r 
Ilarvcstf'r 
Foeh 
Crown 
)tc(·tor 
Redor 
( 'h('vlllil'r 
(,hl'volil'r 
Browi .. k 
Storm proof 
Croxtcn Champion 
Idulln 
Hl'd .\dmirnl 
John Hnll 
}<'ortuna 
'i'w(,Jltv-on(' 
U(·t! Mnr\'I'J:j: 

'''1 

... "'1 

... \ ... 

I 
\\'('rnlo(l' ... \ 

Ii. 'I'.~((ll1ar(' 'Ilr. /"I"'1I1Iill(,11I1I I 
~('\\' Hl'urlil·tl ... \ 

,\ \ I'rn;.tl· rl'd grained \'aril'ti("~'1 

7. 'I'.IIll'!lid((1II \'111'. "ill((I""" 
ltiv('tts 

R. 'l'.t((I'!J;'I"111 var. il)(l"I'IIIII. 
HIm' ('Olll' 

fl. 1'.""1!JUI'I' mix('d typcs 
Hl'n ('ymro (purl' lintl S('Jl'(·tions) 
Hl'n Gymro (purl' line sf'Je('tions) 
HI'Il ('YllIro (pure IinesdCl·tioIlS) 
} It'n Gymro (purl' Jill!' sl'll'...tioIlS) 

I,.., s I 
>, • ..,PIIING , OWN. I' 

1. "'.Ilulyal·c var. ".l('s('('ns 
R('d Mnrv('l* ... , 

2. T.1H,lgarc var. /(,I'r((gi1l(,llill 

A pril Bearded 

,\\-erage fift)'-six lots 

Station 
No. 

.';{il 
682 
filia 
7H. 
693 
6f10 
fi74-
6;'9 
666 
676 
661 
71.i 
673 
fj!JA 
699 
711 
7()40 
{;;2 
7l:i 
707 
fili6 

6~5 

fi70 

i06 

:lifl 
21!) 
150 
,lost. 

i23 

722 

'-r-' 
PCrI!l'f.t. ' Percent. 
buntt'd bunted 
v'antH. hcads. 

fi!1 
76 
a 
77 
79 
i4 
7f1 
H~ 
j;j 

fifi 
18 
Hi 
fil 
S!I 
S.i 
fill 
.il'! 
jl:! 

!II 
7101 
I'll 

i3 

fi.i 

1,> 

60 

sa 
Ii.i 
72 
71'1 

87 

1'10 

73 

71 
77 
77 
77 
76 
711 
76 
82 
72 
62 
RO 
86 
48 
87 
86 
58 
56, 
7.i 
III 
iii 
AO 

i2 

6i 

6.1 

IH 
67 
loll) 

83 

86 

9t 

72 

* The samples have bf'en group('d 011 ear (·haracters by the writer, but 
no attempt has been made to deal with the problem of synonyms. Ob"ious 
.. rogues" (in all cases rare) were exl'1uded from thE" r(,Bults. 

t The namell of varieties are takt'n from .. The Wheat Plant", by 
J. Percival. * The glumes in Red Morv!.'l or!.' very pole red. This variety is ('Iassified 
as milturum by Percival. 
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dealt with in the previous section of this paper, two of whicH 
remained completely bunt-free. It is evident that in comparison 
with these the British wheat varieties tested in Wales in this 
experiment are one and all highly susceptible to bunt when 
grown under conditions favourable for infection. 

III. Biololfical Obaervationa. 

In addition to the data furnished by these experiments, and 
already discussed, as to the varietal resistance of wheat to bunt, 
the results present certain features which are of interest from the 
point of view of the interaction of host and parasite. 

1. Partially diseased eaTS. 

When the resistance of varieties was estimated on the basis 
of percentage infected heads, ears which showed one or more 
bunted grain were classified as diseased. From the examination 
of some thousands of heads involved in the above experiment it 
became evident that in most varieties partially diseased ears were 
comparatively of infrequent occurrence, the infected heads bear
ing in nearly every case bunted grain only. In 1925 two varieties, 
Heils Dickkopf and Pommersche, seemed to be outstanding 
exceptions to this rule, and an estimation was made, therefore, 
of the percentage of healthy grain occurring in heads obviously 
invaded by the parasite. For comparison a few other varieties. 
were examined in the same way and ·further data were obtained 
in 1926 (Table IV). 

Three varieties only, Florence and the two named above,. 
were outstanding in this respect, from 80 per cent.-45 per cent. 
of the grain produced by infected heads being apparently free 
from disease. Heils Dickkopf and Pommersche showed in 
addition an appreciable number (7 per cent.-20 per cent.) of 
grain clearly invaded by the fungus but not completely destroyed. 
In some cases the fungus spores were restricted to small tumour
like swe1lings on the upper part of the grain and the embryo was 
uninjured and capable of germination. 5 

The close agreement of the data obtained in the two seasons 
appears to suggest that incomplete invasion of the ear by the 
fungus is characteristic of the particular variety of wheat and is 
a further manifestation of relative resistance to the parasite. 

:; The lIE'paration into .. hl.'althy ", .. partially bUll ted " and .. (~ompletelJ' 
bunted" grain was madE' by eyE' examination and is therefore only relative. 
A A'rain WOR ('IOR5t'd OR .. partially bunted" when approximately half of thf!' 
rndospt'rm was hard anel white. A germination of 76 per cent. was obtained 
wt~n 50 .. partially bunted" grain were sown on sund. 
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Florence and Heils Dickkopf, which showed the highest percent
age of healthy grain among infected ears, are varieties which takc 
a relatively high place when resistance is judged by the percentage 
of bunted plants or heads. Pommersche, on the other hand, 
produced in these experiments a high percentage of bunted plants 
and heads, but over 30 per cent. of the grain from infected heads 
was healthy. In all other susceptible varieties studied the pro
portion of healthy grain produced by infected ears was low
('ertainly not above 2 per cent. (Table IV). It is suggested that 
the phenomenon of partially diseased ears might possibly prove 
of interest in genetical studies of bunt resistance. 

TABLE IV. 
Showing the percental'e of healthy, partially bunted and completely 

bunted (rain in heads of wheat infected by 'l'illetia tritil·j. 

\' \I:n:T\. 

}l,'II. Ili<-kkopf " .. , 

....... 
110'''11<'(, ......... .. 
'llIrkl'~ ..•..•...•.. 
KirllChl'K ••• , ••••.•• 

HivrU •. : : : : : : : : : : : 
I'""o("actllr ........• 

Ut.t),,"Jo .... : : : : : : : : 
Ilnt .. h Mllllon ..... . 
Ycoman .......... . 
Wllh,·lmh" •........ 
~Ia"dllrd R,'" ..... 
H,·n Hymru •...... 

s~il]or h:~n .::::::: 

,"'aUon 
}I'o. 

:.110 
589 
:.111 
:.111 
1112 
611 
Mil) 
590 
1170 
1211 
1~6 
684 

1 

7111 
679 

1;;0 
66:\ 

10:!:. 
1926 
102;; 
19:.!1I 
111:.!6 
1112(\ 
19:!;; 
1926 
19211 
192;, 
IP:!fI 
111211 
111211 
19:!1I 
10211 
19211 
192:. 
19211 
102(\ 

.\"0.01 
"fad. n, 
(lmi,,~d. 

211 
:111 
:!U 
!-.o 

7'o'<I{ ."fI. n' 
It,alll 

1/,,,11"./ 
'Irai" pr,.r,.", 

~:;.t 
4:1.;) 
all.:I 
:1:1.1 
:UJ.U 

(\,1\ 

:I.P 
.R 

1.9 
.7 

1.4 
.0 
.7 
.;, 
.:1 
.~ 

11.0 
11.11 
1),(1 

/',,11;,,1/., 
f,rtnltd 
",alll 

Pfl ('i'llt 

J3.:. 
II' !'o 
15.:, 

II. 7 
).11 
II.() 
1.11 
11.11 
11.1) 

.1 
0.11 
11.11 
11.11 
I).() 
11.11 
I).() 
lI.n 
11.11 
0.0 

(TomplPi'/'1 
!",n/,tl 
"rai", 

P~( cf/'f. 

·11 .1 
:17.7 
~!!.:! 
1~1.2 
:'0.4 
11'1.4 
pr •. ! 
00.2 
IIiI.l 
1111.2 
WI.II 
1111.1 
IIP.:I 
!IO.;; 
1111.7 
119.1' 

1m!." 
1110.11 
IOl) I) 

:4. 'l'he illfluf'nce oj Tilletia tritici on growth in height. 
That the fungus exercised a retarding influence on growth 

in height was evident in all the varieties studied in this series 
of experiments, the bunted tillers being noticeably shorter in the 
stem than those bearing healthy heads. In 1925 measurements 
were made on fifty healthy and fifty bunted tillers from each of 
eleven Hen Gymro selections and five other varieties. The 
percentage difterences in height in favour of the tillers bearing 
healthy heads are given by the following figures :-

Hen Gymro (average of eleven selections) 27 per cent. 
(Range 20 per cent.-55 per cent.). 

Pommersche 
Heils Dickkopf 
Standard Red 
Yeoman 
Cook's Wonder 

28 per cent. 
24 per cent. 
18 per cent. 
88 per cent. 
20 per cent. 

N 
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The range of figures cannot be taken as indicating real differences 
between the behaviour of the one variety and another, since they 
are based on one set of measurements only, but it is of interest 
to note that the growth of the relatively resistant variety Heils 
Dickkopf was in this case retarded to the same extent as certain 
of the more susceptible varieties. Experiments dealing directly 
with the influence of Tilletia tritici on vegetative growth have 
been discussed in a separate paper (18). 

IV. SamllHll'Y. 

1. Of forty pure line selections of Hen Gymro wheat studied 
for susceptibility to bunt none showed outstanding resistance. 
No correlation between morphological characters and ;elative 
susceptibility was indicated by the results. 

2. Of sixty-five samples, including some thirty-two varieties 
of British wheats, tested in one season for bunt resistance all 
showed relatively high susceptibility (56 per cent.-OJ per cent.~. 

8. Two varieties, Martin and Hussar, both immune to 
Tilletia tritici in America, appear to be completely resistant also 
to bunt in Wales. White Odessa, Ridit and Turkey, also varieties 
of T. vulgaf'e, which have shown high bunt resistance in America, 
proved to be relatively resistant in these trials. 

4. Heils Dickkopf, a variety which has·shown resistance to 
bunt in Germany, was relatively resistant in Wales. 

5. Three varieties, Florence, Heils Dickkopf and Pommersche, 
developed a considerable proportion (88 per cent.-45 per cent.) 
of healthy grain among the bunted grain of infected heads. In the 
majority of varieties studied the invasion of the infected ears was 
usually complete. 

6. The experiments indicate the need for improving British 
wheat varieties as far as bunt resistance is concerned, and at the 
same time suggest the possibility of introducing resistance by 
crosses with the immune varieties Hussar and Martin. 

7. The behaviour in Wales of certain foreign wheat varieties 
of known bunt resistance gives support to the view that Tilletia 
tritici is not a fungus with many highly specialised biologic 
species. 

For samples of wheat varieties included in the above series 
of experiments the writer is indebted to Dr. Gaines, Washington; 
Dr. Adolf Zade, Leipzig; Dr. W. H. Parker, Cambridge; and to 
the following firms: Messrs. Blandford & Webb, Ltd., James 
Carter & Co., Dunns, Ltd., Gartons, Ltd., J. K. King & Son, 
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A. G. Leighton, Ltd., McGill & Smith, Ltd., and W. A. 
Temperley & Co. Special thanks are due to Mr. T. J. Jenkin, 
M.Sc., for placing at the writer's disposal his own selections of 
Hen Gymro wheat. 

Finally the writer desires to thank Professor R. G. Stapledon 
for making available the facilities of the Plant Breeding Station 
and for his interest and helpful suggestions. 
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A SURVEY OF THf~ INSECT PESTS OF 
MID AND WEST WALES. 

By .T. R. W. JENKINS, M.Sc., 
University College, Aberystwyth. 

-
The following notes on the chief insect pests of cultivated 

crops in Mid and West Wales are the result of a survey of the 
area which has been carried out during the last four years. Since 
the tract of country surveyed comprises the following seven 
counties-Brecon, Cardigan, Carmarthen, Merioneth, Montgom
ery, Pembroke and Radnor,-with a total area of 4,859 square 
miles, a survey of four years' duration cannot claim to be 
exhaustive. It has, however, been carried out in detail suffi
ciently full to enable the making of a fairly complete record of 
the insect pests of the area. 

A knowledge of the prevalent insect pests of the area is 
necessary before adequate steps can be taken to suppress them, 
and the chief reasons for the inclusion of this record in the 
Welsh Journal of Agriculture are, firstly, that no such record 
has previously been made, and secondly, it is hoped that farmers 
and others will help to make the record complete by com
municating with the writer whenever they need advice on the 
suppression of insect pests. Such advice, which, needless to say, 
is free of charge, will be gladly given. 

The figures comprising the following table are taken from 
The Report on the Acreage under Crops, Vol. LIX, Part I, issued 
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