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PRELIMINARY REPORT ON RUSTS OF GRAIN, 

FRO~1 an economic stand-point, ODe of the most important of fungaus 
pests with which the farmers of Kansas come in contact is that which at· 
tacks grain causing the disease known as rust. The loss due to th. dis­
ease in the United States in one year runs up into the millions of dollars. 
It -is rare that a £eld of wheat is entirely free from it, and often a large 
portion of the crop is destroyed. In some parts of Kansas, especially the 
western portion, the disease CRUSes little damage, for the reason that in such 
cases the conditio8S favorable for its spread do not occur; while in other 
parts, whole fields of wheat, in some seasons, are abandoned REI not worth 
the harvesting, so abundant is the rust. 

While m.ny other important dise .. es of plants have been brought 
under control, such as oat smut and black rot of the grape, the various rusts 
have thus far proved impregnable. Wheat rust is found as widely distrib· 
uted as the grain on which it grows, in every continent. . 

Within the l .. t few years, espeei"l attention has been given to this sub· 
ject by botanists and agriculturis.ts. In Australia a rust~iD-wheat co~-
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ference bas held Se8.Sions in 1890, 1891, and 1892, for the sale purpose ~r 
discllBsing this question. Tn the United States, the Department ~f A~rl­
cnlture and several of the Experiment Stations have devoted conslderable 
time to its study. Although llO specific remedy has been di8covered, yet 
our knowledge ·conrerning ita life-history has been much extended. 

This Station ha~ devoted a considera.ble tim'e during the past year to 
the investigation of this subject, and the present bulletin is in the nature 
of a report of progresss, as the question will receive further attention in the 

future. 
Before detailing the experiments carried on by the Station, it will be 

well to briefly review our knowledge of the life-history of the fungus. 
The disea~e in wheat known as rust is due to the presence of a parasitic' 

fungus-a lowly organized plant, reseml)lilJg, in some re~pects, the moulds 
and mildews. The rusts, in genera), comprise a group of parasitic fungi 
which grow in a variety of plants, producing on the stems or leaves red or 
black (rusty) spots. Two closely allied species are found on wheat in Kan­
sas. These are known to botauiets as P.uccinia rub-igo-vera and Puccinia 
gramini.s. The latter was the firdt rust whose history was worked out, and 
will he given briefly. 

LIFE-HISTORY OF THE FUNGt:'S. 

The vegetative portion of the fungus is in the form of microscopic threads 
permeating the tissue of the wheat plant, and absorbing its nourishment 
from the juices of its host. 'Vhen the proper time arrives, it commences to 
form spores for dissemination. These spores are ovoid, one-ceHed, pro­
duced on ahort pedicels and aggregated in dense masses below the epider­
mis of the plant, through which they finally burst, and then form on the 
leaves and stalks the ~mall red spots known as red rust. They are easily 
broken off and carried about by the wind, some alighting Oll the leaves of 
unaffected wheat plants. If the weather is favorable, being warm and damp, 
the spore~ germinate, that is, commence to grow by sending out a slender 
tube along the surface of the leaf. The epiderm!s, being compact, does Dot 
allow the tubes to pMS through, except at the breathing pores, which are 
scattered quite regularly over the surface. These openings tend to close in 
dry' weather, but are open during weather which is favora.ble for the growth 
of the rust spores. "Then the tube from the spore reaches one of these 
openings, it passes without hindrance into the interior of its victim. The 
tube contiuu€'.9 to grow, forming its vegetative stage, or mycelium, which 
in turn produces more spores. During a period of damp, muggy weather 
the fungus may increase with astonishing rapidity. 

But in t.irne this myceHUlu which has been producing red rust commences 
to form allother set of spores. These are formed in the same manner as 
those mentioned, but they are two-celled, dark brown in colQr, and more 
firmly fastened to their pedicels. The spots produced by the,e spores are 
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known as black rust. The spores are usually capable of lying dorma.nt for 
some time, and serve to carry the species through unfa.vorable conditione. 

The following spring they germinate, sending out short tubes, bearing 
small branches, . the ends of which produce spores known often as sporidia. 
These sporidia are blown about by the wind, and, if they alight on the 
proper host plant, commence to grow, sending a tube through the epidermis 
at any point, giving rise to a mycelium. The most curious fact in this C~)D~ 
oeetion is, that these sporidia are known to effect an entrance into the 
leaves of the barberry bush alone. Attempts to cause them to grow into 
the wheat plant have, thus far, entirely failed. 

The fungus, having gained an entrance, continues to grow in the tisaue 
of the barberry, and finally produces another set of spores. These are 
very unlike the previous kinds. A compact mass of ahort, upright branches 
of the mycelium is formed beneath the epidermis. These branches produce 
chains of roundish, red spores in parallel columns, the upward pressure of 
which finally bursts the epidermis above them. The w~ole mas!!! is at first 
inclosed within a thin covering of tissue, but when it appears above the epi. 
dermis the top ruptures and the edges curve back, thus forming a miniature 
cup in which are the numerous spores. The upper spores break off' easily 
and are carried away by the wind, tbeir places being taken by the newJy. 
formed oues from beneath. The spores, which germinate by sending out a 
tube, are unable to gain an entrance into the barberry, but only into some 
kind of' a grass. They euter the tissue by the way of a breathing pore, and 
give rise to a mycelium similar to that with which we started. 

The eyde of development is now complete. The fungus, in its three 
stages, is so different that it was described as three species. From the fact 
that wheat was observed to be rusted worse in the vicinity of a barberry 
bush, it began to be suspected that there was a relation between them. The 
relation, however, was not. certainly proved till 1864, when DeBary, a Ger­
man botanist, showed, by actual experiment, that the spores of wheat rust 
would produce on the barberry the corresponding form. . 

A similar cycle has since been shown in many other species of rust. The 
t~ree stages have received certain names. The first is known as the uredo 
stage j the second, as the teleuto stage; and the third, as the mcidium stage; 
and the spores have received the corresponding designations, uredo-spores J 

teleuto-spores, and mcidio-spore8. 
Puceinia gramin1~, the rust whose life·his,tory has been given, is found, in 

Kansas, on wheat, oats, and barley, and on various grasses,. viz.: Bromm 
secalinu8, Bromu8 pratensis, Hordeum jubatum, and Agrostis vulgaris. 

The other species of Tust occurring on wheat, PlU!Cinia rubigo-vera, has 
been found to have a similar life-history, but the recidiuro stage occurs on 
various species of the Borage family. The teleuto .tage has been found 
here on wheat and rye, and on Elymu8 Canadenm l Elym'U~ Virginitus, -Ely_ 
1nus ,Sitanion, and Kceleria cristata. 
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The :c-cidium stage of the oat rust (Puccinia coronata) is found' on the 
buckthorn (Rhammt8 la'nceolata) and some other species of the order Rham~ 

THE neST IN KANSAS. 

In order to collect data c(mcerning the rust of grain in Kansas, a circu-
Jar eontaining the f()llowillg outline was sent to- several wheat..growers: 

1. Date of firllt Ilppearfmoe. 
2. Dat,1) of greatest abundance, 
3. If there seems to be more than one kind of rust, how do they differ? We 

",hould be glad to have !'Ipecimeos sent to us for examination. The whole plant 
ehould be ~mpped !';Dugly in paper or packed in a light box, and sent by mail as 

Boon after gathering as possible. 
4. Whl1t '\"arieties of wheat ot' other grains have suffered most? Whioh least ~ 

5. Wht!.t is t.he effect upon t.h"" whole plfout and upon the grainY 
G. WhRt i;. tho estimated damage to the crop? It would be deBirable to have 

the estimnto given in bo.,;;hel$ of threshed grain, Bnd to Dote if the grain is light in 

weight. +: 
1. Tht! direction of the wind, the temperature, the amount of rainfall, Rnd the 

proportion of cloudy days, from about a week before the first appearance till the 

period of greatest abundance. 
8. What crops have been raised for several years past on the ground under ob­

servation? 

Twenty-eight replies were received, the substance of which is as follows; 
J. W. ABBOTT, Saline oounty. No rust. 
H. L. AL:LEN, Logan county. No rust. 
C. H. ANDERSON, Linn oounty. Fultz and Velvet Stem damaged about 50 per 

oent., while fL field of Mediterranean was scarcely worth harvesting. 
E. BABTDOLOMEW, Rooks oounty. First appearance of rust (Puccinia rubigo­

vera), May 25; greatest abundanoe, June 20; Puccinia gramini$ also destruotive; 
spring wheat, 110ft winter wheat and oats suffered oonsiderably; hard wheats and 
the earliest iJown of all varieties suffered least; from oareful observation for a num­
ber of yearR, the damage is estimated to average 15 per cent.; the prevailing winds 
were8Qtltheast and southwest; average maximllm temperature, 87 0 F.; rainfall, 2.80 
~nches, and (llondiness 22 per cent.; no differenoe noted between ground previously 
in wheat, and that where oorn bad been grown. 

N. CIJII.lSrSN8I!:N, PottawH.tomie oonnty. Poole wheat rusted. 
S. B. DELANO, Bourbon county. No rust. 

H . L. DEL.i.PL.uN, Rush county. Rust appeared June 15; most abundant June 
28; east wind, abnndant rains, warm days, and cool nights; rust checked by the 
strong, dry winds. 

S. B. FA.BWELL, Osborne ()Qunty. All Turkish wheat straok by red rust, but no 
damage done; very little in Early May. 

C. C. G.oll>!HNEB, Wabannsee oounty. Red Texas oats rusted. 
W. S. GILE, Ellsworth county. No rust. 
F. B. H.U~BIS, Morris oounty. No rust. 

W. E. HUSON, Brown county. May King suft'ered most severely {rom rust. 

'. P. C. JEnnEY, Chas"county. Rust first appeared after the wheat began to ripeD; 
most abundant at harvest time. 

J. H. JONJ:S, Woodson county. Late wheat suffered mostj first appearanoe, JUlie 
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20; greatest abundanoe, June 21; damage, 75 pel' cent.; damp, warm., east ~~Dds &r8 

most favorable for rust. 
H. B. MABSlIALL, Elk county. Bald varieties of wheat affected most; bearded' 

varieties least; first appearance, JUlie 15; m013t abundant, June 2O- 23j causes the 
grain to shrink and ripen prematurely; wind, southwest and east; warm and very 
wet up to June 5. 

J. W. MEANS, Marshall county. Turkish wheat raised; no rust. 
H. MILLER, Chautauqua county. Observes that in previous years, rust, when 

present, was most abundant on rioh ground, olose to timber, and protectscl from 
free circulation of air. 

J. A. Moau, Anderson county. Fultz wheat suffered most IIsvere]Yi damage, 4-0 
per cent.; grain shriveled; first appearance, June 10; greatest abundance, July 1. 

C. L. REED, Greeley county. Spring wheat, especially Sea Island, suffered most 
severely, white Turkish suffered least; damage, 50 to 75 per oent.; causes the grain 
to dry BDd ripen prematurely; wind south and southwest wlth Jight rainfall during 
the attackj first appearanoe, July 10, greatest abundance, July 16. 

A. H . S'l'ILEI:l, Wab,!-unseecounty. Fultz wheatraisedj winter· killed. 
G. F. 'I.'ASBELL, Edwards county. No rust. 
R. A. VAN WINKLE, Reno oounty. Early May matl1rerl sufficiently early to esoape 

the rust. 
E. WALKEll., Pottawatomie county. No rust. 
R. M. WALLA(JE, Stafford county. No rust. 
S. I. WILKIN, Rooks oounty. Turkish wheat railled, but not damaged up to June 

20; first appearance, June 6. 
J. W. WILLIAMS, Jackson county. No rust. 
Anonymous, Orawford county. No rust. 
Anonymous, Hodgeman county. No rust. 

The term" no rust" must be understood to mean, not present in sufficieut 
abundance to do noticeable damage. We have never yet failed to find, just 
before harvest time, in any of the wheat fields examined, at least a small 
quantity of rust present, although it was frequently reported to be absent. 

It will be observed that the reports show no regularity in the distribution 
of the districts suffering d.amage. This depends upon local conditions. It 
will be noticed, however, that where the conditions are given, they are un1· 
f.orrnly those most favorable for the propagation of the rust, combined warm 
and wet weather. 

CONDITIONS AFFECTING THE RUST. 

The favorable climatic conditions, previously alluded to, of combioed 
hot and wet weather, under which the rust is propagated 80 extenSively, . 
usually do not occur till just before the harvest season. Hence some vari~ 
etiea may ripen early enough to escape the disease. 

A. large number of experiments were tried in New South "Wales by Dr. 
Cobb,* bearing.upon the power of varieties of wheat to resist rust. He'found 
that no variety is rust-proof, but that in glaucous varieties the germinating 
spores could not .easily enter the breathing pores, and that hairy varieties 
entangled tbe 'pores and tended to keep tbem 80 far from tbe breathing 

.. Agriel.lU""al GaPJie, of N(llV South W.leI'I, vol. III, p. 190. Report at Rust-in_Wheat Conferen~e. 
third letI~on, 1892, p. 'n. 
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pores that they could not reach them, thus making these two kinds less 
likely to be infected. He also found that in varieties with thick epidermis 
the rust, although having gained an entrance, was unable to rupture this, 
a.nd so failed to produce spores. 

SPRAYINH TO PREVENT RUST. 

Considerable has been done lately in endeavors to p~event rust by the 
use of fungicides. Since the fungus enters the plant by means of spores 
germinating upon its surface, it is quite evident that, could the spores be 
destroyed before they have time to grow into the tissue, the rust could be 
prevented. 

Professor Kellerman sprayed wheat, barley and oats with flowers of sul­
phur, potassium sulphide, chloride of iron, and Bordeaux mixture, but with­
out fa"orable result. * 

Professor rammel found the appplication of ammoniacal carbonate of 
copper and Bordeaux mixture to be entirely useless in preventing rust. t 

A few experiments in spraying with fungicides were tried at this Station. 
As Bpring wheat was not obtainable, a number of plots were sown with bar­
ley and oats all April 30, as shown in the table. The barley plots were 10 
feet s()uare, and the oat plots 10 feet by 5. The cross rows of plots were 
separated from each other by a path one foot wide. The oats appeared 
May 5, and the barley May 7 . .. The plots were on high ground, and the 
grain 8uffered considerably from the dry weather, especially the barley, 
which was nearly ruined. 
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The formulre used in the preparation of the fungicides is 8S follows: 
Borcleaw:: mi::eture. Copper sulphate, t lb.; lime, t lb.; water,l guo 
Eau cele3te. Copper sulphate, i lb.; ammonia, i pt.; water, 4 gals. 
Ammoniacal copper carbonate. Copper carbonate, t oz.; strong ammonia, 1 pt.; 

water, 1 gal. In the later sprayings the ammonia was t'6dueed one-half. 
Sulphate of iron (green vitriol), It Ibs.; water, 1 gal. 
Copper acetate (verdigris), t lb.; water,4 gals. 
Alum, -!; lb.; caloium chloride (as Clz ). H Ibs.;. water, 2 gals. 
Copper sulphau (blue vitriol), -J lb.; water, 4 gals. 
Potassium sulphide (liver of sulphar), -} oz; water, 2 gal. 

The plots were sprayed several times, the date~ being as follows: 
Plot No.1. Bordeaux mi:tto.re: May 16, 25; JUDe 2, 16, 29. 
Plot No.3. Eal1 celeste: May IS, 26; June 4,20; July 1. 

Plot No.6. Ammoniacal copper carbonate: May 18, 26; June 4, 20; July 1. 
Plot No.7. Copper sulphate: May 16, 25; JUDe 2, 16, 30. 
Plot No.8. Potassium sulphide: May 18, 26; JUDe 4, 20j July 2. 
Plot No.9. Oopper a.cetate: May 18,26; June 4, 20; July 2. ' 
Plot No. 10. Alum and ca.lcium chloride: May 23; JUDe 2, 16,30. 
Plot No. 12. Sulphate of iron: May 23; June 2, 15, 30. 

The uredo-spores of Puccinia graminis appeared on ·oat pLot No.6 (un­
treated), June 28, and on barley plot No.3 (eau celeste), July 4. A care­
ful examination July 8 showed the presence of the same on oat plots Nos. 
2, 3, 4, 5, 6, 8, and Puccini« coronaia on plot 6. 

,The rust appeared on the treated and untreated plots in about equal 
abundance, though nowhere in but very small quantity, not noticeable ex.­
cept by careful exalllination. A neld of winter wheat a few rods distant 
was badly rusted, as were other fields in the viqinity. It will be observed 
that the rust appeared on the plots after the sprayings had ceased l and after 
it had appeared in abundance on neighboring wheat fields. The results 
were not satisfactory, as the: untreated plots were not badly attacked, yet, 
since the rust was abundant elsewhere, they cannot be looked upon as in­
dicating a faHure. Further experiments, using winter wheat, are. under 
way. 

GERMINA.TION OF RUST SPORES IN FUNGICIDES. 

In order to ascertain the probable value of fungicides, for preventing· 
rust, the uredo-spores were placed in dilute solutions of various chemicals, 
under otherwise favorable conditions . for germination, and the fact noted 
whether or not this process took pJace, and if so, it was compared with 
checks germinated in water. Puccinia coronata was the only ODe of the 
three rusts a\'silable in the uredo stage during July. The apparatus used 
for tlds purpose was a germinating cell mounted on a glass slide and cov­
ered with a thin cover gInes, from which depended a drop of the liquid under 
trial. In this drop were placed some 'fresh uredo·spores. The slides were . 
placed in a moist chamher and set in a warm room, together with the checks 
containing spores in water. 

The following tables give the resulta in detail. Unless otherwise ·stated, 
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the solutions are 'f'u per cent. (1 part in 1,000). The proportion is calcu­
lated on the basis'of the crystallized salt in cases such as copper sulphate. 

Puccinia qraminis. June 17; 7 bonrs. 

Water: "noce~fifj]l. 
Hydrogen psro:dde (1 part of the strong solution in 1,000 of Wf).ter); bettet 

than in water. 
Copper Slllph!lt{l; not freely. 
Potassium sulpbide; better than in water. 

Plweinia rubigo-vera. June 22; 17 to 18 hours. 

Watel'; succes<l{ul. 
PotaS!!iUUl slllphide; ve,.y few spores germinated. 
Hydrogen peroxide; better than in water. 
Oalcium hydrate (1 part saturated solution in 100 of water); a few spores ger· 

minated. 
Copper SUlphate; failure. ~ 

Coppet nitra.te; {our ot five \;pore~ gotminated. 
Manganese sulpbate; three spores germinated. 
Pota'<'l'Iiuro chromate; failure. 

Puccinia coronata. July 1; 21 to U hoors. 

Water; successful. 
Potassium chromate; a few Sporae germinated. 
Copper sulphate; a few spores germinated. 
Copper nitrnte; a vety few spores germinated. 
Cappet acetate; failure. 
Lead acetate; failure. 
Ferric chloride; failere. 
Potassium petmangann.te; successful. 
Mercuric chloride ( 1 to 10,0(0); a few apores germinated. 
Potfl.8sium bichromate; a very few spores germinated. 
Hydrogen peroxide (3 parts of strong solution in 100 of water); spores germi­

nated quite freely. 
Potassium sulpha-cyanide; fom or five spores germinated. 
Potassium sulphide; better than in water. 

Pucciuia (lOl·01~ata. July 6; 27 hours. 

Water; successful. 
Ammonium sulpho-cyanide; Successful. 
Chrome alum; snccessful. 

PotaB"ium cbromate; two or three SpOres germinated. 
:Magnesiam chloride; a few spores germina.ted. 
Nicke\ sulphate; not very freely. 

Pucdnia cormw.ta. J u~y S; 24. honts. 
Water; snccessful. 
Copper chioride; failure. 
Zinc chloride; a few spores germinated. 
Pot,asBinm sulphide; successful. 
Potassium sulphide (1 to 100); failure. 
Lead acetate; not freely; germ tubes stunted. 
Oopper aC£ltattlj failure_ 



[ARCH; 1893.] RUSTS OF G~N. 

Puccinia caronata. July 11; it) to i8 hours. 

Water; not very freely. 
Sodium arsenite; succea",ful. 
Po~assinm 'ohromate; a few spores germinated. 
Copper nitrate, a few Spores germinated. 
Ean celeste (1 part of the solution used in 8lJraying to 100 of water, or one 

,art of copper sulphate in 22,500 parts of water); &necessfnl; germination pecnliar. 
Figs. 27, 28.) 

Ammonium carbonate; very freely. 
Ferric chloride; very few spores germinated. 

Puccinia coronata. July 11; fit to 53 bours. 

Water; very few germinated. 
Copper chloride; three or fonr spores germinated. 
Lead acetate; very few 'iporea germinated. 
Potassium bioirroma.ts;" faUul's. 
Sodium thiosuJpbate (Na 2 S 2 0 3); successful. 
Potassium permanganate; not -very freely. 
Me-courie chloride (1 to 10,000); failure. 
Copper acetate; fBilure. 
Potassium cyanide; failure. 

Puccinia coronata. July 12; Hi to 17 hours. 

Water; euocessful. 
Lead acetate; -very few sporee germinated. 
Ammonium oarbonate (1 to 100); not very freely. 
Magnesiufl chloride; stl.ccessfnl. 
Ammonium soJpho-cyanidej socoess!oJ. 
Chrome alam; fairly good. 
Zinc chloride; a few spores germinated. 
Sodium thiosulphate (1 to 100); successful. 

Puccinia. coronala. July 13; 21, to 26 hours. 

Water; sucoessful. 
Potassium biohromate; failure. 
Sodium thiosulphat'e (1 to 100) j not very freely. 
Nitric acid (68 to 10,000); failure. 
Nitric acid.(68 to lop,OOO); successful. 
Mercu~ic chloride (1 to 10,000); failure. 
Potassium sulphide; successful. 
Acetio acid (108 to 100,000); failure. 

Puccinia coronata. July 14; 17; to 19 hour 

Water; fairly good. 
-Potassiom cyanide (1 to 10,000); very freely. 
Salphurio acid; failure. 
Potassium biohromate (1 to 10,000); fairly goo4. 

Puccinia coronata. July 16; 2i to 26 hours. 

Water; not very freely. 
C~ppEir Qcetate.(1 to 10,000); -a few spores ger'lllinated. 
Copper eulphate (1 to 10,000); a very few eporE)s germinated. 
Mercuric chloride (1 to 100,000); a few spores, g'erminated. 
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Potassinm bichromate (1 to lO,OOO); not good, but several spores germinated. 

Copper nitrate (1 to 10,000); failure. 
Lead acetate (1 to 10,000); six spores germinated. 
Acetic acid (54 to 1,000,000) ; ratber freely. 

Puccinia CQTOnata. July IS; 21 boUl's. 

Water; suooessful. 
Copper sulphate (1 to 10,0(0); suo06ssful. 
Potassium permanganate (1 to 10,000); suooessful. 

From the above it will be seen that the uredo-spores germinate success­
ful1y in the following solutions, having a strength of 1 to 1,000: Potassium 
sulphide, potassium permanganate, ammonium sulpha-cyanide, chrome alum, 
nickel sulphate, sodium arssnite, ammonium carbonate, sodium thiosulphate, 
magnesium chloride. 

Germination is not prevented tty solutions, 1 to 100, of ammonium car­
bonate and sodium thiosulphate. 

Germination may take place but is considerably hindered by solutions of 
the following, havtng a strength of 1 to 1,000 : Copper sulphate, copper 
nitrate, copper chloride, potassium chromate, zinc chloride, lead acetate, and 
ferric chloride. 

Germination is prevented by a solution having a strength of 1 part to 
1,000 of mercuric chloride, copper acetate, potassium bichromate, potassium 
cyanide, acetic acid, and sulphuric acid. Of t bese three, potassium cyan­
ide, potassium bichromate and copper acetate do not prevent .;germination 
if diluted 10 times (1 to 10,000). 

Mercuric chloride prevents germination in a solution of 1 to 10,000, but 
does not do so in a solution of 1 t9 100,000. 

Dr. E. Wuthrich * records a series of experiments in which he investi­
gated the effect of various solutions upon the germination of the uredo­
spores of Pttccinia graminis. He found that the spores germinated nor­
mally in ferric chloride (1 to 10,000), zinc chloride (1 to 100,000). copper 
sulphate (1 to 100,000), and mercuric chloride (1 to 100,000), Germina· 
tion was entirely prevented by ferric chloride (1 to 10), zinc chloride (1 to 
100), copper ,ulpq,ate (1 to 100), and mercuric chloride (1 to 1,000), 

The fungicides used in spraying the plots were of the usual strength. 
The ean celeste contained 1 part of crystallized copper sulphate to 225 
parts of water; the ammoniacal carbonate of copper, 1 part of copper 
carbonate to 1,144 parts of water; Bordeaux mixture, 1. part copper sul­
phate and 1 part of lime to 35 parts of .water j iron sulphate, 1 to 9 j 
copper t1cetate, 1 to 74 ; alum solution, 1 · part of alum and 8 parts of cal­
cium chloride to 33 parts of water; copper sulphate, 1 to 112; potassium 
sulphide, 1 to 300. 

,.. Zeitschrin flir Pflanzenkrankheiten. voL II, p.84. 
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'VL~TERING OF THE RUST. 

'Vhile all three of the grain rusts are abundant in the first two stages, 
the recidium stage is quite rare in Kansas. 

It seems highly probable that the cycle of developraent may be completed 
without the intervention of the recidium stage, or else that the hitter ma.y 
occur on other host plants than are at present known. 

There seems to be good evidence that the mycelium of Puccinia rubigo­
vera is able to pass the winter in the tissue of the wheat plant. Sorauer* 
finds this to be true in Germany. Bolley makes a similar statement for the 
rust in Indiana.t 

Observations made at this Station during the present winter show that, 
up to date, the same statement will hold good here. 

Dredo-spores of Pu,ecinia rubigo-vera, gathered from volunteer wheat on 
November 5, germinated in water fairly well. Another sample was gath. 
ered January 9, and ge"rminated well in water, and also, but not quite as 
well, in beef broth. A specimen of wheat containing rust was transferred 
in the fall to the greenhouse. Material from this. on January 17, germi. 
Dated well in wheat decoction after 29 hours, but entirely failed jn water. 
The saroe material- germinated well in milk, while in neutralized urine only 
a few spores germinated, but these produced very long tubes. Another 
sample, taken January.24, germinated in four hours. 

On January 23, spores from the field, from both green and decayed 
leaves, germinated nicely in water and wheat decoction. Anotller sample, 
ta~en January 25, germinated in water, and within two hOUfS produced 
tubes of considerable length. In 24 hours these tubes had grown to an ex:· 
treme length and had a very vigorous appearance. Spores from dead 
leaves of the same, taken February 25, germinated in water in 16 hours. 
On March 1, various patches of volunteer wheat showed plenty of red· rust 
spots on the dead leaves, as did much of the drilled winter wheat. Some of 
the latter showed fresher spots on the green lea.ves. Several samples of thiiJ 
material \vere taken, and all showed some germination in water, but best 
from the spores from the green leaves. It was noticeable that the spots on 
the dead leaves wefe still covered by .the epidermis, except a crack at one 
side. The spores beneath were, therefore, considerably protected. The 
spores from the midst of the spot were redder than those near the opening 
at the side. 

It would seem that the' uredo·spores were not formed durjng the winter, 
but had retained their vitality since the preceding fall . 

From the weather reports by Prof. E. R. Nichols we extract the follow-. 

• "'SoraO'er; Handbucb der Pflanzenkrankheiten, ed.2, vol. II, p, 216;- "nu Mycel de~ Ro~tes <"enlg. 
sten!! das von Puce. 6lramini, (- p. ru.bigo-vera]) Uberwintert scbadlo!i hn Parenchym der Getrelde-­
blatter," 

tBolleYi Bull. Agr, Exp. 8ta., Indiana, No. 26, pp.13 and 19: "One lpecies (P. nWigo--vm"~), hi. Itt 
uredo stage, is able to pass the winter in the tiuuel ot the yOung wheat plant." ct. Bolier; A&"r. Set, 
07,,1 rTf n II"!!{ 
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ing notes on the temperature for the winter months: December, maximum, 
67° (F.), OIl the 5th; minimum, -9°, on the 26th; mean,24.02°, January, 
maximulll, 53°, on the 2·gh; minimum, _1°, on the 15th; mean, 22.99a~ 
Februarv, maximum, .i)F, on the 19th ; minimum, _6 0

, on the 7th; mean, 
26.fjfr' .. 1'here was considerahle snow on the ground for several \\'eeks dur· 

ing the winter. 
SCM,_M:ARY. 

The rllst of grain is due to three species of parasitic fungi, two of which~ 
Pu(""cinia gram':ni,~ and Puccl:nia rubigo.l,'era, are found chiefly on wheat, 
and the third, PILCcinia coronata, is a.pparently iu Kansas confined to 0&1:8. 

The answel'8 to que,_~tions sent to wheat-gro·wers show that the rust is dis­
tributed throughout the State. but that its severity is governed by local 
conditions. All varieties of wheat. may suffer, but hard wheats suffer leas.t. 
and early varieties are likely to matu-re before seriously injured. The most 
favorable conditions are warm, wet weather, such as are general1y afforded 
hy frequent showers, hot sun, and moist east winds. Under these condi­
tions the fungus is able to produce spores ''''ith great rapidity. The rust 
became noticeable about the middle of .r une, and was most abundant from 
June 20 to .Julv 1. 

Those varieties of wheat which have stift: upright leaves are affected Ie~s 
than those with flaccid foliage. Varieties whose IfW-ves hM'e a thick epi­
dermis. or whose surface is glaucous or hairy, are less likely to rust .. 

Experiments in preventing rust, by spraying oats with various fungicides, 
were unsatisfactory, from the fact that the disease did not appear iu the up­
treated plots. Further experiments are to be. tried with winter wheat. 

Obsen.'ations were made on the germination of the uredo~spore8 in vari­
ous fungicide8 . In some cases, germination would take place in soIutioIls of 
1 t.o 100, white in one chemical, fuercuric chloride, this process wai3 pre­
vented by Ii solution of 1 to 10,000. 

Pucdnia rubigo-l'eTa lives during winter in the tissue of the wheat plant. 
and uredo-spores gathered at various times during the winter were capable 
of germination. In consequence of this fact, it is advisable to destroy all 
volunteer wheat. 

EXPLANA'rIO:N OJ.' PLA.TES. 

For several reasons it W88 not found practicable to draw all the figures 
with the same magnification. ~Iost of the germination figures have a linear 
m~gnific!ttion of 250. The drawings of germinations have been purposely 
varied to show their appearance from different points of view j e. g., Fig. 17 
shows clearly the outfi()w of the spore contents in the formation of germ 
tubes, while Fig. 20 shows ODe spore in perspective. But most of them 
show, as far as possible, the exact appearance with the most distinct focus 
of the microsc~pe. 
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PL.A.Tlt 1. 

Fig 1. Section through a fresh pUl5tule of the aredo stage (red rust) of Puccinia 
·I'uuigo.cera (D.C.) Wint.) showing credo-spores, a.nd myoelium t'a.mifying through 
the tissue. X 335. 

Fig. 2. Seotion through a sories of teleuto-spores (blaok rust) of Puocinia N° 
bigQ-vera (D. C.) Wint., showing the spores still enclosed by the epidermi$, and the 
spore-producing mycelium below. Both this and the above sections Were made 
through leaves of wheat. X 185. 

Fig. 3. Two nredo-spores of Puccini(t grarninis PenJ., showing their attachment 
to tb8 mycelial threads ( byphre). X 185. 

Fig. 4. Two teiouto,spores of P1U:cinia graminis Pel's. X 185. 
Fig. 5, Two telento-sporo;! of Puccinia C01-onaia Corda. X I8n. 

All the llgm6s following thelle show the germination of uredo·llpores in various 
media. 

Fig. 6. Germination of four nredo·spores of Puccinia rubigo v.era (D.O.) Wint., 
in water.drop culture; after 29 honrs (in summer). X 250. 

Fig. 7. As above, exoept that "pares were ta.ken from material that had passed 
the winter to dllte (January 21) on volunteer wheat, and kept in oulture 44 hours. J 

Four spores. X InD. 
Fig. H. Same as in Fig. 7, except that spores were taken from. dead leaves. Four 

s pores. X 150. 
Fig.9. Germination of three spores of the same, in 44 hours, from greenhou86 

material, on volunteer wheat, transplanted to greenhouse November 8. Date of 
germination, January 21. Uredo-spores were meanwhile being produoed all the time 
on the greenhouse plants between these two dates. X 150. 

Fig. 10. Five spores, showing well the suooessive stages in germination; in 4: 
hours, in water-drop culture, from greenhouse material. X 150. 

Fig. 11. One spore of the same speoies; after 48 hours in water, from green­
house material, January 9. X 250. 

Fig. 12. Four uredo.spores of Puccinia coronata Cda.; after 23 hours in water. 
-Germination carried on in summer. X 250. 

Fig. 13. One spore of the ssme speoies; after 21 hours in water (in summer). 
';< 250. 

Fig. 14. DittPj showing a fusion of germ tubes (in summer). X 250. 
l!'ig.15. 'rwo spores of the same; after 25 houriS in water (in summer) .. X 250. 

PLA'tE II. 

Fig. lB. Two spores of the same; after 17 honrs in iI. solution of sodium thio._ 
-sulpbate, with a strength of one part of the salt to 100 hundred of water (in sum­
mer.) Germ tubes are undulate. X 250. 

Fig. 17. TlVO spores of the same, in same solution; one part to 1,000, after 62 
hours (in summer). X 250. 

Fig. 18. One spore; all conditions same as above. Shows the extreme length 
of germ tube a.tta.ined in a favorable medium. X 250. 

Fig. 19. Oue spore of Puct)inia rubigo·vera (D. C.) Wiut. in solution of common 
.salt, 1-1,000, a.fter 21 hours; from greenhouse material, in Ja.nn~ry. Showe nicely 
the branching of ger.m tubes, and the peculiar distribution of endochrome wi'hitt 
the tubes. X 185. 

Fig. 20. Three spores of Puccinia coro-nata Corda, aft-er 27 hOllrs in solntion of 
.ammonium snlpho·"yanide, 1-1,000. One spore 1ft shown in perspective; summer. 
X 250. (All the following fignres , except Fig. 32, represent spores of Puecin'kt 061'0-
!nn.i(l . a~l'minllt.Arl. in ImmmAl'. i 
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Fig. 21. Three spores; after 19 houfs in pDtassic bichromate, 1-1,000. X 250. 
Fig. 22. Four Bpores ill same medium, but 1-1,000 in strength; after 23 hourI'. 

No germination, but spores are much contracted and shriveled. X 250. 
Fig. 2:). Two !!poresj after 48 hunrs in alllmoninm carbonste, 1-1,000. The 

germ tub!>!' represent simply the average lengt,h for this medium. X 185. 
Fig. 24. Fonr spores; £lUer 22 hoarEi in laaei aceta.te, 1-1,000. No germination. 

X 2[;0. (The number for this figure is omitted by mistake of tbe engraver. It. is 
thtl only figure without a number.) • 

Fig. 25. Two "pore!!; after 16 hours in IDaj.inesillID chloride, 1-1,000. X 250. 

PLATE IlI. 

Fig. 26. Three spores; after 47 hours in sodium arsenite, 1-1,000. Tubes very 
much undulated, as 11 rule. >~ 185. 

Fig. 27. Seven spore!!, in eRU oeleste (ordinarY spmying mi4 ture), 1-1,000. Germi­
nation waf; very good in t.his medium; after 48 hours. In many cases there was a 
fu;:ion of germ t.ube~, as shown in figure. X 2f)O. 

Fig. 28. Seven more spores in eRU celeste; Bame proportions. Four of these 
bave united their germ tubes; after 48 hours. X 250. 

Fig. 29. Two "'pores; after 4-5 hour~ in magpesium chlOride, 1-1,000. X 250. 
Fig. 30. Two spores; after 24 hours in nitric acid, 68-100,000. X 2.50. 
Fig. HI. Eight I;lpores; after U houTs in lefld acetate, 1-1,000. Germ tubes are 

much stunted, anJ. usually branched. X 125. 
Fig. 32. Five uredo·spores of PtlCcinia rubigo-'v€ra (D.O.) Wint.; after 48 hours 

in beef broth (prepared in the ordinary way); from greenhouse material, January 
7. X 250. 

Fig. 33. Four aredo·spores of Puccinia coro1taia Corda; aft.er 17 hours in chrome · 
alum, I-I,OOO. Germ tubes 8re much knotted or undulated. X 250, 
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