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INTRODUCTORY.
In carrying out the objects of the organization of an "Agricultural Experiment Station," we cordially invite the co-operation of all persons interested in its success. Suggestions as to
lines of experimental work, problems to be solved, inquiries
relating to agriculture, horticulture, stock, and the dairy will be
cheerfully received, and answered as far as possible; but no work
will be undertaken unless of public value, and the results of
which we are at liberty to use for the public good.
Specimens of grains and grasses; seeds of fruit and forest
trees; vegetables, plants, and flowers. that are true to name;
varieties of beneficial and injurious insects; samples of mineral
waters and ores, and whatever may illustrate any department of
agriculture will be gladly received, and due acknowledgments
made in annual reports. Directions for collecting, packing and
shipping such specimens will be :furnished on application, and
all expenses paid.
Bulletins will be issued at least quarterly, giving the results
of experimental work as fast as completed, together with such
suggestions and information as may be thought valuable to the
farmers of Minnesota.
The bulletins and reports of this Station are sent free to every
citizen of Minnesota who applies for them. Copies are sent as
soon as issued to every newspaper in the State, to every Grange,
Farmers' Alliance, or other Agricultural Organization, whose
addresses can be obtained. Bulletins and reports are also sent
to the leading Agricultural papers of the country, and will be
sent to any paper that may desire to exchange.
Letters relating to any special line of work should be directed
to the officer in charge of that division, but all general correspondence relating to the work of the Station should be addressed to
EDWARD D. PORTER,
Director of Experiment Station.
St. Anthony Park, Ramsey County, Minnesota.

DIVISION OF AGRICULTURE.
WILLET

M.

HAYS, ASSISTANT,

CORN, ITS HABITS OF ROOT GROWTH, METHODS
OF PLANTING AND CULTIVATING, NOTES ON EARS
AND STOOLS OR SUCKERS.

Soon after arriving at the Station in the spring of 1888, three
acres of land were set apart, by the Director, on which I should
experiment on methods of planting and cultivating corn, and
further study the habits of the roots and other parts of this
"King of the Cereals." In another field near a water main, connected with the water system of the farm, space was alloted,
where some grains of corn were planted several feet apart, so
that the roots might be washed out with a jet of water under
pressure. Some time was spent in digging corn-roots at the
different times during the cultivation 0f the above mentioned
fields, to learn the natural habits, and also to see how the roots
and plants are affected by the different methods of cultivation.
Drawings illustrating the roots dug under natural conditions, or
undisturbed by the cultivator, are given in Plates I and II.
Plate , III shows the primary roots of a stalk seven weeks after
planting; these were dug on the Agricultural College Farm, at
.Ames, Iowa, in 1886, (see Prairie lf-,armer, 1887, page 373.)
Plate IV shows the roots of a stalk dug in the early part of August, 1887, in DeKalb County, Illinois. (See Prairie Farmer,
1887, page 631.) Plate V shows, at 1 A, the modifications produced by deep cultivation, as compared with the effect of shallow
cultivators at 1 B, at 2, and at 3. Numerous other roots were
washed out, or more or less carefulJy dug, during the past season,
to control the correctness of the notes and drawings made at
regular intervals, but none were found differing in any important particular. A stalk was washed out in the early part o:!:
August, and, with the roots mainly intact, was placed on exhibition at the State Fair. Since all notes of former observations
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and experiments made by me in this study have appeared only in
a disconnected form in newspaper articles in the above named
journal and elsewhere, some of them have been incorporated
here.
I here express my thanks to the Director of the station, Prof.
Edward D. Porter, for all needed assistance; and to Prof. Otto
Lugger:, Entomologist andBotanist, who rendered me much aid
in the preparation of this rep:Jrt, and especially in tho3e p1rts
relating to botany.
HABITS OF ROOT GROWTH.

"\Ve all know how the blades of a young corn plant unfold and
develop, because they are easily seen; but who among farmers
has a clear idea of how the roots branch out from the stem at
the several stages of cultivation, or how the stem inside the
leaf-sheaths proceeds in its growth. While the stalks, blades
and ears are the parts we wish to develop for use, we have
comparativ~ly but little to do with them during cultivation.
We plant in hills or drills, so that the leaves are not crowded
for light, a~d paying no more attention to them, we proceed to
plow the soil above and among the :i;oots, without once looking
where we touch them, and without investigating their nature or
requirements. It is strange, as well as true, that nearly all our
knowledge and experiments have heretofore been applied to
the parts of the plant above ground. The beautiful and plausible theory that corn roots prefer to follow the furrow made
by a long nosed plow shovel is bas.ed on mere assumption.
During germination the grain of corn swells by imbibing water;
the embryo, or chit, shows especially an enlargement, and the
point of the stalk soon breaks through the covering of the chit,
while at the same time, or often earlier, a root also pushes out
at the opposite end, or point of the grain. The stem assumes a
vertical direction, and pushing toward the air develops the first
leaf. This leaf has its origin from the first node or joint, and
all later leaves from corresponding nodes above. This first node
usually forms near the surface of the soil by the lengthening of
the stem or radical, located between it and the seed; the leaf
merely grows to the surface or a little above it. The function
of this leaf seems to end when it has formed a protecting advance tube, through which the tender point of the stalk projects
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Plate l-Fig. 1 shows the primary roots of corn as dug out when the stalk was only an
inch or two high or at the first harrowing; figure 2 exhibits them at the first· time of cultivating; fig, 3 at the second; fig. 4 at the third; and fig. 5 at the fourth apd lru;t. The developing stem• with blades and blade sheaths removed are shown at 3 n, 4 and 5. At d. d., fig.
5. root pruning by deep cultivation is illustrated, and at t t shallow cultivation. The
<lotted lines mark off square feet and serve to show the ground level at planting time.
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into the air. While the stem is pushing its blades to the light,
the growth from the lower end of the chit is not inactive; but
while the stem grows two to focr inches to reach the surface, it
increaEes five to ten inches in length. The root is now ready to
begin its work of absorbing food, which thus far was obtained
from that stored up in the seed. Upon this root, an inch or
more from its point, we can see hundreds, even thousands of
sucking cells. They are like very minute hairs, and they greedily appropriate and absorb all plant food within their reach.
(See plate II, figures 1 to 5, and notes at the bottom of this
page; kindly prepared by Prof. Otto Lugger.*)
These sucking-cells do not appear except near the ends of the
root. A few inches back of the end, secondary or branching
roots are developing, which are placed irregularly, seyeral to
the linear inch. These secondary roots do not usually extend
more than one-third of the length of the primary one from the
point of their insertion, nor have they as large a diameter.
These secondary roots subdivide, and all bear sucking-cells,
near their ende, or on the new growth. The sucking-cells, as
well as the young branch roots, may be best seen by diggingnot washing-out the ends of primary roots, or by sprouting the
seed-corn between sheets of moist blotting-paper, or in cotton ;
the eye should be aided b r a hand magnifying glass, although
they may be seen without it. Very soon after the root above
mentioned starts out from the point of the grain of corn, two to
. *The illustrat on shows the sucking-cells, not of corn, but of another plant
IPenstemon). Fig. l shows the hair-roots of this plant as it is actually found in the soil;
the space between the individual roots is packed with soil. kept there by the roots, Fig. 2
shows the hair-roots freed of this soil by cgrefully washing; we notice that all the hairroot,, to come in contact with as much soil (or food) as possible, grow from (the main
root at almost right angles. Both :figures are drawn in· natural size.It Fig. 3 shows ivery
greatly enlarged, theeni of"one of these hair-roe ts, covered with numerous sucking-cells,
also growing from it at right angles. We can see in this illustration, that the very
elongated or tubular sucking-cells search for food, by pressing through the soil in such a
way, that their tips move in a spiral, as if feeling for places where food in a dis•olvedstate
occurs. If such a rncking-cell meets a solid body, it bends away from it until it is passed,
when it continues to grow in the same direction as taken at the >tart. Such sucking-cells,
although so large in the illu•tration, are really quite minute; as individuals they are barely
visible by the unarmed eye, and united together they look like velvet covering the tips of
the hair-roots. Fig. 4 shows lliree of such sucki og-cells still more enlarged. We notice
that notwithstanding a very careful washing we were unable to remove all the particle' of
soil. This is owning to the fact, that such sucking-cell• have the faculty to partly imbei
such substances by means of a cement produced by dissolving portions of the cell-walls.
This cement does not interfere with the absorption of fcod by :the sucking-cells. In a
future Bulletin this matter will be discussei more fully. FL:. 5 has been added simply to
show the minute structure of the end of a root.]

9

Plate II.-See notes on opposite page describing figures 1, 2, 3, 4 and 5. The illustration
at x gives the general appearance of a primary root of one of the lower whorls when removed from the soil with all its branching or secondary roots. Fig. 6 exhibits the primary
roota of a stalk of corn dug in the same field as those shown in plate I; but this one was
dug late in the fall.
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four others start from the center of the chit. These three to
:five roots are called the :first or seminal whorl of primaTy roots.
The roots of this whorl usually take an outward direction, growing two to five feet away from the stalk in the moist soil at
spring-time; subsequently when the upper soil becomes dry they
grow downward two to five feet or more, and attain the length of
three to eight feet or even more.
They, of course, leave rootlets everywhere in the soil along
their line of growth to take up any available plant food or necessary moisture. Soon after the plant has reached the development shown at 1 in Plate I, another whorl of three to five roots
appears around the node at the base of the first leaf a. This
is called the second whorl or first nodal whorl of primary roots.
These roots follow in the same nearly horizontal direction, and
subsequently turn downward, and attain about the same length.
The first node being pushed up an inch or two from the seed,
as mentioned before, the starting point of these roots is much
nearer to the surface of the soil than those of the seminal whorl.
A very few days after the second, the third whorl of three to
:five roots starts from the node at the base of tbe second leaf, and
less than one fourth inch above· it (See 3, Plate IV). All the
roots of these three whorls are about as large in diameter as
the lead inside a common lead pencil; this size they retain down
to their nicely pointed ends, regardless of the fact, that numerous branches are given off. At this time the blades are pushed
out close together, and only a quarter of an inch above the third
whorl. The third node gives rise to the fourth whorl of fou; to
six roots of slightly larger diameter than those originating
earlier.
At 2, Plate I, is shown a stalk at the time of the first cultivating,
when the roots of the fourth whorl are one -or two inches long.
In varieties observed the nodes above the third one develop in
succession the 5th, 6th, 7th and 8th whorls of about six, eight,
twelve and seventeen roots respectively (Plate IV, 1, 2, 3, etc.)
The diameters of these primary roots, and the distances between
the nodes, increase as we ascend, (as shown in numbers 1, 2, 3, 4,
etc., Piate IV.) Usually the 7th, 8th, or 9th whorl starts just
under the surface of the "ridge" or "hill" about the time of the
last cultivation. When the corn is approaching the time of tasseling, one or more whorls of so-called "brace-roots" develop
near the surface of the hill of earth or some inches above. If
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the air and surface soil are not too dry, these aereal roots find
their way downward into the soil, send out secondary roots, and
act like their neighbors, which had their origin from the nodes
underneath the soil. Sometimes there are twenty-five or more
roots coming from one of these nodes above ground. By cutting away the blade sheaths, rudimentary roots will be found on
the succeeding nodes, one or even two feet above the ground.
These serve a good purpose when the corn is bent down with
winds, by developing and giving the stalk firm anchorage, so
that it can again raise its head toward the light. Thes:Ol aereal

Plate III.-This exhibits the corn roots and stem of the corn as found seven weeks after
planting, dug at Ames, Iowa, in 1886, being just about to open out its tassel. Sketch at the
right gives the stalk divested of its blades. Rudimentary stools are shown at the bottom
below the surface, with a few just starting tabove. Rudiments of ears are seen at some of
the joints from the middle upwards. The ground was moist at planting time but no rain
fell on the gravelly soil:and after fo,ur weeks this corn was suffering from drouth.
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roots secrete a viscid, nearly transparent fluid, covering their
points and surfaces an inch or two from their ends with a coating about one-twentieth of an inch thick. Whether this viscid
fluid is secreted only to aid the plant in collecting water and
food from the surrounding air, and to keep .the tender point
moist while growing toward the soil, is a question. Dry, warm
air soon evaporates the moisture from this covering, leaving only
a whitish residue, which does not protect the tender point any
longer and consequently it is easily killed. These roots have an
especially critical time when they try to enter a dry heated soil.
In this case the point of the root is usually killed as growth
takes place at its end and not at its base. 1£ moiet weather follows soon after this destruction of these points, secondary roots
will, in rare cases, start along the sides of the root and enter
the soil. Hilling two or three inches or more above the original
level materially aids these aereal roots in getting into the soil.
The roots of the upper whorls are much larger in diameter than
those below, especially than those starting from nodes under the
surface of the soil, and in tall growing varities are sometimes
larger in diameter than a common lead pencil. After entering
the soil these roots diminish in size. In dense clay sub-soils
the largest "brace-roots" usually become reduced and are but
slightly larger than the slender roots of the seminal whorl.
'l'his larger diameter at the upper end serves, of course, merely
to make th()m more powerful in holding the stalk in an erect
position. On this account, as well as to encourage the growth
of more roots, and as an aid in killing weeds, moderate hilling
is beneficial.
Returning to the direction or spread of the roots in the soil,
those of the first whorls, say the five lower ones, start out nearly
horizontally. This is in accordance with certain facts, viz: at
this season the surface soil is warm, while the sub-soil is yet
cold; the upper soil is also richer in plant food and usually contains at this season an abundance of moisture. We see at 1, 2
and 3, plate I, that all the roots go nearly horizontally, and a cultivator running four to six inches deep, and the same distance
from the hill, would sever most of these roots. After about the
fourth week we find these primary roots changing their course,
however, for having heretofore pushed outward they now grow
downward, soon taking a nearly vertical direction. Not alone
the roots which first grew outward, but all those now starting
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Plate IV.-Corn roots in a drY year.-1he two illustrations show the roots e.nd lower
part of a stalk 7V. feet high and bearing one good ear in a sease>n dry during the entire
growth. Tb.e engraving on the right, tb.roo-fourths tb.e natural diameter of the stalk. shows
the seminal or seed roots and remains of the eeed kernel at the bottom, and the Whorls or
Ciroies above from wb.ich roots start out From the tenth Whorl, just above tb.e ground
surface the aerial or "bracing roots" start out. An eleventh. wb.orl above shows the rudiments of other roots.
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rom the nodes above as well, take this downward course from
the very beginning. These deductions are drawn from many
observations made while digging in rather dry seasons, or in
"drift" soils only fairly retentive of moisture, as during the past
season of a moderate rainfall. The opportunity for digging in
a very wet season, or in soils needing drainage, or in stony soils,
has, as yet, not been offered me.
The corn experimented upon last season was grown in a rich
sandy soil composed of clay and loam, underlaid at a deµth of
about four feet with gravel, at which depth the growth of roots
was arrested, as they cannot penetrate such subsoils; this was
shown by their distorted ends. Plate III, best illustrates this
change in direction in root growth.
This stalk was dug on the Iowa Agricultural College
Farm, at Ames, in 1886, seven weeks after the seed was planted.
At the time of planting, the soil was moist and fairly warm.
Little or no rain fell during the following seven weeks, and in
four weeks from planting the soil became dry at the surface;
the soil was a gravelly loam, underlaid at the depth of four feet
with pure gravel. 'fhough well manured this soil was rather
easily affected by drouth. I have partially dug the roots of many
stalks which showed in as marked a manner as possible the
character of root growth here described. The first whorls of
roots would be spread over an area about six feet in diameter,
before commencing their downward course, while the later
whorls would all be in a bunch, only a foot or eighteen inches
in diameter, directly below the stalk. Plate IV shows the roots
ofa stalk dug in Northern Illinois in August, 1887. According to
the testimony of many farmers in that vicinity, the soil was
very dry when the corn was planted, and almost no rain fell
during the season, so that it produced a very poor crop on the
drier lands. This stalk was dug in a depression over a tile
drain, which was four feet below the surface, through which no
water had been running during this dry year. It will be observed, that the first whorls of roots did not go so nearly in a
horizontal direction as in other cases, where moisture was more
plentiful at planting time. It will also be noticed, that the
roots during the past moist season did no~ take a directly downward course during the latter part of the season; this is shown
at 4 and 5, Plate I, where we see that they swerve considerably

from a vertical line. We would expect that the roots grew as
straight as possible to the richest food supply, and this they do
to a great extent. Directly beneath one stalk I found a bunch
of the roots from the upper whorls, which at a depth of one
to two feet had turned out of their course and diverged several inchEs to the eastward before proceeding down. Digging
past them I found a large mass of rich surface soil, which had
washed into an irregular cavity, probably made by an animal,
two feet below the surface and a foot east of the plant. The
presenc9 of water and of rich food supplies seems to not entirely
direct the roots, as hereditary influences may also largely control them. Ever since cultivated by the white man, corn has
been grown, as a r11le, where the soil in spring is moist and
warm at .the top, but cool below, and where the summers are warm
and dry; it has always succeeded best under such conditions.
The Indians, also, grew it on good "corn land" for centuries,
As a matter of course they selected the rich and easily cultivated alluvial lands. In a word corn has got into the habit of
sending its roots in sprin~ and summer in the direction described, under the ordinary conditions of our arable, deep soils,
and of the peculiar inter-continental climate of America.
The roots of the seminal, and one or two succeeding whorls,
often die long before the plant ripens, and the large roots deveL
oping later perform all the work.
While the position of the bulk of the secondary roots is
mainly determined by the spread of the primaries, their principal occupation seems to be to search for food, and their development is much greater in the upper part of the soil. The
deep-going primaries are also sparsely covered with rootiets
nearly to their ends. Dr. E. L. Sturtevant is quoted in the
Pennsylvania Experiment Station Report for 1887, as concluding from certain observations made by himself and Dr. Gilbert,
that "only one-thousandth part of the roots entered the subsoil,
and offers the hypothesis that these roots were developed mainly
to supply moisture." In our deep, rather open, and easily penetrated soils of the upper Mississippi Valley, there is quite a.
respectable percentage of the root system below the depth of
even twelve inches, though the rootlets there are much farther
apart on the primary roots than near the surface. In case of
the stalk dug by me in lllinois(Plate IV.), if memory serves me
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rightly, twenty per cent. of the bulk of the roots was below that
depth in that peculiarly dry soil.
Secondary roots frequently go toward the surface, though
they usually branch off from the primary ones at an angle of 45
to 90 degrees, as shown at x, Plate II. I have washed out some
that came from the depth of one foot to within an inch of the
sut'face.
APPLICA'I'ION OF THESE FACTS TO CUL'J.'IVATION.

Practically these facts and drawings explain how much we
destroy the roots of corn by cultivation. Plate I is marked off
in squares representing square feet, thus showing, how badly
the primary roots, which may be called the skeleton or framework of the root system, are pruned by cultiYating deep and
close to the hill. Digging, after cultivating with a d€ep going
implement, showed this root-pruning to actually take place, very
much as illustrate¢!. at d. d., Plate I, and at 1. A. Plate V.
'l'horough and reas~mably deep level culture was accomplished
without much root pruning by means of the Robert's Cultivator
Blades, as shown at t. t. Plate I, and at 1. B. Plate V. Such
horizontal roots are all that the poor plants have at the time of
the first and second cultivations
"But" the reader may remark, "we raise good crops of corn
by the very culture your drawings condemn." Practical experience has proved that good, though probably not the best crops
of corn can be raised in spite of considerable root pruning. In
fact, many of the desirable qualities of a good corn cultivator
are combined in these deep going implements. They are splendid
weed killers, good pulverizers, and can be adjusted so as to properly hill the soil around the plants. The shovels are hung on
two beams working separately; these are supported by springs
in some cases, and on most frames are so nicely adjusted, that it is
a pleasure to handle them. This cannot be said of some surface
cultivators, on which the two sides or beams must be eecurely
held together, to give the draw or revolving cut to the knives
or other parts working in the soiL
Many have reasoned correctly, that cutting the roots of the
first whorls has the tendency to make the mass of roots more
compact. This is roughly shown at A, as compared with B,
Plate V. Others again have stated, that root-pruning tends to
increase the feeding surfaces accessible to the roots, but on what
ground the writers base their opinions, I can not imagine. It
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certainly materialy lessens the area of feeding roots for the
time being. The corn plant has wonderful powers of adapting
tself to circumstances, and cutting these roots, naturally forces
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Plate V.-At A (Fig 1) is shown cross-section, the soil as "stirred" by deep grooving cultivators; also the way in which the spreading primary roots are broken; and the consequent more compact form of the secondary roots. At B (Fig. 1) the drawing illustrates
how level but thorough cultivation may be accomplished without catting many roots. Fig.
2 shows the manner in which the rotary disk cultivator left the dirt handled by it in drilled
corn at the last cultivation. Fig. 3 similarly shows a cross section of the loosened dirt as
left by tl\e Tower surface cultivator; also by the Bask surface cultivator. Fig. 4 shows a
cross section of the loose dirt as "worked" back in the lister furrows by Roberts' cultivator blades. The dotted lines (G) indicate the ground line before planting. The dotted
darker portions show the ·'dust blanket" in each case.
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all the other roots to rapid development, to take the place of
those destroyed. The secondary roots on the remaining stubs
of the broken roots especially show this developement, and those
near the hrnken end show it most plainly. A stalk, which had
been cultivated shallow and-root pruned early in July, by running a knife six inches deep and six inches from the stalk all
around, was washed out in August, and illustrated this point
clearly, as compared with an adjoining stalk only partially
washed out, which had not had its lateral roots aevered.
The only active feeding and water sucking organs are located
on the few inches near the ends of all the primary and .secondary roots; there the active sucking-cells exist, through which
the plant-food and water are absorbed. (See Plate II, figs. 1 to 5
and note page 8, relating to the sucking-cells, by Prof. Lugger
The feeding capacity of the root system depends upon the number
of these ends, which are rapidly growing, so as to keep up a
large supply of these sucking-cells or little mouths, and upon
their distribution. A herd of cattle, though they have plenty of
mouths, can not secure as much food from ten acres of pasture
as from twenty; nor can the roots of corn, other things being
equal, gather as much food from the soil immediately beneath
the hill, as if allowed to reach out three or more feet on all
sides. The amount of feeding surface at the command of the
roots of a corn plant at any given time is by no means the same
as the amount of total root surface exposed to the soil. Moreover the supply of food in any part of the soil soon becomes exhausted, and the plant is forced to obtain it from a greater distance; certain substances needed by the plant occur only in very
small proportions in the soil, also forcing the roots to reach for
them in all directions. My observations certainly prove, that
the spread of the roots is very considerably lessened, and the
area of sucking cells-the number of mouths-diminished
though in less proportion, by deep culture. It may be that the
proprtionate number of sucking-cells is soon replaced by the
formation of ·newly developed rootlets.
Some newspaper
writers have stated, that this cutting of the surface roots tends
to make the plant feed lower down in the earlier part of the
season and thus enable it to better "withstand sudden attacks
of drouth." In view of the fact, that the primary roots can
descend at the rate of a foot or two per week, it seems hardly

necessary to destroy part of them in order to give the others a
greater impetus.
The most serious objection to the deep cultiv(ttor shovel is,
that it is a dangerous implement when put into the hands of
many farm laborers, or of thoughtless boys, who seeing that
tillage works great good, believe the more they can loosen the
earth down under the corn the better work they are doing. As
a rule farmers break a gr1?.at many of .these horizontal roots during the first two times through cornfields with these shovels, because they are unable to "clean out the hills," without going loose
..re ordinarily
to them and rather deep. The later "te:r;. · ·
given with the beams further apart, and with the shovels next to
the corn not set to run quite so deep, which is wise. Some
farmers, however, set their plows in spring, and without a change
of shovels or beams, use them in this way, the orthodox "four
times through." The following serves as an illustration of what
most of us have done and observed: A young renter on my
mother's farm in Iowa, on a July day some years ago, cultivated,
for the last time, corn on a drouthy, gravelly soil. He cultivated
deep and close, saying : "I'll plow deep so that this dry weather
will not hurt the corn so badly." Drouth bad already began to
tell on the corn, and soon after he bad passed through the rows,
the leaves commenced to curl, and the next day, being a hot one,
those rows he cultivated appeart~d sick, to put it mildly. The
transpiration of moisture from the leavee was greater than could
be supplied by the few remaining roots which he failed to sever
-in trying to do a complete job. They could not replace the
moisture by absorption from the dry soil. I suppose many a
farm hand, or farmer, when "laying corn by" with these shovels,
really reduces the yield five or ten bushels by going close and
deep. They not only break all the surface roots, but also a large
share of those upper whorls, that have spread but little, and
also all the secondaries in the furrow-slice, which is the richest
part of the soil, as manure from stubble or from the barn-yard
have been mixed into it.
The question naturally arises: Have we cultivators which
combine all the good qualities without the fault of going too
deep, and can we construct one that will do the work well?
The desideratum is a two-horse implement, which will cultivate
thoroughly, yet not go so deeply. One that will cut all the
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weeds between the rows and cover those in the hill; that will
ridge or hill the corn sufficiently; that is "easy to handle" and
scours well; that can be easily kept in order; and that will leave
a "dust blanket" or "dirt mulch" two to four inches thick entirely across the space between the rows. At B. Plate V, is a
cross section showing that few roofa:i need be cut, though the
amount of soil handled is as great as with the broad grooving
shovels. (Plate V, A).
PRACTICAL PLOT TESTS.

A system of plot tests, to be continued for one or more years,
was begun, and for this purpose the field previously mentioned
was divided into twenty-four one-tenth acre plots, as seen in
plan. Prof. Porter said the soil had shown in former crops that

Plan of dividing the field and of numbering the plots.

it was fairly even, except being a little poor at the S. E.
corner, plot 24. It had been in wheat the previous year, was
fall-plowed, and owing to the rainy spring somewhat firmer
than is the case with ordinary fall-plowing of average soils.
The soil is a composition of sand, clay and loam, underlaid at
three to six feet with gravel and sand.
To make a good seed bed the soil was first pulverized with the
cultivating attachment of a grain seeder and then harrowed. All
plots were treated alike, except Nos. 21 to 24 inclusive, which to
better prepare the surface for the Tower Bros. Surface Cultivator, as directed by the owners of that implement, were, in addition, passed over with Tower Bros. Pulverizer, (a very good
implement for preparing the seed bed, or for similar work). The
entire field was "marked out" both ways with a two-horse "corn
marker" rows three feet nine inches apart. The seed corn used was
"Pride of the North," planted June 2d and 4th, and wa.s covered
with a coating of. tar to prevent gophers, or ground squirrels,
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from stealing and eating it. That planted in hills and
drills was very carefully dropped by hand in the marker furrows, made deeper with the hoe where needed, and the covering
of dirt then "pressed with the foot." An average of 87 per cent.
of the seed in the hill and drill plots produced stalks; while only
55 per cent. of that planted with the lister showed.
IMPLEMENTS AND METHODS TESTED.

It was decided to make a trial of deep versus shallow culture,
and to try some of the so-called shallow cultivators, compared
with deep cultivators. The manufacturers named below were
conferred with, and all of them cheerfully loaned their implements to the station for this purpose. As a representative of
lhe broad, deep, grooving shovels on two-horse cultivator frames,
as used by the majority of farmers throughout the great western
corn belt, Weir's Tongueless was secured from the Weir Plow
Co., Monmouth, Illinois, through the Minnesota Transfer Implement Co., of this place. Two cultivators. repres~nting the
Acme Harrow Type were secured; the Tower Surface Cultivator, from J. D. Tower & Bro., Mendota, Illinois; and the Bash
Surface Cultivator from the Sandwich Enterprise Co., Sandwich,
Illinois. Another, with disks like those on the now common
Disk Harrow, is the Rotary Disk Cultivator, loaned by the
Janesville Machine Co., Jan es ville, Wisconsin. As the representative of the flat cutting blades, "Goph~r Blades," etc., the
Roberts' Cultivator Blades were furnished by the inventor, Hon.
B. F. Roberts, of Dunlap, Iowa. These are only an attachment to
be placed on any common cultivator frame, and were very
satisfactorily used on Weir's Tongueless instead of the shovels
belonging to that frame.
As it was desirable to try listing, the Weir Plow Co., through
the Minnesota Transfer Co., kindly loaned us one of their Combined Listers and Planters.
The twenty-four plots were grouped so that they could· be
tended with the several implements, as below :
Roberts' Blades ................... Nos. l, 2, 3, 4, 5, 6.
Wier's Tongueless, ........... Nos. 9, 10, 11, 12, 13, 14.
Rotary Disk Cultivator, ............ Nos. 17, 18, 19, 20.
Tower Bros. Cultivator; ............ Nos. 21, 2~, 23, 24.
Bash Surface Cultivator, ............. Nos. 7, 8, 15, 16.
As several plots were allotted to each cultivator, I had the op-
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portunity to try them on com planted in several different ways,
and at the same time it afforded data on the different methods of
planting. The manner of planting all plots is shown in the
following:
Hills, 4grains to the hill, .... Nos. I, 2, 9, ll, 16, 17, 21.
Hills 3 grains to the hill, ................. Nos. 10, 12.
Drills, same as 4 grains to the hill, ... Nos. 3, 4, 7, 13, 19, 22.
Drills, samA as 5 grains to the hill, ......... Nos. 8, 18.
Listed, thick, ........................... Nos. 5, 6, 23.
Listed, medium, ................... Nos. 14, 15, 20, 24.
Plots 11 and 12 were planted in hills, the same as plots 9 and
10, to serve in comparing Wier's Cqltivator, run shallow,-the
way some farmers claim they use these deep going shovels,with the same run deeply and rather close to the hills. Some
other minor tests were provided for, which will he referred to
later. On those plots planted with the lister, that impleme.:it
was i·un along the "marker" tracks to the depth of about four
inches, making the ridges seven or eight inches higher than the
bottoms of the ·furrows ; in these furrows the seeds were buried
an inch deep, as described below. The illustration on this page
shows a cross-section of a furrow with corn in the bottom at x.

Cross section showing furrow and loose dirt as left by combined lister and planter.
Horizontal dotted line shows original level. In bottom of furrow (x) seeds are shown.

What is meant by listing.-Doubtless many, if not most farmers in this
State, have no definite idea of what is meant by the method of planting
corn called listing. It is a method by which the plowing or "stirring" of the stubble, or even of last years corn ground, and the
planting can be combined in one operation without any other preparation of the seed bed. It is much practiced in the west-central part of
the Mississippi Valley, where the soil is inclined to be open, and where
drouths are the rule rather than the exception. In some counties in
Kansas, for instance, the methods common elsewhere are seldom used,
and most .of the corn in that entire State is listed. During the two or
three years past, manufacturers have begun to introduce listers into the
Northwest, hence our interest in trying the method here. A lister is a
stirring plow with two mould boards, one throwing to the right, the
other to the left. Each "lay" cuts six or seven inches wide. The lister
is run through the stubble, or old corn field, guided by stakes or other
marks, making a furrow, or 'dead furrow' for the corn with a ridge, or
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"back furrow" between these. Some pass over with the listing plow,
and afterwards follow in the middle of the furrows with a one-horse
corn drill. The more approved way, however, is to use the combined
implement, which is a listing plow carrying a drill attachment, operated by a wheel running behind in the furrow. The corn is dropped
an inch, or more, beneath the bottom of the furrow by means of a mole
or shoe-like follower. '!'he corn is usually harrowed once or twice with
a smoothing harrow, run lengthwise with the furrows, and afterwarde
cultivated two to four times. In each operation part of the ridge is
worked back into the furrow around the stalks, the aim being to fill
the. furrow, leaving the land about level, the last time "through," and
at the same time "hilling" around the corn. (See Plate V, 4, and
notes, also figure on opposite page.)
CULTIVATION OF PLOTS AND NOTES OF GROWTH.

The corn was harrowed when coming up, and again when
three or four inches high, except the plots listed, which were
harrowed only once. All the plots except those listed not only
came evenly, but the corn grew well, notwithstanding its late
start, due to wet weather, which delayed planting. They were
cultivated with the respective implements, June 23, a second
time, June 30, a third time, July 10, and a fourth time, July 14.
Notes were taken after each of the last three cultivations, recording the weediness of each plot, also the depth to which each
cultivator run, etc. As a few of the plots did not look equally
EFFECTIVENESS OF EACH CULTIVATOR IN KEEPING THE SEVERAL PLOTS CLEAN

First and Sec•;md Cultivations.

Hill.
Deep.

Hill.
Shallow.

Weir's Tongueless ............
Rotary Disk ..................
Tower Bros' ..................
Bash Surface .................

98

88

*"

"

.... .... ..
..........
..........
.... .... ..... .... ..........

Drilled.

Listed.

90

80

95
80
90

85
95
75
90

90
95
95
78
98

90
95
95
75

80
80
80

90

90

90

80

75
95

80

Third Cultivation.
Weir's Tongueless ............
98
Rotary Disk ............
Tower Bros' .................. ..........
Bash Surface ................. ..........
Roberts' Blades ............... ......... ,

...... ····1

l

Fourth Cultivation.
'
Weir's Tongueless .............
98
90
Rotary Disk .................. ..........
98
•.rower Bros' ............
..........
98
Bash Surface ................. ..........
80
Roberts' Blades ............... ..........
98
'"First two times with Bash's Surface Cultivator, or
Cultivator, afterwards with Roberts' Cultivator Blades.

85

88
88

88
75
92

90

88
88

75

90
with Tower Bros'
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free of weeds, and in harmony with the otherwise weedless
farm, they were all cleaned out with hoes, after "laying the
corn by" with the cultivators.
The work of the Weir shovels, as shown at 1, Plate V, and
5, d, Plate I, is familiar to Western corn growers, and it is here
taken as the standard with which to compare the thoroughness of
work done by the other cultivators. In the tabular statement
on page23 100 represents perfectly clean culture,and lower numbers represent proportionately poorer culture.
Plots 9 and 10 were cultivated deep and close, whilell and 12
were cultivated shallow and not very close, the aim being to
try to do good work with Weir's Tongueless without much root
pruning, and compare that with using them deep, as is usual
with those farmers who do. not object to deep cultivation. It
was made clear to the writer's mind, that going rather close and
deep are necessary for the first two times with that kind of a
shovel, or weedy hills will be the result. The work done by
this implement on the drilled plot, No. 13, was similar to that
done by farmers, who try to cultivate drilled corn with the common cultivator in the presence of many weeds, i. e., it was not
so satisfactorialy done as where planted in hills. In listed corn
Weir's Tongueless did not give as good satisfaction as some
others, since it was necessary to work the shovels too far away
from the rows the first two times to prevent covering the corn.
This implement left a good even blanket of dirt, which remained
loose throughout the season, At 1, A, Plate V, is a diagram
showing a cross section of the dirt as left by this cultivator, and
tbe effects on the root-growth of the plant, as compared with
!evel culture of Roberts' Blades, at B.
The Rotary Disk Cultivator did good work the first time in the
hilled and drilled plots, so far as killing weeds was concerned,
but it "worked'' too much dirt toward the rows; transfering the
disk bearers so as to throw the dirt outward being found impracticable. The machine is so made, that the disk bearers can
not be tipped enough either way; this the manufacturers propose to remedy. It is light of draft and does very good work
in most respects, but works the soil in high and steep ridges or
hills around the corn, leaving a space two feet wide between the
rows nearly bare of loose dirt, and hard. This was especially
noticeable in drilled corn, where the ridge was seven inches
higher than the ground between the rows. (See. 2, Plate V,
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showing a croos section through the soil as left by this implement after last cultivation.) The disks could not be tipped inward enough for listed corn the first and second cultivations.
This implement was as effective in killing weeds as Weir's
Tongueless when run deep, and it cut very few roots.
The Tower Cultivator also was equal to Weir's as a cleaner of
weeds in hill and drilled corn. In listed corn the same trouble
was found as with the Rotary Disk, since the heads bearing the
blades cannot be turned inward enough to work near the bottoms
of the lister furrows. This implement also works somewhat too
shallow in the middle between the rows, shown at 3, Plate V; but
this can, doubtless, be avoided by changing the heads bearing
the knives, so that they can be turned down more at the outer end
for the last cultivation. On the whole this implement did good
work.
The Bash Surface Cultivator did not clean the weeds as well
in either hilbd or drilled corn as the three aforementioned imple. ments, and when the corn was "laid by", these were the weediest
plots. It did fairly good work between the rows, and in the
listed corn it did best of all for the first cultivation, but when
the ground became nearly level it failed to keep the rows clean,
and this was the weediest of the listed plots. The Bash surface
attachment, though on a good frame, the Climax, is difficult to
handle. After the last cultivation this implement left the surface mellowed nearly the same as the Tower Cultivator. ( 3,
Plate V).
Owin.g to the severe illness of Mr. Roberts, his blades did
not reach me until it was time for cultivating the third time.
The plots alloted to it had been cultivated the first two times
with the Bai>h and the Tower Cultivators. All were at this
time nearly as free from weeds as those "tended" with Weir's
plow, except the listed ones, Nos. 5 and 6. The Robert's
Blades cleaned these out as, I believe, neither of the other implements would have done. The way they leave the soil mellowed is shown at B, Plate V, These blades have been used
two years by the writer in an experimental, and also a practical
way, giving good aatisfaction in both corn and potato fields.
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YIELD OF THE PLOTS.

Doubtless most farmers would think, that with all these plots
and ways of planting,enough duplicate tests would be had to determine in yields per acre all the points under consideration.
But such plot trials have many sources of error, and repetitions
are needed. 'l'he following statement gives the average yields
per acre of the different ways of planting and cultivating.

I Dril~ed I

Bushels of Grain .... ·I Hills I' Hil;s
Drill.ed Listed Listed
4 grams. 3 grams. 4 gra1us 5 grams. Thick. medium
Roberts Blades.. . . . . .
Weir's Tongueless....
Rotary Disk. . . . . . . . .
·rower Surface.......
Bash Surface. . . . . . . .

51
47
42
49
45

........
41
........
.. .. ....
.... ....

Tons Dry Fodder.. . . .
Roberts Blades..... . .
Weir's Tongueless....

3.)4 .... : . .,
8
2%

Bash Surface........

37; . . . . . . . .

~~!~! s~~!~~: :: :: ::

g::::: :::

56 . . . . . . . .
51
56 ....... ·I·.......
50
53 ....... · 1
40,... . . . .
*
1
53
52 . . . . . . . .

l

4.)4 . . . . . . .
3%
4.)4 . . . . . . . . . . . . . . . .

3~ ..... ~~
4~

4~

::::::

47
44
41

*

34
3~4

2.)4

::J ..... ~~.

........

2}{;'

To make these tests of greater value the plots should all be
treated alike next season, to learn their real capacity to produce
crops of corn. Threa grains planted in hills did not produce
so well as four, although it must be noted, that the seeds did not
come perfectly. In drill planting, 5 grains to the hill, or grains
nine inches apart, produced practically the same results as
when only four grains were planted, or grains eleven inches
apart. The drilled corn produced both more grain and fodder
than that planted in hills, while that listed yielded less.
Hill planting is, doubtless, the easiest and best way to plant
corn where it is raised on a large scale. Where the land is rich
and the necessary labor is cheap, not costing more than the value
per acre of the few ad ditional bushels of corn and the half ton
of fodder, drilling and hoeing is best. The writer has as yet
found no implement with which drilled corn in fields infested
with pigeon grass, or "fox tail," can be kept clean without some
use of the hoe. None are much better in this respect than
Weir's Tongueless.
The results of these experiments by no means favor listing in
this climate. The season was more than ordinarily late, moist
and cool in the spring, and the corn did not come up as well,
grow so strong, nor show such good color as that planted in the

<1ommori way. It is my belief, that Minnesota is too far north
for listing corn. That method is valuable in Kansas, where the
seasons are sufficiently long, and where it enables corn to better
withstand severe droughts Usually corn suffers but little from
droughts in Minnesota. The greatest trouble with the corn
-0rop here are short seasons, or in other words the occurrence of
frosts during the month of August. Corn can not be listed as
early in the spring as it can be planted in the warmer surface
soil, nor does it start to grow as quickly. In exceptionally warm
and long seasons the latest and largest kind of corn, which it is
safe to grow in any part of this State, might do equally well, if
not better, when planted in this manner. But with the average
amount of rainfall, and average kind of soil, I believe listing in
Minnesota will not.pay. It is but proper, however, to say that
the Weir Combined Lister and Planter gave satisfaction as being a well made implement, regular and true in its work.
TESTS OF ROOT PRUNING AND HILLING.

In a field where. all parts had been planted alike, and all similarly cultivated with a shailow cultivating implement, which cut
:few or no roots,several small plots were set apart to test root pruning aside from any cultivation. After the last plowing a knife was
run around each hill at the depth of six inches, and six inches from
the stalks on plots 3, 6 and 7, while plots 4, 5, 8 and 9, were not
so treated. The yields of corn in the ear, and of fodder, were as
follows:
No.
No.
No.
No.
No.
No.
No.

Pounds Grain in Ear. Pounds Fodder.
3 . . . . . . . . . . . . . . . . . . .. .. . .
57
60
6 ........................
46
53
7 .. . . . . . . . . . . . . . . . . . . .. . .
4 ... . .... .. .... . ... .... .•

47
52.

65
80

5.... .... .. . . .. . . . . .. . . . .
8 .. . . . . . . . . . . . . . . . . . . . . . .
9....... ••• .. .. ... .. . . . .

51
55
52

65
70
60

On an average the plots thus i·oot-pruned produced nearly three
bushels less of corn, and eight hundred pounds less of fodder per
acre than those on which the roots were undisturbed. These plots
were too few in number and too small to give a basis for stating
any certain conclusions. The root-pruning was done at a time
when many roots were cut. Probably a part of the seminal and
one or two of the Bucceeding whorls had already nearly ceased
to be active feeders to the plant, as heretofore mentioned, but
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many roots of the whorls above these, as whorls numbers 4, 5
and 6, which had spread more or less, were severed.
In another part of the field, and under the same conditions as
the above, and with the shallow cultivation almost flat, i. e., no
"hilling," four plots were selected. Plot 1 was left untouched.
On the second plot the "brace roots" were kept from entering
the soil, which many of them would have done during that moist
season, by passing through the plot every few days, and with a
sharp knife severing all the roots to be seen above ground.
Plot 3 was "hilled" to the height of four inches-by carrying
in soil from outside the plot. Plot 4 had its roots pruned by
passing a knife entirely around the hill six inches away and six
inches deep. The notes of the yields of these plots were accidentally destroyed. The plants in plot 2 did not grow as tall
as those in the other plots, and at about the time the ears were
fully formed there came a strong wind, which blew down the
corn on this plot much worse than it did that on the adjoining
plots where the "brace roots" had been allowed to enter the soil.
CONCLUSIONS OR RULES OF PRACTICAL VALUE.

Some general deductions from these and other observations
and experiments, and t1e general practice of the best corn growers, will not come amiss in this connection. Farmers in Minnesota must employ methods that will enable them to make the
most of the short seasons.
( 1.) Use proper rotations, where possible including clover;
economy of manures; good tillage; and drain tiles, where needed,
to enable the soil to furnish the plant with an abun:lance of
plant-food and moisture, so as to push it rapidly to an early and
well developed maturity.
(2.) Plow in fall to furnish m Jre of available plant-food; to
secure an earlier and better seed-bed, and to relieve spring
work.
( 3.) Plow stubble in fall five to seven inches deep, in spring
the same or shallower ; "corn-stalk ground" the same depth ;
clover and other tame grass sod four to five inches deep; and
every fourth to sixth time of "stirring" or breaking, run the
plow two or more inches deeper than usual to bring up new soil
and to loosen the compacted layer beneath the furrow-slice.
( 4.) Rememember that planting with the two-horse corn planter is excellent either in theory or in practice and that listing does
not pay so far north as Minnesota.

( 5.) Make a fine seed-bed three inches deep-there are
several better implements for this purpose than the old fashioned
Scotch Harrow.
( 6.) Select the largest good variety of dent that is quite certain to ripen in your locality, or if far to the northward in the
State, good flint varieties.
( 7.) Preserve well developed seed selected before severe
frosts; dry it well and store it for the winter in a dry room with
a free circulation of air; such seed can be planted early and when
it germinates it will gro~ with vigor.
( 8.) Plant in hills, or "checkrows," unless labor for the one
or two necessary hoeings of drilled corn can be secured very
cheaply.
( 9.) Plant at a depth of two to four and one-half inches, approaching the latter depth when late, or in case of dry or very
mellow soil, as in some spring plowing, and plant shallow when
early, or in case of wet or compact soils, as is the case with some
fall plowing.
( 10.) "Give the gophers or 'Corn Tigers' all they will eat of
cheap corn coated with grease, which has been doctored with
strychnin'e, or flour mixed with the same drug and dusted on
the moistened grain. Carry 8ome of this 'armed corn' in a closed
tin box when planting, harrowing, etc., offering some to all the
gophers seen, and leaving a few grains in all 'fresh holes.' " -

Minri. Farmer's Institute.
( 11.) Soak all the seeds for some time in a solution of blue
stone, to prevent the growth of that injurious fungus known as

'Smut'."-Proj. Otto Lugger.
( 12.) Harrow the corn twice or more, as one good harrowing
is worth more than a fifth plowing. Give the last one when the
corn is four inches high.
(13.) The best cultivator is one that will do thorough work
without breaking many roots, is easily handlad, and has the
numerous other desirable qualities.
(a.) If a deep-going shovel is used, do not go unnecessarily
close or deep. Make the "hills" or ridges about four inches higher
than the furrows by hilling a little during each cultivation. Do
not, under any circumstance, run deeply close to the corn the
last time through.
(b.) If a shallow cultivator is in use, set it, if possible, so as
to hill the corn properly and to cover the weeds in the rows; also

30

so that after the last plowing it will leave a "dust blanket" two
or more inches deep in the middle between the rows.
( c.) If a cultivator is to be purchased, procure one that will
do thorough work, and, if you can do so, select one that does not
prune the roots badly. But remember that 11 cultivator which
leaves weeds in the rows, to consume food and "suck up" and
evaporate moisture needed by the corn, and which also leaves a
very thin "dust blanket" in the middle between the rows, also
allowing great loss of moisture by evaporation, may not be so
good as one that has only the fault of going too deep. Some so.
called shallow cultivators-those we used not among that number-may merit only fence-corner room.
(14.) Produce, if possible, by means of cross-fertilization,
good Dent and Flint varieties that will ripen early and will withstand early frosts.
BRANCHING OF THE CORN PLANT.
In connection with experiments begun to study the subject
of crossing or cross fertilizing corn to produce new varieties,
other notes were made on the habits of growth of the stem, ears,
etc., of several varieties. Plate VI illustrates in a general way
the branching and stooling habits of corn from examples selected in a field of Mercer Flint; a few oddities from other
varieties are also shown. The principal stalk from the seed
(1 a, 2 z) usually devclopes taller and stronger than any of the
lateral shoots. Half a dozen, more or less, of the upper nodes
in this stalk do not produce buds .in the axils of their leaves,
but all below these do so, excepting, perhaps, the two or three
lower ones. In most varieties of Dent corn all these buds, save
one, two or three of the uppermost, develop no further than
to become mere rudiments. In the case of most Flint, Pop
Plat.a VI shows the st-0oling habit of Mercer Flint corn. Fig. 1 shows two well
developed ears from nodes near the middle of the stalk and two fairly well developed
stools from nodes near its base, also some other partially developed branches between
these. Fig. 2 has some ears not perfectly developed at the middle of the principal stalk;
but at its base are two well developed stools each bearing both tassels and ears. At 30
(Fig. 2) is a branch on which the tassel is mixed, i. e., has hoth male and female flowers.
Figures.10 t-0 20 inclusive, are branches selected from several stalks; these show perfect
ears at 10, 11, 12 and 13; branches on which the flowers are more or less mixed at 14, 15, 16,
17 and 18; and perfectly developed stools at 19 and 20. Fig. 4 is a very marked cage of
mixed flowers; the form is that of the tassel, but the flowers are all female, and the weight
of the grains have bent it from an erect t-0 a pendant position. Fig 4 shows less of the
tassel form, being more nearly like an ear than :fig 3. Fig 5 shows a well developed ear
with two "nubbins" from nodes at its base. Fig. 6 shows a fairly well devoloped ear with
three smaller ears coming from nodes along its stem.
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I fate VI.-See discription at bottom of opposite page.
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and Sweet varieties, when not planted thickly, more of these
buds develop. The upper. ones al ways produce female flowers
:Dr ears.; the top one being, as a rule, the largest and most perfectly formed one, and the succeeding ones below are smaller as
at B, 0, D, and E, 1 and 2, Plate VI. Usually only two or three
develop perfect ears. The lower buds from the third, fourth and
. fifth nodes do not produce simply ears, but always more or less
nearly perfect stalks, commonly called tillers, stools or suckerswith tassel and fully developed ears. Probably other more or
less perfectly developed stools. or suckers are thrown out from
the lower nodes of these shoots, as is the oase with many other
members of the grass family, for these stools also have buds in
the axils of their leaves; they also bear roots from their nodes (H.
,I. J., 1 and 2, Plate VI.) Between these two extremes, viz.,
the.simple.perfect female spike or ear from the uppermm1t buds,
and the lateral shoots, .or "suckers" with both male and female
flowers-perfect and separate~from the lower buds, there is a
queer mixture of the flowers of the two sexes. Where the con, ditiohs are right for the developement of th~ buds from, for
instance, the 7th, 8th, or 9th, node, there is produced a shoot
·:bearing both ear and tassel together at its upper end, as . at 2,
30 and at 1, 31 and 32. 'l'he eleven lateral shoots shown at the
·.right on the plate, numbers 10 to 20 inclusive, were selected
from several plants to show this gradation from a perfect ear at
the top through the various modifications of co;mbined or mixed
.ilowers to a pedect lateral stalk bfllow.
AU sorts of oddities and monstrosities are found arising from
, these lateral shoots growing from the intermediate node.;;. Fig,
3 represents the oddest one found. It has the form of a fully
, developed tassel, bearing, instead of anthers or male flowers, only
female flowers, many of which developed into fairly well formed
kernels. The whole panicle was so covered with silk, as to entirely hide all flowers excepting a few on the upright spike,
which by the weight of the grain had been made to hang downward, instead of standing erect as a tassel. Fig. 4 represents
another form very common in corn fields, where the branching
ear partakes less of the form of the tassel than that shown at 3.
The ear shown at 5 was from the uppermost node bearing a bud,
and instead of a'simple perfect ear two "nubbins" were produced
in the axils of the husks from nodes of the stem bearing the ear.
The ear at 6 is from the second bud toward the top, and shows
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three rudimentary ears from the lower nodes of its long stem.
Examples equally as striking might be given in great uumbers.
Buds sometimes, if not usually, occur in the axils of the blades
and husks on most parts of the plant, but are unnoticed, because
they remain small and rudimentary.
Persons who have never investigated such matters would be
greatly surprised and very much interested, to find the
rudimentary ears and tassels on the stalk, when the blades are
only a foot or so high, and the short stu.bby stem only a very
few inches long, see 3, n, Plate I. The ear, when little larger
than the lead of a lead pencil, shows the rows of rudimentary kernels quite plainly. Verily the corn plant in all its parts
is a very interesting study! Some things common to other
members of the grass family are nicely illustrated by this large
species of Gramineae. A clear understanding of the anatomy
and physiology of the corn plant would be of use to the intelligent farmer in many ways. More skill based upon knowledge
could be used in the cross-fertilization, selection and improvement of varieties; and the methods by which ordinary plants obtain their food from the soil and the air, to be elaborated and
stored up by them, could, with no other single plant, be so easily
explained to farmers. Some notes, on methods used and difficulties in cross-fertilizing corn to produce new varieties, were
made during the pae;t season; these are to be used in a future
report.

DIVISION OF HORTICULTURE.
SAMUEL

RUSSIAN WILLOWS
WOOD CU'.rTINGS.

B.

A~D

GREEN.

POPLARS FROM HARD

The soil nsed for this purpose was a fertile clay loam with
rather poor drainage. At the time the cuttings were set it
worked a little heavy, but it was planted while in this condition
in order to have the cuttings in thP ground before their buds
burst.
Cuttings were made last spring from well ripened wood of the
preceding season's growth, which wintered over fully exposed to
the weather of the winter of 1887-1888. It was cut about the
last of April into lengths of about nine inches and tied in
bundles which were set on their butts, with a little soil thrown
around them to keep them from drying out. As soon as the soil
could be worked they were planted out into rows three feet apart
and at intervals of four inches in the rows. The method of
planting was as follows: The land was plowed and lev9led. A
garden line was stretched where the rows were to come, and
-carefully walked, by this means the mark of the line was left
wherever the feet pressed. The line was then removed and a subsoil plow, set seven inches deep, was drawn by a pair of horses
following the mark left by the line. The cuttings were then
placed six inches deep in the earth thus loose"fl.ed, and were
firmed into place by pressing with the ball of the foot on
two sides of each cutting. The line was stretched again just
where it was at first, and fhe cuttings were firmed the second
time, using considerable care to push into the straight row any
cuttings that were a little out of the way.
The only further cultivation given was to keep them clear of
weeds and the soil loose. Most of the varieties rooted well.
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variety, populus alba, entirely failed, which was on a par
wtth our previous success in rooting it from hardwood cuttings.
The growth made consisted of from three to five shoots of the
height given in the table.
THE FOLLOWING TABLE SHOWS THE GROWTH OF RUSSIAN WILLOWS
AND POPLARS IN THE STATION NURSERY FROM HARDWOOD CUTTINGS MADE IN THE SPRING OF

1888.

ALSO SHOWING

THE PER CENT. OF CUTTINGS ROOTED.
COMMON NAME

·t:>R NO.

AMOUNT OF

PER

CE~.

BOTANICAL NAME.

23 Riga Poplar .......... ......................
Petrouski Poplar ........ Populus Petrouski ....
White Poplar ........... Populus .Alba ... ......
Populus Bolleana ... ..
40 Riga Poplar .......... ......................
116 Vor. Poplar ......... ······················
Certinensis Poplar ....... Populus Certinensis.. .
Fastigata Poplar ........ Populus Fastigata ....
Laurel Leaved Poplar... Populus Laurelifolia..
Populus Vittelina Britonensis .. ..........
127 ..................... ..... ·················
14 Vor.................. ......................
!Salix .Acutifolia .. ....
Red Willow Willow.... . . .. ....................
122 Vor. Willow ......................... : ....
21 l<.iga Willow. . . . . . . . . . .....................
Napoleons Willow .•..... Salix Napoleonensis•..
Laurel Leaved Willow... Salix Laurelifolia ....
15 Vor. Poph1r .......... ······················
.Siberian Pyramidal Pop. Populus Pyramidalis
Siberica ............

GROWTH.

3 feet
5Ys "
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"
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3Ys "
4Ys "
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2
2
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65
90
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100
100
85
100
100
100
95
99
85

4
3
6
3
4
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·'

"
"
"
"
"
"

.
"
.."
"

"
"
"
"

"

NATIVE PLUMS.

'fhis is the representative fruit of the· great northwest. Perhaps no other fruit is so perfectly adapted to the conditions of
this climate. It varies greatly in its native state, and is susceptible of much improvement under cultivation, and undoubtedly
some hybrids between it and some of the larger and finer but
more tender plums will give us varieties much surpassing anything we now have iu quality, while of sufficient hardiness t<>
withstand our climate.
We have made a collection this year of every promising native variety of which we could obtain a supply. Oar fruit list
now comprises trees of the following varieties which are now of
bearing size:
Forest Garden, Miner, Weaver, Rollingstone, DeSoto.
We have also planted the following varieties this year:
Berry, RHymond, Houston County, Cheney, W adie.
'fhe following destriptions have been made from fruit which.
grew on the station lands the past season:
Forest Garden-First ripe fruit, Sept. 14th. Size 1± inch iu
diameter, nearly globular. Color, ornnge yellow skin, more than

Figures showing three different seotions through the fruit and stone of the Forest Garden Plum. End view. Side view. Edge view. Natural size.

half covered with a red cheek, spotted with brown and yellow.
Suture slight or none at all. Cavity deep. Skin ascerb. Flesh
sweet and pleasant, much marked by the curculio. Stem l to 1
inch long. Tree rather spreading in habit.
Weaver-First ripe fruit Sept. 25. Form oblong ovate.
Dfameter from apex to base l~ inches. Short diameter 11:
inches. Well marked suture from cavity to apex. Cavity moderately deep. Side with suture projects much more than any
other. Stem 1 inch long. Color nearly to entirely red. The
color deepest in many spots. Shaded red with yellow cheek, the
cheek Fpotted with red. Flesh yellow, separates easily from the
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stone. Mild in flavor, and often lacking in sprightliness, but a
good eating plum and nearly free from the bitter ascerb skin so

Figures showing three different sections through the fruit· and stone of the Weaver
:Plum. End view. Side view, Edge view. Natural size.

-0haracteristic of our native species. Ston.:1 one-sided, projecting mostly on side next to suture. Three-fourths to 1 inch long
and from t to ~ inch wide. Pointed at each end. Its thickest
place is at a point a little removed from the centre and iowards
:the stem. Tree spreading. Tree planted in 1836. First crop
-of fruit.
DeSoto-First ripe fruit Sep. 30. Color red with thin light
bloom. Nearly round. One inch in diameter. Stone oblong,
:£latish ovate. Suture somewhat indistinct. Cavity deep. Stem

0
.

'

Figures showing three different sections through the fruit and stone of the De Soto
:Plum. End view. Side view. Edge view Natural size.

1 inch long. Flesh yellowish. Fair flavor and pleasant, Rather
sprightly. Skin a little ascerb. Tree rather upright in form.
Tree planted in 1886. First crop of fruit.
CURCULIO PROOF PLUMS.

Much has been said and is being said about curculio proof
:plums, and there are many varieties being offered with this
recommendation. It should be clearly understood by all grow€rs that there is no plum that is cul'culio proof in the sense in

which the expression is generally used-i. e., that they are not
liable to the attack of the curculio. Plums, so far as our observations go, are nearly equally subjected to the attacks of this
insect, and a careful examinatipn of almost any lot of our native
plums will reveal its mark on many fruit, there often being as
many as five on a single specimen. I found it difficult this
summer to select sufficient fruit from a bushel of native plums,
, . ·',, , wllich were free from the little crescent inark in the skin, to fill
~;:f'~f:,;,~:§~;;.~«q~ar~.jar. . . .• ,
~·
.•
1' .
[:·;~:"~!:~fi~r1!~·i~( ~t i~,#mp.• this c~n~~feid. mArk 'fhich· th~ in~tlt makef?· .
r:., ·: .:, ..• ,,,:~i~~i;r>. ~he'.,~tp.n. o~ ·'tl\,~.:~,"wli~'n· it;~ut$Airotxgh ta 1afj~ eggs itr.
itt:iif@ :tl~y ·t-iestli, ~t:~t ta~-~ib.~'.name of /'~ittle Turk" ·. . ) ...
.~~::.'.'·:'5. ¥ :. ' otii-.::na.tive v~d¢ti6,$~ froni; theJaet that the~ are vigorous·andi '
grow very rapidly are able to either drown out or to i:oqueeze to
death any egg that may be laid in the tissue duri:i:tg its most
rapid growth, so that but very few of the eggs come' to maturity
in this plum, and while they are not curculio proof, yet they have
the property of killing the eggs and preventiµg the 1estructive
1·es"Ults which come when they have full freedom to hatch and
. mature, as when they are laid in varieties of European origin.
, . Nevertheless, our native plums are much injured by this ..'.lur" oulio, which is the cause of the many little hard blemishes in
the skin. Also there are a few eggs of the curculio which grow
· ea.ch year in this plum, and they Rre those which are laid after
the plm:n has somewhat lessened its growth.

t .

TESTS OF VARIETIES OF CABBAGE.

· In this line I have confined myself to testiU:g t.hh.ee,,,.-~'!:a.~
J ·.. · · · ; ><·r. • ·
which are advertised by seedsmen generally t~r~
county, and some novelties.
':?(/.i/!.r/!~~ · , ·
.
The land on which these tests were made,· 18 what might be
termed an open clayey soil. It has a gentle slope to the south,
and its formation throughout is very even. For several years it
has been highly manured and cultivated. Last spring a liberal
dressing of good stable manure was plowed in, and it was in
most excellent condition for the crop when. the seed was sown,
May 28th. About ten seeds were sown in each hill, which were
three feet apart in rowa three and one-half feet apart. All but
one plant was removed from each hill. Care was taken that
similar varieties should be put side by side, that the chance for
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error might be reduced to a minimum m the comparison .of
results..
The weather was very favorable when the seed W~S sown, and .,.: .·.:
most of it gflrminated remarkably well. The plat as a whole ,,
showed a very luxuriant, even growth. The young plants were
troubled by the cabbage flea beetle, which was kept in check by
dusting the plants occasionally when wet with dew with dry,
sifted coal ashes, containing one per cent. of London purple.
There was some trouble with the cabbage worm, but they did no
material harm.
CONCLUf!IONS.

While many new and promising varieties of cabbage have been
introduced few of them are any better, if as good, as those now
grown and widely known. For our earliest cabbage we must
still depend on the JerseJ Wakefield, with Henderson's Early
Summer for second early. For late summer and fall use on
Fottler's Improved Brunswick and Early Late Flat Dutch, or
varieties very nearly allied to them, while the best strains of
Flat Dutch and Fottler's Improved Brunswick are still the most
desirable for winter usu.
SOME NEW AND OLD YARIETIES . DESERVING SPECIAL MENTION.

The most promising novelty in cabbages which we have tried
or seen this year is called Reynold's Early. The introducer, Mr.
James J. H. Gregory, of Marblehead, Mass., says it is a cross
between the Cannon Ball ~nd the Schweinfurt Quintal, by the
transference of the pollen of the former on the latter. And we
should think it might be, for it appears to have the good quali.,
ties of both parents and none of their defects. The firmness of
the Cannon Ball variety is united with the size of the Schweinfurt Quintal, while it has none of that loose formation so characteristic of the Schweinfurt Quintal. The stump is short, the
outside leaves rather tough, and it is very early for so large a
cabbage, its season being about with Fottler's Brunswick. Every
plant formed a perfect head with us this season.
The Improved American Savoy Cabbage has again this season
shown its valuable qualities. It has here, as in repeated tests
elsewhere under my observations, shown its sure heading qualities and its freedom from disease. This variety I consider much
superior to any variety of its class at present offered by seedsmeu. Besides being a vigorous grower, it is the best keeping,

,·.r.··...
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and. will stand the most frost of any variety of cabbage I have
ever met. It is of fair size and excellent flavor.
This class of cabbage is growing in favor, and the markets
are not yet supplied with sufficient to meet the demand.
Lows' Early Pearless.-Seed received from James J. H.
Gregory. This is a very desirable second early cabbage and is
well worthy of trial by those desiring second early varieties.
Stands well without cracking.
Early Bleichfield Giant.-Seed received from James J. H.
Gregory. A fine large second early variety which stands well
without cracking. Well worthy of trial.
Marblehead Dutch-Seed received from James J. H. Gregory. Heads large, hard and handsome. Second early.
Henderson's Early Summer.-This is probably the most desirable large early cabbage, extensively grown. Laaves are compact; heads large, hard, and have the quality of standing a long
time without <>racking in warm weather.
Fottler's Brunswick.-Probably this variety is more favorably
known in the northern states than any other variety of cabbage.
It is a very excellent second early variety and succeeds the Henderson's Early Summer very nicely. It is also an excellent
winter cabbage and is grown brgely for this puprose, It is as
sur~ heading as any variety grown.
Early Daep Head.-Seeds received from James J. H. Gregory.
A very nice cabbage. Large, solid heads.
E:1rly Winningstadt.-A very sure heading cabbage, may almost be said to always form a solid, good-keeping head. Itis probably the best variety to grow on poor land, especially if the.land
is dry. Heads of medium size but very hard.
Earl v Jersey Wakefield. The earliest cabb:lge in cultivation.
Its earliness is its greatest qualification as it is of small size.
Many growers have found it best to depend for their main supply of early cabbage on Ht1nderson's Early Summer cabbage,
which, although not so early by ten days is larger and more desirable for selling than the Early Jersey Wakefield.
Red Dutch.-This is the late red cabb!tge generally grown.
It is of fair size and a good he'1der. There is a great· difference
in the strains of this cabbage.
Mammoth Rock Red. Seed of this variety received from
Peter Henderson & Co., produced very fine large cabbage and
we think it a great improvement over the ordinary red Dutch.
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VARIETIES OF CABBAGE NOT TRUE TO NAME OR MIXED.

All Seasons Cabbage.-Seed received from J. J. H. Gregory
as of this variety, produced very handsome swedish turnip but
:not a single cabbage.
Henderson's Premier Cabbage.--Seed received from Peter
Hen<lerr;on & Co., as of this variety, was a badly mixed lot and
:not of any great value.
Filderkraut.-Seed of this variety received from J. A. Salzer
.& Co., of La Crosse, Wisconsin, produced a cabbage resembling
the Fottler's Brunswick, but none having the pointed heads of
the l!'ilderkraut.
Green Glazed.-Seed received from Peter Henderson & Co.,
:as of this variety, produced plants a large :rroportion of which
were savoy cabbage. The remainder were of the green glazed
variety.
Green Glazed Cabbage. Seed received from J. J. H. Gregory
· produced plants a large proportion of which were savoy cabbage while a few were green glazed.
Giant Red Dutch. Seed received from J. A. Salzer & Co., as
of this variety did not come well and produced no hard heads.

TABLE SHOWING FULL DATA IN CONNECTION WITH VARIETIES OF CABBAGE GROWN ON THE STATION LANDS
IN SEASON OF 1888.
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NAMES.

WHO FROM.
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~s·

'!"

:a.,..
~

~

~

i

Fattler's Imp. Brunswick ..... J. J. H. Gregory ..... . •1~":~28 J".?eg t:ie.v. ~g
F'attler's lrop. Brunswick ..... P. Henderson & Co ... .
H
H
4 H 26
l!'attler's lmp'd Brunswick.... J. A. ~alzer & Co ... ..
""60ct.1
Law Flat Dutch ............... J. A. Salzer & Co .... .
Henderson selected l!'lat Uutch P. Henderson & Co .. .
"
" 6 Sep. 25
"
u
5 •. 9
Early Flat Dutch .............. J. A. Salzer & Co ... ..
u
H
5 U 9
Early Flat Dutch .............. J. J. H. Gregory .... ..
u
u
5
u
9
Early Flat Dutch .............. P. Henderson & Co .. .
0
u
50ct.a
Premium Flat Dutch .......... J. A. Salzer & Co .... .
Premium Flat Dutch .......... J. J. H. Gregory .... ..
"
" 6 Sep. 28
,.
u
5 .. 25
Premium l!'lat Dutch .......... P. Henderson & Co .. .
H
U
5 U 25
Giant Flat Dut;c h .............. f. A. Salzer & Co .... .
u
u
4 u 12
Marblehead Dutch............. J. J. H. Gregory .... ..
"
•• 6 " 25
Gregory Hard Heading........ J. J. H. Gregory ..... .
U
H
4 U 9
Low's 1£arly Pearless .......... J . J . H. Gregory ..... .
••
H
4 U 6
Henderson B su~cession ...... •. p. Henderson & Co .. .
..
.. 6 .. 9
Salzer's lmp'd Market ........ J. A. Salzer·& Co .... .
..
••
5
" 29
Excelsior ...................... J. A. l:lalzer & Co .... .
••
•• 5 u 17
Berkshire Beauty .............. J. J. H. Gregory .... ..
"
••
6
u
13
Cannon Ball. .................. J. J. H. Gregory .... ..
"
"50ct. 1
Mammoth Marblehead ........ J. A. 8alzer & Co ... ..
.•
" 4 " 1
Mammoth Marblehead ........ P. Henderson & Co .. .
••
" 5 Sep.29
Mammoth Marblehead ........ J. J. H. Gregory ..... .
U
H
4 •• 23
Mammoth Globe .............. J. A. l:lalzer & Co .... .
H
H
5 '- 10
Eady Bleichfield Giant ....... J. J. H. Gregory .... ..
h
"
5 .. ~o
Reynold's Early ............... J. J. H. Gregory .... ..
••
H
6 "-is
Schweinfurt Quintal .......... J. J. H. Gregory .... ..
••
H
5 •i }t\
Danish Drumhead ............ J. J. H. Gregory .... ..
H
U
5 H 25
Large Bergen. Drumhead ...... P. Hen<lerson & Co .. .
Bridgeport Late Drumhead .... J. J. H. Gregory .... ..
"
" 5 Oc\ 1
"
" 5 .• 1
Silver Leaf Drumhead......... P. Henderson & Co ...
"
" 6Sep 26
Early Deep Head .............. J. J. !i. Gregory .... ..
"
" 5 •. 15
Early Wiuningstaat ........... J. A. Salzer & Co .... .
"
•• fi .. 15
Early Winnmgstaat ........... J. J. H. Gregory .... ..
H
U
5 ~· 15
Early Winningstaat ........... P. Henderson & Co .. .
u
"
5 .. 5
Early York .................... J. A. &lzer §!; Uo ... ..
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120
107
120
104
101
104

124
112
108

126
126
124
llB
105
115
113
111

120
126
126
120
110
110
110

100

10
BY.
BY.
B
11
12
11
9Y.
B
13
!J

13
11
7
B
BY.
12
11

l~

1413!J

14
16
BY.
10
B
9

11

ti
B

~Y.

11412

B
12
11
7
8

SY. Good.
3
S

B

11
12
12
11
12
13
11
13
11
9
B

B
10
9
9
9
9

9

B
10
B

12
11
8

10
14
12
16
15
12
12
12
10

13

B
B

B

9
6
7
6

7

9

19

10
B
9
B
10
9
B
B
7
10

~ j... ~ ..

... ..

2¥. Extra-Good.

B
7

B
B
9

REMARKS.

Good.
Good.

SY. Good.

2
Good.
2¥. Good.
2¥. Good.
3
Fair.
3
Good.
SY. Good.
s Good.
SY, Extra Good.
SY. Good.
3
A very nice second early variety.
~ Heads well formed and large, but cracked quickly.
3
Not so good as Faltler's.
4
Fair.
S
F'air.
S
Very solid heads.
3
Good.
3¥, Good. Leaves resemble Flat Dutch.
3
Good.
3¥, Extra Good.
S
Very good; stands hot weather well without cracking
S
Large, firm and handsome.
2¥. Large heads ; but rather too coarse to be desirable
2
Extra Good.
SY. Good.
4
Good.
3
Good.
3
Extra Good.
lY. Hard good heads.
2 llHard good heads.
2
Hard good heads.
...... Poor.

.j:>.

N

,,

Early York .................... P. Henderson & Co ... May28 June 5 Sep. 20 115
7
9
6
Early York .....•.............. J. J. H. Gregory......
·•
" i\ " 16 111
6 .••.•.
Large York .................... J. A. Halzer & Co.....
"
" 5 " 20 115
SY. 10
6
Large Oxheart................. J. J. H. Gregory.... . .
"
" 5 " 12 107
9
10
9
Early Oxheart ................ J. J. H. Gregory......
"
" 5 " 6 101
4
6
6
Early French Oxheart ......... P. Henderson & Co...
"
" 5 " 6 101
6Y.
9
8
Salzer's Northern Wakefield .. J. A. Salzer & Co . . . . .
"
" 5 Aug.24
88
6
8
7
Extra Early Jersey Wake eld. J. J. H: Gregory.... . .
"
" 5 " 24
88
7
8
8
.EarlyJerseyWakefield ........ J. J. H. Gregory......
"
" 5 " 31
95
7
8
9
Early Jersey Wakefield ........ P. Henderson & Co...
"
" 5 " 24 88
7
9
9
Henderson's Early Hummer ... J. J. H. Gregory.... . .
"
" 5 Sep. 5 100
8
9
8
Henderson's Early Summer ... P. Henderson & Co...
"
" 5 " 10 105
10
9
9
German Filderkrant•.......... J. A. Salzar & Co . . . . .
"
" 5 " 15
Filderkrant.................... P. Henderson & Co._.
"
" 5 ·• 16 111
8
8
16
Stone Mason..... . . . . . . . . . . . . . . P. Henderson & Co . . . "
" 6 " 25 120
9
11
10
~tone Mason .................. J. J. H. Gregory......
"
" 4 " 15 .... .. 10
9
7
Salzer's Earliest ............... J. A. Salzer & Co.....
"
" 5 " 2 97
10
9
9
Very Early Etempes ........... J. J. H. Gregory......
"
" 6 " 15 110
7
10
7
Early Wyman .................. J. J. H. Gregory......
"
" 5 " 8 103 11
11
11
St. Johns' Day .l!;arly .......... P. Henderson & Co...
"
" 5 " 3 98
4
9
8
Early Paris .................... J. J. H. Gregory......
"
" 4 " 23 118
7
8
6
Henderson's Premium ........ P. Henderson & Co...
"
... .. . .... .. .
. .... .
Nonpariel. .................... J. J. H. Gregory ......, "
" 6 Sep. 10 105
6
12
9
Sugar Loaf .................... J. J. H. Gregory......
"
" 6 " 24 119
5
6
12
Warren ........................ J. J. H. Gregory......
"
" 5 " 29 124
9
11
8
GreenGlazed .................. P. Henderson & Co...
"
" 4 ...................... .
Green Glazed ...................J. J. H. Gre1wry.. . . .
"
" 6 .... .. .
· · · · · · 1· • • • ••
All Seasons. . . . . . . . . . . . . . . . . . . . ,J. A. Salzer & Co . . . .
"
" 5 Sep. 25 120
8
11
6
All Seasons .................... J. J. H. Gregory.... . .
"
. . . . . . . . .... .
Imp'd American Savoy....... . '. Her.derson & Co . . .
"
" 5 Sep. 26 121
6
10
8
lmp'd American Savoy ........ J .•I. H. Gregory......
"
" 5 •• 26 121
9
12
10
Green Globe Savoy ............ J. A. Salzer & Co.....
"
" 5 " 28 123
6
10
9
Early Ulm Savoy .............. J ..r. H. Gregory.... . .
"
" 4 " 6 101
5
6
6
Earlr Ulm Savoy .............. P. Henderson & Co. . .
"
" 4 ·• 6 101
5
6
6
EarhestBloodRed ...•........ J.J.H.Gregory ......
"
" ti " 5 1001 3
6
5
GiantRedDutch .............. J. A. f::lalzer&Co .....
"
....•................................
Red Dutch Pickling ........... J. A. Salzer & Co . . . . .
"
" 6 Sep. 21 116
7
10
8
Garfield Pickling..............
J. H. Gregory.... . .
"
" 5 Oct. 1 126
4
9
6
l!:arly Blood ................... P. Henderson & Co . . .
"
" 5 Sep. 9 104
6
7
6
Red Drumhead ................ J. J. H. Gregory .... ·· 1 "
"
5 " 26 121
5
8
6
Red Dutch..................... J. J. H. Gregory......
"
" a " 2a 120
9Y. 10
9
Mammoth Red Rock .......... P. Henderson & Co...
"
" 5 " 21 116
10
12
6

IJ .

I

I

3
Fair.
...... Fair.
lY. Poor.
2
Fair.
2
Poor.
3
Fair.
2Y. Good.
2Y. Good .
2Y. Good ..
2
Good.
3 Good.
3
Good.
.•.... Very much like Faftler's lmp'vd. Not true to name.
2Y. Gocid.
'·
4
Not desirable.
3 Good.
2Y. Good.
2Y. Poor.
3 Good.
2
Poor.
3
Poor .
...... Mixed.
3
Poor.
2Y. Poor.
.
2Y. Good .
. . . . . . Badly mixed with Savoy.
...... Badly mixed with Savoy.
2
Good .
. . . . . . Not a Cabbage at all, but Rutabaga Turnips.
3
Good.
S Extra Good.
4
Fair.
3
Fair.
2Y. Fair.
2
Good .
. . .. .. Seed came poorly, and no head& were formed.
3
Good.
2Y. Good.
2
Good.
SY. Poor.
3 One of the best of.~Red Cabbages.
3
A remarkable ban<lsome· red variety.
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EXPERIMENTS IN POTATO CULTURE.
CHARLES PovMEROULIE, AssISTANT IN HORTICULTURE.

The following experiments were undertaken for the purpose
of testing some new methods of raising potatoes,
As soon as the sprouts were about one foot in height they
were bent down by a hand roller and covered with sufficient
earth to keep them in position, upon the theory that the sap circulates slower in the bent plants than in the upright ones, and is
thereby b9tter elaborated, thus forming tubers more quickly, and
in greater numbers.
This process will not astonish careful observers, who may have
noticed that the sprouts bent by the wind produce larger and a
greater number of tubers, than those standing upright.
DETAILS OF THE EXPERIMENT.

Eight rows of White Star potatoes were planted side by sidfl,
at three feet apart, and fourteen inches between the plants, May
24th. On June 18th the vines were about twelve inches in height.
1st Row.-In the first row all the sprouts were cut out but two;
and these were rolled down by hand roller, and covered with sufficent earth to keep them down. The yield from the first row
was 210 pounds.
2d Row.-In the second row all the sprouts were cut out but
two which were left in their natural state. The yield from the
second row was 1~7 pounds.
3d Row.-In the third row all the sprouts were cut out but
three, and these were rolled down the same as in the first row.
The yield from the third i·ow was 162 pounds.
4th Row.-In the fourth row all the sprouts were cut out but
three, and these were treated the same as in the second row. The
yield from the fourth row was 119 pounds.
5th Row.-In the fifth row four sprouts were left, and treated
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the same as in the first row. The yield from the fifth row was
was 164 pounds.
6th Row.-In the sixth row four sprouts were left, and treated
the same as in the second row. The yield from the sixth row
was 112 pounds.
7thRow.-In the seventh row all the sprouts were allowed to
grow and were rolled down the same as in the first row. The
yield from the seventh row was 129 . pounds.
8th Row.-In the eighth row all the sprouts were allowed to
grow, and treated the same as in the second row. The yield
from the eighth row was 102 pounds.
TABULAR STATEMENT OF EXPERIMENTS.
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DIVISION OF 'BOTANY.
OTTO LUGGER.

FROSTED AND RUSTED WHEAT.
FREEZING OF PLANTS.

•

So much has been recently written about the frosting of
wheat, and whether it would germinate or not, that I have
thought it might be of interest to the reader of this Bulletin
to hear an explanation of the phenomena taking place in a
freezing plant.
The first thing noticed in a frozen plant is its lack of elasticity.
If we bend a frozen leaf, we produce a fold, which, upon removing the pressure, does not assume its former position, but remains a well defined fold. In bending the leaf we hear a noise
similar to that produced by breaking granular ice. And this
noise is really produced by the breaking of the crystalline ice
formed in the interior of the frozen leaf. If the temperature is
raised during the day, some of the frozen plants resume their
former appearance anJ. show no ill effects in consequence of the ·
frost; others, however, do not regain their former ~lasticity, their
leaves look wilted, and their former bright and translucent
green has disappeared. The surface of the leaf is moist, and
the outer skin can readily be detached from the tissues beneath;
soon the wilted leaves shrink more and more, becom13 dry, turn
brown or black, and look like scalded or burned leaves.
What has taken place in the interior of the plants during this
freezing? Formerly botanists answered this question in the
following way: The watery cell-sap in the plant has solidified
into ice, and as water expands during freezing, the walls of the
cells are ruptured, in the saine manner as a bottle, in which we
allow water to freeze. A vegetable tissue, of which the cells are
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ruptured, can no longer perform its function. Even if the ice
should be melted, the injury done would be irreparable; the
cell-sap would leave the thawing plant, which in consequence
would become moist, soft, and would soon decay. More recent
investigations have shown that this explanation needs several
corrections. First of all the pressure of the expandiug ice in a
plant does not produce a rupture of the cell-walls. In a vegetable tissue of parts of a plant surrounded by air, the formation
of ice does not take place in the interior of the cells, but in the
inter-cellular spaces; only in aquatic plants without such spaces
the crystals of ice are formed in the interior of the cells themselves.
If we expose an aquatic plant, for instance a Nifella, syncarpa,
to a temperature of 32° F., we see, that none of its functions
are disturbed, and that even the protoplasm moves quite actively. If we cool the surrounding water to 28°, needles of ice
are formed, yet the motion of the protoplasm in its cell is still
distinctly observable, although the cells themselves are somewhat compressed by the ice. The protoplasm, expo&ed to a
temperature between 27° and 25'1l", shrinks, loses a part of the
water composing it, separates from the cell-walls, and forms in
the middle of the cell an irregular bag (Fig. I C ). The water
between this bag and the cell-walls freezes and becomes ice. If
later we warm the water and melt the ice, we see the protoplasm
expanding and re-asssuming its former position, but it is no
longer able to perform motions, it is dead. Evidently its
molecular structure has been so thoroughly changed by giving
off water, that a reconstruction by heat has become impossible.
In leaves of stems surrounded by air the first ice is always
formed in the inter-cellular spaces (Fig. 1, i, i.) But as such
spaces usually contain nothing but air, and no water, this latter
must reach them from the adjoining cells just before freezing.
And this is really the case. The structure of the crystals of ice
plainly shows, that the water left the cells through their walls,
not in bulk, but gradually. The walls of cells adjoining the
inter-cellular spaces are covered by minute plates of ice, overlappiiag each other, evenforming columns- (Fig. I, B), which
dearly indicates a very gradual formation of such ice.

1''ig.

1.

The diagrammatic illustration in Fig. 1, A, B, and 0, shows a
single cell at different temperatures; its protoplasm p, the cellwalls w, and the inter-cellular spaces i are plainly indicated. At
A, we see the normal cell at a temperature above the freezing point;
the protoplasm :fills the cell, and is in active motion, as indicated
by the arrows. At B, the cell is exposed to a few d':lgrees below
the freezing point; the protoplasm is still in the same position and
active, and plates of ice have formed in the inter-cellular spaces.
At 0, the cell is really frozen, the protoplasm is contracted in the
middle of the cell, forming an irregular bag, the water has left
it, and forms crystals of ice. The cell is dead. (Original).
But here the question arises: from which parts of the cells is
this water derived, and why does the water freeze in the intercellular spaces, aud not where the water originally was found?
In replying to these questions we must recollect, that only a part
of the water found in plants occurs in chemical combinations
with other substances in the sap, and that another part is not
chemically united with it. This latter part, as a solvent for acids
salts, and other substances, abounds throughout the plant, and
is found also in each cell-cavity occupied by protoplasm. It is,
however, not retained as energetically as the water chemically
united and forming the albuminous substarces of the protoplasm.
Supposing we freeze paste, in which the water is tenaciously retained between the molecules of flour, or a solution of alum,
where the water acts as a solvent. In these cases the water does
not freeze and form ice at the usual temperature, and some solutions can even be exposed to a great many degrees below the
freezing point without the formation of ice in them. But, if at
last ice is formed, a separation had already taken place, and we
find in the paste that the water had left the minute spaces between the molecules, and had gathered into larger cavities, where
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it has transformed into ice; in the solution of alum, we find that
the water first left the molecules of alum, and then formed crystals of ice.
A similar phenomenon takes place in a plant during freezing. In some very few the formation of ice takes place at 30°,
but in most cases it requires a temperature from 28 to 26°.
And the water, before it changed to ice, left the molecules that retained it, and penetrated from the interior of the
cells to the inter-cellular spaces, where the transformation into
ice took place. To enable this water to leave the cell, pressure
haH to be exerted, which can only be done by the living proto.
plasm within. We may say: the protoplasm, irritated by the
cold temperature, contracts, and forces a part of the water from
the interior of the cell through the walls into the inter-cellular
spaces. This is of v;tal importance to the whole structure of
a plant, as by doing so the formation of ice in the interior is prevented or delayed for some time. If the water was at once
changed to ice in the interior of the cells, even a temperature
but little below that of the freezing point would be fatal to
the plants, as it would change and destroy the arrangements of
the molecules in the living cell, thus causing death. As it is,
larger aggregations of ice can be formed in the inter-cellular
spaces, even widening them, or destroying parts of the tissues,
yet without killing the protoplasm in the cells.
This separation of water th~refore does not cause the death of
the living cells. Later on the watflr can, under favorable conditions, be re-absorbed by the cells; the ice can, by gradually
melting, assume as water its original position. If, however, the
cells are no longer able to absorb water, or if the cold was so intense as to freeze the chemically united water of the protoplasm,
a destruction of the whole molecular structure must take place
and the plant is frozen to death.
Frosted plants w£ll not necessarily die, frozen plants must.
The specific constitution of the protoplasm of different plants in
1·egard to freezing is vet<:y different; plants in their various
stages of growth are also differently affected.
A plant like
the one mentioned above ( Nitella syncarpa) is killed by a temperature of 25 deg. Other aquatic plants can withstand the
greatest cold without any injury to their protoplasm.
The peculiar plant known as Red Snow ( Sphaerella ni·nalis) is exposed in the artic regions to a tempernture o - 20° without
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being killed. Even some animals are able to survive such low
temperatures, and as soon as thawed the wheel-animals move
their cilire, the snow-fleas jump about, and eyen spiders roam
over the ice, whilst other insects not used to the cold die in a
short time if similarly exposed.
A very interesting case was observed by members of the Vega
Expedition, who wintered in 1878-1879 near Pitlekaj, on the
northern coast of Siberia. The mean temperatures during the
winter ranged from -- 17 to -13 °; the minimum was even
-- 50 °. And yet they found upon a high sand hill, fully exposed to the northern wind, a specimen of. a Cochlearia fenestralis. This plant had been in bloom during the summer of
1878, and had formed some seeds before the winter stopped its
further growth. At the beginning of. winter the plant possessed
unripe seeds,· flowers, buds, and delicate green leaves full of sap.
Yet this identical plant, notwithstandin~ the severe winter, continued to grow as soon as spring with its warmer weather commenced, a strong proof indeed that the protoplasm of this plant
is not destroyed by a temperature as low as -50°.
We know that orange trees freeze and are killed at a temperature of - 4 °; cypress and figs at --9°; centifolia at -18°;
grape vines at -21°; most species of oaks and beaches at -25°;
plums and cherries at -31 °; apples and pears at -33 °. This
also proves the different constitution of protoplasm in regard to
cold.
Plants at different stages of their growth are also differently
affected, and it is well known, that the woody trunks and
branches, leaf and flower-buds, but chiefly seeds, when ripe and
free of water, can endure very low temperatures. In the cold-est spot upon the whole globe, Yakootsk ( J atutsk) in Siberia,
we can find numerous plants able to survive a temperature, in
which the mercury is frozen for months at a time. And yet a
birch ( Betulci alba), and a larch ( Larix Sibirica ), grow to a
large size.
As a rule we may say, that young vegetable tissues, rich in
water, succumb quickest to cold. This is readily explained by
assuming. that the abundant water existing in such tissues is as
yet not under the control of the living protoplasm, and such
water can therefore congeal into ice at a temperature of 30°.
Being abundant, the freezing of such water will produce me-

chanically very severe injuries, which nearly always cause the
death of the plant
It is frequently stated that a plant will freeze to death at a
temperature above the freezing point. It is well known that
many plants, such as the gaudy-leaved coleus, the succulent
melons, tobacco and others die, if exposed for a single night to
a temperature of 36°. Of course we can not say in such a case,
that the death of these plants was caused by frost, because
no ice could be formed at that temperature. The death
is simply caused by the drying up of the plant in consequence of the disturbed relation between the transpiration
through the leaves and the absorption of water by the roots.
This is readily proven by an experiment. If we select very
tender plants of a coleus grown in pots, and remove them from
the greenhouse to the garden, where the temperature sinks to
35° or 37°, they will be killed at night; if, however, the pots are
covered up with saw dust, the temperature of which does not
fall below 43°, the plants do not suffer in the least, because in
this case as much water can be obtained from the soil in the
pots as is lost by transpiration.
Having discussed the phenomena taking place in a freezing
plant, let us apply this explanation to the so-called frosted
wheat. We see at once the important difference between frosted
wheat and frozen whe~t. In the former germination may take
place in most cases, in the latter never, because the living substance of the seed, the protoplasm, is dead and can not be resurrected by any known means. .And again, if the grains of wheat
were perfectly ripe, or no longer contained a large amount of
water, even a severe frost could not injure them: if not ripe and
free of water, they were killed and can not germinate.
Farmers, whose wheat was frosted, ought to know from the:
appearance of the plants just before the frost killed them, how
ripe the grains were. If the plants were really frozen before,
the grains were perfectly ripe, it would be folly to sow such
seeds, as they can not possibly grow; if, however, the plants and
grains were simply frosted, there is a posibility that they will
not be much the worse on that account. -.As it is very simple to
test this matter by sowing some wheat in a warm room in tha
house, every farmer suspecting his seeds of wheat ought to try
some of the grains grown upon his own fields, and thus decide,
whether the seeds will germinate or not. However interesting

52
the experiments with wheat taken from elevators may be, they
will not solve the question for the individual farmer, as it is well
known, that in the same region some plants are sown earlier or
mature sooner than others, or are protected by certain favorable
conditions in the soil, proximity to lakes and forests etc.
which favor an early ripening or offer a protection against freezmg.
But it is all important to select or evolve varieties of wheat
whose protoplasm is adapted to withstand freezing without any
lllJUry. Upon Experiment Stations located in regions exposed
to cold and freezing spells in August, rests the task of producing or introducing such varieties. In this connection I will
t.tate, that the frost of June 4th, 1859, which almost entirt>ly destroyed the crops of cereals in England, demonstrated the fact,
that bearded wheats, when in head, suffered more than smooth
oues. In fields, in which both bearded and smooth wheat had
been sown, but not thoroughly mixed, the former variety was
frozen, while the latter one escaped almost unhurt.
There are many points of interest connected with the freezing
of wheat, and they are all receiving proper attention at the
Experiment Station.* Besides the all-important and practical
tests to be made by germinating wheat more or less frosted, both
the chemical and microscopical changes taking place in frozen
graim will be fully investigated and reported upon in a later Bulletin. Such investigations frequently have also a very practical
side, often not even suspected when commencing them.
*Prof. E. D. Porter, the Director of the Station, published in "Farm, Stock and
Home," as early as Oct. 15th the following call for samples:
A CALL FOR SAMPLES.

Since the untimely frosts in the great wheat belt of tbe Northwest it has been discovered
that agricultural literature contains no report or data of any kind regarding the effect produced on immature wheat by frosting. At this juncture it would be both valuable and
interesting to know positively what effect freezing has on the germinating power of the
grain; at what stage of development the germ succumbs or can withstand the freezing, and
also reliable data regarding the relative quality and quantity of flour wheat so injured will
yield; but no such information is at hand, save the claimed experience of millers regarding
the flour producing part of the problem.
The Minnesota Htate Experiment Station has decided to investigate this matter, by chemical analyses, artificial propagation this winter and natural propagation next season. To
this end the Station requests that farmers in the frosted districts will send half-nound to
pound samples of injured wheat, and accompany them with information concetning the
following poin's: Date of frost; condition of berry when frozen. whether in the water,
milk or dough stage; general appearance of straw and head before frosting. It is expected
that wheat was in different stages of development when frozen, and to make the contemplated experiments 'aluable, as correct information as possible must be given on this
point. The packets may be sent by express at the Station's expense, or if sent by mail the
postage will be refunded by the Station. Address Prof. E. D. Porter,St. Anthony Park,Minn.

53
Frozen wheat will mill, but the flour made from it is not good,
as it "runs" when employed to make it into bread. An old lady
was heard to remark after trying to make bre id from flour made
from this wheat: "The bread made of flour of that new wheat
will crawl out of the pan, but would nayther hayve nor multiply."
RUSTING OF WHEAT.

Many letters were received during the last summer from
farmers living in various parts of the State. The writers
of them all inquired about the causes which produced
rust upon their wheat and upon other cereals and grasses.
Although all inquiries were answered at the time when made, I
deem it of general interest to all our farmers to give them in
this Bulletin a life-history of the parasitic plants causing rust,
so far as it is known to me. I am sorry that this information is not of a more practical nature. It is at this stage of
our knowledge concerning these parasites impossible to even
propose remedies, which seem at all feasible to combat the
enemy on such a large scale as would be required in this case.
It seems to me, that the study of this disease in all its bearings
offers a grand opportunity to occupy some of the time of the
staff of all the Experiment Stations now in operation, to solve all
the mysteries still surrounding it, or to find, if possible, remedies, to combat the parasite successfully, as this would be
of great importance to the whole farming community. Even if
but a portion of this most necessary crop could be saved in years
where rust generally prevails, it would be an immense gain, not
alone to the farmers growing it, but to all, as bread "is the staff
of life," and to make this staff a cheap and reliable one would
benefit every person in this and other countries.
Prof. T. J. Burrill, the author of "Parasitic Fungi of Illinois,"
wrote in 1885: "There are annually produced in Illinois
about 50,000,000 bushels of wheat. The destruction of one-hundredth part of the crop by this rust ( Puccinia graminis) probably falls, as an estimate, far within the actual limit<; of loss as
an annual average. This represents 500,000 bushels, which, a:t
seventy-five cents per bushel, is $375,000."
The ravages of injurious insects, such as Chinch-bugs, Armyworms and Migratory Locusts during the last year, are insignificant compared with the losses sustained by the minute plants
causing rust.
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This disease was found almost everywhere upon plants of
wheat, rye, oats, barley, and some grasses, reducing the yield of
such crops to a minimum. The grains themselves are in many
cases so poor, that they could not have l:een sold in years with an
average yield of wheat. But as this rust occurred over such
an immense area of our country, almost destroying the entire
crop, even poor wheat finds a market, and at prices much higher
than were usually paid for good No. 1 hard in normal years. All
the wheat growing upon prairie land was thus affected; only farms
located in timber land, or surrounded by green walls of living
trees, escaped to a large extent a visitation by rust, and produced
in many cases a fair, 0r even a good crop. Isolated fields in
newly settled region 1 were also less affe3ted, and produced, as a
i·ule, better crops. These are important experiences, because
they indicate the methods in which spores of the parasitic plants
causing rust are distributed by the wind and other motors in
the atmosphere·
As these Bulletins are intended for general distribution
among farmers and others interested in agriculture, or to people possessing all degrees of botanical knowledge, it is rather
difficult to treat this subject in a popular way. In describing
fungi we must necessarily use many botanical terms, because the
English language, though so rich in words, does not possess any to
denominate the parts and organs of such lowly organized and
microscopic plants, for the simple reason, that it existed and was
formed long before the existence of any extensive botanical
science. But I will endeavor to make the descriptions as plain
as possible, and the illustrations will, I hope, go far to assist the
reader in understanding them.
The vegetable parasites causing rust belong to the Order of
GENUINE FUNGI (Mycomycetes ), to the Sub-order of Basidiomycetes, and to the Family of Rust-fungi(.LEcidiacem orUredinece.)
All fungi, which produce or cause rust, are parasites, whose
mycelium* grows in the tissue of their hosts; they form below
the epidermis of that host larger or smaller aggregations of
spores, which remain either covered by the epidermis, or penetrating it are freely exposed upon its surface. In the latter case
they appear upon the leaves and stems of the infested plant as
rust-colored, dust-like spots, or as crusts. Most of them posses two or more different kinds of spores, which are produced
*The technical terms will also be explained in a glossary at the end of this article.
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and follow each other in a definite succession, either upon the
same, or upon different plants or hosts. To finish the whole
circle of their growth, most of them need several hosts; in this
case the spores produced upon one host do not germinate again
upon the same plant upon which they were formed, but they
must lodge for this purpose upon an entirely different plant, belonging, as a rule, to a different Family or Order. One
generation of the wheat rust ( Puccinia graminis) grows for
instance upon that plant, the second one upon barberry.
The following different kinds of spores have been discovered
in rusts ( Uredineae.)
1. UREDOSPORES OR STYLOSPORES.

(Fig. 2.)

They are formed at the ends of thread-like basidia under the
skin of their host, either alone (Fig. 3 ), or together with the

Figure 2, Uredospores. Enlarged 1,000 diameters.

succeeding teleutospores; they soon, however, penetrate the
epidermis of the le':tf, and appear as rust-colored dust (Fig. 4).

Fig. 3.

Transver3a section through half a pustule or sorus showing
Enlarged 200 diameters.

uredospores.

Suchsporesarealways composed of'a single cell (Fig. 2), globular or oval. They are enclosed in a rough, pitted outer skin,
the epi3pore, and contain inside of this a very delicate endospore
with protoplasm colored orange by drops of oil. These spores
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Fig. 4. Fragment of leaf of wheat covered with sori of rast. Enlarged 3 diameters.

germinate very soon (Fig. 14), which is the chief cause, why diseases caused by them spread so very rapidly during summer.
2. TELEUTOSPORES OR PSEUDOSPORES. (Fig. 5).

They are also formed under tlrn epidermis of the same host
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Fig. 5.-'l'elentospores. Enlarged l,000 diameters.
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(Fig. 6), ard penetrating through its epidermis, form loose heaps
of spores upon its surface, or they remain, united under the epidermis, and do not penetrate through it. These spores are either

;s

?:'.Z!

0~- D

Fig. 6.-Transverse section through half a pustule or sorus containing teleutospores.
Enlarged 200 d·ameters.

composed of a single cell, or of many; their form is very different
in the different species. If they germinate, they do not at once
penetrate into a host, but first form a pro-mycelium (Fig. 7A, A);
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Fig. 7.-Teleutospores germinating and forming pro-mycelium with septa and spores.
germinating spore of pro-myceliam. Enlar~ed 1.000 diameters.

H
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that is to say, they elongate into twiEted tubes, which at their
ends divide each into si>veral cells. Each of these cell::> produces
a lateral tube, which bears at its end a somewhat globular and
colorless cell (Fig. 7 E, F, G); this latter, a sporidia, is thrown
off. The sporidia with their tubes (Fig. 7, H) penetrate at once
into a host, and there form a new mycelium, which either produces stylospores and teleutospores, or still another and different kind of spore, the lEcidium.
3.

A;CIDIA. (Figs. 8, C, D, D, and 9).

They are an aggregation of small, reddish-yellow spores,
enclosed, fruit- like, by a skin or peridia (Fig. 8, C, D, D);
the spores are composed of a single globular cell, and are
thrown off by long rows of cylindrical, club-shaped basidia.
At first the enclosing peridia-if present-keeps the chains
of spores together. but as soon as they project over the
surface of the leaf they are torn apart. In company of
such recidia we al ways find spermogonia (Fig. 8, E. E, E) ;
these appear to the unarmed eye as minute dots, but are in
reality little flask-shaped cavities, which appear with their hairy

Fig. 8. Section through barberry leaf, showing recidia below and spermogonia above.
Enlarged 50 diameters.

openings between the cells composing the epidermis. They contain, imbedded in a jelly-like substance, spermatia, which, when
liberated, look like small drops, or possess the shape of tendrils.
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Spermogonia and recidia grow upon the same leaf; the former,
however, prefer its upper surface, the latter always the lower

Fig. 9, Section through a cup of recidia. Enlarged 150 diameters.

one. If spermogonia occur also upon the lower surface, they
are found among the recl.dia,or form a circle around them. So
far as I know, spermatia (Fig. 10), have never been observed

Fig. 10. Section through a spermogonium, Enlarged 300 diameters
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to form a myceliurn. lEcirlia are always produced by a preceeding generation of the sporidia of a teleutospore. The spores of
oocidia (Fig. 11), however, produce a new mycelium with uredopores, and eventually teleutospores.

:Fig. 11. Germinating spore of recidium. Enlarged 1,000 diameters.

These three kinds of spores are not formed in all species of
the Family Uredineoo. Frequently the one or the other is left
out, or is rudimentary, and quite a number possess only teleutospores.
As a general rule oocidia with their spermogonia occur in
spring; the uredospores appear during the summer, and during
the autumn or the beginning of winter the teleutospores finish
the circle of growth.
The genera of this Family are classified according to the forms
of their teleutospores or pseudospores. As those of the parasitic fungus causing the rust upon wheat are not enclosed, and are
composed of two cells, it belongs to the genus Puccinia. The
parasitic fungi causing smut, although quite similar in many
ways, belong to the family Ustilagineae, whose position, as far
as classification is concerned, is as yet uncertain.
THE WHEAT RUST (Puccinia graminis ).
The best known of all the noxious rusts is the one affecting
our wheat. The best known, and the one that has reduced
our promising crop of wheat to a minimum. By saying: "best
known" I do not wish to convey the impression, that everything
is known about this rust, since this is by no means the case; in
fact botanists have barely entered this large and open field for
study and research.
The appearance of the rust and of its various spores are illustrated in the figures accompanying this article; they were taken
from the excellent little work of Worthington G. Smith, entitled:
"Diseases of the Field and Garden crops."
Besides many wild growing grasses the Puccinia graminis injures especially wheat, oats and barley, causing upon their
culms, sheaths and leaves the rusty-brown, and later, black spots
(Fig. 4). The uredospores cover in this illustration the larger por-
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tion of the fragment of a leaf, whilst the teleutospores are seen
in the left-hand corner at the bottom. The first rust-brown spots,
still more enlarged in Fig. 12, are com posed of summer spores,
which are distributed by the wind, and which, without intermission, germinate as soon as they come in contact with another
host, i. e., a wheat plant. The black spores, appearing later, are
composed entirely of winter spores, and they never develop
again upon the same kind of host, but form their second gener-

Fig. 12. Pustules or soii. Enlarged 25 diameters.

ation upon an entirely different plant, selecting for this purpose
the leaves of barberry (Fig. 13 ). This discovery was made by
Prof. de Bary, and the belief entertained for centuries by farmers, that barberry bushes in the vicinity of their grain-fields
caused the rust, received thus a scientific proof.

Fig. 13. Barberry leaves with recidia (A, A, A) and Spermogonia (B, B, B.)

Natural size.

The great injury caused last summer by this rust was produced by atmospheric conditions very favorable to its growth.
Warm and sultry weather form the best conditions for its ra
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development and spread, and such conditions prevailed for some
time during that season. In such weather the fungus does not
alone affect the leaves, but it also covers the fruiting parts of
the plant so that they dwarf, and become more or less unproductive.
Other rusts, of the same genus of fungi, also injure the plants of
wheat, oats, barley, rye and some grasses; their oocidia occur
also upon different hosts.

Fig. 14. Two nredospores germinating upon leaf of wheat; F, stomata of leaf. Enlarged
400 diameters.

In normal years all cause comparatively but little injury, yet
this is large enough to amount to many millions of dollars per
year. If the atmospheric condition is favorable to such rusts,
they may cause a complete sterility of the plants, and consequently an entire loss of the whole crop. At alJ events they
prevent the formation of starch, and kernels of plants badly infested by such parasites, although often reaching their full size,
give no flour; they are greatly impoverished, reduced to a skeleton--so to speak-and can not readily 1>e separated from the
chaff.
To soak the seed before sowing in a solution of sulphate of
copper, or other similar chemicals, is in this case of no use, however beneficial it may be to kill other vegetable parasites, which
enter their host through its roots. It is important, however, to
cut down and remove plants in such spots in the fields, where
the summer spores become first noticeable upon them. It is
also necessary to remove as much as possible all such hosts,
upon which their oocidia can grow. Most important, and also
quite feasible, is the burning of all the stubble infested with

such rust, as by this means large numbers of spores are killed
or prevented from hibernating. As it is now, stacks of straw
infested with rust remain undisturbed for successive years in
many localities. They form centers of distribution, from which
the spores of the rust may spread to the next field of wheat,
and as almost nothing but this crop is grown in many regions,
the spores find no trouble in reaching suitable plants. Stacks
of straw from infested fields should be burned, or destroyed
otherwise, as rusty straw is unhealthy for any kind of stock, and
therefore useless in the stable except for bedding.
The question naturally arises, how can wheat become infested
with rust in regions, where no barberries grow, as in Australia,
New Zealand, and in our western plains? There seems to be
little doubt, that the rust of wheat ( Puccinia graminis) forms an
alternate form upon barberry plants, but this plant can surely
not be positively essential to the rust, but is, perhaps, simply
beneficial in one way or the other not yet understood. Perhaps
other and more common plants growing in regions free of barberry plants may take their place. If this is the case, and such
plants permit a continuous development of rust from year to
year, it i5 very important to find out whether such plants exist
here or not; if they do, we cannot destroy them any too soon.
Is the disease caused by rust planted with the seed or not? is
a question often agitated. Some botanists even now claim, that
it may be and that rust is a hereditary disease. This seems,
however, not to be the case, but some varieties may be more
apt to become rusted than others. Varieties of white wheat are
notoriously more subject to rust than red ones, simply because
the latter !tre materially more robust. The seeds of pre-disposed varieties should never be used, and if possible, seeds should
be procured from regions not affected with rust.
In ancient times diseases produced by rust seem to have been
widely distributed, and to have caused great losses. They were
consequently much feared, and as they stood under the special
protection of two deities, Robigus and Robigo, festivals were
held to pacify them, so that they would advert the disease.
Such festivals were created by Numa, and were called Robigalia. A modern, and no doubt more successful way to partly
prevent injuries caused by rusts, would be to equip all Experiment Stations in such a manner, that trained observers with
good instruments should study them; they might in a short

time be at least able to give us the real and unJoubted history
of these parasites in all their phases.
The vitality of rusted vrheat will also be investigated by this
Experiment Station, and the results of such researches will doubtless appear in the next Bulletin.

Ex1Jlanation of the illustrations, arm,nged according to the
time of appearance of the various spores figured:
Fig. 4. Fragment of leaf of wheat covered with pustules or sori
of Puccinia graminis. Enlarged 3 diameters.
Fig.12. Pustules or sori. Enlarged 25 diameters.
Fig. 3. Transverse section through half a pustule or sorus to
show the uredospores upon the thread-like basidia; 0,
cells of leaf; D, D, organs of transpiration. Enlarged
200 diameters.
Fig. 2. Uredospores; A, commencement oE germination; Band
C, weak spots in the walls of the spore seen before
germination takes place. Enlarged 1,000 diameters.
Fig. 14. Two uredospores germinating upon a fragment of the
epidermis of a leaf of wheat; the germ tubes following
the minute depressions, and entering stomata at F.
Enlarged 400 diameters.
Fig. 6. Transverse sections through half a pustule or sorus containing teleutospores. Enlarged 200 diameters.
Fig. 5. Teleutospores as born in autumn or winter. Enlarged
1,000 diameters.
Fig. 7. Teleutospores germinating in early summer and forming pro-mycelium, A, A, with joints or septa, B, C and D,
and bearing spores, E, ]1 and G; JI, germinating spore
of pro-mycelium. Enlarged 1,000 diameters.
Fig. 13. Barberry leavet:i invaded by mcidia at A, A, A, and
spermogonia at B, B, B. Natural size.
Fig. 8. Section through a barberry leaf, showing the cups of
recidia U, D, D, below, and the spermogonia E, E, E,
above. A, lower surface of leaf; B, upper one; F, vascular tissue or spiral vessels ot a vein of the leaf. Enlarged 50 diameters.
Fig. 9. Section through a cup of recidia. A, B, lower epidermis .
of leaf ruptured by fungus from within at 0, D; D,
mycelium creeping amongst the inter-cellular space at
E, and bearing spores A. F, F, peridium of the cup.
Enlarged 150 diameters.
1

Fig. 10. Section through a spermogonium. A, A, cells of upper
part of leaf; B, 0, epidermal cells, burst open at D, E;
fl, G, mycelium in inter-cellular spaces of leaf, and
growing straight toward the center. Enlarged 300 diameters.
Fig. 11. Germinating spore of recidium. Enlarged 1,000 diameters.

Explanation of technical terms .
.LEcidium.-( Fig. 8 0, D, D, Fig 9 and Fig. 13 ).
Basidium.-Mother-cell from which the spores are abjointed
at summit.
Oell.-The space, enclosed by walls, which confines protoplasm.
Endosporium.-(Figs. 2 and 4). Innermost coat of a spore.
Episporium.-(Figs. 2 and 4). Outer (second)coat of a spore.
Inter-cellular space -Space frequently separating individual
cells
Mycelium.-Vegetative portion of fungi.
Parasite.--Organism living on or in and at the expense of
another living organism (host).
Peridium.-General term for the outer enveloping coat of a
sporophore upon which the spores develop in a cl03ed
cavity. (Fig. 9 F, F).
Pro-mycelium.-Short and short-lived product of tube-germination of a spore which abjoints a small number
of spores unlike the mother-spore, and then dies.
(Fig. 7 A,A).
Protoplasm.-· The living portion of a plant, which is sensitive,
which moves, appropriates food, and increases in size.
Spermatium.-Male non-motile cell. Functions not yet demonstrated.
Spermogonium.-Receptacle in which spermatia are abjointed.
(Fig. 8, E, E, E or Fig. 10).
Stomata.-Slits in epidermis to facilitate transpiration. (Fig.
14, F).
Spore.-Single cell which becomes free and is capable of
developing directly into a new individual.
Sporophore.-Branch of thallus which bears spores, or sporemother-cells.
Sporidium.-Spore abjointed on a pro-mycelium. (Fig. 7,
F, F, G).
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Sorus.- Heap or aggregation.
Stylospore.-Uredospore .. (Fig. 2.)
Teleutospore.- Pseudospore. (Fig. 5.)
Thallus.-A vegetative body without differentiation into stem
and leaf. In fungi it is the whole borly of the plant not
serving directly as an organ of reproduction.
Tissue.-An aggregation of similar cells united.
Transpiration.-Evaporation or exhalation from living tissues
to force the sap in plants upwards.
Uredospm·e.-(Fig. 2.)
Since the above was written (in October, 1888), His Excellency
Governor McGill requested me to visit the infested region.
The following short report is repeated here with his permission
EXPERIMENT STATION OF THE UNIVERSITY OF MINNESOTA,
ST. ANTHONY PARK, January 2, 1889.
To His Excellency Governor A. R. McGiU, of Minnesota:
Dear Sir-At your request, and with the permission of the Regents of the University, I
made a trip to the Red Biver valley, to investigate the condition of the wheat crop and to
collect specimens for study and experiment.
Knowing that in many parts of the State the wheat rust was fully as much the cause for
the poor crops as the frost, I first visited Fergus Falls, in Otter Tail county, with the view
of obtaining specimens of wheat undoubtedly injured by rust, and not by frost. Specimens
there collected will serve a good purpose by comparing them with frost.ed ones. The damage in that county by frost is but very slight, as nearly all the cereals harvested were either
ripe enough not to be affected by it, or were already stacked. During the summer I had
carefully observed the wheat rust in that county, and its very rapid spread, which was
caused by a series of very warm and sultry days.
Reaching Crookston, in Polk county, I found the injury to wheat very much greater
than first suspected, and almost 85 per cent. of the whole crop destroyed or worthless. In
fact, upon many farms the wheat was so much damaged, that it did not pay to cut it, and
the plants were plowed under or burned. The cause of this injury was not frost alone, but
a combination of it with rust, the latter disease weakening the plants to such an extent
that even a slight frost-other~ise harmless-would kill the plant. A series of sultry and
hot days during the growing season favoring the diseas!J, it had caused fully as much damage
as the frost. 'fhe seasons last year were also very abnormal for the regfon injured by , ust
and frost. '.rhe usual time for sowing wheat is from April 20 to May 10. Last spring the
farmers had to sow their wheat at three different times, about one week apart, because they
were interrupted in their work by heavy rains. The crops from the first two sowings were
a total loss ; the plants were weakened by too much moisture, followed by intense heat,
both greatly favoring the growth of the parasitic rust. The plants produced from the latest
sowing promised well, and the berries were to all appearance well filled, although leaves
and stems were badly covered with rust. But after the first slight frost, on August 7th, just
heavy enough to blacken the vines of cucumbers bnt not killing them, grave fears were
already entertained as to its effect upon the grain. The heavier frost of August 14 to 17
killed the previously very much weakened plants, and the berries, although plump, would,
when squeezed, show no milk, but water. When the wheat was cut and put in stacks, a very
strong odor of acid or vinegar would soon become noticeable in their vicinity, indicating
that the harries underwent a fermentation. Such berries shrank to almost nothing, and
form now a large percentage of the entire crop. Riper berries, containing less water, were
not killed by the frost, although they have a very shrunken or blistered appearance, and
are unfit for both milling and feeding purposes, as nearly the whole amount of starch and
gluten is absorbed by the rust, or decomposed by the frost. Hogs fed with such food will
not fatten, and in reality do not eat the grains unless forced to do so by hunger. The injury
to the crops is rather uniform. Plants upon certain kinds of soil fared somewhat better,

and such exceptions can be readily explained. Wheat growing upon a more sandy soil, and
consequently upon ground better drained and free of excessive moisture, ripened its berries
in time. Naturally such planb! were also less affected by the rust, and not so much weakened by this parasite as others growing upon rich and moist soil. Wherever air had free
access to the individual plants the moisture could evaporate more rapidly, and rust did no
great injury. Such was the case upon sandy soil and along the edges of fields. But wherever there was a rank growth; shading the rich soil, evaporation was slow and the rust had
fall sway. At Crookston, rust and frost combined caused the damage; without rust, however, it would have been very much less.
Proceeding to Hallock, in Kittson county, a similar state of affairs was found to exist.
But little trouble had been experienced by farmers at seeding time, yet the frequent moist
and very warm days were also injurious to the plants, while very favorable to the increase
and rapid spread of the rust; a combination of both rust and frost injured the wheat crop to
such an extent that in many cases it would not pay to harvest it. and consequently the
plant.a were either plowed under or burned.
The farmers who lost their crops in these counties are in a very deplorable condition.
Although perhaps 50 per cent. of the grain harvested will germinate, it is more that doubtful that they will ever produce healthy plant.a. The stored-up food contained in the seeds
is so little that the young plant very likely will starve before they are able to absorb
mineral food from the soil, and only in a very exceptionally favorable spring is there a
hope that plant.a from such poor seeds will grow strong encmgh to reproduce. Bnt no
sensible farmer will willingly run such a risk, and consequently he must procure better
seed. It is indeed a gloomy state of affairs, as those farmers who have lost their entire
crop have not the means to buy seed wheat, and they will be compelled to abandon their
farms if not assisted. As the only crop that is successfully grown in the region affected by
rust and frost is wheat, farmers have no alternative but to choose between leaving their
farms or securing seeds. No doubt it is the duty of the State to assist its citizens, and protect at the same time, its own interests, not by donating the seed, but by selling it to them
at cost and upon credit. The introd · ction of seed from other regions would produce
other beneficial results, not necessary to mention in this connection.
Numerous specimens of wheat, more or less injured by rust and frost, were collected
during the trip, and all will be carefully investigated at the Experimental station.
Trusting that the outcome of such experiment.a may not be alone of interest, but 0f
practical value to the farmers, and thanking yon for the constant kindness shown me, I
remain
Yours very respectfully,
OTTO LUGGER,

Entomologist and Botanist.

