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TIMELY HINTS FOR FARMERS.

PUMPING PLANTS FOR IRRIGATORS.

No. 67, December 28, 1907.

The following suggestions are published for the benefit of
irrigators who contemplate installing pumping plants. They
may prove useful also to operators whose present plants are
unsatisfactory and uneconomical. Many tests of pumping plants
in southern Arizona during the past few years have shown that
the small plant is often very poorly designed Since the re-
counting of errors oftentimes enlightens more than the descrip-
tion of perfect installations, some examples of recent tests are
presented.

A 12 H.P. gasoline engine belted to a No. 3\ horizontal
centrifugal pump was running continuously night and day with
consumption of 20 gallons of No. 1 distillate per twenty-four
hours, costing $4.20 at the railroad The suction and discharge
pipes were of 41 inches diameter The latter had one short
elbow and the former was protected by a 5-in. foot valve and
a cast strainer. The issuing jet of water resembled a fire stream.
Pressure and vacuum gauges were attached to- the discharge
and suction pipes, respectively, close to the pump. The static
lift above the pressure gauge as measured with a tape was 7.3
feet, the lift as determined by the gauge was 10.8 feet, indicating
a loss of 3.5 feet due to friction and the elbow. The correspond-
ing loss in the suction pipe was 11.7 feet. The total static lift
was 16.1 feet, and the combined loss in the piping was 15.2 feet,
causing the consumption of gasoline fuel to be almost doubled.
The loss in the piping should not have exceeded two feet.

At another time observations were made on this plant to
determine the cost of pumping, the depth of irrigation, and the
specific capacity of the well. A summary of the results is as
follows:
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Duration of test 4 i hours
Discharge measured by weir 1.21 cu. ft. per second
Proper economical discharge of pump . . 0.6 cu. ft. per second
Area irrigated per hour 21,550 sq. ft.
Depth of irrigation 2.4 inches
Static lift 22.3 feet
Useful horsepower, based on the static lift 3.06 H.P
Brake horsepower of engine, rated 12 H.P
Revolutions per minute of engine 332
Ratio of pulleys 3 to 1
Revolutions per minute of pump, computed 996
Explosions per minute 134
Consumption of distillate 5.62 gallons
Cost of fuel, lubricating oil, and attendance per acre-foot of

water $3.82
Cost per acre-foot of water lifted one foot $0.17
Yield of well per foot of lowering of water level, 135 gal. per min.
Yield per foot of lowering a n d per foot of percola t ing a r e a . . . .

1.85 gal. per min.

One noteworthy feature of these results is the excellent
water-bearing quality of the gravel. The feature that is to
be criticised is the lack of proportion between the different ele-
ments of the plant—the large engine, small overspeeded pump,
and insufficient pipe capacity. The cost of water per acre-foot
raised one foot is very high. With suitable pump and connec-
tions the amount of water pumped with the same engine and
the same consumption of fuel would have been doubled, while
the needed changes would have cost less than ten percent of
the investment in the plant.

In another plant recently tested, the static lift was 13 feet,
while the pressure gauges indicated a lift of 31 feet, a loss of IS
feet in the piping alone, thus more than doubling the work of
the engine. As in the previous case the greatest single loss was
at the foot valve and strainer. The belt was found to be slipping
very badly and altogether less than one useful horsepower was
being developed. The 5x7 inch engine was running on 78
pounds of steam pressure and making 261 revolutions per minute.
Its indicated horsepower would probably have exceeded ten.

In another case the pumping plant was so much in excess
of the developed water supply that the speed of the pump was
held back to 65 percent of its most economical rate and the
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discharge was but 36 percent of its proper amount. Moreover,
the engine was so large that it was being operated on only 28
pounds of steam.

At another irrigating plant the depth to water was observed
to be 16 feet. „ Levels run between the wells in the vicinity
demonstrated that the water-table sloped rapidly downward
across the irrigated field toward the pumping plant, and had the
well been situated on the opposite corner of the field the depth
to water would have been but 8} feet. There was evidence also
of a better water supply in the latter place and the new location
was better situated with reference to ditching for the field.
Upon this advice the owner sank a new well and abandoned his
former one. His water supply is now very greatly increased.

Still another ranch has a plant requiring about 18 brake
horsepower and a 20 H P. gasoline engine would have done the
work well. But "to guard against breakdowns" a 25 H. P.
engine was ordered. The engine is of a very reliable make
and the smaller size would not have broken down, its cost would
have been less, and its efficiency greater than that of the larger
size.

These examples indicate that too little forethought is
given to the development of pumped water supplies. At a
time when there is much discussion as to the profitableness of
pumping for irrigation we do well to note that many plants are
poorly built and fail to do justice to the affirmative side of the
question.

WELLS.

In the first place the location of the well demands attention.
In many places the water table slopes so rapidly that in conjunc-
tion with the surface slope it dictates the location of the well
that will have the lowest lift. Often differences in the water-
bearing character of the formations nearby are the basis for
decision. Especially is this true in narrow river valleys.

Shallow wells fof great lateral dimensions are common in
parts of Arizona. In places where shallow gravel beds are
underlain by non-water-bearing strata the\ are justifiable.
But often the depths of the gravel beds are greater than can be
reached by such wells, in which case drilled wells are far more
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effective in developing water. They cut across the bedding
planes and tap more strata than a dug well, and since, as is
well known, waters percolate along beds of unconsolidated
gravels far more easily than in a vertical direction, the drilled
wells are the best yielders.

Casings for drilled wells may be of the California 'stovepipe'
type, or, if the soil material is quite uniform and not too coarse,
and short holes under fifty feet are desired, then the Kansas
method can be used. This consists in punching slots, perhaps
} x 1 inch in size, in heavy galvanized iron, and riveting the
sheets into cylinders with the burr on the outside. Such wells,
15 inches in diameter and 20 to 40 feet long, make excellent
feeders in the bottom of a dug well.

A minor point, but worthy of consideration, is that the wells
should be sunk and tested before crops are planted. Well-
sinking invariably requires more time than is anticipated.
Many cases have been observed in which the wells were started
late and failed to reach water-bearing strata in time to save
the withering crops.

CASINGS FOR W E U V PITS.
The standard shallow wrell casing in the Santa Cruz Valley

consists of timber sets with lagging above water level and a
steel cylinder below. The upper or timber curb is made large
to afford working space during the sinking of the steel cylinder
and the setting of the pump. Such a well is illustrated in Fig. L

The timber curbs actually measured have been found to
vary from five feet square to ten by twenty feet. The steel cyl-
inders vary from four to fifteen feet in length and from thirty
inches to six feet in diameter. They are usually built up of
three-sixteenths or quarter-inch steel plates and are perforated
by punching quarter-inch to three-quarter-inch holes so as to
admit the water freely. Such wells are comparatively small,
but when sunk in the loose coarse gravels of our river valleys
they yield surprisingly large streams of water.

These well casings, however, are not above criticism. The
life of the timber in damp earth is short, the steel is expensive
and very difficult to sink, and most of the excavation is above
the water level where it can do no good. The thin steel casing
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crease in the cost of the casing and there will be some waste
of metalin cutting the plates but it is believed that the difficulty
and cost of sinking will be greatly reduced.

An alternative is to build the casing in four-foot lengths
and to sink these sections separately with each section about
six inches smaller in diameter than the preceding one.

A few concrete caisson curbs have been sunk and this type
will probably come into general use. Concrete curbs possess
striking advantages over timber and steel casings. They can
be sunk deeper into the wrater-bearing strata, developing larger
water supplies, and when sunk they are absolutely permanent,
requiring no expense for maintenance. An eight-foot concrete
well curb was described in the Nineteenth Annual Report of
this Station. * It was bujlt at the surface of the ground and
was allowed to sink slowly downward while the interior was being
excavated. It was reinforced with vertical steel bars and old
wire cable wound up spirally through the concrete. The con-
crete proportions were five barrels of gravel and two and a half
of sand per barrel of cement, and only the highest grade of ce-
ment was used. Seep-holes through the concrete wall were
provided at intervals of twelve inches horizontally and nine inches
vertically. Figs. 2 and 3 show clearly the construction of the
curb, and, more particularly, the details of the forms used.

PUMPS.

The advantages of the centrifugal pump for the individual
irrigator are so conspicuous and its adoption so general that
the discussion will be confined to that type.

Pumps are usually purchased wholly on the reputation of
the makers and without regard to details of construction. Little
will therefore be said regarding these features. Both open and
closed runners give high efficiencies if well designed and built.
The cheaper pumps have too few vanes. Much depends on
whether the channels and blades are finished or left rough.
Machining these surfaces adds materially to the cost but greatly
reduces the friction and eddying of the water. In the best pumps
the impeller, if enclosed, is cast in two pieces, and all surfaces
of impeller and casing are machined and polished. Many pumps
<Anz Agr Exp Station 19th Ann Report 1908,"p. 373.
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have only the outer surface of the runner machined. There are
also many makes of pumps which are left entirely rough. These
last are of very poor construction, very inefficient, and should
not be purchased. The bearings of the pump shaft, or at least
the outboard bearing, should be self-oiling of the ring-oiling
type, end thrust should be compensated, and the packing gland
should be of good construction. It is customary to purchase a
fairly good engine and the cheapest possible pump. This is
entirely wrong. Pump efficiencies vary more than engine
efficiencies and it is far easier to improve the character of a
plant with a given amount of money by purchasing a 'special"
pump than by adding to the value of the engine.

Where electric power is available, pump and motor should
be direct connected on the same bed plate. Such a plant re-
quires the minimum of attention and should give a combined
efficiency exceeding 48 percent. It can be set deep in a well pit,
just above the water level.

If the water table fluctuates greatly between wet and dry
seasons a horizontal pump must either be set so high that the
suction is apt to be too great or else it runs a risk of being sub-
merged. A vertical pump can be run submerged and is especially
adapted to cases in which the water table rises and falls greatly
or to cases where the water level drops to the limit of suction
when pumping begins. It is advisable to keep the suction lift less
than 12 feet. If this cannot be done with a horizontal pump,
then a submerged vertical pump should be installed. If the above -
conditions do not exist the horizontal pump is to be preferred.

Centrifugal pumps are exceedingly sensitive to change of
speed and in each installation the most efficient speed should
be determined and then' maintained. A revolution counter
should be purchased with every pump. Overspeeding may be
justifiable sometimes, but never should the speed fall below the
best speed.

Deep well pumps should be used in drive wells if the water
level is at a considerable depth and the well is driven from the
surface of the ground. Pumping by air-lift is entirely feasible,
though of low efficiency. A greater draught may be made upon
a poor well by an air-lift than by any other method, but the
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cost of pumping is high and air-lifts are not recommended un-
less unusual conditions exist.

POWER.

The choice here is very wide. Gasoline and steam engines
occupy the field at present, but in a few localities in Arizona elec-
tric power is available. A few hot air engines are in use. Suc-
tion gas producers and internal combustion engines, using crude
oil or New Mexican anthracite coal, give promise of coming into
use. They are well adapted to Arizona conditions, and will fur-
nish cheaper power for individual pumping plants than any other
type of plant except water power. They are available only for
plants larger than fifteen horsepower.

Laige irrigating plants should have a competent engineer.
An efficient steam plant burning crude oil is at the present time
preferred.

The small irrigator is usually not a mechanic and besides
he is a very busy man. He needs an engine which will work with
a minimum of attendance and repairs. A breakdown in the dry
season may mean ruin. Small differences in efficiency are often
outweighed by other considerations. The greatest care should
therefore be taken to select an installation which will give the
least possible trouble afterwards.

The symmetry of a pumping plant deserves far more con-
sideration than it usually receives, especially in the case of gaso-
line plants where the fuel bill is the principal item in the cost of
pumping. If the engine is too light the speed of the pump is too
low; if the engine is too large its own efficiency is greatly reduced.
Both gasoline engine and pump should work up to full rated
capacity, or nearly so. With steam engines and boilers, on
the other hand, a considerable excess of power is very desirable.

The symmetrical design of a pumping plant is not a simple
matter and usually additional advice to that of the selling agent
should be obtained. One unfortunate irrigator in the Santa
Cruz Valley was recently observed to have around his well two
boilers, two engines, and three pumps. He stated further that
he had sent for a fourth pump and thought he might have to
change engines again. By this £ cut and try' process a satisfactory
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plant may be ultimately obtained, but the process itself is ruin-
ous.

The attendant of a gasoline engine should learn how to
adjust his engine so that the ignition will be timed properly, and
the explosion as strong as possible. The spark should pass a
little before the piston is at the end of its stroke—in the case of
a high speed engine about five-eighths of an inch.

PIPING AND CONNECTIONS.
There are many seemingly unimportant details which j.te

under a purchaser's control and which if neglected cause great
leakages of power and increase in cost of pumping or decrease
in amount of water pumped. The worst features of recently
installed plants have been in these minor details, and the con-
sumption of fuel has been found doubled in many cases from
this cause.

The pulleys ordinarily found on centrifugal pumps are so
small that with the irrigator's usually loose belt the loss by
slipping is very great. Larger pulleys for both pump and engine
should be specified in the original order. Idler pulleys and
countershafts should be avoided, and friction clutches are rarely
necessary.

The belting best adapted to this country has been found to
be a six-ply canvass stitched belt. It is a perfect outdoor belt,
while a leather belt rapidly goes to pieces if allowed to get wet,
and a rubber belt does not stand a hot dry climate. A belt con-
nection should not be less than 16 feet center to center of pulleys.

The foot valve with strainer, usually unsuspected, is un-
doubtedly a great offender. The strainer rarely has sufficient
waterway. It should be of very ample and generous size, and
the foot valve should be abandoned. Either a check valve
placed immediately above the discharge opening of the pump, or,
even better, a flap valve which can be lowered over the outlet
of the discharge pipe, should be used. In either case the pump
can be quickly primed by means of a pitcher-pump attached to
the pump casing or by a steam siphon. The siphon, or ejector,
is recommended for all plants operated by steam power.

The suction and discharge pipes should be materially larger
than the pump openings. Doubling the diameter of a pipe re-
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duces the internal friction loss to about one thirty-second of its
value, assuming the discharge to remain unchanged, and re-
duces the energy head of the escaping stream to one sixteenth
of its value. The advantage, therefore, of large size piping is
readily apparent. The following sizes of piping are recommended
for the more common makes of centrifugal pumps:

Diam of pump
opening

Diam suction and
discharge pipes

Inches
10
12
15

Where two suction pipes are used the diameter of each
should be that of the pump opening. The discharge pipe should
be connected through a tapered increaser about four feet in
length, and the suction pipe should be connected through a re-
ducing elbow or a straight increaser.

The pump should be placed low so that the suction lift is as
small as possible, or it may run submerged in the case of vertical
centrifugal pumps. When the pump and pipe joints are kept
well packed a suction lift of 26 to 30 feet, depending on the alti-
tude, is possible, but if the gland packing becomes slightly
worn this limit is reduced, and, moreover, the efficiency of the
pump is very greatly lowered. The tight gland packing neces-
sary for high suction lifts also reduces the efficiency of the pump.
The suction pipe, however, should be long to prevent air from
being sucked down the side of the pipe.

If elbows are necessary they should be of the 'long sweep
type. Steam fittings have usually been employed, but a column
of water does not change direction with the same ease as steam.
The cost of the long sweep fittings is no more than that of stand-
ard steam fittings.

For low lifts it is not necessary to purchase standard pipe
for discharge pipe, as riveted galvanized pipe does equally
well and is cheaper.

TESTING THE PLANT.

Finally, there should be installed near the outlet a weir
box for measuring the water pumped. Directions for setting
and using the Cippoletti weir can be obtained from Timely Hint
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No. 57, issued by this Station, or from other sources. The
lift from the water level in the well (while running) to the top of
the outlet should be measured in feet. The useful horsepower
accomplished can then be computed in the following manner:

Discharge in cubic feet per second multiplied by lift in
feet and divided by 8.8 gives the useful horsepower.

An operator usually knows the approximate brake power
of his engine and if the useful power is not from 50 to 60 per cent
of the rated brake horsepower he should seek out the reason
why, and make the needed improvements. It is assumed that
the engine is running up to its full capacity at the time when the
test is made.

G. E. P. SMITH.

RESISTANT EUCALYPTS FOR PLANTING IN SOUTH-
ERN ARIZONA.

No. 68, January 15, 1908.
No group of plants, perhaps, is the subject of greater in-

quiry in southern Arizona at the present time than the Euca-
lypts. The importance which this remarkable genus is assuming
in parts of California as a producer of wood that can be turned
to a variety of purposes, together with the similarity of the
agricultural valleys of southern Arizona and certain interior
ones of California where the trees are grown successfully, is
responsible largely for this growing interest. On account of
the marvelous growth of Eucalypts -which enables the Califor-
nian planter to net handsome profits from his groves, it is only
natural that their planting should be given consideration here.

If the most drouth-resistant varieties of Eucalypt trees
are once well established during a period of wet years, or better
yet by means of moderate irrigation, there appears to be good
cause to believe that they may be grown successfully with
limited irrigation on lands that are of secondary value for cul-
tural purposes at the present time on account of limited water
supply. Also, waste pieces of land about the farm, borders of
ditch banks, and even roadsides, might well be planted with
these useful trees.
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Examples are known of small groups of Eucalyptus trees
growing in valley lands, which are usually deep and alluvial
in nature, for periods of six to ten years without irrigation.
Not infrequently the underflow in these valleys is within reach
of these deep-rooting trees, which undoubtedly explains in part
their ability to grow under such extremely arid conditions.
However, the writer would warn the practical planter not to
expect too much from trees growing with a limited water supply.

In addition to the possible economic value of Eucalypts,
several varieties have shown themselves to be valuable additions
to our list of shade and ornamental trees. As ornamentals
they are evergreen, which is a desirable feature in a region with
as little color as our own, and possessed of a pleasing aroma.
They have thus far been found free from fungus and insect
pests, and unlike deciduous trees do not cast a litter of fallen
leaves each year; although some of them shed considerable
bark.

Eucalypts to grow in the warmer parts of Arizona must
be able to endure maximum temperatures from 108 degrees to
120 degrees F. with low humidity and intense sunlight, and
also survive ten-to twenty degrees of frost in winter. It will
be interesting to note that almost without exception the vari-
eties that are capable of growing under a wide range of condi-
tions in California are the identical ones that succeed best with
us. Except in sheltered situations, it remains to be seen
whether any of the species can be grown with success at altitudes
above 2,800 to 3,000 feet.

The species that have been found to withstand best the
above conditions are the forest red gum, Eucalyptus iereticornis;
red gum, E. rosirata; desert gum, E. rudis; red box, E. poly-
anthema; narrow-leaved iron-bark, E. crebra; and manna gum,
E. viminalis. According to Professor McClatchie, sugar gum,
Eucalyptus corynocalyx; white gum, EJeucoxylon; and gray bark,
E. hemiphloia, grow successfully at Yuma and Phoenix; and
there is even a possibility that blue gum, Eucalyptus globulus,
will survive in the mildest situations near Yuma, With further
study other species will undoubtedly be found that will resist
equally well our heat, aridity, and cold.
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Forest red gum, Eucalyptus tereticornis, is a rapid-growing
tree, and considered valuable in Australia for its lumber. When
planted near together the trees become tall and erect with
uniform trunks, while if scattered they are likely to grow stocky
and branched. A small clump of this species is growing in the
Santa Cruz Valley three miles northwest of Tucson. These
have never suffered any injury from our wide range of tempera-
tures. It is stated that they have not been irrigated during the
past six years. At this time (1908) they are about twelve years
old and the taller ones range from fifty-five to seventy feet
high with trunk diameters fourteen to seventeen inches.

Red gum, Eucalyptus rostrata, is quite similar in appear-
ance to the last species, being nearly related botanically. Though
it is thought to be less drouth-resistant than the forest red gum
it is apparently equally resistant to our temperature extremes.
Its growth is rapid, though somewhat variable, some trees being
tall and straight, others irregular. In Australia it is considered
one of the most valuable of Eucalypts on account of the extreme
durability of its wood. It is being much planted in parts of
California at this time. Professor McClatchie recommends the
red gum very highly in his bulletin on Eucalypts cultivated in
the United States. Good specimens of the red gum can be
seen growing in Phoenix. It is said that this tree can be planted
in land that is periodically inundated for a considerable time,
also in slightly alkaline situations.

Desert gum, Eucalyptus ruths, has been planted more, per-
haps, in southern Arizona than any other variety. With favor-
able conditions it is said to be one of the most rapid growing
of Eucalypts, especially when young. At Tucson it has shown
itself extremely resistant to summer heat and winter cold,
never having suffered any injury therefrom. It is also drouth-
resistant. For ornamental planting it is one of the best. Its
commonly erect habit, combined with its symmetrical form
and dark-green foliage, makes it a desirable tree for shade or
avenue planting. There are two forms of the species, a weeping
one and an erect oval-leaved one, the latter of which is the more
'desirable. Specimens of this tree growing under rather un-
favorable circumstances on the University campus at five years
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of age average twenty to twenty-two feet in height and five
and one-half to six and one-half inches in diameter. The
desert gum, especially when newly set is subject to a chlorosis
or yellowing of the leaves which eventually kills the tree. The
disease is known locally as "frizzling", from the abnormal
brush-like development of the young limbs. The affected plants
should be replaced early by healthy ones.

Red box, Eucalyptus poly anthem a, is another species equally
lesistant to heat, cold, and arid conditions. It is of a more or
less erect habit, usually with a single stem, though not always
symmetrical in its development. Its silvery-gray round leaves
render it a conspicuous plant in a landscape, contrasting nicely
with trees having dark-green foliage. On this account it should
be used considerably for ornamental purposes. A fine lot of
young trees of the red box planted in 1906, may be seen on the
west line of the University grounds, also on the Station farm
at Phoenix. At two years, the University trees average fifteen
feet in height and three inches in diameter at the base. The red
box is not so desirable for shade as the desert gum, on account
of its less dense leaf canopy. There are probably few localities
in southern Arizona having altitudes below 3,000 feet where
with sufficient, though scanty, water supply these two species
may not be grown.

Narrow-leaved iron-bark, Eucalyptus crebra, also endures
nicely the climatic conditions at Tucson. The trunk is ordinar-
ily straight and of uniform diameter, and with the willow-like
leaves and pendulous branches gives to the tree a graceful ap-
pearance. The narrow-leaved iron-bark is not known well
enough yet, however, to be highly recommended. It is also sub-
ject to the chlorotic condition already noted for Eucalyptus rudis.

Manna gum, Eucalyptus viminahs, is growing successfully
at Yuma and Phoenix. It is a very rapid grower, and in Aus-
tralia becomes one of the largest of Eucalypts. It was formerly
much planted in California, but because its wood is of very
secondary value, even for fuel, it has been largely superseded
by the red gum. It is said to be of some value as an ornamental.

With reference to Eucalypts for particular localities, the
writer would suggest for altitudes up to 3,000 feet, as on the upper
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Gila, desert gum, Eucalyptus rudis; forest red gum, Eucalyptus
tereticornis; and red gum, Eucalyptus rostrata: for the Salt River
and Colorado River valleys desert gum, Eucalyptus rudis; red
gum, Eucalyptus rostrata; red box, Eucalyptus polyanthema;
forest red gum, Eucalyptus tereticornis; narrow-leaved iron-bark,
Eucalyptus crebra; and manna gum, Eucalyptus viminahs

The most favorable time to set-out Eucalyptus is from the
middle of February to the first of April, according to locality.
They may be planted from four to ten feet apart, depending
upon the water supply. The closer they are planted together
the greater will be their tendency to produce straight timber.
Small trees may be obtained from such reliable firms as Fancher
Creek Nurseries, Fresno, Cal., and Armstrong Nurseries,
Ontario, Cal., in flats for one and a half to two dollars per hun-
dred according to size. The latter firm in particular has Euca-
lyptus polyanthema true to name. The larger plants will give
the better results. Potted plants two to three feet high in small
lots will cost about twenty-five cents apiece. These are es-
pecially desirable for ornamental planting. In order to secure
quick transportation they §hould be shipped by express. Under
our conditions of arid climate and more or less alkaline soil,
the small planter will find it advisable not to attempt to grow
Eucalypts from seed in Arizona, as he is almost certain to meet
with failure.

J. J. THORNBER.

A LESSON IN DIVERSIFIED FARMING.
No. 69, February 1, 1908.

Continuing with the work of the first year on our "play
farm" corner in the Colorado Valley bottom near Yuma, and
profiting by experience and suggestions afforded thereby, the
season of 1907 has yielded materially better results than those
described in "A Lesson in Intensive Farming."

Conditions were in some respects more favorable than
during the first year. The soil had been enriched by irrigation,
and by the manure produced from our own alfalfa. Certain
improvements were also added: the house was painted, the
ground was surrounded by wire netting to exclude rabbits,



418 BULLETIN 60.

the main ditch bank was converted into a roadway affording
convenient access to all parts of the tract, a brush shelter was
constructed for convenience in packing produce for market,
and a few cold frames provided to start early crops for trans-
planting—all at a cash cost of about sixty dollars.

According to the original plan of work, however, the place,
under Mr. Crane's skillful care, has remained essentially a poor
man's farm, operated with minimum cash outlay outside of the
wages paid to those whose labor represents the efforts of a small
farmer and his family. Incidentally, the date palms originally
planted on this ground have made an average showing. A few
bloomed two years after transplanting, and the value of the
various varieties now growing will gradually appear.

Crops and markets: The most successful crops for the
season of 1907 were White Bermuda onions, Rockyford canta-
loupes, sweet potatoes and tomatoes. Alfalfa sufficient for the
work team was produced on 1.5 acres of the ground occupied by
the palms, and various small test crops put in for guidance in
later operations. Some failures were made. Plant lice de-
stroyed a crop of late watermelons; a spring crop of Irish potatoes
gave poor returns, while a fall crop failed almost entirely; and
several varieties of tomatoes new to the region proved unadapted
to our conditions.

The crops produced were sold at Yuma partly and in part
shipped to Arizona markets, including such points as Tucson,
Bisbee, Douglas and Clifton, replacing produce ordinarily
brought in from Texas, California, and even Old Mexico. On
the basis of the results detailed below, it is a reasonable expec-
tation that the commonwealth which in 1907 led the Union
in the combined production of copper, gold and silver, will
ultimately be found able to feed herself from her own rich
irrigated gardens, thereby adding most materially to her inde-
pendence in economic affairs.

Methods of work and statement: Ridge culture for culti-
vated crops with alternating furrows for irrigation, has been
employed with best success in most cases. On this plan the
plants may be placed most favorably just above the water line,
the furrows after irrigation may be cultivated to conserve mois-
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ture, and, as in the case of cantaloupes and tomatoes, the dry
ridges may be utilized as resting ground for the crop.

Alfalfa, as is customary in the region and a few other test
crops, were flooded. Irrigating water, furnished from the pump-
ing plant now operated by the U. S. Reclamation Service, cost
an average of 45 cents per irrigation per acre for the crops grown.

As formerly, the estimates relating to crops grown are on
the basis of cash income for produce actually sold, and cash
outlay for seed, packages, and irrigating water used. The
amount of labor employed is also stated. For the most part this
is within the performance of an average family of five; but dur-
ing July and August, when both cantaloupes and tomatoes were
being shipped, hired help in addition to the efforts of the pre-
sumed family, would have been necessary to a limited extent.

White Bermuda Onion?, 1.2 acres: Seed planted Oct. 6,
1906, in seed beds. Young onions transplanted Dec. 19-23.
First onions marketed May 3, 1907; last of crop dug May 31.
Yield, 23,950 pounds of dry onions. Wholesale prices from
2 to 4 cents a pound in Arizona and California markets. The
best markets for this crop were found in Arizona mining towns.

Cash outlay. Cash returns.*
Two pounds of seed and express $ 4.35
13 irrigations in seed beds and field 5.40
Sacks and crates for shipping. 23.97
440 lbs. of guano on part of crop 10.56
23,950 lbs. of onions, at 2-5c $ 605.73
Net cash returns, not deducting labor 561.45

$ 605.73 $ 605.73

The ground used was manured lightly and laid off in three-
row beds to which the young onions were transplanted at the
rate of about 85,000 per acre. No insect enemies or onion dis-
eases were encountered during the season; although thrips and
mildew appeared subsequently.

The amount of labor required was considerable; but the
crop is grown during cool weather, the work may be well dis-
tributed and much of it, such as transplanting, weeding, and
topping can be done by light hands. There were actually ex-
pended upon these 1.2 acres of onions, for the culture, harvesting
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and marketing of the crop, team work 10 days, men's time 87
days, boys' 9 days. In larger fields, and with more economical
methods of digging and marketing, this rate of labor can be
materially reduced.

Rockyford cantaloupes, 1 acre: Seed planted March 25,
1907. First ripe melons July 1; bulk of the crop marketed
during July; last pickings Sept. 18. Yield, 19,300 melons sold,
of superior quality, including 345 standard crates shipped to
Arizona markets for a net price at Yuma of from $.90 to $1.75
each.

Cash outlay. Cash returns.
One pound of seed and postage $ 1.64
23 irrigations 10.35
16,000 melon wrappers 12.80
400 standard crates at 184 c 74.00
Cash receipts, less commissions . $517.71
Net cash returns, not deducting labor 418.92

$ 517.71 $ 517.71

This crop required frequent and timely irrigations, espec-
ially during warm weather. The melon plant louse was not

*much in evidence until about July 1, steadily increasing from
that time until the vines were cut and burned in September.
The heaviest labor requirements were in July when the bulk of
the crop was picked and shipped. The total time on the crop
including hauling of shipments to town, was, team 22 days,
men's time 100 days, women and boys' 12 days. Unlike the
onions a small proportion of labor was required for cultivating
the crop, about three-fourths of this item being for picking,
packing and hauling to market. Because of the small area an<!
awkward marketing arrangements, the labor-cost of harvesting
was excessive, although picking was continued for two and one-
half months.

Tomatoes, .52 acres: Dwarf Champion seed planted in
cold-frames Jan. 4; other varieties for testing, Jan. 24. Trans-
planted to field March 19-21. Crop marketed locally or ex-
pressed to Arizona towns from June 14 to August 3, mostly
during July. .Marketable tomatoes 5,200 pounds, wormy and-
malformed fruit 3,450 pounds, or a total crop of 8,650 pounds
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from this half-acre. Net prices for 20-pound crates in Arizona
markets ranged from $1.25 June 21, down to &.65 July 25.

Cash outlay. Cash returns.
Seed $ 5.60
18 irrigations 4.21
222 4-basket crates, at 15Jc. . . . . . . . 34.41
Poison mash for worms 3.25
Cash receipts, less commissions $ 173.40
Net cash returns, not deducting labor 125.93

$ 173.40 $ 173.40

This crop was seriously damaged by no less than three
different species of worms—the variegated cut-worm in April
and May, web-worms in July, and the usual large green tobacco
worm. The final judgment for the year on 16 varieties tried
is that Sparks' Earliana gave the earliest desirable tomatoes,
but that the Dwarf Champion, nearly as early, produces and
ships better and is superior in appearance.

The labor on this crop was heavy because of test cultures
undertaken. The total labor required was, team 7 days, men's
time 48 days, women and boys' 22 days. Two-thirds of the
labor wras required for picking and marketing the crop.

Sweet potatoes, .49 acres: The White Vineless and two un-
named varieties were bedded in cold-frames in February, and
sets transplanted to the open field in April and May. The first
potatoes were dug Nov. 9 and harvesting finished Jan. 23, 1908.
Yield, all varieties, 6,380 pounds of marketable potatoes and
2,180 pounds of seed stock. Prices from 2 to 3 cents in local
markets.

Cash outlay. Cash returns.
Seed potatoes $ 1.90
12 irrigations 2.65
90 sacks at 7c 6.30
Cash receipts $ 154.99
Net cash returns, not deducting labor 144.14

$ 154.99 $154.99

During the growing season very little labor is required
with this crop at any one time, the heaviest single item being
for digging which, however, is done in cool weather. Sweet
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potatoes also shade the ground so densely that Bermuda grass
obtains very little foothold, which is an exceptional advantage
in connection with summer crops in this region.

The labor required for this half-acre of sweets was, team 8
da}s, and men's time 53 days, of which over half was for digging
and sorting. The White Vineless gave the largest yield, the
potatoes being of the juicy sort preferred by Southern people.

Alfalfa, 1.5 aaes: Seven cuttings were secured, yielding
about 13^ tons of hay which was fed to the work team. The
resulting manure was well rotted in a pit dug near the stable for
the purpose, and returned to the farm as a fertilizer.

The only cash outlay was $20.35 for 29 irrigations, the
unusual number of which is required by our light soil. The
labor employed was, team 7 days and men's time 22 days, which
is a high requirement on account of the small area and hand
methods used. The value of this hay at current prices was
about $100.00; but in the form of manure applied to the crops
was undoubtedly worth much more than this.

The failures, watermelons and Irish potatoes, cost a cash out-
lay of about $4.45 for seed and irrigation with returns amounting
to but $31.60, Five days team work and 17 days time were
spent on these attempts.

The following summary relating to operations described
above affords a general review of crops grown, costs in cash and
labor, and net returns for the year:
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including some work done in the adjacent road. This relatively
small amount of labor, costing $27.75, or S3.85 an acre for the
year, is due to constant and timely attention. A neighbor
cultivating the same area to similar crops under the same con-
ditions, paid a Bermuda tax of $85.71 cash, on his 8 acres, due
mainly to an absence of seven weeks from his place during mid-
summer.

The following statements, which include the first year's
work on this ground, indicate the capital required for the estab-
lishment of this home enterprise on a land entry basis, and its
financial status at the end of the second season.:

COST OF MAKING A START.

Cost of land, nothing except for survey and papers . . . . $ 20 00
Leveling 7.2 acres, skilled labor by contract 124 00
Fencing, headgates, pump and drive point, small two-room

house, and shelter for horses 271.00
Team, wagon, plow, harrow, wheel hoe, half ownership in

mowing machine, and small tools 585 .00
Total preliminary expenditures < $1000.00

—of which about $400.00 is unavoidable cash even to a farmer
bringing in his own team, wagon and tools. To this sum total
must be added the purchase price of the land in cases where
homesteads, more particularly under Reclamation Service pro-
visions, are not available.

FIRST YEAR'S OPERATIONS.

Cash outlay required for seed, irrigating water,
crates, etc $127.92

Gross receipts from"4.73 acres of tomatoes, onions,
cantaloupes and potatoes .* $ 928.09

Net cash returns, not deducting labor furnished
by a family of five 800.17

$ 928.09 $ 928.09
SECOND YEAR'S OPERATIONS.

Improvements—paint, wire netting, packing shed
and cold-frames $ 59.28

Cash outlay for seed, water, packages, etc 226. 19
Gross receipts from 5.46 acres of onions, canta-

loupes, tomatoes and potatoes $1483.43
Six weeks hired labor at $2.00 per day 72 .00
Net cash returns, not deducting labor furnished

by a family of five 1125,96

$1483.43 $1483.43
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FINANCIAL STATUS AT THE END OF TWO YEARS.

The investment, on a homestead entry basis.
Equipment and cash invested $1059.28
Conservative valuation of the land, 7.2 acres at

$100.00 $ 720.00
Improvements and equipment at 80 per cent of cost 732 .22
Balance in favor of the homesteader 392 .94

$1452 22 $1452 22
The Income.

Gross receipts from crops grown . . $2411 52
Running expenses required in cash $426 11
Family income during two years 1985 .41

$2411.52 $2411.52

This income, however, did not begin to be available until
the end of the first half-year, which would have necessitated
capital or earnings sufficient to tide over that period of time.
No allowance is made for accident or misfortune. Moreover,
it is necessary to remember that the work was in charge of a
skilful farmer, long resident in the region and conversant with
its conditions.

Answering the objection that local markets are available
for the produce of but a few such farms as the one under consider-
ation, it may be stated that produce growers' associations and
refrigerator car service place the farmer in touch with all the
great markets of the country so long as a productive soil and
an early season warrant the use of these facilities. Such an
association has already been organized in the vicinity of the
"play farm'1 which has thusjbecome the nucleus of a new phase
of development for the region.

In conclusion, the advantages of diversity as well as intensity
in agriculture for this region are very evident from the preceding
account of our second year's work. Had we depended this sea-
son, as last, upon tomatoes for our main returns, the unexpected
ravages of the worms and some unproductive varieties chosen
would have led to disappointment. But we found that our
garden had other good legs to stand upon, and White Bermuda
onions, cantaloupes, and sweet potatoes made up for less remun-
erative ventures.
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It is no less true for the region in general that the great
variety of both summer and winter crops, and the various bene-
ficial rotations possible, are an element of strength and security.
Crop pests also, such as plant lice, nematodes, insects, and cer-
tain weeds, are favored by the mild winter season and the fertile
soil of the Colorado Valley, and from these enemies diversity
and crop rotations offer an important means of escape and
control.

Diversified agriculture, moreover, means a more independent
community, especially where markets are distant and costs of
exchange high. Many farmers in the region now sell alfalfa hay
and barley, comparatively gross products for the marketing of
which they are largely dependent upon transportation, and buy
high-priced food stuffs for their own consumption the equiva-
lent of which in large part can nowhere be produced to better
advantage than on their own farms. Such ruinous practice will
be discouraged by small farms, a diversity of home-grown pro-
ducts and a system of domestic exchanges.

R. H. FORBES.

COTTON GROWING IN ARIZONA.

No. 70, MARCH 1, 1908.

Cotton has been known in Arizona many years. Attempts
to grow it commercially, however, have thus far met with eco-
nomic failure, due to absence of concerted effort, inexperienced
and high priced labor, and the belief that with the same soil and
water better returns can usually be obtained from other crops.
Experiments carried on by Professor A. J. McClatchie at Phoenix
in 1901 and 1902 and at Yuma since 1902 by the Bureau of Plant
Industry have given us more definite and favorable informa-
tion concerning the crop in this region.

The more recent experiments point strongly towards
Egyptian cotton as best adapted to Arizona conditions. The
climate of the Salt and Colorado River valleys is similar to that
of Egypt. Both regions are irrigated and are distinguished by
the long growing season so essential to the proper maturing of
Egyptian varieties of cotton. Experimental cultures grown by
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Professor McClatchie in 1901, by methods resembling those in
use in Egypt, gave results as follows:

Abbassi, 1,580 pounds seed cotton per acre yielding 460
pounds lint; Mit-Afifi, 1,150 pounds seed cotton, yielding 275
pounds lint; Jannovitch, 500 pounds seed cotton which was not
ginned. Samples of Abbassi and Mit-aflfi were sent to the Lowell
Textile School to be tested for quality and compared in this
respect with imported Egyptian cotton. Arizona-grown Mit-
aflfl fiber was found to be 14 percent stronger than Egyptian-
grown, while the waste was 15 percent less. The maximum
yield obtained on the poor soils of the Station farm, in a heavily
irrigated plat, was at the rate of 2,200 pounds of Mit-afifi seed
cotton per acre.

Investigations carried on at Yuma since 1902 by the Bureau
of Plant Industry, U. S. D. A., confirm these first results as to
the high quality of Arizona-grown Egyptian cotton, and further
show that the length of the fiber has increased with acclimatiza-
tion, likewise the yield.

The facts presented below relating to these investigations
are taken from Bulletin No. 128 of the Bureau of Plant Industry,
entitled "Egyptian Cotton in the Southwestern United States,"
and from Circular No. 29 of the same Bureau, by Messrs. T. H.
Kearney and W. A. Peterson, to which those desiring more in-
formation are referred.

With respect to yield, six years of careful selection and
acclimatization have resulted in remarkable improvement, es-
pecially of the Mit-afifi variety. At first the yields of this cotton
were very unsatisfactory, but they have gradually increased until
in 1907 they surpassed those of all other varieties tested, in-
cluding the two best varieties of American upland cotton.
Comparative results are shown in the following table, including
yields before and after Dec. 1. It is probable, however, that
the December pickings are in excess of normal on account of
the very mild fall and winter of 1907.
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inequalities in the surface with a leveling drag. A few days
before seeding irrigate the ground thoroughly, applying water
to a depth of at least four inches over every part of the field.

Planting: The best yields in Yuma in 1907 were obtained
by planting March 28, but it is believed still better results can
be obtained in this locality by planting as early as March 1. In
the lower Salt River valley planting should be done two or three
weeks later. In general cotton should be planted as soon as
danger from *a killing frost is past. Egyptian cotton as it has
thus far been grown requires more room for each plant than Up-
land cotton. The best results with the Mit-afifi variety have
been obtained with rows five to six feet apart and single plants
two and one-half to three feet apart in the row. It is stated
that this requires five or six pounds of seed to the acre, hand-
planted. As the process of acclimatization progresses it may
be found possible to reduce the amount of space given to each
plant. If the soil has been well prepared and is free from
Bermuda grass the ordinary one-horse cotton drill would be the
best implement for planting; otherwise it should be planted by
hand. The depth may be from 1J to 2 inches. The earlier the
planting the more shallow the depth, but each seed must be
placed in moist soil. If cold weather follows deep early planting
the seed may rot in the soil, or the young plants may not have
sufficient vitality to force their way out of the ground.

Irrigation and tillage: One irrigation before and a limited
number of irrigations after planting should be given, more or
less according to soil conditions. The soil should be wet deeply,
since cotton roots in loamy soil penetrate to a depth of at least
eight feet. Too frequent and very late irrigations weaken the
fiber and prevent the bolls from maturing before danger from
killing frosts. Cultivation should follow each irrigation often
enough to keep down the weeds and maintain a good mulch of
loose soil. Both flooding and the furrow system have given
good results.

Picking and ginning: The labor expense of growing and
picking cotton in Arizona is an item that will have to be deter-
mined by the commercial grower for himself. Egyptian cotton
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should be ginned on a roller gin as the ordinary saw-toothed
gin injures the fiber.

Marketing- The principal market for Eg\pt ian cottonin
the United States is in New England During the last ten years
we have imported an average of 62,253,617 pounds of Egyptian
cotton per year. According to Mr. C. S. Scofield, of the U. S.
Department of Agriculture, the prices paid at Boston for this
cotton during the \ears 1898-1907 varied from 10.1 cents to
21.9 cents, the average price per pound having been 15.3 cents.
The prices of American Middling Upland cotton during the
same period varied from 5.9 to 12.5 cents, with an average of
9.5 cents.

Statistics on the price of upland long staple cotton are not
easily obtainable, but prices of 26 cents in Texas and 30 cents
in Mississippi were obtained by farmers in 1907 for Allen's Im-
proved Long Staple, at their nearest shipping point. This is
perhaps the highest priced variety of upland long staple cotton.
Some varieties sell at a very small premium over short staple.

On account of the higher price paid for them the choice of
varieties will fall upon Egyptian cotton or the better varieties
of long staple upland cotton, if it is finally shown that cotton
can be grown successfully.

Boll weevil: So far as known Arizona is now free from boll
weevil, but the Territory may become infested at any time by
indiscriminate or careless importations of seed from infested
districts. The upland cotton seed planted at Arlington in 1908
was imported from a district in western Te^as said to be free
from the weevil, but as a precautionary measure the writer
visited the ranchmen at Arlington and fumigated the seed before
it was taken out of the sacks. This vsas done by means of the
vapors of carbon bisulphide, according to directions given in
Farmers' Bulletin No. 209, U. S. D. A. No seed should be im-
ported from districts known to be infested, and all imported
seed should be fumigated immediately upon its arrival in the
Territory and before being removed from the sacks in which it
is shipped.

Prospective cotton growers should begin operations by
organizing strong local associations with executive officers of
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known ability. By force of a strong and loyal public sentime nt
the association should control importation and selection of seed
in order to keep out the boll weevil and hold the quality of the
crop grown up to a high standard. The association should also
take charge of ginning and marketing the crop.

Because of the uncertainty of labor conditions, operations
for the present should be largely of an experimental nature, and
the plantings should be limited to small acreages; but at the
same time there should be enough grown in the community to
justify putting in a small gin and marketing the crop.

R. W. CLOTHIER

PRESERVING EGGS.

No. 71, "MARCH 15, 1908.

Preserved eggs may be substituted for fresh ones in many
cases with profit. They may be scrambled and used in omelets;
also for baking various cakes which do not require beaten whites.
As a rule they are the equivalent of fresh eggs in any food where
the yolk is broken; but only when specially preserved and when
kept not too long are they suitable to serve fried.

The preserving material seals up the pores in the shell and
thus prevents the entrance of bacteria and air, as well as evapora-
tion and consequent shrinkage of the egg contents. The old
method of greasing the shell to make eggs keep better depended
on this fact. Such eggs cannot be boiled because the
impervious shells do not permit the escape of the enclosed air,
which expands when heated and bursts open the egg. By
serving the commoner purposes the preserved egg economizes
the fresh egg for which there is an ever-increasing demand for
use as raw food in the treatment of ̂ certain diseases. The high
prices for fresh eggs prevailing in the Southwest during the fall
and winter months make this an especially profitable locality
for preserving eggs for family use.

When eggs are to be kept for a short time only,, one of the
usual methods of packing is sufficient. For this purpose they
are imbedded in some fine material such as dry bran, oats, saw-
dust, or salt. Care must be taken that the packing material
is perfectly dry and free from must. There is always danger of
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losing the eggs by the growth of mould on the inside of the shell,
as the writer has frequently observed. A better way is said to
be the use of tgg shelves. These are arranged in a cool dry
place and are provided with holes so that the eggs may be
stood on end. Handled in this way eggs are said to keep better
than when packed. Preserving in some chemical solution is,
however, a much safer method for general use.

Before recommending any formulas to the public the writer
has given several of them a critical study to determine exactly
what can be expected under our conditions. The various lots
of eggs were preserved in June when they could be purchased
at about thirty cents a dozen, and were used in November when
fresh eggs were selling at seventy cents. Thus they were carried
through the excessive heat of June and July and found to be
usable in the fall.

There are two solutions commonly used for preserving eggs,
each of which has its advantages and disadvantages.

LIMEWATER METHOD.

The commonest and oldest preservative is limewater. A
few lumps of quicklime are slacked in a large vessel of water
and after the excess of lime has settled out the clear liquid is
poured over perfectly fresh eggs in a clean jar. A very small
amount of the slacked lime may then be added to replace the
lime which will be separated out by the action of the air. After
a few days a thick crust will form on the surface, which should
not be disturbed, for it prevents evaporation and excludes the
air. Additional fresh limewater should be added from time to
time to make up for evaporation. If a fresh crust fails to form
promptly after the old one has been broken, the limewatelr is
exhausted and must be replaced with fresh or the eggs will spoil.
Some add salt to the limewater and claim it improves the qual-
ity of the eggs. Limewater preserved eggs will keep well and
are serviceable for all purposes excepting to fry, the yolks not
holding up well and the eggs being apt to become mussy. There
is a great tendency for the white to become watery, but this
does not render the tgg unwholesome. They are just as service-
able for baking and for other purposes as fresh eggs, excepting
that the whites may not always beat well. The great advantage
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of this method is the ease with which lime may be obtained,
as it is readily accessible in the most remote places.

WATER GLASS METHOD.
The other common preservative is water glass. This is

diluted with from ten to twenty parts of water, but even greater
dilutions will serve when the eggs are to be kept for a short time
only. We have observed that the stronger the water-glass solu
tion the less apt the yolks are to break when fried. Water glass
gives better results than limewater, but is difficult to obtain
and quite expensive away from commercial centers. It should
be given the preference wherever available, although very fair
results can be obtained with limewater. One lot preserved in five
percent water-glass solution was still in very good condition the
following March. A little boiled water should be added from time
to time to make up for evaporation, but the addition of more water
glass is unnecessary. If the eggs are left projecting above the
solution they spoil rapidly.

It is absolutely essential that eggs for preserving be per-
fectly fresh. They should be preserved within twenty-four to
thirty-six hours after being laid. It is not safe to preserve eggs
whose history is not known, such as those obtained from dealers.
By following one of these formulas a fall and winter supply of
cheap eggs may be had which is fully as serviceable for most
purposes as higli priced fresh eggs, and which will not have that
peculiar stale taste so characteristic of shipped cold-storage
eggs.

A. E. VINSON.

PROGRESS AND PROSPECTS OF DATE-PALM CULTURE.

No. 72, APRIL 1, 1908.

Since the establishment of the cooperative date-palm
orchard at Tempe in 1899, much experience has been gained in
the planting and care of date palms at that point and elsewhere
in the region. As is to be expected in experimental work of any
kind, this experience has modified our original ideas concerning
the date palm in certain important respects. While the deserts
of the Old World and of our own Southwest resemble each other
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in a general way, they are not identical, and imported trees find
themselves confronted by modifications in climate, by new
enemies, and by changed commercial conditions.

Soils: Properly irrigated, the date palm will grow in any
of our Southwestern valley soils; but does not thrive well either in
certain excessively heavy clays or in light barren sands. Palms
will grow in soils so alkaline as to kill out old, established alfalfa;
and remain uninjured, as at Tempe, by water standing at or
near the surface of the soil for several months at a time. Only
an unusual excess of soluble salts will inhibit the growth of
date palms, small seedlings and recently planted suckers being
more sensitive than established trees.

Localities: In Arizona the valleys of the lower Colorado,
Salt and Gila rivers offer suitable climatic conditions for the
date palm, which occasionally ranges to an elevation of 3,500
feet in sheltered situations. At higher altitudes, with a shorter
growing season, only the earliest varieties can be expected to
ripen, while even our hottest and longest seasons are too short
to properly mature certain valuable late varieties. Medium
and early ripening sorts are therefore best suited to our climatic
conditions.

Cutting and transplanting suckers: Many of our native
seedlings, as well as imported varieties, are worthy of propaga-
tion, which is done by means of the offshoots or suckers. Suckers
should not be taken from the parent tree until they have attained
a diameter of 5-6 inches and a weight of 15-20 pounds. Suckers
should be removed by cutting in and down along the line of
cleavage between them and the main trunk, with a strong
chisel or a sharp flat-pointed bar. If possible the cut should be
carried down so as to bring away at least one or two sound roots.
The leaves should be closely pruned and for shipment the cut
bases had better be protected against drying out by a layer of
wet sphagnum moss.

In planting, the sucker should be set in previously wet and
well settled soil to the depth of its greatest diameter, taking care
that the center of the palm is not below the irrigating water level.

For convenience in irrigating, a shallow basin of earth
should be made about the sucker, in which, to lessen evaporation
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Varieties: Several of the Old World varieties, which have
thus far fruited, have failed to make good for various reasons.
Some have required a longer growing season to mature; others
have soured in damp or cool weather; and still others do not ap-
peal to the American consumer. A few varieties have proved
acceptable in all respects, and to such as these we must look for
future commercial developments. It is of especial interest in
this connection to note that certain seedling trees developed
in the orchard have produced early-maturing fruit of excellent
quality.

It is necessary, also, to develop an assortment of male palms
which shall bloom at all times during the flowering season for
fruit-bearing trees in order that fresh pollen may be constantly
available for this important operation.

Planting seed: By reason of the difficulty, oftentimes, in
securing numbers of desirable suckers from the Old World, and
the fair proportion of successful seedlings usually obtained,
those having ground and water to spare may wisely plant seed
with a view to the ultimate establishment of a grove of valuable
trees.

Such seeds, in order to offer the best chance of success,
should be derived from parent trees one or both of which should
be characterized by excellence and earliness in the fruit. The
Experiment Station, Tucson, Arizona, has a limited quantity
of such seeds on hand, the female parent of which is Deglet Noor,
while the male parents are seedlings from early varieties of
imported fruit. The resulting trees may therefore be expected
to present a fair proportion of palms whose fruit shall combine
excellence and earliness. These seeds, which may be planted
to advantage from April 1 to August 1, may be had upon request
while the supply lasts. In well-watered soil date seeds may be
planted to advantage as received; or, they may first be stratified.
This is done by taking a gasoline can or deep box and placing
three inches of sand in the bottom after making a number of
holes in it for drainage. The seeds are placed upon this layer and
the can or box rilled with sand, the whole then being put in a
sheltered place and kept moist for three to six weeks, when the
seeds will be soft and ready for prompt growth when planted.
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Care should be taken not to allow the seeds to sprout, as they
are then easily damaged. The seedlings may be started either
in nursery rows for transplanting, after one to three years, or,
if frequent irrigations may be relied on, in the field where the
trees are to remain. In the latter case, bv making rows 25 to
30 feet apart, sufficient space remains for the culture of crops;
and by planting 5 to 6 feet apart in the rows, according to a plan
suggested by Mr. W. T. Swingle, provision is made for the re-
placement, by cutting out and shifting in the row, of superfluous
males and inferior female trees when their character becomes
evident. We have also found the borders of alfalfa fields avail-
able for date palms, although with some inconvenience to haying
operations.

In conclusion, attention is directed to the fact that the date
palm is valuable not only for its own products, but for the pro-
tection which it affords less hardy plants such as citrus fruits
and certain vegetables, which may be grown -in its shelter. In
the Great Desert of Africa and in certain oases in Lower Califor-
nia such protection is necessary to the irrigated gardens beneath
the palms, inasmuch as both the winter's frosts and the extreme
heat of summer are mitigated thereby. For this purpose the
date palm is ideal. Its deep root-system, its lofty crown, and
its straight trunk do not interfere with surface cultures; while
its leaves afford sufficient but not too much shade for trees and
plants beneath.

Looking to the undeveloped future, therefore, of a region
which will some day be brought to the highest possible state of
intensive cultivation, a grove of seedling palms, with possibilities
of valuable new fruit-bearing varieties, and for protective shade,
may be considered a wise investment.

It is not advisable, however, for planters at this time to
make heavy expenditures in date-palm culture, with the expec-
tation of prompt or certain profits for the reason that the subject
is still in its experimental stage with respect to the all-important
question of varieties best suited to the region.

R. EL FORBES.



VITALITY OF SEEDS UNDER WATER.
No. 73, APRIL 20, 1908.

Each year during the latter part of May the Colorado River
is in its annual flood period and overflows the adjacent land for
from two to six weeks, according to its elevation, making a flood
plain reaching back at some points as much as five miles. In
general, the land submerged is of superior value for agricultural
purposes, except that the crop season is interrupted by the sum-
mer flood. This land has been utilized by putting in quick-
growing crops after the flood has subsided when the ground has
become dry enough to plow. Under these conditions growth
is very rapid, since the ground is warm and exceedingly moist
to start off the young crop.

By chance it was found that sorghum seed planted in early
summer, before the flood came on, retained its vitality and began
growth as soon as the water had subsided. Obviously, a crop
that could be treated in this way would begin growth at least
ten days or two weeks earlier than would be possible if one had
to wait for the ground to dry out sufficiently in order to plow
and sow. This additional period of growth would enable the crop
to yield heavier by lengthening its growing season, and, since
the summer rains are very limited, would often mean the differ-
ence between success and failure of the crop. This method of
growing sorghum is practiced to some extent in the flood basin
of the Colorado at the present time.

The question naturally arose whethei there were other crops
that could be treated in the same way. In addition to sorghum
it was observed that the seeds of such plants as careless weed,
barnyard grass, Sonoran millet, Johnson grass, and wild hemp
or Sesbania, as well as cottonwood and willow, were able, appar-
ently, to endure the annual flooding without injury. The above
observations suggested the experiment of determining the length
of time which seeds of various cultivated plants can endure
submergence without injury.

Seeds in water: Preliminary experiments by V. A. Clark
were conducted by planting different varieties of seeds in open
bottles of water and testing them for germination from time to
time by the common method of filter paper on moist sand* The
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Conclusions: From Table I it is noted that alfalfa, barley,
beans, berseem, carrots, cotton, cowpeas, garden peas, and
wheat failed to germinate after being under water for fourteen
days or less. Also that 100 percent of radish, rutabaga, sugar
beet, and tomato seed, 75 percent of cabbaje and celery seed,
and 33 percent of watermelon seed germinated after being sub-
merged twenty-one days. It should be observed, however, that
in these instances the seeds were not in soil, but merely under
water.

From Tables II and III it is seen that amber cane or common
sorghum is about the only crop in the list that may be sown
successfully before a protracted flood period begins. Since 45
percent of the seed of this plant germinates even after fifty days
submergence it may be grown practically over the entire flood
basin of the Colorado. For obvious reasons about double the
quantity of seed that would be used under ordinary conditions
should be sown on the land. None of the fodder plants, as
African red top cane, dwarf milo maize, Jerusalem corn, white
Kafir corn, German millet, or pearl millet, can be depended upon
to endure submergence for any considerable length of time. The
tests with teosinte, Texas millet, and Siberian millet are of no
value since the viability of the seeds is too low to admit of re-
sults. As was expected, none of the -cereals, like oats, rye,
emmer, or Brazilian flour corn germinated after extended sub-
mergence. These can, therefore, not be sown. Japanese rice
and Honduras rice germinated in the water and continued growth
until the soil became quite dry. These could be grown, however,
only in water or where the soil remains very wet. A much
larger percentage of the seed of Johnson grass, Bermuda grass,
and Sesbania grew after being submerged for thirty-eight days
than when tested for viability in moist sand, the test being in all
probability of too short duration. Neither Johnson grass nor
Bermuda grass seed can be destroyed by continuous submergence
for fifty days.

J. J. THORNBER.



FARM MANAGEMENT WITH SHEEP.
No. 74, JULY 15, 1908.

Since the time of the early Spanish colonists sheep raising
has been one of the leading range industries of Arizona For
many years flocks from the northern part of the Territory have
been brought down annually to winter in the warm southern
valleys, where they are shorn and allowed to lamb while on good
pastures. More recently range conditions have become so un-
satisfactory that many flock-masters have purchased permanent
pastures in the irrigated districts, thus reducing to a minimum
the uncertainties of the range Two years ago not more than
250 sheep were pastured on alfalfa in these warmer valleys of
Arizona, but the industry has increased until now nearly 35,000
are kept in this manner. While breeds of the heavy mutton
type are not well adapted to the extreme heat of our southern
irrigated valleys, native ewes and their crosses do very well.
The possibilities of developing the sheep industry in southern
Arizona are particularly good, since early lambs .can be easily
produced at a time when they will command the highest prices
in Eastern markets.

PASTURE.

Alfalfa: If properly managed alfalfa furnishes a very satis-
factory pasture for sheep. It produces a fleece very clean and
free from objectionable seeds and burrs, but having a long, firm
staple free from the breaks so common in range wool, which are
caused by periods of poor pasture. The fleeces of pastured
animals are also somewhat heavier than those from the range.

Losses from bloat may be avoided in most cases by turning
the sheep into pasture for the first time when they are not very
hungry. This is best done by giving a good feed and water
during the morning, then turning them in at noon. When handled
in this way they will browse slowly and there will be little danger
of bloat.

Care must also be taken to avoid high borders deeply fur-
rowed alongside, for these occasion many losses. Sheep lying
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only dry and crack the soil but injure the constantly exposed
stools, many of which ultimately perish. This loss by heavy
pasturage can be avoided largely by harvesting alfalfa fields in
succession, then turning the flock on them long enough to clean
up only the waste hay and objectionable weeds. Sheep should not
be put upon alfalfa land when it is wet, because their small hoofs
and close herding habits tend to puddle and tighten the soil
seriously, rendering subsequent irrigation difficult.

RELATIVE VALUE OF ALFALFA, OAT, AND BARLEY HAY.

The question frequently arises: Can alfalfa hay be replaced
wholly or in part by barky or oat hay^ The following experi-
ments, which were noted on page 152 of the Seventeenth Annual
Report, seem to answer this question in the negative and con-
firm the results presented in Bulletin 50 of this Station on Steer
Feeding. For this purpose 40 range sheep were selected and
divided into four lots of 10 each, corresponding as nearly as
possible in weight, conformation, size, and feeding qualities. The
experiment continued 38 days. The results are given in the
following table, in which $9.00 per ton is taken as the average
value of the different kinds of hay :

PRODUCTIVE VALUE OF ALFALFA, BARLEY, AND OAT HAY FED IN

VARIOUS COMBINATIONS.

Lot 1
Lot 2
Lot 3

Lot 4

Ration

Alfalfa. . .
Barley hay .
Alfalfa and
barley hay

Alfalfa, bar-
ley hay and
oat hay. . .

Total
pounds
of feed

975
625

745

725

Gain

140

27.5

35

Loss

2.5

Pounds of
feed for

1 lb gain.

6.96

27 09

20.71

Total cost
of feed at

$9 per ton

$4.38
2.81

3.35

3.26

Cost 6i 1
lb gain

3.1 cents

12.2cents

9.3 cents

These results show alfalfa alone to give the heaviest gain,
and barley hay alone to give an actual loss of 2.5 pounds. I^ots
3 and 4 show that barley and oat hay at $9.00 a ton cannot re-
place alfalfa with profit in a ration for sheep. It must be noted,
however, that the barley hay used in this experiment was not
first-class; but the results show conclusively that under the con
dxtions of the experiment this hay cannot be fed with economy.
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The animals, moreover, show a preference for alfalfa and pick
it out first from a mixed ration. Oat hay is also eaten with
more relish than barley. The beards of the latter oftentimes
roll up between the jaw and the inner surface of the cheek,
causing irritation which necessitates their removal.

GENERAL MANAGEMENT.

Fencing: Fences for sheep should be not less than 3 feet
high, with posts every 16 feet, and preferably of woven wire with
a single barbed wire at the top. Barbed wire is apt to cause
loss of wool, because sheep when in full fleece are frequently
crowded through, especially if the wires are not stretched tightly.

Shade: Sheep do not suffer greatly from heat provided
they have plerity of shade and fresh water. They bunch up in
the shade during the day and feed in the late evening and early
morning. If there are no trees in the pasture a good shade can
be built easily and cheaply by setting up a double row of posts,
four feet high and eight feet apart each way. A smooth wire is
then fastened along the tops of the posts and a few leafy branches
placed across the wires.

Breeding: Ewes will breed three times in two years and
return a good heavy fleece each year. They should be at least
one year old before breeding, but many will bring forth lambs at
that age. Occasionally they drop lambs at any season of the
year, but the best months for lambing are October, November,
and December for the fall and March, April, and May for
spring. Early fall lambs, which fatten rapidly on the good
spring and summer alfalfa pastures, are ready for the eastern
markets in June and July, when the best prices for fat Arizona
range sheep prevail.

In order to demonstrate positively that fall lambs can be
produced for an early market with profit, I have determined the
weight at birth and at six months of a number of Tunis grade
lambs, dropped in November by native ewes, from a pure-bred
ram. The individual records for these lambs are given in the
following table:
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the lamb is young and unable to take all the milk from the udder.
Ewes that are known to be heavy milkers should be removed
from green pastures and placed on dry feed until the lamb can
take all the milk. There is also danger at weaning time. The
symptoms, which are easily recognized, are refusing the lamb
the teat and walking with a straddling gait. The ewe should be
removed to a shady place and given a good purgative, such as
Epsom salts or olive oil. After draining off any watery fluid,
rub the udder with a mixture of two parts of turpentine and one
of lard.

Sore teats: These are caused by wet, cold weather and a
deficient supply of milk, which provokes the lamb to bite. Ap-
ply a little vaseline every day, and keep the lamb away from its
mother as much as possible.

Rupture: This is caused by a strain while the ewe is heavy
with lamb. It is very common in Arizona flocks, since the prac-
tice is to shear just before lambing. The rupture will be noticed
on one side of the abdomen a little above the level of the hock
joint. A broad band should be placed around the abdomen and
allowed to remain until the rupture disappears. After recovery
the ewe should be fattened and marketed.

Sheep bot-fly: This insect, JE strut avis, has made its ap-
pearance of late in Salt River Valley. The most effective pre-
ventive for the attacks of this fly is to rub tar on the sheep's
nose. Much time may be saved in this operation by putting
the tar where the sheep will smear themselves. This is best
done by boring holes in a log one to two inches in diameter and
two to three inches deep, which are then filled nearly full of salt
with tar smeared about the opening. A dusty spot in the field
will also assist in keeping this pest in check, since the stamping
of the sheep in the dust keeps the fly at a distance. When the
grubs have once entered the head, the best treatment is to trepan
the skull and remove them. This, however, is not practicable
unless the animal is of special value.

Screw worms: Screw worm flies are quite a pest to sheep
owners. Care should be taken to smear all fresh cuts with some
fly repellant, such as sheep dip or fish oil, which can be procured
at most drug stores. Careful watch should also be taken to
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discover and remove the eggs of this flv from wounds before they
hatch.

Scab: Arizona shepherds are as a rule'familiar with this
disease. All sheep should be dipped once a year as a precaution,
because many range animals are infected or exposed. Range
sheep, especially, that are purchased and brought into the valley
for foundation flocks, should be dipped before pasturing with
or near other sheep that are known to be free from scab.

Internal parasites: These are not present in Arizona flocks
at this time; but careful watch must be kept, as continual pastur-
ing on the same land is apt to lead to infection.

Bloat: When, notwithstanding precautions, bloat does
occur the best remedy is to use the trocar and cannula. In
operating, an incision is made on the left side about half way
between the point of the hip and the last rib, where the swelling
is most prominent. In case a trocar is not handy, a knife will
answer the purpose very well. As soon as the swelling goes down
smear the wound with some fly repellant as directed under
"Screw worms,"

Foreign bodies in the eye: The awns^of foxtail or wall barley,
Hordeum murinum, give much trouble, especially with sheep
that are well wooled around the eyes and face. If not discov-
ered and removed in time to prevent their working up into the
eyeball, the sight may be permanently injured.

PROFITS.

Sheep do excellent work in cleaning up weeds and pasturing
waste corners. G. H. True, in the Thirteenth Annual Report of this
Station, page 260, states that fifteen lambs which were pastured
for ten weeks along the ditch banks at the Station farm, which
could have been utilized in no other way, paid $11.25 and saved
labor in ditch cleaning.

Five ewes which were purchased in May, 1906, and kept
on the Station farm, yielded the following returns in two years:
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and furrow irrigation are preferable for light soils which work
easily and sub-irrigate readily.

For ridge and furrow culture the field should be perfectly
le\el and laid off for rows from 100 to 500 feet long. This ar-
rangement will permit of equal and sufficient irrigation without
loss of water or flooding the rows. Just before planting time
the ground is again irrigated, and when sufficiently dry is disk
and drag harrowed to secure perfect surface pulverization. To
fertilize the field open out double furrows 30 inches apart,
throwing the two furrow slices in opposite directions and ma-
nuring to asdepth of 4 inches in the furrows. Then plow in to
form ridges over the manure These ridges may be conveniently
finished by dragging them lengthwise with a long weighted plank
drawn by a horse. This will leave flat-topped ridges about 24
inches wide on top, with furrows about six inches wide and deep
between. Thus prepared the soil may be more easih
kept in tilth and weeds controlled, than in flat culture.

Methods of planting: Onions may be grown from sets, from
seed sown in the field, or by transplanting young onions from
seed beds to the field. Although onions grown from sets may
be matured about two weeks sooner than from seed there is a
large percentage of multipliers among bulbs so gxpwn. Also
many blossom stalks are sent up requiring much labor to remove
and seriously damaging the selling and keeping qualities of the
crop. To the plan of sowing seed in the field there are several
objections. Being somewhat difficult to germinate the seed
must be carefully sown in perfectly prepared soil. This entails much
more expense in a large field than for seed beds only. Again,
between planting time in September and the first frosts, several
weeks of weedy weather intervene, necessitating several expen-
sive cultivations- Also, the labor of thinning, and replanting
missed spaces, is greater than for transplanting; and the cost
of seed is more.

The best and cheapest method is to sow the seed in beds and
transplant later to the field. As soon as hot weather abates
(usually in September) the seed is thickly sown in drills five
inches apart in beds of well fertilized soil. The water furrows
must be placed at intervals suitable for sub-irrigation. Two
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pounds of seed thus planted will provide young onions enough
for an acre. If the soil is moist when the seed is planted, the
seedlings should begin to appear in about nine days. An irriga-
tion will then bring the whole stand up quickly and with proper
irrigation and cultivation thereafter the young onions will be
as large as slate pencils in nine or ten weeks and ready to trans-
plant, usually in December.

The ridges having been prepared just in advance of plant-
ing, the young onions are lifted, as needed, the roots trimmed
to about an inch in length and the tops cut back about half
The rows are best laid out along the ridges by means of Crane's
marker. This is a round cottonwood log two feet long and ten
to twelve inches in diameter, with three rows nine inches apart
of pegs extending around the roller.- The pegs should be about
\\ inches long and spaced at four to six inches according to dis-
tance desired between onions. By means of a light frame tacked
to the ends of the roller, the marker is drawn along the ridge
leaving three perfectly uniform rows of holes. The trimmed
plants are then dropped one at each hole, set about 1 \ inches
deep and the soil firmly pressed about them by hand. It is
then well to irrigate them lightly to insure an even start of all
the plants. By this plan about 120,000 onions an acre may be
placed, planting five inches apart in the row, with three rows to
each ridge.

Irrigation and cultivation: If the ground has been well pre-
pared and ridges and furrows carefully constructed, the labor
of irrigating and cultivating onions is not excessive. For the.
sandy loam of the Yuma trial ground about 15 irrigations are
required from September to April in seed beds and field. Irri-
gation should be followed by cultivation both in furrows and on
ridges, to kill weeds, lessen evaporation of soil moisture, and
break up the salty crust which in most arid soils tends to form
on inter-irrigated ridges. The Planet Jr. No. 4 wheel hoe and
cultivator is an effective tool for onion culture.

Insect pests and diseases: Grasshoppers have occasionally
damaged young onions in the fall before frost; but the onion
thrips is the most serious insect pest thus far encountered. This
minute creature developed in great numbers in Yuma onion
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fields in the spring of 1908. Strong kerosene emulsion is the
best treatment tried, applied to advantage with a Simplicity
pressure sprayer and a Mistry nozzle.

The downy mildew, Peronospora schleideni, which does
much damage both in the Atlantic States and California, also
appeared, doing much damage. Bordeaux mixture, applied
with a spraying apparatus when the first signs of mildew appear,
is the proper treatment for this fungus.

Varieties: In order to reach the early markets in April
and May, it is essential, planting seed in September, to use the
earliest varieties of onions, inasmuch as they require between
seven and eight months, including the winter season, to mature.
At Yuma the White Bermuda is the most successful variety thus
far proven, although the red Bermuda and the Crystal White
Wax are close competitors. These are all mild, early onions
and good producers; but must be sold promptly as they do not
keep long. The superior appearance of the Crystal White Wax
brings it a somewhat higher price than the Bermudas, compared
with which however, this variety is a little later and a poorer
keeper. New White Queen produced a good test crop of large
late onions in 1906. The El Paso and the Prizetaker are very
uncertain yielders under Colorado Valley conditions; while
Louisiana Creole and Australian Brown have thus far produced
tops only, and no onions. At higher elevations, however, near
Tucson and in Graham County, Australian Brown is a good pro-
ducer and keeper.

Onion seed must be fresh and should be secured from re-
liable dealers. The Texas Seed and Floral Company, Dallas,
Texas, has thus far supplied us with White Bermuda seed of
satisfactory quality.

Harvesting and marketing: As the onions attain marketable
size, maturity may be hastened by withholding irrigating water
and drying out the soil. To the same end also the tops may be
broken over by means of a small roller. By these means three
weeks may be gained in the time of ripening. The lessened yield
will usually be more than made up by higher prices for an earlier
crop.

Next to transplanting and cultivation, harvesting is the
most costly item in connection with the crop. Flat culture
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onions are most costly to harvest, requiring the aid of a digging
tool, especially in adobe soil. Ridge culture onions, however,
if the soil is light and has been kept mellowr by cultivation may
be pulled by hand, and tops and roots trimmed with a sharp
knife in one operation. The trimmed onions are collected in
small piles, covered lightly with grass or weeds to prevent sun-
burn and left a few days to cure. If to be kept for some time
they must then be stored in thin layers or crates in a cool,
shaded, well-ventilated place.

Sacks are a cheap market package, costing 5 to 10 cents
for 105 pounds; but sacks allow the onions to bruise. Fifty-
pound onion crates, costing 14 to 25 cents each in Airzona, are
more convenient to handle, insure better keeping, and are usually
demanded by the trade.

Costs, yields and profits: The cost per acre, in money, of
growing onions must vary widely according to local conditions
and personal management. At the Yuma garden, with a sandy
loam soil, by the method of transplanting to ridges, an acre of
White Bermuda onions, delivered in Yuma, requires about
eighty days' labor by men and boys, and five to ten days' team
work, worth in wages about $170.00.

The yield of White Bermudas at the Yuma garden in 1906
was 8,330 pounds per acre; in 1907 on the same ground, 20,000
pounds per acre. Eight tons per acre is a common yield in the
region, this figure being sometimes exceeded in the onion dis-
tricts of south Texas.

The profits depend not only on skill in growing and yield,
but also upon prices and marketing facilities. In 1907, with a
good yield and prices ranging from two to five cents a pound
delivered at Yuma, 1.2 acres of White Bermudas netted about
$400.00 after deducting all costs, including labor. In 1908 with
increased costs and decreased yields due to onion thrips and
mildew, with a late season, demoralized markets and poor ship-
ping arrangements, the crop was grown at a loss.

With a considerable early market demand in California and
Arizona towns and with an efficient shipping organization, early
onions may still be considered a fair chance as a winter crop
for the Southern Arizona grower.

E. Iv. CRANE and R. H. FORBES.



SOME COMMON PLANT DISEASES.

No. 76, November 20, 1908.

The object of this publication is to discuss the plant diseases
that are causing greatest loss to crops in Arizona and describe
the methods of controlling them. These diseases are due, for
the most part, to two classes of organisms,—fungi and bacteria.

For the successful control of a plant disease some knowledge
of the nature and life-history of the organism causing it is of
great assistance, for it is usually upon some weak point in the
life history of the organism that the attack is made. To
illustrate this we shall describe a typical case—that of the onion
mildew.

A TYPICAL FUNGUS DISEASE.

The fungus is reproduced by very minute bodies called
spores. These are so light as to be carried about in the air, and
one of them, settling upon an onion leaf, germinates, producing
a minute tube-like filament which penetrates the surface of
the leaf and enters the cells beneath. This germinating spore
and germ tube is the most delicate and sensitive stage of the
fungus. Once within the tissues the filament grows and branches
profusely, entering and killing the living cells and absorbing
the nourishment. Part of the fungus now grows out and covers
the surface of the leaf, giving it a light, mouldy appearance.
On this external growth innumerable spores are borne which
break off and are wafted in all directions by the wind. Alighting
on other onions these spores spread the disease, so that from a
few plants a whole field may soon become infected. These
spores are very short-lived and soon lose their power of germina-
tion. They constitute a rapid means of spreading the fungus
during the active season but cannot carry it over to the next
year. However, somewhat later in its development the fungus
produces within the tissues of the leaves an entirely different
class of spores. These are thick-walled, very resistant to drought,
heat, or cold, have no capacity to germinate the same season,
and cannot escape from the interior of the leaf until the latter
decays. They remain dormant in the old decaying tops until
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the next year, and are then able to grow. Being released by
this time by the decaying away of the tops they are spread about,
mainly by the wind, and coming in contact with fresh tops ger-
minate upon them and start the life-cycle over again.

In this life-history we see three critical places where it is
possible to make most effective our efforts against the disease.
First, the fungus passes its dormant period in the form of spores
in the old diseased leaves. It is apparent that in proportion as
these latter are gathered and destroyed we avoid infection from
this source. Second, both classes of spores while germinating
are extremely delicate, but they germinate upon a leaf surface
comparatively tough and resistant, and poisonous solutions of
a strength quickly fatal to the-spores will not at all injure the
leaves. This is the principle utilized in spraying. Third, usu-
ally comparatively few plants are at first infected, and the
disease spreads from these to the rest of the field by means of
the numerous spores produced on the outside of the infected
plants, so that prompt control of the first diseased areas will pre-
vent further infection from them.

SPRAYING.

Spraying for fungus diseases of'plants has been practiced
many years with great success, and in many places is a constant
and indispensable feature of horticultural operations: Before
passing on to specific methods, one or two very important facts
must be emphasized. Most of the measures against plant dis-
eases are not so much curative as preventative, for, as intimated
already, the main principle in spraving is to cover the plant with
a thin film of a substance that, while not strong enough to injure
the plant, is sufficiently strong to kill the fungus spores that at-
tempt to germinate upon it. Three points require special em-
phasis. :

1. Careful preparation of the spraying mixture: Any
departure from the proportions given may, on the one hand,
injure the plants and, on the other, decrease the effectiveness
upon the fungi. 2. Thoroughness of application: Every part
of the plant exposed must be thoroughly drenched with the spray
so that no places are left for infection. 3. The spraying must
be done at the right time: More failures result from lack of this
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precaution than from all other causes. In cases of diseases that
are well established and pretty sure to occur every year the
spraying must not be delayed until the disease appears but
should first be done previous to the time of infection. In other
cases careful watching and prompt action upon the
first appearance of the disease is necessary, for, let it again be
emphasized, that while the first infection may affect only a few
plants, from these, by means of the myriads of spores produced
externally, it may spread with great rapidity.

As to spraying apparatus, to be effective it is absolutely
necessary to produce a fine spray. There are many good spray
pumps and nozzles now on the market from which choice may be
made. An excellent type of apparatus which has recently come
into general use is that which operates under pressure induced
by an air pump connected with the reservoir containing the
spray mixture. When once pumped up by a few vigorous
strokes of the plunger the sprayer will operate for several minutes
without further attention from the workman. During the past
season this Station has used a five-gallon Simplicity sprayer of
this type manufactured by the Dayton (Ohio) Supply Company,
with good success. Among several nozzles tried the Mistry has
given, perhaps, the best satisfaction. The Mistry, Jr., is also
highly recommended.

Where much spraying is to be done a barrel pump,—one
that fits into an ordinary fifty-gallon barrel, will be necessary.

PREPARATION OF FUNGICIDES.

The mixtures to be used against fungus diseases are pre-
pared as follows:

Bordeaux mixture: This is the most valuable of all fungi-
cides and the most widely used. The poisonous substance used
in it is copper sulphate (blue stone), to which lime is added to
prevent injury to the foliage and to make it more adhesive. The
proportions are;

Copper sulphate 1 pound
Unslaked lime 1 pound
Water 10 gallons

Any amount may be made up at once. The two substances
are dissolved separately in wooden vessels. Dissolve the copper
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sulphate in water. Heating the water quickens the rate of
solution. The copper sulphate will dissolve more rapidly if
suspended in a sack near the surface of the water. This pre-
caution is convenient where large amounts are being made up.
Then slake the lime, adding water slowly at first so that the lime
crumbles into a fine powder. When slaked add water to thin
it. The two solutions are then mixed together. As they mix
better when dilute a good plan is to add water to the copper
sulphate solution until there is four or five gallons to a pound of
copper sulphate. Then dilute the lime until there is at least two
or three gallons per pound of lime and then pour the lime solu-
tion into the other, and stir thoroughly. Add water to this
mixture until it is diluted to the required amount, i, e., until
there is ten gallons for every two pounds, mixed, of co'pper sul-
phate and lime. When larger amounts are to be made up these
proportions may be maintained throughout. Make up and
keep only in wooden or earthen vessels.

Potassium sulphide; This is a solution of potassium sul-
phide in water, using one ounce of commercial sulphide to three
gallons of water. It is especially useful for some of the mildews.
It will not keep after being made up and must be prepared just
before using. The commercial sulphide can be purchased at
any drug store.

Sulphur: This is applied in the form of "flowers of sul-
phur," which is dry, sublimated sulphur. It is dusted on when
the plants are wet. If much is to be used a sulphur bellows
should be obtained. These are handled by seedsmen and cost
50 or 75 cents. A more laborious way is to dust the sulphur
through coarse sacking.

Corrosive sublimate: This is used as a solution, at the rate
of one ounce to seven gallons of water. It is extremely poisonous
and should be handled cautiously.

Formalin: This comes in the form of a liquid, labelled
"40% solution)J and for use should be diluted with water at
the rate of one pint to thirty gallons of water.

FUNGUS DISEASES.
Onion mildew: This disease, whose life-history has been

described, is very destructive in some localities, and is likely to
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become more so with the increase of onion culture in Arizona.
The first indication is a light mouldy appearance of the leaves.
This is followed in a day or two by a yellowish spotted appearance
and the tops collapse and fall over. The disease rarely appears
over a whole field at once but usually occurs in spots from
which it gradually extends until the whole field may be included.

Remedy.—Upon the very first appearance of the disease
spray the whole field very thoroughly with Bordeaux mixture.
As solutions do not stick well to onion tops, these being not
readily wetted, a "sticker" must be added to the Bordeaux
mixture. This is made as follows: Resin, two pounds; sal soda
(crystals), one pound; water, one gallon. Boil together until
clear, which usually takes about an hour and aC half. This
amount will suffice to add to fifty gallons of the Bordeaux. It
is desirable to spray again in about ten days. In regions where
the disease is common so that its appearance may be expected
annually it will be prevented by spraying first when the plants
show about three leaves, and repeating during the growing sea
son at intervals which may vary from ten days if the weather is
wet, to three weeks if dry. It is very important that all diseased
tops be carefully collected and burned. The spread of the fungus
is facilitated by shade and moisture. Wet soils should be avoided
and only well-drained fields used. Anything interfering with
light and air, such as tall weeds, should be guarded against.

Potato scab: Potatoes are grown to a considerable extent in
Arizona and are subject to several serious diseases. The "scab"
is found only on the tubers, which become roughened and
shrunken and cracked in the diseased areas. The fungus is spread
almost entirely by means of diseased tubers used for seed.

Remedy.—Scab can be entirely prevented by soaking the
tubers to be used for planting in a solution of formalin, one-half
pint to 15 gallons of water, for two hours. Then cut and plant as
usual.

Early blight: This disease is very destructive in practi-
cally every country where potatoes are grown. It destroys the
leaves and sometimes the stems but not the tubers. It appears
at first as brownish dead spots over the leaves, especially near
the margins. The leaves finally become quite brown, curl up,
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and become dry and brittle, and the plants have the appearance
of premature death.

Remedy.—Spraying with Bordeaux mixture is a successful
preventative. Plants already attacked can not be saved but
the disease will be held in check by spraying. Where the dis-
ease is prevalent spray first when the plants are six or eight
inches high and repeat every two weeks during t'he entire growth
of the plants. Where the disease appears for the first time spray
the whole field at once, and repeat at intervals of two weeks.

Rosette, Black-leg, or Little Potatoes: This variously named
disease does serious injury to potatoes in Arizona In some
states it is the chief disease of potato crop failure. It attacks
the tubers, and also girdles the stem just at or beneath the sur-
face of the ground causing a conspicuous blackening of this region.
There is at first an abnormally vigorous development of tops
and the formation of small tubers above ground at the base of
the plant or even in the axils of the leaves. Then the whole
plant weakens and dies prematurely.

Remedy.—As the disease is mainly below ground spraying
is useless. The trouble usually starts with diseased seed, so
the remedy is to use only healthy tubers for seed. If the seed
is from fields where the disease exists it should be treated with
formalin as for scab. All old diseased parts must be carefully
collected and burned. Occasionally a soil becomes impregnated
with the fungus and then there is nothing to do but cease growing
potatoes on it for a time.

Dry rot of tubers: This wide-spread potato trouble is very
prevalent in Arizona, and frequently causes a loss of a large pro-
portion of stored potatoes. While causing some injury to the
growing plant the chief loss is the rotting of the tubers after
they are harvested. At first the tubers appear quite sound,
no external indication of the disease being present. If, however,
the tuber is cut across at the stem end there are seen distinct
black areas in the shape of streaks through the flesh or in the
form of a ring. The blackening of the tissues slowly spreads
until finally the whole of the interior of the tuber is affected.
The first external indication is a shrinking and drying up of the
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stem end. This continues until the entire tuber is a shrivelled
hardened mass.

Remedy.— As the fungus 'is confined to the underground
parts, spraving* the plants is of no service nor can the tubers be
treated as the fungus is internal. The disease is first introduced
into a soil by means of diseased tubers so that the most important
precaution is to avoid the introduction of the trouble by using
only seed free from the disease. If the seed tubers are not per-
fectly sound they should be cut at the stem end and examined
for the black areas. Diseased tubers if thrown out will infect
the soil, so they should be burned, and on no account thrown
on manure piles, or fed to stock. Unless the soil is badly in-
fected clean seed will give healthy tubers, but diseased seed
invariably results in diseased tubers.

Tomato rot: A very prevalent trouble and one that causes
great loss to tomato growers is the black rot of the fruit. This
appears at first at the blossom end of the tomato as a dark-colored
shrunken area. It first becomes noticeable when the fruit is
about one-half to two-thirds grown. It gradually spreads until
it may include the whole fruit. The rotted part is at first very
soft, but finally dries up and the fruit shrinks into a mummy-like
form, after remaining attached to the plant.

Remedy.—Tomatoes should not be planted in badly infected
ground. Whenever possible diseased fruit should be collected
and burned. When the plants become too dry they are especially
susceptible to this disease. It is prevalent on dry soils and during
dry weather. Frequent and liberal irrigations serve as the best
preventative. Some varieties, notably the Dwarf Champion,
are much less liable to the disease than others.

Alfalfa leaf-spot: This is most prevalent during wet springs
and at such times is very destructive. The leaves become
spotted and yellow and drop off, and the tops die down. Whole
fields are injured in this way.

Remedy.—Upon the first appearance of the disease the
crop should be cut. It is not injured for hay and the amount
cut is saved. Otherwise it will dry down and be lost. Unless
the season is very wet the next cutting will be less affected by
the disease.
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Rose mildew: This is quite common and does considerable
damage to ornamental roses. The fungus covers the leaves with
a white downy film and the young leaves and buds become dis-
torted and stunted and often killed.

Remedy.—Dust the plants well two or three times at inter-
vals of a week or ten days with flowers of sulphur. It is best
applied when the plants are wet. Or, if more convenient, spray
as-* ften with a solution of potassium sulphide using ont ounce
to J:hree gallons of water.

BACTERIAL DISEASES.
Bacteria which give rise to disease gain entrance to the plant

usually through very delicate areas, as the root hairs, flower
nectaries, water pores on the leaves, and other places, so that
spraying gives no protection against them. Within the plant
they multiply rapidly, killing the parts they come in contact
with. They are usually liberated only by the decay of the parts
affected. The methods of control must consist entirely of pre-
ventative measures.

Cabbage rot, sometimes called black-rot of cabbage, or shank-
rot: This is a bacterial disease which produces a rotting of the
cabbage plant. It attacks, though not so severely, many other
plants of the same family, including cauliflower, turnip and
radish. The trouble appears first in the leaves, more often the
lower ones, from which it spreads throughout the rest of the plant.
The bacteria follow the courses of the veins causing these to be-
come distinctly black. Diseased plants can be most readily
detected by breaking off the lower leaves and examining the
veins of the leaf stalk. If these are quite black the disease is
present. The affected leaves soon begin to wilt, become yellow-
ish in appearance and finally dry up. The stem becomes soft
and decayed and its veins very black.

Remedy.—Because of the manner in which the bacteria
causing cabbage rot gain admission to the leaves, spraying is of
no avail. The only practicable measures are preventative ones.
As the bacteria retain their vitality from one year to another it
is important that all diseased parts of plants be removed and
burned. Old diseased leaves left in the field will act as sources
of infection the next year. Low, damp soils, or too much water
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in any form facilitates infection. Dry, well-drained soils are
much less liable to the disease. The seed bed should be watched
carefully, kept well drained and free from shade, and only per-
fectly healthy plants transplanted. Often the trouble starts in
the seed-bed, because of infected seeds. In this case prepare a
new bed on clean soil, and sterilize the seeds by soaking fifteen
minutes in a solution of corrosive sublimate, one ounce to seven
gallons of water, or, soak in formalin, in the proportion c ... sie
pint of forty per cent formalin to thirty gallons of water, for one
hour. When the disease becomes very bad the soil will become
infected a-nd then there is no recourse but to discard the field
for cabbage culture for several years.

Peat blight: This occurs on pears particularly but also on
apples, apricots and quinces. It is due to bacteria which gain
entrance to the twigs. It appears at first as small, shrunken,
blackened areas which rapidly spread until the entire twig or
branch is blackened. At the same time the leaves have turned
brown or black and wilted, still remaining attached. In the
spring from the diseased parts a dark, mucilaginous fluid oozes.
If,left alone the disease is likely to spread until it kills the whole
tree.

Remedy.—-The only remedy is to cut away the diseased
parts. It usually appears on but few twigs at once and its
spread is stopped if these are cut away. They should be cut at
least six inches below the lowest diseased area As the knife
is sure to come in contact with diseased parts it should be
sterilized each time by dipping it in a solution of corrosive sub-
limate, one ounce to four or five gallons of water. The parts
cut away should be promptly burned.

W. B. MCCALLUM.


