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The use of 500 to 1,000 pounds of sulphur and a
liberal application of nitrogenous organic matter has
been most effective. It is found best to "disk-in" or-
ganic matter and use surface cultivation rather than
deep plowing in preparing a seed bed. Sulphur was
used on alkali land for the first time by the Soils Depart-

Salt tolerant grasses and legumes provide some for-
age and help improve the organic content and perme-
ability (luring reclamation. Greenhouse and laboratory
studies in conjunction with demonstration trials on sev-
eral alkali areas in the state confirm the value of this
program of improvement. The information developed
has been of great value in selecting and classifying land
for new irrigation projects and for culling out land in
connection with rehabilitation with older projects.

FOREWORD
The improvement in use of saline and alkaline soils

involves some of the most difficult soil problems in the
arid region. It is estimated that there are some 300,000
acres of salt-affected land in Oregon, one-third of which
is situated in a good growing climate, and facilities for
water control are favorable for its improvement.

Studies during the past two decades by the Soils De-
partment show that the reclamation of saline lands can
be accomplished by deep drainage and copious irrigation
with water of good quality.

The reclamation of black alkali which contains an
injurious amount of sodium carbonate requires chemical
treatment.

ment in Klamath Basin in 1917.

The information is also useful in advising farmers
as to the feasibility or economic methods of reclamation
of alkali areas within occupied farms.

Dean and Director



Reclamation and Use of Alkali Soils
W. L. PowERs*

Soil Scientist in Charge, Oregon State Agricultural Experiment Station

THE TERM "alkali soil" is used in this bulletin to designate land that is saline,
that has an excess of adsorbed sodium, or both. White alkali is due to an

excess of neutral salts, usually sulphates and chlorides. An excess of sodium
chloride gives a hard, firm surface crust with cubical salt crystals. If sodium
sulphate or magnesium sulphate predominates, a fluffy crust of puffy alkali
with long, needlelike crystals may occur; if calcium chloride is present, the
salty crust may appear moist.

With deep drainage and adequate irrigation water of good quality, salty
soils that are not heavy in texture can be washed out. Black alkali soil contains
injurious amounts of sodium carbonate, bicarbonate, of hydrate, the latter of which
acts on the soil colloids and humus giving a dark, puddled, impervious condition
that is chemically alkaline and caustic to tender plants. Chemical treatment and
restoration of permeable soil structure is necessary before laundering can
succeed. This development is favored by periodic leaching with rain water in
the presence of soluble lime. Alkali hardpan may occur where the ground
water is too low for salts to be drawn up by capillary action to the surface and
there deposited upon evaporation. This hardpan may develop a prismatic or
columnar structure with a dark gray.color.

Soil surveys may classify alkaline soils into those that are slightly, medium,
and strongly alkaline, the classification being based on (1) total salt content
and (2) reaction value, or pH. A pH of 7.0 represents neutrality. Saline soil
may be defined as having a pH below 8.5 and a soluble salt content of 1,000
to 2,000 or more parts per million. Alfalfa will appear chlorotic at about pH
8.6 under conditions at Vale, Oregon.

Cause of alkali soils
The primary cause of alkali soils is a high water table with poor drainage.

Arid soils, especially those from sedimentary rocks, are unleached; and certain
soluble salts, which may be concentrated in seepage or ground water, move to
the surface, and evaporate. Impeded drainage, intermittent wetting with
saline irrigation water, intensive evaporation due to aridity, and accumulation of
salt by wind all contribute to formation- of alkali land. The greasewood areas
in southeastern Oregon are on the lee shores of intermittent lakes or playas.
A saline playa may freshen in wet years if fresh water, silt inwash, and wind-
carried dust cover and drive the salts down so that economic growths like blue-
joint can be re-established

Previous studies
Hilgard (6)1- conducted extensive studies of alkali soils and recommended

use of calcium sulphate or gypsum to aid in leaching the sodium salts. Scofield
(23) called attention to need of flocculating the puddled alkali soil and recom-

*ACKNOWLEDGMENT: Mr. W. W. Johnston was in immediate charge of the Vale Ex-perimental Area from March 1921 to October 1925, during which period he rendered valu-able service.
t Italicized numbers in parentheses refer to REFERENCES CITED, page 30.
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land reclamation investigations.
Gypsum and manure were used during the period 1913 to 1917 in the im-

provement of drained alkali land near Klatnath Falls (13) (7). Sulphur was
perhaps first used in alkali soil improvement by the author in Klamath Basin
in 1917 (18) and with organic manure to aid neutralization of alkali and oxida-
tion of sulphur near Vale in 1921 (8). Ahi and Powers (1) showed that tem-
perature is a factor in salt tolerance. Alkali -tolerant grasses and legumes have
been used successfully for pasture in studies during reclamation. Simultane-
ously, soil scientists ill other states (3) (9) (11) (14) (25) and foreign coun-
tries (4) (24) have helped to develop an understanding of the principles gov-
erning formation and elimination of soil alkali.

Alkali control is one of the most difficult soil problems in an and region.
There are perhaps 300,000 acres of such land in Oregon (Figure 1 ), one-third

of which is situated where the growing climate and water control facilities are
favorable for its economic reclamation. More than $3,000,000 has been spent
in reclamation or protection of salty lands in Oregon. Understanding of the
problem is needed to avoid ruining oilier irrigated lands. Considerable irrigated
land in the West has been abandoned, and on other irrigated land there is
danger of yield decrease to unprofitable levels.

The purpose of this bulletin is to summarize and put in available form the
information gathered from Oregon alkali investigations as a contribution to

tr.

STATION TECHNICAL BULLETIN 10

mended use of alum for this purpose. Kelley and Brown (10) demonstrated
that exchange sodium or sodium-clay was the real cause of black alkali. Dur-
ing the past two decades the author and his associates have maintained alkali

Figure 1. Alkali map of Oregon. Gray shaded areas indicate moderately alkaline land and
black strongly alkaline land.
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SRECLAMATION AND USE OF ALKALI SOILS

land use in the West. Since former publications are out of print (8) (18) (22)
or in technical journals (1) (19) (20) (21) (26) not readily available to the
farmer, the information formerly reported will be reviewed somewhat in this
bulletin.

Oregon experiments
Early studies of the alkali problems in Oregon, included in wild meadow

investigations (22), reported measurement of amount and composition of irri-
gation and drainage water, and use of gypsum, sulphur, and manure for alkali
improvement in the Klamath Basin and other areas.

VALE EXPERIMENTAL AREA
In 1921, alkali reclamation studies of the Oregon Experiment Station De-

partment of Soils were centered on an experimental area near Vale, Oregon
(Figure 1). Various notions as to improvement of such soil were tried
out during the following 18 years. In this region thousands of acres of alkali
lands including hard, greasewood land (Figure 2) are included in existing

Figure 2. Native vegetation in foreground versus plot N, reclaimed with sulphur and manure
in background.

projects with irrigation and drainage facilities close at hand. The County Farm
Bureau and local interests provided for clearing and drainage of the experi-
mental tract.

The native soil of the experimental area is heavy loam of old alluvial origin
with hard subsoil extending from 20 to 40 inches in depth and represents an
extreme type of black alkali land high in sodium silicate and nearly saturated
with exchange sodium. Base exchange capacity is 58.4 milliequivalents per 100



salt-tolerant growths.
The 14-acre experimental area (Figure 4) in the spring of 1921, was

sampled, cleared, drained, leveled, Biked for flooding, and chemically treated.

Several hundred and alkali analyses have been made in the course of the study.
Drainage and irrigation waters have been measured and periodically analyzed.

Irrigation has been by flooding, using 42 to 60 inches depth a season. The
unreclaimed land was so impermeable that 11 irrigations were needed to apply

In an attempt to mat the need for a cheaper method of drainage, an ex-
periment was conducted to determine the feasibility of the sluicing method of
constructing a deep ditch. The method used was to ran stream of water of
some four second-feet through a shallow ditch and deepen it by stirring up the
earth in the bottom and washing it out with tire water. In constructing the

outlet drain for the experi-.
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grams, of which 50.4 is sodium (1) (12). Sandy material is usually encoun-
tered at about 8' feet and gravel at 12 or 13 feet. The soil colloids swell upon
wetting and the soil pores close up. The initial pH averaged 10.4. The native
vegetation is mainly greasewood with some rabbit brush, salt grass, and other

42 inches depth the first season.

CHEAP DRAINAGE PROVIDED BY SLUICING

Figure 3 Twelve-foot drain built by sluicing at a cost of
20¢ per foot.

mental area, various meth-
ods of loosening the hard
soil were used, including
a long bar, a shovel, and
a cultivator. The culti-
vator was attached, by
means of a chain, to a
pole that extended across
the ditch. A horse was
hitched to each end of the
pole, and the machine
dragged up and down the
ditch. This seep-banked
ditch, averaging 12 feet
in depth, cost 20t per lin-
ear foot, or about 11¢
per yard excavated (Fig-
ure 3). This led to the
development of a scarify-
ing tool similar to a
thresher cylinder, a model
of which was made with
the cooperation of Percy
Purvis. This tool can be
constructed of iron by
any good blacksmith at a
cost of about $25.00. Sev-
eral miles of deep drains
have been built subse-
quently in Oregon by
sluicing.

6
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Table 1. ALKALI CONTENT OF VALE PLOTS BEFORE AND AFTER TREATMENT
(Expressed as salts of sodium. 3' average of composited samples, 3 horizons.)'

Initial-Spring 1921 Concluding analysis-Fall 1938

Carbonate Chloride Sulphate Carbonate Chloride SulphatePlot and treatment per acre Total salts as Na2CO3 as NaCl as Na2SOs pH2 Total salts as NasCO3 as NaC12 as Na2SO4
P.p.m Ppm Ppm P.p.m P.p.m Ppm Ppm P.p.m

tons, manur,o 6,400 1 110 264 5,030 8.41 639 278 210 7525,634 592 168 4,874 9.39 1,762 609 291 2,726C: S 25 tons, M 10 tons,
gypsum .75 ton ..... 11,848 1,517 1 134 8,833 8.67 854 424 205 809D: Manure ..................... 7,668 1,591 378 5,699 8.64 944 628 160 838E: None ........................ 6,700 2,072 504 4,124 9.66 1,852 1 091 205 1,590F: Green manure .-------- 9,155 1,961 1 134 6,060 8.80 800 538 1.83 767Range II

G: Sulphur .25 ton 5,387 1,591 882 2,914 8.58 847 390 313 1,732H. Sulphur .5 ton .................. 5,711 705 714 4,292 8.50 778 453 233 1,278I: None .................................. 4,737 1,591 672 2.474 9.49 5,370 1 199 1 363 7,810J: Gypsum 10.2 tons ...___----- 7,791 1,147 420 6,224 9.27 1,612 1 123 248 2,212K Gypsum 6.8 tons ______________ 9,356 1,924 756 6,676 8.67 1,192 638 162 1,363L: Gypsum 3.4 tons .............. 6,036 1,517 420 4.099 8.73 1.067 676 162 1,306
7 172 1 444 620 5 108 8 90 1 476 671 311 1 932

'Initial analysis was made by W. W Johnston Lester Weaver assisted i
2lnitial pH in spring 1921 was 10.4
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TREATMENTS AND THEIR EFFECTS
The arrangement of major experimental plots and the treatments applied

are shown in Figure 4. Soil samples were collected at the start of the trial
and again in late August of the same year. Materials were fallowed in and
irrigations were increased to induce leaching. In Table 1 the initial average
alkali content is listed, calculated as sodium chloride, sodium sulphate, and
sodium carbonate.

Gypsum 200*

Sulfur 500e

Nanur a
Sultu, 200'#

Manure S Nee S
250*

Manure Ceeee

NNejz SO,

I Check

A B C D. E F

Total Check Total Total Check Total
Manure Manure Manure

60T 40T. 40T SOT

Sulfur Sulfur Gypsum
5T3000*AC 1500 Ac Total

Sulfur
4000*AC Total

600tfAc

K L

Total Total
Gypsum Gypsum
I3,6004 20,600

pop ,ooa'I ce.ee e e

Figure 4. Vale experiment plots plan.

I

U O P

5



9

The first season the drain discharged 22 acre-feet of water containing
40,850 pounds of total salts. During the first two years nearly 100 tons of salts
were renoverl. It was found that most of the soluble. neutral salts could he
removed in two or three years of leaching. The adsorbed sodium offered more
difficulty, however, and required chemical treatment for elimination.

Evidence as to general fertility of this soil and the effect of leaching
thereon was gained by analyses of composite samples taken at the start of the
experiment and aster various successive pear of leaching. While sodium car-
bonate elimination required lime, even with the most effective treatments. na-
tral salts were promptly reduced. The sulphur and nitrogen contents were
reduced somewhat, but otherwise the leaching had little effect on the fertility
elements; namely, phosphorus, potassium, calcium, or magnesium. Application
of ammonium sulphate was not very effective in increasing soil productiveness.

RECLAMATION AND USE OF ALKALI SOILS

Figure 5. Greasewood land after draining, flooding, and addition of sulphur (cost $8 per acre),
yielded nearly one ton of rye hay per acre. Note check plot B, without sulphur, at left.

Figure 6. White sweet clover after addition of gypsum and a first crop of rye. Check
plot B in the foreground.



The cropping plan for cultivated plots had been rye or barley for a nurse
crop followed by sweet clover and then alfalfa (Figures 5, 6, 7). Reseeding
has been done most successfully in the spring after winter precipitation and
reduced evaporation has tended to freshen the surface soil. Deep plowing has
been found inadvisable as it tends to bring hack puddled, salty soil to the sur-
face. Disking in manure or mature sweet clover including seed pods helps
form a mulch, a mellow seed bed, or a cover crop and lessens baking of the
soil. Any growth is better than no cover provided weeds are cut before they

can go to seed. The organic acids from growth and decay or organic matter
tend to neutralize while clue roots take water from below the surface which
their tops shade and also mulch against surface evaporation and return of salt.

to the top of the soil. A mulch coats the soil and reduces toxicity of alkali

Manure seems to hold alkali salts like a sponge, and with green manure alone

the progress of reclamation has been slow. When sulphur was added to manured
plot A in 1924, a good stand of sweet clover and. later, alfalfa was established.
This crop has been grown successfully with regularity since 1927 on what had
been waste greasewood land. Manure, upon decaying, produces carbon dioxide
and carbonic acid. It also adds microorganisms that aid in the oxidation of
sulphur. Deficiency in soil organic, matter and lack of carbon dioxide are
factors contributing to the low^ fertility of alkali land. Since the manure re-
tains some acid resulting from the sulphur applications, the colloids are floccu-

lated and stabilized. Hence the drainage from such soil is clear and sealing up
is avoided. Also some iron and manganese are made available.

Calcium sulphate has been used in varying amounts in these experiments.
The heaviest gypsum treatment was made on plot L, and the soil became some-
what more mellow at the surface. Chemical improvement or increase in pro-
ductiveness, however, has been slow. Rye seeded in the fall of itt22 yielded up
to 2,020 pounds on the heavy gypsumed plot C. Sweet clover, seeded in the
fall of 1923, made a good crop on the plot receiving 10.2 tons of gypsum.
Little benefit was noted from less than b.801) pounds of gypsum alone. Gypsum
is 18 per cent sulphur, and its solubility is limited to 0.21 per rent. Sulphur is
more reactive and may perform a cyclic role by bringing calcium into solution.
Sulphur may change carbonates to less alkaline bicarbonates. Sulphur and
gypsum together have helped to start new seedings better than sulphur alone.

To the Vale experiments alum has been used in amounts ranging from 500

pounds to 5 tons per acre. Little response was obtained with applications up
to 2 tons while the 5-ton application resulted in a good stand of sweet clover
when no stand was obtained on an untreated plot. Physical improvement and
increased permeability were marked. Time aluminum ion is amphoteric and
may under sonic conditions yield alkaline aluminum hydrate (14). The cost

4'I
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salts.

Manure

Calcium sulphate (gypsum)

Alum

made this treatment impractical.

Iron sulphate
In equivalent amounts iron sulphate has given more prompt results than

sulphur, but it is too expensive for farm use.
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Figure 7 Alfalfa established after use of sulphur and manure following a sweet clover
crop Alfalfa yielded up to 6.6 tons an acre Plot A.

Sulphuric acid
Applied by siphoning from a carboy into the irrigation water and used in

amounts equivalent to the sulphur needed, sulphuric acid has been promptly
effective in improving the alkali soil so that alfalfa can be established. Applied
to dikes as a spray, it has been effective in control of alkali crusts and weeds

without injury to established grasses and with only slight injury to clothing. It

is rather bulky and difficult to handle.

Sulphur
Elemental sulphur applied to soil is oxidized mainly by biological activity

and combines with water to form sulphuric acid. This reacts with calcium car-
bonate in the soil to form calcium sulphate and increases the calcium in the soil
solution The calcium then participates in a base exchange, freeing the ad-
sorbed sodium from the clay so it can be laundered out. The soil structure
is changed from a puddled sodium-clay to a friable calcium-clay permitting the
leaching process to proceed. Calcium may need to be supplied if it is low in
the soil. There is 3 5 per cent calcium in the Vale soil.

Prior to 1924, sulphur was used in amounts ranging from 250 to 1,000
pounds an acre. Preliminary results, tank experiments, and analyses indicated
that heavier applications were needed. In the spring of 1924, applications of
sulphur were increased to from 1,000 to 3,000 pounds an acre. The plots with
the heavier applications, plots A, G, and H, grew good crops of alfalfa regu-
larly thereafter. Sulphur has been the most effective single treatment used in
the alkali reclamation trials in Oregon. Less sulphur has been effective when
used in conjunction with nitrogenous organic manure.
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Use of sulphur with gypsum has given more prompt results than the use
of sulphur alone. Use of lime with sulphur has not been found of much value
at Vale

Inoculated, or activated, sulphur gave little advantage even the first season.
The sulphur and manure combination resulted in rapid oxidation. Reclaimed
alkali land has been found, subsequently, to have a higher sulphofying power
than the native alkali soil from the Vale Experimental Area (2).

CHEMICAL CHANGES IN VALE PLOT SOILS
Chemical comparison of original and recent (fall 1938) samples of alkali

plots near Vale is given in Table 1. Results show that, with the treatments
used, most of the total salts and sodium carbonate have been eliminated from
the soil horizons. Sulphur, or sulphur with manure, has been especially effec-
tive for neutralizing the soil, improving its structure, and reducing the salt
content where deep drainage and copious irrigation are provided.

SOIL CHANGES DUE TO RECLAMATION
Replaceable sodium in soils from certain plots of the Vale experimental

field was determined in 1936 (1). The virgin alkali soil, 0-5 inches depth, was
83 per cent saturated with sodium. Plot A, 0-5 inches, showed only 15 per

Figure 8. Salt tolerant grasses can be grown on alkali soil during reclamation to produce
pasture. Vale experimental plot (right) yielded 6.6 tons of alfalfa per acre in 1939.
Plot B (left) is just beginning to grow alfalfa in spots in 1940 after 20 years.
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Table 2 SOIL CHANGES DUE TO RECLAMATION
(Vale plots)

Base
exchange

capacity per
100 grams

M E

Exchange
sodium per
100 grams

M.E.

Exchange
Ca and Mg

per
100 grams

M.E

Total
soluble
salts

P.p.m

Total
nitrogen

Per cent

Organic
matter

Per cent

Moisture
equivalent

Per cent

eaction

pH

24.2 20.3 2.5 3,150 .054 1.31 29.39.87
28.6 26.8 0.6 4,700 .028 1.17 27.39.89
22.6 19.5 2.0 3,480 .024 1.02 30.19.80
20.7 4.1 15.9 560 .093 2.39 34.17.60
22.3 4.7 16.8 960 .056 1.32 37.18.50
24.2 3.0 2.0 880 .028 0.91 35.4 8.77

27.5 21.1 4.7 2,950 .046 1.08 26.9 9.40
32.3 24.1 5.9 3,500 .044 1.08 33.7 9.92
33 3 18.2 12.8 2,020 .028 1.01 36.19.32
12 9 2.7 9.8 1,310 .123 1.34 8.75
18.2 3.1 13.7 930 .079 1.46 8.15
24.0 2.9 21.0 1,320 .082 1.25 8.18
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cent; untreated plot B showed 77 per cent; and plot N, 21 per cent at the close

of the test (Table 2) Exchange potassium was only .7 to 1.6 milliequivalents
Total soluble salts were reduced from 6,400 p.p.m. for virgin soil to 639

p.p.m. for the soil of plot A, while the untreated check plot B still held 1,767
p.p m (Table 1)

The pH was lowered from 10.4 to 7.6 for plot A, while it was still up to
9.4 in plot B. The average pH of treated plots with leached checks was 8.9
and with checks omitted came to be 8.69. This soil flocculates readily in water
suspension at pH 7 8

In the reclaimed land, nitrogen and organic matter had about doubled.
There was more water-soluble calcium, and the moisture equivalent had been
increased from 29 3 per cent raw land to 34.1, showing a tendency to increase
useful moisture range.

EFFECT OF TREATMENTS ON CROP YIELDS
Plots A to L, each one half acre in area, were seeded in the fall of 1922 to

rye. Yields the following season, while low, ranged from 2,020 pounds an acre and
served as an indicator of early effectiveness of treatments. In the fall of 1923
all plots were seeded to white sweet clover (Table 3).

By 1928 reseeding resulted in a fair alfalfa crop. During the past decade

the area in alfalfa has gradually increased, and the better treatments have re-

sulted in crops comparable to the normal alfalfa land in the vicinity. Plot A, in

1939 (Figure 8), yielded 6.6 tons of alfalfa an acre on what had been
waste greasewood land. Most of the plots, except the untreated check plots,

are now capable of alfalfa production if a moderate amount of sulphur is
added to refractory spots. Some alfalfa has been grown recently on untreated
check plots from spots near the headgate where heaviest leaching occurs. By
using organic manure and 1 to ton of sulphur an acre, fair crops of alfalfa
may be expected the third season. Most of this experimental area is now

Figure 9 Slender alkali-grass seed produced on reclaimed land in 1929.
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Table 3 YIELDS PER ACRE OF HAY ON ALKALI EXPERIMENT PLOTS, VALE OREGON

Strawberry clover
and rye

Plot, treatment, and
rate per acre 1933 1934 1939

Pounds Pounds Pounds Pounds Pounds Pounds Pounds Pounds Pounds Pounds Pounds Pounds

... 202 Green 3 bu 3 300 2,160 4,560 3 720 3,180 5 480 7 112 4,902 6,076 1,200 1 9242 13,206

0

manure clover
seed

90 50 0 220 680 610 780 1 384 392 2562, ,

2 020 2 816 3,400 1 600 1,840 3,420 2,020 4,600 3 060 3 220 3,790 6,188 4,316 7,712

1 700 4 107 2 000 1 540 1 540 2 740 1 400 4 140 2,890 2 910 3,250 5,000 3,072 7,050
-.. 166 0 50 160 0 380 900 460 800 1,348 348 2,238

154 1,900 2,340 2,000 2120 1,236 1450 1,160 1,388 648 3,116'
350 Seed 2,780 3,200 7 940 6,460 6 680 5,840 7,104 2,672 -------

650 1 406 3 703 720 1,600 2,300 2,100 6 F80 6,576 6,310 5,490 8,009 3,136 5,7004
6 900

200 0 0 80 540 400 0 400 520 610 1,040 1,296 620
,

545 Green 2 000 720 1,040 1,400 540 3,720 3,050 ' 3,460 3,938 4,920 3,424 5,250

555
manure

960 1,600 650 2,880 3,040 3,200 3,798 4,618 3,548 4,650
810 1,2'00 ........ 1,140 3,140 6,476 5,420 5,210 7,218 3,232 5,400

-------- -------- -------- -------- 3,596 3,186 2,174 ..-..- 3,165 7,729

nurse crop cutting of 1 ton per acre of barley hay New seeding
ded.
coons
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suitable for the more valuable crops like sugar beets, potatoes, and seed crops,
and recently grew a 20-ton beet crop

ALUM, SULPHUR, AND GYPSUM COMPARED
Plots 1 to 8 near the east side of the tract were treated with different sul-

phur carriers in 1921 and 1925 and seeded to a pasture mixture, with the ex-
ception of plot 3 (Table 4). This plot was used for a test of Zawadke's (or
slender) alkali-grass and produced a seed crop in 1928 (Figure 9). Although
some reseeding was done, reclamation was slow on this range. Plot 4, which
received alum and manure, had a fairly good stand of alsike clover, blue grass,
and alfalfa and produced the maximum yield for the range when harvested by
plots in 1938. Sulphur has been the cheapest of these chemical treatments and
costs approximately $40 per ton.

Table 4. PASTURE AND HAY YIELDS PER ACRE ON ALKALI EXPERIMENT PLOTS,
VALE, OREGON

Plot, treatment and rate per acre

1: Manure 50 tons, sulphur 1,100
pounds ............._--...-.-.-.-...--.-_.-........

2: Manure 30 tons, sulphur 2,000 pounds,
gypsum 3 tons ----------------------------------

3: Alum 2,500 pounds, manure 25 tons..

4: Alum 4,500 pounds, manure 25 tons
5: Manure, check 5 tons
6: Gypsum 2 tons --------
7: Gypsum 3 tons ._..-------
8: Alum, check, 1,000 pounds

1927 1928 1 1927-1937 1938

Pounds Pounds Pounds Pounds

350 900 Pastured 7,500

360 1,000 Pastured 8,250
Zawadke Zawadke Pastured 7,080
grass grass
240 50 Pastured 9,000
100 50 Pastured 4,500

50 100 Pastured 7,500
5d 200 Pastured 6,000

500 500 Pastured 4,650

VALUE OF VARIOUS FORMS AND CARRIERS
OF SULPHUR

In 1925 three acres of mixed sage and greasewood land south of the sluiced
drain were cleared and a range of 1/10 acre plots, numbered 11 to 19, were
treated with various sulphates (Table 5). Other treatments were applied to
available 1/10 acre areas to the north or west edges of, the area. Bac-Sul
is a trade name for inoculated sulphur containing some 99 per cent sulphur.
Gas-Co Sulphur is crude material from Portland Gas and Coke Company con-
taining some 42 per cent sulphur Sand sulphur is about 10-mesh and finer.
Lime-sulphur spray residue that was 26 per cent sulphur was also used.

The various forms of crude sulphur, where used at comparable rates, were
of similar value. This applies also to the lime-sulphur spray residue. Inocula-
tion is of doubtful value and extremely fine grinding of sulphur (below 20-
mesh) is unnecessary for use on alkali land. Iron and aluminum sulphate are
promptly effective but too costly for commercial field use. Plot N, 1.25 acres
in area, was "half-bad" greasewood and sage land that received a total of 600
pounds of sulphur an acre and manure on graded spots. A good first crop of
barley has been followed by 1 to 4 tons of alfalfa per acre a year

PASTURE TRIALS
Areas of cleared and uncleared land were used in pasture trials. The un-

cleared greasewood land was diked in the spring of 1922 and flooded period-
ically until September, when it was seeded to a mixture of bluegrass, redtop,



Table 5.

Plot, treatment, and rate per acre

founds Pounds l'ou,tds P d1-8: Pasture oun s

y: Pasture, cleared .................

..... °."""
10: Pasture cleared

- ......................... -

........
....__.

it; iron sulphate 1.86 tons, manur 10 tons.. 4,660 6,600 7 56012: Ammonium sulphate 1,5 tons, manure
,

I
2,60111

10 toils ...............................................
I3: u1.murc 10 tons - --__...........- ..

1,100
400

1.200
300

5,500
1 7501-1: Gypsum .5 ton, manure 10 tons ....... .. 2,11110 7,601)

,

4,71111 - - ----°
15: Sulphur I ton, lime 2.5 tons, manure -------

10 tons ................................................ 800 4.350 6 90 016: CheeP ........ --------------- ............................ - ..,000' 3,700
,

4 1 50
..... ........

17: Sulphur I ton, manure 10 tons 1,600 2,91)0 I

, .

4,750 - "° ' ----18: Sulphur I ton, gypsum 2.5 tons, -- - --------
manure 10 tons _ .......... ..... ............... 1,001) 3,100 3,75019: Sulphur .5 ton ...............--'---............_-- New ........ 1.,800 ........ ......

5rr Illg
10: Hac-Sul .5 ton .._......... ....... .....__..--...... New ..... 1,200 .... .-..

21: Ilac-Suil I ton, manure 10 tons ..............
scrdmg

New ...... .20)1

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

2: Gas-Co sulphur 2.5 tuns, manure
se ing

.

10 tons --- ............................ ._.
sulphur I ton, manure 10 toils

...-... .. 1500
,9)10 ....."-

14: Sulphur 1 ton, manure 10 tons ......

.

.. 3.1;0
......
__ °-

25: Sulphur I ton, manure 10 tons ...... -------- 3.800
. ..

..
I

31: Sulphur .25 tons .............................. -.--- ------ .. 0603
....

. . ........ ........ ....... 3,657
32: Sulphur .25 ton ......... ............... .... ....... ........ ...---- 8501- , ........ ---- --- --- 3,807
13; Sulphur .25 ton ......... .......................... ........ ...... 000.. ...... ........ ....... 4.513
Pasture and plots 1.8 ....................................

- - -
Pasture ............. ..................................... ....... - - -.......

........

........
........ I

_.....

1

.-

: d -

U..

...

YIELDS OF HAY PER ACRE SECURED ON ALKALI EXPERISIENT PLOTS, VALE, OREGON

1928 1929 1930 1931 1932 1933 1934 1935 1936 1937 1938 1939

Pounds Pounds Pounds Pounds Pounds Pounds Pounds Pounds
........ 6,000 2,680 2,321 3,770 4,196 1,560 ................ ...---- ........ ..--- 4,000

004
-------- 4,558

4 558
5,400

40051,200 8,400 8,340 --------
9,700

,0
4,140

.....--
4,480

,

3,000
,

--------

300 2,750 6,250 6,460 3,680 7,120 2,080 ....--
..------ 2,300 4,200 3,950 2,250 5,040 2,500
------- 6,600 8,500 9,720 3,680 8,920 1,500

700 6,500 9,400 t2,500 4,600 8,080 2,000
500 4,800 7,350 7,860 4,140 8,980 1,500300 4,200 8,000 7,700 4,140 6,800 4,000

3,600 6,500 5,350 3,220 4,860 3,5003,000 4,360 5,720 6,000 10,660 4,040

2,100 5,900 9,000 7,970 11,260 4,260

2,700 5,300 7,840 6,000 14,740 4,360

2,350 3,139 4,090 4,100 5,160 2,560 --------
1,400 4,300 2,450 3,500 2,220 -------- -.......1,300 3,800 11,100 2,900 3,000 -------- -------1,050 800 1,750 3,500 1,620

600 New
seeding

2,050 1,020 6,613

500 New
seeding

1,600 1,150 7,227
........ New

seeding
1,000 -------- 6.387

-------- 3,898 ------- ---.°-2,548 4,840 4 557
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Figure 10. Pasture established by seeding and frequent
irrigation on uncleared greasewood land carried one
cow per acre through the season.

timothy, meadow fescue,
alsike clover, and sweet
clover This was followed
by irrigation as needed
until the irrigation season
closed. The adjoining
tract was treated simi-
larly except that it was
cleared, leveled, plowed,
and cultivated. Reseed-
ing of the cleared area
was necessary, and alsike
clover and bluegrass were
finally established. On
the uncleared area the
grasses were best in the
shelter of greasewood
clumps and survived the
winter only with their
protection. The follow-
ing summer the grasses
spread over the bare
places. By 1924 there
was a good stand of the
pasture mixture wherever
the water had reached.
Some spots had received
too much and some too
little water in this un-
cleared area In the low
spots only redtop and

Figure 11 Strawberry clover showing seed heads and running root stock. Established at

Vale in 1928
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sedges grew. This plot afforded good pasture that carried 1 cow per acre for
5 months. Getting smooth, native alkali land into pasture with the aid of
copious irrigation is very promising of economical returns during reclamation.

CHOICE OF SALT-TOLERANT CROPS
During these experiments two dozen types of grain, pasture, and root

crops have been tested. Several alkali-resistant grasses and legumes were
established in connection with the experiments in 1927-28, including slender
meadow grass, Puccinelli nuttaliana (Figure 9), strawberry clover, Trifolium
fragiferum (Figures 11 and 12), and ladino clover, a large variety of Trifolium
repens. Strawberry clover succeeds best on seeped land at 1 to 2 feet above
water table. Under such conditions it will compete with and encroach upon
salt grass.

White sweet clover has been effective in improving alkaline soil conditions.
It is tolerant to alkali when once established and a good sub-soiler, although
more sensitive to alkali when young. Pasture grasses found useful on alkali
land include Kentucky bluegrass, meadow fescue, redtop, timothy, alsike clover,
and water grass, Echinochloa crusgalli (L) Beauv. The amount of plant
cover established by 1929 is shown by Figure 13 and for plots A and B in
Figure 8. Growth of alsike, sweet clover, rye grass, and slender alkali grass
at different reactions is shown in Figure 14

COOPERATIVE
FARM TRIALS

Some fifteen farm trials
were arranged in cooperation
with field station superin-
tendents, county agents, and
interested farmers to check
the results obtained near
Vale under various condi-
tions in the different alkali
areas of the state. Three
rates of use of sulphur were
used in these trials, the
amounts being estimated by
titration curves run with the
soils concerned. A control
plot was included. Alfalfa
and one other crop were
used, frequently strawberry
clover or grain. The central
half of the plots was ma-
nured crosswise of the dif-
ferent treatments.

Inspection and quick tests
of soils included show that
where drainage is adequate,
the use of 1,000 pounds, more
or less, of sulphur had
caused the soil to become Figure 12. Strawberry clover seed plot by Owyhee

Dam highway junction, south of Nyssa.



more mellow, to be reduced on the order of 1.0 pH, and had improved the
growth of crops and weeds. Where these trials are well-located, they are
being maintained and chemical analyses of the soils are being completed.

In most cases, parallel pot tests are being conducted in the greenhouse under
controlled conditions. Irrigation is with measured amounts of distilled water,
and the rate and amount of salt removal and reaction (pH) are measured

samples from 7 field trial areas were brought to the greenhouse. They were
screened and mixed and 6 kilogram lots were placed in 10-inch valspar-coated
flower pots. These were fitted with corks and glass tubes to lead the drainage
down into one liter amber-colored glass bottles. A liter of water was equivalent
to a one-inch irrigation on the soil surface. Frequent watering and close at-
tention was required to avoid shrinkage cracks, puddling, or crusting. Soaking
seed and mulching appear to be helpful. Water was applied, drainage wa,
measured, and aliquots of water and samples of soil were collected periodically
for chemical tests. All pots were manured at the rate of 20 tons an acre.

A light crop of barley was first grown as a nurse crop for alfalfa (Figure
1S). The alfalfa failed to survive on the untreated plots and reseeding was
necessary. There was little harvest off the Hutcheson soil until January 1944;
from this soil 11 clippings were subsequently secured. Production in treated
jars increased steadily and the soils became increasingly permeable as unde-
sirable salts were eliminated (Figure 16).

.:t
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Figure 13. General view of the Vale experimental plots in May 1929

periodically.

GREENHOUSE TRIALS
In order to have more definite control of irrigation and drainage, bulk soil

The characteristics of the 7 soils used are given in Table 6 while sulphur
treatments are indicated in Table 7. The heavy, loam soil from the Hutcheson
farm, which is within i mile of the Vale Experimental Area, was most difficult
to reclaim and is still under test. The dispersed clay from the Woodruff farm,
in Union County, is slow to respond also and is being retained for further
study. These and the McHagey farm soil have an unfavorably high proportion
of adsorbed sodium. Sandy loam soil from the Klamath Experimental Area
laundered out more rapidly than the others.
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Figure 14. Growth (top to bottom) of alsike clover, yellow sweet clover, perennial rye
grass, and slender alkali-grass in solution cultures at different pH concentrations.
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The record of irrigation, drainage, total yields, salt lost, and change in soil

reaction. or pH, are summarized in Table 7. Yearly applications total 60 to 74
inches of irrigation, of which 5.8 to 10.8 incites drained through carrying out
some 2.2 to 10 tons of salt an acre a sear. As much salt was removed the first
three months as during the last year of the trial. In most instances, the pH
became favorable for growth of alfalfa, or below 8.6. The hydration of soil
minerals and solubility effect resulting front sulphur applications apparently
increased the salt yield.

Chemical analyses of soil from untreated and treated pots collected in

lulu 1944 show a reduced concentration of salts, even in the untreated far.
There is still some alkalinity. The sulphur treatment tend to increase sulphate,
calcium, and bicarbonate until these are leached away. Soluble calcium is ade-
quate in most cases. Less than 10 parts per million mac he undesirably low,
Exchange potassium is not included in the table. It was found to he of the
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Figure 15. First crop on soil 32 with sulphur, May 1942; (left to right) number 140, un-
treated; 145, 1.5 grams; and 147, 4.5 grams.

order of 1 M.E. per 100 grams.

HANDLING ALKALI LAND
After necessary drainage and leveling so that every square foot can be

leached, it is found advisable to avoid as much as possible disturbing the soil
below the surface two or three inches. Disking to secure a seed bed after
leaching and corrugating for frequent light irrigations to keep the seed bed
moist after germination are helpful.



............ ° ......................--....

............. -............... ..............

32: Silr loam ....................... _............_.
I: Sandy loam ........................ ...........----.........

F:i r m pH

Prr cent

.60

.06

.36

.53

.2I

.72

.07

Per cent

M.E.

Per cent lio' ccitt

I1.5

f."

.21

.Y°

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

-

Table 6 CHEMICAL CHARACTERISTICS OF ALKALI SOILS FOR LEACHING EXPERIMENT'

Exchange sodium Exchange potassium
Base

exchange
ca acitSoil number and description Total salts Na2O

Pounds

M E

Per cent

p y
M.E.

per acre
Heavy loam .__ Hutcheson 9.29 28,866 20.93 72 15.36 28.6Loam ............ McDole 7.43 1,480 1.96 .17 3.65 17.4Clay . ............. Woodruff 8.23 3,620 11.45 .09 1.83 36.4Silty clay loam McHagey 8.25 6,180 17.21 44 9.30 21.9Loam Richards 9.25 5,400 6.07 2.48 52.65 10.0Buteson 8 79 18,080 23.07.45 9.48 19.7Klamath ex-

perimental
area 8 89 2,920 2.31 27 5 83

'Determinations by G A Jorquera; sampled July 26 1944



Irrigating up is to he avoided. Frequent irrigation keeps the salts diluted
until the crop shades the ground. Since black alkali soil is characterized by a
had physical condition, great care must be given to improvement of the physical
condition of the soil and to preparation of the seed bed. The spotted condition
of alkali land may require retreatment of alkali spots in order to complete
reclamation. Careful irrigation and prompt deep drainage are extremely im-
portant to eliminate or prevent the spread of alkali. Any covered drains should
he of dense, strong material, solidly back-filled so that the whole soil mass will
he leached. Calcium chloride used as admixture in concrete cured in water
vapor at 100° to 155° F. increases resistance to alkali (1.5).

Sulphur applications should be made on a calm day after plowing and
leveling and should be harrowed in promptly. A land-plaster spreader may be
used to sow the sulphur, or it may be spread over the top of the loaded manure
spreader and be distributed with the manure. The sulphur may be applied with
a duster. To relieve irritation after dusting, washing the face, especially
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Figure 16. Soil 31, Stanfield loam, with sulphur, May 1944: (left to right) number 122,
untreated; 124, 1.5 grams; 126, 3.0 grams; and 128, 4.5 grams.

the eyes, with a dessert spoonful of baking soda in a quart of water is
suggested.

Wind interference led to trials with different tree plantings for wind
breaks at the Vale Experimental Area. Black locust and Chinese elm have
been fairly tolerant. Russian olive has been the most salt-tolerant and vigor-
ous-growing tree for this purpose. A portion of the windbreak planted in 1928
and photographed in June 1940 is shown in Figure 17.

Toxicity and salt tolerance
Because many factors affect the tolerance of crop plants to alkali, no

arbitrary standard as to critical salt content of soil or irrigation water is
possible.

In a very general way, something like 2,000 parts per million of salt marks
the appropriate boundary. Hilgard (6) gave very rough limiting values as
follows : sodium carbonate, 1,000 p.p.m. ; sodium chloride, 2,500 p.p.m. ; sodium
sulphate, 5,000 p.p.m. Studies in the greenhouse at Corvallis show critical con-



Table 7. CHEMICAL ANALYSIS or ALKALINE SOILS RxtAA rs'

Total alkalinity
(Na9COs)

Sulphate
(SO,)

Calcium
(Ca)

Carbonates
(CO1)

P.P P.P.M.
Hutch in.vmt

0 . ........... .. .................
.5 grams ------- .._..._ .................

N-)ol- 1

0 .................. ............._._...._
3 grams

_
._.......... ......

7

f,

11Woodruff
0 ........ ...... .--........ ....
1..3 grams _.... _..... ............ ......

24

fl .. _......._..-_ _-.
1.5 grams ................................ I
0 ....._----- ....__... 0

Rrams ...... ..................._._.. 0
Ruteson

0 ...... .. 6
1.5 grams ........... ................. .----- IRila math ------rime....l area
0 ..ra-

_..........__--...- ............50 ........ _.. ......-'-------
.50 grams .......... ..... _.....-
.75 Rrams ...__-_......... ..__.. ..... 0

31:

32:

16e

Soil numbers, farm, and sulphur
treatment Total salts Chloride (Cl) Bicarbonates

(HCO3)
P. p.m P. P. M.

845 52 265 26 7 280875 32 307 39 1 250
280 12 96 33 6 165393 12 95 46 9 134

505 16 244 16 7 319460 16 159 18 8 345

253 75 222 1 0 300275 94 254 1 9 344

367 65 132 0 9 134497 62 137 0 7 126

873 59 381 19 10 462
705 15 297 20 11 347

360 57 106 0 9 83
300 74 106 Trace 14 85
250 54 85 Trace 14 78
135 8 138 5 14 158

'Determinations by Dr G A Jorquera; sampled July 26, 1944; 2j water/l soil



At low concentration, alkali may stimulate plant growth and particularly
seed production. Alfalfa. near Vale became chlorotic at pH 8.6. The critical
reaction for strawberry clover near Klamath Falls at 4,100 feet elevation was
pH 9.2 at the seedling stage early in the season, while in September chlorotic
plants were found in soil having pH of 9.9. Soil samples taken from soils
from it hotter climate near Vale at 3250 feet elevation on Tune 10, where

Bentgrass has been found growing on tideland near Toledo, Oregon, where
bathed at high tide with water having 15,000 parts per million salts or approxi-
mately half the concentration of sea water. Brackish water from estuaries
runs up to 7,000 parts per million salts and is successfully used for surface
irrigation near the northern coast of Oregon. During a hot spell in late
summer, when fresh water runoff was low and evaporation high, some injury
resulted from the sprinkler method of irrigation. A 90-irtch rainfall, cool
temperatures, and a good supply of soil organic matter help to avoid injury.
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centrations for diluted seawater in weak culture solution to be 10,000 p.p.m.
for saltgrass, 2,800 for alfalfa, and 5,600 for strawberry clover. For sodium
sulphate they were similar, and for sodium chloride and sodium carbonate they
were lower (1). Pitman (17) states that where the salt is nearly all sodium
chloride the conductivity bridge readings should be lowered one-third, while
they should be doubled if the salt is nearly all sulphate.

Suggested limits for safe and unsafe waters for irrigation, as adopted by
Piper (16) from Scofield are given in Table 8.

Table 8. SUGGESTED LIMITS FOR SAFE AND UNSAFE WATERS FOR IRRIGATION

Constituents Safe

P p m

Unsafe

P.p.m

Total dissolved solids 700 2,000
Per cent sodium 50 60
Sulphate (S04) -------- 192 480
Chloride (Cl) ---------- 142 355

Salinity of irrigation water affects the soil solution and the exchange base
status of soil. The concentration of salts in soil solution is likely to exceed
that of irrigation water applied.

The nature of the salts, their dilution, the kind and variety of crops, tem-
perature, aridity, irrigation requirement, soil characteristics, and other factors
affect critical concentration Piper (16) reported the chemical composition of
water from 100 wells and springs in Harney Basin, of which 65 per cent were
found to be safe for irrigation use. In every respect, except for the percentage
of sodium, the water from deeper sources was better than that from the shallow
valley fill.

Critical pH for certain plants

normal strawberry clover was growing, showed a pH value of 8.8; where seed-
lings were chlorotic, the soil pH was 9.3. In September, thrifty strawberry
clover was found with a soil pH of 8.8, while chlorotic plants were growing in

soil of pH 9.1. Near Baker, at 3,400 feet elevation, strawberry clover appeared
thrifty in September with soil pH of 9.4 and chlorotic with soil pH of 9.9.

A salt concentration of 0.4 per cent is critical at Granger, Washington *

.17th Annual Field Day, Prosser, Washington, Field Station, July 9, 1937. Mimeo
graph.
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Figure 17. Windbreak of Russian olive trees, 12 years old, at Vale experimental area

It may take three or four decades to effect a normal calcium-sodium ratio of
exchange bases after seawater is diked out from a tide flat

Injurious effects of alkali
Neutral salt constituents may be so concentrated as to be toxic. Hydroxyl

ions (OH-) may be toxic, per se. A high concentration of OH ions will
cause iron, magnesium, and phosphate to disappear from the soil solution.
They deflocculate soil and interfere with plant nutrition in various ways.
Alkali may interfere with germination, root development, bacterial activity,
or absorption of water and plant nutrients Alkali toxicity is manifested by
chlorosis, stubby roots, and desiccation.

APPRAISING THE FEASIBILITY OF RECLAMATION
OF ALKALI LAND

Favorable factors for alkali land reclamation are : deep drainage outlets
near at hand, seven to eleven feet or more; permeable soil profile with gravelly
substratum that may serve as a collecting drainage system ; availability of tile,
sulphur or gypsum, irrigation water of good quality; availability of markets;
and a good growing climate. A heavy cover of native vegetation including
black sagebrush with the greasewood or other alkali indicators is also favor-
able. Other considerations include probable time before products of the land
will pay the operation costs and the total annual charges in relation to probable
income. Depth to water table may determine the soil horizon of maximum salt
concentration in the profile.

Colorimetric determination of pH is regarded more significant than total
salt estimation Effervescence with weak acid throughout the soil profile and
lime crusts indicates a good calcium supply. Determination of kinds and
amounts of salts and of the ratio of exchange sodium to calcium plus mag-
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nesium is desirable Information gained from the alkali land investigations
near Vale has been of great value in selecting or classifying land as to irriga-
bility for reclamation projects.

SUMMARY
There are perhaps 300,000 acres in Oregon projects that are affected by

alkali, and perhaps 100,000 acres have reclamation facilities and other condi-
tions that offer opportunity for redemption. More than $3,000,000 has been
spent in reclamation or protection of salty lands in Oregon.

1. Sulphur was used by the soils department to improve alkali land in
Klamath Basin in 1917. This treatment enabled a sweet clover crop to be
grown where without treatment the land remained unproductive.

2. Alkali land reclamation investigations were centered on a 10-acre (later
14-acre) experimental tract near Vale in 1921. There the first deep drain was
built by sluicing, without leaving unsightly spoilbanks and at low cost. Five
feet of water applied the first season slaked the hardpan and leached out 20
tons of salts through the drain; in two years nearly 100 tons were leached out.
Leaching alone was effective in removing neutral salts, but not effective in
removing sodium carbonate.

3. Fitting, treating, and laundering for a season permitted rye to be estab-
lished. A A-acre plot (plot C) yielded 1 ton in 1923 and 11 tons in 1924. A
heavy growth of sweet clover followed, and the land has yielded good crops of
alfalfa with fair regularity since that time. The applications totaled 1,500
pounds of sulphur per acre and light manuring the first few years. The cost
of the sulphur was $30 per acre.

4. It was found that less sulphur is required for reclamation where it is
used with barnyard manure.

5. A plot of waste land (plot N), 1.15 acres in area, was cleared of yellow
sage and greasewood and given 500 pounds of sulphur and a light manuring in
1925. This plot has yielded 1 to 4 tons of alfalfa an acre since. This sulphur
treatment cost about $10 an acre Alum or gypsum has been less effective
than sulphur.

6. It has been found best to disk in organic matter and to avoid deep plow-
ing. Chemical analyses show the reclaimed i-acre plots (e.g., A, C, D, G, H,
and N) have lost up to 92 per cent of the total salts and 88 per cent of their
initial black alkali (sodium carbonate) content to a depth of 20 inches and most
of the excess of neutral salts. The soil organic matter, nitrogen, base exchange
capacity, and moisture equivalent have been significantly increased, while the
structure, color, and absorptiveness have markedly improved.

7. Getting uncleared, drained greasewood land into pasture and using fre-
quent irrigations has proved to be an economical method of utilizing hard alkali
lands and affords partial reclamation.

8. Salt-tolerant crops including Zawadke (slender) alkali grass and its
seed, yellow and white sweet clover, and strawberry and alsike clovers have
been successfully grown and the critical reaction, or pH, for these determined.
Field results have been confirmed by tank and greenhouse experiments and
extensive chemical analyses. Strawberry clover has produced a seed crop of
100 pounds per acre.
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9. The results at the Vale Experimental Area have been worth far more
than their cost as a guide in culling out some 65,000 acres of extreme alkaline
land from reclamation projects. The results also have been of great value in
advising farmers as to feasibility or economic methods of reclamation of
"half-bad" area or "eye-sores" on occupied farms.
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