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Alkali Conditions in the Payette Valley

J. S. BURD.

In accordance with plans heretofore outlined in a publi-
cafion of this Station, the work on the alkali of the arid
lands of southern Idaho has been continued. And because
of 1ts vital importance to thaf section of the State, the Pay-
ette Valley has received considerable attention in this con-
nection, Thls Valley has already arrived at a position
of considerable agricultural importance on account of the
gnod quality of its product and the yield of its lands, in a
state where the grazing and mining industries have hereto-
fore been of greater magnitude and importance than agricul-
ture. Although this area is of recent development, the
length of time which portioas of it have been under culti-
vation has now become sufficient to show the settlers the
worst effects arising from the necessary use of water on
their lands and enablé them to avbpreciate to the full the
disadvautages as well as the manifold advantages of farming
in the arid regions.

Geography and Typography of the Payette Valley.

The Payette Valley lies wholly within Canyon County
and comprizes the basin of the Payette River for the last
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part of its course just befcre its confluence with the Snake
River, at the western boundary of the State. From this
point it extends in a general south-easterly direction for &
distance of abcut thirty miles and varies in width from
three to five miles. Its geigraphical limits are sharply
defined by a border of broken hills which entirely surround
it with the single exception of the western extremity where
it merges into the greater Valley of the Suake.

In its course through the Valley the Payette River ad-
heres rather closely to the hills on its nurth bank. So thaf
most of the land available for agriculture lies south of
this stream., Tliere are, however, two important excepticns
to this in the high #nd comparatively level bench at the
eastern end of the Valley just north of the town of Em-
met, and the low lying strip at the western end embrac-
ing the City of Payette and its vicinity.

The entire acreage of the Valley is somewhat less than
one bundred, thousand, of which about fifty thousand is
located ander existing [ irrigation canals while perhaps
twenty thousand more could be thus watered. ()f the land
at present under eanals a considerable portion has not
yet been brought under cultivation and much of this is
highly alkalied.

One of the principal features of the topography of the ar-
ea is the existence of so called bench lands which lis
between the River and the surrounding hills, In some lo-
ealities the benehes approach the River quite closely and
terminute in steep blufls but in general they are separated
thare from by a strip of varying width of comparatively level
bottom land. The benches usually have a slight dip from
the hills towards the River and are laterally traversed
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by draws or depressions of greater or less magnitude.
This is sometimes unfortunate for the farmer in that ccnsid-
erable leveling is frequently necessary to secure economical
-and expeditious irrigation. On the other hand the general
distribution of water is facilitated by such a condition, since
the main laterals fiom the high lying irrigation canals are
carried along the ridges between the draws, while these
latter serve as drainage ways.

Owing to the low annual precipitation (10 inches) the
agricultural development of this area has progressed hand
in hand with the opening of the irrigation canals. Prior to
the opening of the large high lying ditches which now sup-
ply the larger proportion of the water used, some successful
farming was carried on along the low lying banks of the
Payette River by means of small private ditches. Af-
ter the advent of the high lying ditches much of these
river lands became so badly alkalied as to necessitate their
abandonment. 30 that at present the higher land is

correctly recognized as the more desirable for agricultural
purposes.

Plan of Work and Presentation of Results.

The purpose of this investigation is to determine the
general character of the alkali here to be met with, its dis-
tribution through the soil ecolumn, its topographical and
geographical distribution and the causes of its accumulation
at various places and under varying conditions. The data
upon which the work is based was secured by reconnois-
sances of the field conditions, the collection of samples of
soils at varying depths, of water, hardpan, ete., followed by
the laboratory examination of the materials so collected.

In many cas~s the samples of soil were only taken to
a depth of one foot and their examination of course gives
no information as to the amounts of alkali at a greater
dej th. Other samples were taken in separate portions from
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the first and second foot and still othars from the first, sec-
ond, third, fourth and fifth foot. These latter give complete
information as to the vertical distribution of the alkali to
depth beyond which it is seldom necessary to go, since it is
improbable that salts from greater depths will soon be
brought to the surface or come within reach of the rvots of
most vlants. The results of the examination of soils are
presented herein in tabular form showing the amounts of
each alkali coustituent for each foot of the soil column
or profile to the depth taken and the average for the entire
depth. Most of the deeper profiles were taken in a locality
where the conditions were typical. That is along a north
and south line running through the New Plymouth Bench,
near the middle of the Valley, from the town of New
Plymouth to the Payette River. Here samples were taken
from the trough, sides and ridges between the draws and are
considered to be fairly representative of the conditions exist-
ing under such a topography. All of the water samples
were taken from wells located along this same line.

Character of Soils.

In general the soils of this Valley are an alluvial silty
loam and are light in texture and color. None of the
gpland soils contain any gravel or particles larger than 0.5
mm. diameter. Only a few soils all of which were collected
at Emmett at the eastern end of the Valley and along
the north side of the river between Willow creek and
Payette city showed larger particles or sandy texture.
Most of the soils take water well. On the other hand
the fineness of their texture and the amounts of clay they
contain makes them hold on to the water rather tena-
ciously and they consequently drain poorly.

‘Waters.

The samples of water were all taken from open wells on
the sides of draws and ridges between same. Those
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from the ridges of the upper bench lands do not show
abnormal amounts of total salts or the various constituents
‘thereof (See samples 1456 to 147). Samples taken lowar
down on the bench (Samples 148 to 150) show a consideraliie
increase of total and soluble salts and indicate a -consii-
erable transposition of the eoluble salts fiom the highex
towards the lower lands. The tendency of which is ‘to ime-
prove the upland at the expense of the low land sofi.
Sample 151 in comparatively low ground contained &=

Proximate Analyses of Well Watet.

Expressed in parts per million.
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145 | 109 | 140 180 1 142 6o l 466 Top of ridge.

146 sl | 7 39 | 184 68 | 498 Side of ridge, 2o Tesit

deep,below preceding.

147 | 127 | 118 41 174 | 128 | 588 Side of ridge Ddlesy
preceding.

148 | 319 | 326 | 250 | goz 69 | 1866 || = Leveluplandzoft. desg, -
J water rising.

149 43 | 263 | 1110 | 660 96 | 2190 L ower ridge.

150 | 478 | 208 28 | 454 73 | 1241 Side of lower draw.

151 | 522 | 337 | 3245 | 2688 | 54 | 6846 | Side of lower:draw.

152 | 490 | 124 3 | 100 50 | 776 Artesian.
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traovdinury amounts of all the soluble constituents. But
possitly the greatest commentary on existing conditions is
offered by the rise of water in the welle. In many of these
the water aprroaches the surface clorely and in all cases
the ground water appears to be rising steadily. Indicating
clearly that the natural drainage is insufficient to dis-
pose of the quantities of water now being used.

Hardpan.

A few samples of hardpan were picked up at the edges of
irrigation ditches and examination showed that the cement-
ing material consisted of calcium carbonate, the sulfate be-
ing present 1n small amounts only. Hardpan however does
not seem to be a very potent obstacle to cultivation or to in-
fluence alkali accumtlations to any extent in this area. 1t
was seldom encountered in boring for soil samples. In cases
where it does occur and approaches the surface nearly
it is readily broken up by deep plowing.

Superficial Evidences of Alkali.

These consist of white coatings or eflloresences and brown
or blackish spots of irregular size and extent. Their occur-
rence is always associated with water and usually in this
valley with artificially applied water. Consequently these
appearances are not very much in evidence at elevations
above the highest irrigation ditches. Below the ditches
however they are quite numerous. Thus along the sides of
the draws there is frequently observed a line of whitish
spots apparantly at the outcrop of the drainage water used
in irrigating the ditches above. Evidences are also seen
in the troughs of draws and depressions and wherever
water has collected. Below the irrigated benches evidences
both of alkali and water are continuous. This is particular-
ly the case on the low river lands below the ends of
the draws which serve as-natural drainage ways for both sur-
face and underground water.
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161| 1st ft | Clear Medium Bilt | 0.297 | 1.228 | 0.392 (Profile I.—Trough of up-
per draw, New Plym-
162| 2nd ft 4 Fine 8ilt- 0.255 | 0.889 ( 0.392 | outh. No vegetative
2 %Towth. Water at 8-4
168 3rd ft L (L] 0.280 | 0.491 | 0.265 | feet.
164 4th ft “ Lo 0.158 | 0.269 | 0 286
AV, 0.247 | 0.719 | 0.334
165| 1st ft | Light clayey Fine Sand | 0.007 | 0.129 | 0.095 |Profile II.—I'rough of up-
per draw, New Plym-
166 2nd 1t 0 “ L (- 0.007 [ 0.094 (0095 | outh. Uncultivated at
- time of sampling. No
167| 8rd it | Medium clayey | Coarse Silt | 0.005 | 0.058 | .188 | water found.
168| 4th It & ~ | Medium Silt| 0028 | 0047 )
Av. 0.012 | 0 082 0.169‘
337| 1st {t | Medium clayey | Fine Silt 0047 | 0.064 [Prof. I11.--Same spot as
| preceding after one sea-
338| 2nd ft 4. “  |Medium Silt 0.008 [ 0.074| son of irrigation and
cultivation.
330, §rd It | Heaveyjclayey | ** W 0.174 | 0.095
340| 4th ft ! ¥ Coarse Bilt 0.117 | 0.138
341| 5th ft | Medium clayey LR ) 0.058 | 0,148
Av, 0.091 | 0.104
169( 1st ft | Ligh clayey Coarse Silt | 0.141 | 0.047 | 0.414 (Prof. IV.—Slick spot on
side of uﬁper draw, New
170| 2nd ft | Ulear Medium Silt [ 0470 | 0047 | 0.892 | Plymouth. Trees re-
peatedly killed.
171 3rd ft L % “ 10.296 | 0.082 | 0.446
172| 41h ft & Fine 8ilt 0.371 | 0.296 | 0.244
173| 5th ft “ Fine Sand | (.368 | 0.334 | 0238
Av. 0.329 | 0.140 | 0.876
174 1st ft | Clear Fine8ilt 0.005 | 0.047 | 0.255 [Prof. V.—Trees  fair.
| 2 Clover very fair.
175| 2nd ft | Medium clayey | Medium Silt | 0.000 | 0.047 | 0.244
176, 3rd ft T iC Ll i 0.015 | 0.047 | 0.276
177, 4th it £ i Fine Siit 0.051 | 0 047 | 0.371
Av. 0.017 | 0.047 ' 0.286
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178 Heavy Clayey [Medium Silt| 0,014 | 0.058 | 0.382 |Composite. Ridge be-
tween lower draws.
179 1st ft | Heavy Clayey | Coarse Silt | 0049 | 0058 | 0.244 |Profile VI.—Flat in draw.
North of New Plymouth
180 2nd ft | Clear R ‘10,92 0.211 | 0.509 | Saturated with water.
181 3rd ft = i 10,204 | 0,804 | 0.488
182| 4th ft " Medium Eilt‘ 0166 | 0,328 | 0.467
183| 5th ft € o 5 0.166 0.304 | 0 409 |
Av. 0155 0.241 | 0,441 |
184| 18t ft |Medium Clayey| Fine8ilt |0.019 0.082 | 0.138 lProﬁle VII.—Virgin soil
! | of lower bench. North
185| 2nd 1t | Clear Coarse ** 0.078 0.152 0329i of New Plymouth.
|
186} 3rd it A 4 2] 0.192 ) 0.269 | 0,329
187| 4th ft x ) 4 0.402 0,269 | 0.339
188| Hth ft o as L 0.160 0.164 | 0.350
Av, 0.170 0,187 | 0.297
189( 1st fv [Medinm Clayey| Fine Sand | 0.046 0.082 | 0.212 [Profile VIII.—Reputed
| slick spot Side upper
190 2nd ft T Medium S8ilt u.o«‘a.lzs 0.244 | draw. New Plymouth.
191| 3rd 1t A L * 10,189 | 0503 | 0.191
192 4thgt | o 10,088 | 0.648 | 0207
193 5th it | 4 1 0 10.078 | 0.682 | 0.223 |
Av. 0.078 | 0.398 | 0.233 |
|
194| 18t ft | Clear Medium 8ilt| 0.005 | 0.094 | 0.148 |Prof. IX —Adjacent to
preceding Alfalfa fine.
195 2nd ft |Medium Clayey| Fine Silt | 0097 | 0.022 | 0.871
196 3rd ft | “ °| Coarse Silt | 0.027 | 0.058 | 0.402
197 atho e | o - Fine $ilt | 0038 | 0.070 | 0.456
198| 5th ft | Clear Medium Silt| 0.450 | 0117 | 0.339 |
Av. 0.123 | 0.072 | 0.343
199 1st fu | Clear Medium 8ilt| 0.175 | 0.468 i 0.350 ICompo;ite. Trough of up
per draw.
200! 1st ft |Medium Clayey|Medium Silt| 0000 ' 0.105 | 0.148 le. X —Level upland
| | | New ~lymouth. Alfalfa
201 2nd ft 4 “ Fine Sand |0.007 00700212 fine. Samples taken at
| | beginning of season.
202! 3rd ft | Light i Coarse Silt | 0.017 0.140 0.371 |
203/ 4th ft | Clear Medium Silt| 0.090 0.351 | 0.286 |
204| Bth Tt & Coarse * [0.008 0444 0.286
1
Av. 0.041 0.225 0261
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361| 1st ft | Heavy cla; Fine 8ilt ‘ 0,070 | 0.117 | Prof. XI.—Same spot as
o Mt preceding, but en at
362 2nd it | Light clayey Medium 8ilt| 0.058 | 0.117 | end of season.
863 3rd ft | Clear Fine B8ilt 0.292 | 0.170
364 4th ft | Medium Silt 0.409 | 0.148
365| 5th ft | « Fine Silt 0.433 | 0.180
Av. 0.252 | 0.146
366/ 1st it |Very hvy clayey| Medium Silt| 0.024 | 0.070 | 0.562 [Spot in wheat field, level
e St upland, NewPlvm'outh.
367| 2nd it | « e * | Coarse Silt | 0.029 | 0 058 | 0.530
AV, 0.026 | 0.064 | 0 546
368| 1st ff |Very hvy clayey| Medium Silt| 0.081 | 0.023 | 0.212 |Adjacent to preceding
spot. Growth only fair,
369| 2nd ft | Medium clayey| * * 1 0.046 | 0.047 | 0.477
Av. 0.038 | 0.035 | 0.844
205| 18t ft | Medinm clayey| Coarse Silt | 0.015 | 0.094 | 0,127 |Prof. XII.—Level upland.
uncultivated, New
206, 2nd ft | Clear ] “ 10.100 | 0.503 | 0.201 | Plymouth.
207 drd ft | « Medium Silt 0.748 | 0.286
908 4th L | «  w |o.148|0.560 | 0.286
209( Sthift |« Fine Silt 0101 | 0.886 | 0.207
Av. 0091 | 0.456 | 0 239
394 | 18t fi | Medium clayey| Coarsesiit |0.107 | 0.070 | 0.127 |Level upland. Black
spots where water has
395/ 2nd ft | Light clayex Ay “ 10,051 | 0.234 | 0.180 | stood.
| Av. 0,079 | 0.152 | 0.148
210/ 1st It |Medium Clayey| Fine Sand | 0000 | 0.094 | 0.233 |Level upland. Slick spot.
New Plymouth
211| 1st ft | Clear Fine 8ilt | 0.000 | 0.070 | 0.106 |Level uplund, just off
preceding. Alfalfa fine.
21| Ist it |Medium Clayey|Medium Bilt| 0.010 | 0 070 | 0.201 |Unculitivated. Similarly
situated to preceding.
213| 1st ft |Medium Clayey| Fine Sand | 0.000 | 0.058 | 0.106 |Trough of an upperdraw.
just above diteh. Un-
cultivated.
214| Ist it |Medium Clayey| Coarse S8ilt| 0.010 | 0.129 | 0,095 |S8imilarly located, but
below ditch,
218| 1st ft | Heavy clayey | Coarse Silt | 0.063 | 0.585 | 0.520 [Bottom lands. Black
spots all about.
219] 1st {t . Ly Fine Sand | 0.246 | 0.291 | 0.560 |Bottoms lands. Black
spots all about.
220| 1st fu 8 L Coarse Silt | 0022 | 0.292 | 0.488 [Bottom lands, 3 miles
west of Emmet.
221| 1st ft ad o Fine Sa 0.019 | 0.070 | 0.085 |Sandy river land. Emmet,
X Head of Farmers’ ditch.
396| 1su ft = & Fine 8ilt 0.087 | 0 047 | 0.201 |Bottom land 5 miles west
of Emmet.
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227| 1st ft | Heavy Clayey | Coarse Silt | 0,007 | 0 022 0.244 (Prof. XIII.—Sandy Soil.
West Emmett,
228| ond ft 2 L Fine Sand [0.016 | 0.022 | 0.808
229 3rd it S5 a4 i ‘10,010 | 0 047 | 0,286
280| 4th ft | - “ w “ 100605 | 0.055 | 0.265
231| 5th ft [y ) - 10,010 | 0.035 | 0.285
AV, 0.009 | 0.032 | 0.278
397 1st ft Light Clayey Fine Sand (0041|0023 | 0.106 Sandy Soil. South Em-
mett,
222| 18t ft | Heavy Clayey | Coarse Silt |0.012 |0 058 0117 |Prof. 14—High lying
bench North of "Em-
223| 2nd ft = L Fine Sand |0.000 | 0105 | 0.329 | mett. Uneultivated.
24| 3rd i |Medium i Coarse Silt |0 024 | 0.14p | 0.283
225| 4th ft ‘o st Fine Sand |0.032 | 0.047 | 0.233
226 pth ft a £8 Course 8ilt | 0.017 | 0.085 | 0.244
Av. | 0,017 | 0.077 | 0.231
370/ 18t ft |Medium Clayey| Fine Sand 0082 | 0,117 Wlillo‘;v creek, bottom
ands
371 ond ft - {0 i 0.035 | 0.148
Av. 0.058 [ 0132
372 18t £t £ “ Ll 0.035 | 0127 W]moav creek, bottom
ands.
473| 2nd ft L “ | Fine San 0.023 | 0.127
Av. 0.029 | 0.127
37| 18t ft | Heavy Clayey | Fine Sand 0.035 | 0 286 |Slick. spot on so-called
bar. North of Payette
376 2nd ft . (- i LOORL 0.047 | 0350 | river. Land high and
level, underlai~ by
376} 3rd ft [Medium 45 L o 0035)|0.233 | gravel. Crops poor.
AvV. 0 039 | 0.289
377| 1st it |Medium Clayev | Fine Sand 0.022 | 0.159 |Similarly situa‘ed to pre-
ceediug. Alfalfa tine.
378| 2nd ft |Light LT 1] i 0.023 | 0 095
Av. - 0028 | 0.127
879| 1st ft | Heavy Clayey Medium Sili | 0.163 | 0.058 0.753 (Level lowland. North
of Payette river. Un-
880/ 2nd ft | Medium Clay 5 ' [ 0.095 | 0.058 | 0.456 |derlain by gravel,
621°0
Av, 0.058 | 0.604

;
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384| 1st {t | Heavy Clayey | FineBand |0.088!0.035 | 0.170 |8oil from center of Oity of
Payette. Soil moist.
-385| 2nd ft - ! Coarse Bilt | 0.209 | 0.035 | 0 212
0148 | 0035 | 0,191
381| 1st ft | Light Clayey Fine Sand | 0.026 | 0.023 | 0.148 (Foot hill. Northwest ol

Payette., Uncultivated.
No sign of alkali at sur-

face.

382| 1st 1t [Medium Clayey|Medium Silt|0.095 | 0.023 | 0 170 |Bank of Snake River west
of Payette. Uncultivat-
383| 2nd {t a6 o ' “ 10.210|0.094 | 0.382 | ed and poor.

0.152 | 0.058 | 0.276
386( 1st ft | LightClayey | Fine Sand | 0.051 | 0.047 | 0095 Upland south of Payette
River. No sign of alka-
387 2nd ft LU/ o ol “ 10.039]0.023]|0.085| li. Good growing,

; 0.045 | 0.035 | 0090
388 18t ft Medium Clayey| Fine Band | 0,022 | 0.023 | 0.095 |Top of beuch lands south

of Payette River.
392 I8t ft Medium Clayey| Fine Silt | 0.431|0.398 | 0.106 i
393 2nd it | Heavy L el 0.516 | 0.392 | 0.159 |Flat south of Payette

River. Alkali spots
04731084510182| abondant.

Discussion of Tabulated Results.

SoILs APPARENTLY SUFFERING FROM ExcEss oF WATER. Pro-
file 1. samples 161-164. The econditions at this place
are zpparently such as to cause excessive acecumula-
tions of salts both from the subsoil and neighboring
lands, lying as it does in a flat depression in the broad-
ened trough of a draw leading from the upper part of the
bench. The soil was wet, free water being found at three
feet and this in spite of the fact that irrigation had not
begun at the time of sampling. Sodium cloride or common
salt is the salt present in greatest amount, reaching a maxi-
mum of over one per cent in the surface foot. Sodium
sulfate or Glaubers salt and sodium carbonate or sal soda are
also present in excessive amounts and are fairly uniformly
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distributed throughout the profile. The presence of
the ground water within capillary distance of the surface
18 8o evidently the cause of the accumulations as to scarcely
merit comment.

Profile V1. samples 179-183. This represents a most
aggravaled case of injury from alkali and water. The loua-
tion is in the broadening out of a draw at its lower end and
is directly exposed to seepsage and drainage from the lands
above it. At the time the samples were taken (before
irrigation had commenced) the soil was quite wet with free
water at five feet. Later in the g2ason it became a .marsh.
The profile indicates Jarge amounts of all the salts, but the
carbonates are present in greatest amount. Any attompt
to utilize it would be absolutely useless until the excessive
quantities of water had been removed.

Samples 218, 219 and 220 taken at various places along
the low lying river lands below the irrigated benches present
every evidence of owing their condition to accumulations of
salts washed down from above. Under such conditions the
carbonate appears to predominate and determine the char-
acter of the alkali. The black deposits and pools all about
contribute to this view.

VircIN AND WEeLL Dgramep Cunmivatep Soins. Profile
II samples 165-168 and Profile I[II samples 837-841.
The samples comprised in thes» were taken respectively in
the spring and near the end of the irrigation season from the
same locality. At the time of the first sampling the land
had never been irrigated and profile II indicates this
condition in a very satisfactory manner, both the sulfates
and carbonates being lowest in the rurface foot and increas-
ing in amount with the depth, reaching their maxima at the
fourth foot. The clorides are however a little higher at the
surface. After one seasons irrigation as represented in the
profile III the carbonates had not essentially changed
but the maximum amount of clorides was then in the third

foot. The sulfates being inconsiderable i. this soil were not
deter'=ined at this time.
Profile X samples 200-204 and Profile XI samples 361-365
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represent a level upland soil taken respectively at the be-
ginning and end of the irrigation season. The land was
growing a fine crop of alfalfa. The little change obsarvable
in the amounts and distribution of salts is in the way of im-
provement, the carbonates having been lowe:ed. This land
is well drained and represents a maost desirable condition
where the water applied tends to improve instead of destroy
the land. '

Profile XII samples 205-209 represents a level upland vir-
gin soil. The salts are all present in large amounts but their
maxima all lie below the surface foot. If the subdrainage is
good, irrigation might improve such a soil, otherwise it would
probably soon be ruined by the rise of salts from the subsoil.

Samples 894-895. Level upland orchard, a fow small
spots occur but as yet have done little damage: The dark
spots appearing at the borders of the sub-laterals and where-
ever water has evaporated together with the amounts of car-
bonates found in the first and second foot indicate it
to be near the danger line.

Sample 212 unirrigated is high in carbonates for the sur-
face foot. Sample 211 irrigated and similarly situated con-
tains less alkali and the difference would appear to be
due to its being washed ouf or at least down int> the subsoil
by the added wates. |

Sample 218 and 214 taken just above and below a
main diteh contain about the same amouit of carbonates in
the surface foof, o that the accumulstions frequently arising
from the leaking of near-by ditches do not appear to
exist here.

Samiles 886-887 and 888. Both high-lying and well
drained evidently show the amounts of the various constitu-
ents to be expected in the best type of soil under the most
favorable condifions, ,

_ Profile VII samples 184-188. Virgin soil from lower beneh.

Water cannot be directly traced to this place and the alkalj
content and distribution is not very dissimilar to that of

profile XII already considered. -
Snick Spors. Profile 1V samples 169-173 and profile V
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samples 174-177 represent locations within a few feet of each
other. Those in profile IV were taken from a go-called slick
§pot where trees had been repeatedly killed. Those in pro-
file V represent good growing land where trees were doing
fairly well and clover was good. The location is on the
side of a draw where the drainage is apparently excellent.

Profile IV represent the condition nearest the depression
and ie elevated only slightly above a series of whitish spots
which extend along the side of the draw and are evilantly
caused by the evaporation of outcropping drainage water.
Profile IV shows large amounts of all of the salts very irreg-
ularly distributed through the soil. Profile V however
shows comparatively insignificant amounts of clorides
and sulfates. The amounts of carbonates while not so. great
as in Profile IV are still considerable but increase with
the depth in the manner usually associated with a well
drained soil. The textures of these two soils are very
similar, if not identical, so that the bad condition indicated
by the spot must be ascribed to its nearness to the local
water table (in this case the out cropping drainage water).

Profile VIII samples 189-193 and profile IX samples
194-198 from adjacent plices in a level upland soil. Pro-
file VIII from a so called sl'ck spot an profile IX just
off of the spot. The salts represented in both are high
and do not indicate any very great advantage in favor
of one over the other. The carbonates and sulfates in
the surface foot of the spot are, however, higher than in
the surface foot of the good growing adjacent land.
Comparing 866-367 with 868-9 and 210 with 211 samples
taken in an analogous manner to the preceding i. e. from
epots and good growing adjacent soil, we find that the same
condition exists. So that in every case examined the sur-
fac:: foot of the spots contains considerably more of the car-
bonates and usually more of the other alkali constitu-
ents than the zood growing lands surrounding them.

Low Lyine Sanpy Sorts At Eastern END oF VALLEY.
Profile VIII samples 227281, A cultivated so0il in
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which the ‘Jistribution of the ealts is moderately uniform,
being about the same in amount for each constituent through-
out the profile. This is apparently accounted for by the
looseness of the tevture of the soil which permits of the
ready transportation of the soil solution. The carbonatas
are remarkably high considering this conditior

Samples 221 and 397 both contain reasonable amounts of
all the salts and are apparently better drained than
Profile XII1.

Hien Lyixe Levern Bexca ar Eastery Exp o
VarLey  Profile XIV samples 222.226. Represents an
uncultivated upland soi! in which the amount and distribu-
tion of the various salts is quite sumilar to the upland soils
of the New Plymouth Bench.

Arruvian SoiLs NortH oF Paverre River. Samples
870-871 and 872-378, These soi's oceurring at the
mouth of Little Willuw several miles east of Payette Ulty
are exceptiona'ly fertile. The alkali seems to be similar to
the best lands south of the Payette River.

Low Lyive Sois NortH or River. Samples 874-6
and 877-8 sandy soils taken from a so called bar,* which is
evidently of alluvial fomnation and is underlain by gravel.
The soil is very compact and of clayey texture and in spite
of its apparantly favorable opportunity for underdrainage
eontains considerable amounts of ecarbonates., Samples 874-6
from a spot contain the larger quantity.

Samples 879-380 from the same vicinity as the preceding
are underlain by gravel and contain unusual amounts of
alkali. The land is however, very low and the drainage is
necessarily poo. '

SorLs 18 Axp Jusr Wesp or Paverre. Samples 381,
882-888, 884-5. These soils like those similarly situated
gouth of the river contain congiderable amounts of carbonate
and are comparatively low in the other constituents.

General Charaeter of the Alkali, '
The wide distribution of dark spots and staine on
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the soils of this area so frequently noted above indicate that
the predominating alkali is of the so called black variety
and this is amply borne out by the chemical examinations. In
almost all of the samples taken the black alkali or sodi-
un carbonate is present in amounts greater than the other
eonstituents. I the lands whose fertility has been the
most affected by alkali accumulations the carbonate equiva-
lent is frequently as great as 0.8-0.5 per cent which of course
precludes any attempt at cultivation prior to its removal.
Even in the best lands this constituent is fairly high.
For instance virgin and cultivated soils growing fine crops
which are favorably situated at the top of benches are shown
by the tabulated results to-contain on the average an equiva-
lent of 0.10 per cent or more of sodium carbonate.

Sodium cloride is in a few instances present in ex-
traordinarily large amounts. Thus in the lands which
are the more contaminated by alkali a few cases occur where
this salt reaches 0.50 per cent and over. In general however
it averages considerably less than the sodium carbonate and
in ths good growing upland soils amounts to 0.03 per cent or

less.
The soluble sulfates frequently run quite hiri (0.20.0.40

per cent) in the highly contaminated lands but in the good
growing lands are present in small amount compared with
the other constituents, frequently runnirg from 0.02 per
cent down to none at all. These land: carry considerable
sulfate of lime which is doubtless a factor in the formation
of the more soluble sulfates.

Vertical Distribution of Alkali.

The virgin scils as a rule contain smaller amounts of sol-
uble salts in the svrface fost then in svcceeding feet. The
amounts in the surface foot are usually below the limit
of tolerance for most crops so that most of the land produces
well at the starf, but its ultimate condition depends on
whether the local conditions are favorable to an increase or
decrease of the salts near the surface.

In soils containing much free water the alkali is usually
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distributed rather uniformly, is high all the way through the
profile and is frequently highest in the surface foot.

In soils which are neither saturated nor free from water
the distribution of salts may be quite irregular, depending
as it does upon the resnltant effect of the tendencies of de-
scending water to carty the alkali down and rising water to
bring it tu the surface.

Topographical and Geographical Distribution.

In discussing the tables above attention was called to the
fact that the amount and distribution of alkali in certain
gnils was not different from that in similarly situated soils in
other parts of the Valley. In other words geographical
position within the area seems to have little influence as de-
termining the character of the alkali. And this is what we
should expect when we consider the smallness of the area
under consideration, the identicity of the soil forming mater-
ials, climate and other conditions influencing soil formation.
On the other hand typical differences in the amounts and
dist:ibution of soluble salts have been pointed out between
differently situated soils. So that other conditions being
equal the approximate nature and distribution of the alkali
in so0ils of this area can be safely predicted from the data at
hand and a knowledge of the surrounding topography.

Slick Spots.

Whatever the cause of the slick spots may be their occur-
rence thoughout th> area is always a source of annoyance to
the cultivator.  As has been pointed ont above, these spots
always contain considerably more alkali in the surface foot
than does the surrounding land. And whether this is or is
not an effect of conditions producing the spot it is only reas-
onable to suppose that the lack of growth is largely if
not entirely due to the presence of the accumulated salts.
At this time it can only be suggested that the plowing of
suth spots should be urusually deep and the surface mixed
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with the subsoil as thoroughly as possible to secure uniformity
of texture and drainage.

Conclusion.

The amowunts of so called alkali or water soluble salts in
the soils of this Valley are quite large and offer a serious ob-
stacle to the successful farming of large areas. Prior to
artificial irrigation the amounts and distribution of the alka-
i constituents in the various soils were fairly uniform.
Since artificial irrigation commenced, however, there have
beeu radical changes in this respect. Irrigation has resulted
in improving certain favorably situated soils by working the
salts to greater depths or into the drainage or neighbor-
ing lands. But en low lying lands or wherever the natural
under drainage is poor accumulations have been brought
about. These accumulations, as has been noted above, con-
sist largely of sodium carbonate. Unfortunately, howev-
er the use of gypsum, the usual antidote for scdium carbon-
ate, is inapplicable here because the amount of rerulting
godium sulfate in addition to the smulfate and cloride already
present would in most cases still be far above the toxic lim-
it for the crops of this section. Fn even the most favor-
ably situated soils the alkali is quite high and wnless water is
sparingly used or the underdrainage is excepticnally good
the tendency ot the salts to come to the surface is soem
observed. The topography of certain portions of the area i.
e. the bench lands is admirably suited to artificial wnder-
drainage which would probably solve the alkail problem for
lands so situated, if it were introduced. It is difficult to gee,
however, how the low lying river lands eould be successfully
underdrained and fer the present at least such lands should
be avoided or chosen with great care when intended for agri-
eu]turnl_ip‘urposou.
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