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INTRODUCTION

An estimated two to four million acres of irrigable saline and
alkall soils of the United States return very 1ittle income to land
owners (17, 19). Increased needs for forage crops, and the relatively
high salt and alkall tolerance of some improved forage specles, once
established, suggests a way of increasing revemue from some of these
lande without cosfly reclamsation,

Lower salt and alkali tolerance during thg germination and seedling
period has limited the use of these crops, High salinity amd alkalinity
reduces the nitrifying power of soils, thus reducing productivity (3, 5,
6, 7, 10).

Water line or shoulder planting on sides of furrow-irrigated ridges
or raised beds has been found to increase stends of truck crops on saline
and alkall soils (23). Stands of sugar beets on & saline-alkall soil in
Yakiga Valley have been materially 1mpfove& by rill irrigation sadjacent
to seed at seeding time (18).

Furrow or rill irrigation has characterized all previous work on
salt movement studies on ridges and furrows, Ko comparisens of crop
stand have been made between ridge top and furrow bottom plantings. Bo
reports were found where sprinkler irrigation was used to reduce the salt
eontent in the area of seed germination,

A field experiment was conducted to determine the effectiveness of
ridge top and furrow bottom plantings, sprinkler irrigation, and soil
treatments in establishing forage crops on an extremely saline-alkali

soil. (Saline-alkall soil as defined by Reglonal Salinity Laboratory
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at Rivetside, California, is 2 soil having a conductivity of the satur-

ated extract in excess of 4 millimhos per cm,, and an exchangeable sodium

percentage greater than 15),

A leboratory experiment was conducted to determine the nitrifying

power of this 801l to see if it is & factor contributing to low prodme-

tivity of these soils,

In the evaluation of ridge and furrow plantings, sprinkler irrigation,

end soil treatments of sulfuric acid, gypsum, manure, sawdust, Xrilium,

straw and PR78, answers to the following specific questions were sought:

1.

3.

5.

Can sprinkler irrigetion be used to apply water in small quan-
tities so as not to establish cepillary connection with a water
table located at 15 to 18 inches? Will these light water appli-
cations ‘bé sufficient to move salt away from the germinating
seedlings?

¥hat ic the effect of ridges and furrows on sali movement and
erop esteblishment under sprinkler irrigation?

Whet is the effect of ridge top and furrow bottom plantings on
forage crop establishment under soil treatments of gypsum, sul-
furic acid, manure, sawdust, strav, Xrilium and PR78 and sprinkler
irrigation?

-Is the pR of soil affected by ridges and furrows and soil treat-

mente of gypsum, sulfuric acld, manure, sawdust, straw, Xrilium,
PR78 and sprinkler irrigation? ,

Is a low nitrate fertility level contributing to the non-produc~
tivity of this soil?



REYIEW OF LITERATURE

The literature on saline and alkall soils is voluminous, Receat
work is adding meterially tc the knowledge in this fleld,

The literature reviewed in this thesis is confined to the recent
articles dealing with salt and alkall tolerance of grasses, salt move-
ment in irrigated soils, effect of grasses on saline and alkall soils,
crop establishment on these soils, and the effect of salts and pH on
nitrifying vower of soils,

Grass is one of our most salt tolersant crops, Work by Scofield
and Kearney (29) indicates that up to two per cent salt can be tolerated
by certain grass species, Brown and Bernstien (8) have demonstrated the
varying salt tolerance of several grasses, Listed in the order of decreas-
ing sa..lt tolerance are the varieties tesied: tall whealgrass, tall fescue,
wild-rye, perennial ryegress, Hardinggrass, orcherdgrass and meadow foxtail,
At high levels of salt, tall wheatgrass, tall fescue and ryegrass showed
good surviwval,

Brown and Bernstien (8), Ayers (1), and Ayers and Hayward (2) have
gshown that osmotic effects of salts hzve more influence on yield than
does the toxicity of specific ions of Na, Ca, Cl, S0y, and that moisture
in saline soile m;:.st be maintained near field moistwre capacity if plants
are to obtain water at high salt concentrations (above 1/2 per cent salt),
Grasses can be grown on and used in the reclamation of saline and alkali
soils, Extensive root systems of the grasses open up the soil and hasten
reclamation by improving water nenetration rate and aeration (21),

Marshal and Palmer (22) found that over a 20-year period there was
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twice s mch salt leached domﬁrd under perennial crops ae® under culti-
vated orops and cereals, Gardner (14) has aleo shown the increased perme~
ability of soils planted to perennial crops, Under good drainage and
adequate irrigation, soluble salts can be leached to lower depths in the
soil profile or removed with drainage water; however, evaporation from
the surface and capillary action of water will reverse this movement (12,
22, 29).

Several workers have shown that under poor drainage, inadequate irri-
gation, or poor quality irrigation water, salts accumulate in the surface
soil (14),

Many orops, particularly grasses and sugar beets, are highly salt tol-
erant once they get past the germination and seedling stages (1, 2, 8, 18,
28, 30), Ayers (1), Ayers and Hayward (2) and Heald, et al. (18) found
that losses at the germination and seedling stage could be reduced by
lovering salinity in the immedlate area of germinating seedlings and mein-
taining moisture near field moisture capacity,

Work in Washington by Heald, et al. (18) on saline and alkali soils
of the Yakima Yall;y demonstrated the poesibility of moving salts laterally
and vertically away from the germinating seeds by rill irrigation, Stande
were increased over 100 per cent by this method,

MoGeorge and Wharton (23) found that in lettuce and truck crop beds
in Arirona there was considerable salt movement from furrow to ridge where
raised beds and furrow irrigation were used,

- Wadleigh and Firomgn (30) planted cotton on ridges and furrow-irrigated,
They found that salts moved from the furrows into the ridges. Molsture
studies in the same experiment dexonstrated that the cotton plants took

most of thelr water from the non-saline area under the furrow,




5

The power of a saline or alkali soil to convert organic material, or
nitrogen salts (ammonium compounds) to nitrates, is very limited. Greaves
(15) and later Greaves and Jonew(16) demonstrated that even slight amounts
of alkali salts cause sccumulation of smmonia in soils by decreasing the
nitrifying power of the nitrate-~formers,

Bollen and Ahi (3) used an alkali soil from eastern Orsgon, sad an
acid soll from the Willamette Valley, Oregon., They added various salts
to the two solls and got decreases in ammonification and nitrification,

Caster, Martin and Bushrer (10) working in Arirona, established a
threshold pH value of 7,7 2.1 for nitrification, In their experiment ne
nitrification occurred sbovs this level, Accumlation of nitrites coocurred
at pH slightly above 7.7 2,1, but no nitrates were formed until pH was re-
duced to 7,7 2 ,1. The high pH of the soil in this experiment raised the
question of low nitrate fertility and lew nitrifying power as factors cone
tributing to the low productivity of this soil,

Earlier work done by Meyerhof (25) and Olsen (26) as reported by
Caster, Martin and Buehrer (10) met an optimum pH level of 8,37 for nitri-
fication and a meximum of 8,8, Meyerhof (25) and Olsen (26) worked with
solution cultures, Caster, Martin and Buehrer (10) used soil cultures,

Breaseale and MoGeorgp (6) working at this same station (Arigons)
established that above pH 7.6, plants cannot absorb nitrates. These work-
ers found that carbon dioxide evolution by roots, reduced pH at the soil
root interface below 7.6, permitting nitrate absorption by plants in alka}d
soils, They aleo demonstrated that carbon diexide, released during decempo-
sition of manure, reduces soil pH and as a result, nitrates are inoreased,

The soll used in this experiment is waterlogged the greater part of

the year, During the period of this experiment, the water table remained



at from 15 to 18 inches belovw the soll surface,

So0ils with high water tables and submerged soils were studied for
nitrifying power by Breazeals and McGeorge (7), and Kelley (20) (as re-
ported by Breazeale and McOeorge (7)). Oxygen was shown to be one of the
limiting faotors in action of soil microorganienms,

Kelley (21), as reported by Breazeale and McGeorge (7), working with
rice on submerged solls, found that active ammonification occurred under
these conditions, but that nitrates were reduced to ammonia, There was
no nitrogen loss in this experiment as the ammonia was fixed in the 8oil,

Breaseale and McGeorge (7) worked with ammonium sulfate on normal
and puddled soils, On well merated, calcareous alkaline soils all the
ammonis had been converted to nitrates in 18 days. In these same moils
in a puddled or waterlogged condition, nitrification ceased and denitri-
fication set in, At the end of 18 days, 50 per cent of the nitrogen added
in armmonjum sulfate had been lost, They slso found that manure and chem-
ical amendments increased nitrification, which, uwpon incorporation with

the soil, resulted in improved aeration (7).




PROCHDURE

Pield Experiment

The effect of ridge and furrow plantings, sprinkler irrigation and
801l treatments on stand establishment of 11 forage crop varieties, was
determined on a highly saline-alksli soil onm the D. E. Williams farm at
Spanish Pork, Utah, in 1952,

Your sites were sampled in the plot area prior to ridging or appli-
eation of treatments, Analysis of these samples is used to characterize
the soii as shown in table 1.

Table 1, Some charasocteristics of the soil prior to treatment (averages
of four sampling sites in experimenta) area)

e = —— - — =
Depth ' Cation ' Sodium ! Potassium ' pH of ' Conductivity
of 'exohange ' saturation'saturation ! soil ' of saturation
[} ty f 1 1 m‘be [] o
inches ! m,eq,/100!' per cent ' per cent ! " millimhos/cm,
] . 1 1 t . 1
0=-21 14,9 81.82 13,6 ' 10,1 ¢ 98,8
1 [ t ] L
2~4 b5 ! 55.8 ! 12,8 * 10,0 ! 46,8
1 t ' ] ]
W -8t 16,0 ! 56,47 1 10,6 ' 10,1 25.4
1 ] 1 1 [ ]
8 »12 ! 15,1 ! 56,8 ¢ 10,2 ' 30,1 19,0
L] [} ] ] ]
= s s LS S —— — =

The soil contains 21 per cent calciunm carbonate and no calcium sul-
fate to & depth of one foot. The soll is tentatively classified as a
Kirkham loam, The surface soll has s good gramlar structure, Horigontal
layering is found in the 2 to 8 inch depth; below this is an amorphous |
layer; at 12 to 15 inches a compacted layer is found, The color changes

from a dark brown at the surface to a light tan at shout 12 inches, High
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salt and alkeli has ceused the land, on which these plots were located,

to be abandoned, Vegetation was made up of a few small greasewood (Sarco~

batus vermiculatus) plaates scattered patchee of saltgrass (Distichlis

abricta) and eome vhitetop (Cardaria drabe).
The water table remained at 15 to 18 inches throughout the experiment

exoept during the late winter and early spring when water was standing on

the soil surface, Factors which maintain this high water level are draine
sge of exoess irrigation watars from the south and the west, & high terra-
plane irrigation ditch on the east, and a built-up road on the north which
prevents surface drainage,

The experiment was'designad as a completely randomized block with
umiform moieture treatment on the entire area, Individual plots were 25
feet Dy 22 feet, There were eight eoil treatments replicated four times,
Ileven forage crop varleties were planted in each plot, The plots were
ridged (about four inches high) every 22 inches, and a seeding of each
forage variety made on a ridge and in the adjacent furrow,

The treatments used in the field experiment in this thesie were
selected for one of three reasons: (1) proven value in reclaiming saline
and alkali soils; (2) value az a mulch to reduce evaporation and keep
moisture high near seeds; (3) possible value as suggested by previous
work or by mamufacturer, No experiment has been conducted using these
materials in the mmnner employed in this experiment,

S0il treatments of gypsum, one ton per acre; sulfuric acid, one ton
per acre; and Krilium, one thousand pounds per acre, wers made prior to
seeding., They were applied in narrow bands on tops of ridges and in bot=
toms of furrows, and incorporated into the soil with a hoe,

Manure, 10 tons per acre; sawdust, 5 tons per acre; etraw, 2 tons per
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acre, and PR78 (wetting agent 80ld by Atlantic Refininy Company), 40 pounds

per acre;, were applied after seeding over the entire area of plote recelv-
ing these treatments,

The following forage crop varieties were planted in each plot: biennial
yellow sweetclover (Melilotus officinalis), reed canarygrass (Phalaris arund-

inacea), Russian wild-rye (Elymus Junceus), alta fescue {Festucs elatior

yar, arundinacea), tall oatgrass (Arrhenatherum elatius), biennial white

sweotclover (Melilotus alba), tall wheatgrass (Agropyron elongatum), Tuale
atin oatgrass (Arrshenatherum elatius), birdsfoot trefoll (Lotus cormicu~

latus), pubescent wheatgrass (Agropyron trichophorum), mountain brome (Brpmms

marginatus),

All treatments and seedings were made on Aogust 27, 1952, Frequent
1ight irrigations were m-~de with a portable sprinkler irrigation system
to keep s0il surface moist, and soil near seeds at, or near, fleld moisture

capacity. The irrigation schedule for the experiment is given in tabdle 2,

Table 2, Irrigation schedule for forage crop plots on E. D, Williams

farm, 1952
1 1 t
B e T e by Tinchen
Sept. b ' 3 ' us ! 1.35
Sept. 8 : 1.5 : b5 ' 0.67
Sept, 10 : 2 : Ls : 0.9
Sept. 12 X 1.5 ) 40 ) 0.6
Sept. 16 X 1.5 ) 10 ! 0.6
Sept, 23 ' 1 ' o ' o.b
Sept. 27 : 1.75 : 4o : 0.7
Oct. 4 : 1 : 45 : 0,45

Note: Spacing 40! x 40'; nozzle, Rainbird Yodel 40, 11/64% x 3/32
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One Mndred pounds of ammonium sulfate was applied (September 8ih)
to the plots through the irrigation system,

Plant counts were made on October 11, 1952, and on May 8, 1953, Seil
samples were taken four times during the experiment, The dates of sampling
were September 8, September 23, October 11, in 1952, and May 8 in 1953,
Samples were taken near the ceanter of each plot on the ridge and in the
furrow at the following depths: O - 2 inches, 2 - 4 inches, 4 - 8 inches,
and 8 - 12 inches, Samples were placed in plastic bags, They were later
air dried, ground to pass a 2 mm, seive, and replaced in the plastic bags
for storage,

The following determinations were made: conductivity of the satura-
tion extract (28, 9); pH (28); exchangeable cation anslysis on some samples
not reported in this thesis (&4, 11),

Laboratory Experiment

The pH level was considerably above the threshold pH value for nitri-
fication as determined by Caster, Martin and Buehrer (10), or by ieyerhof
(25), or Olsen (26) as reported by Caster, et al., (10). The soil used in
this experiment had a pH of 10, The water table is at 15 to 18 inches in
the field, During the winter months a large portion of the field is flooded,

On October 11 a bulk sample was taken from the field to the one foot
depth, This sample was taken adjacent to the experimentel area in vwhat
appeared to be the better part of the field as judged by plant growth,

It was air dried and stored until April 24 when the nitrification study
wvas started,

One hundred-gram samples of air dry soil were measured into 250 ml,
Erlenmeyer flasks, One gram of alfalfa, ome grem of dried cow manure, one

gram of straw, one-tenth gram of ammonium sulfate and one-tenth gram of
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ammonium nitrate were added to appropriate flaske and mixed thoroughly,
Tour repliocates of each treatuent and control were established, Distilled
water was added to bring the soil to the one~third atmosphere moisture per-
centage, The woights of the individusl flasks were then recorded. TFlasks
were maintained at this weight by daily weighing and adding distilled
water, The saxples were held at room temperature (approximately 20° ¢,)
and the one-third atmosphere moisture percentage for 34 days,

Nitrate content of inoubated samples, and of manure, slfalfa, straw,

emmonium sulfate and ammonium nitrate were determined (31),




RESULTS

Forage plante were established on several plots in this experiment,
Table 3 shows the number of plants of each variety thut had become estab-
lished by October 11, 1952, The number of plants that had survived until
the following spring ars shown in table 4,

No plants were established on the control or on the plots receiving
PR78, Only a few plants were establighed on the strawtreated plots,
Manure, sawdust, Krilium, gypsum and sulfuric acid all showed greater
plant establishment than the control in three out of four replicates on
October 11, 1952, (See tables 3 and 4),

On May 8, 1953, alta fescue and tall wheatgrass still gurvived on
many of the plots, Replicate number 1 showed several varieties surviving
and some yellow sweetclover had appeared in replicate mumber 3 of the
Erilium treated plote, The germination of hard seeds accounts for the
plants found on May 8, vwhere none were found on October 11,

¥With one or two exceptions, all plants eatablished were found in the
furrows. Thelir establishment is associated with reduction in salt content
around the germinating seeds (figures 1, 2, 3, 4), or low initisl salt con-
tent as in replicate number 1 of the manure treated plots (tables 3 and 4),

Under the gypsum and sulfuric acid treatments reduction of salt con~
tent in the furrows was equal to the reduction of salt in furrows of con-
trol during the germination period in the fall (figure 4), Preliminary
investigations not reported in this thesis indicate that under gypsum and
sulfuric acid there is a high replacement of exchangeable sodium by calcium

in this eoil and that pH is materially reduced dy sulfuric acid (tabdle 5
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Table 3.

individual replicates of different treatments on ridgee (R) and in furrows (F)

October 11 plant count showing number of plants of each varlety established per row for

' Treatments
! T
Plantse t Control ' Gypsum : Manure : Sawdust
' Replicates Replicates 1 Replicates ' Replicates
'l 2 3 B 12 3 b 1 2 3 B i1 2 3 b
! ' t '
Yellow sweetolover 1 - - - = - - - -+ 150R - - - 4 - - - -
' ' ' 300R '
Reed canarygrass ' - - = =, 100F 10F - -, jo0p ~ =~ S30F,- 25F - 8F
! ' ' '
Russien wilderye '-= - - ' S55F 12F - - ! oy - - 2080 - - - -
' ' '
Alte fescus v- - - = kor Z® soF 6or! 23R 8F 10F 160F | - 50F 10F 6F
¢ ' ' 2 '
Tall oatgrass : - - - =t 21F 35F - -t zggg - - 8F ' - - - -
1 t 1
White sweetolover , - - - ~-' 4F - - ' sF - - - '. o o .
]
Tall wheatgraes L - - -« ="' 208 1B 3op usp' 260R 9w 1or 50F '25F 35F 25F 6OF
\ 50F , 2257 '
' ! v 75R t
Tualatin oastgrass : - - - -, 12F - - -, sop - - -, - - -
! ¥ 1
Birdefoot trefoll : - - - =y - - - -y - - - 107, - - - -
t 1 t
Pubescent wheatgrass: - - - -y - - - - - - - - 4 - - - -
1 t ]
Mountain brome : - - - - - - - b S R
AUVELT

99371100 TVINLTNIEDY JLVLS HVI1N

€1




Pable 3 (conttd),

: Treatments
Plants : Straw 1 Krilium ' P.R,78 ' Sulfuric acid
. Replicates , Replicates ', Replicates Replicates

1 2 3 4 1 2 3 b 1 2 3 4 1 2 3

ppmppane

Yellow sweetclover

'

' . . '

] 1 t [}

| ] ] 1
Reed canarygrass » 25F - - 60F, - 100P150FP =~ 4 =~ « = =, 2P 6F =~
Russian wild-rye : - - - - : - - 25F - : - -~ - = : 60F 4P -
Alta fescue : 25F - - 1oy : 15 10F 127% - : - - = - : 68F 50F 25F
Tall oatgrass : - - - 10® : 10F - 30F - : - e = - : 27F 20F -
White sweetcover : - - - - : - - - - : - - e = : 5F - 8¥%
Tall whestgrass : 50F - - 30F '. 60F 70F 150F - : - - - - : 37F 60F 35F
Tunlatin oatgraaes : - - - - : - - 10F - : - e m - : 1I3F - -
Birdsfoot trefoll : - - - - : - - - - : - . = - : - - -
Pubescent vheatgrasc: - - - - : 37 - - - : - = = = : - - -
Mountain brome : - - - - : 5F - T75F% - : - - = - : - - -

] 1 ¢ 1}

i

1



Pable 4, May 8 plant count showing number of plants of each variety established per row for individual
replicates of different treatments on ridges (R) and in furrows (F)

¥hite sweatclover
Tall wheatgrass
Tualatin ocatgracs

Birdsfoot trefoill
'~ Pubescent wheatgrass

Mountain brome

: Treatments
Plants ' Control Gypsum ' Manure Sawdust
' Replicates Replicates ' Replicates Replicates
rt 1 2 3 4 1 2 3 4 v 1 2 3 4 1 2 3 4
¥ T —
Yellow sweetclover V- - - - - - = = 1150R - - - - - - -
t L}
- - . - - - 300R _ - - _ - - _
Reed canarygrass : :1001'
! '150R
ssian wild-rye : 2007
L ]
ta fesc ' - - - - - - - - 200 _ - 2 - - -
A e 1 ., 507 5F L 4
1 ]
- = e - - - e - 2R L - . e -
Tall ocatgrass : 15007
4
! - - - - - - = = 1 S0F - - - - - - -
1
¥
[ ]
1
1
1
L4
L
]
|}
T
]

W W e W @ W@ W W B W W W B W o W m w e W W oW W wm]w Wi
W W W W W W G WD 4 S W W W W W W e W W W W W H# W @ mile ol




Table 4 (conttd).

Tualatin catgrass
Birdsfoot trefoil
Pudbescent wheatgzrass

Kountain brome

: Treatments
' Straw ' Krilium 1 P,R.78 1 Sulfuric acid
' Replicaten + Replicates ' Replicates ’ Replicetes
LI § 2 3 h 4+ 1 2 3 & 1 2 3 5 4, 1 2 3 L
v f t [1
Yellow swestclover : - - - - ' . - 200F - ' - - - ' o - - -
1 1 1
Reed canarygrass : - - - - ' - - - - ! - - - - ' . - - -
H t L]
Russian wild-rye : - - - - : - - - - ! - - - - v - - -
t ?
Alta fescue : - - - - ' 2 - LsF - ! - - - - VIR e - -
t ? T
Tall oatgrass N I T S o
] $
White sweetclover : - - - - ' - - - - ! - - - -V o - -
t 1 ]
Tall wheatgrass y12F - - 12F'12F ~ 100F - ' - - = - ' 572 117 -
1 ' 1
' ' ' '
' 1 ' '
' ' ' )
' ] ‘ '
' ' ' '
L 1 t t
L ] 3 ] H
' ' : '

91
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and figure h),

Good stands of forage crops were established on many plots in the
fall, The extreme varilation in salt content and plant growth between
repliocates of the same treatments make presentation of some data on an
individual plot basis necessary (tables 3, 4, and 5), This is associated
with low salt concentration, The high mortality from fall to spring re-
sulted from extremely high increases in salt concentration as shown in
tables 5 and 7, and figure 1,

Tables § and 7 and figure 1 show the reduction of salt in the furrow
and increase in the ridges,

Changes in salt concentration in the upper one foot of soil csn be
seen in table 7, In the gypsum and sulfuric acid plots there was consid-
erable reduction in salt concentration in the furrows as compared with
original salt content of the soil (figure 4), This reduction was not as
great as in the control,

There was & slight reduction in salt in the top foot of moil under
all soll amendments except gypsum and sulfuric acid from September 8, 1552,
to October 11, 1952, By May 8, 1953, all treatments of soil amendments
showed increases in salt in the upper foot of soil, There was considerable
novemsent of malt from the furrows to the ridges, This movement occurred
very rapidly after scll amendments were applied and irrigation started.
(See tables 6 and 7 and figuree 1, 2, 3, and 4),

The salt movement from furrows to ridges was confined mostly to the
upper four inches of soil with slight changes at 4 ~ 8 inches as shown in
tables 6 and 7, and figures 1, 2, &, 5, 6 and 7.

The high increase in salt under all treatments in the 0 - 2 inch depth

during the winter and spring (tadle 7 and figures 2, 4, 5, 6 and 7), as
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well as the over-all increase in salt concentration in the upper one foot
of soil (table 7 and figures 1, 2, 3, 4, 5, 6 and 7) during this sane
period, resulted in death of all crops except alta fescue and tall vheat-
grass and thers was also high mortality in these two varieties as can be
seen by compering counts given in tables 3 and 4,

The high plant establishment on the manure, sawdust and Krilium
treated plots is assocciated with a highly significant reduction in salt
concentration, as is shown in the statistical analysis of this data,

These materials all showed low salt concentration at all dates (figures

3, 4 and 5), There were no significent changes (variance tables in Appen~
dix) in salt concentration at the 4 -~ 8, and 8 - 12 inch depths on any date
under any treatment or between ridges and furrows (figures 1, 2, 4, 5, 6
and 7).

There was high establishment on the gypsum and sulfuric acid plote,
The low salt concentration in the furrow shown in this experiment, and the
lower sodium saturation indicated by some preliminary work, results in
good stand establishment,

The pH level at all depths and dates was extremely high at values
near pH 10, Changes in pH resulting from treatments were not as great
ag differences in pH exiating between individual plote. The one exception
to this was the sulfuric acid treatment on September 8 at the 0 - 2 inch
depth, This change in pH had disappeared by September 23. Appendix table
12 gives a summary of pH determinations. (Appendix tables give the com-
bined statistical analyeis of pH data).

The laboratory experiment showed that slight increases in nitrates

were found in the manure and alfalfa treatments (table 8), There was a
loes of nitrate in the ammonium nitrate, ammonium sulfate and straw tests,

Table 8 gives the result of this experiment,
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Table 5. Alta fescue and tall wheatgrass established in furrows (number of
plants per 25 feet of row) on individual plots with salt concentra~
tion measured in millimhoe per om, and pH for fall and spring data

Alta fescue 1 Tall wheat- 1+ pH of 1 Conductivity of

Treatment t
and + no, 1+ established 1 grass estadb- satura-~: saturation extract
date ' t in 25 ft.,of + lished in 25: tion + 4n millimhos per

' 1 furrow 1 ft,0f furrow: paste : om, in O=2*% depth
] ' 1 1 I

S!ontm! ) t ] 1 t

Oct, 11° t 3 - ' - ' 9.9 ¢ 15.0
! 1“ ' - ' - ' 903 ' l”os
124 - ' - ' 9.3 ! 9.0
ro32 - 1 - 1 9,3 ! 6.1
1 1 ] ] |}

¥ay 8 o3 - ' - 1 9.6 ¢ 210,0
t1s e - t - ' 10,1 ¢ 82,0
roo2 - ' - 1 10,0 ! 90,0
vt 32 ¢ - ' - t 10,0 ! 50,0

Got. 11 . 2 | 40 ) 20, 9.9 22,0
. 12 25 \ 50 , 9.7 , 45,0
, 17, 50 , 12 , 10,0 | 60,0
28, 60 ' b5 v 949, h,0

my 8 ] 2 i - t - ' 9.8 ! 1“’0.0
L A - ' 15 't 9.8 ! 216,0
1 17 ' - ' - ' 9.8 ! 240.0
1 28 1 - ' L ' 9,8 ! 210,0

Mapure ' ' ' ! '

octt 11 ¥ 8 1 50 ' 225 1 9.0 ' 6-5

' 1 13 ot 8 [ ] 7 ] 908 T 21.0

v 19, 10 ' 10 v 9.9 90,0
v 30, 160 ' 50 v 9.2, 7.3

May 8 .8, 50 V225 ! 9.2 ! 13.0
1 13 ' e ' - 1 1000 ' 136.0
t 19 ' - ' - ' 9.8 ' 232-5
, 30 - ' 50 . 2.8 45.0

s!vd!!g 1 ? t t ] /

Oct. 11 ! 1 ! - ! 25 ' 9,9 ! 19,58
‘16 ! 50 ! 35 o9 ! 12,0
t 22 10 ' 25 ' 9,6 ! 22,0
r 3 6 ' 60 9.9 ¢ 4,6
' ' ! ' ' '

May 8 ' 1 - ' 13 ' 10,0 ¢ 21.0
" 16 - ' - ' lo,2 ¢ 90,0
v 22 - ' 17 ' 99 1 126,0
r 31 4 ' 26 t 9,1 1 20,0
' ' ' ' '
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Table 6, Comparison of average salt concentration in ridge and
furrow for each depth (all dates and treatments combined):
salt concentration given in conductivity of saturation
extract in millimhos per centimeter

o e e e e e e e e e e e

L°°g:1°n : Sample depths in inches
samples ' O0«21in, 2 -4 in, 4 - 8 in, 8 « 12 in,
r
Ridge ' 102.9 48,3 26.3 20,0
]
' 61,0 25.9 21,7 19.6
1




Table 7.

Relation of soil treatment to changes in salt concentration in ridges (R) and

furrows (¥) in the upper foot of so0il with average salt concentration in the
upper foot of soil under each treatment; salt concentration given in nillimhos
per centimeter; Ed Williams farm, 1952-53

Sawdust ;l Straw

Date Control Gypeum Manure Kriliua PR, 78 Hp S0y,

R ¥ R F R F |R ¥ R P |R ¥ | r =R ¥
Sept.B |144 109}) 335 98| 271 69} 127 sk| 209 B83|136 72| 184 81 177 122
Average] 126 217 170 91 146 104 133 150
Sept.23[206 109 | 177 139182 103 111 161 228 135] 119 69 | 162 18| 316 155
Average| 158 158 143 136 181 oh 151 235
Oct. 11/174 58| 290 103} 83 80) 90 45| 155 50[ 81 58| 236 111 243 118
Average| 116 196 81 67 102 70 173 180
May 8 {273 190| 362 324} 141 125 180 125| 286 238{ 20 159 { 271 275 363 327

Averagol

231

343

133

152

262

180

273

3L5

14
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Figure 1.

RIDGE:

ti20 4 2 =--=-- FURROW:

80 -

70 A

50

40 -

30

20 4

SAMPLING DEPTHS IN INCHES-

Average salt concentration in ridge and furrow samples
at four inch depth as indicated by conductivity of
saturation extracts. (All dates and all treatments
combined.) Ed William's farm, 1952~53. ~
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Conductivity in millimhos per cm.

Aug. 27 Sept. 8

Figure 2.

20 —

0 - 2 inches

60 -

20 - -

. Ridpe

Ly = 8 inches

2 - L inches

8 -~ 12 inches

| T T T T

Sept. 23 Oct. 11 May 8 Aug. 27 Sept. 8 Sept. 23 Oct. 11 May 8

Sampling Dates

Shows changes in salt concentration in ridges and furrows for each sampling depth on four samp-

]ing dates.

(A1l treatments combined.) Ed William's farm, 1952-53.

N
fy



25

[
NN N N N N U O W W N N W O W W N AN

_1
NN N S N N O N O N N O W W O
[

AN N N N N N . W . WL
[

ESN S S VS S S NS SSYYNYNANANAA
[

 NAVAVAA AN WA VAN

m .
L ,
NN N N N N N T O

(£ /] Ridge

r l

| LN N N N N N N O N N N N O N . W O N A

I

NANAVAVANANAWANY

o
o

| N\ VA VA VA VAU WA

o
@

LO 4

(=
O

120 q
100

sws 1ad SOUWTTTTE UT A}TAT}ONPUOD

TeuTST0

PTO®

STaMIINS

QL *¥g °4

ML TIY

nexlc

qsnpMeg

sanurey

medLn

TOI3u0)H

Treatments
Relation of soil treatment to changes in salt concentration

in the upper one foot of soil for ridge and furrow samples.

Ed William's farm, 1952-53.

(Original - approximate salt concentration before experiment.)

Figure 3.




220 A

2 Sept. 23
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Treatments and Dates ( N
Figure L. Relation of salt concentration in ridge and furrow samples. (O - 2 inch depth) to soil treat-
ment. (0 - approaximate salt concentration at 0 - 2 inch depth before experiment. )
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Figure 5. Relation of salt concentration in ridge and furrow samples (2 - l inch depth) to soil treat-

ment. (O - approximate salt concentration at 2 - L inch depth before experiment.)
Ed William's farm, 1952-53.
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Conductivity in millimhos per cum.

Figure 6.
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2 Sept. 23
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Relation of salt concentration in ridge and furrow samples (L - 8 inch depth) to soil treat-
ment. (O - approximate salt concentration at L - 8 inch depth before experiment.)
Ed Williaw's farm, 1952-53.
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Table 8, Witrifying power of a saline-alkali soil as indicated
by increases or decreases in nitrate content of 100-
gram samples incubated for 34 days with different
materials added

30

Soil N03 a3 N KOy 28 ¥ 4n Increase or
treatment material plus decrease
soil
i ppm Pom pem
Control 3.0 3,0 6.0
Alfalfa (1 @n-) 502 9.6 + 1.“’
Manure {1 gm,) 3.b 7.8 + 1.4
Stravw {1 gm,) 0.0 0.5 - 2.5
Ammonium sulfate
(1/10 gm.) 0.0 1,0 - 2.0
Ammonium nitrate
(1/10 gm.) 170,0 58,0 -112,0
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DISCUSSION

Resulte from this experiment indicate that sprinkler irrigation can
be effectively used with furrow plantings and limited soil treatments of
manure, sawdust, Krilium, gypsum and sulfuric acid to establish forage
erops on saline-alkali soils, Furrow planting of salt tolerant alta fes-
cue and tall wheatgrass (8) using soil treatments of manure, sawdust,
Krilium, gypsum and sulfuric acid, gave highly significant increases in
crop establishment with sprinkler irrigation,

The high plant eétablishment under the manure, sawdust énd Krilium
treatments are associated with reduction in salt concentration, These
treatments did not prevent salt ilncreases in the spring,

Reduced evaporation on the manure and sawdust plois increases the
effective leaching of the water applied, and maintains high moisture
around the germinating seeds,

The high increases in plant establishment under the sulfuric acid
and gypsum treatments is due to a lowering of the salt concentration in
the furrows during germination period and a lowering of the sodium satura-~
tion percentage, (The latter is indicated by preliminary work done by the
author and is not reported in this thesis),

The extreme variation in the plots and the varying plant response
under the different treatments or on various parts of the same plot indi-
cate that a more exact éeans of sampling soil should bhe developed, The
801l samples were taken near the center of each plot so may not necessarily
represent the conditions around plant roots on that plot.

Soil samples should be taken under plants thut grew in order to know




32
the actual condition thet stimalated plant establlishment,

There was considerable variation in salt concentration on ridges
and furrows under different treatments on the four sampling dates. Plots
were ridged, treated and planted on August 27, 1952, and received 1.35
inches of irrigation water on September 4, By September 8 big differences
in salt concentration between ridges and furrows hed developed. The move~
ment of salts from furrows to ridges under furrovw irrigation has been well
demonstrated by Heald, et al, (18), lcGeorge and Wharton (23), end Wadleigh
and Fireman (30), These same workers ass well as Ayers (1) and Ayers and
Hayward (2) have demonstrated the possibility of utilizing this salt move-
ment phenomenon to improve plant establishment on the sides or shoulders
of ridges or beds,

It was found in this experiment thst planting in the bottom of the
furrow, under sprinkler irrigstion and manure, sawdust, Krilium, gypsum
or sulfuric acid soil treatments, is very effective in establishing highly
selt tolerant forage crops on extremely saline-alkali soils,

The pattern of salt concentration established by September 8, remained
about the same throughout the fall (tables 2, 4, 5, 6 and 7)., The extent
of salt movement from furrows to ridges can be increased or decreased with
various soil treatments (table 7 and figures 3, 4, 5, 6 and 7).

Highly significant-changea in pH (variance tables in Appendix) were
affected by the treatments of ridges and furrows and soll amendments under
eprinkler irrigation, but the magnitude of these changes was so small and
the resulting pH level so high, that it had little effect on plant growth,

The laboratory experiment on nitrate fertility and nitrifying pewer
of this eoll showed increased nitrates in the manure and alfalfa treatments,

The explanation given by Breazeale and McGeorge (6) for the increased



33
nitrates results from:

(a) the reduced pH of the soil which follows the carbon dioxlde

evolution on the decomposition of organic materlals;

(b) the improved aeration of the soil affected by the alfalfa and

manure.

gtraw and ammonium sulfate showed slight losses of nitrate, Ammon-
jum nitrate showed a high loss of nitrate, One hundred seventy p.p.m, of
nitrate as nitrogen was adced in the ammonium nitrete treatment, Only 58
p.p.m. of nitrate as nitrogen was recovered. This is in agreement with
the results of others (3, 6, 10, 16).

The results indicate that this soil is low in nitrate content and
restricted growth may in part result from insdequate amounts of nitrogen
for plant growth, (1t should be remembered that the soil from which
sample wes taken was from ares vhere plants grew, and does not represent

poorest areas).
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SUMMARY

1. Two experiments were conducted on an extremely saline-alkali
soll:

(a) a field study to determine the possibility of establishing
known salt tolerant forage crops with sprinkler irrigation by planting
them in furrows under limited trestments of gypsun, sulfuric acid, man-
ure, sawdust, straw, Krilium and PR78,

(b) a laboratory study to determine the nitrifying power of the soil,

2., Salt movement from ridges to furrows under the soil treatments and
sprinkler irrigetion showed manure, gawdust and "rilium to be effective
treatments for reducing salt concentration, and to be very effective in
improving tall wheatgrass and alta fesoue establishment on this soil,
The gypeum and sulfuric acid treatment§ resulted in high plant establish-
nent, lowered salt content 4n furrows end lower sodium satgration under
these trestments (as indicated by preliminary work not reported here) are
factors contributing to succese of these treatments, They gave only very
1imited increase in plant establishment and were not effective in changing
salt concentration, PR78 end the control gave almost identlcal results,
No plants were established and the amount of salt movement from furrow to
ridges was the same,

3. Nitrifying power of this soil was determined on a bulk sample taken
from the better part of the field, It was found that menure and alfalfa
were possibly of some value in increasing nitrate content of the scil, Am-

monium sulfate and ammonium nitrate both showed denitrification,
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Table 1,

Average salt concentration as messured by conductivity of saturation extract in milii-
mhos per centimeter on ridges (R) and in furrows (F), under the various treatments for

each depth sample, and on the four sampling dates, with 1,S5.,D.'s vwhere appropriate

— e e e — - — —— e e ]
Depth Date Control | Gypsum Manure | Sawdust Straw Krilium | PR78 Sulfuric acid
R FI{ R F {R FI|R F R F R FIR P IR ¥
Sept, 8] 62 33 |110 ko | 82 15 Lg 15 77 26 L9 16 | 84 24 67 Lo
0. on| Sept.23 1101 40| 77 72 |91 56 51 78 125 70 53 21} 82 591 192 84
= Oct. 11| 95 9132 42 45 31 34 14 7h 14 28 20 |137 49 142 58
ray 8 {171 108 | 221 204 62 51| 100 64 172 139 123 94 177 161 ] 223 208
L,S.,D.'s | R s, F Treatments
| .05 .01 .05 .01
Sepnt, 8 l 17 22 - -
Sept,.23 30 - - -
oct. 11 |19 25 38 51
May 8 | - - 56 75
Sept, 8 | 40 28| 74 72 59 16 Ls 1L 90 =22 53 23| 57 20 61 23
Sept.23 | 49 23| 51 29 57 20 2h 33 56 32 28 13| 36 133 68 29
2 -« b | oct, 11 | 36 12| 69 22 16 19 22 8 35 13 18 12 | 48 22 53 20
May 8 4s 27| 63 49 41 36 37 2k 55 42 38 25 | 45 45 5 58
L8, D, Ts R v, F Trestments
.05 01 .05 .01
Sent, 8 11 15 - -
Sept.23 13 17 - -
Oct, 11 9 11 17 23
May 8 9 - 18 24

6¢



Pable 1, (cont'd,)
Depth | Date Control | Gypsum Manure | Sawdust | Straw Krilium | PR78 | Sulfuric acid
R FJIR F | R PIR F R F R FI®R F R F
Sept., 8 2L 24 } 25 13 22 21 22 14 26 19 20 18 27 20 30 25
Sept,23 { 31 23 | 32 20 21 16| 17 27 29 17 22 18 { 24 28} 33 24
L - 8" 10ct, 11 | 22 18| 32 22 12 19 | 4 10 25 11 16 12 | 29 20| 28 20
vay 8 37 24 ) 45 38 21 23|25 20 318 N 22 21| 28381} 42 34
1,5,D's R wvs. F Treatments
.05 .01 .05 .01
Sept. 8 - - - -
Sept.23 - - - -
Oct. 11 6 - - -
May 8 - - 13 -
Sept, 8 ] 18 23 | 17 12 ¢ 17112 12 16 16 15 16 | 16 18| 20 35
Sept.23 ] 25 23 | 17 18 13 13119 23 18 17 16 17 | 2021} 23 19
8 - 12" 0ct, 11 | 21 20 | 57 18 10 12 } 20 13 20 12 19 14} 23 20§ 19 21
May 8 20 30 | 3% 33 18 16} 19 18 21 26 19 18} 22 31| 24 27
1.5,D's R wvs, F Treatnents
.05 .01 .05 .01
Sept, 8 - - - -
Sept. 23 - - - -
Oct. 11 - - - -
May 8 - - 11 -
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Table 2, Average salt concentrations as measured in milli-
mhos per centimeter under ridges (H) and furrows (F)
at four sampling depths on four sampling dates, all
treatments combined

Depth 1in inches
Date 0-2 | 2-14 b -8 8 - 12
R b R ¥ R F B 7

Sept., 8 79 L5 60 22 24 19 15 17

Sept. 23 97 60 L6 26 26 21 19 19

Oct, 11 86 29 37 16 22 17 24 16

May 8 156 129 50 43 *32 29 22 25




k2

Pable 3, Average salt concentration in each of the four
replicates expressed as conductivity in milli-
mhos per centimeter with least significant

differences
Conductivity in millimhos per cnm,
Reps. {average)
1 26,28
2 L2, 04
3 Lo 47
4 45,78
I_.S‘.D. .05 = L"ogz .Ol L 4 6.“8

Table 4, Average salt concentration under eight soil
treatuments expressed as conductivity in milli-
mhos per centimeter with least significant

differences
Treatments Conductivity in millimhos per cm,
(average)

Control 40,81
Gypsum 53.83
Manure 29.89
Sawdust 28,03
Straw b3 .31
Krilium 28.26
PR, 78 ‘ 45,78
Sulfuric acid : 57.23
1.5.D. .05 = 6,97 .01 = 9,16

Note: Tables * to 13, inclusive, are the analysis of variance
tebles of conductivity data for the replicates, treatments, depths,
dates and locations, and their interactions with 1,5,.Ds at the

.05 and .01 per cent levels where appropriate,
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Table 5, Average salt concentrations at four sampling
depths expressed as conductivity in millimhos
per centimeter with least significart differences

Conductivity in millimhos per cm,

Depths (aversge)

0 - 2" 82,39

2 4 37.13

L -~ 8n 23,99

8 - 12% . 2,07
L.S.%;, .05 = 4,92 .01 w 6,48

Table 6, Average salt concentration on four sampling
dates expressed as conductivity in millimhos
per centimeter with lemat significant differences

Conductivity in millimhos per cm,

Date (average)
Sept, 8 32.50
Sept. 23 39,78
Oct, 11 30.99
May 8 60.30
e e e
llSQI\'. 005 = JJ—.Q? 001 = 6.1"‘8

Table 7. Aversge salt concentrztion under ridges (R) and
furrows (F) expressed as conductivity in milli-
mhos per cr, with lenst significant differences

v yo— e
—

Conductivity in millimhos per em,

Location {(aversge)
R 43,75
F 32,03

L.S.D. .OS = 3ou? .01 = uoj?
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Pable 8, Average salt concentration under eight soil treatments at four
sampling depths, expressed as conductivity in millimhos per
centimeter with least significent differences

—— i e e ottt

Depth in Treatments
inches Control Gypsum HManure Sawdust Straw Krilium PR78  H,50)
0 - 2 81,20 112,30 53.98 50,64 87,08 50,59 96,60 126,77
2 - 4 32,65 48,95 33,02 25.99 43,21 26,49 3842 48,33
L - 8# 25,72 28,32 19,04 18,65 24,73  19.16 26.75 29.53
8 - 12" 23.67 25,76 13,54 16,85 18,24 16,80 21,38 24,30
L.S.D., .05 = 12,91 .01 = 18,30

Table 9, Aversge salt concentration under elght treatments on four sampling
dates, exvressed as conductivity in millimhos per centimeter with
least significant differences

Date Ireatments
Control Gyosum Memure Sawdust Strew ¥rilium PR78  HpSOy

Sept, 8 2.50 40,70 30,37 22,84 36,60 26,25 33,28 37.55
Sept. 23 Lz, 57 39.55 55.82 34,08  A3.49 23,60 38,00 59,09
Oct, 11 26,21 hb9.25 20,00 17,91 25,67 18,06 43,50 4523
May 8 58,97 85.82 33.40 38,20 65,48 45,12 68,38 87,04
1.5.D. .05 = 13.91 .01 = 18,30 — e

Table 10, Average salt concentration in ridges (R) and furrows (F) under
eight soil treatments, expressed as conductivity in millimhos per
centimeter with least significant differences

m%:m
Location | Prezctments
' Control Gypsum Hanure Sawdust Straw Krilium PR78 HpSOy

R 52,36 66,05 36,34 31.85 54.89 34,00 53,42 69,13
F 29,26 41,61 23,45 zb, 21 31.73 22,52 38,16 45,33

L.s,D. 05 = 9.85 .01 = 12,96
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Table 11. Averace salt concentration at four sampling depths on four
ssupling dates exnressed as conductivity in millimhos per
contimeter with least significant differences

Date Depth in inches

0 - z2" 2 = 4 i - gn 8 - 12"
Sept. 8 49,56 41.30 22,02 17.12
Oet., 11 57.8C 26,70 19.5 19.92
May 8 142,33 Wi, ol 30,55 24,29

1.5.L. N5 = 2,85 01 = 12.92

Pable 12, Average salt concentretion in ridges (R) and furrows (F)
on four sampling dates exvnressed as conductivity in milli-
mhos per centimeter with least significant differences

Location Date
Sept, B Sept. 23 Oct, 11 ey 8
R 43,31 L7,81 L2,50 64,98
F 21.69 31,76 19,48 55.21

L.S.D. .05 = 6,97 Ol = 9,16

Table 13, Average salt concentration in ridges (R) and furrows (F)
at four sampling depths expressed 22 conductivity in milli-
mhoe per centimeter with least significant differences

Location Depth in inches

0 - 29 2 - bn L - gn 8 . 12n
R 103.75 48.36 26.48 20,44
. ¥ 61,05 25,91 21,48 19,69
T.5.7. .75 = 6.97 1 = 5.16




fable 14, Combined analysis of variznce for conductivity data
No, sd Source 5,808, M.8QS. T
(.05;.01)
L. g2
256 2.5 6.48 Reps 3 79929.31 26643,10 33,08%*
6.97
128 3.55% 0,16 Treatments 116L82,96 16640 42 20,66%*
L, 92
256 2,51 6.48 Denpth 3 628765.02 209588,34 260,20**
4,92
256 2.51 A,U8 Tate 3 139904,20 L&63L, 73 57.90%*
3.47
512 1,77 L.57 Locations 80k407,69 80L07.69 99.83%*
13.91
32 .09 19.3¢ Treat,x Depth 9990E.99 4757.57  5.91%*
32 7.09 Preat.x Date 136236,75 2201,75  2.73**
64 g.02 Preat,x Loc, $937,10 1419,72  1.76
64 5.02 Depth x Date 215290.10 23921,12 29,70%*
128 3.5% Depth x Loc. 76164 88 23388,18 29,04+
128 3.55 Date x Loc. 657,19 2191, L0 2,72%
Frror gh2 758760,26 805,48
Totel 1023 £252362.22
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Pable 15, Summary table showing average pH values at each depth on four
sampling dates with eight scil treatments; L,S5,D, values are
given where appropriate :

Depth Date Control CaS0y, Manure Sawdust
R ¥ R ¥ R F R F
2" | Sept, 8 9.95 9.90 9.92 9,52 9.60 9.58 | 9.68 9,50
Sept, 23 | 9.80 9,98 | 10.02 10.10 9.65 9.48 | 9.78 9.95
Oct, 11 9.90 9.45 I 9.75 9.88 9.75 9.48 ] 9.85 9.78
May 8 9.70 9.92 9.72 9.80 9.70 9.70 |10.00 6.80
4% | Sept, 8 9.95 9.98 | 10.02 9.90 9.62 9.58 | 9.95 9.90
Sept. 23 | 9.92 9.92 | 10,20 10,15 9.78 9.55{ 9.88 10,05
Oct, 11 9.95 9.75 | 10,00 9.98 9.70 9.62 { 9.90 9,78
May 8 10,05 9,88 | 10.12 10,15 9.78 9.53{ 9.98 9.82
8* | Sept. 8 9.98 9.98 | 10,08 9.95 9.62 9.65 | 9.85 9.88
Sept, 23 | 10,02 10,02 | 10,25 10,18 9.62 9,60 10,00 10,10
Oct, 11 | 10,02 9,88 | 10,02 9.98 9.65 9.62 | 9,90 9.82
Nay 8 10,05 9.88 | 10,20 10,15 9.68 9,65 9.98 9.88
12® | Sept, 8 10,05 10,05 | 10,08 9,95 9.68 9,651 9.90 9,88
Sept. 23 | 10,08 10,05 | 10.20 10,20 9,60 9.60 {10,10 10.12
Oct. 11 10,00 9,90 { 10,00 9,98 9.68 9,68 9,90 9,92
May 8 10,02 10,02 { 10,12 10,10 9,62 9.65{ 9,98 9.80




Table 15, (cont'd.)
Loca~ Treat-
Depth) Date Straw Krilium PR 78 Hp S0y, tion | ment
31 ¥ R ¥ R ? R F 1LSD LSD

.05 011 .05 ,01
2% {Sept, 8 | 10,02 9,90|10.,05 9.85}!9.75 9.77(9.68 9.40 | .14 -~ | ,28 .38
Sept,23 | 10,00 9.82}10,10 9,90} 9.75 9.95} 9.68 9.35 - = | .32 k2

oct. 11 | 10,00 9.62} 9.85 9.6219.85 9,58] 9.68 9,00 | ,16 ., 22{ - -

)hy 8 9-78 9-90 9.80 9085 9.70 9.82 9.55 9.?8 - - - -~

k® {Sept. 8 | 10,08 10,08}10,10 10,00} 9,78 9.95!10,05 10,08 .25 .39

Sept.23 | 10,12 9,92410,10 10,02} 9,95 10,05{ 9.98 9,98 - =-1.28 -

Oct. 11 10-05 9-60 9.82 90?8 9088 9.92 10002 9055 ¢15 bl - -

May 8 10,10 10,05{ 9.95 9.88}10,00 10,08]10,02 10,02 - = | 26 -

8* {Sept, 8 | 10,10 10,08j10,05 9,98} 9,80 9,95 110,15 10.08 - - - -
Sept.23 | 10,12 9.98]10,10 10,02| 9,95 10,08{10.10 10,10 - -1 .20 .27

Oect, 11§ 10,08 9.80f 9.88 9.85(10.05 10,05{10,02 9,85 - -] 26 =

May 8 10,10 10,08 9.98 9,90{10,02 10,08!10,08 10,05 - =] 26 =

12* {Sept, 8 { 10,05 10,004{10,05 10,05{ 9.82 9,98{10.12 10,10 - =-1.23 -
Sept.23 { 10,02 10,05{10,05 10.00}10,02 10,05]10,18 10,10 - -1 2B 32

Oct, 11 9,98 9.85f 9.90 9,95{10.10 12,02} 9.98 9,90 - = 7.19 -




Pable 16. Average pH in each of the four replicates with least
significant differences

pH 1.5.D. L.5.D.
Reps, averages .05 .01
1 9.82 .0l .06
2 10,02
3 9.94
4 9.84

v——— el wa—

Table 17. Average pH under eight soil trestments with least sig-
nificant differences

vH 1.5.D0, L.5.D,
Treatments averages .05 .01
Control 9,94 .06 .08
Gypsum 10,02
Manure 9,64
Sawdust 9.89
Straw 9.98
Krilium . 9.94
PR, 78 9.93
Sulfuric acid 9,90

Hote: Tables 16 to 26, inclusive, cre the analyses of variance
tables of pH data for the replicates, itreatments, depths, dates
and locations and their imtersctions, with L.,S.,D,.%s at the ,05
and ,01 levels where appropriate,
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Table 18, Average pH at four sampling depths with least signifi~
cant differences

Depth in pH L.S.D. L.5.3.
inches averages .05 .01
0 - 2" 9.76 Lol .06
2 - 4» 9.93
L - 8n 9.96
8 - 12" 9,96

Table 19, Average pH on four sampling dates with least signifi-
cant differences

Date pB L.S.D, L.S.D,
averages .05 .01
Sept. 8 9.90 .04 .06
Sept, 23 9.96
Oet, 11 9.84
May 8 9.92

Pable 20, Average pH under ridges (R) and furrows (F) with least
significant differences

Location pH L,5.D. L.S.D.
averages .05 .01
R 9.93 .03 . Ol
F 9.87

e e ]
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Table 21, Average pH under eight soll treatments at four sampling
depths vith least significant differences

Treatments

3e§££ T
inches | Control Gypsum Manure Sawdust Strav Krillum PR78 HoS50y
o - 2“ 9.82 9-823 . 9079 9.88 9-88 9-?7 9-51

9.62
2 - b» 9.92 10,06 9,64 9,91 10.00 9.96 9.95 9,96
4 - 8w 9.98 10.10 9.64 9.92 10,04 9,97 10,00 10,05
8 - 12¢ 10.02 10,08 9.64 9.95 9.99 9.98 10,00 10,05

Pable 22, Average pH under eight soil treatments on four sampling dates
with least significant differences

Trectments
Date Control Gypsum Mamure Sawdust Strav Xrilium PR78  H,S0,
Sept. 8 9.99 9.93 9.62 9.82 10,04 10,02 9.85 9.96
Sept. 23 g.58 10,16 9,61 10,00 10,01 10,04 9.98 9.93
Oct, 11 9.86 9.95 9.65 0,86 9.87 9.83 9.93 9.75
May 8 9.94 10,05 9,66 9.90 10,00 2.90 9.96 9,94
1.8.0. .05=.12  .01c.16 =

Table 23, Average pH under eight soil treatments in ridges (R) and
. furrows (F) with least significant differences

Treatments
Location | Control Gypsum Manure Sawdust Straw Krilium FR78 H,50,

R 9.96 10,04 9,67 9,91 10,04 9,98 9.90 9.96

¥ 2.90 12,00 9.60 9.87 9.92 2.901 9.96 9.83




Table 24, Aversge pH at four sampling depths on four sampling
dates with lemst significant differences

Depth in inches
Dates 0~ 2N 2 = L Ly - 8 B - 124
Sent, 8 9.75 9.94 9.95 9.96
Sept. 23 9.83 9.97 10,02 10,03
Cet, 11 0.69 9.83 9.90 9.92
May B 9.78 9.96€ 9,98 9.95

e e g e i g ¥ st e =ttt ot~y e}y o e ey i1 e e . o T =Rt ottt gt it ettt T2

1.5.D. .05 = .09 0l = 11

Table 25, Aversge pH in ridges (R) and furrows (F) on four
sampling dates with least significant differences

Date
Location Sent, & Sept. 23 Cct, 11 May 8
R 9.92 9.97 9.91 9.93
¥ 9.88 9.95 9.76 9.91
T.5.0. .05a.06  .ol=.08

Pable 26, Average pH in ridges (R) and furrows (F) at four
sarmling denths with least significant differencee

gzﬁth in inches
Locetion 0 - ¥ 2 = 4w L .. B 8 - 1o
R , 9.81 9.96 9.98 9.98
F 2.72 2.89 ¢.94 9.95

1..8.D. 05 = . 01 =2 .38

52
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Pable 27. Combined analysis of variance for pH data
No, sé 1.5.,n0, Source éf g,.sqas, 1,.8q8. ¥
( 005; lol)
.0l
256 .022 .06 Reps 3 6,60 2,2000 36,18%%
,06
128 .031 .08 Treatments 7 12,18 1.7800  28,62%*
Lol
256 ,022 .06 Depth 3 6,92 2,3067 37,94+
b
256 .022 .06 Date 3 2.09 L6967 11, Lu6n*
.03
512 015 L0 Locations 1 0.91 L9100  14,97%#
W12
32 .62 16 Preat,x depth 21 2,86 .1838 3,02%%
a2
32 .062 .16 Treat.x date 21 2,62 .1248 2.05%*
.09
64 ., Ohds 11 Treat.x loc. 4 0.7 L1014 1,67
.09
64 Lol L1l Depth x date 9 0.23 .02555 0,04
.06
128 .031 .08 Denth x loc. 3 0.19 L0633 1.04
.06
123 .031 .08 Date x loc, 3 0.66 .2200 3,62%
Brror 183 gL2 57.26
+ 765
Total 1023 94,23

df - degrees of freedom
S.8q8, - sum of sguares

M,.sq8, - means of squeres
P ~ F value
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