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Abstract:

The effects of 2.5-, 5-, and 10-T/A gypsum and 90- to 180- T/A manure on physical and chemical
properties of soil, quality of surface and groundwaters, crop production, tillage forces, and soil tares
during sugar beet harvest were investigated.

Both 180 T/A manure and 10 T/A gypsum significantly increased % aggregation and decreased
modulus of rupture of this silty clay soil. These changes in the soil structure resulted in a 8% and 6%
decrease in tillage forces associated with these manure and gypsum plots, respectively.

Infiltration was increased with manure and 10 T/A gypsum treatments. Soil water flow meters were
used successfully to measure in-situ unsaturated flow. Flux under 10 T/A gypsum was greatest while
the smallest flux was recorded under the check.

Indication of both NO3-N and Na leaching under the manure treatments was present. However, no
changes in the NO3-N or PO4-P concentrations of the shallow groundwater were measured. Evidence
showed the manure treatments caused the groundwater immediately under the plot area to become
saline-alkali.

The concentration of NO3-N, PO4-P, salts and suspended solids was greater in drainage water flowing
off all plots than in the irrigation water applied. This scheme was reversed for total carbon in that
drainage water had a lower concentration compared to the irrigation water applied. Runoff from the
manure treatments had the greatest concentration of dissolved and suspended constituents. These data
took on a different appearance when the actual dissolved and suspended load translocation budget was
solved. Then, the runoff contained only a fraction of the applied load, except for PO4-P which was still
greater in the runoff.

All rates of gypsum were very effective in reducing soil tare weights about 40% during harvest. When
90 T/A manure was applied the soil tare was decreased, but 180 T/A manure increased soil tare.

Both manure and gypsum treatments decreased sugar production about 8%. Sugar beet tops from
manure plots contained nearly 15% protein but also contained hazardous levels of NO3-N.
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ABSTRACT
The effects of 2,5-, 5~, and 10-T/A gypsum and 90- to 180- T/A

manure on physical'and chemical properties of soil, quality of surface.
and groundwaters, crop productlon, tlllage forces, and soil tares during

. sugar beet harvest were investigated.

Both 180 T/A manure and 10 T/A gypsum 31gn1f1cant1y increased %
aggregation and decreased modulus of rupture of this silty clay soil.
These changes in the soil structure resulted in a 8% and 6% decrease in
tillage- forces associated with these manure and gypsum plots, .respec-
tlvely.. '

Infiltration was increased with manure and 10 T/A gypsum treatments.

. Soil water flow meters were used successfully to measure in-situ unsat-

urated flow, Flux under 10 T/A gypsum was greatest while the smallest
flux was recorded under the check.’

Indication of both NO3-N and Na leaching under the manure treat-
ments was present. However, no changes in the NO5-N or POy-P concen-
trations of the shallow groundwater were measured. Evidence showed the
manure treatments caused the groundwater immediately under the plot area
to become saline-alkali.

The concentration of NO3-N, PO4-P, salts and suspended solids was
greater in dralnage water flowing off all plots than in the irrigation
water applied. This scheme was reversed for total carbon in that draln-f
age water had a. lower concéntration compared to the irrigation water .
applied. Runoff from the manure treatments had the greatest .concentra-
tion of dissolved and suspended constituents. These data took on a
different appearance when the actual dissolved and suspended load trans-
location budget was solved. Then, the runoff contained only a fraction
of . the applled load, except for POy,-P wh1ch was still greater in the
runoff, :

"All rates of gypsum were very effective in reducing soil tadre

* weights about 40% during harvest. When 90 T/A manure was applied the
" soil tare was decreased, but 180 T/A mdnure increased soil tare.

Both mannre and gypsum treatments decreased sugar production aBout
8%. Sugar beet tops from manure plots contained nearly 15% protein but
also contained hazardous levels of NO3-N,




 INTRODUGTT ON

Thé irrigated soils of the Yellowstone Valley present management
problems due to the heavy siity clay te%tu;e. 'Althougﬁ these soils a?é
‘not excéssively salty, they:have a‘tendency.to crust duriné.g wet—&fy .
-é&cle often making>seedbed préparaﬁion a pfbbieﬁ, The large energy con-
sumption during sgasbpalltillage p?acticesland slowness with Wﬁich these -
heavy sbils'conduc; soil water are othér p#oblems,which plagué fé?ﬁn:
.operators. o |

Gypéum has been used e#tenéivgly for feélamation of'saiine-alkali
soils, bu£ its uéé for i@proveﬁent of non-séline,,ﬁon-sBdic heavy tex-
tu%ed.SOils is:ﬁot well documented;' In this latter cése, gypsum has
tﬁe poténtiélyof decreasing tillage energy réquiremeﬁts while increasing
soil aggregation, infiltrétién, aﬁd sqil'wate; mévemept. Such soil‘
physicai chaﬁges may result in increaséd'crop_produétibn.

The groﬁing feéd16£ businéss is faced with a iivestock.ﬁaste.dié-
‘posal prdblem,  One potential sélutién:té thi;lprgblem would be to apply
the manure to agriculéural'soils in éhe vicinity of thé feedlot. How-
ever, ﬁhe farm operatér will.want ta know how much feediot‘manure can
Ee applied to.his éoils béfore crdp 6r envirpnmeﬁtal ;onsidera£ions
suffér. éuéh a situatidp exists in the Yeliowstone Valle§ near Billings,
Montana. ‘A félativély new 30,000 head cépacity feedlqt has a’solid
waéte disposai program desti;eq for'£he irriéated crop lands. of the'

adjacent Yellowstone Valley. The water table under this area is
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shallow, thus the potentidl exists for nitrate'and salt leaching from .
heavy manure applications into the groundwater system. Irrigation'field '
runoff water from soils treated with large tonages_of manure may contain

excessive nitrates, phosphates and salts which may eventually be'trans-

,ported back.into the Yellowstone River. Solute movement thfough the

soil may caﬁse_saliniza;iop of soils}_ These types of events need to
bg meésﬁred before the farm operator initiates a-program of heavy féed—
lét manure applidations tolhis crop producing soils,

The objective; of this study were to invesfigate thé effects of .
2.5-, 5-, énd IO-T/A.g§psum and 90- to 180-T/A manure on:

i)‘ selected physipal and chemical characteristics of the soil .

profilé; |

-2) the quality of surface and groundwaters.

3) sugaf beet production and qﬁaiity.

4). éase of tillage operation.

This three-year study was conducted on the Southern Montané_Agri-

culture Research Center near Huntley, Montana.




REVIEW OF LITERATURE

Environmental Quality and Agriculture

Much public attention has been focused recently on environmental

- quality as ‘influénced by agricultural practices. Considerable interest

has centered around solute movement, particularly NO3-N, toward ground

water supplies and quality of surface runoff waters. Since adverse

health effects were noted when water édntaining more than 10 ppm NO3-N

was consumed by infants (21), the ﬁ.S.'Public Healtb Service adqpted
this value as the éafe upper limit for .water consuméd by humans. Solu-
ble N compounds and other essential plaﬁt nutriénts afe alsé related to
the undeéirable growth of aquétic vegetation and eventual oxygen deple-
tion in lakes (27).

Groundwater Quality Under Agriculture

Researchers (18, 26, 36, 39, 59, 63, 64, 66, and 73) have shéwn
that N froﬁ cohmercidi fertilizers caﬁ move into groundwater‘supplies,
often in excessive amounts. This bhenomena has been attributed to
leaching of residual N nét recovered by crops; Similarly, investiga-
térs (31, 57, 71, 73, and 74) have showﬁ nitra£¢ build-up problemé ugder
feedlots due to the stockpile of livestock‘manure° Application of
animal wastes to agricuitural soils is a poténtial solution to the feed-'
lot waste diéposal probleﬁ (43, 45). However, the criterion of‘how much

waste material might be placed on various types of soils without causing

" crop production or-environmental problems-is- not well defined. Some
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attention has been given to the physiéai probiem of applying great
- quantities of manure to agricultural lands, -Webe?, et al, (81) ésti;
mated a minimim of 50 acres of land per 100 cattle would be requiréd to
insure that excessive N'did not reduce éorn yield or'cauée water pollu;
tion. Using deép plow techniques, Redﬁell,_ef al. (68) concluded rates
of,mahure up éo 900 T/A can be plowed into agfigultural soils at costs"
ranging from 2.1 cents to 62 cents per ton;' |

Several investigators have $tudied the effects of animal wastéé
applied to agricultural lands. 1In Ontario, researchers (7) applied
poultfy'mahure at ;étes of .25, .5, and .75 T/A to a\sandy loam soil.
Using 1yéimeters'they found average pbﬁcentrqfiqn of nitrates in per-
colates.from all treatments exceeded-lo ppm. Reséarchers (22) in New E
Jersey studied the effecté of 0, 15, 30, and 45 T/A dry poultry solids..
-applied on soils. Concentrations'of NO3-N in the grpuﬁd watér exceeded
10 ppm, bﬁt no signific;nf differenéés wére found befween the control
ghd'treatmenﬁs; Researchers in Califorﬁia ¢D) gﬁudied NOB-N levels in
soil‘profileé under intensive dairy use. They .found average NOé-N con-
centrations of 92, 74, and 66 ppm in soil solutions at the 10- to 19-
foot .depth for corralé, pastures and éroplénds, respectively, This
nitrogen wéuld.be expected to eventuaily reach tHe underlying ground
water which had lower NO3-N concentrationé. In Texas,.Mathers'and
Stewart (47) applied ca;tle.feedibt manure at ratés of O,_lQ, 30, 60,

120, and 240 T/A to a ciay loam soil. 1In addition, the ifrigated~area
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received an annual NPK application of 480-50-50 pound per acre. They
found that yields of grain sorghum were reduced.when 120 T/Alor more
manure was applied, and that plant NO3 coﬁceﬁtration was excgésive.
Nitratés énd salts éccumulated in the profiles of plots treated with
ﬁigh rétes of manure. rAiso, it was suéggsted:that if sugar beets wefe
érown, the high nitrate level of thé soil might result iﬁ low sugar con-
teqt of the beets pfoduce&. They‘conciudéd ﬁitrafe poilution hazards

- were eliminatea only when the crop used ﬁos£ of the‘nitrogen applied;

Runoff Quality From Agriculture

Large streams draining intensive agricuitural areas have been
monitored for qualigy_fbr at least 30 years (8, 35,'69, 85); These
data indicate no significant change in water quality even though ferti-
lizer use has increased several fold in the area. Howe?er, in Idaﬁo,
Carter et al. (13) concluded a 1arge7irriéationlarea of ;he Snake River
ipcréasgd the downstream total solugle salt and N03-Niloads, but de-
" creased the déwnstréam POy-P 1oad.by about 70%.

| Other résearchers (60, 61, 83) have focused their studies of runoff
chemistry to specific N-P-K'fertilized fields or plots. Their results .
indicate N fertilizers can be surface water pollutaﬁts under certain
soil and surface cover conditions which retard infil;ration.' Moe-(60,
61) and White (83) reported fertilizer runoff was greates£ on moist and
sodded soils. |

The argument of agriculture fertilizets as surface water pollutants
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becomes more intense when livestock manures are q&nsidéred.. Runoff
from some feedlots 642, 82) has been shown to be excessive in N, but
in an Ohio feedlot Edwards et al. (30) réported runoff waters never
exceeded 6 ppm NO3-N.a1though phosphorus went as high as--14 ﬁpm. In
Wiscoﬁsin, researchers (56, 84) measured'excessive runoff poliution of
N from manure applied to frozen'soils. TherefOre, to use agricultural
soils as media fof livestock waste diéposal requires caution,'particular-
ly at extremely 1érge rates. 1In Alabama, fesearchérs (50) évaluate@
the qualify of funoff from grassland to which dairy cow.mahure was ap=-
plied ét'various rates up to 145 T/A. Runoff NO3-N from check plops
averaged 1.8 ppm whereas fromfmanﬁre treated plots it ranged between
2.8 £o 18.1 ppm. Only one treatment? 145 T/A, had runoff which excéeded
8 ppm NO3-N. Alsq measured in runoff was total N aﬁd NH3-N Whére check
plot runoff averaged 8 ppm and 2.8 ppm, respectively. ‘The proportionate
increase in runoff total N and ﬁH3-N due to manure applications was |
similar to that measured for NO3-N. anbff PO, from check plots aver-:
aged 4.6 ppm whereas manure plot runoff ranged frém 3.6 ppm to 34.5 ppm.

Sedimént and Its Nutrient Load

The physicai, chemical, and biological effects of sediment on water
makes it a primary hazard, if not the primary hgzard, to'ﬁatér quélity.
Wadleigh (80) estimated that four billion tons of sediment wash into
the United States' waterways each year and each ton contaiﬁs‘Z poﬁnds

of N and 1.3 pounds of P.
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It has begn Well-established (37, 54, 75) ‘that erodea soil contains
higher concentrations_of nutrients than‘thé soil that remains. Fo%
example, in Wisconsin Massey and Jackson (46) found that eroded material
‘coétainéd 2.7 times as muéh,N, 3.4 times as much P; and 19.3 times as
much exchangeable K as the soil that rémained. ‘Available evidence
indicates that 1itt1evfertilizer P leaches through the soil or runs
off as ino?géﬁic phosphate in solution, but can wash off as phosphorus
adsorbed on sediment (38, 72, 76).

Sediment acts as a écavenger Qith the ability to adsorb or desorb
élements oq'its chemically active surface (33, 51). Therefore sediment,
as a pollutant, has a two fold effect dn the eﬁvironment. It depleteg
- the land resource from which it comes and often .impairs the quality éf
~ the water resource in which it is depésited. |

" Unsaturated Flow: Soil Water Flow.Metér

Accurate measurement -of soil wéter transfer in the field is one of
the major problems confronting.soil scie’ntisi:s° Calculations of unsat-
urated soil water flow have, in general, Seén inferred from Darcy's
' equation | |

F = -KA® {1}
where F is the flux, K is the unsaturated soil hydraulic conductivity,
and A ¢i§ the goil water potehtial gradient including both matric and
gravitational components. Using tensiometers to measure Ax@,_it is

possible to calculate F provided one knows the value of K. ~Since K
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decregses sharply as the moisture content drops, it is difficult to ap-
ply equation {1} to field probiems with any confidence in acéuracy un-
: iess,the researcher performs a éreat deal of calibration work. This
calibration work requires knowledge of the relationship between K and
the soil water potential.. Even with this knowledge, uncertaintieg
arise when the fielé site is complicated with a growing crop, rainfall,
‘and a shallow water table.

‘Cary (14; 15, 16) developed a unsaturated soil water‘flow trans-
ducer with which K caﬁ be measuréd directly. The inte;cepting-type
transducer consists of an impermeable barfier‘bétween two porous plates.
The élux into one plate 1is roﬁtéd to the surface, through a flow metef,
and back into the other plate. A known flow resistance is placed in
_series with the flow at the surface. Cary uéed the equation

o F o= £Aa-1)/(n-m) o {3}
where F is the true soil water flux, f is %ater flow throﬁgh one meter,
‘A is a constant dépendent'ﬁnly on the‘shape of the meter, m is Fhe ratio
of water flux through one meter to the water flux through the other,
and n is the constant ratio of the conductivity, without soil, of one
meter to the c&nductivity of the other. Solution of equation 2 requires
two flowmeters. ﬁefe, Cary employed the flow resister at the surface,

. creating, in essénce, two flowmeters each with different conducfivities'

by alternately using and bypassing the resistance.
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The principle probleﬁ associated With:using such a transducer is
~the uncertainty of divergence or convergence of water flow associated
With the buried device. Divergence can be eliminated if the flotmeter
:ﬁas a greater hydraulic conductivity thén the surrounding soil. -The n
and m.components of equation 2 are correction factors associated‘with
convergent watef'flow. The transducer is 1imitéd to ﬁlﬁx measurements
in soiis with potentials greater than -1 bar. However, this is the
range in which the bulk of moisture flows,

Cary (17) tested several flowmeters in field situations éﬁd.results.
were encouraging. ‘TranSAucers worked satisfactorily in aléandy soil,
under a ditch, and weré found to Ee very responsive to additions of
water during the course of a summer, - |

Tillage Power.Requirements

Clyde (20) pioneered much of the early research in the United
States regér&ing the force required to pull tillage tools. Recenfly
Gill (30) reviewed literature in which researchers employed various types
of dynomometers. The ijectives'in these investigations dealt with tooi
design, not effects of various soil barametefs on tillage tool power
,requiréﬁents. |

The principles of soil physics in relatioﬁ to tillage has been
reviewed by several researchers (3, 10, 1i; 41, 70). Reiatively few
studies have ‘made actual field measurements of tillage power fequire- 5

ments .as a function of soil chemical or soil physical characteristics
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or managément practices. 1In view 6f the current energy shortage such
.information is relevant. |

In-North Dakota (28), dynamometer tests were made on plbts sub-
jected to different tillage practices. No significant differences were
' ,breseht at the 5% level uéing a 4-16" bottom plow'at the 4-inch soil
depth; In Canada (12), a vacuum gauge recorder attached tq thevtracpop
.ménifold, calibrated with a dynamometer, was used to measure power re-
‘quirements of various tool bar devices across treatments. Tfeatmeﬁté
consisted of éod or corn Stubble within two different soil textures.
Conclusions regafding toél'bar désign were made, but ﬁo sighificant'
statements weré made concerning effect of soil properties on tiilage
forces., A USDA pfpject in Isfael (79) made long-term tillage po@ér
tests as a fuﬁétign‘of management praétices. All measurements.were
made with ; recofding hydraulic dynamometer. Agaiﬁ, conclusions fegard-
ing tool bar desigd were made, but no significant statements were made
concerning effects of soil properties on_tillage forces. It-is,apparent
that tillége power requirement researph has been conducted by agricul-
tural engipeefs with better machinery design as the main objective, The
-effects of soil chemicai‘and physical préperties,on tillage forces has

been largely ignored.

Ageregate S;aBility
The ability of soil aggregates to withstand some arbitrary. dis-

integrating force, such as water or wind, is an important soil property. -
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Soils with low aggregate,stabilities are typically piagued by high
erosion, low infiltration, and low crop yield problems. Aggregate
stability hae been shown to be affected by a variety of soil consti;
tuents, | |

Clay content and aggregate stability were observed tofbe-positively
correlated by Baver .(6) and Chesters et-al. (19). Mazurak (48) studied
the role of different clay minerals in aggregation. High surface area
clays (i.e. bentonltes) seemed to cause greater aggregation than equal
quantities of low surface area clays (1 e. kaollnlte)

Demolon and Henin (23) found colloidal organic matter to be more
effectiye.than equal amounts of colloidal clay in stabilizing aggregates.
MoCalia (49) and Martin (44) attributed increased aggregation .of soil
after an addition of fresh.organié matter ‘to poiysaccharides formed
during microbial decompOsition of the fresh organic matter. Chesters
et al., (19) found microbial gums to be an important aggregating fac-
tor. gPeerlkamp (65) and Miller (58) found the increased stability‘re-
sulting from added organic matter to be transient and to decrease to the
original 1eve1'after a few months. However, the temporary 1nerease in
stability was iarge; and Anderson and Kemper (5) concluded that if the
$oil is cultivated and wetted when the stability is high, the resulting
large pores may. persist even after the aggregate stability has returned
to normal 1evela{, Kemper (40) also.presented results showing soil N.was-

positively correlated to aggregate stability.




-12-
The deleterious effect on soil structure of replacing divalent with
monovalent ions has.been well documented (..

Gypsum As A Soil Amendment

The use of éypsum for reclamation of alkali soils has been well
docuﬁented in the 1iteféture (24). The use of gypsum on.non-alkali
soils with.poor physical condition has received little attention;"

In New Jerse?, Rinehart (67) repofted gypsum modified the soil
physical properties successfully in field wet épots which enabled better
drainage. A two éon per acre gypsum treatment proved more effective in
,dréining field wet spots when combined with manure. Aldrich (2) ob-
served imbroved éoil physical structure when gypsum ﬁas applied to fine
textured soils in the laboratory, but field results did not show similar
benefits.

Animal Wastes As A Soil Amendﬁent

Generally, animal wastes have'bengficial effects on soil physical
cdndition. Organic matter tends to stabilize soil aggregates,.thus
Qhen the soil.is subjected to disruptive forces such as wetting the
tendency of aggregates to slake or disperse ié retarded. followiﬁg
manure -applications Guttay et al., (34) observed impro&ed granulér
structure.

Some investigators who have applied waste materials t6 soils re-
ported negative résults regarding soil physical condition. Thomas et

al., (77) applied domestic sewage to soils which resulted in a reduced
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infiltration rate. He stated an organic mét formed which was a physicall
b#rrie? to water infiltration. Travis et al., (78) also obseryéd re-
duced infiltration rates when feedlot lagoon water was applied to soils.
He measured a 200% increase in soil electrical conductivity and conclud-
ed the soil .salt balance was significantly disrupﬁed reSultiﬁg in soil

pores swelling closed upon wetting.




METHODS AND MATERIALS
The experimental eite,was located on tﬁe Southern Montana Agfi-
cultural Research Center. The soil is classified in the Ustic Tof-
riorthent family‘and Vahenda series (see Appendix Table 20 for descrip-
tion).

Experimental Design and Treatments

The experimental design (Figure 1) was a randomized block with three
replications of five treatments. Each of.the 15 plots was 33 by 150
feet in size. Table 1 shows analy31s of cattle feedlot material taken

from Miller Feedlot, Shepherd, Montana and applied to plots..

Table 1. Analysis* of oven dried cattle feedlot material taken from
Miller Feedlot, Shepherd, Montana and applled to plots. Move
the decimal four places right to convert percent to ppm.

Potassium - ' 1.77%
Calcium . : . 1.53%
Magnesium . . , .99%
Sodium _ ' .70%
Total Phosphorus . e .86%
Nitrate ' a .10%
Crude Protein (N x 6.25) . : 5.40%
pH (1:10 dilution) 8.2

Ash (salts & minerals) 47.00%
Field moisture content , ' 61.00%

*Conducted by the Chemistry Station,.Montana State University.

In 1971 initial treatments were 10 T/A gypsum (see Appendix Table
21 for analyses) -+ tracked, 90 T/A manure wet weight + trecked, check

+ tracked, disked + Harrpwed, and check.. Amendments had to be applied
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Figure 1. Experimental plot description and general location of some

field instrumentation.
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in the spring which caused a soil compaction effect from machine?y
tracking. This trgcking effect of spring tillage and amendment appliga-
tion on soil structure was evaluated with the above treatments. .In
1972 the 10.T/A gypsum and check treatments remained unchanged. An
additional 90 T/A manure was applied over the initial 90 T/A ménure,
Also, two gypsum treatments, 2.5- and 5-T/A, were added.

Sugar beets Qere grown all three years of ?he study. All plots
received spring fertilizer applications of 66-0-0 pounds-per acre 1971,
100-40-0 pound; pef.acre_1972, and 100-40-0 pbunds per acre 1973.

Soil Hydraulic Properties

Neutfon access tubes and tensiometer systems were installed in the
check, mgnure; and 10 T/A gypsum plots with three replicatioﬁs during
summer of 1971-1973. Tensiometers were installed in one foot depth
increments from .5- to 8.5-feet. Neufron moisture meter data were col-
lected from .5- to 8.5-feet in one foot increment;.. During 1972 dupli-
cate instrumentation as described above was set up in a ¢heck, manure,
and 10 T/A gypsum treatment and covered with a 25- by 25-foot sheet' of

plastic, which preventéd water loss to the atmosphere. Unsaturated

- soil water flow was calculated using Darcy's equation {1}

F = -Kp® ' , {t}
where F is the flux, K is the unsaturated soil hydraulic conductivity,
and A¢ is the soil water potential gradient including both matric and

gravitational components.
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Soil desorption curve characteristiés were determined at two sites
in the experi@ent. Cores ten feet deep were collected and analyzed in
-one foot increments for .1-; 03=y 1=, 3~, apd 15~ bars tension on a
preésure plate apparatus.s Bulk density measurements were made at four
- sites in thé experiment, Cores fen feet deep were collected and analyzed
in six inch increments. Bulk density was determined direcfly by peaéur-
ing the mass of a six inch soil-core, then dividing this mass by the
corresponding volume of £he king tube. .

Thus, matfic potential measurements applied toldesorption curves
could give reliable estimates of soil water ekpressed'on a weight basis.
Percent soil water on a weight basis multiplied times the soil bulk
density converts the soil water value to.a volume basis, which served
as a check on the neutron probe results.

Soil Water Flow Meter

Soil water flow meter construction (Figure 2) was similar to that
described by Cary (17) except the sﬁrfade resistance was eliminated.
The transducer consisted of micro-fine porosity-four inch fritted glasé:
filter tubes separated and enclosed within a plexi-glass coniainer-
(Figure 3). Field installation of the.transducer reqﬁired,excavation‘
of é pit (Figure 4)y. A tunnel parallel to the surface was-made.in:the
side of the pit just large enough to slide in the transduceg. This
resulfed in minimum disturbance of -soil on five of the si¥~sides around

~ the transducer. The pit was refilled and paéked to a uniform bulk
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Arrows denote

Cross section diagram of a flow meter installed in the soil.

Figure 2.
direction of water flow.




Figure 3. Plexi-glass soil water flow transducer packed with soil
and ready for installation.

Figure 4., Soil water flow transducer being installed at the six
foot soil depth.
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density. Saran tubing was used to connect thg.transducer to the surface
flow meter readout device which consisted-of.a modified one-milliliter
pipett (Figure 5). An air bubble was introduced into‘the flow line
with a hypodermic.syringe. Water which had most of tﬁe air removed by’
boiling was gsed to-fill the syStem.‘ During the 1972 éummgr, flow ﬁeters
_were‘igstélled'in’the check,.manufe? and 10 T/A gypsum‘treatménts éf
replication two at soil depths 1.5- énd 6.0~ feét (see Figures 1 and 6).
The gxperiment was expapded during the 1973 summer to include flow meters
at the 3.5-foot depth..

The validity of equation {2} as applied to soil watér flow meters
* was g&aluatéd by Ca;y (14, 15;:16) and ?esults were satisféctory. It
was hypothesized that error associated with soil water convergence was
' ndn;significant provided,hy&raulic properties of soil wi;hin tﬁe.flow-
‘meter were equiyalént to the surroun&ing soil. If Fhié were trﬁe com-
ponents n and'ﬁ Coul&.be ignored resulting in equation {3}'

F=f | {3}

where F ié the true soil water flux (cm/day), f is wafér flow'ﬁhrough
" the flow meter (cm3/day); and A is the inyersé of the‘flowmeter Erdss
séctiohal area (cmz).‘ Equation {3} requires measurement of water flow
through only one flowmeter (f) and eliminétes éll calibrationlwork.,

Laboratory tests indicated average'fiow meter'flux,'without soil,
was 204fcm3 per day with a 3-cm water hydraulic gradient. This éaéily

exceeds the conductivity of the soil system so divergent flow was




Figure 5. A hypodermic syringe was used to enter an air bubble into
the flow line.

Figure 6. 1In 1972 flow meters were installed in the check, manure,
and 10 T/A gypsum treatments at the 1.,5- and 6.0- foot
soil depths.
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eliminated.

Infiltration

Using two Parshall flﬁmes to measure inpuf and outflow from plots,
the quantity of water infiltration into each plot was determined. This
- value divided by the irrigation time périod gave total plot infiiﬁration
rate. Infiltration was measured for éach'plot during all irrigationms —
through 1971-1973.

Runoff Chemistry

Quality of runoff has little meaning unless qualityrdf that water prior
té use is known. Theréfore, surface water chemistry was monitored at
four sites including.the main Huntley .Canal, heaa ditch, plot rundff,
and‘from a surface drain approximately 300-feet from the plﬁts (Figures
7, 8, 9, énd-lo,.reSPectively). The plot runoff site was sampled at two
different times. The.first water.sample constituted the initial Volume.
of water ruﬁning off the plot; while the second sample was taken abprox-
imately twenty minutes iater. These sites were sampled during irfigation_
of check, manure, and 10 T/A gypsum plots in all three replications.
There were 3 to 4 irrigaﬁions'each summer from31§7i to 1973. Samples'
were refrigerated and analysed as soon as possible for‘NO3-N, PO,-P, Ca,
Mg, Na; electrical conductivity, pH, total carbon, turbidity, and‘tota1.
suspended solids‘(see Appendix Table 23 fdr procedures).

Water Table Depth and Chemistry

Eight .75~inch outside diameter steel piezometers, installed in -




Figure 7. Surface water sampling site for quality analyses in the
i main Huntley Canal.

ditch,

Figure 8. Surface ﬁater sampling site for quality analyses in the head
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Figure 9. GSurface water sampling site for quality analyses in the
plot runoff.

Figure 10. Surface water sampling site for quality analyses in the
surface drain approximately 300-feet from the plots,
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one foot_incrementé at soil depths 4- to 1ll-feet, were used to measure
‘water depth (Figure 11). Also these piezometers served as’é access for.
sampling the ground water for‘chemical analyses. During 1972 and 1973
‘two sites were 1oc;ted immediately north and south Qf the experiment,
and together these weré called the test area. Iﬁ 1975 a control site>
© owa included approxiﬁateiy 600-feet from the experiment (Figure 1).

During 1973 additional piezometers were inserted into the Qater
table direcfly under all manure and check_élots (Figure 1). These
piezometers were used to collect waterlsamples‘put of the ground water
system. -

Depth to the water tabie measurements and collection of ground-
water éampleé was done on a weekly basis for all piezometers. . Water
samples were analysed for NO3-N, PO4-P, Ca,.Mg, Na, and electricél
conductivity. | | |

Soil NO3-N, PO4-P, and Salt Movement .

Soil samples were taken every spring and fall from 1971 to 1973 in
one foot increments frém 1- to 10-feet deep. Only the check, manure,
and 10 T/A gypsum treatments in all reps were sampled. Soil samples
were analysed forr NO3-N, POQ,-P, Ca, Mg,.Na, ahd electrical conductivity.

Tillage Power Requirement Tests

Strain gauges mounted on an extended ring transducer (Figure‘lZ)
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Figure 11. Eight .75-inch outside diameter steel piezometers, installed
in one foot increments at soil depths 4- to ll-feet, were
used to measure water table depth.
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served as the force sensing device, Four strain gauges* were élued*
to the transducer énd wired according to Figure 13. A lO.K - 20 turn
potentiometer functioned to zero out any output voltage associated
‘with an unbalanced situation'gmong the strain gaﬁges. A 6 VDC battery
powered>all strain gauges.- An integrator (25) with 4-digit lighting
display readout integrated the voltage output over time,(Figure 12 and
14).

A trailer type tool-bar with hydraulic soil depth controlled chisel
shanks was bolted to -the traﬁsducer in holes A - B, and the tractor was
bolted to holes C -'D (Figures 13, 15, and 16). Calibration was'accom—.
plished with a truck scale whére a known force-wgs applied to'the'trans-'
ducer and the resultant voltage outpﬁt infegrated over time, 1Caligration
results‘are shown in Table 2. The relationship betweén force and counts

Table 2. Transducer calibration for tillage power requirement test.
' Southern Montana Agriculture Research Center, September 17, .

1973. '

Force in Pounds ' Digital Counts Per Minute
-0 ' o .0
800 2373
1400 4138
2210 . 6464

3000 _ - . 8790 .

* Strain gauges were purchased from BLH electronics, Waltham, Mass. type
FAP-25-1256 and were mounted using BLH strain gauge cement type SR4. '
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Figure 12. Wiring diagram for one transducer with four strain gauges
connected to power supply, potentiometer, and digital
integrator.
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Figure 14. An integrator, mounted on the tool bar, with a 4-digit
lighting display readout integrated the voltage output
from the strain gauges over time.




Figure 15. This tractor and tool bar apparatus was used for tillage
force measurements in 1973,

Figure 16. The tool bar and tractor were connected to each other via
an extended ring strain gauge transducer.
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per minute results in the linear Equation {4}

F¥K {4}

[all[¢]

where F is force in pounds, K is the graphical slope constant, ¢ is
digital counts, and t is.time in minites. For valid comparison between
plots the same distance should be travelled and time needed to transverse

that distance kept as equivalent as possible.

.Practicle S{ze and Aggregaté Analyses

Soil samples from the O- £o 4-inch depth were taken from all ‘plots
and_sievéd through a 2-miliimeter'mesh screen: Particle size anaiyses
was determined by .pipette method with the settling time calculated ac-.
'cordiné to Stokes Law. Textural size separations weré: sand > .05mm,
silt .002-.05mm, clay <.002mm.

Aggregate analysis was made by the procedure éf Middleton (55)i
This procedure is similér to the pipette method but thélaggregates are
not: dispersed with calgon and mixing. ® Thus a faster settling rate is
measured which is.proportional.to ho% well. the soil is aggregated,

Modulus or Rupture

Modulus of rupfufe is a measure of the breaking stréngth of mater-~
ials, gnd is defined as the maximum fiber stress, i;e., force per unit
area, that a material will withstand without breaking. The effects of
fielﬂ_treatmenté upon. soil crust strength was evaluated Ey means.of the
modulus of rupture technique (Figure.17) és‘reﬁorted by.KichardsA(24).-

with one modification. The modification corsisted of finer soil sieving,
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1~ veraus 2-millimeters. ‘It was reported by Moe, et al.,.(62) that the
use of the finer sieve increased modulus of rupture values slightly,

“but decreaeed variation'due to replfcation. 'Ihe equation ueed was‘.
where M is.the ﬁodulus of.rupture in dynes per-cmz, F is the breaking
IforCe fn dynes (the breakfng force in grama weight x 980)§ L is the
distance between the two lower Supports of the apparatus (cm), b is

the w1dth of the brlquet, and d is the depth or thlckness of the brlquet:
(cm). The bar is a CGS unit of pressure and is equal‘to 1,000,000 dynes
per cmz, His the‘accepted unit in expressing modulus of rupture forl.
.soiISu

Samples from the O- to 4- and O- to 8~-inch soil depth from all

plots were analysed in June and again in September for years 1971-1973,

-Sugar Beet Harvest

Durfng 19}1 to 1573 harvest measurementa;of root yield, percent
sugar, sugar yield, root and top chemical analpses (NOS-N, P, protein)5
-and heet/top‘weight ratio were made on all plots. Also includedlwere.
five tare measuremente. 1Field tare” represented the soil'mase.dis-
1odged during transfer of beets from hopper to truck. -"ﬁump tare" uas'
the soil dislodged from transfer of -beets from truck to pile at the beet
dump. 8011 "factory tare” represented 5011 Stlll attached ‘to the beet
: at the sugar factory M"Total tareé'" is the sumrof these three soal tareSu

"T'rash factory tare" is the‘unused.top'portionfof the'beet,root°
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Figure 17. Modulus of rupture apparatus shown with fractured soil
sample,
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Percent soil moisture in each plot at harvest was measured.

Sequence of‘Field Operations'

Spring 1971 -
1) soil samples taken to the 10 foot.depth
2) initial field treaéments aéplied
3) _field planted to sugar beets
-éummer 1971‘
1) éoii.samples taken for modulus of rupture analyses
2) téﬁsioﬁeters, soil solutién extraction tube, neutron aécess
tubé, parshall flume, and water table pipe equipment installed
3) runoff chemistry moﬁitored through 4 irrigafigné
Fall 1971
ID) séil séﬁples taken for modulus of‘rppture analyses
2) all field instrumentation removed
3) following harvest, tillage power requirement tésts made .
. 4) soil samples- taken fo the 10 foot depth
B Spring 1972 | |
Il) soil samples taken to phe 10 foot depth
2) second and.finéi éef of field treatméﬁts éppliéd
3) field Piénted té sugar beets.
Summer 1972 |
1) 'SOil samp1é§ taken for moddlﬁs of ;upturé analyses

2) tensiometer, soil solution extraction tube, soil water flow '
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meter, neutron access tube, parshail flume, and water table
‘pipe equipment installed
3) three additional tensiometer - néqtron access tube systems
installed under black pldstic covering
4) runoff chemistry monitored through 3 irrigations
Fall 1972
1) soil samples takeﬁ for modulué of rupture analyses
2) all field instrumentation removed
3) followinglharvest, tillage power requiremeﬁt fests made
4) soil samples taken to.the 10 foot depth
5) soil samples taken for aggfegété analysis
Spring 1973 |
: 1) soil samples taken to the 10 foot depth
2) field planted to sugar beets
. Summer 1973 | |
1) soil samples'téken.fof modulus-éf rupture analyses
2) tenéiometer, soil waﬁer flow metér, neutron access tube,
parshall flume, and water table pipe equipment installed
3) runoff chemiétry monitored th;ough 4 irrigations:
Fall 1973 |
1) soil sémples takep for'ﬁodulus of ruéture'analyses
.2)_ all'field instrumentation £emoved

3) harvest
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4) soil samples taken to the 10 foot depth
Spring 1974

1) tillage power requirement tests made




. RESULTS AND DISCUSSION

Results and discussion from this‘study'are divided into six mejor
headings. They are: soil structure, soil mater movement,'éolute move-
ment, groundwater quality, surface runoff Water'quélity, and crop pro-
ductionvaspects.' These six sections are both interdependent and inter-.
related and will be presented in the above mentioned order. All statis-
tioal tests are given at the 5% levell(Multiple-Range.Test) unless
' indicated differently.

Section I. . Soil-Structure

To.initiate discussion on some soil structure relationships the‘
‘mechanical analyses results and field distribution are shown in‘Table 3.
These'samples are from the 0- to 4-inch'soi1 depth. The texture.varied“
between clay and silty ciay loam., |

The extent to which the finer mecnanical separates are aggregated'
. into coarser fractions_was determined as a function of treatments
(Table 4), Both manure end 10 T/A gypsum significantly increaeed soil
' aggregation compared to the check and two lower rates of gypsum. . The.
ménure'treatment was most effective in promoting aggregation. The two
1omer:rates of gypsum, 2.5~ end 5-T/A,‘hadtlitt1e.or no effect on in-
‘_‘creasing soil -aggregation.

ihe abiiity of a soil to fracture due to an applied force is an
important soil physicai1characteristie,f Soils Wnich fracture easily are'
generally'more productive, Table.S.presents modulus of rupture (MOR).

results as a fdnction of treatments. Both manure and 10 T/A gypsum had




Table 3. Soil mechanical analyses results from O- to 4-inch depth
samples taken at the research site in 1973.
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Location _ _ " Textural
Treatment Replication % Sand % Silt % Clay Class

check 1 10.5 39.4  50.1 clay
2 13.0 38.0 49.0 clay
3 9.9 42,0 48.1 silty clay
2.5 T/A Gypéum 1 9.3 44,1 46.6 silty clay
2 16.4 39,1 44,5 clay
3 12.7 35.7 51.6 clay
. 5.0 T/A Gypsum 1 10.2 42 .4 47 .4 silty clay
2 17.3 41.6 41,1 silty clay

3 12.5 48.9 38.6 silty clay loam
' 10.0 T/A Gypsum 1 18,2 40.1 41.7 silty clay
. : : 2 12,7 39.4 47.9 clay
3, 14,2 43,2 42,6 silty clay
180 T/A Manure 1 17.6. " 39.8 42.6 clay

: 2 14,3 51.2 34,5 silty clay loam
3 10.0 . 41.0 49,0  silty clay

Table 4.. Percent soil aggregates greater than «002mm in 1973 as.a
' function of five treatments.

Treatment’ REP I REP II REP III MEAN
Check 69.4 68.1 72.2 69.9b
Manure 180 T/A 82.6 90.6 87.7 87.0a
Gypsum 10 T/A ‘ 83.1 ©82.9 83.3 83.8a
Gypsum 5 T/A' 74.8 .72.9‘ 68.6-. 72.1b
Gypsﬁm 2.5 T/AI 69}7 66.?

70.3

68.9b
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Table 5. Modulus of rupture values as a function of treatments from
1971 to 1973, -Values are presented in units of bars.

. , . Gypsum T/A°
Year Check Manure 10 5. 2.5
' Soil Depth 0-3 inches*¥t

1971 "1.83a 1.53a . 1l.66a ' ‘
1972 3.02a - 2.16abc 1.45¢c 1.60bc 2.52ab-
1973 2.81a 2.27b . 2.36b ' 2.86a 2.56ab
Mean 2.55 1.99 : 1.82 2,23 2.54

. " . Soil Depth 0-8 inches*t
1971 4.17a 2.60b. 2.23b
1972 3.15a 2.07a 2.0%a . 2.72a 2.86a
1973 3.96a . 2.67b 2.80b 3.98a 3.90a

Mean. . 3.76 2445 2.37 3.35 3.38

* * Each datum is a mean of 6 values (3-reps and 2 samples pér year).
+ Statistical results presented apply to the single year shown. Wo
comparison betwegn years is made.

the -effect of decreasing MbR, and stétisticall& significant differences
were genefally achieved. Statistical differenceg between the lower
ratés of gypsuﬁ and the check were not génerally achieved, althodgh
these rates did decrease the modulus of rﬁptufe.

Tillage ppwer'requirements are described by the forces involved
in compression, shear, and soil metal friction which éont;ibute.to

draft of the tillage tool, -Table 6 shows tillage power requireﬁeﬁts

"as a funcﬁion.of treatments from 1971 to 1974,

The technique required innovative instrumentation techniques

which resulted in 1éﬁgé variation in data from year to yéar. Apparently

udsing different tractors, tool bars,-étc.,:led to the yeaf1y~variances.
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Compariéons within years are valid. 1In 1971; the manure treatment had
no effect,‘but 10 T/A gypsum significantly decreased tillage forces.

In 1972, anly the manure treatment significantly decreased tillage
forces. Howe§er, the gypsum force values were less than the check plot.
In 1974, all treatments decreased tillage forces significantly. These
Table 6. Tillage force data from all fifteen sugar beet plots &uring

1971 to 1974. Tool bar soil depth was 4-inches and data
are in horse power hours per acre.

Gypsum T/A

Rep Check Manure 10 5 2.5
Fall 1971
I 5.46 5.30 5.15
11 5.28 5.34 4,94
"ITI 5.20 5.24 . 4.89
Mean 5.31a 5.30a 4.99b
. Fall 1972%F
I 14,52 12,90 14,00 13.92 13.92
11 14.63 14.09 - 14.78 13.93 . 15.03
111 15.28 14.80 13.74 15.28 15.12
Mean 14.81a 13.93b 14,17ab 14.37ab 14.69a
. Spring 1974% _
I 3.12 2,44 2,65 2.66 ©2.81
IT 3.17 2.71 2.77 2.99 : 2.87
III 3.41 2.96 2,77 ' 3.14 3.16
Mean 3.23a 2.71c 2.73¢ 0 2.93b - 2.95b

% Each datum is a mean of 2 runs
4+ Each datum is a mean of 4 runs

results indicate it takes a full yéar.following manure and low rates of
gypsum application before the soil tillage characteristics are altered.
Manure (180 T/A) and gypsum (10 T/A) reduced tillage forces 8% and 6%,

respectively.




-

Tillage force? soil aggregation, and modulus of rupture results
all indica£ed significant changes in the inherent soil structure occur-
red due to ménure and gypsum.freatmeﬁté. Although these soil tests.argf'
different the results of each can be attributed to similar reaction
mechanisms. |

It could be expected-thét treatment with ﬁanure and g&psum changed
the soil equilibrium state towards one favoring stable aggfegation° The
cation exchangeé equilib?ium with £he-soil solution could have been' al-
tered By gypsum application. The increase of calcium éafions in solu-
tioﬁ may'héve resulted in a greater pefcentage of calcium on the cation
'exchange.sites. Since calcium tends. to cause a thin double diffuse -
léyer, as descfibéd by Gouy-Chapman (32) ‘diffuse double layer theory,
increased flocculation of the clay'system can be‘éxpected. A well
flocéulatéd clay system promotes increased soil aggregation.

Manure has no effect on the forces of flocculation. However,
manure stabilizes soil aggregates by chemicél and physical means. Sum-
' ﬁer wet-dry cycles'and winter freeze-théw action on soil with‘ménure
treatmen% céuld result in incfeased aggregation and increased stability.
The data in Table 4 were collected two seasons after the initial manﬁpe
‘treatment° | |

" Both modglus of rupture and tillage force measurements are a direct
reflection of'sdil‘éhear streﬁgthr Shear can be described by

S=C+PTand : Eq. 6
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where S is shear strength, C is related to cohesive'fbrces, P- is normal

stress, and Tan ¢ is a fupction of the coefficient of friction and is

described as the tangent of the angle between normal and resultant

forces. A change in soil aggregation characteristics would have. an

- effect on the cohesion and frictional components of Equation 6. Con- -

sider -a. sand.and a qlay.system both at the same moisture level. The

_cohesive forée in the sand is small but the frictional force is great

relative to -the clay. Conversely, in the clay. the cohesive force is
large but the frictional force is small relative to the sand. . Increased
soil aggregation Had the effect of decreasing soil shear. As in the

sandy soil example one could predict. that frictional forces were in-

‘creased, but the accompanying decrease.in cohesive forces of this pre-

dominately silty clay soil resulted in a net decrease in soil shear.
This phenomenon was demonstrated by the decreased soil modulus 'of rup-
ture and tillage power requirement tests. -

It can be concluded that these manure and 10 T/A gypsum treatments

were observed to have beneficial effects on soil structure and tillage

bractices in the Yellowstone Valley.
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Section II. Soil Water Movement

Section I demqnstrated that gypsum and ménure.had beﬁefigial effeété
on séil structﬁre. :The effect‘of this improvement on infiltration and -
éoil'water.flow is described within this section.

Table 7 showé iﬁfiitration.rates_averaged over repiigations duriﬁg
1971 to 1973. Ndlstatistically significant differences were attained
but trends were present in these data; Manure and 10 T/A.gypsum in-
creased infiltrétion compared to the check., The lower rates of gypsum
showéd inconsistent resulté during 1972 and 1973.

A greater.infiltration rate in these silty clay soils is desire;
able, Pfoper soil water ;echarge during -irrigation is important and is

" not easiiy attained since the héavy texture creates a low hydraulic
Table 7. Infiltratioh rates averaged over réplicationsland irrigations

during 1971 to 1973. Values are centimeters per hour. Tests
of significance should not be made between yedrs.

besum T/A
Year Check - Manure 10 5 2.5
1971% 7.77a 8.74a - 8.héa .
1972+ .8.30a 8.62a 8.70a 7.363‘ " -7.75a
1973% 8.25a 8.98a 9.14a. 8.40a 8.34a |
Mean . 8.11 8978 8.77 7.88° 8.04

* FEach datum is a mean of 12 values.
+ Each -datum is a mean of 9 values.
% Each datum is a mean-of 12 values,

‘conductivity. Section I demonstrated that manure and gypsum treatments

increased soil aggregation. This corresponds to a change in the
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transmissivify chérécteristics of the su;facé soil which resulted in
increased infiltration, It is highly 1ike1y, then, that application of
'high.fétesldf feedlp; manure oOr lb T/A gypsﬁm will ?esult in a greatef
infiltration rate. |

The effects of.gypsum and manure treatments én soil ﬁatef flux
properties were evaluatea._ Neutron scattering equipment used in con-:
junctioﬁ with tensiometers constituted one instrumentation approaéh for -
measuring soil water flow. Soil water -flow meters were a second ap-.
proach. |

Appendix‘Tables.4lto 11 show-tiﬁe distribution of soil water con-
tent under check,.maﬁure, and lQ T/A gypsum treatments during 1971 to
}973. fhe correSponding'soil matric potential values are given in Ap-
pendix Tables 12 to 20. As deécribéd ih.Methods and Materials, these
water content and pbtentiél data permit solution of Darcy's Flow Equa-
tion 1., Thus, calculation oﬁ hydraulic éonductivity (R) is pogsibie°
This silty clay soil is somewhat poorly drained and detéction of hy-
draulic conduétivity.changes as a function of treatménts was aﬁ objec-l‘
tive.

Follo@iﬁg the 1971 sﬁmmgr; it became obvious thaf the field soil--
water flow system was complicated by a‘shallbw Wéfér tagle and actively
érowiné crop. ﬁfscohtinuifies in soillwater content changes with.time
could not-be reconciled with evapotranéporation losses and precipitation

plus irrigation gains. It was concluded some water was moving.from
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the water table towards the root zone. This lack of continuity elim-
iqated oppo;ﬁunity for a'm;themétical'ﬁodeling approach in describing
the soil hydraulic.p;operties using the data obtained.

Anindirect solﬁtibﬁ for méasuring'changes in ‘soil ﬁater cohtent
wéé aléé attempted. Thesé soil matric potentiai data weré applied to
deso;ptiﬁn curvéS'(Appendix Table 3) éiving corresponding reéultéAih
% water by weight. Similar uhexpiainable discontinuitiés; as those
ekpériencéd with thé ﬁegﬁron equipment, were still preéent in'ﬁhesé
soil water contenf data.

Following the 1971 summer it was decided to continué'use of néutfon
eqﬁipﬁent,aﬁd tensiometers. but an alternate’ﬁethbd for measuring‘3911.
water flow wéuld be incl&ded during 1972 and 1973, Soil Wétef flow
meters were included since they givé a direct measurement of soil water
flux and direction qf‘flow,‘£ﬁﬁs are appiicébie in very complicated
fléﬁ systems. |

During 1972 and 1973 neufron équipﬁept and tensiometers continued
to exhibit déta discontinuities similar to those expérienced during
i921. :Thgrefore, nb:conélusions wére formulatea from £hese measurémeﬁgs
and the remainder of‘thiS‘discussibn on soil Water'flow peftains to da;a
'obtgined ﬁiﬁh.soil water f£low ﬁetefs. | |

Figure Slsh§W§ depth_énd time distfibutién of soil water:fiux as.
.meésured with}sbii watef'floﬁ meters. .Tﬁis figure'shéws‘seﬁeral impor -

tant phenoﬁena. First,'the soil water flow at the 6-foot depth was
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from the groundwater towards the surface, witﬁ magnitude increasing as
the summer progressed.- Depth to the water table varied_from 5~ to 7~
feet under these piots during the summer months. Consequehtly; the
evapotranspirational demand set up a_potentiai gradiént favoring water
movement from the water table to the root éone. This demand increased
as the sugar beet crop matured; Froﬁ this we would expect tensiometric
values to show alaefihite and consistept matric potentiél gradiént
fa§oring water movement from the 6-foot level to some shallower depth.
‘Appendix Tables 12 to 20 are inconclusive in showiﬁg the presence .of
such a mat£ic potential gradient. - Such iﬁconsistencies hint tﬁat the
métric pbtential gradient may not be the main force controlling movement .
of water, This phenomgnon demoﬁstrétes the difficulty in using neutron
equipment and tensiometers in complicated £low systems;

Flow meters at the I.5-foot depth indicated downward fluxes, the
magnitude of_tﬁese fluxes being a fupction of water gained by precipi-
tation and irrigation. Even though evapotranspiration was taking place
I believe the continuous downward flux at.thé 1.5-foot depfhlwas not |
-out of the ordinary. This was an'irriéated'site'and the §oil was kept
quite wet even though the sufface feﬁ_inches dried aﬁd cfécked.

"In 1973,vfiow meters were installed‘ét the 3.5—foo£ depth in an
attempt ta resolve where the equilibrium interfacé betWeen.dpﬁnward
and upward fluges was located. A.small-But consistent downward flux -

was present at the 3.5~foot dépth, Thus; the equilibrium interface
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Figure 18.

Depth and time distribution of soil water flux as
measured with soil water flow meters. Negative flux
means flow was toward the surface versus downward or
positive flux.
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was below 3.5-fee£, but above 6.0-feet.

These flow direction phenomena imply active water uptaké by the
roots occurred 1aréely near the\4-fb§t depth in the vicinity of the
'gquilibrium ipterface. This had the overall effect of ﬁulling water
up from the shailow water table and downﬁard from some supe?ficial
zone. This was the case undé? all treatments.

Diffe%ences in ;oil.water flux between treatments were present
‘Table 8). Explanatioﬁ of the technique qsed Fo determine values_ih
Téble_S is.neceésafy. The time based cur§e§ in Figure 18 Qere integ;afed
. eﬁploying the trapezoidal rule of numerical analysis (Gefald 29).  Es-
sentially, the area uﬁdef each curve from some initial time. (tgy) té some

final time (ty) was solved for by the definite integral;

. tl . -
“//(yf“' £(t)dt E Eq. 7
to _

whére f(t)-is the curvé function defined by the data pointé.' Thﬁg the
integrated sum is the total soil water flux betwégn'to and t1 for a
- flow me?er. |

Some reliabiiity in comparing check to treatments was los; since
- two. flow meters in the check plot failed té-functibn} Both 10 T/A
gybsuﬁ and manure had the effect of inqreasing‘soil water flux compared
to-éhé check; Established soil physical principles attribute this |
phenomena to improved soil flocculation and aggregate stability. .Soil
anaiyses.resﬁlts in Figure 23 -show application of 10 T/A gyfsum had the -
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Table 8. Total soil water flux during 1972 and 1973 summers measured
with soil water flow meters. Negative flux means flow was
toward the surface versus downward or positive flux. Values
are inches per unit time¥#.

Depth in feet
1.5 3.5 6.0° 1,5 3.5 6.0 1.5 3.5 6.0

Year Check ' Manure , 10 T/A Gypsum
%1972 X N +9.88 +14.09 N -13.82 +11.93 N -18.42

#1973 +20.55 X =-19.92 +23.15 +9,76 ~20.55 +24.17 +8.23 -22.48

* Represents 56 days of flux measurements

# Represents 62 days of flux measurements

X Flow meter failed to function .

N No flow meter installed at this depth

effect of increasing soil calcium in the surface 3-~feet. Gouy double
layer theory predicﬁs,'and numerous laboratory observations show, that
calcium tends to flocculate soil materials, This is due, in part, to
the double ﬁositiﬁe valence and the apparently small hydrated radius

of the calcium ion. In these silty clay textured soils the water trans-

mitting pores tend to swell closed upon wetting which retards soil water

" flux. Calcium tends to reduce this swelling and promote flocculation.

As previously discussed, the data of Table 4 demonstrated that
manure significantly increased aggregation by acting as a cementing
agent in soil aggregates. Thus, when the soil aggregates -are sﬁbjected

to a disruptive force, such as irrigation, the tendency to disperse is

" retarded. Ihis'ﬁhenomenon results in the soil pores remaining open

during irrigation, consequenfly soil water flux remains large.

The difference in soil water flux between 10 T/A gypsum and manure
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treated plots WaS'smalf.'_Generally, the gypsum‘plot‘had-the greatest
soil water flux. . | | | | |

The magnitude of the flow meter values 1n Table 8 seem reasonable.
Table 9 gives inches of preCipitation and dirrigation- water applied to

Table 9. 1Inches of precipitation and 1rrigation water applied to plots
with flow meters. :

1972 - _ 1973

Treatment Precip. = Irrg.* Total Precip., Irrig.T Total
Check . 5,15 13,36  18.51 . 4,25 17.40 21.65
10 T/A Gypsum  5.15. . 14,00  19.15 4,25 . '20.40 24,65 .

Manure 5,15 14,36  19.51 4,25 18.15 22,40

% 3 Irrigations
+ 4 Irrigations
plots with flow meters._ There was one major discrepancy. 'ﬁuring 1973 :
the 1.5-foot depth fiow meter”in the manure piot measored a downward.'":
fluxfof 23.15 inches, birt total water added to the'system\as precipita- :
tion and‘irrigation was oniy 22.40 inches. The difference_was probablyt

due to a greater irrigation water intake over the flow transducer than

.what was actdally measured. The irrigation intake values are an average

from over the entire 33 by 150 foot plot. However, the pit and tunnel. -
dug for flow meter 1nsta11ation had a somewhat 1arger ability to conduct

water since it was not oossible to fill in'the pit with,the original

" high soil bulk density. ' Thus, a flow sink effect occurred in this pit:

‘area, My conclusion is that the flow meters gave accurate measurements -

of soil water flux and any:disdreoanoies were due to uncontrollable
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-boundary conditions. Exampies of such boundary conditions would be the
loose soil in the access pit and row irrigation rather than the more

uniform cover experienced during flood irrigation.
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Section III. Solutg MoVément
| The discussién_iﬁ Section II indicated treatment with manuré and
gypsum increased the. ability of this soil profile to transmit watef.
fhe effect of thé increased flux of water on soil cation-anion displace;
ment is presented-in this section. |
| Aftempts to collect in-sitﬁ soil water samples with extraction

.tubes at various depths and times were unsuccessful. The iéentiéal
porous cups used for tensiometric ﬁeasurémepts were used for séil water
extractions. - It was learned recently that the conductivity of these
. porous cups 1is ver& low and not suitable for soil water extractions.
Rather, special porous cﬁps of greaterlépnducpivity should havé béen
used. Therefore, the following discussion on solute mévément is based
solely on so?l analyseé work .during 1971 to 1973. The discussion is
based on analyses of NO3-N, POy-P, electrical cénduétivity, Na, Cé, and
Mg.. |

Figure 19 debicts the sail profile NO3-N status from 1971 to 1973,
Eaéh.datum is a mean of ;hree replications. Commercial fertilizer was
applied to all plots in the spfing at 66-0-0(NH4NO3) pounds per acre
in 1971, 100-40-0 pounds per écre in 1972, and 100-40-0 pounds per:acre
in 1973, An'amméniated phosphate fertilizer was added in 1972 and 1973.
| It should be'ﬁoted that the gypsum plots had the lowest NO3-N corn-
centrgtioﬁ in the éurfaée one foot during 1972 and 1973.‘ This bheﬁomenon

may have caused -a crop yield loss as discussed in Section VI.'
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19. Soil profile distribution of NO3-N from 1971 to 1973.
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Displacement of NO3-N from the surface two feet of:soil on a year-
ly cycle was prominent, The greatest dispiacement ogcurred'in_the ﬁanure
plotsf This dispiacemeqt was due to eitﬁer crop utilization of leaching.
Only the manure plots demonstrated the effects of,N03-ﬁ leaching. In
these plots some accumulation occurred ét the 4- to 5-foot depths after
one year of:irrigation° Afﬁer two irrigation seasons a small accumulé-
tion was presént at the l0-foot depth. After the third irrigation sea=-
son these accuﬁulationSIUndEr thé manure plots were not detectable, ;nd
this diéaﬁpéarance could be attributed to deep leaching into the ground-‘

water system which was located at the 4- to 7-foot level, However,

" Meek et al. (52, 53) has shown that disappearance of NO3-N in deep

saturated zones can be attributed to denitrification. For denitrifica-
tion to occur in soil it is necessary to have a low oxygen status, as
found in a saturated soil system, and a readily available energy source.

Carbon from the manure applicatﬂons could serve as the energy source.

- Results to be ﬁresented in Section IV indicate no change occurred in the

NO3-N status of the groundwater under these plots.‘ Apparentiy, this
1eached:nitrate underwent dénitrifiéation in the gfoundwater Whiéh re-
sulted in no ﬁ03-N buildup.

There‘séemed to be. no NO4-N leaching attributable to the.incréased.
soil water flux in gypsum plots. Consider a comparison between the
check and gypsum:ploté whiéh received identical surface nitrogen éppli-.

cations. The time sequence NO3-N status in' the check and gypsum plots -
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are nearly identical. Therefore, it is very likely thatléppiication_of
100 pounds-acre-year nitrogen on irrigated soils in the Yellowstone Val-“
ley will not result in increa;e& NO3~-N leaching.

Soil profile PO4-P'status from 1971 to 1973 is presénted in Figure
20. Commercial phosphorus was applied in the épring at 40 poﬁnés per
acre,in 1972 and 40 pounds pef acre in 1973. During 1971 no PO4x-P con~’
centration changes‘occurréd in the soil préfile from spring to fall,
Obviously the crop used phosphorﬁg or .it would not have produced. Ihére- 
fore, the available POyj-P must ha&e been in a dynamic eqﬁilibrium wifh :
phosphate minerals in the soil., Any crop utilization of P64-P ﬁrobﬁbly
;esulted-in the PO4-P being replenished by phosphate frém the solid-
stadte. | | | . |

In.1972.fertilizer phosphorus seemed to boost the entire soil ﬁro-
file status of PO4-P to the 10 foot depth, yet no leaching 6r.cr6p |
utilization occurred f#oﬁ spring to fall, These data imply heavy .
leaching of phbsphaté occurred during the 1971-1972 winter.. The unlike=-
liness of this event warrants a different interpretation. Flow meter
-results in Section IT indicated the soil water flux was from some lower
,deﬁths towards the é-foo; soil depth. Therefore; some bétential e%ists
for POy-?P trépsport from the groundwater into the $oi1 profile, However,
the fO4-P coﬁtént of thévgroundwate; was very low (Seétion V), éo tﬁis
was én unlikely mechanism, In 1971, this writer pgrsonally aﬁalyzed

these 1971 soil sampleé for PO4~P using the sodium bicarbonate technique
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(see Appendix Table 22)., The 1972 and 1973 soil samples were analyzéd
for PO,-P by the MSU Soil Testing Laboratory usiﬁg the Bray (see Appen-
dix Table 22) method. The extracting agent used in the Bray metﬂod
tends to extracf more phosphorus than the sodiﬁm bicarbonate method*.
Thus, the increased PO,-P content measured through the entire 1972
'éoil profiies can pfobably be attributed. to a change in the soil gnaly-
sis procedure. |

Differenées between thesé spring and fall data for i§72 and‘19i3
are difficult to explain. 1In 1972 the fall soil profile contained more. .
POs,~P than in the spring. Such a phenomenon can only be explained With’
‘speculation. It was possible that irrigation water could have contri-
buted phogphorus to the soil, but Seétion IV presents data showing more
PO,~-P left the field.in runoff water than was'applied.. Therefore, a
net loss of soil PO,~P resulted. Also, the surfac; two feet of the pro-

file changed very little.in PO,-P content while the 2- to 10-foot depth

4
was actually responsible for the gains; Since POA—P is'readily.absbrbed
by soils the likelihood of irrigation water contributing PO,~P to the
2- to 10-foot soil depths was remote. These 1973 data show the first

evidence of sigﬁificant phosphorus utilization by the crop. This state-

ment applies only to the manute treated plots where significant amounts

*# This reasoning resulted from discussions with Dr. Jim Sims,.
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of POy-P were-extrécted from the surfaée oﬁe-footo

These data indicaéed this soil could readily replace ﬁost of the
PO4-P utilized by the crop. The PO4-P concen£rations seemed to be in
equilibriuﬁ with the phosphate minerals in the soil. The manure plots
always had the highest PO4-P content at the surface compared to both -
the check and gypsum plots.

Soil profilé salt status from 1972 and 1973 is preéented in»FiguréA
. 21. These data indicate a salt buildup with depth in all plots. There
were no consistent significantldifferences between any‘treagmenté.
Cenerally, below the 4-foqt dep?h the soil was above 4 mmhos /cm, or
séline, in all plots. The source of this salinity was the groundwater..
The groundwétef, located'at ébout the 6-foot'dep£h, waé saline (Section
V) in nature with average conductivities greéper than 8 ﬁmhos/cm, and
the soil water flux from wate£ table towards the 4~foot depth (Section
II) contributed to salinization of tﬁe Profile;

It should be noted that.the .gypsum and manure plots had the great-
est salt concentration in the surfage one foot during three‘of the four
seasons described in,Figurg'Zl. In these cases the check plots were
bgiow'Z mmhos /cm conductivit? whilé check and gypsum plots ranged from
2- to 4-mmhos/cm. This phenomena may h%&e caused a crop yield ioss as'
discussed in Section VI since youﬁg sugar.beet.p1ants are Qensitive to
salt concentrations in tﬁe 2- to 4~mmhos/cm range. At deeper'soil |

depths,-for‘example four feét, where the salinity level averages about
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Figure 21. Soil profile distribution of salt from 1972 and 1973. Each datum is a mean of
three replications.
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5 mﬁhos/;m, there were ﬁo obvious differences between treatments so the
effects of theée salts upon crop production Qere nearly:the séme over .
all plots. |

Figures 22, 23, and 24 show the contributions of sodium, calcium,
and magnesium to the soil salt status. The ‘distribution of sodium
(Figure 22) increases with depth in accordance with the electrical con-
ductivity aata of Figure 8. Generally, the profile under the manure
treatment wés ﬁigher in sodium compared to both thé check and gypéﬁm
plots. Over the three year period the ﬁanure-prdfile averaéed 88.9.
meq/L compared to 81.3 meq/L for the che¢k and 72.5 meq/L for the gypsum
plot. Little difference existed between the check and .gypsum plots
wifﬁ respect.to their sodium distribution patterns. Figure 23 shows
very little diffgrénce between treatments regarding soil calcium contgﬁt.
The only variation occurred in spring 1973 wheﬁ the'Bj.té 10-foot depgh
under the manure trégtment was much gregfer in calcium content compared
to both tﬂe‘check and manure plots. This variance has to be attributed
to experimental error. Figure 24 showé very little difference between
treatments regarding soil magneéium content.

" ‘Sodium ad;orption ratios (Equation 8) raﬁged from 1 to 3 in the’.
10-£oo£ profile under all plots. Thergforé, no alkali problem existed.
A saline situation wéé present at depths gréater than 4-feet under all
plots, anqétﬁe surface one foot was moderately saline under manure and

gypsum treatments. It appeared calcium was the dominant cation
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contributing to the soil electrical conductivity values.
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Figure 22. Soil profile distribution of sodium from 1971 to 1973. Each datum is a
mean of three replications.
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Figure 23. Soil profile distribution of calcium from 1971 to 1973. Each datum is
mean of three replications.
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Section IV. Groundwater Quality.

Section two demonstrated thaf the soil water flux was from ground-
watér towards the 4-foot‘depth during the sﬁmmer. This was iﬁ all plotg.
Therefore, the likelihood of solute leaching into the groundwater was
gmalln However, it was possible thét a net downward ﬁlux occurred at
other times of the year resulting in soﬁe groundwater quality change
from solute'lgaching. The quality of this groundwater was ménitored at
numerous sites in.and around the experimentai plot area duriﬁé 1972 and
1973, '

Table 10 describes the depth in feet to the water table at various
locations. Theiwate; table was generélly between 4- and 7-feet in depth.
_A conspicuoﬁs water table gradieﬁt'existéd from south of the plbts (4
- feet deep) to north of the plots (6 feet deep).-

Figure'ZS shows groundwater quality~data at two iocations. As
described in Methods and Materials the test area site represénts two
test holes in the near vicinity of tﬁe plots whereas the control site
was located about 200 yards from the plots. These data indicéte NO5~N
and PQ,-P were present ét both sites in very low conéentrationsn‘ Appar-
'ently, the surface treafments had no efféct'on the NO3-N or PO4-P status
of the grpﬁndwatér. |

.The salt statﬁélof the groundwater undér the fest area was higﬁ but
that of the_control site was relativelyvlow (Figu?e 25). Thése data are

evidence indicating salt buildup'in the,groundwater.occurfed and could
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Table 10. Depth in feet to the water table. Site location is shown
in Figure 1.

Date : North Site South.Site . Check Site
, 1972

6~20 6.5 4.0 -

6-28 6.0 4.0 -

7-7 6.0 4.0 -

* .

7-15 6.0 " 4.0 -

7-20 5.0 4.0 - -

7-26 4.5 4.0 -

8-1 7.0 4.0 -

8-4 . 6.0 4.0 -

* -

8-9 6.0 4.0 -

8-17 6.0 4.0 -

8-24 4.5 4.0 -

9~1 " 5.0 4.0 -

* .

9-8 5.0 4.0 - -

1973

6=-20 6.0 4.0 6.0

.7-3 6.0 4.0 6.0

* ’ . .

7-13 6.0 . 4.0 5.0

7-22 6.0 4.0 6.0

* .

8-3 6.0 4.0 6.0

* . .

8-10 6.0 4.0 6.0

8-17 6.0 4.0 6.0

* . . .

8-24 6.0 4.0 - 6.0

8-31 6..0 4.0 6.0

9-7 5.0 4.0 6.0

. % Irrigation

be attributable to surface'applied salts from gypsuﬁ and/or manure

treatments. Table 11 shows comparative levels of sodium, calcium, and
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Figure 25. Groundwater quality at two locations during the 1972 and
1973 summers.
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magnesium which contributed to the total electrical conductivity shown
in Figure 25. The grouhdwéter under tﬂe plot area was alkali during
1972 and 1973 with an.average SAR of 34.' Water with an SAR of 15 or
greater is cdnsidered1 alkali. The grouﬁdwater at the control site was

'éséentially non-alkali With a median SAR of aﬁout 9.0 and a mean of 14.3,
These data indicate the manure treatment may have.contributed sodium.to
the g?oundwatéf._ Sectioﬁ'III discqsged solute movement "and Figure 22
described the distribution of soil~sddium with time. .Thé buildup of-
soil sodium undef.the'manuré treatment'ﬁés.definitely iargericompared
to.the check and gypsum plotg,‘and these'grOUndwatér qualiti:dafé indi;
céte sodium 1eaching.occurred.

To'ﬁeasure this phenomenon more carefully additional access pipes

were placéd info the groundwater during 1973, Réference fo Figure 1
shows access'pipes were placed within'individual manure and check plots.
Figure 26 and Table 12 present these resqlts.' Again fhe NO3-N and fQ4-P
concentrations wefelverf.low and the sélt sfatﬁs Waé bofh saline and

raikali_at these gfoﬁndwater iocatioﬁs. Essentiélly; no difference
existed between the.manure aﬁd.check'ploté.- Howéver, if_shoulﬁ be ﬁotgd'

that the magnesium concentrations under the manure plots averaged about

3 meq/L higher than the .check. Also, ;hé NO3-N concentration under- the

1 U.S. Salinity Laboratory Staff, - 1954, Saline and alkali soils,
"~ Agri. Handbook 60. U.S.D.A.
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-manure plots was higher than the check'fiﬁe‘of the six times sampled,

even though these differences were extremely small.

“Table 11, Comparative groundwater cohcentration of calcium, magnesium
and sodium during the 1972 and 1973 summers. All data are -

meq/L..
- 1972 . 1973
Date Ca Mg Na SAR Date Ca Mg Na - SAR
Integrated Sample¥* . Integrated Sample® ’
7-1 9.2 19.1 94.3 25.0 7-3 9.2 17.8 . 95.8 25,1
=7 5.8 20.5 . 68.2 18.8 7-13 16.0 22,7 123.9 27.5-
7-14 12.9 16,1 138.0. 36.2 7-27 1.3 20.9 141.8 57.4
7-20 ‘5.2 21,5 124.4 34.0 . 8-3 6.8 16.4 139.3 36.0
7-26 8.1 5.12 111.2 43.2 -8-10 10.3 17.9. .123.6 . 34.0
8-1 7.2 13.3 - 106.5 33.3 8-17 7.4 15.8 107.5 27.2
8-4 14.2 18:9 114.8 20.0 . 8-24 3.1 20.8 144,0 . 41.5
8-10 9.7 8.1 148,0 49,6 8-31 8.6 . 18.2 124.0  33.5
8-17 6.5 21,4 114.6 30.7 9-7 ~15.3- 19.0 . 135.6 .33.6
8-24 349 15.0 125.0 40.7 Mean - - 35,0
9-1. 6.4 22.3  134.8 @ 35.6 -
9-8 5.4 21,1 . 132.0 36.3 . ,
Mean ' © 33,6 Control Site
7-3 4.5. 2.9 14.1 7.4
7-13 4.5 3.0 13.9 7.2
7-27 0.5 2.9 18,7 14.4
8-3 3.2 2.0 13.7 © 8.6
8-10- 2.7 2.2 10.4 6.7
8-17 0.9 2.0 66,7 55.9
8<24 2.5 1.3 13.7 9.9
8-31 2.1 1.2 12.6 9.8
- 9-7 17.6 11.4 33.9 ° 8.9
-Mean ' 14.3

* Average of. north and south sites immediateiy adjacent to the research
plots (See Figure 1).

If it can be assumed the control site, locéted'ZOO-yardsAfrom re- . -

gearch plots, was indeed a valid cheqk.on the native'groundwater qual-

1ty,.then the results of this section show these heavy applications of
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manure can salinizé a shéllow'grouﬁdwater system., Sodium seémed to be
the most leachable cation. Some reassurance in these stateﬁents was
.1ost when access pipes lécéted withig each check and manure plot in-
1973 showed'ﬁo difference in groﬁndwater Qﬁality. However, one could
attribﬁte this to éémplete masking by the manure plots. Leaching of.the
manure treatﬁenf had been going on for two years prior to .1973. During

this period salts leaching into the groundwater from each manure plot

Table 12. Comparative groundwater concentrations of calcium, magnesium,:
and sodium under check and manure plots during 1973. Each
datum is a mean of three replications. :

Meq/L_ . -
Date Ca Mg = Na B SAR
" Check Plot . ‘
7-3 22.3 19.0 - . 110.9 : 24,2
7=-13 19.5 16.8 . 62.7 - 15.0
7-27 1.4 13.5 109.1 39.7
8-3 15.9 14.2 95.3 ' 24,0
8-10 15.0 13.5 106.6 27.9
8-17 15.0 13.6 98.8 - 25.7
8-24 . 9.1 12.1 o 91.9 o 28.7
8-31 " 8.4 12.0 . 95.0 29.7
9-7 9.6 12.0 . 92.2 . 28 .4
Mean L - ' ) 27.0 -
o Manure Plot : L
7-3 12.8 17.4 - -~ 112.0 17,9
7-13 18.4 42.4 o .101.8 20.6
7=-27 1.4 15.6 120.6 . 41,6
8-3 9.8 14.7 . 113.9 . . 32.5
8-10 13.4 15.1 =~ - 111.8 29,6
8-17 10.6 16,1 : 112.9 . . 30.7
8-24 9.4 14,5 . '95.,6 '28.75
8-31 12.4 13.8. 98.4 - . 27.0
9-7 16.5 13.6 . 106.5 _ 27,3
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Figure 26. Groundwater quality immediately under check and manure

plots during 1973,
tions,

Each datum is a mean of three replica-
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‘could have dispersed over the entire groundwater zone beneath the plots.

Therefore, in 1973 no difference in groundwater quality could be detected
immediately under individual plots. ;These data éeem to sﬁpport other
studies (47) which measuréd salt buildups under heavy manure applications.
However, unlike other studies (31, 57, 71, 73, 74) no NO3-N buildup iﬁ
the groundwater resulted from these heavy manure applications in.the )
Yellbwétone Valley, probably because of denitrifiéation proéesses in

the saturated zone as discussed in Section III.
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* . Bection V. Surface Runoff Quality

The.Yellowstone‘Vélley in Montana is an intensely'irrigated agri—
cultural area. This valley is tyéical of the semiarid ﬁorthwest where
maximum prodﬁction is sought adjacent to a river water source. A por-
tion bf.the ri&eriflow is sliced off iﬁto a diyersion canal which dis-
tributes water to the croplands. Unused irrigatién water and/or draiﬁ-
age water is returned:to the river downstream. The effects of such
diversionary pracfices on downstream water quality has beéen the topic’
:pf much éontroversy;

| Table 13 shows averaged water quality results from the Huntley
irrigation project in thé Yeilowstone Valley-auring a 3;ye§r pefiod.
The concentration of NO3-N; PO,-P, salts and suspended solids waé greater
in drainaée water flowing off agriculturgl lands than in the irrigatian
water applied. The reverse was true for total carbon where the drainage
water had a lower concentration thaﬁ in irrigation wafer applied,

The largest city'in Montana (Billings, popu1a£ion 70,000) is lo-
catéd on the Yellowstone River approximately 15 miles upstream from_th;s
experimental site. The potential exists where such a geographical set~
ting of an irriéation project downstream frdm a large city couid serve
- as 'a means of extfacting carbon compounds out of surface waéers.
Although NO3-N conbentratioﬁs are at higher levels in drainage
‘waters off these soils, it is still below 10 ppm NO3-N? wﬁich is the

value adopted by the U.S. Public Health Service as the safe upper limit
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for water consumed by humans. Concentrations of POaPP ranging from .02
to .05 ppm have been reported (4, 76) as minimal for supporting algal

blooms, Applying this criterion,, the P04-P levels measured at this

et s ST w y e

site in the Yellowstone Valley.érable 13) were very high. Although salt

concentration was greater flowing off this agricultural site than irri-

" gation water applied, the 'increase %as‘smali and still below 2 mmhos/cm

conductivity, the Value’used to aistinguish saline from non~saline water.
The conceﬁtration of'susPéﬁded soiids (Table 13) increased as ﬁhe water
left tHe canal and-traveléd.via a ditch to the field;iacrbss the field
and out a drain ditch; Dirt ditchés were used and results aré.as ex-
pected.

Table 13 also demonétrapéé runoff from:the manured plots generaily
contained higher concentratibns of NO3-N, PO4;P, salté, carbon materials,
and suspended solids compared tb the check and'gypsum plots. Tﬂe objéc-
tivé_of the manure treatment was to determine the quantity of feedlot
@anufe which could be applied to aéricultural soiis without detrimental
effects upon Crops or the environment. Athoughvmanure-increased all
nutrieﬁt concentrations in runoff, the increase was small.

Runoff éoncentrations of calcium were Subétantially higher from -
pldts treated with 10 T/A gypsum compared to both the check and manure
plots. Appérgntly, the gypsum mineral itself was physically eroded |

from the surface. This evidence demonstrates the importance of incor-

. porating gypsum applications into the soil to insure maximum reactivity
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Table 13. Water quality results from a large irrigation prdject in the
Yellowstone Valley during 1971 through 1973,

Diversion Head Field ' Field Surface

Treatment Canal = Ditch Runoff 1 Runoff 2 Drain
. : *NO3-N_(ppm) -
Check A7 .55 1.20 2.1 1.72
Gypsum Y .55 "1.75 1.47 2,01
Manure 47 .55 2.65 4.75 3.79
. o *P0y-P (ppm) S o
- Chéck o W04 . .04 33 . 17 . T .22
Gypsum - .04 .04 +28 .13 ' .18
Manure - S .04 04 1.04 .62 .58
' *Ca (ppm) '
Check 22.9 . 22,3 26.6 25,1 : 28.2
Gypsum 22,9 22.3 40.5 36.6 -+ 36.9
Manure 22.9 22.3 31.6 - 28.6 : 30.8
, - ‘ *M in
Check : 7.33 7.39 9.05 8.07 9.12
Gypsum - 7.33 7.39 9.88 10.12 10,40
" Manure o 7.33 7.39 9.92 9.83 9.48
: *Na (ppm) o
Check 41,47 47.93 . 52,34 46,65 48.46
Gypsum 41,47 47.93 50.78 44,02 51.61
Manure 41.47 47.93 65.93 57.91 60.07
#Electrical Conductivity (mmhos/cm)
Check 26 . .28 ".33 .30 .36
Gypsum .26 .28 .38 .36 . +36
. Manure .26 D .28 .38 .36 . .36
. Suspended Solids (g/L)
Check . .08 C .26 1.11 : .64 .. 1,58
Gypsum - .08 ' 226 - 1.68 T .56 1.42
Manure - .08 , .26 1.38 ' .61 1,82
: OTotal Carbon : (mg/L) :
Check 77.1 47,2 43,2 36.9 53.1
Gypsum 771 - 47,2 40.2 - 40.8 47,20
Manure 77.1 47.2 47.1 60.3 : 45.8
* Values are means from 33 observations (1l irrigations - 3 replica-
tions) '
8 Values are means from 21 observations (7 irrigations - 3 replica-
tions) :

O Values are means from 12 observations (4 irrigatioms - 3 replica-
tions) ..
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and prevent loss from erbsion.

Thus far,.thése'data have been presented in .terms of concentra-
Ation with the éeneral conclusion that surface water quality can be

reduced by agricultural irrigation use. However, these same data take

Dissolved. and éuspended load results from atlarge irrigation

Table 14.
: " project in the Yellowstone Valleéy during 1971 through 1973.
HyO = Et3 ' Concentration (ppm) Load (grams)
Treatment Applied Runoff Applied Runoff Applied Runoff
' NO3-N
.55 1.66 33.5 17.0
055 1.61 35.9 16.6
.55 3.70 36.7 35.1
... PO4-P
.04 .25 . 2.43 2.56
.04 .20 2,61 2.06
.04 .82 2.67 7.78
ca .
Check 2150 361 22.3 25.8 1357 264
Gypsum 2306 364 22.3 38.6 1458 398
Manure 2357 335 22.3 30.1 1488 286
- Total Carbon
47.2 40.0 2874 409
47.2 40.5 3082 417 -
47,2 53.7 3150 509
Suspended Solids
grams /L '
.26 .88 °~ 15828 8995
.26 1,12 16977 11544
.26 1,00 17353 9486

on a different appearance when- the aétual dissolved and suspended load

[

translocation budget is solved. Table 14 presents both cubic-feet of

~irrigation water applied and field runoff along with the respective
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cqﬁdentration data of‘Tablé‘13. The concentration multiplied by volume
of water permits calculation of the mass load. The runoff load éog£aih7"
gd only a fraqtion of the.applied load of NO3-N and'Ca; bﬁt a greater
load of phosphﬁteQ.ﬁerélfransported off tﬁé field than weré applied
except for gypsum plots.” Apparéntlf,.a.;ediﬁehEQPhb;pﬁate relationéhip
was p;gsént which expfaéged phosphates’ from the soilnsﬁrface; fhis
" phenomenon has;béén oEserQed By other. invesfigators (46, 385.

I?hé interpretétion of Table lé,éhsuld‘qpt‘be'that.soils c;ﬁ clegn
'the nif?ates, salts,‘énd,suspended solid; out of ;urféée waters, 1t
just dépicts the.distributiop of the salt ioad in an iﬁrigétion-pfpject;"
'TheAYe116Wétohe.RiverIHOWnstream frém the ﬁunfigy Projgét'wili have
' higher.concéqtratiOAQ,of.nitrates, phésphates,:salts, and susPended'
solids as a ré;ﬁlf of irrigation. Howéver,-it is'intéreéting to hypo-
.thesiég tﬁat if anions'apd cé#ions could be attracted froﬁ,thé main
stfeam intoﬁ;he intake point oflan-irrigation c;nal that agriculture

. soils could improve the quality of surface waters.
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Section VI. Crop Production Aspects

-The concept of using,agriculture'soils as a feedlot wasté disposal
medium will not have general acceptance if crop quality or quantity is
diminished. "Likewise, the use of gypsum on non-alkali heaQy textured
soils must result in beneficial effects upon crop production. The re-
‘sults of these amendments on production and ease of harves£ is discussed
-Beloﬁ.

Table 15 presents sugar beet yield data from 1971 to 1973. 1In
1971; the check plot ﬁad a significantlf.greater yield comﬁared'to ma- .
nure or gypsum_plots..,Thié was attribﬁtable to Spring‘appiicaéion of |
émendmenté; Repeated 'trips over the plots in order to apply.the amend-
menés resulted in soil cpmpactién which -led to seedling emergence pro-
blems. Attempts to transplant beets into the barren areaslwere‘oniy‘
partially successful, HoWever, in the check plots emergence‘was normél.,
This unforeseen accident resulted in the check piot having the gfeatest
mass yield éﬁd sugar production in 1971(
| :In 1972 phe manure plots had a significantly gregtef yield com-
pared to the check aﬁd.gypsum plots. There was no'diffeéénce betwgen
the gypsum and check_plots. Although the beet yield was greates£ on
the ﬁanﬁre plots thé_percent sugar was significantly lower qnd‘the
sugar yield was #helloﬁést of all treatments.’ Therefofe, the.manufé )
treatﬁént'créated_a significantly greafer beet yield butAat Fhe expense

of a decrease in Sugér content. The 2.5- and 5-T/A gypsum treafments
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seemed to increase sugar yield, but not significantly. .

. Tablé 15%, Sugar beet yield data from 1971 to 1973 harvests.

' e ) . Gypsum T/A
Year Check . °* Manure =~ 10 5 .2.5"
vield T/A ‘ ‘
1971 22.0a 19.16b .18.06b .

. 1972 18.06b 20.3a 17.6b 18.86b 18.26b
1973 18.8a; '20,7a 15.2a 15.2a 17.2a
Mean 19.6 20.0 16.9 - 17.0 17.7

) ) % Sugar ) ’
1971 15.8a 15.6a - 16.5a
1972 16.8a © 14.5b " 17.2a 17.1a _ 17.3a
1973 17.8a 15.5b 17.6a 17.4a 18.7a
" Mean 16.8 15.2 17.1 17.2 18.0
Sugar Yield (lbs/A) : : :
1971 . 6981a 5952b - 5955b RS
1972 6078a 5899a 6047a 6446a " 6267a
. 1973 6657a 6377a 5333a ' 5322a © - 6403a
Mean’ " 6572 6076 5778 5884 6335

- Tests of significance should be made”oqu within the same year.
Each datum is a mean of three replicatioms. '

No 'statistical differences were present in 1973. The means indi-.
catgd fhe gypsum treafed plots had a low masé‘yield,faﬁ equivaleqt per-
cent sugar, and lower sugar yield gompared to the eheck plots. Thé
manure plots again had the highest mass yield; 1owe$t percent sugaf,
and lower sugar yield'compared-té the check plots..

Although statistical significance was not consistently attained;
three'years data démonstréted some trends. It appears gypsﬁm and
heavy manure applications  will decrease total sugar §roduction about

8%. Also, there was some indication that the 10 T/A gypsum rate
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decreased yield more than the 2.5 T/A gypsum rate.

It appears these amendmgnts decreased sugar yield. To help explain
this phenomenon top/root ratios and plant analyges.data were collected.
Table 16 presents top/root ratios from the 1972 and 1973 harvests. 1In
1972 the two lower gypsum rates had a significantly smaller top/root
ratio compared to all othér’treatments. This corresponded to the great-
' est.sugar yields across all treatments for that harveét year (Table 15).
Planfs from manure plots had a large top/root ratio. The top growth
on these manure plots were observed‘visﬁélly to be much greater during
all three crop'yearé (Figures 27 and 28). No cqnsisfent relétionéhip

between top/root ratio and yield wés apparent or could be found.

Table 16%. Sugar beet top/root ratios from the 1972 and 1973 harvests,

‘ - . Gypsum T/A
Year - Check Manure 10 5 2.5
1972 .34a . .32a .32a .23b +25b
1973 .50a 1.05a . +50a .49a Jhba
Mean 42 .68 W4l .36 .34

* . Tests of significance should be made only within the same year.
Each datum is a mean of three replications.

Table 17 presents sugar beet top protein, NO3-N, and phosphorus-.
conteﬁt dufing.the 1971 to 1973 harvests, ' The tops from the manure
plots had significantly more protein cqmpared to other treatments, ex- '
cept 5 T/A;gypsum in 1975,'-The tops‘ffom the manure plots also had |

greater NO3-N content compared to other treatments. Appareﬁtly,'the
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Figure 27. Sugar beet plot showing top growth on a check plot.

Figure 28, Sugar beet plot showing profuse top growth on a manure
plot.
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manure treatment created a situation which permitted luxury consumption

of NO3-N by the sugar beet plant resulting in excessive .top and root

growth compared to the other treatments., Table 18 shows thé calssifi-

' cation of forages containing nitrates. When the % nitrate is greater

than 0.3, controlled feeding is recommended.

If greater than 1.2% then

Table 17t. Sugar beet top protein, NO3-N, and phosphorus confent'during
. the 1971 to 1973 harvests.
Gypsum T/A

Year Check Manure 10 5. - 2.5
1971 ’ '
1972 11.5b 14.0a 10.8b 11.0b 11.7b
1973% 8.6b 12.4a 8.7b 9.9ab 8.0b
Mean 10.0 13.2 9.8 10.4 . 9.8

% NO3-N
1971 .17 .70 .13 .
1972 <34 1.13 .33 .12 .19
1973 .12 o Th .21 17 - .10

%. Phosphorus ’
1971
1972 .26a .3la .25a .26a .28a
1973 .22a 24a - .21a ~20a .2la-
Mean 24 .28 .23 .23 .24

* Means followed by different lettets

the 10% level.

+ Tests of significance should be made only within the s
Each datum is a mean.of three replications,

are significantly different at

ame year. .

the forage should not be used for feeding. This indicates tops from the .

manure plots contained hazardous amounts of nitrates., Therefore, live-

stock should not be turned out into the sugar beet field following har-

vest, The alternative would be to pick up the tops and mix with low
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nitrate feed. It should be noted that these tops-approachéd 15% pro-

tein, which is the level considered useful as a protein feed supplement.

Table 18%. Classification of forages containing measurable amounts of

nitrate. ' ‘ '
% Nitrate (dry matter basis) Use as feed for livestock
0-.30 - . generally safe
.30-1.20 controlled feeding plan suggested
1,20 and above = . do not recommend feeding

* Table from: Dept. of Chem,, Mont. Agr. Exp. Sta.

No éignificant difference existed in phospho;oug content of the tops
across all treatments.

Table 19 presents pfotein,lNO3-N, and phosphorous content of the
sugar beet root duriﬁg ﬁhe 1972 and 1973 haf&ests. Agaiﬁ the beet roots -
" from the manure plots,ﬁad a significantly greater percent protein and
a muéh greater NO3-N contént compared to all other treatments. Aiéo?
in 1972 beet roots from the manure plots containe& éignificantly more
phosphorous compared to all other treatments. It is difficult to state
what, if.any, effect ﬁhis highér protein, NO3-N, and phosphorous contént
in the beet had oﬂ productién. Table 15 demonstrated fhe beefs from
manure plots al&ays had the lowest % sugar. Apparently, plant energy
normally used for sugar produgtion was ﬁsed for protein production;'.

| The.measured decrease in sugar yield due to gypsum is difficﬁlt
to expléin and one caﬁ only speculate regarding the cause of this

phenomenon. The data in this thesis regérding gypsum applications and
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Table 19F. Sugar beet root protein, NOj-N,'and phosphorus content
during 1972 and 1973 harvests.

: Gypsum T/A
Year . Check Manure : 10 5 2.5
‘ % Protein
1972 4.4b : 7.2a “4,3b 4.2b 4.2b
1973 3.5b " 5,6a 4.0b ‘ 4.1b 3.4b
Mean 4,0 6.4 : 4.2 4,2 3.8
) : % NO3-N .
1972 = - . ell <58 .10 .10 .12
1973 .10 .18 .10 .10 .10
' % Phosphorus '
1972 .17b ' .20a .17b .15b W17b
1973% . J4b . .17a .17a .16a .16a

Mean - .16 .18 .17 .16 16

* Means followed by different letters are 51gn1f1cant1y different at
the 10% level.
4+ Each datum is a mean of three repllcatlons. Tests of 31gn1f1cance
should be made only within the same year. '
sugar beét production indicate a need for soil fertility and plant
nutrition reseérch in conjunction with gypsum applications. The beﬁe-
ficial effects of gypsum on soil physical characteristics caﬁnot be-ag
accepted soil management tool until these gypsum soil fertility inter-
actions are more clearly understood.

The heavy textured soils of Yellowsténe Valléy often make the beet
digging proceés a diffiquit task for man and machine. Not only does the
ﬁachiﬁery require moré.power to dig the beets, but the heavy textured
soil tends to stick to the beets all the way to the factory. The efféct

of these soil amendments on decreasing tare was measured.

Table 20 presents soil tare values at three locations during the
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1971 to 1973 sugar beet harvest. Description of the various tare loca-
tions is gi&en in the Methods and Materials. Figure 29 shows the field
tare soil being caught on a tarp. The_data of Table 20 demonstrate all.
gypsum rates were.very effective in réducing tare weights. Gypsum plots
‘had significantly lower field tare weights in 1971 and 1973Acompared
to.the ¢heck. 1In 1972; no significant differences were,present,:but
the gypsum plot tares were much lower relative to the check plot. Fig-
ﬁres 30, 31 and 32 show'field tare piles from check, gypsum and manure
plotsT -Stétistical significance was not consistently éttgined between
check aﬁd'gypsum plots'for dump and factory tares, However,-fhe gypsum
plot dump and factory tares were consistently 15~ to 50-peréentllower
compared to the check (Figures 33 and.34). The sum'of-the field, dump,
and factory tares represents the total tare in Table 20, Gypsum treat-
ed plots had a signifiéantly lower total £are compared té the chéck:in
1971 ana 1973, and in 1972 the total tare from gypsum plots was still
much lower than the check plot. |
Oﬁe‘could have predicted this decreased tare with gypsum treatment
from the results of Section I of this thesi;. Gypéum was shown to im-
prbve soil aggrééation, decreése modulﬁs df rupture, and &ecrease'till-
.age forces. All Ehese measurements ére:related to the ease of digging\‘
beets out of the ground° Treatﬁenﬁ with gypsum made this heavy tex-
turgd soil more friable resulting in'decreased tare. Undoubtabiy,'pa;t

of the decreased soil tare from gypsum plots was due to a lower beet




Figure 29. Single row beet digging apparatus. Soil dislodged
during transfer of beets into the truck constituted
the field tare.

Figure 30. Typical field tare of 1156 pounds from a check plot
in 1971,




Figure 31. Typical field tare of 512 pounds from a 10 T/A gypsum
plot in 1971,

Figure 32, Typical field tare of 748 pounds from a 90 T/A manure
treatment in 1971.
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Figure 33, Soil returned to the truck at the beet dump. This
was a typical quantity from a check plot.

Figure 34, Typical quantity of dump tare from a 10 T/A gypsum
plot.
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Table 20%. Soil tare values at three locations during the 1971 to 1973
sugar beet harvest. Values are tons per acre.

- Gypsum T /A

Year - Check Manure 10 . 5 2.5
Field Tare

1971 5.30a 3.0lab 1.60b . :

. 1972 2,.88b 5.16a 1.83b - 1.82b L.61b
1973 7.46b 9.02a 3.67c : 3.48c 4.,56¢
Mean 5.21 5.73 2.37 2.65 - 3.08

, . o Dump Tare

- 1971 .97a .94a .63b .

1972 - 1.45ab- = 1.98a . 1.14b .92b - .71b
1973 3:;65a 4.09a 1.76a 2.60a - 2.46a
Mean . 2.02 - 2,34 1.18 - 1.76 1.58

Factory Tare '

1971 ' .90a JAhb <40b . '

1972 1.10ab l.46a .78ab . .55b .66b
1973 1.95a 1.97a ©.76a .54a 2.36a
Mean 1.32. 1.29 : .65 .54 1.51

. Total Tare '

11971 6.66a 4.85ab . - 2,65b o
1972 5.43b 8.6la 3.75b 3.29b 2.98b
1973 - 13.70a 15.08a 6.19b 6.62b T 9.39b

Mean 8.60 9.51 4.20 4.96 6.18

o Statistical comparison of means between years should not be made.
Each datum is a mean of three replications.

yield in the fiéld. It follows that if thére wés less beet volume there
%ould.bexless area for soil to adhere. ﬁo&ever, the yield was about 8%
lower than the check and thé tare Qas'about'40% lower. So the lower
‘tare cannot be completély attributed to é'lpwer bget-yield. Rathér,

‘a .change in inherént.soil physicél properties was reSponsiblé.

In 1971 there was 90 T/A manure on the plots.. Table 20 shows
that field, dump, and factory tares were alllless than the check.‘ waQ

ever, in 1972 and 1973, when the plots had 180 T/A manure on them, the |
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field and total tare vélues were sigﬁifiééntly greater compared'tb the’
check. The second 90 T/A’applied in 1972 (180 T/A total) was appgféﬁtly
too muéh to cause a further decrease in' tare ﬁéight; Table 21 helps

explain the reason for this high tare on manure plots. Soil moisture

Table 21. Soil moisture conditions at harvest time. Samples represent
o the 0-8 inch soil mass and values are % H20 on a weight basis,

. o Gypsum T /A
Year Check ‘Manure 10 5 2.5
1971. - -
1972% 19.32¢ 26.35a 20.39bc " 21.83b 20.82bc
1973% .~ 20.91bc " 28.07a 21.13bc 22.41b 20, 60c
Mean - 20.12 27.21 - 20.76 22,12 -~ 20.71

* Statistical comparison can only be made within the same year.- Each

datum is a mean of three replications, '
éontent in phe manure plots du?ing 1972 and 1973 was significantly
higher comparéd to all other treatments., ,Abparentiy, the higher mois-
ture level associated with the soil ofganic'matter'created a paste-like
mixture which ‘adhered to the beets resulting in a large'soil tére.

Threg years data demonstrated that gypsum can be very effective in

reducipé soil tare ‘during the sugar beet har&est. The 2.5-, 5.0;, and .
lO-T/A gypsum rates were equally effective. 'The 90 T/A manure treat-
ment héd the effect of reducing soil taré, but 180 T/A manuré reéulted
in Signif#cantiy greater tare weights compare&-to the check,

'Né monetary assessment was made -in this thesis regérdiﬁg the value

of a decreased soil tare. The farm manager could expéct less wear and
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tear on his beet digéing.machinery. rAlsq, since less soi; mass is
hauled off to the beet.Aump, the operator may bé able to haul a greater

.mass of sugar beets ﬁer load, and thus save gasoline dﬁfing the harvest.
Since it is a common practice to dispose of the dump tare soil at the
unloading site, the operator may save time if the dump tare in the truck
bed was only 200 pounds versus 400 ppuhds, for example, Also, the op-
erator would be ;emoving‘lesé,of his valuablé top éoil from the sugar
beet field, thus retaining nut?ienté.aﬁd probably making the soil level-

ing job for the next seeding much easier. -




 SUMMARY AND CONGLUSTONS
The effects of 2.5-, 5-, and 10-T/A gypsum and 90- to '180-.1':/4;
manure on physical and éﬁemical proﬁerties of soil quality of surface
and grouhdwaters, crop production, énd ease of farm operation were in-
veétigatéd.
Both 180 T/A manure and 10 T/A gypsum significantly increasea per-
-cent aggréggtion of this silty clay soil. The soil modulus @f rupture
was decreased with:manure and gypsum treatmeqt. Tﬁese changes.in the
soil structure resultéd iﬁ deéreééed force fequirgd for tillage. Maﬁure
(180 T/A) and gypsuﬁ (iOHT/A) reduced tiiiage forces 8% and 6%, respéct-f
iveif. | |
The raté of infiltration of water was increased wiﬁh manure and 10
T/A gyésum treatmeqtsu .Soil water flowmeters were ﬁsed.Sﬁccéssfdlly.
to measﬁre unsaturgted flow. The soil water flux was found to be.
greatest under 10 T[A gypsuﬁ foilowed by 130 T/A'manure compared Eo the
check, | |
' There was some ipdication of ﬁd3-N 1egching upder the,ménure treat-
ment., ~However, no.cﬁanges'in the Noj;N or PO4-P-concentrétionsAof the
.Shallow'grouqu;£ér'wére measured. The soil profile deepéf'thah.fourl
- feet was salinefugder aii plots. Soil sodium'con#enf was slightly
greater under the manuré plot compared to the‘chéck but calcium was the
dominant cation undef all plots. The sgl£’coﬁtent;of thé'groundwéter
beneéth the‘piot:area'was saline-alkali whilé an adjacen£ Chéck site

was nonsaline-nonalkali. It was concluded .that the manure treatment




-94-
contributed to salinizgtion of the gréundwatef.

With one‘exception, it was concluded the concentration .of NO3-N,
PO4-P, salts aﬁd suspended solids was greater in surface water'flowing
off gll plots than in-the irrigation wé£§r éppligd. “The reverse was
true for total carbon where drainage water hadla lower concentration
‘compared td irrigation water applied. The cheﬁicél conceﬁtra;ions in
runoff waters from the manure plots were greater compared to the check.
However, these same data took on a different appearance when the actual
dissolved and suspended load translocation budget was solved. Theh,
the runoff load contained. only a fractiqn of the applied load, except
for PO4-P which was still gréater in the runoff load.

All rates of gypsum were véry effective iq reducing soil tare
weights about 40%'during harvest. When 90 T/A manure were applied the
soil tare was decreased, but 180.T/A manure increased sﬁgar beet tare.

Both manure and gypsuﬁ treatments deéreaéed sugar production about
8%. Sugar beet tops from manure plots contained nearly 15%_protein,.
the level consiagred usefﬁl as a proteiﬁ féed, but also contained

hazardous 1eve1§ of NO3-N.
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Appendix Table 1 Recorded precipitation from the Southern Montana Agriculture Research Center weather station. Values are inches.

DAY OF THE MONWTH

Month 3 2.3 4. 5 6.7 & 9 310 3 12 13' 18 35 36 17T 3B 19 20 2% 22 23 2% 25 2% 2 28 9 WV N
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June .03 .30 - - - = .01 - .20 .06 .07 - - - 07 - A8 = - o = - - = = = = O = = -
July - -
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Mg
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June = S =T Es e e s S (08,43 = e L 051510 I T [T
July B S e SR T e e, L LS R R e, S RSl e geiis s e e =
Aug S Sl el S20-0K 08 =T Supd6 S s S e e e S N L0 =) = m al it g
Sept 1.22.03 - - - = = 92 = - = = = ,12.40 - - - ,02 - - - 02 - .17.02.23 - - - ‘=

_g6-




Mean

Soil bulk demsity (g/cm3) values at four

locations from the experimental site.
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Appendix Table 3. Desorption characteristics at two sites from
the experimental site. Values are 7% H20 by

weight,
Soil Depth - SOIL WATER TESION (BAR)
(feet) .1 .3 1 3 15
Site A .

1 46.59 35.92 - 28,51 23.57 '18.79

2 51.90 44,35 - 39.83 27.50 21.12

3 52,82 41.98 36.99 28.48 21.46

4 49.96 . 40.84 36.89 27.79 19.64

5 48,12 38.78 32.23 25.56 17.89

6 44,60 38.15 - 30.49 28.12 18.74

7 65.93 48.83  41.75 ° 28.93 20.18

8 64:70 51.01 46,08 28.84 21.21

9 42,08 31.85 24,71 25.61 - 13.78

10 65.52 - 24.80 17.60 14.28 10.59
' Site B . L

1 49,41 36.53 33.35 23.26 21.88
2 39.48 27.14 26.90 14.07 ~ 7.48

3 40.91 32.25 31.44 . 17.94 12.84

4 47.30 34.88 - 31.40 22.40 . 18.93
5 57.11. 46,85  37.49 23.69 23.19 -
6 48,54 37.49 31.65 25.47. ' 17.72
7 56.63 44.36 37.21 22.50 15.15. °

8 57.82 50.26 36.40 23.46 15.07

9 57.37 41.78 35.38 25.08 '18.69
10 53.15 42.07 - 36.75 27.44 26.94 -




tion Date

Values are inches of water per foot of soil.

Calendar And Irri

7-11-71 7-14-71 7-16-71 7-21-71 7-23~71 7-28-71 7-29-71 8-3-71 8-6-71 8-10-71 8-11-71 8-13-71 8-20-71 8-25-71 8-26-71 9-2-71 9-6-71 9-10-71

Time distribution of soil water during 1971 in replication one.

b,
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Calendar And Irrigation Date
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Manure

Appendix Table Ei Time distribution of soil water during 1971 in replication two. Valuoes are inches of water per foot of soil.
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Appendix Table 8. Time distribution of soil water during 1972 in replication two.

Mmoannn
19 ‘7087

3““‘5“

H2BRERARS

e 0 Sl et S S
wTewTwTTee

38833838

Mewcaeseecsnnnn

235830828
weesdreagwaen

d333R83R3
R R R
SREEIRRERN

o e p s el et B
nNeeweeew

~

R ECEEEE
3““‘55‘
m~79uuunn;

- e~

““‘.‘.l..‘

288238

‘...Q‘““s

o n
REZIRIZS
““““‘
mnnmoae SN
“3785'150
00 S A e T S
NMmeeeaTsnen
nwam™m NN

G
z.ﬁ‘“‘_\;‘s

24283333

3 Py
Newwwaesnewn

39583 2IRS

. Ao
NEG e dinee

SREENS288

el e W B U s i
Mewweenew

sssssssss
(il et ]

123‘567‘

41.30 39.77 43.55

42.61

39.74 39.17 43.88 42.75

42.44

62.85 41.53

43.55

41.35 40.70 39.67

40.85

£1.75

Totals

-102-

S833IRTAAS

sss.\o‘ssss

283833887

2“5‘5"‘

EREE TS L 1

3“5‘5555

SR838%588

PSR R e R »
“55‘55&‘

CRRBILSH
“‘S‘ssss
JdARARINES
nnnnennnn

aRERA8EA

23‘5‘555‘

- 77” M”D

5555‘55‘5
RE220288Y
NEded @@

aRERBBAR

2““‘555

8883R_R=81

NedoedArn

13837840

MeenNneene

4. 92
41.57

329830884

Meceeenve

-5
1.5
2.5
3.5
&.5
5.5
6.5
7.5
8.5

Totals

43.26 41.88 46.58

41.49 47.52 45.00 44.96

42.14

5.57
82
76
31
[
o8
92
46.95 44.70 44.446 44.28

42.12 40.55

41.74

42.54

~ o~ alal o
M s e Pt
neesneTsaene

~roONwOwwWn - ©
”25179 ..9
el

‘_.““‘S‘

FEECEELS

&N N AN NN

8128488

“‘5‘5555
nESR8I8R3H
0 W S 1 O B
eIV ENINN"AN

SR38HHNZRR

s‘sssssss

REGRELRAAS

3.“.“55‘

SREBR8AXS

““‘555‘

O PLEREEET

3“5"’55

ARIBLEIS

“““55‘

"8RRGS

“‘5“55.‘

EEREREER L

S“S‘ssss

222288739
NMmMeweTnne

~ bl 2
.
2“.‘555‘

ERARRREGH

B R gl S i
Mestenene

RERBENAR

MeeeednineG

555555555
P 16 Dl e et

123‘567’

44.95 44.60 42.26 44.56

41.45 47.83 45.08

43.22 44.06 42.79

42.39 40.89 46.42 44.05

42.36 42.52

41.9%0

* Irrigation immediately followed this set of readings.

Totals




Values are inches o

a two where plots were covered with plastic.

£

Calendar And Irrigation Date

6-14~72 6-23-72 6-29-72 1-6~72 7-14-72 7-15-72 7-18-72 7-25-72 7-26-72 7-28-72 8-4-72 8-8-72 8-9-72 8-17-72 8-24-72 3-1-72 9-6-72 9-8-72

Q Tice distriduticn of soil water during 1972 in replicat
foot of soil.

Appendix Table

Check

Soil

Depth

Gypsum

Manure

Feet

CHECK REP 2

G FAA NS AN

SEH38382%

NN nNneeee

SO8QRRRE

S e Bt .
“5“““

f88183%88%

ity T ¥ .

‘SSSS‘SS‘

RCBS8X288

o e U2 ey e
TN TTTE

03 wn~sm
90‘7”9
5T R T Sl
....S‘S..“IA
-~ o V-0 MO
NN OSSN A WA
5 T e e TS
SR A

REANBINNR
%

B e T

ARAREARE IS

MeTTddda T

~oNm oo
~ @ ©

s N
TR
3565.“6“

2587

Ay . =
seew L e

WO NO NS SN
PN W®MD~~~
Ll B B B g
S SN0 o
WVIA™ONMO N

e e I

3“4“.“‘

nnnnnnnnn
! 17 o et . .

123‘5&78

44.92 41.88 43.30

43.98

43.29 42.11 45.21 43.03

41.05

10 T/A GYPSUM REP 2

42.50

45.09

42.72

41.85 40.98 39.74

41.22

40.24

Totals

-103-

am®mn
~N®oOo 677!
i e P

P R e

SERAISER

R R e

288538827

N nneT (N

REEELER

.Q..‘...Q‘“‘

PECERET P

ANV T NS

u359262 [l
796879 o

OO T e
“A‘Iﬂb“‘
Hown~soono™m
aTneE~~NONS
PO T e B R
NI TTET

CQownaNNe oo
- 9890110
i i A R it

3“.“5555

%3387

Lol 2 2

B8R

" s
o <

~ M > M SRR M R
Medddddd s
AT3AG ﬂnus

MeTd e de o

sssssssss

e & -9 ¥
113‘5 7.

46.91 41.84 43.34

43.02

43.26 42.61 45.17 41.20

45.31 41.06 42.41
MANURE REP 2

41.15 42.75 40.29 42.73

40.59

40.42

Totals

oNnno o

263”
!76 57986

.ﬂb“““‘

783832853

A“‘b.ﬂ()“

PEER RS-

S T B i

FTATITETAAN

Mmoo
68 v W o 18
I W

“““55.‘.

RREES

B T

RSB 3RBEAR

nnNneseenne

23823288

eI CeTNnNe T
~®o

EERE R R

‘I‘““SS‘

ad3IRIITRSE

36465“‘6

qRg3RRIAR

T TN S

T dd AN A

CONAMOWY DNV
FTOOONNO OO
W s ]
TFTTITETNONN
DA OMOMINGD
8‘6”5“786
S B T )
NI TTITeT TS
VOO MIND M
~Nans o~Noo~

B e R S Yo
NegeITaeneT

~eN NN O
wiAn

TEEEE T

I e e N

2.85
4.64
4.50

Qo
67
.Q.Q

i 73
5.01
4.99
4.64

o Ll Al
- na e o 85

3.5...‘6..65‘

nrnnnnannnan
¥, 7858 LRI & Ve

MNMAEWO N

43.35 45.21 42.49 42.53

43.19 41.52 45.05 43.16

38.90

43.26 44.66 42.18

40.75 39.55

40.75

40.66

40.18

Totals

* Irrigation immediately followed this set of moisture readings.




2 9-8-72

v

Values are inches of water per foot of soil.

7-28-72 8-4-72 8-8-72 8-9-72 8-17-72 8-24~72 9-1-72 96—

Calendar And Irrigatiom Date

Time distributiom of soil water during 1972 in replicatiom three.
7-14-72 7-18-72 7-25-72

6-15-72 6-23-72 6-29-72 7-6-72 7-13-72

Check
Depth  Gypsum
Manure

Appendix Table 10.

Feet

Soil

SO N MO NN N
MO OON~S OO ©
g ITITeITNT e
-

335“55‘..

383888848

33.‘6“556

SRER3BRAS

3.91
4.17
4.60
4.92
4.69
4.92
4.98

2 8 &
s

4. 95
42.22

BERARREAS
Sl e

6....05“555

PR ELETE

33‘5‘&555

3.78
3.78

™
..
..

6.73
4.53

o
S
.Q

£.92
4.95
4.76

Ll

CEEEEEEET
1R843

m Fd T EE AN

NN m Mmoo
NNewvwe 776
cE i T I ]

““““.‘b

NS NVONON
NNeoO~rOoH©
NMdTETAe

©888

o~ ~a oo
HoamnMnann
NMnedaeeTaea
DS AN -
WNOONDNN
Moo eTaT
wzw NSO m

- "o oo o

Yt T O e e

P Errrrr

nnwnnnnnnn
5 gt R St

AN EAO N ®

40.35 42.66

41.35

41.88

40.67 42.57 44.10

T/A GYPSUM REP J

42.35

8885843

40.74

42.67

41.76 39.55 43.43

41.33 38.68

42.18

Totals

-104-

653098 9
78 6689
"9 h

s b
6““/‘“‘

43.37

TIEEEET T
&

23.““5“

53833528R
38338888

Meewwedee

41.15 40.68

838085338

P L

42.74

NN MMOen
AT OrNVWO O

H O o e G 0 e §
3‘5“555‘.

42.96

282283813

@ AN G €A AN A

45.63

J&RQR=A8H

U8 st i R e e

3““5555

42.67

giganasan

s S
neesewreTew

40.45

173373883

e T eNnNeTa

42.07

Fle B Sl S i

E A B R 4

42.52 41.81

43.82

2 fle e il e et

‘..““‘..

40.94 39.51

AR2RTIRN
Ll

SBARRREER
A b

3.““““

S83n3sadn

3‘..‘..““

8RR335883
- @ -

P Y

41.69 40.68 38.53

nunnnnnnann
il g i o

123‘567&

Totals

4.89

3
~
.C

6.76
4.76

0
]
6

6 73
4.73

w
'
‘

6.89
42.98

27 3339 9
51 7656”
3o %%

z““.““

220833398

Newaevradtaea

RSRIN3EER

Meesceacas

“39366 2
- Nnoor~~

3““.‘6“

82EBRRESR

PR L L "

CLELTTEEE:

Newddenein

397 62
0”“3
byt Qo s T

3““““
L)

m Fe] am e
NEBXNER2 S

S e B T
m Mecrseaeas

RIRTAIRS
13393038

. .
nesreareaa

AN ™ MmO eNn
6.‘6 O~ on®
B S S 1)

““““‘

ammnm
73775 9
g e iy g

P

35335488

Na -

R A B 4
52523374y
NeasTaew - =
$33 KRN32?

IRREAEARR

Tt eGs T

nnnnnnnn
o0 6 G ! 7 e

ANME NS~ ©

41.14 41.74 40.57 39.28

43.97

39.50 40.91

40.97

41.63 39.61

42.76

41.90 38.50 40.72 38.28

42.40

* Irrigation immediately followed this set of moisture readings.

Totals




Values are inches of water per foot of soil.

Time distribution of soil water during 1973.
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Appendix Table 12  Time distribution of soil matric potential duri
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Values range from the .5~ to 7.5-foot

Time distribution of soil matric potential during three irrigations in replication ome 1972.

soil depths and units are centimeters of mercury.
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Appendix Table 1(% Time distribution of scil matric potential during three irrigations in replication two 1972.

soil depths and umits are centimeters of mercury.
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* No reading due to malfunction or soil matric potemtial

+ Plots covered with black plastic.
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Appendix Table ] 8, Time distribution of soil matric potential during three irrigations in replication three 1972.

soil depths and umits are centimeters of mercury.
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Appendix Table 19, Time distribution of soil matric potential during
' four irrigations in replicatlon two 1973. Units
are centimeters of mercury measured at the 1 5,
3.5, and 6.0 soil depths.

CHECK. REP 2 10 T/A GYPSUM REP 2 . MANURE REP 2
Date- 1.5 3.5 6.0 1.5. 3.5 6.0 1.5 3.5 6.0
"7-10 10.8 12.6 6.2 13.9 10.9 11.9 12.2 10.7 14.0
IRR 1 , :
7-11 7.3 8.1 0.0 8.7 7.6 7.9 7.9 8.2 9.1
7-16 8.4 9.7 4.5 11.5 8.4 - 8.2 10.1 9.0 9.4
7-18 6.0 10.7 6.3 13.2 10:2 10.2 10.7 9.7 10.7
7-24 10.3 13.4 7.0 16.7 10.8 11.3 11.4 10.6 12.0
IRR 2 : -
7-26 7.0 8.5 * 9.0 6.1 9.0 7.8 6.4. 8.0
7-31 6.0 12.1 =% 12.1 6.9 6.7 . 10.4 8.5. 8.7
8-3 7.6 14.0 & 16.5 7.2 7.2 12.0 9.5 8.1
8-8 9.8 18.3 7.4 26,1 11.5 9.2 - 13.4 10.3 8.5
IRR 3 ‘ ‘ ' o
8-10 =~ 8.4 8.6 5.6 10.7 7.2 7.7 7.6 7.1 . 6.6
8-16 7.9 12.6 * 13.2. 7.3 6.2 12.1 8.5 5.9
8-23 9.7 15.5 5.9 22.7 10.2 .8.5 13.2 10.5 ° 9.7
IRR 4 : e .
8-24 9.7 8.2 7.2 16.4 9.5 9.2 . 8.3 7.2 8.6
9-7 10.8 11.6 * 12.5 10.5 8.9 ' 11.8 11.4- 9.0

* No reading due to malfunction or soil matric potential exceeded
tensiometer capabilities. . ’
IRR = Irrigation




=114~

-, Appendix Table 20. Soil Conservation Service classification and pro-
Co file description of the soil system used in thlS
thesis,

The Vananda series is a member of the fine, montmorillonitic (calcare-
ous), mesic family of Ustic Torriorthents. Typically, Vananda soils
have fragile, massive; vesicular, clear silt-coated surface crust and
they have indistinct horizonation below this crust in grayish brown
grading to olive gray slightly calcareous clay.

Typifving Pedon: Vananda clay - native grass
(Colors are for dry soil unless otherw1se noted, )

All 0-1/4" --Grayish brown (2.5Y 5/2) clay, dark grayish brown

: (2.5Y 4/2) moist; massive crust. in hexagonal shapes 2 to 4
inches in dlameter llght brownish gray on top side with
many clear silt gralns grayish brown on underside with
clusters of granules and very fine plates adhering; hard,
friable, very sticky, very plastic; noncalcareous; abrupt

. boundary. (1/8 to 1 inch thick) ' ' ' ,

Al2 1/4-4" -~Grayish brown (2.5Y 5/2) clay, dark grayish brown (2.5Y’
4/2) moist; moderate grading .to'strong thin platy structure,
plates crumble to moderate very fine subangular blocks;
hard, firm, very sticky, very plastic; slightly calcareous;
many very fine roots; moderately alkaline; (pH 8.3); clear
‘smooth boundary. (2 to.6 inches thick).

B2 4-20" --Grayish brown (2.5Y 5/2) clay, dark grayish brown
' (2.5Y 4/2) moist; moderate medium to fine angular blocky
structure; extremely hard, very firm, very sticky, very
.plastic; faces on all ped surfaces have a light reflecting
sheen without difference in color from inside of ped; few
.very fine pores; common grading to few very fine roots;
strongly alkaline (pH 8.8); clear irregular boundary. (10
to 20 inches thick) ‘

Ces 20-26" ~-0live gray (5Y.5/2) clay, olive gray (5Y 4/2) moist;
weak medium angular blocky structure; very hard, very firm,
very sticky, very plastic; few roots; many medium to. large
white nests of gypsum crystals; moderately alkaline (pH 8.0)
gradual boundary. (0 to 20 inches thick)

c2 26-60" --0live gray (5Y 5/2) clay, olive gray (5Y 4/2) moist;
weak medium angular blocky structure; extremely hard, very
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Appendix Table 20
(continued)

firm, very sticky, very plastic; common clusters of gypsum
crystals decreasing with depth in horizon; moderately alka-
line (pH 8.0); slightly calcareous..

" Range in Characteristics: Vanada soils are usually dry when not frozen,
‘unless irrigated, and they have a mean annual soil temperature of 48°

to 52°F. The continuous surface crust is 1/8 to 1/2 inch thick under
sparse grass cover, and 1/2 to 1 inch thick under greasewood and salt-
bush plants, in animal hoof tracks and in cultivated fields. The thick-
er crust under greasewood and saltbush is contrasting in appearance in
its lighter color of the dry soil surface with more abundant clear silt
covering in the crust. Beneath the .crust the Al2 horizon ranges in
structure from moderate to strong fine to medium plates to strong very
fine granules. It .differs in color from the underlying horizons by

less than 1 unit in Munsell -value.. The" soil below the Al2 horizon has.
hue of 2.5Y or yellower, value of 6 or 5 dry and 5 or 4 moist, and
chroma of 2 or 3. It ranges from moderate medium blocky to massive with
widely spaced (6 to 10 inches) vertical cracks appearing in the dry .
soil, It has 45 to 60 percent clay. Quantities of gypsum crystals
range from many to very few. The exchangeable sodium percentage is

' _greater than 7 and increases to more than 15 at about 20 inches, and

the electrical conductivity is greater than 7 and increases to more
than 15 at about 20 inches, and the electrical conductivity exceeds 2
mhs per cm, The soil profile ranges from very slightly to moderately
calcareous with a few (less than 1 percent) fine or medium segregations
of lime below the Al2Z horizon.

Setting: Nearly level to sloping or gently rolling upland or valley
plains on residual or transported clay surfaces., Local relief ranges
up to 20 feet with long smooth slopes 300 to more than 1,000 feet long.
Slopes are short (50 to 200 feet) where associated with the Lismas - -
soils on hilly terrain., Thé climate is cool semiarid with mean annual
temperature of 45° to 47° F., mean summer temperature more than 600 F,
and mean winter temperature between 189 and 28°F. Mean annual precipi-
tation is 10 to 14 inches. '

Principal Associated Soils: Well-drained; slow to rapid runoff;. very
slow permeability. ‘

Use and Vegetation: Uég is mainly for range with limited use for irri-
.gated crop production. . Principal vegetation is greasewood, Gardner
saltbush, -big sagebrush, and plains pricklypear cacti with plants
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Appendix Iabie 20
(continued)

having 5- to 2-foot spaéing and with a sparse (5 percent) cover of

‘grasses between shrubs, mainly of western wheatgrass, Sandberg blue-

grass and some green needlegrass.

Distribution Extent Southeastern Montana, where the soils are exten-
sive, ‘

~ Series Established: Big Horn County (Big Horn Area), Montana, 1970.

Remarks: Vananda soils were formerly classified as an alkali phase of

Brown soils,

Natlonal Cooperative Soil Survey
U. S. A,
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Appendix Table 21. Analyses* of gypsum (CaS04°2H,0) material supplied
by the Wyo-Ben Company, Billings, Montana,

Si - | 15.44% Co ' 0.0%

Ca - 25,17% - Pb 6.1 ug/g
Mg 1.62% : Ba <2bo ug/g
Na 249 . B 0.0%

Mn | 111 ppm ' Se 1.7 ug/g
Cu . 8 ppm A F 8.7 ppm
K .05% 504 33.45%
Te ' G247 |
P20s .03%

As 0;0%

Zn ' 1t ppm

%* Performed by Wyoming Department of Agriculture, P.0. Box 3228,
Laramie, Wyoming. . . .
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Appendix Table 22. Procedures used for soil analyses in this-thesis.

.NOB-N

PO4'P
1971

© 1972-1973

Ca, Mg, Na

Pheneldisulfonic Technique .
Jackson, M.L. 1958, Soil chemlcal analyses. Prentice

' Hall, Inc. 498 pages. Nitrate determination p. 197.

. Oléeﬁ,'S ‘R., et al. 1954. Sodium bicafBonate ekffactabie

phosphorus. USDA Circular No. 99, March.
Bray number-one method as modlfled by Smith, F. W ’ et al.
SSSAP 21: 400 404,

Saturated 'soil extract made to 1% strontium solution and

‘analysed .on an atomic absorption spectrophotometer.
‘Perkins-Elmer. 1973. Analytical methods for atomic
* absorption spectrophotometry. Perklns-Elmer Corp. P.O.

Box 21085, Salt Lake Clty, Utah.

Electr1ca1 Conductivity

Saturated 5011 extraction measured with a conduct1v1ty
brldge.
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Appendix Table 23, Procedures used for water analyses in this thesis.

NO3-N

POy -P

Ca, Mg, Na

Chromotropic Acid Technique

West, P. A. and G. L. Lyles. " 1960. A new method for
the determination of nitrates. Analytica Chemica Acta.
p. 227-232, '

Olsen, S. R., et al. 1954, Sodium bicarbonate extract-.

. able phosphorus. USDA Circular No. 99, March.

Saturated soil extract made to 1% strontium solution and '
analysed on an atomic absorption spectrophotometer.
Perkins~Elmer, 1973. Analytical methods for atomic -
absorption spectrophotometry., Perkins-Elmer Corp. .P.O.
Box 21085, Salt Lake City, Utah.

. Electrical Conductivity Analysed on a conductivity bridge.

Suspended Solids. . A known volume of sample was centrlfuged then

Turbidity °

Total Carbon

decanting the liquid, the mass of the re31due was
determined.

Analyses with a Jackson Turb1d1ty Un1t (4)

Performed by the Botany Dept., Montana State Unlver51ty

" on a total carbon analyser.
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