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Summary and Conclusions

Lack of suitable land for proper waste disposal practice In

concentrated livestock production areas oftentime causes overloading

of soils with potent 1..'11 contaminants of surface and underground

waters. This study was an attempt to increase soil's capacity of

receiving wastes without creating excessive leaching of total dissolved

salts by modifying the existing soil profile. A brief summary

of activities and results of experimentation are as £0110\"8:

1. A three-year field t r ia l was set up at Horeno F'i cld St a ti ou ,

University of California. to test the feasibility of modifying the soil

profile by install iug em 1/811 impervious asphalt membrane 3011 b e l ow the

surface of cropland used for disposing Li.qu i.d and 501i.d was t e s f rom

interrupting the downward movement of salt late~t leaching water and

of reducing nitrogen in soil solution by induced nitrification and

d en i.t r i f ic at ion.

2. Fifty tons per acre of solid dairy was t es we r e disposed on

1001 x so ' . t 1] tw i 1 f 1 (btwo J ex pe r rmen t a pio t s w i c e <~ year o e .o r e ea c 1 crop ·8r-

ley in the winter season and sorghum in summer) was planted. This

wa s t e d is po s a I Lo adi ng is equivalent to receiving wa s t e s from 30

CO\"5 per. acre per year. After pl an t ing , \l<1~>tC\vatcr from dairies was

applied routinely by £1000 irrigation.

3. The'! r e s ul t of this cx pe r i.o en t indicated that: the asphalt

membr.a ne was an e ffcc tiv e ba r r i.e r to p r ev cn t ex c c s si vc leaching of

dissolved minerals in soils. Such il modification of: so i l p ro fiLo
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also created an au ac rob ic Z.OLH~ ililm(~dialcJ.y above the a s pha l.L merubr an e

wh e re n i t ra t e in soil soluti.on wa s reduced. Ho wev e r, l:h12 la t e raI

movement of wa t e r t oward a tile drain line whic h was designed to

collect and flush out the acculllulnl:ecl salt: latent leachates from the

modified soil profile was extremely slow. This resulted in rapid

buildup of soil salinity.

I+. The un f av o rnb le soil co nd it ion for crop g rowt.h created by

the modification of soil profile and a heavy loading of ~airy wastes

seriously damaged the planted crops. Yields from ex pe rime n t al plots

were only 30-50% of the nearby fields where no dairy wastes were

a pp l ierl ,

5. At the present time, no reliable technique 18 av a i.lab le to

install such a barrier economically and deep enough to prevent the

damage of crops.



REC()V\~1ENDATION S

1. The i.nv cs t ig a t o r rccomme nd s the ex pe ri.men t a io n of instal-

ling c rt i f i.c ia l impervious wa t c r barrier in c ro p Larid for wa s t e disposal.

be d isco n t i.nued until a re Liab Ic t ec huique of l.aying such a barrier

in soil becomes available.

2. Since the moisture barrier did show some p rom i s t.ng results in

preventing salt leaching and inducing denitrificatioos it is suggested

that research efforts in seeking an effective land disposa~ of animal

waste be focused on locating areas where naturally occurring water re-

stricting layer exists. These sites then should be tested for their

effectiveness Ln reducing nitrogen and preventing leaching.

3. The effectiveness of wa s t e disposal should also be tested on

tile drained cropland where a water restricting profile is present.

Besides the advantage of d cnit rificat ion and reduced l.eac h i.ng, the t ile

drain system could convert a nonpoint waste disposat practice into a

point source d ischa rgo wh i.ch is much easier to control.
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INTRODUCTION

The most a c u t e problem a s s o c ia t o d w i t h t h e i.n t en sif icd c o n f i.nem eu t

of livestock production is waste disposal. When animals are confinRd

in a small fceding areas the,amount of wastes deposited on the ground

can no longer be assimilated by nature. Frequent removal of large

quantities of accumulating wastes from li.vestock copfinement IS necessary

to prevent public nuisanco; In fact~ because of its putrcscible natures

collected waste requires immediate treatment or disposal. Improperly

disposed waste can also be a source of water pollution.

In the !+O square-mile Chino-Corona areas [or examples there are

marc than 300 da ir io s with approximately 180~OOO CO\olS (1~2). In t e nus

of the nitrogen content~ these cows produce the amount of waste equiva-

lent to that of 1.8 million people. At presents massive amounts of dairy

wastes are being disposed on lLnited acreage of cropland. It was esLi-

mated that irrigated farmland av ai lab le for was te disposal a\T(:'rages0.1

acre per cow, while in some eastern and north central states (New Yorks

Pennsylvania, Ohio, Indiana~ Illinois, Michigans Minnesota, Wisconsin,

etc.), the disposal acre-to-animal ratio is more than IOU times greater

(14 acres per cow) 0). Ylith rapid u rb an i.z a t i.ou and the continuing

expans10n of dairies In Southern Californiat land available for waste

disposal will become even more scarce,

In irrigated agricultures soils must he leached Lo pnsure against

salt buildup in the root '~one. I-lhcn dairy wasle 1.S disposed on land,

s a lt acc\l11'.ulatiorll.nsoils becomes ::111 f'Vf.~n mo r o s n riou s p ro b l em • Sampl e s

analyzed by the lh iv c r sit y of C;11i[orn1..:1 Coopprat.ivf' Ex tcn s i o n Se rv ice s

lab 0 rat 0 r y i\ r R i.v (> r s i.d (' in d 1.cat (' d t hat cI n 1.ry \"(1S t ('s COil t; ,1;. ,10 d a t I e a s t;
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2-3% di.s s oLved min c ra Is (Lf). Through convcn t ionn I c r opl and d i s po s a l

p r ac t ic e s , a steady state coudi t ion in the s o il may be re8cl10cl wbe r e

all min e ra I salts in lanel d is po s ed da iry was t e s \"i.1.1. be Lea chnd out

of the root zonO, These dissolved minerals in the soil s unsaturated

zone fonn the pool of potential contami.nant that will contribute to

the quality degradation of g ro uudwn t e r for a long time to come , Unless

this pathway of leaching can be interrupted~ the disposal of salt-laden

dairy wastes on land would be an undesirable practice in water quality

management.
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OBJE CTIVE S

I'll e ()b j ec t iv e 0 f t his ,st: udy W i1 S t: 0 t c ii t t:. h e p hYsic a 1 f e a sib il 'i t y

of a land disposal system for da iry cattle was t e In which large amoun t s

of wa s t e wou ld be d is po s ed on a g iv on area W1l81'C an i.uip e rv i.ou s a s ph a l t

membrane was installed 3011
b810\>1 the ground surface. The purpose of

this membrane is to create a zone to reduce nitrate in so il s o l u t ion , The

salts resulted from waste disposal can also be intercepted and removed

through a tile drainage system. In this ways the continous cycling of

adding salts into groundwater can be interrupted.



Prel imi na ry ~;l. 'y

Some con s t itue n t s 111 the dairy wa s t es may be detrimental to crop

g rowt h , Before tile cx pc rimcn t s t a rted , it 1S necessary to es t ab Ii sh

th e upper limit of crop t o leran ce on dairy wastes. The preliminary

study wa s set up t o determine the effect of land d is po sed diary wastes

on seed germination of crops of d i f f e ren t sa lt t o Le ran auc e levels

and used as the guideline to select a suitable waste disposal rate (1).

A b rie f summ a ry 0 f the res u3.t sis pre se.nted her e .

Dairy wast.e disposal rate equivalent to o~ 50; lOO~ l50~ and 200

tons of wastes per acre were s~nulated in quart-sized plastic pots.

Thirty seeds each were placed in pots representing different treatments

for g erm ina t i.on t es t s in a greenhouse .. Seven days after first seed

ern erg enc e , seed g e rmi.na t i.on in each treatment. we re compared w i t h control

pots where no manure wa s added. The result i.udica t ed that wa s to appli.-

cation up to 50 tons per acre did not have any harmful effect on any

crop tested (Fi.g. 1). For mo re salt-tolerant crops (barley and sudan

grass), applications up to 200 tons of \Vastes per acre seemed acceptable;

however, damage to salt sensitive crops (radish and spinach) become sub-

stantial wh eu more than 50 tons of wa s t es per acre we re appl ied , It

was also found that ammonia released from fresh manure had damaging

~ffects on all crops tested. Therefores the amount of ammonia released

after disposal may be a more significant. factor in limiting crop growth

on waRte disposed land.
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Description of the System

The proposed land disposal system for dairy cattle waste involved

mainly a modification of soil profile. a waste water deliverty system

and leachate collection system (Fig. :1.). The ac t i.v e wa s t e decomposition

And s t ab iLi 7..:1 t ion tak c p lac e in t 11e b 1.0log ic a 11y a n d c bem icall y act iv e

soil filter.. This natural filtering system Has underlaid by an artifi-

cially installed 1/811 impervious asphalt membrane 3011 below the soil

surface to prevent the further downward movement of leaching water and

its accompanying dissolved m in e ral.s, The 30" depth of the soil p ro Iile

was selected as a compromise between the m1nlffium depth of soil that

crops need to establish the root system and the maximum depth beyond

which construction costs become prohibitive. The leaching water pass-

ing through the profile was intercepted by the barrier·and fanned a

saturated or nearly-saturated zone immediately above the asphalt mem-

brane. This zone serves the purpose of r ecuc i.ug nitrate in soil. s o Lu+

tion biologically. Salts in the disposed wastes are graduately conceD-

t rat edan dIe a c he, ~ 0 II t \"i t11 eachap p I 1.cat ion 0 fda iry was t e \"ate r • Th e

salt-laden leaching wa t er is then collected and flushed out by the

d r a ina ge s y stem (Fi g. 3).

Crops that are salt-tolerant and suitable for livestock feeding

were planted at the disposal sites not only so that plant nutrients

contained in the wa ste could be effectively u t. i.Li.zed but also to

prevent clogging of the soil surface.

The solid wa s t e d i apo sal wa s so scheduled th a t t hcy are applied

on I and and th en plowed into the s o il tw ic e [l y ei r b e Io re each crop

\Y.:1S planl:ed.

th e removed. of su spend od soLi.d s hy a sol i.d sepa rn t o r, It Ivan hoped
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Fig. 3. Ct'o s s-e s e c t ion al profile of the expe61HCntcll pl o t ,
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th a t a good wa t C I." and C 1"0 P manng elllCll t wou lcl he 1p Lomax un i 2 C the

soil 's waste disposal capacity.

Site Selection

After a general survey of the dairy area and a reVlCW of all

potential sitess it was decided that the experiment would be set up

at the 1'10re\10 Fiel.d St ati.on , University of California. At this Lo ca+

t ion t 1and s mec hau i.c aI cq u i. pmen t and tee hn ical suppo r t; wou Ld be

available at no cost to the project. Howev e r, it suffered the short-

coming of being located away from the area where daires are concentra-

ted. Wastes used for this experiment had to be transported from dairies

at least 20 miles ~way.

1£ the Chino-Cornoa dairy area were used as an example at a model

dairy area, the ratio of cows per disposal. acre would exceed 10. Assu-

ming that one+t h i rd of the waste receiving lan.l (approximately the amount

of land held by dairies) in the area is available for the proposed modi-

ficationl the complete disposal of all wastes from dairies would be

equivalent to 30 CO\'/S per disposal acre. The waste application ra t e thus

calculated (asswning 2 taos of solid wastes per cow per year and 50 gal-

laos of wastewater per cow per year) is shown in T~ble 1. This waste

application rate die! not exceed the upper limit that may CCluse damage

in s eed g erm ina t iou as detenninedi.ll the p rc li.mi ua ry stuely."



WASTE WATER STORAGE TANK
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Fig. If. HastC\·/i1l:Cl.- storage. s o Lid s e pa r a t iou and del Ivery ~~Yf;t:C'Il1.
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801it! s e pa ra t o r and returned to the re s e rv o t r . The s to re d was t ewa t e r

wouI d be del i.ver cd to ex pe r ime n t a l plots based on the amount; of was t e+

wat c r generated by 30 cows on each d is po s a l acre. This was t e a pp l ic a-

tion was done weekly for each plot. Additional water would also be

applied if the tensiometer planted 12" be l ow ground surface in t.he

experimental plot indicated a soil moi s t u r e content of less than 50%

of field c a pacit y , Howeve r , such ne ed d id not !trise du r i.ng the

experiment. Water was also applied to the check plot correspondingly.

The sump for the experimental plot was filled with Welter to

main t a in the zone of sa t u r a t ion , i~ater level in t.he sump was main t a i.ne d

by a sump pump. Thu s , leaching wa r e r collected 'iu the d rai nag e t i.Le

could not be s ampled di r e c t l y , Lns t oad , 3" po r ou s c e r arm c cups were

planted on the top of the impervious layer. Soil water was wi t hd rawn

by vacuum suction to represent the effluent water quality. No water

samples were recovered from ehe check plot because no drainage waler

was ever collected by the tile.

From the second season ani additional ceramic cups \>7C1"e planted

at 1511 in the experimental plot and at 6"~ 18" and 30lt in the check

pl.o t to determine the cb ern ic a l compositi.on of soil wat e r moving through

the soil profile. Howcve r , no wa t e r samples have been recovered

b eyo n« the 1811 level j.n the check plot. This \vater s ampl ing was done

routinely throughout the experimental period.

Soils of each plot wer e f i r s l: sampled after the p r cpn ra t ion of

l nnd and s amplcd ag a i n after eac h crop was ha rv e s t ed .
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}lETllOD OF ANALYSIS

Water samples were analyzed [or their electrical conductivity.

nitrogen contents (ammonium. n it ra t e and u it r i.t e , Kj e l d a h I nitrogen).

cr ~ Cn+;' Na+. and chemical oxygen demand (COD). Fo r all analyses

except. chloride and nitrogen contents, U18 analytical. procedures out-

lined in the Standard Hcthods for the Examination of \~;Jter and i-Iaste-

wa t e r (7) were f o l Lowe d , The nitrogen contents of the samples Here

determined by steam distill<:ltion technique and microKjeldahl proce-

du res. Chloride content wa s analyzed using an au t oma t; i.c c h l o r id e

(Ca-++ and Na+) were d e t e rmin cd by flame photometry and a t orn ic ad s o rp+

tion techniques. Water extractable phosphorousj available phosphorollsj

organic phosphorous. and t o ta l phosphorus we r e determined by met.hods

ou tl ined by Chapman and Pr a t t (Ll).

Soil samples collected we r e first. we ig hed and then d r is d in it

drying shed to determine s o i.I moisture content. The soil s a t u r at io u

extracts we r e prepared by adding approximately LIO m I of deionized

water t.n 200 gm of air dry soil and a l lowing the mixture to cqu il i>

b r a t e overnight. The paste was t h en f il t e r eu through No. 1 filter

paper to obtain the ext rac t , Based on the soil moisture content.

th6 result of the analysis can be converted to solution basis. In

t h i s report results we re reported all in c onc e n t r a t io n s in the satu-

ration extract.
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RESULTS AND DISCUSSION

The amounts of solid dairy wastes Bnd waste water applied during

the experiment a r e s ununa r iz ed in 'fable 2. Due t o va 1'l3L ion in the

rno i s t u r e content of each batch of \vaste a pp l icd , the net amo u n t; (dry

wei.g h t ) of was t e s a ppl i.cd varied 81 igiltly c ac h growing s ea son • The

physical an d chemical properties of applied was t e s and was t ewa t e r

are sUMnarizec! in Tables 3 and 4. Except [01' mo is t u r e con rcnt , other

parameters that characterize the wastes did not seem to vary significant-

ly. The variation in moisture content was caused apparently by seasonal

v a r ia t ion of c Li.mat e , Hastes collected a f t c r w in t e r months usually have

higher water content.. At the first: seasons the wa s t ewa tc r app Lied wa s

considerably we ak e r than normally expected from a dairy operation (9)

due to an operator's error. It was corrected in subsequent seasons. This

change in was t ewa t e r properties created surface clogging and a no ti.c e+

irrigation water instearl of wastewater was app~ ied. Ba~cd on the ddta of

Tables 3 and 4~ the average o[ Nand P applied would be equivalent to

693 1b s / a c r e and 209 1bs / a c r e ~ res p ec t i.v e 1y • Th is a Pp II cat i.0n rat e fa r

exceeds fertilization ra t e s recommended for uo rma l crop production. App ro-«

ximately o ne half inch of was t ewa t e r was appI ic.l each Vlcek. Addi t i.onal

water application was based on indicating tensiometers planted 12" below

ground su r f ac e at t he ex pe r imc nt.aI plot inclicat.i.ng that soil mois tu r e

content was less than 50% of field c a paci t.y • However! s uc h oc c as i.on 801-

dam oc cu r r e d during the I'Cl.-i.od of ex pe r i.mcn t a t ion . The un f av o r ab l o plant

growing soil c o ncl it ion s created by the S10h'IlC'.Sf; of' wa t e r movement:
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Table 2. Amount. of dairy \olclsLc a ppl'i ed

Season Crop Soli.d waste Precipitation
__ .'WLIo~""", ____ """,,,,,,,,,,,,,,,,,,~,,,,,,,_,_,,,-~,,,,,-"-,,,"~_,,,,, __ ,,,,",,,"_~."/o..- ..•••.......•.•••-. ..••..,,,,..._~_ ..______ ...--_~.~"- ••••...•.",._-..._---..-.,_ ..•.•••.•_ ••..••._.,..,,,....,-..

1st 13a r I ey 3.0 tons (cl ry wt , ) 9.011

2nd So rghum 2.8 tons Cd ry \oJ L • ) 11 .0"

3rd En dey 2.6 tons Cd ry w t , ) 10.0"

4th Sudan grass 3.1 tons (d ry wt . ) 18.0"

o
5.5"

o

Tab 1.e 3. Cha r act E: r i s tic s a f a p p 1i. (' d sol id \Y a s t e s ole

Season Moisture content N p K Ca Na Cl
_. ___ ....-t~~_~""~...,...'""""" ....M,""'-."..,., .•..•.••...__ ~ ___ '":·~<·"-···'c____ ~,......•"'~.«"o.•..•...•.........,..••_ ••.•••••...••...•.•••••..,.•••v•••.••.••.J~ .••.•••• ~-.." ••••-''''·" ••• ,~,,_, ••••.-••.••••.•••.'!>\ ••••••••.•• """--

1st 24.0% 2.18 0.49 3.21 2.29 0.77 1.38

2nd 32.2 1.48 0.58 3.38 2.16 0.87 1. 23

3rd 3LI·.2 1. 78 0.116 3.00 1..91 O. LIS 1..10

Lith 26.0 0.67 0.31 2.50 1. 70 O. Lf 2 2.12

*In percent d ry we i.gh t excppt. moisture content
(percent on wrL weight basis)



19.

Table !.~. Characteristics of a p p l ied \<lat(~r*

Season E. C.
Nitrogen

N1l4=-fr--· N0 3'::I;r--~-KTe[(r;;h 1. N +a COD
__ ~, _.....,.._·_ .••• ••...••••_-... '_ .• Iov •••••..•• ~ ••••'~.,., .•••••• __ ....,.,"'"", •••• _.l't~ ._~<'"" .•••• _

2351st

2nd

3rd

4th

0.95 0.54 1. 61 7.02 157

122 86 2915

3145

28.2 14.0 86.0 180

135 981. 65 31. 5 5.4 94.8 176

40.5 112.30.86 0.1 183

:-"All units in mg/1 except E.C. (mmho/cm).

Table 5. Crop Yield

Ch (' r-1, P 1 " (- Fy Y'P ,.1 rn o n j" :) 1 PI ()t

----------LOIlS/ He J:(.J d L)' \1L. ---- ---- -

1st Barley 0.52 0.30

2nd Sorghum 1.2 1.4

3rd Barley 0.54 0.13

!.~th Sudan grass* 0.58 0.40

--<One cutting.
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root system. The t.cn s iornc t e r planted at 1.2'1 eventually was proven

uns a t is f act o ry to reflect water demand of crops In t h i.s ex pe r imcn t ,

Crop 2i-~
The heavy was t e a ppl i.c a ti.on on cropland has g r ea t influence on the

crop g rowt h . Hhen c ompa red vii th a n e a rby f iel d whc r e no was t e s we r e

applieds the growth of barley in plots used for the experiment were

greatly inhibited. The crop yield of each season is summarized in

Table 5. Barley yields of both plots under experimentation were con-

siderably lower than that of the nearby field whic h y ie l.d ed 3.5 .tons/acre

during the first year and 2.6 tons/acre during the second year.

The decline of crop yield is also common in ex pe r iraen t s of wa t e r ba r-:

vesting whi.ch created a s imi la r soil environment w it h fluctuating

soil moi.sture regime. The depressed yield of c ro ps c c r t a in l.y showed

bring the Haste .l i s po s a l l and to a more p ro duc t j.ve level.

So i1_~:Hlly ~i s

All soil ~nalyses were done on soil saturation extract as described

t.n the Hethod of Analysis section. Th is measurement approximates the

concentration of saluble constituents in soils. Whenever leaching water

becomes available these constituents will be leached.

Soil samples were taken from profi108 of both the check plot and

the ex pc ri.meu ta I pl.ot sites before the project: began. They we r e then

s ampI ed after each crop ,,'as harvested. The results of ea c h soil analysis

are summarized in Tables 6 and 7. The soil used 1.l1 this ex pe r imont;

\1' a ~: rat. her hi. gh i.n l'hl-~ e s p('c ia 11y nC <l r the so i1 sur f d C 8 •

material (both Li qu id <1l1d solid) which ha s a h i.g h e r calcium t.ha n sod j.um
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Table 6. Analysis of soil saturation extracts at check plot •

••....••.• _--~-_ •.•..• -------_._.,._ ••••• _•.•.••.••• .".~ .•.••.••.• ,-~.---_ •. ,,--...........--."".,..~-.... ••• ~~--_---.-- ••.•.••.•••.••...•. , .••..•••.•..••• u"" .•.• •••.••. ..,..,..-- •••••• _ •••. 'w?< ••••••~.~ ~ __ •••••••••••• _,_ ••••• ~ •••••••.,....~"" __ "'"'"' •••••••.__ •••••• _ •••••••' ••••.••.•••••1..,.,-~-
Ch eui i.c a 1

Depth Elec t ricaI Nitrogen Chloride Ca'H Na+ Oxygen
(inches) Conductance ----.~~- .~----- (m0.q/l) (nwq/J.) (meq/J.) Demand

(mmho/cm) NH~-N NO~-N Kjeldahl-N (mg/l)

0-12
12-24
24·-36
30-48
48-60

3.0
1.94
0.86
0.72
1.18

0-J.2
12-2L}
24-36
36-48
Lt8-60

2.49
2..2Lf
1. 09
0.97
1.10

IL 9
7.2
6.9
iz. 7
4.5

0-12
12-2LI
)~-j6
36-1}8
48-60

5.20
3.98
'L , ~~4
1. 68
1.15

0-J.2
12-24
2L'-'36
36-1+8
48-60

7. 7
5. 7
2.8
1.8
1.7

0-1~
12-24
2/+-36
36-48
1.}8-60

6.3
5.5
2.46
2.11·S
2.59

3.11
1.72
1. 87
1.42
1.11

1.1
1.3
O. li6
0.23
0.50

})E 1'0 RE EXPE RIi'l EHTATION
16.5 12.8
10. if 12. if

3.1 l, • 2
0.9 3.5
1. 5 4.0

1. 87
1. 46
0.90
0.67
0.91

AFIE R FJ RST
13.0
93.7

J.39.9
40.5
l+0.4

CROP
13.3
J.1. 2
10.6
12. 7
8.9

J. .41f
11. 50
1.02
(l.83
0.81

7.6
1.6
2,1:5
2.8
9.6

AFTER SECOND CROP
59.9 2Lf3.6

137.9 29.8
1.3 !, I: J. ! ,!
108.1 n.5
65.9 12.8

6.8
5.8
I.. )
1.3
0.8

2.92
1. 86
1.13
0.65
1.88

13.a
12.3
4.8
2.8
2.9

Lf.5
16.6
1\. »
Lf.1
1.5

1.3.3
30.08
15.60
8.95
8.n

8.5
20.0
11. 2
It. 5
2.7

32.15
17. 70
15.53
9.79

1.1. lLf

12.0
11. 3
9.1.
8.9
10.0

28.3
18.9
Il,. 1.
11.1
9.8

LfO.3
22.4
9.8
8.3
8.0

32.2
17.0
10.9
12.2
10.9

319.0
181.0
97.0
89.0
85.0

215J..O
295.0
h ><. (1

L16.5
61..6

rs 28
599
292
222
226

1819.0
379.0
19!f.50
ILl 2.0
29 . .5

--.--.--.----, •••••••••• --.--.----- •• ~ •• ~~--~----~-'-~ ••• _._.-.---._._-----, -~-----~ •• ,_ •••• ._ •• ., •• ~ •• _,~ _'ri_""__'O_.~ ._._ •••• _'_~" •• _._'-_~_~.~.~_ •• __ ._._ •• ,._ •• _ •• _. __

AFTER THIRD
20.68

13l}.95
187.5
157.5
147.75

A FTER FOURTH
JfJ..65

133.73
J./+3.1I3
158.10
135.63

CROP
J. 77.0
23.2

t+.9
3.28
3. J.O

7.4
11. 2
7.5
3.8
2.0

CROP
56.27
27.26
15.98
3. LrO
2.29

11. 05
9.4
3.5
1.6
1..5
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'l'ab ie 7. Analysis of soil s a t u ra rio n extracts a t check plot.

---,----- •• ~...--- ••.•• - •• - ••••.•.•.• ,.......,,-..-- •••• -...,..- .•••••••••••••• < .••"".¥,--.•.-.-.. •.•.•..•"'..•••••...-.. - •.••.-"""" ....•......•....•."""'* .••••• -,-,...,.......,.. •••••• • ••••• ""'-'-"~,"'-....-.-,:-- ••••••• ..,.,..·--..·-...---·,~---.....,.,- ••• ··~-. ••• -...r~-·~.
Ch c-m ic a l

Depth Electrical Ni.trogen Chloride Ca"I-+ Na+ Oxygen
(inches) Con du c t anc e ----,----. ._-~~--- (m0q/1) (meq/l) (mcq/l) Demand

(mmho/cm) N!(rN NOj-N' Kjelclah1.-N (mg/l)

BEFORE EXPEIUH ENTATION
0-12 2.OLf 0.9 3.2 10.Lf 1.80 1.6 22.0

12-2Lr 1.25 1.3 5.1 12.1 1.03 1.6 33.8
2.1-1-30 2.46 1.Lf 9.9 17.5 1.87 3.0 29.2

AFTER FIRST CIWP
0-12 1.69 2.73 69.2 20.2 1.16 5.8 12.2 193

12-24 1..66 9.55 250.2 18.7 1.25 6.7 11..1 136
2Lr-30 3.01 10.78 209.3 10.0 3.34 14.9 1.11.6 196

AFTER SECOND CROP
0-6 7.20 6,!+ 10L[.2 1GB.9 10.9 6.0 33.9 2089
6-12 6.42 7.3 49.6 78.8 1.1..9- 16.8 36.11 863

12-18 4.03 4.0 34.5 37.8 7.9 .13.8 23.5 250
18-24 2.28 2.0 9.3 22.5 3.9 5.8 15.0 238
24-30 2.02 1.2 11..6 23. Lf 2.9 5.3 13.7 117

,".Fl'!~P. T~I'"!~.~ c~?np
0-6 7.5 8.2 218.25 li.S 7 .•65 40. 7 LLJ.Q
6-12 6.0 16.L+5 :50.28 14.2 23.1.3 41. 9 1526

12-18 5.1 7.63 18.98 10.9 23.65 23.2 681
18-24 2.2 2.65 12. L,} !L 13 10.6.5 10.1 569
2Lt-30 2.2 6.20 18.1 7.• 9 10.13 10.5 MO

AFfER FDURTH CROP

0-6 6.30 6.2 2.4 203.2 9.6 i}. a 35.7 5527
6-12 5.73 3.2 8.2 6Lt. 3 5.4 18.0 15.7 171.1

12-18 3.16 4.0 4.3 18.2 1.7 8.7 9.6 560
18-24
J./j-30 1.73 2.1 l.G 17 .1+ 2.3 6.4 10. !-I 547



content. '1') -11S fu r th e r i.nd ic a t ed t.h a t; th c r e du c t i.o n of 'i.n Li.Lt ru ti.on ra t e

was not due t o change in s o i l c ha r ac t e r is t ic s caus cd by d e f l.o c cu l n t ion of

soil pa r t ic le s ,

In the check plot there '''3S no impervious l ay e r which created

a s at.u ra t cd zone. The drainage tiles i.n t hi s c as e , did not collect

any si.gnificant amoutn of drainage water for analysis. In the ex p e r t+

mental pl o t , a constant wa t e r level in .the sump was ma i.n t a in ed to form

the recluci.ng zone i.n the soil. Drainage wa t e r samples could not be

routinely obtained. In s t ead , porous c e ramt c cups \-J(~r0. planted

to withdraw soil solution on a routine basis for analysis. These

w a t e r samples were used to a pp rox ima t.n the qu a Li.t y of wa t e r that is

moving t owa rd the drainage t i.le , The amount of drainage water ,.13S

from 68 gallons per day to 2.3 gallons per day, with a daiLy average

of 12 gallons. T~is amounted to approximately 2% of the water applied.

At the start of the first growing season~ water samples were first

co l l ec t ed wh eu wastewater was not a pp Li.cd and this artificial reduction

zone was not formed. In fo nna t i.cu ob t ai ncd from these s ample s was

then compa r ad w i.Lh the da t a obtained ','hen treatment was applied (Table 8).

Before the t rea tmen r was appLind , l a r ge amounts of salts were flushed

out of the soil profile by drainage water but n it r a t e was hardly reduced.

After the treaLlIlc>nl:, nitrate in soil wa t e r was rH\uced con s i.de rab ly . The
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c hcmic o I oxygen deH\nnd of the l"Oller Has US0(l as an i.ud ex to the av ai.L>-

nb il i t y of organic carbon whi.ch is thc energy s ub s t ra t e for bacteria

d cn i t r i f ic a tj.o n . The quality of wa t c r applied d i.d not ~;CCia to have il

s ign i f i.can t e I fee ton Uw d r A ina g e \1ate r qu a I i t y •

From the second season ons the strategy of monitoring water quality

wa s modified. Additional porous cups we re i.ust a ll ed at the 611 and J.Sn

depths in the experimental plot and at various d e p t hs of the check plot

so the change of water quanlity as it moved through the soil profile

could be determined. ltowev e r , no significant amount o f wa t e r has been

recovered heyond the 1.8" level i n t h e check plot. Resui t s s irn i, 1 il C

to those of the first growing season ",cre obtained (Table 9). As the

wa t e r moved downwa r d , o rg an ic matter is. g rad u a ll.y dim in i s he d as in di.ca t ed

by the declining COD in the water. The most apparent difference in the

s o il water moving through these two plots IWS in the amount of n i t rate

a reducing zone that effectively reduced nitrate in the leaching zone.

llowev c r , the reduc i.ng zone apparently was too close to the soil surface

that created an unfavorable soil condition for crop growth.

A rather l a rg e amou nt, o f pho e phoro u s wa s added into t h e p l o ts

used for this experiment each year. Ph o sp hn t e \JdS uo t present: . . .
t.n S 19n1.-·

ficant amounts 1n soil solution or in soil saturation extract. BpcaU~3e

of rather poor crop y ie l d , phosphorous I,d" not. remov ecl in large qu au t i t y

by c ro ps . An a t torap t \,.:18 then mi\de to de t c rmi.nn t h e fate of p ho s pho rou s

111 soil s a ft e r W<l~3Lc d is po s a l by analyzi.ng total pho s pho rou s , o rvantc
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3
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0

--3
7
5

313

579
766

986
473

4-16
556

430
418

5
7
1
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450
461

600
520
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pho s p ho ro u s and av a i.Lab Le pho s pho ro u s The r e s u lt s shown In 1'ab1.8 10

indicate that the total phosphorus of the soil profile guJdually in-

creased w i t h repeated ap pli.c a t ion of d a i ry wa s t es , The increase, how-

ever, wa s immobilized and was not cx t rac t ab l e by I"tlter. Besides Lhe

inc rea s e 0 I tot alp 110 S ph 0 rou sin LIll>. S l\ r f ace soil (0 - 361
I ), the 1110 s t

apparent effect of dairy waste disposal on land was the increase of

av ai l ab l e phosphorous (bicarbonate extractable pho s pho rou s ) wh ic h

would make phosphorous morc readily available La plants (Table 11).

This undoubtedly would increase the potential of phosphate leaching 1n

to deeper soil strata.
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