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ABSTRACT 

Annual applicat ions o f  12 5 , 9 0 , and 50 em o f  secondary- treated 

municipal ef f luent wer e  app lied to a 0 . 76 cm/hr glac iated s o il growing 

alfalfa for 3 years . All treatment s  had weekly applicat ions with the 

depth of applicat ion varying f rom 1 . 5-3 . 2  em for the low rate plot t o  

3 . 8-8 em for  t h e  high p lo t .  The amoun t s  applied paralle le d  the evapo­

transp iration curve of the crop with weekly applicat i ons lowes t  in the 

spring and fall and highes t  during the summer . Wat er qua l i t y  varied 

from 1500- 3000 �S iemens / em for the ele c tro lyt e concen tration , from 5- 11 

for the sod ium ads orption rat io , and f r om 0 . 1-12 . 4 ppm f or nitrate 

ni trogen . 

A water t ab le developed within 1 . 2 meters o f  the sur face for  the 

90 em plot ( treatment 35G)  and within 1 . 1 me ters o f  the sur face on the 

125 em plot  ( treatmen t 50 ) at the end of the second irrigat ion season. 

Treatment 50 had los t  1-2% o f  the plant popu lat ion at the end of the 

s econd year and 15- 2 0% by the end o f  the third year o f  irrigat ing. 

Leaching f rac tions o f  0 . 08-0.10 for total mo ist ure s hould not be ex­

c eeded t o  prevent wate r  tab le p roblems f rom deve lop ing near the sur face . 

Annua l  soil app lications o f  gyp s um we re added to the 90 em plo t 

(treatment 3 5 G )  t o  de termine the e f ficien cy in removing exchangeab le 

sodium from the s oil co lloid exchange sites . After two annual app lica­

t ions o f  p owdered gypsum ,  no s igni ficant d i f f erence b e tween the gyp sum 

p lot (t reatment 35G)  and the non-gyp sum plot ( t reatment 3 5 )  was detec ted 

in the top 1.2 meters . However , the sodium level for  3 5G in observa­

t ion we lls at the cen t e r  o f  the p lo t  were 2- 5 t imes higher than the 



non- gypsum p l o t  ( 35 )  with the same annual rate o f  e f f luen t . Sulphat e  

leve ls were 4-8 t imes h ighe r  o n  3 5G ver sus 35  and magnes ium was 4 t imes 

higher . Calcium was rep lac ing magnes ium and s od ium on the exchange com­

p lex a t  dep ths b elow 1 . 2 meters . 

N i trate levels in the s o i l  varied according to the n i t r a t e  leve l s  

i n  the e f f luent. In s itu soil water ext rac t s  were monit ored wit h  dep th 

and t ime across tr eatment s .  There was no d i f ference in t he nitrate 

level s  in the soil accor d ing to treatment . Nit rat e nit ro gen leve ls 

were the hi ghes t in the ground waters b eneath the p lo t  with the thicke s t  

sand layer i n  the sub s o il . 

Soi l  dispers ion caused b y  sad ie irrigat ion water f o r  the t op 3 em 

o f  soil was evident at the end of the three-year proj e c t  on the 50 em 

annual appli cat ion p lo t  ( tr eatment 2 0 ) . Concentra t ing e f fec t s  o f  ET 

and low leaching caused high sodium ad s orp t ion rat io s  o f  the so i l  s olu­

tion (SARss ) during the irrigat ion season on treatmen t  20 . Treatment s 

50, 3 5 , and 35G did not s how s i gns o f  soil dispers ion on the t op 3 em . 
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INTRODUCTION 

Municipal was t ewater d isposal has been a concern and a prob lem for 

mankind s ince community sewage syst ems were f irs t developed . Surf ace 

water s were extremely convenient for dispos ing of raw was t es because of 

their ability " to d i lute" the pollutants to make them les s haz ardous . 

Eventually , however , as the pollutant volumes exceeded the dilut ion 

volumes the wat er quality deteriorated rap idly . Thus , came the need for 

treatment of was t es to p r event point-source pollut ion of s t reams and 

lakes . 

Sanitary engineers have b een familiar with land treatment of was t es 

for centuries . Anc ient Greek and European " sewage farms " have b een 

reported as very success ful and s t i l l  in existence today (1). As modern 

technology d eveloped methods of wast ewater treatment which met the 

discharge requirement s  of  the t imes , and pub lic accep t ance of  " s ewage 

farming" dwind led , the s oi l , as a means of wast ewater treatment , b ecame 

a minority alternative among engineering consult ing f irms . 

It wasn ' t  unt i l  19 7 2, when more stringent regulat ions formulated 

from the Federa l Water Pollut ion Control Act Amendment s  (Pub lic law 9 2-

5 00) were f inalized , that land applicat ion regained pop ularity due to 

economic cons iderat ions f or smaller communit ies . Amid the regulat ions a 

s tatement that said any community who chose  land applicat ion as a cost­

e f fec t ive viab le alt ernat ive for wastewater treatment and disposal was 

eligible for 7 5% of the cos t of that system paid for by f ederal funds . 

In S outh Dakota , 1 7 5  communit ies utilize lagoons for was t ewat er treat­

ment and s t ab i li z at ion ( 2) .  Of those 1 7 5  communit ies , approximately 5 0  
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are cons idered suit ab le for irrigat ion based on an emp irical formula 

developed from one season ' s sampling (2). Approximately 45 of the 

communit ies had wat er quality in the range of 2000- 3500 �S/cm and/or 

SAR's in the range of 5- 10 which clas sified them as marginal ly suitab le 

for irr i gat ion . Thes e marginally suited lagoons amount to approximate ly 

400 hec t ares serv ing 50, 000 people . Becaus e mos t  of  those communities 

are small , tert iary t reatment facility cos t s  loom like an ominous b lack 

cloud . Consequent ly ,  land app licat ion systems may provide an a lterna­

t ive for was tewat er d isposal not only for cost-ef fect ive treatment but 

also as a resource for increased agr icultural crop product ion . 

I f  irrigat ion is a pos s ib le alternat ive for was t ewater d isposal , 

one of the main cons iderations is to  minimize capital and annual cos t s  

which inc lud e  land , water spreading.equipment , maintenance , and energy . 

Therefore , the object ive is to  provide a maximum amount o f  wat er on a 

minimum amount of land area while maintaining a product ive agronomi c 

resource .  This i s  especially important where soils which have adequate 

int ernal drainage are s carce . This type of management is contrary to 

convent ional irrigat ion pract ices . Lit t le informat ion i s  availab le in 

regard t o  high hydraulic loading rates on f ine- textured glaciated soils 

for this par t icular appli cat ion .  

In addit ion t o  the hydraulic loading aspect , many lagoons are poor 

in te rms of water quality for convent ional irrigat ion b ec ause of the 

high sod ium content cont rib uted by water sof tening b rine , s t ree t run­

of f ,  and human was t es . When sodic water s are app lied to montmori llon­

i t ic soils , s tud ies have demonstrated that the saturated hydraulic 

conduct ivity decrease s with decreas ing electrolyte concentrat ions 
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for a given SAR of the applied water ( 4,5, 6). It is a well-established 

fact that soil salinity, and, to some extent, sodicity can be reduced by 

increased leaching fractions if the soil will accept the increased 

hydraulic load ( 3) .  Usually, calcium and magnesium are accordingly 

high when the sodium level is high for many irrigation wells in South 

Dakota. However, this may not be so in the case of many municipal 

effluents because of the additional sodium added for water softening. 

Consequently, the potential for using these effluents for irrigation may 

be feasible only if applications of soil amendments are made either in 

the irrigation water or on the soil to maintain soil permeabilities. 

Nevertheless, the added costs of these amendments and the limitation to 

moderately salt tolerant to salt tolerant crops may prove to be less 

costly than a tertiary treatment facility. High level soil-crop manage­

ment and monitoring would have to be included for such a system to be 

feasible, however. 
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LITERATURE REVIEW AND OBJECTIVES 

The Univers ity o f  Minnesota and Agr icult ural Research S ervice d id 

extens ive s t udies us ing was tewa ters for  irr igation at App le Val ley 

19 7 2  through 19 7 7  ( 7, 8 ,  9 ,  10 ) . Their main concerns dealt with nit ro­

gen removals and d i f ferences in crop yields and per s i s t ence of forage 

crop s with d i f ferent cu tt ing regimes . They worked with a cons t ant 

weekly app l icat ion ( 5, 10 , and 13 cm/wk) from Ap r i l  thr ough Oct ob er with 

annual amoun t s  o f  1 3 7  and 240 em on forage and 109 and 19 7 em on c orn . 

They also were wo rking on a we l l-drained s ilt loam s o il with gravel 

outwash at 60 em with a wat er t ab le at approximat e ly 15 0 em. The 

s econdary treated e f f luen t had an average EC of 169 5  �S/cm and an SAR of 

5 . 7 .  They conc luded that mo s t  nitrogen removal was by crop up take and 

that forage removed c ons iderab ly more than corn .  

Kar len, e t  a l . ( 11 )  used s imu la ted munic ipal e f f luen t o f  annual 

hydraulic load ing rat es of 25 , 50 , 100, and 200 em on c orn t o  det ermine 

op t imum yields and hydraulic load ing rates on a t i led , loamy , cal careous 

t ill . Th e app licat ion rat e was . 7 8  cm/hr , b ut the wat e r  qua l ity was 

excellent in terms o f  lagoon eff luent ( EC�l800 �S/cm , SAR=2- 3 ) . They 

conc luded that t i le d rained Conover loam should not rece ive over 100 em 

annual load ing to der ive b ene f ic ial nut rient up take by p lant s . 

Adri ano et  al . ( 12) eva luated the long term renovat ing c apac i t ies 

of land treatment s y s t ems under sprinkler irrigat ion and looked at the 

s o i l  profi le d i s t ributions of N, P04, and or ganic C. They looked at 

average daily app licat ions of 5 and 10 em on sand and loamy s ands with 

grave l outwas h sub s o i l .  Again , the was tewa ter quality us ed o f  1 3 5 0  �S / cm 



total salinity and an SAR of 4. 3 is cons idered good in a semi- arid 

climat e .  

5 

Bole and Bell (13) worked with y ie ld dif ferences and chemica l 

compos i t ion of forage crops with lagooned municipal was t ewater on a 

loamy s and with an inf i lt ration rate of  15 em/hr .  App l i cat ion rates 

were 1 .7 and 3 . 4 cm/hr with annual load ing rates of 50 through 150 em. 

E l l is et  al . (14) concluded that app lying more than 88 t o  100 em of  

annual e f f luent t o  a .5  cm/hr loam would hydraulically overload the 

soil , caus ing the b ios ys t em to lose i t s  renovat ion capacity . 

Our approach was t o  work with weekly app licat ions which p aralleled 

the ET curve of alfa l f a  over the s eason and to allow for some relief 

after a s ub s t ant ial r a in .  A mo is ture tolerant alfalfa was s ele ct ed as 

the forage because o f  its agronomic value and its  ab ility to us e high 

amounts o f  N and wat e r . A water quality of 2000 t o  3000 �S/cm and an 

SAR of  7-9 was des ired t o  test the marginally suit ed lagoon waters . A 

soil type was selected which repre s ented an extens ive soil s eries  

throughout eas tern South Dakota which was clas s i f ied in  the  0 . 75 cm/hr 

int ake f amily by the Soi l  Cons ervat ion Service . The s it e  select ion was 

b as ed not only on wat er  quality and s o i l  paramet ers  but also on the fact 

that t he city of 15, 000 was looking f or possib le alternat ives to e f f lu­

ent disposal in the J ames River . There fore, this three-year s t udy was 

undert aken to exp lore the pos s ib ility of us ing marginally suit ed lagoon 

e f f luen t s  f or irr igat i on and feasib le forage crop product ion in a semi­

arid c limate on mar ginal ly suited s o i ls . The main obj ectives were : 

( 1) to  determine t he annual rate of  hydrauli c  loading for a re la­

t ively fine t extured mon tmorillonitic soi l  t hat will allow 
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sus tained crop product ion , maintain acceptab le s o i l  s t ructural 

and chemical charact eris t ics , while provid ing for a cos t­

e f fect ive munic ipal was te disposal syst em; 

( 2 )  to determine the quant ity and quali ty of the drainage water 

pas s ing b elow the root zone under different hydraulic loading 

rates; 

( 3) to det ermine the e f f ect  of  gypsum amendments  upon s o i l  ex­

changeab le s od ium per centages and phys ical chara c t eris t ics , and 

crop produc t ion . 
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MATERIALS AND METHODS 

Experimental Pro cedure and S ite Characterist ics 

The s t udy was conduc t ed on a Houdek loam (subgroup=Typ ic Argius t o l l ;  

f amily=fine-loamy ; mixed , mes ic) located adj acent t o  the city o f  Huron's 

130 ha s tab iliz at ion ponds . The soil  which deve loped f rom loamy , calcar­

eous t il l  is nearly lev e l  w i th s lopes from 0-2% ( F igure 1 ) , has s low sur­

face run-o f f , has moderat e p ermeab ility for the s o lum f or moderat e ly s low 

permeab ility f or the underlying t i ll ,  and received app roximate ly 45-52 em 

( 17-20 inches )  of annua l  prec ip i t a t ion .  The so i l  be low 3 0  em i s  mo s t ly 

clay loam and , oc cas ionally , s il t  loam ;  however , boring logs o f  the obser­

vat ion we lls show scattering of s and lenses at var ious depths and s ites  

(Figure 2 ) . Clay mineralogy and bulk dens i ty are quite s igni f icant in 

determining hydraulic condu c t ivit ies o f  soil s . Tab les 1 and 2 show t he 

c lay mineralogy and texture o f  a 0- 30 em compos ite  s amp le .  There were 

only small amo un t s  o f  mon tmoril lonite  and mica and traces of kaol inite 

detected by X-ray d i f f rac t ion . This  ind i cates that probab ly some o f  the 

clay is amo rphous and/or poor cryst al line s t ruc t ure which caused low rel­

at ive amoun t s  in the d i f fraction analysis . Tab le 3 list s the average 

bulk dens it ies of the d i f ferent treatment s .  They range f rom a low o f  

1 . 34 t o  1 . 6 1  with an ave rage bulk dens i ty o f  1 . 4 7 .  Tab le 4 shows the 

analysis of vari ance of the b ulk dens it ies comp ared to the check . The 

bulk dens i t y  for t reatments 50 , 35 ,  and 20G are s ign i f i can t ly h igher than 

the check at t he .OS leve l .  The bulk dens ity f or t reatment 35 is  s igni f i­

cant ly d i f f erent at t he . 01 leve l .  

Approximat e ly 1/3 he ctare p lo ts were e s t ab lished with three bas i c  

annual ef f luent load ing rates o f  125 , 9 0  and 50 em, her eaf t er designated 



LAYOUT OF ALFALFA PLOTS 

r.�s-� \__2!}J 
0 

SUCTION TENSIOME:f'ER SITES 

0 OBSERVATI()N .WELLS 

-.2- ELEVATION CONTOURS 
METERS ABOVE B.M. 

35G 
0 

30.5m I 

Figure 1 . P lot set-up f or alfalf a  with a 
port ion of the full and half­
circle sp rinklers represented 
showing overlap . 
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Boring Logs of Observation Wells 10/30/80 

Well 50 (125cm) \.Jell 35 (90cm) Well 20 (50cm) 

1. 2 � >,� )o� )o" 
clay loam till t\.."' "J clay loam till 

1.0 � ... . . . 
. . , 

clay loam till 
1. 0 ... >. w.' �I 

layers of coarse 
sand lenses and 
clay till, mixed 

coarse sand 

heavy clay 
loam till, wet 

4. 0 ,, , , 
heavy clay loam 4. 6 . � : till, moist 

5. 0 �.�)�J) medium sand with 
lenses of clay 
loam till, wet 

' 1 slotted 

I 
I 

./ 

screen 
depth 

. - . .  
, . . 

• • • •• pure medium sand 
. . . 

. .  , -
. .  � 

'"tmedium sand and 
clay loam till 
lenses, inter­
mixed 

blue clay 

heavy clay 
till 

8. 8 

8.0 � ...... , .:.· .... ' . : . 

:;./:.::�:': lfine blue sand �: .�:� � : ... :� � J 

Well 35G (90 em) 

loam and 
loam 

homogeneous 
silt loam 

heavy clay loam 
till, no gravel 
or sand or sand 
lenses 

Figure 2.  Observation well boring logs for the different treatment s .  Depths are in meter s . 

\C) 



Table 1 .  Clay mineralogy of the 30 em depth sample (courtesy of Mid­
west Technical Service Center, Soil Conservation Service, 
U.S. Dept. of Agriculture, Lincoln, Nebraska). 

Soil 
Houdek 

MT--montmorillonite 
MI--mica 
KK--k.aolinite 

Clay mineralogy 
MT2 MI 2 KK 1 

Relative amount: 2--small, 1--trace 

Table 2. Soil mechanical analysis of a sample taken from the top 
30 em. 

� SubsrouE 

Molliaol Typic 
argiuatoll 

Total 
Clay Silt Sand 

Series Depth <.002mm .002-.05111D • 05-2mm 

Houdek 0-30cm 22.1% 32.9% 45.0% 
loam 

Clay Silt 
Fine clay 
<.0002111D 

Fine silt Coarse silt 
.002-.02 .02-.05 

14.2% 

Very fine Fine 
.05-.lOmm .10-.25mm 

3.8% 12.3% 

17.9% 15.0% 

Sand 
Very 

Medium Coarse coarse 
• 25-. 50mm • 5-lmm. l-2mm 

18.9% 9.1% 0.9% 

10 
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'i'ab le J. Terminal average bulk densities of treatments. 

Depth (em) so 3SG 3S 20 20G Check 

0-3 1.39 1.39 1.S3 1.34 1.S3 1.2S 

1S�30 1.42 1.46 

30-4S 1.47 1.4S 

4S-60 1.49 1.4S 

60-7S 1.46 1.46 

7S-90 1.61 1.40 

90-lOS l.S6 1.41 

10S-120 l.S6 1.47 

120-13S 1.60 l.Sl 

13S-1SO 1.53 l.S6 

Table 4. Analysis of variance of bulk densities between treatments 
for the 0-3 em using Dunnett's test. 

Check vs so 2.71 * 
Check VS 35G 2.61 
Check vs 3S S.41 ** 

Check vs 20 1.03 
Check vs 20G 3.17 ·I<; 

Critical value of d.05 (S,33) >2.6S; d.Ol (S,33) >3.31. 
*Significant at the .OS level. 

**Significant at the .01 level. 
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as  treatment 50,  35 , and 20, respectively (Tab le 5 ) . Another p lot ( 35G) 

was es tab lished iden t ical t o  the 90 em p lot with the only d i f ference 

being the annual app licat ion of gypsum. 

Table 5 .  Treatment s ,  annual e f f luent rates and soil amendmen t s  for the 
projec t .  

Treatment II 

50 
35 
3 5G 

20 
2 0G 

('82 only) 
Check 

Annual e f f luent 
em ( in . ) 

127 ( 5 0 ) 
9 0  ( 3 5 )  
90 ( 35 )  

50 (20) 
50 (20) 

0 (0) 

Annual amendment rates 
CaS04•2H20 

kg/ha ( tons/ acre) 
1980 1981 19 82 

2422 3660 
(1. 17). (1 . 63) 

9000 
(4 . 0). 

In 19 82, treatment 20 was split in half with the e as t  half receiving 

9000 kg/ha of gypsum in the spring . This was a test t o  see i f  a heavy , 

unincorporated one-time app licat ion o f  gypsum would cause any s ignif i-

cant change in the ESP levels at the end of the irr igat ion season . 

T� f our p lo ts were then irr igat ed with unchlorinated s econdary 

treat ed was t ewater from the las t stage of s t ab ilizat ion p ond s . The 

water was app lied to all p lots at 1. 0 cm/hr with a solid s e t  impulse 

sprinkler system (Figure 1) . The water was pumped from the las t stage 

of the 130 ha stab ilizat ion ponds t o  the p lots approximat e ly . 8  km 

( . 5 mile ) away . A 22 kw ( 30 hp ) elec tric motor and centri f ugal pump 

was used to deliver app roximately 454 liters/min (120 gpm) per p lot 

at 3 80 KPas cals ( 5 5  p s i) .  The noz z le size was 4 . 36 rom (11/64 inch) 

diameter which delivered approximate ly 23 . 8 liters/min (6. 3 gpm) for 

the full circles and 3 . 17 5 mm (1/8 inch) diameter for  the p ar t  circles 
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delivering 12 . 9  lit ers/min (3 . 4  gpm) . The frequency of app licat ion was 

the same for all p lo t s ,  usually weekly ; however t he depth of app lication 

varied among p lo t s ac cor d ing t o  the rat io among t he d i f f eren t  annual 

loading rates . A l l  p lo t s  then re ce ived a specific amount at each irri­

gat ion ( Appendix I lis t s  the rainfall and irrigation amounts f or the 

proj e c t  treatments by year ) . A wat er meter was used t o  determine t he 

amount for each p lo t  as suming average irrigation e f f i c iencies of . 8 .  

The water was app lied parallel t o  the ET curve o f  the a lfalfa crop , 

with cons ideration g iven t o  recent precip itat ion pat tern s . Consequent ly, 

weekly app licat ions varied from 1. 5 to 3 . 2 em on the 20 p lo t  and 3 . 8  t o  

8 em o n  the 50 p lo t . 

Because o f  the lack o f  p enetrat ion of wat er into the r o o t  zone on 

the 20 p lot from the sha llow f r equent app lications of wate r  during 

1981 , water was app lied eve ry t hird week with t he app licat ion depth 

t hree t imes as great for 198 2 . This as sured bet ter distribut ion o f  

water and s al t s  t hroughou t  the roo t  z one . 

Neu tron p robe acce s s  tub e s  were ins talled t o  1 . 7 m at t he center 

of each plot  t o  moni t or changes in soil moisture . A neutron rad iating 

moisture me ter was used t o  det ermine volumetric mois ture con t en t s at 

dif ferent level s .  Readings were taken before e ach irri gation t o  deter­

mine the soil's c apacity t o  accept more wat er. 

Ten em diame t e r  obs e rvat ion wells were ins t a l led ath t he center of 

each p lo t  ( Figure 1) f or the purpose of monit oring groundwater levels 

and quality . Medium sand was packed around the casing with b en tonit e  

grouted near t he surf ace t o  guard again s t  short-c ircuit in g .  Water leve l 

rec ording met ers were housed and s ituat ed over the wel l s  wit h  f loat s 

335237 
SOUTH DAKOTA STATE UNIVE 
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inside the we ll cas ing (Figure 3) . Water quality samples were taken 

approximately once a mon th and analyzed f or EC , Na , N03 , HC0 3, pH , C l , 

and NH3. 

Soil s amp les wer e  t aken init ially bef ore irr igat ion s t ar ted t o  a 

depth o f  120  em and every year therea f ter at the end o f  the irriga tion 

season .  Four t o  s ix sub-samp les �.;ere compo sited from each s i te / depth 

at 30 em intervals with 3 sites  per treatment . The s o i ls were air 

dried , ground and s ieved and checked for exchangeab le Na,  C a , and Mg , 

EC o f  the s aturat ion extrac t , cat ion exchange capacity ( CEC ) , SAR o f  

soil solution , and pH ,  us ing the me thod s described in U . S .  Agricultural 

Handbook 60 ( 15 ) . At t he end o f  19 81 , the exchangeab le sodium p ercen­

tage ( ESP ) on t reatment 20 was r eported higher than expected . There­

fore , the t op 3 0  em was samp led at 6 addi t iona-l s it es p er treatment in 

the spring o f  19 82  to check this and t o  see if changes occur over the 

winter . In t otal , five s ampling periods were made: sprin g  1980 , f all 

19 80 , fall 1 9 8 1, spring 1 9 8 2 , and f all 19 82 . 

Suction tensiome ters were also installed near the cent er o f  each 

p lot t o  a depth of 150.cm (-5 f t) at 30 em (1 f t) int ervals for  the 

purpose o f  evaluating t he leachin g  water with depth under dif ferent 

loading rat es ( Figure 4) .  Each tensiome ter was equipped wit h  a smal l  

nylon tube which led t o  a 4 l iter glas s  jug which was evacuated weekly 

prior t o  an irrigation . Any mois t ure in the soil he ld at less than 

. 67- . 80 b ar could then move into the ceramic cup at the b o ttom o f  

the tens iome ter . A t  t his point , one important aspect o f  suction 

tens iometer const ruct ion should b e  mentioned. Figure 5 shows a sim­

pli f ied vers ion of the c orrect  way and the wrong way to build a 



Figure 3 . 
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A s t r ip chart recorder logging wat er fluctuat ions wit h 
t ime from observat ion wells near the center  o f  each p lo t .  



Figure 4. A s t ation o f  s uct ion tens iomet ers and evacuated jugs at 
each p lot . 

16 



acrylic 
tubing 

depth 
soil 

\�RONG WAY 

ground level 

the bottom 
of the cer·­
amic tip 

RIGHT WAY 

Figure 5 .  Correct  and incorrect  way t o  ins t all the 
ext ract ion tubing when building a suct ion 
tensiome ter. 

suction tens iome ter for the purpose of extrac ting soil water . 

During an irrigat ion or a rainfall , a downward moving wet t ing 

front exist s  from the beginning of the event when the s o i l  surface 

17 

usual ly is near saturat ion until  equilibrium soil tens ion i s  reached 

at a part icular dep th long af ter the event has stopped .  The rate of 

movement and the dep th of penetrat ion of the water is  dependent upon 

many thin gs such as t exture , s tructure , bulk dens ity , organic  mat t er 

content , and exchangeab le sodium percentage . By us ing the t ens ionmet er 

on the lef t  in Figure 5 during a wett ing event wat er could conceivab ly 

move into the ceramic cup with the water level increas ing to the point 

of touching the end of the nylon tube and then move back into the soil 

through the cup as the soil ma trix potent ial  increase s  during evapo� 

transpiration . While t he wat er leve l ins ide the t ens iome t er i s  rising , 

the potential inside t he tube is decreasing thereby reducing t he pulling 
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power on the s o il acro s s  t he ceramic t ip.  Consequent ly ,  no wat er i s  ob­

tained in the j ug .  However , i f  the small nylon " sphaghe t t i " t ub e  were 

placed to the bot t om of the ceramic cup , any wat er which was pul led int o 

t he cup would b egin t o  move immediately t o  the jug . The two lim i t ing 

f ac t ors for ob taining a wat e r  s ample under these condit ions wou ld be 

(1) t he ext ent of tens ion exerted on the t ens iometer without pul l ing 

in air through the cup and, ( 2 )  the depth of the t ip re lative t o  the 

top of the jug .  

Be cause o f  the c on f igurat ion used at  the le f t  in F igure 5 ,  i n  s i tu 

soil ext r ac t s  from plot 2 0  we re not ob tained s imply because o f  the 

lower mo is ture content s  and higher s o il matrix potentials moving the 

water out of t he tub e  b e f o re i t  went int o  the jug . S amples t aken on 

plo t  35 , 35G, and 5 0  may have had s ome dilut ing o ccurring f rom s ampling 

to s ampl ing thereby caus ing s ome de lay in response t o  a par t icularly 

s igni f icant event , however ,  i t  d id no t appear to be a s ignif icant 

prob lem . Suf ficient s amp le s  were consis t en t ly collect ed f rom t he 

other plot s .  The s amples  wh ich were collected were c o l lected prio r t o  

an irri gat ion and analyzed  i n  t h e  laboratory for EC , C l , N0 3 , N a , 

t otal  P04 , pH , HC03 and NH3 . 

Was t ewat er Charac teris tics 

The city of Huron derives its wat er from the James River. 

Appendix E shows the James River wat er quality taken be low the dam for 

the t ime pe riod o f  1 9 80 - 19 8 2 . The water quality fluctuates wit h pre­

cipitat ion cy cles which occur 100-500 km nor th. The city does par t ia l  

softening o f  the wa ter with the add it ion of uns laked lime ( CaO ) ne ce s s ary 

for the removal of iron and manganese. Th is cont rib ut e s  to the s odium 
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hazard associated with app lying the wat er to the soil by reducing the 

concentrat ion o f  divalent cations thus increas ing the SAR .  The spe c i fic 

conductance (EC )  o f  the water var ied from 1500 t o  3000 �S / cm as a dry 

year (19 8 1 )  f o ll owed a normal year and the sodium ads orp t ion ratio (SAR) 

varied from 5 . 0  to 1 1 . 5 . Append ix F shows the numerical value s o f  the 

various parameters tes ted in the e f f luent. Total Kjeldahl nitrogen 

( TKN) values were 20-24 ppm in the spring dropp ing to 3-6 p pm in t he 

s ummer and f al l . The nitr ate leve ls peaked out at 3- 4 . 5 ppm abou t 

July 1 as the organic and ammonium nitrogen were broken d own and vo la­

til i z ed by r is in g  t emperat ures and increased b iolo gical act ivity . 

Figures 6 ,  7 and 8 graphica l ly show the fluctuat ions with t ime o f  the 

various water quality p arameters o f  EC , Na , sod ium ads orp t ion rat io 

(SAR) , adjusted SAR (adjusts for the precipitat ion o f  C aC03 ) ,  TKN 

(t otal Kjeldahl nitrogen) , N03 , C l, alka linity (MO), alkalinity (P) , 

C a ,  Mg, and S04 . 

Or ganic and inorgani c  chemicals were looked at the f irs t year to 

determine the levels in the  lagoon and , i f  any were found to b e  high , 

they would be looke d  at in the gr ound water beneath the p lots . Tab le 6 

lists the- constituents in the water on August 14 , 1 9 80.  They a l l  were 

below the maximum EPA contaminant levels for ground wat er . Because 

of the high co s t  invo lved for ana lysis o f  these constituent s and the 

low leve ls f ound , i t  was decided not to look at that as pect o f  t he 

study. 

Agronomic In forma t i on 

Bef ore the exp e riment began , the s ite had a 6- year o ld e s t ab l ished 

sparse stand of alfalfa. Twenty em (8 in ) o f  water was app lied to all 
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Figure 6 .  Huron's secondary effluent water quality 1980-1982 . 
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Table 6. 

ENDRIN 

LINDANE 

2 3  

Huron e f f luent organic and inorganic chemical 
leve ls as compared to EPA maximum cont aminant 
leve ls 1980. 

EPA MAX I r�UM CONTAf� I NANT LEVELS 

FOR ORGANIC CHEMICALS FOR GROUNDWATER 

HURON EFFLUENT 

MAXIMUM LIMITS VALUES {8/14/80) 
.0002 PPM < I 0001* 

.004 PPM < .00002* 

METHOXYCHLOR .1 PPM < .0005* 

ToxAPHENE .005 PPM < .001* 

2� 4 -D .1 PPM < .1 
SILVEX .01 PPM < .01 

*MINIMUM DETECTABLE LIMIT 

EPA MAXIMUN CONTAHINANT LEVELS 

FOR INORGANIC CHE�1ICALS FOR GROUNDWATER 

HURON EFFLUENT 

�lAXJMUM LIMITS VALUES (8/14/80) 
ARSENIC 50 PPB 13 

BARIUM 1000 PPB 92 

CADMIUM 10 PPB < 0.1 
CHROMIUM 50 PPB 21 

LEAD 50 PPB < 1 
f1ERCURY 2 PPB < 0.5 

SELENIUM . 10 PPB 2 

SILVER 50 PPB < 1 

IRON 10 
NITRATE (N) 10 PPM 0.02 



p lo t s  the first  two day s . Th is was done t o  b r ing the ext reme ly dry 

2 4  

s oil t o  normal mo isture leve ls and to p o s s ib ly stimu late grow th o f  

dorman t p lant s .  The s t and r emained unac cep tab le so a f t er t he f i r s t  

harves t  a more moisture t o lerant variety o f  alfal fa (Agate)  was s e eded 

and quickly e s t ab li shed . Irrigat ions were app lied at equal depths acro s s  

treatmen ts t o  es t ab lish a n  even s tand (Figure 9 ) . Four cut t ings were 

app roximat ely 5 weeks apar t with only 3 cuttings in 1 9 8 1  due to the 

seeding setback.  Tab le 7 lis t s  the seeding and harve s t  dat e s , fer­

t ilizers , ins ecticide , and herb ic ide for the entire project .  A 10-

12 . 5  em (4-5 in) s tubb le was le f t  aft er harves t  and a 6.1 met er (20 f t )  

row samp le was weighed and t e s t ed for  mois t ure conten t . Three s it e s  

were selected a t  each harves t on each p lo t  f o r  yie ld determination s . 

Soil  fer t i lity samp les wer e  taken in the f a l l  o f  1981 because o f  in­

creas ed lodging o f  p lant s  on t he f ourth cutting . One hundred f i f t een 

kg/ha of 0-46-0 was recommended and app lied in the spring of 19 8 2 .  

S o il Amendment Rates 

Near the end o f  the 19 80 irrigation season , bagged powdered gypsum 

was ob tained from Iowa and app l ied to the 35G p lot . An estimat e had 

t o  be made of the app lication rate s ince soil  samp les were t o  b e  taken 

after t he last ir rigat ion . Therefore , the water analys is and dep th 

of app licat ion at each irr igat ion were used to tot a l  up the weight o f  

calcium needed t o  maintain an SARiw o f  le s s  than 5 throughou t  t h e  s eas on . 

If the ESP (exchangeab le s odium percentage ) levels equal the SAR o f  

the irrigat ion wate r (SARiw ) near the soil  surface when the s o i l  so lu­

t ion is in equilibrium with exchangeab le cat ions, then an SAR , or  ESP , 

o f  5 should b e  an acceptab le leve l to allow in the soil  withou t caus ing 



Figure 9 .  
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The experiment al p lot irrigation system on 3 5G with new 
seeding of alf alfa June 1980 .  



Table 7 . Agronomic crop informat ion , 19 80-1982 . 

Harves t  dates 
Variety Seeding date ( 11 em s t ubb le ) 

19 80 Agate June 1 1 ,  ' 80 June 2 
July 16 
Aug .  2 8  

19 81 

19 82 

May 26 
July 1 
July 2 7  
Sep t .  3 

June 2 
July 8 
Aug .  5 
Sept . 20 

Cotmnercial 
f ert ilizat ion 

6 / 8 / 8 2  0-46-0 
( 20 kg /ha) 

Insect ic ide 

Furadan 4F 
( 1 . 1 7  1 /ha) 

Herb icide 

6 /10/ 80 Ep t am ( 6E) 
( 4 . 5 1/ha) 

N 0\ 



any deterio rat ion o f  s t ruc ture or t ilth . However ,  cat ion exchange 
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cap acity , clay mineralogy , o rganic ma tter content , s t ructure and irri ga-

t ion management all p lay maj o r  roles in mit igat ing the ext ent o f  s o i l  

dispersi on a t  various E S P  leve ls . 

Tab les 8 ,  9 ,  and 10 show the amount o f  calc ium needed t o  add t o  

t h e  s o il to b r ing the SAR to e ither 3 or 5 .  The seasonal calcium 

requirement was added to the s o il · near the end o f  the irr igat ion seas on , 

however ,  and was not  mixed with the wat er prior to app li cat i on .  Thi s  

method was t es t ed t o  determine i f  removal o f  potent ial exchangeab le 

sodium was feas ib le and e f f e c t ive und er this type of annual hydraulic 

load ing . 

Based on the seasonal t otal  o f  calcium required each year from 

Tab le 8 ,  gyps um ( CaS04 • 2H20 )  rat es were determined by the f o llowing met hod : 

Total kg C a  required 

For 19 80 , 

1 season x 
CaS04 · 2H? O( fo rmula wt ) 

Ca ( atomi c  w t )  

15 3 . 7 k g  C a  x 1 7 2 . 2  gms ( CaS04· 2HzO ) 
40 . 1 gms ( Ca)  

To t al k g  CaS04 · 2H20 
required 

Then , assuming a s t andard " rule o f  thumb " o f  2 5% loss o f  calcium in 

the rep lacement reac t ion for exchangeab le s odium b elow 10% , an e f f i c i ency 

fac t or mus t be used t o  cal cu late the t otal wei ght o f  pure CaS04 · 2H20 

needed f o r  sod ium r emova l .  Thus , 

6 6 0  kg CaS04 · 2H20 x 1 . 2 5  = 8 2 5  kg 

App roximately 900 kg o f  p ur e  CaS04 · 2H20 was app li ed t o  the p lo t  with a drop 

fer t il izer spreade r on S ep t emb er 4 th , 19 80 . A total o f  s ix passes  we re 

made with three each dire c t ion .  

In 19 8 1 ,  the wat er quality worsened and the SAR increased b e c ause 
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Tab le 8 .  Trea tment 35G calc ium requiremen t s  (1980 ) needed t o  main­
t ain the SARiw at 3 or  5 b as ed upon the wat er analy s i s  
and dep t h  o f  wat e r  app lied a t  each irrigat ion dur ing t he 
s eas on .  T o t al calcium requirement s  for  t he s eason are 
given at t he b o t t om .  

SARz3 SAR=5 
-------------- ---------------

kg Ca kg Ca 
Ef fluent me/ 1 Ca kg Ca r;>er plot me/1 Ca kg Ca per plot 

AJ?pl ied to be r;>er ha per to be �r ha per 
DATE ( an } added pe r  an irr ig adood per em ir r ig 

----·-------·------ ------------------------- -
80 0 513 12 . 7 0 13 . 21 2 6 . 55 12 5 . 28  -0 . 04  -0 . 09 -0 . 40 
8 00 519 9 . 1 4  1 3 . 2 1  2 6 . 55 90 . 20 -0 . 04  -0 . 09 -0 . 29 
8 00528 4 . 32 16 . 96 34 . 08 54 . 69 0 . 29 0 . 58  0 . 93 
800612 2 . 7 2 16 . 96 34 . 08 34 . 42 0 . 29 0 . 58 o . sa  
800616 2 . 82  16 . 96 34 . 08 3 5 . 7 1  0 . 29 0 . 58 0 . 6 1  
8 0062 0  1 . 78 16 . 96 3 4 . 08 2 2 . 52 0 . 29 0 . 58 0 . 3 8  
800 702 4 . 57 1 6 . 9 6  34 . 03 57 . 91 0 . 29 0 . 58  0 . 98  
80071 0  3 . 91 17 . 1 9 34 . 54 50 . 21 1 . 31 2 . 6 3  3 . 83 
8 0 0722 5. 3 3  16 . 1 3  32 . 43 6 4 . 28 1 . 29 2 . 59 5 . 12 
8 00 72 5  3 . 66 16 . 1 3 3 2 . 43 44 . 08 1 . 29 2 . 59 3 . 51 
8 0 0731 4 . 37 2 5 . 7 0  51 . 66 8 3 . 87 4 . 17 8 . 3 8  1 3 . 6 1  
8 0030 5 4 . 01 2 5 . 7 0  51 . 66 n . o5 4 . 17 8 . 3 8  1 2 . 50 
8 008 08 3 . 66 2 5 . 7 0  5 1 . 66 70 . 22 4 . 17 8 . 38 11 . 40 
8 00813 5 . 3 3 27 . 68 5 5 . 64 1 1 0 . 2 9  4 . 29 8 . 6 1  17 . 07 
8 00 8 22 5 . 6 9  27 . 68 5 5 . 64 1 17 . 64 4 . 29 8 . 6 1  18 . 21 
8 0 0911 5 . 66 3 1 . 54 6 3 . 39 13 3 . 4 2  4 . 86 9 . 7 7 20 . 56 
8 00 916 5 . 66 31 . 54 6 3 . 39 13 3. 4 2  4 . 86 9 . 77 20 . 56 
8 00 92 5  3 . 7 1 31 . 26 62 . 84 8 6 . 59 4 . 9 2  9 . 90 13 . 64 
8 0 0930 2 . 9 0  2 9 . 26 58 . 8 1  6 3 . 2 9  4 . 09 8 . 21 8 . 8 4  
8 01007 2 . 72 21 . 78 4 3 . 78 4 4 . 22 1 . 01 2 . 0 2 2 . 0 4  

TCY.l'AIS 9 4 . 6 7  1499 . 3  153 . 7  
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Table 9 . Treatment 35G calc ium requirments ( 19 81) needed t o  main­
tain an SARiw at 3 or 5 b as ed upon the wat e r  analy s is 
and dep th o f  water app lied at each irrigation dur ing 
the s ea s on. Total calcium requirements are g iven at 
the bot t om.  

SAR=3 SAR=5 

kg Ca kg Ca 
Ef fluent me/1 Ca kg Ca per plot me/1 ca kg Ca oe r  plot 

Appl ied to be pe r  ha per to be pe r  ha per 
DATE! ( em )  added per an ir r ig ad<Ed per em ir r ig 

810505 5 . 84 28 . 4 1 57 . 09 12 3 . 95 3 . 40 6 . 82 14 . 8 2  
8 10513 4. 50 28 . 41 57 . 09 9 5 . 38 3 . 40 6 . 82  11 . 40 
8 10519 5. 87 3 2 . 58 65 . 48 1 42 . 77 4 . 87 9 . 80 2 1 . 36 
810501 4. 47 3 6 . 54 73. 44 121 . 99 6 . 54 13 . 1 5  2 1 . 8 5  
810608 3. 86 36 . 54 7 3 . 44 10 5 . 36 6 . 54 1 3 . 15 18 . 87 
8 10612 1 . 24 4 5 . 6 2  91 . 69 4 2 . 41 9 . 60  19 . 3 0  8 . 9 3  
8 10619 4 . 6 7  66 . 9 2 13 4 . 52 2 3 3 . 6 1  17 . 21 34 . 60 6 0 . 09 
8 10626 6 . 78 66 . 9 2  13 4 . 52 3 39 . 00 17 . 21 34 . 60 87 . 1 9  
8 10706 5. 87 62 . 89 126 . 4 1 2 7 5 . 62 16 . 59 33 . 34 72 . 70 
8 10714 5. 59 6 1 . 51 12 3 . 64 256 . 74 16 . 32 32 . 80 68 . 11 
8 10811 5. 28 1 2 3 . 03 24 7 .  30 4 85 . 51 38 . 72 77 . 83 152 . 80 
8 10818 5 . 46 79 . 54 159 . 8 8  3 2 4  • . 4 4  22 . 6 5  4 5 . 53 9 2 . 40 
8 10826 3 . 40 79 . 54 159 . 8 8 202 . 21 22 . 6 5  4 5 . 53 57 . 59 
810917 3 . 66 74 . 39 149 . 53 20 3 . 24 19 . 95 40 . 10 5 4 . 50 
810929 3 . 56 74 . 39 1 49 . 53  197 . 59 1 9 . 95 40 . 1 0  52 . 99 

'!UrAlS 78 . 1 1  34 0 2 . 6  859 . 4 
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Tab le 10 . Treatmen t 3 5G c a l c ium requir ement s (1982 ) n eede4 t o  

mai nt a in a n  SARiw a t  3 o r  5 bas ed upon the wa t e r  

ana ly s i s  and depth o f  water app l ied a t  e a ch i r r i ga­

t i on dur ing the season . T o t a l  c a lc ium requi r ement s  

are g iven a t  the b o t t om .  

SAR=3 SAR=S 
-------- --- - -- - - - - - -- - -- - -- - - - -------- - - -- -- ----

kg Ca kg Ca 

Ef fluent me/1 Ca kg Ca per plot me/1 ca kg Ca per plot 

;a.p�1 ied to be per ha per to be � r  ha pe r  

01\TE ( em )  added pe r  an ir r ig adood per an ir r ig 

- - -- - -- - - - - - - - - - - -- - - - - ------------------------ � - - -- - -

820608 3 . 2 0  21 . 10 42 . 40 50 . 43 2 . 22 4 . 46 5 . 3 0  

8 206 17 1 . 91 2 1 . 10 42 . 40 30 . 02 2 . 22 4 . 4 6 3 . 15 

8 2062 4  2 . 46 12 . 10 24 . 32 22 . 27 -2 . 00 -4 . 02 -3 . 68 

8 206 30 6 .  38 17 . 57 3 5 . 32 8 3 . 68 0 . 23 0 . 46 1 . 08 

820707 2 . 64 30 . 1 5  6 0 . 6 1 59 . 50 5 . 47 1 1 . 00 10 . 80 
8 20713 1 . 8 5 30 . 15 60 . 6 1 4 1 . 7 6 5 . 47 11 . 00 7 . 58  

8207 2 3  0. 79 26 . 57 53 . 40 1 5 . 62 4 .  73 9 . 50 2 . 78 
820727 2 . 18 2 6 . 57 53 . 40 4 3 . 34 4 .  73 9 . 50 7 . 7 1  
8 2080 3 4 . 14 2 3 . 87 47 . 98 73. 82 2 . 49 5 . 01  7 . 7 1  
8 2 0810 5 . 3 3  23 . 38 4 6 . 99 9 3 . 14 2 . 90 5 . 83  1 1 . 55 
820819 5. 31 2 4 . 34 4 8 . 9 2 96 . 50 2 . 19 4 . 41 8 . 6 9  
82082 5 3 . 38 2 3 . 53 47 . 29 59 . 37 2 . 15 4 . 32 5 . 42 
8 2090 3  2 . 1 8 2 3 . 53 47 . 29 3 8 . 39 2 . 15 4 . 3 2  3 . 50 
820 909  3 . 56 39 . 02 78 . 4 4 103 . 6 5  7 . 21 14 . 49 19 . 1 5  

TCJI'AIS 48 . 69 8 70 . 9  96 . 2  
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o f  low precip itation amounts during the winter and through the summer . 

Concentrating ef f e cts were evident b oth in the Jame s River and in the 

s t ab i lizat ion ponds and the calcium requirements accordingly wer e  in-

creased . Tab le 9 indicates that 860 kg of calcium was needed to counter-

act the s odium amounts app lied . By go ing thr ough the s ame calculations 

above , a season gyps um requirement for the 35G p lot was 4600 kg gypsum , 

much higher than the f ir st ye ar . Thi s  "drougl:lt" year was not accoun t ed 

for in the gypsum supply , consequently only 1360  kg gypsum was app lied 

on September 15 , 19 8 2  to that plo t . 

Af ter soil  s amples were taken in the fall o f  19 8 1 , result s s howed 

quite high exchangeab le s od ium levels on treatment 20 for al l three 

s ites . Cons equently , the 2 0  p lot was sp lit in half with the calcium 

requirements applied to the east half o f  the plot. Tab le 1 1  shows the 

total calcium requiremen t s  per p lot for the total season f or each y ear . 

The amount o f  CaS04 · 2H20 needed i s  calculated as f o l lows from Tab le 11 : 

Then , 

1980 + 19 8 1  Ca r equirements (kg) x 17 2 . 2  x 1 . 2 5  x 1 (half a p lot ) 

= total kg CaS04 · 2H2o ;� p lot 

40. 1 2 

( 5 72 . 6+88 . 6 )  x 1 7 2 . 2 x 1 . 2 5  x 1 = 1 7 7 5  kg CaS04· ZH20 
40 . 1 2 

The amount applied to the split 20  p lo t  amounted to 1 6 80 kg CaS04 · 2H20 

which was somewhat short.  However, it  was des irab le to see how ef fe ctive 

a heavi er one time application was in lowering the ESP below 15% which 

was present at the top 30 e m .  
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Tab le 11 . T re a t ment 2 0  c a l c ium requi rement s  (1980 and 1981)  
t o  ma int a in the SARiw a t  3 or 5 b as ed upon t h e  wat e r  
analy s is and d e p t h  o f  wa t e r  app l ied a t  e a c h  i r r i gat ion 
dur ing t he s e as on . T o t a l  c a l c ium requiremen t s  f o r  t he 
season are given at t he b o t t om o f  each year . 

SAR=3 SAR•S 
-- --------------- - -�- - � - ---- ---�-- ------------- -

kg ca kg Ca 
Effluent me/1 Ca kg Ca per plot me/1 Ca kg Ca . per plot 

Appl ied to be pe r ha per to be �r ha per 
DATE ( em )  added per an ir r ig a deed per em ir r ig 

----- ---- ----------- - - - - - - - ------------------------- - - - - -- ---- - ---

800 513 1 2 . 70 1 3 . 21 26 . 55 1 2 5 . 28 -0 . 04 -0 . 09 -0 . 40 
8 00 519 8 . 13 13 . 21 26 . 5 5  80 . 18 -0 . 04 -0 . 09 -0 . 26 
800 528 2 . 03 1 6 . 96 34 . 08 2 5 . 74 0 . 29 0 . 58 0 . 4 4 
8 006 12 2 . 7 2  16 . 96 34 . 08 34 . 42 0 . 29 0 . 58 0 . 58 
8 00 616 2 . 8 2 16 . 96 3 4 . 0 8 3 5 . 71 0 . 29 0 . 58 0 . 6 1 
8 00620 1 . 78 16 . 96 3 4 . 08 22 . 52 0 . 29 0 . 58 0 . 38 
800 70 2  3 . 05 16 . 96 34 . 08 38 . 60 0 . 29 0 . 58 0 . 6 5  
8 00 710 2. 39 1 7 . 1 9 34 . 54 30 . 65 1 . 31 2 . 6 3  2 . 3 4  
8 00 722 3 . 05 16 . 13 32 . 43 36 . 73 1 . 29 2 . 59 2 . 9 3  
8 00725 2 . 39 1 6 . 13 32 . 4 3 28 . 77 1 . 29 2 . 59 2 . 29 
8 00731 2 . 54 2 5 . 7 0  51 . 66 48 . 76 4 . 17 8 . 3 8  7 . 91 
8 0080 5 2 . 44 2 5. 7 0  51 . 66 46 . 81 4 . 17 8 . 38  7 . 60 
8 008 08 2 . 13 25 . 7 0  51 . 66 40 . 95 4 . 17 8 . 38 6 . 6 5  
8 008 13 3 . 0 5 2 7 . 68 55 . 64 6 3 . 02 4 . 29 8 . 6 1  9 . 76 
8 008 22 3 . 28 2 7 . 68 5 5 . 64 6 7 . 75 4 . 29 8 . 6 1 10 . 49 
8 00911 3 . 05 3 1 . 54 6 3 . 39 7 1 . 79 4 . 86  9 . 77  11 . 06 
800 916 3 . 1 5 31 . 54 6 3 . 39 7 4 . 19 4 . 8 6  9 . 7 7  11 . 43 
8 0 0925 2 . 18 31 . 26 62 . 84 51 . 01 4 . 9 2  9 . 90 8 . 03  
8 00930 1 . 6 0 29 . 26 58 . 81 34 . 97 4 . 09 8 . 21 4 . 88 
801007 1 . 57 21 . 78 4 3 . 78 2 5 . 62 1 . 01 2 . 02  1 . 18 

'IUI'AI.S 66 . 04 983 . 5  88 . 6  

8 1050 5  3. 4 5  2 8 . 41 57 . 09 73 . 29 3 . 40 6 . 8 2 8 . 76 
810513 2 . 34 28 . 41 57 . 09 49 . 58 3 . 40 6 . 8 2  5 . 93 
8 10519 3 .  56 32 . 58 6 5 . 4 8 86 . 53 4 . 8 7  9 . 80 12 . 95 
810601 2 . 59 36 . 54 73 . 44 70 . 70 6 . 54 1 3 . 15 12 . 66 
810608 2 . 92 3 6 . 54 73 . 4 4 79. 71 6 . 54 13 . 15 1 4 . 28 
8106 19 2 . 7 7 66 . 92 134 . 52 138 . 39 17 . 21 3 4 . 6 0  3 5 . 59 
8 10626 3 . 05 6 6 . 9 2 134 . 52 152 . 36 17 . 21 34 . 60 39 . 19 
8 10706 3 .  58 6 2 . 89 126 . 41 168 . 2 4 16 . 59 3 3 . 3 4  4 4 . 3 8 
8 10714 3. 30 6 1 . 51 12 3 . 64 151 . 71 16 . 32 32 . 80 4 0 . 25 
8 10721 3 . 0 5 6 3 . 4 5 127 . 53 144 . 4 5  16 . 02 32 . 21 36 . 48 
8 108 11 3. 00 12 3 . 03 247 . 30 275. 43 38 . 72 7 7 . 83 86 . 6 9 
810818 3. 18 79 . 54 159 . 88 188 . 6 3  22 . 6 5  4 5 . 53 53 . 72 
8 10826 1 . 88 79 . 54 1 5 9 . 88 111 . 67 22 . 6 5  4 5 . 53 3 1 . 80 
8 1 0917 2 . 2 1 74 . 39 149 . 53 12 2 . 7 9 19 . 95 40 . 10 32 . 93 
810929 2 . 0 3 74 . 39 149. 53  112 .91 19. 95 40 . 10 30 . 28 

'IDrAIS 4 5 . 90 2 20 1 . 8  57 2 . 6 
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At the s ame t ime ,  pas t irrigation management on t h e  20 p lot was 

l imited to weekly app licat ions of 1. 7 -3 . 4 em ( . 7- 1 . 4 in) per irrigat ion 

with the depth dependent upon ET demands . This was contrary to the 

most ef f icien t use of the water and apparent ly concentrated much o f  

the sodium app lied in the t op foot of so i l .  There fore , the irrigat ion 

schedule on the 2 0  and 2 0G p lot f or 1982 was changed to irrigate every 

t hird week with three t imes the dep th of app licat ion . This  regime was 

more des irab le for prevent ion o f  s odium accumulat ions near the surface , 

however , it was contrary t o  the best  management for sodium rec lamation 

( 18) . During this type of  exp eriment ,  water has t o  be disposed o f  

yet s odium has t o  b e  removed from the exchange complex while trying 

to minimize exchangeab le sodium. 

Upon proj ect comp let ion ,  numerous undisturbed soi l cores at  the 

0- 3 em depth were co llected from all treatment s inc luding surrounding 

checks on unirrigated areas to determine if ESP (exchangeab le sod ium 

percentages ) correlated with reduced saturated hydraul ic conduc t ivities . 

A Eulen core samp ler (with brass  ring inserts ) , which uses 3 em by 

5 . 4  em ID brass s leeves , was us ed t o  t ake the s amp les w ithin the boun­

dar ies of the sprinkler heads . A petro leum j el ly was used to  coat the 

ins ide of  the rings prior t o  samp l ing to prevent compact ion during 

sampling and channe ling during tes t ing . 

A cons tant rat e peris t alt i c  pump was used to move deioniz ed water 

through the cores which were placed ins ide acrylic Tempe cells s imi lar 

to the one shown in Figure 10 . Po lyethylene filters with 35  micron 

openings were used in p lace of the ceramic p lates . Twenty-four cores 

were tes ted at the same t ime with each channe l of  the pump de livering 



OV E R FLOW ( FI X E D  POSITIO N I  
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Figure 10 . Rep resen t a t ion of the design of acry lic Tempe cell used 
to hold undi s t urbed s o i l  cores for saturated hydraulic 
conduct iv i ty measurement s . (Taken from Method s o f  S o i l  
Analysis , Agronomy Monograph No . 9 ,  p a g e  2 1 8 . ) 
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water s imultaneous ly t o  s ix cores ( F igure 1 1) . P iez ores i s t ive pres s ure 

t rans ducers were used t o  moni t or the p res sure head whi le the de livery 

rate was kep t  cons t ant by the p ump . Grad uated cylinders were used t o  

measure hourly volume s and a sub s equent · K ( Gs ) value . was calculat ed . The 

t e s t  was conduc ted f or s ix hours and the s ix K ( Gs ) values were averaged 

for each core . Dar cy ' s  law , 

h v = -Kr 

where V = ve lo c i ty o f  f low , cm/hr 

K = hydrauli c  conduc t ivity , cm/hr 

h /1 = potent ia l  gradient , em/ em 

was used to calculate the K value . By rear ranging the above t erms 

K =  _ _gb_ 
ah 

where q volume co lle ct e d  in t ime t ,  cm3 

a = cros s - s e c t ional area o f  core , cm2 

h p res sure head , em 

L = lengt h  o f  core , em 

and the hydraulic conduc t iv ity c ould then be calculated . 
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RESULTS AND D IS CU S S ION 

Forage Yields 

The dry mat ter alfalfa yields for the t reatment s  by year and repli­

cat ion are given in Appendix H .  The average treatment y ie lds p er cut­

t ing are given in Tab le 1 2 . There was a s ignif icant d i f ference in yield 

every year among the t reatments at the . 0 1 leve l .  However , this was 

contributed entirely by the check p lo t  as is eviden t  in T ab le 1 3 .  

S ingle de gree o f  f reedom comp arisons were used t o  iden t if y  dif ferences 

in mean yields . However ,  only the 20  p lot in 19 8 1  showed any s igni f i­

can t  ( . 05 leve l )  d i f fe rence from the other t reatment s .  This was due t o  

the shortage of rainfall throughout the s eas on and t o t a l  mo is t ure f e l l  

b elow E T  demands .  S t at is t i cally , there were no s igni f icant yield dif­

f erences caused by vary ing the annual hydraulic  loading from 5 0  em t o  

12 7 e m  except during a n  excep t ionally dry year ( 19 8 1) . 

The extra increas e in dry mat t er yield over the check due t o  irr i­

gation varied from 1 6 15 kg /ha ( . 7 2 t on/acre)  per cu t t ing for the 2 0  p lo t  

average to 1856  kg/ha ( . 8 3 t ons / acre) p e r  cut t ing for t h e  35 and 35G 

p lot averages .  As s uming four cut t ings per year that re lat es t o  a range 

of 6460 kg/ha- 7 4 2 4  kg /ha ( 2 . 8 8- 3 . 3 1  t ons / acre ) for alfalf a  dry mat t er 

y ield increas es . At $ 5 5 / 1000 kg ( $ 5 0 / ton ) that would amount t o  $ 3 5 5-

$ 40 8 /ha ( $ 144-$ 1 6 5 / acre ) increase in gros s revenues .  

Water t ab le prob lems showed up at the end o f  the s econd year in 

both the 50 and 35G p lo t s .  Los s o f  alf alfa p lant s  began at that t ime 

on the 5 0  p lot . By the end o f  the third year a 15- 20% reduc t ion in 

alfalfa p lant s had o c curred near the eas t lower end o f  the p lo t  



Tab le 12 . Mo is ture and y ie ld data o f  alfalfa p lots 1980- 1982 , dry mat ter . 

Cumulat ive Cumulat ive 6Storage p lus 
rainfall irr igat ion Total Seas onal leaching+RO 

Treatment Year em( in) *  cm ( in)  cm( in)  ET , cm ( in) cm ( in) 

50 1980 40 ( 15 . 6 ) 120 ( 4 7 . 1 ) 160 ( 6 2 . 7 )  7 7  ( 30 . 3 ) 8 2  ( 32 . 3 ) 
19 81 27 ( 10 . 5 )  1 0 8  ( 4 2 . 5)  135 ( 5 3 . 0) 76 ( 2 9 . 8) 59 ( 2 3 . 1 )  
1982 4 8  ( 19 . 0 ) 7 8  ( 30 . 9 )  1 2 6  ( 49 . 9 ) 7 6  ( 2 9 . 9 ) 5 1  ( 19 . 9 )  
Avg .  3 8  ( 1 5 . 0) 102 ( 40 . 2 )  1 4 0  ( 55 . 2 ) 7 6  ( 30 . 0) -- --

35G 1980 40 ( 15 . 6) 95 ( 3 7 . 3 ) 135 ( 5 2 . 9 ) 1 7  ( 30 . 3) 57 ( 2 2 . 5 ) 
1981 27 ( 10 . 5 )  75 ( 29 . 7 ) 102 ( 40 . 2 )  7 6  ( 29 . 8) 26 ( 10.  3 )  
1982 4 8  ( 19 . 0) 45 ( 1 7 . 8 )  9 3  ( 36 . 8 )  7 6  ( 2 9 . 9 ) 18 ( 6 . 9 )  
Avg . 36 ( 15 . 0) 72 ( 2 8 . 3)  110 ( 4 3 . 3 )  7 6  ( 30 . 0 )  -- - -

35 1980 40 ( 15 . 6 ) 94 ( 36 . 9 )  1 3 4  ( 5 2 . 5 )  7 7  ( 30 .  3) . 56 ( 2 2 .  2 )  
1981 27 ( 10 . 5 )  75  ( 2 9 . 7 ) 102 ( 4 0 . 2 )  7 6  ( 2 9 . 8) 26 ( 10 . 3 )  
1982 4 8  ( 19 . 0) 45 ( 17 . 8 ) 9 3  ( 36 . 8 )  7 6  ( 2 9 . 9 ) 18 ( 6 . 9 )  
Avg .  38 ( 15 . 0) 71 ( 2 8 . 1 )  1 1 0  ( 4 3 . 2 )  7 6  ( 30 . 0) -- --

2 0  1 980 40 ( 15 . 6 ) 66 ( 2 6 . 0 ) 106 ( 4 1 . 6 )  7 7  ( 30 . 3) 2 9  ( 1 1 . 3 )  
1981 27  ( 10 . 5 )  4 3  ( 16 . 9 ) 7 0  ( 2 7 . 4)  7 6  ( 29 . 8 ) -6 ( - 2 . 5 )  
1982 48 ( 19 . 0) 2 7  ( 10 . 5 )  7 5  ( 29 . 5 ) 7 6  ( 29 . 9 ) -1 ( - 0 . 4 )  
Avg . 3 8  ( 15 . 0) 45 ( 17 . 8 ) 84 ( 3 2 . 8) 7 6  ( 30 . 0) - - --

Check 1980 40 . ( 15 .  6) 0 ( 0 . 0) -- -- 17 ( 3 0 . 3 )  - 3 7  ( - 14 . 8 ) 
1981 27 ( 10 . 5) 0 ( 0 . 0) -- -- 7 6  ( 29 . 8 ) -49 ( - 19 . 4 ) 
1982 48 ( 19 . 0) 0 ( o .  0) -- -- 7 6  ( 29 . 9 ) - 2 8  ( - 10 . 9 )  
Avg .  3 8  ( 15 . 0) 0 ( 0 . 0) -- - - 7 6  ( 3 0 . 0) -- --

20G 1982 48 ( 19 . 0) 2 7  ( 10 . 5 )  7 5  ( 2 9 . 5 ) 7 6  (29 . 9 ) -1 ( -0. 4 )  

*May 1 � Oc t ober 3 1  
tBased on las t three cut t ings , 1982 . 
RO=run-off 

Average per 
cu.t t ing y ie ld 
kg/ha ( t ons/A) 

2 1 7 9  ( 0 . 9 7 )  
2 6 9 6  ( 1 . 20) 
2 606 ( 1 . 16) 
2 5 1 6 ( 1 . 1 2 )  

24 7 1  ( 1 . 10) 
2 4 7 1  ( 1 . 10) 
2 808 ( 1 . 2 5 )  
2 5 7 7  ( 1 . 15 ) 

2 22 4  ( 0 . 9 9 )  
2 6 9 6  ( 1 . 20)  
2 7 4 1  ( 1 . 2 2 )  
2 5 7 9  ( 1 . 1 5 )  

2 1 34 ( 0 . 9 5 )  
2 2 46 ( 1 . 00) 
2 6 7 3  ( 1 . 19 ) 
2 3 38 ( 1 . 04 ) 

12 3 5  ( 0 . 5 5 )  
0 ( 0 .  00) . 

899 ( 0 . 40) 
7 2 3  ( 0 . 3 2 )  

2 3 36 ( l . 04 )
t 

w 0) 



Tab le l3 . S ingle degree of freedom part it ions of treatment sum o f  
squares for  alfalfa y ie lds ( kg/ha), 1980-1982. 

1980 
(3 cuttings) 

198 1  
( 4  cuttings) 

1982 
(4 cuttings) 

TOTAL 
( Based on 
first 3 
cuttings) 

Partition DF 

T�TimNT 4 
50 VS ( 35+35G+20) 1 
35 VS ( 35G+20+50) 1 
35G vs (20+35+50) 1 
20 vs ( 3S+50+35G )  1 
Check vs ( 35+5 0+35G+20) 1 

ERROR 40 

TREATMENT 4 
50 VS (35+35G+20) 1 
35 vs (35G+20+50) 1 
35G VS (20+5 0+35) 1 
20 VS ( 50+35+35G ) 1 

· Check vs ( 50+3S+35G+20) 1 
ERROR 55 

TREATMENT 4 
so vs ( 35+35G+20) 1 
35 vs ( 35G+20+50 ) 1 
35G vs (20+50+35) 1 
20 vs ( 50+35+35G ) 1 
Check vs ( 50+35+35G+20) 1 
20G vs (50+35+35G+20) t 1 

ERROR 55 

TREATMENT 4 
50 vs (35+35G+20 ) 1 
35 vs (3 5G+20+50 )  " 1 
35G vs ( 20+50+35) 1 
20 VS (50+35+35G) 1 
Check vs ( 50+35+35G+20) 1 

ERROR 160 

*Signi ficant at the .05 level. 
**Signi ficant at the .01 level .  

tBased o n  last three cuttings of 1982. 

s s  

36 61.0 
38.0 

2.2 
276.0 

7 8.0 
3369.0 
5346.0 

27944.0 
193.0 
225.0 

25.0 
57 1.0 

27 183.0 
5436.0 

14255.0 
61.0 

7.0 
67.0 

9.0 
14150.0 

7 4.0 
7629.0 

41063.0 
0.2 

94.0 
115.0 
436.0 

405 8 7.0 
2486 7.0 

MS 

92 1.0 
38.0 

2.2 
2 7 6.0 

7 8.0 
3369.0 

133 •. 7 

6986.0 
193.0 
225.0 

25.0 
5 7 1.0 

27 183.0 
9 8  . •  8 

3565.0 
61.0 

7.0 
67.0 

9.0 
14150.0 

74.0 
139.0 

10266.0 
0.2 

94.0 
115.0 
436.0 

4058 7.0 
155.0 

39 

F 

6. 8 7  * *  
0.29 
0.02 
2.0 7 
0.59 

25. 21· ** 

70.56 ** 
1.95 
2.27 
0.25 
5. 7 7  * 

27 5.02 ** 

25.69 ** 
0.82 
0.09 
0.91 
0.12 

190.9 1 ** 
0.98 

66.04 ** 
0.001 
0.6 1 
0.7 4  
2.80 

261.15 ** 
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( Figure 12 ) .  This was caused b y  ei ther reduced aeration caus ed b y  

saturat ion or disease b r ought ab out b y  saturat ion o r  b oth . I t  was 

ev ident on all p lo t s  that as local sur f ace water  movement inc reased 

due to reduced inf iltrat ion and /or saturated s o ils , dep ress ional areas 

. and border s o i ls re ce ived increased water amounts . I f  the proj e c t  

were to be con t inued wi t h  t he s ame hydraulic load ing r ates , the 50  

p lo t  would certainly furthe r  dec l ine in y ield b ecause o f  continued 

alf al f a  p lant los ses . In 19 8 2 , t reatment 5 0  was the only p lo t  whi ch 

showed a decline in yield ; however ,  i t  was no t s igni fi cant . All other 

treatment s  increas ed in yie ld f r om t he previous year . 

Treatment 3 5G did show s i gns o f  p o t ent ial alfalfa p lant reduct ions 

with ye llowing of p lant s  in a p low f urrow t he length of the plot 

(Figure l3 . ) . Local water movement caused incr eased amoun ts o f  mo is t ure 

app lied t o  t he lower area . The water t ab le was within . 9  met er s  

( 2 . 9  f t )  o f  the surf ace at  that t ime accord ing to the neu t ron acces s tub e . 

E f fe c t s  of Gypsum Amendment s  

As ment ioned ear lier , t he amendmen t required f o r  treatment 3 5 G  

i n  1 9 80 was app l ied i n  Septemb er 19 80 . The ef fect s o f  that app l i c a t ion 

wou l d  be seen at the f o llowing s o il s amp l ing and analysis ( f a l l  1 9 8 1 ) , 

if one were t o  look at annua l  e f fect s only . However , suct ion t en­

s iome ters were used throughout the irrigat ion season to ext r act s o i l  

water samp les in addit ion t o  s o i l  samp l ing . Figure 14 is a graphi c a l  

rep res ent at ion o f  the concentrat ions of  s o lub le sodium for 1 9 8 1  on 

p lot 3 5G .  I f  gyps um  i s  e f fec t ive i n  removin g sod ium from the exchange 

comp lex over the wint er and spring months , an in cre as e in the s o lu b le 

s od ium concent rat ion should o c cur and b e  evident in the early part  of  
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Figure . 12 . Dep i c tion o f  the alfalfa populat ion reduct ion at the low 
end of the 50 p lot Augus t 1982 . 
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F i gure 1 3 .  A 19 8 2  p i c t ure o f  35G p lot b e f o re harves t .  A p low f urrow 
runn ing the length o f  the p lo t  ac cumulated l o c a l iz ed 
run-o f f  and c r e at ed the y e l lowing o f  the a l f al fa . The 
wat e r  t ab le was approximat e ly 1 . 3 meters b e l ow the sur­
face a c c o r d ing to the ob servat ion wel l .  
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the f o llowing se ason . July 6 ,  19 8 1  was the ear lies t date that soil  

ext ract samp les we re ob tained from the 3 0  and 45 em dep ths and they 

both show sodium leve ls higher than in the other t rea tment s  on that 

date ( Figures 1 4  and 15 ) . As irr i gat ion amount s increas ed over the 
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seas on ,  sodium levels at  the 3 0 , 4 5 ,  and 60 em dep ths de creased whi le 

the s odium a t  the 9 0  em dep t h  increas ed .  There ap peared to b e  no change 

in the s od ium level at the 1 2 0  and 150 em dep th for 19 8 1 .  I t  would 

appear tha t as the SARiw increased and the cumu lat ive irr i gat i ons in­

creas ed , t he s o lub le s od ium moved from the upper layers and was dep o s i t ed 

int o t he 9 0  em dep t h .  Nume r ical values o f  the concentrations are p re­

sent ed in App endixes A ,  B and C for the 3 years . 

S o lub le sodium concentrat ions gradually increas ed at the 3 0 , 4 5 ,  

and 60 em dep ths for a l l  treatment s in 1980 . However , the concen t r a­

t ions at the deeper dep ths all  remained f ai r ly low and cons t an t  for the 

f irst  year (F i gure 16 ) .  Ap paren t ly mo s t  of the sodium i s  s taying in 

the t op me ter , at leas t for the f ir s t  two s easons . 

P lo t  2 0  for 19 80 d is p layed an except ion to this  at the 150 em 

dept h  with 690- 2 3 6 0  ppm sodium near the end of the irrigat i on season . 

A one-t ime samp le in Novemb er from the 20 p lo t  showed 1 2 , 200 ppm s o lub le 

s od ium in the top 30 em. This small amount of evidence indicates  t hat 

light infrequent irr iga t i on amoun ts can be devas t at ing t o  soil s t ructure 

by concentrat ing the app l ied sod ium near the surf ace . 

For 1 9 8 1 , on t reatment 35G , EC, chlor ide , and s od ium t r ends show 

much the same pat tern f or the 30 ,  45 ,  and 60 em dep ths . Thi s  ind i cates 

that a large port ion of  t he cat ions and anions cont rib u t ing t o  the salt  

load are sodium and chlo r ide . However ,  for the 9 0 , 120 , and 150 em 



" 1 8 61 

' 0 � � o1 d lliO� J q � dap pu� am1 � q�1� s 1 aAa1 mn1 p o s  a1 qn1 o s  · �1 a�n� 1d 

SODIUM (Na) -ppm-
1 � � � � 

� � w � m � m o N w m 
w• � o m o m o m o m o 0 0 0 0 0 0 0 0 0 0 0 0 0 }:----�- I � I I I I I t I I 

10  . 

* * .. + *  .. +· 
20 1------ � . I I ; I J L L I f;; . . '* "- '+ "4- G'J  
30 ! * ..... .., rn : ll .., OI If i i i D I Z 

'* ,_. -, ._.. '""' � Q) CD .e.. W c  
:r. ._.. :l CJ1 N O O UJ O 

40 1 .  · co o o n 
� --- . 

-� 't �-
8106 12  

' ..... �- . 
50 l______ ). ..... �1* · · . .  810819 

I ..,., : 

80 1�-----;.. '* � : 810828 
I I \ 
I I \ 

70 r------ L I 

\. 
·. 8 10708 en � � , �  0 

• I f ,: ...,. 

------- {.. � � 8 107 14 r-� 80 1 \ 1: m 
3: �---· .. .. 4 ;.:  8 1072 1 � 
m :. ' \ ,.. :J:J 
- 90 . '"- )ec ''t 810728 � 
� \ t .... 
� 1 00 ).i..: 810804 t'Ji 
'C ). ). 8108 1 1  0 
.. � • o ' ' • 
� • • ,.. fee 8 108 18 tO 
x I \ CD 
� 1 20 ,____ }. "" 8 10826 � 

I t 
� 130 4. \.: '\.._ i :.J.. 8 10904 

\ 
\ 

1 40 J.:...___ \ 
\ 

\ 
1 50 l· \ 

\ L \ 8 10929 

160 l. '\ � \. \ 8 1 1007 
\ 

170 l: \. "'--- \_ 81 1 0 15 

1 80 . .  

1 90 

�+J 

• I I I I 
O N UJ ·..._, � �  • • • • 0 N O UI 14 CD •  • 

N '-1  
WATER (em) 



8 

EaO J 08 

LOO i 08 
EOO i 08 

s;aeooe 

Si BOOB 

i l BOOB 

-------------------- pa11 d d� wnsdAB 
eaaooe 

0 i .. oaeooe 

I 
E i BOOB 0 &n .. 

... (..) � ... X w 
_, .... � 

0 0 0 0 0 0 0 0 0 0 0 In 0 In 0 In 0 &n 0 In V) ('I') N 0 CJ') " CD ... t") .. .... .. .. .. 
-wdd- (&N) �n iOOS 

(WO) t::I3J.VM 
N • CO  .. &n 0 0 . . . . .... ,.... &n N 0 1�1 

I 
I 

.. -
I I 
I I 
II II -

-« 
\ ---�1 \ ----
\ I �---� 

---� 

46 

OB l 

OBI 

OL l 

09 i 

09l 

ov l 

OE ' -.. 
oa l 

> t'G z 
� - O l l (IJ t'G Q. 

----:t OOl en >-t'G - ----.. s 
OS w ------ z 

.: 08 
..... ... 

-----
- OL 

-� 
09 

. 
-- og : 

ov 

. 
, _ _ ___. OE 

·------· 
oa 

-: Oi 

0 0 0 
an .. I 

Figure 1 6 . S o lub le s od ium f i e ld extracts  b y  depth from p lo t  5 0 , 1 9 80 . 
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dep th , it ' s  ano ther s t ory .  Chloride seems t o  b e  the maj or an ion , but 

sodium is not the dominan t cation . C alcium f rom the gypsum and magne­

s ium ( exchanged f or calcium on the soil  comp lex) mus t be the dominan t 

cat ions . In ob servat ion we ll analyses , magne s ium is 4-9 t imes h igher 

in the 35G over the o ther treatment s  but calcium seems to be s imi lar 

to the o ther p lot s (Appendix G) . 

Soil s amp ling analyses f or the various years on the differ en t  

p lots are averaged for three s ites p er treatment and pr esented in 

Tab le 14 . In determining the e f fe c t ivene s s  o f  gypsum app licat ions , 

the exchangeab le sodium percent age ( E SP ) i s  used as a guide . U s ual ly , 

increas ing the E SP will cause decreas ing s o i l  permeab ili t ies;  howeve r , 

more research is needed t o  de t e rmine what e f fe c t  o ther parame t e r s  have 

on caus ing a s i gn i f ican t  realis t i c change of soil  permeab i lity . 

I t  mus t  b e  under s t ood that annual or semi-annual s o i l  samp lings 

may not be suf f i c ient t o  de t ermine a crit ical s i tuat ion whi ch may occur 

in the s o i l  dur ing an irr igat ion seas on . Let ' s  go through an examp le .  

S uppose soil s amp les were t aken in the fall o f  19 80 and E SP ' s  on the 

2 0  p lo t  at  the 3 0  em depth were 6 . 7% (Tab le 14) . Then samp les wer e  again 

taken in the spring o f  19 8 2  and ESP ' s  were 1 1 . 1% . According t o  the 

soil s amp les t aken in the fall of 1982 the ESP ' s  wer e  almo s t  16% and 

they may have b een hi gher ye t af ter a part icular ho t spe l l  during the 

wet t in g  and dry in g  cyc le of that s umme r , s ome thing I wil l  call a " crit­

ical period" . S o il dispers ion may have oc curred during this cri t i cal 

period with soil c lay par t i c les moving downward t o  even tua l ly clog  pore 

spaces and reduce permeab i l it ies . The ESP may have app roached 20  or 

even 4 0  for that in terval which caused the damage , however ,  the only 



Tab le 1 4 .  Chemical soil analysis 1980- 1982 . Average of 2- 3 sites per p lot  per depth . 

'l'reat Depth kEk (•!llQOg} Excha�eable Na l••Ll OO�� ESP SAR of aoi l aolu t i on 
•e n t  Cll 1 *  2 3 4 5 1 2 3 4 5 i 2 3 4 5 1 2 3 4 5 

---- ---- - --- - - -- ---- ---- --- - -- - - - --- ---- ---- ---- ---- ---- ---- - --- - --- ---- ----
2 0  0 - 3 2 4 . 6  1 . 0 4 . 1  2 . 3 

0 - 1 5  2 1 . 6  2 2 . 4 2 . 4 1 . 5  1 1 . 0  6 . 9 6 . 1  6 . 2  
1 5 - 3 0  2 3 . 5  2 3 . 0  2 . 6 2 . 3 1 1 . 2  1 0 . 1  7 . 5  6 . 2  

0 - 3 0  1 9 . 8  2 1 . 2 2 0 . 2 0 . 4  1 . 4  3 . 2 2 . 1 6 . 7  1 5 . 1  1 . 4  3 . 5  6 . 2  
30 - 6 0 1 9 . 0  1 5 . 6  1 8 . 6  1 9 . 0  0 . 2 0 . 5  1 . 5 1 . 4  1 . 1  3 . 3  7 . 8  7 . 6  1 . 1  0 . 4  2 . 3  5 . 2  
6 0 - 9 0  1 4 . 1  1 1 . 5 1 3 . 5  1 4  . o  0 . 4  0 . 5 1 . 6  0 . 7  2 . 9 4 . 0  1 1 . 8  5 . 1  1 . 5  0 . 9  1 . 4 2 . 1  

9 0 - 1 2 0 1 3 . 7  1 4 . 1 1 3 . 9  1 3 . 5 0 . 5 1 . 1 1 . 1  0 . 7  3 . 4 8 . 1 8 . 1 5 . 3 1 . 6 2 . 5  2 . 2  1 . 5  

3 5  0 - 3  2 1 . 0  1 . 2  5 . 8 3 . 6  
0 - 1 5 1 9 . 7 2 1 . 5  1 . 8  1 . 6 8 . 8 7 . j  6 . 0 5 . 4  

1 5 - 30 1 9 . 9  2 1 . 3  2 . 1  1 . 7  1 0 . 7  8 . 2 6 . 7  7 . 0  

0 - 3 0  1 7 . 5  1 8 . 7  1 8 . 3  0 . 5  1 . 3 1 . 7  3 . 0 7 . 1 9 . 2  2 . 4  4 . 3  7 . 8  
3 0 - 6 0 1 5 . 0 1 5 . 5 1 5 . 2 1 7 . 7  0 . 1 0 . 5 1 . 4  1 . 7  0 . 8 3 . 2  9 . 3 9 . 4 0 . 5  1 . 3  6 . 5  1 . 1  

6 0 - 9 0  1 1 . 7  1 2 . 8  1 2 . 7  1 2  . o  0 . 1  0 . 4  0 . 8 1 . 9 1 . 1  3 . 5  6 . 3  1 5 . 8  0 . 4  1 . 0  2 . 7  4 . 9  
9 0 -1 2 0  1 3 . 9  1 7 . 0 1 4 . 8  1 3 . 9  0 . 3  0 . 6  0 . 6 1 . 0  1 . 9  3 . 5 4 . 3 7 . 0  o . s  1 . 6  0 . 8 2 . 3  

35G 0 - 3  2 5 . 1  1 . 0  4 . 0 4 . 0 
0 - 1 5 2 1 . 4 2 1 . 0 1 . 6  1 . 6  7 . 4 7 . 5 5 . 3  4 . 7  

1 5 - 30 2 0 . 8 2 0 . 8  2 . 2  1 . 9 1 0 . 5  9 . 0  6 . 6  5 . ti  

0 - 3 0  1 9 . 6  1 9 . 6  0 . 4  2 . 2  2 . 3 1 1 . 0  1 . 6  6 . 8  
3 0 - 6 0  18 . 4  1 8 . 4  1 9 . 6  0 . 2 1 . 3 1 . 7 1 . 3  6 . 9 8 . 9 0 . 4  5 . 6  6 . 1  
6 0 - 9 0  1 3 . 5  1 6 . 8  1 3 . 5  1 7 . 8 0 . 4 0 . 3  0 . 7 1 . 6  2 . 9  1 . 6  5 . 3 9 . 3  1 . 0  o . s  3 . 5  4 . 5  

9 0 - 1 2 0  1 6 . 2  1 2 . 9 1 2 . 9  1 . 3  0 . 5  1 . 0  7 . 9 4 . 0  8 . 1 2 . 4  0 . 9  3 . 2  

5 0 0 - 3  2 2 . 0  1 . 5  6 . 8 5 . 6  

0 - 1 5  2 1 . 9  2 2 . 2 1 . 9  1 . 7  8 . 4 7 . 7 6 . 2  5 . 6  

1 5 - 30 2 0 . 0 1 9 . 3  2 . 2 2 . 0  1 1 . 0  1 0 . 2  6 . ti  6 . ti  

0 - 3 0  1 7 . 5 1 8 . 4  1 7 . 9 0 . 8  1 . 5 1 . 8 4 . 6  7 . 9  1 0 . 2  3 . 3  5 . 1  7 . 9  
3 0 - 6 0  1 6 . 6  1 1 . 2  1 3 . 9  1 7 . 0  0 . 4  0 . 6 1 . 4 1 . 7  2 . 3 5 . 4  9 . 8  1 0 . 0  0 . 7  2 . 9  7 . 9  7 . 1  
6 0 - 9 0  1 0 . 3 1 0 . 5 1 0 . 4 1 6 . 0  0 . 2  0 . 4  1 . 0  1 . 4  1 . 6  4 . 0  1 0 . 0  8 . 9 0 . 4  1 . 3  4 . 6  6 . 3 

9 0 -1 2 0  1 2 . 6 1 2 . 9  1 2 . 7  1 7 . 5 0 . 2 0 . 2 0 . 6 1 . 8  1 . 2  1 . 8  4 . 8 1 0 . 4 0 . 3  0 . 5  4 . 2  5 . 0  

20G 0 - 3  2 4 . 6  0 . 8 3 . 1 2 . 1  
0 - 1 5 2 2 . 5 2 2 . 4 2 . 0 1 . 4  8 . 7 6 . 1 6 . 3  3 . 6  

1 5 - 30 1 9 . 1  2 2 . 9  2 . 0 2 . 2  1 0 . 4 9 . 8  7 . 7  6 . 2 
0 -3 0 

3 0 - 6 0  1 5 . 1  1 . 4  9 . 5 4 . 5  

6 0 - 9 0  14 . 7 1 . 0 6 . 7 2 . 6  

9 0 - 1 2 0 1 8 . 2  1 . 0 5 . 5  2 . 0 

-'=" 
(X) 



Tab le 14 ( cont inued ) .  

Trea t  Depth Exchangea ble Mq <•ell OOgJ E x chanleable Ca <•e/1 00)� p!(pa s te ) EC S a t. E x tr . ( US/ca) 
ent em 1 * 2 3 4 5 1 3 4 I 2 3 4 5 1 2 3 4 5 

---- ---- ---- ---- - - -- ---- ---- ---- ---- ---- ---- - --- - --- -- -- - - -- - - -- ---- - -- - - --
2 0  0 - 3  6 . 5  1 7 . 4  7 . 1  5 7 9 

0 - 1 5  5 . 1  5 . 5 1 3 . 6  1 7 . 0 6 . 4  7 . 3  1 7 2 4  7 8 8 
1 5 - 3 0  5 . 4  4 . 3  1 5 . 0 1 7 . 3 6 . 3 7 . 4  2 U 9 2  8 7 6 

0 - 3 0  5 . 3  6 . 8  2 0 . 8 3 9 . 5 7 . 0 7 . 5 7 . 2  9 6 0 2 1 4 8  3 1 5 8  
3 0 - 6 0  6 . 5  8 . 9 5 . 3  3 9 . 7  4 5 . 0  4 5 . 4  7 . 3  7 . 6  7 . 6  7 . 6  8 5 1 1 4 5 3  3 8 5 7  1 6 5 2  
6 0 - 9 0  1 2 . 0  8 . 8 8 . 9 5 2 . 6  4 0 . 4  4 5 . 9  7 . 9  7 . 7  7 . 8  7 . 8  2 8 1 5 2 7 4 6  2 2 5 7  2 6 4 3  

9 0 -1 2 0  1 3 . 7  1 3 . 8  1 1 . 7  4 7 . 7  3 9 . 9  4 4 . 3  7 . 7  8 . 0 8 . 0  7 . 7  2 4 1 6 3 7 8 3 1 1 6 9  4 9 5 6  

3 5  0 - 3  6 . 8 1 6 . 9  7 . 6  9 0 3  
0 - 1 5 4 . 7 5 . 2  1 4 . 2  1 5 . 2  6 . 7 7 . 2 1 5 7 2  1 3 9 9 

1 5 - 3 0 4 . 5 4 . 7 1 5 . 5  2 1 . 9 6 . 7  7 . 4 1 3 3 1  1 4 0 7  
0 - 3 0  3 . 9 5 . 4  1 7 . 3  2 8 . 6  6 . 9 7 . 2  7 . 4  1 5 9 2  1 6 9 4  2 6 6 5 

3 0 - 6 0  4 . 7  8 . 1 5 . 2  34 . 7  5 1 . 6  4 6 . 3  7 . 5  7 . 6  7 . 5  7 . 9 1 06 6  2 4 2 9  3 3 9 3  1 4 7 1  
6 0 - 9 0  5 . 7 1 0 . 8  8 . 6 4 4 . 1  5 4 . 8  4 6 . 9 7 . 9 7 . 6  7 . 7  7 . 9  7 8 6  3 5 8 4  2 7 9 8  1 9 2 7  

9 0 -1 2 0  6 . 2 1 2 . 3  1 3 . 2  3 6 . 5  4 8 . 4  4 5 . 0 7 . 9  7 . 6  7 . 6  7 . 6  7 0 6 5 1 8 7  5 0 8 6  2 8 3 6  

3 5 G 0 - 3 5 . 2  2 1 . 1 7 . 5  1 3 4 3 
0 - 1 5  4 . 3  5 . 9  1 6 . 2  1 8 . 5  6 . 7  7 . 2 2 7 5 3  1 7 0 0  

15 - 30 4 . 3  5 . 5  1 6 . 2  2 1 . 9  6 . 3  7 . 2 2 1 5 8  1 8 0 5  
0 - 3 0  4 .  7 2 4 . 0  7 . o  7 . 1  1 2 3 3  3 9 0 0  

3 0 - 6 0  6 . 2  6 . 0  5 0 . 0  2 2 . 9  7 . 3  7 . 4 7 . 7  6 5 5  3 5 8 2  1 6 5 4  
6 0 - 9 0  7 . 6 7 . 8 8 . 8  4 9 . 9  2 2 . 4 4 6 . 4  7 . 9  7 . 6  7 . 6  7 . 7  2 0 0 1  1 6 8 4  2 9 0 3  2 3 0 3  

9 0 - 1 2 0  1 3 . 6  9 . 7 1 2 7 . 3  4 6 . 6  7 . 9  7 . 8  7 . 7  8 3 3 2 4 4 7 6  3 5 0 5  

5 0  0 - 3  5 . 9  1 5 . 4  7 . 3  2 4 0 2  
0 - 1 5  5 . 3  4 . 3  1 4 . 6  1 4 . 2  6 . 8 7 . 2  1 8 0 8  1 8 3 6  

1 5 - 30 5 . 1  3 . 5  1 5 . 3  1 4 . 6  6 . 7 7 . 4  1 7 4 6  1 6 2 4  
0 - 3  0 3 • 8 4 .  3 1 6  • 2 16 • 8 7 .  0 6 • 9 7 • 2 1 3 1 4  1 8  8 0 1 9  2 5 

3 0 - 6 0  4 . 0  4 . 1  3 . 1  2 7 . 7 3 4 . 4  3 4 . 1  7 . 8  7 . 5 7 . 5  7 . 7 8 6 9  1 4 0 4  2 2 9 8  1 7 3 1  
6 0 - 9 0  4 . 9  5 . 1 3 . 8  4 0 . 8  4 0 . 7  4 3 . 5  8 . 1 7 . 7  7 . 9  8 . 0 8 5 9 1 3 4 1  2 2 7 7  1 5 6 9  

9 0 -1 2 0  9 . 5  1 1 . 0  7 . 9  3 8 . 0  4 0 . 4  4 4 . 7  8 . 1 7 . 8  7 . 7  7 . 9  8 50 1 1 ti 0 2 3 6 7  1 6 6 9 

2 0G 0 - 3  4 . 5  2 2 . 0  7 . 2  1 8 4 0  
0 - 1 5  5 . 5  3 . 7 1 5 . 9  1 5 . 4  7 . 0  7 . 0 1 4 4 9  1 4 7 6  

1 5 - 3 0  4 . 0  4 . 8  1 6 . 2  1 6 . 1  6 . 3 7 . 0  1 4 9 4 1 5 6 9  
0 - 3 0  

3 0 -6 0  5 . 8  4 2 . 5  7 . 3  2 2 5 8  
6 0 - 9 0  9 . 5  4 4 . 4  7 . 7  2 6 8 5  

9 0 - 1 2 0  14 . 5  4 1 . 1  7 . 8 4 32 3  

*Sampiing dates : 1•Sp r180 , 2•Fa l l 180 , 3- Fa l l ' B l , 4•Sp r ' 82 ,  5•Fal l ' 82 � 1.0 
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d a t a  availab le t o  j us t ify t h e  dispersi on damage is an ESP level be tween 

6. 7 and 11 . 1% . 

A p os s ib le r eas oning f or t he p o t ent ially higher ESP as s ump tion 

is : If  a farmer is app ly ing irr igation water t o  the s o il dur ing a 

season t o  supp ly the crop with i t s  mo i s t ure demands , usua lly very lit t le 

leach ing , if any , is t aking p lace ove r  a 3 or 5 month p er iod . In some 

cases , new irrigat ors may b e  wet t ing only t he t op 30-45 em o f  s o i l  with 

each irrigat ion . Af ter an i rr ig at ion event , suppose the top was wet 

to f ie ld capacity and ET b egan t o  draw mois ture back out to the sur f ace . 

As the water vo lume decreas es in the s o il ,  the concentrat ion o f  each 

ion increas es . The f ir s t  ions which tend t o  p recip itate are the leas t 

solub le ino rganic c ompo unds such as CaC03 and MgC03 (high b i carbonat es 

are reduced t o  c arb onates as  concentrat ion increas es )  and the las t 

ions t o  precip i t at e  during drying are the Na , C l ,  and S04 . Dur ing 

this  proces s , the SAR of  the s o i l  s o lut ion increas es wi th decreas ing 

soil moisture volumes . There f ore , it is quite imp o r t ant t o  thorough ly 

we t the soil  t o  greater dep ths to d i s t r ib ut e  salts  more evenly and 

then try to keep the s o i l  from c omp le t ely dry ing out near the s o i l  

sur f ace . I f  the s o i l  sur face does dry out and the s o lub le calcium is 

precipit ated in the f o rm of CaC0 3 , unles s  soil pH values are below 

7 . 8 (Tab le 15 ) , very lit t le calcium will come b ack into s o lut ion upon 

rewe t t ing . I t ' s  imp o r t ant t o  rememb er that at each irriga t i on addi t ional 

amount s  of C a ,  Mg , and Na are moved int o  t he s oi l  s o lut ion and that the 

ab ove p o tential exi s t s  throughout the irrigat ion season . 



Tab le 15 . Solub il i t ies o f  CaC03 a t  various pH ' s . (Taken from the 
U . S . D . A . Handbook N o . 6 0 . ) ( Atmospheric pC02 ) .  

pH value o f  CaC03 s a turated s o lut ion 

6 . 2 1  
6 . 5 0 
7 . 12 
7 . 85 
8 . 6 0  
9 . 20 

10 . 12 

S olub ility o f  CaC03 (me / 1) 

19 . 30 
14 . 40 

7 . 10 
2 . 7 0  
1 . 10 
0 . 82 
0 . 36 

By looking at the ESP levels of the s everal treatmen t s  from 
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Tab le 14 , i t  app ears that the p lo t  with the leas t amount o f  wat er o r  

sod ium app lied t o  it , had the h ighes t  leve ls o f  exchangeab le sodium 

in t he s oi l  p ro file . In the firs t year o f  irrigat ion , p enetrat i on o f  

the water on plots  50 , 35 , and 35G was suf fic ient t o  move some s odium 

deepe r  in the s o i l  p r o f ile . The s o i l  was very dry prio r to  ini t ia t ion 

o f  the pro j ect ,  c onsequent ly , the s oil readily accept ed and moved water 

quickly deeper in the soil prof ile . Near the end o f  the second year , 

water movement downward became les s  and run-of f increased on the 5 0  

treatment .  For t he s e  two c ircums t ances , there are two d i f feren t  resul t s  

in E S P  values . 

Each o f  the p lo t s  rece ived the s ame frequency o f  irrigation b u t  

dif ferent amounts  each t ime . At the end o f  the fir s t  and second year , 

p lot  2 0  had more exchangeab le s od ium in the t op 120 em than the o ther 

treatments . In 19 8 2 , water t ab le p rob lems were evident on the 35G  

and 5 0  plot s .  Th is caused a re s trict ion in downward wat er movement 

when irrigat ion and higher rainfall amounts  came . Thus , p lo t  2 0  to tal 

soil exchangeab le sodium dropped and the other treatment s increas ed . 
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I t  was evident that the exchangeab le sodium levels at t h e  surface 30 em 

dropped on all treatments  f rom 1981-19 82 , probab ly due to the dilut ion 

of increased rainfall . 

Accord ing to  the ESP values , no dif ferences were evident between 

the gyps um and non- gypsum p lots  either for two annual applicat ions or a 

one- t ime heavy app lication . Keren and O ' Connor in 19 8 2  ( 18 )  conc luded 

that for sodic soil rec lamation ( exchangeab le sodium removal) , by in­

creasing the soil water velocity , the gypsum dissolut ion rate is de­

creased . Also , they said that the calcium concentrat ion in solu t ion is  

dependent on both the  dissolution rate  coef f icient and the  contact t ime 

between an e lemental vo lume of  wat er (soil water velocity)  and a uni t  of 

surface area of  gypsum fr agments . Non- incorporated lar ge f ragment s  of  

gypsum , then , would not be  as  e f fective in  sodium removal as wel l­

incorporated powdered gypsum. They also found that the e f f iciency of 

replacing Na by Ca in soil  of  ESP = 20 was a function of  soil wat er 

velocity and that reali s t ic values for Na removal were between 5 2  and 

81% for various soil wat er ve locit i es . The water velocit ies they were 

working with were 13 . 5 ,  2 . 9 ,  and 1 . 16 em/hr . 

Th is reclamat ion s t udy would cert ainly indicate that tryin g  t o  

remove exchangeab le sodium with high annual rates of wast ewater would b e  

quite ine f f icient f o r  gypsum utilizat ion in addit ion t o  add ing heavy 

amount s  of  magnes ium sulf ate to the ground waters ( refer t o  ob servat ion 

well water quality , App end ix G ) . The obvious answer to this type o f  

prob lem would b e  to  mix the gypsum into the irr igat ion water p r ior to  

app lication and prevent s od ium attachment . Ground waters wou ld s t i ll 
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b e  receiving magnes ium sul f ates but becaus e gypsum utilizat ion ef f i­

c iencies would be higher , the amount necessary to add would be les s  

to ac comp lish the same e f fects . 

One significan t point tha t should be mentioned is the d i f f erence 

in SAR of  the soil so lution be tween the 20 and 20G p lot for the 0- 15 em 

depth (Tab le 14) . The ca++/Na+ ratio for that dep th on the 2 0G p lot 

is 3 . 7  t imes highe r than for the same treatment without gypsum ( p lot  

20) in September 19 82 . The SAR' s f or that same dep th in the spring 

1982 (be fore gypsum) were 6 . 1 for the 20 and 6 . 3 for the 20G p lot . 

This indicates that a non-equilib rium condit ion exis ts . When the 

ESP >SAR , there is a gradient and a tendency f or the ESP to drop and 

for the SAR t o  increase . Cons equen t ly ,  in time , one would expect t he 

exchangeab le sodium t o  be reduced . This condit ion is caused by the 

increased concentrat ion of  ca++ due to the dissolut ion o f  the gyp sum.  

Saturated Hydraulic Conduct iv ity 

Usually , the soil ESP and e lectrolyte concentration are used as 

a measure to indicate s oil permeab ility . The relat ionship be tween 

these two parameters and saturated hydraulic conductivity (K0s ) on 

South Dakota soils is current ly being s t ud ied . 

The basic concern in us ing this type of wastewater for irr igat ion 

is to maint ain soil p ermeab ility and inf i ltrat ion capacity for perhap s 

20-25 years . This is an abso lute necessity for was tewater accep t ance 

and subsequent treatment . Consequent ly , it became necess ary t o  try t o  

evaluate the permeab ility dif ferences be tween the soils in each treat­

ment and the check. 

Firs t of  all , spr inkler or doub le-ring inf iltrome t ers were sugges ted 
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t o  ob t ain the results  des ired . However ,  a water tab le was presen t  

within . 6 7 met ers ( 2 . 2 f t )  o f  t h e  surface o n  the 50 p lo t  and 1 . 2 meters  

( 4  f t )  on  the  3 5G p lo t . Because o f  this , i t  was felt that the  s atu­

rated condit ions would quickly s low down the inf iltrat ion curve on 

those p lo t s  and a comparis on o f  that dat a t o  the data on the o ther 

p lot s would b e  dif f icult . In addi t ion t o  this , a check on the per­

meab i lity of the s o i l  surf ace was des ired withou t the presence o f  a 

res t r ic t ing boundary beneath . There f ore , i t  was decided t o  us e sma l l  

und is turbed s ur face c o r e s  t o  tes t i n  t h e  laboratory under s imilar 

envir onments . 

A shortage o f  b ras s s leeves and t ime prevented the co l le c t ion o f  

1 2  rep licat ions from eve ry treatment ; however ,  a suf f icient numb er o f  

samp les was ob t a ined f o r  c omparison purp oses . The K ( Gs ) dat a on a l l  

the cores i s  p resented i n  Tab le 16 . ( Refer to  Figures 10 and 11  for  

the equipment used  t o  ob tain t he values . )  Deionized wat er was used 

t o  pump through the cores f rom t he bot t om to  the t op to  reduce air 

entrapment in t he cores . Mercuric chloride was put in the wat e r  to  

inhib it bacterial growth during the t es t .  

The variab ility wit hin a t reatment among ob s ervat ions was very 

high . In f a c t  in a lmo s t  every case , the s t andard deviat ion exceeded 

the mean . The ana lys is o f  var iance , presented in Tab le 1 7 , 

bas i cally says that there i s  no dif ference b e tween treatment means 

at the . 05 leve l o f  s igni f icance . However , there is an algeb raic 

di f ference in the means with the check the fas t e s t  and 20G the s lowes t .  

Dunne t t ' s  tes t (Tab le 1 8 )  was us ed to compare the check mean agains t 

the t reatment mean for K ( Gs ) ;  however , no s igni ficant dif ference a t  
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Table 16 . Rep l i cat ions o f  satur at ed hydrau l ic conduc t ivity measure-
ment s for t he t op 3 em for the var ious t reatment s .  Values 
are averages f or the first  s ix hours (uni t s  are cm/hr ) . 

Treatment 
Check 50 3 5G 35 20 2 0G 

0 . 0 2 5 4  0 . 5 80 1  0 . 0 7 5 8  0 . 2 0 4 3  . 50 70 . 16 0 8  
0 . 185 8 0 . 2 8 6 5  0 . 0 1 9 8  0 . 0 1 1 8  . 00 7 8  . 00 3 1  
0 . 146 1 0 . 0 0 0 1  0 . 16 0 2  . 03 3 6  . 0 1 1 3  
0 . 2 3 7 1  0 . 1905  0 . 15 0 4  0 . 0079  . 02 3 9  . 0 2 8 5  
0 . 2 2 7 2  0 . 0069  0 . 3 7 6 1  0 . 0129 . 0 1 3 4  
1 . 0 5 1 7  0 . 0 5 4 7  0 . 3 309  0 . 0 7 0 8  . 0 0 15 
0 . 0 2 3 9  0 . 0 10 8  0 . 3 5 0 3  0 . 0490 
0 . 2 45 2  0 . 0 6 7 1  0 . 1 5 70 0 . 0 9 35 
0 . 0 9 8 3  0 . 0 2 1 8  0 . 0043  0 . 2 3 8 7  
0 . 13 7 4  0 . 0 1 7 2  0 . 1 8 4 4  0 . 002 3 
0 . 2 9 0 5  0 . 6 3 6 3  0 . 1 7 3 8  0 . 0 113 
0 . 642 7 0 . 0 9 0 5  o·. 0 2 2 6  0 . 02 12  

Tot a l  3 . 3 11 0  1 . 9 6 2 5  2 . 005 6 0 . 7 2 3 7  . 5 7 2 3  . 2 186  

Mean 0 . 2 75 9  0 . 1 6 3 5  0 . 16 7 1  0 . 0 6 5 8  . 143 1 . 03 6 4  

S . D .  0 . 2 9 2 9  0 . 2 2 4 7  0 . 1 2 8 7  0 . 082 6 . 2 4 2 8  . 0 6 1 7  

N 12  12 12 11 4 6 

S t d  error 0 . 0 5 6 4  0 . 0 5 6 4  0 . 0 5 6 4  0 . 0589  . 09 7 6  . 0 7 9 7  
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Tab le 1 7 . Analy s i s  o f  var i ance f o r  lab o rat o ry saturat e d  hyd r au l i c  
conduct ivity measurement s o f  t he sur face 3 e m  at t he com­
p let ion o f  t he p roj e c t . 

DF s s  MS F* 

Total 56 2 . 2 9 5 8  . 04 10 

Treatment s 5 0 . 3 5 0 6  . 0 7 0 1  1 . 84 

Error 5 1  1 . 9 4 5 2  . 0 3 8 1  

* C r i t ical v alue f or F . o 5 ( 5 , 5 1 )  > 2 . 40 . 

Tab l e  18 . Dunnet t ' s  
satur at ed 
s oi l .  

Check v s  5 0  

Check vs 3 5G 

Check vs 35 

Check vs 2 0  

Che ck vs 2 0G 

t e s t  o f  the check mean vs . t reatmen t means f or 
hydr auli c c onduc t iv i t i e s  o f  t h e  t op 3 em o f  

1 . 4 1  

1 . 3 6  

2 . 5 2  

0 . 9 6 

2 . 1 2  

*Crit ical value f or a = . 05 i s  d . 0 2 5  ( 5 , 5 1 ) 2 . 60 .  
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the . 05 level was determined . There appeared to b e  t oo much variab ility 

with in each treatment for dif ferences  in K ( Gs ) to b e  s ignificant . 

S ome o f  the d i ff eren ces may b e  s ignif icant , however ,  becaus e o f  two 

impor t an t  f actors . First , in determining the K (Gs ) value s , pres sure 

heads between tre atment s  were not cons t ant . Tab le 19 shows the varia-

tion in head b etween treatments and between groups of t es ts . 

Tab le 19 . Variation in pres sure h eads ( em) us ed to calculat e K ( Gs ) 
accord ing t o  Darcy ' s law .  

Check 5 0  

1s t s e t  2 0-25 4 5-60 

2nd s et 2 0- 2 5  40-45 

Treatment s 
35G 35 

104- 1 2 2  45-50 

3 7 - 4 0  30- 35 

20 2 0G 

2 5- 35 2 00-1000* 

*One core on the channel o f  s ix dr op ped dras tically in vo lume dur ing 
the 6 hour test  caus ing the marked increas e in pres sure . 

They vary from 2 0- 2 5  em for the check p lot to 200-1000 em for  the 2 0G 

p lo t . Darcy ' s  law ,  when pres sure heads change , does not hold t o  b e  

linear us ing thes e cores with this type o f  apparatus . There are o ther 

fact ors which cause hys t eres i s  in the theory . F igure 17 shows two 

treatment s  with 6 rep licat ions each and the subsequent K ( Gs ) values 

every 15 minutes for 6 hours . All s ix cores were on one channel with 

the pump deliver ing a c ons t ant f low rat e .  When one or two channe ls were 

clamped o f f  b ecause of b low-outs or s evere channeling , the pres sure head 

went up on the remaining cores . All precautions were taken t o  ins ure 

s imi lar pres sures t o  all c ores throughout the tes t , however , channeling 

or b low-out ' s  could not b e  p redicted . 

Second , the 2 0  and 2 0G p lo t  showed severe dispers ion when water was 

delivered to the cores . The first  few drops of e f f luent were t o t al ly 
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b lack indicat ing that t h e  part icles were disper s ed prior t o  wet t ing b y  

the water . This o ccurred on every core tes t ed in the 2 0  and 20G p l o t s , 

but no more than s light amb er d i s co lorat ion o f  the ef f luent was evident 

on the o ther tr eatment cores t es ted . Tab le 19 shows the amount o f  

dispersed res idue which was los t from each core dur ing the t e s t  a s  the 

por volumes increased . In all  rep licat ions , disper s ed res idue decreas ed 

with increas ing p ore vo lumes . Tab le 14 g ives the s o i l  chemical analy s is 

f or the 0- 3 em dept h  for  each t reatment . 

Two theories are o f f ered to exp lain the dif ference in dispers ion 

b etween treatments . Firs t , p erhaps only the 20 p lo t  had ESP ' s  h igh 

enough to caus e the re lease o f  dispersed soil p ar t icles ( they had ESP ' s  

which approached 16 at the 0- 30 em depth) . 

Se cond , the disper s ed s o i l  p ar t ic les , if any were present , on the 

other treatment s  may have b een washed b e low the 3 em level ,  whereas the 

2 0  plot , with i t s  lower leaching and app licat ions o f  was tewater , may 

have disper sed s o i l  par t icles s ti l l  remaining in the top 3 em. I f  

the f irst  theory i s  t rue , c lay par t i cles mus t have b ec ome disper s ed 

during the 1 9 8 1  s eason when li t t le rainfall came and ESP ' s  were 16 or 

higher . The K ( Gs ) te s t s on tha t  s o il af ter one year indi cate dispersed 

s o i l  par t i c les with E SP ' s  ranging from 3- 4 . 8  on the t e s t  cores . Thi s  

may mean that if  a " crit ical period" ( ESP levels equal s o il dispers ion) 

occurs in the f ield perhaps in a d ry ,  ho t spell , dispersed sur f ac e  s o il 

par t icles may s tay d i sper s ed for long per iod s  o f  t ime even though the 

sub sequent ESP leve ls would indicate that there is no danger o f  s o i l  

disper s ion . Th is theory should b e  inves t igated fur ther t o  det ermine 

if this kind of thing o c cur s of ten .  I f  i t  does , many irrigat o r s  may 



Tab le 1 9 . 

T r ea t me n t 

2 0G" 
( E S P = 3 . 2 2 )  

2 0" 
( E S P= 4 . 5 5 )  

D i s p e r s e d  r e s i d ue l o s t  t h r ough a 3 5  m i c r on p las t i c f i l t e r  d u r ing a s ix h o u r  h y d r au l i c  c on d u c t i v i t y  
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eventually have serious permeab ility prob lems which may not b e  easi ly 

reversed .  

Drainage Water Quality 

From suct ion t ens iometers 

6 1  

Suct ion tens iome t ers were inst alled at depths o f  30 ,  45 , 60 , 9 0 , 

120 , and 15 0 em on each p lo t  for the purp o s e  o f  monitoring s o i l  wat er 

b e f ore it  would move below the t ip o f  the root z one . In 19 8 1  a s ec ond 

set  o f  t ens iome t er s  was ins t alled on p l o t  5 0  and was , subsequen t ly , 

called 50A. A lot o f  the c oncern in was t ewater t reatment by the s o i l  is  

that the groundwaters might become contaminated . This s ec ond s et o f  

tens i ome ters was ins t al led t o  ob t ain dat a from a s econd rep licat i on on 

the h igh annual applicat ion p lo t  to bet t er identify any poten t ia l  con­

taminat ion prob lems . 

The p arameters wh ich wer e  analyz ed were EC , HC03 , Cl , Na , NH3 , 

total P04 , pH , and N03 . The data which was collected and analy z ed is 

given in Appendix A ( 19 8 0 ) , B ( 19 8 1) , and C ( 19 82 ) . A few color graphs 

have been made and will be pres ented under the appropriate parame te r  

which i s  discus sed . 

From ob s ervat ion wells 

Ob servat ion wells were ins t a l led at the cent er o f  each p lo t  t o  

monitor groundwat er quality and water t ab le changes . The parame t er s  

which were analyz ed were s imilar t o  the suction tens iomet ers . S p o t  

checks o f  Ca , Mg , K ,  and so4 were added t o  t h e  l i s t  t o  ob tain inf orma­

tion which might b e  pert inent relat ive to the con centrat ion of the s ame 

parameters of the app lied wat er . 
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Figures 1 8 , 19 , 20 , and 2 1  are graphical rep resentat ions o f  the 

changes in EC , Na , C l , and NO J of the observat ion we lls with t ime b y  

year b y  treatment . Tab les o f  the data from the observat ion wel l s  

are p res ented i n  App endix G .  These figures wil l  be referred t o  o c c a­

s ional ly in d is cus s ion o f  tha t  par t icular parameter in the drainage 

water . 

Nit ro gen as n i t rates 

Nitrate groundwater contaminat ion tends t o  be a maj o r  c oncern in 

was t ewater disposal on s o i l s  because the ion is so read i ly leachab l e . 

Firs t o f  all , nitrate level s  in the � f f lue� �  were not found t o  b e  

very high excep t dur ing late June and July when t otal organic  nitrogen 

and ammonia were conver t ed to nit rates . The levels at this t ime were 

not in excess  of 15 ppm , however .  This appeared t o  b e  the same t ime 

when higher levels were evident in the soi l .  The maximum level o f  

nitrat e concentrat ion i n  the s oi l on any p lo t  was 150 ppm .  This was 

at the 45 em dep th on p lo t  50 , 1 9 8 1  (Figure 2 2 ) . These levels wer e  

concurrent wi th t h e  higher levels i n  t h e  was t ewater . At no t ime did 

the nitrate level  in the s amp le s  taken exceed 10 ppm b e low 120 em on 

any p lot . 

Nitrate leve ls f rom the ob s ervati on wel ls were b elow 1 p pm f or 

the 50  and 2 0  p lo t s  (Figur es 1 8  and 2 1 )  for the ent ire proj e c t .  Ni trat e 

levels in p l o t  3 5 and 3 5 G  were higher ( 2- 10 ppm ) ( ref er to  F igur e s  19 

and 20 ) . S ome o f  the exp lanat ion for  the s e  d i f ferences can b e  s een 

in Figure 2 ,  the boring logs o f  the various p lot s .  P lo t  5 0  had a layer 

o f  heavy c lay loam be low the 2 meter dep th , whereas p lot  35 had a layer 

o f  pure sand b e low 1 met e r  with s and and clay loam int ermixed b e low 



6 3  

OBSERVAT I ON W ELL WATER QUAL I TY 

- lU. • • • • • •  UJ81 - - - Uil82 PLOT � 

1--�----------------------------------------------------� 
985 
8U1 

e 715 
a.. 828 a.. 525 

4311 � 335 
248 
1<45 
58 

���----------------------------------------------------_. 
91111 
sal 

e � 
Q.. 6a1 
Q.. 5811 .. .. · · . .,.. . .,. .-. � ,  .. 

, .- " ,.: · · . . . .. . . .. . . . . . . . . . .,. .,. -- : · · . · · · · · · · · · ·� . · · . 

� .... 
u 31N  a. 

1. 
I ,. .,. . . · · · · · · · ..., · · . �-------,--------�-------,�------�--���--------� ·  

F i gu re 1 8 .  Change s  in o b s e rva t ion we l l  wat e r  q ua l i ty w i t h  t ime f o r  

p l ot S O . 

• 



6 4  

OBSERVAT I ON W ELL WATER CUAL I TY 

- lS. •• • • • •  1811 - - - 1882 PLOT 3S 

1111�------------------------------------�--��----------� 
n...a: • • • • • • . . ..... _, . . . 
811 ··• · · · · · · . · · ·� ,

. 

e 11� .. · 
·
• . : 

a.. 828 

..

... 
�

·.: _ _ _ _ _ _ _ _ _ _ .:::.:._ ..
. 

..... " �- .. 
• _ _ ..._, _ _ _  

_....... .... ..... � .· · · . , 

.. 

a -431 ., 
z 335 

248 
�·� 
58 

·· .. .. • •• 

1--�------------------------------------------------------· 
Qll 
881 

e 788 
a.. 881 
a.. 518 

... U 3M 
288 
1 • 

e 
a.. 

• 

. . . • .. .. . 
.. . ..,.: :.: �-�----�-:: . 

..., ;:::.:.:.:.: ;.;·; ;w-:·-� . . · .. . . 
·
·· .

. . ..··
·····

···
··• 

Q.. lL&+----------------------------------------------------� 
z 8. 1 

8. 1 
• 7. 1  ·"· 0 8. 1 

.·· 
· .. . . 

(Y) �. I . •• ·•. • • 
0 4. 1 .. ·

· ·.. · · · · · · · · . ..
.
...... · · · · · · · · 

.· 
.
• . . ,.... . . . . · · · · · · · · · · • · · 

z 3. 8 

'

· · .·· _ _ _ _ _. 2. 8 ., 
- - - - - - -

1. 1  ,. .,.  .. .. .. 
-

1. 1 1---------��-�-�-----------------------------------------� 

I 'MAY I , 'JUN I , I JUL' 'I' AUG' ' I' SEP' 'I' OC'r' I r 
F i gu r e  1 9 . Change s  in ob s e rv a t ion we l l  wa t e r  qual i t y  wi t h  t ime f o r  

p lo t  3 SG .  

+ 

+ 

+ 

+ 



6 5  

OBSERVAT I ON WELL WATER QUAL I TY - 1818 • •  • • • •  Ulll - - - 1812 PLOT IS 

���------------------------------------------------------� 
��� 
811 

e 11 �  
n.. 828 Q. 929 
0 �· 

z 335 
2.ut 
145 
� 

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

. . . . . . . ·
· · · · · · · 

. . 
· · 

. .. . .... . . . . . . . . .. 
· - - - - - - •- - - - - - - - - - - -"t-..-.. .. . . . . . . . . . . . .. . 

111�+---------�------------------------------------------� 
&II .. .... 

.. .... .... .... 
.... .... e 711 ........ 

Q. 811 .... .... .... 
� SIB .... ....

.... 
.lfllnl .... .... � .U8 .... .... 

u 3811 .... .... 
288 . . . .. . . . . . . . . . .. . . . . . . . . • . . . . .. � .... .... .... 
t• . ... . . . . . .. . ... �.. . . . • 

• 

• 

-

·

· · ·
· · · 

I �--------�------�--------�------�--����--------� • 
e a.. � 1� �---------r----------------��--------------��----· 

l"'l I - -- -- -

.

. 
·  

.. 

•

· ·

·

·

·

· · ·

·

• 

z •. 

- - -

- - - . .  
· ·  

't  

.

.  

·

·  

8. 8  

-

7-

-'

-
--

- - -

-

·· 

.. 

·

·

·
· 

7 I .. . . . . . . . . ..._ _ _._ . .  . . . . . · ·
· ·

.,
.
,.,... 

0 11. 1 . • • • 

('f) 5. " .... . . 
0 "'- " • .

. 

z 3. 1 
2. 1  
1. 1 
1. 1+-----------------------------------· I IMAY I � �JUN I , �JULI 'I' AUG1 1 11 SEP1 1 11 OC1r1 1 r 

F igure 2 0 .  Changes i n  ob s e rva t i on wel l  wat e r  q ua l i t y  wi t h  t ime f o r  

p lo t  35 . 

• 



6 6  

OBSERVAT I ON WELL WATER QUAL I TY 

- 1U. • • • • • •  1811 - - - 11112 PLm 211 

1��------------------------------------------------------r 
1� .... E 1 1 � Jlllllliap (I) 91111 

J a.. 
u 7atl 
UJ 8lill 

saw 
� 

. . . . . . . . . . . . . . . . . .. . ... . ... . . . . . . . . . . . . . . . . . . . . . . . . � 1-------��----����--------------------��------� · 

1-.H-----------------------------------------------------� 
gas 
811 

e 71 5 
a.. 82111 
D.. 525 

.. � 335 2411 
145 
5I 

. . . . ... . . . . . ... .. . ..,. . . . . . . . . . . . .. . . .  . . . . ... . ... . 
· · · ·

·
· ·

·
· · ·

· · · • · · · · · · ·
·

· 4 
� --�----------------------------------------------------� 
u. 
811! 

e ,. 
a.. 681 
D. sa. 

..... .... 
u �  21111 

1. 
I 

. . . .. . . 

.. . .  , . . . . . . . . . . . . . . .... . . . . . . . . . ... . .., . ... . . . . . . . . . . 

Figure 2 1 .  Chang e s  in ob se rva t i on we l l  wa t e r  q ua l i t y  w i t h  t ime f o r  

p lo t  2 0 .  ' 

• 

• 



g � o � � e 

LOO � l B 

BaBO l B  

VOBO � B  

.... 9C!BO l B  
CD 0) 

B J BO � B  .... 
I 

0 i i 80 l 8  10 .. 
vOBO l B  1-u 
BZLOi B  � a: 1-
t GLOi B  X UJ 

...J V i  L O i S  
t-t 0 

90L0 � 8  Ul 

B i SO l B  

G i 90 � 8  

� 
0 lO 0 LO C'] C\1 ..... ..... .... 

li 8 o o  a Ul O O N lO C ..,.. C CII � CD G» ..-t ..-t -r'I L Z I I I I I I � L UJ . c.. .... 

13 1 1 1 +, "' �  I .  ...J I I 1 I I I I I + • • + • *  

lO 0 10 0 0) , .... ..... 

� 
t-f u 
*· 

: 

,.:' 

0 CD 

-wdd- (N se) 3lV�liN 

lCl 0 "'lt C'] 

,.... 
C\1 .... 

(WO) t:f3l\'M 
C\1 
0 .... 

Ul .... lO 0 . . 
...... an N 0 

I I I I 

I 
.. , -

.!L_� -�---
J • 

...... , �----· 
'�t:.· · · · I 

10 .... 

�' I 
.. ......... . -� --� 

· . I . ..... ___ _ 

J --! 
: -- -... -

�-----

: 
-*'- - - -

.,_ _____ ._ . . 
-------

0 10 
"'" I 

Figure 2 2 .  Nitrate  l eve ls a t  var ious t imes and dept h s  in t h e  s oi l  
s o lu t ion f r om p lo t  5 0 ,  1 9 8 1 . 

6 7  

OBi 

OLl 

09 l 

09 � 

017 l 

O£l -
.... 

oai 
> CD % 

..., 
O i l en ca c. 
00 � en 

>-ca 
� 

06 UJ X 
08 

t-t 1-

O L  

0 9  

09 

ov 

0£ 

oa 

O l  

0 



6 8  

that layer . S ince these holes were cas ed and packed with s and around 

the cas ing clos e to the surface , it is conce ivab le that hor izontal water 

movement in the s and layer ( p lot  3 5 )  may have occurred . 

Total phosphates and ammonia 

Total phosphates and ammonia were higher in the soil when the 

levels in the was t ewater were higher . Leve ls in the soil for T-P04 d id 

not exceed 1 ppm b elow the 1 2 0  em dep th .  Ammonia levels appeared t o  

increas e  with depth in the s o i l .  Levels usually ranged from 0- 2 . 50 p pm 

at the 120 and 15 0 em dep th s .  Again , the higher leve ls o f  NH3 in the  

s oil cor re lated with the  h igher levels in the  was tewat er , whi ch was 

mainly in the spring and early summer . 

EC  

At  the b eg inning o f  the p roj ect , for mos t plots , the EC for t h e  

upper 60 em us ually was h igher than t h e  EC of  t h e  deeper soils . Thi s  

was b ecaus e t h e  water and salts  had not penet rat ed very deep the f i r s t  

s eason . The exc ep t ion to  this was p lot 20 ; it  had EC values near the 

end of the s eason at the 150 em depth of  7 5 00-10 , 00 0  � S iemens / em .  EC 

values may have c ont inued to increas e  on that p lo t  in sub s equent years ; 

however , extrac t s  could not b e  ob tained t o  determine this . Sodium and 

chlorides were the main con t r ibuters to these h igh EC ' s  ( refer to 

Append ix A-- 198 0  f ield soil extracts ) .  

As the years o f  irr igat ion increas ed , the EC values b elow 6 0  em f or 

all p lots  b ec ame higher t han the EC ab ove 60 em. This is mainly due t o  

movement o f  concent rated salt s o lut ions be low the area of  h ighe s t  p lant 

root dens it ies . F igure 2 3 shows the e f fect  that a heavy ( 7 . 5 em) r ain­

fal l can have on the s o il p r o f i le in regard to EC . On Augus t 1 ,  19 8 1  
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the only s igni f i can t  rainfall came between two s o i l  ext ract s amp ling 

dates . The salinity at a l l  depths was reduced even though the s o il was 

saturated b elow 9 0  em. The s o d ium and chloride value s show the s ame 

type of patt ern ind icat ing that they were maj or c ons t ituen t s  which 

con t r ibuted to  the lower EC value . This "decreas e "  in salinity was due 

mainly to dilu t i on r at her than le aching . Not ice in Figure 22 t ha t  the 

nitrate c on cen trat i on f rom the 30 and 45 em depth dropped after that 

rain , als o .  F i gure 2 4 shows the EC of the 35G p lot in 19 8 1 .  App arent ly 

the gypsum mus t  have exchanged with Mg and Na t o  caus e higher e le ct r o­

lyt e  c oncentrat ions ( 8000 ) in the lower depths . The patt ern very 

c lose ly res emb les the chloride concentrat ion for that same p lo t  and 

year . 

The EC in the ob s ervat ion wells var ied from 30 00-5000 � S iemens / em 

over the exp er iment f or 2 0 , 50 and 3 5 p lo t s . However , the EC on p l o t  

35G ranged from 8800-13 , 0 0 0  � S / cm .  The s p o t  check analy s is o f  thi s  

wat er quality s howed magnes ium and sulfates t o  be t h e  dominant ions . 

Magnes ium leve ls were f our t imes higher than the o ther wel ls and s u l­

fates were 4-8 t imes h igher than the o ther wells . S odium levels wer e  

a l s o  higher--in t h e  range o f  2 t o  5 t imes h igher than the other wel ls . 

Calc ium leve ls were n ormal t o  the levels in the other wells ( 400- 5 5 0  ppm) . 

I t ' s  interes t ing t o  not e  that the peak of s odium levels in the 35G we ll 

came j us t  three days af ter the applicat ion of gyps um for that year . 

But , only two light rain f al ls o ccurred in the interim t ime per iod , 

hardly suf f i c ient t ime for  the groundwater to b e  af fect ed by that 

event . Apparen t ly the calcium in the gypsum is exchanging with magnes­

ium and s odium on the soil exchange comp lex . I t  mus t b e  o ccurring 



. 1 8 61 
' �£(  40T d uo q4dap pue am1 4 441 � 1 1 o s  aq4 u1 s an1 eA J3 · i? z  a.1n�1 a:  

I CONOUCTI V I TY-uS i emens/cm-
... ... 1\) 0 0 0 0 0 0 0 0 0 0 

0 

1 0  

2 0  f: _ _ _ _  .. 

30 l 
":.:« 

40 ! ... -- : 

.. � 
50 l _ _ _  ·'* 

BO 1:-----
: 

�. 
10 r---- * 

: 
·. 
� 

-4 80 .... : 
� s:-- - - � m 

90 . 

Q ... -

� 100 
- ---.... 

'C -

� 1 1 0 ---
,.... 

-

f 1 20 ·--
"< 

... . 
- 1 30 

1 40 l:_ _ _  
Gyps um app l ied 

150 l· : 

160 1 
� 

1 70 t: 
1 80 

1 90 

0 1'\J UI "'-J .,. ..,.  
. . O N  O UI ..,. O) •  

N -..J 
WATER (em) 

T L 

w ... 0 0 0 0 0 0 

Ul m � 0 0 0 0 0 0 0 0 0 

* I  * .. + * "' + . 
I I I I I L L I 1 I I 1 r 

• I .* .. '+ + �  * .... -, m 
II "1 1» 1 1 1 1 . 11 % 

H , ..... ... ... m m � w c  � .,.. :::J UI N O O U\ 0  ca 0 0  n El 

m co 0 0 0 0 0 0 

8 106 12  

�\� 8 1 08 19 

8 1 0828 
\ 
\ 
\ 8 1 0708 \ 

\ 
\ 8 1 07 1 4 \ \ 8 1072 1 

,, 
.... , 8 10728 

'). 810804 
I ,. 8 1 08 1 1  

- - ).. 8 1 0818  -::>+ ,, I ' ,, I 81 0828 
�� ... 

\ / I \ .. 8 10804 '" '* 
\ I I 

\ I I 
y I 
1\ I 

\ I I \ I 
I \ I 
. \ /. 810929 

\\ 
\ \ I \ \ I 8 1 1 007. \ }+- ,.. 

'1 \ 
� '... 8 1 1015  

... 0 0 0 0 

(f) c 
.... r 
m )( -f ::c ,... n -1 
.. w "' G1 
I ... CD CD ... 



7 2  

b elow 1 . 2 met ers , however ,  becaus e ESP values f rom soil samp les don ' t 

seem t o  reflect the chang e above that leve l .  

p H  and b icarbonat es 

Figures 25 and 26 show the pH changes in the s o i l  with t ime and 

dep t h  for the 50 p lo t  for 19 8 1  and 1982 . In 19 80 the pH at all dep ths 

was in a range o f  7 . 8-8 . 3 with lit t le d i f ference in pH be tween dep th s . 

In 19 8 1  the pH o f  the upper 6 0  em was much higher than the lower dep ths . 

As the season progressed , the pH o f  the lower depths t ended t o  increas e 

while the pH in the upper  6 0  em s tayed relat ively con s t ant . In  19 8 2  

the pH at all dept hs was very respons ive t o  changes in the p H  o f  the 

app lied irrigat ion water . The pH at the beginning of the irrigat ion 

s eason , however , had dropped from the previous f all , as would b e  ex­

pected . After irrigation cont inued with the higher pH water , pH values 

in the soil tended to equi l ib rate wi th that o f  the irrigat ion wat er . 

Many t imes tho s e  va lues wer e  over 8 . 4 .  This o ccurred on the o ther 

p lo t s  als o .  The high p H  o f  the irr igat ion wat er i s  hazardous to  the 

s tructure of the s oil  for two reasons . 

Firs t , beginning at a pH o f  - 8 . 2 ,  bi carbonat es (HC03- ) in the 

irrigat ion wat er , begin to be converted to  carb onates ( COJ= ) .  The 

driving f or ce which cause s  t he h igh pH is the up take of COz by t he 

algae in the was t ewater . The algae need C02 for pho tosynthe t i c  act ivi ty 

and the resultant react ions in the water are 

2HC0 3-�o3=+H20+C02 

C03=+Hz0*20H-+C0 2 

Cons equent ly , as the algae growth increas es , the demand f or COz in­

creas es and the equi lib rium alkalinity s ituat ion shif t s  f rom b ic arb onates 
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t o  carb onates to  hydroxide , t hus caus ing an increas e in pH . When the 

c arb onate ion concentrat ion increas es , i f  calcium ions are present , 

the s o lubi lity product o f  CaC03 may b e  exceeded t o  the poin t  o f  caus ing 

precipitat ion by the f o llowing equat ion , 

ca+++co 3=�aC03 

Th is r eact ion can read i ly take p lace be tween pH levels of  8 . 3 t o  10 . 

Becaus e of  this phenomenon , S ARiw is  consequent ly increased because of  

the removal o f  t he d ivalent cation .  As ment ioned ear lier , higher SAR 

wa ters tend t o  caus e poor s t ruc ture t o  the s oils on which they are 

ap p lied . There are s ome s ur face waters in the s tate which have algae 

b looms s uch as the ab ove and have higher pH value s  b ecause of this . 

The Shadehill Reservo ir in nor thwes tern S outh Dako ta is one examp le .  

The s econd reas on the high pH waters are hazardous i s  due t o  

the supp res s ion o f  the release o f  natural ca++ from the s o i l  in the 

form of CaC0 3 . Tab le 15  showed that the solub ility of CaC03 was quite 

low at pH values above 8 . 0 .  When high rates of was tewat er are app li ed 

af ter a few years the s o i l  t ends t o  equilibrate with the pH o f  the 

irr igat ion water . Tho s e  pH values ar e  usually above 8 . 0 during the 

irrigat ion season as F igures 25 and 2 6  show . Figure 2 7  shows t he 

b icarbonate ion concentr a t i on in the soil  which coin cides with the 

pH values from p lo t  5 0 , 19 82 . Not ice the dras t ic reduc t ion in HCOJ­

concentrations both in the s o i l  and in the wat er when the pHiw went up 

sharp ly . 

Drainage Water Quantity 

This par t  of the s tudy was the mo s t  d i f f i cult aspe c t  t o  ob tain 
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real absolute numbers f or .  The applicat ion o f  wat er t o  the S O  and 3SG 

p lots caus ed water tab le prob lems at the end of the 1981 irrigat ion 

season. The rates of 50 , 89 , and 12 7 em were in add it ion to the pre­

cip i tat ion received . Figure 2 8  shows the precip i tat ion departures 

f rom the normal for the 3-year period of  the exper iment . 19 8 1  was an 

excep t ionally dry year and 1982 began with plenty o f  moisture , there­

fore , the full range o f  rainfall patt erns was t es ted with this type o f  

irrigat ion management . Tab le 5 gives cumulative irrigat ion and rain­

fall p lus the total for each p lot . As ment ioned earlier , above normal 

rainfall and high water t ab les prevented the app licat ion of the desired 

amounts of was tewater to  the plo t s  f or 1982 . 

The ob servat ion wells were used for obtaining water quali t y  

samples in addit ion to recording water levels . When a samp le was t aken 

on p lot SO , the rate of rise of the wat er leve l was const ant and very 

s low (Figure 2 9 ) . The actual wat er t ab le level could not be  det er­

mined from this we ll because of  the s low water movement . When irriga­

t ion f ir s t  began , most  of the app lied water in excess of ET d emands 

went to f i l ling the pore spaces of the unsaturated soi l .  As those  

pore spaces became f illed , the  abi lity of the  soil  to  accep t more wat er 

dwindled and run- o f f  incr eased . Visual s igns of exces s water were 

evident at the end o f  the second year . Al falfa p lant s  in t he lower 

areas were yellowing and los t either to poor aeration or disease or 

both. The situat ion worsened the next year ( 1982 ) and 15-20% o f  the 

al falfa s tand was es t imated to have been los t  to water logging p rob lems . 

Based up on the recharge in the well from the record ing information , 

p lot 5 0  in 19 81  had a . 03 3 cm/hr water level rise rat e .  When soil 
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mois ture readings were taken on e ach p lo t , water firs t app eared in 

the neutr on access tubes on b o th p lo t  5 0  and 35G on May 2 6 ,  19 8 1 .  

Wat er levels were taken p eriodica lly in tho se tub e s  and wer e as sumed 

to  be the actual water t ab le leve l ,  as suming there was a hydraulic 

connect ion from ther e t o  the b o t t om o f  the ob servat ion well ( 4 . 5 me ters ) .  

'ihen the tub e  was evacuated o f  water , it always reapp eared . At the 

end o f  the 19 8 1  season the wat er level was within 1 . 1 met er s  o f  the 

surface on p l o t  5 0  and 1 . 2 me ters on p lot  3SG . 

Over t he ' 81- ' 82 winter the water leve l in the acces s tub e dropped 

40 em , but was s t ill present in the t ub e  af t er 215  days o f  no irriga­

t ion . Precip i t at ion dur ing that interval was 9 . 8 em and the ET was 

es t imated at 12 . 7  em . At the end o f  the 19 82 irrigat ion season , the 

water leve l in the neut r on access  t ub e  on p lo t  50 was within . 6 7 me ters  

o f  the  soil sur face . The run-o f f  app eared to  increas e as years o f  

irrigation increas ed . I t  was evident , then , that the p lo t  was hydrau­

lically over loaded and with cont inued years of irr igat ion us ing t h i s  

kind of management t he run- o f f  would be severe ,  the wat er t ab le would 

reach the sur face , and , even tually , the en t ire crop would be los t . 

Over the winter ( ' 8 1- ' 8 2 )  the leve l in the wel l  on p lo t  35G dropped 

1 . 0 met er .  The 35 G  p lo t  s tar t ed l 9 8 2  ( Ap r i l  2 7 )  with water in the we ll 

at  2 . 18 me t ers b e low the s ur f ace but by Sep t ember 2 0  the water t ab le 

had risen t o  . 7 6 me ters b e low ground leve l ,  higher than any p revious 

year . 

This occurred even t hough the t o tal water received on the p lo t  

was 11  em les s  than in 19 8 1 . Again , i t  app eared that p lo t  3 5G was 

receiving too much mo is t ure to s afely allow that annual hydraulic 
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loading rate .  A plow furrow which ran the length o f  the p lot displayed 

ye llowing alfalfa before the harvest  of  the 4th cut ting of  alfal f a .  

I f  this load ing rate were to  cont inue , problems with a water tab le and 

p lant los ses would soon be evident . 

Plot 35  had increases in t he water level in the well , also ( fr om 

2·. 1 1  to  2 . 09 me ters in 19 82 ) , however , the water was not as near to 

the surface as plot 5 0  and 35G . There may have been more lateral water 

movement on this p lot because  of  the sand layer . below 1 meter , thus , 

the lower water leve l s . 

Plot 20 had a water tab le at 5 . 60 me ters be low the sur face on 

June 8 ,  198 1 .  The leve l b e gan t o  rise over the irrigat ion season and 

peaked out at the las t irr igation on Sep tember 29 , 1982 at 4 . 7 me ters 

(a  rise of . 9 0 met ers ) .  The leve l then began to drop to 5 . 3 1 meters 

beginning a new irrigat ion season in 19 82 (April 2 7 , 1982 ) . From 

that date the level , again , went up over the irrigation season and 

was s t i ll ris ing on S ep temb er 20 , 1982 ( las t records availab le ) . On 

that date the level was 4 . 5 7 meters below the sur face . For compari son 

purposes , the 1981  t o tal water ( irrigat ion plus rainfall)  on p lot 20 

was 70  em while the 1982 total was 7 5  em. 

I f  a drainab le p oros ity index of . 05 is  used t o  calculate the 

dep th of  water leached wh ich would cont ribute to a 13 em rise in the 

water tab le ( f rom Sep t ember 29 , 19 81  to Sep t ember 20 , 19 8 2 ) , then , 

assuming st eady s t ate condit ions , 

13 em x . 05 c . 65 em (water los t  t o  leaching) 

This means that if . 65 em of water was leached to  the groundwaters 

it would cause a 13  em rise in the water tab le .  This amount i s  smaller 
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than the error which could eas ily occur in est imating the ET . There­

f ore , on the bas is o f  this information ,  it  is conceivab le that annual 

applicat ions of 50 em per year of e f f luent could be app lied to this 

soil for a 2 0-25  year t ime frame wi thout caus ing any serious water 

table prob lems when growing alfalfa in this climate .  
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SUMMARY AND CONCLU S IONS 

The f eas ib ility of us ing land trea tment by irrigat ion as an a l ter­

native for disposal of municipal e f f luent from Huron ' s  unch lorinat ed 

s t ab ilizat ion p onds has two main prob lems . 

The firs t prob lem is that the h igh sodium ads orp t i on rat io in the 

e f f luent , which will caus e soil d ispers ion and decr eas ed soil p erme­

abi lity , mus t  b e  decreas ed . This can b e  achieved either o f  two way s . 

Firs t , the amount o f  sodium in the ef f luent can b e  reduced . Thi s  i s  not 

an easy s o lu t ion . However , i f  the city is cons id ering land treatment as 

an alternat ive , · the f eas ib ility o f  reducing the s odium hazard of the 

e f fluent should b e  inve s t igat ed . Als o , the economic b ene f i t  t o  a com­

munity of increased produc t ion becaus e of irrig at ion has to be con­

s idered in the cos t-b enef i t  analys is . S econd , a sour ce o f  s o lub l e  

calcium could b e  mixed w i t h  t h e  was t ewater j us t  p r ior to  irriga t i on t o  

reduce s od ium ads orpt ion by t h e  s oil exchange comp lex . However ,  this 

wou ld increas e the t o t al salt load of the eff luen t .  The result an t  

increase in t o t al s alt would require crops cons idered a s  moder a t e ly 

t o lerant- t o lerant to  salt . 

The s econd p r ob lem is that the hyd rauli c  conduct ivity o f  the s ub­

so i l  is too  low to allow leaching fract ions higher than 8-10% , yet  

higher amounts are ne ces sary to  c ontrol  the s odium dispers ion hazard .  

The alt ernat ive t o  this wou ld b e  t o  ins t a l l  s ub surface drain t i le on the 

land area invo lved . Drain t i le e f f luent would then have t o  b e  dis­

charged to s ome po in t . 

For the years 1 9 8 0 , 19 8 1  and 19 8 2 , no s igni f icant d i f f er ences o f  
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dry mat ter alfalfa yield s were f ound between 50 , 8 9 , and 12 7 em o f  

annual app licati ons o f  was t ewater i n  add i t ion to rainfall . P lant p op u­

lat ion reduct ions were b eg inning t o  appear on both 50 and 35G b ecau s e  o f  

wat er tab le prob lems . During a dry precip itat ion year ( 19 8 1 )  there was 

a s ignificant reduction in dry mat t er alfalfa y ie ld on plot 2 0  ( 50 em 

e ff luent ) .  

Average three year leach ing f ract ions o f  the treatments , b a s ed on 

total water app lied (p lus rainfall) and evapotranspirat ion es t imate s , 

are 0 . 0 85 ( t reatment 2 0 ) , 0 . 3 0 ( treatments 35 and 35G) , and 0 . 45 ( tr eat­

ment 5 0 ) . However , much o f  the exces s wat er on the two high rate p lo t s  

went t o  f il ling p o re spaces and rais ing the wat er tab le .  I n  add i t i on to 

this , the h ighest  rate p lo t  ( 12 7  em e f f luen t )  had s igni f icant amount s  o f  

run- o f f  in the latter par t  o f  the las t two irrigat ion s easons . 

Treatment s  20 and 5 0  had the lowe s t  nitrate levels ( 0- 1 . 3 ppm) in 

the ob servat ion wells . Treatment s  35 and 35G had the h ighes t levels 

( . 1- 10 . 1 ppm) of  nitrat es appearing in the wells . The p lo t  with th e  

mo s t  amount o f  s and in the sub s o i l  ( p lot 35 ) h a d  t h e  h ighes t cons i s t ent 

level of nit rat es o f  any of the p lo t s . 

Un- incorp o rated annual autumn gypsum app lications t o  the s o i l  

caus ed n o  s igni f ican t  reduction i n  exchangeable s odium percent age ( ESP ) 

over the untreated p lot s .  This was bas ed on two app licat ions t o  p lo t  

35G and one app licat ion t o  half o f  p lot 2 0  (p lot 20G) . However ,  higher 

concentrations of s od ium and magnes ium were evident in the ob s ervat ion 

wel l  from p lo t  35G . Th is ind i cat es that the calcium is exchanging wi th 

some sod ium and magne s ium ,  keep ing i t  o f f  the exchange comp lex at lower 

dep ths in the s o il . 
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No s ign ificant dif ference was found among t reatments for  the 

saturated hydraulic conduc t ivity ( K ( Gs ) )  of the s ur face 3 em of s oi l .  

However ,  dispers ion of s o i l  p ar t icles f rom test  cores was clear ly 

evident on p lo t  20 b u t  no t on the o ther treatmen t s . 

When comparing treatment s o i l  K ( Gs ) by lab o ratory methods , iden­

t ic al pres sure head s  should b e  us ed to arrive at hydraulic conduct ivity 

value . Hys tere s is , var iab le channeling , and variat ions of phys ical 

d is t or t ions of s o il par t icles d o  caus e the re lat ionship in Darcy ' s  law 

t o  deviat e from linear ity in dealing with large pressure head d i f f er en ces . 

There wer e dif ferences in bulk dens it ies at the 0- 3 em dep th b e­

tween the irrigated s o i l s  and the check p lot . S igni f ican t  d i f f erences 

b etween the check and p lo t  50 and between the check and plot 20G wer e  

f ound at the . 05 leve l .  Bu lk dens it ies were higher on treatment s  20G 

and 50 t han on the check p lo t . P lot  3 5 had s ignificant ly higher bulk 

densi t ies than the check at the . 0 1 leve l .  

Bulk dens ity s amp les and lab o rat ory saturated hydraulic c onduc­

t ivity cores f or t e s t ing should t o t al at leas t 12 to ob t ain reliab le 

inf ormat ion in determining di ff erences b e tween treatments . S o i l  var i­

ab ility of thes e two s o i l  characteri s t i cs are usual ly quit e high .  

Therefore , sampling quan t i t ies shou ld increase accord ing t o  natural 

variab ility . 
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APPENDIX 



Appendix A .  Laborat ory-determined parameters of  f ield s o i l  water 
extracts 19 80 . 

Nitrate 
pH 

Total Phosphate 
Anunonia 
Sodium 

Chlor ide 
B icarbonate 

Ele c t r ical Conduct ivity 

89 



9 0  

S O I L E XT RACT AN ALY S I S  1 9 8 0 - 1 9 8 2  

N I T R A'l' E ( a s r1 ) - n o - n - P L O 'r 5 J  1 9 8 0  

DA TE D E P'r H ( Cr:l )  
J J  4 5  6 0  ;) 0 1 2 0  1 5 0  

- - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - -

8 0 0  8 2 0  :j . 1 7 4 . 9 0 o . o q  2 6 . 0 0 1 1 . 0 0 4 . 2 5 
8 0 0  8 1 4 J . 1 u 4 . 4 0 0 . 1 1  

8 0 0 8 2 9 0 . 1 0 1 . J S 0 .  0 7 4 . g o 4 . 7 5 2 . 4 0  

8 0 0 9 1 1  1 2 . 5 0 1 . 6 0  0 . 0 6  ] . 0 4 0 . 0 4  
8 0 0 9 1 7 

8 0 0 -) 2 6 0 . 0 7  1 . 3 8  0 .  3 1  

8 0 1 0 0 3  J . L) J  1 . 1 4 9 . 2 5  1 . 7 6 
8 0 1 0 0 3  2 . 9 5  2 . 7 0  0 . 7 5  1 .  4 :3  1 . 2 1  

. 8 0 1 0 2 3 2 . 5 J 3 . 7 a 1 . 8 0  0 . 6 ;) 0 . 8 0 
8 0 1 10  4 3 . u 2  9 . 7 5  1 . 2 1  

t� I T R A'r E  ( a s [-J ) - n om - PLOT 3 5 G  1 ) 8 0  

DA T E  D E PT H  ( em )  
3 0  4 5  6 u  9 0  1 2 J 1 5 J  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
8 0 0 8 2 0 3 . 9 0 0 . 2 2 2 . 3 0  2 3 . 0 0 
8 0 0 8 1 4  

8 0 0 8 2 9 0 . 0 7  0 . 1 5  4 . 8 3 0 . 0 3 9 . 0 0  
8 0 0 9 1 1  0 .  2 7  1 6 . 7 5 0 .  0 5 1 2 . 5 0  0 . 0 3  1 . 4 0 

8 0 0 9 1 7 1 4 . 2 5 J . O J  
8 0 0 9 2 6 1 4 . 5 5  1 . 1 4  1 . 1 0  1 3 . 0 0 

8 0 1 0 0 3  1 9 . 0 0  0 . 4 7 7 . 5 0 O . O o Cl . 0 1  

8 0 1 0 0 8 3 . 6 8  0 . 0 4  7 . d 8  0 . 0 2 
8 0 1 0 2 3  9 . 0 0  0 . 3 7 2 . 6 4 6 .  5 5  O . tJ 2  0 . 0 0 

8 0 1 1 0 4  0 . 7 5  1 . 4 a 0 . 0 9  0 . 3 3 

N I T R AT E  ( a s N )  - o pm - PL OT 3 5  1 9 8 0  

DAT E  D E PT H  ( C1n ) 
3 J  4 5  6 0  � 0  1 2 0  1 5 0 

-- - - - -- - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
8 0 0 8 2 0 0 . 1 0 3 . 7 0 1 . 1 0 

8 0 0 8 1 4  

8 0 0 3 2 9 L) • 0 4  0 . 0 4  0 . 2 3  
A 0 0 9 1 1 L) • 0 l 0 . 0 3  0 . 0 4  

8 0 0 9 1 7 
8 0 0 9 2 6 1 7 . 5 0 1 3 . 9 2 
8 0 1 0 0 3  2 . 4 0 5 . 5 0 1 2 . 3 8  9 . 6 2 
8 0 1 0 0 8 1 . 0 0  2 . 0 4 0 . 1 4 1 1 . 3 5 

8 0 1 0 2 3  0 . 9 5 1 . 7 5  2 . 2 0  2 . 7 6  
8 0 1 1 0 4  1 . 2 1  1 . 4 8  0 . 0 0 
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N I T HAT E ( a s N )  - o o m - PLO 'r 2 0  1 9 8 0  

DA TE D E PT H  ( em )  
3 0  4 5  6 0  � 0  1 2 0  1 5 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

8 0 0 8 2 0 

8 0 0 8 1 4  

8 0 0 8 2 9 0 .  3 8 0 . 1  0 
8 0 0 � 1 1  0 . 0 4  0 . 0 2  J . 0 4 

8 0 0 9 1 7  

8 0 0 9 2 6 1 4 . 3 8 

8 0 1 0 0 3  1 6 . 1 2 

8 0 1 0 0 8  1 4 . 0 0 

8 0 1 0 2 3  0 . 0 0 1 4 . 3 0 

8 0 1 1 0 4  2 . 1 5 1 .  '1 6  1 4 . 5 0 

P El  P L C>T 5 0  1 9 8 0  

DATE D E PT H ( cm )  
3 ()  4 5  6 0  9 0  1 2 0 1 5 0 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
8 0 0 8 2 0 8 . 1 5  8 .  2 5  8 . 0 0 8 . 3 0 8 . 5 9 8 . 3 5 

8 0 0 8 1 4  >3 . 2 5 B . 2 0 8 . 1 0 

8 0 0  8 2 9  8 . 1 7 8 . 2 6 8 . 0 2  8 . 0 6 8 . 0 3  8 . 2 8 

8 0 0 9 1 1  8 . 3 5  

8 0 0 9 1 7  

8 0 0 9 2 6 8 . 3 1 7 . 9 2  8 . 3 1  

8 0 1 0 0 3  8 . 1 5 8 . 1 9 8 . 3 1  8 . 4 3 

8 0 1 0 0 8  8 . 3 0 8 . 2 0 8 . 1 ) 8 . 3 0 8 . 4 0  

8 0 1 0 2 3  8 . 1 6  8 . 2 8  8 . 5 0  8 . 2 5 3 . 3 6  

8 0 1 1 0 4 8 . 3 0 8 . 3 1  8 .  1 8  

P H  P L O T  3 5 G  1 9 8 0  

DATE D E  P'r H ( e m )  
3 0  4 5  6 0  9 0  1 2 0  1 5 0 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
8 0 0 8 2 0 8 . 6 0 8 . 0 4  8 . 0 5  8 . 1 3 

8 0 0 8 1 4  

8 0 0 8 2 9 7 . 5 8  7 . 3 2  8 . 0 4 8 . 3 8  8 . 1 6  

8 0 0 9 1 1  8 . 1 8  8 . 6 4  8 . 8 8  8 . 9 2  

8 0 0 9 1 7 7 . 6 1  8 . 1 9 

8 0 0 9 2 6 8 . 2 3 8 . 1 9  8 . 1 5 8 . 6 3 
8 0 1 0 0 3  B . 2 5 8 . 0 )  8 . 4 0  8 . 8 9 8 . 9 0 

8 0 1 0 0 8  3 . 2 2  8 . 0 (} 3 . 6 5  3 .  9 0  

8 0 1 0  2 3  8 . 5 1  8 . 1 2  8 . 0 0  8 . 5 9  8 . 8 0 8 . 8 5  

8 0 1 1 0 4 7 . 9 9  8 . 5 0 8 . 8 0  8 . 8 0  
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r : I  P L O T  3 5  1 9 8 0  

D l\ 'rE D E P'r H ( em )  
3 0  4 5  6 0  J O  1 2 0 1 5 0 

- - - - - - - - - - - - - - - - - - -- - - - - - - - -- - - - - - - - - - - - - - - - - - -
8 0 0 8 2 0 7 .  9 0  8 . 5 0 8 . 1 2  
8 0 0 8 1 4  

8 0 0 8 2 9  8 . 0 \) 7 .  J 0 7 .  8 9 
8 0 0 9 1 1  

·8 0 0  ') 1 7  

8 0 0 9 2 6 8 . 3 2  3 . 2 :3  
8 0 1 0 0 3 8 .  ) .) 3 . 1 0 8 . 2 3 8 . 3 Q 
8 0 1 0 Q 8  8 . 1 5 8 . 0 8 8 .  3 1) 3 . 2 2  
8 0 1 0 2 3  8 . 0 1  7 . 9 2  8 . 3 ;) 
8 0 1 1 0 4  8 . 0 1  7 . 7 2 8 . 4  0 

f> :-l P L OT 2 0  1 9 8 0  

D � T E  DE P T H  ( e :n )  
) J  4 5  6 0  ') 0  1 2  u 1 5 0  

- - - - - - - - - - - - - - - - - -- - - - - -- - - -- - -- - - - - - - - - - - - - - - -
8 0 0 8 2 0 
8 0 0 9 1 4 
8 0 0 3 2 :j 3 . 0 4 8 . 3 D  
3 D 0 1 1 1  

3 0 0 :} 1 7  
8 0 0 9 2 6 8 . 0 u 
8 0 1 0 0 3  8 . 1 2 

8 0 1 0 0 3 1 . 1 2  

8 0 1 0 2 3  8 . 5 5  a . 1 3 

8 0 1 1 0 4  8 . 0 0  8 .  7 0 3 . 1 8  

1, - P04 a s  I? - o o m - P L OT j :)  1 J 8 0  

D A T E  D E PT H  ( em )  
) :) 4 S  6 0  9 0  1 2 0 1 5 )  

- -- - - -- - - - - - - - - - - - - - - -- -- - - - - - - - - - - - - - - - - - - - - - -
8 0 0 3 2 0 \) . J J  0 . 0 2 !) . 0 4  0 . 3 0  0 . 0 5  Q .  0 3  
8 0 0 8 1 4  0 . 1 4  0 . 0 4  0 . 0 3  
8 0 0 8 2 9  0 . 0 1  J .  0 2  0 . 1 0 0 . 0 3  J . O l  
8 0 0 � 1 1  

8 0 0 9 1 7  

8 0 0 9 2 0 o . o J  0 . 0 1  0 . 0 1  
8 0 1 0 0 3  () .  0 2  J . O l  0 .  0 2 0 . 0 )  

H 0 1 0 0 8  0 . 0 2  ,) • 0 2 0 .  u 2 
8 0 1 0 2 3  � • � ) 2 () . 2 3 0 . 0 0 0 • . ) 1 

8 0 1 1 0 4 0 . 1 6 0 . 0 6  



DATE 

8 0 0 8 2 0 
8 0 0 8 1 4  

8 0 0 3 2 9 
8 0 0 � 1 1  

8 0 0 3 1 7  
J 0 0 9 2 C> 
8 0 1 0 0 3  

8 0 1 0 0 3  

8 0 1 0 2 3 

8 0 1 1 0 4  

DATE 

a o o a 2 v 

8 0 0 8 1 4  
8 0 0 8 2 9 

9 0 0 9 1 1  

8 0 0 9 1 7  

3 0 0 9 2 6 

8 0 1 0 0 3  
8 0 1 0 0 8  

8 0 1 1) 2 3  

8 0 1 10 4  

DAT E 

8 0 0 3 2 0 

A 0 0 8 1 4  
8 0 0 8 2 9 

8 0 0 ') 1 1  

8 0 0 9 1 7  

8 0 0  9 2 6  

8 0 1 0 0 3  

8 0 1 0 0 8  

8 0 1 0 2 3  

8 0 1 1 0 4  

T - P8 4 3 5  I? - o r.Hl - P L 0 ·r 3 ) G 1 9 8 0 

D E PT H  ( em )  
G 0 -� J 1 2 ()  

9 3  

1 5 1  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

'.) • 2 3 

0 .  0 0 

J . 0 4  0 . :1 2 

;) • 0 s 
0 • . ) 4 

T- P� 4 3 5  I? - p n m -

1 J  4 ') 

:) . 1 2 0 .  2 j  

;) • 0 0 0 . 0 1  

') . 0 7 

T - p :) 4  a s  P - n o :n -

3 ()  4 5  

·) • 0 1  J . O :l  

0 . 0 J  ,j . 0 0 
0 .  ·1 1 l) • ;) Q 

() . ') :)  -J . o o  
0 . 0 2  0 . 0 1  

.J . ll 3  

,) . 1 3 ) • 0 2 

O . J 3 

PLOT 3 5  

DE P·r H ( em )  
5 0  '3 0  

J .  0 0  

,) • 0 2  
() . 0 2 0 . 1 0 
J . O S 

P L Orr 2 0  

D E P r H ( cm )  
6 0  9 0  

0 . 0 5 0 . 0 7 

J . 0 1 
0 . 0 1  

O . D 2  
8 . 0 3 

O . J 3 

1 q a o  

1 2 0 

0 . 0 2  

0 . 0 7  

1 9 3 0  

1 2 J 

0 . 0 2  

G . Q O  
0 . 0 0  

0 . 0 1  

0 . 0 2 
0 . 0 2 

0 . 0 3 

1 5 J 

1 5 0  

0 . 0 0  

0 . 0 4  

0 . 0 5  
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r� H 3  -1. 5  � �  - p n :n - P L O T  ') J 1 :l d 0 

DATE D E P T H ( c1n ) 
J J  4 5  6 0  J O  1 2 0  1 5 0  

-- - -- - - -- - - - - - - - - - - - - -- - - - - -- - - - - - - - - - - - - - - - - - -

8 0 0 .:3 2 0 J . 2 0 0 . 0 0 u . J o J • 3 �1 0 . 3 J  0 . 0 0 
3 0 0 8 1 4  0 . 4 0  0 .  5 0  0 . 0 0 
d 0 0 8 2 9 J • J u 0 . 0 0 0 . 3 0  J . G O 0 . 0 0 J . O J 
13 0 0 ;:} 1 1  \) . 0 1) 0 . 0 0 D . O O  0 . 1 0  0 . 0 0 

· 8 0 0 9 1 7  
8 0 0  � 2 6  0 . S O  0 . 0 0  0 . 0 0 O . O J  
8 0 1 0 Q 3  \) . 0 0 J • J �) 0 . 0 0  .J .  0 0 0 .  tJ Q 
8 0 1 0 0 8  :") • 0 0 0 . 0 0 J . 4 0 0 . 0 0  0 . 0 0 

13 0 1 0 2 3  . ) . 0 1) .J . O f) o . o o J . O O 0 . 1 0 
8 0 1 1 0 4 1 ) .  0 J 1J • 0 0 rJ . 0 0 

N IB "1 5  "1 - n o ;n - PL O'r 3 3 G  1 9 8 0  

DA T E  D E P'r H ( c m }  
3 J  4 5  6 0  ) J  1 2 •) 1 5 0 

- - -- - - - - - - - - - - - - - - - - - - - - - -- -- - - - - - - -- - - - - - - - - - -

q o o s 2 o  �J • 5 0  0 .  4 u 0 . 1 0 o . o o  
8 0 0 8 1 4  

8 0 0 3 2 9 t) • 5 0  0 .  3 0 0 . 2 0 0 . 0 0 0 . 0 0 
8 0 0 <} 1 1  0 .  0 0  0 . 1 0 0 . 1 J 0 . 2 0 O . J O  u . J o  
8 0 0 <"} 1 7  .) • 7 0 0 . 0 0 
8 0 0 9 2 0 0 . 2 ,') 0 . 1 0 J .  2 0  3 . 0 0 
8 0 1 0 0 3  0 . 1 0 o . n o  ') . 1  0 0 . 1 0  0 . 0 0  0 . 1 0  
8 0 1 0 0 9  J . 1  0 ] . 0 0  0 . 0 0 O . Ll O 
3 0 1 0 2 3  0 . 2 0 0 . 0 0 1) . 0 0 :J . O �  0 . 0 0  0 . 2 0 

8 0 1 1 0 4 0 . 5 0 ;) • 2 0 J . O O  0 . 0 0 

�� H 3  3 3  ·� - ':1 r> m - P L OT 3 5  1 ::} q 0 

DA TE D S P'r H ( e m )  
3 :) 4 5  6 0  9 0  1 2 J 1 5 0  

- -- - - - - - - - - - - - - - - - - - -- - - - -- -- - - -- - - -- - - - - - - - - - -
8 0 0 8 2 0 IJ . 4 u 1 . 0 0  1 .  0 •) 

R 0 0 3 1 4 
a o o q 2 9 �) • 1 0  l . l )  f) 1 . 2 0 
q () 0 '-} 1 1  .J . O t 1 J . O O 0 .  1 () 
8 0 0 Ll 1 7 
8 0 0 ') 2 6 ) • 5 tJ 0 . 2 0 
8 C) l () 0 3 () . 1  0 o . o o �) • J 0 0 . 1 0 
8 0 1 0 0 8  · 1 • 0 0  0 . 0 0 0 . 0 0 0 . 0 0  0 . 1 0 

8 0 1 Q 2 3 ,) • 0 J 0 . 0 0 J . o u  0 . 0 0 
3 0 1 1 0 4  0 . 0 0 0 . 0 0 o . o o 



9 5  

N H 3  1. 3  I �  - no m - P L O T  2 0  1 9 8 0  

DA T E  D t: P r H ( c m )  
J J  4 5  6 0  1 0  1 2 0 1 5 0  

--- - - - - - - - - - - -- - - - - - -- - - - - - -- - - - - - - - - - - - - - - - - - -
'3 0 0 3 2 0 

3 0 0 8 1 1 
8 0 0 8 2 9 1 . '3 0  0 . 6 0  
8 0 0 9 1 1  Cl . O O ') • 0 0  J . Q J  

- 8 0 0 9 1 7  

A 0 0 9 2 6 0 . 0 ()  

8 0 1 0 0 3  o . o o  

8 0 1 0 0 8  0 . 0 0 

B O l 0 2 3 0 . 0 0 1 . 0 0 .J . 0 0  

8 0 1 1 0 4  0 . 0 0 0 . 1 0 0 . 2 0 0 . 0 0 

S OD I U �1 ( � a )  - oo m - P L O'r 5 rJ 1 g a o  

DAT E  O E P'r H ( em )  
1 0  4 5  6 0  J O  1 2 0 1 5 0  

-- - - - - - -- - - - - - - - - - - - -- -- - - - - - - - - - - - - - -- - - - - -- - -
8 0 0 8 2 0  l R S . u 1 1 . 0  1 8 6 . 0  2 4 . 0  3 8 . 0 2 1 . 0  

8 0 0 8 1 4  1 3 1 . 0  5 3 . 0  9 3 . 0  

£1 0 0 8 2 9 1 7 1) .  0 1 1 8 . 0 1 1 ) . 0  1 0 . 0  3 5 . 0 1 1 .  0 
8 0 0 9 1 1  ) 3 . 0  1 3 8 . 0 2 1 0 . 0 1 4 . 0  3 7 .  0 
3 0 0 '1 1 7 

8 0 0 9 2 J 2 7 7 . 0  '2 0 0 . 0 2 � 7 . 0  1 3 . 0  

8 0 1 0 0 3  2 s '3 .  0 2 6 1 . 0  '2 5 . 0  7 3 . 0  2 4 . 0  
8 0 1 0 0 8  4 4 0 . J 3 7 7 . 0  7 2 5 . 0  'J l . O  4 2 . 0  

8 0 1 0 2 3  3 3 ) . 0  � 3 1) . 0  4 3 0 . 0  .:> d . O  4 6 . 0 

8 0 1 1 0  4 3 � -3 . 0  1 6 2 0 . 0 6 1 . 0  

S OO I U M ( N a )  - o o m - PL O'r 3 5 G  1 )  B O  

DATE D E PT �l ( em )  
J .) 4 :) 6 u  ) 0  1 2 0  1 5 0 

- -- -- - - - - - - - - - - - - - - - - - - - - - - - -- --- - - - - - - - - - - -- --
8 0 0 8 2 0 2 5 3 . 0 2 s o . u 4 5 . 0  6 1 . 0  

8 0 0 3 1 4  

d 0 0 3 2 9 2 3 1 . 0  2 7 :;) . 0  2 3 . 0  3 J . 0 4 5 . 0  
q \.) 0 9 1 1  2 2 4 . l) 2 2 4 . 0 2 � 4 . 0  1 7 . 0 2 1 . 0 5 2 . 0  
8 0 0 9 1 7 J S . 0 2 5 . 0 
8 () 0 � 2 6 3 ) 1 . 0  2 5 4 . 0  4 4 9 . 0  4 5 . 0  
8 0 1 0 0 )  4 3 1 . 0  3 4 8 . 0 4 2 3 . 0  3 7 . 0 2 6 . 0  5 9  : o  

8 0 1 0 0 8  4 3 1) • 0 4 6 0 . 0 4 7 . 0 1 -� • 0 

3 0 1 0 2 3  5 3 J . I ) 1 o q . o  6 3 0 . 0  5 3 . 0 3 4 . 0  6 6 . 0  
8 0 1 1 0  4 4 2 0 . 0 5 1  • l) 3 9 . 0 5 2 . 0  



9 6  

S OD I u �1 ( N a )  - ry o ;n - PL OT 3 5  1 9 3 0  

DA T E  0 E P T  H ( e !1l )  
J J  4 5  6 0  9 0  1 2  0 1 5 0 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

� 0 () 8 2 0 2 3 7 . 0 1 J o . o  1 4 7 . 0  

8 0 0 8 1 4  
B 0 0 8 2 9 J Q '·3 . 0  1 ) 0 . 0 1 6 7 . 0 
8 0 0 9 1 1  2 4 3 . 0 2 1 0 . 0 2 0 5 . 0  

· 8 0 0 :} 1 7  
8 0 0 ') 2 6 4 2 . 0  2 8 . 0 
8 0 1 0 0 3  2 5 1 . 0 3 0 . 0  2 4 . 0  

8 0 1 0  0 :3 G 4 0 . 0 3 2 2 . 0 3 5 . 0 4 2 . 0  

9 0 1 0 2 3 ·) 4 'J • 0 3 2 1 . 0 4 5 . 0  1 6 0 . 0 

8 0 1 1 0 4  1 1) 3 .) . 0  4 5 0 . u  a 4 . o  

S OO J ( J' 1  ( N a )  - ') l') ffi - PLOT 2 0  1 9 8 0  

0 1\ T E  D £ P T H ( em )  
J J  4 :>  6 Q  9 0  1 2 0 1 S O 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

8 0 0 9 2 0 

8 0 0 8 1 4  

8 0 0 8 2 9 4 0 . 0  2 5 . 0  

8 0 0 9 1 1  5 8 . 0  3 0 . 0  1 3 0 . 0 
8 0 0 9 1 7  
8 0 0 9 2 6 6 3 0 . 0  
8 0 1 0 0 3  7 8 0 . 0 

8 0 1 0 0 3  2 3 6 0 . 0  

8 0 1 0 2 3  1 3 7 . 0  1 5 3 0 . 0  
8 0 1 1 0 4  1 2 2 ·) 0 . 0  4 5 J . O  1 0 � . 0  1 3 5 J . O  

C H L O R I D E  ( c 1 )  -o om - PL O'r 5 0  1 9 8 0  

D A TE D E P'r H ( em )  
J O  4 5  6 0  9 0  1 2 0 1 5 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

8 0 0 8 2 0 4 4 0 . 0 4 3 5 . 0 6 7 0 . 0 3 7 0 . 0 4 iJ 5 . \J  4 8 0 . 0 
8 0 0 8 1 1  :J J  5 .  0 4 1 g . o  8 4 0 . 0  
8 0 0 8 2 9 3 1 5 . 0 3 0 5 . 0 3 8 8 . 0  4 3 2 . 0  4 1 5 . 0 3 d 5 . 0  
8 0 0 9 1 1  '> 2 5 . 0  6 0 0 . 0 
8 0 0 9 1 7  

B O O J 2 6 7 J f) . O 1 0 7 5 . 0  1 D 5 0 . 0 G 5 0 . 0  
8 U 1 0 0 3  7 1 0 . 0 6 3 0 . 0 6 8 0 . 0 6 2 J . 0 

8 0 1 0 0 8  5 9 0 . 0  5 5 0 . 0  1 0 6 0 . 0 7 7 0 . 0 53  0 .  0 

8 0 1 0 2 3 5 1 0 . 0  4 8 0 . 0 8 0 5 . 0 7 5 0 . 0  5 7 0 . 0  

8 0 1 1 0 4 5 4 0 . 0  16 3 0 . 0  7 2 0 . 0  



DATE 

8 0 0 8 2 0 

8 0 0 8 1 4  

8 0 0 8 2 9 

8 0 0 9 1 1 

. 8 0 0 9 1 7  

8 0 0 9 2 6  

8 0 1 0 0 3  

8 0 1 0 0 8  

8 0 1 0 2 3  

3 0 1 1 0  4 

D.l\ TE 

Sl 0 0 8 2 0 

8 0 0 8 1 4 

8 0 0 8 2 9 
A 0 0 9 1 1 

8 0 0 9 1 7  

8 0 0 ') 2 6 

8 0 1 0 0 3  
8 0 1 0 0 1  

8 0 1 0 2 3  

9 0 1 1 0 4  

DAT E  

8 0 0 8 2 0 

8 0 0 9 1 4  

3 0 0 8 2 3  
8 0 0 '� 1 1  

R O O 'l 1 7 

8 0 0 9 2 6 
8 0 1 0 0 3  
8 0 1 0 0 3 
8 0 1 0 2 3  
8 0 1 1 0 1 

C H L O R I D E ( C l )  - n 0 m -

3 0  4 5  

6 3 5 . 0 

J J S . O 
9 0 0 . 0  

5 3 5 . 0 6 7 5 . 0 
7 0 1) . 0 
=) :3 0 . 0  

7 1 0 .  0 7 1 0 . 0  
7 6 0 . 0  

C H T /J R I D E  ( C  1 )  - r:> orn -

3 :) 4 5  

P L O'r 3 5 G l 9 8 Q 

D E P 'r H ( em )  
6 0  9 0  

S 3 0 . 0 5 0 5 . 0 

5 2 2 . 0 3 2 o . o 
5 2 5 . 0  3 3 8 . 0 

4 0 0 . 0 

8 7 ) . 0  4 0 J . O  

9 9 0 . 0 4 6 0 . 0 

1 0 5 () . 0  5 2 0 . 0 
1 1 6 0 . 0 5 4  u .  0 

5 4 5 . 0  

P L OT 3 5  

D E PT H  ( em )  
6 0  'J O 

1 2  0 

3 4 J . O  

4 1 2 . 0  

5 7  5 .  0 

5 1 0 .  0 

5 7 0 . 0  

5 6 0 . 0 

1 9 8 0 

1 2 J 

9 7  

1 5 0  

4 1 5 . 0 

2 2 2 . 0  

3 0 0 . 0  

3 9 0 . 0  

4 3 0 . 0  

S IJ O . O  

4 8 0 . 0  

l S O  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
4 3 3 . 0  6 1 5 . 0 5 4 0 . 0 

3 3 5 . 0  3 6 5 . 0 4 0  8 .  0 
6 7 5 . 0  

4 7 5 . 0  5 2 5 . 0  

1 1 4 ) . 0  9 1 0 . 0 5 '3 0 . 0  6 0 5 . 0 
2 � 2 0 . 0 9 J O . O 7 1 0 . \) s �1 o .  o 7 1 0 . 0 

1 0 0 0 . 0  3 3 J . J  4 2 0 . J  1 8 5 0 . 0  

l l  :3 ] . 0 7 8 J . O  3 9 0 . 0  

C H L O R I D E  ( C  1 )  -o n rn - PLOT 2 0  1 '1 3 0  

D E P r d ( em )  
J t) 4 5  6 0  ':} Q  1 2 0 1 5 J  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

7 1 � . 0  
2 1 0 0 . J  2 5 0 . 0 

1 7 7 . 5  

1 8 0 . 0 

1 2 ·) . 0  
5 :) 5 . 0  1 4 5 . 0  

1 6 0 0 . 0  6 3 5 .  t) 1 1 8 . 0  



9 8  

B I CA. � H ·J . � 1\ r � ( i l C J  3 )  - n n r a - !? L OT 5 0  l ':} 8 0 

DAT F:  0 E p·r H ( c ·ll )  
3 .J 4 5  6 �  ·) J 1 2 J 1 5 0  

-- - - - - - - - - - - - - - -- - - - - - - - - - - -- - - - - -- - - - - - - - - - - - -

'3 D Q 8 2 .J 1 ·1 :) . 0  1 J 2 . 0  1 3 7 . 0  2 4 4 . i) '} 3 .  0 4 6 1 . 0  

8 0 () 3 1 4  4 9 . 0  5 5 . 0  1 1 7 . 0 

8 0 0 8 2 1 1 3 . 0  1 0 2 . 0  1 6 9 . 0 1 7 7 .  J 2 8 -) . 0  4 0 2 . 0 

8 0 0 9 1 1  1 4 0 . 0  

B 0 3 9 1 7 

8 0 0 9 2 ·5 1 2 0 . 0 6 0 . 0 9 6 . 0  
8 0 1 0 0 3  G Q . O 3 8 . 0 1 1 2 .  J 1 '2 3 . 0  

3 0 1 0 0 8  ') J .  0 8 0 . 0 3 0 . 0 1 0 d . rJ 1 2 4 . 0 

8 0 1 0 2 3  ·S ) .  0 1 3 6 . 0  2 1 0 . 0  1 0 3 . 0  1 2 d . 0 
8 0 1 1 0 4  1 2 ;) . 0 2 4 0 . J  1 2 J . J 

B I :  A�B ·J �o.J ,; ·r c:: ( � I 2 ·J 3 )  - p ;::> in - P LOT 3 5 G 1 9 8 ()  

DA'r P. D 8 P'r H ( em )  
3 -J  4 5  6 0  9 0  1 2 ·) 1 5 �  

- - - - - - - - - - - - - - - - - - - - - -- - - -- - - - - - - - - -- - - - - - - - - - -
8 0 0 8 2 0  2 >3 8 . 0  5 3 2 . 0  5 '3 5 . 0  8 3 9 . 0  

8 0 0 8 1 4  
8 0 0 13 2 :}  7 7 . 0  3 3 4 . 0 4 8 2 . 0 5 6 2 . 0  5 4 8 . 0  
8 0 0 � 1 1  1 0 'J . O 3 0 . 0 1 8 0 . 0 4 0 � . 0 4 5 4 . 0  
8 0 0 9 1 7  5 3 5 . 0  6 0 8 . 0 
8 0 0 9 2 6 ) 6 . 0  '3 1 . 0  '3 4 . 0  1 7 2 . 0 

8 0 1 0 0 3  9 J . u  1 0 0 . 0 1 8 0 . 0 3 3 2 . () 3 6 0 . 0  

8 0 1 0 0 8  8 •] .  0 9 0 . 0  1 7 4 . 0  3 5 4 . 0  

8 0 1 0 2 3 � 4 0 . 0  9 2 . 0  1 0  0 .  :) 1 9 4 . 0  2 ') )  • 0 3 3 2 . 0  

8 0 1 1 0  4 1 .) 0 . 0  1 7 2 . 0  3 0  4 .  0 3 0 3 . 0  

B I C  A RB 'J 1�� 1\ T I �  ( 1 1 2 ·)  3 )  - no :n - PL Q T  3 )  1 ·3 1 0 

D.� T E  D 8 P r H ( cm )  
J u  4 5  6 0  :} 0  1 '2 J 1 S J  

- - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - -
8 0 0 3 2 0 1 1 6 . 0  2 3 2 . 0  1 0 1 . 0 

8 0 0 8 1 4 

8 0 0 3 2 9 2 3 3 . 0 2 4 4 . 0  1 9  ·) .  0 
8 0 0 9 1 1  

8 0 0 9 1 7  

8 0 0 9 2 6 1 4 3 . 0 1 0 5 . 0  

8 0 1 0 0 3  1 2 0 . 0 1 0 0 . 0 1 2 ,J . O 1 0 0 . 0 

8 0 1 0 0 3  6 0 . 0 6 0 . 0  1 2 0 . 0 1 0 0 . 0 

8 0 1 0 2 3  8 \l . O  7 4 . 0  1 1 0 . 0 
8 0 1 1 0 4  1 2 () • 0 8 0 . 0  2 2 0 . 0 



D A T P.  
1 0  4 ') 

8 0 0 A 2 0  
8 0 0 8 1 4 
8 0 0 3 2 9 2 0 0 . 0 
8 0 0  '·) 1 1  

· 8 0 0 9 1 7  

8 0 0 9 2 6 
8 0 1 0 0 3  

8 0 1 0 0 8 
8 0 1 0 2 3  

3 0 1 1 0 4  

CO�� D UC T I  V I  'r Y - 1\ ) / � :n -
D.l\ 'T' P.  

J Q  4 -) 

P L C Yr 2 0 1 9  3 0 

O E V r H  ( em )  
6 0  � 0  

1 5 0 . 0  

1 0 rJ . Q 2 3 6 . J 

P L QT 5 0  

D E  p ·r H  ( em )  
6 0  9 0  

1 2 .) 

1 9 3 0 

1 2 0 

9 9  

l S O 

1 J 4 . 0  

4 0 . 0  
1 2  ,) • 0 
1 0 3 . 0  
1 4 J . O  

l S J  
- - - - - -- -- - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

a o o g 2 o 2 . 1  1 . 3  2 . 1 2 .  l 1 . g  2 . 3  
8 0 0 8 1 4  2 . 1  2 . 0  3 .  7 
'1 0 0 8 2 9 1 . ) 1 . �  2 . 4 2 . 4 2 . 4 2 . 5  

B 0 0 9 1 1  3 . 4  3 . 1 

8 0 0 9 1 7  

8 0 0 9 2 6  2 .  4 J . G  2 .  1 

8 0 1 0 0 3  2 . 6 2 . 6  2 ,-. :J  1 . 7 
8 0 1 0 0 8  2 . 3 2 . 4  3 .  s 2 . 9 2 . 5 
8 0 1 0 2 3 2 .  J 2 . 4 3 .  5 3 . 0  2 . 5 

8 0 1 1 0 4  2 . 5  3 .  7 2 . 9 

CO N D U 2 T I  V I  rr y -m S /c m - P L O T  3 S G  1 9 8 J  

Dl\TE DE PT H ( cm )  
1 ) 4 5  6 0  9 0  1 2 J 1 S l> 

- - -- - -- - -- - - - - - - - - - - - -- -- - - - - - - - - - - - - - - - - - - - - - -
s o o q 2 o 2 .  l 3 . 4  2 .  5 2 . 3 
8 0 0 '3 1 4  
8 0 0 3 2 9 1 . 9 3 . 5  2 . 4 2 . 5  2 . 0 
8 0 0 9 1 1  3 . 7  2 . J 2 . 5  2 . 2 

8 0 0 () 1 7  2 . 6 2 . 6 
8 0 0 ') 2 6 1 • 5 3 • 1 1 . 1 2 . 0 

8 0 1 0 0 3  4 . 4  1 . )  2 . 3 2 . 1  
8 0 1 0 0 8  2 .  3 4 . 5  2 .  2 2 . 1 
8 0 1 0 2 3 3 .  1 3 . 4  4 . 8 2 . 2 2 . 5  2 .  2 

8 0 1 1 0 4 3 . 5 2 .  5 2 . 6 2 . 2 



3 0 I L E X T R ACT A� A LY S I S  1 9 8 0 - 1 1 3 2  

CO N D UC T I V I T Y - m 3 /e � -

DATE 

8 0 0 8 2 0 

8 0 0 8 1 4 
8 0 0 8 2 9 

8 0 0 :} 1 1  
8 0 0 9 1 7  

8 0 0  9 2 5  

8 0 1 0 0 3  

8 0 1 0 0 3  
8 0 1 0 2 3  

8 0 1 1 0  4 

J ,) 

2 . 8 

2 . 6  

3 .  4 
5 . 4  
J . )  
4 • ·3 

4 5  

3 . 5  

2 . 9  

3 . 6  

CO CH 1 UC T I V I T Y - -n S /c ;:, -
0 1\ T F.  

8 0 0 8 2 0 
8 0 0 8 1 4 
8 0 0 8 2 9 

8 0 0 9 1 1  

9 0 :) ·J 1 7  
8 0 0 '3 2 6 
8 0 1 0 ·:) 3  
8 0 1 0 0 3  
8 0 1 0 2 3 
8 0 1 1 0 4  

3 .1 4 :5  

3 . 1  

PL ) T  3 5  1 � 3 0  

D E P"r H  ( em )  
6 0  3 0  

3 . 1 

2 . 8 

3 .  3 

1 . 9  
2 . 5 

3 .  1 2 . 5  
3 • ·) 1 .  7 

3 . 5 

2 . 4 
2 . 2 

2 . 7  
2 . 5 

P L OT 2 0  1 '} 8 0  

D 8 PT H ( e rn ) 
6 0  9 0  

3 .  4 
7 .  0 

4 . 9 
1 . 6 
2 . 2  

1 2 J  

J . 2  

100 

1 3 0 

1 5 J 

7 . 7  

8 . 3  
9 . 5  
� . 8  
9 . 6  



_ Appendix B .  Laborat ory-determined paramet ers o f  f ield soil water 
extracts 19 8 1 .  

Sodium 
Chloride 

Bicarbonate 
Ele ctrical Conductivity 

Nitrate 
pH 

Total Phosphate 
Anunonia 

101 
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S O I L E XTRACT A N ALY S I S  1 9 8 0 - 1 9 8 2  

S OD I UM ( N a )  -ppm - PLOT 50 A 1 9 & 1 

DAT E DEPTH ( cm )  
3 0  4 5  6 0  9 0  1 2 0  1 5 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
8 1 0 6 1 5  7 2 . 0 0 
8 1 0 6 2 2  8 2 . 0 0 
8 1 0 6 2 9 8 6 . 0 0 
8 1 0 7 0 8  7 2 . 0 0 
8 1 0 7 1 5  1 1 5 . 0 0 
8 1 0 7 2 2 1 2 1 . 0 0 
8 1 0 7 2 8 1 0 6 . 0 0 
8 1 0 8 0 5  6 6 0 . 0 1 1 0 . 0  1 0 5 . 0 0 
8 1 0 8 1 2 5 4 0 . 0  1 0 6 . 0  1 1 3 . 0 0 
8 1 0 8 1 9  4 7 0 . 0  5 5 0 . 0  5 4 0 . 0  1 4 0 . 0  1 1 3 . 0 0 
8 1 0 8 2 7 5 9 0 . 0  6 4 0 . 0  8 4 0 . 0  1 7 7 . 0 1 � 0 . 0 0  
8 1 0 9 0 4  9 2 0 . 0 6 0 0 . 0  6 5 0 . 0  1 7 6 . 0 1 0 5 . 0 0 
8 1 0 9 2 9  2 5 0 . 0  9 2 . 0 0 
8 1 1 0 0 7  5 7 0 . 0  6 9 0 . 0 2 3 2 . 0  9 6 . 0 0 
8 1 1 0 1 5  3 6 0 . 0  1 9 0 . 0  8 8 . 0 0 

S O D I U M  ( N a ) -':-> p m - PLOT 5 0  1 9 E � 
D � TE D R  P'r H ( em ) 

1 0  4 5  6 0  9 0  1 2 0  1 5 0 
- - - - - - -- - - - - - - - - -- - - -- - - - - - - -- - - - - - - - - - - - - - - - - -

8 1 0 6 1 5  3 7 3 . 0  3 1 2 . 0  4 5 2 . 0  1 8 3 . 0  5 1 . 0  6 6 . 0 0 
R 1 0 6 2 2 6 J ' ) . 0 3 9 4 . 0  2 2 0 . 0 1 0 9 . 0  2 6  2 .  0 0  
8 1 0 6 2 9  S 4 0 . 0  4 6 8 . 0  2 9 3 . 0  9 5 . 0  2 3 4 . 0 0  
8 1 0 7 0 8  S 3 1 . 0  4 d 0 . 0  3 4 2 . 0 9 0 . 0 1 8 0 . 0 0 

8 1 0 7 1 5 4 6 0 . 0 4 3 0 . 0  7 1 . 0 1 5 8 . 0 0 
8 1 0 7 2 2 S 7 J . O  ') 9 0 . 0  5 8 0 . 0  3 8 2 . 0  7 6 . 0  1 7 0 . 0 0 
8 1 0 7 2 8  G 5 j . O 0 5 0 . 0  4 7 0 . 0  1 4 9 . 0  2 1 3 . 0 J 
8 1 0 8 0 5  4 4 _) . 1) 5 1 0 . 0  1 9 >3 . 0  2 2 0 . 0 0 
3 1 0 8 1 2 1 0 6 . 0 S 1 0 . 0 4 2 7 . 0 1 B 6 . 0 2 5 1 . 0 0 
8 1 0 8 1 9 3 1  :) • 0 4 2 9 . 0  4 5 0 . 0  1 5 1 . 0  2 1 8 . 0 0 

3 ] 0 8 2 7  3 1 7 . 0 5 7 0 . 0 1 4 9 . 0  2 3 5 . 0 0 
8 1 0 1) 0 4  3 8 3 . 8 5 2 0 . 0  1 2 4 . 0  2 4 4 . 0 0  
3 1 0 <J 2 q  5 J 'J . O 
8 1 1 0 0 7  1 ') () . ') 5 3 0 . )  

8 1 1 0 1 5  S 4 0 . 0  0 7 0 . 0  3 4 0 . 0  
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:; o i L l' X T f"' l\f." T  l\tJ J\ L Y S I S 1 ') 8 J - l 9 'J 2 

S O l) I (J I ·: ( r . t' ) - :) 'J :-'1 - P L C)'r J S G 1 9 0 1  

n l' r:r r  D E PT I I ( c ;n )  
1 J  4 S  G O  9 0  1 2 0 1 5 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

8 1 () 6 1 5  3 4 5 . 0 6 2 . 0  2 6 . 0  
8 1 0 6 2 2 C) G O . O 7 6 . 0  3 9 . 0  6 1 . 0 0 
R l 0 6 2 9 4 3 5 . 0  1 0 9 . 0  4 6 . 0  
8 1 0 7 0 8  4 <) 0 . 0  1 4 '3 0 . 0 1 0 6 . 0  4 0 . 0  
8 1 0 7 1 5  7 4 0 . 0  5 4 0 . 0  9 0 0 . 0 1 5 3 . 0  6 2 . 0  
8 1 0 7 2 2  7 4 0 . 0  1 0 9 0 . 0  6 5 . 0  5 2 . 0 0 
8 1 0 7 2 8  5 6 0 . 0  7 8 0 . 0  1 0 3 0 . 0  9 0 . 0  6 0 . 0  7 7 . 0 0 
8 1 0 8 0 5 3 4 0 . 0  3 3 5 . 0  6 1 0 . 0  2 2 3 . 0  1 0 6 . 0 5 4 . 0 0 
8 1 0 8 1 2 7 3 0 . 0  2 9 3 . 0  1 0 6 . 0  6 8 .  0 0  
8 1 0 8 1 9 3 6 5 . 0  7 2 0 . 0  3 3 6 . 0 1 0 2 . 0  7 8 . 0 0 
8 1 0 8 2 7  4 9 0 . 0  5 3 0 . 0 6 0 0 . 0  5 2 0 . 0 1 4 3 . 0  7 1 . 0 0 
8 1 0 9 0 4 3 8 0 . 0  4 2 0 . 0 5 4 0 . 0 3 8 0 . 0  1 2 6 . 0  7 0 . 0 0 
8 1 0 9 2 9 1 2 0 . 0  8 6 . 0 0 
8 1 1 0 0 7  5 0 0 . 0  8 2 0 . 0  5 8 0 . 0  1 4 8 . 0  
8 1 1 0 1 5  5 3 0 . 0  5 8 0 . 0  4 5 0 . 0  1 7 0 . 0  8 0 . 0 0 

SOD I UM ( Na )  -p pm - PLOT 3 5  1 9 8 1 

DATE DE PT H ( cm )  
3 0  4 5  6 0  9 0  1 2 0  1 5 0  

- - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - -

8 1 0 6 1 5 7 4 0 . 0  3 7 2 . 0  
8 1 0 6 2 2 7 5 0 . 0  4 1 4 . 0  
8 1 0 6 2 9 5 2 0 . 0  6 7 0 . 0  5 6 0 . 0  
8 1 0 7 0 8  7 8 0 . 0  
8 1 0 7 1 5  5 4 0 . 0  
8 1 0 7 2 2  
8 1 0 7 2 8 7 0 0 . 0  7 3 0 . 0  6 5 0 . 0  
8 1 0 8 0 5 4 6 7 . 0  4 7 0 . 0  
8 1 0 8 1 2  
8 1 0 8 1 9  7 6 0 . 0  6 4 0 . 0  7 7 0 . 0  
8 1 0 8 2 7  8 7 0 . 0  9 2 0 . 0 
8 1 0 9 0 4  7 5 0 . 0  6 7 0 . 0  7 8 0 . 0  
8 1 0 9 2 9  
8 1 1 0 0 7 
8 1 1 0 1 5  



10 4 

S O I L  E X T RACT AN A LY S I S  1 9 8 0 - 1 9 8 2  

CH LOR I D E ( C  1 )  -J?pm - PLOT SO A 1 9 8 1 

DATE D E P T H ( cm )  
3 0  4 5 6 0  9 0  1 2 0 1 5 0 

- - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - -

. 8 1 0 6 1 5  6 2 5 . 0 0 

8 1 0 6 2 2  6 6  0 .  0 0  
8 1 0 6 2 9  5 7 5 . 0 0 
fl 1 0 7 0 R 6 1 0 . 0 0  
8 1 0 7 1 5  6 3 0 . 0 0 

8 1 0 7 2 2 6 1 0 . 0 0 

0 1 0 7 2 8 5 5 5 . 0 0 
8 1 0 8 0 5  9 4 0 . 0  8 1 0 . 0 5 7 0 . 0 0  

8 1 0 8 1 2 ') 3 0 .  0 8 4 0 . 0  5 7 0 . 0 0 

8 1 0 f1 1 9  ·� 2 ·J • () 9 1 J . O 9 2 S . O 8 4 0 . 0  5 5 0 . 0 0  

8 1 0 8 2 7 5 2 5 . 0 B O O . O 9 4 U . O  3 7 0 . 0  5 6 0 . 0 0 
8 1 0 1 11 4  !) 1) 5 . 0 6 8 0 . 0 7 4 0 . 0  8 6  l) . 0 5 3 0 . 0 0  
8 1 0 9 2 9  
B 1 1 0 0 7  7 '0 J . O  1 0 7 0 . 0  3 6  0 .. 0 4 6 0 . 0 0 

8 1 1 0 1 5  1 2 1 2 . 0  9 4 0 . 0  4 9 0 . 0 0 

C 1 f L G � I lJ L� ( c 1 )  - �) p;n - P L OT 5 0  1 9 8 1 

D J\ T f  D r. P'f f-l ( cm )  
3 0  4 5  6 0  9 0  1 2 0  1 5 0 

- - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - -
8 1 0 6 1 5 s " ) 0 .  0 ·j l 5 . 0 4 9 6 . 0  6 3 5 . 0  6 3 5 . 0  6 5 5 . 0 0 

8 1 0 G 2 2  G 1 0 . 0  7 0 7 . 0  7 0 0 . 0  r.· 9 0 . 0  7 7 0 . 0 0 
8 1 0 6 2 q  7 5 0 . 0  5 G 2 . 0  7 4 5 . 0 7 2 0 . 0  7 7 0 . 0 0 
8 1 0 7 0 8 s �J o . o 7 1 0 . 0  8 4 0 . 0  8 3 0 . 0  a 3 0 . o o  
8 1 0 7 1 5 7 1 0 . 0  9 1 0 . 0  8 2 0 . 0  8 3 0 . 0 0 
8 1 0 7 2 2  0 0 0 . 0 7 0 0 . 0  1 0 0 0 . 0 9 G O . O  7 9 0 . 0 8 7 0 . 0 0 
8 1 0 7 2 8 7 4 0 . 0  'J O O . O  J 6 5 . 0  7 1 8 . 0  9 4 0 . 0 0 
8 1 0 8 0 5  5 5 0 . 0  9 7 0 . 0  7 7 0 . 0  9 5 0 . 0 0 
8 1 0 8 1 2 2 9 5 . 0  6 9 0 . 0 1 0 3 0 . 0  7 3 0 . 0  8 1 0 .  0 0  
8 1 0 8 1 9  2 4 0 . 0  3 9 5 . 0  1 0 3 5 . 0  7 6 0 . 0  8 1 5 .  0 0  
8 1 0 8 2 7 2 4 5 . 0  4 1 0 . 0  7 7 0 . 0 8 2 0 . 0 0  
8 1 0 9 0 4  4 8 0 . 0  6 6 0 . 0  7 9 0 . 0  6 9 0 . 0 0 
8 1 0 9 2 9 

8 1 1 0 0 7  7 1 5 . 0 1 1 1 5 . 0  

8 1 1 0 1 5 7 4 0 . 0  q 9 0 . 0  7 8 0 . 0 
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� O I L F: .>< 'r r !\ C ' _, 7\ t ·! l\. L  Y. :� I S  l 9 8 t) - 1  C) • 2 

C I I L C J  I D L ( c 1 )  - r:> o m - PL O'l' 3 5 ·J 1 ') 8 1  

D l\ 'J'E O E P. T H ( cm )  
J J  4 5  ') Q  9 0  1 2 0  l S D 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
8 1 0 6 1 5  0 0 2 . 0 8 0 0 . 0 7 0 5 . 0  
R l 0 6 2 2  7 ) 0 . 0  8 ') 0 . 0  8 6  0 .  0 6 0 0 . 0 0 

8 1 0 6 2 9 1 0 0 0 . 0  9 7 0 . 0  1 0 4 0 . 0  

8 1 0 7 0 8 1 1 3 0 . 0  1 6 8 0 . 0  1 0 6 0 . 0 1 1 7 0 . 0 
8 1 0 7 1 5  8 0 0 . 0  8 R O . O  1 1 4 5 . 0  1 1 2 0 . 0  1 4 5 0 . 0  

8 1 0 7 2 2 1 1 3 0 . 0  1 3 1 0 .  0 1 5 9 0 . 0  7 5 0 . 0 0 
8 1 0 7 2 8  6 2 5 . 0  1 0 3 0 . 0  1 1 0 0 . 0  9 0 0 . 0  1 7 1 5 . 0 7 8 0 . 0 0 
8 1 0 8 0 5  4 1 5 . 0  5 5 0 . 0  7 8 0 . 0  1 0 1 2 . 0  1 6 8 0 . 0  8 9 0 . 0 0  
8 1 0 8 1 2  8 8 0 . 0  8 8 0 . 0  1 6 9 0 . 0  9 5 0 . 0 0 
8 1 0 8 1 9 4 5 0 . 0  8 3 0 . 0 1 1 7 0 . 0  1 6 5 0 . 0  9 3 0 . 0 0 
8 1 0 8 2 7 4 6 5 . 0  5 5 5 . 0  6 8 0 . 0  9 2 0 . 0  1 6 7 0 . 0 9 5 5 . 0 0 
8 1 0 9 0 4  4 5 0 . 0  4 5 5 . 0 5 4 8 . 0  7 6 2 . 0  1 6 4 0 . 0  1 0 5 0 . 0 0 
8 1 0 9 2 9 
8 1 1 0 0 7  5 8 5 . 0  6 4 0 . 0  9 7 0 . 0  1 6 5 0 . 0 
8 11 0 1 5  7 5 0 . 0  7 7 0 . 0  1 0 1 0 . 0  1 6 3 0 . 0  1 1 0 0 . 0 0 

CH LOF I DE ( C 1 )  - p pm - PLOT 3 5  1 9 8'
1 

DATE D E PT H ( cm ) 
3 0  4 5  6 0  9 0  1 2 0  1 5 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
8 1 06 1 5 8 0 5 . 0  6 9 0 . 0 
8 1 0 6 2 2  Cl 3 5 . 0  8 0 5 . 0  
8 1 0 6  2 9  7 0 0 . 0  1 0 9 0 . 0  9 6 5 . 0  
8 1 0 7 0 8  1 0 2 0 . 0  

8 1 0 7 1 5  6 7 5 . 0 
8 1 0 7 2 2  
8 1 0 7 2 8  1 0 0 . 0  7 6 5 . 0  1 1 0 0 . 0  
8 1{) 8 0 5 8 8 0 . 0  1 2 2 0 . 0  
8 1 0 8 1 2  
8 1 0 8 1 9  9 3 0 . 0 8 6 5 . 0  1 0 2 0 . 0  
8 1 0 8 2 7  7 8 0 . 0  1 0 8 0 . 0  
8 1 0 9 0 4 8 0 0 . 0  6 4 0 . 0  9 9 0 . 0  
8 1 0 9 2 9  
8 1 1 0 0 7  
8 1 1 0 1 5  



106 

S O I L  F. X T RA C T  AN A L Y S I S  1 9 8 0 - 1 9 8 2  

B I C A R B OtU\ 'r E ( HC0 3 ) - p p m - P L O T  S O A 1 9 8 1  

DA T E  D E PT H ( cm )  
J O  4 5  G O  9 0  1 2 0 1 5 0 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

8 1 0 6 1 5  8 0 0 . 0 0 
8 1 0 6 2 2 - - - - 1 1 2 . 0 0  
8 1  O G  2 9  9 1 0 . 0 0 
8 1 0 7 0 8  r s 9 . 0 0  
8 1 0 7 1 5  :-3 9 1 . 0 0 
8 1 0 7 :2 2  7 0 8 . 0 0 
8 1 0 7 2 8  ) 2 1 . 0 0 

A 1 0 8 0 S  0 1 0 . 0 7 2 6 . 0  9 2 7 . 0 0 

8 1 0 8 1 2 4 9 4 . 0  3 9 6 . 0  9 ::> 2 . 0 0 
8 1 0 8 1 9 J l 7 . 0 ] 5 4 . 0 s 5 9 . 0 6 1 0 . 0 9 7 6 . 0 0 
R 1 0 8 2 7 2 3 1 . 0 l 7 1 . 0  "" 5 9 . 0 6 4 7 . 0  
8 1 l) ') 0 4 1 2 � . 0 1 4 G . O 6 7 1 . 0  4 9 4 . 0  d 3 0 . 0 0  
8 1 0 9 2 9 8 7 9 . 0  9 3 2 . 0 0 
8 1 1 0 0 7  2 1 ·-l .  0 5 3 7 . 6 7 1 . 0  7 7 5 . 0 0 

8 1 1 0 1 5 3 6 0 . 0 4 0 3 . 0  5 8 6 . o u  

E"\ I C J\  R 3 0i l  A 'r c ( f 1 CU 3 ) - D [.> ril - PLOT 5 0  1 9 8 1 

C A rr r. D E  !? '11 H ( c m ) 
J .) 4 :J  6 0  9 0  1 2 0  1 5 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

8 1 0 6 1 5  2 4 4 . 0  1 9 0 . 0  2 2 9 . 0  5 1 2 . 0  5 6 6 . 0  6 G 4 . 0 0 

3 1 0 6 2 2  2 3 4 . 0  1 7 6 . 0  5 3 7 . 0  5 7 1 . 0  6 6 4 . 0 0 
8 1 0 6 2 (}  1 2 7 . 0  1 9 0 . 0  5 1 7 . 0 5 7 6 . 0  6 7 8 . 0 0 

8 1 0 7 0 8  1 4 6 . 0  2 3 2 . 0  3 6 6 . 0  4 5 1 . 0  5 3 7 . 0 0  
R 1 0 7 1 5  l -1 G . O  4 2 7 . 0  5 3 7 . 0  5 8 6 . 0 0 

8 1 0 7 2 2 1 9 5 . 0  1 4 6 . 0  1 4 6 . 0  4 6 4 . 0  4 3 8 . 0  3 9 0 . 0 0  
R 1 0 7 2 8  1 8 3 . 0  1 6 5 . 0  4 2 7 . 0  5 2 5 . 0 7 0 8 . 0 0 

8 1 0 8 0 5  1 8 9 . 0  2 3 1 . 0  4 3 8 . 0  7 2 6 . 0 0 

8 1 0 8 1 2 2 0 7 . 0  1 1 6 . 0  4 5 1 . 0  3 5 4 . 0  6 6 5 . 0 0 

8 1 0 8 1 9  2 3 2 . 0  2 1 4 . 0  4 7 6 . 0  3 6 0 . 0 7 6 9 . 0 0 
8 1 0 8  2 7  2 8 1 . 0 1 4 6 . 0  2 5 6 . 0  6 9 5 . 0 0 
8 1 0 9 0 4 1 6 5 . 0 1 5 9 . 0  1 8 3 . 0  6 7 1 . 0 0 
8 1 0 9 2 9 1 5 9 . 0  

8 1 1 0 0 7  2 3 2 • 0 1 3 4 . 0  

8 1 1 0 1 5  1 9 LJ . u  1 2 2 . 0  2 1 4 . 0  



10 7 

.� O I L E X T P .  C '£ A t� A L Y S I S  1 9 8 0 - 1 9 8 2  

l1 I C A R J O N 1i 'l'  � ( [ J CO J ) - n n m -'- PLO'l' 3 5 G 1 9 8 1  

D J• T f. f> f, P T U ( cm )  
J U  4 5  G O  9 0  1 2 0  1 5 0 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

. 8 1 0 6 1 5  3 0 0 . 0 G 4 9 . 0  7 7 1 . 0  
8 1 0 6 2 2 2 9 3 . 0 8 2 2 . 0 8 3 9 . 0  7 1 7 . 0  
3 1 0 6 2 9  2 8 8 . 0 9 1 7 . 0 9 B o . O  
8 1 0 7 0 8 2 2 0 . 0 3 5 4 . 0  9 5 2 . 0 9 2 7 . 0 
8 1 0 7 1 5  2 2 0 . 0 4 5 1 . 0 4 3 9 . 0  ·) 2 7 . 0 ) 2 7 . 0  
8 1 0 7 2 2  3 2 9 . 0  2 9 9 . 0  B 5 4 . 0  9 2 7 . 0  

8 1 0 7 2 8  2 3 2 . 0  3 6 6 . 0 4 2 7 . 0 4 2 7 . 0 6 9 5 . 0  1 0 1 3 . 0  

3 1 0 8 0 5  2 1 1 . 0  5 9 8 . 0 4 7 6 . 0  8 G O . O 3 6 6 . 0  1 0 6 1 . 0  
8 1 0 8 1 2  2 4 4 . 0  7 0 8 . 0  J G G . O  1 0 3 7 . 0  
8 1 0 8 1 9  4 3 9 . 0  4 0 3 . 0  8 0 5 . 0 6 1 0 . 0 1 0 1 3 . 0  
8 1 0 8 2 7  2 2 0 . 0 .1 5 4 . 0  4 0 3 . 0  5 9 5 . 0  7 0 8 . 0  1 0 0 0 . 0  
8 1 0 9 0 4  2 () g . L) 3 4 2 . 0  4 1 5 . 0 6 2 2 . 0 5 7 3 . 0  9 8 8 . 0  

8 1 0 9 2 9  6 2 2 . 0 8 4 7 . 0  
8 1 1 0 0 7  2 2 0 . 0 2 3 2 . 0 7 3 2 . 0 6 1 0 . 0  

8 1 1 0 1 5  1 8 3 . 0  3 6 6 . 0 7 0  8 .  0 3 6 6 . 0 1 0 2 5 . 0  

B IC A RI3 0 N l\ T E  ( H C 0 3 ) - p o rn - PLOT 3 5  1 9 8 1  

o .n 'r E  D E P 'r H ( cm ) 
3 0  4 5  6 0  9 J  1 2 0  1 5 0 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
8 1 0 6 1 5  J o t3 . o 2 8 3 . 0  
8 1 0 6 2 2  3 3 7 . 0 2 5 1 . 0  
8 1 0 6  2 9  1 8 5 . 0 3 4 2 . 0  2 6 4 . 0  
8 1 0 7 0 8  1 7 1 . 0 

8 1 0 7 1 5  3 1 7 . 0  

8 1 0 7 2 2  

8 1 0 7 2 8  l l G . O  4 8 2 . 0  1 7 1 . 0  
8 1 0 8 0 5 3 5 4 . 0  2 6 8 . 0  

8 1 0 3 1 2 
8 1 0 8 1 9 1 7 1 . 0  3 5 6 . 0 1 9 5 . 0  
8 1 0 8 2 7 3 1\ 2 . 0  2 4 4 . 0  

8 1 Q q () 4  1 5 3 . 0  1 9 ) . 0  1 5 1 . 0  
8 1 0 9 2 9 

8 1 1 0 0 7  

8 1 1 0 1 5  



S O I L C X T R AC T  AN A L Y S I S  1 1 8 0 - 1 9 8 2  

C O N D U C T I V I T Y  -m S / cm -

D l\ T E  

8 1 0 6 1 5 

8 1 0 6 2 2 

8 1 0 6 2 9  
8 1 0 7 0 8  

8 1 0 7 1 5  

8 1 0 7 2 2  

8 1 0 7 2 8  

8 1 0 8 0 5 
8 1 0 8 1 2 
8 1 0 8 1 9  

8 1 0 8 2 7 

A 1 0 9 0 4  

8 1 0 9 2 9 

8 1 1 0 0 7  
8 1 1 0 1 5  

] :)  

3 .  2 
3 . 2  
2 . 8 

4 . 2 

C ON D UC T I V I T Y -� 5 / cm -
D P.T E  

3 0  4 j 

rH� P r B  ( em ) 
6 0  9 0  

5 . 8  
5 . :)  

5 . 3 5 . 6  
4 . 0  5 . 8 

3 . 7  5 . 1 

5 . 7 

5 . 9 

PLOT 5 0  

D E PT H ( cm )  
6 0  9 0  

1 2 0  

4 . 5  
4 . 3  
4 . G  
4 . 3  
4 . 5  
4 . 7  
4 . 5  

4 . 0 

1 9 8 1  

1 2 0  
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1 5 0 

3 . 2  
3 . 3 
3 . 2  

3 . 3 
3 . 5  

3 . 2  

4 . 1 

3 . 6 
3 . 7 
3 . 7  

3 . 6 
3 . 3 
3 . 3 
3 . 4 

' 

1 5 0 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

R l 0 6 1 5  2 . 8 2 . 6  3 . 4  3 . 3  3 . 1  3 . 2 

8 1 0 6 2 2 2 .  8 3 . 4  3 . 5 3 . 4 3 . 6 
8 1 0 6 2 9 3 . 6  3 . 0  3 . 6  3 . 5 3 . 6 
8 1 0 7 0 8 3 . 1 3 .  7 4 . 3 3 . 9  3 . 9 

8 1 0 7 1 5  3 . 7  4 . 5  3 . 8  3 . 9 
8 1 0 7 2 2  3 . 3  3 . 7  3 . 8 4 . 8  3 . 6 3 . 3 
8 1 0 7 2 8 4 . 1  4 .. • ::> 5 . 9  4 . 0  5 . 3 
8 1 0 8 0 5  3 . 3 4 . 7  3 . 7  4 . 5 
8 1 0 8 1 2 2 . 2 4 . 1 5 . 7  3 . 8  4 . 4  
8 1 0 8 1 9 3 . 0 7 . 0  3 . 6 4 . 5  

8 1 0 8 2 7  2 . 0 2 . 6  3 . 9 4 . 4  
8 1 0 9 0 4 3 . 3 3 . 6  3 . 7 4 . 1 

R 1 0 9 2 <l 3 . 2 
8 1 1 0 0 7  3 .  5 5 . 5 

8 1 1 0 1 5  3 . 7  4 . 5 2 . 5  2 . 6 
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S O I L E X T R AC T  AN AL Y S I S  1 9 8 0 - 1 9 !3 2  

C ON D UC 'r I V I  TY -m S / cm - PLOT 3 5 G 1 9 8 1  

D A T E  D E Pr1, H ( em )  
3 0  4 5  6 0  9 0  1 2 0  1 5 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
8 1 0 6 1 5  3 . 7  

8 1 0 6 2 2  3 . 9  

8 1 0 6 2 9  4 . 3 
8 1 0 7 0 8  6 . 4  

8 1 0 7 1 5 4 . 8 5 . 1  

8 1 0 7 2 2 5 . 8  

8 1 0 7 2 8 5 . 3 

8 1 0 8 0 5  2 • 7 3 . 8  
8 1 0 8 1 2 

8 1 0 8 1 9  3 . 3  

8 1 0 8  2 7  2 . 7 3 . 6  

8 1 0 9 0 4  2 . 7  3 . 3  

8 1 0 9 2 9 

8 1 1 0 0 7  3 . 6 

8 1 1 0 1 5  3 . 9 

C O N D UC T I V I TY -m S /cm -
D A T E  

8 1 0 6 1 5  

8 1 0 6  2 2  

8 1 0 6 2 9 

8 1 0 7 0 8 

8 1 0 7 1 5  

8 1 0 7 2 2  

8 1 0 7 2 8 

8 1 0 8 0 5  

8 1 0 8 1 2 

8 1 0 8 1 9  

8 1 0 8 2 7 

8 1 0 9 0 4  

8 1 0 9 2 9  

8 1 1 0 0 7  

8 1 1 0 1 5  

3 0  

3 . 8 

4 . 4  

4 . 9 

4 .  5 

4 5  

4 . 0  

4 . 3 

4 . 7 

5 . 0  

4 . 0  

3 . 1  
s . o  
5 . 3 

4 . 7 

4 .  4 

7 . 9  

6 . 5 
6 . 9 
4 . 9 
5 . 4  

5 . 6 
5 . 4 

4 . 7 

4 . 2  

4 . 2  

4 .  5 

3 .  8 3 . 4 

4 . 0  4 . 2  

4 . 6 4 . 5  

5 . 2  5 . 1  
5 . 7 5 . 9  

6 .  4 

4 . 2  7 . 5  

5 . 7  8 . 2 
4 . 9 8 . 1 
6 . 8  8 . 2 

5 . 4  7 . 8  

4 . 9 8 . 2 

7 . 4 

5 . 6 7 . 1  

5 . 6  7 . 4 

PLOT 3 5  1 9 8 1  

D E P'l' H ( em )  
6 0  9 0  

3 . 6  

3 . 5 
4 . 4  

6 . 4 
5 . 8 

5 . 8  

1 2 0  

3 . 1 

4 . 0 
4 . 3 
4 . 9 

5 . 3  

5 . 1  

5 . 5 
5 . 4  

s . o 

5 . 7 

1 5 0  



S 0 I L E X  ·r R /\C T At J A L Y S I S 1 9 8 0 - 1 J 8 2 

1 10 

t� I T R AT F.  ( a s rJ ) - o n m - PLOT 5 0  A 1 ·3 8 1  

DAT E 

8 1 0 6 1 5  

8 1 0 6 2 2 

8 1 0 6 2 9  

8 1 0 7 0 8  

8 1 0 7 1 5  

8 1 0 7 2 2  

8 1 0 7 2 8  

3 1 0 8 0 5 

8 1 0 8 1 2  

8 1 0 8 1 9 

8 1 0 8 2 7  

8 1 0 9 0 4 
8 1 0 9 2 9  

8 1 1 0 0 7  

8 1 1 0 1 5  

·� I T R AT E  

DA TE 

8 1 0 6 1 5  

8 1 0 6 2 2  

8 1 0 6  2 �  

8 1 0 7 0 8  

8 1 0 7 1 5 

9 1 0 7 2 2  

8 1 0 7 2 3 
8 1 0 8 0 5 

B 1 0 A 1 2  

8 1 0 8 1 9 

8 1 0 8 2 7 

R 1 0 9 0 4  

8 1 0 '}  2 <}  
8 1 1 0 0 7  

8 1 1 0 1 5  

4 ·) 

4 . 4 0 

0 . 1 0  
O . J 9 

3 . 1 2  

( a s l� ) -o T') f!l -

3 0  4 5  

D E PT H ( cm )  
6 0  g o  

0 • 3 4 

J . 1 4 

2 . 7 0 � . 0 5 

2 . 9 3  J . 0 4  
2 . 8 5  0 . 7 7 

J . 0 6 
J . 0 2 

PLOT 5 0  

D E PT H ( em )  
6 0  9 J  

1 2 0 ! S O 

1 . 2 5 

1 . 0 9 

1 . 5 5  

3 . 5 2 

1 . 0 6 

O . J l  
1 . 1 4  

0 . 0 6 0 . 5 9  

0 . 0 4 0 . 6 5  
0 . 0 4 0 . 4 1 

0 . 0 2  0 . 4 5  

0 . 0 2  0 .  7 :) 

J . J r-3  0 . 1 2 

0 . 0 5 0 . 6 3 

0 . 5 3 

1 9 8 1  

1 2 0 1 5 J  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 . 5 3 1 1 . 3 8 0 . 6  7 0 . 0 4 0 . 1 6  

2 3 . 5 J 6 3 . 0 0 J . 0 4  0 . 0 6 0 . 0 2 

1 4  7 .  5 0  5 1 . 5 Q  1 . 3 2  0 . 0 7  0 . 0 4  

6 4 . 0 0  5 3 . 7 5 2 4 . 7 5 0 . 2 6 0 . 0 4  

2 0 . 5 0 4 3 . 0 0 0 . 0 6 u . o 2  
4 7 . J O  2 4 . 7 5 5 . 2 0 2 2 .  0 0  0 . 1 3 0 . 1 0  

3 2 . C> O  2 3 . 0 0 2 0 . 2 5 0 . 1 0  0 . 0 6 
1 0 . 0 0 2 3 . 2 5 L) . 5 7  0 . 0 4 

6 . 5 0 3 . 9 0 2 2 .  7 5 0 . 8 5  0 . 0 6 
G . S 8  O . CJ 4 1 1 . 1 2 0 . 4 2  0 . 0 4 

8 . 7 5 3 . 0 2  u . l 4  0 . 0 6 
7 . 1 2 2 . 3 4  0 . 0 7  0 . 0 4  
6 . 2 5 

2 . 7 /.  0 . 0 8 
2 . 4 2  3 . 3 0 0 . 1 2  



1 1 1  

3 0 I L E X 'l' R ACr AN A L Y S I S  1 3 8 0 - 1 3 8 2  

N i rr R AT E ( a s rJ ) -n o m - P L OT, 3 5 G  1 � 8 1  

D ATE D E PT H  ( em )  
3 �) 4 •5 6 0  •) 0 1 2 J  1 5 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

r3 1 0 6 l 5  J . 1 4 

8 1 0 6 2 2 J • 0 9  

8 1 0 6 2 9 0 . 1  7 

8 1 0 7 0 3  1 .  5 0  

8 1 0 7 1 5  1 0 . 5 2  1 3 . 7 5 

8 1 0 7 2 2  3 . 7 5 
3 1 0 7 2 3 1 5 . 5 J 5 . 0 0 
8 1 0 8 0 5 9 . 7 5  2 . 6 0  

9 1 0 8 1 2  

8 1 0 8 1 9  3 . 7 0 

9 1 0 8 2 7  1 . 3 3  2 . 3 0  

8 1 0 9 0 4  3 . 7 0  4 . 3 5 

8 1 0 9 2 9 

8 1 1 0 0 7  2 . 5 J 
S3 1 1 0 1 5  2 . 4 2  

N I T R AT E ( a s N )  -o p � -

DATE 

a 1 0 6 1 5  

8 1 0 6 2 2  

8 1 0 6 2 9  

8 1 0 7 0 3  

3 1 0 7 1 5  

8 1 0 7 2 2  

8 1 0 7 2 3  

8 1 0 8 Q 5 

8 1 0 3 1 2  

8 1 0 8 1 9  

8 1 0 8 2 7 

8 1 0 9 0 4  

8 1 0 J 2 9  

B 1 1 0 0 7  

8 1 1 0 1 5  

3 oJ 

1 . 8 0 

1 1 . 5 0 

1 6 . 2 5 

2 • .'3 4  

4 5  

·) • 0 4 
u . o a  
O . B 2  

3 . 5 0 
1 5 . 3 8 

2 6 • 5 0  

S . 4 J 

6 . 5 J 

1 4 . 2 5 

1 1 . 5 0 

J . 6 0  

1 0 . 7 5  

5 . 3 ') 

5 . 0 0 
3 . 5 0  
1 . 3 0  

2 . 6 5 

6 . 7 0  

1 0 . 1 2 

3 .  7 5 
6 . 3 )  

0 . 0 4 0 . 0 3  

() . 0 5  J . 0 5  

u . o 2  o . u 2  

0 . 0 5 0 . 0 3  

0 . 0 5  0 . 0 6  
0 . 0 4 

0 . 1 4  0 . 0 5  

0 . 4 9 0 . 0 4  
0 . 8 6 0 . 0 5  
0 . 0 ()  0 . 0 6  

0 . 1 0 0 . 0 2 

0 . 0 4 0 . 0 4 

0 . 0 5 

0 . 1 3 0 . 0 3 

0 . 0 5 0 . 0 4 

P L O 'r 3 5  1 9 8 1  

D E PT H ( em )  
6 0  ) Q  

0 . 1 0 

0 . 1 2  

2 . 0 0  

') • 6 0 

1 0 . 5 8 

5 . 5 2 

4 . 5 5 

3 . 0 0  

1 2 0 

2 . 0 5  

0 . 4 5 

0 .  2 6  

0 . 1 9 

0 . 2 7 

0 . 1 3  

0 . 1 3  

o . J s  

0 . 2 2 

0 . 0 3 

1 s a 



DA T E  

8 1 0 6 1 5  

8 1 0 6 2 2  

8 1 0 G  2 g  
8 1 0 7 0 8 
8 1 0 7 1 5  

8 1 0 7 2 2 

8 1 0 7 2 fl  

8 1 0 8 0 5  

A 1 0 8 1 2  

8 1 0 8 1 9 

8 1 0 8 2 7 

8 1 0 !) 0 4  
f1 1 0 9 2 9  
8 1 1 0 0 7  

8 1 1 0 1 5  

DAT E 

8 1 0 6 1 5  
8 1 0 6 2 2 
8 1 0 6  2 9  
8 1 0 7 0 8  

8 1 0 7 1 5 

8 1 0 7 2 2 
8 1 0 7 2 8  

8 1 0 8 0 5  

8 1 0 8 1 2  

8 1 0 8 1 C)  

8 1 0 fl 2 7 
8 1 0 9 0 4 

8 1 0 9 2 9 

8 1 1 0 0 7  

8 1 1 0 1 5  

S O I L  EX T R AC T  AN ALY S I S  1 9 8 0 - 1 9 8 2 

P H  

3 ) 4 5  

S . 2 9  
n . 1 J  
7 . 8 0 

il • 2 2 

P H  

3 0  4 5  

P L O l' S O A 1 9 8 1  

0 8  PT H ( em )  
6 0  9 0  

7 . 4 8 
7 . 8 2 

7 . 7 5  7 . 1 5 

7 . 9 9  7 . 4 5 
8 . 2 0  7 . 4 1  

7 . 8 2  
7 . 8 8  

P L OT 5 0  

D E  P'r H ( em )  
6 0  9 0  

1 2 0 ' 

8 . 2 1 

8 . 1 8 
7 . 7 3 
7 . 5 6 
7 . 9 9  

7 . 6 0  

7 . 8 9  
8 . 1 9 

1 9 8 1 

1 2 0 
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l. S O 

8 . 0 0 
7 . 9 0  

7 . 5 0 

8 . 0 8  
7 . 2 5 
8 . 0 5 

8 . 0 0 
7 . 7 0 
7 . 6 5  
7 . 4 5 

7 . 5 0 

8 .  0 0  

8 . 2 3  
8 . 4 0  

8 . 8 8  

1 5 0 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
8 . 3 1 8 . 1 0  7 . 9 1  7 . 8 0  7 . 3 0  7 . 3 5  
<3 . 2 8  8 . 0 0 7 . 3 0 7 . 2 8  7 . 4 0 

8 . 0 1  8 . 2 3  7 . 0 5 7 . 2 1 7 . 2 0  
U . 4 R  8 . 1 5  7 . 5 8 7 . 7 7  7 . 6 0  

7 . 9 5  7 . 2 0 7 . 6 2  7 . 5 1 
8 . 2 8  B . l 3 8 • 4 2  7 . 3 2 7 . 6 8  7 .  8 9  
r.l . 3 0  8 . 1 5  7 . 4 9 7 . 7 0 7 . 5 8 
8 . 4 0 7 . 8 1 7 . 8 1 7 . 3 7  
8 • s 0 8 . 3 0  7 . 6 1  7 . 9 1  7 . 7 0 
8 . 4 2  8 . 2 2  7 . 4 9 8 . 1 0  7 . 3 5  
r. • 2 s o • 2 n 7 . 8 8  7 . 4 8  
B . 2 2  B . 4 5 8 . 2 2  8 . 0 8 
8 . 5 1  

[1 • 3 2 8 . 1 0  

8 . 3 5  8 . 0 9  8 . 5 0  



113 

S O I L C. X 'I'P AC T  AU A L Y S I S  1 9 8 0 - 1 9 8 2  

P H  P L OT 3 5 G 1 9 0 1  

DAT E DB P'r H ( em )  
] l) 4 5  6 0  9 0  1 2 0  1 5 0  

- - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - -
8 1 0 6 1 5  - - 1. - 7 .  6 0 7 . 5 6 7 . 7 1 

8 1 0 6 2 2 7 . 8 2 7 . 7 1  8 . 1 5  8 . 3 0  
8 1 0 6 2 9 7 . 7 5 6 . 8 8 7 . 9 1  
8 1 0 7 0 8  7 . 2 2 7 . 6 5 7 . 7 8 8 . 0 8 

8 1 0 7 1 5  B . 3 8  7 . 3 1  7 . 1 2 7 . 2 2 8 . 3 8 
8 1 0 7 2 2 7 . 7 5  g • u 5 · 8 . 0 8  7 . 8 8  
8 1 0 7 2 8  8 . 3 1 7 . 6 0  7 . 7 0 8 . 4 2 8 . 2 6 7 . 6 8  
8 1 0 8 0 5  8 . 4 5  7 . 5 3 7 . 5 9 7 . 2 0 8 . 0 0 7 . 2 9 

8 1 0 8 1 2 7 . 9 4  7 . 6 9  8 . 2 1 7 . 6 6  

8 1 0 8 1 9 7 . 8 5  7 . 8 5 7 . 1 1 7 . 9 8  7 . 6 0  

8 1 0 8 2 7  :'J • 3 3  7 . U 2 7 . 6 0  7 . 3 7  7 . 9 5 7 . 4 4 

8 1 0 9 0 4  a . 7 9  8 . 3 0  8 . 0 0  8 . 0 5  8 . 0 5 3 . 0 8  
8 1 0 9 2 9  7 . 9 2  8 . 1 2 

8 1 1 0 0 7  8 . 0 9 8 . 1 9 7 . 7 8 8 . 3 8 

8 1 1 0 1 5  8 . 2 0  7 . 8 0  8 . 3 5 8 . 0 5  

P H  P LOT 3 5  1 9 8 1  

DAT E o E prr T I  ( c m ) 
3 0  4 5  6 0  9 0  1 2 0  1 5 0 

-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- -
8 1 0 6 1 5 7 . 5 4 7 . 5 8 

8 1 0 6 2 2 7 . 9 2  7 .  8 7  

8 1 0 6 2 9 8 . 2 0  7 . 6 5  7 . 9 2  

8 1 0 7 0 8.  7 . 7 8 

8 1 0 7 1 5  7 . 7 5  

8 1 0 7 2 2  

8 1 0 7 2 8 8 . 0 8 7 . 7 1  8 . 0 0 
8 1 0 8 0 5  7 . 8 0 7 . 9 2  

8 1 0 8 1 2  

8 1 0 8 1 9  8 . 3 0 7 . 0 6 s • o a 
8 1 0 8 2 7  7 . 7 8 7 .  8 1  
8 1 0 9 0 4 8 . 1 9  8 . 2 5  8 . 2 5  
8 1 0 fJ 2 9  
8 1 1 0 0 7  

8 1 1 0 1 5  



S O I L C X 'f R �.c ·r 1\ i·J A L Y S I S 1 9 8 0 - 1 9 8 2  

r - F 0 4 - F  ( H CO J ) - o n m -

DAT E 

8 l O G 1 5  
8 1 0 6 2 2 
R 1 0 6 2 9 

8 1 0 7 0 8 

8 1 0 7 1 5  
8 1 0 7 2 2  
8 1 0 7 2 8  

8 1 0 8 0 5  

8 1 0 8 1 2 

8 1 0 8 1 9 

8 1 0 8  2 7  
8 1 0 9 0 4  

8 1 0 9 2 9 
8 1 1 0 0 7  
8 1 1 0 1 5  

D AT C  

J . j 

O . l S 
0 . 0 5 

4 3  

T - P 0 4  a s  P - p p m -

J O  

P L OT 5 0 A 1 9 8 1  

D r� P r H ( en )  
6 0  J O  

1.) . 1 5 

J . 0 1 

0 . 0 1 

1 2 l) 

0 . 2 5 
0 . 0 1 
0 . 0 1 

PLOT 5 0  1 9 8 1 

D E  P1' fl ( em )  
6 0  9 0  1 2 0  
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1 5 0 

0 . 0 3 
0 . 0 2 
0 . 0 2 
0 . 0 5 
0 . 0 2 
0 . 0 1 
0 . 0 5 
0 . 0 1 

1 5 0 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

f1 1 0 '" 1 5  
8 1 0 6 2 2  
8 1 0 6 2 9 

8 1 0 7 0 R  
8 1 0 7 1 5  

8 1 0 7 2 2  

8 1 0 7 2 8 

8 1 0 8 0 .5  

8 1 0 8 1 2 

8 1 0 8 1 9 

f3 1 0 8 2 7  

B l 0 9 0 4  

8 1 0 9 2 9 

8 1 1 0 0 7  

8 11 0 1 5  

: J . 2 J 
0 . 1 4 

.J .  2 1  

0 . 1 4 
q • n 4 
0 . 0 5 

0 . 0 2 0 . 0 2 
0 . 0 3 

• 0 5  0 . 1 3 
0 . 0 2  
0 . 0 3 
0 . 0 2 
0 . 0 8 

0 . 1 0 

0 . 0 2 

O . Q 4 0 . 0 1 0 . 0 7 
! )  • 0 5 0 . 1 0 0 . 0 9 
0 . 0 2 0 . 0 1 0 . 0 3 

0 . 0 2 0 . 0 4 0 . 0 4 
0 . 0 8 J . 0 2 0 .  0 4  
'J .  0 5 0 . 0 3 0 . 0 3 
0 . 0 4 0 . 0 2 0 . 0 4 

lJ • 0 4 0 . 0 2 0 . 0 2 

0 . 0 1 



DATE 

8 1 0 6 1 5  
8 1 06 2 2  
8 1 0 6 2 9  
8 1 0 7 0 8  
8 10 7 1 5  
s·1 o 1 2 2 

8 1 0 7 2 8  
8 1 0 8 0 5  
8 1 0 8 1 2  

8 1 0 8 19 
8 1 0 8 2 7 
8 1 0 9 0 4  
8 1 0 9 2 9 
8 1 1 0 0 7  
8 1 1 0 1 5  

D.A'I'E 

8 1 0 6 1 5  

8 1 0 6 2 2  
8 1 0 6 2 9  
8 1 0 7 0 8  
8 1 0 7 1 5  

8 1 0 7 2 2 
8 1 0 7 2 8 
8 i 0 8 0 5  
8 1 0 8 1 2 
8 1 0 8 1 9 
8 1 0 3 2 7 
8 1 0 9 0 4 

8 1 0 9 2 9  
8 1 1 0 0 7  

8 1 1 0 1 5  
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SOI L EXTRACT AN ALY S I S  1 9 8 0 -1 9 8 2  

T - P04 a s  P -?pm- PLOT 3 5 G 1 9 8 1  

D E PT H ( cm )  
3 0 4 5  6 0  9 0 1 2 0  1 5 0  

- - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - -

0 .  0 4  
0 . 0 2 
0 . 0 2 
0 . 0 4 

0 . 2 0 0 . 0 7 
0 . 0 3 

0 . 0 5 0 . 0 2 
0 . 0 3 0 . 0 6 

0 . 1 2 

T - P 04 a s  P -pp m -

3 0  

0 . 0 9 

0 . 0 5 

4 5  

0 . 0 3 
0 . 0 2 
0 . 0 1 

0 . 0 4  

0 . 0 2 

0 .  0 2  

0 . 0 1 
0 . 0 6 0 . 0 2 
0 . 0 2 0 . 0 5 

0 . 0 6 0 . 0 2 0 . 0 7 
0 . 1 2 0 . 1 1 o . i 1 
0 . 0 2 0 . 1 3 
0 . 0 2 0 . 0 3 0 . 0 3  
0 . 0 2 0 . 0 2 0 . 0 1 

0 . 0 2 

0 . 0 1 

0 . 0 1 
0 . 0 3  

PLOT 3 5  1 9 8 1 

D E P T H ( cm )  
6 0  9 0  

0 . 0 3 

0 . 0 4  

0 . 1 1 
0 . 0 1  

1 2 0 

0 . 0 5 

0 . 0 2 
0 .  0 4  
0 . 0 3 
0 . 0 1 

0 . 0 2 

1 5 0 



DATE 

8 1 0 6 1 5  
8 1 0 6 2 2  
8 1 0 6 2 9  
8 1 0 7 0 8  
8 1 0 7 1 5  
8 1 0 7 2 2  
8 1 0 7 2 8  
8 1 0 8 0 5  
8 1 0 8 1 2  
8 1 0 8 1 9  
8 1 0 8 2 7 
8 1 0 9 0 4 
8 1 0 9 2 9  
8 1 1 0 0 7 
8 1 1 0 1 5  

DATE 

8 1 0 6 1 5 
8 1 0 6 2 2 
8 1 0 6 2 9  
8 1 0 7 0 8  
8 1 0 7 1 5 
8 1 0 7 2 2 
8 10 7  28 
8 10 8 0 5 
8 10 8 1 2  
8 1 0 8 1 9 
8 1 0 8 2 7 
8 1 0 9 0 4 
8 1 0 9 2 9  
8 1 1 0 0 7 
8 11 0 1 5  

S O I L C X T RAC r A� ; L Y S I S  1 9 8 0 - 1 9 3 2 

NH3 -ppm-

3 J  4 5  

1 . 1 0  
0 . 8 0  
1 . 5 0 

o . a o 

N H3 -ppm-

3 0  4 5  

PLOT S O A  19 8 1  

D E PT H  ( em )  
6 0  9 0  

1 . 0 0  
0 . 1 0 

1 . 1 0 0 . 1 0 
1 . 0 0 
1 . 1 0  0 . 1 0  

PLOT 5 0  

D E PT H ( cm )  
6 0  9 0  

1 2 0 

2 . 2 0 
0 . 1 0 

0 . 1 0 
o . o o  

0 . 5 0 

1 9 8 1  

1 2 0  
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1 5 0  

0 . 3 0  
0 . 2 0 
1 . 4 0 

0 . 6 0  
0 . 1 0 

0 . 9 0 
0 . 3 0 

0 . 3 0 

1 5 0 
- - - - - - - - - - - - - - - - - - - - - � � - - - - - - - - - - - - - - - - - - - - - - - -

1 . 9 0 0 . 8 0  1 . 1 0  0 . 2 0 1 . 1 0  0 . 4 0  
0 . 5 0  0 . 3 0  0 . 3 0  0 . 3 0 1 . 4 0  

0 . 2 0  0 . 3 0 0 . 2 0 0 . 2 0  0 . 8 0  
0 . 3 0  0 . 5 0 0 . 3 0  0 . 7 0  

3 . 0 0 0 . 8 0  0 . 8 0  1 . 4 0  
0 . 5 0  0 . 6 0  0 . 6 0  o . s o o . s o 1 .  2 0  
2 . 4 0 1 . 8 0  0 . 6 0  1 . 0 0  
0 . 3 0  0 . 2 0  0 . 7 0  1 . 4 0  
0 . 10 0 . 6 0  0 . 1 0  0 . 1 0 3 . 0 0 
0 . 1 0  0 . 0 4 0 . 1 0  0 . 1 0 0 . 6 0  
0 . 2 0 0 . 2 0 0 . 2 0  1 .  2 0  
0 . 1 0 0 . 1 0  0 . 1 0  0 . 8 0  

0 . 8 0 
0 . 2 0 0 . 7 0 



1 1 7  

S O l  L E XT RAC T  AN ALY S I S  1 9 8 0 - 1 9 8 2  

NH3 -ppm- PLOT 3 5 G  1 9 8 1  

DATE DEPTH ( cm )  
3 0  4 5  6 0  9 0  1 2 0  1 5 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - � - � � - - - -

8 1 0 6 1 5  0 . 1 0  0 . 3 0 
. 8 1 0 6 2 2 0 . 4 0  1 . 0 0 

8 1 0 6 2 9  0 . 3 0  0 . 3 0  0 . 4 0  
8 10 7 0 8  0 . 4 0  
8 1 0 7 1 5  1 . 0 0  0 . 2 0 1 . 0 0  0 . 2 0 
8 1 0 7 2 2 0 . 2 0 0 . 8 0 0 . 2 0  0 . 5 0 
8 1 0 7 28 1 . 2 0 0 .  g 0 0 . 1 0  2 . 2 0 1 . 7 0  1 . 3 0  
8 1 0 8 0 5 0 . 9 0  0 . 6 0  0 . 6 0  0 . 3 0 0 .  2 0  
8 1 0 8 1 2  0 . 1 0  0 .  1 0  0 . 1 0 
8 1 0 8 1 9  0 . 3 0  0 . 3 0  0 . 1 0  
8 1 0 8 2 7 0 . 8 0  0 . 6 0  0 . 3 0  0 . 3 0 0 . 3 0 0 . 3 0  
8 1 0 9 0 4  0 . 6 0  0 . 6 0 0 . 3 0 0 . 6 0 
8 1 0 9 2 9  0 . 1 0  
8 11 0 0 7 0 . 7 0 0 . 7 0  0 . 4 0 
8 1 1 0 1 5  0 . 4 0  0 . 8 0 0 . 4 0 0 . 1 0 0 . 1 0 

N H) -ppm - PLOT 3 5  1 9 8 1  

DATE D E PT H ( cm )  
3 0  4 5  6 0  9 0  1 2 0 1 5 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
8 1 0 6 1 5  0 . 2 0  
8 1 0 6 2 2  0 . 4 0  0 . 7 0  
8 1 0 6 2 9  2 . 0 0 0 . 2 0 0 . 2 0 
8 10 7 0 8  0 . 3 0  
8 1 0 7 1 5 1 . 2 0 
8 1 0 7 2 2 
8 1 0 7  2 8  3 . 0 0 1 . 8 0  1 . 0 0 
8 1 0 8 0 5  0 . 5 0 0 . 9 0 
8 1 0 8 1 2  
8 1 0 8 1 9  1 . 7 0  0 . 2 0 0 . 2 0  
8 1 0 8 2 7 0 . 3 0  0 . 4 0 
8 1 0 9 0 4  1 . 8 0 0 . 1 0 0 . 3 0  
8 1 0 9 2 9  
8 11 0 0 7 
8 11 0 1 5  



. Appendix C .  Laborat ory-determined parameters o f  f ield soil wat er 
ext rac t s  1 9 8 2 . 

Sodium 
Chloride 

B icarbonate 
E le ct rical Conduct ivity 

Nitrate 
p 

Total Phosphat es 
Ammonia 

1 18 
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S O I L E X T RACT AN ALY S I S  1 9 8 0 - 1 9 8 2 

S OD I U M  ( N a )  -ppm - PLOT SO A 1 9 8 2  

DATE D E PT H ( cm )  
3 0  4 5  6 0  9 0  1 2 0 1 5 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - � � -

8 2 0 6 1 8  1 8 5 . 0  
. 8 2 0 6 2 5  3 3 2 . 0 1 0 1 0 . 0  2 1 8 . 0 1 3 3 . 0  

8 2 0 6 3 0  2 3 3 . 0  8 7 0 . 0 1 7 4 . 0  7 1 . 0  
8 2 0 7 0 8 3 5 3 . 0  4 () 9 . 0  6 5 0 . 0  30 7 . 0  1 0 3 . 0  
8 2 0 7  25  3 9 2 . 0  4 3 0 . 0 58 0 .  0 3 3 0 . 0  1 0 3 . 0 
8 2 0 8 0 4  4 2 6 . 0  6 3 J . O  59 0 . 0 3 4 3 . 0  1 0 3 . 0  
8 2 0 9 1 0 4 2 5 . 0  5 1 0 . 0  5 3 J . 0 3 6 7 . 0 1 0 3 . 0  
8 2 0 8 2 0 4 4 J . O  5 3 0 . 0  5 4 0 . 0  3 3 2 . 0  1 0 1 . 0 
8 2 0 8 2 5  4 0 0 . 0  3 7 0 . 0  4 6 0 . 0  4 0 4 . 0  99 . a 

S OD I UM ( N  a )  -?pm- P LOT 5 0  1 9 8 2  

DATE D E PT H  ( em )  
3 0  4 5  6 0  9 0  1 2 0 1 5 0 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - � - - - - - - -

8 2 0 6 1 8  4 0 0 . 0  1 2 1 . 0  2 0 4 . 0 1 2 7 . 0  
8 2 0 6 2 5  2 6 3 . 0  5 4 0 . 0 2 6 9 . 0 1 6 7 . 0  
8 2 0 6 3 0 
8 2 0 7 0 8  2 .3 9 . 0 4 1 0 . 0 3 9 4 . 0  4 6  0 .  0 2 7 1 . 0  2 1 7 . 0  
8 2 0 7 2 5 3 6 8 . 0  3 6 6 . 0  4 2 0 . 0 5 3 0 . 0 2 9 4 . 0  2 2 2 . 0  
8 2 0 8 0 4  4 5 4 . 0  4 6 8 . 0  5 6 0 . 0  5 5 0 . 0  3 4 2 . 0  3 6 5 . 0  
8 2 0 8 1 0  5 � 0 . 0  4 5 0 . 0  4 8 0 . 0 2 6 6 . 0  3 7 5 . 0  
8 2 0 8 2 0  3 6 0 . 0  5 0 0 . 0  3 9 0 . 0  5 0 0 . 0  2 8 0 . 0  
8 2 0 8 2 5 4 1 0 . 0 6 3 0 . 0  3 7 0 . 0  5 2 0 . 0  3 3 3 . 0 

S OD I U M  ( N a )  -ppm- PLOT 3 5 G · 1 9 8 2  

DATE D E PT H ( cm )  
3 D  4 5  6 0  9 0  1 2 0  1 5 0 

- - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - � - -
8 2 0 6 1 8  
8 2 0 6  2 5  3 7 5 . 0 4 4 0 . 0 51 0 .  0 1 2 4 . 0  
8 2 0 6 3 0  2 5 8 . 0 1 3 3 . 0 
8 2 0 7 0 8  5 1 0 . 0  3 0 1 . 0  1 2 2 . 0 
8 2 0 7 2 5 3 ;) 3 . 0  3 5 3 . 0  4 4 0 . 0  2 7 2 . 0 1 1 4 . 0 
8 2 0 8 0 4  3 4 2 . 0 3 2 7 . 0  5 3 0 . 0  3 2 2 . 0  8 6 . 0  
8 2 0 8 1 0 4 3 1 . 0  2 5 1 . 0  1 3 4 . 0  
8 2 0 8 2 0 2 7 9 . 0  4 0 0 . 0  4 1 0 . 0 3 9 0 . 0 3 1 8 . 0  1 6 0 . 0  
8 2 0 8 2 5 3 9 0 . 0  3 8 0 . 0  4 3 5 . 0  3 1 9 . 0 1 8 5 . 0  



120 

S O I L E X T R A CT AN ALY S I S  1 9 8 0 - 1 9 8 2  

S OD I U M  ( N  a )  -ppm - PLOT 3 5  1 3 8 2  

DATE D E PT H  ( em )  
3 0  4 5  6 0  9 0  1 2 0 1 5 0 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - � - - - -
8 2 0 5 1 8  5 6 0 . 0 
8 2 0 6  2 �  4 0 0 . 0  6 1 0 . 0  
8 2 0 6 3 0  
8 2 0 7 0 8  5 2 0 . 0 6 0 0 . 0 
8 2 0 7 2 5 4 ') 3 . 0 5 5 0 . 0  5 4 0 . 0  3 1 5 . 0  
8 2 0 8 0 4  5 5 0 . 0  5 4 0 . 0  
8 2 0 8 1 0 6 0 0 . 0  2 9 3 . 0  
8 2 0 8 2 0 6 2 \l . O  5 2 0 . 0  6 1 0 . 0  3 3 1 . 0 
8 2 0 8 2 5 7 0 0 . 0  7 1 0 . 0  3 7 8 . 0  

C H LOR I D E ( C  1 )  -ppm- PLOT S Q A  1 9 8 2 

DAT E DE PT H ( em )  
3 0  4 5  6 0  9 0  1 2 J  1 5 0 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - -
8 2 0 6 1 8  9 6 5 . 0  
8 2 0 6 2 5  2 0 0 . 0 1 5 Q O . O  1 0 1 0 . 0  4 0 7 . 0  
8 2 0 6 3 0  2 6 0 . 0  9 0 5 . 0 2 1 8 0 . 0 4 3 0 . 0  
8 2 0 7 0 8  3 6 0 . 0  3 8 0 . 0 4 3 0 . 0  1 0 6 5 . 0  4 3 0 . 0  
8 2 0 7  2 5  3 8 0 . 0  4 2 0 . 0 4 4 0 . 0  1 0 1 0 . 0 4 5 0 . 0 
8 2 0 8 0 4  3 9 0 . 0 5 3 0 . 0  4 9 5 . 0  8 4 6 . 0  4 10 . 0  
8 2 0 8 1 0 3 9 5 . 0  4 9 0 . 0 4 5 0 . 0  7 4 5 . 0  4 2 0 . 0  
8 2 0 8 2 0 4 7 0 . 0  4 9 5 . 0  4 0 0 . 0  7 4 0 . 0  4 6 5 . 0  
8 2 0 8 2 5 5 0 0 . 0  4 6 2 . 0  3 3 5 . 0  6 7 0 . 0 4 4 0 . 0 

C HLO R I D E  ( C l )  -?p m - PLOT 5 0  1 9 8 2  

DATE D E PT H  ( em )  
3 0  4 5  6 0  9 0  1 2 0 1 5 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - -
8 2 0 6 1 8  4 6 5 . 0  3 5 5 . 0 7 6 5 . 0  8 7 5 . 0 
8 2 0 6 2 5 1 2 0 . 0  8 6 5 . 0  8 0 0 . 0 7 7 0 . 0  
8 2 0 6 3 0  
8 2 0 7 0 8  2 1 0 . 0 4 5 0 . 0  2 6 0 . 0 5 0 5 . 0 8 2 0 . 0 7 1 0 . 0  
8 2 0 7 2 5  3 8 0 . 0 3 2 5 . 0  3 7 5 . 0  7 0 5 . 0  9 4 0 . 0 7 6 0 . 0  
8 2 0 8 0 4  4 5 0 . 0  5 3 0 . 0  4 2 5 . 0  5 4 0 . 0  8 9 5 . 0  6 0 5 . 0 
8 2 0 8 1 0  5 8 0 . 0  4 0 0 . 0 5 1 0 . 0  8 2 0 . 0 6 1 0 . 0  
8 2 0 8 2 0 4 3 0 . 0  S B  0 .  0 4 3 0 . 0  5 1 0 . 0  8 6 0 . 0  
8 2 0 8 2 5 4 8 0 . 0  5 6 5 . 0  4 1 5 . 0  5 2 0 . 0  8 7  5 .  0 



1 2 1  

C H LQ R I D E  ( C  1 )  - o o .n - P L a rr 3 5 G  1 � 9 2  

D A T E  D r: P 1' F -I  ( c m ) 
J O  4 5  6 0  J O  1 2 0 1 5 ·) 

- - - - - - - - - - - - - - - - - - -- - - - -- - - - - - - - - - - - - - - - - - - - - - -

3 2 0 6 1 8  
8 2 0 6 2 ::,  2 3 0 . 0 3 5 0 . J l l l :) . l)  3 7 0 . 0  

8 2 0 6 3 J  J J o . o ·� 9 0 . J  
8 2 0 7 0 8  2 7 5 . 0  1 0  5 0 . () ) 5 5 . 0 

3 2 0 7 2 i 2 9 � . 0  2 3 J . O  3 7 5 . 0  1 J  ;) 0 .  0 9 9 0 . 0 
q 2 0 8 0 4  2 0 0 . 0  2 2 0 . 0 8 1 5 . 0  9 6 0 . 0 9 2 0 . 0  

3 2 0 8 1 0  3 1 0 . 0 3 7 3 . 0  3 7 5 . 0  
8 2 0 8 2 0  2 3 J . J  ] 7  3 .  0 3 3 5 . J  7 2 5 . 0  l iJ 2 5 . ·J 3 3 0 . 0  
3 2 0 8 2 5 1 7 5 . 0  3 3 5 . 0  6 7 0 . 0  1 1) 2 5 . 0  7 6 "5 . 0  

-: [ 1 LO R I D E  ( c 1 )  -o ::n1 - P L O'r 3 5  1 9  3 2  

D A T F.  D E  P11 H ( em ) 
J .J  4 S  6 f)  '-) 0 1 2 ') 1 s o  

-- - - - - - - - - - - - - - -- - - - - - - -- - - -- - - - - - - - - - - - - - - - - - -

3 2 0 6 1 3  2 9 0 . 0 
8 2 0 6 2 5 7 0 . d 3 7 0 . J 

8 2 0 6 3 0  

8 2 0 7 0 8  2 0 0 . 0 2 0 0 . 0 
8 2 0 7 2 5 1 4  : ) • d 4 3 5 . ,) 2 9 8 . 0 1 5 5 0 . 0 

8 2 0 8 0 4  4 4 0 . 0  4 1 0 . 0 

8 2 0 8 1 0 4 1 0 . 0  1 3 9 0 . 0 
8 2 0 8 2 0  J 1 5 . 0 4 0 J . O  5 0 5 . 0  1 4 1 0 . 0 
8 2 0 8 2 5  4 ) 5 . 0 S >3 5 . J  1 4 2 0 . 0 

'3 I �  A R �3 �YJ A 'r E ( l i C ) 3 )  - n� m - P LO'r 5 t) l\ 1 9 8 2  

DAT E D E PT H ( cm )  
3 0  4 3  6 0  9 0  1 2 J 1 5 0 

- - -- - - - - - - - - - - - - - - - - - -- -- - - -- - - - - - - - - - - - - - - - - - -
8 2 0 6 1 8  ·) 1 '5 . 0  

8 2 0 5 2 5  2 1 6 . 0  9 0 . 0 2 4 8 . 0  4 7 5 . 0  
8 2 0 6 3 0  1 7 2 . 0 1 4 4 . 0  3 4 3 . 0  5 3 3 . 0 
8 2 0 7 0 1  2 1 0 . 0 2 J 2 . 0 5 2 5 . 0  2 8 0 . 0 6 � 0 . 0 

8 2 0 7 2 )  2 0 ) . 0 4 2 0 . 0 7 3 6 . 0  5 9 0 .  0 7 9 2 . 0  

8 2 0 8 0 4  1 4 ) .  u 1 7 0 . 0 2 3 0 . 0 l l D .  0 3 3 0 . 0  
8 2 0 8 1 0 2 l fl . O 3 3 0 . 0  7 2 ') . 0 4 0 5 . 0 4 2 0 . 0  

3 2 0 8 2 0 l '·l J .  0 2 5 0 . 0  4 6 0 . 0 3 8 0 . 0  4 0 0 . 0  

8 2 0 8 2 3  2 2 0 . 0  2 4 0 . 0  4 4 0 . 0 2 6 0 . 0  3 5 0 . 0  



12 2 

S O I L  E XT R AC T  AN ALY S I S  1 9 8 0 - 1 9 8 2  

B I C AR BONATE ( HC0 3 ) -ppm - PLOT 5 0  1 9 8 2  

DATE D E PT H ( cm )  
3 0  4 5  6 0  9 0  1 2 0  1 5 0  

- - - - - - - � - - - - - - � - � - - - - - - - - - - - - - - - - - - - � - � - - - - � � - �  
8 2 0 6 1 8  1 4 0 . 0  7 2 . 0 3 8 8 . 0 4 6 8 . 0  
8 2 0 6 2 5  1 4 6 . 0  2 4 8 . 0  3 3 6 . 0  3 8 2 . 0  
8 2 0 6 3 0  
8 2 0 7 0 8  1 5 8 . 0  1 5 0 . 0  4 0 2 . 0  3 4 4 . 0 3 5 0 . 0  3 7 2 . 0  
8 2 0 7  2 5  1 9 2 . 0 2 0 0 . 0  4 3 5 . 0  4 6  o .  0 4 2 0 . 0  5 4 4 . 0  
8 2 0 8 0 4  1 2 0 . 0 1 8 0 . 0 1 4 0 . 0 1 3 5 . 0  1 10 . 0  1 5 0 . 0  
8 2 0 8 1 0  2 3 0 . 0  3 9 0 . 0 4 3 0 . 0  4 6 0 .  0 1 8 0 . 0  
8 20 8 2 0 2 0 0 . 0  2 6 0 . 0  2 2 0 . 0 2 8 0 . 0 3 2 0 . 0  
8 2 0 8 25 1 6 0 . 0  1 6 0 . 0  2 0 0 . 0  1 4 0 . 0  2 0 0 . 0 

B I CA RB ONATE ( HC0 3 ) -ppm- PLOT 3 5 G  1 9 8 2  

DATE DEPT H  ( em )  
3 0  4 5  6 0  9 0  1 2 0 1 5 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -� - - - - - - - - - - - - - � - -
8 2 0 6 1 8  
8 2 0 6 2 5 2 0 8 . 0  1 2 0 . 0 1 4 0 . 0  5 5 6 . 0  
8 2 0 6 3 0  2 0 0 . 0 6 7 2 . 0  
8 2 0 7 0 8  1 5 5 . 0 4 2 8 . 0 6 2 2 . 0 
8 2 0 7  2 5  2 7 2 . 0 3 8 0 . 0 6 4 0 . 0 6 3 5 . 0  6 6 4 . 0  
8 2 0 8 0 4  2 5 0 . 0  2 0 0 . 0 1 2 0 . 0 2 2 0 . 0  1 4 0 . 0  
8 2 0 8 1 0 6 2 0 . 0 4 2 0 . 0 6 5 0 . 0  
8 2 0 8 2 0 2 3 0 . 0  2 4 0 . 0 2 6 0 . 0  4 4 0 . 0  3 5 0 . 0  4 6 0 . 0  
8 2 0 8 2 5 2 2 0 . 0  1 7 0 . 0  1 8 0 . 0  . 1 6 0 . 0 2 6 0 . 0  

B I CA R BONAT E ( HC0 3 ) -ppm - PLOT 3 5  1 9 8 2  

DATE DE PT H  ( em )  
3 0  4 5  6 0  9 0  1 2 0 1 5 0  

- - - - - - - - � - - - - - - - - - - - - - - � - - - - - - - - - - � - - - - - - - - - - - -
8 2 0 6 1 8  4 6 8 . 0 
8 2 0 6  2 5  3 4 4 . 0  1 4 4 . 0  
8 20 6 3 0 
8 2 0 7 0 8  3 7 5 . 0  2 1 0 . 0 
8 2 0 7 2 5  4 7 6 . 0 4 9 6 . 0  4 2 0 . 0 1 6 0 . 0 
8 2 0 8 0 4  2 7 0 . 0 2 9 0 . 0  
8 2 0 8 1 0 2 4 0 . 0  9 0 . 0 
8 2 0 8 2 0 2 8 0 . 0  2 8 0 . 0  2 0 0 . 0  1 0 0 . 0 
8 2 0 8 2 5 4 0 0 . 0  2 6 0 . 0  1 0 0 . 0 
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S OI L  EXTRACT ANALY S I S  1 9 8 0 - 19 8 2  

CONDUC T I VI T Y  -m S /c m - PLOT 5 0 A · 19 8 2  

DATE D E PT H  ( em )  

3 0  4 5  6 0  9 0  1 2 0 15 0 
� � --- - - - - - - - - - - - - - - - - - - - - - - .- - - --- - --- - - - - � - - � - - - - - - - -

8 2 0 6 1 8  ' . 4 .  8 
. 8 2 0 6 2 5 1 . 9 7 . 1  5 . 2 3 . 2  

8 2 0 6 3 0  2 . 0 6 . 2  5 . 2 3 . 3 
8 2 0 7 0 8  2 . 3 2 . 9  4 . 6  5 . 7 3 . 3 
8 20 7 2 5  2 . 4 2 . 8 3 . 9 5 . 2  3 . 3 
8 2 0 8 0 4  3 . 0  3 . 9 4 . 4  5 . 4  3 . 6 
8 2 0 8 1 0  3 . 0  3 . 9 4 . 0  5 . 1  3 . 6 
8 2 0 8 2 0 2 .  7 3 . 3  3 . 6  4 . 5  3 . 1 
8 2 0 8 2 5 2 . 8 2 . 8 2 . 6 3 . 3 2 . 7 

CON D UC T I V I T Y -m S /c m - PLOT 5 0  1 9 8 2  

DATE DE PT H  ( em )  
3 0  4 5  6 0  9 0  1 2 0 1 5 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
8 2 0 6 1 8  3 . 0 1 . 9 4 . 2  4 . 2  
8 2 0 6  2 5  1 . 6 5 . 0  4 . 5  4 . 3  
8 2 0 6 3 0  
8 2 0 7 0 8  1 . 9 2 . 9 2 . 4 3 . 7  4 . 5  3 . 8 
8 20 7 2 5  2 . 4 2 . 0 2 . 7  4 . 5  4 . 5  4 . 1  
8 2 0 8 0 4 3 . 2  3 . 2 3 . 3 4 . 1  4 . 7  3 . 9 
8 2 0 8 1 0 4 . 0  3 . 5  4 . 1  5 . 2 4 . 0 
8 2 0 8 2 0 3 . 0  3 . 7 3 .-o 3 . 6 4 . 7  
8 2 0 8 2 5 2 . 5 2 . 8 2 . 5 2 . 9 3 . 9 

CON D UC T I V I T Y -m S /cm - PLOT 3 5 G  1 9 8 2  

DATE D E PT H  ( em )  
3 0  4 5  6 0  9 0  1 2 0 1 5 0  

-- - - - - - - - - - - - - - - - - � - - - - - - - - -- - � - - - - - - - - - - - - - - - -
8 2 0 6 1 8  
8 2 0 6 2 5 3 . 1 3 . 2 5 . 1  5 . 5 
8 2 0 6 3 0  4 . 9 5 . 9  
8 2 0 7 0 8  2 . 9 5 . 5  5 . 8  
8 2 0 7 2 5 2 . 5 2 . 5 5 . 0 5 . 0  5 . 4 
8 2 0 8 0 4  1 . 8  2 . 0 5 . 4  6 . 0  5 . 3  
8 2 0 8 1 0  6 . 0  6 . 6 5 . 9  
8 2 0 8 2 0 1 . 3 2 . 7 2 . 4  4 . 7 5 . 5  5 . 2 
8 2 0 8 2 5 2 . 8 2 . 5 3 . 7  4 . 6 4 . 1 
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S O I L E XT RACT AN ALY S I S  1 9 8 0 - 1 9 8 2  

CON D UC T I V I T Y  -m S /c m - PLOT 3 5  1 9 8 2  

DATE 

8 2 0 6 1 8  
8 2 0 6 2 5 
8 2 0 6 3 0  
8 2 0 7 0 8  
8 2 0 7 2 5 
8 2 0 8 0 4  
8 2 0 8 1 0 
8 2 0 8 2 0 
8 2 0 8 2 5 

N I T R AT E  

DAT E  

8 2 0 6 1 8  
8 2 0 6 2 5  
8 2 0 6 3 0  
8 2 0 7 0 8  
8 2 0 7  2 5  
8 2 0 8 0 4  
8 2 0 8 1 0 
8 2 0 8 2 0 
8 2 0 8 2 5 

N I T RATE 

DATE 

8 2 0 6 1 8  
8 2 0 6 2 5  
8 2 0 6 3 0  
8 2 0 7 0 8  
8 2 0 7  25 
8 2 0 8 0 4  
8 2 0 8 1 0  
8 2 0 8 2 0 
8 2 0 8 2 5 

3 0  4 5  
D E P'r H ( em )  

6 0  9 0  1 2 0 1 5 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

3 . 1  
2 . 2 3 . 6 

2 . 4 3 . 0 
2 . 3 3 . 1 2 . 9  5 . 7  

3 . 8  3 . 2 
3 . 7  7 . 1 

3 . 0 2 . 9  2 . 5  6 . 4 
2 . 8 3 . 8 � . 1  

( a s N )  -pt:Jm- PLOT S O A  1 9 8 2  

D E P·r H  ( em )  
3 J  4 5  6 0  9 0  1 2 0 1 5 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - � - - � - � - � 
1 . 8 2  

1 3 . 4 0 1 . 6 8  1 . 7 6  

5 .  5 0  1 . 5 0 

1 . 2 5 5 . 6 S 0 . 1 6 0 . 9 2 2 . 2 0  

0 . 0 4 0 . 0 6  0 . 0 4 0 . 4 5 2 . 0 0  

0 . 0 6  0 . 2 4  0 . 0 3  0 . 4 3  1 . 7 5  
0 . 0 6 0 . 0 3  0 . 0 1 0 . 0 9 1 . 7 0  

0 . 0 5 0 . 0 5 0 . 0 2 0 . 0 1 1 . 6 5 

0 . 0 7 0 . 0 5 0 . 0 3 0 . 0 3 1 . 6 5  

( a s N )  -ppm- PLOT 5 0  1 9 8 2  

D E PT H ( cm )  

3 0  4 5  6 0 9 0  1 2 0  1 5 0  

- - - - - - - � - - - - - - � - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

8 . 7 5  1 . 9 8 3 . 2 8 

3 6 . 1 0 6 . 4 0 2 . 3 5 2 . 2 5 

1 8 . 6 0 4 . 7 5 4 . 1 2 3 5 . 9 0 1 . 9 0 5 . 4 8 

2 . 6 5 2 . 0 0  2 . 1 3 1 2 . 2 0 0 . 4 6 1 . 1 4  

0 . 5 4  1 . 6 5  0 . 8 2  4 . 8 5 0 . 2 0  0 . 1 0 

0 . 6 2  0 . 6 6  o . o s  0 . 0 3 0 . 0 3 

0 . 7 2 0 . 3 2 0 . 6 1  0 . 0 4 0 . 0 1 

0 . 4 6 0 . 5 3 0 . 4 0 0 . 0 2  0 . 0 2 
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S 01 L E XT R .l\C T  AN � LY S I S  1 9 8 0 - 19 8 2  

N I T RAT E ( a s N )  -pt;>m - PLOT 3 5 G  1 9 8 2  

DATE D EPT H ( em )  
3 0  4 5  6 0  9 0  1 2 0  1 5 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - -
8 2 0 6 1 8  
8' 2 0 6 2 5  1 3 . 2 0 1 . 7 8  0 . 0 6 1 . 1 4  
8 2 0 6 3 0  0 . 2 7  0 . 8 2  
8 2 0 7 0 8  1 . 7 5  0 . 4 0 0 . 9 8 
8 2 0 7 2 5 2 0 . 6 0  1 . 9 3 0 . 0 8  0 . 0 6  1 . 8 0  
8 2 0 8 0 4  8 . 3 5 3 . 1 6 0 . 1 3  0 . 2 1 1 . 3 1  
8 2 0 8 1 0  0 . 0 1  0 . 1 0 0 . 6 5 
8 2 0 8 2 0 7 . a  5 1 2 . 8 0 3 . 5 8  0 . 0 4 0 . 0 6 0 . 6 0 
8 2 0 8 2 5 3 . 7 5  3 . 2 0  0 . 3 2 0 . 2 3 0 . 3 1 

N I T RATE ( a s N )  -ppm - PLOT 3 5  1 9 8 2  

DATE D E PT H ( cm )  
3 0  4 5  6 0  9 0  1 2 0  1 5 0 

-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - -

8 2 0 6 1 8  1 5 . 5 0 
8 2 0 6 2 5  2 1 . 2 0 5 . 4 2  
8 2 0 6 3 0  
8 2 0 7 0 8  1 3 . 0 0 5 . 0 0 
8 2 0 7 2 5  2 . 4 5 3 . 7 5 3 . 1 0  0 . 2 2  
8 2 0 8 0 4  1 . 5 3 1 . 4 5 
8 2 0 8 1 0 1 . 2 8 0 . 0 6  
8 2 0 8 2 0 0 . 3 3 0 . 7 9 0 . 6 5  0 . 0 7 
8 2 0 8 2 5 0 . 9 6 1 . 1 0  0 . 0 5  

P H  P LOT 50 A 1 9 8 2  

D AT E  D E PT H ( cm )  

3 0  4 5  6 0  9 0  1 2 0 1 5 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - � � � - - - - -

8 2 0 6 1 8  7 . 7 0  
8 2 0 6 2 5  8 . 5 0 7 . 8 8  7 . 9 0 8 . 7 0 
8 2 0 6 3 0  8 . 5 4 7 . 4 9 7 . 5 8 8 . 2 7 
8 2 0 7 0 8  8 . 4 0 8 . 0 5 7 . 5 1 7 . 6 1  8 . 1 4 
8 20 7 2 5  8 . 2 7 7 . 8 1  7 . 3 0  7 . 5 3 8 . 0 0 
8 2 0 8 0 4  8 . 6 0 8 . 5 5  8 . 8 5  8 . 3 8  9 . 0 0 
8 2 0 8 1 0  8 . 5 8 8 . 1 9 8 . 0 2  8 . 0 9 8 . 8 0  
8 2 0 9 2 0 8 . 5 0  8 . 4 9  8 . 6 0  8 . 1 5 8 . 8 5  
8 2 0 8 2 5 8 . 5 1  8 . 6 1  8 . 9 9 8 . 6 0  9 . 0 2  
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S OI L E XT RAC'r AN A LY S I S  1 9 8 0 - 1 9 8 2  

PH PLOT 5 0  1 9 8 2 

D ATE DE PT H  ( em )  
3 0  4 5  6 0  9 0  1 2 0 1 5 0 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - -

8 2 0 6 1 8  7 . 7 3  7 . 7 3  7 . 3 0  7 . 3 0  

· 8 2 0 6 2 5  8 . 5 5 7 . 7 8  7 . 8 9  7 . 6 9  
8 2 0 6 3 0  
8 2 0 7 0 8  8 . 3 4 8 . 3 2  8 .  5 1  7 . 4 8 7 . 6 2  7 . 6 0  
8 2 0 7 2 5 8 . 3 2 8 .  5 0  7 . 8 7  7 . 6 0  7 . 6 1  7 . 7 0  
8 2 0 8 0 4  8 . 4 0 8 . 6 1 8 . 5 6 8 . 3 8 8 . 2 0  8 . 5 2 
8 2 0 8 1 0 8 . 5 0 7 . 9 9  8 . 1 9 7 . 8 5  8 . 6 0  
8 2 0 8 2 0 8 . 4 8  8 . 4 5  8 . 4 2 8 . 2 0 8 . 0 2  
8 2 0 8 2 5 8 . 4 8  8 . 4 2 8 . 5 2  8 . 3 2 8 . 5 3 

P H  P L OT 3 5 G  1 9 8 2 

DATE DE P'r H ( em )  
3 0  4 5  6 0  9 0  1 2 0 1 5 0  

- - - - - - - - - - - - - - - - � - - - - - - - - - - - - � � � - - - - - - � � � � � - � - � 
8 2 0 6 1 8  
8 2 0 6 2 5  8 . 5 3  8 . 3 0  8 . 2 2 7 . 8 8  
8 2 0 6 3 0  8 . 4 2  8 . 0 8 
8 2 0 7 0 8  8 . 3 3  8 . 3 6 7 . 4 8  
8 2 0 7  2 5  8 . 2 9  7 . 9 8  7 . 3 0  7 . 8 9  7 . 8 5  
8 2 0 8 0 4  8 . 7 2 8 . 7 0  8 . 3 5 8 . 5 2  8 . 4 6 
8 2 0 8 1 0  7 . 6 0  8 . 2 1  7 . 8 2  
8 2 0 8 2 0  8 . 7 0 8 . 7 0  8 . 5 2  8 . 0 1  8 . 4 8 8 . 3 0  
8 2 0 8 2 5 8 . 6 2  8 . 5 8  8 . 4 9  8 . 7 2  8 . 6 2  

P H  P L OT 3 5 1 9 8  2 

DATE DE PT H ( em )  
3 0  4 5  6 0  9 0  1 2 0  1 5 0  

- - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - � - - - - - -
8 2 0 6 1 8  7 . 7 0  
8 2 0 6 2 5  8 . 9 2 8 . 3 1 
8 2 0 6 3 0  
8 2 0 7 0 8  8 . 5 1 8 . 8 0 
8 2 0 7 2 5  8 . 7 0 7 . 9 0  8 . 4 1  7 . 8 3  
8 2 0 8 0 4  8 . 7 8 8 . 8 9 
8 2 0 8 1 0  8 . 6 1 8 . 0 0  
8 2 0 8 2 0  8 .  7 0 8 . 7 8  8 . 7 9  8 . 1 3 
8 2 0 8 2 5 8 . 5 7  8 .  7 0  8 . 0 7 
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S O I L E X T RAC'r AN A LY S I S  1 9 8 0 -1 9 8 2 

'r - Po4 a s  p - ppm- PLOT 5 0  A 1 9 8 2  

DAT E  · D E PT H ( cm )  
3 ·J  4 5  6 0  9 0  1 2 0 1 5 0 

- - - - - - - - - - - - - - - - - � � - � - - - - - - - - - - - - - - � - - � - - - - - - - -

8 2 0 6 1 8  0 . 0 4 
· 8 2 0 6 2 5  0 . 0 6  0 . 0 1  

8 2 0 6 3 0  0 . 0 4 0 . 0 3 
8 2 0 7 0 8  i) . 0 3  0 . 0 :} 0 . 0 1  
8 2 0 7 2 5  0 . 0 3  0 . 0 4  0 . 0 5 0 . 0 2  
8 2 0 8 0 4  0 . 0 2 0 . 0 2 0 . 0 1 0 . 0 3  
8 2 0 8 1 0 0 . 0 1  0 . 0 3  0 . 0 3  0 . 0 4  0 . 0 8 
8 2 0 8 2 0  0 . 1 4 0 . 0 6 a .  o 1 0 . 1 0 
8 2 0 8 2 5 0 . 0 5 0 . 0 2 0 . 0 9 

T- P04 a s  p -p9m- PLOT 5 0  1 9 8 2  

DATE DE P T H ( em )  
] .) 4 5  6 0  9 0  1 2 ·) 1 5 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

8 2 0 6 1 8  0 . 1 3  0 . 0 1 0 . 0 9  
8 2 0 6 2 5 0 . 0 4  0 . 0 5 0 . 0 1 
8 2 0 6 3 0  
8 2 0 7 0 8  0 . 0 2  0 . 2 2  0 . 0 4 0 . 0 4  0 . 0 4  0 . 0 2 
8 2 0 7 2 5 0 . 1 2  0 . 0 2  0 . 0 4  0 . 0 2  
8 2 0 8 0 4  0 . 0 2  
8 2 0 8 1 0 0 . 0 1  
8 2 0 8 2 0  0 . 0 6 
8 2 0 8 2 5  0 . 0 1 0 . 0 6 0 . 0 5 0 . 0 1 

T- P0 4  a s  p -porn - PLOT 3 5 G  1 9 8 2 

DATE D E PT H  ( em) 
3 0  4 5  6 0  9 0  1 2 0 1 5 0  

- - - - - - - - - - - - � - � - - - - - - - - - � - - - - � - � - � - � - - � - � - � - - - -
8 2 0 6 1 8  
8 2 0 6 2 5 0 . 0 2  
8 2 0 6 3 0 0 . 0 5  0 . 0 8 
8 2 0 7 0 8  0 . 1 1  0 . 0 3  
8 2 0 7  2 5  0 . 0 6  0 . 0 2 
8 2 0 8 0 4  0 . 0 2  0 . 0 1  
8 2 0 8 1 0 0 . 0 3  0 . 0 3  0 . 0 7 
8 2 0 8 2 0  0 . 2 0 
8 2 0 8 2 5 o . o s 0 . 0 2  0 . 0 5 



DAT E 

8 2 0 6 1 8  
. 8 2 0 6 2 5  

8 2 0 6 3 0  
8 2 0 7 0 8  
8 2 0 7 2 5  
8 2 0 8 0 4  
8 2 0 8 1 0  
8 2 0 8 2 0 
8 2 0 8 2 5 

DATE 

8 2 0 6 1 8  
8 2 0 6 2 5  
8 2 0 6 3 0  
8 2 0 7 0 8 
8 2 0 7 2 5 
8 2 0 8 0 4  
8 2 0 8 1 0 
8 2 0 8 2 0 
8 2 0 8 2 5 

DATE 

8 2 0 6 1 8  
8 2 0 6 2 5  
8 2 0 6 3 0  
8 2 0 7 0 8  
8 2 0 7 2 5  
8 2 0 8 0 4  
8 2 0 8 1 0 
8 2 0 8 2 0  
8 2 0 8 2 5 

S O I L E XT R ACT AN A LY S I S  1 9 8 0 - 1 9 8 2  

T - P0 4 a s  P -ppm-

3 0  

N H 3  a s  � 

3 0  

4 5  

0 . 1 3  
0 . 0 1  

0 . 0 1  

- nom-

4 5  

PLOT 3 5  19 8 2  

D E P T H  ( em )  
6 0  9 0  

0 . 7 0  

PLOT 

D E PT H ( em )  
6 0  9 0  

1 2 0  

5 0  A 1 9 8 2  

1 2 0 
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1 5 0  

1 5 0 
- - � - - - - - - - - - - - - - - � - - - - - - - � - - - � - � - � - - - - - - - � � - � - �  

0 . 6 0  
1 . 2 0 0 . 1 4 0 . 9 0  
0 . 2 0 0 . 3 9  2 . 3 1 0 . 5 1  
0 .  4 0  0 . 7 2  0 . 6 5 0 . 4 5  0 . 4 9  
0 . 2 2  0 . 2 3  0 . 1 8  0 . 1 0 0 . 1 0 
0 . 3 0  0 . 1 1  
0 . 2 0  0 . 2 1  0 . 1 8  0 . 0 1  0 . 1 9 
0 . 7 0 0 . 0 1  
0 . 2 0 0 . 0 9 0 . 1 1 0 . 0 5  

N H3 a s  N - ppm- PLOT 5 0  1 9 8 2  

DE PT H  ( em )  
J Q  4 5  6 0  9 0  1 2 0 1 5 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - � -
0 . 0 6  0 . 5 3  0 .  0 2  
0 . 2 0  0 . 0 7  0 . 2 0  0 . 1 0  

0 . 2 1  0 . 2 4  0 . 5 8 0 . 4 6 0 . 6 6  
0 . 1 4  1 . 3 8 0 .  2 2  0 . 1 9 0 . 2 1 0 . 2 6 
0 . 1 0 0 . 2 0 0 . 0 1 0 . 0 4  0 . 4 1  
0 . 1 6  0 . 0 4  0 . 1 5 0 . 1 5  o . s o 
0 . 1 6 0 . 1 9 0 . 2 0 0 . 2 4 
0 . 2 6 0 . 0 1 0 . 0 6  0 . 1 3 0 . 2 0  
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S O I L E � r11 R A C'r AN A LY S I S  1 9 8 0 - 1 � 3 2  

N H 1 a s  :'J - n n :n - PLOT 3 5 G  1 9 3 2 

DATE D E PT H  ( em )  
3 0  4 5  6 0  9 0  1 2 J  1 5 0  

- -- - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - -

R 2 0 6 1 8  

8 2 0 6 2 5 () • 6 0 0 .  5 0  4 . 0 0 0 . 0 9  
8 2 0 6 3 0  u . J o  0 . 7 1  

8 2 0 7 J 8  0 . 4 4  0 . 9 3 
3 2U  7 2 5  () .  1 3  0 . 3 3  J . '3 g  J . 1 :l 0 . 1 4  

8 2 0 8 0 4  0 . 3 0 0 . 1 5  0 . 1 9  0 . 0 6  0 . 0 4  
8 2 0 8 1 0  J . 1 5  0 . 0 3 
8 2 0 8 2 0 0 . 3 0 0 . 8 0 0 . 0 1  J .  � 1 0 . 3 0 0 . 1 4 

8 2 0 8 2 5 u . 2 o 0 . 0 9 0 . 0 4 

N H3 a s  N - oo :n - P L OT 3 5  1 9 8 2  

DATE D E PT H  ( em )  
3 0  4 5  6 0  9 0  1 2 0  1 5 0 

--- - - - - - - - -- - - - - - -- - - - -- - - - -- - - - - - - - - - - - - - - - - - -

8 2 0 6 1 8 0 . 2 0  

8 2 0 6 2 5  IJ . 5 J 2 . 0 0 
8 2 0 6 3 0  

8 2 0 7 0 3  :) . 6  0 0 . 5 0  
8 2 0 7 2 5  ) . 0 0  1 . 3 9  Q .  6 0 2 . 2 0 

8 2 0 8 0 4  0 . 2 7 0 . 5 0  
8 2 0 8 1 0  0 . 4 0  
8 2 0 8 2 0 2 . 0 0  0 . 7 0  0 . 7 0  J . B O 
8 2 0 8 2 5 0 . 7 0 
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Appendix D .  Soil chemi cal characteris t ics 19 80-19 82 . Dat a  by t reat­
ment s ,  dep th , and samp ling date for : 

Exchangeab le s od ium 
Exchangeab le Sod ium Percentage (ESP) 

Cat ion Exchange Capacity 
Exchangeable Magnes ium 

Exchangeab le Calcium 
Elec trical Conduct ivity o f  S aturat ion Extract 

pH of Saturated Soil Pas te 
Sod ium Adsorpt ion Rat io ( SAR) of Soil Solut ion 



131 

E x c h a ng e a b 1 e  S od i u m , m e / 1 0 0g P LO T  5 0 

0 1\TE: S I TE DE PT H ( cm )  
0 - 3 0 - 1 5 1 5 - 3 0 0 - 3 0  3 0 - 6 0 6 0- 9 0 9 0 - 1 2 0 

- - - - - � - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - -

8 0 0 5 1 9  1 0 . 8 0 . 4  0 . 3 0 . 3 
8 0 0 5 1 9  2 0 . 8 0 . 4 0 . 1  0 . 1  
8 0 0 5 1 9  J 0 . 9 0 . 4  0 . 1  0 . 1 

8 0 1 1 0 4  1 1 . 3  0 . 4 0 . 4  0 . 4  
8 0 1 1 0 4  2 1 . 5  O . B 0 . 6 0 . 2  
8 01 1 0  4 3 1 . 6 0 . 6  0 . 3 0 . 1 

8 1 1 0 0 9 1 2 . 0  1 . 1  1 . 4  0 . 8 
8 11 0 0 9 2 1 . 7 1 . 4 0 . 8 0 . 7 
8 1 1 0 0 9  3 1 . 8  1 . 6 0 . 9  0 . 3  

8 20 4 2 6  1 1 . 9  2 . 4  
8 2 0 4 2 6  3 1 . 9  2 . 1  
8 2 0 4 2 6  5 1 . 8 2 . 1  
8 2 0 4 2 6  6 2 . 2 2 . 2 

8 2 0 9 1 1  1 1 . 3 1 . 7  1 . 7 1 . 6 1 . 7  2 . 2  
8 2 0 9 1 1  2 1 . 7  1 . 8  2 . 2 1 . 8  1 . 2 1 . 4 

E x c h a ng e a bl e  S od i um , m e  / 1 0 Og P L O T  3 5  

O�TE S I TE DE PT H  { em )  
0 - 3 0 - 1 5 1 5 - 3 0  0 - 3 0  3 0 - 6 0 6 0- 9 0 9 0 - 1 2 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - � - - - � - - - -
8 0 0 5 1 9  1 0 . 7 0 . 2  0 . 1  0 . 1 
8 0 0 5 1 9 2 0 . 5 0 . 1  0 . 1 0 . 2  
8 0 0 5 1 9  3 0 . 4 0 . 2 0 . 3 0 . 5  

8 0 1 1 0 4  1 0 . 9 0 . 3 
8 0 1 1 0 4  2 1 . 1 0 . 2 0 . 4 0 . 4 
8 0 1 1 0 4  3 1 . 6 0 . 4  0 . 7  0 . 8  

8 1 1 0 0 9 1 1 . 9 1 . 6  
8 1 1 0 0 9 2 1 . 5  1 . 3 0 . 8 0 . 6  
8 1 1 0 0 9  3 1 . 7 1 . 4 

8 2 0 4 2 6  1 1 . 7  2 . 2 
8 2 0 4 2 6 3 1 . 5 2 . 1 
8 2 0 4 2 6  5 1 . 9  2 . 1 
8 2 0 4 2 6  6 1 . 8  2 . 1  

8 2 0 9 1 1  1 1 . 2 1 . 6 1 . 7 1 . 8 
8 2 0 9 1 1  2 1 . 3  1 . 5 1 . 8 1 . 6  1 . 9  1 . 0 
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E x ch a ng ea b l e  S od i um , me / l O Og PLOT 3 5 G  

DATE S I T E  DE PT H ( cm ) 
0 - 3 0 -1 5  1 5 - 3 0 0 - 3 0  3 0 - 6 0 6 0- 9 0  9 0 - 1 2 0  

- - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - - �� - - � - -
8 0 0 5 1 9  1 0 . 4 0 . 1 0 . 1 
8 0 0 5 1 9  2 0 . 5 0 . 2 0 . 6  1 . 3 
8 0 0 5 1 9  3 ·  0 . 5 0 . 4 0 . 5  

8 0 1 1 0 4  3 0 . 3 

8 1 1 0 0 9 1 2 . 2 1 . 1  0 . 9 0 . 5  
8 1 1 0 0 9 2 2 . 0  1 . 4  0 . 7 0 . 4  
8 11 0 0 9 3 2 . 3 1 . 2  0 . 5 0 . 7  

8 20 4 2 6  1 1 . 6 2 . 0 
8 2 0 4 2 6  3 1 . 7 2 . 4 
8 2 0 4 2 6  4 1 . 7 2 . 2 
8 2 0 4 2 6  5 1 . 4 2 . 2  

8 2 0 9 1 1  1 0 . 8  1 . 7  1 . 8 1 . 8 1 . 9 1 . 2 
8 2 0 9 1 1  2 1 . 3 1 . 4 2 . 0 1 . 7  1 . 4  0 . 9  

E x c h a ng e a b l e  S od i um , me / 1 0 0g P L OT 2 0  

DATE S I T E D E PT H ( cm )  
0 - 3 0 - 1 5 1 5 - 3 0 0 - 3 0  3 0 - 6 0 6 0- 9 0 9 0 - 1 2 0  

- - - - - - - - - - - - - - -- - - - - - - � - - - - - - - - - - - - - - - - - - �- - - - - -
8 0 0 5 1 9  1 0 . 3 0 . 1 0 . 2  0 . 5  
8 0 0 5 1 9  2 0 . 6 0 . 4  0 . 6 
8 0 0 5 1 9  3 0 . 4 0 . 1 

8 0 1 1 0 4  1 1 . 4  0 . 5 0 . 3 1 . 1 
8 0 1 1 0 4 2 0 . 6 
8 0 1 1 0 4  3 0 . 6  

8 1 1 0 09 1 3 . 3 1 . 4 1 . 7  1 . 1  
8 1 1 0 0 9 2 3 . 3  1 . 5 1 . 5 
8 1 1 0 0 9 3 2 . 9  1 . 5 

8 2 0 4 2 6  1 2 . 3 2 . 7 
8 2 0 4 2 6  3 2 . 5 2 . 6  

8 2 0 9 1 1  1 0 . 8 1 . 5  2 . 6 1 . 6  0 . 9 0 . 8  
8 2 0 9 1 1  2 1 . 2 1 . 6 2 . 0 1 . 2  0 . 6  0 . 7 
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E x ch a ng e a b l e S o d i um P e r ce n t ag e .E S P  P LOT 5 0  

DAT E  S I T E  D E PT H  ( em )  
0 - 3 0 - 1 5  1 5 - 3 0 0 - 3 0  3 0 - 6 0 6 0- 9 0 9 0 - 1 2 0 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
8 0 0 5 1 9 1 4 . 6  2 . 5  2 . 3 1 . 4  
8 0 0 5 1 9  2 4 . 0 2 . 3  1 . 3  1 . 3  
8 0 0 5 1 9  3 5 . 4  2 . 2 1 . 0 0 . 7 

8 0 1 1 0 4  1 7 . 7 4 . 4  3 . 4  2 . 3  
8 0 1 1 0 4  2 a . a 7 . 4  4 . 1  1 . 4  
8 0 1 1 0 4  3 7 . 4 4 . 4  4 . 9  1 . 5  

8 1 1 0 0 9  1 1 2 . 0 8 . 3  1 3 . 2  4 . 7  
8 1 1 0 0 9 2 9 . 0 1 0 . 5 6 . 5  6 . 0 
8 11 0 0 9 3 9 . 7 1 0 . 5  1 1 . 0  3 . 7 

8 2 0 4 2 6  1 7 . 9 1 1 . 3  
8 2 0 4 2 6  3 3 . 0 1 0 . 8  
8 2 0 4 2 6  5 8 . 1 1 1 . 5  
8 2 0 4 2 6 6 1 0 . 1  1 0 . 7 

8 2 0 9 1 1  1 6 . 1  7 . 5  9 . 0 9 . 4  1 0 . 3  1 2 . 8  
8 2 0 9 1 1  2 7 . 6 7 . 9 1 1 . 3  1 0 . 6  7 . 5 8 . 1 

E x  ch a ng e ab 1 e  S o d i um P e r ce n t a g e  E S P  PLOT 3 5  

DAT E  S I T E D E PT H ( em )  
0 - 3 0 - 1 5  1 5 - 3 0 0 - 3 0  3 0 - 6 0  6 0- 9 0 9 0 - 1 2 0  

- - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - � - - - - - - - - - - - - - - -
8 0 0 5 1 9  1 3 . 6 1 . 1  0 . 4 0 . 6 
8 0 0 5 1 9  2 3 . 5  0 . 4  0 . 6 1 . 2  
8 0 0 5 1 9  3 2 . 1  1 . 0  2 . 4  3 . 7 

8 0 1 1 0 4  1 5 . CJ  2 . 3  
8 0 1 1 0 4  2 5 . 5  1 . 5 2 . 5 2 . 4  
8 0 1 1 0 4  3 9 . 1 2 . 3 6 . 0  4 . 5 

8 1 1 0 0 9  1 9 . 6 1 0 . 8  
8 1 1 0 0 9  2 8 . 4 8 . 9  6 . 3  4 . 3 
8 1 1 0 0 9 3 9 . 6 8 . 1  

8 2 0 4 2 6  1 9 . 0 1 1 . 3  
8 2 0 4 2 6  3 q . 2 10 . 1  
8 2 0 4 2 6  5 9 . 0 1 0 . 8  
8 2 0 4 2 6  6 9 . 1 1 0 . 7  

8 2 0 9 1 1  1 5 . 5  7 . 6  8 . 0  1 0 . 0  
8 2 0 9 1 1  2 6 . 1 7 . 1  8 . 3 9 . 8 1 5 . 8  7 . 0 
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Ex ch a ng e a b1 e  S o d i um P e r ce n t ag e  E S P P LOT 3 5 G  

Dl\TE S I T E  D E PT H ( em )  
0 - 3 0 - 1 5 1 5 - 3 0 0 - 3 0  3 0 - 6 0  6 0- 9 0 9 � - 1 2 0  

- - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
8 0 0 5 1 9  1 1 . 9 o . a  1 . 2  
8 0 0 5 1 9 z 2 . 7  1 . 2 3 . 7  7 . 9  
8 0 0 5 1 9 3 2 . 1  1 . 9 3 . 0 

8 0 1 1 0 4  3 1 . 6 

8 1 1 0 0 3 1 1 1 . 9  6 . 7 1 0 . 0  5 . 3 
8 1 1 0 0 9  2 1 0 . 1  7 . 9  4 . 8  2 . 6  
8 11 0 0 9 3 1 1 . 0  6 . 0  3 . 1  4 . 8 

8 2 0 4 2 6  1 7 . 7  1 0 . 1 
8 2 0 4 2 6  3 7 . 5 10 . 3  
8 2 0 4 2 6  4 7 . 6 1 0 . 5  
8 2 0 4 2 6  5 6 . 7  1 0 . 8  

8 2 0 9 1 1  1 3 . 0  B . 2 8 . 5  9 . 3  1 0 . 9  9 . 1 
8 2 0 9 1 1  2 5 . 1  6 . 7  9 . 5  8 . 5 7 . 7 7 . 0  

E x c h a ng e ab l e  Sod i um P e r ce n t a g e  E S P  P L O T  2 0  

DAT E S I T E  D E PT H ( em )  
0 - 3 0 - 1 5  1 5 - 3 0 0 - 3 0  3 0 - 6 0 6 0 - 9 0 9 J - 1 2 0  

- - - - - - - - - -- - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
8 0 0 5 1 9  1 1 . 7 0 . 8  1 . 7 3 . 4  
8 0 0 5 1 9  2 2 . 5  2 . 2 4 . 0  
8 0 0 5 1 9  3 1 . 9 0 . 4  

8 0 1 1 0 4  1 6 . 7  3 . 4  2 . 9 8 . 1 
8 0 1 1 0 4  2 5 . 0 
8 01 1 0 4  3 3 . 3  

8 1 1 0 0 9  1 1 6 . 6  9 . 5  1 3 . 7  8 . 1  
8 1 1 0 0 9 2 1 4 . 9  7 . 7 1 0 . 3  
8 1 1 0 0 9 3 1 5 . 6  6 . 9  

8 2 0 4 2 6 1 1 0 . 4  1 1 . 9  
8 2 0 4 2 6  3 1 1 . 6  1 0 . 6  

8 2 0 9 1 1  1 3 . 3 6 . 5 1 1 . 5 8 . 6 6 . 1 5 . 7 
8 2 0 9 1 1  2 4 . 8 7 . 3  8 . 8 6 . 5 4 . 0  s . o  
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Ca ti on E x c h  C ap ac i ty ( C EC ) , me / 1 0 0g P L OT 5 0  

DATE S I T E  D E PT H ( cm )  
0 - 3 0 - 1 5  1 5 - 3 0  0 - 3 0  3 0 - 6 0  6 0- 9 0  9 0 - 1 2 0  

- �- - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
8 0 0 5 1 9  1 1 6 . 8  1 6 . 8  1 1 . 5 1 8 . 2  
8 0 0 5 1 9  2 1 9  . 9  1 5 . 8  9 . 4 1 0 . 4  
8 0 0 5 1 9  3 1 5 . 7  1 7 . 2  9 . 9  9 . 1 

8 0 1 1 0 4  1 1 7 . 0  9 . 8 1 0 . 3  1 7 . 4 
8 0 1 1 0 4  2 1 6 . 9  1 0 . 9  1 4 . 8  1 2 . 2 
8 0 1 1 0 4  3 2 1 . 2  1 3 . 0  6 . 3  9 . 1 

8 1 1 0 0 9 1 1 6 . 9  1 3 . 3  1 0 . 9  1 7 . 8  
8 11 0 0 9 2 1 8 . 4 1 3 . 4  1 2 . 1  1 1 . 3  
8 11 0 0 9 3 1 8 . 4 1 5 . 1 8 . 1 9 . 1  

8 2 0 4 2 6  1 2 3 .  6 2 1 . 2  
8 2 0 4 2 6  3 2 0 . 5  1 9 . 4  
8 2 0 4 2 6  5 2 1 . 8  1 8 . 2  
8 2 0 4 2 6  6 2 1 . 8  2 1 . 0  

8 2 0 9 1 1  1 2 2 . 0  2 2 .  2 1 9 . 3  1 6 . 9  1 6 . 0  1 7 . 5  
8 2 0 9 1 1  2 2 2 . 0 2 2 .  2 1 9 . 3  1 7 . 0  1 6 . 0  1 7 . 5  

C a t i o n  E x ch C ap ac i ty ( C EC ) , me / 1 0 0g PLOT 3 5  

DATE S I T E  D E PTH ( cm )  
0 - 3 0- 1 5  1 5 - 3 0  0 - 3 0  3 0 - 6 0 6 0- 9 0  9 0 - 1 2 0  

- - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - -
8 0 0 5 1 9  1 1 9 . 7  1 5 . 4 1 3 . 3  1 4 . 6  
8 0 0 5 1 9 2 1 4 . 2 13 . 3  1 0 . 1  1 2 . 7  
8 0 0 5 1 9 3 1 8 . 5  1 6 . 3  1 1 . 9  1 4 . 5  

8 0 1 10 4  1 1 4 . 7  1 1 . 7  
8 0 1 1 0 4 2 2 0 . 5  1 4 . 9  1 5 . 3  1 7 . 0 
8 01 10 4  3 1 7 . 0  1 6 . 9  1 1 . 3  1 7 . 1  

8 1 1 0 0 9 1 1 9 . 7  1 5 . 1  
8 1 1 0 0 9  2 1 7 . 3  1 4 . 1  1 2 . 7  1 4 . 8  
8 11 0 09 3 1 7 . 7  1 6 . 6  

8 2 0 4 2 6  1 1 9 . 3  1 9 . 5  
8 2 0 4 2 6  3 1 8 . 7 2 0 . 5 
8 2 0 4 2 6  5 2 1 . 2  1 9 . 4  
8 2 0 4 2 6  6 1 9 . 7  2 0 . 0 

8 2 0 9 1 1  1 2 1 . 0  2 1 . 5  2 1 . 3  1 7 . 7  
8 2 0 9 1 1  2 2 1 . 0  2 1 . 5  2 1 . 3 1 7 . 7  1 2 . 0  1 3 . 9 
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C h em i c a l s o i l  a na l ys i s  1 9 8 0 - 1 9 8 2  

E x cha ng ea b l e  "'tag ne s i  urn,  me / 1 0 0g PLO T 3 5 G  

DATE S I T E D E PT H ( cm )  
0 - 3 0 - 1 5  1 5 - 3 0 0 - 3 0  3 0 - 6 0 6 0- 9 0 9 0 - 1 2 0  

- - - - - � � - - - - � - - - - - - - �- - - - - - - - - - - - � - - - - - - - - � - - - - - � 
8 0 0 5 1 9  1 4 . 6  5 . 7  3 . 4  
8 0 0 5 1 9  2 4 . 5 6 . 4  1 0 . 0 1 3 . 6  
8 0 0 5 1 9  3 5 . 1  6 . 6  9 . 2 

8 0 1 1 0 4 3 7 . 8 

8 2 0 4 2 6  1 4 . 0  4 . 2  
8 2 0 4 2 6  3 4 . 3  4 . 0 
8 2 0 4 2 6  4 4 . 4 4 . 4  
8 2 0 4 2 6  5 4 . 3 4 . 6 

8 2 0 9 1 1  1 4 . 6 6 . 1  6 . 9 7 . 8  9 . 6 1 1 . 4  
8 2 0 9 1 1  2 5 . 8  5 . 7  4 . 1 4 . 3 7 . 9  8 . 0 

E x cha ng ea bl e  M ag ne s i um,  me / l O Og PLOT 2 0  

DAT E S I T E DE PT H  ( em )  
0 - 3  0 -1 5  1 5 - 3 0 0 - 3 0  3 0 - 6 0 6 0 - 9 0  9 0 - 1 2 0  

- - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - � - - - - - � - - - -
8 0 0 5 1 9  1 5 . 6  9 . 8  9 . 7 1 3 . 7  
8 0 0 5 1 9  2 5 . 5 4 . 9  1 4 . 3  
8 0 0 5 1 9  3 4 . 8  4 . 9  

8 01 1 0 4 1 6 . 8  1 0 . 9 4 . 0 1 3 . 8  
8 0 1 1 0 4 2 1 3 . 6  
8 01 1 0 4  3 6 . 9 

8 2 0 4 2 6  1 5 . 4 5 . 5  

8 2 0 4 2 6  3 4 . 9 5 . 3 

8 2 0 9 1 1  1 6 . 0  5 . 1  4 . 0 5 . 3 1 1 . 2  1 4 . 2  
8 2 0 9 1 1  2 6 . 9  5 . 9  4 . 5 5 . 4 6 . 6 9 . 2  
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E x  cha ng ea b 1 e  M ag ne s i  urn , m e / 1 0 0g PLOT 5 0  

D ATE S I TE D E PTH ( em )  
0 - 3  0 - 1 5 1 5 - 3 0 0 - 3 0 3 0 - 6 0 6 0- 9 0 9 0 - 1 2 0  

- - - - - - - - - - - - - - - - � - � - - - - - - - - - - - - - - - - - - - - - - - - � - - - �  
8 0 0 5 1 9  1 4 . 4 4 . 6  8 . 1 1 7 . 2 
8 0 0 5 1 9  2 3 . 3  1 . 9  2 . 7 6 . 8 
8 0 0 5 1 9 3 3 . 7  5 . 5  4 . 1 4 . 4 

8 01 1 0 4 1 4 . 3 4 . 7 5 . 7 1 7 . 0  
8 0 1 10 4  2 4 . 7  3 . 9  6 . 7  1 0 . 4  
8 01 1 0 4  3 4 . 0  3 . 6  2 . 9  5 . 7  

8 2 0 4 2 6  1 6 . 3  6 . 7 
8 2 0 4 2 6  3 5 . 1 4 . 9 
8 20 4 2 6  5 5 . 0 4 . 3  
8 2 04 2 6  6 5 . 0 4 . 6  

8 2 0 9 1 1  1 5 . 4  3 . 8  4 . 2 3 . 7 4 . 9  9 . 0  
8 2 0 9 1 1  2 6 . 5  4 . 7  2 . 8  2 . 6 2 . 6  6 . 8  

E x  cha ng e a b 1 e M. ag n e s  i urn , me / 1 0 0g PL OT 3 5  

DATE S I T E D E PT H ( cm )  
0 - 3 0 -1 5  1 5 - 3 0 0 - 3 0 3 0 -6 0 6 0- 9 0 9 0 - 1 2 0  

- - - - - - - - � - - - - - - - - - - - - - � - - - - - - - - - � - - - - - - - - - - � - - - -
8 0 0 5 1 9  1 3 . 3  4 . 8 6 . 9 8 . 3  
8 0 0 5 1 q  2 2 . 9 2 . 7 3 . 1 4 . 4  
8 0 0 5 1 9 3 5 . 4  6 . 6 6 . 4  1 2 . 0  

8 01 1 0 4 1 4 . 6  9 . 2  
8 0 1 1 0 4  2 6 . 2  9 . 0 1 2 . 3  1 2 . 1 
8 0 1 1 0 4  3 4 . 5 1 0 . 7  1 0 . 8  1 2 . 5 

8 2 0 4 2 6  1 4 . 6  5 . 1  
8 2 0 4 2 6  3 5 . 2 4 . 4 
8 2 0 4 2 6  5 4 . 9 4 . 2  
8 2 0 4 2 6  6 4 . 1  4 . 4 

8 2 0 9 1 1  1 6 . 4 4 . 7  4 . 0 4 . 8  
8 2 0 9 1 1  2 7 . 3 5 . 7 5 . 5  5 . 6 8 . 6 1 3 . 2  
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C a t i on E x ch C apac i ty ( C EC ) , me / 1 0 0g PLOT 3 5 G  

DATE S I TE DE PTH ( cm )  
0 - 3 0 -1 5  1 5 - 3 0 0 - 3 0  3 0 - 6 0 6 0- 9 0 9 0 - 12 0  

- - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - � - � - - - -

8 0 0 5 1 9  1 1 8 . 3 1 7 . 0  9 . 3 
8 0 0 5 1 9  2 1 9 . 4  1 8 . 1  1 5 . 5  1 6 . 2  
8 0 0 5 1 9  3 2 1 . 1  2 0 . 2 1 5 . 8  

8 0 1 1 0 4  3 1 6 . 8  

8 1 1 0 0 9  1 1 8 . 3  1 7 . 0 9 . 3  8 . 5  
8 1 1 0 0 9  2 1 9 . 4  1 8 . 1  1 5 . 5  1 6 . 2  
8 1 1 0 0 9 3 2 1 . 1 2 0 . 2  1 5 . 8  1 4 . 0  

8 2 0 4 2 6  1 2 0 . 5  1 9 . 5  
8 2 0 4 2 6  3 2 2 .  8 2 2 . 7  
8 2 0 4 2 6  4 2 1 . 6  2 0 . 9  
8 2 0 4 2 6  5 2 0 . 6  2 0 . 0 

8 2 0 9 1 1  1 2 5 . 2  2 1 . 0  2 0 . 8  1 9 . 6  1 7 . 8  1 2 . 9  
8 2 0 9 1 1  2 2 5 . 0  2 1 . 0  2 0 . 8  1 9 . 6  1 7 . 8  1 2 . 9  

C at i on E x ch C apac i ty ( C 8C ) , me / 1 0 0g PLOT 2 0  

Dl\T8 S I <r E  DE PTH ( cm )  
0 - 3  0 - 1 5  1 5 - 3 0  0 - 3 0 3 0 - 6 0 6 0- 9 0 9 0 - 1 2 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - � - - - -
8 0 0 5 1 9  1 1 9 . 0  1 5 . 8  1 3 . 4  1 3 . 7  
8 0 0 5 1 9  2 2 2 . 2  1 8 . 9  1 4 . 8  
8 0 0 5 1 9 3 1 8 . 4  2 2 . 3 . 

8 0 1 1 0 4  1 2 1 . 2  13 . 5  1 1 . 1  1 4 . 1  
8 0 1 1 0 4  2 1 2 . 0  
8 0 1 1 0 4  3 1 7 . 6  

8 1 1 0 0 9  1 2 0 . 1  1 4 . 7  1 2 . 2  1 3 . 9  
8 1 1 0 0 9 2 2 2 . 2 1 8 . 9  1 4 . 8  
8 1 1 0 0 9  3 1 8 . 4  2 2 . 3 

8 2 0 4 2 6  1 2 1 . 7  2 3 . 0  
8 2 0 4 2 6  3 2 1 . 6  2 4 . 1  - - - -

8 2 0 9 1 1  1 2 4 . 6  2 2 .  4 2 3 . 0  1 9 . 0  1 4 . 0  1 3 . 5  
8 2 0 9 1 1  2 . 2 4 . 6  2 2 .  4 2 3 . 0 - - - 1 9 . 0  1 4 . 0  1 3 . 5  
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C h em ic al  s o i l a na lys i s  1 9 8 0 - 1 9 8 2  

E x cha ng ea b l e  C a l c i um ,  me / l O Og P LOT 5 0  

DATE S I T E D E PT H  { em )  
0 - 3 0 -1 5  1 5 - 3 0 0 - 3 0 3 0 - 6 0 6 0- 9 0 9 0 - 1 2 0  

- - - - - � - - - - - - - - - - - - - � - - - - - - � - - - - - - - - - - - - � - - - - - - - -
8 0 0 5 1 9  1 1 4 . 2  4 2 . 7  4 7 . 2  4 3 .  0 
8 0 0 5 1 9  2 1 4 . 0  1 8 . 5 4 3 . 5  4 4 . 3  
8 0 0 5 1 9  3 2 0 . 2  21 . 9  3 1 . 8  2 6 . 6  

8 0 1 10 4 1 1 7 . 2  4 1 . 2 3 7 . 5  4 7 . 4  
8 0 1 1 0 4  2 1 4 . 6  2 5 . 4  4 6 . 0 4 0 . 7  
8 01 1 0 4  3 1 8 . 6  3 6 . 6  3 8 . 6 3 3 . 0  

8 2 04 2 6  1 1 6 . 1  1 8 . 7  
8 2 04 2 6  3 1 5 . 3  1 4 . 5  
8 2 0 4 2 6  5 1 2 . 5 12 . 3  
8 2 0 4 2 6  6 1 4 . 7  1 5 . 8  

8 2 0 9 1 1  1 1 5 . 7 1 2 . 8  1 8 . 3  3 5 . 6  4 5 . 3  4 2 . 3  
8 2 0 9 1 1 2 1 5 . 1 1 5 . 6  1 0 . 8  3 2 . 5  4 1 . 8 4 7 . 1  

E x  c h a ng ea b1e  C a l c i um,  me / l O Og PLOT 3 5  

DATE S IT E  DE PTH ( cm )  
0- 3 0 - 1 5  1 5 - 3 0 0 - 3 0  3 0 - 6 0 6 0- 9 0 9 0 - 12 0  

- - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - � - � - - - - - - - - - - - - -
8 00 5 1 9  1 1 5 . 4  4 2 . 3  4 2 . 8  3 5 . 4  
8 0 0 5 1 9 2 1 2 . 5 1 3 . 4  4 2 . 1  3 2 . 5  
8 0 0 5 1 9  3 2 4 . 1 4 8 . 4 4 7 . 3  4 7 . 6  

8 01 1 0 4 1 4 5 . 3  3 9 . 6  
8 01 1 0 4  2 4 2 . 2  6 2 . 6  6 9 . 5  4 4 . 9 
8 01 1 0 4  3 1 5 . 1  4 7 . 1  5 5 . 2 5 2 . 0  

8 2 0 4 2 6  1 1 4 . 9 1 7 . 4  
8 2 04 2 6  3 1 3 . 5 14 . 5  
8 2 0 4 2 6  5 1 5 . 7  1 5 . 2 
8 2 0 4 2 6  6 1 2 . 9 1 4 . 9  

8 2 0 9 1 1  1 1 7 . 7  1 5 . 6  2 5 . 2  4 3 . 3  
8 2 0 9 1 1  2 1 6 . 1  1 4 . 8  1 8 . 5  4 9 . 2  4 6 . 9  4 5 . 0  
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C h ern i cal  s oi l  a na l ys i s  1 9 8 0 -1 9 8 2  

E x cha ng ea b le C al c i um , me / 1 0 0 g  P LOT 3 5G 

DAT E S I TE DEPTH ( cm )  
0 - 3  0 - 1 5  1 5 - 30 0 - 30 3 0 -6 0 6 0 - 9 0 9 0 - 1 2 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
8 0 0 5 1 9  1 3 4 . 3  2 9 . 9  3 1 . 3  
8 0 0 5 1 9  2 1 8 . 4  6 2 . 0  5 8 . 6  1 2 7 . 3 
8 0 0 5 1 9 3 19 . 3  5 8 . 0 5 9 . 9  

8 0 1 10 4 3 2 2 . 4 

8 2 0 4 2 6  1 1 3 . 5  1 4 . 7  
8 2 0 4  26  3 1 5 . 6  1 4 . 4  
8 20  4 26 4 1 7 . 5  17 . 2  
8 20 4 26 5 1 8 . 1  1 8 . 6  

8 2 0 9 1 1  1 2 2 . 0  1 7 . 1  1 9 . 6 4 . 4  4 7 . 0  4 2 . 1  
8 2 0 9 1 1  2 2 0 . 1  1 9 . 9  2 4 . 1  4 1 . 4  4 5 . 8  5 1 . 2 

E x cha ng ea b le C al c i um ,  me /l O Og P LOT 2 0 

DAT E  S IT E  D E P T H  ( em )  
0 -3 0 -1 5  1 5 - 30 0 - 30 3 0 -6 0 6 0-9 0 9 0 - 1 2 0  

- - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - � - � � � 
8 0 0 5 1 9  1 2 0 . 2  5 5 . 9 . 4 6 . 1  4 7 . 7  
8 0 0 5 1 9  2 2 3 . 6  4 4 . 2  5 9 . 2 
8 0 0 5 1 9  3 1 8 . 7  1 9 . 0 

8 0 1 1 04 1 3 9 . 5  4 8 . 0  3 6 . 3  3 9 . 9  
8 0 1 1 04 2 4 4 . 5  
8 Q l l 0 4  3 4 2 . 0  

8 20 4 2 6  1 1 5 . 2 1 5 . 2  
8 20 4 26 3 1 1 . 9  1 4 . 8  

8 2 0 9 1 1  1 1 6 . 9 1 7 . 2  1 8 . 4  4 6 . 3  4 3 . 9  4 6 . 4  
8 2 0 9 1 1  2 1 7 . 9  16 . 9  1 6 . 3  4 4 . 4  4 7 . 8  4 2 . 2 
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EC of S a t  E x t r ac t , u S /e m  PLOT 5 0  

Dl\TE S I TE D E P'r ri  ( em )  
0 - 3 0 -1 5  1 5 - 3 0  0 - 3 0  3 0 -6 0 6 0- 9 ()  90 - 12 0  

- � - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

8 0 0 5 1 9  1 1 2 9 1  10 0 3  8 5 3  7 9 0  
8 00 5 1 9  2 1 2 2 9  8 27 8 5 3  9 4 0 
8 00 5 1 9  3 1 4 2 2  7 7 6 8 7 2  8 21 

8 01 1 0 4  1 1 7 8 2  1 4 8 9 1 3 4 9 10 9 8  
8 0 1 1 0 4  2 1 7 8 2  1 3 0 6  1 4 4 0  1 14 7  
8 0 1 1 0 4  3 2 0 7 5  14 1 6  1 2 3 3  1 2 9 4  

8 11 0 0 9 1 2 0 3 7 2 4 3 5 1 8 2 3  2 4 3 5  
8 11 0 0 9  2 1 5 7 5  1 6 50 3 3 5 8 1 7 4 8  
8 11 0 0 9 3 2 1 0 2  2 8 0 9  1 6 5 0  2 9 1 9 

8 2 0 4 2 6  1 2 0 16 2 2 4 0  
8 2 0 4 2 6  2 2 2 4 0 2 7 4 4  
8 2 0 4 2 6  3 1 7 3 6  1 0 5 5  
8 2 0 4 2 6  4 1 4 9 7 1 2 9 3  
8 2 0 4 2 6  5 1 5 4 2  14 1 1  
8 2 0 4 2 6  6 1 8 1 5  1 7 3 0  

8 2 0 9 1 1  1 20 3 7  1 6 5 2 1 2 1 1  1 4 3 2  1 2 1 1  1 5 20 
8 2 0 9 1 1  2 2 7 6 7 2 0 19 20 3 7  2 0 3 0  1 9 2 7  1 8 1 7  

EC of S a t  E x t r ac t ,  uS/e m PLOT 2 0  

O.z\TE: S I TE DE PT H ( em )  
0 - 3 0 -1 5  1 5 - 3 0  0 - 3 0  3 0 - 6 0 6 0- 9 0 9 0 - 1 2 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - -
8 0 0 5 1 9  1 7 8 5  6 1 7  4 9 2  2 4 1 6  
8 0 0 5 1 9  2 1 3  7 9  8 0 4  5 1 3 8  
8 0 0 5 1 9  3 7 16 1 13 2  

8 01 1 0 4  1 2 1 4 8  1 4 2 8  2 2 8 8  37 8 3  
8 0 1 1 0 4 2 3 2 0 4  
8 01 1 0 4  3 1 4 7 7 

8 11 0 09 1 3 1 7 9  3 6 8 8  20 9 8  1 16 9  
8 11 0 0 9  2 2 9 8 8  3 3 0 6  2 4 1 6  
8 11 0 09 3 3 3 0 6  4 5 7 8  

8 2 0 4 2 6  1 1 8 0 4  1 8 0 4  
8 2 0 4 2 6  2 1 7 7 5  14 4 3  
8 2 0 4 2 6  3 1 5 1 3  2 9 0 9  
8 2 0 4 2 6  4 1 8 0 4  2 2 1 1 

8 2 0 9 1 1  1 5 6 2 9 8 0  6 9 4 1 6 5 2  1 9 8 2  5 2 8 6  
8 2 0 9 1 1  2 59 5 5 9 5  1 0 5 7  1 6 5 2  3 3 0 4  4 6 2 6  
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EC of S a t  E x tr ac t ,  uS /e m  PLOT 3 5 G  

D�TE S I TE DE PT H ( cm )  
0 - 3 0 -1 5  1 5 - 3 0  0 - 3 0  3 0 - 6 0 6 0- 9 0 9 0 - 1 2 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

8 0 0 5 1 9  1 1 0 7 9  7 4 1 3 9 9 
8 0 0 5 1 9  2 1 3 4 4  6 6 9  4 0 2 7 8 3 3 2  
8 0 0 5 1 9  3 12 7 7  5 5 6 1 5 7 7  

8 01 10 4  3 1 6 8 4  

8 1 1 0 09 1 3 4 3 3 2 9 9 0  3 0 5 1  3 3 0 6  
8 1 1 0 0 9  2 3 6 8 8  4 4 5 1  2 0 9 8  5 0 2 3  
8 11 0 0 9 3 4 5 7 8  3 3 0 6 3 5 6 0 5 0 9 9 

8 2 0 4 2 6  1 2 6 8 8  2 1 2 8  
8 2 0 4 2 6  2 2 9 1 2  2 4 0 8  
8 2 0 4 2 6  3 3 4 7  2 2 8 0 0  
8 2 0 4 2 6  4 2 6 3 2  2 2 4 0  
8 2 0 4 2 6  5 3 0 2 4  1 8 4 8  
8 2 0 4 2 6  6 1 7 9 2 1 5 2 3  

8 20 9 1 1  1 14 3 2  1 6 3 0  1 4 10 1 6 5 2  2 4 2 3  2 6 4 3  
8 20 9 1 1  2 12 5 3  1 7 6 9 22 0 0  1 6 5 6 2 1 8 3  4 3 6 7 

EC of S a t  E x tr ac t ,  u S /e m  PLOT 3 5  

DA.TE S I TE D E PTH ( cm )  
0- 3 0 -1 5  1 5 - 3 0  0 - 3 0  3 0 - 6 0 6 0- 9 0 9 0 - 1 2 0 

- - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - -- - - - --
8 0 0 5 1 9  1 1 3 2 9 1 0 1 0  8 95 8 6 9 
8 0 0 5 1 9  2 1 3 4 4  9 8 4 9 3 3 8 8 2 
8 0 0 5 1 9  3 2 1 0 3 1 2 0 3 5 3 5 3 68 

8 0 1 10 4 1 2 2 0 9  1 9 6 5  
8 01 10 4 2 1 4 9 5 3 7  5 3  4 2 7 1  5 0 0 4  
8 0 1 1 0 4  3 1 8 92 1 3 2 4  4 5 1 5  5 3 7 0  

8 1 1 0 0 9  1 3 0 1 4  4 3 9 3  
8 1 1 0 0 9  2 2 4 3 8  24 8 0  2 7 9 8  5 0 8 6  
8 11 0 0 9  3 - - - 2 5 4 3 3 3 0 6  , 

8 2 0 4 2 6  1 1 2 7 0  1 3 1 6  
8 2 0 4 2 6  2 1 4 7 0 1 3 2 7  
8 2 0 4 2 6  3 1 7 4 6  1 1 1 7  
8 2 0 4 2 6  4 1 5 1 3  9 7 7 
8 2 0 4 2 6  5 1 6 2 9 13 2 7  
8 2 0 4 2 6  6 1 8 0 4  1 9 2 0  

8 2 0 9 1 1  1 8 2 6 1 1 4 5  1 3 3 8  1 5 8 6  
8 2 0 9 1 1  2 9 8 0  1 6 5 2 1 4 7 6  1 3 5 6  1 9 2 7  2 8 3 6  
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P H  o f  S a t ur a te d  S oi l Pa s te PLOT 5 0  

DATE S I TE D E PT H  ( em )  
0 - 3  0 -1 5  1 5 - 3 0 0 - 3 0  3 0 - 6 0  6 0- 9 0 9 0 - 12 0  

� - - - - - - - - - - - - - - - - - - - - - - - - - - � - - -- - - - - - - - - - - - - - - - -

8 0 0 5 1 9  1 6 . 9  7 . 7 8 . 1 8 . 1  
8 0 0 5 1 9  2 6 . 6 7 . 4  8 . 0 8 . 1  
8 0 0 5 1 9  3 7 . 5 8 . 2 8 . 1 8 . 1  

8 0 1 104  1 7 . 0 7 . 6  7 . 8 7 . 8  
8 0 1 1 0 4  2 6 . 9  7 . 5 7 . 6 7 . 7  

8 0 1 1 0 4  3 - - -- 6 . 8  7 . 5  7 . 7 7 . 8  

8 11 0 0 9  1 7 . 1 7 . 5  8 . 0 7 . 7  

8 11 0 0 9 2 7 . 2  7 . 4  7 . 3 7 . 7  
8 11 0 0 9 3 7 . 3 7 . 5  7 . 8 7 . 8 

8 2 0 4 2 6  1 6 . 3 6 � 3 

8 2 0 4 2 6  2 6 . 8  7 . 3  
8 2 0 4 2 6  3 1 . 0 6 . 7 
8 2 0 4 2 6  4 7 . 8 6 . 8 
8 2 0 4 2 6  5 6 . 6  6 . 7 
8 2 0 4 2 6  6 6 . 4  6 . 2  

8 2 0 9 1 1  1 7 . 1 7 . 2  7 . 3 7 . 6 7 . 8  7 . 8 

8 2 0 9 1 1  2 7 . 4 7 . 2 7 . 4 7 . 7  8 . 1 7 . 9  

o H  o f  S a tur a te d  S oi l P a s te PLOT 2 0  

DATE S I T E  D E PTH ( cm )  
0 - 3 0 - 1 5  1 5 - 3 0 0 - 3 0  3 0 - 6 0 6 0- 9 0 90 - 12 0  

- - - - - - -- -- - - - - - - - - - -- - - - - - - - - - -- - - - - -- - - - - -- - - - -
8 0 0 5 1 9  1 7 . 0 7 . 7  8 . 0  7 . 7  

8 0 0 5 1 9  2 7 . 4 7 . 6  7 . 9  
8 0 0 5 1 9  3 6 . 5  6 . 6  

8 01 1 0 4 1 7 . 5 7 . 8 7 . 6 a . o  
8 01 1 0 4 2 7 . 8 

8 0 1 1 0 4  3 7 . 4  

8 1 1 0 0 9  1 7 . 6 a . o  7 . 9  8 . 0 
8 1 1 0 0 9 2 7 . 0  7 . 8  7 . 8 

8 11 0 09 3 7 . 1 7 . 0 

8 2 0 4 2 6  1 6 . 7  6 . 2  
8 2 0 4 2 6  2 5 . 8 6 . 9 
8 2 0 4 2 6 ,  3 6 . 7  6 . 0  
8 2 04 2 6  4 6 . 6  6 . 3  

8 20 9 1 1  1 6 . 8 7 . 2  7 . 4 7 . 6 7 . 8 7 . 6 
8 20 9 1 1  2 7 . 4 7 . 4  7 . 3 7 . 6 7 . 7 7 . 7 
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P H  o f  S a tur a ted So i l  P as te PLOT 3 5 G  

DATE S I T E  D E PT H  ( em )  
0 - 3 0 -1 5  1 5 - 3 0 0 - 3 0  3 0 - 6 0 6 0- 9 0 9 0 - 1 2 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - � 
8 0 0 5 1 9  1 7 . 1 7 . 0  7 . 5  
8 0 0 5 1 9  2 6 . 9  7 . 5  8 . 3  7 . 9 
8 0 0 5 1 9  3 6 . 9  7 . 4  7 . 9 

8 01 1 0 4  3 7 . 6 

8 1 1 0 09 1 7 . 3 7 . 4 7 . 6 7 . 8  
8 11 0 0 9 2 7 . 3 7 . 6  7 . 7 7 . 7  
8 11 0 0 9  3 6 . 8  7 . 2 7 . 6 7 . 8  

8 2 0 4 2 6  1 6 . 6  6 . 0 
8 2 0 4 2 6  2 6 . 6  6 . 0  
8 2 0 4 2 6  3 6 . 6  6 . 3 
8 2 0 4 2 6  4 6 . 4  5 . 8  
8 2 0 4 2 6  5 6 . 9  7 . 0  
8 20 4 2 6  6 7 . 2 6 . 4 

8 2 0 9 1 1  1 7 .  4 7 . 1  7 . 1  7 . 6 7 . 7 7 . 8  
8 20 9 1 1  2 7 . 6  7 . 3  7 . 3  7 . 8 7 . 6 7 . 7 

P H  o f  S a t u r a te d  Soi l P a s te PLOT 3 5  

DATE S I T E  D E PTH ( em )  
0 - 3 0- 1 5  1 5 - 3 0 0 - 3 0  3 0 - 6 0 6 0- 9 0 9 0 - 1 2 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
8 0 0 5 1 9  1 7 . 2  7 . 7  8 . 1 8 . 5 
8 0 0 5 1 9 2 6 . 7  7 . 3  8 . 0 7 . 1  
8 0 0 5 1 9  3 6 . 9  7 . 5 7 . 5  8 . 0  

8 0 1 1 0 4  1 7 . 6  7 . 5  
8 01 1 0 4  2 7 . 4  7 . 5  7 . 6  7 . 6  
8 0 1 1 0 4  3 7 . 1 7 . 7  7 . 7 7 . 7  

8 11 0 09 1 7 . 5 7 . 5  
8 11 0 09 2 7 . 4 7 . 5  7 . 7 7 . 6  
8 11 0 0 9  3 7 . 2 7 . 4  

8 2 0 4 2 6  1 6 . 5 7 . 1  
8 2 0 4 2 6  2 6 . 7 6 . 2  
8 2 0 4 2 6  3 6 . 6  6 . 9  
8 2 0 4 2 6  4 6 . 7  7 . 3  
8 2 0 4 2 6  5 6 . 7  6 . 6  
8 2 0 4 2 6  6 6 . 7  6 . 3  

8 2 0 9 1 1  1 7 . 6 7 . 3  7 . 5  7 . 9  
8 2 0 9 1 1  2 7 . 5 7 . 1  7 . 4  7 . 8  7 . 9 7 . 8 
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S AR of  S o i l S o l u t i on PLOT 5 0  

DATE S I T E  D E PT H ( cm )  
0 - 3 0 - 1 5  1 5 - 3 0 0 - 3 0  3 0 - 6 0 6 0- 9 0 9 0 - 12 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
8 0 0 5 1 9  1 2 . 6  0 . 8  0 . 3 0 . 3 
8 0 0 5 1 9 2 3 . 7  0 . 6 0 . 5  0 . 2  
8 0 0 5 1 9  3 3 . 5  0 . 7 0 . 3 0 . 4  

8 0 1 1 0 4  1 4 . 7 2 . 6 1 . 5 0 . 7 
8 0 1 1 0 4  2 4 . 6 3 . 7 1 . 4  0 . 4 
8 0 1 1 0 4  3 5 . 8  2 . 6 0 . 9  0 . 4  

8 1 1 0 0 9 1 6 . 8 7 . 3  5 . 4  4 . 3  
8 11 0 0 9  2 7 . 3 7 . 9  3 . 3  2 . 4  
8 1 1 0 0 9 3 9 . 7 8 . '5  5 . 2  6 . 1  

8 2 0 4 2 6  1 6 . 3 7 . 0  
8 2 0 4 2 6  2 6 . 2 7 . 2  
8 2 0 4 2 6  3 5 . 4 6 . 6 
8 2 0 4 2 6  4 6 . 7  7 . 1 
8 2 0 4 2 6  5 5 . 4 5 . 3  
8 2 0 4 2 6  6 7 . 3 7 . 8  

8 2 0 9 1 1  1 4 . 6 4 . 9  5 . 9 5 . 8  4 . 9  5 . 1 
8 2 0 9 1 1 2 6 . 6 6 . 4  7 . 6 8 . 4  7 . 6 4 . 9 

S AR o f  S o i l  S o l u t i on PLOT 2 0  

DATE S I T E  D E PT H  ( em )  
0 - 3 0 - 1 5 1 5 - 3 0 0 - 3 0 3 0 - 6 0 6 0- 9 0 9 0 - 1 2 0 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - -
8 0 0 5 1 9  1 1 . 2  0 . 4 O . B 1 . 6 
8 0 0 5 1 9 2 2 . 2 1 . 0 2 . 1 
8 0 0 5 1 9  3 0 . 7 1 . � 

8 0 1 1 0 4 1 3 . 5  0 . 3 0 . 8 2 . 5  
8 0 1 10 4 2 1 . 0 
8 0 1 1 0 4  3 0 . 5  

8 1 1 0 0 9 1 5 . 9 2 . 6 0 . 8 2 . 2 
8 11 0 0 9  2 6 . 8  1 . 4  1 . 9  
8 11 0 0 9 3 5 . 9  2 . 8 

8 2 0 4 2 6  1 6 . 5 7 . 3  
8 2 0 4 2 6  2 5 . 6 7 . 5  
8 2 0 4 2 6  3 5 . 8  8 . 0  
8 2 0 4 2 6  4 6 . 7  7 . 3  

8 2 0 9 1 1  1 2 . 1 7 . 8  5 . 0  5 . 2 2 . 7  1 . 2 
8 2 0 9 1 1  2 2 . 4 4 . 6  7 . 4 5 . 3 1 . 5  1 . 7 
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S AR of  S o i l S o lu t i on PLOT 3 5 G  

DATE S I T E  D E PT H  ( em )  
0 - 3 0 -1 5  1 5 - 3 0  0 - 3 0 3 0 - 6 0 6 0- 9 0  9 0 - 1 2 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

8 0 0 5 1 9  1 1 . 3  0 . 4 0 . 8 
8 0 0 5 1 9  2 1 . 5  0 . 3  0 . 7  2 . 4 
8 0 0 5 1 9  3 1 . 9 0 . 4 1 . 6 

8 0 1 10 4  3 0 . 5  

8 11 0 0 9 1 5 . 9  6 . 9  3 . 2  1 . 0  
8 1 1 0 0 9 2 6 . 7  6 .  0 5 . 8  1 . 0  
8 1 1 0 09 3 7 . 8 4 . 0  1 . 5  0 . 8 

8 2 0 4 2 6  1 5 . 0 6 . 7 
8 2 0 4 2 6  2 5 . 7  6 . 8  
8 2 0 4 2 6  3 5 . 9 7 . 6 
8 2 0 4 2 6  4 5 . 9 6 . 8 
8 2 0 4 2 6  5 4 . 2  6 . 2 
8 2 0 4 2 6  6 5 . 4 5 . 6 

8 2 0 9 1 1 1 3 . 9  4 . 4  4 . 9 5 . 6 4 . 6  3 . 5  
8 2 0 9 1 1  2 4 . 0 4 . 9  6 . 7 6 . 6 4 . 5  2 . 9  

S A R  of S o i l  S ol u t i on PLOT 3 5  

DATE S I T E  D E PT H  ( ern )  
0 - 3 0 - 1 5  1 5 - 30 0 - 3 0  3 0 - 6 0  6 0- 9 0 9 0 - 1 2 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
8 0 0 5 1 9  1 3 . 1 0 . 7 0 . 3 0 . 4  
8 0 0 5 1 9  2 2 . 6  0 . 4 · 0 . 4  0 . 4  
8 0 0 5 1 9  3 1 . 4 0 . 3 0 . 4 0 . 7  

8 0 1 10 4 1 2 . 1  0 . 9 
8 0 1 1 0 4  2 4 . 1 0 . 7  0 . 9 1 . 7 
8 0 1 1 0 4  3 4 . 5 1 . 0 1 . 0  1 . 6 

8 1 1 0 0 ·� 1 8 . 4 8 . 6 
8 1 1 0 0 � 2 6 . 9 5 . 3 2 . 7  0 . 8  
8 1 1 0 0 9 3 8 . 1 5 . 3 

8 2 0 4 2 6  1 5 . 6 7 . 4  
8 2 0 4 2 6 2 6 . 8  7 . 8  
8 2 0 4 2 6  3 4 . 9  5 . 7  
8 2 0 4 2 6  4 5 . 7  4 . 8  
8 2 0 4 2 6  5 6 . 4 6 . 9  
8 2 0 4 2 6  6 6 . 5 7 . 6  

8 2 0 9 1 1  1 3 . 1 4 . 6  6 . 9 8 . 3 
8 2 0 9 1 1  2 4 . 1 6 . 2  7 . 2 7 . 1  4 . 9  2 . 3 
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C he m i c al so i l  a na lys i s  1 9 8 0 - 19 8 2  

C a t i o n  E x ch C ap ac i ty ( C EC ) , me / l O Og P L OT 2 0 G  

DATB S I T E 

8 2 0 4 2 6  1 
8 2 0 4 2 6  2 

8 2 0 9 1 1  1 
8 2 0 9 1 1 2 

0 - 3 

2 4 . 6  
2 4 . 6  

D E Pr H ( cm )  

0- 1 5  1 5 - 3 0  0 - 3 0  3 0 - 6 0 6 0- 9 0 9 0 - 1 2 0  

2 3 . 4 
2 1 . 6  

2 2 . 4 
2 2 . 4  

1 8 . 6  
1 9 . 6  

2 2 .  9 
2 2 . 9 

1 5 . 1 
1 5 . 1  

1 4 . 7  
1 4 . 7  

1 8 . 2  
1 8 . 2  

E x cha nge a b l e  S od i um, me / l O O g  PLOT 2 0 G 

D!\TE S I T E  DE P·r H ( em )  
0 - 3 0 -1 5  1 5 - 3 0  0 - 3 0  3 0 - 6 0 6 0- 9 0 9 0 - 1 2 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - -
8 2 0 4 2 6  1 1 . 7 2 . 1  
8 2 0 4 2 6  2 2 . 3 1 . 9  

8 2 0 9 1 1 1 0 . 8  1 . 3  1 . 7  1 . 2 1 . 3  1 . 0  
8 2 09 1 1  2 0 . 8  1 . 5  2 . 8 1 . 7 0 . 7  1 . 0  

E x cha ng ea bl e  M ag ne s i um ,  me / l O Og P L OT 2 0G 

Dl\T� S I TE D E P'r H ( em )  
0 - 3  0- 1 5  1 5 - 3 0  0 - 3 0  3 0 - 6 0 6 0- 9 0 9 0 - 12 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - � - - - - - - -
8 2 0 4 2 6 1 5 . 4 4 . 5  
8 2 0 4 2 6  2 5 . 5 3 . 5 

8 20 9 1 1  1 5 . 1  2 . 9  4 . 9 4 . 9 7 . 2  1 4 . 9  
8 2 0 9 1 1 2 3 . 9  4 . 5  4 . 6 6 . 6  1 1 . 9 1 4 . 2  

E x  cha ng ea  b 1 e C a l c i um,  me / l O Og P LO T  2 0 G 

Dl\TE S I T E D E PT H ( em )  

0 - 3 0 -1 5  1 5 - 3 0  0 - 3 0  3 0 - 6 0 6 0- 9 0 9 0 - 12 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

8 2 0 4 2 6  1 1 7 . 2  1 9 . 0  
8 2 0 4 2 6  2 1 4 . 6 1 3 . 4  

8 2 0 9 1 1  1 2 3 . 7  1 2 . 7  1 5 . 7  4 2 . 3  4 0 . 4 3 7 . 1  
8 2 0 9 1 1 2 2 0 . 3  1 8 . 1  1 6 . 5  4 2 . 8  4 8 . 5 4 5 . 0  
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C he m i c a l s o i l  a na l ys i s  1 9 8 0 - 19 8 2  

EC of S a t  E x t r a c t ,  u S/e m PLOT 2 0 G 

DATE S I T E O E PT H ( cm )  
0 - 3 0- 1 5  1 5 - 3 0  0 - 3 0  3 0 - 6 0 6 0- 9 0  9 0 - 1 2 0 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - �  
8 2 0 4 2 6  1 1 6 7 6 . 0  1 3 0 3 . 0  

8 2 0 4 2 6  2 1 2 2 2 . 0  1 6 8 4 . 0 

8 2 0 9 1 1  1 1 5 8 6 . 0  1 4  3 2 . 0  1 2 1 1 . 0 1 7 6 2 . 0  1 7 3 5 . 0  1 9 2 7 . 0  
8 2 0 9 1 1  2 2 0 9 3 . 0  1 5 2 0 . 0  1 9 2 7 . 0  2 7 5 3 . 0  3 6 3 4 . 0 6 7 1 8 . 0  

o H  o f  S a t ur a te d  S o i l P as te PLOT 2 0 G  

DA T E  S I T E  D E PT H  ( em )  
0 - 3 0 - 1 5  1 5 - 3 0  0 - 3 0  3 0 - 6 0  6 0- 9 0 9 0 - 1 2 0  

- -- - - - -- - - - -- - - - - - - - - - - - -- - - -- - - - - - - - - - - - - - - - - - -
8 2 0 4 2 6  1 7 . 0  6 . 4 
8 2 0 4 2 6  2 6 . 9  6 . 3  

8 2 0 9 1 1  1 7 . 1 6 . 9 6 . 9 6 . 9  7 . 7  7 . 8 
8 2 0 9 1 1 2 7 .  3 7 . 1  7 . 0  7 . 6 7 . 7 7 . 8 

S A R  of  S o i l  S o l u t i on P LOT 2 0 G  

DATE S I T E  D E PT H  ( em )  
0 - 3 0 - 1 5  1 5 - 3 0 0 - 3 0  3 0 - 6 0  6 0- 9 0  9 0 - 1 2 0  

8 2 0 4 2 6  1 5 . 4 7 . 6 
8 2 0 4 2 6  2 7 . 2 7 . 7  

8 2 0 9 1 1 1 1 . 7 2 . 9  4 . 7 4 . 5 4 . 2  1 . 8  
8 2 0 9 1 1  2 2 . 5 4 . 4 7 . 7 4 . 5 1 . 0 2 . 1 

E x ch a ng e a bl e So d i um Pe r ce n t ag e  E S P PLOT 2 0 G 

DAT E S I T E  DE PT H ( em )  
0 - 3 0 - 1 5  1 5 - 3 ()  0 - 3 0  3 0 - 6 0 6 0- 9 0 9 0 - 1 2 0 

- - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - -
8 2 0 4 2 6 1 7 . 1  11 . 1  
8 2 0 4 2 6  2 1 0 . 5  9 . 8  

8 2 0 9 1 1  1 3 . 2  5 . 6 7 . 3 8 . 1 8 . 8 5 . 2  
8 2 0 9 1 1  2 3 . 0 6 . 6 1 2 . 3  1 1 . 0 4 . 6  5 . 7 



Appendix E .  James River water  quality data 1980- 19 82 . This river 
supp lies the town of Huron with water . (Taken from 
U . S . G . S . Water Quality Records 19 7 9- 19 82 . )  
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JA� E S  R I VE R W A TE R  QUAL I TY 1 9 8 0- 1 9 8 2  

EC Ca M g  % � a  S AR A 1  k ( T )  5 0 4  C 1 NO 3 + NO 2 a s  N T ot P0 4 
D�TE uS /em nprn oom a s  C aC03 oorn p pm ppm p pm 
-- -- --- ------ - - - - ----- -- ----- ---- - --- -- - - - - - - -- -- -- - - - --- - - -- - --- -- --- -- ---- - - - - - -
8 0 0 33 1  8 3 0  6 8  3 0  3 1 . 0  1 . 6 2 2 0 1 8 0 2 5  0 . 0 1 0 . 1 6 
8 0 0 4 3 0  7 1 0  5 7  26  3 5 . 0  1 . 8 1 6 0  1 7 0 4 0  0 . 0 2 0 . 2 0 
8 0 0 5  2 8  9 7 0  7 8  3 8  3 2 . 0  1 . 8  2 7 0  1 9 0 3 9  0 . 0 4 0 . 2 8 
8 0 0 7 0 1  9 4 0  6 9  3 3  3 3 . 0  1 . 8 2 3 0 2 1 0 4 3  0 . 1 2 0 . 2 0 
8 01 2 2 9  1 7 20 9 2  6 4  4 3 . 0  3 . 5  3 4 0 3 8 0  1 2 0 0 . 0 6  0 . 1 8 

8 1 0 1 2 3 1 4 8 0  1 2 0  6 6  4 0 . 0  3 . 3  4 0 0  3 9 0 1 1 0 0 . 0 0  0 . 1 2 
8 1 0 2 2 4  1 3 2 0 7 6  4 2  4 5 . 0  3 . 2  2 5 0 2 8 0  1 10 0 . 0 0 0 . 1 1 
8 1 0 3 2 3 1 5 4 0  9 2  5 1  4 2 . 0  3 . 1  3 0 0 3 2 0 1 10 0 . 0 0 0 . 1 5 
8 1 0  5 0 4 15 6 0  9 5  5 7  4 3 . 0  3 . 4  3 3 0 4 0 0  9 6  0 . 0 0  0 . 3 0 
8 1 0 8 0 3  1 3 2 0 7 9  5 6  4 6 . 0  4 . 3  3 2 0 3 5 0  1 10 0 . 2 3 0 . 6 9 

8 2 0 2 26 7 0 0  5 2  2 7  3 7 . 0  2 . 2  1 6 0  1 8 0 3 8  1 . 3 0  0 . 5 5 
8 2 0 5 1 8  6 9 0  5 0  2 3  3 5 . 0  1 . 9 2 1 0  1 10 3 0  0 . 0 0 0 . 4 6 
8 2 06 1 1  69 0 5 3  2 5  3 3 . 0  1 . 7 2 2 2  1 0 0 2 6  0 . 0 0  0 . 3 2 
8 2 0 7 2 7 8 9 0 6 5  3 3  3 5 . 0  2 . 2 3 2 2  1 3 0 3 6  0 . 0 0  0 . 2 6 
8 2 0 9 0 3  9 6 6 7 0  3 8  3 6 . 0  2 . 4  3 0 2  1 6 0  5 0  0 . 5 6 0 . 2 1 
8 2 0 9 3 0  9 7 0  7 4  3 8  3 6 . 0  2 . 4 3 3 2 1 5 0  3 6  0 . 0 0 0 . 3 1 
8 2 1 1 0 1 9 6 0  6 2  3 5  3 7 . 0  2 . 4 2 9 0  1 8 0 3 3  0 . 1 5 0 . 2 1 

- --- ---- - - - - ---- -- --- - --- - - --- - - --- -- - - - - - - - - - - - --- - --- - - - - ---- - - - -- - - - - --------- -

.... \.il 0 
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Appendix F .  Secondary- treated municipal e f fluent water quality a t  
Huron 1980- 1 9 82 . S amples were t aken f rom the irrigation 
noz z les as the water was pump ed f rom the las t s t age of  
the lagoon . 

Elect r ical Conduct ivity 
Sodium Adsorp tion Rat io 

Adj ust ed S odium Adsorpt ion Rat io 
Calcium 

Magnes ium 
Sodium 

Potas s ium 
Chloride 

Sulfate 
B icarbonate 

Carbonate 
Nitrate 

Total Kj eldahl Nit rogen 
Total Phosphat e 

pH 



H u r on ' s  S e co n d a r y-T r e a t e d  E f f l u e n t  Wa te r Q u a l i t y 19 8 0 - 1 9 8 2  

EC S AR* A SA P+ Ca �1g N a  K C l  504 H C0 3  C 0 3  N0 3 N  T K N  T- P 04 p H  
DATE u S / ern ppm ppm ppm p pm ppm p pm ppm p pm ppm ppm ppm 

- - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
8 0 0 5 1 3 1 5 4 3 5 . 0  1 3 . 2  8 8  3 8  2 2 2  2 4 2 2 0 2 1 0  4 7 3  1 4  0 . 3 2 4 . 4  5 . 2  8 . 2 
8 0 0 5 2 3  1 8 8 0 5 . 1 1 3 . 5  9 7  5 2  2 4 9 3 1 2 5 5  2 5 0 5 4 6 0 0 . 1  2 3 . 0 6 . 3 7 . 5  
8 0 0 7 1 0 1 7 5 3  5 . 4  1 3 . 5  6 1  5 6  2 4 3 3 8 2 6 5 2 5 7  2 5 0  9 1  0 . 2  4 . 5 0 . 5 8 . 4 
3 0 0 7 2 2  1 9 7 4 5 . 5  1 3 . 1  6 3  4 8 2 3 5 4 0 2 8 5 2 7 0  2 2 7 6 7  0 . 1  3 . 4  1 . 1  9 . 2 
8 0 0 7 3 1  2 1 2 9  6 . 2  1 5 . 2  9 2  4 1  2 8 3  3 9  3 2 0 2 9 2  2 6 4 5 8  0 . 1  5 . 0  1 . 2  8 . 8 
8 0 0 8 1 3  2 1 8 3  6 . 1 1 5 . 4 9 6 5 0  2 9 5 4 2  3 0 0  3 1 5 2 4 9 7 7  0 . 1 3 . 7 1 . 3  8 . 9 
8 0 0 9 1 1  2 3 0 0  6 . 1 1 5 . 5 9 2  6 8  3 1 5 3 7  3 0 8  3 7 0 3 4 2 3 4 0 . 1 6 . 1 1 . 3  8 . 3 
8 0 0 9 2 5  2 4 0 0 6 . 1 1 5 . 5  1 0 0  6 0  3 1 3 3 9  3 1 2  3 2 5 3 6 5  2 3  0 . 1 3 . 4  0 . 9 8 . 3 
8 0 0 9 3 0 2 2 5 Q  5 . 9 1 5 . 0  1 0 2  6 1 3 0 6 3 6  3 0 5 3 9 5  3 9 8 0 0 . 1 5 . 1 1 . 8 8 . 2 
8 0 1 0 0 7  2 6 0 0 5 . 2  1 3 . 4  8 8  7 7  2 7 8 4 2  3 2 0 4 1 5 28 8 5 8  6 . 5 8 . 6 1 . 2  8 . 4 

8 1 0 -4 3 0 1 9 1 6 5 . 8  1 4 . 9  9 6  7 2  3 0 5 4 2  3 5 0  4 2 5  2 7 4 7 2 1 . 1 3 . 3  2 . 8 8 . 8 
8 1 0 5 1 9 2 3 0 0  6 . 0  1 5 . 3  1 3 6  4 8  3 2 1 4 5  3 8 8  4 7 5 3 7 8 0 0 . 2  1 0 . 4 1 . 6 8 . 1 
8 1 0 6 0 1 2 8 0 0 6 . 4  1 6 . 6  1 12 5 8 3 3 4  4 5 3 8 0 4 0 4 4 6 4 0 0 . 7  1 2 . 9  3 . 6 7 . 5  
8 1 0 6 1 2 2 7 0 0  6 . 9  1 8 . 2 1 12 6 2 3 6 6 4 8 3 9 0  5 0 0 5 0 0  0 0 . 1  1 5 . 8  3 . 1 7 . 5  
8 1 0 6 1 9  2 3 9 6  8 . 1  2 1 . 1  1 0 9  6 5  4 3 0  4 6 4 0 5  5 3 0 4 8 8  0 0 . 2 1 6 . 8  2 . 2  7 . 5  
8 1 0 7 0 1 2 1 5 0 8 . 0  1 9 . 6  1 1 2 4 8  4 0 0  4 4  4 1 5 6 2 4 3 6 6  0 4 . 5 6 . 4 1 . 1 8 . 0 
8 1 0 7 0 6  2 5 0 0  8 . 3  1 8 . 0 8 8  6 2  4 1 5 3 8 4 1 5  5 5 0  1 9 5 0 0 . 4  4 . 2  1 . 9 7 . 4 
8 10 7 1 4  2 6 0 0  8 . 4 2 0 . 7 1 1 2  4 3  4 1 0 4 1  4 2 5  6 2 0 3 5 4  2 4 0 . 1 6 . 6  1 . 2 8 . 3 
8 1 0 7 2 1 2 5 0 0  7 . 9  1 9 . 6  1 12 6 2 4 2 0  4 2  4 4 5 6 0 0  3 0 5 2 4  0 . 2 7 . 2 1 . 2  8 . 5 
8 1 0 8 1 1 2 7 4 8 1 1 . 7  2 8 . 2 1 0 4 4 3  5 6 0  3 9  4 5 0  6 4 0 3 9 0  0 0 . 2  9 . 3 1 . 6 8 . 1 
8 1 0 8 1 8  2 9 0 0  9 . 2  2 2 . 9  1 1 2 4 6  4 6 0  3 6  4 4 0 5 7 0 4 0 3  0 0 . 2  6 . 7  1 . 5  8 . 2 
8 1 0 9 0 3  2 9 0 0  1 0 . 6 2 5 . 3  9 6  4 8  5 1 0 4 4  4 3 0 5 7 0 3 5 6  0 0 . 1  7 . 4  1 . 2 8 . 0 

8 1 0 9 1 7 3 0 0 0 8 . 5  21 . 1 9 6  7 2  4 5 0 5 2  5 3 0 5 0 6  3 6 6 0 0 . 2  6 .  3 0 . 9 8 . 0 
8 1 1 0 0 8  2 8 0 0 9 . 7 2 2 . 4  1 2 8 3 1 4 7 0  4 9  4 9 0 5 3 0  2 9 3 0 0 . 0  7 . 7 0 . 6 7 . 8  

� \.11 N 



H u r on ' s  S e co nd a r y- T r e a t e d  E f f l u e n t  Wa te r Q u a l i t y 1 9 8 0 - 1 9 8 2  

EC S A R *  A SA R +  Ca Mg Na  K C l  S 0 4  H C0 3  C 0 3  N0 3 N  TKN T - P04 pH 
D A T E  u S / em  Pr>m ppm ppm o nrr. ppm opm ppm p pm ppm ppm ppm 

- - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
8 2 0 6 0 3  2 0 5 0 5 . 6  1 4 . 1  9 8  4 3  26 5 2 9  2 7 0  3 6 9  4 2 5  0 0 . 2 2 3 . 8  5 . 1  7 . 8  
8 2 0 6 2 4  2 0 0 0  4 . 5  1 1 . 0 1 0 4  5 8  2 2 9 3 4  2 7 0  3 4 4  2 9 5 1 4 1 . 0 8 . 4  0 . 3  8 . 3 
8 2 0 6 3 0  2 1 5 0  5 . 1  1 2 . 4  9 6  5 8  2 5 4 3 2  2 7 2  3 4 4 3 3 2 0 1 . 1 8 . 3  2 . 3  7 . 9  
8 2 0 7 0 7  2 1 0 0 6 . 4  1 5 . 6  9 0  4 8  3 0 3 3 6 2 8 0 3 6 5 3 6 1  0 2 . 6 3 . 7  4 . 3 7 . 6  
8 2 0 7 2 3  2 1 0 0  6 . 4 1 5 . 3  8 1  4 3  2 8 5 3 4  3 0 0 3 5 0  3 7 1  0 0 . 1  8 . 6 3 . 7  7 . 8  
8 2 0 8 0 4  2 2 5 6  5 . 6 1 3 . 4  1 0 1  5 5  2 8 2 3 9  2 8 0  3 5 7  2 2 0  3 6  1 0 . 5  6 . 2  3 . 4 8 . 6 
8 2 0 8 1 0  2 4 5 3 5 . 8  1 4 . 0  8 6  5 3 2 7 6 4 9  2 4 5 3 7 5  3 2 9 1 2  3 . 7 3 . 8 3 . 0 8 . 4 
8 2 0 8 2 0 2 0 4 8  5 . 5  1 4 . 0  9 6  6 7  2 8 7 1 3  2 9 2 4 2 5  3 4 2 2 4  1 1 . 5 9 . 3 1 . 5  8 . 4 
8 2 0 8 2 6 2 0 5 0 5 . 5 1 3 . 7  1 0 3  5 8  2 a 2 2 2  2 6 5  4 6 9 3 5 4  0 1 2 . 4  1 7 . 6  3 . 8  8 . 5  
8 2 0 9 0 7  2 4 0 0  6 . 5 1 6 . 3 1 1 1  6 3  3 4 4  3 9  3 1 0  5 0 0  3 1 5  3 0  8 . 0 3 . 1 5 . 6 8 . 6 
� - - � - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

* =S od i u� Ad s o r pt i on R a t i o  
+ = �d j us ted S od i um Ad s o r o t i o n R a t i o  
T- P04 = T ot a l  P h o s �h a t e s  a s  P 
N03 N= N i tr a te s  a s  N i t r og e n  

... \.11 w 



Appendix G .  P lot observat ion well water quality data 198 1- 19 8 2 . 

E lectrical Conduct ivity 
Sodium 

Chloride 
Bicarbonate 

Nitrate  
NH3 

Total Phosphate 
pH 

154 



PLOT OB S E RVAT ION WE L L  WATE R QU ALI TY 1 9 8 1 - 1 9 8 2  

PLOT 2 0  

E C  S AR* A SA R +  C a  M g  N a  K C 1 S0 4 H C0 3  C 0 3  N0 3 N  N H 3  T - P0 4  p H  
DATE .uS / em  oom ppm ppm 'P J?ffi p pm p pm p pm ppm oom ppm ppm 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
8 0 1 1 0 4 3 1 0 0  0 . 0  0 . 0 0 0 2 0 6  0 8 2  0 6 4  0 0 . 0 1 . 4  0 . 0  7 . 7  
8 1 0 5 2 7  3 3 0 0  1 . 3  5 . 4 4 4 0  2 0 4 1 9 0  2 6  9 0  2 0 8 5  3 9 5 0 0 . 0 0 . 0  0 . 1  7 . 8  
8 1 0 5 0 4  3 9 0 0  1 . 5  4 . 8  5 6 0  2 0 4  1 5 3  2 5  1 0 0  2 0 7 0  5 3 2 0 0 . 0  0 . 0 0 . 0  7 . 5 
8 1 0 6 2 9 3 3 0 0  0 . 0  0 . 0 0 0 1 8 4 0 2 1 0 0 5 2 5  u 0 . 1  2 . 0  0 . 0  7 . 4 

8 1 0 7 1 5  3 5 0 0  0 . 0 o . o 0 0 2 2 7  0 1 1 2 0 5 2 5  0 0 . 1  2 . 0 0 . 1  7 . 6  
8 1 0 8 0 5  4 0 0 0  0 . 0  0 . 0 0 0 1 7 3  0 1 1 0 0 5 2 5  0 0 . 1 3 . 0 0 . 2  7 . 6  
8 1 0 8 1 2  3 8 0 0 0 . 0 o . o 0 0 1 8 0  0 7 5  0 5 2 5  0 0 . 1 2 . 6  0 . 1  7 . 8  
8 1 0 8 1 9  3 9 0 0  0 . 0  0 . 0  0 0 1 9 4 0 6 9  0 5 6 1  0 0 . 1  2 . 6 o . o  7 . 2 
8 1 0 9 1 7  3 9 0 0  o . o  0 . 0 0 0 1 8 6  0 - - - 0 4 2 5  0 0 . 0  2 . 2  0 . 0 7 . 6 
8 1 1 0 0 7  3 3 0 0 0 . 0 0 . 0  0 0 1 5 6  0 1 1 5 0 4 7 6 0 0 . 1 3 . 2 0 . 1 7 . 4 
8 2 0 5  0 3 3 5 0 0  0 . 0 o . o 0 0 1 5 2 0 6 1  0 7 6 1  0 0 . 1 1 3 . 5  1 . 5 7 . 7  
8 2 0 8 2 5 3 0 0 0  �. � 7 . 2 4 8 0  1 6 2 2 3 0 0 8 0  2 0 3 5  4 8 8 0 0 . 7 3 0 . 0 0 . 1 8 . 0 

PLOT 50 
E C  S AR* A S � R + Ca Mg N a  K C 1  S 0 4  H C 0 3 C 0 3  N0 3 N  N H3 T - PQ 4  p H  

DATE u S / em  ppm ppm p �m ? P m  ppm ppm ppm p pm ppm ppm ppm 
- - -- - - - - - - - - --·- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
8 0 1 1 0 4  3 1 0 0 

8 1 0 5 2 7 3 3 0 0  
8 1 0 6 0 4 3 4 0 0  
8 1 0 7 1 5 3 6 0 0  

8 1 0 8 0 5 4 2 0 0  
8 1 0 8 1 2 4 3 0 0  
8 1 0 9 1 7 4 1 0 0  

8 1 1 0 0 7  4 5 0 0  
8 2 0 6 0 3  3 5 0 0  
8 2 0 6 3 0  3 7 0 0  

8 2 0 8 2 5 3 5 0 0 

0 . 0  

1 . 0  
1 . 1  

0 . 0  
0 . 0  

0 . 0  

0 . 0 

o . o  
0 . 0 

0 . 0  

� -' . 
' < 

0 . 0 0 0 1 2 3 

3 . 0  3 7 6  4 3 2  1 1 9 
3 . 3  3 4 0  3 6 0  1 2 5 

0 . 0 0 0 9 8  
0 . 0  0 0 9 0  

0 . 0 0 0 1 1 2  

0 . 0 0 0 7 5  
0 . 0  0 0 1 5 1 
0 . 0 0 0 7 0 

o . o 0 0 8 0 
2 . 9 3 6� 5 0@1 . 1 2 5  

0 

8 
1 4  

0 
0 
0 

0 

0 

0 

0 
0 

1 0  0 
1 4 2  2 6 0 0  
1 6 5  2 4 2 0  

9 5  0 
4 3 0 

4 7 0  0 
0 0 

1 2 0  0 

2 3 5 0 

2 0  0 
4 1 0  2 3 7 0  

3 6 4 
2 8 3  

2 9 5 

3 1 7 
3 3 6  

2 8 1 

2 8 1  

3 0 5 

2 6 6  

2 2 2 
!.9 5 

5 6  7 . 2  0 . 0  0 . 0  8 . 2 
0 0 . 0 0 . 0  0 . 1  7 . 8  
0 0 . 0  0 . 0  0 . 3  7 . 4 
0 0 . 3  0 . 6  0 . 1  7 . 8  
0 0 . 2  1 . 2 0 . 1  7 . 5  

0 0 . 2  1 . 5 0 . 0 7 . 7  
2 2  0 . 1 0 . 4  0 . 9  8 . 2  

0 0 . 2 0 . 6 o . o  7 . 8  

0 0 . 3  1 . 4  0 . 1  7 . 8  
0 0 . 5  o . o  0 . 2 7 . 7 

0 1 . 3 0 . 4 o .  o· 8 .  4 
� ln 
\11 



PL OT llQ 
EC S AR* A S l\ R+ Ca Mg Na K C 1  S0 4 H C0 3  C0 3 N0 3 N  N H3 T - P0 4  pH 

D.z\TE uS/ ern ppm ppm porn p pm ppm ppm ppm ppm ppm ppm ppm 
- - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - -- - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- -
8 0 1 1 0 4  9 7 0 0  

. 8 1 0 5 2 7  8 5 0 0  
8 1 0 6 0 4  9 9 0 0  
8 1 0 6 2 9 1 0 5 0 0  
8 1 0 7 1 5  1 2 2 0 0  
B 1 0 8 0 5  1 2 2 0 0  
8 1 0 8 1 2  1 2 2 0 0  
8 1 0 8 1 9  1 2 9 0 0  
8 1 0 9 1 7  1 2 2 6 7  
8 1 1 0 0 7  1 1 6 0 0  

8 2 0 6 0 3  1 0 1 0 0 
8 2 0 8 2 5  8 5 0 0  

PL OT 3 5  

E C  

DATE uS/em 

0 . 0  

2 . 1  

2 . 7  
0 . 0  

0 . 0  

0 . 0  

0 . 0  
0 . 0  

0 . 0 

0 . 0  
0 . 0  

- �- · 

0 . 0 0 0 6 7 0  

7 . 0  4 7 0 1 6 7 4  4 2 3  

9 . 1 5 4 0 1 6 4 4  5 5 0  
o . o 0 0 8 6 0  
0 . 0 0 0 7 8 0 

0 . 0 0 0 4 6  7 

0 . 0 0 0 7 9 0  

0 . 0 0 0 8 9 0  
0 . 0 0 0 1 0 4 0  
0 . 0 0 0 

0 . 0 0 0 
8 . 3 5 0 0 1 9 4 4  

7 6 0  
6 0 0 
5 5 0  

S AR *  A S A R +  C a  Mq N a  
opm ppm P?m 

0 

3 2  
3 1 

0 
0 
0 
0 
0 

0 
0 

0 

0 

K 

p p:n 

3 1 2 0 1 2 0  2 0  4 . 0  o . . 0 () . 0  8 . 2 
2 9 0  9 0 0 0  4 0 5  0 3 . 0 0 . 0  0 . 1  7 . 7  
2 9 5 1 7 3 5 0 4 0 5 0 2 . 0  0 . 0 0 . 0  7 . 3 
6 1 0 0 4 4 9 0 7 . 1  0 . 0  0 . 0  7 . 1  
3 0 0  0 4 6  4 0 3 . 3  0 . 2  0 . 2  7 . 1  

3 4 ()  0 4 8 2 0 4 . 6  0 . 0 0 . 0  7 . 3 

3 8 0 0 3 9 0  7 8  4 . 1  0 . 2  0 . 0 8 . 2 
4 2 5  0 5 9 8 0 3 . 7 0 . 2 0 . 1  7 . 2 

0 0 3 5 1 9 1  3 . 3 0 . 1  0 . 2 8 . 5 
4 1 2  0 3 9 0  8 4  4 . 7 0 . 1 0 . 0  8 . 3 
2 9 2  0 4 8 1  0 0 . 1  3 . 0  0 . 2 7 . 7  

4 5 0 9 6 7 5  2 4 4 2 4 2 . 8 0 . 0  0 . 1 8 . 4 

C 1  504 H C0 3  C 0 3  N0 3 N  N H3 T - P0 4  p H  
ppm p pm p pm p pm ppm ppm ppm 

- - -- - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

8 0 1 1 0 4 4 5 3 0  0 . 0  0 . 0 0 0 2 1 1 0 2 5  0 2 4 0  0 2 . 3  0 . 0  0 . 0  7 . 7  
8 1 0 5 2 7 4 0 0 0 1 . 8 5 . 4  4 4 0  4 5 0 2 2 0  1 8  1 6 0 3 0 0 0 3 0 3  2 2  4 . 0  0 . 0  0 . 2  8 . 2 

8 1 0 6 0 4  4 4 0 0  2 . 0  6 . 2  7 0 0 3 1 8  2 5 5  1 9  1 6 5  2 8 5 0  3 5 4 0 5 . 0 0 . 0  0 . 2 7 . 7  

8 1 0 6 2 9 4 6 0 0 0 . 0  0 . 0 0 . 0 1 9 5  0 2 4 0  0 3 4 6 0 7 . 4  0 . 0 0 . 0  7 . 3  

8 1 0 7 1 5  4 5 0 0 0 . 0 0 . 0  0 0 3 5 4  0 1 1 5 0 3 2 9 0 7 . 4  0 . 4 0 . 0  7 . 3  
8 1 0 8 0 5 5 3 0 0  0 . 0  0 . 0  0 0 2 0 6  0 1 9 0  0 3 6 6 0 1 0 . 1  0 . 0  0 . 0  7 . 6 

8 1 0 3 1 2  5 2 0 0  0 . 0  0 . 0 0 0 1 9 8 0 1 0 2  0 2 6 8  0 9 . 0  0 . 0 0 . 0  7 . 8  

8 10 8 1 9  5 2 0 0  0 . 0  0 . 0 0 0 1 6 9 0 1 0 6  0 36 6 0 6 . 4 0 . 2 0 . 0  7 . 4 
8 1 0 9 1 7 4 8 7 0  o . o  0 . 0 0 0 1 8 0 0 0 0 2 7 8  1 0 9 . 3 0 . 0 0 . 0  8 . 2 

8 1 1 0 0 7  4 7 0 0  o . o  0 . 0 0 0 2 2 3  0 1 5 5 0 2 9 3 . 1 2 9 . 6 0 . 0 o . o  8 . 1 

8 2 0 6 0 3 4 7 0 0  0 . 0  0 . 0 0 0 1 6 2 0 9 4 5  0 3 0 7 0 9 . 6  0 . 0 0 . 0  7 . 9  

8 2 0 8 2 5  3 8 0 0  t� .2 3 . 4 7 2 0 5 0 4  1 6 8  0 1 0 0  4 1 2 0  1 9 5  0 7 . 2  o . o  0 . 1 · 8 . 3  

......, 
\Jl 
0\ 
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Appendix H . Dry mat ter y ie lds of  al falfa by treatment , rep licat ion , 
year , and cut t ing . 



Tab le Hl.  Yield of alfalfa p lots 1980 kg/ha ( tons/acre) dry matter . 

Treatment 

· Plot 50 

Plot 35G 

P lot 35 

P lot 20 

Site 

l '  J :-.: 1 �  
L � � 1 -.  
3 l Sl J 2  

l � o  S l  
2 2 4 7 .L  
3 � 4 't :J  

1 � 3 3 6  
i. 2. 4 � 6 
3 2 5 6 1  

l 1 9 3 2  
2 l d .2 0  
3 :C: U � 2  

20 (SYpaum) l. 

Check 

2 
j 

l . .., � 
3 

iJ 7 tj 
7 -i 1  

2 2 :.:: 4 

1 
( 1 .  ii 3 )  l 5 u S 
( 1 . � 3 )  (d b 
( 0 .  0 1:) )  1 7 � 7  

( l . l � )  l. 7 5 �  
( 1 . 1 0 )  l t. 6 �  
( l . l } :) )  L- 2 2-t 

( 1 . 0 4 )  
( l . O l ,)  
( 1 . 1 � )  

( U . ti L )  
( O . o l )  
( l) • ·j 0 )  

( u . J u )  
( u .  j J )  
( u . � :j )  

1 7  3 0  
l o 4 0  
14 8 3  

l a o 4 
1 6 6 2  
2 2 0 1 

l (J  11  
1 J LJ 9 
l 3 C J  

2 
Cuttings 

( u . u 7 )  
( 0 . 3 l )  
( U . � O )  

( lJ . 7 d )  
( u . o ..) )  
( u . 9 1;1 )  

( 0 . 7 7 )  
( 0 . 7 3 )  
( O . b o )  

( O . b 3 )  
( J . 7 4 )  
( O . � u )  

3 
2 J ti l  ( 1 . u u )  
2 7 1 u  ( l . � l )  
� � o s  ( 1 .  3 � ) 

3 u 5 5  ( l . 3 u )  
� 9 4 3  ( 1 . J 1 ) 
2 � 2 0  ( l . J C )  

2 5 6 3  ( l . l S )  
2. � 1 0 ( 1 . 1 2  ) 
2 cHHi ( 1 . 2 S )  

:L o 7 J  { 1 . 1 :.1 )  
� 7 l 8  ,( 1 . i. l )  
2 2 � 1  ( l . L ' 2 }  

) 
) 
) 

( I) • 't � ) 0 5 1 ( U . , ;J )  
( l- . ::, 7 )  
( li . 5 v )  

< o . u s )  1 � 8 o  
( i.J . S v )  l � 5 L  
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Tab le H2 . Yield of alfalf a  p lot s 1981 kg/ha ( tons / acre) dry mat ter . 

Treatment 

Plo t 50 

P lo t  35G 

Plot 35 

Plot 2'0 

S ite 

l z ::i <... J 
2 2 :J 3 u  
j ' 3 1 2 2 

l l 'i J u 
L. ' � n L  
3 � 3 3 \J  

1 � ) �  <.:. 
2 � o J  6 
3 2 3 3 o  

1 1 7 5 2 
2 l t: :: o 
j 1 7 5 2 

20 ( gyp8UDl) 1 

Check 

2 
3 

l 
2 
3 

1 
( 1 . 3 3 )  
( 1 . :. 6 )  
( l .  J 'J ) 

( L· . 7 7 ) 
( l • C I.J )  
{ .l.. . L -=i ) 

( l . L ::i )  
( 1 . 2 0 )  
( 1 . 0 4 )  

( � .  7 e ) 
( 0 . 8 1 )  
( 0 . 7 6 )  

2 0 2 (} 
2 � G 5  
3 4 3 7  

3 3 i 5  
2 S 4 3 
� ::. lj 1  

3 1 � 5  
J � o u  
2 9 4 3  

2 d C b  
:G 5 1 v  
2 7 6 3  

2 
Cut tin&s 

( 1 . 3 0 )  
( 1 . 3 2 )  
( l . S J )  

( 1 . 4 b )  
( 1 . 3 1 )  
( l . u � )  

( l . 4 u )  

( 1 . 4 6 )  
( 1 . 3 1 )  

( 1 . 2 5 )  
( 1 . 1 2 )  

( 1 . 2 3 )  

.H �i. :) 
'- "+  7 1  
::. 7 i ; � 

L 0  � G  
� u U d  
� � i:J ..;  

J l C u  
3 3 4 7  
2 9 4 3 

2 d 5 3  
2b  U o  
2 7 6 3 

3 
( i . � U )  
( 1 . 1 0 )  

( 1 . � 4 )  

( 1 . 1 7 ) 

( 1 . 2 5 )  
( 1 . 3 3 } 

, ( l • 3 b )  

( 1 . 4 9 )  
( 1 . 3 1 )  

( 1 . 2 7 )  
( 1 . 1 6 )  
( 1 . 2 3 )  

1 'J J � 
1 c:; b 4 
1 7 7 �  

l � :1 �· 
:; 3 3 o  
1 '  � ., 

1 8 4 2  
1 c  2 C  
2 U 4 4  

1 5 7 � 
1 ti 4 2  
1 d 2 0  

4 
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( 0 . � v )  
( U . o 3 )  
( ; ;  • 7 ;) ) 

( O . c :J )  
( 1 . u � )  
( � . e. G ) 

{ U .  c 2 )  

( O . U 1 )  

( G . � 1 )  

( Ll . 7 C )  
( u . u 2 )  
( 0 . 8 1 )  

) 
) 
) 



Tab le H3 . 

Treatment 
P lot 50 

P lot 35G 

Plot 35 

Plot 20 

20 (gypsum) 

Check 

Yield of alfalfa p lots 

S ite 

1 3 :t 5 7  
2 3 7 2 �  
3 3 1 9 0  

1 3 1 2 2 
2 3 2 3 5 
3 3 4 o  2 

1 3 � 3 5  
2 3 6 b 4 
3 3 't 5 � 

1 3 1 j l) 
2 3 3 7 0  
3 3 3 7 0  

1 

J 

· 1 

1 1 1') 1 
2 1 5 9 5 
3 1 9 C !·) 

( 1 . 4 5 )  
( 1 . 0 6 )  
( 1 . 4 2 ) 

{ 1 . 3 9 )  
( 1 . 4 4 )  
( 1 . 5 5 )  

( 1 . 4 4 )  
( 1 .  6 ·i ) 
( 1 . 5 4 )  

( 1 . 4 2 )  
( l . S C )  
( 1 . 5 0 )  

( 0 . 5 3 ) 
( J . 7 l )  
( 0 . 3 5 )  

1982 kg/ha (tons / acre) 

Cutt inss 

3 1 2 2 
2 cl 5 3  
2 3 8 1  

3 0 7 u  
2 c3 U 8  
2 3 1 4  

J 1 4 S  
2 4 0 4  
2 4 U 4  

2. 3 3 6  
3 1 2 2  
2. 7 o 5  

2 2 0 1 
2 J ci l  
2 o 0 u 

2 
( 1 . 3 � )  
( 1 . 2 7 ) 
( 1 . 0 o >  

( 1 . 3 7 )  
( 1 . 2 5 ) 
( 1 . 0 3 }  

( 1 . 4 0 )  
( 1 . C 7 )  
( 1 . 0 7 )  

( 1 . 0 4 )  
( 1 . 3 9 )  
{ 1 . � 4 )  

( u .  9 d ) 
( 1 . U ci )  
( 1 . 1 6 )  

1 4 1 5  ( 0 . 6 3 )  
n 0 9  ( U . 3 6 )  
7 1 � ( U . 3 2 )  

2 5 6 1  
1 6 6 2  
2 ti 0 8  

2 o 7 5 
2 7 6 3  
3 0 3 3  

2 5 3 8  
2 4 2 6  
2 5 6 1  

� S o l  
2 \>  2 8  
2 3 J l  

2 3 o 1  
2 7 1 8  
2 2 4 6  

7 4 1  
1 2 1 3  
1 0 5 6  

3 

dry mat ter .  

( 1 . 1 4 ) 

( 0 . 7 4 )  
( 1 . 2 5 )  

( 1 . 2 8 )  
( 1 . 2 3 }  
( 1 . 3 5 )  

( 1 . 1 3 }  
( 1 . 0 5 )  
( 1 . 1 4 )  

( 1 . 1 4 )  
( 1 . 1 7 ) 
( l . L o )  

( 1 . 0 5 )  
{ 1 . 2 1 ) 
( 1 . U U )  

( 0 . 3 3 ) 
( 0 . 3 � )  
< u .  4 ·n 

1 7 5 2  
2 2. 0 1  

l cl 6 4 

2 2 .� 1  
2 ;) J o  
2 0 4 t.t  

2 1 1 2  
1 9 9 �  
2 (J 7 5  

2 2 .:> 9  
2 1 5 7  
1 b d 7  

1 ti 2. 0  
2 4 7 1  
2 2. 0 1  

4 
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( 0 . 7 6 )  
( U . � d )  
( 0 • b 3 ) 

( 1 . 0 2 )  
( 1 . l b )  
( 0 . 9 1 )  

( 0 . � 4 )  
( 0 . U 9 } 
( 1 . 2 6 )  

( 1 . u 1 )  
( 0 . 9 6 } . 
( U . b lt )  

( 0 • u 1 ) 
( 1 . 1 0 )  

( u . � a )  

) 

) 
) 



Appendix I .  Rainfall and irrigat ion frequency and amounts , Huron , 
S . D . 19 80- 1982 . 

16 1 
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Table 11 . R a i n fa l l  a nd i r r ig at i on da te• and amoun t s  ( Cll ) • 

May 1 9 8 0  June 1 9 8 0  - - -- - ------ -- -- -- -- -- -- -- -- -- - - - - ----- -- - - - - -- - - - - -- - - - - - - - - - --- -- -- - -- - - - - - - - - - -� -
Da te R a i n fal l I r r iga tion Date Ra infal l  I r r ig a t i on 

- - - --- - - - - ---- -- - --- - - -- -- - - - - - -- ---- - - - - ------------------ ---- -
50 3 5G 3 5  2 0  50 3 5G 3 5  2 0  

- --- -- -- -- -- -- - -- - - - - --- - - ------- - - -------------- -
l 1 

2 2 0 . 2 5 

l 3 1 . 88 

4 4 0 . 1 3 

s 5 1 . 0 9 

6 6 

7 7 

8 8 

9 0 . 0 3  9 

1 0  0 . 4 6 1 0  

1 1  1 1  2 . 1 8 

1 2  0 . 5 3  1 2  2 . 6 2  2 . 7 2  5 . 7 7 2 . 7 2  

1 3  1 2 . 7 0 1 2 . 7 0  1 2 . 7 0 1 2 . 7 0  1 3  

1 4  1 4  0 . 0 5 

1 5  1 5  0 . 0 5 

1 6  1 6  1 . 8 0 2 . 8 2  1 . 8 0 2 . 8 2 

1 7  17 

18 1 8  

1 9  9 . 1 4  9 . 1 4  8 . 1 3 8 . 1 3 1 9  

2 0  2 0  1 . 27 1 . 7 8  1 .  2 7  l .  7 8  

2 1  21 2 . 2 4 

2 2  2 2  

2 3  2 3  0 . 1 5 

2 4  2 4  4 . 37 

2 5  0 . 1 3  2 5  0 . 03 

2 6  o . o l 2 6  

27 2 7  

28 0 . 1 8 5 . 8 4 4 . 3 2 3 . 5 6 2 . 03 2 8  

2 9  1 . 3 0 2 9  

30 0 . 4 6 3 0  

3 1  1 . 07 --- - - - - -- -- -- -- -- -- -- ----- ---------- ------
- -- ----- - - --- ---- - - - --- - - -- -- -- -- - ----- -- -

Jul y 1 9 8 0  Auguat 1 98 0  
- ---------- --- ----- -- -- ---- -- ---- - -- ------ - -- -- - - -- -- -- -- -- -- ---- -- -- - ----------- -- -
Da te Ra i n fa l l  I r r i g a t ion Date Ra i n f al l  I r r igat i on -- ---- ---- -- -- -- - - - -- - -- - -- - - - ----- ----- - -- - - -- - -------- --- -

50 35G 3 5  2 0  50 3 5G 3 5  2 0  
- ----- -- -- -- -- -- -- ---- - - - -- --- - - - -- -- -- -- -- �- -- ---

1 l 
2 2 . 2 9 5 . 0 8  4 . 5 7 3 . 5 6 3 . 0 5  2 

3 0 . 0 8  3 

4 4 . 1 9 4 

5 0 . 3 0 5 0 . 0 8 5 . 5 9  4 . 0 1  4 . 06 � - 4 4  
6 6 0 . 0 3 

7 0 . 2 0 7 0 . 4 1 

8 8 1 . 1 2  5 . 1 8 3 . 6 6 3 . 6 6 2 . 1 3  
9 9 3 . 3 0 

10 5 . 3 3  3 . 9 1  3 . 8 1 2 . 3 9 1 0  

11 1 1  

12 0 . 4 6 1 2  0 . 2 3 

1 3  1 3  7 . 87 5 . 3 3 5 . 3 3 3 . 0 5 u 0 . 1 8 14 o. 81 

1 5  15 1 . 7 8 

l 6  0 . 1 0 l6 

1 7  1 7  1 . 3 5  

18 0 . 30 18 o. 58 

19 o . o s  1 9  0 . 1 3 
2 0  2 0  

2 1  2 1  o . o8 
22 7 . 6 2 5 . 3 3  5 . 3 3 3 . 0 5 2 2  8 . 2 3 5 . 69 5 . 6 9 3 . 28 
2 3  2 3  

2 4  2 4  0 . 0 8 
2 5  4 . 6 5 3 . 6 6  3 . 3 8  2 . 3 9 2 5  

2 6  26 

27 27 

28 28 

29 29 
30 30 0 . 0 3 
3 1  0 . 0 3 6 . 9 1 4 . 3 7 5 . o a 2 . 5 . 3 1  ---- -- -- -- - --- --- - --- -- - -- - - ------ ---- - --- - - -- --- ------- --- - -- -- - --- - - ------ -- - -----
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Ta b le 1 2 . R a i n f a l l  a nd i r r i g a t i on d a te s  a n d  amoun t s  ( em ) . 

Da te 

l 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
3 0  

D�t te 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
3 0  
3 1  

S e ptember 1 9 8 0  

R a i n f a l l 

o .  5 1  

o.  4 1  
o . o s 

0 . 0 5 

0 . 2 3 

0 . 1 0  

R a i n fa l l  

0 . 0 5 

o . o s 

0 . 4 3 

0 . 0 3 
0 . 7 6 
0 . 1 0  
0 . 0 3 

0 . 2 8 

I r r iga t i o n  

50 3 5G 3 5  2 0  

8 . 5 6 5 . 6 6  5 . 6 6  3 . 0 5 

8 . 0 0  5 .  6 6  5 . 6 6  3 . 1 5  

5 . 2 3 3 . 7 1 3 . 7 1  2 . 1 8 

4 . 0 4 2 . 9 0 2 . 9 0  1 . 6 0 

M a y 1 9 8 1  

I r r ig a t io n  

5 0  3 5G 3 5  2 0  

7 . 6 2  5 . 8 4 5 . 8 4 3 . 4 5  

6 . 8 3 4 .  so 4 .  5 0  2 . 3 4 

8 . 4 1  5 .  87 5 . 8 7 3 .  5 6  

Date 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
26 
2 7  
28 
29 
3 0  
3 1  

Da t e  

l 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
l l  
1 2  
1 3  
1 4  
1 5  
1 6  
p 
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
26 
2 7  
28 
29 
30 

R a  i n f a l 1 

0 . 0 3 

o .  30 
l .  3 5  
0 . 2 3 
0 . 0 3 

0 . 3 8 

R a i n fa l l 

0 . 7 4 

0 . 8 1 

0 . 0 3 
0 . 4 6 

0 . 1 3 
0 . 0 3 
0 . 0 3 
0 . 2 8 

0 . 0 3  

0 . 0 5 
0 . 4 1  

0 . 2 3  

0 . 0 3 
0 . 3 6 
0 . 1 8 

Octobe r 1 9 8 0  

I r r i g a t i on 

5 0  3 5 G  3 5  2 0  

3 . 8 6 2 . 7 2  2 . 7 2 1 . 5 7 

J u n e  1 9 8 1  

I r r ig a t io n  

5 0  3 5G 3 5  20 

6 . 4 5  4 . 4 7 4 . 4 7 2 . 5 9 

5 . 1 3  3 . 86 3 . 86 2 . 9 2 

2 . 2 6 1 . 2 4 1 . 2 4 

6 . 5 8 4 . 6 7 4 . 6 7 2 . 7 7 

9 . 8 3  6 . 7 8  6 . 7 8  3 . 0 5 

- - - - - - - - - -- - - -- -- - - - - - - - - - - - - - - - - - - - - - - -
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Ta ble I l .  R a i n f a l l  and i r r ig a t i on d a te s  a nd amoun t s  ( em) . 

Date 

1 

2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 

12 
1 3  
1 4  
1 5  
1 6  
1 7  

1 8  

1 9  

2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
28 
2 9  
30 
31 

D a t e  

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
14 
1 5  
16 
17 
18 
19 

20 
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
27 
28 
2 9  
30 

R a i n fa l l  

0 . 1 0 
0 . 1 3 

0 . 4 1 
1 .  8 5  
0 . 1 3  
0 . 2 5 
0 . 4 1 

o .  58 
0 . 2 0 

J ul y  1 9 8 1  

I r r ig a t ion 

50 3 5G 3 5  2 0  

8 . 2 3  5 . 8 7 5 . 8 7 3 . 58 

7 . 87 5 . 5 9 5 . 5 9 3 . 30 

7 . 9 2 5 . 3 3  5 . 3 3 3 . 0 5 

Sept ember 1 9 8 1  

R a i n fa l l  

0 . 2 0 
0 . 0 3 

0 . 2 5 
0 . 0 8 

0 . 0 8 

I r r ig a t i on 

50 3 5G 35 2 0  

5 . 4 4  3 . 6 6  3 . 6 6  2 . 2 1 

5 . 0 8 3 . 5 6 3 . 5 6 2 . 0 3 

Da te 

1 
2 
3 
4 
s 
6 
7 
8 
9 

10 

1 1  

1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
25 
2 6  
2 7  
28 
2 9  
3 0  
3 1  

Da te 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  

12 
1 3  
1 4  
1 5  
1 6  
1 7  
18 
19 

20 
21 
22 
23 
2 4  
2 5  
2 6  
2 7  
28 
2 9  
3 0  
3 1  

R a i nf al l  

7 . 3 2 
0 . 7 4 
1 . 4 2  

0 . 9 1  

0 . 9 1 

0 . 1 5 
0 . 30 

R a i n fa l l 

0 . 4 3 

l .  4 0  

0 . 1 5 

0 .  0 3
. 

1 . 02 
0 . 0 3 

1 .  5 2  

0 . 0 3 

A ug u s t  1 9 8 1  

I r r i g a t ion 

so 3 5G 3 5  2 0  

7 . 57 5 . 28 5 . 28 3 . 0 0 

7 . 7 5  5 . 4 6 5 . 46 3 . 1 8 

4 . 9 3  3 . 4 0 3 . 4 0 1 . 88 

Oc tober 1 9 8 1 

I r r ig a t io n  

50 3 SG 3 5  20  

- - - -- - - - - - - -- -- -- - - -- - - - -- - - -- - - -- - - - - - - - -
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Ta b l e  1 4 . R a i n f a l l  a nd i r r i g a t i on da te s a nd a m o u n t s  ( em ) . 
M a y  1 9 8 2  J u n e  1 9 8 2  

- -- -- -- -- - ---------- - - - - ----- -- -- -- - - - - -- - - -- -- -- ------ -- -- -- -- - - - - - - - - - - - - - -- - - - -- -

D a t e  R a i n fa l l  I r r ig a ti on Da te R a i n f al l I r r ig a t i o n  
-- ------ ---- - - - - - -- ----- - --- - - - - - -- - - -- -- - - - - - - - -- - - - - - - - - -- - -- -- -

s o  3 5G 35 20 so 3 5G 3 5  2 0  
--- - -- -- -- -- - - -- -- - -- - -- - - - - - -- -- - - - - - - - - -- - - - - - - -

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 0 . 7 6  
7 7 
8 8 0 .  51 6 . 0 S  3 . 20 3 . 2 0 
9 o .  7 4  9 

1 0  1 . 1 4 1 0  
11 1 . 9 3  1 1  0 . 10 
l2 0 . 7 1 12 
1 3  1 . 1 2  1 3  
14 0 . 6 1 1 4  0 . 58 
1 S  0 . 1 8 l S 
1 6  0 . 1 0 1 6  0 . 7 6 
1 7  0 . 0 3 1 7  o . o s 3 . 58 1 . 9 1  1 . 9 1  
1 8  18 
1 9  1 '  
2 0  0 . 1 3  2 0  
21 0 . 1 S 2 1  
2 2  2 2  
.., ..,  2 3  '" "'  
2 4  0 . 1 8 2 4  0 . 1 3 6 . 02 2 . 4 6 2 . 4 6 4 . 1 9 
2 5 1 .  4 5  2 5 
2 6  0 . 6 9 2 6  
27 2 7  
2 0  o . o s 2 8  
2 9 0 . 2 5 2 9  
30 2 . 1 8 3 0  0 . 28 8 . 6 6 6 . 3 8  6 . 3 8  1 . 6 3  
3 1  - - - - ---- -- - - -- ---- ------ -- -- ---- -- -- -- - - - -

- - - - -- -- -- -- --- - -- ------ -- - - - -- - - - --------

J u l y 1 9 8 2 Aug u s t  1 98 2  
- -- - - - -- -- -- -- ---- ----------- -- -- -- -- - -- - - - -- - ------- ------- -- - - - - -- - -- - - - -- --- - - - - -

Da te R a i n fa l l  I r r i g a t io n  Da t e  R a i n fa l l  I r r ig a t ion 
-- ------ - ------- -- ---- -- -- - - - - - - - - ------- - -- ------ - - - - - - -- -- -- - - - -

so 3 5G 3 5  2 0  s o  3 5G l S  2 0  
---------- -- -- -- - --- -- -- - - - - - - -- - - - - -- - -- - - - - - - - - -

1 1 
2 0 . 30 2 
3 3 0 . 2 5 s .  97 4 . 14 4 . 1 4 
4 4 
5 5 
6 O . S6 6 
1 3 . 7 8 2 . 6 4  2 . 6 4 1 
8 8 
9 9 

1 0  1 0  7 . 6 2  S . 3 3  5 . 3 3 9 . 1 4  
1 1  1 1  
12  12 
1 3  9 . 58 l .  8 5  1 . 8 S  1 3  
14 0 . 86 14 
1 5  3 .  58 5 . 59 1 5  
16 1 6  
17  1 7 
1 8  18 
19  0 . 1 0 19 7 . 6 5  5 . 3 1 5 . 3 1  
20 2 . 29 2 0  
2 1  0 . 0 3 2 1  
2 2  2 2  0 . 3 3 
2 3  3 . 1 8 0 . 7 9  0 . 7 9  2 3 0 . 7 4 
2 4 2 4  o .  58 
2 5  0 . 08 2 5  5 . 3 1  3 . 38 3 . 3 8 
26 4 .  57 26 
27 2 . 1 8 2 . 1 8 2 . 1 8 2 7  
28 0 . 58 2 8  
2 9  2 9 0 . 7 4  
30 3 0  0 . 9 9  
3 1  3 1  3 . 6 1 

- -- - -- ----------------- -- - - -- -- - - - -- -- - - -- - - ------- -- ---- -- - --- - - - -- -- - - -- - - - - - - - - - -
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Tab le I S .  R a i n fa l l a nd i r r i g a t i o n  da te s a nd amoun t s  ( em ) • . 

Da te 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
12  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
19 
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
26  
27  
28  
29  
30  

S ep tembe r 19 8 2  

R a. i n f a l l 

0 . 2 3 

2 . 1 3  
2 . 1 3  

0 .  58 

0 . 3 6 

I r r ig a t i o n  

s o  3 5 G  3 5  

3 . 7 1 2 . 1 8  2 . 1 8 

2 0  

5 . 0 8 3 . 5 6 3 . 5 6 6 . 2 0 
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