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A B S T R A C T

THE BEHAVIOR OF SOLUBLE SALT IN SHARKEY CLAY

Soluble s a lt problems do e x is t and are s ig n if ic a n t in  Arkansas. 
Studies have been conducted on Crowley s i l t  loam (Typic Albaqualfs) 
which have established the behavior o f soluble s a lt  in  th a t s o il.
The major ob jective o f th is  study was to quantify  the behavior o f 
soluble s a lt  in  a second important M ississipp i River Delta so il - the 
Sharkey (V e rtic  Haplaquepts). To th is  end, estimation o f the down­
ward re d is tr ib u tio n  o f s a lt  and the estim ation o f various components 
o f the water balance fo r  th is  s o il served as sp e c ific  ob jectives. 
Field studies were designed to  monitor the movement o f s a lt  in  the 
Sharkey s o il and to characterize selected components o f the water 
balance. In to ta l ,  three te n ta tive  conclusions may be drawn from the 
data. F irs t ,  the in f i l t r a t io n  fo r  the Sharkey s o il was approximately 
three times th a t o f the Crowley s i l t  loam. The average value was 
29 cm fo r  the r ice  season. Second, levee seepage, w hile s ig n ific a n t 
fo r  small p lo ts , was shown to  be small fo r  production-sized f ie ld s . 
Levee seepage remained re la t iv e ly  constant throughout the season and 
averaged 0.025 nvfym/d. And th ir d ,  downward re d is tr ib u tio n  o f s a lt 
was large and appeared to  fo llo w  a pattern where a peak occurred at 
the surface and, possib ly, a t the lower s o il depths.

J. T. Gilmour, J. A. Ferguson, H. D. Scott and R. E. Baser

Completion Report to  the U. S. Department o f the In te r io r ,  Washington, 
D.C., September, 1985.

Keywords — Soil S a lin ity /Ir r ig a t io n /R ic e
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INTRODUCTION

Waters used fo r ir r ig a t io n  o f agronomic crops in  Arkansas such 

as rice  and soybean are currently  assessed as to s u ita b i l i ty  through 

the U niversity o f Arkansas. This evaluation considers mineral water 

q u a lity , pumpage ra te , f ie ld  s ize, crop ro ta tion  and s o il texture 

(Gilmour, 1983). The extent o f calcium carbonate, soluble s a lt and 

sodium hazard are estimated from input data.

Extensive research has been conducted to support the recommen­

dations o f the University in  regard to calcium carbonate deposition 

from ir r ig a t io n  water which causes zinc deficiency in  r ice  (Ferguson 

et al . ,  1975; Gilmour et a l . ,  1978; Gilmour and Ferguson, 1981; 

Ferguson and Gilmour, 1981). While l i t t l e  study o f the sodium hazard 

has been made, few waters with sodium hazards are expected to occur 

in  Arkansas (L. H. Hileman, unpublished data). In fa c t,  the Arkansas 

River, often thought as being a source o f excessive sodium, has re­

cently been shown to have l i t t l e  sodium hazard (Gilmour e t a l . ,  1983).

Unlike the sodium case, soluble s a lt problems do e x is t and are 

s ig n ific a n t in  Arkansas. Surveys o f available water q u a lity  data 

(Gilmour e t a l . ,  1983) as well as those conducted on suspect fie ld s  

(Gilmour et a l . ,  1977; Gilmour, 1981) o ffe r ample evidence that so l­

uble sa lts  can ex is t in Arkansas' so ils  and tha t ir r ig a t io n  water is  

often the source of those sa lts .

L i t t le  information exists on the downward movement and loss of 

these harmful, soluble sa lts  fo r  a l l  o f Arkansas' important ag ricu l-

1



tu ra l s o ils  except the Crowley s i l t  loam. Thus, fo r  a l l  so ils  except 

the la t te r  the overa ll impact o f a given amount o f s a lt  added via i r ­

r ig a tio n  water is  based on what we a ffe c tio n a te ly  term the "educated 

guess". We have chosen the Sharkey clay fo r  th is  study because i t  re­

presents a very d if fe re n t s o il series which could be thought o f as be­

ing on the opposite end o f the spectrum from the Crowley s i l t  loam. 

With our previous inform ation on the Crowley s i l t  loam (e .g . Gilmour 

e t a l . ,  1981) and p a ra lle l data on the Sharkey c la y , a much be tte r 

estimate o f the behaviour o f soluble sa lts  can be made fo r  the range 

o f so ils  common to  Arkansas and surrounding sta tes. Such data should 

allow a more precise evalution o f the soluble s a lt component o f i r r i ­

gation water q u a lity .

A. Purpose and Objectives

The major ob jective  o f th is  study was to  quan tify  the behavior 

o f soluble s a lt  in  Sharkey c lay . To th is  end, estim ation of the down­

ward re d is tr ib u tio n  o f s a lt  and the estimation o f various components 

o f the water balance fo r  th is  s o il served as spe c ific  ob jectives.

B. Related Research or A c t iv it ie s

The vast m a jo rity  o f research on the fa te  o f soluble sa lts  in  i r ­

rigated ag ricu ltu re  has been conducted in  a rid  ra ther than humid c l i ­

mates. The most recent tre a tis e  on the subject (B resler e t a l . ,  1982) 

provides an inform ative update on the information f i r s t  presented by 

USDA Handbook 60 (U.S. S a lin ity  Laboratory S ta ff,  1954). In regard to 

soluble s a lt movement, these references and others (e .g . Wilcox and 

Durem, 1967) usually assume tha t a l l  leaching is  from ir r ig a t io n  in
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excess o f atmospheric demands. Where s u ff ic ie n t r a in fa l l  ex ists to 

e ffe c t leaching, l i t t l e ,  i f  any, research on the re la tionsh ips  estab­

lished fo r  a rid  areas has been conducted.

In Arkansas, Place and Keith (1971) were among the f i r s t  re­

searchers to  present data which suggested movement o f soluble s a lt .  

They in te rpre ted  decreases in  surface s a l in ity  as due to  la te ra l move­

ment o f the soluble species in  the s o i l ,  Freeland s i l t  loam. Gilmour 

e t a l.  (1983) recorded p ro f ile  s a l in ity  data fo r  several so ils  along 

the Arkansas River which had been ir r ig a te d  w ith  sa lt-bea ring  r iv e r  

water. They found smaller e le c tr ic a l conductiv ity  readings (a mea­

sure o f soluble s a lt)  in  the surface o f these s o ils  than in  the sub­

s o il which suggested leaching o f s a lt  had occurred. Baser and Gilmour 

(1982) reported tha t s a lt  leached from the surface o f a Crowley s i l t  

loam during the r ic e  season. S a lt peaks were recorded near the sur­

face and a t the 90-120 cm depth. Recently, Gilmour and Scott (unpub­

lished data, 1984) quan tified  the ra te  o f downward re d is tr ib u tio n  o f 

s a lt  in  Crowley s i l t  loam. The use o f t i l e  drains to  remove soluble 

sa lts  from a McGehee s i l t  loam was studied by K e is ling  e t a l . (1984) 

who found th a t the low hydraulic con du c tiv ity  o f th is  s o il during rice  

production precluded use o f t i l e  drains as a management a lte rn a tiv e .

To our knowledge, no research on the downward re d is tr ib u tio n  o f s a lt  

has been conducted on Sharkey c la y . The Sharkey series and s im ila r 

s o il associations occupy as much as 50 percent o f the s o ils  in  the 

lower M ississipp i Delta.

Water balance data have been co llec ted  on Crowley s i l t  loam and
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a model developed by Ferguson and Gilmour (1981) and Gilmour et a l . 

(1981). McCauley (1983) has in it ia te d  work in  Texas on the water bal­

ance o f r ic e  f ie ld s  on Houston c la y , a so il somewhat s im ila r  to the 

Sharkey.

METHODS AND PROCEDURES

Field Studies

The f i r s t  f ie ld  study was designed to  monitor the movement of 

s a lt and water in  the Sharkey s o il (V e rtic  Haplaquepts). To simulate 

a saline Sharkey s o i l ,  1052 kg/ha ch lo ride  were applied to  three plots 

located on the Northeast Research and Extension Center near Keiser, 

Arkansas. Potassium ch loride (KC1), more commonly termed muriate of 

potash f e r t i l i z e r ,  was the source o f ch lo ride . The s a lt  was incorpo­

rated in to  the s o il surface to about 5 cm p r io r  to  seeding. Lebonnet 

r ic e  (Oryza sa tive  L .) was d r i l l  seeded in  the 12.3 by 18.3 meter 

p lo ts . The rows were spaced 15.2 cm apart. The seeding rate was 

123 kg/ha.

Immediately a fte r  the r ic e  was seeded, three in i t i a l  s o il cores 

were taken from each p lo t w ith a probe tra c to r .  The dimensions o f a 

typ ica l so il core was 4.0 cm in  diameter and 91 cm in  length . Each 

core was separated in to  15.2 cm segments s ta rtin g  from the so il sur­

face. Each s o il sample was put in to  a p la s tic  bag and stored u n til 

water content, e le c tr ic a l conductiv ity  (EC) and ch lo ride  analyses 

could be made.

S a lin ity  sensors, tensiometers, and water stage recorders were 

in s ta lle d  in  each p lo t a t seeding. Two banks o f 5 s a l in ity  sensors
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(Rhoades probes by Martek) were in s ta lle d  in  each p lo t a t depths where 

the center o f the probe was located a t 4, 32, 46, 61 or 91 cm. Two 

banks o f 6 tensiometers were also in s ta lle d  in  each p lo t a t depths 

where the center o f the porous cup was located at 4, 32, 46, 61, 76 or 

91 cm. A water stage recorder was in s ta lle d  in  each p lo t to  help de­

termine the amount o f water applied e ith e r by ir r ig a t io n  or r a in fa l l .  

R a in fa ll was recorded by Northeast Research and Extension Center per­

sonnel.

A fte r the instruments were in s ta lle d , levees were pu lled w ith  a 

levee plow. From th is  time forward, c u ltu ra l management practices 

were made as recommended by the Arkansas Cooperative Extension Service 

and the DD-50 program. S pecific  in form ation on c u ltu ra l practices may 

be found in  Table 1.

S a lin ity  sensors were ca lib ra ted  fo r  the surface s o il using meth­

ods s im ila r to  those reported by Sryotai and Gilmour (1976).

Soil cores were also taken w ith  the probe tra c to r  a f te r  harvest 

(140 days a fte r  the s a lt  was added) and the fo llow ing  spring (339 days 

a fte r  the s a lt  was added). This set o f s o il cores was separated by 

depth where the top segment was from 0 to 7.6 cm and a l l  other segments 

were in 15.2 cm increments to  98.8 cm. Each segment o r sample was 

packaged and stored fo r  laboratory ana lys is.

Laboratory analysis o f s o il samples were made as q u ick ly  as pos­

s ib le  a fte r  they were co lle c te d . The ch lo ride  content was determined 

by the coulometric method w ith a Buchler chloridom eter. The EC 1:2 

was determined by measuring the EC o f a 1:2 s o il:w a te r e x tra c t w ith
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Tab le  1 -  The c h r o n o l o g i c a l  sequence o f  c u l t u r a l  
even ts  f rom date o f  s a l t  a d d i t i o n  and 
f l o o d i n g .

Date
Days a f t e r  
t r e a tm e n t

Days f rom 
f l o o d i n g Event

05 -15 /84
05-15
05-15
05-16
05-17
05-30
0 5 -  31
0 6 -  12
0 6 -  15 
06-20 
06-20
0 7 -  06 
07-16

0 7 -  30

0 8 -  21 
09-11
0 9 -  27
1 0 -  02 
4 /85

0
0
0
1
2

15
16 
28 
31 
36 
36 
52 
62

76

98
119
135
140
339

-36
-36
-36
-35
-34
-21
-20

-8
-5

0
0

16
26

40

62
83
99

104
303

S a l t  a d d i t i o n  
Seeded Lebonnet  r i c e  
I n i t i a l  s o i l  cores 
I n s t a l l  i n s t r u m e n t s  
I n s t a l l  r a i n  gage 
F lush
S eed l in g  emergence 
F lush
H e r b i c i d e  a p p l i c a t i o n  
P r e f l o o d  n i t r o g e n  
Flood
H e r b i c i d e  a p p l i c a t i o n  
Mid-season N i t r o g e n  
a p p l i c a t i o n  
Mid-season N i t r o g e n  
a p p l i c a t i o n  
Heading 
Flood d r a i n e d  
Harves t
F a l l  s o i l  co res 
Sp r ing  s o i l  cores
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a YSI model 31 conductiv ity  bridge before harvest. A YSI model 32 con­

d u c tiv ity  bridge was used to measure EC so il samples co llected a fte r 

harvest and the next spring.

The second f ie ld  study was designed to obtain components o f the 

water balance fo r the Sharkey s o i l .  C ircu la r p lots were constructed 

and rice  planted w ith in  the p lo ts . The p lots were constructed with a 

conventional levee plow. Each re p lica tio n  consisted o f three p lo ts , 

one o f each o f the fo llow ing diameters: 13.4 m, 26.8 m and 40.3 m. 

There were four re p lica tio n s . Lebonnet rice  was grown in  the plots 

w ith normal cu ltu ra l practices as outlined above.

A ll water applied to each ind iv idua l p lo t was measured w ith a 

50 mm in lin e  flowmeter. Water was added to each p lo t roughly twice a 

week in amounts s u ff ic ie n t to  bring the water level up to  a predeter­

mined level (generally about a 50 mm deep flo o d ). The ir r ig a t io n  was 

in it ia te d  on May 30, 1984 and a flood was established on June 20 and 

sustained through September 6.

Appendix I gives the development o f the re la tio nsh ip  fo r  determin­

ing the amount o f levee leakage as a function o f volume o f water 

applied and p lo t diameter. The flooded season was broken in to  time 

in te rva ls  o f approximately 14 days fo r  analysis purposes.

Laboratory Experiments

Potassium n itra te  (2000 ppm NO3) was used to determine the volume 

of exclusion (Vex) o f a Sharkey clay s o i l.  The volume o f exclusion is  

the volume o f extractant so lu tion from which ch loride is  excluded due 

to repulsion from the negatively charged s o il c o llio d s . To determine

7



the Vex over depth, samples from the s o il cores obtained a fte r  harvest 

were used. Chlorides were determined fo r  both a 1:2 so il:w a te r e x tra c t 

and a 1:2 s o i l : NO3 e x tra c t. From these data the Vex fo r  each depth 

was calculated by assuming th a t Vex was zero fo r  the KNO3 case. These 

ca lcu la tions are described in  the Appendix.

A second laboratory experiment was designed to  show the re la t io n ­

ship between the e le c tr ic a l con du c tiv ity  o f the sa tu ra tion  ex trac t 

(ECe) and the e le c tr ic a l con du c tiv ity  o f the 1:2 e x tra c t (EC1:2) fo r  

the surface horizon (Ap) o f the Sharkey s o i l .  To obtain a wide range 

o f ECs, 10 g samples o f dry s o il were saturated w ith  6 concentrations 

o f two sa lts  (KCl and CaCl2 ) .  The EC o f the so lu tion  used to  saturate 

a sample was assumed to  be the ECe o f th a t s o i l .  Once the s o il was 

brought to  sa tu ra tio n , enough deionized water was added to  make a 1:2 

so il:w a te r e x tra c t. E le c tr ic a l con du c tiv ity  was determined fo r  each 

sample. Then the s o il:w a te r s lu rry  was f i l te r e d  through Whatman #1 

f i l t e r  paper and EC measured. These date are presented in  the Appendix.

PRINCIPAL FINDINGS AND SIGNIFICANCE

Water Balances

An understanding o f the w ater balance and i t s  components is  pre­

re q u is ite  to  a discussion o f the behavior o f soluble s a lt  in  the 

Sharkey s o i l .  Table 2 presents the water balances fo r  the c irc le s . 

Several features emerged which are d if fe re n t from previous data fo r  

the Crowley s o il (Gilmour e t a l . ,  1981). The to ta l amount o f water 

added by ra in fa l l  and ir r ig a t io n  ranged from 116 to  177 cm as compared 

to  76 cm fo r  the Crowley s o i l .  This increased water requirement was

8



la rge ly  due to increased in f i l t r a t io n .  I n f i l t r a t io n  values o f 24 to 

34 cm were measured in  the Sharkey s o il as compared to  the Crowley

which has an in f i l t r a t io n  component o f about 10 cm. The levee seepage 

depths fo r  the Sharkey s o il were 27 to  82 cm fo r  to ta l losses o f 116 

to  176 cm. The levee seepage was inverse ly  re lated to  ra t io  o f the 

area o f the c irc le  to i t s  circumference. These ra tio s  were 3.3, 5.5 

and 10 m fo r  the 13.3, 26.7 and 40.3 m diameter c irc le s ,  respective ly . 

Extrapolating these resu lts  to  a 16 ha square f ie ld ,  levee seepage 

would be about 2.7 cm. These data suggest tha t levee seepage is  a 

minor water loss pathway as compared to  evapotranspiration (see below) 

and in f i l t r a t io n .  The ra in fa l l (20 cm) and evapotranspiratio n (60 cm) 

were s im ila r to averages o f 31 and 53 cm, respec tive ly , fo r  the Crowley 

s o i l.  Runoff was zero as the c irc u la r  p lo ts  had no o u tle ts .

Water balances were also constructed fo r  the s a lt  p lo ts  as given 

in  Table 3. Large to ta l losses were calculated (100 to  201 cm). Using 

the resu lts  from the c irc u la r  p lo ts  to  estimate losses in  the s a lt 

p lo ts , levee seepage was estimated to  be about 45 cm and in f i l t r a t io n  

about 29 cm fo r  a to ta l o f 74 cm. This to ta l plus about 20 cm as an 

estimate fo r  surface runo ff (94 cm) is  near the reported values fo r 

p lots 1 and 2. The exceptiona lly high value fo r  p lo t 3 coincided w ith 

the visual observation tha t leakage immediately below the levee in  one 

area o f the p lo t wet a large area o f s o il outside the p lo t boundary.

No leaks in  the aboveground portion o f the levees o f these p lo ts were 

observed. The losses ( in f i l t r a t io n ,  levee seepage and run o ff) were 

5 to 10 times la rge r than th a t found fo r  the Crowley s o il (Gilmour
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Tab le 2 -  Water  ba la nc es  f o r  c i r c l e s .  The da ta  f o r
each c i r c l e  d i a m e te r  are averaged o v e r  f o u r  
r e p l i c a t i o n s .

C i r c l e  Rain I r r i g .  T o ta l  ET Levee I n f i l .  T o ta l
Added Seepage Los t

40.3 20 96 116

26.7 20 105 125

13.3 20 157 177

cm

60 27 29 116

60 41 24 125

60 82 34 176

Tab le 3 -  Average w a te r  ba lances  f o r  s a l t  p l o t s .

P l o t  R a i n f a l l  I r r i g .  T o ta l  ET D ra in age *  T o t a l

cm

1 20 140 160 60 100 160

2 20 162 182 60 122 182

3 20 241 261 60 201 261

*
i n f i l t r a t i o n ,  l evee  seepage and r u n o f f

10
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et a l . ,  1981).

The temporal var iat ion o f  selected components of  the water bal­

ance is  shown in Table 4. While ET and levee seepage remained re la ­

t i v e ly  constant, i n f i l t r a t i o n  decreased markedly with t ime. The large 

values of i n f i l t r a t i o n  p r io r  to f looding were thought to be due to 

storage in the so i l  p ro f i le .  The decreases in i n f i l t r a t i o n  with time 

are a t t r ibu ted  to e i ther  the swell ing of  the so i l  co l lo ids  or the slow 

clogging of  large pores. The small i n f i l t r a t i o n  rates a f te r  f looding 

were s im i la r  to those reported by Keisl ing et a l . (1984) fo r  a McGehee 

s i l t  loam.

Rainfall data are presented in Table 5. The depth during the 

flooded r ice  season was equal to that  f o r  the Crowley so i l  reported by 

Gilmour et a l . (1981), while the depth a f te r  the f lood was removed to 

the next spring (84 cm) was much larger than the typ ica l depth fo r  the 

Crowley so i l  (55 cm). The grand to ta l  was 120 cm as compared to 121 

cm fo r  the Crowley soi l  (Gilmour et  a l . ,  1981). Thus, ra in fa l l  amounts 

were typ ica l ,  but monthly d is t r ib u t io n  was atypical fo r  Arkansas' con­

d i t ions.

Soluble Salt

The most general measure o f  soluble sa l t  in th is  so i l  was elec­

t r i c a l  conductiv ity of  the 1:2 so i l :wa te r  extract presented in Figs.

1 and 2. The d is t r ibu t ion  of  EC was uniform with depth p r io r  to sa l t  

addit ion. In the f a l l  sample, EC showed a bimodal d is t r ib u t io n  with 

peaks at 15 and 91 cm. None of these increases were s ig n i f i c a n t ly  

d i f fe ren t  from the i n i t i a l  sample.
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Table 4 -  Average r a t e s  o f  e v a p o t r a n s p i r a t i o n  
(ET ) ,  i n f i l t r a t i o n  and levee  
seepage f o r  c i r c l e s .

Days a f t e r  
F Iood ing*

-19  t o  -7 
-7 t o  6 

6 t o  21 
21 t o  34 
34 t o  43 
43 t o  80

ET I n f i l . Levee
Seepage#

m3/m/d

0.013
0.061
0.037
0.034
0.023

0.46
0.65
0.67
0.66
0.62
0.60

1.65
0.66
0.22
0.01

<0.01
0.02

* p l o t s  f l o o d e d  6 /2 0 /8 4
# levee  seepage r a t e  per u n i t  l e n g t h
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Tab le  5 -  R a i n f a l l  data f rom 5 /1 5 /8 4  to  4 / 2 0 / 8 5  as 
r e p o r t e d  by the NEREC.

P re -  Pre -  P o s t -
Year Month f l o o d  f l o o d  h a r v e s t  h a r v e s t

cm

1984

1985

T o ta l

Grand

Hay
June
J u l y
August
Sep t .
Oc t .
Nov.
Dec.
J a n .
Feb.
March
A p r i l

T o t a l

3 .55
0 .88

4 .43

2.14
8 .24
9.02

12.24

31 .64

■■ 

8.73

8 .73

19.33
16.10

9.17
7.77
9.52
9 .30
4.37

75.56

120.36
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A comparison o f the f a l l  and spring ECs (F ig. 2) showed a smooth­

ing o f the EC peak near the surface and an increase a t the lower depths. 

Differences in EC between f a l l  and spring samples were only s ig n ifica n t 

a t the lowest depth. The increases in  EC at the two lowest depths were 

s ig n ific a n t when compared to the top four depths. The overall d is t r i ­

bution o f EC w ith depth over time suggested tha t a portion o f the sa lt 

was leached below the 99 cm depth and tha t another portion remained near 

the so il surface.

Soil ch loride data which p a ra lle l the so il EC data are presented 

in Figs. 3 and 4. I n i t ia l l y ,  the chloride concentration uniform ly de­

creased w ith depth. In the f a l l ,  a peak was found at 15 cm which was 

s ig n if ic a n tly  d iffe re n t from the in i t ia l  value. The small increases 

in  chloride in  the f a l l  sampling at the lower depths were not s ig n if ­

icant.

In the spring, the peak concentration near the surface was more 

d iffuse  than in  the previous f a l l  and was s ig n if ic a n tly  greater than 

the chloride concentrations at the lower depths. Chloride concentra­

tio n  in the topmost depth was s ig n if ic a n tly  la rger in  the spring than 

in the f a l l .  The increases in  ch loride concentration in  the four lower 

depths in  the spring as compared to the f a l l  were s ig n ific a n t at the 

7 percent le v e l. In general, the so il chloride data followed the pat­

tern found w ith the so il EC data, but high v a r ia b il i ty  in ch loride con­

centration precluded a conclusion as to the extent o f downward move­

ment. The increase in  EC at the lower depths (F ig. 2) was not re flected 

in a s ta t is t ic a l ly  s ig n ific a n t increase in chloride (F ig . 4 ). Whether
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th is  observation was a re s u lt o f the variab le nature o f the ch loride 

data or the in troduction  o f s a lt from the subsoil could not be deter- 

mi ned.

The general pattern o f EC and chloride concentration versus depth 

in  the Sharkey s o il is  s im ila r to  tha t reported by Baser and Gilmour 

(1982) fo r  a Crowley s i l t  loam. In the Crowley, a peak in  f a l l  EC 

samples was from 15-30 cm as compared to  15 cm found fo r  the Sharkey 

s o il.  Soil chlorides followed a s im ila r pattern in  the Crowley so il 

w ith an additional peak a t 90-120 cm. Gilmour and Scott (unpublished 

data, 1984) reaffirm ed these concentration d is tr ib u tio n  patterns w ith 

time using Rhoades probes to  monitor EC in  the Crowley s o i l .

During the r ice  season, tensiometers showed tha t the so il was 

saturated and Rhoades probes provided rather in va ria n t readings fo r  

the Sharkey s o il (data not shown). The Rhoades probe technique which 

worked well on the Crowley s i l t  loam was apparently not sensitive  

enough fo r  the Sharkey s o i l .

CONCLUSIONS

In to ta l ,  three te n ta tive  conclusions may be drawn from these data. 

F irs t ,  the in f i l t r a t io n  fo r  the Sharkey so il was approximately three 

times tha t o f the Crowley s i l t  loam. The average value was 29 cm fo r  

the r ice  season. Second, levee seepage, while s ig n if ic a n t fo r  small 

p lo ts , was shown to  be small fo r  production-sized f ie ld s .  Levee leak­

age remained re la t iv e ly  constant throughout the season and averaged
3

0.025 m /m/d. And th ird ,  downward re d is tr ib u tio n  o f s a lt  was large

and appeared to  fo llow  a pattern where a peak occurred a t the surface 

and, possib ly, a t the lower s o il depths.
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APPENDIX

C o rre c tio n  o f  C h lo ride  Data

The equation  which describes the  re la t io n s h ip  among Vex (1 /k g ) ,  

volume o f s o lu t io n  co n ta in in g  c h lo r id e  (V , 1 ) ,  to ta l  volume o f s o lu ­

t io n  (V t,  1) and mass o f  d ry  s o i l  (DS, kg) is  g iven below.

V=Vt-(Vex)(DS) [1 ]

Since the  mass o f  c h lo r id e  must be the  same fo r  both e x tra c ta n ts , Eq.

2 shown below ho lds ,

(C l1)(V1)/D S1=(C 12)( Vt2)/DS2 [2 ]

where the 1 re fe rs  to  the  w ater e x tra c t  and the 2 re fe rs  to  the KNO3 

e x tra c t .  Combining Eqs. 1 and 2 , and s o lv in g  f o r  Vex g ives  Eq. 3 which 

was used to  es tim a te  volumes o f  e xc lu s io n  by depth.

V ex= [(C l1) ( V t l) - (C 1 2 ) ( V t2 ) ( DS1/DS2)D/[(C11)(DS1) ]  [3 ]

These volumes o f  exc lu s io n  where then regressed ag a in s t the  inve rse  o f  

the square ro o t o f  the  s o i l  EC as shown in  the  equation below.

Vex=A/(EC- 2 ) + B [4 ]

Eq. 4 is  a m o d if ic a t io n  o f  an equation  given by S posito  (1984) which 

suggested th a t  the  volume o f  exc lu s io n  was p ro p o rtio n a l to  the  inve rse  

square ro o t o f  the s a l t  c o n c e n tra tio n . Appendix F ig . 1 shown below 

g ive  th is  re la t io n s h ip  f o r  the  fo u r  low est depths. The values o f A 

and B were 0.36 and 0 .4 0 ,re s p e c t iv e ly , w h ile  the  square o f  the c o rre ­

la t io n  c o e f f ic ie n t  was 0 .708 . A s im i la r  re la t io n s h ip  was no t found fo r  

the surface  (0 -38 cm) s o i l  depths so an average volume o f  exc lus ion  

o f  0.48 1/kg  was used.
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A p p e n d i x  F i g .  1 -  R e l a t i o n s h i p  be tween  v o lu me  o f
e x c l u s i o n  and t h e  I n v e r s e  o f  t h e  
s q u a r e  r o o t  o f  e l e c t r i c a l  
c o n d u c t i v i t y .
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Once the slope and in te rc e p t were known fo r  various depths o f 

the Sharkey s o i l ,  the Cl concen tra tions  o f the f ie ld  samples could be 

corrected  fo r  Vex and the e f fe c t  o f w ater con ten t in  the  s o il  a t the 

tim e o f e x tra c t io n . Equation 5 was used to  c o rre c t f o r  Vex, w h ile  Eq. 

6 was used to  c o r re c t f o r  w ater con ten t (M) where: Cl is  o r ig in a l so­

lu t io n  C l, C2 is  Cl co rrec ted  fo r  Vex and C is  the estim a te  o f  actua l 

Cl in  a 1:2 s o il:w a te r  e x tra c t .

EC1:2 versus ECe

There were no s t a t is t ic a l  d iffe re n c e s  due to  f i l t e r i n g  o r s a lt  

type on th is  re la t io n s h ip .  Appendix F ig . 2 had a slope o f  0.167 and 

an in te rc e p t o f  154. The square o f  the  c o r re la t io n  c o e f f ic ie n t  was 0.991.

D e riv a tio n  o f  volume-seepage re la t io n s h ip

Over any tim e p e rio d , dT, in  a c ir c u la r  p lo t  o f  d iam eter D, where 

the depth o f  w ate r s to red  a t the  s ta r t  o f  the period  is  the  same as th a t 

a t the  end o f  the  p e rio d , the fo llo w in g  mass balance is  v a l id :

where: VI is  in p u t volume in to  the  p lo t ,  ETV is  e va p o tra n sp ira tio n  

volume from the  p lo t ,  VSV is  v e r t ic a l seepage volume from  the p lo t ,  LSV 

is  la te ra l seepage volume from the p lo t ,  and PPTV is  r a in f a l l  volume 

in to  the p lo t .

C2 = (C l) [V t-(V e x )(D S )]/V t 
C = (C 2 )(V t)(1 5 )/[(3 0 )(D S )]

C5]
[6]

VI=ETV+VSV+LSV-PPTV [7 ]

Le t: E T V =(K l)(dT )(P i/4 )(D 2)

VSV=(K2)(dT)(P i/4)(D 2)

[8]
[0]

[ 10]
[11]

LSV=(KS)(dT)(Pi*D)
PPTV=(k3)(dT)(P i/4 )(D 2)
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Appendix  F i g .  2 -  EC i n  a 1 : 2  e x t r a c t  ve rsus  EC i n  a
s a t u r a t i o n  e x t r a c t .
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where: K1 is  average e va p o tra n sp ira tio n  ra te  over dT, K2 is  average 

v e r t ic a l seepage ra te  over dT, K3 is  average r a in fa l l  ra te  over dT, 

and KS is  average la te ra l seepage ra te  over dT.

I t  can be shown:

V I= (P i)(d T )[(C )(D 2 )+ (K S )(D )] [1 2 ]

where: C = (K1 + K2 +K3) /  4 .

Considering two c i r c le s ,  then , o f d i f fe r in g  d iam ete r, and D2 w ith  

d i f fe r in g  in p u t volumes, VI^ and V I2 , i t  can be shown:

K S = [ l/ (P i* d T ) ] [V I1*D22-V I2*D12] / ( D 1*D22-D2*D12 ) [1 3 ]

Thus, la te ra l seepage ra te  over tim e dT can be c a lc u la te d  i f  the in p u t 

volume and diam eter o f the two c i r c u la r  p lo ts  are known. This is  sub­

je c t  to  the  assumption th a t K l,  K2, and K3 are equal f o r  both p lo ts .
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