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A B S T R A C T

EVALUATION OF DRAINAGE TILE TO ALLEVIATE SALT 
BUILDING IN HEAVY SOILS IRRIGATED WITH BRACKISH WATER 

AND CROPPED WITH RICE AND SOYBEANS

The use o f t i l e  d ra ins  fo r  a l le v ia t in g  so lu b le  s a l t  accumula
t io n  on s i l t  loam s o il  was in v e s tig a te d  du ring  1984. A lthough the 
chemical analyses o f the flo o d w a te r and t i l e  drainage water were 
very s im ila r  suggesting th a t the floo dw a te r was moving to  the t i l e  
d ra in , the o v e ra ll re s u lts  so fa r  in d ic a te  th a t th is  is  not a 
fe a s ib le  s o lu t io n  owing to  lack o f s ig n if ic a n t  d ra inage. 
A p p lic a tio n  o f DRAINMOD u t i l i z in g  s o il  and weather data from 
Arkansas showed no s ig n if ic a n t  e f f lu e n t  from the t i l e  d ra ins  fo r  
our experim enta l s i te  du ring  r ic e  p rodu c tion . This was a t t r ib u te d  
to  the extrem ely slow sa tu ra ted  h y d ra u lic  c o n d u c t iv ity  values fo r  
th is  p a r t ic u la r  s o i l .  However, more observa tions (concern ing the 
ope ra tion  o f the t i l e  f ie ld )  are needed before i t  can be concluded 
th a t t i l e  d ra in  f ie ld s  are not a v ia b le  s o lu t io n  to  the problem.

T. C. K e is lin g , J . T. G ilm our, H. D. S c o tt, A. M. Sadeghi and R. 
E. Baser

Completion Report to  the U.S. Department o f the In te r io r ,  
Washington, D .C ., August, 1984.

KEYWORDS — Drainage /  s a lin ity /m a th e m a tic a l m o d e l l in g / r ic e  /  
soybeans.
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INTRODUCTION

S a lt-b e a r in g  waters used in  the production o f r ic e  and 

soybeans have re su lted  in  s o i l  accumulations o f s a l t  th a t  are 

de tr im enta l to  crop production (1 ,2 ,3 ) .  In c e r ta in  areas of 

eastern Arkansas the groundwater s a l t  content is  s u f f i c ie n t l y  high 

th a t  i r r i g a t io n  w e lls  have not been developed. I f  the accumulated 

so lub le  s a l ts  could be removed from s o i l  and i f  fu tu re  accumula

t io n s  o f so lub le  s a l t  in  s o i l  could be avoided, the s a lt -b e a r in g  

waters could sa fe ly  be used fo r  r ic e ,  soybean, and cotton i r r i g a 

t io n .

The p r in c ip a l  reason th a t the so lub le  s a l t  is  not leached from 

s o i ls  found in  eastern Arkansas is  the extremely low o ve ra l l  

hyd rau lic  c o n d u c t iv i ty  found in  the s o i l  p r o f i l e .  Many o f these 

s o i ls  have hyd rau lic  c o n d u c t iv i t ie s  in  the surface 0.37 m th a t are 

not too r e s t r i c t i v e  to water movement. More recent data in d ica te  

th a t  a s ig n i f ic a n t  reduction occurs in  the surface horizon 

hyd rau lic  c o n d u c t iv i ty  under flooded r ic e  c u l tu re  (1 ) .  However, 

the hyd rau lic  c o n d u c t iv i t ie s  o f horizons immediately below 0.37 m 

usua lly  are very low re s u l t in g  in  r e s t r ic te d  water movement 

through the s o i l  p r o f i l e .  Therefore, the placement o f t i l e  dra ins 

above the r e s t r i c t i v e  laye r in temporary water tab les could 

poss ib ly  remove so lub le  s a l ts  a t a ra te  rap id  enough to  prevent 

excessive so lub le  s a l t  accumulations, thus p e rm it t in g  normal,
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i r r i g a te d  crop p roduc tion .

Almost a l l  previous research f o r  s a l in e  water management and 

so lub le  s a l t  reduc tion  in  the ro o t  zone has been undertaken in  

a r id  and sem i-a r id  c l im a tes  and on s o i ls  th a t  a llow  s u b s ta n t ia l  

leach ing o f water ( 3 ,6 ,8 ) .  This previous work does not 

n e ce ssa r i ly  apply to  Arkansas' c l im a te  (humid) or s o i ls  (extrem ely 

low leach ing r a te ) .  Under humid c lim a tes  s u f f i c i e n t  r a in f a l l  

occurs to leach the excess so lu b le  s a l ts  i f  the s o i ls  are pe r

meable to  water.

A. Purpose and O b jectives

The o b je c t iv e  o f th is  study was to  assess the use o f t i l e  

d ra ins  in  a l le v ia t in g  s a l t  accumulation in  se lec ted Arkansas s o i ls  

i r r ig a te d  w ith  s a l t -b e a r in g  waters during  the p roduction  o f r ic e  

and soybeans.

METHODS AND PROCEDURES

A s i t e  on McGehee s i l t  loam (Table 1) in  Desha County,

Arkansas was se lected as the lo c a t io n  f o r  the s tudy. The McGehee 

s o i l  has a slope o f less than 1 percent and is  considered to  be 

p o o r ly  d ra ined . I t s  p e rm e a b i l i ty  is  very slow, except where the 

s o i l  is  cracked. Selected s o i l  chemical c h a ra c te r is t ic s  o f the 

p a r t i c u la r  s i t e  chosen f o r  the study are presented in  Table 2. 

Three 5 cm x 30 m p la s t ic  t i l e  d ra ins  spaced at 15 m (F igure  1) 

were in s ta l le d  in  la te  January, 1984. Care was exerc ised during
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i n s t a l la t io n  to place the t i l e  immediately above the r e s t r i c t i v e  

c lay  horizon ( I I B31) of the s o i l  p r o f i l e .  The study s i te  was 

fu r th e r  instrumented w ith  aluminum piezometers having an O.D. o f 5 

cm. They were in s ta l le d  to the 76 cm depth and placed at 

lo g a r i th m ic  d istances in  a l in e  perpend icu la r to  the d i re c t io n  of 

the t i l e  d ra in  (F igure 2 ) .  Three l in e s  of piezometer tubes were 

used.

The center t i l e  d ra in  was instrumented to measure drainage. 

Drainage water flowed in to  a s t i l l i n g  w e ll f i t t e d  w ith  a v-notch 

w e ir .  A water stage recorder was used to measure water he ight in 

the v-notch w e ir .

On A p r i l  25 the area was disked and harrowed. "Lebonnet" r ic e  

was d r i l l  seeded in 15 cm rows at the ra te  o f 135 kg/ha. On May 

31, a broadcast a p p l ic a t io n  o f 4.5 and 0.84 kg per ha of p ropan il 

and basagran, re s p e c t iv e ly ,  was performed. Water management to 

date cons is ts  o f a June 4 f lu s h ,  a June 6 d ra in ,  and a June 11 

establishm ent o f a permanent f lo o d  averaging 8 cm deep.

Floodwater and t i l e  drainage water were c o l le c te d  at 0, 7, 14 and 

21 days a f te r  f lo o d in g .  One t i l e  drainage water sample was 

co l le c te d  p r io r  to f lo o d .

The e le c t r i c a l  c o n d u c t iv i ty  o f the drainage water was measured 

w ith  YSI model 31 c o n d u c t iv i ty  meter. The c h lo r id e  concentra tion  

was measured using a Buchler-Cotlove ch lo r idom ete r.
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R a i n f a l l  was measured us ing a re co rd in g  r a in  gauge.

F e r t i l i t y  management o f  the r i c e  co n s is ted  o f  June 11 a p p l i c a 

t i o n  o f  67 kg/ha N, a J u ly  9 a p p l i c a t i o n  o f  the f i r s t  midseason N 

o f  34 kg /ha ,  and a J u ly  23 a p p l i c a t i o n  o f  the second midseason N 

a p p l i c a t i o n  o f  34 kg/ha N. Other general management c r i t e r i a  are 

shown in  Table 3.

DRAINMOD, a computer program which was developed by Dr. R. W. 

Skaggs a t North C a ro l in a  S ta te  U n i v e r s i t y  ( 7 ) ,  was u t i l i z e d  to  

p r e d i c t  d ischarge  o f  water  from the t i l e  l i n e s .  The inpu ts  

re q u i re d  to  u t i l i z e  DRAINMOD were the c l im a t o l o g i c a l  and the s o i l  

w ate r  r e t e n t i o n  and t r a n s p o r t  c h a r a c t e r i s t i c s .  For the c l i m a t o l o 

g i c a l  da ta ,  the amount o f  d a i l y  p r e c i p i t a t i o n  and the maximum and 

minimum d a i l y  temperatures were needed. For the s o i l  p ro p e r t i e s  

parameters such as unsatu ra ted  h y d r a u l i c  c o n d u c t i v i t y ,  sa tu ra ted  

h y d r a u l i c  c o n d u c t i v i t y  and s o i l  m o is tu re  r e t e n t i o n  had to  be 

measured d i r e c t l y  o r  approximated. DRAINMOD then was tes ted  using 

1973 (a wet y e a r )  and 1983 (a d ry  y e a r )  weather data  from the Rice 

Research and Extension Center (RREC) near S t u t t g a r t ,  Arkansas and 

the s o i l  p r o p e r t i e s  o f  the Crowley s i l t  loam which are s i m i l a r  to 

those a t  the exper imenta l  s i t e .  RREC i s  w i t h i n  50 km o f  the study 

s i t e .  In t h i s  manner the exper imenta l  r e s u l t s  cou ld  be extended 

to  o th e r  s i m i l a r  s o i l s  by us ing a few e a s i l y  measurable weather 

and s o i l  parameters.
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PRINCIPAL FINDINGS AND THEIR SIGNIFICANCE

A f t e r  the t i l e  was i n s t a l l e d ,  the area was a l lowed to  s e t t l e  

u n t i l  about the f i r s t  o f  May. S o i l - w a te r  f l o w  c h a r a c t e r i s t i c s  and 

s p r in g  r a in s  should have re s u l t e d  in  a cont inuous d ischarge  from 

the t i l e  l i n e s .  The p iezometer  tube read ings i n d ic a te d  a s u f 

f i c i e n t l y  h igh water  t a b le  (F ig .  3) f o r  ample water  to  be in  a 

temporary o r  "perched" water  t a b le  above the c la y  h o r izo n .

However, no measurable o u t f lo w  was o b ta in e d .  Since no d ischarge  

was o b ta in e d ,  we decided to  seed r i c e  and f l o o d  the area w i th  a 

su r face  pool o f  w a te r .  This su r face  pool was e s ta b l i s h e d  on June 

11. Some d ischarge  occurred form the t i l e  l i n e s  (es t im ated  a t <

0.14 cm per day through the s o i l  p r o f i l e ) .

Ten weeks p r i o r  to  e s t a b l i s h in g  the f l o o d ,  e x te n s ive  r a i n f a l l  

had sa tu ra ted  the s o i l  and re s u l t e d  in  d ra inage from the t i l e .  A 

t i l e  d ra inage water  sample c o l l e c t e d  a t  t h a t  t ime had an e l e c t r i 

ca l  c o n d u c t i v i t y  (EC) o f  235 μmhos/cm and a c o n c e n t ra t io n  o f  0 .2  

meq/1 c h lo r i d e  (Table 4 ) .  F igu re  4 p resents  EC and c h lo r i d e  data  

ob ta ined a f t e r  f l o o d i n g ,  the EC and c h lo r i d e  data  f o r  f l o o d w a te r  

and t i l e  dra inage water  were very  s i m i l a r  suggest ing  t h a t  f l o o d 

water  was moving to  the t i l e  d r a in .  The EC and c h lo r i d e  fo l lo w e d  

s i m i l a r  p a t te rn s  w i th  a decrease in  t i l e  dra inage water  values at 

21 days a f t e r  f l o o d .  This decrease was a t t r i b u t e d  to  r u n o f f  f rom 

a 7.5  cm r a i n f a l l  a t  19 days a f t e r  f l o o d i n g  which d i l u t e d  dra inage
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w ate r .  No o th e r  r a i n f a l l  s u f f i c i e n t  to cause d i l u t i o n  occurred 

du r in g  t h i s  p e r io d .

I f  no channe l ing  o f  water  through the s o i l  was o c c u r r i n g ,  then 

F igu re  5 would d e p ic t  a f l o w  envelope and the s lowes t  and f a s t e s t  

ra te s  o f  water  f l o w  through s o i l  cou ld  be c a l c u la te d .  These 

c a l c u l a t i o n s  are presented below.

C a lc u la t io n  o f  the dra inage Rate f o r  Slowest Flow path

We w i l l  assume th a t  the l a t e r a l  and v e r t i c a l  h y d ra u l i c  conduc

t i v i t i e s  are equal and steady s ta te  f l o w  c o n d i t i o n s  occur.  The

va lue o f  K can be c a l c u la te d  from 
P

Lp = LAp + LAB
Kp KAp KAB [ 1 ]

where

Lp = d is ta n ce  water  t r a v e l s  through s o i l  p r o f i l e  (cm)

Kp = Sa tura ted  c o n d u c t i v i t y  f o r  the t o t a l  path through the 

s o i l  p r o f i l e  (m/day)

LAp, LAB = d is ta n ce  water  t r a v e l s  in  the Ap and AB s o i l  h o r i 

zons (cm)

KAp ,KAB = s a tu ra te d  h y d r a u l i c  c o n d u c t i v i t y  o f  the Ap and AB 

s o i l  hor izons  (cm/day) as es t imated  from re fe rences  

1 and 5.

For our example and the s lowest  f l o w  path ,  the sa tu ra ted  h y d ra u l i c  

c o n d u c t i v i t y  i s

6



817 15 cm 802 cm+
KS 0.0432 cm/day 5.490 cm/day

where the subscript s indicates the slow case. The value of the 

saturated hydraulic conductiv ity is

KS = 1.656 cm/day

Now to calculate flow rate Qs

QS = (1.656 cm )( 55 cm ) 
day 817 cm

or

QS = 0.1115 cm/day

Calculation of the Drainage Rate fo r  the Fast Flow Path

For the fas t flow path the saturated hydraulic conductiv ity is

55 cm = 15 cm + 40 cm
0.996 cm 6.5 cm/day 

day

where the subscript f  indicates fas t flow. The value of the 

saturated hydraulic conductiv ity is

7
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Kf = 2.593 cm/day

The f lo w  ra te  f o r  the f a s t  path Qf  is

Qf = 2.593 cm/day

The f lo w  ra te  measured in  the f i e l d  should be a value between 

Qs and Qf . A m a jo r i t y  of the t ime f lo w  was too slow in the f i e l d  

to  measure. However, the depth o f  water  in  the V f lume was 

measured on June 9 ( e a r l y  a f t e r  f l o o d )  and the dra inage ra te  was 

c a lc u la te d  as f o l l o w s :

Q u a n t i ty  o f water  through f lume (QWF) i s  given by the equat ion

QWF = (1.305 x 109 ) (gL ) 1/2 (DW) 5/2 [ 3 ]
H

where QWF has u n i t s  o f  cm/day and
2

g = g r a v i t a t i o n a l  cons tan t  in  f t / s e c  

L
H = d imension less r a t i o  from F igure  6 .

DW = Depth o f  water  f l o w in g  over the f lume in f e e t .

In our example QWF = 654,912 cm/day f o r  an es t imate  depth o f water 

(DW) o f  0 .6  cm o c c u r r in g  e a r l y  a f t e r  f l o o d .

8



Q F ie ld  es t imate  = 654912 cm/day_____________________

(100 x 12 x 2 .54 ) (50  x 12 x 2 .54)

Q F ie ld  es t imate  = 0.1410 cm/day 

which was between Qs and Qf .

DRAINMOD P re d ic t io n s

The use o f DRAINMOD p re d ic te d  no s i g n i f i c a n t  e f f l u e n t  would be 

ob ta ined from the t i l e s  f o r  these s o i l s  u t i l i z i n g  s o i l  f l o w  para

meters t h a t  were a v a i l a b le  ( 1 , 5 ) .  The s o i l  water  parameters 

needed as i n p u t  f o r  DRAINMOD were chosen p ro p e r l y  (Appendix A 

DRAINMOD TRIAL FORMS). DRAINMOD then was run f o r  severa l  t imes by 

changing the magnitude o f  s o i l  water  t r a n s p o r t  parameters 

(procedures to run DRAINMOD are g iven in  Appendix B). Resu l ts  

from these s im u la t io n s  i n d ic a te d  t h a t  a very low h y d r a u l i c  conduc

t i v i t y  e x i s t s  in  Arkansas s o i l s  such as the McGehee. As a r e s u l t ,  

the model p re d ic te d  n e a r l y  the same low values f o r  d a i l y  dra inage 

ra te  (about 0 .3  cm/day) re g a rd le ss  o f  the va lue o f  the a v a i l a b le  

s a tu ra te d  h y d r a u l i c  c o n d u c t i v i t y .  However, inc reases  in  p re d ic te d  

values o f  d a i l y  d ra inage ra te s  were observed when the magnitude o f 

the s o i l  h y d r a u l i c  c o n d u c t i v i t i e s  were increased to  approx im ate ly  

100 t imes h ig h e r  than the ac tua l  va lues f o r  the s o i l  in  our study 

(an example o f  the o u tp u t  o f  DRAINMOD f o r  month o f  J u l y ,  1983, i s

9



given in  Appendix B). There i s  some ques t ion  o f  whether or not 

the computer model i s  accurate  at the low h y d ra u l i c  c o n d u c t i v i t i e s  

t h a t  e x i s t  in  s i l t y  and c layey  Arkansas s o i l s .  The h y d ra u l i c  con

d u c t i v i t i e s  f o r  which the model has been used in  the past  were 100 

to  1000 f o l d  l a r g e r  than those found in  Arkansas s o i l s .

SUMMARY AND CONCLUSIONS

I t  was the o b je c t i v e  o f  t h i s  s tudy to  determine whether or not 

t i l e  d ra in s  cou ld  be used to  promote i n t e r n a l  dra inage o f  a g r i 

c u l t u r a l  s o i l s  in  the M is s is s ip p i  d e l t a  o f  Arkansas. I f  dra inage 

from the t i l e s  could  be e s ta b l i s h e d ,  then water  from w e l l s  con

t a i n i n g  a high so lu b le  s a l t  con ten t  could  be used f o r  i r r i g a t i o n ,  

and w i th  proper  management, no d e t r im e n ta l  so lu b le  s a l t  bu i ldup  

would occur in  s o i l .  The r e s u l t s  o f  t h i s  s tudy i n d i c a te  t h a t  t i l e  

dra inage does not remove s u f f i c i e n t  water  to  p rov ide  a use fu l  too l  

in  s a l t  management. However, the re  needs to  be two a d d i t i o n a l  

obse rva t ions  made (which the e a r l y  r e p o r t  due date p rec luded) :

(1) Are the t i l e  l i n e s  stopped up in  the f i e l d ?  and (2) has a 

t h i n  l a y e r  o f  s o i l  been puddled immedia te ly  su r round ing  the t i l e  

d ra in  t h a t  i s  r e s t r i c t i n g  f l o w  to  the d r a in .

These l a s t  two observa t ions  should be completed before  the 

f i n a l  assessment o f  t h i s  s tudy can be made. In a d d i t i o n ,  i t  

appears th a t  the e f f e c t i v e  h y d ra u l i c  c o n d u c t i v i t y  o f  the s o i l  may 

decrease d u r in g  the f l o o d in g  p e r io d .
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Table 1. Typ ica l  p r o f i l e  o f  McGehee s i l t  loam, in  a mo is t  c u l t i 
vated f i e l d  in  the SE1/4SW1/4SW1/4 sec. 14, T. 13 S . ,  R. 3W.

Ap -  0 to  7 inches ,  brown (10YR 5 /3 )  s i l t  loam; weak, f i n e ,
g ra n u la r  s t r u c t u r e ;  f r i a b l e ;  many f i n e  r o o t s ;  few f i n e  
pores; s t r o n g ly  a c id ;  c l e a r ,  smooth boundary.

B21t -  7 to  11 inches ,  g ray ish -b rown (10YR 5 /2 )  s i l t y  c la y  loam;
common, medium, f a i n t ,  brown (10YR 5 /3 )  and gray 
(10YR 5 /1 )  m o t t l e s ;  moderate, medium, subangular  b locky  
s t r u c t u r e ;  f i r m ;  common, t h i c k  c la y  f i l m s ;  s i l t  coa t ings  
on most ped fa ce s ;  many f i n e  r o o t s ;  many f i n e  pores; few 
f i n e ,  b lack c o n c re t io n s ;  s t r o n g ly  a c id ;  c l e a r ,  smooth 
boundary.

B22t -  11 to  16 inches,  va r iega ted  redd ish-brown (5YR 5 / 4 ) ,
g ray ish-brown (10YR 5 / 2 ) ,  and b ro w n ish -ye l lo w  (10YR 6/ 8 ) 
s i l t y  c la y  loam; moderate, medium, subangular  b locky  
s t r u c t u r e ;  f i r m ;  common, t h i c k  c la y  f i l m s ;  s i l t  coa t ings  
on most v e r t i c a l  ped fa ce s ;  few f i n e  ro o ts  and pores; few 
f i n e ,  b lack c o n c re t io n s ;  medium a c id ;  a b rup t ,  wavy boun
dary .

I IB31 - 16 to  28 inches, reddish-brown (5YR 4 /4 )  s i l t y  c l a y ;  few 
f i n e ,  f a i n t ,  y e l l o w is h - r e d  m o t t l e s ;  moderate, medium, 
subangular b locky  s t r u c t u r e ;  very f i r m ;  few f i n e  ro o ts  and 
pores; few f i n e ,  b lack c o n c re t io n s ;  n e u t r a l ;  g radua l ,  
smooth boundary.

I IB32 -  28 to  41 inches, dark reddish-brown (5YR 3 /4 )  c l a y ;  com
mon, medium, d i s t i n c t ,  y e l l o w is h - r e d  (5YR 4 /6 )  m o t t l e s ;  
moderate, medium, subangular  b locky  s t r u c t u r e ;  very f i r m ;  
few f i n e  roo ts  and pores; many ca lc ium carbonate  nodules 
rang ing  from 1/16 to  1/2  inch in  d iam e te r ;  m i l d l y  a l k a l i 
ne; g radua l ,  smooth boundary.

I I C1 - 41 to  65 inches,  dark reddish-brown (5YR 3 /4 )  c la y ;  many
f i n e ,  f a i n t ,  s trong-brown m o t t l e s ;  massive; very  f i r m ;  few 
f i n e  roo ts  and pores; many ca lc ium carbonate  nodules up to 
1/2 inch in  d iamete r ;  moderate ly  a l k a l i n e ;  c l e a r ,  smooth 
boundary.

I I C2 - 65 to  72 inches, dark g ray ish-brown (10YR 4 /2 )  c l a y ;  many
f i n e ,  d i s t i n c t ,  s t rong-brown and y e l l o w is h - r e d  m o t t l e s ;  
very f i r m ;  many f i n e ,  b lack c o n c re t io n s ;  moderate ly  a lk a 
l i n e .
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Table 2. Selected s o i l  chemical c h a r a c t e r i s t i c s  at the beg inn ing  
o f  the s tudy .

Depth
cm

pH EC
umhos/cm

Cl hco3
------m g /kg* - -

SO4

0 - 1 5  

15 -  30 

30 -  45 

45 -  60

7.7

6 .9

6 .6

6.3

180

170

235

280

29.6

45.6

59.0

78.0

109.2

62.0

64.4

37.2

558.4

620.0

40.0

60.0

*  S o i l  c o n c e n t ra t io n s  were determined u t i l i z i n g  a 2:1 w a t e r : s o i l  
r a t i o  and subsequent chemical a n a ly s is  o f  the e x t r a c t .
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Table 3. General management g u id e l in e s  f o r  r ic e  p roduc t ion  over 
the experim enta l t i l e  d ra in  f i e l d .

FIELD NAME:
VARIETY:
EMERGENCE DATE:

TILLERING BEGINS -
APPLY EARLY TOP DRESS BY:

RICE WATER WEEVIL ALERT:
MODERATE RISK OF INFESTATION, AT FLOOD 

SCOUT FIRST 7 DAYS.

STRAIGHTHEAD CONTROL 
DRY SOIL BETWEEN:

HERBICIDE APPLICATION 
APPLY PHENOXY BETWEEN:
PROPANIL CUT-OFF 

PREFERRED:
ABSOLUTE:

ORDRAM CUT-OFF 
PREFERRED:
ABSOLUTE

APPLY BLAZER BETWEEN:
APPLY COLLEGO BETWEEN:

WHEN FB. NO FUNGICIDE:
AFTER DRYING FOR STRATI 

HEAD, FB. NO FUNGICIDE:

BEGINNING INTERNODE ELONGATION:

SCOUT FOR SHEATH SLIGHT 
SYMPTOMS BETWEEN:

APPLY 1ST MID-SEASON N:

HEADING:

DRAINING ALERT FOR HARVEST:
HARVEST:

1
LEBONNET
5/21

6/14

6/14 -  6/21

6/23 -  7/3

7/1 -  7/8

7/8
7/13

7/8
7/24
6/26 -  7/21 

6/26 -  7/21 

7/8 -  7/21 

7/1

7/10 -  8/1

7/10

8/3

8/28
9/7
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Table 4. Water analyses f o r  se le c ted  da tes .

Sample EC Cl hco3 SO4
date source umhos/cm -----mg/kg—

June 6 

June 11

June 18

June 25

J u ly  2

T i le  e f f l u e n t  

T i le  e f f l u e n t  

Wel l

T i le  e f f l u e n t  

Wel l

T i le  e f f l u e n t  

Wel l

T i le  e f f l u e n t  

Wel l

380

1350

1400

1600

1675

1700

1525

1050

1560

65

320

280

305

280

313

288

182

312

124

364

458

443

525

440

408

299

372

67

437

133

370

304

330

260

190

280
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F igu re  1

F ie ld  l a y o u t  o f  t i l e  d ra in  f i e l d  a t  the  exper imenta l  s i t e
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(TOP VIEW)

Figure 2. Piezometer tube locations in the tile  drain field.
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LOGARITHMIC PIEZOMETER DISTANC ( meters)

Figure 3. Hydraulic head in relation to the reference of the 

soil surface and with distance from the tile  drain 

lines.
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Figure 4. Electrical conductivity and chloride concentration 

in floodwater(open box) and the tile  drainage water 

(solid box).
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F i g u r e  5

F low n e t  t o  a t i l e  d r a i n  showing  t h e  s l o w e s t  and f a s t e s t  

w a t e r  f l o w  p a th s  t h r o u g h  s o i l  t o  t i l e .

20

Horizon Hydraulic conductivity  
(c m /d a y  )

A 0 .0 4 3 2  -  0 .9 9 6 0  

A /B  5 .4 9 0  — 6 .5 00

B 2t 0 .0 8 - 3.77



Figure 6. Deth of water(DW) outflow for V flume showing all 

variables utilized for flow calculations.
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PROCEDURE TO RUN DRAINMOD

In MUSIC: Account Number T F283
Password Number T 8677

There are fo u r  f i l e s  or programs:

a) Main model c a l l  DRAIN 2 . FORTRAN
b) S o i l  da ta  f i l e  c a l le d  SOILD.DATA
c) Weather data  f i l e  c a l le d  WEATH.DATA
d) Program which combine the a, b, and c and run i t .  This 

is  c a l le d  DRAIN.GO

Since the re q u ire d  in p u t  s o i l  da ta  are r e l a t i v e l y  s m a ll ,  we 
f o l lo w  the fo rm a t needed f o r  each record  to  type the s o i l  da ta . 
There a re , however, 24 reco rds  and the fo rm a t f o r  each record  is  
s p e c i f ie d  and is  descr ibed  on Drainmod U se r 's  Manual ( 7 ) .  In 
o rd e r  to  change the s o i l  d a ta ,  s im p ly  e d i t  the SOILD.DATA and go 
l i n e  by l in e  (be sure th a t  the numbers are in  the r i g h t  column).

For the weather d a ta ,  s ince  we n o rm a lly  have a l o t  o f  da ta , 
we decided to  have a SAS program to  take care o f  the fo rm a t needed 
f o r  t h i s  f i l e .  T h e re fo re ,  to  run t h i s  SAS program we should s t a r t  
w i th  the CMS and do the fo l lo w in g :

a) Get on CMS
ACC. T DS27058
Password T SCODO

b) XEDIT ALI/SAS/A
c) Go to  the c a rd s ; l in e
d) Type the weather da ta  as fo l lo w s :

1) For the r a i n f a l l  da ta  you need to  type the day and 
the amount o f  r a i n f a l l  in  hundreds o f  an in ch . I f  
th e re  is  a day w ith  no r a in ,  do not type th a t  day. 
A t the end o f the month type two zeros.

2) For the maximum and minimum tem pera tu res , you 
s im p ly  type max and min and co n tinu e  u n t i l  the end 
o f the month and then type two c a p i ta l  X.

e) Execute A L I , the o u tp u t  w i l l  be c a l le d  PUNCH
f )  You need to  t r a n s fe r  PUNCH to  the Music account #F283 

(you need BPW, which is  677)
g) In  Music you can change the name PUNCH to  the WEATH.DATA.

In  o rd e r to  run DRAINMOD we type DRAIN.GO and the model w i l l  
be run on the screen. I f  you want to  ge t the p r in t o u t  from 
Remote 14 we should type SUBMIT then two l in e s  w i l l  be p r in te d  
o u t .  You need to  f i l l  the b lanks as f o l l o w s :
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SUBMIT
* IN  PROGRESS

MUSIC SUBMIT FACILITY

F I L E = / / , CODE=/F2 8 3 0 0 0 / ,  SU=60, PAGES=10, CARDS=0, CLASS= 
/A O / ,  ROUTE=// ,  FORMS=//, SYSID=/M USICB/, NODE=//
ENTER FILE NAME AND ANY OTHER CHANGES 
?

F ILE = /D R A IN .G O /,  PAGES=999, ROUTE=/REMOTE 1 4 / ,  FORMS=/STD./
ENTER MUSIC BATCH PASSWORD FOR CODE F283000
BPW=677
JOB/DRAIN.GO/SUBMITTED AT 0 8 .5 0 .1 4  03AUG84 CLASS=/AO/
*END

*GO

24



A p p e n d ix  B

25



DRAINMOD TRIAL FORM

1 /  (A lp ha -n u m e r ic )  use l e t t e r s  o r  numbers.
2 /  ( I n t e g e r )  use numbers w i t h o u t  a dec im a l .
3 /  (R ea l)  use numbers w i t h  a dec im a l .

4 /  This  re c o rd  must be m a in ta in e d  In the  da ta  sequence even I f  I t  I s  b la n k .
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DRAINMOD TRIAL FORM

27

1/ (Alpha-numeric) use l e t t e r s  o r  numbers . 
2 /  ( I n t e g e r )  use numbers w i th o u t  a d e c im a l . 
3 /  (R ea l)  use numbers w i t h  a dec im a l .



28

DRAINMOD TRIAL FORM

1 /  (A lp ha -n umer ic )  use l e t t e r s  o r  numbers.  
2 /  ( I n t e g e r )  use numbers w i t h o u t  a dec im a l .  
3 /  (Rea l)  use numbers w i t h  a dec im a l .



DRAINMOD TRIAL FORM

29

1/  ( A lp h a -n u m e r i c ) use l e t t e r s  or numbers.

2/  ( I n t e g e r )  use numbers w i t h o u t  a dec im a l .

3 /  ( Re a l )  use numbers w i t h  a dec im a l .
4/  This re co rd  must be ma in ta in e d  in  the  da ta  sequence even i f  i t i s b la n k .



DRAINMOD TRIAL FORM

1/  (A lp ha -n u m e r ic )  use l e t t e r s  o r numbers.  
2 /  ( I n te g e r )  use numbers w i t h o u t  a dec im a l .  

3 /  (R ea l)  use numbers w i t h  a dec im a l .
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1 9 8 3 6

DRAINMOD

OUTPUT EXAMPLE 
( a l l  d a t a  i n  cm)

D A Y R A I N I N F I L E T D R A I N AI M V O L I V O L  DDZ M E T Z S T O R R U N O F F W L O S S Y O D R N S T O S E W  D M T S I
1
2
J
8
5
6 
7 
8 
9

10  
11 
12 
13 
1 4 
15 
16
1 7 
18
19
2 0  
21  
22
2 3 
2 4 
2 5 
2 6 
27  
2 8 
2 9  
30

0 . 0
0 . 0  
1 . 1 2  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0
0 . 6 9
0 . 0
0 . 0
0 . 0
0 . 1 8  
0 . 0  
0 . 0  
1 . 1 2  
0 . 0  
0 . 2 3  
0 . 6 6  
0 . 0  
0 . 0  
0 . 0  
1 . 1 7 
0 . 0  
0 . 0

0 . 0  
0 . 0  
0 . 0 0 
0 . 4 7  
0 . 4 5  
C .  19 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0 0  
0 . 53  
0 . 1 5 
0 . 0  
0 . 0 0  
0 . 1 8  
0 . 0  
0 . 0 0  
0 . 8 /  
0 . 8 8  
0 . 2 8 
0 . 53  
0 . 1 8 
0 . 0  
0 . 0 0  
0 . 8 1  
0 . 8 1

0 . 2 /  
0 . 8 0  
0 . 4 8 
0 . 8 8  
0 . 4 3  
0 . 4 6  
0 .3 4  
0 .3 O 
0 . 3 6  
0 . 8 )  
0 . 8 1  
0 . 8 0  
0 . 6 3  
C .  8 /  
0 . 5 1 
0 . 4 3  
0 . 8 0  
0 . 5 3  
0 . 47  
0 . 5 1 
0 . 55  
0 . 55  
0 . 55 
0 .5 5  
0 . 5 1 
0 . 54  
0 . 5 6  
0 . 57  
0 . 4 9 
0 . 4 9

0 . 0 3 
0 . 0 3 
0 . 0 3  
0 . 0 3 
0 . 0 3  
0 . 0 3  
0 . 0 3  
0 . 0 3  
0 . 0 3  
0 . 0 3  
0 . 0 3  
0 . 0 3  
0 . 0 3  
0 . 0 3  
0 . 0 3  
0 . 0 3  
0 . 0 3  
0 . 0 3  
0 . 0 3  
0 . 0 3  
0 . 0 3  
0 . 0 3  
0 . 0 3  
0 . 0 3  
0 . 0 3  
0 . 0 3  
0 . 0 3  
0 . 0 3  
0 . 0 3  
0 . 0 3

3 . 6 8 
4 . 1 0  
4 . 6 1  
8 . 6 1  
4 . 6 1  
4 . 9 2  
5 . 2 8  
5 . 6 1  
6 . 0 0  
6 . 4 5  
6 . 9 8  
7 . 5 1  
8 . 0 6 
8 . 6 5 
8 . 6 5 
8 . 9 6  
9 . 46  

1 0 . 0 3 
1 0 . 3 5  
1 0 . 8 8
1 1 . 4 5
1 1 . 4 5 
1 1 . 4 8 
1 1 . 8 1  
1 1 . 8 1  
1 2 . 2 5  
1 2 . 8 )
1 3 . 4 2
1 3 . 4 2
1 3 . 4 2

3 . 6 8 
4 .10 
4 . 6 1  
4 . 6 1  
4 . 6 1  
4 . 9 2  
5 . 2 8  
5 . 6 1  
6 . 0 0  
6 . 4 5 
6 . 9 8  
7 . 5 1  
8 . 0 6
8 . 6 5
8 . 6 5  
8 . 9 6  
9 . 4 8

1 0 . 0 3 
1 0 .35 
1 0 . 9 9
1 1 . 4 5
1 1 . 4 5
1 1 . 48  
1 1 . 8 1 
1 1 . 8 1 
1 2 . 2 5 
1 2 . 83  
1 3 .4 2  
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