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Irr igat ion of sal ine soils is a very important  method of soil im-  
provement  and wil l  cont inue to be impor tant  in the i m m e d i a t e  future. 
Many researchers ([1] and others) have pointed out the importance of 
predic t ing the quant i ta t ive  redistribution of salts and of further theo-  
re t ica l  invest igat ion of this problem. Hence, we think i t  worthwhile 
to examine  the kinet ics  of dissolution and leaching  of salts from soils 
in regions where the water  table  is deep, i . e . ,  where there is no 
drainage and the ver t ica l  sal t  distribution is nonuniform [2] (Fig. 1). 

In the s implest  case the basin equation of motion of the salts wi l l  
be [3, 4]: 

OC D.O'C OC ( V o =  ~ ) .  (1) 
o r - -  az~ --V ~ + ~ ( C  s - c )  

Here C is the concentrat ion of the soil solution (g / l ) ,  t is the t i m e  
�9 (days), x is the distance (m), V is the actual  ve loc i ty  of water  in the 

pores of the ground, V0 is the f iI trat ion ve loc i ty  (m/day) ,  m is the 
porosity, C s is the l i m i t i n g  saturation concentrat ion ( g / l ) ,  S is the 

dissolution coeff ic ient  ( i / day ) ,  and D* is the coeff ic ient  of convect ive  

(fi l tration) diffusion (mZ/day). 

This equat ion assumes l inear  (unidimensional)  mot ion  of the salts 
and water  along the x-ax is ,  a constant f i l t rat ion ve loci ty  V 0 = const, 

and that  the rate of dissolution of salts contained in the solid phase of 

the soil is independent  of the i r  volume and surface. If these conditions 

are not fulf i l led Eq. (1) becomes more complex [4].  

We wi l l  seek the solution of Eq, (1) with the following in i t i a l  and 
boundary conditions: 

when t = 0 

6' = C'o + (C~ - -  Co) z / h r (0 -% z -..< h i ,  

C = C~ + (Or - -  C~)(h~ - -  x) I (h2 - -  h3 (h~ ~ z ~< h2), 

C : Cs (h2 -% z < ~ )  

when t > 0 

Od 
V ( C - -  C.) = D* &c ( x =  O), 

~d 
0%/= 0 (C = eons~) (:r --. ~ ) .  

Here j are character is t ic  points of in i t i a l  sa l in i ty  (Fig. 1), Cj is 
the concentrat ion at these points ( g / l ) ,  hj is the distance from the 

soil surface to the point j (m), and C i is the salt  concentra t ion in the 
irrigation water  ( g / l ) .  

The substitution [5] 

C(x,  t ) = C  s + u ( x ,  t )exp [ ~ - - ( 4 @ , + @  t] 

brings Eq. (1) and conditions (2) to the form 

when t = 0 

u = (Co -- C s -t 

8u l Ot = D*O~u / Ox ~ , 

((Jr--  Co) x~ ( Vz 
hl / e x p  <-- "ZD* ] (O ~ x % hl), 

(dl- CJ (& --z)\ V:c 

(hr ~ z ..~ h2), 

/ Vx 

(2) 

(3) 

(4) 

when t > 0 

Ou / V'- 
D* W - 1/2 w = v (Cs - c i) e~p i~-~- + ~) t (x = 0), 

D . o ~  Oz + 1/2 Vu = 0 (x - ,  o~). (5) 

Instead of the function u(x, t) we introdude a new function by means 
of the equal i ty  

o o  

u(x ,  t ) = w ( x , t ) + ~  / ( ~ ) e x p  - -  4 t D *  ] 

Here f(~) is a function specifying the in i t i a l  salt distribution, and 

then 

u (~, t) = w (~, t) + 

hx 

1 [~(Co__G, sC1- -Co  , 
o 

h~ 
+IIC2__~s+ C1-C. 

(~ .  - ; ) j  io (;) ~; + 
hi 

+ (c2 - Cs) ~. to (~) d~j~ 
h~ 

fo ( ~ ) :  exp (--  V~ / 2D* - -  (:c - -  ~)e / 2tD*). (7) 

Omit t ing the transformation ca lcula t ions  for u(x, t ) ,  we obtain 

t ( V2t Vz \ 
(x, t) = w (x, Q + ~- exp k4D* - -  2-D -~]  x: 

C~ - -  C O q 

< 01__0o 
+ Lc2 - c i  + ~ (yt  - ~) + 

C1 -- Co -I 
+ ~ @2 - ~, + vt)j h (h~; ~,) - 

C:t - -  C,, 
- -  ~ (hs - ~ + Vt) i~ (<'; ~) + 

liD* \% [01-- Coi (0" z) -- 
+ 2 t ~ - - )  ~ ~-V--, 2 , 

/C~ - -  C o 01 - -  C~.\ , 01 - -  C~. 
- [ - - W - ~  + <~ --T:-V~ ) ls (h,; ~) T ~ So (h~; ,:)], 

/:l (h.; x) = erfc (1/~ V ] / ' t - ~  + 

+ (~ --  x) 12 V'tD~ ); i2 (h2; x) = 

= exp [ - -  all2 v V ~  + (h~ - -  z) / 2 lzt-D~)'j .  (s) 

Then Eq. (4) and condit ion (5) t ake  the form 

Ow/Ot : D* O~ 2 (0 ..< x < oo), w = 0 (t -~- 0),  (9) 

when t > 0 ,  x = 0  

,Ow V 
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V~ t] Vet 
V ( C s - - C , ) e x p [ ( ~ ~ ; + ~  ) + a/e exp 4~-i X 

C, -- Co'] 
• + Jla (0: 0) + 

+ Iv (C~ - -  Co) + (V~t 
CI Co 

+ D*) T +  

C, - -  Ce ] 
+ (we + vet+ D*~ he---E-~h j 1 (h~; 0) - -  

C 1 -- C e . /D* \% 
- - (V~-kV~t+D*)~_-- - -~--~h(h .A 0 ) +  [ ~ - )  (C s - c o ) +  

/tD* VI* Ca - -  C..'l ItD* \'h + ~v l - -~)  --~--~ J t..co; o ) -  ~.v ~ T )  ~ca-  co L-w-~ + 

Ca - -  C~ Ca - -  C.. h 

when t > O, x --, oo 

D*oSo /Om + t/~Yw = O. 

Henceforth, we denote the right-hand side of Eq. (10.1) by f ( t ) .  
We apply the Laplace-Carson transformation [6, 7] to Eqs. (9) and 

(10) 

CO 

F (x, p) = p I f (x, ~) exp (--  px) d~. (11) 
o 

After transformation we obtain, writing in the same order, 

D * d " . W / d x ~ - - p W = O  (0 < x <  oo), 

V d W  
p ~ -  W - -  pD*-d~x = F (p ) ( z = O ) ,  

V d W  0 ~ - W - I - D *  ~ =  (x.-->oo). (12) 

The solution of the first equation of (12) is [8] 

W = A exp (z Vp-7-'D ~ )  + B exp ( - -  x V P ~ ) .  (13) 

From the second and third equations of (12) we have 

A ~ O ,  B = - -  F(p)  ( H ( p ) =  V ) p g ~  -~ H (p) ~ -[- VP'- �9 (14) 

For W(x,p), omitting simple transformations, we find 

F (p) F~ (x; 0) 
W ( x , p ) = - -  P ] / -~-~H(p) X 

vhe h f p Vql X (Fl(x;he)=exp[-- 2~-~- -  ( e ' J - x )  \ ~ ' ~ ]  j ] .  (15) 

Taking into account that 

Vp (C s -- C i ) 
F(p)  = P _ ( V e / 4 D .  _}_~) + 

+ Y 7 ( c ~ - c o )  _ v g ~ * ( c ~ - C o )  x 

t f ~ D  ~ (C~ - -  C~.) [V(Fx(0; hJ  - -  FI(0; hi)) 
+ ~ k  H (p)  + 

+ V ' ~  (F, (o; h.) -- F, (o; he))], (16) 
A 

we obtain the solution in images 

V (C~ - -  CH) F, (*; O) 

W (x, p) -~ .]/.-~ [P _ (V~/2D* + [5) H (p) 
+ 

VK(co - cD F, (~; o) [I - ~ ] v  + + 

K b - ( c o -  c,) rv  (El (x; O) - -  Fa (x; h,)) 
J- 2ha H~ (P) L H (p) 4;- 

+ 1/'b~ (F, (z; ha)-- Fa (z; 0)) ] + 

VF(C2 -- el) [V(Fl (x; ~) -- F 1 (x; ha) ) 
J -  2 ( h  e - -  ha) ]:l$(p) [" H (p) Ac 

+ ]/b-~ (Fa (x; hi) - F, @; he))]. (17) 

Converting to the pre- image and considering Eqs. (8) and (3) con- 
secutively, we obtain the solution of the problem (1) and (2) 

C =  Cs + (c, - c,) k ~ + ~ _ b  - r : ~ a  + 

-b exp [--  a (b ~ - -  t)] CO - -  Ca erie az~ + 

4a 
+ 4a"za exp (4a~z) eric aza - -  " ~  exp (--  a2z2 ~) + 

Co -- C ,  F 
+ ~ [(p (zJ - -  (p (zs) q- z2 (erie aze - -  erie azd q -  

+ a ~  (~ (z3) - -  ~ (zl) + exp ( - -  a~"z4 ~-) - -  exp (--  aeze~)) + 

Ce -- C~ [ 
+ 2 (z~ - -  ze) (p (zs) - -  %o (z3) - -  ze(erfe az4 - -  erie azo) + 

i + exp (--  a~z4 ~) - -  exp (--  a~zee)] + + ~ (~ (~3) - ~ (~) 

Ce -- Co 
+ ~ erfeaza, 

o+ (z) = exp [ +  2a~z (t + b)] erie a ( i f+  5), 

(z~r = (2a"zk" + z~ + l) exp (4a~z) erie aza, 

J~ (Zk) = (2a~z k + t) exp [ - -  a" (zk~ - -  4z)] (k = t .  3.5), 

"~ = ale V "[/t-'D ~, X (z) = exp [a e (t + 

+ 4z - -  b~")] eric a (l + z), 

z = z  ~ (zo=x/Vt),  

za = i + x ~ zg=  i + h, ~ + x ~ (h~ ~ = h~ /v t ) ,  

z4 = i +: h ?  - -  x ~ z~ = i + he ~ + z ~ (h~. ~ = he / V t )  , 

z ~ : i + h r  ~ b= I / T + n ,  ~..=i--x ~ (18) 

Here II = 4BD*/V a is a parameter characterizing the drift from the 
site of dissolution [9]. 

For readily soluble salts which are present in small amounts in the 
solid phase (chlorine salts, for instance) Eq. (1) satisfactorily predicts 
the natural and experimentally observed salt distribution without the 
last term, i . e . ,  

OC / Ot = D*O~C / Ox 2 - -  VOC / Oz. (19) 
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Then the solution of Eq. (19) with boundary and initial conditions 
(2) has the form 

C o - - C i  F 
C = C i -t- ~ [eric az2 -t'- 

4o ] 
+ (4a*'zt -~ t) exp (4a~"z) eric azl -- ~ - ~ e x p  (-- a'z~ ~) ~- 

C o -- C~ ( 
-~ ~ l ip  (ZI) - -  q) (Z3) ~- Z2 (eric a z,a - -  erie az•) -[- 

' } -t- ~ [4 (zs) - -  ~ (z l )+ exp (--  a~z40") - -  exp (--  a~ + 

C~ -- Co ( 

I 
- -  eric  az6) -b ~ [4 (zs) - -  ~ (zs) 4- 

+ exp (--  a%~ 0~) - -  exp ( - -  a~z~)]} 
C~ C0 

-~- ~ erie az~. (20) 

If the initial salt distribution is more complex than in Fig. 1, the 
solution has the form 

C O - -  C i 
C = C i -1- " - ' 7 " -  [eric a z~ - -  

-- exp (4a%) (erfe azl - -  4a ierfc azl}] 4- 

n 
+ ~ cj- c~.+r [ierfc a~;+~- 

]=0 2a (h~+l - -h / )  

- -  ierfe a z j -  ~- oxp (4a~z)(ierfcaz++l - -  

- -  ierfc azi+ ) @ 4 a  exp (4a%) (i~erfc azi+ - -  i%rfc zf+l) ], 

zi+ = 1 + h /  4- x ~ z i -  = t @ hi~ -- x ~ (21) 

Thus, the solution (18), (20), and (21) can be used to predict the 
redistribution of salts for several different initial salt distributions. 

If salinity is uniform before irrigation, the solution has the form 
([1], and others) 

~ o - - C i  [" 
C = C i -t- ~ [erfc azo. @ (4a~zl @ 1) • 

] X exp (4a~z) erie azl - -  ~ exp (--  aSz~ ~) . 

To illustrate the solution for several characteristic initial salinity 
distributions, calculations were completed with the following data: 
D* = 2.84.10 -3 m2/day, V 0 = 0.01 m/day ,  m = 0.4, C i = 0. The 
graphs were drawn for t = 60 days. 

The graphs in Fig, 2 clearly illustrate the redistribution of salts 
after irrigation in relation to the initial salinity distribution. 

The author thinks that the proposed formulas can be used to pre- 
dict the redistribution of salts in soil with due regard to their proper- 
ties and the properties of the soils. 
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