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ABSTRACT

SIMULATION OF THE FATE OF NITROGEN FROM THE 

DISPOSAL OF POULTRY LITTER

A PC/AT computer model was developed to  s im u la te  the t r a n s p o r t  
o f  w a te r ,  n i t r a t e  and ammonia in the s o i l  p r o f i l e  a f t e r  an 
a p p l i c a t i o n  o f  p o u l t r y  l i t t e r  to  pas tu re .  The model was w r i t t e n  
us ing  FORTRAN 77 com p i le r  and can be used on any IBM type 
com pat ib le  computer w i th  a math coprocessor .  P o u l t r y  l i t t e r  has 
been shown to  be a p o t e n t i a l  source o f  p la n t  n u t r i e n t s ,  but  
mismanagement can r e s u l t  in n i t r a t e  p o l l u t i o n  o f  the su r face  and 
g roundwater .  The model i s  composed o f  a main program, 11 
s u b ro u t in e s  and th re e  subprograms. An example was shown o f  the 
f l e x i b i l i t y  and dynamic nature o f  the computer model. The 
r e d i s t r i b u t i o n  and t ra n s fo rm a t io n  o f  NH4 and NO3 in  the  s o i l  
p r o f i l e  was fo l l o w e d  f o r  84 days. Output o f  the NH4 and NO3 
c o n c e n t r a t i o n  d i s t r i b u t i o n s ,  p la n t  uptake and cum u la t ive  s o i l  
s o l u t i o n  c o n c e n t ra t io n s  o f  these ions in  the s o i l  p r o f i l e  on a 
week ly  bas is  was shown.

H. D. S co t t

Complet ion Report to  the U. S. Department o f  the I n t e r i o r ,  Reston, 
VA, June 1989

Keywords - -  G ro u n d w a te r /D e n i t r i f i c a t i o n /D y n a m ic  Programming/Solute 
T ranspo r t /W as te  Disposal
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INTRODUCTION

In recen t  years the re  has been a marked increased in the number 

o f  w e l l s  in  the Ozark reg io n  t h a t  con ta in  n i t r a t e - N  conc e n t ra t io n s  

above the  maximum c o n c e n t ra t io n  l i m i t  (MCL). Th is  increase in  w e l l  

con tam in a t ion  co inc ides  w i th  the exp los ive  increase in d e n s i t y  o f  

p o u l t r y  houses and o pe ra t ions  in the r e g io n .  Arkansas has the 

h ig h e s t  p roduc t ion  o f  b r o i l e r s  in the U.S. and a summary o f  the  

p r o d u c t i v i t y  o f  the i n d u s t r y  f o r  the l a s t  5 years is  given in  Table 

1.

Tab le 1. The number o f  ch ickens,  tu rkeys  and b r o i l e r s  produced 

in  Arkansas over  the l a s t  5 y ea rs .

Year

1978-1988 avg.

1984

1985

1986

1987

1988

Chickens

24,626

22,560

23,766

24,382

25,343

21,435

Turkeys

—  thousands - - -  

15,063 

14,366 

16,000 

16,500 

18,000 

18,000

B r o i l e r s

737,694

724,964

759,963

786,779

878,574

896,832

These data  were summarized from the 1988 Arkansas A g r i c u l t u r a l
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S t a t i s t i c s  and show t h a t  the in v e n to ry  o f  p o u l t r y  in the s ta te  has 

c o n t i n u a l l y  increased since 1984 and t h a t  the number o f  b r o i l e r s  is  

q u i t e  la rge  as compared to  egg - lay in g  chickens and tu rkeys .

The economic impact o f  the p o u l t r y  in d u s t r y  in Arkansas is  

shown by the data  g iven in  Table 2. These data were also taken 

from the 1988 A g r i c u l t u r a l  S t a t i s t i c s  and in d ic a te  t h a t  the p o u l t r y  

i n d u s t r y  c o n t r i b u te d  over $1.3 b i l l i o n  to  the s t a t e ' s  economy.

Table 2. A summary o f  the s ta tu s  o f  the p o u l t r y  in d u s t r y  in 

Arkansas du r in g  1988.

Parameter Chicken B r o i l e r

In v e n to ry ,  # 21,435,000 896,832,000

Pr ice  per b i r d ,  $ 3.60 0.34

Gross Income, $ 77,166,000 1,250,184,000

I f  we assume t h a t  each b r o i l e r  produces 2.5 pounds o f  waste on 

a d ry  we igh t  bas is  ann ua l ly  (Dr.  T. L. Barton,  personal  

communica t ion) ,  then the product  o f  the average waste per b r o i l e r  

and t h e i r  number in  the s ta te  g ives  the t o t a l  amount o f  waste 

produced each ye a r .  For Arkansas du r ing  1988 t h i s  amounted to  over 

2.22 b i l l i o n  pounds o f  b r o i l e r  waste produced.
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The chickens and b r o i l e r s  are not ,  however, evenly d i s t r i b u t e d  

th ro ugho u t  the s ta te  (F igu re  1). During 1988, Cooperat ive 

Ex tens ion  D i s t r i c t s  1, 4 and 7 produced 29.9 ,  26.5 and 21.2 % o f  

the  s t a t e ' s  t o t a l  b r o i l e r  p roduc t ion ,  r e s p e c t i v e l y .  Thus, the 

weste rn  t i e r  o f  coun t ies  which cons is ts  o f  23 count ies  near 

Oklahoma produced over  77 % o f  the b r o i l e r s  in  Arkansas. The 

d e n s i t y  o f  b r o i l e r s  in  each o f  these coun t ies  and in the th re e  

d i s t r i c t s ,  the es t im ated l i t t e r  waste produced, and the average 

a p p l i c a t i o n  ra te  on a farmland area bas is f o r  1988 are presented in 

Tab le  3.

To f u r t h e r  com p l ica te  the s i t u a t i o n ,  the p o u l t r y  waste i s  not 

u n i f o r m l y  disposed o f  du r in g  the year .  In most cases, the p o u l t r y  

l i t t e r  i s  removed from the chicken houses du r in g  the spr ing  and 

land  a p p l ied  to  nearby fescue and/or bermudagrass pastures .  The 

p o u l t r y  l i t t e r  waste con ta ins  a high c o n c e n t ra t io n  o f  organ ic -N 

which subsequent ly  undergoes several  convers ion  processes t o  o the r  

forms o f  n i t r o g e n .  Of major  concern is  the b i o lo g i c a l  convers ion 

o f  o rgan ic -N  to  n i t r a t e  which i s  so lub le  in  s o i l  water .  Land 

a p p l i c a t i o n  o f  the p o u l t r y  waste can be used to  prov ide a cheap 

source  o f  f e r t i l i z e r  f o r  the pasture grasses.  However, over  

a p p l i c a t i o n  c lo s e l y  fo l l o w e d  by s i g n i f i c a n t  r a i n f a l l  may r e s u l t  in 

r u n o f f  and /o r  downward t r a n s p o r t  o f  the more mobi le elements in  the 

p o u l t r y  l i t t e r  to  the groundwater,  lakes and streams.

The re fo re ,  because o f  the high p rodu c t ion  and la rge  amounts o f  

p o u l t r y  wastes produced in  Arkansas, the economic impact o f  the

3



Fig. 1 . Percent of total state number of broilers by district.

4



Table 3. Land area,  number and d e n s i t y  o f  b r o i l e r s  and est imated 
l i t t e r  waste produced in  the three d i s t r i c t s .

D i s t r i c t  and 
County

Farmland 
Area B r o i l e r s

B r o i l e r
Densi ty

Est imated
Produced

Waste
Densi ty

D i s t r i c t  1 
Benton 
Boone 
Carro ll  
Madison 
Newton 
Washington 

TOTAL

A

302,659
242,099
240,838
260,125

98,106
362,670

1,506,497

( x 1000)

78,090

30,100
46,065

113,635
267,890

(no. /A )

258.0

125.0
177.1

313.3
177.8

( l bx1000)

195,225

75,250
115,163

234,088
669,725

( lb /A )

645.0

312.5 
442.7

783.3
444.6

D i s t r i c t  4 
Crawford 
F ra n k l in  
Johnson 
Logan 
Pol k 
Pope 
Sco tt  
Sebast ian 
Ye l l  

TOTAL

131,221
165,498
114,283
187,992
112,409
156,212
112,523
118,946
196,674

1,295,758

14,268
12,865
21,081
24,679
49,537
31,239
28,616
10,564
45,181

238,030

108.7
77.7 

184.5
131.3
440.7 
200.0
254.3

88.8
229.7
183.7

35,670
32,163
52,703
61,698

123,843
78,098
71,540
26,410

112,953
595,075

271.8 
194.3
461.2
328.2 

1,101.7
499.9 
635.8 
222.0
574.3 
459.2

D i s t r i c t  7 
Hempstead 
Howard 
La faye t te  
L i t t l e  R iv e r  
Mil l er  
Montgomery 
Pike 
Sevier  

TOTAL

182,876
102,407
110,164
146,459
174,502

78,026
68,402

126,457
989,293

35,201
43,236
16,581
3,248

14,799
17,100
22,498
37,459

190,122

192.5
422.2
150.5 
22.2 
84.8

219.2 
328.9
296.2
192.2

88,003
108,090
41,453

8,120
36,998
42,750
56,245
93,648

475,305

481.2 
1,055.5

376.3 
55.4

212.0
547.9
822.3 
740.5
480.4

in d u s t r y  on the  s ta te  and a concern to  main ta in  the wa te r  q u a l i t y  

standards o f  ou r  groundwater,  lakes  and streams, the  development o f  

p o u l t r y  waste management techniques t h a t  guide the land  d isposa l  

a c t i v i t i e s  are o f  paramount importance.  The s o l u t i o n  o f  the 

problem w i l l  i n v o lv e  both temporal and s p a t ia l  aspec ts .

5



A. Purpose and O b jec t ive s

The o b je c t i v e s  o f  t h i s  research were to  develop a PC/AT 

computer model o f  the f a t e  and t ra n s p o r t  o f  N compounds to  the 

groundwater  a f t e r  the land disposal  o f  p o u l t r y  l i t t e r ,  and t o  use 

the  model to  p r e d i c t  the f a te  o f  these compounds under nor thwest  

Arkansas '  weather and s o i l  c ond i t ion s .

B. Related Research and A c t i v i t i e s

A summary o f  Arkansas'  water mineral  q u a l i t y  data in  1971 and 

1972 showed t h a t  le ss  than 2.2 % o f  the samples tes ted  were above 

the  MCL o f  10 ppm n i t r a t e - N  (Hileman and Sabbe, 1983). A 1986 

summary, however, showed th a t  14 % o f  the w e l l s  tes ted  f o r  d r i n k i n g  

w a te r  conta ined n i t r a t e s  above the n i t r a t e - N  MCL (Hileman and 

Langston, 1986).

S tee le  and Adamski (1987) repor ted  on a 3-year  study around 

Beaver Lake Reservo i r  in  which ground water  samples were c o l l e c t e d  

in  the  sp r ing  o f  two s i t e s  d i f f e r i n g  in  land use. One s i t e  

c o n s is te d  o f  a pas tu re  in  which b r o i l e r  l i t t e r  had been a p p l ie d  

w h i l e  the o th e r  s i t e  was most ly f o re s te d .  Higher c o n c e n t ra t io n s  o f  

n i t r a t e  and c h l o r i d e  and h igher  counts o f  feca l  c o l i f o r m  and 

s t rep toco ccus  were found dur ing  the sp r ing  sampling o f  the pas tu re  

s i t e  when compared to  the fo res ted  s i t e .  They concluded t h a t  

a g r i c u l t u r a l  p r a c t i c e s  such as c a t t l e  manure, a p p l i c a t i o n  o f  

b r o i l e r  manure and commercial f e r t i l i z e r s  and s e p t ic  tank  e f f l u e n t ,  

i n d i v i d u a l l y  o r  in  combinat ion,  degraded the water q u a l i t y  o f  the 

s p r in g s .
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The data of  Hileman and Sabbe and Steele and Adamski ind icate  

that  increasing concentrations of  groundwater n i t ra te -N  are evident 

in northwest Arkansas and require an in te ns i f ied  e f f o r t  to 

understand the mechanisms responsible fo r  the increased 

contamination. I t  appears that the higher concentrat ions of  

n i t ra te-N  in these well waters in recent years is  cor re la ted with 

the explosive growth in the poul t ry  industry.

The composition and f e r t i l i z e r  value of  pou l t ry  l i t t e r  in 

Arkansas was determined by Hileman (1967 and 1973). Other studies 

have characterized the mineral izat ion of  N from po u l t ry  manure or 

l i t t e r .  Castellanos and Pratt (1981) found a l i n e a r  re la t io n sh ip  

between the N released during 10-weeks incubation and the CO2 

evolved during four weeks from pou l t ry  manure. Hadas et a l . (1983) 

reported N minera l izat ion from pou l t ry  l i t t e r  as a two-phase, 

f i r s t - o r d e r  k ine t ics  process. Both studies found tha t  a ma jo r i ty  

o f  N minera l izat ion occurred during the f i r s t  day of  

decomposition. Sims (1986) reported that  40% o f  po u l t ry  l i t t e r  

(sawdust bedding) organic N was mineralized when a l i t t e r  s lu r r y  

was incorporated in to  soi l  and incubated fo r  150 days. Gale and 

Gilmour (1986) found three d i s t i n c t  phases of  decomposition of  

pou l t ry  l i t t e r .  During the rapid phase of decomposition, net N and 

net C minera l izat ion were l i n e a r l y  re la ted a f te r  an i n i t i a l  f lush 

of  N minera l iza t ion at one day. The rapid phase was fol lowed by a 

slower phase of  net N minera l izat ion which, in turn was fol lowed by 

an even slower phase of  net N m inera l iza t ion .  They also found that

7



decomposition depended on the size f ra c t ion  of the l i t t e r  and 

temperature.

During the decomposition processes of  poult ry  l i t t e r ,  i t  is 

apparent that a considerable amount of  N is  mineral ized to 

NH4 . The ammonium formed is e i ther adsorbed onto the exchange 

complex of soi l  pa r t ic les ,  vo la t i l i z e d  as NH3, or is ox id ized to 

n i t r a te  and leached from the system. Adriano et a l . (1974) found 

tha t  loss rates of  N were soi l  water and temperature dependent.

The highest losses were found at the highest temperatures and soi l  

water contents. Their results showed tha t  losses approaching 50 % 

occurred largely  through v o la t i l i z a t i o n  of  NH3. They also 

suggested that leaching of  n i trate-N was an important loss 

pathway. Cooper et a l . (1984) showed tha t  less than 10 % o f  the 

to ta l  N applied in chicken l i t t e r  over a 4-year period was 

recovered in corn. The percent of the to ta l  N appl ied th a t  was 

found in the top 6 m of  the soi l  p r o f i l e  general ly decreased with 

increased manure N appl icat ion,  although N content increased with 

increased N appl icat ion.  Their resu l ts  c lea r ly  show tha t  NO3 

from poult ry l i t t e r  is highly mobile in the soi l  p r o f i l e  and that 

s ig n i f ic a n t  n i t ra te -N  concentrations were found at the 6 m depth. 

Their data showed a s ign i f ican t  amount o f  the to ta l  N appl ied at 

high rates of  pou l t ry  l i t t e r  appl icat ion had moved below the 6 m 

depth in the form of  n it rate-N and precluded any N mass balance 

determinations. They concluded that the most feas ib le means of  

determining the quant i ty  of manure to apply to crop growth and

8



simultaneously reduce N leaching would be to use a decay ser ies fo r  

manure decomposition combined with an estimate of  atmospheric loss.

MODEL DEVELOPMENT

The model for  predict ion of  N behavior in the so i l  environment 

was o r ig in a l l y  developed by Selim and Iskandar (1980). The 

or ig ina l  model was developed in FORTRAN on a IBM System 360 

mainframe computer and was used to simulate the movements o f  NH4, 

NO3 and water simultaneously over depth and time in land 

treatment systems. The model is based on the so lu t ion  o f  the 

t rans ien t  soi l  water f low equation simultaneously wi th the 

equations describing the transformation, t ranspor t ,  and p lant  

uptake of  N in the s o i l .  E x p l i c i t - im p l i c i t  f i n i t e  d i f fe rences was 

the numerical method used to solve the d i f f e r e n t i a l  equations. We 

chose th is  computer model over other models because of  ( 1) i t  is  

r e la t i v e l y  simple and f l e x ib le ,  (2) i t  provides the numerical 

so lu t ion to the water f low equation simultaneously wi th the 

ammonium and n i t ra te  transport  and transformat ion equations, (3) i t  

uses t rans ien t-s ta te  ra ther than steady-state f low equations, (4) 

i t  uses a layered as well as homogeneous so i l  p r o f i l e s ,  and (5) i t  

includes the biochemical pathways necessary to compute a N balance. 

A. Description of  the Model

The computer model is composed of  a main program, 11 

subroutines and three function subprograms (Appendix A). A l i s t i n g  

and short descript ion of  each of these subroutines are presented in 

Table 4. A general f lowchart o f  the model is  shown in Figure 2.

9



Table 4. Model subroutines and a short descr ip t ion  as given by 
Selim and Iskandar (1980).

Subroutine Description

IDIST.

IDIST 2

ROOTS

INDTDZ

WATER

WPROP

AMONIA

NITRAT

ZZ1

ZZ2

ZZ3

OUTPUT

TRIDM

QSF

uses the i n i t i a l  input d i s t r i b u t i o n  in the p r o f i l e

s im i la r  to IDIST except th a t  i t  allows the 
ca lcu la t ion  of  the i n i t i a l  d i s t r ib u t io n  regardless of 
locations at which measurements are provided.

provides the root d i s t r i b u t i o n  as a func t ion  o f  time 
and depth in the soi l  p r o f i l e .

used i f  the soi l  water f l u x  is  extremely small

provides the solut ion f o r  the water f low equation

provides the soi l -water proper t ies  fo r  each so i l  
l ayer

provides the solut ion to the ammonium t ra n sp o r t  and 
transformat ion equation under t rans ien t  f low  
condi t ions, and calculates the ammonium uptake by 
plant roots.

provides the solut ion to the n i t r a te  t ra n sp o r t  and 
transformation equation under t rans ien t  f low  
condi t ions,  and calculates the n i t r a te  uptake by 
p lant  roots.

provides the rate c o e f f i c ie n t  fo r  n i t r i f i c a t i o n  fo r  
each so i l  horizon as a func t ion  of  so i l  water 
pressure

provides the rate c o e f f i c ie n t  fo r  d e n i t r i f i c a t i o n  fo r  
each so i l  horizon as a func t ion  of  so i l  water content

provides the re tardation fa c to r  fo r  ammonium exchange

p r in ts  the results at spec i f ied  times and ca r r ies  out 
several in tegra t ions in order to ca lcu la te  the to ta l  
amount o f  n i t r a te  and ammonia in the s o i l  so lu t ion  
and to ta l  ammonia in the exchangeable phase.

provides the solut ion o f  a t r id iagona l  m a tr ix -vec to r  
equation.

performs the in tegra t ion  o f  a tabular  fun c t io n  Y 
given at equal distance H using trapezoidal  ru le

10



F ig .  2. Model f l o w  c h a r t .

c o n t .
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c o n t .
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c o n t .
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c o n t .
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B. Input Parameters to the Model

A menu was wri t ten where the user can enter the input data 

e i the r  in te ra c t iv e ly  from the keyboard or from a formatted input 

f i l e .  These input parameters are l is te d  in Table 5.

C. Output Parameters of the Model

The output parameters are provided by the model and can be 

requested. The output from the computer program can be displayed 

on the screen, sent to a p r in te r  or to a f i l e  f o r  la te r  

manipulation. A l i s t in g  of  the output parameters is given in Table 

6. Most o f  these output parameters are provided as a function of  

depth in the p ro f i l e  and time.
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Table 5. Input parameters and the i r  un i ts  needed fo r  the model.

i n i t i a l  time step (hr) 
i n i t i a l  soi l  depth increment (cm) 
i n i t i a l  f lu x  of  water appl icat ion (cm/hr) 
evapotranspiration rate (cm/hr)
N uptake rate (ug/hr cm of root length)
Michael is constant (ug/ml)
concentration o f  the applied NH4-N (ug/L)
concentration o f  the applied NO3-N (ug/L)
solute dispersion coef f ic ien t  (cnn/hr)
to ta l  thickness of  the soi l  p r o f i l e  (cm)
so i l  depth to the f i r s t  soi l  layer (cm)
so i l  depth to the second soi l  layer (cm)
so i l  water parameters for the f i r s t  3 horizons which include

a. eta value
b. alpha value
c. a value
d. b value

bulk density (g /cm3) and saturated water content (cn r /cn r )  
fo r  the f i r s t  3 horizons.

ammonium d is t r ib u t io n  coe f f ic ien t  fo r  the f i r s t  3 horizons
(cm3/g ) 

n i t r i f i c a t i o n  ra te coe f f ic ien t  fo r  the f i r s t  3 horizons (hr -1.) 
d e n i t r i f i c a t i o n  rate coe f f ic ien t  f o r  the f i r s t  3 horizons 

(h r - 1)
duration of  pou l t ry  l i t t e r  appl icat ion (hr) 
time before the next appl ication s ta r ts  (hr) 
simulat ion time (hr)
pressure head at specified soi l  depths fo r  i n i t i a l  d i s t r i b u t i o n  

(cm)
so i l  water content at specified so i l  depths fo r  i n i t i a l  

d i s t r ib u t io n  (cnr/cnr)
NH4-N concentrat ion at specif ied so i l  depths fo r  i n i t i a l  

d i s t r ib u t io n
NO3-N concentrat ion at specif ied so i l  depths fo r  i n i t i a l  

d i s t r ib u t io n .
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Table 6 . Output parameters and th e i r  units given by the computer 
model.

so i l  water pressure head (cm) 
so i l  water content (cm3/cm3) 
so i l  water f low ve loc ity  (cm/hr)
ammonium concentration in the soi l  solut ion (mg N/ml)
n i t r a te  concentration in the soi l  solut ion (mg N/ml)
to ta l  NO3-N in the soi l  solu t ion phase (ug)
to ta l  NH4-N in the soi l  solu t ion phase (ug)
to ta l  NH4 in exchangeable phase (ug)
to ta l  NH4-N in the soi l  p r o f i l e  (ug)
to ta l  N d e n i t r i f i e d  (ug)
to ta l  NO3 uptake (ug)
to ta l  NH4-N uptake (ug)
mass balance fo r  the water, NO3, and NH4 in the p r o f i l e

18



SIMULATION RESULTS

A speci f ic  set o f  inputs were chosen to i l l u s t r a t e  the usefulness 

of  the computer model in simulating the transport  and d i s t r i b u t i o n  of 

so i l  water, NH4-N and NO3-N. The input data used in the 

simulations are presented in Table 7. The example used is  f o r  a 300 

ug in jec t ion  of  NH4-N every 7 days fol lowed by a d a i l y  app l ica t ion  

rate of 12 cm o f  water and evapotranspirat ion rate o f  0.24 cm/day. 

A f te r  7 days o f  simulat ion of the d i s t r ib u t io n  of  water, NH4 and 

NO3, the computer model updates the inputs which is  then fol lowed 

by another in je c t io n  of  300 ug and 7 days of  s imula t ion.  This 

process was repeated every 7 days f o r  a to ta l  s imulat ion time of  84 

days. The depth o f  the soi l  p r o f i l e  was assumed to be 140 cm. The 

i n i t i a l  and f in a l  d is t r ib u t io ns  o f  so i l  water pressure, water 

content, f low v e lo c i t y ,  and concentrat ions o f  NH4 and NO3 are 

given in Table 8 .

As shown in Figure 3 the NH4-N was removed from the top soi l  

very rap id ly ,  whi le i t s  d is t r ib u t io n  in the deeper s o i l  layers 

continued to increase at a re la t i v e l y  slow ra te . The removal of  the 

ammonium nitrogen from the top so i l  can be explained by the fac t  that 

i t  is subjected to bio logical  d iss ipa t ion  processes such as plant 

uptake and conversion to n i t ra te  by the n i t r i f y i n g  ba c te r ia .  I t  

should also be mentioned here tha t  in th is  s imulat ion, 77.8% of  the 

plant roots were assumed to be in the top 15 cm of  the s o i l  p r o f i l e .

The data in Figure 4 shows tha t  NO3-N moved ra p id ly  in the soi l

19



20

Table 7. Input data used fo r  the computer simulat ions.
I n i t i a l  time step
I n i t i a l  depth increment
Total so i l  depth
Depth to the f i r s t  layer
Depth to the second layer
Continuous f lu x  o f  water appl icat ion
Evapotranspiration rate
Nitrogen uptake rate
Michael is constant
Concentration o f  appl ied NH4-N
Concentration o f  appl ied NO3-N
Solute dispersion c o e f f i c ie n t
Duration o f  l i t t e r  app l ica t ion
Simulat ion time fo r  one cycle
Total time of  simulat ion
Time fo r  output

= 0.01 hr 
= 1.0 cm 
= 150.0 cm 
= 15.0 cm 
= 45.0   cm 
= 0.5 cm/hr 
= 0.01 cm/hr 
= 0.001 mg/ml 
= 1.0 mg/ml 

25.0 mg/ml 
0.0 mg/ml 

= 2.5 cm2/h r  
= 10.0 hrs 
= 168.0 hrs 
= 84.0 days 
= 24.0 hrs

F i r s t  layer Second layer Third layer

Eta 
Al pha 
a 
b
Bulk density

0 .9600E-05 
0.2763E+2 

100.0 
1.0 
1.41

0 .2200E-05 
0.3070E+2 

40.0 
1.0 
1.59 
0.42 
0.25 
0.10 
0.01

0 .2100E-05 
0 .3887E+02 

30.0 
1.0 
1.55 
0.34 
0.25 
0.10 
0.01

Saturated water content 
NH4-N d is t r ib u t io n  coef f .  
NH4-N n i t r i f i c a t i o n  coe f f .  
N03-N d is t r ib u t io n  coe f f .

0.44
0.25
0.10
0.01



Table 8. I n i t i a l  and f in a l  d is t r ib u t io n s  of  the output parameters.

Depth
Pressure
head

Water
content

Flow
ve loc i ty

Concentration
nh4 no3

cm cm cm3/cm3 cm/hr ug/ml

Day 1 
0

10
20
30
40
50
60
70
80
90

100
110
120
130
140

-30.1 
-20.5 
-13.4 
-11.5 
-14.0 
-85.7 
-77.1 
-68.6 
-60.0 
-51.4 
-42.9 
-34.3 
-25.7 
-17.1 
- 9.7

0.34
0.37
0.32
0.33
0.31
0.09
0.10
0.10
0.11
0.13
0.14
0.16
0.18
0.22
0 .26

0.0000
0.0049
0.0094
0.0256
0.0475
0.0645
0.0000
0.0005
0.0003
0.0002
0.0001
0.0001
0.0001
0.0001
0.0001

20.40
20.52
20.76
21.05
21.35
21.55
21.70
21.80
21.83
21.84 
21.87 
21.99 
22.14 
22.31 
22.50

1.93
1.92 
1.82 
1.68 
1.54 
1.88
2.59 
3.22 
3.80 
4.31 
4.65
4.59 
4.28
3.93 

 3.55

Day 84 
0

10
20
30
40
50
60
70
80
90

100
110
120
130
140

-50.3 
-41.0 
-31.1 
-25.6 
-21.2 
-17.8 
-16.8 
-16.0 
-15.4 
-14.8 
-14.3 
-13.8 
-13.3 
-12.4 
- 8.6

0.29
0.31
0.24
0.26
0.27
0.21
0 . 22
0.22
0.23
0.23
0.23
0.23
0.24
0.24
0.26

0.0000
0.0082
0.0001
0.0009
0.0034
0.0055
0.0077
0.0094
0.0110
0.0127
0.0143
0.0159
0.0175
0.0191
0.0205

0.00 
0 .00 
0.06 
0.73 
2.45 
4.76 
7.37 
9.96 

12.36 
14.42 
16.04 
17.30 
18.26 
19.06 
19.82

         0.00 
         0.00 
         0.09 
         0.80 
         2.46
         4.41 

6.12
         7.29 
         7.84 
         7.85 
         7.45 
         6.80 
         6.05 
         5.21
 4.21
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Fig. 3. Predicted ammonium nitrogen distribution
with depth and time following weekly appli
cation of 300 micrograms of NH4-N.
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Fig. 4. Predicted nitrate nitrogen distribution 
with depth and time following weekly 
application of 300 micrograms of NH4-N.

23



p r o f i l e  f o l l o w i n g  the  a p p l i c a t i o n  o f  the ammonium n i t rogen .  As t ime 

proceeds,  the c o n c e n t r a t i o n  o f  the NO3-N decreased at  a 

h i g h e r  r a t e .  The computer model p re d ic te d  th a t  the amount o f  n i t r a t e  

a v a i l a b l e  f o r  le a c h in g  a t  the bottom o f  the s o i l  p r o f i l e  decreased 

w i t h  t im e  i n d i c a t i n g  t h a t  the re  is  a p o t e n t i a l  f o r  groundwater 

con ta m in a t io n  im m ed ia te ly  a f t e r  the a p p l i c a t i o n  o f  the p o u l t r y  l i t t e r  

i f  the  s o i l  c o n d i t i o n s  are fav o rab le  and t h a t  as t ime proceeds t h i s  

p o t e n t i a l  f o r  le a c h in g  decreases.

The data  in  F igu re  5 shows the s imu la ted  r e s u l t s  o f  NH4- and 

NO3 - p l a n t  uptake ove r  84 days. The uptake o f  NH4-N was h ighe r  

than NO3 -N a t  a l l  t im e s ,  as was in d ic a te d  c l e a r l y  in Fig.  3.

The cumula t ion  o f  the  t o t a l  amount o f  NH4- and NO3-N in the 

s o i l  s o l u t i o n  phase o f  the  e n t i r e  s o i l  p r o f i l e  is  shown in  F ig .  6 . 

There was a f l u s h  o f  NO3 -N a f t e r  the a p p l i c a t i o n  o f  the p o u l t r y  

l i t t e r ,  then g r a d u a l l y  the  NO3 d isappeared as a r e s u l t  o f  p la n t  

uptake and le a c h in g .  Much o f  the NH4-N was in  the s o lu t i o n  phase 

in  the  s o i l  p r o f i l e ,  except a t  the beg inn ing o f  the s im u la t ion  when 

th e r e  was a la rg e  p l a n t  uptake.

The cum u la t ive  amounts o f  d e n i t r i f i e d  N over the 84 days o f  

s im u l a t i o n  i s  shown in  F igure  7. In genera l ,  these r e s u l t s  show th a t  

d e n i t r i f i c a t i o n  proceeded in  two phases. The f i r s t  phase la s te d  f o r  

21 days and proceeded a t  a r a te  o f  3.3 ug/day. This was fo l low e d  by 

the second phase which l a s te d  f o r  much longer  t imes and a t  a r a te  o f  

0.6 ug /day .
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F ig .  5 . P r e d ic t e d  ammonium and  n i t r a t e  n i t r o g e n  
u p ta k e  b y  p la n t s  as a f u n c t io n  o f  t im e  
f o l l o w in g  w e e k ly  a p p l i c a t i o n  o f  300 
m ic ro g ra m s  o f  NK4 -N .
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Days

F i g . 6 .  P r e d i c t e d  t o t a l  ammonium and n i t r a t e  n i t r o g e n
i n  th e  s o l u t i o n  pha se  as a f u n c t i o n  o f  t im e
f o l l o w i n g  w e e k ly  a p p l i c a t i o n  o f  300 m ic r o g r a m s
o f  NH4-N .4
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F i g .  7 .  P r e d i c t e d  am o un ts  o f  n i t r o g e n  d e n i t r i f i e d  
as  a f u n c t i o n  o f  t im e  a f t e r  w e e k ly  a p p l i 
c a t i o n  o f  300 m ic r o g r a m s  o f  NH4-N.
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CONCLUSIONS

S im u la t io n  o f  the t r a n s p o r t  and t r a n s fo rm a t io n s  o f  NH4 and 

NO3 in  the s o i l  p r o f i l e  showed j u s t  a few o f  the c a p a b i l i t i e s  o f  

the computer model. The r e s u l t s  showed t h a t  the model i s  f l e x i b l e  

and dynamic and can be used as a too l  in  deve lop ing  management 

schemes in  the p o u l t r y  l i t t e r  d isposa l  on any s o i l  se r ies  and weather 

c o n d i t i o n s  in Arkansas.

In the f u tu re  a more d e t a i l e d  weather sub rou t ine  should be 

in t e r f a c e d  w i th  the model to  extend i t s  use f o r  the p r e d i c t i o n  o f  

p o u l t r y  l i t t e r  d isposa l  on any s o i l  s e r ie s  t h a t  e x i s t  in Arkansas.

The model c a p a b i l i t i e s  can a lso be extended by f u r t h e r  development o f  

the t ra n s fo rm a t io n  scheme o f  the p o u l t r y  l i t t e r  and by in c re a s in g  the 

t ime o f  a p p l i c a t i o n  f rom a weekly schedule to  an annual schedule .

The a d d i t i o n  o f  o the r  f a c to r s  t h a t  may have a s i g n i f i c a n t  e f f e c t  on 

the t ra n s fo rm a t io n s  and subsequent r e d i s t r i b u t i o n  o f  N from a p o u l t r y  

l i t t e r  a p p l i c a t i o n  inc lude  tempera ture .  A l l  o f  these a d d i t i o n s  w i l l  

he lp  in producing more r e a l i s t i c  s im u la t io n s  o f  the f a te  o f  N in the 

envi ronment  from the a d d i t i o n  o f  p o u l t r y  l i t t e r .
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