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SUMMARY: The decomposition of soybean, corn, sun- 
flower and wheat residues was studied under field 
conditions. The effect of temperature, moisture 
and carbonlnitrogen ratio on the decomposition rate 
was evaluated. The experimental data were used to 
check two residue decay models. 



Abstract 

Residue decay study is e s s e n t i a l  f o r  designing e f f e c t i v e  crop res idue  

management systems. The decomposition of soybean, corn, sunflower and wheat 

r e s idues  has been s tudied  under f i e l d  condit ions.  Af ter  10 months exposure, 

r e s idue  l o s s e s  were 74, 71, 61 and 36% f o r  soybean, corn, sunflower and wheat 

res idues ,  respect ive ly .  Temperature, moisture and carbonlni trogen r a t i o  were 

t h e  most important f a c t o r s  t h a t  a f f e c t e d  decomposition, The r a t e  was rap id  

under high temperatures and adequate moisture condi t ions ,  Crop res idues  with 

a low c a r b o d n i t r o g e n  r a t i o  decomposed a t  a more rap id  r a t e  than crops  with 

high ca rbodn i t rogen  r a t i o .  The i n t e r a c t i o n  e f f e c t  of t h e  above important  

f a c t o r s  on decomposition r a t e  was a l s o  studied.  Experimental da ta  were used 

t o  check two res idue  decay models developed by Gregory e t  a l .  (1983). 

In t roduct ion  

Crop res idue  is use fu l  f o r  eros ion con t ro l ,  maintaining s o i l  

product iv i ty ,  and improving s o i l  physical  proper t ies .  Poor r e s idue  management 

inc reases  s o i l  erosion,  p lan t  n u t r i e n t  losses ,  and decreases  s o i l  

productivi ty.  I n  order  t o  design e f f e c t i v e  crop res idue  management systems, 

it is necessary t o  determine the  amount of r e s idue  t h a t  is l e f t  on t h e  s o i l  

/ 
throughout the  year. 

Crop res idue  decomposition is a f fec ted  by temperature, moisture,  aera-  

t i o n ,  pH, a v a i l a b l e  n u t r i e n t s ,  C/N r a t i o ,  l i g n i n  content  and age and s i z e  of 

ma te r i a l  (Parr  and Papendick, 1978). However, experimental da ta  a v a i l a b l e  i n  

t h e  l i t e r a t u r e  i n d i c a t e  t h a t  temperature, moisture, C/N r a t i o ,  end l o c a t i o n  on 

o r  within t h e  s o i l  p r o f i l e  a r e  t h e  most important f a c t o r s  (Reddy e t  , a l . ,  

1980). Previous researchers  have se lec ted  c e r t a i n  f a c t o r s  such a s  

temperature, moisture o r  placement i n  t h e  s o i l  p r o f i l e  and inves t iga ted  t h e i r  



i n d i v i d u a l  e f f e c t s  on r e s i d u e  decomposition f o r ' p a r t i c u l a r  c rops  (Waksman and 

Ger re t sen ,  1931; P a l  and Broadbent, 1975; Parker ,  1962; Brown and Dicky, 

Th i s  paper compares t h e  decomposition r a t e s  of soybean, corn,  sunflower 

and wheat r e s i d u e s  under f i e l d  condi t ions .  It a l s o  checks two r e s idue  decay 

models developed by Gregory e t  al.  (1983). 

Experimental Design and Procedure 

Residue decay was s t u d i e d  f o r  f o u r  c rops  a t  Fleetwood Farm, loca t ed  e i g h t  

miles e a s t  of Columbia, Missouri.  Approximately 25 grams of soybean, corn,  

sunflower and wheat r e s i d u e s  were placed i n  8x16" f i b e r g l a s s  c l o t h  bags. A 

t o t a l  of 60 bags f o r  twelve month's s tudy  were prepared f o r  each r e s idue  type. 

A l l  bags were oven-dried a t  1050C f o r  24 hours  t o  o b t a i n  t h e i r  i n i t i a l  oven 

dry  weights.  . On January 30, 1981, t h e  bags were taken  t o  t h e  f i e l d  and 

randomly placed on t h e  s u r f a c e  of t h e  s o i l  i n  f i v e  rows. The ends of t h e  bags 

were n a i l e d  t o  t h e  s o i l  t o  prevent  t h e i r  removal by wind. A t  monthly 

i n t e r v a l s  f i v e  bags from each r e s i d u e  type  were removed and l o s s  i n  weights  

were measured. 

Residue bags were contaminated wi th  s o i l  p a r t i c l e s  a f t e r .  commencement of  

i n t e n s e  r a i n s  i n  March. Th i s  contaminat ion caused f i n a l  weights  of r e s i d u e  

bags t o  be g r e a t e r  than  t h e  i n i t i a l  weights.  Cor rec t ions  were made f o r  t h e  

a d d i t i o n  of  s o i l  by ana lyz ing  t h e  decay on an ash-free bas is .  The procedure 

desc r ibed  by Parker  (1962) was followed i n  t h e  a s h  percent  determinat ion.  

Temperature and p r e c i p i t a t i o n  d a t a  were c o l l e c t e d  from Columbia Regional 

Ai rpor t .  Monthly va lues  of decomposition, temperature and r a i n f a l l  a r e  given 

i n  Table 1. Carbon and n i t rogen  de termina t ions  were done f o r  t h e  i n i t i a l  c rop  

samples only. I n  determining t h e  t o t a l  n i t r o g e n  i n  p l a n t  r e s idue ,  t h e  



Table 1. Decomposition Rates, Mean Monthiy Temperature, and Monthly Precipi- 
tation Data from February 198l'through November 1981. 

MONTH 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

MONTHLY 
PRECIP. 
(INCHES) 

1.09 

1.33 

5.47 

7.71 

8.02 

12.14 

2.48 

0.68 

4.03 

3.60 

MEAN 
MONTHLY 
TEMP. 
"C 

0.78 

6.94 

16.11 

15.06 

23.56 

25.61 

23.78 

20.17 

12.78 

8.17 

-. 

Soybean 
Residues 

10.16 

12.19 

22.26 

28.60 

52.49 

64.23 

72.82 

70.55 

72.65 

74.07 

DECOMPOSITION 

Corn 
Residues 

7.98 

9.97 

7.66 

22.27 

28.96 

51.90 

57.59 

59.39 

75.36 

71.21 

RATES (Percent) 

Sunflower 
Residues 

7.82 

14.73 

10.67 

8.16 

25.86 

44.68 

39.54 

41.78 

62.81 

61.45 

Wheat 
Residues 

3.53 

5.60 

2.07 

6.64 

12.11 

30.11 

26.22 

32.24 

40.79 

36.14 



procedure desc r ibed  by Nelson e t  a l .  (1973) was followed. For carbon 

a n a l y s i s ,  t h e  procedure desc r ibed  by Mebius (1960) was used. 

Treatment R e s u l t s  

Soybean r e s i d u e  decomposed a t  a f a s t e r  r a t e  than  corn ,  sunflower o r  wheat 

r e s idue .  A f t e r  t e n  months about  75% of t h e  o r i g i n a l  mass was l o s t  (Fig.  1). 

Decomposition was slow i n  February and March due t o  low temperature .  I n  June 

and J u l y  h igh  tempera tures  and adequate  mois ture  c r e a t e d  f avo rab l e  c o n d i t i o n s  

f o r  mic rob ia l  a c t i v i t i e s  t o  occur  and r e s u l t e d  i n  h igh  decomposition r a t e s .  

Decomposition proceeded s lowly i n  August, September, October and November as 

r a i n f a l l  and tempera ture  decreased.  

F igu re  2 i l l u s t r a t e s  t h e  decomposition r a t e  of  corn r e s idue .  The p roces s  

was slow from February u n t i l  June. Only 29% of t h e  o r i g i n a l  mass was l o s t  by 

t h e  end of June. It proceeded r a p i d l y  i n  Ju ly .  About 52% of  t h e  t o t a l  mass 

was decomposed. August and September were r e l a t i v e l y  dry  and l o s s  i n  weights  

were i n s i g n i f i c a n t .  R a i n f a l l  i nc reased  aga in  i n  October,  Th i s  s t imu la t ed  

mic rob ia l  a c t i v i t y  and r e s u l t e d  i n  a s i g n i f i c a n t  l o s s  of r e s i d u e  weight. 

After t e n  months, decomposition was 71%. 

Residue weight l o s s e s  were not  statistically.significant from February 

u n t i l  May from sunflower r e s i d u e s  (Fig.  3) .  I n  June almost  one-fourth of  t h e  

t o t a l  mass was l o s t ,  and by t h e  end of J u l y  about  45% was decomposed. I n  

August and September decomposition was q u i t e  slow due t o  dry weather bu t  

i n c r e a s e d  a g a i n  i n  October. About 62% of t h e  t o t a l  mass was decomposed a f t e r  

t e n  month's s tudy.  

Rate  of decomposition f o r  wheat r e s i d u e s  was n o t i c e a b l y  s lower than  

soybean, co rn ,  and sunflower (Fig.  4). The 5% LSD comparison app l i ed  showed 

t h a t  l o s s  i n  weights  were no t  s i g n i f i c a n t l y  d i f f e r e n t  from February u n t i l  May. 

Decomposition was s l i g h t l y  h ighe r  i n  June. About 18% of t h e  o r i g i n a l  mass was 



lost. Similar to other crop residue types, decomposition slowed in August and 

September and accelerated in October. 

Residue Decay Model 

Experimental evidence indicates that decomposition of crop residue best 

follows first order kinetics described by the following equation: 

where, 

M, = original mass of residue, 
M = amount of residue at time t, 
t = time in days, and 
k = first order rate constant. 

The above equation doesn't take into account important variables such as 

temperature, moisture and C/N ratio. Recent models developed by Gilmour et 

al. (1977) and Reddy et al. (1980) take into account the aforementioned 

variables. Basically, Gilmour and Reddy's models assumed decomposition to 

follow first order kinetics. However, the kinetic rate constant, k, was 

adjusted for changes in temperature, moisture, C/N ratio and method of appli- 

cation. These models are difficult and complicated to apply. Gregory et al. 

(1983) developed two simple residue decay equations described below which are 

verified in this study using the measured data. 

1) Theoretical Residue Decay Model: 

The equation was derived based on changes in surface area and is given 

by: 

where, 

M = present mass of residue, 
Mo = initial mass of residue, 



u = a c o n s t a n t ,  
Ro = r a d i u s  of one stem,. and 
T = a  t ime v a r i a b l e  ad jus t ed  f o r  t empera ture  and 

mois ture  c o n d i t i o n s  and t h e  i n i t i a l  C/N r a t i o  
of r e s idue .  

t is c a l c u l a t e d  wi th  t h e  fo l lowing  equat ion:  

where, 

T = time (days) ,  
t = t empera ture  (OC above z e r o ) ,  
C/N = i n i t i a l  C/N r a t i o ,  and 

c 
2 

Am = mois ture  index  = C I 
i=l i 

where, 

I = depth of r a i n f a l l  on a given day, and 
i = t h e  day number wi th  t h e  p re sen t  day being 1, 

t h e  prev ious  day being 2, etc. 

2) Modified Exponent ia l  Decay Equation: 

Th i s  is a simple exponent ia l  decay equa t ion  us ing  a time v a r i a b l e  

weighted f o r  v a r i a t i o n s  i n  temperature ,  r a i n f a l l ,  and i n i t i a l  c a r b o d n i t r o g e n  

r a t i o  of  t h e  r e s idue .  The equa t ion  s t a t e s :  

where, 

M, M, and T are def ined  above, and 
k = a c a l i b r a t i o n  c o e f f i c i e n t .  

Model R e s u l t s  

The t h e o r e t i c a l  r e s i d u e  decay model given i n  equa t ion  2  was checked us ing  

measured da ta .  Ghidey (1982) desc r ibed  t h e  computat ional  methods of t h e  

v a r i o u s  parameters .  The equa t ion  was t r e a t e d  a s  a  l i n e a r  r e g r e s s i o n  model. 

The squa re  r o o t  of  t h e  r a t i o  of t h e  r e s i d u e  remaining, [ M/Mo was t h e  . 



dependent v a r i a b l e  whi le  t h e  f a c t o r  r was t h e  independent v a r i a b l e  of  t h e  

model. The scatter diagram and l i n e a r  r e g r e s s i o n  l i n e s  showing t h e  r e l a t i o n -  

s h i p s  between t h e  v a r i a b l e s  f o r  soybean, corn,  sunflower and wheat r e s i d u e s  

a r e  given i n  F igu re s  5 ,  6, 7  and 8, r e s p e c t i v e l y .  The fo l lowing  equa t ions  

were obtained:  

Soybean Residue: 

[M I 'I2 = 0.948 - 0.0072 [ r ]  
M, 

Corn Residue: 

Sunflower Residue: 

[ M I  'I2 = 0.981 - 0.0062 [ r ]  
M, 

Wheat Residue: 

[ M I  ' I 2  = 0.998 - 0.01 [ r ]  
Mo 

F igu re s  5 through 8 have g e n e r a l l y  shown t h a t  t h e  l i n e a r  r e g r e s s i o n  model 

approach is a p p r o p r i a t e  f o r  t h e  r e l a t i o n s h i p  between t h e  v a r i a b l e s  [ M/M, 11/2 

and r .  The f i t  of d a t a  is  considered good i n  a l l  p l o t s .  The c o e f f i c i e n t s  of  

de te rmina t ion ,  r 2 ,  ob ta ined  were a l l  c l o s e  t o  one, which i n d i c a t e s  t h a t  t h e  

model is a p p r o p r i a t e  f o r  t h e  measured data .  The p l o t t e d  d a t a  a l s o  gave 

i n t e r c e p t  va lues  c l o s e  t o  one, which a g r e e s  wi th  t h e  t h e o r e t i c a l  value.  



Because it t a k e s  i n i t i a l  r a d i u s  i n t o  cons idera t ion ,  t h e  va lue  of u/Ro is 

n o t  t h e  same f o r  d i f f e r e n t  c rop  r e s i d u e  types.  Residues wi th  smal le r  Ro a r e  

expected t o  have g r e a t e r  u/Ro va lues  t h a n  r e s idues  with l a r g e r  Ro. u/Ro 

v a l u e s  i n  t h e  above equat ions  ag ree  with t h i s  s tatement .  

According t o  t h e  model, t h e  value of t h e  cons tan t ,  u, must be t h e  same 

f o r  a l l  c rop  r e s i d u e  types. However, u has  no t  been evalua ted  because t h e  

i n i t i a l  r a d i u s  of t h e  r e s i d u e  was no t  measured. For f u r t h e r  v e r i f i c a t i o n  of 

t h e  equat ion ,  t h e  va lue  of u must be checked t o  e v a l u a t e  i f  it is t h e  same f o r  

d i f f e r e n t  r e s i d u e  types.  

The modified exponent ia l  decay model descr ibed  i n  equat ion  4 h a s  a l s o  

been checked us ing  t h e  same measured da ta .  The curves  p l o t t e d  i n  F igures  9 

through 12 f o r  soybean, corn,  sunflower and wheat r e s idues ,  r e s p e c t i v e l y ,  gave 
i . ,  

t h e  fo l lbwing .  eq;ations: 

Soybean Residue: 

Corn Residue: 

Sunflower Residue: 

M = 0. 97e-0.019 
M, 



Wheat Residue: 

M = 0.gge-O.O31~ 
M, 

Because of t h e  good f i t  of da t a ,  an$ h igher  r 2  va lues  t h e  exponent ia l  

decay equat ion  is a l s o  an adequate r e s idue  decay model f o r  t h e  a v a i l a b l e  

' experimental  data.  

Summary Conclusions 

The decomposition of soybean, corn,  sunflower, and wheat r e s i d u e s  has 

been s tud ied  under f i e l d  cond i t ions  a t  t h e  Univers i ty  of Missouri-Columbia. 

The e f f e c t  of temperature,  moisture and c a r b o d n i t r o g e n  r a t i o  has a l s o  been 

evaluated.  The s tudy has  shown t h a t  high temperature and adequate moisture 

c r e a t e d  favorable  cond i t ions  f o r  microbia l  a c t i v i t y  and r e s u l t e d  i n  more r ap id  

Decomposition was a l s o  a f f e c t e d  by t h e  i n i t i a l  carbon/- decomposition r a t e s .  

n i t rogen  r a t i o  of c rop  res idues .  Under similar cond i t ions  r e s i d u e s  wi th  a 

low carbon/ni t rogen r a t i o  decomposed a t  a more r a p i d  rate than  r e s i d u e s  with a 

high  car b o d n i t r o g e n  r a t i o .  Wheat r e s i d u e s  wi th  h igh  r a t i o s  (106.95) 

decomposed a t  a s i g n i f i c a n t l y  lower r a t e  than .soybean (30.81) and corn 

(27.81). Residue decay equat ions  developed by Gregory e t  al. (1983) have a l s o  

been checked us ing  t h e  measured da ta ,  Both models were found t o  be adequate 

f o r  modeling r e s idue  decay f o r  s o i l  and water conservat ion work. 
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Figure 1: Percent of Soybean Residue remaining 
from January 1981 through November 1981. 
Points containing different letters are 
significantly different at 5% level. 



Figure 2: 'Percent of Corn Residue remaining from 
January 1981 through November 1981. 
Points with the same letters are not 
significantly different at 5% level. 
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Figure 4: Percent of Wheat Residue remaining from 
January 1981 through November 1981. Points 
containing the same letters are not sig- 
nificantly different at 5% level. 
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Figure 6: Effect of Climate and Residue type parameters on 
rate of'de~om~osition for Corn Residue. 
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Figure 8 :  Effect of Climatic and Residue type paramelters 

1 on the rate of decomposition for Wheat Respdues. 
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