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Plants can and do absorb ammonium ions but the majority of the total nitrogen is 

obtained from nitrate ions. 

Except for nitrite and nitrate, ammonia oxidizers are also able to produce NO via 

nitrite reduction, which results in the production of N2O, an important greenhouse gas 

that can escape to the atmosphere. Denitrification is the process of reducing soil 

nitrate to the N gases NO, N2O, and N2. A wide variety of mostly heterotrophic 

bacteria can denitrify, whereby they use NO3
-
 rather than oxygen as a terminal 

electron acceptor during respiration. Because nitrate is a less efficient electron 

acceptor than oxygen, most denitrifiers undertake denitrification only when O2 is 

otherwise unavailable. In most soils this occurs mainly following rainfall as soil pores 

become water-saturated and the diffusion of O2 to microsites is slowed. Typically 

denitrification starts to occur at water-filled pore space concentrations of 60% and 

higher (Galitz, 2009) .  

2.4.2 Crop nitrogen uptake curve 

The amount of N taken up by the crop has a major impact on overall crop growth 

rate. Maximizing N recovery by the following crop is of paramount importance in 

organic systems. This requires synchrony of N release from incorporated plant 

material with crop N demand (Wagger, 1989). Swift (1987) originally proposed the 

concept of synchrony to describe the linking of nutrient demand with nutrient release 

from mineralization of organic matter.  

Since N is not stable in soil and becomes less available for crop uptake over time, 

application timing is important. As Figure 2.4 shows, much of the N uptake occurs in 

a relatively short time period. If nitrogen is insufficient during this period, yield loss 

will occur. Applying nitrogen immediately before or during this period will result in 
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higher uptake by the crop and less nitrate lost to leaching or transformations to 

unavailable forms and ultimately in greater yields. 

In practice, the pathways by which plant-available forms of N are released from 

legume organic residues and taken up by a subsequent crop can be complex. While 

annual legume rotations often have a flush of N mineralization from residues, the rate 

of accumulation of inorganic N in soils does not normally match that caused by 

conventional fertilizer applications (Groffman, et al., 1987). The decomposition and 

mineralization of legume proteins in organic residues into inorganic forms is a 

microbial-mediated process with the breakdown of organic compounds being used to 

provide the soil microbes with a carbon source for respiration and growth. Much of 

the simple organic N released is rapidly assimilated (immobilized) by the soil 

microbial population. Inorganic N only accumulates in soil if the amounts of N 

released from the organic residues exceed the C-limited microbial requirement for N 

for growth (Crews and Peoples, 2005) 

Since legume residues tend to have a relatively high N content and a low C/N 

ratio they are usually expected to result in net mineralization (Kumar and Goh, 1999). 

However, a range of other constituents (e.g. lignin, polyphenols, and soluble C and N 

compounds) also influence microbial activity and mineralization, and predictions 

based simply on the basis of the %N or C/N ratio of legume tissues can be misleading. 

The relatively low recovery of legume residue N by subsequent crops, 

particularly in temperate regions, has led some to suggest that legumes are an 

inefficient source of N (Hesterman et al. 1987; Harris et al. 1994). However, in 

studies that compared yields of crops grown on legume vs. fertilizer sources of N, the 

yields achieved were often similar (Ladd and Amato, 1986; Janzen et al., 1990; Harris 

et al., 1994). Thus, studies that estimate uptake efficiencies of labeled N from recently 
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applied legume residues have a tendency to underestimate the overall N-supplying 

capacity of a legume-based system.  
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Figure 2.1 Established decomposition pattern. The + and − signs indicate positively 

and negatively related effects, respectively, to increased concentrations of nutrients 

and lignin (Berg and McClaugherty, 2007) 
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Figure 2.2 General Nitrogen Cycle (Taitt) 
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Figure 2.3 A conceptual diagram depicting the factors that control rates of nutrient 

release from organic matter. (Prescott, 2005a) 
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Figure 2.4 Generalized Nitrogen Uptake Pattern in Corn (Hergert, et al.) 
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mineralization at temperature treatments reflecting both diurnal and seasonal 

variations; Andren and Pausian (1987) also found degree days to be useful in 

modeling field decomposition of barley straw.  

Soil temperature was low (around 2℃) when the litter bags were placed in the 

field in the fall of 2011 and the degree days accumulated slowly at the beginning 

couple of months (see Figure 4.12). Beginning on day 75 after burial soil temperature 

increased and degree day accumulated linearly till day 250. There was a loss of 47 to 

82% of litter during the first two sampling periods when soil temperatures were low 

and little biological activity is expected (see Figure 4.11and Figure 4.13 ). The mass 

loss was likely due to a physical process where soluble material was leached by water. 

From initial fiber analysis, cover crops had 65 to 70% of soluble materials (see Table 

4.5 Initial nutrients contents), which agrees with the amount of mass loss during this 

time period.   

4.4 Conclusion  

There is an interaction effect of cover crop species and incorporation timing on 

the decomposition rates. Decomposition rates of the five treatments follow the order: 

SW> SR > WF > FR > FS. Mass loss, nutrient content, and litter quality were all 

changed, mostly in the first 0-3 months, which indicates that the early stage of cover 

crops incorporation is critical to cover crop management. To describe the 

decomposition process, the asymptotic models were most appropriate. However, the 

models didn’t perfectly fit the data; it may be due to the lack of data in the beginning 

couple weeks, and the drought of 2012.  

 

 

 



 

42 

 

 

Table 4.1 Treatment design for litter bag study 

Burial 

Season Plants Treatment 

 

Plot 

 

Repetition 

Fall Red Clover FR 4 4 

Fall White Clover FW 4 4 

Fall Soybean FS 4 4 

Spring Red Clover SR 4 4 

Spring White Clover SW 4 4 
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Table 4.2 ANOVA analysis of treatment and incorporation time as it affects the mass 

left percentage 

Class Level Information 

Class Levels Values 

Season 2 Fall Spring 

Plant 3 RedC   Soybean   WhiteC 

Time 11 0 2 4 8 12 16 20 24 28 32 36 

Treatment 5 FR FS FW SR SW 

 

 

 

Type III Tests of Fixed Effects 

Effect Num DF F Value Pr > F 

Treatment 4 414.98 <.0001 

Time 10 2937.04 <.0001 

Time*Treatment 30 29.52 <.0001 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Number of Observations Read 719 

Number of Observations Used 656 
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Table 4.3 Models used to describe the decomposition of litter 

Formula  Comments Characteristic  Reference 

Mt=M0e
-kt

 

Single 

exponential 

Leaves no 

residue (Olson, 1963) 

 
 

 

Asymptotic leaves a residue 

(Howard and Howard, 

1974) 
 

   

 
Asymptotic leaves a residue 

(Berg and Ekbohm, 

1991) 
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Table 4.4 A comparison of decomposition parameters estimated in different models.  

k, ϒ, and β are decompose constants in model Mt=M0e
-kt 

, Mt=A+Br
t
, and    

      
  

  . A and m are limit values in model Mt=A+Br
t
 and          

  

  . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Treatments FR FW FS SR SW 

Decomposition 

Constants 
k 27.00 39.00 15.00 64.00 67.00 

ϒ 0.66 0.60 0.80 0.44 0.44 

β 0.05 0.09 0.06 0.41 0.40 

Limit Values A 33.41 22.61 26.34 19.29 17.82 

m 66.60 77.39 73.50 80.71 82.18 
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Table 4.5 Initial nutrients contents 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

% Carbon % Nitrogen C/N Soluble Lignin 

SR 42.36 3.86 10.97 68.49 4.07 

SW 41.07 3.56 11.54 70.25 3.35 

FR 42.14 1.92 22.10 79.53 3.75 

FW 42.18 2.40 17.55 66.58 5.55 

FS 44.58 4.15 10.74 65.14 4.57 
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Figure 4.1 Sampling plots on Google view 
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Figure 4.2 Remaining mass of red clover, white clover and soybean during the 

decomposition time (weeks) for fall incorporation. Data were expressed as percentage 

of the initial mater before burial. Bar indicates standard error. 
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Figure 4.13 Percentage of mass left as a function of degree day.  
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Figure 5.1 Soil nitrate-N concentration after incorporate through the first 10 months 

of 2012 for different treatment. 
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Figure 5.2 Soil nitrate-N concentration after fall and spring incorporation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

66 

 

 

 
6 General Discussion 

6.1 Cover Crops Replacement for Chemical Fertilizer   

The question of whether a fertilizer- or a legume-based approach has a higher 

potential of achieving synchrony between crop N demands and nutrient supply and/or 

is less susceptible to losses is not straightforward. Unfortunately there are only a 

limited number of studies where legume and fertilizer sources of N have been directly 

compared. These investigations have generally used 
15

N-labeled inputs which allow 

direct measurement of plant uptake and soil retention of the applied N, and provide 

indirect information about losses based on the amount of the applied 
15

N not 

recovered in either the plant or soil.  

The period of potential greatest asynchrony and therefore periods of greatest risk 

of N loss in fertilized systems occurs after fertilization early in the growing season 

when levels of soil available N far exceed the crop’s capacity to utilize it. In order to 

exemplify asynchrony, Groffman et al. (1987) compared soil mineral N 

concentrations in a Georgia soil following fertilization with either a single application 

of ammonium nitrate or incorporation of a clover cover crop (Figure 6.1). Levels of 

soil available N from legume mineralization also increased early in the growing 

season, but substantial amounts of N remain either immobilized or in undecomposed 

residues. 

6.2 Limitation of this study  

There are a few shortcomings of this study that should be mentioned.  

First, there’s no control experiment on filed without planting cover crops. So it is 

difficult to draw the conclusion that nitrogen change in soil was due to cover crops 

effects.  
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Second, soil samples in the soil nitrate test were taken in 15cm. While actually, 

the nitrogen release from cover crops has an impact on deep soil. 30cm soil should 

also be considered.      

Third is the lack of study on corn nitrogen uptake. I simply used a generally corn 

nitrogen uptake curve in study. However, a study on corn nitrogen concentration at 

different growth stages will show a clearer synchrony relationship between cover 

crops nitrogen release and corn nitrogen uptake.        
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Figure 6.1 Comparison of soil mineral N content in fertilizer system with cover crop 

system. Soil mineral N (NH4-N plus NO3-N) over 0-21 cm from fertilizer (square 

symbols, solid lines) or clover residues (diamond symbols, dashed lines) under (a) 

conventional and (b) no-tillage systems. The symbol* indicates significance at p = 

0.05. (Crews and Peoples, 2005) 
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