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Under  different moisture conditions, t h e  concurren t  proce8ses IJf ammonifi- 
cation, nitrification, denitrification, and  N, fixation in  ~ i ~ i l s  tre;lted 
different levels of fa rmyard  manure  (FYM; 0, 1, 2, and 3% of H O i I  dry weinhi) 
were analyzed. All t h e  four processes occurred readily only under moifiture 
conditions corresponding t o  60% of maximum water-holdinn c : ~ p ; ~ ~ i t ~  
(MWHC), and were stimulated by FYM application, whereby anacri,I)icity WilH 

induced by t h e  marked increase of t h e  respiration activity. A t  nii i i~ture  levels 
h igher  o r  lower than  60% MWHC, some of t h e  processeH were fiu,)preHHed. 
Denitrification was prevented when t h e  MWHC was  less t h m  611%. while the 
nitrification was suppressed at 100% MWHC a n d  under flooded conclilionH. 

substantial  decrease i,r ihe r:lliOH 
of denitrification t o  Nz fixation, irrespective of the  moisture ICVCIH, and the 
ratios increased with the  increase of t h e  levels of FY M. I n  each I:Y M ; ~ p ~ l i ~ ; ~ .  
tion, t h e  value of t h e  ratio of denitrification t o  N, lixatiiin w a s  the  IiiKheHt 
moisture levels of 60% or  100% MWMC. 

The application of 1% FYM resulted in  

, 
fixation processes i n  soils amended with different organic miitcrials (OM), the  presence 

faerobic or anaerobic conditions was the major factor fur  determining the p;iltcrns (,f'(helC 
recesses (Ghani Nugroho and Kuwatsuka 1990). Aerobicity is normally regtll;llclj hy Ihe 

el of soil moisture which conlruls the rate of 0, diffusion (Sl~inford CI i l l .  1075). ' [ h e  
endment of OM to soil promoted the development of anaerobic micr~silc$ i t ,  the ;,erllhic 
I system (Aulakh and Rennie 1987; Rice et ai. 1988). 

In this study, the effects of the iipp1ic;ition rate of F Y M  un thc concurrent prc,cc55es 
mrnonification, nitrification, dcnitrificalion, and N, fixition i n  soils :II ilillereni s,,,l 

- . 
f 35145. ln'lc,,,~,i:~, 

Key Words: denitrification, farmyard manure, moisture level, N m e ~ ; ~ l ~ ~ l ~ i H m ,  
Nz fixation. 

In  the concurrent observation o f  the ammonification. nitrificatil~n, dcni t r i I ic ;~~io~.  an( l  



The soil (Dystrochrept: total C =  1.05%. total N=O.OSX) and farmyard manure ( F Y M :  
total C=33.7%, total N=2.4%, NH,-N = 0.089%. NO,-N=0.038%) were the same as thosc 
described i n  our previous report (Ghani Nugroho and Kuwatsuka 1990). The soil (7jgl  
each) was amended wi th  four levels of  F Y M  (0, I ,  2, and 3% on a dry  wight basis) and 
incubated for 42 d in 125-mL Erlenmeyer flasks at 30'C at four levels of  soil moisture (35, 
60, and 100% M W H C ,  and flooded with water at a 2-cm depth). The experimental procedures 
for the incubation, soil analysis, and simultaneous analysis of the denitrification and N, 
fixation processes (C,H, inhibi t ion of N,O reduction and C,H, reduction to C,H, methods) 
were practically t h e  same as those previously described (Ghani Nugroho and Kuwatsuka 
1990). Calibration llasks without injection of  C,H, were also assayed for the detection of 
N,O and CO, production, and for the correction (if any) of indigenous C,H, production: 
The mole fraction of  N,O formed dur ing the denitrification process, which i s  important for 
assessing soil anaerobiosis, was calculated according to Knowles (1981) as follows: 

Mole fraction of N,O=N,O-N/(N,O+N,)-N 
=N,O in the absence of C,H,/N,O and in the presence of C,H,, 

the decrease of N,O indicates a further reduction of N,O to N, due to the intensification of. 
the anaerobic conditions. The calculation o f  the net production of inorganic nitrogen waS' 
the same as that described in our  previous report (Ghani Nugroho and Kuwatsuka 1990). 

I RESULTS AND DISCUSSION 

Carbon  m ine ra l i za t i on  and development of anaerobiosis :. 

H igh rates of carbon mineralization were observed in the F Y  M-treated soils incubated 
aerobically at a moisture level of 60% MWHC. When the M W H C  was higher o r  lower than 
this value, the rates o f  carbon mineralization decreased (Fig. I). The CO, production 
reached i t s  peak on the 3rd day at 35 and 60% M W H C ,  on the 12th day at 100% MWHC, 
and on the 18th day under flooded conditions, regardless o f  the F Y M  application levels. 

The high respiratory activity i n  the FYM-treated soils at a moisture level oC 60% 
M W H C  (Fig. I) is  l ikely to consume the present 0, in the localized zones within the soil 
matrix, creating anaerobic soil-microsites particularly in the vicinity of F Y M  lumps. The 
greater the C0, production the greater the opportunity for the increase of  the size of$C 
anaerobic soil-microsites. The mole fraction of N,O i n  the denitrification product (Table.1) 
confirmed the development o f  anaerobiosis at a moisture level of 60% M W H C  with F;YM 
application. Smith (1980) and Klemedtsson et al. (1987) also observed this phenomenon in 

:301q 

The mole fraction of N,O decreased wi th  the increase of the levels of  both t b e . ~ y M  
application and soil moisture level (Table I). N, was the main form of the denitrification 
product at 100% M W H C  and under flooded conditions, while N,O was the main prodid,: 
under 35% M W H C  conditions. A t  a moisture level o f  60% M W H C .  the main form Of he 
denitrification product was influenced b y  the F Y M  levels: N,O was the main product in:thc 
soil without F Y M  application, and both N, and N,O were produced by the 3% 

the aggregated soil and root environment, respectively. 

application. . Y Y f l  ' >. 
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Ioncurrent processes of ammonification, nitrification, denitrification, and N, 
kation 
'I k t  The effects of the soil moisture level on ammonification differed from those on the 
;bseq,uent process (nitrification). At high moisture levels (100% MWHC and under flooded 
ondit~ons),  ammonification still occurred although at lower rates while the nitrification was 
r' 
pnpletely inhibited. At lower moisture levels (35 and 60% MWHC),  on the other hand, the 
$?current ammonification and nitrification processes apparently occurred (Fig. 2). 
I'J Without FYM application, denitrification hardly occurred at a low soil moisture level 9. dow 60% MWHC or  occurred only at low rates, and slightly increased with the increase 
b51 f the soil moisture level (Fig. 3). Although denitrification was expected to be limited by the 
P\ 
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, .  Table 1. Average mole Craction of N,O in the gaseous products of denitrification: 
1. 

Averaee mole fraction of N,O 
L 

Soil moisture levels 1%)' FYMD added 

35 60 loo Flooded (%) 

0 0.98+0. I 5  0.95t0.1 I 0.21 +-0.03 0.1OfO.04 j 
I 0.94 f0 .  I 2  0.76 fO.08 0. I I f0.04 0.04f0.02 , ' 

L 
Mean 0.9 I 0.73 0.12 0.06 .,;$. 

a The decrease in N,O indicates Curther reduction of N,O to N, due to the intensification of the anaerobii-. 
conditions. FYM, farmyard manure 1% on dry weight basis). ' % o f  saturation or maximum water-holdi$ 
capacity. 

2 0.87+0.09 0.6550.05 0.09 f 0.04 0.06+0.01 - 
0.85+0.10 0.58f0.07 0.08 5 0.03 O.OSfO.02 !J 3 

'5 x .  

NITRATE-N 35% S a t u r a t i o n  

li? 6OZ S a t u r a t i o n  h'  

Flooded 

1 Fig. 2. Time course of A!&,, 
changes i n  the contents ofNH;; 
N and NO,-N in soils treatdj 
with dillerent levels of F@$. 
and incubated under four m?@ 3' 
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Table 2. Occurrence of the maximum rate of denitrification in Peak-I. -2 - . I  . ,;, Denitrification rate (gg N/g/d) Moisture levels 
7 .,, ,? 

1 . 1  (4) 

4.3 (3 )  5.4 (3) 6.2 (2) . . 

(%)h F Y M  added 
2 3 0 I 

35 0.0 1.5 (3) 1.9 (3) :, 60 0.5 (4)b 

100 2.0 (4) 6.5 (2) 8.0 (2) 9.2 ( I )  '.: 
Flooded 2.5 (3)  7.8 (I) 9.6 ( I )  11.2 ( I )  ' 

a FYM. hrmyard manure (% on dry weigh1 basis). % of saturation or maximum water-holding capacity: 
' ( ). day(s) aner incubation. 

;:. Table 3. Total N, fixation for 42 d period. .: . .  .., Total N, fixation (ng N/g) 

FYM' added (%) 
1 ,<r Moisture levels 

(%)b 

35 
60 
IO0 

Flooded 

2 3 0 I 

94 258 
93 528 

2 
31 I 368 
635 542 ."*. ' r '  
428 354 

,?. 

i 

$ 

I50 513 
36 I 1,135 .. 927 169 

a FYM. tdrmyard manure (% on dry weight basis). % of Saturation of maximum water-holding capacity. 
.. 
,. .. 

i' 
, .,* 

0 
I 

Table 4. 

- 
- 

Concurrent NH,-N and NO,-N foymation. denitrification 
N, fixation during the period of 7 IO 42 d. 

Formation of Denitrication 
NO,-N Peak-2 

35% saturationb 

NH.-N 
(/a N/g) ( f i g  N/g) ( I r g  N/g) 

+2.2 t28 .6  n ii 

, and 

N2 
fixation 
(w N/g) 

76 

285 
0.0 348 

0.0 232 ,. - 7.8 + 17.4 

:lIw ~ 

i 16.3 0.0 

60% saturation 

2 +15.3 
3 

0 

- t 16.2 9.0 I +9.5 

+31.3 + I 5 1  

+0.8 f15.1 14.4 62 

7 

L 
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I +6.9 
2 + 18.6 
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. .  
rates of F Y M  and the ratios ofdenitrification 10 N, 

0 1 2 fixation in soil incubated under four moisture con- 

Application rate of FYM ( a )  ditions. 
4 

orable for the concurrent occurrence of both nitrification and denitrification may be 
lrovided. This observation likely confirmed the findings of Kokufuta et al. (1988) and Rice 

al. (1988). 
Without FYM application, N, fixation occurred only at a very low rate (Fig.  3), !f 

lrobably due  to the lack of available substrates in soil. Application of F Y M  to soil 
"creased the N, fixation for 42 d (Table 3). In contrast with general observations, a high 
eve1 of FYM (low C," ratio) application adversely decreased the N,-fixing ectivity 
Iiesumably due  to the relatively large production of inorganic N. The available inorganic 
< can normally be used preferentially as N source for the metabolism by N, fixers as Kolb 

and Martin (1988) suggested, thus hampering the N,-fixing activity. The  N,-fixing activity 
increased with the increase of  the soil moisture level, suggesting that N, fixation (whether by 

xobic, facultative anaerobic, or strict anaerobic N, fixers) proceeded more actively under 
oor rather than good aeration conditions as reported by Barrow and Jenkinson (1962). 

The concurrent ammonification, nitrification, denitrification, and N, fixation processes 
ere observed only at a moisture level of 60% MWHC, particularly during the Peak-2 period 
f 7 to 42 d (Table 4). 

Dominant processes for denitrification and N, fixation were evaluated on the basis of 
eir ratios at different soil moisture and FYM levels. The application of 1% F Y M  resulted 
a substantial decrease of the ratios of denitrification to N, fixation, regardless of the 

oisture levels, but the ratios increased gradually with the increase of the F Y M  application 
tes (Fig. 4). At each FYM application level, the ratio showed the highest value at moisture 

levels of 60 o r  100% MWHC. As described in our  previous report (Ghani Nugroho and 
Kuwatsuka 1990), the FYM-treated soils contained only a small amount of NO,-N but high 
levels of substrates such as water soluble materials, lignin and cellulose, which may have 
induced the decrease of the denitrifying and increase of  the N,-fixing activities, respectively. 

Acknowledgments. Gratitude is extended to Dr. M.  Kimurd, Professor, for his invaluable suggestions 
and constructive comments i n  reviewing this manuscript. 
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