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Denitrification Losses from Humid Tiopical Soils of Puerto Rico' 

H. D. DUBEY 

ABSTRACT 
Profile samples from 5 depths (0-25, 25-50, 50-75, 75-100,

and 100-125 cm) from 3 soil types (two Oxisols-Piia sandy
loam and Catalina clay, and an Ultisol-Humatas clay) were
incubated at 23-1C under field capacity and waterlogged
conditions in an oxygen.heliom atmosphere. Evolved andN2N20 were determined after 1 and 2 weeks by gas chroma,
tography. 


Denitrification was related to moisture level, organic 
matter 
content, pHl, and denitrifying population; Gaseous.N losses
occurred almost exclusively from the surface soil (0.25 cm) under waterlogged conditions. Losses ranged from 8 to 31% of the
applied NO-.N. Some loss (7% ) also occurred at field ca.

pacity from the surface horizon of tile Oxisol having the highest

organic matter content, Catalina clay. Losses were directly

related to organic matter content. Raising the pil of the subsoil 

only enhanced deiltrification slightly. Addition of a denitrifying

population anti mineral nutrient., in the form of a soil ilnculant 

to a subsoil with a raised pil and organic matter content in-

creased denitrification equal to that of surface soil. The lack of 
denitrification at lower depths is believed to be ie to an
inadequate supply of rapidly availabl2 energy material, low l 
and mineral nutrients, and consequent lack of a denitrifyingpopulation. Since the surface soil rarely gets waterlogged, it 
was concluded that little possibility of N losses by denitrifica-
tion in these humid tropical soils exists. 

Additional Index Words: soil organic matter, soil pl, deni.Irifying population. 

'IASEOUS N LOSSES from soils by denitrification are be-
lieved to depend principally on p0., organic matter 

contcnt, anti pH of the soil (2. 4. 5. 6. 7. 8. II). Brenner 

917 

AND R. H. Fox2 

and Shaw (2) concluded that soil pH, temperature, and the 
amount and type of organic matter were the major factors 
governing the rate of denitrification in waterlogged soils. 
They observed no N loss from soils with less than I% car
bon content. Addition of glucose to soils low in organic car
bon resulted in N losses equivalent to 67 to 97% of the 
added NO --N. Cady and Bartholomew (4) found that ap
preciable denitrification occurred only with an available 
NO- supply, high levels of organic matter, and 0.2 less 
that 7% by volume. 

Ekpete and Cornfield (5) reported greater losses of
NO--N under waterlogged conditions than trnder field ca
pacity or lower moisture levels. In the presence of added
organic matter, N losses from waterlogged soil were 48, 55,
and 56% at pH 4.7. 6.5, and 8. respectively, showing abil
ity of denitrifying organisms to operate over a wide pH
range. Stefanson and Greenland (1I) observed 50% de
nitrification losses at field capacity and 4 times more tinder 
waterlogged conditons in a soil-plant system. The gases
evolved were N. and NO. r 

wee  cenland (6) studied denitrifi

t Contribution from the Dep. of Agronomy and Soils, AFS.
Univ. of Puerto Rico. Mayaguez Campus. Rio Piedras, P.R.. 
and the Dep. of Agronomy. New York State College of Agricul
lure. Cornell Univ.. Ithaca. N.Y. 14850. This study was partof the work supported by the USvelopment tunder research Agency for International Decontract csd-2490 entitled: Soil Fer.ility Requirements to Attain EfficientCrops Prodtiction of Foodon the Extensive. Deep. Well-Drained blt Relative, In
fertile Soils of the Mimid Tropics. Received I Feb. 1974. Ap
proved 3 Sep. 1974.'Associale Soil Microbiologisht Univ. of Puerto Rico. and
Assislanl Professor of Soil Sci.. Cornell Univ.. respectively.Mivs Rita I.. Rodriguc7. Researchlaoraiory work. Assistant. participated in tlhe 
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Table I-Some important characteristics of the soils used in 
the experiment 

site soil 
loca io soil series depth 

Cm 
pH OM 

-
sand Slit 

%-
Clay 

Coroai Humming 
(Typic Tropohumuil; 
clayey, mixed. 
lohyperthermic) 

0-25 
25-50 
50-75 
75-100 

100-125 

5.20 
4.62 
4.65 
4.65 
4.55 

3.12 
1.34 
0.86 
0. 69 
0.55 

59 
52 
45 
52 
53 

11 
9 

10 
Ii 
12 

30 
39 
14 
37 
35 

ptif Pie 
(Typic Haplorthox;
psammeatic, oxidlc, 
isobypnrthermlc 

0-25 
25-50 
50-75 
75-100 

100-125 

4.1 
4.57 
4.55 
4.56 
4.48 

1.04 
0.64 
0.37 
0.21 
0.19 

73 
6
61 
61 
60 

5 
7
4 
3 
5 

22 
2enough3 
36 
35 

aerranquis Catalin 
fTropeptlc iaplorthox 
clayey. kaolinitic 
Iaohyperthermic) 

0-25 
25-50 
50-75 
75-100 

100-125 

s.93
5.43 
5.18 
4.88 
4.50 

4.00
I. 36 
0.99 
0.82 
0.52 

4
2 
2 
2 
3 

26
16 
17 
19 
28 

70
82 
81 
79 
69 

cation losses from cultivated, grassland, and forest soils in 

Ghana; he noticed insignificant N losses at field capacity. 
but larger and rapid losses in the saturated soils. 

Soil profile studies in some Canadian soil- revealed a 

higher rate and total quantity of N. evolution from the sur-

face layer of the soil than from the lower depths (7). Simi-

larly, in a study involving 17 solodized solonetz profiles in 
Australia, generally greater denitrification losses occurred 

from surface soils than from the lower depths (9). This was 

believed to be due to higher organic matter in the surface 
soil as compared to the lower horizons. 

Cady and Bartholomew (3) using tagged N in denitrifi-

cation studies observed that N,,O and N2 were the principal 
gsevulved dUig the soil deniiiiiation process. 

gases ehydroxylamine 
Although considerable literature is available on denitrifi-

cation studies in the temperate regions of the world, there 

have been fewer studies reported on the extent of denitrifi-
in the tropics and especially in thecation isses from soils 

herfore o dterineNeotopisws, Astuy coduced to determineNeotropics, A study was, therefore, conducted 
in humid tropical

losses by denitrificationthe extent ol N 

soils of Puerto Rico. 

METHODS AND MATERIALS 

Soil samples were collected from three different sites-Cor-
ozal (Humatas series; Typic Tropohumult), Manati (Pifia 
series; Typic Haplorthox) and Barranquitas (Catalina series; 

Tropeptic Haplorthox) where field experiments on N felilizer 
utilization are being conducted. Some characteristics of the soils 
appear in Table 1. The 5 soil sample replicates at each site 
were single plot composites of 5 to 7.5-cm cores taken from 
the 5 plots receiving no N fertilizer at each site. The samples 
were allowed to air-dry in the greenhouse for I day, then crushed 
and passed through a 2-mm sieve. 

Fifty-gram samples of the screned soil were weighed in 
250-mi glass beakers. Two ml of distilled water containing 400 
jg of N0 3 -- N as KNO3 weie applied to the samples receiving 
N and allowed to air-dry. The crust that formed was then 
crushed and uniformly mixed with the rest of the soil and trans
ferred to 125-nil Erlenmeyer flasks. To samples not receiving 

N, 2 ml of distilled water were added. When pH was adjusted, 
the required amount of Ca(OH) 2 was added to the samples 

before transferring to Erlenmeyer flasks. Distilled water was 
added to maintain two moisture levels-field capacity and 

added to havewaterlogged. In the latter case, water was 
a water level 1 cm above the soil surface. The flasks were made 
gas-tight by closing with one-hole rubber stoppers through 
which passed a small glass tube closed with a serum cap. The 
joints between the flask and the rubber stopper were covered 
with a "heavy grip" contact cement. Flasks were then evacuated 

by means of a vacuum pump and filled with a 1:4 oxygen/ 
helium mixture. This was done 3 to 4 times to ensure complete 

replacement of ir. Gas samples were obtained from the flasks 
through the serum cap with a gas-tight syringe. The apparatus 
used for this purpose was essentially that described by Smith 
and Clark (10) with minor modifications. The treatments were 
replicated 6 times and incubated in the laboratory at 23 -t IC. 

One of the replicates was used for determining the pH poten
tiometrically in a 1:1 soil/water mixture in the case of field 
capacity samples. No additional water was added to the water

logged treatments for pH determinations. The gas samples from 
the flasks were analyzed for molecular N (N2) and nitrous 

I and 2 weeks, using Perkin-Elmer Vaporoxide (N20) after a 
Fractometer Model 154 coupled with a Varian G 2000 Re
corder. Molecular sieve 5A for N2 and silica gel + ascarite for 

N20 were used in 0.64 cm outside diameter (OD) copper tub
ing. The N2 and N20 gases were determined on separate sam
pies after changing the columns for the respective gases. A 
standard of N.O was prepared by reacting cold solutions of 

hydrochloride and sodium nitrite. Air was used 
as the standard for N2. Column length, rate of flow and other 

particulars were conducted according to the method of Smith 
and Clark (10). 

Ammonium and NO 3 -N were determined by alkaline dis

tillation, and NO.,---N by the sulfanilic acid and -napthtylamine method as described by Bremner (I). 

RESULTS 

The extent of gaseous N losses by denitrification from 

different depths in the Humatas soil are shown in Table 2. 
There was practically no loss of N at field capacity, but 

the appliedunder waterlogged conditon, 12 and 22% of 

NO.--N was lost from the surface soil (0-25 cm) in I and 

2 weeks, respectively. Denitrification also resulted in the 
production of NO.,--N. Slight denitrification loss (5%) as 
N. also occurred in soil from 25 to 50 cm. 

In the Piha 
soi

1, as in the Humatas soil, there were no 

denitrification losses at field capacity (Table 3). Under wa. 

moisture 
level 

Field 
capacity 

Water-
Ilrd 

4101fpn 

Table 2-Nitrogen losses by denitrification from Ilumatas soil' 

I week 2weeks 

soil 
depth pH N114+ N0 2 -  N03' 120 N 2 Total 

gaseous 
N loss pHl N114+ NO?' NO3' N20 N2 Total 

Oaseous 
N los 

cm 

0-25 5.8 17 .
 

25-S) 4. I 

so-15 4.2 

75-iO0 4 .
 

1()- 125 4.11 

0-25 6.4 45 
25-50 4 - II 
50-75 4. 1 I 
75-lIM 4 i 
10-12', 4.0 

itl 9 1 .-N wag added to the moilat the stari of 

ppm '} ppm 

22 3h2 404181 5 405 I.4 6. 1 
3914.1 - 391 

396 3Y 4. 1 395 395 

39h 396 4.11 395 .195 

197 397 

.396395 3. 8 39h 395 

2 A 211 371 IL.5 h. 2 5 41 250 54 33 383 21.6 
1 347 4.h,374 7 391 1. 8 41 3 IO0 365 i 

396 - 397 4. 1 I 395 - 397 
401 401 4.0 I  393 .194
 

98s -198 3.9 394 394
 

theextpirlment. 
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Table 3-Nitrogen losses by denitrification from Pina soils 

I Week
Moistre Bol 

level depth pH8 NH4+ NO N0 3 - N2
2 N20 Total 

am ppm 
0-25 4.5 4 378 382

Field 25-50 4.1 376capacty 50-75 4.1 376 
375 
 375 


75-100 4.1 386 386
100-125 4.4 386 386 
0-25 5.0 45 361 6 24 40025-50 4.2 1 2 372- 363 -Water. 50-75 4.1 371 - 372

logged 75-100 4.2  379  371

100125 4.4  374 
 374 


400 ppm of N03"-N was addedto the soil at the start of the experiment. 

terlogged conditions 8% of the added NO3 - was lost as 

gaseous N (N20 and N2) from the surface soil in 2 weeks,

No gaseous N loss occurred from soils from the lower 

depths. 


In the Catalina soil, as in the previous two soils, signifi-
cant denitrification losses occurred only from the surface 
soil under waterlogged condition-20 and 31 % during the 
I- and 2-week incubations, respectively (Table 4). Greater 
denitrification losses and from greater depths (up to 50-
75 cm) occurred from this soil than from the other two
soils. No nitric oxide (NO) evolution was observed in any
of the three soils studied. 

Gaseous N losses in the form of N., and N2 0 ranged
from 8% in Pifia soil to 31% in the Catalina soil and oc-
curred almost exclusively in the surface soil and only when 
waterlogged. These results are in accord with the findings
of other woi kers studyiog denitrification from different soil 
depths (7,9). 

Since a denitrifying population is favored by organic mat-
ter and high pH (2,5) the higher organic matter content 
and relatively higher pH of the surface soil (0-25 cm) corn-
pared to those of the lower depths may have been responsi-
ble for denitrification occurring almost exclusively in the 
itrface soil. In order to confirm this, another experiment
ivas conducted with one of the three soils, 

Rapidly available energy material in the form of sucrose 
,vas added to soil samples from the 50 to 75 cm depths of 
he Humatas soil to raise its initial organic matter content 
0.87%) to the level present in the 0 to 25 cm soil (3.07%).
Fhe initial pH (4.4) of this soil was raised to 4.8 by the 
iddition of Ca(OH).,. After application of these treatments, 
100 ppm NO,, -N was applied and the samples were incl-
iated under a flooded condition. Samples were analyzed 
ifter I and 2 weeks as described earlier. 

2Weeks 
GaOs + 

+ Gaseous 
N loss pH Nil 4 NO NO N902 3 " Total N lossN 2 


,ppm 
4.4 
4.1 
4. I 
4.1 
4.4 

4 

-
-

379 
373 
374 
371 
380 

7.5 4.6 
4.1 
4.1 

I 
2 

-
I 

4 344 
369 
373 

4.1 372 
4.3 382 

383 
373 
374 
371 
380 

-
. 

9 
2 

-

24 
-

3143 
373 
373 

8.3 
0.5 
-

372 
383 

Gaseous N loss from the surface soil was 22% in 2 weeks 
while from the untreated deeper soil (50-75 cm) there was 
no such loss (Table 5). When sucrose was added to the 50
to 75-cm zone, about 3% gaseous loss was observed. When 
the pH of this zone was raised close to that of the surface 
soil without the addition of sucrose, there was no gaseous
loss, indicating that pH adjustment alone was not sufficient 
for denitrification to occur. When sucrose was added with 
concomitant pH adjustment, there was a gaseous loss of 6% 
of the added N. 

In spite of the addition of energy material and raising the 
pH, denitrifying activity in the 50 to 75 cm depth remained 
far below that of the surface soil. It was hypothesized that 
the lack of sufficient energy material and mineral nutrients, 
and prevalence of an unfavorably los pH at the lower 
depths caused the denitrifying population to remain very
low. Because of the low denitrifying population the addition 
of sucrose and raising the pH did not bring about as active 
denitrification as was observed in the surface soil. In order 
to confirm this hypothesis another experiment was con
ducted in which, besides the addition of organic material 
and the adjustment of pH to approximate that of the surface 
soil, a denitrifying population in the form of I g soil from 
the 0 to 25 cm depth was added to the 50 to 75 cm depth
soil, and denitrification was determined after the usual incu
bation period under waterlogged conditions. Results are 
given in Table 6. Fresh samples were used for these experi
merits so that the soils for Tables 4 and 5 were different 
samples from those used for earlier experiment,

Gaseous N losses by denitrification front the surface soil 
(0-25 cm layer) amounted to 24%. while from the 50- to 
75-cm layer there w.is no such loss wvithout pIf adjustment
and the addition of organic material, an(l a soil inoculant. 
Upon addition of the energy material to the 50- to 75-cm 

Table 4-Nitrogen losses by denitrification frolt Catalina soils 

I Week 2Weeksolature soil 
..seous
level depth pit NilJ+ NO Uifseous 

2 " N03 N20 N2 Total N los p 1 N NO7 N 
Cm 

laid 
,-25 

2&5(0 
5.h 
5. 0 

3 

Ipaclly 50-75 4.4 
75 IM 4.3 
il-125 4.2 

0- 25 6. 0, il I 
Ser. is-S(1

5llied11 75 
75111 

it 
4. 1 
4.3 

I 
I 

1IWt.125 4 . 

4K19ppm i if'So - N wee tddi.d ito itsoil witIhesear 

10 NJ 1 ,t.al N lose 
ppnl 


ppm ,
 
377 - 3A) 5.5 6 2 3s1 24 38A369 7.36 375 1.5 5. I  367 - 372 1.2373 
 373 4.5 3,8 
 3tb4
368 - 368 4.4 365 
 3bS
3177 
 - 377 4.3 
 371 
 371
 
17t. 23 51 378 20.3 5.9 27 J 234 tIt ltlA 342 31 091 371 - i 385 3,0 5.2 J 2 354397 -388 1 374 3.814.5 2 2 355 - 12 371 3.0.311. -37, 4.4 3 I 371 - " ,38 - 3A7 - 4.3 377 
 17
 

of tie rilttrliviml. 
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Table 5-Efect of energy material and pI on denitrification losses from lower depths of Ilumatas soil'
 

Soll Energy 
depth material 

am 
0-2S 


50-75 
50-75 Sucrose 

50-75 
50-75 Sucrose 


400 ppmof N03 - Nwas 

I Week 

pH 
Amend- + 

ment pit NO N03- N20 TotalNH4 " N2 


5.0 2 
4.4 

- 4.3 -
Amended 4.8 2 
Amended 4.8 1 

added to the soil at the 

ppm 
37 269 65 - 373 

2 384 - - 386 
4 380 - 384 
7 378 - 387 
16 371 - 387 

start of theexperiment. All the treatments were 

2 Weeks 

Gaseous Gaseous
 
N loss pH NH4+ N20 Total N los
N02 NO3 N 2 


. - ppm
 
16.2 5.2 7 27 259 70 17 380 21.8 

4.2 - 5 372 - - 377 
4.2 - 3 358 I1 - 372 2.6 
4.8 1 8 372 - 391 
4.8 - 9 337 23 - 369 5.7 

Incubated under waterlogged condition (I cm of standing water above the soil surface). 

Table 6-Effect of energy material, pll and inoculant on dcnitrification from lower depths of Ilumatas soils 

IWeek 

soil pH 
SoIl Ino- Energy Amend- Gaseous 

depth ceulant material meat pH NO N20 Total loss pH 4+NHnNH4 2 NO3"  N2 
om 	 ppm - o 

0-25 4.8 5 23 283 55 366 13.8 4.8 7 
50-75 1g. 5.0 1 1 384 - 385 - 4.1 3 

0-25 cm 
soil 

50-75 Sucrose - 4.2 - 2 378 - - 380 - 4.1 
50-75 ', - Amended 4.9 2 II 373 - 386 4.8 3 
50-7S " Sucrose Amended 4.8 I 22 337 10 370 2.5 4.9 

400 ppmof NO3"-N woe added to the soil at the startof the experiment. All the treatments were Incubated under waterlogged condition (I 

2 Weeks 

Gaseous 
NO2 - N20 Total lossNO3 N2 


PPM%
 

16 255 95 373 23.8 
4 380 - 387 

5 361 9 - 375 2.3 
12 356 3 374 0.9 
5 287 84 376 21.0 

cm standing water above the soilsurface). 

soil samples, 2% nitrogen loss was observed. With pH ad-
justment but without addition of energy material only I% 

denitrification loss occurred; with soil inoculant alone, no 

denitrification occurred. When the pH was adjusted and 
both energy material and soil inoculant were added, denitri-
fication losses were increased to 21 %, almost equal to that 

from the surface soil. Apparently the soil inoculant, besides 
adding the denitrifying population, supplied sufficient min-
eral nutrients essential for the microbes. Thus, it appears 
that denitrification occurs only in surface soil and not at 

lower depths in these soils because of the lack of sufficient 
energy material and mineral nutrients, low pH, and conse-
quent lack of sufficient denitrifying population in the lower 
depths of the profile. 

In practice the surface soil seldom gets waterlogged, as 
all these soils have rapid surface drainage. The possibility 
of waterlogged conditions exists at lower depths after heavy 
rains, hut, as shown in this study, denitrification does not 
occur at these depths. In view of these observations it is 

concluded that there is very little possibility of denitrifica-
tion losses occurring in these humid tropical soils. 
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