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RINGKASAN

Urea telah digunakan di dalam tanrh yang mempunyai sifat-sifat fisikal berlainan dan
keruapan NH?-N telahpun dicari. Enzirn urease didapati pada kebanyakan tanah-tanah di
Malaysia men"yebabkan kehilangan nitrogen dengan cepat dan merugikan. Peranan pelbagai
sifat-sifat tanah telah dikaji, khususnya kesan CEC ke atas kehilangan NHj N dibincangkan. Satu
hubungan eksponen negatib (negative exponential) di antara keruapan NH;-N dan CEC didapati.
Hubungan ini boleh digunakan dalam meramalkan kehilangan NHa-N di 6awah keaktiban sebaya
urease.

INTRODUCTION

Urea when applied to soils can rapidly undergo enzymatic hydrolysis (by the microbial
enzyme, urease) with the production of amntonia as shown below:-

NH2C0NH2 + Hzo 
urease 

>> 2NH3 1 Coz

The NH3 thus formed is easily lost to the atmosphere, greatly reducing the value of urea
as a N'source. Volati l isation losses ranging fron 1J7o to 59% irr 7 days following the application
of 100 lb. urea N/ac to l ight acid sandy soils have been reported in both field and laboratory
studies (Volx,  1959).  Several  other  repor ts  a lso show that  h igh remperarures (GessEn,  1964)
high moisture levels  (BLAsco and ConNrtELD, 1966) h igh evapt- r rat ion rates (Wnutn et  a l . ,
1957) and low cat ion exchange capaci t ies of  so i ls  (Acqueve and CuNNrNGlrAM. 1965) are
favourabie factors for NH3 volati l isation from urea applied to soils. lt is not surprising therefore
that NH3 volati l isation can be a serious problem under Malaysian conditions. This has been
shown to be so for  an in iand a l luv ia l  so i l  in  Malavsia (R,q:ennrNeu and
P u r . u s u o r H A M  A n - .  1 9 7 3 ) .

Recent studies by the authors (unpublished) on a range of Malaysian soils have shown
that the rnagnitude of NH. volati l isation varies widely for different soil types. CEC appears to
be the most relevant soil property affecting this loss of NH3-N from urea, in the Malaysian
context where soil pH's are fairly uniforrn. NH3 volati l isation has been reported to be directly
re lated to the in i t ia l  pH of  the soi l  (Du PLESSTs and KRooNTJE. 1964 and Mecn4s and
R o s a s F  L .  1 9 / 0 ) .

A general trend toward increased NH. -N loss was observed with soils of low CEC. To
establish clearly this reiationship between NH3 -N volati l ised and CEC, it is important that the
soils under investigation have a fairly uniform microbiological environment as urease activity in
soils (and hence the production of NH3 from urea) is related to soil microbial activity
(Ron rnc r  and  KNowLES,  1967  and  Sxu r rNS ,  1967 ) .

ln this investigation an atterrrpt is made to quantify the NH3 -N volati l ised and establish
the relationship between the NH3 -N lost and the CEC of soils by using artif icially prepared
soils of varying CEC. but with ntinirnurn variatir. in in the microbial environment.
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The NH3-N volatilised from some

to urrderstanding further this dependence
upland and padi soils were also examined with a vlew

of NH3 loss on CEC in naturally occurring soils'

MATERIALS AND METHODS

An a,:iation appararus similar to that of Knn,scE and snrcHrLL (1960) was used in

preference to the simpie voiati l isation chambers of the type used by WATSON et' al ', (1962)'

i t  has been shown by MCGARITY and R,q. lanlTNAM (1973) that  losses of  NH3 could be

underestimated by as trluch as 30% due to the NH3 N volatilised, dissolving in the condensate

on the walls of the cl-ramber arrd dripping back into the soil'

In the apparatus used rn this srudy the aeration simulated the air 'movements in the field

and prevented conderrsation un the walls c,f t l ie chanrbers, giving a more reliable estimate of the

NHs N volati l ised uncier f ield cotrdttiorts.

Fresh soils (0 i 5 cnr) wcrti L(l ltsLted fror,r Sertlang and Tanlong Karang and mixed with

Bris soil to give eight soils of varying textural properties (Table 1 ) and at the same time

mailtaining as far as possible ir sirrrrlar type of nricrobiol<.rgical etrvtronment.

TABLI,  I  S()ML PROPIRf lLS OF TI IE SOII ,S

Soils Clay ' /o silt % F. Sand 'zl ' C S.rr rJ  % { ,/c N % CEC
m.eq. /100 g soi l

T 1

T2

T 3

T4

Ts
T

t'?

T8

64

5 1

+ J

3 5

28

1 5

8

0

28

1 9

t 1

1 0

5
')

2

1

1

l 8

2 6

J I

45

J 8

34

1 9

1 . )  l

I . 9 ( )

t  5 B

0.81)

0 .80

0.69

0 4 9

0 .10

0 . 1 6

0 . i  5

0 . 1 9

0 . 1 6

0 . 1 3

0 . ! 2

0 . 1 1

0.09

40.3

t8. ' i

2 3 . 8

2 1  . 0

t9.9

14.4

1 2 . 0

4.4

1
()

t 4

1 8

)2

++

5 6

80

Roots were rernoved and the soil was passed tl iroLlgh a 2nrnr sieve. 300 grarns of the

sieved soil was placed in the incubatiorr chambers an(l wetted t<: 60% water holding capacity.

The lext day the equivalent of 336 kg N/ha of urea was added to each incubation chamber

(surface area, 104.6 sq. Crn).

The chanrbers were stoppered and kept aerated by a suction pump. Any NH3 volati l ised

was collected in test-tubes containing 0.1 N sulphuric acid and determined by titration with

sodiur.u carbonate. at i l l tervals for a period of 3 weeks.

The NH3 volatilised was also studied from sorne common upland soils collected around

Serdang and from padi soils collected from the Muda area.

The pH of the soil was determined belore urea application and at the end of the

experirnent.
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RESULTS AND DISCUSSIONS

The seriousness of surface-applying urea as a N-source to Malaysian soils is clearly
demo4strated. Significant differences between most of the soils were obtained (Appendix I).
Losses from the 8 soils of varying textural properties (Table l) ranged from 8% (T1) for a clay
of high cEC (40.3 m.eq./100 g soil) to 80% (Ts) for the sandy Bris soil (cEC of 4.4
m.eq./100 g soil). It should be emphasized that surface application of urea to soils of a sandy
texture such as Serdang sandy loam with low CEC's would loose more than 50% of the urea-N
to the atmosphere within 2 weeks of urea application.

Table 2 shows the relationship between NHr N volatilised and some soil characteristics.

TABLE 2. CORRELATION BETWEEN NHJ -N LOSS AND SOIL PROPERTIES

Soil Characteristics Value of r

l .

2 .

J .

A

5 .

6 .

C.E.C.  meq/100 g soi l

Clay %

Total sand %

o .M.  %

C %

N %

-  0.8283**
- 0.9036**

0.7965**
-  0 . 7 1 5 6 *
-  0 .7879**
- 0.6923*

CEC showed the rnost significant relationship^ ^ft;0.8283**). A negative
relationship represented by the equation y=103.50ej0'075x *u, obtained between
loss (y) and CEC (x), within l imits of the experimental conditions.

exponential
%  NH3-N

Similar decreases in NH3 loss with increasing CEC's were reported by Noltvtx and
WnRLtN (1960) and GessER (1964). The latter author showed that the loss decreased from
20% at  l0  m.eq. /100 g soi l  to  l0% at  20 m.eq. /100 g soi l  f rom an appl icat ion of  112 kg
urea-N. In this investigation losses decreased from 58% at 12 m.eq./100 g soil to l7% at 2O
m.eq./100 g soil (Appendix I ).

Negative correlations obtained with other soil properties such as clay content and organic
carbon, are a reflection of CEC, as these two properties contribute directly toward CEC.
NovulK and WRRr- lN (1960) c la imed that  on soi ls  wi th more than 50% clay,  the r isks of
NH, volati l isation are sntali. This is more l ikely due to the higher CEC's at higher clay
contents. In any case it would depend on the type of clay present.

The positive correlation obtained with sand, again, reflects the increasing loss with
decreasing CEC as % sand and CEC are inversely related, although the sand fraction as such'
would not take into account the organic tnatter contributions to CEC.

lig 1 shows the increasing NH3 N
log" y=4.644 0.075x (by transforrnation

loss with decreasing CEC expressed by lh-e_e_quation
of the exponential equation i=1g3.5g;-0'075i).
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log"y = 4.644- 0.075X

where X = C.E.C. of soil

y  =  %NH3-N los t

30 40
C.E.C. (meq/100 gram soil)

Figure L Log;tt vs. C.E.C.

Theoretically NH3 volati l isation should be expected to decrease with increasing CEC (due

to an increase in the specific surface of the soil and consequently the adsorption powers fot

the NHa+ ions). This however. does not always hold true as shown in Table 3 below, where

NH3 loss from 5 soils collected from various.localit ies in Selangor are presented.

TABLE 3. NH3 LOSS FROM SOILS OF VARYING CEC'S

COLLECTED AROUND SERDANG

Soils CEC % NH3-N
pH

initial final

1. Sandy clay

2. Sandy clay loam

3. Clay loam

4. Clay

5. Clay

s. E. (t)

12.8

13.2

14,5

2 t . l

23.8

36.9
^ 1  I

26.4

1 5 . 6

14.6

2 .7

+ . t

A '

4.9

4.3

4.6

7 .8

t . J

7.8

7 .2

7.4
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47.2% loss was recorded from soil 2 with a CEC of 13.2 m.eq./100 g soil while there was
a loss of only 36.9% from the soil 1. Such deviations from the CEC dependence of NH3
volati l isation is attributed to differences in soil microbial activity, as the soils were collected
from- various localities under different plant covers. Urease activity is hence varied. It is of
interest to mention that soil I was collected from partly exposed land under sparse grass and
weeds, where the microbial activity would not be expected to be as high as in soil 2 which was
collected from under thick primary undergrowth.

Table 4 presents the NH, loss from 224 kg urea-N/ha appiied to 3 padi soils collected
from the Muda area in Kedah.

TABLE 4. NH3 N LOSS FROM PADr SOILS

Soils CEC % N H 3  N pH

initial final

l .

2 .

J .

4 , 8

5 . 0

4 .1

7 .4

7 .3

7 . 3

Chengai

Kangkong

Tualang

s. E. (r)

41.2

32.2

19.3

2 .9

1 3 . 0

16.4

Here again, the increased loss with decreasing CEC is observed. The zero loss from soil 1
is attributed to the high CBe (41 .2 m.eq.llO0 g soil). The continuous water water-phase in the
soil, under waterlogged conditions allows for the NH3 formed to diffuse into the soil and
become adsorbed onto the colloidal particles of high CEC.

The NH3 N loss observed in the upland and padi solls (Tapl9;_3 and 4) were tested with
the predicted values obtained from the exponential y=l93.59e-u.U/5x. It was found that the
observed values did not differ significantly from the theoretically expected values (Appendix 2
and 3). The y2 fit obtained, however, need not be necessarily so always, due to the variability
in tyPe of organic matter and soil microorganisms (particularly ureolytic bacteria) and hence
urease activity which can cause lesser or greater losses than that predicted by the exponential
equation obtained. No loss at all was recorded from stored air-dry soils of CEC's less than 10.
Autoclaved soils, too, produced no loss, presumably due to the destruction of all biolosical and
hence urease activity.

Urease activity (and hence the production of NH3 from urea applied to soils) is thus
largely controlled by biological activity in soils. Subsequent loss of the NH3 produced is largely
a function of CEC, as discussed above.

It is to be expected that urease activity in soils varies under different types of vegetation'
and cultural practices, causing correspondingly lesser or greater losses of NH3-N. Any stuOy
therefore on NH3-N losses from urea applied to soils should take this variable factor into
account. The effect of the various soil properties on the magnitude of NH:-N volatilised can
be meaningful only under an uniform urease resime.



Studies on reducing NH3-N loss through urea based formulations with slow release

features are called for on sedentary soils in view of the large losses recorded. This is of

particular significance in Malaysian soils which are generally of low cation exchange capacity,

where losses have been shown to be appreciable.
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SUMMARY

Urea was applied to soils with varying physical properties and the NHl N volatilised

determined. The enzyme urease was found to be widely and variably distribute-d in Malaysian

soils, causing rapid and uneconomical losses of nitrogen. The role of various soil properties was

studied and the particular effect of cation exchange capacity (CEC) on NH"r-N loss discussed. A

negative exponential relationship between NH? N volatilised and CEC- was obtained. This

relationship rvill be useful in predicting loss of N under regimes of uniform urease activity.
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APPENDIX 1. ANALYSIS OF VARIANCE

SOURCE Msdf F-value

Replicate

Treatment

Error

Total

J

7

2 l

3 l

24.6404

19,729.4008

r79.1632

19,933.2044

8.2134

2,8 r  8.4858

8 . 5 3 1 5

0.9627 NS

330.3622 **

30.59
2.92
9.54Vo

Duncan's Multiple Range Test

Mean =
S.E. =
c.v.

T t  =  t . t l
T) = 9.0 1- l

T3 = 12.a j
T4  =  17 .0  J

T5 = 25'o

T6 = 34.1

T7 = 58.2

Tg = 81.7
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MPENDIX 2. T]PLAND SOIIS

Soils CEC Observed
% NH3 loss

y=193.59.-0.075x
Expected

% NH3 loss

(o-e)'
e

l. Sandy clay

2. Sandy clay loam

3. Clay loam

4. Clay

5. Clay

14.5

23.8

13.2

2 l . l

12.8

26.4

14.6

47.2

1 5 . 6

37.0

34.8

17.3

38.8

21.3

39.6

2.02

0.42

1 . 8 2

1 . 5 3

0 . r 7

25.96

5% lVo
y2 table 9.488 13.277

12 calculated = 5.96 n.s.

APPENDIX 3. PADI SOILS

Soils cEc Observed
% NH3 loss

y=193.59.-0.07 5x

Expected
% NH3 loss

(o-')'
e

l. Chengai

2. Kangkong

3. Tualang

32.2

4t.2

19.3

r 3.0
2.9

16.4

9 . 1 9

4 . 7 1

24.28

1 . 5 7

0.69

2 . s 7
:-
>4.83

r%
y2 table g.2l

X2 calculated = 4.83 n.s.

5Vo

s.99

5 3


	C O N T E N T S
	STUDIES ON VARIETAL PERFORMANCE AND AGRONOMIC CHARACTERS OF LONG BEAN
	EFFECT OF LIME BENOMYL AND CYCLOHEXIMIDE CLUBROOT DISEASE OF CRUCIFERS
	THE SURVIVAL. SPREAD AND HOST RANGE OF RHIZOCTONIA SOLANI, THE CAUSAL ORGANISM OF SHEATH BLIGHT DISEASE OF RICE*
	EVALUATION OF CALCIUM CYANIDE FOR THE CONTROL OF PADI FIELD RATS
	FIELD EVALUATION OF GRANULAR INSECTICIDES AGAINST RICE STEMBORERS IN WEST MALAYSIA
	SEED-BORNE PATHOGENS IN OKRA FRUIT ROT
	NH3,-N LOSS FROM UREA APPLIED TO MALAYSIAN SOILS
	LIMING TRIALS IN THE SO CALLED ACID SULPHATE SOILS OF KADA
	DRYING OF PADDY (RAW.RICE) USING MICROWAVE ENERGY . An Initial Report on Trials in Malaysia and England
	STUDIES ON KEDAH.KELANTAN CATTLE
	PROTEIN SOURCES FOR FEEDING PIGS IN MALAYSIA
	APANTELES PLUTELLAE KURDJ,. A NEWLY RECORDED PARASITE OF PLUTELLA XYLOSTELLA(L.) IN MALAYSIA
	THE NUTRIENT COMPOSITION OF RICE VARIETIES IN MALAYSIA



