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Summary
RecentlyBeri,GoswamiandBrarmadeaveryvaluablecontributiontoourknowledgeofsoilurease
activity.Unfortunately someerrors crept into their experimental approach and the mathematical
treatment oftheexperimentaldata.Rectification leadsinsomepointstoconclusionsdifferent from
thoseoftheauthors.
Considerations
Approach I
Beri et al. used the following form of the integrated Michaelis-Menten equation to
compute values of Vmax and K m :
( S 0 - S ) / t = V m a x +(K m /t)ln(S/S 0 )
S 0 is the initial substrate concentration and S is the concentration after a certain incubation time t. But the authors substituted for Sin Equation 1 their values of (S0 -^S),
thusleadingtowrongvaluesforVmaxandKm.SincetheirTable2givesureahydrolysed (in
mM)after 4,8,12...,48h,wecancalculatefrom thesedata theproper Svaluestobeused
in Equation 1; see Table 1. Linear regression analysis of the plot of (S0 — S)/t versus
(1/t)In (S/S0),leads according to eq. 1 to an intercept that equals Vmaxand a slope giving
Km. Using the data ofTable 1,thisgives the results shown in Table 2.
Ascanbeseenfrom thecorrelation coefficients thecorrelations areratherpoor,leading
to large standard deviations for Vmax and especially for Km.What may be the reason for
this?
Atfirst sightthetwoitalicizedvaluesinTable 1 stronglydeviatefrom thetrend.Acloser
look at the data suggests that a systematic error hasbeen made; allthe points calculated
fort = 4hstronglydeviatefrom theregressionlines.Inconnectionwiththis,thedecreases
inureaconcentrationsduringthefirst 4harelargerthan expected onthebasisofVmax,Km
* VirajBeri,K. P.GoswamiandS.S. Brar,PlantandSoil49,105-115 (1978).
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Table 1.Urea concentration S* (in mM) in soils incubated at 37°C and 50%, of the water holding
capacity after various incubation periods
Incubation period (h)

Soil type

silty loam
Ludhiana
silty clay loam
Mangat
silty loam
Habowal
silty clay loam
Ludhiana loam
Malerkotla
sandy loam
Malerkotla
silty loam
Amritsar
silty loam
Jamalpur
sandy loam

12

16

20

24

28

0.6

32

40

22.3

13.7

7.2

2.7

23.4

15.7

9.6

4.7

1.5

25.0

17.7

10.3

5.2

1.6

24.9
26.5

18.2
18.9

12.4
12.4

7.8
7.4

3.1
3.4

1.8
0.7

28.3

21.1

14.7

9.7

4.7

0.9

27.6

(19.8)

17.3

13.0

9.4

6.1

3.6

1.6

30.4

25.8

21.6

17.4

13.7

11.0

7.4

4.7

0.7

36.0

31.0

26.3

22.0

(20.4)

15.4

8.4

3.9

(0.9)

* Satt'= 0is36.2mMureaforallthesoilsexcept40.3mMforMalerkotlasandyloamand45.3mMforJamalpur
sandyloam.
Table 2.Vmax and K m values determined by linear regression of (S0 - S)/t on (1/t)In (S/S0)
K ± S.D.*

Soil type

Gurdaspur
silty loam
Ludhiana
siltyclay loam
Mangat
silty loam
Habowal
siltyclay loam
Ludhiana loam
Malerkotla
sandy loam
Malerkotla
silty loam
Amritsar
silty loam
Jamalpur
sandy loam

of
points

of
correlation

4

0.83

6.2 + 1.7

34

±9

26

+ 12

5

0.74

4.6 ± 1.2*

26

±7

19

+ 10

5

0,83

3.6 + 0.6**

20

±3

12 + 5

7
6

0.78
0.88

3.8 + 0.7**
2.9 ± 0.3***

21 + 4
16 ± 1.5

18 ± 6*
9.4+ 2.6*

6

0.60

3.2 ± 0.7*

16 ± 4

10 + 7

8

0.47

2.7 ± 0.9

15 ± 5

16 ± 1 2

9

0.75

1.5 + 0.1***

8.6 ± 0.8

9

0.30

2.0 ± 0.7*

8.8 ± 3.0

(mM.h 1 )

(u.gN.g 1.h 1)

S.D.= standard deviation;*,** and ***:significant atthe5%, 1% and 0.1%level,respectively.

(mM)

7.3 + 2.5*
10

± 12
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and S0.This may beexplained in various ways:Perhaps the first analyses were not done
after 4hbut after somewhat longer incubation times.Or theinitial ureaconcentrations S 0
mayhavebeenlowerthanexpectedonthebasisofaddedureaand water;anindication for
thisisthat Berietal.found lower S 0valuesthan expected,but without mentioning thisin
theirTables.Another possibilityisthat ureawasnot homogeneously mixedwiththesoils,
therefore higher rates of hydrolysis may have occurred than with homogeneous distribution ofurea, especially during thefirst hours.To eliminate the uncertainty about what
happened during the first 4h, we can start our calculations at t = 4, using the concentrations determined at this time as S 0 values.In this way the number of points in the
regressions is lowered by one, giving the results shown in Table 3.The improvement of
correlations and accuracies of Vmax and Km is rather considerable.
Before comparing Vmax and K m values between soils it should be noted that the
maximum incubation times used vary from 16to 48h. When we calculate Vmax and Km
using only the first 4 or 5 data from Table 1, we get the results shown in Table 4.
Comparison of Tables 3 and 4 shows that shortening incubation time mostly increases
Vmax and especiallyK mconsiderably.Thusthe resultsareshowntodepend on incubation
time. The values of Vmax in mM.li" 1 must be converted into units per unit of dry soil to
make them independent ofthe moisture content used during incubation. This isdone on
the basis of the moisture contents given by Beri et al.and the results are included in the
Tables 2,3and 4.

Table 3.Vmax and Km values determined by linear regression of (S0 — S)/t on (1/t)In (S/S0)
Soil type

Gurdaspur
silty loam
Ludhiana
siltyclay loam
Mangat
silty loam
Habowal
siltyclay loam
Ludhiana loam
Malerkotla
sandy loam
Malerkotla
silty loam
Amritsar
silty loam
Jamalpur
sandy loam

Number
of
points

Coefficient
of
correlation

Vmax + S.D.

Vmax ± S.D.

K m ± S.D.

(mM.h - 1 )

UxgN.g-'.h- 1 )

(mM)

3

0.986

3.25 ± 0.23*

18.2 ± 1.3

9.3 ± 1.6

4

0.968

2.58 ± 0.18**

14.4 ± 1.0

7.2 ± 1.3*

4

0.951

2.27 ± 0.14**

12.7 ± 0.8

4.6 ± 1.1

6
5

0.952
0.933

2.25 ±0.15***
2.30 ± 0.16***

12.6 ± 0.8
12.9 ± 0.9

7.8 ± 1.2**
5.9 ± 1.3*

5

0.878

1.98 + 0.13***

10.0 ± 0.7

3.8 ± 1.2*

6

0.965

1.71 ± 0.08***

9.610.4

8.0± 1.1**

8

0.898

1.27 ± 0.06***

7.1 ± 0 . 3

4.6 ± 0.9**

6

0.921

1.72 ± 0.14***

7.7 ± 0.6

/

14 ± 3

230

SHORT COMMUNICATION

Table4.Vmaxand Kmvaluesdeterminedbylinear regressionof (S0 - S)/ton (1/t)In(S/S0)
Soil type

Gurdaspur
silty loam
Ludhiana '
siltyclay loam
Mangat
silty loam
Habowal
siltyclay loam
Ludhiana loam
Malerkotla
sandy loam
Malerkotla
silty loam
Amritsar
silty loam
Jamalpur
sandy loam

Number
of
points

Coefficient
of
correlation

Vmax ± S.D.

Vmax ± S.D.

K m ± S.D.

(mM.li" 1 )

(ugN.g" 1 .!!- 1 )

(mM)

3

0.986

3.25 ± 0.23*

18.2 ± 1.3

9.3 + 1.6

4

0.968

2.58 + 0.18**

14.4 ± 1.0

7.2 ± 1.3*

4

0.951

2.27 ± 0.14**

12.7 ± 0.8

4.6+ 1.1

4
4

0.886
0.981

2.04 ± 0.20**
2.75 ± 0.15**

11.4± 1.1
15.4 ± 0.8

5.5 ± 2.0
10.4 ± 1,4*

4

0.925

2.36 ±0.21**

11.9 ± 1.1

8.1 ± 2.4

3

0.999

2.27 ± 0.02**

12.7 ± 0.1

16.8 ± 0.3**

4

0.952

1.57 ±0.11**

8.8 ± 0.6

10.6 ± 2.4*

3

0.998

2.10 ±0.06*

9.4 + 0.3

23 ± 1.5*

Relationship between Vmax (\ig N.g~l.h~l) and organic carbon content (%) of the soils.
Linearregression ofVmaxonorg.C,based onthedata oftheTables2,3and 4,respectively,
leads to the relationships 2a, 2b and 2c:
Vmax = 7.7 + (27 ± 4) org. C with r = 0.92***
Vmax = 7.4 + ( 1 1 + 2)org. C with r = 0.86**
Vmax = 1 0 + ( 7 ± 3) org. C with r = 0.65

(2a)
(2b)
(2c)

Although theequations 2a and 2bshow significant correlations betweenVmax and org.C,
their regression coefficients for org.Careverydifferent; Equation 2c,based on only4or5
data per soil, does not show a significant correlation. This shows that the results clearly
depend ontheexperimental approach and onthemathematical treatment oftheexperimental data.
Relationship betweenKm (inmM)and Vmax{\igN.g"1.h~1) ofthesoils. Linear regression
of Km on Vmax, based on the data of the Tables 2, 3 and 4, respectively, leads to the
relationships 3a, 3b and 3c:
K m = 2.2 +(0.64 + 0.12) V„
Km = 7.4 + (0.01 ± 0.34) V^
Kffl = 19 - (0.65 + 0.70) V„

t with r =

0.90***
0.01
. with r = 0.33
t with r =

These results show that calculations based on expected S 0 values (Table 2) will lead to
quite contrary conclusions than calculations based on S 0 values determined by analysis
(Tables3and4).WhereEquation 3ashowsasignificant correlation betweenK mand Vmax,
Equations 3b and 3cshow that Km and Vmax are not correlated.

(3a)
(3b)
(3c)
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Useoft±,the timeneededtohydrolyse 50%ofaddedurea,asameasureofurease activity.
Berietal.determined t, for each soilfrom thebestfitting equation ofurea hydrolysed asa
certain quadratic function of time. Then t^ was calculated as the time at which S had
reached 50%of S0,using this quadratic equation.
UsingEquation 1with substitution of S = S0/2,wecan rearrange to
(4)

t*= (1/V,,^)• (So^ + K,,,In2)
From Equation 4itfollowsthatUdependsonS0.SinceBerietal.usedvariousS 0valuesto
determine t^, it is incorrect to compare these values directly. To determine U for comparison between soils,one should start with equal initial concentrations and also use the
samemoisturecontentforeverysoil.Equation 4showsthat Uisinverselyproportional to
V ;its usefulness is limited, however, because it depends also on Kn
and on S 0 used.
Approach II
Berietal.alsocalculated VmaxandKmfrom thefollowing transformation oftheMichaelisMenten equation to a straight line:
(So/vo) = K m /V max + (l/V max )S 0

(5)

where v 0 is the initial velocity of hydrolysis —(dS/dt) at t = 0 and urea concentration S
= S 0; see Fig. 1.

t=0
ti
t2
Fig. 1. Changeofsubstrate concentration asafunction oftime.

time ID-

^^^J
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Using various initial urea concentrations S0, they determined the mean rate of hydrolysis (v)over 5h incubation time,instead ofv0.Then they substituted their value of v
into eq.5.From Fig. 1 itcanbeseenthat this meanrate doesnot equal v0, corresponding
with S 0 ,since (S5 - S0)/tis not equal to - (dS/dt) at t = 0.
Infact,thevaluesofvdeterminedbyBerietal.arelowerthan v0and theirvaluesofS0/v
higher than S0/v0.Wetried to find the values ofVmaxand Kmthat should result ifv 0 had
beencorrectly appliedinEq. 5.UsingthedataplotsofFig. 1 from Berietal.wecalculated
the values of v at the various values of S0,and from these (S0 — S5)and S 5 /S 0 .Then we
applied again Eq. 1with t = 5to calculate Vmax and Km.The results ofthis recalculation
are shown in Table 5.For Gurdaspur silty loam we could not recalculate Vmax and Km
from the data plot ofBeriet al. with sufficient accuracy.The recalculated Vmaxvalues are
almost equal to those ofBerietal; theK mvalues after recalculation arelower than those
ofBerietal.Therather highcorrelation coefficients indicatethat alsowhen S 0isvaried at
a constant incubation time of 5h, Michaelis-Menten kinetics are followed.
To compare thisapproach with Approach I,wehaveto keepinmind the experimental
differences between them: the solution was buffered at pH = 7.2,toluene was added and
the 1:1 soil buffer suspension was shaken during incubation only in Approach II. A
further complication isthatinApproachIIeither higher concentrations areused (Mangat
silty loam) or lower concentrations (Jamalpur sandy loam) than in Approach I. To
compare the Vraax and Kmvalues ofTable 5(5h incubation time)with the corresponding
Table 5. Vmax and K m values determined by linear regression of (S0 — S)/t on (1/t)In (S/S0);
Approach II
Soil type

Number

Vmax + S.D^

VmM ± S.D.

ol
correlation

(mM.h - 1 )

(ugN.g-'.lr1)

10

0.952

24.8 ± 1.4

139 + 8 * * *

7

0.988

Mangat
silty loam
Jamalpur
sandy loam
f

Coefficient

oi
points

1.35 ± 0.04

6.0 ± 0.2***

K m ± S.D.
(mM)
24 -\- 3***
1.7 ± 0.1***

Recalculated for thesamemoisturecontent asinTable4.

values in Table 4 (16 and 12h incubation time), we calculated initial velocities v0,
according to Eq. 5,in the range ofS 0between 2 and 80mM. We found that v 0 is always
much higher in the case of Approach II than in Approach I with Mangat soil. For
Jamalpur soil we found that v0 is higher in Approach II than in Approach I when S 0
< 35.5mM, while at higher concentrations the opposite istrue. Before valid conclusions
can be drawn from these differences between both approaches, more investigations are
needed with different soils and over a wide range of concentrations.
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