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Enzyme activity and carbon dioxide evolution from upland and
wetland rice soils under three agricultural practices in hilly regions
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Summary.  Dchydrogenase activity (a measure ol
microbial biomass), urcasc activity and CO, evolution
were measured in soils planted to rice (Oryza sativa 1..)
under three different agricultural practices prevalent in
hill regions. The effects of hill stope, terrace and valley
agriculture were investigated for two cropping scasons.
The valleys and terraces were kept flooded during cach
cropping scason while the hill slopes were cultivated
with dryland practices. The type of agricultural prac-
tice and the date of observation had a significant in-
fluence on enzyme activity and CO, evolution. A
positive corrclation was obscerved between dehydro-
genase and urease activity and soil moisture content.
Dchydrogenase and urcasc activity and soil respiration
were positively correlated among themselves. The ac-
tivity of both enzymes and CO, cvolution were
highest in valley soils followed by terrace and hill-slope
sites.

Key words: Soil enzymes Soil respiration — Hill
agriculture — Wetland rice — Dehydrogenase activity
— Urcase activity

Soil is a living system in which biological activities
take place with the help of enzymatic processes. Quan-
titative measurements of soil enzyme activities can
contribute to our understanding of these biological
transformations by allowing us to evaluate the activity
present in the soil. Intracellular dehydrogenases (imca-
sure of microbial biomass) arc indircctly involved in
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(he initial stages of the oxidation of soil organic mat-
ter since they mediate the transfer of H clectrons from
substrate to acceptors. Mcasurement of the activity of
intracellular dehydrogenases thus provides informa-
tion on the bioiogical activitics of soil microorganisms
(Casida 1977; Dkhar and Mishra 1983; Bolton ct al.
1985); it is a uscful indicator of microbial metabolism
levels and is hence a parameter for the activity of the
soil microflora and for microbial biomass (Benckiser
et al. 1984). 5

Urca added to soils as fertilizer is rapidly hydrolys-
cd to ammonium carbonate in most soils through the
activity of soil urcase; this enzyme is responsible for a
rapid release of ammonia when urea is applied (Hoult
and McGarity 1986). The growing importance of
urcase as an N fertilizer in world agriculture has
revealed a nced for rescarch to reduce the damage
done to germinating scedlings and young plants by the
relcase of ammonia and to reduce this form of
volatilization of urea-N. Urease is a constitutive en-
zyme found in a large number of microorganisms,
especially in urolytic bacteria and many fungi. Previ-
ous rescarch has suggested that urease activity can be
uscd as an indicator for total biological activity and
for soil fertility.

The rate of CO, release from soil may reflect the
general activity of soil microorganisms (Edwards et al.
i981). Soil respiration was one of the earliest and is
still one of the most frequently used indices of
microbial activity in soils. The study of soil respiration
in a given ecosystem may lead to an assessment of the
organic matter input into the system, the flow of
energy through the system’s microbial components
and the rate of N mineralization (Macfadyen 1970).

In hilly regions crops arc grown on the hill slopcs,
on terraces constructed on the slopes and on the flat
land found in the valleys. In north-eastern hilly
regions of India soils under three main types of
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subject to varying degiees of crosion

by dibbling with a long stick. ‘This type of cullivatioy,
cavy rainfall (Fig. 1). On the hill slopes

is carricd out on slopes ol 20°-40" Hill-slope $0ils
therefore suffer maximum soil erosion due to the slope
and to the faulty agricultural practice of making 41|
the bands parallel to the slope. A large amount of sur-
face soil is lost with every rain and very much less
walter percolates. Soils under this type of agricultyre
lose their fertility very rapidly due to these €rosion
losses and the Tarmers abandon the land af(er J-4
years of cultivation and move on. Land found between
the hillocks is termed valley land, and compriseg low
lying arcas which are fTooded for part of the year and
s contain a high level of moisture. Depending on the
topography and the drainage farmers cither grow two
crops of rice or onc crop of rice followed by potatoes,
Valley soils arc gencerally fertile due to the natural ip-
wl Ll [Tow ol nutrients from adjoining hills. These lands are
ideally siitable for rice cultivation. In arcas where suf-
B W ficient land is not available for valley or hill-slope
o o agriculture beneh (erraces are formed on the hillocks.

! Terracing checks soil crosion and helps in retaining

| "0 walter, allowing the soil 1o be cultivated for a longer
= period. The width of the terraces depends on the
00 degree of slope, i.e., the higher the slope angle, the nar-
rower the terrace. Erosion losses are reduced under ter-
race agriculture and rcach a minimum under valley
agriculture (Mishra and Ramakrishnan 1983). The ter-
races are flooded as soon as the rainy scason starts and
then rice is grown, followed by potatoces. Rice is the
principal agricultural crop of the region, being grown
on all three types of land. The three agricultural prac-
tices have been compared for their economic yield and
energy budget (Toky and Ramakrishnan 1981, 1982).
No study is available on the biochemical aspects of

sts of cutting the natural vegetation on

12 1t belore cropping. The rice seeds are
t week of May, alter a shower of rain,
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Table 1. Soil texture, type of rice, crop rotation and type of manuring in three agricultural systems

soils receiving water erosion. The present study
therefore investigated dehydrogenase and urease ac-
tivities and soil respiration under the three agricultural
systems found in these hill regions, in order to see how
soil microbial activity is affected by the water erosion
and allica factors.

7 T T

1982
MONTHS

wnthly variations in temperature and rainfall of
Upper Shillong (terrace); b Shillong (valley); e

cireles, minimum temperature

Hill-slope

Verrace

Valley

Soil type

Type of rice

Crop rotation

Manuring/fertilizer

Laterite
Sandy loam

Sowing by dibbling
Variety: local
Maturity time: 150 days

Rice — maize — fallow

Nil

Laterite
Sandy loam

Sowing by scedd broadcast

Varicty: local

Maturity tinee:

Rice - falbow
o

Rice - pokito
N

Nil

180 days

Laterite
Sandy loam

Sowing by sced broadcast

Variety: local
Maturity time: 180 days

Rice — rice - fallow

Nil e




MMaterinds nod methods

The investigation was carried out during two rice-cropping cycles
(Orvzasatva L) Trom June 1981 o December 1981 and Lrom June
1982 to December 19820 Wetland rice was grown in valleys and on
erraces; the hill=slope rice was a diyland type. Soil and crop rota-
tion details are given in Table 1. The valley site is at Shillong
(altitude 1340 m, latitude 25 °34'N, longitude 91 °50'E), the terrace
site at Upper Shillong (altitude 1540 m, latitude 25°34' N, longitude
91 56"E) and the hill-slope site at Burnihat (altitude 100 m, latitude
26°N, Tongitude 91°50°L). The distance between Shillong and Up-
per Shillong is 7 km, and between Shillong and Burnihat 80 km.
Soil samples were collected from three depths (010, 1020, and
20-30cm) at about Fhaam, on every sampling dite, Five samiples
were collected trom ench site and mised tharoughly (o mnhe i com
postte siomples Thiee replicate analyses were performed from cach
composite saumple. Al precautions were trhen to avoid contiaming -
tion, and all estimations were cantied out within 24 h of collection,
The daticwere statistically analysed using o thiee way analysis ol
varianee (Snedecor and Cochian 1967),

Dehvdrogenase activity was determined by the 2,3, 5 tetrazolinm
chloride reduction technique as suggested by Casida (1977). One
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Fig. 2a—c. Monthly variations in moisture content (%) in soils of
terrace a valley, b and hill-slope, ¢ rice ftields. Circles 0—10cm
depth; triangles, 1020 cin depth; squares, 20— 30 cm depth
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P ol treshily collected soll swmple s trnnsterred Tonto norest tabe
(IS 1.5 cm) mined with 0.1 g CaCOy and 1 ml of 1% (etrazolium
chloride solution. The content was well homogenized, plugged with
awrubber stopper, and incubated at 307C tar 24 W The tiphenyl for-
mazon was extracted with methanol and assayed colorimetrically at
485 nm using a Spectronic-20 spectrophotometer.

Urcase activity was determined by the method of McGarity and
Myers (1967). One gram of soil was placed in a 100-ml volumetric
flask and t ml toluene was added, then 10ml of buffer solution
(pH 7y and S mlof a 10% urca solution were added; the flasks were
then shaken and incubated for 3 h at 37°C. Ammonia released as
aresults of urcase activity was determined by the indophenol blue
method and assayed colorimetrically at 630 nm. The amount of am-
monia N formed was caleulated using o standard curve prepared
with e somondn solutlon, Vnee seplientes were uned In ool ex-
periments.

Lhe CO, evolution from soil was measured by an absorption
and tittation method (Macfadyen 1970). A 1-kg fresh soil sample
(From which all oot materinls had been removed) was placed in a
plass gar (1S 1520 cm), and glass beakers (100ml) containing,
SOmbol 0.8 N KOFLsolution were placed inside the jars, The plass
s were then sealed and made air tight with grease. A control was
used to determine the subtraction of atmospheric CO,. After 24 h
ol incubation at room temperature (200 25°C) amount of €O,
Hixed hy the KO solution was determined by actitrimetric method
using O8N HCE Lod phenolpthaldein as an indicator, Finally, the
CO, evolved was expressed in mg CO, evolved per kg dry soil.

Results

The percentages of N and organic C in the soils under
the three agricultural practices are given in Table 2.
The valley soils contained the most organic C and N
while the hill slopes contained the least. Soil moisture
data are given in Fig. 2. The valley and terrace soils
contained high moisture levels throughout the study
period while the hill-slope soils contained much less.
The flooding took place in July—August in the terrace
site and until September in the valley site.

Monthly variations in dehydrogenase activity are
shown in Fig. 3. The highest level of activity was
recorded in the valley soils. In the terrace soils the
highest level of dehydrogenase activity was observed in
August in both years, while in the valley soils dehydro-
genase activity reached a maximum in the month of
September or October and thereafter declined. The
lowest activity levels were generally recorded at sowing
(June) and harvest (December). The general trend of
the monthly variation was similar in both years, with

Table 2. Organic C and N of the soils of three apricultural systems. Values are means of 14 monthly determinntions in two crop cycles

Hill-slope soils Terrace soils Valley soils
0-10 10-20 20-30 0-10 10— 20 20 - 30 0-10 10-20 20-30
cm cm cm cm cm cm cm cm cm
Organic C (%) 0.85 0.61 0.20 l‘.J} 0.89 0.75 1.68 1.61 1.10
N (%) 0.12 0.08 0.06 0.21 017 0.13 0.22 0.17 0.14
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Fig. 3a - c. Monthly variations in dehydrogenase activity in soils of

a terrace, valley: b and hill-slope; ¢ rice ficlds, Soil depths as shown

for Figs 2

the hill-slope soils showing generally less dehydro-
genase activity than the other seils. In the wetland
soils there was a gradual scasonal build-up of activity,
followed by a decline in the winter. However, in the
dryland soils, except for one or two peaks dehydro-
genase activity generally remained very low.

Figure 4 shows the uicase activity ol the three sites,
In the terrace soils the highest Tevel ol urcase activity
was observed in - August—Scptember. In the valley
soils, for both years, the highest urcase activity was
noticed in September. The activity was less in the post-
harvest month of December. At most samplings no
significant difference was observed in uicase activity
among the three depths. In the hill-slope soils, urcase
activity was higher in August during the st year and
in September—October during the 2nd year. In 1982,
during the first 3 months, urcasc activity was higher in
the deeper layer (20=30c¢m depth) but later high
values were obscrved in the suiflace layer (0-10c¢m
depth).
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Fig. 4a—c. Monthly variations in urease activity in soils of terrace
a valley; b and hill-slope; ¢ rice ficlds. Soil depths as shown for
Fig: 2

CO, cvolution from soils of the different rice-
growing areas is shown in Fig. 5. In the terrace soils
CO, cvolution was highest in July and August. Sur-
face soils (0—10cm) showed higher levels of CO,
evolution than the deeper layers. In the valley soils, the
highest level of CO, evolution was observed in Sep-
tember. Generally, a higher level of CO, evolution was

recorded from the surface soils, and volues for soils at

20-30cm depth were consistently lower. The hill-
slope soils showed less CO, evolution than the other
soils.

A threesway analysis of variance showed that the
type of agricaltural practice and the date of ()l)scx'Ya-
tion had a significant influence on cnzyme activity
(P = 0.05). Simple correlation cocefTlicient (7} Va]U.CS
among various soil characteristics for the various soils
arc given in Table 3. Most of the biological parameters
are positively correlated with cach other. Moislurc.ﬂﬂd
temperature also significantly influenced the micro-
bial activity of the rice-field soils.

iXiscussion

Dehydrogenase activity was very low under hill—sl[Ol[;e
(dryland rice) agricultute, but was higher in the va y
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Fig. 5a—c. Monthly variations in soil respiration in soils of terrace
a valley; b and hill-slope; ¢ rice ficlds. Soil depths as shown for
Fig. 2

Table 3. Simple correlation coefficient () values among various
soil characteristics of rice fields. Computation is based on data
from three types of agricultural practice and three different soil
depths

Dehydrogenase Urease CO,
actlivity activity evolution
Temperature 0.61* 0.55* 0. 77
Moisture content Q.79 0.73** 0.86**
N 0.75 0.47* 0.92%*
Dehydrogenase 0:71%* .91 =
activity
Urease activity 0.73 =

* p=0.05; ** p=0.01

and terrace soils (Fig. 3), indicating that metabolic ac-
tivity of the microflora was higher in the flooded soils.
In the upland soils, the lower soil moisture and
organic-C contents may have been unfavourable to
microbial activity . In earlier studies we reported that
field-capacity moisture (48%) allowed optimal dehy-
drogenase activity (Tiwari ct al. 1987a) and a dircct
positive relationship (r = 0.79) between dehydrogénase
activity and soil moisture has been reported (Baruah
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and Nishia TORA4). The valley soils are relatively rich in
inorganic nutrients and organic € (lable 1; Mishra
and Ramakrishnan 1983) and this may have con-
tributed to the higher dehydrogenase activity in these
soils. Earlier, Tate and ‘lerry (1980) and Chendrayan et
al. (1980) had also reported higher dehydrogenase ac-
tivity in flooded rice soils, which they ascribed to
facultative anacrobic bacteria. There is evidence that
dehydrogenase activity is affected by the presence of
ferrous Fe (Benckiser et al. 1984). In flooded
anacrobic soils Fe'*  compounds become rapidly
reduced to Fe?' compounds by direct enzymatic re-
duction (Munch and Ottow 1983). The high levels of
dehydrogenase activity at depth and the longer dura-
tion of the activity in the valley soils may indicate that
flooding and formation of Fe*' are related to de-
hydrogenase activity.

Urcase activity was higher in the terrace and valley
soils (wetland agriculture) than the hill-slope soils
(dryland agriculture), probably due to the higher soil
moisture and organic-C content of the wetland rice
soils compared with the dryland soils (Rao and Ghai
1985). There was a positive relationship between
urcase activity and moisture content, temperature,
nitrogen, and dchydrogenase activity (lable 3). A
similar relationship was noted in an carlier study con-
ducted in pincapple orchard soils of this region
(Tiwari et al. 1987b). Dkhar and Mishra (1983),
Sahrawat (1983), and Rao and Ghai (1985) have re-
ported that urease activity is positively related to soil
orgenic-C content but this was not a finding of the
present study. Temporal variations in urcase activity
may be related to variations in soil temperature and
moisture, as most rain occurs between June and Sep-
tember and the months October—December are
generally cold and dry (Fig. 1).

CO, evolution was highest in the surface layer
(0—10cm) and decreased with increasing depth (Fig.
5) due mainly to the decreasing organic-matter content
(Schinner ct al. 1980). The high level of organic matter
in surfacc soils scems to be most important factor in
the higher CO, evolution, but cannot explain much of
the variance. Correlations of respiratory activities with
organic-C content and with total N appear largely due
to the common influence of other factors. The prescnt
results show that CO, evolution was related to soil
temperature and moisture, as soil respiration was at its
lowest during the low-temperature conditions in
November and when the moisture content of the soil
was also low, thus supporting the findings of Ander-
son (1973). In the present study CO, evolution was
significantly correlated (P = 0.05) with soil moisture
(r = 0.86), nitrogen (r = 0.92), tempcraturc (r = 0.77),
and dchydrogenase (r=0.91) and urcasc activity
(r=073).
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Figures 25 show that the onset of the rainy
season and the increase in soil moisture content trig-
gered microbial activity. The flooding of the soils (ter-
race and valley) also had a pronounced effect on en-
zyme activity and soil respiration, since the peaks of
the activities were earlier in terrace and delayed in the
valley soils, corresponding to the times of flooding in
these two sites. In the flooded paddy-field soils of the
valley the enzyme activities were greater than in the
terrace and hill-slope soils. Wetland rice soils thus ex-
hibited a higher rate of enzyme activity than dryland
rice soils. This can be ascribed mainly to the higher
nutrient contents and higher tevels ol soil moisture in
the wetland soils (Mishra and Ramakrishnan 1983).
From the present measurements of dehydrogenase and
urcase activity and the rate of CO, cvolution we con-
clude that valley soils support the highest level of
microbial activity and hill-slope soils the lowest, while
terrace soils fall between the two.
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