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ABSTRACT
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Evaluating the sustainability of any land use system poses challenging
methodological questions. The study conducted at the University of Agricultural
Sciences, Bangalore, India revealed that management practices under different land use
systems have altered soil functions and processes. The biological changes observed in
man-made systems relative to the natural systems are important indicators of the impacts
of management practices. Strategies based on these biological indicators and correlating
them with productivity of an ecosystem would be a tool to evaluate sustainability of the
land use systems. The natural systems such as grasslands and mixed forests, gave
higher soil microbial biomass and enzyme activities (dehydrogenase, acid phosphatase
and urease) than the agricultural systems. The results suggest that biomass turnover
and disturbance through cultivation, pesticides, fire, etc. determine the nature and degree
of biological activity in an ecosystem. Microbial biomass and enzyme activity can be

used as indicators to evaluate land use system sustainability.
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INTRODUCTION

The sustainability of land use systems is an important issue since many
agricultural systems have failed and collapsed due to vanous causes and one
of which 1s land degradation. Intensive cultivation, high erosion rates, and
improper nutrient management are some of the causes of land degradation.
Changes in the soil which result in soil degradation could be used to evaluate
the sustainability of agro-ecosystems (Mulongoy and Merckx, 1993; Woomer
and Swifft, 1994). Extensive documentation has been made on the concepts
of sustainabihity based on several strategies such as total production, economic
returns, floral and faunal diversity, nutrient cycling patterns and others (FAO,

1989; Lal, 1994). Soil attributes are preferred as ecological indicators because
of the vital role that soil plays in terrestrial ecosystems.

The pnmary function of soil in an ecosystem is related to the processes
of nutrient cycling. The processes include energy exchange among the different
biotic and abiotic groups, nutrient conversions, floral-faunal interactions, nutrient
losses and various soil biochemical reactions. Many of the above soil Processses
are mediated by floral and faunal interactions with plant communities. They
are also influenced to a variable extent by land management practices (Greenland
and Szabolcs, 1994). Research on soil attributes among natural and manmade

ecosystems would be useful in developing a holistic approach for sustainable
food production.

are gttributed to di:vcmitics In vegetation, cropping history, soil al;lcndmmt&
agricultural practices, etc. (Spier et al., 1979; Tabatabai, 1982). This study
ammdatevahlaungmesusminabilityofnannalmdagﬁcu]nn-a] land use systems
based on soil biological parameters.
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MATERIALS AND METHODS

The study site

All the land use systems monitored in this study were located within the
campus of the University of Agricultural Sciences, Bangalore, India at a latitude
of 12°58’ N and longitude of 77° 35’ E. The climate which prevailed was
cool summer and warm winter with a mean annual rainfall of 844 mm. The
average maximum temperature was 30°C and the average minimum

~ temperature was 19.3°C. The soils were developed from granites and gneisses
and classified as fine, kaolonitic, 1sohyperthermic, Typic Kandiustalf. The land
use systems monitored included ungrazed and grazed grasslands (dominated
by Cymbapogan and Heteropogan spp.), mixed forest, teak plantation, grape
and mango orchard, and irrigated dryland agricultural systems. Detailed
descriptions of the experimental sites are given in Tables 1 and 2.

Soil sampling and analyses

Soil samples were collected from all land use systems in March (summer
sampling). At the time of sampling, there was no addition or removal of biomass
in the natural forests and the ungrazed grasslands. However, before samp ling,
litter had been removed from the teak plantations to prevent fire occurence.
Pruning, irrigation and fertilizer application (2 months.; 25% of the total NPK)
were recorded only in the grape orchard. In the case of the agricultural systems,
no specific crop management practices were recorded as the crops had been
harvested. Pesticide applications were not recorded in any of the land use

systems at the time of sampling. _ |
Three sites were chosen from each land use system for soil sampling

purposes. Surface soil samples (0-1 5 ¢cm) were collected from 3 spots in

each site and made into one composite sample after air drying. me composite
ere analyzed for organic C following Walkley

and Black wet oxidation method (J ackson, 1973), tot_al N by M_mro-Kj edal;ll
method (Jackson, 1973) and maximum water holding capacity by Keen's

Cup method (Piper, 1966).

Determination of soil microbial biomass
incubating air dried soils at

; after adjusting the soil moisture to field capacity (60%
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Table 1. Description of the different land use systems studied
ﬁm:m c.mo m%mSEm. y z.\mmﬁm:.or B ﬁwma 5 m.wmz_ma 3 rimmmmv:- Extermnal Nutrient
nutrients Removal
Ungrazed grassland* grasses >2() years natural nil nil nil
Grazed grassland* grasses >20 years natural nil nil grasses
Mixed forest trees, brushes >20 years natural nil nil nul
Teak plantations teak 12 years man-made nil nil litter
Grape orchard grapes >2() years man-made irrigated fert+ FYM fruits + cane
Mango orchard mango >20 years man-made nil fertilizer fruits,
[rrigated agriculture
(fertilizer + FYM) FM + com |2 years man-made irrigated fert. + FYM grain + straw
Irrigated agriculture
(fertilizer only) FM + comn 12 years man-made irrigated fertihzer grain + straw
Dryland agriculture
(fertilizer + FYM) M |8 years ~ man-made nil fert. + FYM grain + straw
Dryland agriculture
(fertilizer only) FM 18 years man-made nil fertilizer grain + straw

FYM - farm yard manure

FM - finger millet
* Cymbapogan spp and Heteropogan spp




parjdde osfe sem 19z1[19) xa[dwoo ‘sadesd uj ‘pasn Ajuowrod a19m ysejod jo djeunut pue a1eydsoyd 1adns a[duis ‘ealf] .,
PA1OPISUOD SI SSBWO1q 19131] Y3noIyl A[uo pa[oAd31 SSBWOLY

POPPR JAAJ + P[0A091 SSBWOIqQ aNPISal = PA[IAda1 1oyl J1ue310 19N +
sonpisal do1o pue 1on1] jue[d Yim elo10x [ewiue Suisn paredard sinuew piek uLej #

soa1) [eruuarad ur 1an1] A[uo pue 3[qquis pue §}001 Fupnjoul pa[2Ad31 SSEWOIq INPISAY §

93

0ST G'LE 00S 0€0 8Y 0 R (AJuo I9Z1[1I3)
sI)nouge pue[AI
0'STl G'L8 0'0ST 850 99] 001 99 (NAA + 13))
Iy nougde pue[Ai(]
00SI 0’5l 99°0 S'L 0 Sl (A[uo 19Z1[1113})
sImynoLIde pajed L]
- 000€ 000 0'0S€ 980 0°ST 0S1 001 (NAA + H2)
..m aIny[noLde pajes LU
= 0'89 08I 0'EL R1'T 2% 0 A% xPIeya10 OFuR
2 Gstr - SR b IR 09'] L€ ¥4 1 «PIEYoI0 3de1n
= 0 0 0 090 0T 0 01 ,suoneiueld yea |
E 0 0 0 8 L9 0 L9 £15910J POXIIN
S 0 0 0 950 ST 0 ST pue[sseid pazein)
£ 0 0 0 LET L9 0 L9 pue[sseld pazeidu()
= : i 5 e
< O ‘0'd N (%) uogqre)  (IA Bql) (,14 2q1) (114 Bq 1)
M. (,aK ey 3Y) dTue3I0) _Pa12AdY .pappe P[2AdY
m JA[[eWw2)X2 Pappe SIuaLnN [1oS WO PN WAL sSSEUIOLY aNpISaY SUId)SAS 9sn pue]
2 L oF A G TR L
=
2 SUISAS 2SN PUR| JU2I2)JIp Y} Suowe uoqIes-o1uedIo [10S [€)0} PUB PIPPE SJUALNNU ‘PI[OAIII PUR PIPPE SSBWIOI] JO SUNOWY  “ZI[qeL




PARAMA and NAGARAJA
94

of maximum water holding capacitly or Wi lC‘), f]-'wo sets of‘prc;-inc.u bated soj]
samples were used for microbial blOlTl:dSS‘CStl.mat-l()n ( one for fumigation ang
the other for non-fumigation). Thc_sct for fumigation rccm;vcd | ml of ethang.
free CHCI, while the other set did not. Both sets were incubated for 24 1y
Fume-free soils (after fume expulsion in the fumi gated samples) were extracte
with 80 ml of 0.5 M K. SO, by shaking for 30 min and then filtering through
Whatman No. 42 filter paper. The diffcrch(? bct\,.vecr_l fumigated and non-
fumigated samples was used in determining microbial biomass by quantifying
ninhydrin reactive-N (NR-N) (Jocrgcnscp and Br0(7k§s, 1990). From these
NR-N values Biomass-C and N were derived by multiplying them with the
values 24.0 and 2.8, respectively (Carter, 1991).

Determination of enzyme activity

Pre-incubation: For enzyme analyses, the so1l samples (10g for urease, 2g
for phosphatase and 5g for dehydrogenase activity) were moistened to field
capacity (60% of max. WHC) and incubated at 37 + 2°C for 10 days in a
biological oxygen demand (BOD) incubator to restore normal biological activity.
The pre-incubated so1l samples were used for the determination of enzyme
activities (Kiss e al., 1975). The quantity of soil sample required for enzyme
analyses was predetermined by following the methodology of Basavaraj (1984).

Urease enzyme: 500ppm urea was added to pre- incubated soils as substrate
for urease and the soils were incubated at 35 + 2°C for 4 h. Unhydrolyzed
urea from these incubated samples was determined colorimetrically at 430 nm

by complexing it with p- methyl amino benzaldehyde solution (Watts and Crisp,
1954).

Acid phosphatase enzyme: P- nitro phenol phosphate (P-NP-P) was used
s substrate for the determination of acid phosphatase activity. Pre-incubated
soil samples were incubated with P-NP-P (substrate) at 35+ 2°C for 1 h.
water, the phosphatase activity was arrested by adding 4 ml of 0.5 N'NaOH.
ara-nitro phenol (P -NP) formed during 1 h incubation, proportional to the

EhOSPhat_ase enzyme, was extracted and quantified colorimetrically at420 nm
Y adopting the method of Tabatabai (1982)

Dehydrogengse enzyme: Pre-

_ Incubated soils received sufficient quantity of
Aqueous solution of 2, 3,5-trip

henyl tetrazolium chloride (TTC) as substrat
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ensuring adequate anaerobiosis for TTC reduction (3 mlof 1% TTC solution)
These samples were incubated for 24 hina BOD incubator maintained a;
35+ 2°C. The triphenyl formazan (TPF) formed was extracted with methanol
and was determined colometrically at a wavelength of 485 nm (Casida et al..
1964).

Statistical analysis

Simple linear regression equations were estimated to examine relationships
between various parameters (Sundararaj et al., 1977). The same data was

analysed by Metric Multidimensional Scaling (MDS) for ordination to depict
the similarity of various ecosystems (Gauche, 1982). Prior to ordination, the
values of each parameter were normalized into a scale of 0 to 100. Using
these values, Euclidian distance between each pair of ecosystem was computed
(Ludwig and Reynolds, 1988). These distances were used to compute the
projected values of each land use system on the first two axes of the MDS.

RESULTS AND DISCUSSION

Soil microbial carbon and nitrogen

Soil microbial biomass (SMB), indicated by its carbon (SMB-C) and
nitrogen (SMB-N) levels, was higher in ungrazed grassland and mixed forest
than in manmade agricultural and grazed grassland systems (Fig.1). SMB-C
ranged from 174.4 p g g* soil in the dryland agricultural systems without farm
yard manure (FYM) application to 750.3 pg g in the mixed forest. Microbial
biomass in the grazed grassland was significantly lower than in the ungrazed
grassland. Similarly, the teak plantation also showed lower microbial biomass
compared to the mixed forest. Mango and grape orchards showed slightly
lower microbial biomass than the undisturbed natural systems. The irrigated
agricultural systems recorded more microbial biomass than the dryland systems.
Among the man-made agricultural systems, the land use systems which received
both FYM and fertilizers showed larger microbial pool than those receiving
chemical fertilizers alone (Fig. 1).

The high microbial biomass in the mixed forest and the ungrazed grassland
systems can be due to the high organic-carbon turnover and to the little or no

disturbance in these systems (Singh et al., 1989). Among the forests, the
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Figure 1. Soil microbial biomass carbon (SMB-C) and nitrogen (SMB-N) under different
land use systems

natural mixed forest recorded higher soil microbial biomass than the teak
plantation. Reduction in recyclable litter biomass in teak might have resulted in
the lower microbial biomass. Similarly, reduction in the recyclable residues in
the grazed grassland might have caused a decline in its microbial biomass.
jfhese. ob'se-rvati(‘)ns indicate that the plant biomass carbon turnover is crucial
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significantly among the different land use systems (Fig. 2). The TPF formed

per gram of soil per hour ranged from 0.41 pg in the soils of the dryland
systems without FYM to 3.91 ug in the mixed forest system. Higher
dehydrogenase activity was found in soils of mixed forest, ungrazed grassland
grapes and 1rrigated agricultural systems with FYM. Least dehydrogenasé

activity was found in dryland systems applied with chemical fertilizers alone
(no FYM application).

Agricultural systems with high biomass turnover recorded a hi gher
dehydrogenase activity than those with a low biomass turnover. Less
disturbance in the ungrazed grassland and the mixed forest soils mi ght have
resulted in the higher dehydrogenase activity. Intensively cultivated grape
orchards with high doses of fertilizers and pesticides were anticipated to show
lesser dehydrogenase (microbial) activity but the application of large quantities
of manure might have enhanced soil biological processes (Greenland and
Szabolcs, 1994). Recurring disturbances in the monoculture agricultural systems
led to low diversity and coincided with low organic matter inputs. This might
have reduced the microbial biomass and hence, the dehydrogenase activity,

also (Fig.2).

Acid phosphatase activity

Phosphatase is another important soil enzyme which is involved in the
release of phosphorus from its organic form. Soils of the ungrazed grassland
and the mixed forest revealed a higher phosphatase activity than the other
systems. (Fig. 2). Its activity was least (19.3 pg of P-NP per gram of soil per
hour) in solids of the dryland agricultural system receiving no F'Y M but was
high (52.3 pg) in the soils of mixed forests. Interestingly, phosphatase activity
was relatively higher in the natural systems than in the manmade systems where
phosphorus was added externally.

The role of recyclable biomass in the natural systems appears to be
more prominent for efficient cycling of phosphorus. Plaqt ‘t?iomass rerr}oval by
grazing showed about 32% reduction In phosphatase' activity. The agricultural
systems, except irrigated systems receiving both chemical femllgem and manure,
had lower phosphatase activity than the other systems. HJ gh disturbance in _the
above systems might have hindered phosphatase activity. However, hligh
biomass turnover in irrigated agricultural systems and grape orf:haljds appl_led
* with manure might have overcome the impact of intensive cultivation. (Dick,
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INTRODUCTION

The economic situation of many coconut-exporting countries, including
the Philippines, has drastically been affected by the continuing fluctuation of
coconut oil price in the world market for the past several years. A_s a result,
development of new food products from coconut has bee‘n carried out to
diversify its utilization through processing of coconut into high valued, non-
traditional food products for domestic and export markets. One method of
processing coconuts into food products 1s by dehydrating sweetened coconut
meat at various degrees of maturity (from young to mature coconuts).

One of the dehydrated food products developed from coconut is called
coco-crisps, adried crispy product from a maturing coconut meat (9-10 month -
old) meat. Coco-crisps has white color, leaves no fibrous texture and has the
night crispiness. Its processing involves nut husking, meat removal, meat shicing,
blanching in boiling water, cooking in sugar syrup, soaking in Syrup overnight,
draining, drying and packaging (Truong et al., 1984). The drying process of
COCO-Crisps is a very important step in terms of both process economics and
product acceptability.

Previous research showed that high drying temperatures increased drying
rates of coconut meat resulting in shorter drying times ( Bimbenet et al., 1985:
- Lozada, 1978 ). The rate and temperature of drying have a substantial effect
-on the texture of foods. Heat does not only vaporizes water during drying but
also causes the loss of volatile components from the food. Drying also changes
the surface characteristics of the food hence, alters the reflectivity and color.
[n general, rapid drying, longer drying times and high temperatures cause greater
changes than moderate length of drying and lower temperatures, respectively
(Johnson and Peterson, 1974). Holdsworth (197 I) reported that structure
and composition of raw materials, shrinkage during drying and loss of volatile

Wning reaction are the Important aspects determining
orgggoleptlc properties during dehydration of tfood products. The sensory

ucts dried at high temperature may be affected (Desrosier,
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MATERIALS AND METHODS

Coco-crisps processing

About nine-month old coconuts of the Baybay Tall cultivar were obtained
from the experimental fields of the Regional Coconut Research Center (RCRC)
ViSCA, Baybay, Leyte. The nuts were husked, split and shelled. The coconu;
meat was sliced into 0.7-1.2 mm thick slices using amechanical slicer, blanched
in boiling water for 15 minutes, drained and cooked in 50% sugar syrup for
about 15 minutes and soaked in syrup overnight. The drained samples were
used in the drying experiments.

Electric cabinet dryer

The electric cabinet dryer used in the study is shown in Fig.1. The dryer
consists of a blowing section, heating section, flow straightening and mixing
section and drying chamber. The blowing section consists of a centrifugal fan
driven by a 0.377 kw (% hp) motor. The amount of air flow admitted into the
dryer can be varied by using air baffles at the inlet section. The heating section
consists of four 1.5 kw heaters with variable controls. The flow straightening
and mixing section consists 0f 0.30 m long, 0.025m by 0.025 m square channels
made of GI sheet. The drying tray is connected to an electronic weighing
balance and suspended inside the drying chamber. During the drying
experiments, the upper exhaust window was fully opened while the bottom

. window was fully closed.

Moisture content determination

The moisture content of the samples were determined using the air oven
method at 105 + 3°C for at least 15 hours without erinding the samples. The
dried samples were cooled in a desiccator with selica gel before weighing. An
electronic weighing balance with an accuracy of 0.0001 g was used for all
measurements ( Mettler AE 200). Moisture content determination was done
at least in triplicate. The moisture content of the samples was calculated on a

percent dry basis.

Drying curve determ nation

The dryer was stabilized for one hour at the required conditions. The air
velocity of the drying air was fixed at the lower air velocity of 0.25 m/s 1n
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Figure 2. Soil enzyme activity under different land use systems

1994). Higher phosphatase activityin FY M-treated agricultural plots compared
to those systems without FYM (fertilizers only) also indicate the importance
ot recyclable biomass carbon in maintaining phosphatase activity. The cause
for the low activity of acid phosphatase in the teak plantations was not known.

Urease activity

- Urease activity was significantly different in the various land use systems
( Flg.?_). Soil urease activity ranged from 7.3 (ug of urea hydrolyzed per gram
of soil per hour) in grazed grassland to 46.4 in the mixed forest.

- Urease activity was low in the soils of grasslands, teak and dryland
?gn cultural sy stems applied with chemical fertilizer alone but high in the mixed
a?r:?zz Larger biomass tumover n_li ghthave influenced the system to utilize the
per anc(;rl?'] (})]fN.from soil organic matter (Kiss ef al, 1975). The total nitrogen
ureolytic = So-l] vrganic matter (SOM) may also indicate the importance of
—— }(])rgamﬁsrns. Amon g the man-made agricultural and horticultural

S, the fertilized plots with no F YMrecorded higher urease activicy.
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Relationships between soil organic carbon and soil biological
paramez‘ers

Soil biological processes are determined by recyclable quantit y of organic
matter within a system. Several authors have reported a direct relationship
among SMB-C, recyclable biomass carbon and soil organic-C (Lovell e1al
1985; Srivastava and Singh, 1989). The soils of mixed forest, ungrazed
grassland and grape orchard showed higher levels of the above parameters
(Table 2 and Fig.3). Systems with high biomass turnover maintained higher
microbial biomass while man-made systems with low biomass turnover
recorded less SMB indicating the influence of agriculture and other disturbances
on soil microbial biomass (Fig. 3).
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Figure 3. Relationship between soil microbial biomass carbon (SMB-C) and soll organic

carbon (SOC)

Figure 4a indicates that dehydrogenasc gctivity iqcrcasc_:d with an ?ncrcasc
in SOC. The observed dehydrogenasc activity was ht ghcr n thcﬁundlsturhcd
natural system and irrigated agricultural system (apphcd with -l* Y M ). [ cast
disturbance among the natural systems and better moisture availability in the

irrigated agricultural systems might have induced higher biological activity.




PARAMA and NAGARA A

100
1
5.0 a. Dehydrogenase Enzyme
s & MF
QD
U
C 3.0
c 9.
8
S 20
P 52
Q
o
10 ® GG y=15674x + 0.3649
¢ DL-2 r=0.877, p<0.05
0.0
0.0 0.5 1.0 1.5 20 2.5 3.0

Soil Organic Carbon (%)

e b. Acid phosphatase Enzyme®
¢ MF

500 i

b
O
-

Acid phosphatase
e
-
o

& MH
20.0 ¢ DL-2
b v = 11.478x + 21.374
r=0.741; p < 0:06
0.0
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Soil Organic Carbon (%)
20.0T ¢, Urease Enzyme®
¢ MH
40.0
® 30.0
4y
D
= 200
10.0
¢ GG y = 11.028x + 1%%22
- . < U.
0.0 r =0.574;p
s i 1.0 15 2.0 2.5 3.0

Soil Organic Carbon (%)

cn soil enzymes and soil orgamc carbon (SOC) (1)18 of

Lhr! (2) pg of P-NP formed g'soil hr' (3) U8 of urea-N
2" soil hr!



Soil biological parameters as sustainability indicators 101

Microbial activity 1s known to be sensitive to disturbances such as fire,
cultivation, etc (Tabatabai, 1982; Greenland and Szabolcs, 1994). The acid
phosphatase activity also increased with SOC among the systems. (Fig. 4b).
However, the natural systems maintained higher phosphatase activity than the
other systems. Non- application of phosphorus in these systems might have
compelled them to depend more on natural phosphorus recycling processes.
The microbes responsible for P-release may decline due to P-application as
in the case of N-fixers on addition of N- fertilizers and the proposed hypothesis
needs to be tested in both laboratory and at field level. Urease activity increased
with SOC and its activity was high in the agricultural system and in the mixed
forest systems (Fig. 4c) while the natural systems maintained lower levels of
the enzyme. Higher urease activity in mixed forest might be due to high C and
N in the system (Fig. 4).

Similarity among various land use systems

Comparison of different land use systems based on biological parameters
is an important tool for sustainable evaluation. In ecological studies, ordination
technique is one such tool used to understand the extent of similarity and
dissimilarity among different ecosystems. The data inputs are grouped into
different categories (Axis- 1,2,3 etc.) based on behavior. The scores generated
which range from —1 to + 1 are arranged in two dimensional scale. Thus, the
relative distance between any two sites is proportional to their dissimilarity in

terms of soil biological parameters (Fig. 5).
The ordination results generated are depicted in Fig. 5 wherein the 10

land use systems are spaced among the first two axes of the multidimensional
scale (MDS). The first axis (MDS Axis-1) explains 75% of total variance
while the second axis (MDS Axis-2) explains 19% of total variance. The land
use systems, which were similar in biological properties, formed a cluster.
Comparative analysis of the similarity/dissimilarity of the different land use
systems resulted in the three broad groups. The first group consisted of less
disturbed natural ecosystems (ungrazed grassland and mixed forest), the
second group comprised of manmade systems with high biomass turnover
(mango and grape orchards and manure apphed urigated agricultural systems,
and the third group comprised of disturbed natural systems (grazed grassland
and teak plantations) and manmade agricultural systems (IR-2, DL-1 and
DL-2) with low biomass tunover. Theabove inference may have low precision
as the microbial —C and microbial-N are computed from the same ninhydrin
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Figure 5. Multidimensional scaling of ecosystems based on soil biological parameters

reactive —N. However, these results suggest that soil biological features in
ditferent land use systems are a result of biomass turnover, disturbance and

management practices. Hence, the biological parameters monitored in this
study could be used as indices of ecosystem sustainability.

CONCLUSION

Soil microbial biomass and microbial processes vary greatly with land
management practices. Biological changes in the soil over time are attributed
o cropping history, soil amendments, environmental factors and other factors
Biological activity was substantially higher in the soils of undisturbed natural
Systems (ungrazed grassland and mixed forest) compared to the other systemms.
Perturbations, such s fire, cultivation, grazing, pesticide and fertilizer application
etc, coulfrl have altered the soil biological processes in manmade ecosystems:
Comparison of the natural Jand use systems and the existing agn'cultural land

ological properties is useful in the assessment O.f
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