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Question 1: Compulsory [40 Marks]

a) Define simple random sampling and give an example where it would work

[5]
b) Compare and contrast between induction and deduction, as used in research
[7]
¢) Discuss 3 methods of your choice for data validation in scientific research
[13]
d) Write short notes on a good researcher [10]
Question 2 [30 Marksj
a) Write short notes on the following;
i, Literature review, [5]
it.  Hypothesis [5]
iii.  Research design [5]

b) The research process can be summarized in a sequence of steps which defines a
systematic procedure for the objectives of a research to be met. Describe the sequence
of steps involved. [10]

¢) List qualities of a bad research [5]

Question 3 |30 Marks]

Given the article attached, formulate and write the abstract [30]

Question 4 [30 Marks]|

a) Critique and praise (where necessary) the research as presented in article provided in
Question 3 above [20]

b) Identify a topic of your choice that could be the focus of a research study in Water
treatment and water resource management, and write out a possible hypothesis on the

topic ‘ [10].

The end
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Many monitoring programs advocate that soil or-
ganic matter contents should be measured to assess
effects of land use on soil quality. Raftes of change
in the total organic pool are relatively slow and
other more labile soil C pools, such as soil mi-
crobial C, have been suggested as more sensitive in-
dices to monitor longer-term trends in organic
matter (Powlson et al, 1937, Doran and Parkin,
1994; Larson and Pierce, 1994; Gregorich ef al,
1994). The fumigation-extraction methods to deter-
mine microbial C (Vance et al., 1987) are relatively
complex and time-consuming, which coufd [imit
their inclusion in roufine monitoring programs. In
contrast, water extracts of moist and air-dried soils
are simple to obfain and can provide a labile C
fraction (McGill et al., 1986; Davidson ef «f., 1987;
Haynes and Swift, 1990; Zselnay and Gorlitz, 1994;
Peluca and Keeney, 1994; Harrs and Safford,
1996). Cold-water extracts from moist soil confain
very little C derived from microbial cells (van
Ginkel et al, 1994), and there is poor agreement
between the microbial biomass C and amounts of
soluble € exiracted from moist soils (DeFLuca and
Keeney, 1994). However, extracts from dried, fumi-
gated or partially-sterilized soil contain much
greater amounts of soluble C, some of which is de-
rived from killed microbial cells (Powlson and
Jenkinson, 1976, Vance et al., 1987, West ef al,
1989; Badalucco et al., 1992). Blagodatskyi ef al.
{1987) used soil desiccation ag an alternative to fu-
migation_to release microbial C and, on a very lim-
ited range of soils, Sikora et al. (1994) found good
agreement between microbial biomass measured by
the desiccation method, by fumigation-extraction or
the substrate-induced respiration methods..

The proporiion of soil organisms surviving air-
drying can be variable, clays and organic matfer

*Author for correspondence,

protect against-desiccation and there may have been
selection for drought tolerant organisms (Powlson
and Jenkinson, 1976, Sparling ef al, 1986). To
maximize the amount of microbial material in a
water extract of dry soils it will be necessary to
solubilize the surviving cells. Boiling water at 100°C
kills vegetative microbial cells (Stanier et al., 1968)
but has the disadvantage of extracting appreciable
amounts of non-microbial organic C (Haynes and
Swift, [990). A temperature of 70°C is sufficient to
kill vegetative microbial cells (Stanier er al., 1968}
and stili makes microbial biomass components
extractable (Speir et al., 1986). Our preliminary stu-
dies on conditions to extract microbial C suggested
a suitable combination was to air-dry soil at 20—
25°C followed by a water extraction at 70°C for
18 h. We report results obfained using this
approach compared against those obtained by fumi-
gation-extraction.

Soils from a wide range of locations in New
Zealand were sampled to 0-10cm depth. Also
meluded were a small number of peats and subsoils
sampled to greater depths (Table 1). The soils were
sieved (<4 mm) while field moist, adjusted to
-5 kPa moisture content, and conditioned at 25°C
for 7d before measuring microbial biorass (tripli-
cates) of the moist soii by the fumigation-extraction
technique (Vance ef af., 1987). Exceptions were the

“peats and the sawdust amended soil for which the

microbial biomass was measuared without condition-
ing and peats were cubed, (I cm}) rather than sieved.
A k-factor of 0.41 was used to calculate microbial
C from the C-flush. A small (ca. 100 g) subsample
of the soil was spread thinly on plastic shecting and
air-dried at 20-25°C for up to 96 h. The air-dried
soit was stored in sealed plastic jazs at ambient lab-
oratory temperature (18-22°C) until analyzed (tri-
plicates) for water-soluble components up to
6 months later, Hot-water soluble C was obtained
by incubating 2 g air-dry soil or 0.4g peat with
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1479 G. P. Sparling ef al.
Tuble . Soil type, classification, land use and C poals of the soil used in the study
USDA soil Hot-water’
NZ taxonowy Microbiul C  extractable C
Soil classification®  suborder No = . Land use Depth (em}  Total C (%) (igg™) (ueg™"
Blackstone sandy )
loam pallic soil ochrept [ hill pasture 0-10 3.27-3.49 548-805 208-553
Teviol siil loam brown soil ochrept 13 hill pasture 6-10 3.52-6.19 9651736 439-1068
Teviol{Blackstone recent soil orthent 4 hill pasture G6-10 3.05-3.34 552-1115 272-358
Te Awa silt loam recent $oil thuvent 3 arabie 090 0.11-3.25 1-288 1-95
Twylord sandy
loam recent soil fluvent 3 arable 0-70 0.28-1.90 22-232 {-184
Horotiu sandy
loam aliophanic soi udand 3 paslure 0-150 0.13-9.28 441378 41-738
pasture and
Tirau loamy silt  allophanic soit udand 4 forestry 0-10 6.88-8.52 786-1374 302891
Templeton silt
foam pallic soil ochrept 2 arabie 0-10 242-1.58 356457 192-211
Temuka deep clay
foam gley soil aguept 2 pasture 0-10 4,76-6.18 20982332 912970
Patamahoe clay arable and
loam granular soil humult 2 pasture 0-10 2.1i-6.93 i66-2152 136867
arable and
Timaru sijt joam paliic goil ochrept 2 pasture 0-10 2.31-2.75 536964 256-387
arable and
Waitohi silt loam paliic soil udall 2 native bush 0-10 2.79-2.52 7178900 352574
Warkworth clay ultic soil udult 1 pasture 0-10 498 1032 336
Ruakaka loamy
peat organic soil hemist 2 pasture 0-10 157-13.24 16401657 436657
Pumice sand and sawdust
siit anthropic soil arent 6 amended soit 50--158 007548 427754 i-787
restiad peat
Peat (unnamed) organic soil fibrist 5 domsg 0-10 41.8-47.6 3257-10 639 6249-12 216
Raggitaiki pumice Dracophylium
sand pumice soil vilrand 5 heathland 0-10 616743 901-1063 424600
*After Hewitt (1993},

§18 h extraction at 10°C.

10 ml water in a capped test-tube at 70°C for 18 h.
The tubes were shaken by hand to resuspend the
soil at the end of the incubation and then filtered
through Toyo 5C paper. Seluble C was measured
on a Shimadzu TOQC-5000 analyzer (Wu et of,
1990) and total soil C was measured on ground air-
dried soil by Leco combustion furnace (Blakemors
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Fig. 1. Relationship befween hot-water extractable C

(WEC, I8 h at 70°C) and total organic C (%), excluding
organic and sawdusl-amended soils.

el al., 1987). All resulis are expressed on an oven-
dry soil basis.

Total C ranged from 0.07% to 13.24% for the
mineral soils and up to 47.6% for the peats.
Microbial biomass C ranged from {pgg™ in the
nineral subsoils to 2332 ug g~} in the mineral top-
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Fig. 2. Relationship between hot-water exiractable C(I18h

at 70°C) and the microbial biomass C determined by fumi-

gation extraction, excluding crganic and sawdust-amended
soils.



Hot water soluble C as a measure of soil organic matter

soils, and up to i0.6mgg™' in the peats. Hol-
water-extractable C ranged from [ ugg™ in the
subsoils up to 1068pgg™’ in topsoils and
122mgg in peats. Replicates generally differed
by <5%, and mean values for each soil were used
for regression analyses. o
. Overall, there was a linear relationship (Fig. 1)
between tatal € and hot-water-extractable C
(R = 0.86, n = G6, P < 0.001). This correlation
was biased by two groups of soils forming clear
outfiers: the sawdust-amended {Anthropogenic) soil,
and peaty soils with a total C content >[0%.
Excluding these soils from the regression becauss of
their high leverage gave the regression (4 standard
errors of parameters): water-extractable
C=105+11 (Totai C)-25+52 (R*=0.63;
n = 53, P < 0.001).

Generally, there was a linear relationship and
reasonable correlation between hot-water extracta-
ble C and microbial biomass C (R?=0.79, n = 66,
P < 0.001), The sawdust-amended soil and peaty
soils again formed outlier points. Regression ana-
lyses excluding these soils (Fig. 2) gave the relation-
ship: water-extractable C = 0.43 +0.39 (micrabial
biomass C) + 773405 (R*=0.71; n =353,
P < 0.001), demonstrating a closer agreement than
between water-extractable C and total C. Extending
this relationship to the microbial quotient (mi-
crobial CfFotal C percentags) and the apalogous
water-extractable Cftotal C percontage, showed a
general agreement between the two ratios, but
revealed subsoils with very low biomass as a distinct
group of outliers. These subsoils were also excluded
from analyses (Fig. 3). Regression analyses gave the
relationship p = 030 x + 0.44 (R*=047, n = 47,
P < 0.000).

In our study, the hot-water-extractable C content
of the mineral soils after air drying was about 43%
of the microbial C, although there was considerable
variability around this value {C.V. = 9%). The pro-
portion of microbial C becoming extractable was
similar to the 40-45% of the microbial C, obtained
by fumigation-extraction (Wu et af, 1990,
Joergensen, 1996). This similarity may be coinciden-
tal, because in some cases non-microbial pools defi-
nitely contributed to the hot water-extractable C.
This was especiafly so with soils of organic C con-
tents > 10%, where, in some instances, more C was
extracted in hot wafer than was originally present
in the microbial biomass. We regard hot water
extractable € as a measure of labile soil C, not
necessarily- a substitute for microbial C. However,
for topsoils with < 10% organic C, water-extracta-
ble C was more closely refated to the microbial bio-
mass C than total C. The ratio of water extractable
C-to-total C could be used in an analogous way to
the microbial quotient which has been proposed for
soil quality monitoring (Doran and Parkin, 1994).
The method requires further validation on other
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Fig. 3. Relationship between the microbial quotient (mi-
crobial Cftetal C) and the ratio of water-extraclable
C-to-total C.

soils but is worthy of attention for wide scale soil
quality monitoring in that it is simple, rapid, does
not require toxic fumigants, and the soils may con-
veniently be stored in an air-dry state at room tem-
perature until analyzed.
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