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RESULTS AND DISCUSSION

The analysed results are presented in Appendix 5.1A
and details of interactions are presented in Figs. 5.1.1,
5¢1.2, 5.143 and 5.1.4.,

The method of keeping the so0il samples in plastic
bags and not in sealed tins may have led to some loss of
water. Thus values recorded for the water content may not
have been exactly equal to those at the time of sampling,
but since all so0ils received the ?ame trecatment after the
samplies were collected differences would be relative.

The water content of Tasman Forest averaged 18,3%.
This represents about 40) water holding capacity (W.H.C.)
vhich was found by Gaarder (1957) to be én optimum value for
microbial activities, This value is an average of water
contents which were both too high and too low for optimum
microbial activity, therefore microbial activity had to be
' measured over a wide range of water contents to gain some
idea of the variation. This work is described in Chapter 6.

The effects of age were almost significant. Bare
soil (Fig. 5.1.3) on site R66-67 contained 20,7% moisture
while s0il covered with vegetation contained an average of
18.5% and 17.2%. Faster drying of soil under dense
Peresinosa vegetation compared with cleared areas was noted
by De Vries and wilde (1962). The difference may affect the
activities of micro-organisms in the so;l although the re-
duced soil water content under vegetation may be compensated

for by the more even micro-climate found under vegetation,
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The factor season (Fig., S5.1.1) showed that swmmer
values of 12.3% were half the winter value of 24.3%. The
mean winter value was slightly less than 60% W.H.C.

Measured go0il moisture conditions were therefore close to
optimum during winter. However, some waterlogging was pre-~
sent in the field in some soil samples, but the interval
between collection and measuring allowed some samples to
drain,

The effect of depth of the soil from where the sample
was taken is shown in Fig. 5.1.2. The 0 -~ 2.5 ¢ém layer had
a higher water content than the other, deeper layers. This
was probably due to the greater W.H.C. of the s8o0il in this
layer compared wi£h deeper layers, even though the surface
layers should have tended to dry more rapidly than thg deeper
layers.

The season x depth interaction (Fig. 5.1.4) shows
that fhe difference between summer and winter moisture values
decreased with increasing soil depth,. At the surface there
was almost a 300% difference while at 25 cm depth the differ-
ence was approximately 40%,

Position x age (Fig. 5.1.5) interaction was interest-
ing, in that the ridge sites under younger regeneration
possessed slightly lower so0il water contents than gully
sites., This trend was, however, reversed at the R60 site.
This is contrary to the observation that areas with older
vegetation, and presumably more dry matfer per unit area,

cause the soil to possess lower moisture contents, This
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means thatl ridge sites in the young regeneration areas
should possess more biomass than the gully sites. This is
contrary to the report of Whyte (£966) unless transpiration
of plants on the ridge sites was greater even.though the
volume of wood in'merchantable trees on ridge sites was less.
This situation would have to be reversed at R60.

Water content showed a correlation (Fig. 10.2.1) with
bacterial numbers at the 0 - 2,5, 5 and 10 e¢m depthas and
with pH at the 25 cm depth. Jones (1968) found a correla-
tion of 0.452 between water content and bacterial numbers
which was one of the highest correlatioens found in his

study.
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52 ACIDITY

INTRODUCTION

The measurement of pH was undertaken firstly to
determine if it varied in any regular manner in the soil
under P, radiata regenerafion of different ages in Machine
Gully, Tasman Forest, and secondly, to see if any other
features which were measured in Tasman Forest could be
correlated with‘pH.

Under ordinary conditions the hydrogen ions them-
selves have little direct effect upon ﬁlants, but the degree
of acidity of the s0il may have a regulatory effect on the
chemical processes that influence growth. Increased acid~
ity may reduce the availability of nutrients and cause the
release of toxic soluble compounds of aluminium and iron
(Oosting, 1958). For this reason it was decided to deter-
mine if there were a correlation between soil pH and numbers
of the groups of micro-organisms found in the soil,

Most workers (e,g. Hamilton, 19654 Zinke and Colwell,
1965) have not been able to correlate plH with the age or
productivity of the conifer tree crop but many workers havae
found that c¢onifers tended to cause the s0il to assume some
pH value, usually less than the pH of soil found under the
non-coniferous vegetation, Under some conditions, for ex-

ample, in an area supporting almost pure Calluna vulgaris on

Sufford Moor, Rennie (1962) found that the original value of
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pH 3.3 was reducesl to 3,1 by conifers and raised to 3,5 by
hard woodsa. It wam thouzht that after cliear felling the
PH of the soil may change and therefore analyasis of soil

undor different ages of regeneration was undertaken.

S el V)

Soil somples weare collectod from Tasnsn Porest en
elght occasions and from Halmoral and lanmer Forasts on one
nechaion, Ternn g of soil were adied o 90 =l of dixtillieg
waler and the resulting suspensaion wan shakern vijoveusly for
two winutea and left evernight, Readdnzs at ihie degree ol

Vausly wsed aa
dilution were more convenient because Lhiztw;aA:ha first
dilution of 8 nories oif dilutions uzed in the eatination of
mleroceorganism numbers,

iiydrogen lon conceniration determinztlions were mads
with a gZlass ejecirade using a ‘ndigmoter 20 pii meter which
was calibratel befeore an:d at intervals during the taking of
readings, Tﬁ§ nam;les‘cnllactqd from Tasman Vorest on
25 August, 1967, were wotted with tap water instesd of dis-
tilled water, as used in other caases. This causec consist-
ently higher values which have been eompensated for i« the
reasulis, The vl of soil sauples to January 196! were ob=
tained by recordlioy the walde on the meter wille ths
suspenasions were being xhakéu. samples analvesed after thim
date were allowed to cone te eguilibrium before the resalt

was recarded, Results obiiined belfore January 196 hove
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been compensated to allow for this and all results are pre-
sented as values obtained at equilibrium. It was poasible
to compensate objectively because values obtained by the two
methods differed by O.4% ¥ 0.1 pH unit. Terms used to
describe factors in the analysis of variance table are

explained in Section 10,2,

RESULTS AN DISCUSSION

The analysis of variance of the results is presented
in Appendix 5.2A,

The significance of the replication factor casts
doubt on the reality of the significance found for the season
factor, No importance can therefore be attached to the |
factor season. The age of regeneration (Fig. 5.2.1) showed
a significant effect, High pH values were found at R66-67
and R63 while low values were present at R65-66 and R60,

No explanation can be found to explain the high value at
R63.

The season x position interaction (Fig. 5.2.2) showed
the pH of ridge sites changed from 4.7 to 4.9 from winter to
summer while gully sites stayed constant, If this
phenomenon was related to water table movement the gully
sites would probably show differences in pll rather than the
ridge sites. However, it is possible that because ridge
.sites appear to possess less A horizon soil, that the soil
present on the ridge sites was less well buffered and this

allowed environmental factors to affect the change in pH.
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Fig.5.2.1

Fige5.242

Fige5+4243

Fig.5.2.4

The acidity of soil samples taken from
under stands of P.radiata regeneration
of four ages., Samples were taken from
ridge and gully sites at four depths

on four occasions,

The acidity of soil samples collected

on two occasions in summer and winter
from ridge and gully sites under P,radiata
regeneration in Tasman Forest. Samples
were obtained from four depths in the
seil,

The acidity of soil samples taken from
ridge and gully positions under four age
classes of P,radiata. Samples were
collected from four depths and were
measured in a 1:10 soiliwater suspension
using a pH meter with glass electrodes. -

The acidity of soil samples collected from
four depths under FP,radiata of four ages
growing in Machine Gully, Tasman Forest.

M
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The position x age interaction is presented in
Fige 5¢2¢3. As shown by this interaction, values for gully
sites were greater than those for the corresponding ridge
sites except at R65-66 site, It is difficult to understand
why a difference should occur only at the R65-66 site. . The
age x depth interaction (Fig. 5.2.4) showed a complicated '
pattern, On some sites pH declined with soil depth while
at other age classes the reverse held, The difference in
pH values at various sites, different depths, topographical
positions and age classes, appears to be too complicated to
be explained by a simple explanation., Since pH readings
were taken only in an attempt to correlate.pH with other
factors the factors controlling pH variation are not so
imporfant in this study.

An attempt was made to correlate plH values obtained
with the numbers of groups of micro-organisms by use of a
Multiple Regression i‘rogramme, as explained in Sectiord 10.2
(Fig. 104241), The soil pH values had a low correlation
with actinomycetce numbers at 10 cmn depth and a correlation
of r= 0.366 with the water content of thé soil at 25 em.

The correlation between water content and pli may be explained

if it is postulated that the greater water content allowed

the micro-organisms to producce more acid conditions by
decomposition of residuese. llowever, the prescoance of resi-
dues at this depthh would be insignificant. Perhaps there

wag an interaction beiween the water molecules and clay com-

ponents of the soil producing inore free NBO+ ions.
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The overall variation in pH wvalues explained by
numbers of micro-organisms was very low and the complicated
pattern of pH values observed make its use in explaining
other phenomena difficult.

The average val;e of 4.8 found for Tasman Forest soil
is lower than the pH of 5.7 in R60 and R46 regeneration at
Balmoral Forest and 5.5 in R60 and R51 regeneration at
Hanmer [forest. These differences in pH suggest that there'

may be differences in other soil factors between the soils,
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5.3 WEIGHT CF GHGQANIC MATTER IN LITTER LAYLLRS

METHOD

Three %30 x 30 em plots were marked out at random on
two ridge sites and one gully site under mature (P31)
eradinta at Taswan [orest, Ali litter and duff from the
plots werec collected. An arbitrary decision on the division
of components was made, Difficulty in separating soil from
well decayed duff layers made estimates of weight unrclisble
and therefore extensive sampling was not considered worth-
while.

Samples were mixed and sub-samples were oven dried for
24 hours before weighing,

Results: The results are given in the table below (Table 5.3.,1)

Litter Duff Total
Oubis
Ridge : 3,552 23,201 26,753
Ridge 4,929 ' 13,298 18,227
- Gully 4,742 9,582 14,324
Average 4,408 15,361 19,768

Table 5.3.1 Amount of 0.D. organic matter on soil surface
under P31 P,radiata expressed in kg/ha.

Results show that the amount of duff per unit area of ground

surface was four times as high as the amount of litter,
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5.4 ONERGY

INTRODUCTICH

- The measurement of the energy content of organic
matter (0.M.) in différent prarts of the blosphere is becoming
increasingly important as the study of ecology lays greater
emphasis upon energy flow in ecosystems (Gorham and Sanger,
1967); This section presents calorific values for organice

matter in surfoce smoils under P.radiata.

METHOD

Soil samples were treated as described in Section 6.25,

° C and cooled in a desiccator

Soil was dried at 102 t 1
before weighing‘into crucibles. Energy content was deter-
mined using a Gallenkamp Adiabatic Bomb Caolorimeter (Model
cB110). No nitrogen and sulphur corrections were made since
the soil contained very iittle of thesc elementg. Samples
of soil were wrapped in filter paper of known calorific value
té facilitate ignition. Appropriate fuse wire éorrections
were made for each sample and the ash remaining in the
colorimeter was weighed‘after cooling in a desiccator to
allow expression of the results on the basis of ash free dry
weight, Since the soils did not contain free carbonates

the loss of welight was considered to be a reasonable estimate

of the amount of organic matter present,
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Table 5.,4.1 Amount of energy contained in soil and litter
samples from P.radiata forests

Replication 1 Replication 2

Soil Cal/g 0.bi % Cal/g O.Ma®
Lincoln 442.8 7.8 408.9 7.2
Hanmer 181.2 2,6 202,53 3.4
Balmoral 269.9 b,7 310.7 309
Tasman
Forest 13947 0.9 124,6 0.9
beneath
LeB8coparium
Tasman Forest
P31 15147 1,2 163.1 1e1
Tasman Forest
R60-63 240,7 2.3 236,5 267
Tasman Forest
P31 578143 96,3 5691.1 96,8
Litter '
Tasman Forest
31 3500042 69453 367845 66.4

Duff
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The results are averages of duplicate samples.

The coalorimeter was standardized using benzoic acid.
Results obtained from standardization were consistent
(6327,.8 and 6325,9 cal/g) and nearly equal to the standard
value of 6319 cal/g. The large amount of minieral matter
in the samples probably did not affect the re-ults (Gorham
and Sanger, 1967), Differences in calorific value of
individual pieces of filter paper were negligible, for
example, two pieces tested gave values which differcd by
1 cal/g. All filter paper dsed was taken from the same

batcho

RESULTS AND DISCUSSION

The results are presented in Table 5.%4.1 and
Fige 5.4424

The most unusual feature of Fig., 5.%4.2 is the very
high calorific values of soils from Tasman Forest. Lincoln,
Hanmer and Balmoral soils show values higher than usually
associated with biological material but are not higher than
reported values of 7000 cal/g in hibernating animals. Even
though this work was carried out on a material of low calori-
fic value by means of many control experiments the differ-
ences between the results obtained in this thesis and other
reported values are too large to be explained by any obvious
experimental error.

Using the values obtained Tasman Forest would contain

10 10

1.02 x 101°, 2.42 x 10%° and 5.40 x 101° cal/acre in the
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cals x10° /g od OM.
% OM. in o.d. soil
cwsxKﬂIgndam

LINCOLN HANMER BALMORAL MANUKA P31

SOIL TYPE

inergy content, estimated using a Bomb Calorimeter,
f soil samples collected f{ro ineoln College

ry Farm, Hanmer, Balmoral and Tasman Forests.

01l was collecte awn to 25 ¢ eptlhiq
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litter, duff and scil fractions respectively.

There 1s some evidence that the O0.M. in soils with
low C.M. contents has a high calorific wvalue, Gorham and
Sanger (1967) found that samples with less than 50% (.M.
averaged 5110 cals/g while samples with more than 60% aver-
aged 4970 cal/g. Salmi (1954) has also reported that the
degree of decomposition might also be expected to influence
the calorific value of soil O.hM. Working with Finnish peat
samples he recorded a striking degree of positive correclation
between calorific value and the degree of decomposition. |
Thus, Tasman Forest soil may possess O.M. of a very high

degree of decomposition.
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CHAPTER 6

ENERGY DISSIPATION UNDER CONTROLLED CONDITIONS

INTRODUCTION

Characterisation of total energy dissipation in the
soil is an ideal not yet achievable. The closest approxi-
mation available to date invelves measuring the rate of

absorption of O, or the relcase of CC_, as a measure of the

2 2
main energy processes occurying in the soil, Unfortﬁnately
not all reactions involving 02 and 002 are biological
(Urobinkova and Drobnik, 1965; and Scharpensell and Beckman,
1964 .

A very limited amount of research on soil respiration
has been undertaken to date, However, a few workers have
studiaed tho effecté of factors such as temperaturc, moisture,
and the addition of amendments (Chase and Gray, 1957;
Gaarder, 1957; Gilwmour, Damsky and Bollen, 19583 Gray and
Wallace, 19573 ZKatznelson and Rouatt, 19573 lLatznelson and
Stevenson, 1957; Rovira, 1953; and Drobnik, 1960.

In this investigation an attempt was made to establish

the relationship between environmental factors and the rate
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of energy dissipation as measured by 02 uptake, CO, evolu-

2
tion and weight loss.
| Estimation was attempted for two reasons.

Firstly, a knowledge of the response curve for energy
dissipation for different levels of environmental factors
can be ugsed to analyse the whole ecosystem and to predict
changes which would occur when organisms or environmental
factors are manipulated.

Secondly, a selection of soils was studied to deter-
mine if somc aspect of the response curve for Tasman Forest
soils differed from the soils from other regions., Any
significant deviation may help to highlight some of the
factors causing a decline in second generation productivity

if such a phenomenon exists.
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CUHAPTERL &

ENEHGY DISS1vATION URDER CONTROULLBU CORBITICNS
6.1 CARLON DIOALILI EVOLUTION

Go111 EFFECT OF TOnPEJdATURE, MOISTURE AND SCGIL TYED ON

RESCIRATION IN S0ILS PHOM HANMEW, BALROIAL AND

TASHAN FORESTNG

Cuarbon minernlisation was studied using soil obtoined
from Hanmer and Ualworal Forestm in Canterbury and Tasman
Forost in Xelsone. All s0ils wers zathered from areas
planted in ¥, radiata.

ﬁalmarai and Hanmer soils were collected at a singlo
site frow the O ~ 12 em layer 18 months before their use in
the experiment, Tasman Forevast soil was coliected frow the
0 =~ 10 om layer under a mature stand (P31) six months beiore
WNe . All soils were air dried after coliection, finely
ground, passed through a sieve with 0,0166 ineh apperturcs
and thoreughly mixed before use,.

Teuw g of seil on an air dry weight basis were placed

in each ledram vial (2 cm diaw, % 7 en) and distilied water
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was added to bring the soils to the desired water content
(10%, 20%, 28,5%, 40% expressed as oven dry weight). Extra
vials were filled with Tasman Forest soil so that additional
samples with moisture contents of 0%, 15%, 25% and 35%
could be included,

A ledram vial containing 0.2 g Ba02 and 1~ml distilled
water was placed on the surface of the soil in each 8-dram
vial, which was then closed with an airtight cap, The con=-
tents of the 1-dram vial absorbed 002 produced by microbial
respiration and provided an equimolar amount of 02.
(Cornfield, 1961), The experiment, as set up, gave a
4 moisture x 4 temperature x 2 duplicates x 3 moils design
with the addition of three extra moistures for Tasman Forest
solils,

Vials were incubated at 31° + 1° ¢, 24° ¢ » 1° ¢,
y18° * 1® ¢ and 8° ¢ + 2% ¢, The i-dram vials were removed
after approximately 10 davys! incubation, and the amount of
BacCo,

3
(Collins, 1906).

formed wae estimated, using a Collins calcimeter

Carefully weighed amounts of oven dried (102° C * 2°¢)
BaO2 were reacted with 10-ml aliquota of 2N HCl in the
calcimeter to obtain a standard curve, To allow an equi-~
librium to be established soil respiration was not measured
until four weeka after initiasl wetting.

Two samplings at sach temperature were completed,
These were designated sampling period one and sampling period

two respectively.
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The results were subjected to analysis of variance,
However, Balmoral and Tasman Forest soils with moiature
contents of 10%, 20%, 28,5%, and 40% were analysed and the
results were presented in Section 6,112, while Tasman Forest
solls with moimsture contents of 0%, 10%, 15%, 25%, 28.5%,
35% and 40% were subjected to a separate analysis, The

results of this analysis are presented in Section 6.113,

6.112 EFFECTS OF ENVIRONMENTAL FACTORS ON C02 PRODUCTION IN
SOILS FROM HANMER, BALMORAL AND TASMAN FORESTS

RESULTS AND DISCUSSION

The Analysis of Variance Table of the results of the
experiments described above is set out in full in Appendix

6.1A,

Temperaturé (Fig. 6.1,1)

Carbon dioxide production was significantly different
at all temperatures except 24° ¢ and 31° C, The amount

produced at 31° C was almost three times that at 8° c,

Moisture (Fig. 6.1,2)

Increases in the moisture content of the samples from
10% to 30% did not cause the same marked response as tempera=
ture, The mean of the three soils showed a decline at 40%
moisture due to the effect of waterlogging in two of the

three soils as shown by the Soil x Moilsture interactiomn.
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CO, evolution at moisturces of 10% and 20%, as a group, were

a
significantly different from that at 30% and 40%,

Soil x Temperature (Fig. 6.1.3)

Both Hanmer and Balmoral Forest solls showed an
increase in CO2 production with 1ncr§asing tecmperature over
the range 8° ¢ to 31° Cy while Tasman Forest soil showed a
pignificant decrease from 24° C to 31° cC, Since the Nelson
area has a higher mean temperature (12.5° C, recorded at
Nelson 12 miles east of Tasman Forest) then Hanmer (10,1° C)
and Balmoral (10,7° ¢) (N.Z. Meteorological Service, 1966)
it might be expected that micro~organisms'found‘in soil from
£he Nelson area would be better adapted to higher tempera-
tures than the other two asoilse. The pogsibility thai at the
higher temperatures water may have been the limiting factor
in the Tasman Forest so0il is not supported by data from the
Balmoral soil which had a water holding capacity almost as

low as the Tasman Forest sbile

Soil x Moisture (Fige. 6.1.4)

In Hanmer soil CO, evolution increased with increas-

2
ing moisture from 10% to 40% while in Balmoral and Tasman
Forest soils CO2 production at 40% moisture was lower than

at 20%.

Time x Temperature (Appendix 6,1B)

The major interaction oecurred at 8° C where sampling

period one was nearly four times as low as sampling period
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two, These results, however, do not negate the significance

of the temperature main effect.

Time x Soil (Appendix 6.1C)

There is only a slight interaction shown in‘tﬂis

table.

Soil (Fige 6.1.5.)

Boil collected from Hanmér Forest evolved the greatest
amount of C02. Tgsman Forest was next and then Balmofal soil
evolved the least. These differences were not so obvious
when composite samples from Hanmer and Balmoral were used -

Sections 6.14 and 6.25,

6,113 EFFECT OF ENVIRONMENTAL FACTORS ON CO

2 PRODUCTION IN
SOILS FROM TASMAN FORECT :

RESULTS AND DISCUSSION

The Anaiyais of Variance Table in Appendix 6.1D shows
Time, Moisture and Temperature as having significant effects.
These resultis are set out graphically in Fig. 6,1.6, ﬁhich
shows the levels of environmental factors which differ
gignificantly from each other, The main factors - Time,
Moisture and Temperature - remain significant after divisgion

by the first order interactions as shown in Appendix 6.1D.
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Moisture

Moisture contents from 0% to 20% are not significantly
different but moisture contents of 25%, 28,5%, 35% and 40% do
‘differ significantly from each other., A peak in CO2
evolution rate was reached at 28.5% (eduivalent to 60% W.H.C.
in Tasman Forest soils). Above this value waterlogging

reduced CO, production and at 40% moisture CO2 production was

2
equivalent to that at 20%.,

Carbon dioxide evolution from soil with 0% moisture
(air dry soil) which is equivalent to B%Vmoisture on an oven
dry basis is higher than would normally be expected, The
3% moisture present together with the saturated atmosphere
caused by the Bao2 suspansion contained abpva the so0il may
have allowed growth of micro-organisms,

Measurement error at low levels of evolution may be
another possible cause of the high rates obtained. Although
values obtained for 0% were twice aé high as controls, the
amount represented by this percentage difference was very

small, Subsequent experiments were carried out using greater

volumes of so0il in an attempt to eliminate this uncertainty,

Temperature

An increase in temperature caused a highly significant
inorease in the rate of 002 evolutione. The dec¢line of coz
evolution between the temperatures 24% C and 31° C is slight-
ly unusual as Alexander (1961) recorded that optimum respira-

tion oecurred betwesn 30 - 40° C, The possibility that the
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Fig.

Fig.

Fig.

6- 1-6a

6.1.,6b

6.1a7

Effect of s0il moisture on CO
evolution from bulked soil sample
from Tasman Forest,.

Effect of temperature on CO_, evolution
from a bulked soil sample from Tasman
Forest,

Effect of so0il moisture on CO, evolution
from soil samples collected a% Tasmamn
Forest and incubated at different
temperatures,
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high temperature could have caused drying out was shown not
to have occurred by fesults from a Balmoral soil with a
similar W.H.Cs which did not show this patt'ern. The overall
increase in CO2 evolution when the temperature was rai;ed"

from 8° C to 24° ¢ was almost threefold,

Moisture x Temperature

This interaction is presented in Fige. 6.1.7. At 0%
moisture 21% C there was a greatexr revolution of 002 than
24° C in contrast to all other moisture levels. At this
temperature the water vapour in the air above the =oil would
be greater than at 24° C, At other moisture levels the
effect of temperature and water vapour was probably not so
marked and temperature may have become the dominant factor.,
At 8° ¢ 002 evolution was almost constant for all water levels
while at 18° C CO, evolution increased at the 28.5% level.
. The differences between the 240 and 31° C rates became most
marked at the 25% and 28,5% levels, possibly because at these

temperatures with moisture being optimum the effect of high

temperature could be the most important limiting factor.

Time x Temperature (Appendix 6.1D)

This interaction showed a greater difference between
sampling time one and sampling time two at the 8° ¢ tempera-
ture than at other temperatures. The difference between
the two sampling times may have been due to a build up in the
microbial population during the second period, Usually the

reverse phenomenon occurs {(B3irch, 1958) with a flush of co,
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evolution soon after wetting air dried soil. These inter-
actions, howevcr, did not affect the overall significance

of the other environmental factors tested,
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6,12 EFFECT OF TEMI'ERATURE, MOISTURE AND AGE ON CO2 PRODUCTION
IN LITTER AND DUFF

METHOD

Duff and litter samples were collected from the L, F

and H layers of ridge site (P31) under mature P, radiata

trees in Tasman Forest,

An arbitrary distinction was made between duff and
litter, Needles in the litter sample were separate and
fairly recognisable while duff was composed of smaller, less
recognisable pieces,

After air drying litter was found to contain 15% and
duff 27% moisture on an éven dry basis. The material which
had been collected was .thoroughly mixed and 20 g air dry
sanples of litter or 30 g duff ;ere weighed into screw-capped
bottles 6 cm in diameter and 15 cm high.

The moisture levels were adjusted to 20%, 60% and
100% W.,H.C. by the addition of distilled water, An S8-dram
vial containing 1.0 * 0.2 g BaO2 and five ml of water was
placed in each jar. Jars were closed with plastic lids con-
taining rubber inserts. Temperaturés of incubation were

8° c + 2% ¢, 18° + 1°

C and 2&0 + 1° c. This gave an
experiment with a 3 (moisture) x 3 (temperature) x 2 (replica-

tions) x 2 (substrates) design.,
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RESULTS AND DISCUSSION

Analygis of variance of results in this experiment }

are set out in full in Appendix 6.1E

Temperature

As shown in Fig. 6.1.,9, the rate of CO, production at
8° C was significatly higher than at 18° C, This was due
mainly to an anomalous value obtained in the third sampling
period. fiven disregarding this one set of readings the CO2
evolution at 8% C was not significantly less than that at

18° c.

Moisture (Fig. 6.1,10)

The rate of CO, evolution at 20% W.H.C. was almost

2
half that at 60% and 100% W.H.C, whille 100% W,.l1.C. showed a
slight, but not significant, decrease when compared with 60%

W.l.C,

Lffect of Substrate (Fig. 6.1,11)

Litter producecd almost twice as much 002 as duff per
unit weight of substrate, Litter and duff samples from

under mature I’s radiata trees showed oven dry weights of

4iho g/m2 and 1,540 g/m2 respectively (see Section 5.3).
Thus, it would appear that per unit surface area duff pro-

duces twice as much CO2 as the litter.

Moisture x Temperature (Fig. 6.1,12)

The moisture x temperature interaction is difficult to

explain. It would appear that at 20% W.H.C. temperature has
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Figes0.1.9

Fig.6,1.10

Fig.6.1.11

Fige6.1.12

Figq601013

Effect of temperature on mean CO, evolution
from duff and litter samples colfected under
mature (P31) trees in Tasman Forest. CO
evolution measured using method of Corhfiéld
(1961).

Effect of moisture ¢ontent on mean CO
evolution from duff and litter samples
collected under mature (P31) trees in
Tasman Forest.

iffect of substrate on CO, evolution rate
measured by the method of Cornfield (1961),

Effect of temperature and moisturc content
on respiration of duff and litter samples
using the method of Cornfield (1961).

The effect of moisture on CO, evolution
with time from duff and litter samples
collected from Tasman Forest,
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no significant effect on CO2 production but at 60% and 100Y%
W.H.C. samples held at 18° C showed a slight but signifi-
cantly smaller CO, produétion than at 8° C and 25° ¢,
Usually (Batholomew and Norman, 1946§; and Drobnik, 1962)
COB production at a lower temperature is less than at the
_higher temperature although 8% C is closer to the mean
temperature (12,5° ¢) than 18° ¢, It is possible that both
8° ¢ and 25° C are closer to the optimum temperatures for
particular species of fungi responsible for the major part

of the decomposition.

Moisture x Time (Fig. 6.1,13)

At 20% W.H.C., the rate of CO, production did not
significantly change over the three sampling periods whereas
at the other moisture contents Co2 production was signifi-
cantly higher at: each subsequent sampling period. This in-
creése in €O, production was iﬁ accordance with the baild up

134

of fungal mycelium observed during this period,

Time x Temperature (Appendix 6,1F)

This interaction showed a high COz production during
period three at 8% C when gbmpared with periods one and two,
The build up at 8° C was probably slow but after it had
occurred the rate of production was as high as that found at
other temperatures. There was a reduction during the second
period at 25° C, 002 production being higher during periods

one and three,
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These results may be explained by exhaustion of
readily decomposable materials by the ond of the second
pariod in contrast to a more gradual build up of CO2 pro-

duction at 18° ¢,

Moisture x Replications (Appendix 6.1F)

There was no reason apparent why the replications
should differ as they were selected on a random basis, also
the main effect replications were shown to be not signifi~
cant.

At 20% W.lH.C. replications tended to differ but no
explanation can be foered_for these results, They do not,

however, mask the effect of moisture.
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6.13 THE EFFECTS OF ADDITION OF GLUCOSE, AMMONIUM AND
NITRATE NITROGIN ON RESPIRATION OF SOIL AND LITTER
SAMI'LES COLLECTEDL FROM TASMAN FOREST

INTRODUCTION

In this experiment mineral nitrogen levels and carbon
dioxide evolution were measured, carbon dioxide evolution
raté was assumed to provide a measure of mineral nitrogen
turnover while an estimation of the initial and final mineral
nitrogen levels provided information comparable to that ob-
tained when tagged nitrogen is usged to estimate the turnover
of nitrogen in soil, The experiment was also designed to
determine the maximum rate of organic matter mineralisation
under existing levels of mineral nutrients and also to deter-
mine whether the presence of excess mineral nitrogen would
further stimulate CO2 production, It was also desired to

investigate the relative efficiencies of NH4+-N and NO_.~<N as

3
sources of nitrogen for CO2 production. In the same experi-
ment’ the hypothesis that if the clay soil from 25 cm depth

possessad sufficient oxidizable carbon and mineral nutrients

its rates of CO, evolution would be similar to rates of CO

2 2

evolution in soil from the 0 - 2,5 cm layer, was also tested.

METHOD

Carbon mineralisation was studied using soil and
litter samples collected in Tasman Forest'on 25 September,

1968, Litter (F layer) and duff (H layer) were collected
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from four sites on a ridge and adjoining gully at site P31
under a mature P.radiata stand. Soil samples were collect-
ed from the surface (0 - 2,5 em) layer and 25 c¢m layer from
sites R66-67, R65-66., R63 and R60, previously described,

All samples were air dried after collection, Soils
were finely ground to pass through a sieve of 0.0116 in
apffarture and then bulked while litter and duff samples were
broken down so that no piece was larger than 0.5 cm,

Thirty g soil, 7 g duff and 5 g air dry litter were weighed
out and placed in 5 cm diameter x 5 cm tall jars., Lids

with rubber inserts were used to close the containers,

Amendment s

a) Ammonium nitrogen : 75 ppm N as (NHQ{kSOQ solution,

b) Nitrate nitrogen : 75 ppm as KNO, solution.

3
¢) Glucose 10,000 ppm added in solution,

The three treatments were applied as a replicated

factorial design giving an experiment using 23 x 2 x & jars.

© ¢ for a total of two months.

Jars wero incubated at 24 I 1
Carbon dioxide was determined using the method of Cornfield

(1961)., The intervals between changes of Ba0O, depended on

2
the activity of the substrate and the time after initial
wetting. The intervals of incubation between changes of
BaO2 were designated sampling periods one to five,

Results were analysed atatistically'on an IBM com-

puter, using a programme written by the author,
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RESULTS AND DISCUSSION

Litter

Insufficient glucose was added to litter and duff
samples to cause serious immobilization of nutrients as
occurred in the soil samples, In the third period of sam-
pling after the initial flush of CO2 evolution the effects
of glucose became significant. The interaction (NHQ + G)
was also significant in this period probably due to the
immobilization in the first two periocds which meant that
glucose could only be significant in the presence of NHQ-N.
In sampling periods one and five different interactions
became sgignificant. However, no overall effect was appar-
ent. The differences may have been caused by the differ-
ences in variation in the analysis of variance for periods
one to five and therefore no conclusive result is apparent

in this experiment.

Duff (Appendix 6.1H)
The rate of application of glucose in this part of
the experiment was insufficient to cause any immobilization

which would express itself in differences in CO, evolution

2
rate. The wide variation found in the different analysis
was probably responsible for the erratic appearance of

gignificant treatments in the sampling periods.
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Soil from the 0 - 2,5 cm depth (Appendix 6.1I)

In all four sampling periods the factor glucose was
significant. This is a real effect, although the F value
of 85425 found in the fourth period was a result of the low
error mean square found in that particular analysis., The
significance of the other interactions was due to the same
effect.

The absence of a significant interaction between
glucose and mineral nitrogen meant that the soil nitrogen
supply was sufficient to support the decomposition of glucose

at the rate observed in this experiment.,

Soil from 25 cm depth (Appendix 6.1J)

As with msoll taken from the 0 - 2,5 cm depth the
"addition of glucose raised the respiration rate significant-
ly at all four perioﬁs. " The high F values found at sampl-
ing period three were due to'the-low error mean square at
this period in contrast to other periods,

As observed in the soil from the 0 - 2,5 cm depth
glucose application stimulated CO2 evolution in the soil from

25 em and the supply of mineral nutrients was sufficlient for

this rate of respiration.

General conclusions

Carbon dioxide evolution rates for the four substrates
tested are presented iq:Fig.x6_1.14.

One % glucose had little effect on the duff and litter
samples but had an effect on the 0 - 2,5 cm and 25 cm soil

samples,
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puff Litter Soil Soil
Sampling 0«2,5 cm 25 cm
period
No Glucose No Glucose No Glucose No Glucose
1 8,16 x 10'4 1.56 x 10™> 1,39 x 10‘4 2.88 x 10~
2 1.65 x 10~ 3.67 x 10~ 1,64 x 105 2.00 x 10~
3 1.33 x 10°% 2,30 x 10~} 1.75 x 10~° 6.1k x 10~°
4 1,16 x 10-4 k,39 x 10'4 - -
5 2,15 x 10‘4 5.15 x 10"’l 1,41 x 10‘4 3.58 x 10‘6
1% Glucose 1% Glucose 1% Glucose 1% Glucose
1 9¢15 x 10~* 1.86 x 10~3 2.22 x 10~' 2.30 x 10~
2 2.17 x 10~* 8.87 x 10~* 4,20 x 10~° 4.10 x 107>
3 1.30 x 10‘4 1,48 x 10*4 3.60 x 10™2 3055 x 10>
b 1.96 x 10"'ll 3,68 x 10'4 - -
5 1,71 x 10~% 8.87 x 10~% 4.98 x 107 2.45 x 10~

Fig; 6.1,14

Results of measurements of reaspiration of soils and soil
components from Tasman Forest using method of Cornfield
(1961), expressed as g of CO% per_ g of oven dry sample per

24 hours.

Inoubation was a

ah ¥ 1°

o
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CO2 evolution rates in unamended duff and litter
where litter produced twice as much CO2 as duff is similar
to that found in Section 6.12. The CO, evolution rates
found in this experiment were comparable to thoge found in
Section 6,14 but were much lower than those found when 10 g
samples of a different soil were used in Section 6,11,

The experiment showed that although 0 - 2,5 c¢m soil
had a natural rate of 002 evolution 3.2 times higher than
soil from 25 cm depth; with applied glucose the rates in
the two s0ils were approximately equal, Thias suggests that
a lack of available carbon rather than a physical factor or
lack of mineral nutrients controls the rate of CO2 evolution
in the deeper soil layers, This phenomenon was also found
by Robinson (1962) who worked on New Zealand mountain soils

of low fertility.
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6.14 CARBON DIOXIDE EVOLUTION FROM SOIL SAMI'LES TAKEN FROM
TASHAN FOREST, HANMER FORLST AND LINCOLN COLLEGE FARM
AMUNDED WITH CELLULOSEE AND GLUCOSE,

INTRODUCTION

The rate at which CO2 was evolved from soil samples
treated with glucose was obtained in Section 6.13 where
Noz—N, NH4-N and glucose was added to soil, To amplify
these results it was decided to study the rate of CO2
evolution from so0il amended with cellulose, Cellulose was
applied in amounts equivalent to those which were left under
field conditions when mature trees were clear felled. It
was desired to determine if the application of this amount
of cellulose caused sufficient nitrogen immobilization so
that when glucose was applied both to soils incubated ﬁith
and without added cellulose the rate of evolution of COz from

the glucose would reflect the amount of mineral nitrogen left

in the soil.

METHODS

Soil gathered from Lincoln College Dairy Farm, Hanmer
Foregt and Tasman Forest was air dried after collection.

The samples were collected from under L,scoparium, maturae

P, radiata and regenerating PP, radiata in Tasman Forest,

Soil samples from the R66-67 and R65-66 sites were bulked
and labelled R65-67 while soil from R60 and R63 sites were

bulked and called R60-63,
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This gave nine soil types as follows:

1, Lincoeoln

2, Hanmer

%7+ Manuka Ridge

k, P31 Ridge

5« P31 Gully

6. ‘R65—67 Ridge

7. R65-67 Gully

8. R60-63 Ridge

9., R60-63 Gully,
Soils were treated as described in Section 6,13, Twenty g
of air dry soil was placed in jars capped with lids containing
rubber inserts (see Section 6.13). Carbon dioxide was
measured using the method of Cornfield (1961) where Co,
evolved was absorbed by Baoz which liberated 02 in equivalent
amounts,

Ball-milled cellulose (Macherey, Nagel & Co., Germany)
was added to the dry soil at the rate of 0%, 3% and 6%.
After incubation for one month, during which time the rate of
CO2 evolution was measured on three occasions (periods one to
three), glucose was added to all soil samples at the rate of

1% and samnpling for CO_ was continued on one more occasion.

2
The results were analysed in two parts. Firstly, the
results from ridge samples of each Tasman Forest soil type

under P.radiata together with results from Lincoln, Hanmer

and Tasman Forest soil under L,scoparium were analvysed.
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Secondly, soil types four to nine from Tasman [forest were
analysed to test if the position from where the sample was
taken resulted in a difference in 002 evolution. The
effects of cellulose and glucose were analysed separately,
The results and discussion have been divided into four

sections (Sections 6.141 to 6.144),
RESULTS AND DISCUSSION

6.141 CARBON DIOXIDE BLVOLUTION FROM SOIL SAMILES FROM TASMAN

FOREST, HANMER FORLST AND LINCOLN COLLEGE FAIM

Means of significant factors found in this experiment
are set out in Fig. 6.1.15 and the analysis of variance table
is contained in Appendix 6.1K,

The mean CO, evolution rates (Fig, 6.1.16) for all
soils during the second period showed a highly significant
difference from the means of the first and third periods.

Greatest CO, evolution occurred in the second period while

2
the third period was not significantly different from the
first period. The decline in the third suggests either an
accumulation of products toxic to the micro~organisms, a
reduction in the amount of available nutrients or a decline
in the amount of available substrate, It is conceivable
that during the preparation of ball-milled cellulose some of

the cellulose was converted into more readily available sub-

stances which were used during the second period.
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F.ig.'Goio 15

Fig.{). 1. 16

Fig.6-1.17

FigeHe1e18

Mean CO, evolution rates from added
cellulose in soils from Tasman, Hanmer
zivd Balmoral Forests and Linceln College.
Carbon dioxide evolution was measured
using the method of Cornfield (1406G1),

Mean CU, evolution rates for al' soils
uscd in the experimenl with increasing

"time after application of the thres rates

of cellulose,

Mean rales of C0O, evolution for all soils
used in the experiment with thres rates
of added cellulcse,

Rates of €O, rnvolution with increasing
time after application of three rates of
cellulose in different soils.
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As shown in Fig. 6.,1.17 there was a significant differ-
ence in the rate of CO2 evolution between soils with added
cellu}ose,and those without but at the levels used the rates
of .application did not cause a significant difference,

Soil type affected the rate of CO, evolution. All

2

Tasman Forest soils and Hanmer Forest soll were similar but
Lincoln soil differed significantly from these as shown in
Fige 6.1.15., The time x soil interaction (Fig. 6.,1.18)

showed that the CO_, evolution during the third periocd in

2

Tasman Forest soil under L,scoparium, Hanmer Forest and Lin-

coln soils was greater than CO, production during the first

2
period whereas the Tasma® Forest soils under Is radiata
showed the opposite trend. It is possible that in the
Hanmer, Lincoln and Manuka soilis the build up of micro-

organism numnbers was less rapid than in the Tasman Forest

goils under P, radiata.

Tasman Forest soil under L, scoparium and Hanmer soil

showed a highe; rate of CGz evolution when cellulose was
added at 3% than 6% (rate x soil interaction —~Fig.6-1.19).
" This suggests the existence of some inhibitory effect, On
the other hand the other soil types showed a greater rate of

CO2 evolution with 6% than with 3% cellulose.
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Fig.6.1.19

Fig.6.1.20

Fig.,0.1.21

Rates of CO, evolution in solls from
Tasman, lanmer and Balmoral Forests and
Lincoln College, with three levels of
applied cellulose.

Mean CO_, evolution for soil samples
collected from under l'.radiata stands
in Tasman Forest with increasing time
after application of three rates of

cellulose.

itate of CC, evolution frow soils coliecled
under P.raﬁiata vegetation in Tasman
Forest with three rates of cellulose
application.
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6.142 CARBON DIOXYDE EVOLUTION FR0M SOIL SAMPLES FROM TASHMANM
FOREST UNDER P.RADIATA
Soil samples fromn ridge sites at Tasman Forest under
P.,radiata only were included in the analysias using soil from
Tasman, Hanmer,land Lincoln College (Section 6.141) because

Lescoparium was only found growing on a ridge site, In this

anaiysis both ridge and gully soil msamples from under
P.radiata were included to test the effect of topographical
position of the sample. The analysis of variance table for
CO2 evolution from Tasman Forest soil samples is set out in
Appendix 6,1L.

In this experiment only the t}me interval during which
CO2 vas evolved (Fig. 6.1.20) and the rate of cellulose
application (Fig. 6,1.21) were significant. The first period
of 002 evolution did not differ gignificantly from the second
period but the third was significantly reduced in comparison
wifh the first and second.

Results from both ridge and gully sites in Taaman
IForest differed fr;m the ridge samﬁles from Tasman Forest
alone, Hanmer and Lincoln soil samples as a group, in that
the Tasman Forest ridge and gully soils showed a greater
decline in C02 production in the third period,

All rates of celluloae application (Fig. 6.1,21)
differed significantly in this experiment. This demonstrated
that the soil was capable of increased CQ2 evolution when

cellulose equivalent to the total organic matter which would

remain after clear felling (see Section 0.31) were added,



114

Since clear felling residues contain some nitrogen and are
partially composed of substances which are more resistaﬁt to
decomposition than cellulose and are not all intimately mixed
with the s0il the 3% cellulose level would probably compare
closely with the actual amount of material available for
decomposition left after clear felling. The significant
difference between the 3% and 6% rates indicates that Tasman
Foreat smsoil probably has the capacity to decompose more
material than is added by clear felling provided it was com-
posed entirely of a material of similar resistance to decom-

position and nitrogen content as cellulose,

6,14% CARBON DIOXIDE FPRODUCTION FROM GLUCOSE AMENDED SOIL
SAMPLES FROM TASMAN FOREST RIDGE SITES, HANMER FOREST
AND LINCOLN COLLEGE WITH PREVIOUS APPLICATION OF
VARIOUS AMOUNTS OF CELLULOSE,
A glucose solution was added to the soil previously
amended with 0%, 3% and 6% cellulose to determine whether the
lack of some nutrient was limiting the decomposition rate

and was responsible for the decline in CO_, evolution in the

2
third period. it was also designed to test whether the
added cellulose immobilized significant quantities of nutri-
ents which could be reflected by reduced decomposition of
glucose in those soils containing the cellulose. The rate
of added cellulose in the previous experimeni{ had no signi-
ficant effect on CO2 from the glucose. The only significant

effect was one of soil type where Lincoln soil was signifi-

cantly different from all other soils except I’'31 Tasman
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Fig.6.1.22

Fige6,1.23

Rates of evolution of C0O, from glucose
applied to =so0ils collectéd from Tasman
Forest ridge sites, Hanmer and Balmoral
Forests and Lincoln College previously
amended with three rates of cellulose,

itates of CO, evolution from glucose
applied to so0ils supporting lV.radiata

in Tasman Forest previously amended with
three rates of celliulose.
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Forest soil (Fige6.1.22, and Appendix 6,1M)

On the one hand the failure to find any difference
from using various rates of cellulose may mean that nutrients
were not limiting. On the other hand the higher decomposi-
tion rate in a more fertile Lincoln s0il suggests the exist-
ence of limiting environmental or nutritional factor‘or fact-
ors in the other so0ils tasted, A possible explanation is
that Lincoln soils possessed a microflora capable of breaking
down a larger fraction of the cellulose and possessed enough

soil nitrogen to also break down large amounts of glucose.

6,144 CARBON DIOXIDE PRODUCTION FROM GLUCOSE AMENDED SOIL
SAMPLES COLLECTLED FROM RIDGE AND QULLY SITES IN TASMAN
' FOREST PREVICGUSLY AMENDED WITH DIFFERENT RATES OF
CELLULOS{Q

The only factor possessing an F value which was ﬁearly
significant at the 5% level in the analysis of variance table
(Appendix 6.1N) was the time elapsed since clear felling
(Fig.6.1.23),

The rates of decomposition of glucose decreased as the
age of regeneration after clear felling in the stands P31,
R65-66 and R60-63, Nutrient availability may follow the
same sequence.

The absence of any position effect when either the
cellulose or when celliulose + glucose was added suggests that

nutrient availability for decomposition iz comparable in

both ridge and gully sites,
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6,15 CARDBON DIOXINE YPRODUCTION I SOIL FPiod TASMAN FOREST

INTRODUCTION

The rate of carbon mineralization is dependent on the
number of micro-organisms present and the efficiency of each
individual organism. The number of micro-organisms present
is controlled by many variables including limiting environ-
mental factors such as temperature, moisture, the amount of
nutrient available, etc. Under the conditions found in the
Tasman Forest lack of mineral nutrients and moisture are
likely to be the controlling factors. The rate of evolution

of CO, from the substr@te'may give a measure of the gross

2
amount of nitrogen mineralization at any one time if it is
assumed that a certain amount of CO2 production is associated

with an anount of nitrogen turnover,

FHoTHODS

Carbon mineralization was studied using cores of soil
obtained from six Tasman Forest sites on two occasions (July,
and August, 1967). Three cores, 3 cm in diameter and 25 cm
long, were extracted with a stainless steel sampler from each
site. The cores were placed in new plastic bags for trans-
port to the laboratory.

The units for measuring CO2 evolved from the soil were
similar to those described by Stotzky and Mortensen (1957).

Alr was drawn through the apparatus with a water operated
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vacuum pump. The 002 in the ailr entering the system was
removed by passing it through a soda lime tower before being
led along a copper manifold to which the units were connect-
ed. The respiration chambers were connected to a gas

washing bottle of the Freidreich type where CO, from the

2
soil micro~organisms was absorbed by 0.1 N NaOH. The change
in conductivity of the solution due to the reaction of CO2

evolved from the

with NaQOH indicated the amount of CO2

sample,

Each washing bottle was fitted with platinum
electrodes connected to a Radiometer CDil 2d MHO meter through
a switching box. The electrodes were approximately 4" long
and were pressed parallel on to a perspex mounting block.

The rate of air flow through each unit was adjusted by means
of a screw clamp on the rubber tubing leading to the éutgoing
manifold,. The units were maintained in a temperature con-
trolied room at 2G6° C + 1.5° C and the effect on the
solutions was measured by reading a control unit and com~
pensating for temperature changes. Lach pair of electrodes
was standardized using NaOH solutions with known amount of

Nazco added and a graph was drawn for each electrode unit,

3
RESULTS
The results of this experiment are presented in

Table 6. 1-25.
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Table 6.1.,23 The amount of 002 in g x 103 Coz/yr/m2 at a

constant temperature 26° t 1% ¢ evolved from
soil én 25 cm depth collected on 4 July 1967.

SITE
RIDGE GULLY

4 July 28 August Av. 4 July 28 August Av,

R66~67 4.4 b2 h,3 6.3 h.3 5.3
R65-66 3,0 4,2 3.6 5.4 4,2 4.8
R63 - 7.6 7.6 - 10.2 10,2
R60 7.3 14,6 11,0 3e5 5.8 5.4
Average 6.0 6.k

The ground surface area of soil removed when the thrae
cores were extracted was estimated and the results were cone-
verted to a m2 basis. Water content at the time of
collection was maintained throughout the incubation period.
Imperfect functioning of new electrodes, especially low
readings caused by air bubbles on the electrodes‘may have
caused some differences,

For this reason a standardization experiment was set
up to obtain some i1dea of the variation likely to be found,
Finely ground well-mixed soil from an R60 site was used in
all units, Using this information thq variation of the
average value in Table 6,1.25 was found to be 6,5 T 0.5 g x

3

10 COz/yr/mz.
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DISCUSSION

The results showed an increase in CO2 production in
the older regeneration sites (R60 and R63) and slightly

greater CO_, production in site R66-67 than on R65-66. A

2
comparison of averages showed little difference,

The average rate at Tasman Foreat 6.5 x 103

g C02/m2/yr
at a constant temperature of 26° C and a depth of 25 cm is |
high compared with field values given by Schulze (1967).

The extrapolation of his data for daily averages to cover

full 24 hours/day at day temperature, gave soil respiration

3

values of 3.1 x 10° g COz/ma/yr for tropical savanna and

deciduous forest, 13 x 103 for tropical gallery and wet
forest, and 19 x 10° for secondary growth.
lobinson (1962) found values of approxinately

3

17 x 10° g Coz/mz/yr under the same conditions as the results

presented in this report estimated assuming a similar weight
for Nelson and Craigieburn soils. [He used the 0~15 om
fraction therefore hié soil would have been collected from
1,6 times more surface area than the Nelson soils. Allow-

3

ing for this gave a value of 10 x 10° g Coz/mz/yr which is

similar to the Tasman Forest soils.
Other workers (titkamp and van der Drift, 1961; and

Wallis and Wilde, 1957) report values of approximately
3

10-70 x 10° g CUz/mz/yr (measured over 24 hours) using con-

tinuous air sampling whercas Feher (1933) and Lundegardh

3

(1927) found values of £-20 x 10° using periodic sampling,

The lowest of thesc values are similar to those found at Nelson.
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CHAPTER 6 (continued)

ENERGY DISSIPATION UNDER CONTROLLED CONDITIONS

6.2 OXYGLN ABSORPTION
6.21 INTRGDUCTION

Numerous workers (Rovira, 1953; Chase and Gray, 1953
Chase, 19583 Gilmore, Damsky and Bollen, 1958; Katznelson
and Rouatt, 1957; Xatznelson and Stevenson, 1956; Gaarder,
1957¢ and Stout and Dutch, 1958) have used a manometfic.or
similar technique to study the metabolic activity of the
soil ecosystem, This technique suffers from certain dis-
advantages, for example, samples have to be thoroughly homo-~
genized before testing and unnaturally lowCO2 concentra-
tions may be present in the reaction vessel caused by the
presence of alkalij nevertheless, manometric techniques pro-
vide a very accurate method for determining metabolic
activity under controlled environmental conditions.

The Warburg apparatus was used in this work to in—
crease the precision of the results obtained using the method

of Cornfield (1961) reported in Section 6.1. Although
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Cornfield's method was sufficiently accurate to obtain
significantly different results 1t was felt that a more
accurate method would allow soils and treatments to be more
readily distinguished and a check made between the two

methods.

6.22 GENERAL METHOD

warbure apparatus

The methods used in the three experimenta using the
Warburg apparatus (Braun Model V166) were similar except
that experience led to minor modifications which improved
later experiments.

In general, the method of Umbreit et al. (1949) was
followed, but some modifications were required since a solid
and not a liquid was used in the respiration chamber,

Soil samples were air dried, finely ground to pass
through a sieve with 0.5 mm aperature and weighed into 15 ml
Warburg flasks (Braun 3045). Care was taken to prevent
soil from entering the centre well but any deposited there
was later removed by tilting the flasks after the soil in
the main chamber had been wetted and had become cohesive.,

Amendments werc added, either in solution to the
surface of the soil in the vessel, or incorporated when the
soil was dry, before the flasks were filled.

A solution of alkali was added to the centre wsll

after it had been rinsed several times with distilled water
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to remove the last traces of soil. Gaarder (1957) pointed
out that the centre well of the flask must not contain soil
because, under strongly alkaline conditions, oxygen is=s
absorbed by chewmical oxidation of phenolic and other organic
compounds.

A pipette was used in the first experiment to add the
KOH solution but later the usme of a 10-ml hypodermic syringe
was found to reduce the chance of drops of alkali being
spilled, In the first two experiments 16% (W/V) KOH was
used in the centre wellvbut in the third experiment, boeocause
of its longer duration, 10% (W/V) KOH was used to reduce the
extraction of soil water and to prevent the EOH creeping
over the rim of the centre well, which has been reported to
occur even when grease was used (Chase and Gray, 1957).
Figure 6,2.1 shows how the filter paper wick was shﬂped s0
that contact with the rim of the centre well was avoided.

Manometers were read at intervals during the day and,
at night, stopcocks were held open by fine wire inserted

through the hole.
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NS

Fig. 6.2.1 BShape of filter paper wick used to increase
absorbing surface of KOH in Warburg flask.

6.,2% EFFECT OF ADDED GLUCOSE ON SOIL RESPIRATION

METHOD

Soil, collected from eight sites at four depths, was
bulked and ground, as described in Seetion 6.22, before use.

Glucose was added to five g aliquots of soll as a
solution in amounts equivalent teo 0%, 3%, 6%, 12% and 18%
glucose.

Oxygen absorption was measured on the first, second,
third, fourth, seventh and eighth days after addition of the

glucose for periods of 3 - 5 hours per day.
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RESULTS AND DISCUSSION

Analysis of variance for this experiment is presented

in Table 6.2.3%.

Treatment

Results are shown in Fig. 6.2.2. The soil sample
with the addition of 3% glucose displayed a marked increase
in oxygen absorption over the control soil. The 6% rate was
significantly lower than the 3%%. On the other hand the 12%
and 18% levels are not significantly different from control
levels. If the lack of nutrients was controlling O

2

absorption there would probably be a constant amount of 02
absorption from the 3% to the 18% levels instead of a decline
as shown in Fig. 6.2.2, Rather it possible that some effect
such as osmotic pressure may have been responsible as
sugzested by Stotzky and Norman (1961),
From this experiment it may be oconcluded that the

addition of glucose in amounts equivalent to half the amount
or residues deposited in or on the goil at the time of clear

felling causes the soil to increase its O, absorption rate

2
6.4 fold without the addition of mineral nutrients.

Time

Fig.6.2+.4 shows the overall effects of time. There
was a build up froﬁ the first day to the third and then a
levelling off until the eighth davy. The differences between

the first, second and third days are almost significant,




127

TABLE 6,2.5%

Source of

variation SeSe af M.S. F
Reps 2,02 1 2,02 1.59
Treatments 159,20 4 39,80 31.45  **
Day 34,40 5 6.88 5.4  **
Reps x Treatment 31425 4 7.81 6.17 **
Treatments x Day 47 .40 20 2.37 1.87
Error 25,30 20 1.27
To_tal 30().90 59 5020

Oxygen uptake by Tasman Forest soil samples amnended with
0%, 3%, 6%, 12%, 1% glucose, measured with a “arburg
apparatus.

The control soil renched a peak by the second day but 3% and
6% treatments took three to four days until a peak in glucose

mineralization was reached.

Replication x Treatment

Due to siwall but consistent difference in manomecters
some treatmentis sghowed one renlicate to bhe congistently
higher than otheirs and viee versa. This, bhowever, had
little effect on the overall significance of the Treatment

effect,



Fige.6.2.2

!

Fig.6.2.5

The effect of added glucose on O, uptake
in a bulked soil sample collectea from

ridge and gully sites under four ages of
P,radiata regeneration in Tasman Forest.

The change of O, uptake rate with time
in a bulked soi% sample amended with
glucose, The soil ,was collected from
Tasman Forest.
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GENLRAL DIICULSTUN

Stotzky and Norman (1961) found that the maximum rate
of evolution of COz occurred 9 - 15 days after glucose was
added to the soil. In this study maximum uptake occurred
by the second day which was more akin to the results obtnained
by Chase and Gray (1%57), brobnik (1958), Katznelson and
Stevenson (1956), kKoeph (1954), Lees (1949), Newman and
Norman (1941), Stotzky et al. (1956) and Stotzky and Mortenéen
(1957, 1958). Stotzky and Norman (1961) suggest that their
results could have been due to a low endogenous microbial
respiration of the so0il together with limiting nutrient
availabilitye. The rapid rate of increase found in Tasman
Forest soil samples therefore suggests that there was no
available nutrient shortage. With the addition of nutrients
to their soil samples Stotzky and Norman (1961) found that
the metabolism on the addition of glucose deelined quickly
after a peak had been reached, They explained a slow rate
of decline as being due to slow rate of remobilization of.
the limiting nutrients, S5ince Tasman Foresgt moil samples
show a slow rate of decline it is possible that there was a

shortage of some element which was slowly mobilized to allow

decomposition of the glucose.



131

6.24 EFFECT OF NITIIOGIIN ON SOIL RESPIRATION

INTRODUCTION

Since the addition of nitrogen did not produce any

significant effect on CO, evolution, as described in

2
Section 6.13,vaven when glucose and nitrogen were addodtﬂif

was decidedigo try the same experiment using the more precise
Warburg apparatus, The Warburg apparatus is more accurate
than the Ba0O, method (Cornfield, 1961) used in Section 6.13

and would demonstrate any smaller effects if such existed,

METHOD

The soil sample used was a composite sample of soil
collected from eight sites at four depths under P.radiata
regeneration in Tasman Forest., Nitrogen at a rate of
100 ppm was added as (NH4)250& and glucose was added in
solution in an amount equivalent to 10,000 ppm 6f soil.

A nitrogén-free solution was added to each 5 g moil sample.

The composition of the 0,9 ml of solution added is set out

below 3
K, H IO, 0,800 g
K H, PO, 0,200 g
MgSG,« 7H,0 0.500 g
FeCl, 0,050 g
Mnsoq-uﬂzo 0.005 g
Zns0, 0.005 g
Cuso,, 0.005 g
Na, MoO, 0,005 g
H,0 1000 g
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Distilled water was added to bring the soil to 60%

W.H.C, All treatments were applied in triplicate.

RESULTS AND DISCUSSION

The analysis of variance of the results is shown in
Appendix 6.,2L,

Even though the treatment effect is significant in
the analysis (Fig. 6.2.9a) when it is divided by the inter-
actions containing this factor, the significance disappears.
Only the factor day remains significant.

The interaction treatment x day is set out in
Fig. 6.2.9b, In general there is a decline of 0, uptake

with time and the control soil absorbed more O, on the fifth

2
day than other soils, but little else of interest is
apparent.

The application of nitrogen did not stimulate O2
uptake in the so0il suggesting that nitrogen availability was
sufficient for maximum decomposition rate, The application
of glucose also did not affeotvthe rate of 02 uptake. This
is contrary to the results found in Section 6.13 where the
addition of glucose stimulated CO2 evolution. In the
axperiment described in Section 6,13 no mineral nutrients
other than nitrogen were applied. In this experiment the
application of an N-free galt solution may have meant that

the rate of O2 uptake in the control soil was maximum under

the environmental conditions in the experiment, and even the
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Fis.6.2993

Fig.6.2.9b

Oxygen uptake in a bulked soil sample
obtained from under P.,radiata in Tasman
Forest. The soil sample was amended
with NH4 -N, glucose and NH, -~N + glucose.
The results are an average of measurement
over five days, -

Oxygen uptake in a bulked soil sample
from Tasman Forest over a period of
five days, Soil was amended with
glucose, NHQ -N and glucose + NH4 ~N.
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addition of a readily available substrate would not stimu-
late 02 uptake. The lack of response of 02 uptake rate with
the addition of glucose and nitrogen showed that nitrogen was
not limiting the 0, uptake due to glucose alone,

The results of this experiment confirm the results
obtained in Section 6.13 where it was found that the addition

of nitrogen did not stimulate respiration in unamended soil,.
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6.25 TUL LFFECT OF TEMPURATURE AND SOIL 1Y1L ON OXYGLN
ABSORPTION IN UNAMENDED SOILS

INTRODUCTION

Katznelson and Stevenson (1956), using two types of
soil, found that at 306 C.there was little difference in 0,
uptake between 40% and 70% W.H.C. Maximum O, consumption
occurred at 40% W.l.C. in a range of soils containing from
51% to 62% (.M. while 0, absorption in a soil containing
b,o3% 0.M. steadily increased up to 100% ,il.C. (Gaarder, 1957).

Chase and Gray (1957) studied the effect of moisture
over the range %0 - 90%'saturation in intervals of 15%.,
Using a muck soil they found that only the 30% moisture level
was significantly different f£rom the other levels while in a
loam soil none of the moisture levels in this range gave
significantly different results, From Gaarder's (1957)
reﬁults it appears that in soils of low (0.M. content the con-
cept of water lholding capacity is of limited value in
degcribing the availability of soill water to micro-organisus.

Because the rate of 0, absorption has been found to

2
vary little in the range 40 - 70% W.it.C. in most soils it was
decided to study the effects of temperature, Also, when
using the vWarburg apparatus to measure respiration, tempera-
ture is more easily controlled than moisturc. rMolsature
levels are best controlled using an apparatus similar to that

described by Bartholomew and Norman (1940}, liowever, the

possibility remains that the 60% W.H.C. used in the experi-
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ment described below may not have been the optimum for
respiratory activity in the soils with low O.M.

Although effects of a change in vegetation was not
one of the primary fields for study, soils from a succession
of vegetative types were examined to determine whether a
vegetational change could be correlated with changes of
organisms and dynamic processes occurring within the soil,

Gaarder (1957) found a relationship betweon 0, con-

2
sunption and some types of vegetation from Western Norway,
using a Warburg apparatus. Soil supporting fir and blue-
berry had a greater oxygen consumption per unit weight than
soll supporting beech and poor hill grass. However, on an
orgzanic matter baéis fir and beech had a greater uptake than
heather and blueberry, fligh correlation between COZ
evolved and (.M. content of the soil (r = +0.95) found
suggested that differepces in soil respiration per unit of
O.t. under diffoerent vegetations are insignificaht and that
the amount and not the qvai;ability of‘carbon present was
the important factof._ This conclusion‘was also reached by

Bunt and Rovira (1955). The actual relationships found by

Gaarder (1957) were :

(1) o, (ul 0, /g dry soil/hr) = 0.446 + 0,316 0.0,

2 (% of dry soil)

~

(2) co, (ul COz/g dry soil/hr = 0,464 + 0,272 0.0
% of dry soil).

Stout and Dutch (1968), however, found higher values

for C()2 eVolution<2.75 times higher)than those obtained
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using Anarder's (1957) resression even though respiration
wasg carricd out at approximately the same tenperature in
hoth cases (Fig. 6.2.5). Raarder, however, studied soils
with a wider range of O.M. coutent (0 - 80%). A Western
Norwegian s80il containing 23.5% O.lie would therefore evolve
as much C02 as o New Zealand forest soil containing 7.2% C,.
These results eniphasigse a difference in availability of

carbon in the soil of the two countries,

Fig. 6-2-5

flate of carhon dioxide production from soils of
different productivities

Figures taken from Stout and Dutch (1968)
compored with Gaarder's (1957) regression equation.

late 002 ul/g Rates estimated using

Vogetation dry soil Gaarder's regression
Low producing gZrassland 2,05 0.79
ligh " i 7650 1,00
Cultivated soil 340 1.71
Established pasture 4,1k 2,11
Forest moil 6.84 2.42

— ——

Stout and Dutch (1968) found that ratescf Co, evolution
per unit of .. in soils were aimilar even from under grasas
of diffevent productivitiies. (170 ul COo/g Uslle /lar ), |

evolution in the i

U, the addition of glucose rates of CQZ

soils supporting the more productive grass commuhity were
greater than soil supporting less productive grass (Stout and
Dutch, 1968), They did, however, find that the same soil

supporting different vegetations had different basal rates of




139

602 evolution per unit 0O.M, Basal rates of cultivated soil
were greater than forest soil which were, in turn, greater
than pasture soil, The same relationship applied with
glucose response but the effect was not marked in any soil.
The data of Stout and Dutch (1968) suggest a difference in
availability of carbon in a particular soil supporting
different vegetations and a similarity in soils with a
similar vegetation type.

- Experiments were therefore designed to investigate
differences in the rate of Oa.uptake on both a unit soil and
unit O0.M. basis, in different soils msupporting the same
vegetation and the same soi; with different vegetation types.
It was also desired to discover ﬁhether temperature had an
effect on the respiration rptes, especially when compa?ing

one soil with another,

6.251 OXYGEN ABSORPTION AT DIFFERENT TEMPERATURES

Method

Five g samples of soll from Hanmer, Balmoral and
Tasman Forests and Lincoln College were treated as described
in Section 6,22. Distilled water was added to bring the
so0il) moisture to 60% W.H.C; Temperature was changed

throughout the incubation period as follows !
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Days Tenperatiure
1- 6 23,.4° ¢
216 13.6°
17 23,4°
18.20 25,4°
21 23,4°
22.2% 27,4°
25 23.4°

KOH was chenged at seveun-day intervals during the axperiment.
This experiment was analysed in sxeparate parts so that
readily apparent ecausesz of variation were roenmoved to allow

minor =ourceszs of varistion to ha studied,

6.,2511 YETHODS

Changes in 0, al'sorption rates during the day

The figureé for the change in 02 abgorption through«
ouﬁ the day (= ropudag) are presented in Fig. 6.2.6, All
components of the histograms are taken from those analyses
éf variance tables which showed the repsday fgctor to be
significant., (Appendix 6.2A),. All three annlyies show
dififerent trends, In the analysis comparing 27° € with
23° € (Appendix 64,2B) and analysis of the equilibrium phase
at 23,4% C (Appendix 6.2C) low values are found early in the

day while in the analysis of overall 02 rate at 25.4° C
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in different experiments usin the Warburg
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tmospher during the night and readings were
talkken at intervals durin the dav.
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(Armendix 6.2D) values declined throughout the day,.

It was originally postulated that declining oxygen
concentretions throughout the day would cause some pattern,
Since no pattern was evident, although this factor in
particular experiments was significant, it is likely that

monme more complex controls were in operation.

6.2512 OXYGEN ABSORPTION AT 13.6° cC,.

Analysis of the variation 1s presgented in
Appendix 6,2E, but the main features are reproduced in
Fige 0.2,7.

Effects of time after commenccment of incubation
at 1,._,).6\7 ,c-

Data from days nine, 10, 1% and 15 were used in this
analysls. Day nine was the first day that the temperature
was lowered tu 1%.6° C, as explained in section on methods
(6.251). All days were either significantly or nearly
significantly different from each other, The histogram
in Fige. 6,2.7 is bimodal, Since soils had been previously
incubated for eight dave at 23,4° ¢ the micro~organisms may
have becone adépted to the reduced temperature and been
resvonsible for the increased ratec betwaen the first and
gecond day.

The low value on the 1hth day is harder to explaih.
Perhéps the micro-organisms responsible for 02 absorption at

23.40 C kept the O, absorption rates high until they were

2
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Fig.6.2.0

Uxygen uptalic at 13.E° C from soil samples

from Lincoln College, Hanmer, Balmoral,
under Le.scoparium in Tasman Forest and
under mature and young P,radiata in Tasman
Torest, Replication was measured using

a Warburg apparatus after soils had been
previously incubated for cight days,.

Oxyecen uptake at 23.4° C in soil samples
from Lincoln College, Hanmer, Balmoral,
undor L.scoparium, mature and young
Poradiata in Tasman Forest. flean of

four days' measurement, .
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affected by the change in temperature to an extent which

caused the decline in O, absorption between the 10th and 14th

2
day. Between the 14th and 15th day micro-organisms may have
changed sufficiently to allow the same rate of 02 evolution

as occurred at 23.4° C, but were better able to survive at

13.60 C.

6.2513 OXYGEN ABSORPTION IN SOIL INCUBATED AT 23.4° c.

The general results of this experiment are presented
in Fig, 6,2,8. Data uged in the analysis were taken from
the period from day one to day 24 on days when incubation was

carried out at 23,4° C. (Appendix 6,2D),

Effect of Soil Type

All moils differed significantly. (Fig. 6,2.8),
Averaged over 24 days Lincoln College soil absorbed approxi-
- mately tvice as much 02 as the othexr soils tested, The
difference betﬁeen Hanmer and Lincoln soils is in contrast to
the more rapid rate of breakdown of rootewood blocks in
Hanmer soils, Wood decomposition rate, therefore, seems to
be controlled by factors different from those controlling
absorption. Hanmer soil absorbed less O, than

2 2

Balmoral soil but it must be remembered that the stones,

general O

which comprised approximately half of Balmoral soil, were
removed before this s0il was weighed into Warburg flasks,
74

Because of the high % of stones the amount of O, absorbed

per unit surface area of ground in the original forest would
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have been approximately half the value reported here, It

seems that soil from Tagsman Forest supporting P, radiata has

a higher metabolic rate than soil from under L, scoparium in

Tasman Forest, The soil sample from under L. scoparium was

collected from a ridge site whereas the other Tasman Forest
soils were a composmite of ridge and gully soils. This would
help to explain some of the differences. Soil from under

mature P, radiata (P31) had a higher 0_ absorption rate than

2
soil from (R60) regeneration, This could probably be

accounted for by the preﬁence of more litter on the so0il sur-
face under mature trees in comparison with that found under
nine year old regeneration,

If the nitrogen content ofrthe three previously
mentioned Tasman Forest soils 1s approximately equal then the
soils with the highest 02 absorption rate may have the.great-

eat nutrient immobilization, Since soil under L. scoparium

has the lowest rate of 02 absorption it may possess more
available nitrogen for the pine trees established on recently
cleared manuka soil in contrast to that on clear felled areas

with a previous P, radiata crope. Again if O, absorption

2
rates are a general indication of the overall fertility of

the soil'then the soil from Hanmer and Balmoral are similar
to soils from Tasman Forest but are far less fertile than

g0il from Lincoln College,
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Effect of Time

Fig.6,2.11 shows the classic build up in rate of 02
absorption on the second day after rewetting and then a
decline continuing until the 21st day (Birch, 1959). Ail
days differed significantly. Chase and Gray (1957) applied
the ideas of Miller et al. (1936), Corbet (1931 and 1934) and
Lemmermann and Weissman (1924). They regressed log rate of
02 uptake with log time to measure the constants of the
equation

logr = log F' = m' log ¢t

where iog F' and m' are constants.
Corbet (1934) proposed that m (gradient) should be considered
a laboratory constant since it depends more on laboratory
conditions than soil characteristics,. F is a fertility
constant which is dependent on the carbon content of the soil
at the beginning of the experiment and other related factors,

The data obtained in this study was analysed on an
IBM 1130 computer and the resulting equations are presented
in Fig. 6.,2.10 and Appendix 6,.2A, Results from this study
tend to support the work of Chasc and Gray (1957) in that
the equations for different soils obtained in this study have
a similar gradient, especially when the first day is omitted
from the analysis, The poor fit of Hanmer soil when day one
was included in the analysis was due to a low figure obtained
on that day. When this was removed the equation became
similar to other soils,

Corbet's (1931 and 1934) proposal, supported by Chase
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Fig.0.2,10a

"M

Regression of log rate of Oz uptakel [
from soil samples versus log time of
incubation after rewetting of. the air
dry sample. :

Seoil was collected from :

L = Lincoln College
P31 = Mature P,radiata in Tasman Forest
R60 = Regeneration in P,radiata in Tasman
: forest _
= Lescoparium in Tasman Forest
B = Balmore State Forest
H = Hanmer State Forest
= Average of above soils.

. Total

Fige6+2,10b

Fige6a.2,11

Same as Fig.6,2.10a except that results
obtained on day one were omitted from
this analysis,

Oxygen uptake in soil samples over a
period of 24 days measured with a Warburg
apparatus., The values in Fig.6.2.11 were
obta%ned when the soil sample was held at
23,47 C but at intervals between these
readings the incubation temperature was
changed to 13.6° C, 25.4° ¢ and 27.4° c.
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and Gray (1957) that the gradients should be considered a
laboratory constant sincé the gradient depended more on the
laboratory (i.e, immediate environmental conditions) rather
than soil characteristics is suppoftediby Fig. 6.2.10,
Since, in this study, the gradients were approximately equél
to those obtained by Chase and Gray (1957) this particular
slope may be a universal feature of all unamended soils
rather than a characteristic of the laboratory conditions of

incubation,

Effect of Soil x Dayv Interaction

Fige6+2413 shows differences between rates of 0,
evolution between the first and second days after rewetting
to be the hajof cause of the soil x day interaction.

Manuka soil shows an unusually high rate on the firsf day in
comparison with other soils. Since both replications showed
that, it is probably a real effect, If this particular soil
had possessed a greater number of micro-organisms relative to
the equilibrium number of organisms it would then have been

able to absorb 0, rapidly after rewetting. The decline in

2

0, uptake on the second day, however, does not add support to

2
thisg theory. The presence of a readilyxavailabie substrate,
such as glucose, which was exhausted rapidly may explain the
results, Even glucose requires an incubation time of one
to two days befofe maximum utilization is achieved, and the

substance would have to be more readily available than

glucose.



S Upht’oke uu/s'gsgnl / r-ru1

-

LINCOLN FARM HANMER BALMORAL

0_2 Uptuk'% uL/ uﬁ g;olL/ hr

MAMUKA P31 R60

SOIL TYPE

[“ip;.(;.z'l?)

Cxygen uptalie, measured in a Warburg
ggparatus of soil samples incubated at

23«4 C at intervals during a period
of 24 hours,

151



152

The possibility that the uptake was non-bilological is
probably the best explanation considering the rapid nature
of the response, However, it is difficult to further
explain this except to point out that phenolic compounds
sometimes absorb oxygen under alkaline conditions (Gaarder,
1957) or cell free enzymes may have caused a rapid 02
absorption until the supply was exhausted (Drobnik, 1960).

In all soil samples except Lincoln soilsg there is no
significant difference between the 17th and 2%4th day. The
other soils had probably come to equilibriws whercas Lincoln
soil had not,. On the other hand, the method may not have
been sensitive enough to show small declines in non-lincoln
soils, as from Fig. 6.2.11 it would appear that an equili~
brium had becn established.

In general, Tasman [Forest soil simples have a smaller

Tfirst to second day O, uptake ratc than other soils. This

2
suggests that in the dry state Tasman Forest soils retain a
greater percentage of their optimum number of micro-
organisns thaﬁ other soilse. The annual rainfell distribu-
tion for the three forest arcas is presentoed in Table 4.2.1,
Section 4.2, This table shbows that the distribution of
rainfall in Tasman Forest is less evenly distributed than in
Balmoral and Hanmer Forests, nlthough the overall rate is
higher in Tasman than in Balmoral. This fluctuaation in
moistures may help to explain the grenter stability in air
dry soils of micro-organism numbers in Tasman Forest soil

because the micre-organisms would be better adapted to

fluctuations in water supply.
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6.2514 RATE OF OXYGEN ADSORETIORN IN HANMER, BALMORAL, AND :
TASMAN FOREST SOIL SAMPLES AFTER EQUILIBRIUM HAD
BELN ESTADLISHED.

Introduction

The analysis of this part of the experiment was
designed to test whether the soils from different places and
under different types of VQgetation were significantly differ-
ent from each other once the initial burst of activity had
ceased and near equilibrium conditions had been established
(day seven to day 25) (Fig. 6.2.11), The details of the
analysis of variance of this section of the experiment are
presented in Appendix 0.2F while significant factors have

been graphed in Fig. 6.2.12,

Soil

All soils were significantly (p 70405) or nearly
gignificantly different from evach other. Oxygen uptake in

80il samples taken under L, scoparium in Tasman Forest was

half as rapid as the rate displayved by s0il from under mature

P, radiata (P31) trees,

Soil under seven year old regeneration (R60) showed

less O, uptake than soil from under mature P, radiata (P31),

2

The soil surfiace under mature P, radiata has greater amounts

of litter on the surface which were incorporated into the
sample. Litter was incorporated so that the amount of 0.M.
in the final sample would approximate field conditions and the
results could be expressed per uni£ ground surface. Seil

under seven year regeneration on the other hand does not
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possess this more readiiy available material in such great
amounts, The absence of this litter may be responsible for
the difference rather than any difference in the soil itself,
Balmoral soil showed an unexpectedly high value when
compared with Hanmer soil but it must be remembered that
Balmoral soil contains approximately 50% of its volume in
stones and the actual rate per unit surface area would be

more squivalent to that found in L,sasoparjium soils.

Day

Fige 642.15 shows that equilibrium was not attained
by the seventh day. Since there was no significant
Soil % Day interaction this did not affect the analysis and

the effect of the soil factor,

Soil x Replication (Appendix 0.2G)

Although this interaction is significant it does not

affect the significance oi the soil factor,

Repsdav _x Day (Appendix 6,21}

The first reading for days soven, 17 and 21 was lower
than the two subsequent readings taken on that particular da&.
On the 25th day the first reading was hisgher than the second.
Thera were also inversions on the 17th and 27th davs as con-
pared with the seventh nnd 25th day, with respect io the
second and third readings for the day, The variation shows
no regular pattern and probably has little, if any, biclogi-

cal significance,
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642515 OXYGEN ADBSORPTION AT DIFFLERENT TEMPERATURES AFTER
SOILS HAD COME TO EQUILIBRIUM

RESULTS AND DISCUSSION

Oxygen uptake rates recorded from different soils at
various temperatures were taken‘from the analyais of variance
tables in Appendices 6,2E, 6.2B, 6,2I, and recorded in
Fig, 6.2.1k,

In Fig, 6,2.14 the results of rates of 0, uptake in

2
soil samples from Tasman (R60, P31, manuka), Hanmer, and
Balmoral Forests and Lincoln College farm at 13.,6° ¢, 23 ,4° c,

25,4° C and 27.4° C are sot out. Only values of O, uptake

2
recorded after the ninth day were used in Fig. 6.2.14,

A large difference in the ratio of 0O, uptake between

2
13.6o C and the other temperatures exists in soil samples
from Tasman Forest in comparison with the soils from Hanmer,
Balmoral and Lincoln. In Tasman Forest soil samples the
greatest difference occurs between 25,4° C and 27.4° C,

Both Betsa of soils, therefore, show a marked increase in 02
absorption at a particular temperature, but the Hanmer,
Balmoral and Lincoln soils differ in showing this response

at a lower tewmperature than Tasman Forest soils, This may
be related to the mean annual temperature of the region where
the soil samples were collected, because the Tasman Forest
area has a mean temperature of 12,5° C, whereas ianmer-

Balmoral-Lincoln region has a mean temperature of 10.6° c.

The reason for this marked response at a temperature not
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Fig.G-z.iza

Pig.6.,2.12b

Fig.G.2.1

Oxygen uptake at 23,4% C in soil samples
from Hanmer, Balmoral and Tasman Forests
after six days' pre-incubation at 23.4° C.

Change in oxygen uptake with time in soil
saniples obtained from lanmer, Dalmoral
and Tasitan Forests, Samples were incu-
bated for six days at 23.4° C before
readings were taken. '

Ratoe of oxygern uplale from Tasinan,
Balmoral and Hammer Forests and Lincoln
College bairy Farw soil dasples held at
differcnt teumperntures in the Warburg
apparatus,
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often experienced in the field may be non=-biological or it
may be assocliated with a change in the micro-organisms where

a more thermophilic microflora utilize O, to a greater

2
extent ™
In Tasman Forest soill there was also a greater

difference betwaen 02 absorption at 1%,6° ¢ compared with

25.,4° C in soil plented with P, radiata than with soil under
Le scoparium, which showed very litile difference between the
two temperatures, ‘This is more likely to be due to a

differcnce in microfloras than a climatic factor as all sites

were within a half.mile of each other.
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6.31 ROOT WOOD DECAY WITH ADDED MINLRAL NUTRIENTS

The effect of various nutrients on the rate of decay
of 1-inch cubes of root wood buried in séil, collected from
Tasman Forest, was studied under laboratory conditions.
This experiment was designed to see if any of the nutrients
which were tested were limiting for the growth of micro-
organisms involved in the decomposition of root wood.
Nitrogen, phosphorus and boronvwere considered to be the
elements most likely limiting and were therefore added

individually; other elements were added as a group.

METHOD

fhe root wood blocks were obtained from a'rgceﬂtly
clear felled area in Tasman Forest by digging and chopping
out large sections of root wood which were milled into small
Planks and further cut into cubes, This method resulted in
some differences in composition of individual blocks because
they were obtained from different regions of the root.

So0il from an R60 area in Tasman Forest was finely
ground and 489 g oven dry weight of soil were placed into
Jars 17-cm tall by 9-cm diameter, Soil samples were treated
with all combinations of additives (H. Horn, pers. comm.,) as
listed in Table 6.3,.,1.

All treatments except sawdust were added in solution

teo the soil, One, previously weighed, root wood block was
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added to each jar and the soils were brought to 60% W.H.C.
In order to achieve maximum nitrogen mineralisation by the
"wetting-drying" effect (Lirch, 1958) and achieve more
natural conditions soils were periodically allowed to become
drvy. Duplicate jars containing soils from Hanwmer Forest
and Lincoln College Dairy Farm were added as controls. These
solls received no améndments.

Root wood blocks were harvested and dried for two days
at 700 C under vacuum, Drying before the root wood blocks
were placed in the soil was carried out in the same wmanner, .
Control blocks stiowed that the difference between the results

from the two drying treatments differed by 2%.

Table 6.3.1 Treatments added factorially to 1-inch root
wood cubes in 489 g soil.

1. (NH4)2504 0,28460 g/jar
2, NayBO, 0.02500 "
3 KH, PO, 0,08040 "
kL, P.radiata sawdust 25.25000
5e Minor elements
KC1 ~ 0,14230 ¢
CaCl, 0.14230 "
MgS0, 0.01250 "
FeS0, 0.,01250 "
MnC1, 0.01250 "
Cuso, 0.00130 "
Znso, 0.,00130 "
Na MoO, 0.00005 "
Na C 0, 0.00005 "

6. Control 0.00000 "
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RESULTS AND DISCUSSION

The analysis of variance of results is presented in
Table 6.3.2. Only the addition of sawdust and minor ele-
ments significantly decreased the amount of decomposition of
root wood cubes. Three of the interactions were signifi-
cant,

The nitrogen x sawdust interaction (Table 6.3.3) shows
that nitrogen by itself suppressed the rate of breakdown of
root wood, This was also shown by the negative effect of
the nitrogen treatment, The addition of sawdust had an even
greater effect in suppressing the rate of decomposition.

When both nitrogen and sawdust were present the decomposition
rate was more rapid than with sawdust alone, This means
that the sawdust caused a nitrogen deficiency which was part-
ly reduced by the added nitrogen. A similar phenomenon'was
noted by Lu and Bollen (1957). Carbon dioxide evolution
from a soil containing 2000 ppm carbon in the form of ground
up residues, including Pinus sp. wood, was less with added
NH4N03 than without. These authors could provide no ade~
quate explanation and felt that the small pH changes of less
than one unit were insufficient to explain the depression.

When the residues were incubated in bulk they lost
weight more rapidly if nitrogen was added, This suggests
that the supply of nitrogen from the soil was adequate and
any excess caused a reduced rate of decay. On the other
hand, in the absence of soil the supply of nitrogen was

limiting for decomposition.
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Table 6.3.,2 Analysis of variance of results of root wood

decay. Second order and high
actions used as error in the 2

order inter-
factorial design.

Interactions analysed in Table 6.3,3

fadn liffects SeS.
N -55.299
P 68,699
c =155,699 **
B 52,300
T -190.,499 **
NP -40,300
NC 132,500 **
NB . =74500
NT 51,099
PC -97.899 *
PB -47,099
PT -81.299
CB ~10,300
cT 154,700 **
BT 14,100
Exrror
Total 9260,0

N = Nitrogen

P = Fhosphorus

C = Sawdust

B =

T = Minor elements



163

Table 6.3.3 Analysis of first order interactions from
analysis of variance of root wood decay.

No Sawdust Sawdust
No Nitrogen 690,8 114, 4
Nitrogen 315.2 268,8
No Minor Minor
Elements Elements
No Sawdust 857,2 148.8
Sawdust - 236,4 146 .8
No Sawdust Sawdust
No I'hosphorus 336,14  220,8

’hosphorus 669,6 162;4
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The interaction sawdust x minor elements (Table 6.3.3)‘
showed that sawdust markedly reduced the rate of decomposition
of root wood blocks, The presence of minor elements alone
even further reduced the rate so that when both treatments
were added the effect produced was no greater than that
caused by the minor elements alone. There are two'possible
explanations which may help to explain the results, Firastly,
some element or elements in the minor element group were
toxic to the micro-organisms which were responsible for the
decomposition of the root cubes. -Since some of the elements
present in the minor element treatment were used in other
treatments several possaibilities can be elminated, Those
likely to be responsible inﬁluderz' -

Ca, C1, Mg, Fe, Mn, Cu, Zn, Mo and V,

The second possibili£y is that the addition of these eiements
had caused an imbalance of nutrients and this, in turn,
impaired the uptake of nitrogen, phosphorus or some other
element by the micro-organisms,

The sawdust x phosphorus interaction is shown in
Table 6.3.3. Phosphorus by itself markedly increased the
decomposition rate of the root wood blocks. Sawdust, on the
other hand, decreased the rate. When both sawdust and
phosphorus were added together the rate declined even further
than with sawdust alone. It is possible that the additionm
of phosphorus accentuated the deficiency of some other ele;
ment ., Adams (1969, pers. comm.) found that phosphorus

levels in needles possessed a high correlation with tree
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growth. This suggests that phosphorus may be limiting for
both tree growth and the rate of decomposition of root wood,
The non-significant phosphorus x minor element inter-
action showed the same trend as the sawdust x minor element
interaction except that phosphorus by itself stimulated
decomposition rather than depressed it, as was the case with
the sawdust treatment. This augéests that the minor ele-
ments produced some toxic effect and the effect was not due
to an imbalance of nutrients. From a practical point of
view several suggestions can be made from the results of
this experiment, but more small trials would be needed before
large scale triais would be warranted, If the decomposition
of residues causes an immoﬁilizafion of nutrients at an&
stage during the growth of the second regeneration trees then
a reduction in the rate of decompésition would cause iess
immobilization of nutrients, The application of NHq_N
should reduce the rate of decay of woody residues and, at the
same time, provide nitrogen for tree growth unless the rate
of decomposition of the residues is initially rapid enough to
create a shortage of mnitrogen which woﬁld, in turn, cause
nitrogen tdlbe immobilized, On the other hand, the applica-
tion of the minor elements may retard decomposition.
Experiments would need to be conducted to determine which
element or elements were responsible for the reduction in the
decomposition rate. Rates of application and the time the
element persisted in the field after application WOuld need

to be determined.



166
The application of phosphorus should stimulate decom-
position provided the initial rate of decomposition was
sufficiently low, otherwise the addition of phosphorus would
cause a decline in the decomposition rate.
The possible toxic effects of one of the elements
listed previously suggests caution with the application of

large amounts of copper when spraying for Dothiostroma pini

(Gilmour, 19067). If this element is responsible for the
reduced rate of decomposition then forests sprayed with
copper may experience a large build up of residues,.

Wood blocks in soil collected from Hanmer State Forest
‘lost 73% of their original weight while those in soil from
Lincoln College Dairy Farm lost 30%. Lincoln soil possesses
more organic matter and therefore probably more nitrogen than
Hanmer soil, The results can therefore be explained if it
is postulated that Hanmer soil possesses a fungal flora

better addapted to wood decomposition,
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6.32 STUDIES ON NEULDLU DECOMPOSITION WITH FUNGI ISOLATED
FROM NELDLES COLLECTED IN TASMAN FORLEST

INTRODUCTION

.In order to study the rate at which those fungi which
had been most frequently isolated from P.radiata needles
collected from Tasman Forest caused decomposition of needles,
a factorial experiment was set up in which eight species of
fungi were inocﬁlated on to sterilized pine needles. The
_factorial design of the éxPerimént also made it possible to‘
dgtermine whether or not there were any antagonisins between
the isolates and also to determine whcther the presence of
more thgn one species affeéted the ability of individuai fungi
to decompose the pine needles under laboratory conditions.

I'atterns of colonization of fungi (sce Séction.io.l)
on recently dead tissue have been more intensively studied
than the factors likely to be responsible for these patterns.
The ability of a sgpecies to reduce the growth rate of another
fungus by the production of some substance or detrimental
environmental condition will determine the pattern of
colonization at least in part. Other workers have studied
factors which also determine the patterns of colonization,
For example, spore survival hos been studied by llogg (1966).
Yadav and Madelin (1968), Macauley and Thrower (1966) and
Hogg (1966) have studied in pure culture the ability of fungi
to use substances extracted from living material, Enowledge

that a particular specics can utilize a certain compound in
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pure culture is suggestive of its role in decomposing bio-
logical material under natural conditions. A better way of
determining what compounds a particular species is able to
attack is to inoculate the fungus into sterile biological
material and analyse the material after it has been decom-
posed (Hering, 1967; and Yung Chang, 1967).

Only Saito (1958 and 1960) has studied antagonisms
between different groups of fungi. In this study an
attempt was made to see if the same antagonisms occurred

between reclated specics.

METHOD

Green needles were collected from P.radiata trees
growing on Temuka silt loam one mile north of Lincoln-
College as material from Tasman IForest was not available at
this time. The necedles were removed from the branches and
thoroughly mixed.

Five g of fresh whole needles were weighed to the
nearest>0.01 g and placed in 15 x 2.5 cm boiling tubes to-
gether with 10 ml of distilled water. The tubes were
prlugged with cottonwool. Sterilization was effected by
placing the tubes in an anaerobic jar and applying a partial
vacuume thylene oxide liquid was poured into a funnel
connected to the apparatus and sucked into the jar, where it
vaporised imiiediately, by momentarily opening the valve.

The tubes were left in the jars for two days before

removal for airing. The contents of four tubes werc oven
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dried at 102 ' 2°

C for 24 hours, cooled in a desiccator and
weighed.,

Fungi were obtained from needles collected in Tasman
Forest and were the most common species isolated in Section
10.1.

To prepare inocula for the tubes needles were cut into
1-cm lengths placgd in 4-0z jars plugged with cottonwool to
which 10 ml of water had been added and sterilized by auto~
claving at 121% C for 20 minutes. fach of the eight jars
were inoculated with one of eight fungi used in the experi-
ment and jars were incubated at 250 C for 10 days to allow
the fangus to infect all pieces of needle, |

Needles in the boiling tuﬁe were inoculated by trans-
ferring single one cm picce of previously inoculated_needle.
The experiment was designed as a quarter replicate of a 2
factorial design (Cochran and Cox, 1950). Defining con-
trasts used were ABCEG, ABDEH and CDLFGH, This allowed all
two factor interactions fto be estimated, In cases where the
boiling tubes were not inoculated wi£h a total of eight fungi
~1-cm pieces of sterile autoclaved needle tissue were added
to make the amount of needle tissue in each tube equal,

Each Boiling tube, together with an 8-dram vial con-

taining 1 * 0.2 g BaO, and 5-ml water, was placed in screw

2
capped glass jars 6 cm diameter x 15 cm tall. The jars were
incubated at 24 t 1° c.

To test whether or not a tightly compect cotton waol

bung, wvould restrict the rate of gaseous exchange between the




contents of the boiling tubes and the atmosphere more than
a loosely compacted bung, a test using st was set up.
Hydrogen sulphide was generated in a closed system contain-
ing boiling tubes complete with loose and compacted bungs.
The time taken for the H,5 to diffuse into the boiling tube
was estimated by a change in colour of lead acetate paper
inside the boiling tube, Differences between the rate of

di ffusion of the H, S through the two types of cotton wool

2
bung: were not significant, so a tightly compacted bung was
used in the experiment.

Names of the fungil identified are set out in

Table 6.,3.5 and abbroviat?ons are used in the text.

RESULTS AND DISCUSSICN

Analysis of variance was carried out using the method
of Yates (Cochram and Cox, 1950). All first order inter-
actions were determined. Second and higher order inter-
actlions were used as error. Only one fungus caused a
significantly different loss of weight (Appendix 6.3A) while
three first order interactions were significant; two at the
1% level, The interaction tables are presented in
Table 6.3.4.

The interaction BPF x Fus shows that when fungus BPF
and Fus are added alone there was a stimulation of breakdown
of needles. Where fungi BI'F and Fus were grown together

inhibition occurred, This could possibly be explained by
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¢ = Sterile mycelium

P = Pestalotia congena
- BP = Sterile mycelium
BPR = Sterile mycelium from bark.
Tr = Trichoderma viride
Mus = Fusarium spe.
E = Piricaude sp.

Fige6.3.5 Fungi isolated from needles collected
in Tasman Forest.
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Table 6.,3.4 Analysis of interaction from analysis of
variance presented in Appendix 6.3A.

No Fus Fus
No BPF 25.12 28,16
BPF 28,60 24,92

Analysis of interaction of fungus BP’PF and fungus Fus,

No -Tr ) Tr
No R 24,56 26,00
R 28,48 24,76

Analysis of interaction of fungus H and fungus Tr,

No Fus Fus

No P 24,24 26,44

P 29,48 26,64
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postulating the production of mutually antagonistic sub-
stances by both species,

A similor situation existed in the case of the inter-
action R x Tr. Tr is a well known antagonist but in this
case both R and Tr seem to be antagonistic,

The third interaction was a little different.,

Fungus ¥ by itself caused more decay than Fus by itself,
but the two fungi together causced a slightly greater rate
than fungus Fus by itself, It would appear from this that
fungus Fus has had an antagonistic effect on the ability of
fungus P to break down needles, Thus the fungus P has a

'significant effect only in the absence of fungus Fus,
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CHAPTER 7

ENERGY DISSTPATION UNDER FIELD CONDITIONS

INTRODUCTION

The rate of carbon mineralisétion in the field is
governed by the ease with which individual carbon compounds
can be mineralised and the availability of other essential
nutfients, for example, nitrogen for the mineralising flora.
The chemical composition of the compounds being decomposed
will influence the rate at which these minerals are'made.
available to the flora. Any changes increasing the rate of
decomposition, such as the addition of readily available
energy sources, will allow increase in population and as a
consequence a depletion of available mineral nutrients.

The length of time of this depletion will depend on the
chemical composition of the materials undergoing decomposi-
tion.

In order to gain an understanding of the reasons for a
mineral nutrient shortage it is important to know the rate
and magnitude of change of energy dissipation or carbon

mineralisation after clear felling, and the chemical
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composition of the most available energy sources. To
elucidate these points the decomposition of a major compon-

ent of slash leaf litter has been studied on several sites.

7«1 LEAF LITTER
REVIEW OF LITERATURE

Methods

Methods devised for measuring energy dissipation from
decaying biological material have usually involved finding
the weight loss of a certain amount of the material over a
period of time, Weight logs is composed of two elements,
Firstly, weight loss due to minerélisation of various |
elements and, secondly, weight loss due to movement of com-
pounds or materials not fully mineralised away from the
material being studied. One way to measure the mineralisa-
tion without loss due to transport of unmineralised sub-
stances is to measure the mineralisation products, For
example, Witkamp (1966¢) found that during the first year of
litter decay about 40% of the weight loss appeared to be
independent of microbial activity and only 16 - 30% of the
substrate losgs was recovered as COZ‘ These data suggested
a considerable transport to deeper layers of soluble leaf
material and physical and chemical breakdown.

Before the rate of breakdown can be calculated two
variables need to be known, i,e. the amount of energy

dissipated and the time taken for this dissipation. Either
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an approximation to the instantaneous rate can be calculated
using a method for atudying CO2 evolution, or a long term
weight loss approach can be used,

If it is assumed that all deciduous leaves fall at the
same time in one particular species of tree and the year of
fall of each leaf can be determined, the rate of energy
dissipation can be calculated by sampling at litter fall, and
re-sampling after an interval of time (Lunt, 19333 and
Remezov, 1961), Leaves identified at a particular time and
later re-sampled can be also used to study weight loss.
Identification can be accomplished either by placing the
leaves in a container (Mikola, 1960; Bocock et al. 1961; and
Shanks and Olson, 1961) or fagging individual leaves (Ha&es,
1965). If the weights of the litter layers, provided litter
layers are present, and the annual litter fall is knowﬁ, the
amount of decomposition can be calculated (Jenny, Gessel and
Bingham, 1949; Olson, 1963, and Kendrick, 1959). Each
method is an approximation and the most accurate method
represents a compromise between the conditions prevailing and
the nature of the information required.

Container Method. The rigid containers used by

Falconer et al., (1933), Gustopon (1943) and Lunt (1935) do
not allow litter in them to become an integral part of the
general decomposing material although they protect the con-
tents from interference by falling branches, They share
disadvantages with the more flexible type of containers

(nylon net, glass wool, etc.), in that, the microclimate
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inside may not be comparable to that outside, especially
water relations. The size of the holes presents a problem.
On the one hand, the larger the holes the more the natural
conditions inside the bag will be but, on the other hand, the
larger the holes the more likely that observed loss in weight
will be due to the loss of small undecomposed fragments,

This difficulty is also found when individual leaves are
marked for study, but here the environment near the decompos-
ing leaf is completely natural, Aperture Bize also may
restrict the entrance of some larger anthropods and annelids
and a compromise muat be reached, However, the restrictions
can be used to advantage in some cases when the influence of
a section of the decomposer bopuldfion is to be studied.

Age Class Method

The metiiod outlined by Jenny ct al., (1949) is uséful in
situations where increasing age of litter is related to
inecreasing depth within the litter layer. This method has
the disadvantage of requiring an accurate measurement of the
amounit of litter fall per unit time, Fven though Bray and
Gorham (1964) have reported a constant litter fall in a closed
canopy over a period of years, there is some evidence for

annual variation (Alway and Zon, 1930),

Rate of Breakdown

The original concept of Justus Liebig (1840) that
"the essential material available in amounts most closely
approaching the c¢ritical minimum will tend to be the limiting

one", with the addition of other ideas, expands into the
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general hypothesis of limiting factors. This concept can be
readily applied to factors affecting the rate of decay of
plant material and the decay limiting factors reported by
various workers are probably an expression of this principle.
At any one time there is at least one biotic environmental
or other factor acting to restrict the greater activity of
some or all members of microbial population. The factor
responsible may change as others are varied.

Some of the more common factors likely to have an
effect on the decomposition of organic material include :
1 a) Climate (temperature, moisture, etc.)
1 b) Forest cover (which itself may influence other
factors) ; |
1 ¢) Stage of decay of leaves
1 d) Species of plant which produced the leavos
1 e) Variations within the leaves themselves
2 a) Differences due to the many methods used by
various workefs.
Handley (1954) considers that climate is the major
influence in litter breakdown, In nature it is difficult
to compare the effects of one climatic factor with ancther
because it is usually not possible to find sites where all
other variables are constant. Mikola (1960) studied pine
and spruce stands in southern and northern Finland and found
that mean temperature was the most important factor affecting
the rate of decomposition. The rate of litter decompositicn

increased proportionately to the mean summer temperaturec,
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At 1 year from 27.3 to 34.6%
rise in summer from
2 years 41,5 52,60
8.5° to 13.5° C.

3 years 43,3 48.0%

Temperature was found to be dominant over moisture in
the climate of Last Tennessee where inside litter bags
moisture rarely became the limiting factor. Witkamp (1963¢c)
found, by factor analysis, that temperature was 64% respons-~
ible for limiting the rate of decomposition moisture 5%,
bacterial numbers 16% and was litter age 5% responsible.

The decomposmition of Nothofégus sp. leaves in New
Zealand was studied by Dutch (1965) who found that after three
years loss of weight was greater in wetter sites. He found,
with fresh leaves, that the greatest activity occurred in the
wetter months of February to August, He concluded that
moisture haé more effect than temperature, A laboratory
study of rates of decoméoaition of leaves of many specles was
reported by Daubenmire and rrusso (1963), These authors
found no significant correlation of decay/in various leaves,
They found, however, that the rate of deéomposition of all
leaves except Pseudotsuga sp. and Abies sp. leaves must have
had some other limiting factor controlling their rate of
decomposition,

Temperature was shown to be gignificant in the study
of leaf litter breakdown in the Great Snowy Mountains and
Oak Ridge by Shanks and Olson (1961), They found a linear
decrease in the rate of breakdown of 1.33% per 1° C drop in

temperature, This agreed with Mikola's (1960) rate of
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change of 1.75%/% € in the [irst yecar breakdown (Y) and was

related to altitude X (in thousands of feet) by the equation

Y = K - (» 2,40 X)

The factor K depended on the type of foreast under which the
litter was decomposing. Latter and Cragg (1967) also found
that the dry weight loss of 20 - 30% per year observed in
Juncus sp. material on a low level site (Allen in Latter and
Cragg, 1967). Clymo (1965) recorded a 17% dry weight loss
of Sphagnum sp. at Moor House, ingland, in one year compared
with 20% from a site at a lower altitude, This example shows
that a change of the factors important in decomposition is
not always associated with climatic factors associated with
an altitudinal change, and other factors may be the limiting
ones,

Bocock (1960) found that ash leaves disappeared faster
than oak leaves, and, in general, leaves decomposed faster on
mull humus than mor, and Mikola (1960) reported that birch
leaves decomposed faster than pine needles. Shanks and
Olson (1961) found differences due to different leaf species
as well as variations due to cover, wWitkamp (1966c¢) con-
sidered that the dominant factor controlling microbial
densities on litter was the species of leaf, especially when
the leaves were fresh and in bulk. If the climate is con-
stant then the type of leaf species decomposing may influence
the rate of decomposition.

Weetman (1965) studied the decomposition of black

spruce needles north of Baie Comeau, Quebec, and found that



decomposition was related to the degree of artificial
thinning. A lower weight loss was observed in the 100
thinned stands, 4% and 17/ weight loss in first and second
growing seasons respectively compared with the unthinned 12Y%
and 25% weight loss. This was apparently not due to
temperature which was higher in the 100% thinned but, in all
probability, to a difference in moisture, Since thinning
results in many changes these differences could be attributed
to many causes which only a rigorous investigation would
reveal,

Differences due to variation within the leaves them-
selves were noted by Heath and Arnold (1966) who found that
leaves grown in the sun were less decomposed both in the
presence and absence of earthworms per unit time than shade
grown leaves, Heath and Arnold (196(G) contended that
palatability of leaves to earthworms and other animals depend-
ed on the polyphenol and sugar content. The results reported
by Heath and King (1964) supported this contention, in that,
they found that the palatability of oak leaves increased as

their polyphenol content decreased,

METHODS

The decomposition of leaf and ground litter was
studied, using bags made from nylon material of mesh size
1.3 mm, In March, 1967, eight bags contailning 25 g (o.d.)

of needles from recently felled trees were placed on a
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recently felled site containing only ground litter from the
original stand, Sawples were weighed in the ficld using a.
spring balance and one of these samples was brought back to
the laboratory, dried at 102 ¥ 2° C, and weighed. Each bag
was secured, using four alumihium pegs which were pushed into
the soil with the top half bent over to secure each edge of
the bag. Another set of eight bags was placed on one
recently felled site among a dense accumulation of fresh
needle litter, This latter site was approximately 50 yards
furthicr down the slope than the former,

In July, 1967, another set of 16 bags was placed on a
recently felled site close to the other two sites, Two bags
from this site were taken t; the iaboratory for analysis at
approximately two-monthly intervals,

A further set of eight bags was placed at the Ul(RGS)
site in July, 1967, Lach bag contained 16,75 g (0.0v) of
leaf material from four-year old trees andrwas set out in the
same manner as other bags on younger regeneration sites.

This site was slightly less exposed because of tree cover than
the other sites where litter bags had been set out.

The use of these bags enabled the rafe of decomposition

to be studied under approximately natural conditions.

RESULTS AND DISCUSSION

An outline of the results obtained are presented in
Fig. 7.1.1.

Results show that there has been a similar rate of
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decouposition of the litter at all three sites, Thus, it
may be concluded that climate and not age of the trée produca-
ing the leaves has had the greatern: influeﬂce on the decom-
position rate. The results in this study may give an
exaggerated picture of the true rate in the field because the
compaction of leaves and the prcesence of the nylon bag would
have an influcence on the moisture relations of the leaves.

in summner, the soll surface dried out and the moisture retain-
ed in the closely packed needles could have produced a greater
rate of decomposition than in more exposed necedles, Earth-
worms are fairly comion in Tasman Forest and the small size
of the n&ldn net apertures may have restricted some largcr
animals from gaining entrance, which would cause the values
obtained in the nylon bags to be less than under natural con-
ditions. The higlhh decomposition rate found in January-
February, 1968, is surprising since, although temperatures
were high, the éurface of the ground was usually dry at this
time, The decbmposition rate of 43% year in bags on sites
is comparable fo the results obtained by Will (1966) working
with the same spcecies. Since the results presented by
overseas workers obtained under vastly different conditions,
it is difficult to make comparison but, in general, except
for tropical conditions reported by Illopkins (1966) who found
total leaf decomposition to be complete in about four months,

rates are gimilar for different types.
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in 1 year in Hardwood

in 6 months n
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on conifers
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Conifer leaves showed approximately 25% - 45% decom-

position whereas values of 100 in one year have been report-

ed for some hardwood leaves,.
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7«2 DECAY OF ROOT WOOD BLOCKS UNDER FIELD CONLDITIONS

INTRODUCTION

It was decided to study the rate of decomposition of
root wood under field conditions together with a study on theo
rate of decomposition of needles (see Section 7.1). The
relative rate of breakdown at various soil depths was studied
to assess the activity of soil micro-organisms at these
depths.

Root wood blocks were also buried at three age classes
of regeneration both on ridges and in gullies, Since root
wood was the major component of slash likely to cause the
immobilization of mineral nutrients it was decided to see if
the ridges possessed soil which would cause root wood to
decay faster there than in the gullies, Visual observation
of the soil suggested that the root wood would decay more

rapidly in gully sites.

METHOD

One=-inch cubes of wood extracted and cut in the manner
prescribed in Section 6.3 were tied in a line with nylon
thread, A hole was dug and the blocks were placed in the
hole at 25, 10, 5 and 2.5 cuwm depths, S0il was replaced as
close to its original position as possible. One set of

root wood blocks remained in the field for {7} months between
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march, 1967, and January, 1968, A second set remained for
22 months, including two winters and two summers, from July,
1967 to May, 1969, Root wood blocks were extracted from
the soil and dried at 70° C for two days in a vacuum oven.
Blocka not put out in the field were used as controls in the
drying process, 3locks were weighed after drying and dry

matter loss was expressed as a % of the original weight.

RESULTS AND DISCUSSTION

Analysis of Variance of the results is presented in
Appendix 7.2A.

Position (Fig. 7.2.1) was found to.be highly significant
even when divided by the first order interactions containing
the factor position. The rate of decay on ridge sites was
almost 27 times the rate in gully sites. This difference
could explain the poor growth of pine trees on ridge sites
hecause immobilization caused by the rapid decomposition
rates may cause the nutrient deficiencies. This, however,
does not explain why decomposition on the ridges was faster
than in gullies. The difference in rafss of decomposition
was probably not caused by water excesses or deficiencies
because analysis of variance of water content collected on
four occasions showed no difference in water content of the
soil between ridge and gully sites. Adams (1969, pers.
comii, ) could not find any significant difference between
ridge and gully gites in levels of mineral nutrients. How~

ever, available nitrogen results presented in Section 9.1
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showed differences between ridge and gully sites, but the
relative difference between the two positions changed from
positive to nejiative with the age of regeneration, lro-
bably conditions of some kind on the ridge sites favour
the growth of wood rotting micro-organisms,

The effects due to factors which vary with depth
(Fig. 7.2.,2) were greatest at the 5 cm depth. Although it
was found that moisture content was highest in the top layers.
of the soil the availability of nutrients may Le higher at
this depth than at any other, Decowposition rate at 25 cm
depth was three-quarters that at five cm depth which does
not appear to be very marked considering the clayey appear-
ance o¢f the soil at 25 cm depth.r ‘

Rates of decomposition increase with age (Fig.?.z.B)
of regeneration. Conditions at RGO favoured faster decom-
position rates than those at R66-67. The more even micro-
climate after canopy closure aﬁ R60 or the greater availabil-
ity of mineral nutrients may be responsible for the differ-
ences. Soils from these various places brought together
under identical enviromnental conditions would help elucidate
this proble,

The depth x position interaction (Fige 7+2.4) shows
that the differecnce betwecu ridze and gully sites increcases
with increasing depth. This suggests that sowme factor such
as drainage or aeration was operntive in this instance
because nutrient availability probably would not change in

this manner,
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The age x position interaction (Fig. 7.2.5) also
showed that the difference between ridge and gully sites
increased with age of regeneration. This appears contrary
to thyte's (1966) postulation that regemeration growth rate
on the ridges increases after five to seven years if it ié |
postulated that increased decomposition rate observed in
this study is correlated with increased nutrient immobiiiza-
tion and decreased tree growth rate.

The depth x age interaction (Fig. 7.2.6) is rather
complicated. At the R65-66 sites the rate of decomposition
at_5 cm depth was different to other depths while at R60 the
rate of decomposition was constant at the four depths. The
rate of decomposition at the R66;67 site rose at the first
threec depths from 317 to 42% then declined rapidly at 25 cm
depth. There appears to be no overall pattern in these
results,

The overall rate of brealidown was 6.3 in the first
8- months from March, 1967, to January, 1968, and %2.2% from
July, 1967, to May, 1969, The decay of needles on the soil
surface was not much more rapid (aﬁproxiﬁately 50% in 22
months).‘ The decomposition of 33} of the root wood in 22
months is equivalent to the loss of 25,000 1b/acre
(26,000 Lkg/ha) under field conditions. Assuminz a nitrogen
content of 0,05% for the root wood (COrman and Will, 1960)
would mean that roots in Tashan forest would‘release 12,5 1b
N/acre/22 months (14 kg/ha). On the other hand, if the

micro-oxrganisms responsible for the decomposition of root
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wood extfacted nitrogen from the soil until a C:N ratio of
20:1 was obtained then they would require approxinmately
625 1lb/acre/year. However, Cowling and Merrill (1966) have
found that wood decomposing fungi do not require such large
amounts of nitrogen.

Even though it is uncertain what Ci:N ratio the micro-
organisms responsible for decomposing the root wood left
after clear felling in Tasman Forest needed, it is possible
that some immobilization of nitrogen occurred especially on

the ridge sites.,





