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Abstract

The study aimed to investigate the response of soil respiration to salinity when amended with mixtures of rap-
idly and slowly decomposable residues. Two incubation experiments were carried out with loam soils having 
EC1:50.1, 1.0, 2.5 and 3.3 dS m-1. In experiment one, the four soils were amended with 20 g kg-1 soil as sawdust 
(C/N 114) or kikuyu (C/N 19) alone or mixed at different ratios. In all mixtures, the decrease in cumulative res-
piration at 1 dS m-1compared to non-saline soil was smaller than with sawdust alone. In experiment two, three 
soils (EC1:50.1, 1.0 and 2.5 dS m-1) were amended once or three times to a total addition rate of 10 g C kg-l soil 
either with sawdust alone, kikuyu alone or mixtures. In the treatments with mixtures, the decrease in cumulative 
respiration from non-saline to EC 1 dS m-1 was smallest in the treatments with three residue additions where 
25% kikuyu was added on day 0 or on day 14 after addition of 50% sawdust on day 0. We conclude that even 
a relatively small proportion of rapidly decomposable residue in a mixture is sufficient to alleviate the negative 
impact of salinity on soil respiration. 
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1. Introduction

Salinity is one of the major factors limiting agricul-
tural production in many arid and semi-arid areas, 
including 357 Mioha land in Australasia (Pessarakli 
and Szabolcs, 1999). In Australia, the salt affected 
area is predicted to increase by another 15 Mioha 
in the next 50 years due to human activities such as 
poor irrigation and drainage systems, the expansion 
of irrigation into arid zones and clearing of native 
vegetation (Lambers, 2003).

Salinity has been shown to reduce microbial bio-
mass, activity and change community structure 
(Rietz and Haynes, 2003). The adverse effect of 
salinity on soil microbes can be explained by the 
low osmotic potential which makes it difficult to 
take up or retain water, and nutrient imbalance be-
cause of ion competition (Marschner, 2012). Sensi-
tive microbes die, but some microbes accumulate 
organic or inorganic osmolytes thereby minimis-
ing water loss from the cells (Hagemann, 2011).



324       Hasbullah  et al.

Journal of Soil Science and Plant Nutrition, 2016, 16 (2), 323-336

Synthesis of organic osmolytes requires a significant 
amount of energy (Oren, 1999).
Organic matter decomposition is the main energy 
source for most soil microbes, but organic mat-
ter content in saline soils is often low due to poor 
plant growth (Setia et al., 2011b). Addition of or-
ganic matter has been shown to increase microbial 
activity in saline soils (Yan and Marschner, 2012) 
and could reduce the negative impact of salinity on 
microbes by providing energy for osmolyte synthe-
sis. In most studies a single type of organic amend-
ment is used. We recently showed that the negative 
impact of salinity on respiration was greater in soil 
amended with slowly decomposable residues com-
pared to rapidly decomposable residues (Hasbullah 
and Marschner, 2014).
In the field, slowly decomposable residues (e.g. 
sawdust or mature cereal straw) are often available 
in greater quantities and at lower cost than rapidly 
decomposable residues (e.g. young grass or legume 
shoots). Amelioration of saline soils with residue mix-
tures of slowly and rapidly decomposable residues 
may therefore be a cost-effective option. However, it 
is not clear what proportion of easily decomposable 
residue is required to achieve a similar ameliorative 
effect as with easily decomposable residue alone. 
A consistent supply of organic C could be more effec-
tive in alleviating the negative effect of salinity on mi-
crobial activity than a single addition where decom-
posable compounds are depleted soon after applica-
tion. With repeated addition, residue type, amount and 
timing could vary among applications. It is not clear 
if in soil amended with residue mixtures, proportion 
or timing of amendment with rapidly decomposable 
residue influence the impact of salinity on soil respira-
tion and microbial biomass. 
Two experiments were conducted with sawdust as 
slowly decomposable residue and young kikuyu 
shoots as rapidly decomposable residue. The aim of 

the first experiment was to investigate the influence 
of salinity on soil respiration with a single addition of 
slowly or rapidly decomposable residues alone or as 
mixture with different proportions of the two residues. 
The aim of the second experiment with multiple resi-
due additions was to determine the influence of the 
proportion of slowly decomposable residue in the soil 
at the time of addition of rapidly decomposable resi-
due on response of soil respiration to increasing salin-
ity. We hypothesised that (i) with a single addition, 
the negative effect of salinity on soil respiration will 
decrease with increasing proportion of rapidly decom-
posable residue in the mixture, and (ii) with multiple 
residue additions, the negative impact of salinity on 
cumulative respiration will increase with proportion 
of slowly decomposable residue in the soil at the time 
of addition of rapidly decomposable residue. The sec-
ond hypothesis is based on the assumption that the 
likelihood of microbes being in the vicinity of freshly 
added rapidly decomposable residue will decrease as 
the proportion of slowly decomposable residue al-
ready present in the soil is high.

2. Materials and Methods

2.1. Soils

Four loam soils were collected from the A horizon (0-
30 cm depth) in areas with patches of salinity in Mon-
arto, South Australia (35°05′S and 139°06′E) (Table 
1). These soils are wide-spread in the region. This 
area has a Mediterranean climate with hot dry sum-
mer (long term average: 29.4 °C) and cool wet win-
ter (long term average: 14.7° C) (Meat and Livestock 
Australia, 2015). The soils were air-dried, sieved to 
2 mm and then stored. Salinity determined as elec-
trical conductivity in a 1:5 (soil: water, w/w) extract 
(EC1:5) was 0.1 (non-saline), 1.0, 2.5 and 3.3 dS m-1. 
This range was chosen based on a previous study to 
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induce a moderate to strong decrease in respiration 
(unpublished data). The saline soils were saline-
sodic (Sodium Adsorption Ratio <6 for Australian 
soils) and therefore do not display dispersive behav-

iour associated with sodicity because the high salt 
concentration in the soil solution causes flocculation 
of soil particles (Sumner and Naidu, 1998)

  Table 1. Physical and chemical properties of non-saline and three saline soils (from Hasbullah and Marschner 2014) 

1 n=3 ± standard deviation except for texture, water holding capacity and SAR where n=1.

2.2. Plant residues

Two residues with distinct properties were used in 
both experiments: shoots of kikuyu (Pennisetum 
clandestinum L.) with low C/N ratio and lignin con-
centration and sawdust [from pine wood (Pinus sp.)] 
with high C/N ratio and lignin concentration (Table 
2). Both residues were ground and sieved to particle 

size 0.25-2 mm. These residues were chosen because 
in our previous study, where we used the same saline 
soils (Hasbullah and Marschner, 2014), the decrease 
in respiration with increasing salinity was greater 
in soils amended sawdust than in kikuyu-amended 
soils. 
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Table 2. Selected properties of sawdust and kikuyu shoots. n=3 ± standard deviation for organic C, total N, water-
extractable organic C and Klason lignin. 

Plant residues Sawdust  Kikuyu
shoots

Organic C (g kg-1) 437±42.9 341±40.2 

Total N (g kg-1) 3.8±0.31 17.6±0.64 

C/N ratio 114 19 
Water extractable organic C 
(g kg-1) 8.4±0.24 2.1±0.02 

Carbohydrate (%)1 50 51 

Carbonyl (%)2 5 2 

Lipid (%)2 20 4 

Protein (%)2 3 19 

Lignin (%)2 22 15 

Klason lignin (%) 68±2 37±1 

 

1Concentrations calculated from 13C NMR results using a molecular mixing model [34]. Values do not necessarily add up to 

100% as some C species (e.g. ketones) are excluded from the model.

The objective of Experiment 1 was to investigate the 
influence of salinity on respiration in soil amended 
with slowly or rapidly decomposable residues alone 
or as mixture. After pre-incubation, residues were 
added into thenon-saline soil (EC1:5 0.1 dS m-1) and 
the three saline soils (EC 1, 2.5 and 3.3 dS m-1) at 
a rate of 20 g kg-1either as individual residues: saw-
dust alone (S100/K0) or kikuyu alone (S0/K100) or 
as mixtures. For the mixture treatments, the residues 
were thoroughly mixed before addition to the soils. 

2.3. Experimental design 

The study included of two experiments, where the 
second experiment was based on the results of the 
first. Before the start of the experiments, the soils 
were wet to 55% of maximum water holding capac-
ity and incubated for 14 days to stabilise respiration 
after the initial flush of respiration upon rewetting of 
air-dry soil. In our previous studies soil respiration in 
these soils was maximal at this water content.



327Effect of residue mixtures on response of cumulative respiration to salinity

Journal of Soil Science and Plant Nutrition, 2016, 16 (2), 323-336

The following mixtures were prepared where the 
first number is the weight percentage of sawdust and 
the second that of kikuyu: S75/K25, S50/K50 and 
S25/K75.Soil with residues (equivalent to 20 g moist 
soil) was filled into PVC cores with 1.85 cm radius, 
5 cm height and a nylon mesh base (0.75µm, Austra-
lian Filter Specialist) and packed to a bulk density of 
1.4 g cm-3. The cores were placed individually into 
1 L glass jars with gas tight lids equipped with septa 
to allow quantification of the headspace CO2 concen-
tration (see below). Soil respiration was measured 
over 16 days.
The aim of Experiment 2 was to determine the effect 
of residue addition frequency and order in which resi-
dues are added on response of soil respiration to sa-
linity. The two residue were added into thenon-saline 
soil (EC1:5 0.1 dS m-1) and two saline soils (EC 1 and 
2.5 dS m-1) to achieve a total addition of 10 g C kg-1. 
This rate corresponds to approximately 20 g residue 
kg-1 which is the rate used in Experiment 1. In Experi-
ment 1, 25% kikuyu in the mixture was sufficient to 
alleviate the negative effect of salinity on soil respira-
tion. Therefore, the mixed treatments in Experiment 2 

consisted of 75% sawdust + 25% kikuyu. The residues 
were added once, twice or three times. For the single 
additions, residues were added on day zero. For the 
multiple additions, the residues were added every two 
weeks: on days 0, 14 and 28 (see Table 3 for details). 
When mixtures were applied, the residues were mixed 
before addition to the soil. The mixed treatments were 
designed so that 25% kikuyu was added either on day 
0, day 14 or day 28. In treatments where residues were 
applied only on day 0 (10S, 10K, 7.5S+2.5K where 
the value indicates the C rate, S and K stand for saw-
dust and kikuyu), the soil was mixed on days 14 and 
28 in a similar manner as in those treatments with 
residue addition on these dates. Preparation of cores 
was as described for Experiment 1. Soil respiration 
was measured for 42 days and microbial biomass C 
was measured at the end of experiment. 
In both experiments, the glass jars with soil samples 
were kept at room temperature (19-23 ˚C) in the dark. 
Soil moisture was maintained at 55% of maximum 
water holding capacity (WHC) by checking the wa-
ter content every few days by weight and adding RO 
water if necessary.

Table 3. Organic C addition treatments in Experiment 2.
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2.4. Soil and residue analyses

Soil EC and pH were measured in a 1:5 soil to reverse 
osmosis (RO) water suspension after one hour hori-
zontal shaking at 25 °C. The formula from Shaw et al. 
(1987) was used to calculate EC in the saturated paste 
extract (ECe) from EC1:5:E C e= E C 1 : 5 ( − 2 . 2 1 × %
C l a y 0 . 5+ 2 3 . 7 8 ) . 
Soil texture was determined by the hydrometer meth-
od (Ashworth et al., 2001), texture classification was 
based on Saxton et al. (1986). Maximum water hold-
ing capacity (WHC) of the soils was measured by us-
ing a sintered glass funnel connected to a 1 m water 
column (Ψm= -10 kPa) (Haines, 1930). The soils were 
placed in cores in a sintered glass funnel, thoroughly 
wetted and allowed to drain for two days. The drained 
soil was weighed before and after oven drying at 105 
°C for 24 hours to determine the water content. For 
total P, Al, Fe and K, the soils were digested with hy-
drochloric acid as described in Zarcinas et al. (1996). 
Available P was extracted using the Colwell method 
and measured colorimetrically at 882 nm (Rayment 
and Higginson, 1992). Soil inorganic N was extracted 
in 1 M KCl; ammonium and nitrate concentrations 
were determined using standard colorimetric methods 
(Keeney and Nelson, 1982). Soluble Na+, Ca2+ and 
Mg2+ concentrations were extracted by 1 hour hori-
zontal shaking of a suspension with 1:5 soil: water 
ratio and filtering through Whatman filter No. 42. Ele-
ment concentrations in the extracts were measured by 
ICP-AES (Inductively Coupled Plasma Atomic Emis-
sion Spectrometry).Sodium adsorption ratio (SAR) 
was calculated from soluble Na+, Ca2+ and Mg2+ con-
centrations in mmol L-1 using the following equation: 

Total organic C concentration in soils and residues 
was measured by the Walkey and Black method 

(1934). Total N in soils and residues was measured 
by the Kjeldahl method (Bradstreet, 1965). Water 
extractable organic carbon (WEOC) in residues was 
determined by shaking 0.5 g ground residues in 30 
ml RO water for 1 hour after which the extract was 
filtered through a Whatman no. 42 filter. The organic 
C concentration in the extract was measured as de-
scribed in Anderson and Ingram (1993) by digesting 
with 0.0667 M K2Cr2O7 and concentrated H2SO4and 
titrating the remaining dichromate with 0.033 M 
acidified (NH4)2Fe(SO4)2·6H2O.
The composition of organic C compounds in the resi-
dues was determined by nuclear magnetic resonance 
(NMR) spectroscopy. The spectra were obtained on 
a Varian Unity 200 NMR spectrometer at a 13C reso-
nance frequency of 50.3 MHz. The residue samples 
were packed in a cylindrical zirconia rotor and spun 
at 5000± 100 Hz in a Doty Scientific magic angle-
spinning (MAS) probe. The spectra were integrated 
into eight chemical shift regions for the following 
C-types: Alkyl (0 - 45 ppm), N-Alkyl/Methoxyl (45 
- 60 ppm), O-Alkyl (60 - 95 ppm), Di-O-Alkyl (95 - 
110 ppm), Aryl (110 - 145 ppm), O-Aryl (145 - 165 
ppm), Amide/Carboxyl (165 - 190 ppm) and Ketone 
(190 - 215 ppm). For further details about the NMR 
analysis see Baumann et al. (2009).The percentage of 
biomolecules (carbohydrate, protein, lignin lipid and 
carbonyl) was calculated from 13C NMR results using 
the molecular mixing model (Baldock et al., 2004). 
Klason lignin was determined as described in Hatfield 
and Fukushima (2005). Briefly, residues were washed 
with 80% ethanol and then digested in 12 M sulfuric 
acid at 35 °C, followed by incubation in 2 M sulfuric 
acid at 121 °C.
Soil microbial biomass carbon (MBC) concentration 
was determined by the fumigation extraction method 
(Vance et al., 1987). Soil samples were fumigated for 



329Effect of residue mixtures on response of cumulative respiration to salinity

Journal of Soil Science and Plant Nutrition, 2016, 16 (2), 323-336

48h with chloroform followed by shaking with 0.5M 
K2SO4 at 1:5 soil: solution ratio. The C concentration 
in the extract of fumigated and non-fumigated soils 
was determined by adding 0.0667M K2Cr2O7 and 
concentrated H2SO4. The remaining K2Cr2O7 was ti-
trated with 0.033 M acidified (NH4)2Fe(SO4)2.6H2O 
(Anderson and Ingram 1993). The difference in C 
concentration between fumigated and non-fumigat-
ed soil was multiplied by 2.64 to calculate MBC 
concentration (Vance et al., 1987).
Soil respiration was determined by measuring the 
CO2 concentration in the headspace of each jar using 
a Servomex 1450 infra-red gas analyser as described 
in Setia et al. (2011a). After each measurement (t1), 
the jars were vented to refresh the headspace using a 
fan, and then resealed followed by determination of 
the CO2 concentration (t0). The CO2 evolved during 
a given interval was calculated as the difference in 
CO2 concentration between t1 and t0. Due to the up-
per detection limit of the gas analyser (2% CO2) and 
the decrease in respiration rate over time after residue 
addition, respiration was measured daily until day 14 
and then every second day. Linear regression based 
on injection of known amounts of CO2 in the jars was 
used to define the relationship between CO2 concen-
tration and detector reading. Cumulative respiration 
was calculated as the sum of respiration rates [in mg 
CO2-C (g soil and day)-1].

2.5. Statistical analysis

There were three replicates per treatment in Experi-
ment 1 and four replicates in Experiment 2, arranged 
in randomised block design. Data of cumulative respi-
ration and MBC concentration was normally distrib-
uted and analysed by two-way ANOVA with salinity 
and residue treatments as fixed factors using Genstat 

15th edition (VSN Int. Ltd, UK).Tukey’s multiple 
comparison test at 95% confident interval was used 
to determine significant differences among treat-
ments. Regression was used to characterise the rela-
tionship between salinity and cumulative respiration 
in saline soils as percentage of the non-saline soil in 
Microsoft Excel 2010. 

3. Results

Compared to sawdust, kikuyu shoots had a lower C/N 
ratio, concentrations of organic C and water-extract-
able organic C and lower proportions of carbonyl-C, 
lipid C and lignin. Total N and protein concentration 
were higher in kikuyu than in sawdust (Table 2).

3.1. Experiment 1

In all treatments, cumulative respiration decreased 
with increasing EC (Figure 1). At all salinity levels, 
cumulative respiration was lowest with 100% saw-
dust and greatest with 100% kikuyu; it increased with 
increasing proportion of kikuyu in the mixes. The de-
crease in cumulative respiration from the non-saline 
soil to the soil with EC 1 dS m-1 was strongest with 
100% sawdust. This decrease was smaller in all resi-
due treatments with kikuyu. 
There was a negative relationship between salinity 
and cumulative respiration in percentage of the non-
saline soil in all treatments (r2= 0.8-0.9) (Figure 2). 
The sharpest decrease in cumulative respiration oc-
curred from non-saline to EC1:5 1 dS m-1. The reduc-
tion in cumulative respiration with increasing salin-
ity was greater with 100% sawdust than in the other 
treatments.
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Figure 1. Cumulative respiration on day 16 in non-saline soil (EC1:50.1 dS m-1) and saline soils (EC1:5 1, 2.5 and 3.3 
dS m-1) amended with 2 % w/w finely ground residues: sawdust or kikuyu alone (S100/K0 and S0/K100) or mixed 
at different ratios (weight percentage sawdust and kikuyu S75/K25, S50/K50, S25/K75)(n=3, vertical lines indicate 
standard deviation). Bars with different letters are significantly different (P≤0.05, for the residue treatment x salinity 
interaction). 

Figure 2. Relationship between cumulative respiration on day 15 in saline soils (EC1:5 0.1, 1, 2.5 and 3.3 dS m-1) 
as percentage of non-saline soil amended with 2 % w/w sawdust, kikuyu and their mixtures: (a) S100/K0, (b) S75/
K25, (c) S50/K50, (d) S25/K75 (e) S0/K100 (n=3).
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3.2. Experiment 2

Cumulative respiration on day 42 was greater in soils 
amended only with kikuyu (10K, 5K-2.5K-2.5K) 
compared to the other treatments at all salinity levels 
(Figure 3). It was lowest in soils with sawdust only. In 
treatments where only one residue type was added (ei-
ther kikuyu or sawdust), cumulative respiration was 
the same if residues were added once or three times. 
In treatments with 25% kikuyu [7.5S+2.5K, 5S-2.5S-

2.5K, 5S-2.5K-2.5S and (2.5S+2.5K)-2.5S-2.5S)], 
cumulative respiration was lowest in the treatment 
where kikuyu was added last (5S-2.5S-2.5K). Cumu-
lative respiration was not significantly influenced by 
salinity in soils amended with kikuyu only (10K and 
5K-2.5K-2.5K), but decreased from the non-saline 
soil to soil with EC 1 dS m-1 in treatments with saw-
dust alone or mixtures of sawdust and 25% kikuyu. 
Cumulative respiration did not differ between EC 1 
and 2.5 dS m-1. 

0

1

2

3

4

5

6

7

8

Cu
m
ul
at
iv
e 
re
sp
ira

tio
n 
(m

g 
CO

2‐
C 
 g

‐1
so
il)

cde

ab

a

0.1 1 2.5

10S

j

ij

ij

h

0.1 1 2.5 0

10K 7

h

de
de

bcd

0.1 1 2.5 0.1

7.5S+2.5K 5S‐

Day 0‐14

d

a
a

gh

1 1 2.5 0.1

‐2.5S‐2.5S 5S‐2.

Treatment

Day 15‐28

de

de

efg

cd

1 2.5 0.1 1

.5K‐2.5S 5S‐2.5S

ts

Day 29‐42

de

abc

fgh

ef

1 2.5 0.1 1

S‐2.5K (2.5S+2.
2.5S‐2.

2

de

j
ij

2.5 0.1 1 2

.5K)‐
.5S

5K‐2.5K
2.5K

 

i

2.5

K‐

Figure 3. Cumulative respiration over 14 day periods: day 0-14, day 15-28 and day 29-42 in non-saline soil 
(EC1:50.1 dS m-1) and saline soils (EC1:5 1.0 and 2.5 dS m-1) with mixed, single and multiple amendments of sawdust 
and kikuyu residues to achieve a total addition of 10 g C kg-1 soil (n=4, vertical lines indicate standard deviation). 
Different letters indicate significant differences (P≤0.05, for the residue treatment x salinity interaction). For 
treatment structure, see Table 3.

In the two-week period after a total of 10 g C kg-1 had 
been added there was a strong negative logarithmic 
relationship between salinity and cumulative respi-
ration in percentage of non-saline soil in soil with a 
single addition of sawdust (10S). (Figure 4, see Fig-
ures S1 and S2 for cumulative respiration after addi-
tion of 7.5 and 5 g kg-1). The reduction in cumulative 
respiration with increasing salinitywas smaller than 

with sawdust alone in soils amended with a singlead-
dition of 75% sawdust and 25% kikuyu (7.5S+2.5K) 
or kikuyu only (10K). In all other treatments, there was 
a linear relationship between salinity and percentage 
cumulative respiration with the greatest slope in soil 
with repeated addition of sawdust only (5S-2.5S-2.5S) 
and the smallest with repeated addition of kikuyu only 
(5K-2.5K-2.5K). Among the treatments with multiple 
additions and 25% kikuyu, the slope was smallest in the 
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treatment with kikuyu added on day 14 (5S-2.5K-2.5S) 
followed by the treatment where kikuyu was added 
on day 0 together with sawdust [(2.5K+2.5S)-2.5S-
2.5S]. 
The MBC concentration on day 42 was lower in 
soils with sawdust only compared to those with ki-
kuyu only or mixes of sawdust and kikuyu (Figure 

5). In the non-saline soil, the MBC concentration was 
greater with kikuyu only than in soils with mixtures 
of kikuyu and sawdust. Salinity influenced the MBC 
concentration only in some treatments. Compared to 
the non-saline soil, the MBC concentration was lower 
in soil with 2.5 dS m-1 only in treatments with a single 
residue addition (10S and 10K). 

Figure 4. Relationship between cumulative respiration and salinity (EC1:5 0.1 and 1, 2.5 dS m-1) as percentage of 
non-saline over 14 days after addition of a total of 10 g C kg-1 as sawdust, kikuyu and their mixtures with single 
and multiple additions (n=4). Values in brackets indicate the period that was considered. For treatment structure, 
see Table 3.
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in the mixture has to be declined. The alleviation of the 
negative effect of salinity by rapidly decomposable 
residues can be explained by several factors. Firstly, a 
greater amount of energy is available for the synthesis 
of osmolytes than with slowly decomposable residues 
because less energy has to be used for the synthesis of 
enzymes required for the breakdown of more complex 
compounds such as lignin. Accumulation of osmolytes 
in cells can counteract the strongly negative osmotic 
potential in saline soils (Keren, 2000). However, osmo-
lyte synthesis requires large amounts of energy, 30-110 
ATP compared with only 30 ATP for synthesising cell 
walls (Oren, 1999). Secondly, the kikuyu residues used 
here, and rapidly decomposable residues in general 
(Golueke, 1991), have a high N concentration (low C/N 
ratio) which increases N supply for microbes compared 
to slowly decomposable residues. Higher N supplyfa-
cilitates osmolyte synthesis many of which are N-rich, 
for example, glycine betaine, proline and quaternary 
ammonium compounds (Warren, 2013). Further poten-
tial factors are that (i) rapidly decomposable residues 

4. Discussion

This study confirmed our earlier study (Hasbullah and 
Marschner, 2014) that the reduction in soil respiration 
with increasing salinity is smaller in soils amended with 
rapidly decomposable residues compared to slowly de-
composable residues. The novel finding of this study is 
that even a small proportion of rapidly decomposable 
residues in a mixture with slowly decomposable resi-
dues is sufficient to reduce the negative effect of salin-
ity on cumulative respiration compared to the slowly 
decomposable residue alone. 
In Experiment 1, with a single addition, 25% kikuyu in 
a mixture was sufficient to reduce the negative effect of 
salinity on cumulative respiration (Figure 2). However, 
there was little difference in ameliorative effect among 
mixtures with 25-75% rapidly decomposable residue 
and also compared torapidly decomposable residue 
alone. Therefore our first hypothesis that the negative 
effect of salinity on soil respiration will decrease with 
increasing proportion of rapidly decomposable residue 
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induce a microbial community structure with a greater 
proportion of salinity-adapted microbes; (ii) the great-
er amount of energy and N provided may allow syn-
thesis and release of microbial slimes which protect 
micro-colonies from water stress (Potts, 1994). 
In Experiment 2, the effect of salinity on cumulative 
respiration did not differ greatly between single and 
multiple additions of either sawdust or kikuyu only 
(Figure 3). In case of sawdust, multiple additions ap-
parently could not provide energy for adaptation to 
salinity, probably because even freshly added sawdust 
is poorly decomposable due to its high C/N ratio and 
high lignin concentration (Silva et al., 2009). With ki-
kuyu on the other hand, a single addition apparently 
provided sufficient rapidly decomposable compounds 
for salinity tolerance mechanisms. 
In the treatments with mixtures of sawdust and ki-
kuyu, the decrease in cumulative respiration from 
non-saline soil to EC 1 dS m-1 was greatest with a 
single addition (7.5S+2.5K) (Figure 4) and smallest 
in 5S-2.5K-2.5S. The smaller decrease in the latter 
treatment can be explained by the proportion of saw-
dust when kikuyu was added. In the two weeks fol-
lowing the first residue addition, 75% of added resi-
dues was sawdust in treatment (7.5S+2.5K) whereas 
it was only 50% in 5S-2.5K-2.5S. Therefore a greater 
proportion of microbes in the soil would have kikuyu 
in their vicinity and could decompose it in the latter. 
This early provision of rapidly decomposable residue 
to a greater proportion of soil microbes was suffi-
cient to reduce the negative impact of salinity effect 
throughout the 42 days although later only sawdust 
was added and therefore most soil microbes were in 
the vicinity of slowly decomposable residues. This 
suggests that the proportion of total residue in the soil 
as slowly decomposable residue when rapidly decom-
posable residue is added is important for the response 
of respiration to salinity. This confirms the second 
hypothesis, that with multiple residue additions, the 

negative impact of salinity on cumulative respiration 
will increase with proportion of slowly decomposable 
residue in the soil at the time of addition of rapidly 
decomposable residue. 
The greater decomposability of kikuyu compared to 
sawdust also lead to a greater MBC concentration in 
soil amended with kikuyu (Figure 5). However, the 
differences in MBC concentration between kikuyu 
and sawdust were smaller than in cumulative respi-
ration. The MBC concentration was about two-fold 
higher with kikuyu compared to sawdust whereas 
cumulative respiration was five to six times higher 
(Figure 4). The smaller difference in MBC between 
treatments can be explained by the fact that MBC 
was determined only once at the end of the experi-
ment whereas cumulative respiration was integrated 
over the entire experiment. By then a proportion of 
the microbial biomass may have already died be-
cause of depletion of readily available organic C 
This can also explain the lack of impact of salinity 
on MBC concentration. 

5. Conclusion

The first experiment showed that with a single addi-
tion, 25% of rapidly decomposable residue in the mix 
was sufficient to reduce the negative effect of salinity 
on respiration compared slowly decomposable residue 
alone. This could reduce costs of amelioration of saline 
soils because slowly decomposable residues are often 
cheaper and available in greater amounts than rapidly 
decomposable residues. However, when residues are 
added several times, the ameliorative effect of rapidly 
decomposable residue on soil respiration can be maxi-
mised by adding them early, that is, when only small 
amounts of slowly decomposable residue are present in 
the soil. Longer-term field studies are required to inves-
tigate how often residues or mixtures would have to be 
applied for a sustained ameliorative effect. 
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