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Abstract

In previous studies, we showed that the C/N ratio of the first residue added influences soil respiration, microbial
biomass and nutrient availability after the second residue addition which we refer to as legacy effect. The
aim of the study was to investigate the effect of residue addition frequency on microbial activity and nutrient
availability, and the legacy effect.
In Part A, the effect of high C/N residue (H) addition frequency in the first 16 days (d) was studied by adding H
to soil once (d0), twice (d0, 8) or four times (d0, 4, 8, 12) followed by 10 g kg-1 low C/N residue (L) on day 16.
The influence of L addition rate was assessed in Part B by adding H once on day 0 followed by L added once
(d16), twice (d16, 24) or four times (d16, 20, 24, 24, 28). Cumulative respiration, microbial biomass C, N and
P, N and P availability from d0 to d15 were higher with L than H. Particularly with L, cumulative respiration,
microbial biomass and nutrient availability compared to single addition were lower on d7 with residue added
twice or four times, but higher on d15. In Part A, H added twice or four times from d0 to d15 compared to a
single H addition followed by a single L addition on d16 increased cumulative respiration, microbial nutrient
uptake and reduced N and P availability on d23, but had no effect on d32. In Part B, frequent L addition after
d16 enhanced microbial nutrient uptake on d23 but reducing nutrient availability compared to single L addition.
It can be concluded that residue addition frequency strongly influences soil respiration, microbial biomass and
nutrient availability after addition of low C/N residue.
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1. Introduction
Plant residue decomposition rate and nutrient dy-

addition increased cumulative respiration per g C add-

namics are influenced by the chemical composition

ed and that this stimulation increased with addition

of organic amendments. For example, plant residues

frequency. In their study, addition frequency did not

with high C/N ratio will cause net N immobilisation

influence microbial biomass C or available N.

whereas low C/N ratio plant residue induce net N

Studies of our group showed that the C/N ratio of

mineralisation and have higher decomposition rates

the previous organic amendment influences soil res-

than high C/N residues (Tian et al., 1992; Vanlauwe

piration, microbial biomass and nutrient availability

et al., 1996; Hadas et al., 2004; Scotti et al., 2015).

after the second residue addition (Marschner et al.,

Amendment C/N ratio also influences microbial com-

2015; Nguyen et al., 2016a; Nguyen et al., 2016b).

munity composition, particularly fungal and bacterial

We termed this legacy effect of the previous addi-

abundance and growth. High C/N amendments have

tion. For example, cumulative respiration and nutrient

been shown to stimulate fungi whereas bacteria are

availability were greater when high C/N residue was

stimulated by addition of low C/N organic materials

added after low C/N compared to high C/N residue

(e.g., Rousk and Bååth, 2007; Barreiro et al. 2016).

alone whereas previous addition of high C/N residue

Most studies on the effect of organic amendments

reduced N availability compared to low C/N alone.

on soil properties have been carried out with single

The extent of the legacy effect was influenced by the

additions. Only a few studies investigated the effect

time between the two residue additions and soil water

of repeated soil amendments on soil respiration and

content during this time (Nguyen et al., 2016a; Nguy-

microbial biomass. Cavalli et al. (2014) showed that

en et al., 2016b). Recently we showed that the legacy

repeated slurry application increased soil respiration

effect decreases with rate of the first residue (Zheng

compared to a single addition and increased propor-

and Marschner 2016), indicating that the amount of

tion of CO2 derived from slurry while reducing the

the first residue in the soil when the second residue

proportion of CO2 from SOC. De Nobili et al. (2001)

is added influences the extent of the legacy effect.

demonstrated that repeated addition of trace amounts

The legacy effect could also be influenced by the fre-

of glucose increased CO2 release compared to a

quency at which the first residue is added through its

single addition beyond the amount of C added with

effect on decomposition rate and microbial activity.

glucose. These authors suggested that trace amounts

With repeated addition and thus supply of easily de-

of substrate stimulate turnover of microbial biomass

composable compounds, a greater proportion of the

because biomass C was not increased by glucose ad-

microbial biomass remains active than with a single

dition. Elmajdoub and Marschner (2015) found that

addition which could influence nutrient availability

repeated legume residue addition reduced the nega-

after the second residue type is added.

tive effect of salinity on soil respiration compared to

The aim of the present study was to investigate the ef-

a single addition. In the study by Duong et al. (2009)

fect of residue addition frequency on soil respiration,

the same amount of high C/N residue was applied

microbial biomass and nutrient availability after the

once, four, eight or 16 times (added every 16, 8 or

first and the second residue addition. We used high

4 days, respectively) over a period of 60 days. They

C/N followed by low C/N residue because in our pre-

found that compared to a single addition, repeated

vious studies (Marschner et al. 2015, Nguyen et al.
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2016), the legacy effect was greatest in this treatment.

(H, Triticum aestivum L.). The residues were dried at

High C/N residue was added once, twice or four times

40 °C and sieved to particle size 0.25 to 1 mm.

over the first 16 days followed by a single L addition.
Or H C/N residue was added once (day 0), followed

2.1. Experimental design

by L added once, twice or four times over the following 16 days. The hypotheses were (i) frequent residue

Before the experiment, the soil was pre-incubated at

addition compared to a single addition will result in

50% of WHC (water holding capacity) for ten days in

smaller residue effect on respiration, microbial bio-

the dark at 24 °C to activate the soil microbes and al-

mass and nutrient availability initially, but later these

low soil respiration to become stable after rewetting.

parameters will be higher because of the greater avail-

In our previous study with the same soil (Marschner

ability of easily decomposable compounds; (ii) the

et al. 2015), respiration was maximal at this water

legacy effect of the previous residue will be greater

content. The experiment was divided into two parts

when it is added frequently compared to a single addi-

which were conducted in parallel. One treatment (H

tion, and (iii) the legacy effect of a previous single ad-

added once followed by L added one) was included

dition will be be smaller when the following residue is

in both parts for easier assessment of the legacy ef-

added frequently compared to a single addition.

fect (Table 2). The effect of addition frequency of H
in the first period was investigated in Part A. In the

2. Material and Methods

first 15 days, H was added once (day 0 at 10 g kg-1,
H1) , twice (days 0 and 8 at 5 g kg-1, H2) or four

The soil was collected from 0 to 10 cm depth at Waite

times (days 0, 4, 8 and 12 at 2.5 g kg-1, H4). Then L

Campus, The University of Adelaide, South Australia

was added once on day 16, giving treatments H1-L1,

(Longitude 138° 38’E, Latitude 35°6’S) that had been

H2-L1 and H4-L1. In Part B, the effect of addition

under permanent pasture over 80 years. This area is in a

frequency of L from day 16 was studied. There were

semi-arid region and has a Mediterranean climate with

three treatments: H was added once on day 0 at 10

cool, wet winters and hot, dry summers. The soil is

g kg-1 which was followed by L added once (day 16

classified as Red-brown Earth in Australian Classifica-

at 10 g kg-1, H1-L1) , twice (days 16 and 24 at 5 g

tion (Isbell, 2002) and as Rhodoxeralf in US Soil Tax-

kg-1, H1-L2) or four times (days 16, 20, 24 and 28

onomy (Chittleborough and Oades, 1979). At the sam-

at 2.5 g kg-1, H1-L4). There were four replicates per

pling site, the soil was collected at several randomly

treatment and sampling time. Unamended controls

chosen locations and pooled to one composite sample.

were not included because in previous studies with

The soil was dried at 40 °C and sieved to < 2 mm. It has

the same soil, soil respiration, microbial biomass and

the following properties: 22% sand, 60% silt, 18% clay,

nutrient availability were very low.

maximum water capacity (WHC) 371 g kg-1, pH (1:5)

All treatments were mixed in a similar manner every

5.6, EC (1:5) 0.1 dS m , total organic C 17 g kg-1, total

four days whether residues were added or not. After

organic N 1.5 g kg-1, bulk density 1.3 g cm-1, available

each residue addition, 30 g dry soil equivalent was

P 10 mg P kg and available N 15 mg N kg-1.

filled into PVC cores with 1.85 cm radius, 5 cm height

Two plant residues with distinct properties were used

and a nylon mesh base (7.5 µm, Australian Filter Spe-

in this experiment (Table 1): low C/N young faba bean

cialist) and packed to a bulk density of 1.3 g cm-1 by

(L, Vicia faba L.) and high C/N mature wheat shoots

adjusting the height of the soils in the cores.

-1

-1
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Table 1. Properties of low (young faba bean shoots) and high C/N (mature wheat straw) residues (n=4).
Properties
Total organic carbon (g kg-1)
Total N
Total P
C/N ratio
C/P ratio
Water extractable C (g kg-1)
Available N (mg kg-1)
Available P (mg kg-1)

Low C/N
375±30
20.3±1
3.9±0.2
19±3
99±15
92
487
247

High C/N
405±5
5.5±0.6
0.3±0.0
73±9
1185±25
54
87
30

Table 2. Experimental design with treatment names and residue type (high or low C/N) and addition rates (2.5, 5
or 10 g kg-1) during the experiment.

Treatment

Part A

0

H1-L1
H2-L1
H4-L1

H10
H5
H2.5

H1-L1
H1-L2
H1-L4

H10
H10
H10

Part B

4

H2.5

C/N ratio and rate (g kg-1) of residue added
8

H5
H2.5

12

16

H2.5

L10
L10
L10
L10
L5
L2.5

20

24

28

L2.5

L5
L2.5

L2.5

The cores were placed individually into 1 L jars with

sampling time. Microbial biomass C, N and P were

gas-tight lids equipped with septa to allow quantifica-

not determined on day 0 to avoid overestimation of

tion of the headspace CO2 concentration as described

microbial biomass by C, N and P released by chloro-

below. The jars were incubated in the dark at 23–25

form from freshly added residues.

°C. Soil moisture was maintained at 50% of WHC
throughout the experiment by checking the water

2.2. Analyses

content every few days by weight and adding reverse
osmosis (RO) water if necessary. Soil respiration was

Soil texture was determined by the hydrometer meth-

measured daily. Cores were destructively sampled on

od (Gee and Or, 2002). Soil maximum water holding

days 0 (2 hours after residue addition, only available

capacity was measured using a sintered glass fun-

N and P), day 7, day 15 (before L addition), day 23

nel connected to a 1 m water column (matric poten-

(after L addition on day 16), and day 32 for analysis

tial=−10 kPa) (Wilke, 2005). Soil pH was determined

of available N and P, microbial biomass C, N and P.

in a 1:5 (w/v) soil to RO water ratio after one h end-

There were four replicates per residue treatment and

over-end shaking (Rayment and Higginson, 1992).
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Total organic C of soil and residues was determined

0.0667 M K2Cr2O7 and concentrated H2SO4. The re-

by wet oxidation and K2Cr2O7 and H2SO4 oxidation by

maining K2Cr2O7 was titrated with 0.033 M acidified

titration with acidified (NH4)2Fe(SO4)2•6H2O (Walkley

(NH4)2Fe(SO4)2•6H2O (Anderson and Ingram, 1993).

and Black, 1934). Soil and residue total N content were

The difference in C concentration between fumigated

measured by the Kjeldahl method. Total P of plant resi-

and non-fumigated soil was multiplied by 2.64 to cal-

dues and soil was determined after acid digestion by

culate MBC (Vance et al., 1987). For MBN, the am-

the phosphovanadomolybdate method (Hanson, 1950).

monium concentration of the K2SO4 extract was deter-

Water extractable organic C (WEOC) was determined

mined after Willis et al. (1996). To calculate MBN, the

by shaking 1 g residue with 30 ml reverse osmosis wa-

difference between fumigated and non-fumigated soil

ter for 1 h. The extract was centrifuged at 1509 ×g for

was multiplied by 1.75 (Moore et al., 2000).

10 min and filtered through a Whatman #42 filter pa-

Available N (ammonium and nitrate) concentration in

per. The WEOC concentration of the extract was deter-

soil and residues was measured after 1 h end-over-end

mined after K2Cr2O7 and H2SO4 oxidation by titration

shaker with 2 M KCl at 1:5 soil extractant ratio. Am-

with acidified (NH4)2Fe(SO4)2•6H2O (Anderson and

monium-N was determined after Willis et al. (1996).

Ingram, 1993). Solutions with different sucrose con-

Nitrate-N was determined as described in Cavagnaro

centrations (0.01 mg C ml−1) were used as standards.

et al. (2006). Soil and residues available P was ex-

Soil respiration was determined daily by measuring the

tracted by the anion exchange resin method (Kouno

CO2 concentration in the headspace of the jars using a

et al., 1995). This method was also used to determine

Servomex 1450 infrared gas analyser (Servomex, UK)

microbial biomass P (MBP) which was calculated as

as described in (Setia et al., 2011). After each measure-

the difference between available P and P extracted with

ment (T1), the jars were vented to refresh the headspace

hexanol. The P concentration was determined colori-

using a fan and then resealed followed by determina-

metrically (Murphy and Riley, 1962). The recovery of

tion of the CO2 concentration (T0). The CO2 evolved

a P spike in this soil was 98% (Butterly et al., 2010).

during a given interval was calculated as the difference

Therefore no correction factor was used.

–1

in CO2 concentration between T1 and T0. Linear regression-based on the injection of known amounts of CO2

2.3. Statistical analysis

in jars of similar size was used to define the relationship between CO2 concentration and detector reading.

The data was normally distributed. The data of pa-

Cumulative respiration was calculated as the sum of

rameters that were determined several times were

respiration rates [in mg CO2-C (g soil and day) −1] for

analysed by one way repeated measures ANOVA

different intervals: 8, 16 and 32 days.

with treatments as fixed factor. It showed that the

Soil microbial biomass C (MBC) and N (MBN) were

treatment x time interaction was significant. Then the

determined

fumigation-extraction

data for each sampling date was analysed separately

(Vance et al., 1987). Soil samples were exposed to

by one-way ANOVA followed by Tukey’s multiple

48-h chloroform fumigation and followed by shaking

comparison tests at 95 % confidence interval to de-

with 0.5 M K2SO4 at a 1:4 soil: solution ratio. Extracts

termine significant differences among treatments.

were filtered through Whatman #42 filter paper. The

Statistical analyses were carried out in Genstat 15th

organic C concentration in the extract of fumigated

edition (VSN Int. Ltd., UK).

by

chloroform

and non-fumigated soils was determined by adding
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3 . Results

cumulative respiration from d8 to d15 was lower in
H1-L1, but abut 20% higher with H2-L1 and H4-L1.

3.1. H added once, twice or four times in first 16 days

Cumulative respiration per g C added was about 30%

followed by single L addition on d16 (Part A)

lower in H1-L1 than in H2-L1 and H4-L1 (data not
shown). Cumulative respiration from d16 to d23 (af-

Respiration rates on d1 were higher in H1-L1 than

ter L addition on d16) was three to five-fold higher

H2-L1 and H4-L1 (Figure 1a). Repeated H addition

than in the previous 8-day period. It was about 15%

in H2-L1 and H4-L1 transiently increased respiration

higher in H2-L1 and H4-L1 than H1-L1. Cumulative

rate. Addition of L to H-L treatments on d16 resulted

respiration from d24 to d32 was more than 50% lower

in an up to 10-fold increase in respiration rate on d17.

than from d16 to d23, but it was still lower in H1-L1

Respiration rate on d17 was higher when H had been

than H2-L1 and H4-L1.

added two or four times (H2-L1, H4-L1) than with a
single H addition (H1-L1).

Figure 1. Respiration rate in soil amended with high C/N (H)
and then low C/N residue. Part A (a) different frequencies of

Figure 2. Cumulative respiration per g soil in eight-day in-

H in first 15 days followed by single L addition, and Part B

tervals (days 1-7; 8-15; 16-23 and 24-32) in soil amended

(b) single H addition in first 15 days followed by different

with high C/N (H) and then low C/N residue. Part A (a) dif-

frequencies of L (n=4). For treatment structure, see Table 2.

ferent frequencies of H in first 15 days followed by single
addition, and Part B (b) single H addition in first 15 days

Among treatments, cumulative respiration in the first

followed by different frequencies of L (n=4). For each sam-

16 days was about 40% higher in H1-L1 than H2-L1

pling date, different letters indicate significant differences

and H4-L1 (Figure 2a), but the reverse was true in the

(P≤ 0.05). For treatment structure, see Table 2.

period from d8 to d15. Compared to the first 8 days,
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On d7, MBC was about 40% higher in H1-L1 and H2-

resulted in a six to eight-fold higher MBC on d23 than

L1 than H4-L1 (Figure 3a). In all treatments, MBC

d15, but MBC decreased by about 40% from d23 to

was lower on d15 than d7, with no difference among

d32. On both d23 and d32, MBC was about 40% higher

H treatments. Addition of L on d16 in H-L treatments

in H2-L1 and H4-L1 than in H1-L1.

Figure 3. Microbial biomass C (a, b), N (c, d) and P (e, f) concentration on days 0, 7, 15, 23, 32 in soil amended with high C/N
(H) and then low C/N residue. Part A (a, c, e) different frequencies of H in first 15 days followed by single addition, and Part B
(b, d, f) single H addition in first 15 days followed by different frequencies of L(n=4). For each sampling date, different letters
significant differences (P≤0.05). For treatment structure, see Table 2.

Microbial biomass N and P had similar differences

to ten-fold and four fold, respectively, with a greater

among treatments and over time, but the differences

increase in H2-L1 and H4-L1 than H1-L1. On d23

were less pronounced with MBP than MBN. On d7,

compared MBN and MBP were lowest in H1-L1.

MBN and MBP were highest in H1-L1, but there were

From d23 to d32, MBN and MBP in all treatments,

no differences among treatments on d15 (Figure 3 c,

but were still about 20% higher in H2-L1 and H4-L2

e). From d15 to d23, MBN and MBP increased five

than H1-L1.
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Available N and P on d0, d7 and d15 differed little

H1-L1 and H2-L1, but increased nearly three-fold

among treatments except for temporarily lower avail-

in H4-L1.

able N and P in H1-L1 on days 15 and 7, respectively

Available P increased about two-fold from d15 to

(Figure 4a, c). From d15 to d23, available N increased

d23; on d23, it was about 15% higher in H1-L1 and

six-fold in H1-L1, but only two-fold in H2-L1 and

H2-L1 than H4-L1. Available P did not change from

did not change in H4-L1. On d23, available N was

d23 to d32 in H1-L1 and H2-L1 but increased by

about two-fold higher in H1-L1 and H2-L1 than H4-

20% in H4-L1. The treatments differed little in avail-

L1. Available N did not change from d23 to d32 in

able P on d32.

Figure 4. Available N (a) and available P (b) concentration on days 0, 7, 15, 23, 32 in soil amended with high C/N (H) and
then low C/N residue. Part A (a, c, e) different frequencies of H in first 15 days followed by single addition, and Part B (b, d, f)
single H addition in first 15 days followed by different frequencies of L (n=4). For each sampling date, different letters indicate
significant differences (P≤ 0.05). For treatment structure, see Table 2.

3.2. Single H addition in the first 16 days followed by

(L1, L2 or L4), respiration rate on d17 was about 20%

L added once, twice or four times (Part B)

higher than on d1. Further L additions resulted in a
transient increase in respiration rate with higher peak

After addition of H on d0, respiration rate increased

respiration rates than the first L addition on d15.

in the first four days and then slowly decreased (Fig-

Cumulative respiration from d1 to d7 was about two-

ure 1b). Addition of L on d16 resulted in an up to 10-

fold higher than from d8 to d15; it did not differ among

fold increase in respiration rate on d17. Respiration

treatments in the first two weeks (Figure 2b). After ad-

rates on d17 increased with L addition rate (H1-L1

dition of L on d16, cumulative respiration from d16

> H1-L2 > H1-L4). At the same L addition rate

to d23 was four to five-fold higher compared to d8 to
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to d15, with a greater increase in H1-L1 than H1-L2

L2 and H1-L4 so that there was no difference among

and H1-L4. Cumulative respiration from d16 to d23

H-L treatments on d32.

was about 30% higher in H1-L1 than H1-L2 and H1-

Available P on d0, d7 and d15 was similar among

L4. Compared to d16 to d23, cumulative respiration

treatments; it was highest on d0 (Figure 4d). Com-

from d24 to d32 was 60% lower in H1-L1, whereas it

pared to d15, available P on d23 was more than two-

was about 20% higher in H2-L1 and H4-L1. Conse-

fold higher in H1-L1, but changed little in the other

quently, cumulative respiration from d24 to d32 was

two H-L treatments. It was about 50% lower in H1-L2

more than two-fold higher in H1-L2 and H1-L4 than

and H1-L4 than H1-L1. Available P increased about

in H1-L1.

two-fold from d23 to d32 in H1-L2 and H1-L4, but

Microbial biomass C on d7 and d15 did not differ

remained unchanged in H1-L1. Thus available P was

among treatments, but was about four times lower on

similar among treatments on d32.

d15 than on d7 (Figure 3b). Compared to d15, MBC
was about seven-fold higher on d23 in all treatments.

4. Discussion

Microbial biomass C did not change from d23 to d32
in H1-L2 and H1-L4, but halved in H1-L1. On d32,

Residue addition frequency influenced soil respira-

MBC was two-fold higher in H1-L2 and H1-L4 than

tion, microbial biomass and nutrient availability

H1-L1.

both in the first and second period. Further, residue

Microbial biomass N was up to three times higher

addition frequency influenced the legacy effect, i.e.

on d7 than d15 (Figure 3d). Addition of L on d16 re-

to what extent the high C/N residue added in the first

sulted in a nearly ten-fold increase in MBN on d23

period affected soil respiration, microbial biomass

compared to d15. This increase was greatest in H1-

and nutrient availability after addition of low C/N

L4 and smallest in H1-L1. Microbial biomass N was

residue.

about 50% lower on d32 than d23, but remained lower
in H1-L1 than H1-L2 and H1-L4.

4.1. Addition frequency of H in the first 15 days

Microbial biomass P changed little between d7 and
d15 and did not differ among treatments (Figure 3f).

In the first seven days (d1-7), cumulative respiration

On d23, MBP in was four-fold higher than d15 in all

was about 30% higher with a single addition (H1) com-

treatments. Microbial biomass P decreased from d23

pared to residue added twice or four times (H2, H4)

to d32 with a greater decrease in H1-L1 than H1-L2

which can be explained by the smaller amount of resi-

and H1-L4. On d32, MBP was about two-fold higher

due added in the latter. Microbial biomass and nutrient

in H1-L2 and H1-L4 than H1-L1.

availability on d7 were not influenced by addition rate

Available N did not differ among treatments on d0,

because of the low N and P concentration in H residues.

d7 and d15, and was about three-fold higher on d0

The lower cumulative respiration per g C added with

than d7 and d15 (Figure 4b). Available N increased

a single addition compared to residue added twice or

five-fold from d15 to d23 in H1-L1, but increased

four times is in agreement with Duong et al. (2009).

very little in H1-L2 and H1-L4. On d23, available N

It is likely that with the large amount of residue with

was about five-fold higher in H1-L1 than the other

a single addition (10 g kg-1), residue particles formed

two treatments. From d23 to d32, available N did not

clumps which would reduce accessibility to microbes

change in H1-L1, but increased about five-fold in H1-

compared to the more uniform distribution of residues
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added in smaller amounts more frequently (2.5 or

Previously we showed that respiration, MBC, MBN

5 g kg ).

and MBP, available N and P are higher with L than H

In the second week (d8-15) cumulative respiration

(e.g., Zheng and Marschner 2017). After addition of

was lower than in the first week with a single addi-

L to soil previously amended with H, microbes will

tion, whereas it was higher when residue was added

decompose H and L residues together. Therefore the

twice or four times. With a single addition, easily

stronger the legacy effect of the previous H addition,

decomposable compounds are rapidly decomposed

the lower respiration, MBC, MBN and MBP, avail-

initially as indicated by high respiration rates (e.g.,

able N and P will be. Cumulative respiration between

Hadas et al. 2004). Upon depletion of these com-

d16 and d32 was lower in H1-L1 than H2-L1 and H4-

pounds, respiration rates decline. Similarly, MBC,

L1 with more marked differences between d16 and

MBN and MBP decreased from d7 to d15. The high-

d23 than later. This, together with the higher respira-

er cumulative respiration in the second week when

tion rate before d16, indicates that microbes on d16

residue was added twice or four times compared to

more active if residues had been added four (H4-L1)

the single addition can be explained by addition of

or eight days (H2-L1) before compared to 16 days

easily decomposable compounds in these treatments.

before (H1-L1). The greater activity is also reflected

Residue addition frequency had little effect on MBC,

in higher MBC, MBN and MBP on d23 in H2-L1

MBN and MBP or available N and P on d15 probably

and H4-L1 than H1-L1. Greater N and P uptake by

because by then, even when residue was added four

the microbial biomass can explain the lower N and

times (last addition on day 12) easily decomposable

P availability on d23 in H4-L1 than H1-L1. The

compounds were depleted. Nevertheless, it is likely

greater microbial nutrient uptake in H2-L1 and H4-

that a greater proportion of the microbial biomass

L1 suggests preferential decomposition of freshly

was active on d15 when they had received residue

added L by the more active microbes compared to

seven (H2) or three days (H4) before than when resi-

H1-L1. Increased decomposition of newly added or-

due was added 15 days ago (H1). This greater level

ganic substrate after repeated addition was reported

of activity is evident in the higher respiration rates

by Cavalli et al. (2014) where repeated slurry appli-

from d10 to d16 with residues added twice of four

cation increased decomposition of the slurry while

times compared to a single addition. Thus, the first

decreasing SOC mineralisation.

hypothesis (frequent residue addition compared to a

The decrease in MBC, MBN and MBP and respira-

single addition will result in smaller residue effect

tion rate from d23 to d32 indicates depletion of eas-

on respiration, microbial biomass and nutrient avail-

ily decomposable compounds. Microbial turnover,

ability initially, but later these parameters will be

that is decrease in MBN and MBP, can explain the

higher) can be confirmed.

increase in available N and P from d23 to d32. Nev-

-1

ertheless, MBC, MBN and MBP remained lower in
4.2. Effect of H addition frequency after single L ad-

H1-L1 than in H2-L1 and H4-L1, suggesting that the

dition (Part A)

previous H addition rate influenced microbial utilisation of L more than two weeks after the last addi-

The second hypothesis (the legacy effect of the previ-

tion of H. Addition frequency of H had little effect

ous residue will be greater when it is added frequently

on available P, likely because of P buffering by the

compared to a single addition) can be confirmed.

soil (Nye 1966).
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4.3. Single H addition followed by different frequency
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5. Conclusion

of L (Part B)
It can be concluded that the frequency at which the
Similar as with different H addition frequency in the

first residue was added influences its legacy effect af-

first 16 days, cumulative respiration in the first week

ter addition of the second residue. When the first resi-

after L addition (d16 to d23) was higher in H1-L1 than

due was added two or four times, microbes are more

H1-L2 and H1-L4, but in the following week (d24 to

active when the second residue is applied than with a

d32) it was lower in H1-L1 than the other two treat-

single previous addition resulting in higher respiration

ments. This can be explained by the addition of easily

and microbial nutrient uptake although N and P avail-

decomposable compounds in H1-L2 and H1-L4 which

ability may be low. The effect of addition frequency

would be depleted by the second week in H1-L1 where

of L in the second period after a single H addition on

L was added on d16.

the measured parameters was different for microbial

The third hypothesis (the legacy effect of a previous

biomass than nutrient availability. More frequent L

single addition will be be smaller when the following

addition enhanced microbial nutrient uptake while

residue is added frequently compared to a single addi-

reducing nutrient availability. However, this effect is

tion) can be confirmed. On d23, only MBN was lower

limited to the first week after the second residue is

in H1-L1 than H1-L2 and H1-L4, but on d32, MBC,

added. To maximise nutrient availability for a crop

MBN and MBP were lower in H1-L1 that the other two

sown immediately after incorporation of low C/N

treatments. This suggests that when L had been added

residue following the harvest of a high C/N plant (e.g.

at least twice (d16 and d24 in H1-L2 and d16, d20, d24,

cereal), the low C/N residue should be added once at

and d28in H1-L4), microbes will mineralise predomi-

a high rate. However, if sustained nutrient availability

nantly L residues whereas the H residue left from the

(uptake and then release of nutrients from the micro-

first 15 days is little decomposed.

bial biomass) is to be achieved, the first or the sec-

The effect on L addition frequency on N and P avail-

ond residue should be added frequently. In the field,

ability on d23 and d32 differed from that on microbial

frequent residue addition may occur while plants are

biomass. Availability of N and P on d23 was higher

growing due to root turnover whereas a single residue

in H1-L1 than in H1-L2 and H1-L4 which can be ex-

addition mimics the situation where after harvest, res-

plained by the lower MBN in H1-L1. The increase in N

idues are incorporated in the soil. To further elucidate

and P availability from d23 to d32 in H1-L2 and H1-L4

mechanisms underlying the effect of residue addition

is likely due to microbial biomass turnover as indicated

frequency and the legacy effect, 13C and 15N labelled

by the lower MBN and MBP on d32 than d23.

residues could be used.

Residue addition frequency did not influence N and
P availability on d32 probably because by then easily
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