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Abstract

The addition of compost to the soil can increase C and nutrient levels, but how these are
affected by different rainfall regimes remain unknown. This study determines the carbon (C),
nitrogen (N) and phosphorus (P) stocks after drying and rewetting events in a compost-amended
grassland ecosystem at 3 depths (0-5, 5-10, 10-30cm). Compost addition consistently increased
C, N and P stocks despite altered rainfall but these improvements can only be detected by careful

consideration of soil depths.

I ntroduction

Grasslands cover approximately 40% of terrestrial surface and store a third of terrestrial
carbon, of which considerably more is stored in soils than vegetation (White, Murray, and
Rohweder 2000). However, many of the worlds grasslands are degraded and organic input has
been proposed as a means of replenishing soil organic matter in grasslands (Jackson et al. 2004,
Asner et al. 2004; Powison et al. 2012). As it stands, the fate of organic matter added to
grasslands remains unclear (Ryals et al. 2014). The decomposition of organic matter in soilsis
regulated by soil water and nutrient availability, temperature and pH (Clark et al. 2009; Borken
and Matzner 2009; Elhottova et al. 2006). With much of the world projected to experience
changes in rainfall regimes under climate change (IPCC 2013), there may be consequences for
decomposition and elemental cycling. The few studies that examined the response of soil
processes to simultaneous drivers of global change have found surprisng antagonistic
interactions led to effects much less severe than expected (Dieleman et al. 2012; Eisenhauer et

al. 2012; Dukes et al. 2005). Here, we address this gap by quantifying soil C, N and P stocks
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after drying and rewetting events in a compost amended grassland soil from southeastern

Australia.

Methods

Intact soil cores (15cm diameter X 40cm deep) were collected from an intensively grazed
grassland (Lat-38.010551/Long-145.472542). Details of the site, rain treatments and terrestrial
model ecosystem setup are provided in Ng et al. (in review). In short, compost was applied onto
the surface of each soil core at 30 t/ha (dry mass). Based on long-term weather records, each core
under normal rain received 47.8mm, 65.0mm and 83.2mm of smulated rainfall; each core under
drying received 4.0mm, 18.4mm and 12.4mm for March, April and May respectively; the
rewetting treatment was the same as the drying treatment, but it also received an additional
150mm three days before experiment ends. The cores were organised into randomised complete
block design, with each treatment appearing once in each of the 5 blocks. The cores were
destructively sampled at 0-5, 5-10 and 10-30cm, 3 months after compost addition. Samples were
sieved to 0.2cm, air-dried and ground for elemental analysis. Total C, N and P were measured on
al soil layers (see Ng et al. in review).

Data were analysed using randomised complete block design ANOVA. Where
assumptions of normality and homoscedagticity are not met, transformations are carried out.
These results were compared to results of untransformed data. As they are the same, results of
the untransformed data are shown. Post-hoc multiple comparisons were carried out using least

significant difference (LSD) test with p-values adjusted using bonferroni. Data analysis was
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carried out on R 2.15.1 (R Core Team 2012) using agricolae package (Mendiburu 2012) for LSD

test.

Results and discussion

Carbon stocks were altered with compost amendment only at 5 to 10cm (Fig.1; Fy2,=6.7,
p=0.017). Specifically, C stocks were higher in amended soils (meantstandard
error=2.8+0.1kg/m?) compared to unamended soils (2.5+0.2kg/m?) in the 5 to 10cm soil layer,
but not the other soil layers. Rainfall treatment did not have any significant effects on the C
stocks nor did it alter the effect of compost on C stock at all depths. Cumulative C stock from O-

30cm was similar across compost and rain treatments.

Nitrogen stock was also altered with compost amendment at 5 to 10cm (Fig.1; Fy 2=5.4,
p=0.030). Soil N stocks were higher in amended soils compared to unamended soils. Rainfall
treatment did not have any effects on the N stocks nor did it alter the effect of compost on N
stock a al depths. Cumulative N stock (0-30cm) was similar across compost and rain

treatments.

Sail P stocks were altered with compost amendment at only O to 5cm (Fig.1; Fi2,=6.1,
p=0.021), where compost amended soils had higher total P. Rainfall treatment did not have any
effects on the P stocks nor did it alter the effect of compost on P stock at al depths. Cumulative

P stock from O to 30cm was similar across OA and rain treatments.

A single application of organic amendment can improve grassland soil organic matter for

up to 14 years after gpplication (Ippolito et al. 2010; Ryals et al. 2014). However, as rainfall
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79  affects soil physicochemical properties such as soil water dynamics and the movement of soil
80 organic matter along the profile, and these changes in turn affects the soil biota and their
81 feedback to the elemental cycling (Knapp et al. 2008; Borken and Matzner 2009; Bell, Sherry,
82 and Luo 2010; Berhe et al. 2012), altered rainfall may modify the elemental cycling in the
83  ecosystem. In our grassland with sandy soil, al the added C, N and P have been retained in the O
84  to 30cm during this 3 month experiment (data not shown). It will be important to assess the

85  longer term fate of compost-derived C, N and P in these soils under different rainfall treatments.

86 Although the total stocks did not change with rainfall, it is important to note that
87  available nutrients were different across the rain treatments; we observed higher NH4" in drying
88 and rewetting treatment compared to norma rain and NOs was highest in the rewetting
89 treatment, followed by the drying and normal rain treatments at O to 5cm (see Ng et al. in
90 review). But similarly to results of the total stocks, there was no interaction effect between the
91 rainfall and compost treatments on mineral N. The P accumulation at the O to 5cm with addition
92  of compost indicated low P availability, likely due to high contents of calcium, aluminium and
93 iron in this soil (data not shown). Given primary productivity depends on available nutrients,

94  changesin this pool with rainfall isimportant.

95 When C, N and P stocks were pooled over all depths no differences among treatments
96 were observed. This highlights the importance of taking sampling depth into consideration when
97  assessing changesin C stocks. A similar response has been observed when tillage effects on soil
98  C have been studied, with differences detectable at 0-30cm, but not 0-15cm, while the effects of
99 perennial forage were detectable at all sampling depths to 60cm (VandenBygaart et al. 2011).

100  These changes in elemental distribution across the soil profile may have important implications
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101 on the outcome of competition between plants, and between plants and soil fauna that utilise

102 those resources, and degree of nutrient leaching (Franzluebbers and Hons 1996).

103 Green waste-derived compost provides a genuine possibility to increase soil C while
104  diverting biomass from landfill (Powison et al. 2012). Based on our findings, the elements (C, N
105 and P) of soil amended with stabilised organic matter (compost) stayed in the sandy grassland

106  even when the rain poured down.
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178

179  Fig. 1 Effects of OA on total C, N and P at 0-5 cm, 5-10 cm, 10-30 cm and 0-30 cm under
180  drying, normal and rewetting treatments. Significant levels are *p < 0.05, ** p < 0.01, *** p <

181  0.001 (refer in-text for test statistics).

182

183

184

185

10


https://doi.org/10.1101/015453

[ il o] +
[ B i —E—
o
— -+ —=
m i R=] —= TTI_H.
- e 5 . —
[} i —=
T T T T T T T T T T T T T
09 0c 0 or 0T 0 09 0c 0 00z 0SL 00L 05 O
(z-wB) 4 1210y (2-w6) d 1ejoy (z-wB) d 1ery (z-w6) d 1ejoy
[ 1 ofi %
- [ [ =
T t +
g B k S —
£ X f &
g —
00S 00z O 00v 007 0 009 00¥ 00Z 0 02 SV 0L SO 0
(z-wB) N 1210} (z-wB) N 1210} (2-wB} N je10} (z-wBy) N 1e10
S — - : C—
o .ﬂ 2 ; = &
—= 0
T 1 fal -+
] [ m +E H 1
G ] LT
Ge 103 % ' =
LI I T T T I T T T
vy oz 0 v T 0 8 9 % T O #7089 ¥ O
(g-wbx) o ejo1  (z-wrby) O (€10} (z-wbx) 9 210} (g-wrbx) O [ejo1
wog-0 woglL-g wo gg -0l wo ge-0

Drying Normal Rewetting

Drying Normal Rewetting

Drying Normal Rewetting


https://doi.org/10.1101/015453

