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Land use change

Natural - Soreal Forest
Vegetation I Zaanna
"~ Grazzlana/2reublang
Tunara

v' Human activities,
especially agricultural
activities, have a
profound impact on the
vegetation and land use
patterns worldwide

(Foley et al., 2005. Science)



Global deforestation vs forest restoration/agricultural reclamation

vs abandonment
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Global forest change since 21th Century

Forest loss: 2.3 million km2
Forest gain: 0.8million km2

(Hansen et al., 2013, Science)
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Forest — cropland: c $42%
Grassland — croplandJ C  59%
(Guo and Gifford, 2002)
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Solil organic carbon pool C: input and output
global change

Figure 1| Diagram of factors controlling the main
OUTPUT inputs and outputs of soil carbon, superimposed
over a global map of soil organic carbon stocks.
While CO, is the main product of decomposition
in soil, CHy, dissolved organic carbon (DOC),
particulate organic carbon (POC) in water, and
dissolved inorganic carbon (DIC) are also

. v AR g J significant exports from some soils. The
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Soil C fractions and dynamics
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Soil aggregates
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Ecosystem C cycling
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Coupling C and N
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Global change affects vegetation types, and hence changes litter
guantity and quality
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Change In primary productivity (litter input) did not significantly
affect soil organic C

[ Gross primary production

co,

Litterfall @;’\‘ i
itterfa 7)) 124 TBCE Litterfall

Y

Mineral-associated
carbon = 34.6

Mineral-associated
carbon = 34.6

13°C Mean annual temperature 18 °C

Giardina et al., 2014, Nature Climate Change



Increase in litter input results in “priming effect”, leading to

decrease in soil organic C
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Soil Biology & Biochemistry Nature Climate Change



Scientific issues PR

respiration

v' land use change greatly impacts
vegetation, how these changes would
affect soil C and N dynamics? .
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F[E] . 2% (6] 254k (Beniston et al. 2014; Yang et al. 2015)

MethOdOI()gy S AEAZ 4K, (Marcott et al. 2014; Hertzberg et al. 2016)
+ 1R AL (Cheng et al. 2013; Knox et al. 2015)
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&\O (Groenlgen et al. 2016;
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Methodology

Carbon - fixation
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Methodology

a) ambient pCO b) elevated pCO
Atmosphere 2 ) 2

(COy)
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TRENDS in Ecology & Evolution

(Staddon, 2004)



Methodology

linear mixing model:

The carbon and nitrogen isotope ratio of the soil fractions was expressed as:

SBX = {(?)Mph’/(%)mm_ 1} 11000

-The calculation of
the proportion (f) of frew =

‘fs"e“’ _§°"‘ « 100%
new-derived X X: veg — Yold

-The turnover rates for whole soil C were calculated using a first-
order decay model:

_ —In(A/Ay)
[

k = (fo|d:At/AO; f :1-f0|d)

new



Methodology
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Methodology
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Methodology

813C of respired CO,, (%)
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Methodology

C-, H-isotope signatures of CH4 sources I
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Methodology
> LR TPIAI K Bl 4L F A (Fisheretal., 2017):
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Methodology

Variation in N i1sotope Ratios
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Methodology

Nitrogen stable isotopic composition of leaves and soil: Tropical versus temperate
forests
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Methodology

v" Soil 61°N values reflect the net effect of
N-cycling processes as influenced by
land use

v Land use and land cover types
associated with N losses such as low
nutrient input cropping, tend to be
enriched with 6°N

Awitti et al., 2008 ¥¥

Cropland (C) Woodland (W)




‘Methodology

Isotope mixing model

Fa+Fy=Fy+Fp+F. [1]

Fp = [(Fa + Fn) % (8" Nyoinos- — 8" Nnoa-input — €U)
+ FrL x Eu] /(ep —&u).

[7]

O F,, Fy, Fus Fp, and F; represent annual NO,* fluxes of atmospheric deposition,
soil gross nitrification, plant or microbial gross uptake, denitrification, and
leaching, respectively

€ The abbreviations e, and ¢, denote isotope effects (e = 14k/ 1%k — 1, reported
in%o, with k being the rate constant) by denitrification and biological NO,*
uptake

v Microbial denitrification dominates nitrate losses from forest ecosystems

Fang et al., 2015



Methodology
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Case study I: Soil C dynamics following land-use change
varied with temperature and precipitation gradients

C, ™G, RETHEY. HBHEIRNTEERAMELIE.

(Zhang et al. 2016 Global Change Biology)




v’ 131 sites (87 deforestation
observations and 44 reforestation)

v The dynamics of new and old C
following land use change

v The relationships between soil
organic C (SOC) decomposition
rates and climatic factors.




Case study I1: Impacts of afforestation on soil organic C and
N dynamics
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Field work

Afforestation
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Field work

v' Plant traits: Litter biomass, root biomass, litter biomass, C: N ratios, 13C (%o), *°N
(%00)

v" Soil properties: Moisture, Temperature, Bulk density, pH and so on

v" Soil carbon and nitrogen and fractions: Soil labile and recalcitrant C and N
pools, aggregates, 3C (%o), 1°N (%o)

v" Soil Microbe: MBC, MBC, 13C (%o), **N (%o0), PLFASs (F:B ratio), soil microbial
respiration




Afforestation increased soil organic C pools but not N pools
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Deng et al. 2014 Soil Biol Biochem
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Fig. 2 Root biomass at two depths and leaf litter mass (mean +
SE) under different land use. Letters a, b, ¢, and d indicate
statistical significance at P<0.05 among the three land use types

v’ Afforestation increased litter input

Table 2 The §'3C and §'°N values of organic soils in plant root-sphere and open area under different land use at two depths

Table 4 New C input (f,.,, ), and decay rate (k, yr ') of old C of
organic soils under different land use at two soil depths

Land use Depth (cm) 53C (%) 8N (%)
PRS OA PRS OA
Afforested 0-10 —20.65+2.61° —16.19+3.40° —0.52£0.16° 2.71+£0.79%
10-30 ~19.17+£3.23° —14.87+3.55% 0.46+0.13° 3.03+£0.62°
Shrubland 0-10 ~18.27+2.84" —15.93+4.36% 1.18=0.61° 3.07+0.86"
10-30 —16.51+2.28° —15.01+2.28* 1.99+0.71° 3.14£0.67%
Cropped 0-10 —20.54+4.37° —13.63x1.15* 3.02+0.45* 3.15+0.43°
10-30 —20.17+2.16° —13.86=0.74" 2.51+0.63* 2.67+0.15%
Source of variation
Land use n.s n.s s ns.
Depth ns n.s ns ns
Land use * Depth ns n.s ns ns

Land use Depth (ecm)  f,.,. (%)  Decay rate
(k) of old C

Afforested 0-10 444453 0.039+0.004
10-30 37.8+£3.3  0.032+0.003

Shrubland 0-10 22.8+2.9  0.019+0.003
10-30 134421 G.GIMGUZ

Cropped 0-10 55.6+6.7 .054+0.007
10-30 51.8+5.5  0.049+0.005

Source of variation

Land use o ok

Depth n.s n.s

Land use * Depth n.s n.s

v" Croplands associated with N losses

tend to be enriched with 6°N

Cheng et al. 2013 Plant Soil

Values are mean (n=18) with standard error. Statistically signifi-
cant differences are given after factorial ANOVA (n.s. not signif-
icant; ¥P<0.05; **P<0.01; ***P<0.001)

v Decay rate was lower in
afforested soil than cropland



Afforestation impacted soil C, N and microbial biomass in aggregates
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The 613C and 6'°N values and the 13C and *N enrichment of soil microbial biomass

The 6™C and 6"*N values and the '*C and "*N enrichment of soil microbial biomass relatively to the resources under different land use types.

Land use Size class (um) 53 Cur AP Cus 6 Ny A Ny
Open area =2000 —16.39 + 4.42 —092 + 0.16 14,58 4+ 2.11 2,79 + 2.16
250-2000 — 1589+ 277 —275+ 1.64 14.14 + 078 1.94 £ 0,39
53-250 — 1959 £+ 4.07 —522 4+ 1,12 11,31 + 087 1,76 + 0,92
=53 —1694 + 1.33 —297 + 1.53 12,61 + 108 249 +1.71
Cropland =2000 — 2210 + 268 —247 + 0.42 1237 + 189 5,60 + 0.24
250-2000 —1912 £ 159 0.72 + 0.60 14.43 4+ 275 6.14 + 2,15
53-250 —2343 4177 3.06 + 1.91 15.88 4+ 212 6.75 + 2.06
=53 —23.04 £ 5.85 —470 + 1.40 15.10 + 250 5,67 + 2.06
Shrubland =2000 —23.61 + 094 —1.43 + 0.85 953 + 162 4,10 + 1.81
250-2000 —23.45 + 406 —2.19 4+ 0.55 8.88 + 1,67 488 4+ 1.26
53-250 —26,99 + 359 —2.88 + 1.44 8.80 + 1.49 3.87 £ 0.95
=53 — 2486 + 2.11 —6.06 + 2.29 9,13 + 1.42 482 + 192
Waoodland =2000 —2137 4+ 598 4,94 + 2,50 5.80 + 1.51 407 + 0.42
250-2000 —18.45 + 3.64 8.15 + 3.45 5.64 + 1.07 368 + 1.69
53-250 —1897 £ 0.89 7.93 + 1.59 410 + 1.30 493 + 1.07
=53 — 20,65 + 3.17 494 + 3.24 7.37 + 1.88 379 + 1.46

AP, A¥Nys means C and "N enrichment of microbial biomass compared with these of organic soil.

Wu et al. 2016 Sci Total Environ 568:52-56



The 613C in aggregates in response to land use change
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Controls on the 613C, 61°N of soil microbial biomass

513C microbial biomass (%)

Microbial 13C enrichment (%o)
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Case study I11: Effects of litter input manipulation on soil
respiration in forest ecosystem

tﬂ‘b ﬂ!i

DIRT (The Detritus Input and Removal Treatment)
(Nadelhoffer et al., 2004)



No Root and No Litter Double Litter
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Soil respiration (mg CO, m'zh'l)
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v' Litter removal and root exclusion significant decrease soil respiration

v' However, litter addition didn’t have significant influence on soil respiration

Wu et al. 2017 Appl Soil Ecol
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Afforestation enhanced soil CH, uptake rate
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The isotope fractionation factor (o,;) was lower in woodland and shrubland,

compared to cropland

Wu et al. 2017 SBB, under review
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Summary

Globally, SOC decomposition rates varied with temperature
and precipitation; Global warming may accelerate SOC
decomposition

Afforestation increased soil organic C increased litter input, lower
decay rate

Soil respiration was more susceptible to litter removal than
litter addition, partly because substrate availability and
microbial community structure were more influential in litter
removal or root exclusion treatment compared with litter
addition

Afforestation enhanced soil CH, uptake rate, positively related
to microbial biomass carbon (MBC) and labile C, negatively
related to inorganic nitrogen (N) concentration; the isotope
fractionation factor was negatively related to soil temperature
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http://www.whiob.ac.cn/qygk/yjhc/csmy/200911/t20091116_2655775.html
http://www.whiob.ac.cn/qygk/yjhc/csmy/201104/t20110421_3119725.html

