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Abstract: [ Objective ] The information of temporal-spatial variation of soil organic carbon content (SOC) with high resolution
and high precision is the base for assessing the capability of soil in sequestrating carbon. Though there has been much research on
the changes in topsoil SOC, research on SOC of deeper soil layers is still rare. To reduce the gaps in understanding of the ability

of deep soil to sequestrate carbon, our research sought to investigate the sensitive area where SOC had changed significantly, the
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depth where SOC had changed significantly, and the factors that drive SOC change. Thus, research on the temporal-spatial
changes of SOC of 0-15 c¢cm, 15-30 c¢cm, 30-60 cm and 60-100 cm of cultivated land in Henan, China from 1982-2010 was
conducted and the SOC accumulation rate in this area was compared with that of the COP21 target. [ Method ]The legacy soil data
that was collected from the second national soil survey carried out in 1982 and the recent topsoil data and soil profile data that
were sampled in 2010 were used in this research. Digital soil mapping technology with the aid of a quantile random forest
algorithm (QRF) and 26 environmental covariates was used to produce SOC maps. For every soil layer in both 1982 and 2010,
500 SOC distributions with equal probability were produced by QRF, and then the SOC map pools for both 1982 and 2010 were
derived. Then, stochastic sampling with replacement was repeated 1 000 times from both SOC map pools, respectively, and each
time, a subtraction of the two SOC maps was performed to get a SOC change map. So, 1 000 SOC change maps with equal
probability were got and based on that the uncertainties of SOC change were assessed. Only those SOC changes with a probability
above 0.66 were received as significant results and were used to calculate SOC storage change in the next step. To better
understand the mechanism of SOC change, SOC changes among soil types were compared, and the Pearson correlation coefficient
between SOC change and primitive SOC content, some climate variables, crop yields, straw returning amount, soil texture, and
soil pH were analyzed. [ Result ]It was revealed that the significant increase of SOC in 0~15 cm, with a magnitude of 2—4 g-kg™,
had taken place across the plain and basin regions of Henan Province. Nevertheless, the increase of SOC in 15-30 cm soil layers
with a magnitude of 0-2 g-kg™' mainly took place in the Fluvo-aquic soils that were distributed alongside the Huang River and
scattered to the Cinnamon soils and Paddy soils. The changes of SOC in soil layers below the 30 cm depth were low in probability.
Overall, the total storage of SOC in 0—1 m depth of soils across the cultivated land of Henan Province increased by 7.04% in the
past 28 years with a mean annual rate of 2.43%o, which was far from the expected value of COP21 4%e.. It was also found that the
effects of bio-climate variables were more important than soil variables in SOC change. Except for single-cropping rice areas with
a fallow period every year, SOC significantly or extremely significantly correlated with biomass input. The mean annual
temperature range (the difference between the mean hottest month temperature and the mean coldest month temperature) was
positively correlated with SOC accumulation, while climate warming had a negative effect on it. Probably due to the differences
in the environment and soil properties, the relationships between SOC change and soil texture, between SOC change and soil pH
in different soil types were high variable. The initial SOC values were negatively correlated with SOC change in 0-15 cm in two
of five soil categories, so was that in 15-30 cm in all the five soil categories, which may be implied a slowing rate for the SOC
accumulation in the future. [ Conclusion ] The SOC accumulating rate in Henan Province will be difficult to meet the object of
COP21 in the future. Thus, it is suggested not to overestimate the effects of agricultural soil on carbon sequestrating and much
attention should be paid to reducing net carbon emission.

Key words: Soil organic carbon; Three dimensions; Temporal and spatial variation; Quantile random forest; Key factors
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Fig. 1 Elevation map (a) and soil type map (b) of Henan Province
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Fig. 2 Soil sample sites
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F1 1982 F0 2010 F LIRB NS BHITHFE
Table 1 Summary statistics of SOC in different depth intervals for year 1982 and 2010
i 22
I} 40 B/ME RKRME H{H
R AR Standard i B 353 5 REL
Time Min Max Mean
Depth/cm N deviation Skewness Kurtosis CV/%
" / (gkg') ————
0~15 1982 2979 0.23 85.9 7.20b* 4.43 4.5 15.3 61.5
2010 13372 3.71 18.0 9.56a 2.50 0.4 —0.2 26.2
15~30 1982 2979 0.26 38.0 5.70b 2.99 22 11.0 52.5
2010 187 0.26 28.5 7.35a 3.80 1.6 4.9 51.7
30~60 1982 2929 0.17 22.6 4.10b 2.36 1.9 7.5 57.5
2010 187 0.11 21.8 4.87a 3.18 1.6 4.7 65.3
60~100 1982 2776 0.01 30.1 3.23b 2.14 2.9 22.1 66.1
2010 187 0.03 12.8 3.82a 2.42 1.0 1.2 63.4

o AREAF TR R 255 B3 (P<0.01 ), Note: Different characters represent the significant difference at the P<0.01 level based on the

Mann-Whitney test.

10 a) 0~15 cm b) 15~30 cm ¢) 30~60 cm d) 60~100 cm

oo

fn ME= -0.54 ME=0.15 ME=0.06

= 20 RMSE=7.09 RMSE=3.62 RMSE=2.02
ﬂg 8 VE=47.6% VE=33.0% VE=9.5%
“:E\ 2 10 ».=0.60 p=0.57 p=0.22

#‘5’ R=0.50%* R?=0.35%* R=0.10%*

2

2

&~ 0 10 20 30 0 10 20 30 10 20 30

30 e) 0~15 cm f) 15~30cm 2) 30~60cm h) 60~100 cm

\cb ’ ,/

Aé .-~ |ME=-0.01 " |ME=-057 ME=-0.35 ME=0.38
=5 20 RMSE=2.09} " |RMSE=2.69 RMSE=3.13 RMSE=2.50
=93 < VE0=36%-0% VE=37.5% VE=18.8% VE=26.8%
= =0. =0.60 =0.35 =0.43
= B 10t pz I ‘." ° ° pLz ° /)2 ’ pz

5 R=0.30** R=041%* | eqef R™=0.20%* L4 R™=0.29%*

=] 7 ° 1]

[ /' /I

£ 0 " . . . 2

0 10 20 30 0 10 20 30 0 10 20 30 0 10 20 30
SEIME A SEIME LA
Measured SOC/(gkg™") Measured SOC/(g'kg™) Measured SOC/(g-kg™") Measured SOC/(gkg™")
T RN REE P<0.01 /K B3 Note: ** denotes that correlation coefficient is significant at the level of P<0.01

K3 A PL I EARE R ( F. 1982, F: 2010)
Fig.3 The verification for predicted mean SOC ( Upper: 1982, Below: 2010)

TE 15~30 cm SOC KM + . 45 +. KFE+ AL
KAEL B, i+, WPRB M THE, N
KA A 1,14, 1.04, 091, 0.87. 0.60. 0.13 g'kg™
(7). ANlA 2R ASOC HYAHE N K 22 70 i,
HAEY SRR 0~15 cm )22 ASOC [952 M —
KF T, pH FH/EH (£ 2); 7E 15~30 cm
2SR ASOC 1152 M W B B B AIR (26 3),
HikmE, S0 EKERIELE 0~

15 cm ASOC ¥ 5EY) =it . FEFF L B i ¢ &k ik
F; H5H 0~15 cm ASOC X 57 WEF8 B e P
W, UL TR R A Y KR A pR RN
ASOC [ BRIk . En] BERE Ak ),

DB T F X, ZJRE e . KA s,
FARFE X ASOC 55 77 5 AR #1348 45 A9 AH DG PR A i
F. B4 0~15 cm ASOC ¥ 5 IR 2N T
. BERS 2R —8" 0 BEAT TR
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a) 0~15 cm b) 15~30 cm ¢) 30~60 cm d) 60~100 cm

1982

A 200 kam e oo [T
L 1 Non-cultivated land  SOC/(gkg™) 24 6 8 1012 14 >14
Bl 4 1982 -1 2010 4F 30 HLGK BN 35 8
Fig.4  The mean SOC of 1982 and 2010

a) 0~15 cm b) 15~30 cm ¢) 30~60 cm d) 60~100 cm

A 200km  SOCH R JEHHE
L Probability of SOC increase 0 033 067 1.0 Non-cultivated land

K5 1982—2010 4FI g 48 B 3904 LA T i
Fig. 5 The probability of SOC increase in cultivated soils over 1982-2010

N a) 0~15cm b) 15~30 cm
SOC change/(gkg™)

<

[ ot

Non-cultivated land

150 km
L1

El6 1982—2010 4 0~15 cm Ml 15~30 cm JZ2(# SOC il 34 {25 1k,
Fig. 6 The predicted mean SOC changes in the layers of 0-15 cm and 15-30 cm over 1982-2010
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4- 0~15 cm a 4r 15~30 cm
d be b ba . a
L a 2
3t . b
= —‘:0 2k 2F b
245 :
% b 1k
=2 Ir
Bo ol B _BH_ B B B B o1 -
A
t -1t i | 1
T EmtE Wt M+ KFEA W+ KFEB - it Wt wEEE KA Wt KEEB
+3EH5A Soil type +-3E25 A1 Soil type

I 1 KRR A IR A IR HR RV X RS -2 fe 1, KRR L B I AR T M il Sl X %A%, Tl Note 1: Paddy soil A distributed
in a low relief plain along the Huai river with the rotation of rice-wheat and paddy; Soil B is distributed in the hill region that is close to the
province borderline with the rotation of rice-fallow. The same below
2 ARFFHEFRZFEE (P<0.01), Note 2: Different characters represent the significant difference at the P < 0.01 level based on the
Mann-Whitney test.

Bl 7 1982—2010 4F45 12 0~15 om 1 15~30 em 347 HLRRHE K X H
Fig. 7 The comparison of SOC increase over 1982-2010 in both 0-15 cm and 15-30 cm layers among soil types

F2 0~15cm SOC K EMHEEEZE

Table 2 The Pearson correlation coefficient of ASOC of 0~ 15 cm soil layer with some selected variables

TR REAREL FhkL biag A EHR RRFREE RRE R R TG 5L
SOC 95y pH

Soil type N Clay Silt MT MTD TC Yield Straw Irrigation index
W 922 —-0.02  0.06A 0.08" -0.03 0.05 0.23" 020" 020" 0.177 0.20"
(ZE 387 -0.08  0.04 ~0.00 0.20" 0.40™ 0.51" 025" 0417 0347 0.31"

HiiE + 156 0.04 —0.14 0.14 -0.03 0.20" 0.26" -0.12 0.44" 027" 0.30"

(e 256 -0.13" 024" -0.09 0.19"  -0.10 0.49" -0.01 0.58" 0.46" 0.37"

KAEL A 74 -0.39"  0.09 -0.05 -0.18 0.65" -0.15 029" 027" 0.21A 0.18

KAE+ B 137 -0.14  0.05 0.08 -0.10 0.35" 0.01 022" 0.14 0.3 0.12

W 1: MT. MTD. TC ZrBI4ER . FHSIRAERZ . 1980—2010 R4k, TF. Note 1: MT, MTD and TC represent
respectively the annual mean temperature, annual mean temperature difference between the hottest month and the coldest month, mean
temperature change between the 2010s and the 1980s.The same below. 7 2: A, *, **43J|FR/RHEREAE P<0.1, P<0.05 fil P<0.01 /K
Vi # . Note2: A, *, **respectively denotes that the correlation coefficient is significant at the level of P<0.1, P<0.05 and P<0.01.

%3 15~30cm SOC K EMHEEEE

Table 3 The pearson correlation coefficient of ASOC of 15~30 cm soil layer with some selected variables

TR R FkL HhL EHR RIRFERE KRS PR FiFF
SOC 0 pH

Soil type N Clay Silt MT MTD TC Yield Straw
e 922 -0.57" -0.26" —0.09" 0.10" 027" 036" -0.20" -0.04 -0.04
)+ 387 -0.19” -0.02 ~0.04 0.10" 0.12" 0.19" -0.10" 0.14"™ 0.12"

HAE 1 156 -0.28" 0.24™” 037" -0.22" 0.11 0.00 0.06 -0.14 -0.05

WEEL 256 -0.45" -0.01 0.02 0.15" -0.12 0.00 -0.20" 0.02 -0.08

KFEL A 74 -0.29" 0.17 -0.13 0.00 0.52" -0.18 -0.30" 0.06 0.01

KiEL B 137 -0.20 0.07 0.17" -0.01 0.17" -0.10 -0.45" -0.04 0.04
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TR MV 2= H o3 i ; BRSCRTE 15~30 cm
FIREE (£ 3), FHURAUR RT3 i iy 6
ey BN X TG KRS B ASOC 5
AEEEZEMITEI R E R . IbAh, 4EHIRS ASOC 1EAH
KB, KRS ASOC FH SEH A E,
REMEL T B T A M A SOC BRI IE mifE A, X
J W T S ARAR B T SOC FHUZ A G i R0

1E 0~15 cm )2, b2 8 1 ASOC 5k & i
BB FEIEME, W1 ASOC Sk &2 B IF
. SRR S B AC (P<0.1), Hoth 31
Fiih 5 ASOC TCWIW G R . HEARARLY) BUZ
SOC [ I EZ AR ,{H ASOC 2 W1k & &
%Ii%%%ﬁﬂﬂﬂ_s' 16-17, 35-36], ﬁ[] Zheng %[37]6}}:%
KRG SOC Hahn, ASOC 5+1E2sm | + i
KRS ;7 A P R A A ] R
2 A SOC MGt & . il if 4 58 i AF
Rl 2Ky . A RER AR W R, L
BRIELAIEL R LT TRRALE, LR
T A3 A PSSl AR AR R A 1 15~30 cm
SOC 8 il R 4 HAth XK (& 5b), AHR M+
%)2 A SOC SELRLAFRL & i 2 TG . Hifth + 3
A SOC 7£ 15~30 cm 5 Jit Hh 1) 5 2 | Te i e LA .

A 5 R W - ALt SOC B i %
ot HEAE R pH f ik, ELUT4ERRILA
(3200 EAREF Y K& B 15~30 cm ASOC &5
pH 2HAHX. 1ENEZRZRS, LR SOC i
ZINRLAEHRSE R 15~30 cm SOC 5+ 145
PR OC RIS, 05 RIEME A OCR g, FIRe
pH B & WXt Tt 2B+ MGk
2wl 8, pH — MBS ERIRES & w R IE L, TS
TR TIE B IR AR, DAY SOC PRAE FIHE = A7
U =41 0~30cm (9 ASOC 5 pH & iFAX( KR
W1 0~15 cm N F AR ).

ASOC ALY SOC #Iis{E S A", (Xt
0~15cm + )2, AXHAHWER L KFE+E A FF
TEZRFZ Hph R HHER 2R, ATRES A
[7) 4 438 £1%) [61 5% 75 1 B2 H: SOC W IR 25 A7 ¢ 5 JK A8
+ B WA BEAZ BN, AR EIZ R, H
FA 13 15~30 cm ASOC ¥ 5 HA th {8 5 i 25 8k
e 3 A E, 52 SOC A7 I ik—3.

2.4 HhiEEE SOC EXR 5 CcoP21 BiRLEE
PL 2012 4E#EHE 7 791 x 10° hm >3}, 7 1982

AF 1 m LARBEL SOC Bl 50 770 J7 t; PRERA
fErf AL X I, 28 4EBE K 7.04 %, AR K HR
2.43%0; H 0~15 cm Fl 15~30 cm A4 588 K55
IS 3151 J5 t A1 425 J7 t, 090 88.1%A11 11.9%.
Fe BT AT, 0~15 em SOC 4EH4K 0.16 thm™2,
AR T A [0 0~ 15 em AFREK 3R 0.19 thm 21,
I 1o T BRI 0~20 em AR R 0.15 thm 2,
BRSNS TR E B 0~30 cm SOC 4E 4
K 0.09~0.28 t-hm > WA FTH .

TERTA N TR, F5FFA H ] 2 S HE
i R R R E SOC IR Ay R 7 1430 412
AR SCAHLBA N AN o (RS FFA F BT SOC Ay & 4
A B, %384 SOC Wiar il FIALR IR E A ; H:
RN 2 A HE L SR SOC S, BRI
FAARRUTS i ok 5 b RO D it ), (HLRE C/N e
B, WARMEA R, ATREfEIEA ML L . HEIE
R FE AT IR ALV o 3T 4 = PR BUE 1Y Meta 23 #T
FAFEFFAR H A FE T SOC B R & T-X 1R 7.9%~
15.4%, TiksFFE H S 10 455 SOC R F Y
DL EBIFGE BIAS SRS FR AR F LA K B . K
WL SOC 78 2000—2015 4F 2 218 T [t 34,
TP 2 FIUKAE + A BY SOC1982 5 ASOC Y
FAH A U B SOC 143 ml Bl B AIK, i il 4= Aok
Fi+ B (19 SOC 4 s thAUms = F/KRE £ A A
ZB A MR ASBE AT BEFEAIR SOC [EIFEWE T) . 4%
- R B R AR A R fA]

ZiE Loy, BIE RIS FF ORI R
LR IX SOC AT HER R 4%, P, A3
NIF] Baveye S5 ——HF i SOC 1 iz A BE
FETH N ZERRHE R, A AT AR 118 I e 2 1 o) <M A
TERIRRA

3 45 @

1982—2010 4FE BV HE A X B 0~15 cm
+ )2 SOC # B &, HIMIEEE 2~4 gkg ', HAb
e X HGMANE &, (HIR TG B R R, %2 SOC fifi i
W5 L 88.1%; 15~30 cm 1 )2 SOC ¥in F 2 &
AETEVREHE . b EIXRE R WS L. KL
X, BEIMERE 0~2 gkg ', %)2 SOC fif w48 i L
11.9%; 30 cm AR L2 SOC ZEL A . A4
SRR ASOC WAEHTIR T IR PE . BR A
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e 60 %:

XA[fESZ “FRHL” sEmish, HABXIE SOC ¥ 544
A B P AR OG s AR R 2E X AL TR A
b SOC FHL R Me) T 535 | X0 S HRGHT e DX 52 i A ]
s SAEASRE I X SOC BUEAF]; T Arib 355
A PR 22 55, N [A] - 82 A i R pH 5 ASOC
FIoE R AT AR PERE K. BEHL 1 m ik SOC Bl
50770 J7 t, JiZR 28 4F 1 m H 4K B KKK 7.04%,
ARG BN 2.43%0, AL T COP21 Hir; % EH]
A Je AT A FE A 2 - 9 1 i (1) 2807 1T R IR 55 LA B 4
BRARMR AR Z, AR 2w Al o h Al A 18 [ fik 1)
IRBERON -
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