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Fig. | Map of the study area and meteorological stations
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3.1 HEEMRERIST

XN 3 HLRR 5 FE7E 0.64~71.40 g/kg Z (8], I{E}21.49 g/kg. RGN T 110~
7710 mg/kg Z [0, ¥IME1918.95 mg/kg, AMLAK . EAEIEMAL, ARIESTL 0 X I8 E
K IR A IR bR ifE, A PR . RAE 6 DN AR UER YA A, T
B IX N AT AR . RS 22 SR, HLAT AR AG 5 12 A %S ()48 A iR B IE e i T 4
R THEpHIEAE4.60~8.80 2 0], {1 6.30, LIRRMEL . samittt+ 3, +HEPkILI< 2 mm
FE, Hr0.002~0.02 mm. < 0.002 mm &0 5 64.76% . 18.70%.
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Tab. 1 Statistical characteristics of soil properties in the study area

EiEtan f/ME KA FEIE Frifi 2 g 353
AP (g/kg) 0.64 71.40 21.49 18.31 1.00 -0.39
2R (mg/kg) 110. 00 7710.00 1918.95 1408.34 0.80 -0.78
pH 4.60 8.80 6.30 1.25 0.27 -0.99
BTG A
0.2~2mm 0.00 95.49 18.00 18.26 1.77 425
0.02~0.2mm 0.00 74.26 34.13 15.09 -0.44 0.55
0.002~0.02mm 1.20 66.10 30.63 12.42 0.59 0.01
<0.002mm 3.10 5222 18.70 6.68 0.48 0.67

3.2 TEFVIB/E R Z E4HIE

BHURTEZS (B LAFE 3 AR . 1NREE R TMMEX (F2). RiGm, E%
WA R E R i Lo 2 AN S B IX, A HLR & S 15.03~51.87 g/kg Z (0], mdtra
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ZRWs— R B 22 (B DT . VG 1) 25 S PR RG b 1) G I 2 T R g s IR ARk
B, AU A AE 6.50~15.03 ghkg Z 15 LM KU ZEWALIE, A 7Y R 7R 2 BRI T 43
i, AL ARIRRT R R A LXK, A WL & R TE 0.64~8.48 g/kg Z [A], SAAEX N
My Zs A 50AG . ABRERS ALY A, mEX . RE XS 5450008 1782.61~7710.00
mg/kg. 110.00~885.96 mg/kg, KX T H 20, A HLIR/A A &1 & E X
— KB IX 0] BT AR A SR B, (H 5 X FEBRIE T . MR L, DT W K 2535
FIMRAE LA . BIedehk HIEA LR/ 2R & EAIK, 2 IMER R g4k, %2 Hh
PIA AR B S S HUA .
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WOE B kg . S SRR AR R R A B . R R K
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1000 m Ay X3k, 1000 m M LA F I3 5 @ E X oA —20 (K3) ., 7EZRIE R e —EnH

b. 2%

SOC (g/kg) TN (mg/kg)

m 0.64~2.62 3 11.22~15.03 == 110.00~465.16 £ 1427.45~1782.61

. 2.62~4.04 = 15.03~2031 Wik == 465.16~713.01 =3 1782.61~2291.57

B 4.04~5.07  =m20.31~27.63 s = 713.01~885.96 = 2291.57~3020.90  a LLfk
£15.07~6.50 =m27.63~37.78 — T 1 885.96~1006.65  mm 3020.90~4066.05 — YAl
[ 6.50~8.48  wm 37.78~51.87 0 100km 31 1006.65~1179.60 mm 4066.05~5563.76 (100 km
£ 848~1122 wm51.87~7140 — =31 1179.60~1427.45 wm 5563.76~7710.00 ——

K2 ZRUil DX R SAT LR/ 42 2 45 ) A R E
Fig. 2 Spatial distribution of SOC and TN in the Qinling-Daba Mountains
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Tab. 2 Simulation error of SOC and TN spatial distribution
MFR FEIREME) BTRIRZERMSE)  THEISRERZE(ASE)  HT7IR2E(MSE) BT ARAREDE2E(RMSSE)
SOC 0.02 12.84 9.24 0.00 1.40
N 0.85 963.83 914.89 0.00 1.05

b. &8

Ff SOC (gkg) =1 5.07-6.50 il TN (mg/kg) £ 885.96~1006.65

UK . 0.64-2.62 T 6.50~8.48 UK == 110.00~465.16 =3 1006.65~1179.60
— WHE B 2.62~4.04 £ 8.48~11.22 — WAL B 465.16~713.01 £ 1179.60~1427.45
1000 Mm% = 4.04~5.07 =2 11.22~15.03 1000 m%3¥ 4% == 713.01~885.96 £ 1427.45~1782.61

3 ZEILXIEK<1000 m 4530 X5 304 LR/ 4 R 2 ] 5 &

Fig. 3 Spatial relationship between SOC/TN distribution and elevation below 1000 m
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51000 m R —3; Z08m 3 B 7Y — 00 P 25 ML RIS = F 1000 m A1 X,
AR/ RIS E AT RAINIX, M3 PR/ 2 J & s T, RS EXCR
RAERIYE< 1000 m DX IR AU SE T LB LR A0 X3, Z2 e Rl . AR Ix
F WL/ 2R B IR

Fm b, AR ERNEBERIE 4, X, MERT AR SR SRR
MBI, S T AR A E . 800~1000 m [ i FE AT AR Ay i ke AL 2 e AN R AR Ak i
3 55, 1000~3000 m B AT AL AR/ 4 A B A YE R (435 R 3.19~8.65 g/kg. 258.09~
651.75 mg/kg) W& T < 1000 m X8k (430514 2.17~2.37 g/kg. 112.41~156.71 mg/kg);
FEBITLATE> 3000 m By LM, A ML &t/ AR MRS . SRR (U5 BRI LR
FIZIE I — R LA X8, AP/ AR AR b ES S 2 X —8, HE&E, BHiE
I7E 800~1000 m HEL 5, 7 2200~2600 m 3T LA 1) IX 8 5L FEAR A 34 . A0 i
7N, < 800 m Al >3000 m X3k, 37854/ SR G EE W EEMLE; 800~3000 mZ
B, R S5A MR/ 2R S RS9 AHC, RWBE | IR TE< 1000 m A1 > 3000 m Xl
AW/ R LM R 2, R 1000~3000 m HAR LAY F4F &

Fdbm b, AR AR SR SRR WMES, Nbmr, KRELHLE A, A6l
fi/ R PME M IMER SUET” AR ias, MHFENGIR R, ZIRH YA & B
Jed s REL 1400 m B LLF K8, [ B2 P 1 e 5 - 3 20 & &= TAb B, 11>1400 m
FYKIR, ) B B b R o e TR Z A F 3 800~1000 m = A EL 1113k 1000~
1400 m, +IEAEIER, SR8 9.93~15.66 g/kg. 1019.00~1386.00 mg/kg, *f
Fe &, A — R E LA s> 1000 m 1 XA HLEK/4 Z < 1000 m (1) X8 5 &
L IR, XU 1000 m I A BRI . BEBZVILAPE, < 500 m 1500~2200 m X3,
WU/ AR S5 15.29~20.75 g/kg. 1356.79~1864.32 mg/kg, BRI 2518 T
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Fig. 4 Content and increasing range of SOC/TN and their relationships with altitude
1 - BME - BKE b —~ FIE
? bt | BigENE| KB | KB by | FEEY | KB | KL
80 | #7;3 [k 9000 Jek :2pa
’ ] T
T 60001
g7
£ 3000
ol
HO OO0 OO ST OO0 oo o — — o O o o0 oo S o oo oo
0T AN AN T 0 ~ O 00 AN X+ o0 0T N AN < 0 ~ O 0N T oo
e 9 Qg ¥ ol o M it Vo9 s e™
4R (m) TR (m)

Fls  Zmil X rdem HEa Pk 28 & A K SRR
Fig. 5 Altitudinal variance in SOC/TN from north to south in the Qinling-Daba Mountains
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1000 m H P . WS A PR/ 2RI RS FRHIES [ 14 AR R 1
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S FEH KT AR X LT LA E (600~950 m) Al s S TR AS AR, [ I
PURY R R LA, AL IS A P AR IE AN B 8 . Z8 04 R 3 AR PG ) L b 3 1 DAL S B T L
HYE R M G Raaisr) B0 REAEBEEAT DL E WAy i Sk 75 0 i R A pR
HPP I RHARE A S T L AL TR IR — I RRIE, SRR A P T

AT Y DX TR ) A R v R L R L (IR 6), ZE 0 e i I e VR I b
(FHEMAY) AAEIE R, KAWL 500~1000 m. fR4- L3 LE 600~1100 m. Vi
We—ZFIETE 200~1300 m; UL Ll AbIEW Py & o v it R TR S Mot 43 A i L, oKLl
JEHETE 500~1200 m. FLIBLLFE 215~900 m ., #AZEILSEFE 600~1100 m™; Frp KA LR



918 SRRt 2 v R DI A e SRS (BRI R R AT 5 ARl BB 2275

i) ZISTYE KB Lk LI A B A
40001 o LI TR MR b
5 S00r LLiHl B4 A
5 S0 o MBI
B 2000 - - LHBETEESA
o) w LI R A
RO Wi 3 5 R R A b
| m It SN
0 - - . - : - . - »w BRI AR (S )
}&x% & & @% q\%@ @ ,@\ gﬁr A - R RS
& D i = TG AR A
X X 2 K R FETHRBE

7
|

Ko Zikms—R B ILIbt AL L s B 1

Fig. 6 Mountain altitudinal belts on the southern slope of the Qinling Mountains and the northern slopes of the Daba Mountains
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1000 m 252814 T I —ZE14 200~1300 m A B RE MO sekem, B TFIR TR . -
MR, AL AR EEX 5 1000 m 282k . B8 Al 75 i FE e pkas (&9 4l
g7) RESNLAE, AR DR RAL () . AR/ SRR . fESEL LA,
I RE % 800~1000 m A HLAK/ 2 A B -3 % 1730 R 7.44~10.17 g/kg. 688.80~984.54 mg/kg,
APUmA, ALR/ER S EEEES KE LS 800~1000 m A LA/ 4= A 73 5 H
10.94~13.15 g/kg. 1038.89~1227.78 mg/kg, A4, AHRK/ SR ST EETEHE. /&
Jtrm L, 800~1000 m A HLER/ A & 2K GII>KALL, B I>FE (W) | ik
>R EE, BRARAF I RA S ERIR T UGS E XA, HA & ARG PLk/ 2R/ & &
P F WS E X Ve . 25 b, EDLEREO, K A RS — R B L b3 = 1] e B i 1A
& <1000 m, R4 10X < 1000 m S IE—ZF 00 = T 1000 m A% X8R 7 Py — I Ry
RO PER A X, H SR 2R SRR S E X A A

35 SES5LEENHR/ESRX R RIS EXSIREE

351 SiE/MEKEFENB/ERIETR U AL 317 A% Jm) F1 4 I8P T AR
R RN, EHIE . S A PR 2R S BRI O R A Hrkal L, F—8R0T
ST R AR IR B AR . MR (7)), #3R< 1000 m, &4E. 4105

a. SOC b. TN

@ >1000 m & >1000 m
@ <1000 m E <1000 m
-0.5 0.3 0.0 0.3 05 -05 0.3 0.0 0.3 0.5
. P<0.01,
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Fig. 7 Correlation between SOC/TN and MP/MT at different elevations



2276 i B 2E 76 %

R PR/ A R E SR TR, HAR . MK SHE R/ SRR BEIEHX, e
ZE5r M 0.05~0.39, 0.03~0.32, B . A&FIHFEEREKREWERMS TS, > 1000
m, RXRAEHRTEK, R oK (BBMPE) SikEZERERMHE, HXRE
39 -0.01~-0.34, -0.03~-0.45, F . EAKERMIEARTATE; 2R 5R/MHK
M R RAPRIEA —3 ., 4405, KA IRE S iRy R K Mgy A
T A 58 A W3 B Sk S - HERR AU FR . < 1000 m IREK . SR SA WL/ A A IE A G,
H2, BEREMYA LAY A GIGERE, BoKEWN AR THEYAER, RimRAeY
i RERAYYIAGE, e T B A S, MARIRIR. Bk A iEH
55, AU TREEDNEHRARE,; &3, B SRR FEHRM, X S5HYE
e AR 28 RN A= W) 43 Ve G KA G o A LB/ 25> 1000 m 7K (BRMPE) | SR
FOROE, FLIRBE VR R R TR, g T e, SORMEAC, REAFRFAEY
K, [RINTEE TROKITER, W2 T AR s bl 72, (e Pl SERVRIER 2 &
T,

MAAFE L 4B ] KBS B, AFSRAEZR IR R XK . K
B L g R R AR EB AR A LI X O B IX, F B VLAV K Z20s 28 M REIX (F18), #F. EAl
R S AR A 2 [ A R — 3, AT EEXERE . R X R
¥y KR SEYNRS AR, AFRKEEREI X RS (987~1332 mm), ZIGPHE:
Ak (398~596 mm), . JeiFHYXIAE 596~987 mm Z[a], 4T, K. BERK
T SERK RS R EH—, XFEKERAEK . SE—&ILmmo6E, &
BN T . RORAZE ., TR, AR/ 2R & R A X R 4TS R
KB S B R R X, R, FHPICETER . AR AT RARET 5~10 °C,
PO A K IR IS TRAF . &%, XAIRMKT 942 °C, Yk & %18 sifs 1k
£ FEZROIMZ I, WA, F FMKESIRAE 10.09~29.69 °C, 2 T ik
W WGP AE R TR, 56 KFE, BN Z M B ARFR A L DO /PEK 2T
PEARAL AR BURR X FISSIC X, JEad PR AR R HLAR 2 2K S X i i BB R &
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H 24 °CEE4 51000 m & H LR FA—2, X 2 A MLk 2 2R S E X ) 355
X (F8e), APHMA, JLFFHMITHE—% B—F R —SCH— BB —h I —T Bk
— G — I H—R B —Z) | —H [R—I& i — oA, A E—d ) —&F N — T 58
— B — R RE— AR AR X A, ERA IS B VL LAVE, 1 0 CCEFRE S
1000 m &5 =2k . 7 H 24 °CAHRAM A2, HE& XM —20, iR R A
KELILIESE 1000 mm BEJE I . Mgk . SRR B 250 4k, IR L A
7 ] B 1 U Y AR A X
352 WERXRSEREBAE ZFIErHE . KRE LU 5 B 7T LAPE i3 7E 1000 m K UL 9 X
B O(F£3), 1 ARE-4~5 °C, YHAE1~2 °C, 4FEFETRTE 678~1578 mm, %X 1 HA
WL 7R R R AR SAME . S A E L, AEN AR
H, FEMEHRKT 800 mm, HAEFER., B, kI, WNEIIRRE, X HFERNTE
FBWARIE AR, TARAE N AR AR, AT, AR AR AR RE 7K T R AR
YRR i s st Y AR A o
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Fig. 8 Spatial distribution of temperature and precipitation and the main region of the transitional zone
in the Qinling-Daba Mountains
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Tab.3 Climate indices for the transitional area between the southern slope of the Qinling Mountains and
the northern slope of the Daba Mountains
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Spatial patterns of SOC/TN content and their significance for
identifying the boundary between warm temperate and subtropical
zones in China's north-south transitional zone

ZHANG Junhua"?, ZHU Lianqi"?, LI Guodong"’, ZHAO Fang"’, QIN Jingting"’
(1. Key Laboratory of Geospatial Technology for the Middle and Lower Yellow River Regions (Henan
University), Ministry of Education, Kaifeng 475004, Henan, China; 2. College of Geography and
Environmental Science, Henan University, Kaifeng 475004, Henan, China)

Abstract: The Qinling-Daba Mountains form the main body of China's north-south transitional
zone. However, because there is a controversy about the specific location of the geographical
boundary in academic community, it is important to determine and improve the existing
classification indices to construct the ecological geographical pattern in China. Soil is the core
section of the transitional zone, the spatial distribution and variations in key soil indexes in the
Qinling- Daba Mountains are important indicators for identifying the transition effect and
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regional characteristics of China's north-south transitional zone. This paper analyzes the spatial
characteristics of soil organic carbon (SOC) and total nitrogen (TN), and their relationships
with major geographical factors by means of spatial analysis and geostatistics, using data from
the second national soil survey, as well as terrain, climate and vegetation data. Results show
that spatial trends of SOC and TN contents are similar, and that there are three areas with high
contents, one secondary area with high content and one area with low content. The high
contents are found in the high- altitude regions of the Qinling- Daba Mountains and in the
mountainous areas to the west of the Jialing River. Here, SOC and TN contents range from
15.03-71.04 g/kg and 1782.61-7710.00 mg/kg, respectively. The low-content areas spread from
west to east across the Weihe Valley, to the southern Wutai and Funiu mountains, and along the
north slope of the Qinling Mountains. Here, SOC and TN contents range from 0.64-6.50 g/kg
and 110.00-885.96 mg/kg, respectively. The secondary high-content area is mainly located on
the both sides of the Hanjiang River, in the Qinling- Daba Mountains where altitudes are less
than 1000 m, in the Funiu Mountains at altitudes less than 1000 m and on both sides of Jialing
River at altitudes slightly higher than 1000 m. Here, SOC and TN contents are between the
above two ranges, with a gradual increase in content forming a "horn- shaped" pattern from
west to east. In terms of the spatial characteristics and functions of vegetation, topography and
climatic factors, it is found that the SOC/TN range in the secondary high- content area is
consistent along the 1000 m contour line, at the upper limit of the warm temperate deciduous
broadleaved forest belt (containing evergreen forest) and of the subtropical/warm temperate
mixed evergreen-deciduous broadleaved forest belts, as well as along the 0 °C isotherm line in
January and the 24 °C isotherm line in July. The temperature changes are stable in January,
July, annually and during the four seasons, but the rainfall varies greatly in each season. This
region is the main body area of the transtional zone between subtropical zone and warm
temperate zone: the northern boundary is roughly distributed along the line of Dujiangyan-
Maoxian-Pingwu- Wenxian to the west of the Jialing River and the 1000 m contour line on the
southern slope of the Qinling Mountains. The southern boundary lies along the line of
Dujiangyan-Beichuan-Qingchuan to the west of the Jialing River and the 1000 m contour line
of the northern slope of the Daba Mountains. The results show that the spatial variation of SOC/
TN content provides a reference for the demarcation of the subtropical-warm temperate zone. A
further understanding of the soil processes and ecological effects in typical regions and typical
mountains will help reveal the multi- dimensional transition characteristics and variation
mechanism in the region.

Keywords: China's north- south transitional zone; SOC; TN; terrains; vegetation; climatic
boundary



