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Jb£h3se 507 —38° 857 ZE (K1) , fUHF#H
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190077 o AR 5 g iRty 2 Je v 2 XU f, PO 2
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Fig. 1 Map of the study area and distribution of soil sampling sites

1 KEERESOC. SINSENHE

RC/NHIFITFHER SR E R EZRE LR

Table 1 Statistics of SOC,SOCD, STN, STND and C/N in the orchardsof Jiaodong Peninsula and their comparison with those in the

typical inland orchards of China

ﬁﬁﬁ -1 -2 -1 -2
Samole sit SOC (gkg ™) SOCD (kgm™) STN (gkg ™) STND (kg m™) C/N
amp € site
Hﬁ??ﬁﬁ%@ 10.78 +£3.38 2.81+0.82 1.42+0.43 0.37%0.11 7.7+1.23

AR ABCV 0.31 0.29 0.30 0.29 0.16
TPERES 7.77 1.97 1.45 0.37 5.36
AR ELE S e 11.84 3.46 1.53 0.45 7.74
MR 6.14 1.54 0.72 0.18 8.53
ﬁ}fﬁ;ﬁ@m] 11.83 2.55 — — —

(DOrchards in Jiaodong Peninsula; @Orchards in West Liaoning; @)Orchards in suburbs of Beijing; @Orchards in Weibei, Shaanxi;

(3Orchard in 1li, Xinjiang

22 RELERANZTESH

AR (£2) B, RARRESOC,
SOCD. STN. STNDHIC/NEFF &85 m, B
K3 90,432, 0.340, 0420, 0.387F10.391,
I F0.25~0.75 2 [0, J& % 50 B 09 25 [H) 5
PO X RWIEFH Y B R (R
R R RERT . MR SR ESE ) FIBENLMER R (a0
NERLE . BB . RO AR BR A ) R SR R
M s P Ak 0 e AR R E R
O = T < 7 VA S QR LY S R

b 5 N Bl SR B SOC TS TN A AL 1Y 23 8] 5 i
PR, HAEH A MR REENH R E -8, KR
RFESOC, SOCD. STN. STNDAHIC/NYZS [A] 43
N2 7~ , SOCHISTN il —%L, St
TEWI 1 B E MM E (7=0.800, p<0.01) , [A]
I I 75 % C/NHA MR i R vk 21 o e AR AR b
SOC/3 i 2410.00~12.00 g kg "X [ A F, SOCD
12.40~3.00 k gm > FE, STNLI1.20~1.60 g
kg A, STNDLL0.30~0.42 k gm > N3, C/NLA
7.0~8. 01X [0] Ky = .
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Table 2 Fitting parameters of the optimal semivariograms of SOC, SOCD, STN, STND and C/N in the orchards of Jiaodong Peninsula

W gl HEMH BIEL AT e 2
Item Nugget Sill Nugget/Sill Range (m) RSS
LnSOC 0.042 0.096 0.432 4200 0.618 1.22E-04
LnSOCD 0.030 0.087 0.340 4200 0.499 1.05E-04
LnSTN 0.040 0.096 0.420 5400 0.705 7.85E-05
LnSTND 0.034 0.089 0.387 5400 0.706 6.78E-05

C/N 0.593 1.517 0.391 6300 0.601 3.63E-02

HE: BARESOC, SOCD., STNHISTNDAH R IEA /M, #CR A BUR R 19 8l 21721 J7 22 B Note: SOC, SOCD,
STN and STND in the orchard soils of Jiaodong Peninsula were not in normal distribution, thus logarithmictransformed data were

utilized in fitting of semivariogram
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Fig. 2 Spatial distribution of SOC, SOCD, STN, STND and C/N in the orchards of Jiaodong Peninsula
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Fig. 3 Variation of SOC, STN and C/N in the orchards of Jiaodong Peninsula with age
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RREEAF, AR R R, AHUERA
gt P R 2 AN [ DX SR ek R A 4
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Tof A R i S el L R ) F B bR, AR
KT REGFFRD S5 EFHEE, HFiaXsoc,
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SR Bl PRI oA A BRAS [ T A SOC . STN % &t FIC/N
N I AT ey o1 I S WA - 01 O 3 P A U
201445 i A< SR el Ay + 48 (LA )@ Mot ) SOC
AISTN & BB 19804 K 29 145, 1 I I it NE 45
B PRR AR R T SR B A A EK T o FEAS R AR AR B
0], AR S SR Bl e SR KTt 3R Bt A 25
(E2) , [RIFEt EPIE T Jite A 25 H [ 45 ) B 407
R R

AR SOCHISTN 15 2 A2 AN [R) + J =[] e i
i EME SR (p<0.05) (K5) , FE2H]02.06
M1.85, UL HEA ik A NS . 7L
BRIk R, L8 F BRI R BT R X kK S
N IO EN S P US R P B b e o A SR
JOT RN TE B0 o i A R el I 1 o - B i A
FER B R . R A S A AR W AL B b R A
FAY, REISOCHSTN G BR4k R TREfT, N3Z2hk:
SR A R R (AN ) ASRZI, M R
55 B I SR B

oA EAA MR PERRAE T SR T b A A A7 )
HiHE P T e AR SR el R AR el A
TR DA B, WALRE DS o8 E, A

Rbe 2 D 4o . XL I 2R, AP
AR R S B BESRE T, BB KR MR, £
e R )+ M MU AR e M, 1T AT 5 A
LR

AAGETE R U AR B A AR P A
— 5T, AR i SR B A 0 2 P R E R, B
il A RIS A O, REIE A K
AR AR B A B A R R R A ik, T
M T R A T 9 25 A T e T R Bl - B s L0 AT
0 A PR AE 22 e 2R S AR B kAt A ol AR
Del 77 75 4 B 3 ) M Ak 22 50 o GRS R el VR A2 4
B PEPE SR, KSR TS, BRA
R e e b . AR B A B el T L B
B /AR AR A), 1R T ORI B A Y
2250, AR IR G i v SR B LL U I B SR I A AR
100 mmP&K & 1925 5, 3% AT BE 2 52 i Al 280 A0 i 28
YRR, BB

AR FEISOC . STNAIC/N5 HuJE A 7 1 A 56
PELZE3, BRI S, SOC. STNHIC/N HH 5 i 4%
HIE T4 56, SOCHISTN 5 i34k S 4 k25 IE AH ¢
(p<0.01) , AHFKZES40.161F10.172; SOCHI
TN-SGHE R B E AR (p<0.05) o Fikipss
Xof v 4 R B B ST A SR AR E R AR SR T B R 7
IR R T A5 A 55, X E B SRR R E bk, R
ek, HIBRRA KU EK RS H L.

J 45 3 S be - e p HOF- 2 9 5.88 ,  EL Bl Al 4F:
PR P A s M EE 58 ok B A i O B,
FRApE R E R A L AR R b+ ESOC 5 pH
FETE R EEAX (r=0.102, p<0.05) (%3) , {H
TIESTNSpHEW B ZF HAH KR (r=-0.124,
p<0.01) , AIfig 5 BICTERTfb b A2 b= A K i
HRINO, F3 HEpHIR A ¢ Y . HHEC/N I
FpHEM W #F IEAE (r=0.265, p<0.01) . 1

#3 REFERESOC. SINFIC/NS#FEF. +IEpHRYHE XM

Table 3  Pearson correlation of SOC, STN and C/N with terrain indices and soil pH
it H K Wela)
pH
Item Elevation Slope Aspect
SoC 0.161%%* -0.107* -0.045 0.102*
STN 0.172%%* -0.103* 0.042 —0.124%**
C/N -0.020 -0.024 0.265%*

e ORFE 0.05 K (XU ) EBEASE, **7E 0.01 KF (XU ) [ REEHL Note: *significant correlationat the 0.05 level,

**significant correlation at the 0.01 level
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Fig. 4 Comparison between the years of 1980 and 2014 in SOC andSTN content in the orchards of Jiaodong Peninsula
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[ Objective ] Soil organic carbon (SOC) and soil total nitrogen (STN) are two key

indicators of soil fertility and quality, and closely related to soil productivities of farmlands and orchards.

As the largest apple producer in the world, China has orchards distributed in all the corners of the country

across different climate zones,in a huge variety of soils and under different management practices.

Therefore, the orchards vary sharply in spatio-temporal distribution of soil C and N between different

regions. However, as for spatial distribution and dynamics of SOC and STN in the apple orchards of the

coastal regions, little system study has been made and little is known about differences and commons

between the orchards in inland and coastal regions.In order to optimize management of the orchards, spatial

distribution and dynamics of contents and densities of SOC and STN in large-scale apple orchards typical
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of the coastal region were studied. [ Method ] A total of 488 soil samples were collected from the surface
soil layers of apple orchards differentin age in Jiaodong, Shandong Province, East China for analysis of
SOC, STN, SOCD (soil organic carbon density), STND (soil total N density), spatial distribution of C/
N ratios, and their dynamics and affecting factors. [ Result ] Results show that the average SOC and STN
content in the orchards of that region was 10.80 and 1.42 g kg™' respectively, the average SOCD and STND
was 2.81 and 0.37 kg m™’, respectively, and the average soil C/N ratio was 7.70. Compared with the inland
apple orchards located inWest Liaoning, suburbs of Beijing, Weibei of Shaanxi and Ili of Xinjiang,the apple
orchardsin Jiaodong were generally higher in SOC and STN, but lower in C/N ratio. The apple orchards
in Jiaodong are often located in temperate humid hilly areas, quite loose in soil texture, and enjoy rich
hydrothermal resources, endowed by the maritime climate of the Yellow Sea. All the natural conditions,
generally speaking, are favorable to accumulation of soil carbon and nitrogen. The Nugget/Sill ratio of SOC,
STN, SOCD, STND and C/N was 0.432, 0.340, 0.420, 0.387 and 0.301, respectively, indicating that the
spatial heterogeneityis moderate in level, as affected jointly by structural and stochastic factors in the area.
The conclusion is quite consistent with that of the researches on SOC and STN in inland orchards. With the
orchards established, SOC and STN appeared to be on a rising trend, but after 30 years of cultivation, SOC
began to decline, while STNkept on rising, though at a slower pace. SOC and STN did not synchronize in
accumulation, with C/N ratio declining first, then rising and declining again. SOC and STN in the apple
orchards of Jiaodong were also affected by soil type, which is determined by its parent material and inherits
certain properties of its parent materials. Moreover, the distribution of soils has its zonality, which also
makes the orchards in Jiaodong different from the inland ones in SOC and STN. Terrain is only a minor
factor affecting SOC and STN in the orchards of Jiaodong, which is mainly because the orchards there sit
mainly on low hills and mounds, low in undulation and soil water loss. But the strong soil acidification in
the orchards of Jiaodong may affect the activity of soil microbes, and in turn, the cycling of soil C and N.
However, in inland orchards the soils are mostly alkaline ones, which have strong acid buffering capacity,
so the impact of soil acidification is insignificant therein. [ Conclusion ] The apple orchardsin Jiaodong
are generally high in carbon and nitrogen content and hence soil fertility and they have their own especific
characteristics of spatio-temporal variation, and much higher soil C and N turnover rates and more dramatic
dynamic variation, compared with inland orchards.

Key words Apple orchards in coastal regions; SOC; STN; Spatial distribution; Cultivation age
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