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The spatial variability of the content of organic matter in hilly tea plantation soils

with different sampling scales

FENG Na-Na', LI Ting-Xuan'?, ZHANG Xi-Zhou', WANG Yong-Dong', XIA Jian-Guo' (1. College of Environmental and
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Abstract: The hilly region of Southern China is the main area where the tea plantations are distributed in our country, Studies of
the spatial variability of soil properties, especially of the organic matter (OM), is helpful for the precision agriculture. The
Mengding tea plantation in Sichuan Province was used as the subject of this paper. Geostatistics were used for the analysis of the
spatial variability of OM in this tea plantation with two sampling scales. In the tea plantation at the small scale, the result analyzed fi
by semivariograms indicated that the OM content was moderately spatially dependent, the rate of nugget to sill was 49.9% , The ;
range of spatially dependent OM was 894m, and both structural factors and the random factors equally affected the spatial ]
variability of the OM content. The OM content had a stronger anisotropic structure in the aspect of the slope, and a weaker one at é
the aclinic aspect of the slope. According to the Ordinary Kriging method the equivalence of the OM content was distributed along
the aclinic aspect of the slopefrom northeast to southwest, and the OM content was reduced as the elevation went down. In the
representative tea plantation at the micro scale, the result analyzed by semivariograms indicated that the OM content was strongly ;

spatially dependent, because the rate of nugget to sill was 4.1% . The range of spatially dependent for OM was 311m, and the

spatial variability of the OM content was fundamentally affected by structural factors, It had a stronger anisotropic structure in the

aspect of the slope and in the aspect of 450 with the aclinic aspect of the slope. The Ordinary Kriging method showed that the OM
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content increased from the top of the tea plantation to the bottom.

Key words; spatial variability; geostatistics; organic matter; tea plantation soil

&S HEARANAMER, RS ATRERRE SN L EREHENREZ—, KRETFLEHE
RN ESHERERRVER LHERAESHEMNRE TR HBFHEERERA T EENESGDRE
THHATUARE L ERESTARRE BV R0 EHEERRERBRRE I MRETHHAERESI“HH
MEAR” By EAt, KEILIE S SIREABRETRO L BEHSHERSHERESZ LY BFRUA
BARTARET HEEESEEREHRORE Y, BR, BMNARITAERETREASHT L85
PR E W ERR, R EE 0K R RGBT, HEEPE YRR 5 6 R M
FEe,

THEUHERNERRRENRYE,  ARRET,A—-ZENGHEXBREHE2MRK, EE A HKEEnD
R7EFBPEREVLR S BFERMMN, EARET HEMSFEREES. S—RETH T RIFEEEE
FERR AN FEAST BRSNS E AR LWL, HEZ2RET 20, AT AR & 8 # 5= i 5
U, il ERRM AR F T REFMIRE T HELZE - HA VRS B2 SR E#T TR,
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b A PR TE RS I S AR RN RIS IF AR R o
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HWLATONEREZTEN, EFRLETE LN, R TEARRRNSER , EETHEE 1800mm L L,
FTLRPEFMAWEERE — QRIS FELHRARTK . FMUREFESFELEKREE, %
Bl {45 T, ARl 51.80hm’ 3% & 2K 15 ~ 35°, 5 1] 3 105 ~ 160°, #F 4K 7 900 ~ 1450m, B A By 1 R 255, 2%
Bl AR W ERE RN K (BRY).
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PR R LR AN B4R, FE 80m x 120m MG AT BEALRAE P MBHN F 2o b M AR REHE (@ 1), R E+
B 106 N BEEEM—NEE AP, E 10m ER AR S SRS A, A A GPS(GARMIN 72)ig#
FLENE., RAEREARERMNNERKRKT,B0~30cm 1 Z.
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Fig.1 The distribution of soil sample sites at small scale Fig.2 Sketch of the distribution of soil sample sites at micro scale
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KEBEAFRENBRAERNERIERRETHBIRM R, HM AT ST 10 PR E & P 5, 8% 1090 ~
1120m, 3 14 3% 130°, S5 BF % 24, LRI, |+ T4 80m, Z5 4 T8 60m, LA AT i) 7K S 701 2 B J i) 43+ 31 F U 4% B8
SR, 15m x 16m FUASALIUBGE (Q1E 2), ER B LIS 30 1. BALHERUNBHRLHFL2m
HEAI 3 SRS M. H GPS(EER F)MEME 4 TAMBEMNE, I HERBEEMEASABCLRK 1
MR, ERBAANIRERNRERE S HMRETHR. :
1.4 LBAYLFEME K,Cr,0, ~ H,50, B B#E
1.5 BIE ML
1.5.1 WG STE RSP EFEREM—LEEZSHNRSE EGENERSFTLUHRESR
R ERE—EREFHNSRAEFNEXBE, ERTIR LRSS MR a8, [ e d R H 1T
Kriging BEAEM . L ERPEBRNT
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y(h) = EN—I(h—);[Z(x,-) - Z(x + )P

AP, y(h) KT 2 BB A B RS 8] B FREE B, BR MK N(h) k(R FR BE B O ief 8 B A R LA
A Z (%) F Z(x, + B) A HIRKEALER Z(x) BEREME x, M, + b BEWE.
1.5.2 BHETE EHFRLEP,FHSPSSIL. L MBERRET LEAVLRIEITZMEITE00, hit—#
BT 53T 43 M 42 L AT B FELRY 5 45 100 [R) 4t A0 4% 1) 42K 22 SRBU AT AE GS + 5.3 B R, LIS B H A VLR
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2.1 HIEEVURGEIHARE 47

MEIAH,NRETHEAIESRE 14.47~51.42g kg ' 20, FHER27.2g kg™ . MRETFL
M HUR & BTE 17.67~ 51,42 g-kg ' 21 LY 34.91 g-kg™' 8 F/ANRE TS DL + B4 HLRE T
B, BARET,ENESEOESERDIN 25.00% 5 25.49% , IR 1B B AR>S Rbng!", :
HRTFHEER,

MERKMEZTHLERY, PDREMBURET LEAIRSEMNUERBEY RS ESITRER (X
Do NEI3HMEAMATUEE, HIMRETHEHBEEAFTESESSIMME, B, UG NESEREH ‘
R K,

£1 TEARELWNAVRMEMEET (g-ke™)
Table 1 Descriptive statistics of OM in soil of different scales

VAl _
R ’f:‘? o Mff RAR RN ppx  mmam mEex  exee
Scales ampre an : - s.D. C.V.(%)  Skew. Kurt.
size value value value value
/SR E Small scale 106 27.22 26.61 51.42 14.47 6.83 25.09 0.968 1.606
# R Micro scale 30 34.91 35.42 51.42 17.67 8.90 25.49 -0.236 -0.542

2.2 +EAVNESEEFZREAN
2.2.1 ZWHREMET¥H 2 BT

(DARETHmFEAEETEZRE ZMFTMTRERR L EEINE SRS MO LR, FEER
BB R B R ERARAE , LA KL BEALAE (B M S e AR R B AT, H, ERATHRSETLEE +
WA YR S R, UFUR ARG TR — A . L3P 25 ()28 SRS H S W7 10 2 SR L L 45 0
EREKE T RAME, ERRRERN, TAEERERR(RD)MBRL(RSS), HRE o2 EREE
MEBRMK D, TREERMSEEENTRERSBESEEGEZL(C/( ¢+ )RS, B+ W R
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Fig.3 Distribution frequency of OM in soil at small scale Fig.4 Distribtuion frequency of OM in soil at micro scale
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(B BE T 2 77 2% B MOHE AT AL, T AAS BB AT 0 7 22 RORIB IR . iR 2 A HFET41,170m B K T
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Fig.5 Global experimental and model-fitted semivariograms of OM at the Fig.6 Global experimental and model-fitted semivariograms of OM at a lag
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HENPE, XS5HMEEMERE-F . BIEEREEZRREBTABBENER, R2P,170m$FK
T AR T8 AT 2 894m, KM BB T 0B SR BE B, BT LA 5 A BF 5 X P9 4R AR AU B 52, T LAAR
F—ERMEBEREYHOBERE.

(QOWRETEMEEETERE MRIFF, SPIRETROLFE L BWAVREBETEREH
WHRARR, MRE FRE L EEVRE N ZREWREEIIRRER . C/( G+ O)VEHR4.1%, KK
EABAVREZRERENRARNNZ MK, SR FRYMAZAZRN EERNER, WAV
EFREmuAt. B, EEARMCEMSREEMNENMRTEEMRNEME R, MOUEEPER JERE
FEMEEAZUAKR, BB LEANASEERFOEERE, HEER 31Im, B2 KX TFEERFERRE
BE 16m,

22 MREFTASKAETINFANREAAES T ERAMNBIEHVEFTLEN
Table 2 Theoretical semivariogram model and corresponding parameters of OM at various lag intervals at small scale

H K A BE Lag R e G EEE C+ € R Range hel/EEHE WERN B

intervals(m) Model (kg™ (kg™ %) (m) Col( €y + €)(%) R? RSS
140 E 0.0082 0.0470 519 17.4 0.674 2.51x10"*
150 E 0.0234 0.0470 819 49 .8 0.705 3.11x107¢
160 E 0.0235 0.0475 912 49.5 0.725 2.15x10°*
170 E 0.0239 0.0478 294 49.9 0.758 9.49x10° %
180 E 0.0238 0.0477 861 49.9 0.691 1.13x10°*
190 E 0.0103 0.0468 489 22.0 0.608 1.33x10°*
200 E 0.0107 0.0467 492 22.9 0.686 8.86x10°°

E &R BRI E refers to exponential model; T @) the same below

%3 MRETMANREARAMEFEAYBLAVRAXSY

Table 3 Theoretical semivariogram model and corresponding parameters of OM at various lag intervals at micro scale

HRIFEE Lag BA e c, EHE G+ C AF 2 Range HheH/EEHE R R B
intervals(m) model (g?-kg™?) (& -kg™?) (m) Co/(Co+ C)(%) R? RSS
20 s* 0.0127 0.3114 311 4.1 0.613 3.88x107°

* BRI MR BY Spherical model, T [ the same below

222 ZAFUETFTEREHTE WTFRBAETE LFERBANESSERK (WAL TASHRAE %,
HEENTT R LXK R R ERERFE NG E B R &6 REMERABN K, TTE R,
(DIRETERREEFEZREE EX— R0 M BN 2558 2 6 52068k A, & 5
PR R, M KSR RAEZ T RNEREHE. hE4 TR, BTILZEE 34 PUKE 11190 15627 A b
K& RREELLH 0 14.23 71 13.84, I T HAVR S BIEX BN H M LB R B K, 2197 66°F [ L

£4 MRETIRENEENSMLTETNELEBVEEESY
Table 4 Theoretical models and corresponding parameters for anisotropic semivariogram of OM in soil at small scale

ERH M B RS C BEM G C, LHERSY THERSH hEHIEEHE

Major axis o ) Major axis range Minor axis range Col(Cy+ C) RERY  AE
I EE Modd  (@okgt?)  (@rkge?) R RSS
direction(®) parameter A, (m) parameter A,(m) (%)
21 E 0.034 0.3501 10320 10320 9.7 0,744 0.1964
66 E 0.029 0.345 8863 8863 8.4 0.743 0.2023
111 E 0.040 0.433 33430 2350 9.2 0.733 0.1351
156 E 0.032 0.544 33500 2420 5.9 0.739 0.1083
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BHBELN |, RAT GRS BEXE T A LW ERAHE, XHAF ML ZER T BN,
HRRWEHRIART B, 111°H 156°T7 MR R AL E 1, 5 % 0 L 8 17 B0 3R 8 B 77 1) K BAE
], 28 B/ T 185 K P O [ B, U AT AL & R R IS R R A, X 5 &
T/AREwZE L EAVRY T 2 BRESEHES TG RMAE, EA L, AEEBREEXE - BEIRY
RRAFAR, B AR B TR, T RAVRRBERE/N RERE TR LRSS ETRE
B

(DMRETEMFHETERPRHE HESATEH, PDREFIEEINERECHFALERNRELY
3.80, E R AR RAHM B K 7E 45° M EM B E RN 1.61, WAE—FHZ AR, i 90°H 1357 [ %5
EFRHEEH L RAXFE DN ANSRERES, SE L MRETIRAENRSBEES M A LHERY
HARETSH., CHMRKEREF R, ERE A =B, MIE . RESANEHRELKEN #T, 5K
A A LR B K ) L AR BN, ERE S W LB A, X S5/NRE T &M R0 AM0 .

x5 MRETINANRAEHRELASIHRILRBIETXSY
Table 5 Theoretical models and corresponding parameters for anisotropic semivariogram of OM in soil at micro scale

] ®E - il 2
T - BeM izl IHEBSH THERZH LREH/EGE e AM

Major axis Model Cy Co+ C, Major axis Minor axis range Col(Cy+ C) 5 W RSS
direction (g kg™?) (g 'kg™2)  range parameter A; (m) parameter A, (m) (%) R

0° 0.037 0.304 1093.0 288.0 87.8 0.612 1.14x107?

45° 0.035 0.254 542.3 337.3 86.2 0.614 1.75% 1072

90° 0.034 0.229 373.5 373.5 85.2 0.613 1.89x 1072

w w W

135° 0.034 0.229 373.5 373.5 85.2 0.613 1.89x 1072

2.3 HHEAVIRM Kriging 3 {8

2.3.1 HIRETFTHEEVEY Knging iH HET7A
EH,.FZDLUTEAIESBAE 21.54~51.42g-kg ' 2
] B 2 B T ARAY K, 14.47 ~ 21.54 g-kg ™' Z J6] B9 25 ) T
e/, HERTAEHE MR Z R 7R PR
A EFRERVLFERRENER B I HEL
EXEARHR BT, tEAEIESESERS
EEHEEEMX(R =0.554"" ),

FREN, ERFRLRE L EAENES 'SR
BEERBENTERBEE: (DFETLEEP LHHR
WECSS R T3 A KRBT, KA B & ot B LR T 48
Z BAMANFENRELTEER . ()78 & 508 T 35 A T8, HA LR 0 20 5% Bk T 308, B
ENFEHBRBEEEERBETTH, GORRXBAMMNTH, KM - RpR R LB E, LEREFIE
BTk, BEEESU M EEEYA LA LA™ AR E SR ERRE L EA
FRRAR EFRME S REMAXRENT MK,

2.3.2 MRETEBEVNFEM Krging G6E HE 8 TH, MREF HEENFESETE 29.52~42.08 g-kg™'
ZHEMEEEREA., TRARSBEREKFFA2¥ROM, Ah LA THES Y MM BE FILR
SEWEERIENGESFEIRATH, XE5MRET LEFNESESMREAR. TR MRETHR
MEN T HARETAERMBG AT, TREVNREMRAELSBAFE L RAILRELFRHRE
EF EMRET, XEHEETE T EANRSBERENEWIL L EEHRK, EAMRETHHRAEER

By DPRETIRAVESBELFEKE (e kg™ ')
Fig.7 Map of Kriged estimates for OM in soil at small scale
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A, I A A B T P BRI AR K T - R R BLIR -
SREHTHELBRHER, H LR+ EEEENER o2

360 T ——
B F B3, “\\M_\\H////
3 & ‘

3.0 FMRETLHESIRSENSRMHEXEESEH
BER e

MRETHRENRESRAG HES ML, S t2§9 ”M<;
AR IE Y 80dm; MR E T + MA NG SR AH BRI
BO7S IR HE, 25 A BE 3 311mo /NREF + 864 N0
HURS B 802 )70 2 B BEALIE R R A 51 1 40.00
ERXWAHEZAERSHEEN, MRE T +RE VR
FRTAER ERAAMERRTIE, e RORET + AR A BB UATEE (g kg)
3.2 BAIMRETIEREVRMSEZER I N A—% Fig.8 Sketch of Kriged estimates for OM in soil at micro scale

MRETEHEVNRSBERET MM EREKR, BEAF I 0 EHERE/N THHRE T LBE IR

ARSI A BR T KI5 [ 5h, FER A TR 45° T MR A — M ER
3.3 AARET, 2 RENATROHAEKPNELE TR ERAR

ARET HREVRGBARICETE 7 2 0 8 8 H R 470, BIHT 32 Tl B 3% 8 K 7 J i 8 4R 4
fi EEETE L SHERFGESHREEEMRX. MRETLEANASREBEEKYraE2%Ra%, 6

ARLBTEZHFYMAEL, X5PRETEIRTURE L EAIES B HREAR
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