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Spatio-temporal Variation of Farmland Soil pH and Associated Affecting
Factors in the Past 30 Years of Shandong Province, China
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(Soil and Fertilizer Station of Shandong Province, Jinan 250100, China)

Abstract: [ Objective ] Soil pH is a key index for quality evaluation of cultivated lands. So this paper explored temporal and
spatial changes in soil pH of farmlands in Shandong Province in the past 30 years, analyzed overall situation of and dynamic
changes in soil acidification, and discussed natural and human-driven factors affecting soil acidification, so as to provide certain
scientific references for prevention and control of soil acidification in Shandong Province. [ Method ] Based on the soil pH data
cited from the “Second Provincial Soil Survey in 1984” and the “Provincial Arable Land Fertility Evaluation (PALFE) in 20157,
the soils of the province were sorted into seven grades, i.e. I. Highly acidified soil (pH=4.5), II. moderately acidified soil

(4.5<pH==5.0), III. acidic soil (5.0<pH=5.5), VI. weakly acidic soil (5.5<pH==6.5), V. neutral soil (6.5<pH=7.5), VI. weakly
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alkaline soil (7.5<pH==8.5) and VII. alkalinized soil (pH>8.5) , in line with the criteria for soil grading in terms of soil pH
(Cultivated Land of Shandong) and in light of the reality of the province. The Kriging method and some other statistical methods
commonly used in geostatistics were adopted to analyze the data with the aid of ArcGIS, Excel and some other software. [ Result ]
According to the second provincial soil survey, the soils of the province was averaged 7.6 in soil pH, and no soils were sorted into
Grade 1, Grade 11 or Grade I11. The soils of Grade IV, Grade V, Grade VI and Grade VII were 94.49x10%, 259.0x10%, 498.8x10*
and 1.03x10* hm? in area or 11.07%, 30.36%, 58.45% and 0.12%, respectively, of the total cultivated land area. The soils of Grade
IV were distributed mainly in 7 cities (Weihai, Yantai, Qingdao, Rizhao, Linyi, Weifang and Tai'an). According to the Provincial
Arable Land Fertility Evaluation, the soils were averaged to be 7.2 in pH, and no soils were sorted into Grade I. The soils of
Grade 11, Grade 111, Grade IV, Grade V, Grade VI and Grade VII were 7.48x10%, 46.09x10%, 155.4x10% 202.8x10%, 347.3x10" and
1.647x10* hm?, respectively, or 0.98%, 6.06%, 20.43%, 26.66%, 45.65% and 0.22% of the total cultivated land area of the
province. Soils of Grade III were found in 6 cities (Weihai, Yantai, Qingdao, Rizhao, Linyi and Zaozhuang) in the Jiaodong
Peninsula and along the southeast coast, and soils of Grade IV in the 12 cities, except for Dezhou, Liaocheng, Binzhou, Heze and
Dongying in the alluvial plain of the Yellow River. According to the Second Provincial Soil Survey, the main types of soils in the
province were sorted, in terms of soil pH, as follows: Fluvo aquic soil>Paddy soil (Fluvo aquic type)>Cinnamon soil > Sandy
black soil > Skeletal bone soil > Brown soil > Fluvo aquic soil, varying in the range from 8.0 the highest to 6.8 the lowest, and
showing a difference of 1.2 units between the highest and the lowest. According to the PALFE, the soils exhibited a similar order,
in terms of soil pH, i.e. Fluvo aquic soil > Cinnamon soil>Sandy black soil>Paddy soil (Fluvo aquic type) > Skeletal soil > Brown
soil, ranging from 7.8 the highest to 6.0 the lowest, and showing a difference of 1.8 units. Comparison of the two datasets shows
that the soils of Shandong as a whole dropped from 7.6 to 7.2 in soil pH in the past 30 years, and the area of alkaline arable land
increased slightly, while that of the weakly alkaline and neutral arable lands decreased relatively, but the area of acidic arable land
remained increasing significantly, and some of them even were acidified. [ Conclusion ] Since the Second Soil Survey of
Shandong Province, the average soil pH of the cultivated lands had decreased by 0.4 units. The drop of soil pH was mostly found
in regions of lands of Grade I'V. Changes in soil pH of cultivated lands varied sharply from region to region and from type to type
of the soil. Soil acidification occurred mainly in Weihai, Yantai, Rizhao, Qingdao, Linyi and Zaozhuang, especially, in skeletal
soil and brown loam derived mainly acidic parent material. The Fluvo aquic soil and Cinnamon soil derived from Yellow River
alluvial depositand  limestone were both alkaline, relatively high in pH. Natural acidification, crop harvest and improper use of
chemical fertilizers are the main factors triggering decline of soil pH and even acidification in Shandong.
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Sketch map of soil type distribution in Shandong Province
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Fig. 2 Areas of the main types of soils in the 17 cities in Shandong Province

1.2 ##ERIE

ARG HE pH Fl R IR T 1L R4 LA R}
SR IR A S IR AR R R (1984
) FAE A )R (2015 4F ). 55k HIE
WA YL, SRFERTE] 1982—1984 4F, 745 4
pH ¥4 3 827 A4, HipdalE | H+ . Wit w2k
+ . KRG AR A 3 222 A, REEIRE 0~
20 om A HHFHLHL T PEY SR AERT B A 2013—2015
AE, HE pH s 3.47 TS, HobkigE Wt W
+ . WEBL | KA RS 337 A, R
FEUREE 0~20 em. HIERETCRES pHIE: RA
ZHIRAERE 0~20 cm )2 +45 , £ X T it 2 mm
FifE R KR T 1 (5 R RIS AR IS ).
2.5 0 10O G Mk TV ), F AR DU A2 148 pHL.
1.3 #iELE
1.3.1  ARKEHIE pH Mgt
S A A8 GO B A kb T PEA pH D
KEWAE, TCEHIT2EE . E2EREFE
TR HE 60 4>, HrPERE 154, #1154,
WA 304, KL 11 2.5 1, aRIE
pH, i pH> 50

RSB RY], pH JEHIN 4.07~8.39, “FX{E
} 6.67, pHasiGEM 4.27~8.76, FYIE N 6.93.
22 IS AR AL A pH, s=1.019pH,+0.138 5
(R=0.997 2), EI/MILA 244 HE L FBGIE T UG 5%
BRIP4 W T pHL s 5 SEIME AT
R, BT EAFERENEER (P>0.05), X5
TR pHy s S5S2ME, THEAMXHRZESR,
XPURZEFITE 1% AT, U R (R 5AT AT §EpE
132 BHb-EpH MM EHIE IIARESE KL
By + 3 pH ARk, JELUSE ik R A
pH ST EUE AR, LA LAE IR oG, $EAH R
GRALGEE R pH KIBE, S99 mi; #F
M pH 2540 1 BUR S5 Rk 583 4 + 18 pH 40 A &
AT S £ oo HBCR BT Z kS . LR
AR PP 1 4 pH AR A, T 2015 4R
A TP 9 1 pH S EE SR
FEVEAS s #EH pH S0 AU A FH kb ) F
Hr 48 pH 43 A (&1 5 4 oA FHBUIR B4 T 3k A
133 Srbse 2% (LA ) POpH %9
R oAnfe, AR LR IR ORI, K 4 4R
SyomsRmRtE . heRERYE . MRTE . SSERYE. P 59

http://pedologica.issas.ac.cn



184 + b1

T 58 4

B AR 7 A (R 1)

1.3.4 FdEoHr R Excel 2013 fil SPSS 19.0
AT G 00T, SRS REA ¢ K56 %) + 38 pH
HEAT 2 SR

2 4 R

2.1 WHRAHHTIE pH WEGKTHEE

I WS A, T 30 4Ek, 4 B M
pH LS, JEHBRSHHbERIL, pH FHE
M 7.6 FE2 7.2, FRAK 0.4 DA, 28 R R34
BIAL BB R, 2B %mRME (5.5<pH=<6.5).

it (6.5<pH<7.5). 895t (7.5<pH=<8.5) Filfi
P (pH>8.5 ) A My 1mi A 430l o 224 s B b 8 1 A 1Y
11.07%. 30.36%. 58.45%F1 0.12%. 48 ZH/f Huith /1
WSS R, 8Pt . Rk, smtE. b
PE 55 R B b 23 ) B R T AR 0.98%
6.06% . 20.43% . 26.66%. 45.65%%11 0.22% (& 3 ),
AR - SERR TN 3 9, 55 B A PR A b T
R LE IR B, 2382 T 12.8 FI 3.7 AN A 43 45
SHERPERR ALY Hh 11.07%348 2 20.43%, 340
T 936 ANAS A LT R RER R,
b 7.04 NE SR SRR E R A7 L RE A RN, fh
0.12%M4 M % 0.22%, BT 0.1 4N FE 408,

F1 WHREHELE pH DRITE

Table 1 Grading of the topsoils of cultivated lands in Shandong Province by soil pH
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Table 2 Average soil pH of cultivated land relative to city in Shandong Province

W R R AR R Hrdth 3 ) P77
X35 i 2:H
Second provincial soil survey Arable land fertility evaluation
Region Cities Difference value
pH FEAKI Samples pH FEA%L Samples
LR HLIX H 7.3+0.58 51 6.3£0.99 2199 —1.0%*
East Shandong MEe 6.9+0.56 708 5.9+0.69 478 —1.0%*
i 6.6=0.54 289 5.3+0.67 1617 —1.3%%
1Y 6.840.58 5.940.97 - 0.9%*
g X SR 6.9+0.48 79 5.8+0.82 568 —1L1%%
South Shandong e 97 7.0+0.46 288 6.240.75 4014 —0.8%*
1Y 7.040.47 6.240.77 - 0.8%*
PR IX Y 7.140.40 275 6.4+0.67 951 —0.7%*
South central e 7.7+0.61 282 7.4+0.63 2274 —0.3%
Shandong "E" 7.5£0.44 423 6.4+0.86 801 —1.1%*
33" 7.2£0.34 119 6.7+0.58 1078 —0.5%*
T 7.4+0.52 6.9+0.80 —0.5%x
ErhbIx i 7.840.47 322 7.9+0.47 1691 0.1
Central Shandong i 7.7£0.35 286 7.6+0.74 2848 -0.1
55 7.4+0.36 149 7.1£0.53 4156 —0.3%
-3 7.7+0.43 7.4+0.70 —0.3%
B AE X K 8.0£0.50 31 7.940.25 310 -0.1
Northwest Shandong TH® 8.2+0.22 75 7.9+0.44 3322 -0.3*
L 8.1£0.25 265 8.140.31 2764 0.0
BN 8.0+0.26 40 7.9+0.30 1951 -0.1
FiRE 8.1+0.22 145 8.1£0.26 3661 0.0
-1 8.14£0.27 8.0+£0.35 -0.1
2R" 7.640.62 3827 7.2+1.03 34683 ~0.4%

7 *¥*P<0.01, *P<0.05, F[A] . Note: ¥*P<0.01, *P<0.05. The same below. (D Qingdao, @ Yantai, @Weihai, @Average, ® Rizhao,
©®Linyi, @Zaozhuang, @Jining, @ Taian, A0 Laiwu, @ Jinan, @ Zibo, @ Weifang, @ Dongying, (3 Dezhou, @8 Liaocheng, @ Binzhou,

(® Heze, 19 Whole province.
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Fig. 4 Spatial distribution of soil pH in Shandong Province
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Table 3 Average soil pH relative to soil type in Shandong Province

SR AR YR

Second provincial soil

B ta s Ji PR

Arable land

d e 28
survey fertility evaluation
Soil type Difference value
FEAKL FEA KL
pH pH
Samples Samples
£53 Brown soil 6.8+0.49 766 6.0+0.84 5443 —0.8%*
#3 1 Cinnamon soil 7.6+£0.40 897 7.1+£0.78 6559 —0.5%*
# 1+ Fluvo aquic soil 8.0+0.40 834 7.8+0.72 16 134 -0.2
b2 1 Sandy black soil 7.6£0.37 141 7.1£0.89 2181 —0.5%*
KFEL (AL
7.7£0.40 51 6.7+0.81 339 —1.0%*
Paddy soil ( Fluvo aquic type )
#5 + Skeletal soil 7.0+0.58 533 6.4+0.96 3071 —0.6%*
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FEA R, MRIEE WS A R s Uk
S KB 58T 2011 FFINERE FE/EYIIRM
TP E RS (R 4), DREREHT
R RO, N 140.9 kmol-hm 2, RS E K AINE
A3 5K 97.2 F179.7 kmol-hm 2. RiE 7R it XA [ Fi
RRMBETRINFRI, 3. R N/ FORAEAAR
FA R AL R B W i 8 T/ N R ok AR R PO
3.3 HEREXY 1% pH AU

WFFE R, KIS EEREAL , R0 it 67
MRk . AP . SALESFRIENE R, 2 RIEmR L
IR 22— BT 4 S 1k 1 31K 3h P2 v it S 5 ik
T 55.1%% AR H, INARE R LS i ZL
ROMA . H IR RN 5 A I it 5 R R
(| 5) B¥) 535014 650.6 kg'hm 2, 542.7 kg-hm 2,
488.4 kg-hm > F1 433.2 kg-hm ?; MHE . HIE, #FE
T T SRRt Y 3 2 i, 494 242.4 kg-hm ™2
195.6 kg'hm 2. 186.0 kg-hm 2 1 174.8 kg-hm >, A5 #F
FEW, WRKAMXAEHRES £ pH 2HH
KRFR, AMNMHEBEK, 15 pH 8%, FILE
FHE/NTF 240 kg-hm 2, +3 pH [ 5.35; FEE
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Table 4 Amount of base ions removed with crop harvest relative to crop/ (kmol-hm )
5 %
1E¥) KAE N BN LiRia i Ly R B %
Chinese Other
Crops Rice Wheat Maize Cotton Vegetables Potato Apple Pear Grape
sorghum melons
X
Whole 31.8 79.7 97.2 48.2 50.8 46.0 140.9 16.8 10.9 14.9 11.3
province
700 . - - L . 1300
rﬁ; o FAL i 53 1 Fertilizer application intensity —
5 & Z AL ST Nitrogen application intensity E
< 600r {250 2
E <
5 500} Z
k= 1200 =
E -
5 400 | %
=} | =
& 150 §
E 300} s
= 3
£ 1100 &
= 200H z
gl gl
= i 150 ﬁ
= 100 2
= =
=
SN o B
12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

IIZ 17T 17 cities in Shandong Province

5 2000—2011 I ARE 25 LR AR (4831 A 2000—2011 4F CINARGEITAEL ))

Fig. 5 Intensity of fertilizer application, relative to city in Shandong Province in 2000—2011 ( Statistics from 2000 to 2011 Shandong statistical

yearbook )

FHEA 240~750 kg-hm 2, 1 pH &4 5.28; AU
i PR T 750 kgrhm 2, 3 pH [ 51659, [A
I AR R A2 R R, RIS T T 1R AR
SR EE T AL R, SRR
Az R R U RO P B R . S Ak it A R
LAY B NH 45, Ao Y AR 2508+
Ak, P, KIS A B AR AR 2 i Wt S R
M EEFHZ —, B FIEM A G BE A, & .
W, BRELBISCIE, ARG KH I pH AT IR B
b A4 pH LB R RS 2T,

M

4 45

3 pH LR — AR SR, Hih T
B Tl AL HE T A S, 25 38 pH A T

— AR o AT HOE AR R R A A 0 (1984
A ) R SRt S PEAR (2015 4F) BT AR
B3 pH B, 30 4Pk, ILARA 14 pH FIE
H 7.6 B2 7.2, BUGARR K, BEIKT 1.3 87,
HWRERL, HIR, WEMEE, SHBEET 1.1,
1.1, 1.0 F1 1.0 P BAA o AS[RIZEHY 4 3% pH A8 fb i K
MK R KRG s, ME L wRE AL
L. HAr, IWAREMRME -5 TN MAERK
LGRS RS WG, H5. AR
G UT AR RS 6 AT, b & g T R Ak AR
Ko X AR AR - SR Ak = EE R e N R T &
B, MR R DA AR IR R 2 it A —
SERZIA, (AN [ i X - S8 Bl 28 1 5 i) R 2%
AN ] SR (Y TR B 2% P e 25 S AR AT e Bt — b
SERAFTE T, DA AR LR
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