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Evaluation of soil physical obstacles on cropland in Shaanxi Province
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(1. Soil and Fertilizer Workstation, Department of Agriculture of Shaanxi Province, Xi’ an, Shaanxi 710000, China;
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Laboratory of Degraded and Unused Land Consolidation Engineering, Ministry of Land and Resources, PRC, Xi’ an, Shaanxi 710075, China)

Abstract: In order to understand the situation of soil physical obstacles on farmland in Shaanxi Province, a compre-
hensive investigation of soil layer thickness, soil bulk density and compaction was conducted in 1100 plots from 228 sites
over the whole province in 2013. Soil physical obstacles were evaluated based on the indicators mentioned above. The re-
sults showed that the average thickness of top soil was 17.3 c¢m in the whole province, and a thinner value of 14.4 cm
was found in northern Shaanxi. The average thickness of plow pan was around 20 ¢cm, and 14.5 e¢m, 18.1 ¢m and 20.1
cm were present in northern Shaanxi, Guanzhong and southern Shaanxi, respectively. In addition, the bulk density of
topsoil averaged at 1.25 g*cem ™ in the whole province. However, bulk density in northern Shaanxi Province was 1.35 g
«cm™? in average. The average bulk density of plow pan was 1.49 g*cm™? in the province, which was higher than the
threshold value of 1.45 g*cm™* and could be an obstacle for crop root growth. Moreover, the average compaction of
tillage layer and plow pan in the province was 781 kPa and 2901 kPa, respectively. The compaction of tillage layer was
suitable for crop growth; however, the compaction of plow pan was too tight for crops to growth normally.

Keywords: crop land soil; physical obstacles; tillage layer; plow pan; compaction; Shaanxi Province
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Fig.1 Survey sites distribution of physical obstacles

on farmland soil in Shaanxi Province
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Table 1  Descriptive statistics related to the thickness of plow layer and plow pan on farmland soil in Shaanxi Province
95 % EA5 X 1A

Bk B S L 7 2 27 95% confdence BME B R M
Ia Region Samples/No Mean SE Minimum Maximum Coefficient
yer i ples . /cm TBR/em EBR/em /cm /cm of variance
Lower limit Upper limit
gt B Northem Shaanxi 44 14.4 0.38 13.59 15.11 10 21 17.4
B St Guanzhong 122 19.0 0.46 18.13 19.94 12 35 26.4
Thickness
of plow BRd Southern Shaanxi 62 16.0 0.40 15.18 16.79 11 25 19.8
layer 444 Whole province 228 17.3 0.30 16.70 17.90 10 35 26.6
Acs  PRIE Northern Shaanxi 44 14.5 1.82 10.86 18.18 0 32 82.9
JEEE St Guanzhong 122 18.1 0.42 17.26 18.92 10 32 25.7
Thickness
of plow PR Souther Shaanxi 62 20.1 0.88 18.35 21.88 10 31 34.5
pan 4248 Whole province 228 18.0 0.49 16.98 18.92 0 32 41.5

558 IR A A FL, e A BRI TR
AT 2.7 em, RN 14.1% ; BUR)Z RGN T 6.4
em, HIEH 64% (3 3) o WA XI5, Bedt#EZ
JEREUED 7.5 em, JEIE K 35.9% , Hor o A T R A

KL L HZ R 5 em DL b o Bedb X A
TEEEEREN T 2.1 em, 308 K 21.6% , Hidh #45
FRRZEERINT 6.6 cm. 3 X #E)2 E R
W 0.4 em, HoA 23 A TR B K AR - B2 T R Uk
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Table 2 Frequency distribution related to the thickness of top soil on farmland soil in Shaanxi Province

<15 cm 15~20 cm 20 ~25 cm 25~30 cm =30 cm
Thin Thinner Moderate Thicker Thick
Bkt Northern Shaanxi 52.3 38.6 9.1
2 S Guanzhong 19.8 30.8 25.3 16.5 7.6
Plow layer % Southern Shaanxi 22.6 49.5 24.7 3.2
4245 Whole province 27.2 39.9 21.9 7.9 3.1
Bt Northemn Shaanxi 38.7 6.8 2.7 29.5 2.3
RRE 1 Guanzhong 9.9 38.4 33.0 15.4 3.3
Plow pan B Southern Shaanxi 19.4 25.8 34.4 3.2 17.2
44 Whole province 19.3 27.2 31.5 13.2 8.8

R3 BAARBHESEREEER 0 FEHER

Table 3 Thickness changes of top soil and plow pan on farmland soil in Shaanxi Province over the past 30 years

A /X3, REAEL/A Top soil thickness/cm Plow pan thickness/cm

Soil type/ftegion b;f?gl ;inﬁ;leb 1980 2013 Riﬂ? % 1980 2013 Riﬂ? %
Kb 1 Aeolian Sandy soils 5 24.5 15.4 37.1 — 6.3 —
4+ Cultivated loessial soils 62 20.1 17.4 13.3 10.7 17.3 61.7
P35+ Dark loessial soils 2 20.4 15.0 26.5 8.2 7.5 -8.5
P+ Cumulic cinnamon soil 76 19.4 18.8 3.4 9.8 18.3 86.2
1 Fluvo-aquic soils 6 20.7 18.3 11.8 9.8 10.0 2.0
#H+ Yellow cinnamon soils 13 16.8 14.2 15.8 8.6 19.2 123.6
HFEHE Yellow brown soils 17 16.9 15.4 8.8 12.1 25.2 108.6
JKAG L Paddy soils 14 17.5 15.0 14.3 11.9 17.2 4.7
AL Alluvial soils 28 20.5 16.9 17.5 10.2 17.6 72.6
Bkt Northern Shaanxi 43 20.9 13.4 35.9 9.7 11.8 21.6
F 1 Guanzhong 121 20.2 19.8 2.0 10.1 18.2 80.2
BRd Southern Shaanxi 60 17.5 16.2 7.4 10.3 19.3 87.4
V-4 Average 223 19.2 16.5 14.1 10.0 16.4 64.0
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Table 4  Descriptive statistics related to the bulk densityof top soil and plow pan on farmland soil in Shaanxi Province

95% EAF X [A]

LA A (i o 95% confidence W/ IME KAl AR
R 2 Fe R v R R
L Resi Samples Mean SE TR FrR Minimum Maximum  Coefficient
ayer egion X K
Y 8 /No. /(grem™?) Lower limit Upper limit /(grem™®) /(grem™3)  of variance
/(g'cm’3) /(g‘cm’3)
Bkt Northem Shaanxi + 1.35 0.008 1.33 1.36 1.25 1.44 4.0
BRI K Guanzhong 120 1.24 0.011 1.21 1.26 0.93 1.58 10.0
Bulk density of
low 1: Bk Southem Shaanxi 62 1.23 0.013 1.20 1.25 1.02 1.45 8.1
plow layer
444 Whole province 226 1.25 0.008 1.24 1.27 0.93 1.58 9.2
Bt Northern Shaanxi 44 1.46 0.009 1.44 1.48 1.29 1.55 3.9
BIEER e Guanshong 120 .52 0.008 1.51 1.54 1.16 1.74 5.9
Bulk density A
£ plow RS Southern Shaanxi 62 1.44 0.016 1.41 1.47 1.21 1.82 9.0
of plow pan
444 Whole province 226 1.49 0.007 1.47 1.50 1.16 1.82 7.0
x5 MAAKHE#MELIETESHINE/ %
Table 5 Frequency distribution related to the bulk densityof top soilon farmland soil in Shaanxi Province
BEZ4STE Top soil bulk density/(g*em™?)
X35,
Region <1.10 1.10~1.20 1.20~1.30 1.30~1.40 >1.40
/I Small BN Smaller 4% Moderate K Larger K Large
Bkt Northern Shaanxi 20.5 54.5 25.0
' Guanzhong 10.1 28.1 31.5 21.3 9.0
PR Southern Shaanxi 9.7 29.0 33.3 21.5 6.5
444 Whole province 8.0 23.0 30.1 27.9 11.0




1 FHSE BV AR T e PR AT A

51

%6 BEARADEELHEESHRE %
Table 6  Frequency distribution related to the bulk density of plow pan on farmland soil in Shaanxi Province

B JZZSTE Plow pan bulk density/(g*em™2)

X 5,
Region <1.35 1.35~1.45 1.45~1.55 1.55~1.65 =1.65
#5/7IN Small H125 Moderate LN Larger K Large WK Extreme large
B4t Northern Shaanxi 4.5 27.3 63.6 4.5
KH' Guanzhong 3.4 6.7 53.9 29.2 6.7
BEFd Southem Shaanxi 19.4 26.9 29.0 20.4 4.3
448 Whole province 10.2 19.0 44 .7 21.7 4.4

HETIR TGRS AMLL, 285K T EPES
HEH BB, BRKZREERAHE M T 0.10
grem AN 6.4% (2 7)o EATE X005, B
JEHHZFNALIRZ 3 25 FW A 1, e vp 23 A AR
ARG HZAEIEINT 0.1 grem ™3, K
XHFZ T Em A i (B AR Z A H I B3,
HWE o 8. 6%, HPh R IREAREE N T 0.13
grem ™o B TR b HE AT I S Ml X A28 A

JRZEE N 1.39 g-em ™, HHTALIRZ 4 H R
KF1.45 grem X —IGAE . PR X HHZAE
BRI/, BIR R A ERR F A K, 25 LR,
Bt D2 AN AL 2 28 AR TR, OG rh L IX.
B2 AT A W 10, B R b X B2 AL 2 45
AR, IR AR 28 528 LI AL
JEEAER 30% it 1.45 g-em™3, HET44 #F L
TIEREEREA 0% 5T 1.45 g*em ™3,
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Table 7 Bulk density changes of top soil and plow pan on farmland soil in Shaanxi Province over the past 30 years

2013 4 HEATE/ (g em™) - RIRIZAE /(g em™) -
IR /R 5 FEARL A Bulk density of plow layer A2 Bulk density of plow pan A2
Soil type/Region Survey samples Range Range
in 2013/ No. 1980 2013 /% 1980 2013 /%
Kb - Aeolian Sandy soils 5 1.37 1.40 1.9 1.42 1.56 9.9
T4+ Cultivated loessial soils 62 1.23 1.27 3.5 1.35 1.48 9.6
385+ Dark loessial soils 2 1.25 1.29 3.2 1.36 1.34 -1.3
3 1 Cinnamon soils 76 1.27 1.24 -2.5 1.40 1.52 8.7
11  Fluvo-aquic soils 6 1.37 1.29 -6.1 1.47 1.53 4.2
5 #5 t Yellow cinnamon soils 13 1.38 1.25 -9.4 1.56 1.45 -7.2
PEFAFE Yellow brown soils 17 1.27 1.25 -1.9 1.46 1.45 -0.7
JKFF L Paddy soils 14 1.26 1.20 -4.4 1.42 1.51 6.0
B Alluvial soils 28 1.26 1.27 0.7 1.35 1.45 7.3
Bt Northern Shaanxi 43 1.30 1.40 6.2 1.40 1.40 3.6
uanzhon; . . —-J. W2 . .
KH Guanzhong 121 1.28 1.21 5.5 1.39 1.51 8.6
X Pl Southern Shaanxi . . -4. . . .
R Southern Shaanxi 60 1.26 1.20 4.8 1.40 1.40 0.0
F-34 Average 23 1.29 1.26 -2.3 1.40 1.49 6.4
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b B S R IO ) RS RN v R
TIH—AF8hR. 3RS EYIAR R 5B R
K UK ABSE, I e e, RS &
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4752 30 290 R R R L - 4 ) PR L AR R 40
J s SRR AE 3 2R A SR 3 7 o AR A M A R e —
LR 700 ~ 1 200 kPa, -39 S92 B 25 8 T A, bl

2.3

Wt sx 32 NI /R TS . o R
KT 1470 kPa B A R AT 4R 32 FH, BT K T2 450
kPa I U] 7™ B B AR R 19 2E K Lhotskv H1 Zrubec
WA - S BT R AR R IRV E AR R A Ky 13
SEREJGEE, KGR 2 800 ~ 3 200 kPa ., FIE 1y 3 200
~3 700 kPa, 13 + 4 3 700 ~ 4 200 kPa, %3 Ky
4500 ~ 5 000 kPa, 3+ 5 500 kPa, #> + & 6 000
kPa[lZ]o

BvG 44 4 HAE 2 1308 B SE 2 F- 10 781 kPa, 7%
6T 250 ~2 080 kPa Z[H] (55 8), 728 ik rh &, Bk



52 TR X AR BFFE 5 34 3
b e BRr 2 138 B SR o 514,779,989 >1 000 kPa FIRE S5 54.9% . 8 FLR )2 B0

kPa, \IL = 2 maH . 288 XAKZ BLE
SEH A 2 901 kPa, 4L T 716 ~ 5 650 kPa 22 [A], FH 4%
Ao Bt oG Bk RE AL )2 b R SR A R
1 824.3 382.2 792 kPa, X Hb X ALJE )2 B 50 i
Ko EHRRIRZE LR B S THZE, FHE
SERESEREER 3.7 45, FEAR G LXK, AR E T
RLFEIRBIBHZAN 4.3 5. 282 RSN
B AHALRZ 3 RS R, T R i A2
FETAH R RS SEY A KRG
%12 18- 1) SoHRIFSE X 48 S AN A AR DL HEA T T 4%
SRR E (F9,10), 28 #F 2 B fF
> 1 000 kPa BYRE 5 25.4% , Horppldt s X B2 %
SEEEY)/INT1 000 kPa, 56 H b XHEZ B SEEE > 1000
kPa 1 BE s AL 7. 7% , T BR RE b X B2 5 SR

*8 MAEARBAHENREKETBEELERER

> 1 500 kPa [IFE &S Y 94.3% ,,flﬂ@éjl:iﬁc 90% LA
IR AR )ZE B /NT 1500 kPa, 7E 1 500 ~
2 500 kPa B 52 FE BAE SN 9. 19% 5 & H H IX AL
JZESLEE > 1 500 kPa [ FE 253k 95. 6%, E L ¥
>2 500 kPa FIKE 51K 76.9% , 45 34% HIRE 55 S50 1
L 3 500 kPas Bk L IX AL 2 B S0 B LR
F 1500 kPa, 5L > 2 500 kPa A 535 73.1%,
H 41.9% ke S BT 3 500 kPao REIKT S,
Bt A G b DX B2 4 S R T v 1 R b X
50% FFE s A2 98 B S B A K, AT BB I VR ) 1
WAK . 28 90% DL FFE S AR 2 + 3 B0 E IR
KL 70% A FE A5 SE B 2k K, T B i 7y 4 L
15, Horhr SE s FIRk e L (X 309% LA fRAE i B 5 e i
S,
ALt

Table 8 Descriptive statistics related to the compaction of top soil and plow pan on farmland soil in Shaanxi Province

95 % {5 X 7]
N 4 AR
- - HAA B 0307 oort o BOME BOR BERREM
L Resi Samples Mean SE " " Minimum Maximum  Coefficient
ayer celon /No. /kPa TH/KkPa L H/kPa /kPa /kPa of variance
Lower limit Upper limit
[t Northern Shaanxi 44 504 22.9 457.4 549.7 275 849 30.1
B2 K Guanzhong 122 776 31.7 713.2 838.6 250 2080 45.1
Top soil BER Southern Shaanxi 62 989 27.6 934.0 1044 .4 450 1430 2.0
4248 Whole province 228 781 21.9 738.2 824.4 250 2080 4.3
[t Northern Shaanxi 44 1785 69.2 1645.3 1924.3 716 2715 25.7
HIK)E FH Guanzhong 122 3358 90.2 3179.6 3536.6 1200 5650 29.7
Plow pan [R5 Southern Shaanxi 62 2792 98.3 2595.3 2988.5 1380 4800 27.7
444 Whole province 228 2901 69.0 2764.5 3036.6 716 5650 35.9
®9 BEAKREMELIEEIESHME %
Table 9 Frequency distribution related to the compaction of top soil on farmland soil in Shaanxi Province
BEZ B SR Top soil compaction/kPa
X 1
F,{:j‘ <500 500 ~ 1 000 1 000 ~ 1 500 1 500 ~ 2 000
egion
# Loose B Looser BB Tighter 5L Tight
Bt Northern Shaanxi 50.0 50.0
FHt Guanzhong 23.1 69.2 7.7
BFd Southern Shaanxi 1.1 4.1 49.5 5.4
448 Whole province 19.3 55.3 23.2 2.2
K10 BRAAKHAREKETEZIESHINE/ %
Table 10 Frequency distribution related to the compactionof plow pan on farmland soil in Shaanxi Province
R 2 KL Plow pan compaction/kPa
X 35,
Region < 1500 1 500 ~ 2 500 2 500 ~ 3 500 3 500 ~ 4 500 =4 500
BHi Looser B S Tighter B Tight J 5L Excessive tight 1R 52 Solid
Bkt Northern Shaanxi 18.2 72.7 9.1
F%H Guanzhong 4.4 18.7 2.9 34.0
PXFS Southem Shaanxi 1.1 25.8 31.2 23.7 18.2
4244 Whole province 5.7 32.0 31.6 23.2 7.5
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