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Soil organic matter and bulk density constrain wheat yield in the lime
concretion Shajiang black soil of Huaibei plain
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Abstract: [Objective] This study aimed to investigate the vertical distribution characteristics of farmland soil
quality in the Shajiang black soil region of the Huaibei Plain and its influence on wheat yield, so as to provide a the-
oretical basis for soil improvement and sustainable wheat yield increases in this region. [Method] This study used a
combination of field investigation, sampling, and laboratory analysis to examine soil quality in the (0,10] cm, (10,20]
cm, and (20,30] cm soil layers and wheat yield at the corresponding sampling sites in a typical Shajiang black soil
area. [Result] Soil pH and bulk density increased with soil depth, whereas soil organic matter, total nitrogen, alka-
li-hydrolyzable nitrogen, available phosphorus, and available potassium decreased with soil depth. The soil chemical
quality index differed significantly across soil layers and was significantly positively correlated with wheat yield. Its
contribution to wheat yield variation followed the order of (10,20]cm > (0,10] cm > (20,30] cm. Wheat yield corre-
lated positively with soil organic matter, alkali-hydrolyzable nitrogen, available phosphorus, and available potassium
in each soil layer, and negatively with soil bulk density. The contribution of soil organic matter to wheat yield varia-
tion differed among soil layers; the (10,20] cm layer showed the highest contribution of 33.27%. [Conclusion] The
(10,20] cm soil layer is the key layer influencing wheat yield variation in the Shajiang black soil region, with soil
organic matter being the most critical environmental factor in this layer. In addition, ameliorating the bulk density of
Shajiang black soil in the 0-30 cm profile is conducive to improving crop yield.
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Figure 1 The distribution of Shajiang Black Soil in China and
the sampling sites in this study
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Table 1 Statistical analysis of sampling site distribution in the study area
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Figure 2 Method of plough horizon depth measurement
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Figure 3 The average wheat yield and the plough horizon depth
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Table 2 Correlation analysis among soil physical quality indices, chemical quality indices, and wheat yield

5RR SQII)  SQII) SQIMI) C-SQII) C-SQI(I) C-SQI(I) P-SQI() P-SQII) P-SQI(III)

SQI(II) 0.691%*

SQI(IIT) 0.591%%  (.745%*

C-SQI() 0.976%*  0.701%*  0.623%**

C-SQI(II) 0.698**  0.985%* (.769%*  (.715%*

C-SQI(II) 0.571%* 0.733**  0.973**  0.610%*  0.770**

P-SQI(T) 0.480** 0220  0.101  0277* 0.190 0.067

P-SQI(IN) 0.314**  0.568%*  0.268*  0279*  0.419%* 0.199 0.260*

P-SQI(IIT) 0212 0221  0.343*  0.192 0.170 0.118 0.152  0.352%*
INEFER(kghm?)  0.533%F  0.663%*  0.463%*  0.572%%  0.692%*  0.493**  0.135 0.191 0.019

e SQIFR L EfE: C-SQI. P-SQI 7l LI ie s, LIy pmaEiRs; 2n (0, 10)em L2,
I#R (10, 20]cm 12, MFER (20, 30]cm 12, “**7 FIRTE 0.01 KF EAMERE, “*” FRLE 0.05 KF A

©E.

&3 (0, 10] cm HIEBUIEIRS NEFEEXE D

Table 3 Correlation analysis among soil physical and chemical indicators at a depth of 0—10 cm and wheat yield

N SOM/ N AN/ TP/ AP/ TK/ AK/ BD/ PO SWC
BT pH (gkgh (gkg") (mgkg") (gkg’) (mgkg) (gkg!) (mgkg") (gem® /% 1%
SOM /(g'kg ™) —0.228*

TN A(g-kg™) —0.105  0.851%**

AN/(mg-kg™) —0394%%  0.725%  0.679%*

TP/g kg ™) 0313% 0076 0.223 0.020

AP/(mg-kg ") —0260%  0.589%*  0438**  (0468** 0.051

TK Agkg™) 0.536**  0.068 0.269* —0.083 0.425%%  —0,021

AK /(mg-kg™) 0212 0.333%* 0387%%  0.296** 0314%%  0316%* 0.228*

BD/(g-cm™) 0,401+ —0.581%*  —0.509%*  —0415** —0009 —0388** —0.011  —0.208

PO /% —0.087  0.164 0.063 —0.015 —0.125  0.035 —0.058 —0019  —0.147

SWC /% —0.076  0.260% 0.248* 0.144 0064  0.153 0.012 0.074 —0.111 0.375%*
INEFER(kghm?)  —0.097  0.659%%  0.519%  0.492%* 0074  0.619%* —0.014  0431*  —0513* 0139 0138

7E: SOM. TN. AN. TP. AP. TK. AK. BD. PO. SWC 7»HERTIEEGHLR. % WA . G50, &
PR O, BE. LBRE. LS KE,; “*” BRI 0.01 KPP LEMHEIMEE, “*” RIS 0.05 K EMHEEHEE.

% 4 (10, 20] cm TIEBUEFS/MEFENHEX M ST

Table 4 Correlation analysis among soil physicochemical factors at a depth of 10—20 cm and wheat yield

SOM/ TN/ AN/ TP/ AP/ TK/ AK/ BD/

S e P eke) k) meke)  @ke)  (ngkg)  (@kg)  (mgkg)  (@emy) O SWO%
SOM/(gkgl)  —0324%
TN /(gkg™) —0509%*  0.697%*
AN/(mg-kg’l) —0.510** 0.757%* 0.638%*
TP/(g'kg’l) —0.068 0.634%%* 0.456** 0.502%%*
AP/(mg-kg") —0.362%** 0.622%%* 0.532%%* 0.577%* 0.628%**
TK gk ™) 0400%*  —0110  —0064  —0276*  0255%  —0.002
AK /(mg-kg™") 0.011 0.521%* 0.353%* 0.408%* 0.579%* 0.445%* 0.012
BD /(g-em 3) 0.305%* —(0.555%%* —0.445%%* —0.507%* —0.384%%* —0.387%%* 0.056 —0.429%*
PO /% —0.145 0.247* 0.151 0.239* 0.122 0.188 —0.146 0.239* —0.479%%*
SWC /% —0.093 0.203 0.173 0.196 0.013 0.170 —0.115 0.257* —0.347**  0.579%*
INEPRY(kghm?)  —0031 0674 0351%F  0614%  0630%F  0467**  —0004  0610%*  —0437%* 0201  0.133

7E: SOM. TN. AN. TP. AP. TK. AK. BD. PO. SWC 7»HERTIEEHLR. 2% WA &, G350, &
PO, BE. LBRE. BEESKE,; “*” FIRIE 0.01 K LR, “*” KR 0.05 KF EAHTEE.

24 AELTERHBEWFEEIEH YIEREREMNT  Fig (P-SQD M/ EH-EAMIAEN EEN (K6
EF R NEFET AT EE MR (a) M8, (10, 20] cm C-SQI Xf /NP~ A48
AR EEEAEFRE (C-SQD 5|y (LM EEM RS, (S 43.84%; HKE (0,
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10] cm 1 (20, 30] em, 437l 5 HE 25.72%H1 11.33%.
ANE 2 P-SQI /N = B AR AL Y R T 4025 o
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Table 5 Correlation analysis among soil physicochemical factors at a depth of 20—-30 cm and wheat yield

- SOM/ N AN/ TP/ AP/ TK/ AKJ BD/ PO SWC
T pH (gkg")  (gkg) (mgkg')  (gkg’) (mgkgh) (gkg’) (mgkg!)  (gem?) 1% 1%
SOM /(g'kg ™) —0.371%*

TN (gkg ™) —0.428%%  0.645%*

AN /(mg-kg™) —0396%%  0.707%*  0.532%*

TP (g'kg™) —0.175 0274%  0.562%*%  0.255%

AP /(mgkg ™) —0443%F  0.628%F  0420%*  0479%  (.303**

TK Ag-kg™) 02947+ —0.064  0.078 —0018  0419%  —0.125
AK/ (mgkg™) 0.126 0.290* 0.041 0.246* 0.064 0243*  0.001
BD/ (g'em™) 0.128 —0414%*  —0206 —0316**  0.066 —0290* 0169  —0.301%*

PO /% 0.026 0.024 0.003 0.037 —0.167  —0.009 —0.195  0.171 —0.353%*

SWC/% 0.156 —0053  —0.129  —0095 —0463**  —0.126 —0210 0100  —0350**  0.469%*
INEFER(kghm?) 0011 0.559%* 0106  0.609%* 0.021 0285%  —0015  0.532%  —0429%  0.137  0.098

7E: SOM. TN. AN. TP. AP. TK. AK. BD. PO. SWC 7»HERTIEEHLR. 2% e &, G350, &
PR O, BE. LBRE. RS KE,; “*” FRIE 0.01 KPP LEMHIMEZE, “*” RIS 0.05 K EMHFEHEE.
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