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Response of crop yield to soil pH and the influencing factors
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Abstract: [ Objectives ] Acidification is one of the prominent problems leading to degeneration of soil quality.
We studied the pH thresholds of main crop production and the influence factors, to provide theoretical basis for
soil acidification control. [ Methods ] Taking maize, rice, wheat, soybean, soil pH and crop yield as the key
words, literatures published from 1980 to 2020 were searched in Database of CNKI and Web of Science. Based on
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field experiments at home and abroad, the relationship between the yield of corn, rice, wheat and soybean and soil
pH was analyzed. Sigmoid function was used to calculate the crop acid damage threshold, and Pearson correlation
analysis and partial correlation analysis were combined to identify the main influencing factors of crop acid
damage threshold. [ Results ] 1) The yield of four crops showed an “S” shape with the decrease of soil pH. The
acid damage thresholds of 95% yield of maize, soybean, wheat and rice were 5.87, 5.34, 5.32 and 4.21,
respectively. 2) Crop yield was negatively correlated with soil pH, exchangeable acid, exchangeable Al (P<0.05),
and positively correlated with exchangeable Ca, Ca-Al ratio, organic matter, available P, N application amount
(P<0.05). When soil pH was higher than the acid damage threshold, crop yield was positively correlated with
organic matter and available P (P<0.05); when soil pH was lower than the acid damage threshold, crop yield was
positively correlated with soil pH, exchangeable Ca and Ca-Al ratio, and negatively correlated with exchangeable
Al (P<0.05). 3) Partial correlation analysis showed that removing the influence of organic matter increased the
correlation coefficient () of relative yield with pH by 0.207, increased the r of exchangeable Al with relative yield
by 0.072; removing the influence of available P increased the  of relative yield with pH by 0.085, and increased
the r of exchangeable Al with relative yield by 0.147; removing the influence of N application rate increased the
of relative yield with pH by 0.026, and the r of exchangeable Al with relative yield by 0.009. Available P, organic
matter and chemical N application rate are the key factors affecting the response of crop yield to soil pH.

[ Conclusions ] When soil pH is lower than the acid damage threshold, the content of available P and organic
matter affect the response of crop yield to soil pH, the higher the available P and organic matter, the less the acid
damage to crop yield.

Key words: acid damage threshold; crop yield; soil pH; integrated analysis; organic matter; Avaliable
phosphorus; nitrogen application
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Fig. 1 Response curves of main crop yields with soil pH
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Crop type 95% relative yield 50% relative yield
E K Maize 5.87 3.74
K Rice 421 3.76
/NZ Wheat 5.32 4.38
K. Soybean 5.34 4.57
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Table 2 Correlation of relative yields with soil properties and nitrogen application rate

645 Index RY pH Ex-A Ex-Al Ex-Ca Ca/Al SOM AP N-fertilizer
RY 1 0.295"  —0.088 -0.254* 0.235™ 0.323" 0.280" 0.182" 0.171"
pH 0.295" 1 -0.292"  -0.720" 0.553" 0.591"  —0.195" 0.235™ 0.124"
Ex-A —0.088 -0.292" 1 0.695* 0514  —0.105 -0.494 -0.395" 0.168
Ex-Al -0.254"  —0.720" 0.695™ 1 0401 —0.513™ 0.031 0.195 0.329™
Ex-Ca 0.235™ 0.553"  -0.514™  —0.401" 1 0.221 -0.007 0.427" 0.039
Ca/Al 0.323" 0.591"  —0.105 -0.513" 0.221 1 -0.005 -0.266 -0.004
SOM 0.280"  —0.195"  —0.494 0.031 -0.007 -0.005 1 -0.302" 0.264™
AP 0.182" 0.235"  —0.395" 0.195 0427 —0.266 -0.302" 1 -0.176*
N-fertilizer 0.171" 0.124" 0.168 0.329" 0.039 —0.004 0264 0176 1

W RY—AHX ™5 Ex-A—3CHthiR; Ex-Al—23C#eth4s; Ex-Ca—3CHuth4s;

fertilizer — b= RULME T L **F1* 7351 250.01F10.057KF- 1= i EARE W)
Note: RY—Relative yield; Ex-A—Exchangeable acid; Ex-Al—Exchangeable Al; Ex-Ca—Exchangeable Ca; Ca/Al—Ratio of exchangeable Ca and
Al; SOM—Soil organic matter; AP—Available P; N fertilizer—Chemical N fertilizer application rate. **, and * indicate the correlation reaching 0.01,

and 0.05 significant levels (double measure).

&3 1% pH /N THMRTERE SEMEYEN =8 5 R M RAHE XY

Table 3 Correlation of relative crop yields and soil properties when soil pH is less and higher than the acid damage threshold

Ca/Al—¥55R Lt ; SOM— AP ; AP—FHRHE; N-

4% Eistan .
. pH Ex-A Ex-Al Ex—Ca Ca/Al SOM AP N—fertilizer
Soil Index
+HpH/NFRERE RY 0082 0223 ~0.287 0026  -0.127 0.248%%  0.168* 0.125
Soil pH less than pH 1 ~0.278%  —0.749%* 0.473%%  0.987*%  —0308%  0.214%* 0.077
the acid damage
threshold n 358 53 37 63 9 149 175 196
+HpHAFRMERM  RY 0.416%*  —0.061 ~0.301* 0.265% 0.307* 0.238 0.169 0.113
Soil pH higher than pH 1 0209  -0.803%*  0.686**  0472%% 0029  0.179 ~0.146
the acid damage
threshold n 178 60 61 63 52 27 75 80

TE: RY—AHIX 5 Ex-A—3CHMEiR; Ex-Al—2C#EM; Ex-Ca—28#etE4S; Ca/Al—45431L; SOM— LM HLT; AP—H Xk,
N-fertilizer—L2ARALIE At n—HEAKL, **A1* 20 51250.01410.057KF- 1= W2 AR (X))

Note: RY—Relative yield; Ex—~A—Exchangeable acid; Ex—Al—ExchangeableAl; Ex—Ca—Exchangeable Ca; Ca/Al—Ratio of exchangeable Ca and
Al; SOM—Soil organic matter; AP—Available P; N—fertilizer—Chemical N fertilizer application rate. **, and * indicate the correlation reaching

0.01, and 0.05 significant levels (double measure).

®4 TREMEEX=2MLTE pH SERERZE ZAIEXM

Table 4 Correlation of relative yields of different crops with soil pH and driving factors of acid damage

1EY +3% £t .
. pH Ex-A Ex-Al Ex-Ca Ca/Al SOM AP N-fertilizer
Crop Soil Index
o Y ¢/ RY 0.339%* —0.885%*  —0.656**  0.283 0314*  0.077 0.383 0.368%*
Maize  Total pH 1 —0.906%*  —0.595%*  0.767**  0.478%  —0.654**  0.177 0.718%*
n 132 26 44 44 43 33 58 68
- 3EpH/N TR F BIE RY  -0.065 - - - - 0.18 0299  -0.255
Soil pH less than pH 1 - - - ~ _0849%* 0105  086%*
the acid damage threshold
n 24 0 0 0 0 20 20 68
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%3 4 Table 4 continued

EW +4 eIt »
. pH Ex-A Ex-Al Ex-Ca Ca/Al SOM AP N-fertilizer
Crop Soil Index
+ HEpHA TR 2 RY  0437#% —0.885%* _0.656** 0.283 0.314* 0.165 0.405* 0.232
Soil pH higher than pH 1 _0.906%*  —0.595%* 0.767** 0478%  -0.009 0315 0.023
the acid damage threshold
n 108 26 44 44 43 13 38 53
IKFe S RY  0.188** —0.65%*  —0.645**  0.000 0.47 0.323** 0.1 0.121
Rice Total pH 1 —0.836%*  —0.835%*  0.702%*  0.793* 0.218*  0.282%* 0.123
n 240 41 41 59 8 106 112 137
+ e pH/NF R E RY  0.119 —0.265 —0.254 0.000 0.47 0.323**  0.095 0.072
Soil pH less than pH 1 L0.795%F  _0.792%%  0.702%%  0.793%  0218%  0.28** 0.126
the acid damage threshold
n 230 33 33 59 8 106 108 127
+ S pHK TR 3 [ {E RY 0614 -0.51 -0.503 - - - 0.893 0.608
Soil pH higher than pH 1 0273 0243 - - - 0.93 0.086
the acid damage threshold
n 10 8 8 0 0 0 4 10
N BB RY 0449 —0.194 ~0.935%%  0.893** 0.7 0.374 0.315* 0.233
Wheat  Total pH 1 -0.205 ~0.959%*  0.95%*  0.899%*  0.354 0.344 0.149
n 115 12 8 8 8 18 46 44
- HEpH/ N TR RY 0.116 0.653 - - - 0.514 0.354 0.366*
Soil pH less than pH 1 0.978 - - 0093 07 0.262
the acid damage threshold
n 70 3 0 0 0 8 25 32
T HEpHAR TR F A RY  0.567%* —0.199 —0.935%*  0.893**  0.699 0.206 0.139 0.032
Soil pH higher than pH 1 0283 —0959%* 095%  0898** 0045 —0.112  —0.184
the acid damage threshold
n 45 9 8 8 8 10 21 12
Kid <8 € RY  0362** 0274 —0.942%  0.535* - 0.151 0.152 —0.246
Soybean  Total pH 1 —0.531**  —0.793 0.968%** - 0.213 0.281 -0.139
n 69 34 5 15 0 19 34 27
B H/N TR 2 M i RY  0.139 0.598*  —0.99%* 0514 - 0.125 0.105 ~0.139
Soil pH less than pH 1 _0.892%*% 0827 0998 0241 0284 0.057
the acid damage threshold
n 44 17 4 7 0 15 22 22
+-3EpHR T IR % [ {E RY  0.406* 0.253 - 0.028 - 0.606  —0.128 0.098
Soil pH higher than pH 1 0.231 - 0.568 - 0.96%  0.465 0.662
the acid damage threshold
n 25 17 0 11 0 4 12 5

T RY—HIN ™ 5 Ex-A—ZCHEiR; Ex-Al—2C#i b Ex-Ca—3C#elE4h; Ca/Al—454H1L; SOM—TIEAHLET; AP—A%WE; N-
fertilizer—fb A ZUBHE s n—REAKL, " FORBA B, ++FI*4351250.0 1F10.057KF_E i EAHIE (B).
Note: RY—Relative yield; Ex-A—Exchangeable acid; Ex—-Al—ExchangeableAl; Ex—-Ca—Exchangeable Ca; Ca/Al—Ratio of exchangeable Ca and

“ »

Al; SOM—Soil organic matter; AP—Auvailable P; N—fertilizer—Chemical N fertilizer application rate. “~” indicates no data. ** and * indicate the

correlation reaching 0.01, and 0.05 significant levels (double measure).

P E AR, VEY ™ XS pH RIS HebE i pgma s B o P, H3EACTIHa kR (AL . A %kml) Fifesy
S, SN AR AR R DILAEARTR pH A50F GUIEHE AT R L SRR R R AR AR i
TR A AL R B RE AR AR K pH MR SCHEI R
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Table 5 Partial correlation coefficient of soil acidity index, soil fertility index, soil pH and relative yield
before and after removing the influence of SOM
78 Variable &5 Index RY pH Ex-A Ex-Al Ex-Ca Ca/Al SOM
AHAT PR RY 1.000 -0.002 —0.368 0.501 0.359 —0.470 0.187
Not removing SOMinfluence 1y 1.000 ~0.715* ~0.783 ~0.544 0.793" ~0.739"
Ex-A 1.000 0.276 0.168°  —0.279" 0.165"
Ex-Al 1.000 0.745 —0.987 0.774
Ex-Ca 1.000 -0.702 0.699
Ca/Al 1.000 -0.825"
SOM 1.000
HIERA LB RY 1.000 0.205 -0.412 0.573 0.325 —0.570
Removing SOM influence pH 1.000 ~0.892" -0.494 -0.058 0.481
Ex-A 1.000 0.238 0.074 -0.256
Ex-Al 1.000 0.451 —0.975"
Ex-Ca 1.000 0311
Ca/Al 1.000
H: RY—HAX 2 Ex-A—SCHMERR; Ex-Al—3c#uti4R; Ex-Ca—3cHuth4ds; Ca/Al—854L; SOM—HHEHHLT ., **F*5 5 50.01F1

0.05/K - L B 2EHH I OB

Note: RY—Relative yield; Ex-A—Exchangeable acid; Ex-Al—ExchangeableAl; Ex-Ca—Exchangeable Ca; Ca/Al—Ratio of exchangeable Ca and

Al; SOM—Soil organic matter. ** and * indicate the correlation reaching 0.01, and 0.05 significant levels, respectively (double measure).

*® 6 FIMBRBFMATE DRI EIESR . DR NIERR. 1% pH RIEN = E2RIBXAY

Table 6 Partial correlation coefficient of soil acidity index, soil fertility index, soil pH and relative yield

before and after removing the influence of AP

AFHE: Variable 645 Index RY pH Ex-A Ex-Al Ex-Ca Ca/Al AP
B AT R R ) RY 1.000 0.716* -0.375" -0.632" 0.431" 0.427" —0.047
Not removing AP influence 1y 1.000 ~0.111 ~0.916™ 0.599" 0720  —0.501"
Ex-A 1.000 -0.098 -0.496™ -0.254 —0.444"
Ex-Al 1.000 —0.542" —0.666™ 0.634™
Ex-Ca 1.000 0.913" —0.492
Ca/Al 1.000 —0.656™
AP 1.000
I GRAT A R RY 1.000 0.801* —0.443" -0.779" 0.468" 0.525"
Removing AP influence pH 1.000 _0.431" -0.893" 0.467" 0.599™
Ex-A 1.000 0.266 —0.916™ —0.807*
Ex-Al 1.000 —0.342* —0.428"
Ex-Ca 1.000 0.898*
Ca/Al 1.000

o RY—AHX i Ex-A—3CH iR Ex-Al—3CHbEih; Ex-Ca—2C#ubEds; Ca/AI—4540t; AP—A%. **F*5>470.0110.057KF

[ BFERSC B,

Note: RY—Relative yield; Ex-A—Exchangeable acid; Ex-Al—Exchangeable Al; Ex-Ca—Exchangeable Ca; Ca/Al—Ratio of exchangeable Ca and

Al; AP—Auvailable P. ** and * indicate the correlation reaching 0.01, and 0.05 significant levels, respectively (double measure).
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Table 7 Partial correlation coefficient of soil acidity index, soil fertility index, soil pH and relative yield

before and after removing the influence of N application rate

A5 Variable F8F5 Index RY pH Ex-A Ex-Al Ex-Ca Ca/Al N-fertilizer
ANSH B R A 5 ) RY 1.000 0.628" —0.740* -0.822" 0.473" 0.268 0.203
Not removing N application pH 1.000 _0.438" _0.873" 0.504" 0.797" ~0.058
rate influence
Ex-A 1.000 0.780" -0.720™ -0.148 —0.666"
Ex-Al 1.000 -0.715™ -0.592"" -0.263
Ex-Ca 1.000 0.412 0.678"
Ca/Al 1.000 -0.131
N-fertilizer 1.000
Viloyiehie Al RY 1.000 0.654" -0.828" -0.813™ 0.466" 0.304
Removing N application pH 1.000 _0.640" _0.920" 0.742* 0.798*
rate influence
Ex-A 1.000 0.840™ -0.489™ -0.318
Ex-Al 1.000 -0.756™ -0.655™"
Ex-Ca 1.000 0.687™
Ca/Al 1.000

1 RY—HHXT 5 Bx-A—3CHMERR ;. Ex-Al—SCHeE4s ;. Ex-Ca—30HathAh; Ca/Al—4548 11 ; N-fertilizer—fb2E BN &, =+ F1*43 51

0.017110.05 7KLtk 2 AH I (B

Note: RY—Relative yield; Ex-A—Exchangeable acid; Ex-Al—Exchangeable Al; Ex-Ca—Exchangeable Ca; Ca/Al—Ratio of exchangeable Ca and

Al; N-fertilizer—Chemical N fertilizer application rate. ** and * indicate the correlation reaching 0.01, and 0.05 significant levels, respectively

(double measure).
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