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acidic and alkaline soils in China
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Abstract The application of organic fertilizers plays an important role in improving soil pH and crop yield
stability. Investigating the effects of organic fertilizers on the pH of acidic and alkaline soils under different
climate types, soil properties, and farmland management practices in China could provide a scientific basis for
effectively improving soil fertility and optimizing farmland management. In this study, we collected 103 articles
(308 groups of relatively independent pH data) published from 2002-2022, and a meta-analysis was used to
quantitatively analyze the effects of organic fertilizer application on soil pH in farmlands in China from many
aspects, such as climate, soil pH level, organic fertilizer type, fertilizer amount, and fertilization period. Under
acidic soil (pH < 7) conditions, the average annual temperature was < 8 C and rainfall was 400-600 mm; the
application of organic fertilizer had the largest increase in soil pH. Under the application of organic fertilizer, the
pH of soil with low organic matter, high amount of organic fertilizer, and manure increased by 8.07%, 6.42%,
and 7.14%, respectively. Medium- and long-term fertilization significantly increased the soil pH compared to
short-term fertilization. The increases in soil pH with medium-and long-term fertilization were significantly
higher than that with short-term fertilization. Under alkaline soil (pH > 7), the average annual temperature was
< 8 C and rainfall was 400-600 mm; the application of organic fertilizer had the most significant decrease in
soil pH. Organic fertilizer significantly reduced the pH of soil with low organic matter content by 4.07%. The
decrease in the soil pH of manure and commercial organic fertilizer was 3.60 times higher than that of the bio-
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organic fertilizer. With an increase in the amount of organic fertilizer, the decrease in soil pH also increased.
The most significant decrease in soil pH was caused by medium-and long-term fertilization (11.41% and 7.82%,
respectively). The years of organic fertilizer application were the main factors affecting pH in acidic soils,
whereas the average annual temperature was the main factor in alkaline soil. Overall, the application of organic
fertilizers had different effects on soil pH at different pH levels. At low temperatures and moderate rainfall areas,
medium-and long-term application of high amounts of manure in acidic soils with low organic matter content
can significantly improve soil pH and alleviate soil acidification, whereas long-term application of high amounts
of manure and commercial organic fertilizer in alkaline soil can effectively reduce soil pH. The present study
provides a scientific basis for the rational application of organic fertilizer for improvement in soil fertility.

Keywords organic fertilizer; soil pH; meta-analysis; Chinese farmland; management measure
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Fig. 1 Response ratio of soil pH change after application of
organic fertilizer. SPSS12.5 software was used to test the normality
of soil pH data (K-S test method). The curve represents the frequency
distribution of response ratio of soil pH change. M represents the mean
value of the response ratio of soil pH change and SE represents the
standard error fitting curve of the mean value of pH change response
ratio presenting a significant normal distribution (P < 0.05) .
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Fig. 2 Changes in soil pH under different fertilization treatments.
Points and error lines in the graph represent response ratios and their
95% confidence intervals, respectively. If the error line does not cross
the zero line, it indicates a significant difference between treatment and
control. Values in brackets represent sample size.
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Fig. 3 Effect of organic fertilizer application on soil pH in acidic
soil. The points and error lines represent the percent increase and
their 95% confidence intervals, respectively. If the 95% confidence
intervals do not include zero of the x-coordinate, the treatment
and control are significantly different. The numbers in parentheses
represent the number of samples.
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Fig. 4 Effect of organic fertilizer application on soil pH in alkaline
soil. The points and error lines represent the percent increase and
their 95% confidence intervals, respectively. If the 95% confidence
intervals do not include zero of the x-coordinate, the treatment
and control are significantly different. The numbers in parentheses
represent the number of samples.
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Fig. 5 The main factors of organic fertilizer affecting soil pH changes. * stands for significant.
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T A% Shek 22 AT WL IR 1K) 0 g0 o 2R A Y, L 1R ol 2 o
W AE A e K TR R, AT DURE A M B3 3 pH, T BRI
R, AR ER R ZE 5 S b R AR AR, JLsg
RRREGS. AS[E e AE  ET EE AHLIE TR 1 R, B
A HUIEFI A HLTCHLEC it 38 &2 35 5t & R W pHAE, #it A HLE
ROR T B3, X5 T UK AR 4 5, i X — IS
JE IR T i A AL AL i A A A e 45 S B e i A U BE P
AE IR A B T, — R PR TpHI AR THIE Y. AR
AT HLAL T R v -4 eh, L -39 pH G S i R B 45 R
AR, ASHIE 7t 45 G2 26 W76 2 1 4338 v it P 2 0 42 7 T LA
5w MU GE B3 2 7+ L3 pH, JREA AT 8 2 28 T 6 36 pHiY
J&FmbE Y, i A MUIEAT W br v pHYE o 5.5-8.5 B, &
NERE R AORT 22 e Bl BH 25, AT LAIE I e R F A B, 9
Fe SRR, TR E IR S b e 1. BARRIZEA

AHUEEIRE . (T4 3. %R BEORMAIIRS & 27
FEARAY, [7) I B Wi 8 ORI, F A0 AF it AT &S24 9 17.01
t/hm?, 1M 7 A HLIE 4 Bt IR B P 4508 6.31 t/hm?, 38 I 4E it
BB KT HLAE, PR s p HAB O S RS B AN ). R ek
TSRS, TR MU & AN [ (0 L3 bt P A AL AE 35 kS
EIRF L pH, BAEARA ML & 8K % L35 pHI F K
(8.07%) . XHlgeSHNAEAN LI, HIEFEIRS &
W%, HEEpH 4.0-7.07G B, AHLURHT 28T R
[ (ln—COOHF—OH) @& )5, —J7 i, A HLIHE T 1L
PSSR, 1 LR M 2 v RE 75 53— T A8 4 M itk B 2
TR H S PR ET 20, BSAENE TSR
oy - pHZ BIFE R A T 24 HLIE AR it
120 t/hm?f) -3 pHIE I 55 2 3%, 33X 5 Lio%E At A A HLAIE Xt
358 AR WA B TR T (R S e BT R AT R R T O 3 pH I
B AR A N 25 thm? (4518 O B AT — Bk, AW 7 R B,
A it I A e Tt S 33 p HE T B T 3, IR S PR AL 4%
NI FE 45 R — 8, 33O R A HIUIE X -3 pHAK 39 R 52 31
HHTI T RERE 0 B Ak 7= A TR I se i, T T L8 pH.
Wi 5 il I BR (0 338 o, A AL BT 9 2880 23 R R TR HH SR 9
R B A, BRI 7 39 it A WL AE S R 2 G R
BRI E F o, (E B RS, (ED R AR KO FE 4
SRR Uk, W BRARA HUIE & &, FRACER LR %, fiff
18 2 AR .

3.2 WM 3% T A 45 pHX it A B 4L BE B Ml )2

A R B g R e SR R R BRI, A R R
PE R 7 1 PR AR B R 8 T I . AN TS R B OR
ML bt FH 5 B AR T el 3 i pH, 35 A Bk R 1S 3
B L. Chintala®5 0t 7t 2 B it A HUAE W] LA 20K L 18
oG B TR, BIKT. Na's Ca® Mg, M B
F3epH U i TR A HLIE R A I 2R R,
BT WG, AT 5 L3 BH 2 25 A A A A IR 6 a0 g B
2 e TR e P TR S T S L TR — 88 L N R AR L Ak I 22k &
45, IXPNAH B AR G2 e 45 K B A RO RS IR 2 v )
ﬁ%jj[so_sﬂ.
AL T BRIk 13, sEH5IE< 8 °C. [4 M E:400-600 mmitf,
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it A HUAE the vy B 25 50 Bk 33 pH, i R 5 R 1 8
AL, AW T IR AEAR A HLST 5 e it A HLAE fE
Pkt afEpH. XAl Reh TAHUILH =& K& A LB ATTCHL
TR N IR S PR BUE SR B R ALK
P LR S SERAT LB AR S R ™ A FR A LR AT S B
e pH kS B % o A T A S LR R A DL 2 TR 2
B 3 pH, E =X pHI BRI B2 0E 3% 22 57, X AT g
RPN SRR oA HLIE A B & B LR ™ 2,
REN MR B Z IR, HAGR S H P& RS T4 aX
T IEpHFE AR B 5K, HISEA S pHE TR A UL, —5&E
LR 1 FE LT pHIK) B IR MR 2, T B pHIR) B 1 £ P A A L
ez e T B35 2 7. M T M A HUIL, EVWAHUILK
it T 3 pHIK) e ROR B 22, X AT RE 2 RN B A HLIE A
By oxk #h e A B R 22 pP P RE, T A 2 (45 pHIE
KA L B A HLAR A N R 1, Btk - pH R
ek i 32 I 2 B T, X5 IR NI T 45 R (R + 3% pHAE
W8 A LIRS B FH S 1 i e =85, ks, e b I
JIE T4 fE e 25 B A B 1 - 3 pH, (E P BB R oK. i R
FORIL, AHUEH IS RRER. =BRSS5 i
PEVIITUR A S, 3 R B — e R AL 1 ), Besh,
LIS & A HURETEHLIR G, BAT B i B v 5 R AL e
xR pHIE BRI 22 oh 1, A 2Rk BN RIZI AZ AL
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