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g 212 23 4 2 2 p = 1% 12
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(1 FEMOb KA S5 =B, mat 210037; 2 eS0T 5Lk k i 5 H A SL 50 2 (T E RN A B 5 HAT5E ), mist 2100085
3 TR R KA PRI BT e, HM 4500025 4 VTR EHMTTTIASIX TR BRI R, TN 225236)

1 OE: xR R, R E SO AE AP TR, AR B (R BT B O - 3R AL Y i B R AR
TR, AGF00 BRTHE L 12 #ENSME - AT — oo E S IEERET T4, B3 11 FE SRR, Hd pH 2 4.0 ~
5.0 MAERLL 58% i L, SERE T35 1.95 molkg, XECFRPENLENEA L8 1 d W] BEEFRAC T3 pH AR H s bme ) &
i, PR AR B AR v T B IR AL . MRt S IR E A LD JRIN, FERSIRINES 5 R IERIA B AR T 5 R 5%
7= T 1 FUAE AT Rk 204.6%, 159731 60 d IR K HLAE AN 4.4%, Wi 15 Bk 2 4 A0 B2 0 B T4 ARt H AR Ak A A
TURTERLE IR, R E R 2R = E A, (AR i R 2 6 A X e Ak iy STkt AR A 200
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Acidity Characteristics of Ternary Compound Fertilizers and Its Effect on Soil Acidification
WU Congmin'?, CHEN Piao>*, HAN Xiaoming*, WANG Ruhai’, LI Jiuyu>*, YU Yuanchun'", XU Renkou®

(1 College of Biology and Environment, Nanjing Forest University, Nanjing 210037, China; 2 State Key Laboratory of Soil and
Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China; 3 College of
Resources and Environment, Henan Agricultural University, Zhengzhou 450002, China; 4 Agriculture and Rural Affairs Bureau
of Dinggou Town, Jiangdu District, Yangzhou, Jiangsu 225236, China)

Abstract: Currently, severe soil acidification occurs widely in cropland. Extensive application of acidic compound fertilizers in
agricultural production may contribute to soil acidification, while its acidity characteristics and effect on soil acidification is
unclear. In this study, 12 compound fertilizers with ternary nitrogen, phosphorus, and potassium elements were chosen from
domestic and foreign companies due to their mass application in China. Results indicated that 11 compound fertilizers were acid,
the fertilizers with pH between 4.0 and 5.0 accounted for more than 58%, and their acid content was up to 1.95 mol/kg. When
these acid fertilizers directly applied to the soil, they could significantly reduce soil pH and increase the content of exchangeable
acidity in one day. Therefore, application of acid compound fertilizer could significantly promote soil acidification due to their
high acid content. When these compound fertilizers were applied to red soil for incubation, the ratio of protons from fertilizer
direct input to nitrogen conversion could reach up to 204.6% on the 5t day of incubation, while the maximum ratio was only
4.4% on the 60™ day of incubation. Results suggested the relative contribution of direct proton input to hydrogen ions by applying
strong acid compound fertilizer was greater at the early stage of fertilizer application, while proton production from nitrification
played a major role in the later stage. However, the contribution of long-term and mass application of acid compound fertilizer to
soil acidification should not be ignored.

Key words: Compound fertilizer; Soil acidification; Proton contribution; Nitrogen transformation
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KB, BRI A HLER B A S TR
3, MRV AU G A RS sl 1 +3Eme ft
PERRPT A B A T ) Al - H AR T i A — A~ 3=
ZEREL, 1980—2000 4, FRE FZALAEY ™ 1Y pH
SEHRRET 0.5 AR K it AR, FEB
JE RIS ek - e R A AR Y B B R R 2 — Y 14
Rk i i 2 B RS, BRI AN | 1)
ARAR R AT RS, g AR
ARG Me?, ol 2 E M.

AREFP 2 22 H I 2H L BE 2 AR Ml oS 4 Ak i AT 225K
WAL, EAESR R T e 2P ARG VE T, fLAE
Az R — R U B LR SRR 2. B AT X
FRIEA. B B3 AR, BAOEEH T 2 #h R
AYHIRERE ey e T DL R 4y 3 26 Ik
BT BRSO A B AN | TR s A 55 vk i A
FY LR TR AE | GBI M A B IR AR . B A e
BAFLCEYREEZMEFRITER . fEm LR
ROPETEE L BGES A ST AR A
i h AR R A . Hatfb it = A k%
1, BRI JESEHLIX A R TR IS 50% AL, 80% ~
90% [ . A AR E BN TR A RS T, 4
1t, 1997—2016 4, FE A B E A M0 H &
7981 kt B4 % 22 071 kt, 4EIHEK 704.5 ki, B &
PR AR A A A U 5 A T LA (R i R £ A A
k(B2 E s B (E RV SR 0 S 3 I A R e A
2S8R phvag A e % PR P LA
A HE(N-P,0s-Ko0 + 15-15-15) 2 il Ja 3¢ 2 el + e iR

z1

tk, SEFKIZE L5 pH 7E 160 d WM HIEEAY 5.22 T %
27 4.89, FELT 0.33 MHRAL

A BRI AR R SRR ik 1R B A
ZAE, (HIEBFRE K Z )RR T A RALE RO
Ir) = 3t ) O V4 2 0 IR R R e Ak X 4
B AL AR AR /DI T AEREAR B R B R TR R
SyMTHG EIERRAL AR . P, AT I AT,
TEFE [ N AMRFAE R AL AR 7= 1 52 A HE S R A R
SEAERUNT, ARG AL T RREAS B R B X A+ 1R
A TR B AU A R B AR R B, TR AR SR
ANTR) 23 1) 52 45 Mt I 90K 5 1398 pH A8 fb 1) =22
R, NEHBERNR . Biis R . SR RS
AIRREL A SRS AL PRI AR

1 #REFE

1.1 SE5ENEHE

AR FEEFE T B R B A A Tz
o7 F Y — S [ Y SRR Al B R B = e B AR, £
15 5 Fhk O AR 7 R E A IRGE 1.
1.2 Rt

RIEBEH AR KT G 60 H i 7L b 5 &
B A e I 3, AP R - pH
H 532, HIEZMZEE K 16.83 mmol/kg, +IE4HK
4550 10.0 g/kg F1 1.3 g/kg.
1.3 REHE
1.3.10 JERMERRE T BB pH Al A AR HL A
Mt BS.0 g it 60 AFRAIEES,, A 25 ml 258

I B RO 2R AL 14 R

Table 1 Physical and chemical properties of tested fertilizers

JE et gl N-P,Os-K;O  pH  FERokifi” FRToihti® &t AR /i
HeA (%) (mol/kg)  (kmol/hm?) (g/kg)

HOR HAKE A Arysta lifescience (Chisso-Asahi)  14-13-13  4.02 1.45 1.76 1.21 759 -
WEE G 1 HET I BRAT BR 2 W 15-15-15  4.32 1.17 1.36 1.06 0 TR i 1Y
MW E S 2 HET I BRAT BR 2 W 21-6-13  4.43 0.47 0.45 0.95 0 LN
WP E AN B e 2 ) 16-16-16  4.66 1.06 1.35 1.05 154 -

BEZAE JeER AL TA7 PR A F 15-15-15  5.21 0.43 0.35 0.75 0 T T 0 2

E-RE hARESIE IR RMEIEKRHAERAR 20-20-20  4.07 1.95 1.97 0.49 543 KIEHEIE

BUHEEN BV A BR ST A H 12-18-15  4.36 1.74 3.26 178.2 90 Tt B2 1
REZAI WV REBETHEAARAT  20-2020  4.41 0.70 0.63 0.95 182 TR B
HEEEI WL PR B A B A ) 14-16-15  5.69 1.04 1.81 408.9 42 TR B0 A
HPELIE s R AR T 10-7-8 599 0.69 0.83 169.4 0 -
HBAEEIE BRI ER R A RAR  17-17-17  6.16 0.56 0.69 1426 768  BRFRHAZY
M E AN SR A B2 ] 16-15-15  7.38 -1.24 - 434.6 0 oL AL

T OIEHFRTRE, EERSME; QFAMRF Sk LU N 200 kg/hm? ji ] & AR MR 2 £ pH 7.0 B S ALK

FREITEARER.
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Tk, PP 30 min f5 I AE pHo JERH &R B ok
Rl SR FH PR R S R, BRERURE S 1.00 g F
100 ml BURHE A, ITA 50 ml 257K, L
FrE I B Y 0.1 mol/L NaOH &, 0.05 mol/L HCI, &
FH E Bl R A o AT LI A2 TR b AR I AR b
[ 50 ml 25 B F/KAbBRAE Ry s (EA T o, R PEARE
2 2 pH 7.0, SRR S E 2 pH 6.5, Tt R
LA A N, R CO, BT, AR IS RTHE &
i 2k RO oT S AEREH 2 ERTE pH 75 THFE Y R 2 s
i BRI RS A IS AR PLE R &R AR
SAATINE, BL0.10 ¢ A ET 100 ml LM
LA, A 50 ml K, #R% 1 h, E.OE
Ja B E TR W S SR AR AR & .

1.3.2 BRI STREXT HIERibrysenm  FREL60.0 g
it 60 HMVLILLb AR Aikge H ., 4% pH<S
B 28 LA > B A 2 S 52 TR R R S AL P i A
AE 1, PIRDIANLE D M HAR GBS 3 FAERL,
FERRE SRR A S EA 0, 100, 200, 300, 400, 500
F1 600 mg/kg Y LG5S ] 13k - HE R A AL Rk
PR CK., N100, N200, N300, N400, N500,
N600) . H4fE 0 ~ 20 cm + )2 + e 54 10 000 kg/hm®
TR, SIS T E AR ARG 0. 225, 450,
675, 900, 1125, 1350 kg/hm*, Hrh, EHHELIE
WAL AN, 20 B 10 mi g B g (4 HE ARV T
JnEl 60.0 g HAEH, MK S ml B AHEESKEN
17%, LR, /P TE 3 MR OHmELE Y, 18
25 CHMREBEAMF TR 1 d, FEFREHRIE /3
10.0 g fif 190 + 1 pH SacHefR i) & it . A4
VEFET 3 AR}, FERPACARIAEE 7 A0 EE, 3 IREE .
1.3.3 PRI B R B A0 UG fbon) 38R £k 1) 5T BT
BREEER MR pH<S RS LLAH S H P i 2 A e
B ER IR A0 1, LA WA N ERh AR E
HIEMESA R ENEVERAIE 4 FRRCRME R IF
oG, MBS IERA SRR 200 me/kg(H 24T
450 kg/hm®)AY EL B4 BT 200.0 g (iR 3, ¥R
INE B FKIAN LI EIKEN 17%, T 25 °C Kiges
P TR SR . A AESS 0, 20 5. 10, 20, 30, 45,
60 KHL 10.0 g fEFEME £FERY pH, FETFEE 00 5,
60 KFRHL 5.0 g fif 4P HC AR W AN [FDE S A
B i o RGBT AR AR, LAAS TN
AERLAL B X IR, izl 3t 5 b EE, 3 kER ., T
TG pH Sk 5.74, NERHER BE X 38R 1L Y TTERAR
P AR E M2 pH 5.74 I RT STk AY 1 DA S A
FAERLE & 0 200 mg/kg 1952 bR AR RRIG FH . &

AL EZ TR LA L, HpRIZE 5 R 60
KAy BIAHXTER 0 KA I LA RS A R 5 AR
e FEA TR, BRA AR A 1 mol A UM FE 1 mol
JiF-, %k 1 mol B RAHAL ™A 2 mol Jii 1. A%
A7 A B I3 A g — 30 A 38 b e U Ak 7 A 1
T HEFIHFER TR A2, JFE— R E S
Jiti FH B m ek ) 5 U A AR T L AL
1.4 WEFE

+ 35 pH (9 5E . BL 10.0 g B+, MK LR
2.5 1(V: mBEpmA LBk, SRIEMHH pH &
4 H % (Thermo Scienctific Orion Star A211)ij M,
HIELIEEA G RN E: B 6.0 gff+TF 50 ml ¥
BB, A 25 ml 2 mol/L KCIAE , 523 1 h 5
BOT g, BCRIEW, B s a0 4 iy
AR, MAAMERM R, L gt g
HME: B 10.0 g ff+, SR 1 mol/L KCI 38 #—
Hh R s vk
1.5 BEZKIT5SH

AR B ] Microsoft Excel 2013 %% 24 75%
., iz H Origin 2018 x| [#3&, FIH SPSS 22.0 i#
1125 5% W ER K (LSD, Duncan, P<0.05).

2 GRS

21 AREERHFES

AR Tk Y 12 FhEBEE — oo A IR T
Fringe 1 s, FEAFETE B0 T 120 5 Rk
FHAZ A RERT 7 b =4 A 08 S 52 A N RV B 1 75
B, MEHKEERY 250 g/kg BIFHEERY 600 g/kg.
FRRIER R BRI, SRS RN 4
FRUAEAS AN L 5 PRSI AR 3 Fa HLA R
ERIEE BULIERH pH 4.0 ~ 5.0 AR A&
58.3%, 90% LA LAYAERL pH<7.0, HiHAKESHE
MR ARG GIER pH Jeflk, 42T 4.0 X FEREKEA
PO RLIE A NS84 Ak 2 N A U A AR, 2%
FHBEIR . A L MR S5 mh JFUR BRI T Ak ; &R
JESAE = (R P DR ) B R — 4 . IR — % | A
FRWEAE . AHPREFIBEIR S0 45 . ik, RHERA
B A P OB S R T, B R R

SR FH LA 8 TR T AR SR A, 45 R A Y
PR R A8 2K 50 pH 7.0 I, — R A IR pH
FRAIG, HoTEk R R . ARPEALE pH T
JIEASH 5 Y8 G - ¥ B 5 T A B P 48 110 T o 2 0
IEHISEER, MRS r M 0.748, FWIMRIEALRIA
S pH BRI 25 S A R i et . A LR B A ok
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F, X 12 FE G R E R AT A 1.95 mol/kg, 3
W3k B 57 A MO AR By SR E , AT AS [ 2 bt ol 1 M i
ko B Guo ZEPIRRFFE 45 vl s, T [E AT R UM%
g AT IERY R TR 3K 0.4 ~ 2.0 kmol/hm?, MR 24 A F%
B (Aol A 7= S PRAB L, AR A A B G S0 K 27
150 ~ 250 kg/hm®". DLt i N 200 kg/hm® Ay ifE 4
TR A A4 227242 0.35 ~ 3.26 kmol/hm” 15 1,
PRI — R 1 52 5 At FH B A 4 o it S T
U= A B e aln, (H R RAE T AR 1.6
Vo SEbr I BT A IR, AR
B BREE 2RISR it R T N 200 kg/hm?,
AR 1200 kg/hm?!7 R BUBIAH X RR VLIS, 2
B REAS B 4821 110 1 o %t - 9 IR A A 41 1 A FH i
2.2 EABEARRMAEXT 15 pH, THEERAI#20
T AR A NEAS B TR G HERR AR Y
o, AWM pH<S . 2 LAY RS Wi R &
JE AT RN RIS AR 1, LR LA HLE A R H
ARG NG 3 FLE, 53 BITE 6 Fh AR EERR B2 T BEA T
W5 K1 ATLUE Y, RIEIER, 3% pH b 5.49,
WM AN E RN T 380 pH. +3E pH AT LUE
WAL I TEPERR A SR EE , AR I Ab 320 1 4 1Y
pH ¥ 5K T CK ALFEALAY pH, i Bt in &2 4 AL B
WREAL T 3 pH. BEEE AN E AR, 1%
pH JLTHARE B B T Wy fa s Tii IR E &0
1 FMIHARESASR pH K, HAZHE I pH %
FVE AR . M EUMA R R 500 mg/kg B, HAKR

6.0 -

[JCK  BZZN100 [ IN200 RN N300
BIN400 [[TIN500 E_]N600
551 & a a
b
bebeT
cd T
AR et be | [cdbebecgl ~%
%_ 50F 1;; d, ;:;
] e
2 e
% e
5
I 5 =
4.5 < )
% ol
% 2ol
% o
o o
o o
K S
4. 0 N 0“ \ ‘0‘ R =
HALZ A W= A BB A AN
AR

(B /NG SR TR 6 7R [l — BB R AN T] R0 4 B ] 14 22 7
¥ (P<0.05), F)
1 EMAREREEALES 1dFELIE pH T
Fig.1 Changes of soil pH after one-day incubation when acid
compound fertilizers were applied with different nitrogen contents

A ABAL S Y -4 pH fAK, 5 CKAHLL, pH TRET
0.51 A7 Mt AR R S 70 600 mg/kg I, )8
HANE 1 AP I pH Fefik, K 5.02. FUISRRIER
G IEA S G By RR M ot 23 W] AR i - SRR Ak
TR IR R AL FIScHRE H 1Y
B, RN SR AR — A A R,
AR R MR ) AR thIRL 2 B, ZEASRIAE AL
RN, AR RE A b B - 38 v 2 e PR R 1) 2
AR ] AR Tl R A, RV 25 SMI it n &2 A A8 & 2R i
(T, LS kiR AR 3G, AR
AN, FUIE A BEA B 5 (14 it in + 495
SRR R T B S I R B 2 R, FLAE
BHEA G R, 3R AR BB . Rodroguez
S N U itk 5 7 A il G o 4 S 3 R ) ) LR
B, M7t 100 kg/hm® FHE5 %] 200 kg/hm? B,
TR A e R S AN 6.57 mmol/kg HE i F]
8.21 mmol/kg, MRIEIERIXT AR, SR, [F
— AR N, it A NS B S B R R e o 1 I
JF AR E W2 A R8> H A A A0 > B R B0 A 40 gl A2
ME 1, 335 MR B B R BE K/ NIUT AR B, s 5 [l AE
FOMA NIRRT sk K NP AFE (R 1),
DA N 200 mg/kg & G RN & AL B R ], &2
AN BRI AR 1R H AR A AR i 58
Btk S50 50k 7.92., 5.43 1 5.34 mmol/kg. X T
BT PR g MR Ak it % - A9 B 1) 5 M B T A2 A B TR
JERZ AN, IR 255 e+ 0 2 1R AH

18 -
[]CK N100 [IN200 K N300
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SRR (mmol/kg)
o = o =
T T T T
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Fig. 2 Changes of soil exchangeable acidity after one-day incubation
when acid compound fertilizers were applied with different nitrogen
contents
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PR FHAT 38R 5 = A s . HAR Ry B AR S RE R A
BIL AU IR 5 A5 P o ) A R AR B ] LA T 2T B 3 1
BT, it FERE 3 v] - R
PR A SR FE i 1 A AR S IE R E A 1 Adbs
A R R i S A S W A A
23 EARAEBHEXNTERUNRTRR

JE Akt A -3 X -+ MR B (520, R T S2 A
PR B2 s A1, MEE v U0 Akt AR5 5 T - 1 7 T
EREERN R A TR R ARAS B R B 5 AR
Jiti A -3 J5 5 S ) T A T R 5T R £ A
T EIERRAA DTk, AWFSTIERE T pH<S MY
g A, MEE A 1 P AREAIEMERE A 4
FIORTRIZERIARHE TS X 4, A AIAE] pH 5.74
1) e TR AR S5 RERINERHINA S 3 2 K
LB AR T 380 pHL, pH R/ NITUT Sy xof B> rh 4 52
GNE>EVE R A e~ S G IR i 2 A IR (A 3),
X 1 R B pHORIIT &R K/ INFAA—3L,
X TR AR +HE pH ASEIRER T 2 A R
HEEIAL, HRE S IEF A PR R ST A IR
IS A IO R B B R AR A 38 L P B 2 BB R
R, P 3 AR AR A B R R v, (EUINA
3 e R AR R AN IR B 2 A

s PR AR
--m-- FHEA

6.0 —e— XHA
—o— WA A
‘a o EHAAM

45

0 ll5 3|0 45 60
HEFRI ] (d)
3 FINREEA MRS LI pH ST

Fig. 3 Effects of adding different compound fertilizers on dynamic
changes of soil PH

R Al FIE e} AR B i R 5 B it o 1) = 39 5 9% ok
T HR ML EURIA A5 A g i, BV RT3 ekl
P AT A LT RE R = A A A= A T
(R 2). GREWPRE A PAH VAN T 1K
VER T2 & A e SRR i AT 5 d, IS5 0 KM
o, BEFRAS 5 KRR T - Hew b B THLR &
w(E 4), TIERASHER TR 2), R 5N
pH(& 3). 1 8 U A Ak VR U 38 228 A AR RE 57
5 d LA, WEREr 4 KRE R I8+ 5% pH
AR, - IR A 0 3 B SRR A /R T
BEGE 2. B3 ME 4. MERAREER AR TS
RIGAC =T BT 19 LU ER A , 782U AL s i 3
FERI, R ARE A TA LA K K AR HFE R
T REE N AESS, H AL 0.41 ~2.05, &M
FERH 0 2 i AT %ot - R R AL A 25 T A TR
M3 60 d Ji, B TR AR TCHLAZ 85% 21
BR, SRS R KT, Hi
JIE R} R0 B2 i AT 5 U A = AR R A A 34/
T 0.05, 3XA™ FARL/IN 8 I 468 25 2R A9 K it D o o
flr=ig it B e 3 - R e i B E A AR A
PR AT T IR BTk /N o AR it A A LA
TS RA IR e T REARVE T, (H SR 4 48
Oy S E A Y W 28 5 AR AR A bk
FEH W 23 BRI 25 2 B A 3, DRI G 3R 4
Al P 2 B AR T AR A, Fod e th £
RER R B AT X 3R AL A AR X BTk 2 T A
PG, K300t FH R A5 IR, R AS 3 1 8 %)+
BRIV E A Z A0

TG 25 SRR B DL S /O B RS TE A A
Ve S KB R, A HLE N B R E S
JE S T AL T AR T, 0 EL A S R R
A RO 2 107 2 A A 7= T B SO I, B2 23K
VG 52 A N0 - R AL 14 5 SRR X I e TR

F*2 HIIN200mgkg EEBM LIERUBRERMORFURBEFIREPERUSHNRTE
Table 2 Protons contributed directly to soil acidification by adding compound fertilizers of N 200 mg/kg and amount of protons produced from
nitrogen mineralization and nitrification during incubation

AE A}t AE A B 4 A AU IHFE = A = O A4 A BTt/ R e e A
(mmol/kg 1) (mmol/kg 1) (mmol/kg 1) o
5d 60 d 5d 60 d 5d 60 d
W AR 1 0.239 0.08 0.62 0.66 10.74 0.41 0.02
P E A 0.126 0.30 0.44 0.42 7.34 1.04 0.02
PAREAE 0.302 6.86 8.18 1.22 18.55 -0.05 0.02
BHEL 0.669 0.24 0.93 0.56 16.62 2.05 0.04
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Fig. 4 Changes of soil inorganic nitrogen and nitrate nitrogen contents after applied different acid compound fertilizers and incubated for 0, 5
and 60 days
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