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Effects of long-term fertilization on pH of red soil, crop yields and
uptakes of nitrogen, phosphorous and potassium
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Abstract. The effects of long-term (18 years) fertilization on pH of red soil, crop yields and uptakes of nitrogen,
phosphorus and potassium were investigated in a wheat-maize experiment located in Qiyang, Hunan province. The
results indicate that pH values of the red soil are significantly decreased under the applications of chemical nitrogen
fertilizers, single application of chemical nitrogen fertilizer, mixed-application of chemical nitrogen and phosphorus
fertilizers and mixed-application of chemical nitrogen, phosphorus and potassium fertilizers. The greatest decrease
of 1.5 units of soil pH under the single chemical nitrogen fertilizer treatment is observed after 18 years fertilization
compared with its initial pH value. The soil pH values under the chemical nitrogen fertilizer treatments are de-
creased significantly and then become stable after 8 —10 years when soil pH=<4. 5, while the application of manure
or manure combined with chemical fertilizers could maintain or increase soil pH compared with their initial pH val-
ues of the experiment, in which the highest increase value of 1. 0 unit is found in the manure treatment. Compared
with the corresponding initial yields of the experiment, the yields for the no fertilizer and chemical nitrogen fertilizer

treatments show decline trends of 11 to 104 kg/(ha - a) for wheat and 24 to 210 kg/(ha - a) for maize, respec-
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tively. However, in the manure combined with chemical fertilizers treatment, the yield of wheat has no remarkable

change, and the yield of maize is increased 101 kg/(ha + a). The yields and uptakes of nitrogen, phosphorus and

potassium for wheat and maize have significant positive correlations with soil pH under the chemical nitrogen fertiliz-

er treatments ( except yield and uptake in the treatment of mixed-application of nitrogen, phosphorus and potassium

fertilizers ). Soil acidification is one of the main factors limiting nutrient uptakes and crop yields. Application of

manure could increase soil pH value, decrease soil acidity. Addition of manure combined with chemical fertilizers

could maintain high yields of wheat and maize in the long run and is the best fertilization mode.

Key words: long-term fertilization; red soil; pH; crop yield; nutrient uptake

LR IE T T X B R IR — 8 K
R 13 A () 619 AE (7)), TR 113 J7 km®,
SETFEIAN 1% M REREGLLRERE
HEHE . (PRI ™, AR ¥l 1998
FAREMER S5 R T EE AN (pH RE1E
6.0 ~6.5)MLLE, 15 pH RATIE T 0.2 ~0.5 4
S 38 pH AR B S XA B 2 T I
Ca Mg B EFILR MR, NI EEIEY =", =&
ENE R T g KR MRS R, AR
FUHT, LEMAR M RF R ERERE, HRTA
TGS EIRER , ELANBRITURE RIS 25 )R T it HE S <5
s T R AR W 20 A3k, X RRITRE (5L
B 5 HIRBAL R R BT TS OTFE, x4
PRI A 5 7 - S R Ak 9 1R A SR R A X 8
Zhao %" %t h E BRI TR T -8 FR R 5 1Y -8
WHFE R W], i A B RIL AEIE UE 1 3R A i L BRILAE
Fo SREMEN 0B BRI, E 4L 27 FE IR
# N 150 —300 kg/ (hm® - a) J5H)= 13 pH FRET
L5 ANBpfir; BMR S BRI, e AR £ L RY)
AL AE R RIS FF I8 F 2 e ol + 3B R 1k ; TIA
HE R W 3 FAVLEIER A A, £
3% pH BEE TCHUAL I AR LL A 14 38 0 s 8 2 A
W R T S AE A A SRR A
BERUAT UE I, TELLE LA SRR BB & [ K
pHo A 0L, TR S RICHAF IR, (AR, 3
X LIRERAL B ST R S e R BR AL A 1 e
PEPEB BT RARTR RS0 TG FALE X,
AR H SRR AR = BRI B B IR 0 R
MBFSEED T RIE ROR SR BT EE A
B ARG T KRIAA R 205 pH AR R
AR B R IR MR IR, LA £33 HE ) 5 5 it
AEABE R e & B F R AL S BRI

1 MRS IE

L1 RISXER
LTI KIS T IR AR PH &, o E R

e Be FRELESC I N (AR 4 111°52'32", b4 26°
45'12") KR BE YN 120 m; SEF-BIREE 18.0C B
R E 36.6 — 40.0C, K TE% T 10.0C i IR
5600°C , ZEfF/K & 1250 mm , 75 &7 1470 mm, T5E
HZ9 300 d, 4 R4 1610 — 1620 h, R e kb
Fr b s, B B SR P4 4T 48, AR P b ) L3
KRG, BTRGRAE, EPR Ly Y FEUS
WORE, HBTF R 1990 425 e REAE I«
AHJR 115 g/ke, &R/ 1. 07 g/ke, 285 0.52 o/ke, &
85 1.37 g/kg, B it & 79.0 mg/kg, 3 R HE 13.9
mg/ kg, HAHH 104 mg/kg, pH fH 5.7, B TS E
8.99 cmol( +)/kg, SCHRPERRFNAZIRPERR 7390 4 0. 27
cmol( +)/kg F1 0. 17cmol( + )/kg,
1.2 Rmigit

KRRV B 12 A RIMAE AL, 4146
PEH Y 6 43, B 1) AREAERT B (CK) ,2) B
RAC(N) ,3) BB HE (NP) ,4) A8 HCHE (NPK)
5)ABHUE(M) ,6) b ANEKHEC A HLIE (NPKM) , i
KR /N -FRBC AR —EEPIRAH] . AERHHE 955
AR N 300 kg/hm’ B SPAL RN P,0, K, 0 4% 120
kg/hm” ; Forp K FAERHR & BHEAE R Y 70% , /1N
Z 5 B ER) 30% . TEAHUIE L AR R R 3
FENABS SRR 0%, RIEHRE(EN
46% ) ,BRNE P BEBRES (& P,0512.5% ) , FPAL A&
8 (& K,0 60% ) , AHLIE S, g IR/
& EAIEM B — R, KR KX
BRI PR EF 196 m?) IR TFIRT 20 4EDIRT; &2
AR RR S s 2 RER, BT T
BIBREE , SRAFIP A /NX 5 4011 3 ALK o
BT 50 m* Sy 1 BB =8 FEARAE R
SRAE R B X FEHLR £k 10 Bk /INE 50 #k; 1%
i TEAEEARBRE RE, BT RE L7 FE
PSR 0—20 em BAMAREMHL S N IBEY
A, BART)G, B4 1 mm Fig A,
1.3 #EmaHAE

TgRE 1 SRR T pH IURE , TS T s



1 8

FEEEIL, % RANRAEX LI pH Y= 2 R B EP R 0 R B2 e 73

5, KB S 1EUIRSAT AR R T T H,S0, -
H,0, HE—DIE REENE , 20 H,S0, -H,0, JH
FIRBLLGIE I, &5 1] H,S0, -H,0, JHE—
KR EE o PrAE R 2 KEE.

B HER ] EXCEL2003 #1720 47 , Ab 28 6] 2
% 1L SPSS 16. 0 a0

2 ZRG5aM

KA AR X 41458 pH B9 R50E
AFERL AL T 18 45 )5, 148 pH ) K/NIUF
s=: N<NP . NPK <CK <NPKM <M(E 1), TE}
Pt FAL (N NP F0 NPK) 4b 25, 4% pH #8A
B, oA LU N Ah #R R i R, I T 15 M FR
fii; HYGRE NP Fil NPK 403, pH 20 5 TR T 1.3 A
L2 AHfir; CKALEE 4 pH Sl 2 WIAH LA
BEZA, HBER T N NP 71 NPK b3, AL,
e RE A B4 pH fER ) R A Z
—.3% 5 Guo &N B R A REM. 5 1990 4
LA AR A EL, B A LHE (fl 22 HE R BCHE A AL
MEFREAHEAALAL ) AL 7 1 3% pH (RIFEE A BT I
=, LR MLAE pH Tk, 18 1.0 Nz, ]

e CK

2.1

= NPKM a M

A r .
o~ 000 — - — - yex = ~11.4x + 23107, RZ = 0.272
5 ——— - ywrm=8.Ix+ 17823}R2=0.012
2 3000 | yu=36.5x — 71507, RZ = 0.138
Al

A I &

#2000 |

=

o

51000 |

3 ¥ -

£ "r—"t*r';'#l'—*w—r-r-o--—l-—z—-r

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

¢ CK = NPKM a M

10000 [ —-—-- yex = —23.5x + 47316, R* =0.327°
< — — — - Vpxm = 100.7x — 196357, R® = 0.219%
% 2000 | yu = 28.5x — 53300, B2 = 0.016
= il
i) I
i 6000 1 rei ___1_-;_1———{
X | _ e A T
H | - = w A -
4000 L, 4 —
s Y N
> A A A
& 2000 | A
= v

- ‘T_w-' *-= x o A Sk e =k = ek 2

0
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

& 2

3% pH BB AT Y, TR RUE AL 2
TAEIAT 8 — 10 £E£T3 pH FRERAR, /5 2 pH<4. 5
MFETRE, EATIE pH XA LRMET] BB TELL
HhIX X pH fiXF 4. 5 B /EH) 7= 5 BB FAAIG, 115
HRA A OB A R 5 T Y pH KT 4.5
i}, IR G PR R R T AR,

8 —e— CK—o— N—a—NP—s— NPK—a— NPKM—a—M
71

6}

5t

pH value of red soil
41 HEpH{H

4|

3 1 n 1 n 1 L 1 L 1
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

£E Year

1 KEFREEETOE pH BEHEX
Fig.1 Changes of pH of red soil under the

long-term fertilization

2.2 KEIEEEH =BT
B2 B, BEREALAF PR B RE 1< , AN HE XS BRI

o N & NP ° NPK
ao0or yn=—73.5x + 147241, R* = 0.783"
....... yre = ~104.3x + 209445, R* = 0.827"
3000f — T Yrek = —92.9% + 186849, R’ = 0.699
¥
k-3
20007 F-._ L
RIS 8
T# I O S T
-y - T
1000 \.J\_IF}_}' i ir\il‘l‘—‘? .
-3 \Z’\;._II}_

0
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

£E Year

. - T T
& = - Ty T
ob—v TV ® FwwakaFiT

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

10000 1 ° N & NP ° NPK
— - — — yy=-133.7x + 268053, R* = 0.673""
------- Vip = —209.6x + 420963, R> == 0.715""
8000 | — ... ynex= —180.1x + 363167, R?=0.384™
6000 |
TTTI
I S
?E:T.T.\_‘-T -I~—T-I§"\
2000 | - T
I"'\-I, IIQ-T )
a T~ I S

£E Year

KPAREE TAE/ME ERFEBHEL

Fig.2 Changes of the yields of wheat and maize under the long-term fertilization on red soil
[ (Note) ;: Y—=& Yield(kg/hmz) 3 x—4Ef)) year; ¥ — <5%; % x—<1% ]



74 MY EFSER/F#R 17 %

FfEREAL I N =B RN TRaE, 25 8
E INET RV B RRR 11 ~ 104 kg/hm® 5 i AL
JE(NPKM 1 M) Ab3R /N2 P= B R kA B A8, He
Hi NPKM 4bFSE- 5778 (1639 kg/hm®) i 38 7 T HoAth
AR, A EBAEFIGE A RARAL I F KB AL 5
INEETEERARIR], 4R R 24 — 210 kg/hm’ 5 M b3
FAR=ERAE BEFEARTF S, T NPKM A2h 35 0 b &
TEARAERR A B B35 R, P27 B3k 5076 kg/hm’,
AN 101 keg/hm’ , KR = RBANLTHE pH BE15AHE
53HTRB],N NP \NPK Zb3H/ N2 75 5 13 pH YK 3]
THRBE A, RIS HIR 0.8157 " 0.814 "
0.675" " ; NNP AbBEFOK ™ R 55 pH HAHK R 4455

1500 * CK = NPKM a M

5 — - Yok =—0.47x +943.5, R? = 0.457"
,é;“g -———- YNPKM:’0.58X+1216}0,R2: 0.041
Z < ym =0.58x - 1113.2, R* = 0.030
%5 100} I - .
S L el .
58 i Tpa-d
AR QU S LIS B
2~ s, a b e
L
NERGIAAA A LS A il

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

¢« CK = NPKM & M
301 —-—--yexk=-0.08x+ 1552, RZ = 0.497"
— — — — Ynexm = —0.10x + 206.6, R? = 0.017
yu = 0.14x — 269.1, B> = 0.024

20 ¢

10

Phosphorus uptake of wheat
N R (kg/hm®)

E = 3

Rl ZE S i F RVl £ I SR S

0 . .
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

¢ CK = NPKM a4 M

2401 —.— .-y =-0.70x + 14145, R* = 0.429™
8 — — — - ywekm = —1.92x +3920.8, R? = 0.091
g~ yv =—0.89x + 1843.1, R* = 0.017
S g T
1=} % 160 |
L M
T:g >~ I - - &
%ﬂﬂﬂﬂ --F A ' - A
§§ of _, 77T e T .,
%W A w AT = w L A -_‘ﬂ
3% A, = Lag
A =, ¥ A .

ML Al el S Y O e S

0
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

70.9267 70,7207 " IR B TR B AR, T
CK NPKM M 4E3#/NE 1 T K™ 55 138 pH Hy7RaA
B BEHIOKF, T, AE BRI ER, JUH
FAGH LA RIL, SEEE pH R &
FERA EZFEZ — MEY=ERETT IR 3L,
LI pH TRER] 4.2 iF, /NE AT ORL ™, 53X S FRMY
SN R AR B
2.3 KEAMEAEX(E4 it b & ( FEFFF0FHL) & Be
RS R R R0

AHERE AN R AL 2 FUACAL R, NEFIE RN A
e BIB9S 4 R A9 K B 2 PRI
B3 M 4 F ) AAPUIL (M) Zb3/NZ A oK

o N a NP ©° NPK

150 [ o
— - — = yn="3.28x+6576.9, k' = 0.769
....... yxe = ~4.00x +8027.4, R* = 0.781"
— e — - ek = —3.67x + 7369.3, RZ =0.679"
100 f
-
T =
e
NS =
50‘; T TR e 13
= I T %" LNRY \d I
ji:-l, ¥ v T RTAT
T BX ¥y
2 C -~ .
0 , . . o T gogo o o n-?
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008
£ Year
30y =N & NP ° NPK
— . — - yn=-0.35x +704.4, R = 0.774"
....... yie = —0.52x + 1053.9, R = 0.810™
— - — - vk = —047x +937.4, R7 = 0.641"
20}
<
o 25 =
T ;l:fur‘ cm— v
LS, T ey
& ;.{E\;\;f 5%,
" Y T aacaa o o-F

Y990 1992 1994 1996 1998 2000 2002 2004 2006 2008
# Year
a N A NP ¢ NPK
240 —.—.-yy=-236x+47214,R*=0.741"
....... yie = ~2.75x +5519.5, R = 0.739"
— - — - ynp = —4.79x + 9615.6, RZ =0.718"

160

-
| —
80 -

"E 2 == ©-
0 X .

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008
4 Year

3 KEARBEIET /MM EE( FFFH) & 8 AR REENTL
Fig.3 Changes of the uptakes of N, P and K by shoot of wheat under the long-term fertilization
[ 7 (Note) : y—WR U Uptake(kg/hm? ) ; x—4Ef} year; % — <5%; % %+ —<1% ]



13 BEEL, % . KIMBIEX AR oH MEY 7= 8 RA B 1w 4 R 22 1) 75
sapf * CK ® NPKM & M ) 240 [ ° N & NF ° NPK
8. — - yox =-0.35x + 715.6, R? = 0.225 — - — - yn="3.58x+7167.7,R* = 0.729"
gy — — — - yaprM = 1.76x - 3430.62, =015 | ... yxp =—5.07x + 10177, R =0.728™
% yu=0.63x - 11882, R=0016 — o yapk = 4.19x + 8449, R = 0.590"
2< 160 160 [
£ T i
%lﬁg g A '} r I
g = T e —_— : : £
EDS-E ____r_——‘—{”i:__‘ - ~.¥ “sfft ¥
ET 80 N - — i 80 r?g TR T
iz H S a A }- e Tee
. N R S S
. T et T ge sl
0 hat _""VF eV Tt ¥ T 0 . . X Eﬂ-a—aﬁ'é'_n.i'g_g_
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008
£ Year
60 & CK = NPKM 4 M 60 [ ° N &NF °NPK s .
RS —— - Yk =—0.12x+250.3, R = 03537 — = -yn="057x+1133.1, R - 0.707"
=0 - Yk =0.56x - 10957, RP=0287" |ttt ynp = 092x 1 18474, R =0.713
% % yu=023x - 4378, R?=0.030 —--—-ynpxk = 0.74x + 1491.2, R“ = 0. 558"
22 4 40 [
5> I
5 7 = -— A Ky
PR M
EX 20 Ta xa s T s 00 - X T
2 4 * By S )
- A Fed lr'& - I*
0 v_';-_r;';'_;.—f_v-'v*'%?fd.:-.—-t-f 0 A T * EFDPD-—-;.#’?-&
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008
£E Year
240 * CK = NPKM & M ) ) s0r ° N &NP ° NPK .
o -y =—031x + 6293, R* = 0.262 — - — - yn=-1.42x+2853.7, R* = 0.745
3~ — —— - Ynecu = 1.22x 23552, R=0046 | yap = —1.69x + 3400.3, R = 0.743"
hs % P ="0.01x + 864, R =0.00 - Yapc=3.48x+7008.2, R = 0.594"
o 2 160 ]— 160 [
g T
S 1 .
£g - >
2B _T_,i_'_—.—i'—'——— ’’’’’ I_— k3
E% 80 1 = - 1.7 B0 ~:2, 7 &
&H A .i-“ ry 2 - T 1— k-2 --5"~~?___'0‘
A 4s =T & I‘ = TR
N -A— HLE T - §_\
0 ik b e 2 Rk e e b ST P R o 0 T q_n-__f i—ﬂ-‘—hx—tr 2 ; -
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008
£E Year

4 KERERETEXM EH( FEHFNFR) & 8L H R RENEL
Fig.4 Changes of the uptakes of N, P and K by shoot of maize under the long-term fertilization

[ (Note) : y—H Uit Uptake(kg/hm’ ) 5 x—44 year;

X BE BRI B A B L 1, NPKM 4L 3 £k
R A i I PR A < 2 2 0 o, i /N 0 e M
TR, LITHE R A VUL R E Yy st b &R A= 7™
BERE . USRS 1%
pH MRS TR (3% 1) , N NP LB /N2 Al oK
SRR B R AR S pH 2 AR B IR
NPK AL H/NAEST R B SRR RS pH 2
B E IEAHSS; CK ALBE/NEXT A AR RIE S
pH 5 B ZPEIEASE, T FRXBE AR R I8 5 pH
S AR B AR E PR IEARSS ; NPKM Al M AR A

*— <5%; * *x—<1% ]

IR T AP RN S L pH W B A
o VIBIZIHE pH BRI /N AT K AL B P 55
AR T T /N R E R IR B
3 it

KERHE IR R LT3 pH 3920
Wit A - 398 B 4 25 EUIE R M ) R
NH; -N 5t X R BRAR FOIH 2 & S B - e ik 42

ABTFCUE A, TELLE 2 3 bR i AL = RAE LN
300 kg/(hm® - a) T T H4EMRAL , JU LA AL 2

3.1



76 MY E RS ERZR 17 %
®1 KEAEERTEDE LA (AT &85 RS S L 5 pH (98X RE(r)
Table 1 The correlation coefficients between the uptakes of N, P and K by the
shoots of wheat and maize and soil pH values
/NE Wheat E >k Maize
sl
Treatment UEE BB R UE-at R i LEE
N uptake P uptake K uptake N uptake P uptake K uptake
CK 0.554" 0. 445 0.522" 0. 490 0.636"" 0.515"
N 0.831*" 0.829*" 0.812"" 0.919°" 0.933"" 0.905*"
NP 0.872"" 0.864" " 0.860" " 0.771** 0.773*" 0.709 * *
NPK 0.750" " 0.686" " 0.762*" 0.293 0.259 0.395
NPKM 0.084 -0. 055 0.032 -0. 158 -0.326 0. 000
M 0.130 -0. 145 -0. 134 0. 126 0. 000 -0.032

#(Note) : *—<5%; % *+—<1%.
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