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Effect of long-term application of NPK fertilizer on maize yield and yellow soil nutrients sus-
tainability in Guizhou, China. LIU Yan-ling'*, LI Yu'?, ZHANG Ya-rong'>, HUANG Xing-
cheng'”, ZHANG Wen-an"’, JIANG Tai-ming™" ('Institute of Soil and Fertilizer, Guizhou Acade-
my of Agricultural Sciences, Guiyang 550006, China ; *Scientific Observing and Experimental Station
of Arable Land Conservation and Agriculture Environment ( Guizhou ) , Minisiry of Agriculture, Gui-

yang 550006, China; > Guizhou Academy of Agricultural Sciences, Guiyang 550006, China).

Abstract: A long-term fertilization field experiment was conducted to investigate the effect of nitro-
gen (N), phosphorus (P), and potassium (K) fertilizer on maize relative yield, yield-increasing
effect and the changes of nutrients in yellow soil in Guizhou Province. Five fertilizer combinations
were evaluated, including balanced fertilization ( NPK) and nutrient deficiency treatments ( N,
NK, NP, and PK). The maize relative yield, contribution efficiency of N, P, K fertilizer applica-
tion, sustainability index of soil N, P, K nutrients, and other indicators were measured. The results
revealed that the balanced fertilization (NPK) significantly increased maize yield, and the average
yield under each treatment ranked as; NPK>NP>NK>PK>CK. The contribution efficiency and ag-
ronomic efficiency of N, P, K fertilizer application was N>P>K. The fertilization dependence was
ranked as: combined application of N, P and K>N>P>K. But in the lack of P treatment ( NK) ,
the maize relative yield significantly decreased at a speed of 1.4% per year, with the contribution
efficiency and fertilization dependence of applied P significantly increasing at a speed of 2.3% per
year and 1.4% per year, respectively. Over time, the effect of P fertilizer on maize yield gradually
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became equal to that of N fertilizer. The pH and soil organic matter content were the lowest in the P-
lack treatment (NK), while they were higher in the N-lack treatment ( PK). The application of
chemical P significantly improved the sustainability index of soil P, but the application of chemical

N and K did not significantly change the sustainability index of soil N and K nutrients compared to

the N- and K-lack treatments, respectively. In summary, the use of balanced fertilizer application is

critical for achieving high maize yield in typical yellow soil regions in Guizhou Province. P and N

fertilizers are equally important for improving maize yield, and long-term application of unbalanced

chemical fertilizer, especially the lack of P, would not benefit the sustainable use of nutrients in

yellow soil.

Key words: yellow soil ; long-term application of NPK fertilizer; relative yield; sustainability index

of soil nutrients.
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1.1 X5

BORNE 7 5 MR 8 AL s 6 T 5N A 5t
FHT A IR X 5 48 Al B 2= BE B N (26°117 N,
106°07" E) , Hb 4b B v ¥ 3 B B X, OF 0 3K
1071 m, 4E ¥ S0 15.3 °C, 4 1 B IO 4L
1354 hZe Ay  MIRHEJE 75.5% , 4E LW 270 d £
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BECR =8 R S TUE KAL), 1994 47l 1
HEFEAY NN . pH 6.87, ALK 36.2 ¢ - kg™, =&
1.96 g - kg™' ,&H50.96 g - kg™', 281 10.5 g - kg™".
K I RI LG T 1995 4F, ik & 12 AMh 3, AR 0F
FEIEBL T 6 AN HAE W FE XS S22 1) AN it Ak 28
(CK) ;2) Huti ZHEALFE (N) 3 3) B ab P (NK) ;4)
BREPALFE(NP ) 55) BRAALBE (PK) 5 6) P it JE Ak
FHONPK, 2 B4R H) SR FH K X6 b i g, 41> Ak 2
R340 m?, LEE.

R FHENE AR ZE (5 N 46%) , BEAE Ay ad iR
B5( % P05 16%) BRAE R &AL AR (5 K,0 60%) .1k
AR &N B AFE N 330 kg - hmT*, P,0, 165
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Qb BRAFE A AR A WL 1 R —F—F
K FIE FOK AP R . 28 3 AR (1995—1998 4F) B
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(2001 4F) B4 E 2 5 (2004—2005 4E) B4 16 5
(2006—2012 4F) .4 & 818(2013—2014 4) g
K 239(2015 4E).
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Table 1  Treatments and application rates of fertilizer
(kg - hm™)

Ab 3R S Total amount

Treatment N P,0; K,0

CK 0 0 0

N 330 0 0

NK 330 0 165

NP 330 165 0

PK 0 165 165

NPK 330 165 165

1.2 FESCRES T

RIS H 1995 4 DI IR Bk =& it e K7
F 37 40 RO AE AT 28 s PR B AR I d 3k 5
APATT I 5 X 1 4 7= %) 00 2 38 e X6 Ak B DX
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) M2 IR A CHRE W I By REERY 15 A iy £
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BB L A AT T L SCHR 27 ]
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(B B MBI & ] s R TR a5 5 (S = 20

RO x5 B X 1001 o FR 00 A 8% = +3%
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53 BB/ it A AL 38 4 48 4 i R 4
| O 4 €

Kot 09 58115 43 B R Excel 2010, SigmaPlot
10.0 F Statistic 5.5 FKAFUEAT , AN A Ab #2447 [H]
SEEHEAT T 25 3 A LU, AR BB AR v
KOs (8, Ak B (R) 2% Sk SR I XB H T A A 2% vk
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B, B I 2 b T 3R K, S B (E m R
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(B 5 17 . 4% B 22 1t S Ak L 5 A A X 7 SF- 24 4 K/
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(60.1% ) , i 2 it A XoF 5 K A o 7= o (14 5 i 4 {4
PR < G > ol e > I 45 Dl 2 i JIE Ak 3% T KM %o

NKy=—143825+1004

20 <
——CK —@+—NK —&— N

—o0— NP —— PK
—+— NPK---- 2 Linear (NK) - - - 4% Linear (N)
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15 17 19 21

1 3 5 7 9 1 13
RIEAEFR Experimental years (a)

B 1 [l AT Ak 3 A R AR 7 d A

Fig.1 Maize relative yield (Y,) and yield increasing rate (IR)
under different fertilization treatments.

% P<0.05; * * P<0.01. T~ [f] The same below.
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Fig.2 Interannual change of contributing efficiency (CE) and

fertilization dependence (FD) of N, P, K fertilizer application.

I, ITHERR PPN R3S P ROR AL B B IR A
ARG S A B FROIEHS P DTk A a3t
AR (B 3) A B AR A 2 R Al 2.5 ~
17.0 -4.7~15.5 -5.3~14.7 kg - kg™, 21 4E- V31
IR 7.8 .6.4 4.7 kg - kg AHREAE AR F F) FH AR LA
BHAF 0.6 kg « ke MB35 T, 6 AEBEIEA
FRAN 12.3 kg - kg™, MR BRACAR 27 A1 A4
bR shi Ak, B G AR L RLAE.
2.4 KIIEBFRECXT 158 pH EAAE PSRRI
A [ i HES b 3 46T A 358 p A FUA AL SR 2 i) 3%

200 P:y=0.6141x-0.3774
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—
w
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—_
(=]
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B E R
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K
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Fig.3 Interannual change of agronomic efficiency (AE) of N,

P, K fertilizer application.
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Table 2 Trend and parameters of soil pH value and organic matter under different fertilization treatments (rn=12)

A3 pH AHUE Organic matter (g - kg™")

Treatment Eff e I e Hfif FER i s
Average Slope Trend Average Slope Trend

CK 7.02a -0.016 0.1702 EER Unchanged 36.4bc 0.433 0.5545" " Tt Increased

N 6.52¢ -0.044 0.8495* * T % Decreased 37.2abe 0.212 0.1489 $5F Unchanged

NK 6.45¢ -0.046 0.6408* * T [% Decreased 33.4d -0.029 0.0203 ##F Unchanged

NP 6.55¢ -0.045 0.6699 * *  FR% Decreased 38.1ab 0.256 0.3575* | Ft Increased

PK 6.92ab -0.026 0.7603* * T Decreased 39.7a 0.345 0.4052 " [: 7} Increased

NPK 6.71bc -0.035 0.6802* * T % Decreased 34.5¢d 0.127 0.1030 $#F Unchanged

[RI B A5 J5 AN [R) 7 6 7m AN [R] AL B A 2% 57 8. 3% ( P<0.05) Different letters in the same column meant significant difference among treatments at 0.05

level. * P<0.05; * % P<0.01. F[F] The same below.

(£ 2) BAbF 3 pH K/ NI N CK>PK>NPK
>NP>N>NK, B PK &b #i4h, £ i A AL 3 pH {E 35 5
ZART CK ALFE.BR CK AL 34 438 pH (i Fifi it 8] 22 1k
HASFET-HN, 25 0t A0 AL 21+ 3 pH (B35 Bt ol oA 4 R
BN R AR 2 T R R L EE ) NK>N>NP >
NPK>PK. A [ jiti AR Ak B + 645 HIL ST 25 K /NI
4 PK>NP>N>CK>NPK>NK, fH[% PK 5 CK NPK .
NK ZZ[8] NP 5 NPK NK Z[A] 25 5 5 & /b, Hofl b
PR 8] 22 44 R B 2% . CK NP PK &b B + 324 ML
B AR A B 8 0 2 0 5 Tk 3 N NK NPK Zb 3
2.5 KHEURE AT Ct  t EA B  E ] Rt R
Qi)

A [7) it FES A B0 - SR B 7 43 AT B PR AR AL
A NTEIPOL ¥ MRS SR i 246 A IRE AE. DD
IR R TR AR Hlk sh B K, A B[] e B AR
AR S A -0.06 ~0.28, UL N AbH iR =, PK
AbPHEAG , (HFR N A1 PK AL B[] 22 5 g 28 40, ol 4%
Ab PR 25 S O W 2 DAY it AU AL FRAR X PK AL 3 AT —
R v M R 2 T RS 8 B il P A
CIRTE =/ 3= 17 WUESEo A e b QU =N (ki Ra e
RTINS Ik B, 45 A0 B 4 R R T stk A
R/ A PK NP >NPK >N NK , 4 B i 22 5 35
A i A IR AN AL B Y 5.0 ~ 47.5 £
TSR AR AR B B BN A AL FL A 25 RO
W YA H-0.17 ~0.00 , Ui B it AL 2F#0 IR I A fig
P R R AR MR AL
2.6 FORAXS 5 SR I AH DG

IR T AR — R e T R
FIR AR, B R 015 7 50 I A A B 22 4 KA
X 4 pH H A WL R R T Rree MR 5%
BER TR B R B M (£ 4) Kb
R R AT RS R B O R B R, R O R

F3 FEMEELEX TR, B SRR F SIS 1

0

Table 3 Effects of different fertilization treatments on sus-
tainability index ( SI) of soil N, P and K

TH At A5y Year F
Item Treat- Average
ment  1995—1996 2006—2009 2010—2015
Sy N 1.71 -0.01a 0.01a 0.28a

NK -0.45 0.20a -0.02a -0.02ab
NP 0.53 -0.19a 0.04a 0.04ab
PK -0.14 -0.80a -0.09a -0.34b
NPK 0.57 -0.11a -0.23a -0.06ab
Sl N 0.09 0.10cd 0.10c 0.10c
NK 0.12 0.02d -0.02¢ 0.02¢
NP 0.45 0.64ab 0.97a 0.77a
PK 0.38 0.81a 1.06a 0.86a
NPK 0.31 0.43be 0.57b 0.48b
SIk N -0.59 -0.16a -0.04a -0.17a
NK 0.09 -0.12a 0.04a 0.00a
NP -0.25 -0.22a —-0.04a -0.14a
PK -0.16 -0.27a -0.08a -0.16a
NPK -0.14 -0.16a -0.05a -0.10a

SIy Sl (Sl 7353 R H 3 B BT Regi e da 4k SIy, SI,, Sl in-
dicated sustainability index (SI) of soil N, P and K, respectively. T [F]
The same below.

AR SRR R, FROC R HEA L, F/NAY SR pH
(B, SR TR RO S E A B3 R A
PRI AR SRR S 5 pH E AL 2R
Wl AR B SRR AR S IE A OG, Al B

M S ke - e TR IPRDL,
30 ®

R BAEAS R e A Aol A= S R G 3Ry
ANEIE, A P D RE R R, S W R R )
iR 7 TR D520 S B A e B P it T 4
el TS ORORHOGE 7 T 6 2 S DO A s 4 Wl A
VEARE Fo vy, WA L ELA2800 e/  IORHS ™ RS
HERHIRAEIE A2 AR 45 22 AR L1 O U > Wk
IE > IS L e A B T KA X 7 i B b AR AT BR L 4
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Table 4 Correlation coefficients between maize relative yield and soil nutrients

pH AHLTE K e e A AR AL AR = hE
Organic matter ~ Total N Total P Total K Alkaline N Olsen-P Available K Y,
Sy 0.462" * 0.559* * 0.731" " 0.360 " * -0.004 0.014 0.431"* 0.540* * 0.444 " *
Sl 0.213* 0.686 " * 0.356"* 0.882"* -0.071 -0.129 0.962" * 0.379* 0.332*
Sl -0.057 0.091 0.021 0.125 0.471%*  -0.147 0.156 0.127 -0.080
XY, 0.197" 0.246" * 0.416" 0.342"" 0.031 0.100 0.388" " 0.369" * 1

Y, : Relative yield.

AF 1,49 1) BEA i 25T I, ZRURI I B A S804
AERRASWII /I, H B AR STk R B AR AR AT B B AR AR
27 FH 25 B A A AF BR 43501 DA B 4F 2.3% . 1.4% 0.6
kg + kg™ AR B AR S 3E T TR R B A 2 DU
BeE A AT R TG A 28 £ R 156 B Bt 1 R
YA Pl 2 oK 7 Y A R, Hoh R A
K i R BERR I R 2R R AU e 7 3 T 4 B AT
b B T SR e D 7 R BR 38— F [) A e B, AR
e, BRI % SR 0 9 AR5 FORARXT 7 R I
I KR R I 6 4F (2010—2015) B 5 Bl & 40 B AH
2 DRl Az 7w e R A A A it Y T 25 €
0O gr R R YRR R SRR AR A
TREAL G = DR, SR PR ] 8 S AN [R) - 3wl 7 i %
Xof - SRR Y R B A (] 5 AN [ Ak AT B[]
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S oAb A B SN A | AT BE S B T A
R 8 S I PR A, E D s ERE X A
Ko ED Tk A EARR A 78 DL B S
G —VEY R VELE RS B R AR AR K
oo E R A O, DM S B 2 .

MR AU AT A R T b ) 3 SR A
R ARBFIE 4540 B pH (K /N A CK>PK>NPK>
NP>N>NK, HEk CK ZbBEAL , 45 it A AL P + 18 pH (B
VI AMAE AT FR 52 2 a3 IR A% NK>N>
NP >NPK>PK, 15 B K 11 5 10 I8 e 52 7its A Ak 2
FUIETT I R, X 5T AR FE LT
W2 R —2, HR R 22— G2t I A R 57
Sre R FE H R BRI AL, R EE R Mk
FMRIA A R SR Z0 T ek - 48 1k £ HEA ML L PK
Ab PR i, NK AR FREAG, 1 NPK AR BRI 5 NK Ab 2
JC 3 22 5, R TR] it A Ak 3 18] A HL IR AR £k 1) 22 53 )
e 45 Ab BEARFE TR B A DL FEAA 56, SRk
RS FEAE ] B NPK ALBRA ML A 4k B
2 A — B0 B A W 90 R AT R MR Bt 5
SRR, SR A A BEAR Lb it F Ak 22 IR A

EIEASBEFE 9 U R R4 2R T RSl P8 5, i it
AR A D) AT 2 1+ e R T RS e 8, X 5 ik
FRAEN Y BB g Ah R — 2, SR R T RE
A TR B A TE R R R A 25 S B, AR
R R EGAL B i 2 AE 13 R R st/ i A
e b B R AR 2 AE 0 S B e R
RIS B s () 5 B 2 b TR T 4% Ak B )
R B R TR BN 25 R S R HER A 1
A A 385 A [ b BB L e BRI A A

FORARRT 7 i A R AR SR 4 A WL
F pH (B 55 52 B 3 EAH G, s Ab 2 (NK) £3% pH
BB B T RFSL R AR SO AR, TR AR B
LG IR W] BBk (NK b3 7E4R 30 iy
B AR E ARG M DL AR 1R 4 A K AR
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