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Table 1 Net nutrient application rate relative to treatment

Qb P N P,0; K,0
Treatment (kghm™2a™")

1/4M+3/4NPK 330 164 307

1/2M+1/2NPK 330 162 449

M 330 159 733

CK 0 0 0

MNPK 660 324 898

NPK 330 165 165

NK 330 0 165

N 330 0 0

NP 330 165 0

PK 0 165 165
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Fig. 1 SOC content in yellow soil relative to treatment
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Table 2 ANOVA of SOC content and SOC balance in yellow soil relative to fertilization treatment

A AL A LB hE
At SOC content SOC balance
Treatment
(gkg™) (kg hm™)
1/4M+3/4NPK 25.33 £2.36¢cd 1 835 +334b
1/2M+ 1/2NPK 26.32 + 3.06cde 4798 £ 715¢
M 28.65 + 3.83e 10 661 + 1 208d
CK 22.23 + 2.44ab -1505 +213a
MNPK 27.62 + 2.44de 11 003 =1 244d
NPK 21.15+2.36a -1 030 +428a
NK 21.88 £2.58ab -1223+£297a
N 22.31 £2.61ab -1415+479a
NP 22.90 £ 2.11ab -1 359 £525a
PK 24.08 £ 2.89bc -1 619 +345a

e FE £ BRvE2ZE . RN FREER AL AL FEE] 22 5 3% (p<0.05) . TH Note: Means + std. Different lowercase

letter means significant difference between treatments at 5% level. The same below

HESAPE, FHE13 949~ 15 071 kg hm ™
Rl o). (i, SifbiRAbBENP . NK, PK, NE&
K= BT, FHAE10 965 ~ 12 042 kg hm ™2
) o 25 B AL S Y W 42 v T B oK R, BCKIE
1538% ~ 125% . 3 2k A [] it AT Ak B 6 oK 7™ Bl Fsf
] 25 A FH, 2004, 2009, 2010 K 20134F 4 4b
M ER R, XA SRS ' MO ERE
AR A 6 20, CKALBE P ek, A fh g h7E
4000 ~ 8 000 kg hm™yEMEN, BUAITE, FK™ b
T HERS S 1 TR, BEnH 34 500.8 kg hm ™ a™',

1/4M+3/4NPK, M., MNPK. NPKHIPKAbFE, F%k
77 ik Bl ST ) 5 B S e # L AR G 0 B R K
HEFF R K : MNPK > M > 1/4M+3/4NPK > NPK >
PK, A UL, A ALAE AL FE E K 5 0 TR R
AEFE , 1/2M+1/2NPK . NKHINPAL B £ K 7= AR PR
AN, PR, AR LEATS LA HLAE b 27
TR S . MENAL PR AR RN, BEAREEZE 391,11
kg hm™ a™'o ATIL, A [ il ES Ak B K 7= 28 A7
ERFEES, HiEAYLE . AP AR B A A
B0 IS 9 80 e FH B A R T3 AR i, M, Ak
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Table 3  Maize yield relative to fertilization treatment

A
e o WA X R4
Maize yield
Treatment Fitted equation Correlation coefficient
(kghm™)
1/4M+3/4NPK 15071 £2 256d y=361.47x -711115 0.531
1/2M+1/2NPK 15028 +3 057d y=-11.851x + 38 841 -0.012
M 13949 + 3 042cd y =432.26x — 854 460 0.471
CK 7938 +2 795a y =500.81x — 998 197 0.594
MNPK 17 837 + 3 676e y=631.52x - 1x107° 0.570
NPK 14 615 + 3 004cd y=171.57x - 330 061 0.189
NK 11 136 +2 860b y =26.36x — 41 820 0.031
N 10 965 + 2 848hb y=-391.08x + 796 640 -0.455
NP 12 042 + 2 340bc y=27.178x — 42 558 0.038
PK 11089 +2 412b y =135.15x - 260 487 0.241

JIE O it N CK AR B 7= A1 (K3

ZE b, S TRt A A B K 7 A B 8] 35 B B
K, ALGTHr Z24EF- 3 77 AN fig 10 52 i AN ]
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SLMETREL (SYD) R w7 S RE (CV) REH
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INASTR], AR SR BN it A HLAE &b B = T il A AR Ab
B, WX R ATARSESYIE KN A,
WK K. 1/4M+3/4NPK (SYI>0.65) > MNPK,
M. 1/2M+1/2NPK., NP (0.60 <SYI<0.65) >
NPK. N, NK. PK (0.50<SYI<0.60) >CK
(SYI<0.50) o Z5REMW, AHIESIEEEE
Ky a i RS b, AR 25 . FOK
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040 @ “PA4020 7
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Fig. 2 Sustainable yield index (SYI) and coefficient of

variation ( CV ) of maize yield relative to fertilization treatment
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R R . B3, F40TH, X ES R
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HHSYHHWRLMEMK (r=0.575) , MHECV
EAREE ARG, ATIL, AR & LA VLR & & 5
PEF R AT R MR B, A LR T
YEY = g n fRp ety . 454 130, AHLICHLAE &
AR AL B VR Yy S YIME R &, B, EAA
HUAE R o 7= o M o] R bl 2 R 24 T+
B LIRS .

KR A A WU i R A 2 O
MRRFR (r=0.511%*) , Hizm 7778 50 Pk
A K Pearson R L, UK G A PLIEXT £
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Fig. 3 Relationship between SOC content and maize yield

0 10 000 20 000

14000 ¢

s 12000
£ o0 o8 g P o
£ 10000 } o 4
= 8000 f 3 =10.628 3x-604 8.4 .
S~ go00 | R=0261%%, n=110 ® o
W= o0 0
g = 4000 f o«
&Z 2000 | *fee
o 0 |
= ®
2 2000 | S e ~ .
T 4000 |

-6000 L 10 000 20 000

EAei= 4t Yield (kg hm?)
E5 FXRmESHEIRTEENER

Fig. 5 Relationship between SOC balance and maize yield
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Fig. 4 Relationships of SOC content with SYI and CV
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Fig. 6 Relationships of SOC balance with SYI and CV
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Effects of Long-term Fertilization on Soil Organic Carbon Balance and Maize
Yield in Yellow Soil

ZHANG Yarong" > LIYu"? LIU Yanling" > ZHANG Wen’an" > JIANG Taiming™ *'
(1 Guizhou Institute of Soil and Fertilizer, Guiyang 550006, China )

(2 Scientific Observing and Experimental Station of Arable Land Conservation and Agriculture Environment ( Guizhou ) , Ministry
of Agriculture, Guiyang 550006, China)

(3 Guizhou Academy of Agricultural Sciences, Guiyang 550006, China )

Abstract [Objective]l Based on a long-term fertilization experiment on yellow soil typical of
Central Guizhou, analysis was done to explore relationship between soil organic carbon ( SOC ) content and
crop yield sustainability in yellow soil and to make case—specific rational fertilization recommendations,
because few of the studies in the past did much work on the aspects. [Method] Therefore, data of the 11
year-long (2004—2014 ) field experiment that had 10 different treatments, that is CK (no fertilizer ) ,
treatment NPK ( balanced chemical fertilizer application ) , treatment N ( PK deficiency ) , treatment PK

(N deficiency ) , treatment NK (P defioiency) , treatment NP (K deficiency) , treatment M ( manure
only) , treatment MNPK ( manure plus balanced chemical fertilizer ) , treatment 1/2M+1/2NPK ( 50%
manure plus 50% chemical fertilizer ) and treatment 1/4M+3/4NPK ( 25% manure plus 75% chemical
fertilizer ) , were analyzed and compared with the single factor variance analysis, sustainable yield index

(SYI) and stability index (CV ) methods, with a view to exploring effects of the treatments on SOC
content and SOC balance in the yellow soil, their effect on crop yield stability and sustainability, and their
interrelationships, clarifying the relationship between SOC and crop yield, and providing some theoretic
bases for building of soil fertility, improvement of crop yield, development of sustainable agriculture,
expansion of carbon sink and reduction of carbon emission. [Result] Comparison between the treatments
demonstrates that treatments M and MNPK were significantly higher in SOC content than all the others,
displaying an order of M > MNPK > 1/2M+1/2NPK > 1/4M+3/4NPK. In treatments M and MNPK, content
of SOC was gaining in budgeting, and the higher the application rate of manure, the more significant the
gain, while it was losing in all the other treatments, displaying an order of MNPK & M > 1/2M+1/2NPK
> 1/4M+3/4NPK > NPK > NK > NP > N & CK > PK. Application of manure plus chemical fertilizers,

manure alone or balanced NPK was more conducive to improvement of crop yield than the other patterns of
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fertilization, and in terms of crop yield, the treatments followed an order of MNPK > 1/4M+3/4NPK &
1/2M+1/2NPK > NPK & M > NP > NK, PK & N > CK. Application of NPK coupled with appropriate of
organic manure improved maize yield sustainability ( SYI) and yield stability (CV ) , especially treatment
1/4M+3/4NPK that was the highest in both of the indices, with SYI being > 0.6 and CV being < 0.3.
The research also found that annual yield was closely related to balance of SOC content, whereas, yield
sustainability and stability was to SOC content. [Conclusion] To sum up, application of chemical fertilizer
coupled with organic manure is conducive to accumulation of SOC content in yellow soil and maintenance of
stable and sustainable maize yield, and in response to the fertilizer reducing principle, the application of
1/4M+3/4NPK is recommended to be the optimal practice.

Key words Long-term fertilization; Yellow soil; Soil organic carbon content; Soil organic carbon

balance; Maize yield
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