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FRAEAS R AGAC A B ) 22 S B AR K, HAE 10 4ER Bl g 22 5, A PUIL)E , LA pUeR B E8mn,
MNPK #l M, Zb B s HIEEAS A VKR BE EMX (-=0.8267), HHEAPIRATR 1 gke, T4
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Ao, REERTE, ARBAAET, AVTCHLE G 3G PURAERE iy 0.35~0.47 ghkg, @AY
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Variation trend of soil organic carbon, total nitrogen and the stability of maize
yield in black soil under long-term organic fertilization
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Abstract: [ Objectives ] This study investigated the different influences of long-term organic, chemical
fertilizers and their combined fertilization on soil organic carbon storage and yield stability in northeast black soil
region, which would provide valuable reference for obtaining high and stable yield and culturing black soil

fertility in Northeast China. [ Methods ] The surveyed long-term fertilization experiment was located
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Gongzhuling City of Jilin Province, started in 1980. The chosen treatments included no fertilizer control (CK),
balanced chemical fertilization (N-P,0,~K,0 150-75-75 kg/hm’, NPK), applying manure 30 t/hm’, i.e. N 150
kg/hm’, P,O; 135 kg/hm® and K,O 45 kg/hm’(M,), applying double amount of manure (M,), chemical and manure
combination M,NPK and M, NPK. The maize yield, soil organic carbon and total nitrogen contents were recorded
annully. [ Results ] The highest maize grain yield was in M,NPK treatment, with an average yield of 9637
kg/hm?, followed by M,NPK, with an average yield of 9422 kg/hm?®, and the lowest in CK treatment, with an
average yield of 3551 kg/hm?, significantly lower than other treatments. For the first 10 years' consecutive organic
fertilization, the soil basic fertility had been significantly improved, and the dependence of maize yield on
fertilizer was reduced, the yields in M, and M, treatments were similar to that in NPK treatment. From then to
2017, the maize yield was annually increased by 3.8% on average in M, and M, treatments, compared with that in
NPK. The fitting equation showed that the contribution rate of fertilizer would be decreased by 9.2% to 12.2% for
every 1000 kg/hm’ increase in base yield. By the practical monitoring, the contribution of fertilizer to yields stated
to decrease after 30 years' organic fertilization. In the organic and inorganic combination treatments, the variation
coefficient of maize yield was 19.3% in averaged, and the yield sustainability index SYI was as high as 0.58,
which was ranking in high stability level. The difference of soil organic C content among the treatments gradually
increased with fertilization years, and became significant since the 11th year. Soil organic carbon content
increased significantly in treatments of M,NPK and M,. The soil total nitrogen was significantly and positively
correlated with soil organic carbon (r = 0.826**). For every 1 g/kg of increase in soil organic carbon would bring
an increase of 0.086 g/kg of total nitrogen. Grain yield was significantly and positively correlated with organic
carbon and total N. [ Conclusions ] Under the experimental condition, pure organic fertilization mainly
contributes to the improvement of soil organic carbon pool at the early stage, and would not increase the yield
until the soil organic carbon arriving certain level. The combination of organic and chemical fertilizer could
increase soil carbon and nitrogen pools rapidly, and achieve high and stable yield increase. With organic and
chemical combination, the annual soil organic carbon increase is 0.35-0.47 g/kg, total nitrogen by
46.3%—84.2%, and maize yield stable index reachs high level (SYI = 0.58). Improving soil fertility can reduce
the dependence of maize yield on exogenous fertilizers. The combination rate of fertilizer would be decreased
by 9.2%—-12.2% for every 1000 kg/hm’ of increase in indigenous soil yield. Therefore, the combination of organic
and chemical fertilizers should be maintained for keeping increase of soil fertility, which is the base of high and
stable yield and sustainable productivity of black soil in Northeast China.

Key words: black soil; contribution rate of fertilizer; soil organic carbon; total nitrogen; sustainable yield index
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8896 kg/hm>, M,NPK . M,NPK AbFE{K RN 9422
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48.3%. TEIRIITLABIRT 10 45, PAGA HLIE AL BT
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M,NPK &b 78 = 72 K, 1980—2017 4, %%



1476 R R R L S

25 4

—O—NPK
16000

14000 |
12000
10000 |
8000 |
6000  W-E_)
4000 |
2000

Tk Yield (kg/hm?)

—&—M,

—A— M,NPK

1 1980—2017 F£E K8
Fig. 1 Annual fluctuation of maize yields during 1980-2017

NPK b FHAE A3 8.5% Fi1 10.2%.
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RSP, B EEORTRRE . AR o [ HIT
. M,(2259) > M, (2210) > M,NPK (2010) > NPK
(1868) > M,NPK (1655), HujitiA HLAEAL R r= e pn i
ZE T NPK MAHLIIEHLECEABE . A HLTCHLRCHE
RBEFRALEE CV AR/, FR A HLAE b 2 7™ A
SRR, Hoo CVIHMA, SYIfEEuE, rail
CIESES A9/ LIRS S I RS54 4 =R QISP NG/
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TCHLECHE AL PR SYT (H = T B ALIE . A HLAL
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23 TIEEMMERENSERRERENXR

AN il JE Ak 3R 0 0 7 i S T AR T Y i b
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Table 1 Effects of long-term fertilization on maize average yield, coefficient of variation and sustainable index

fb3 P54 (kg/hm?) 75 5 B (%) PRSI (kg/hm?) AR R
Treatment Average yield (6\% Annual increase Sustainable yield index
CK 3551 +890 ¢ 25.1 0.51
NPK 8862 + 1868 b 21.1 164.9 be 0.54
M, 8443 £2210b 26.2 154.8 ¢ 0.48
M,NPK 9422 +2010 a 21.3 1858 a 0.56
M, 8896 +2259 b 25.4 172.0b 0.50
M,NPK 9637 £ 1655 a 17.2 1909 a 0.60

& (Note) : [FIFVEHR G AR R:R R A FRGIEALBE R 7E 5% /K F-25 5+ B3 Values followed by different letters in the same column are
significantly different among treatments at 5% level.



1477

9 1 WEZ, & RETAVUSIER AR . SR E K= it AR L RE
90
5 80 |
N
_E 70}t
°\c t‘-’ 600l ~ 2 Cooe A S W g
Mo |
B8 50 Ao BegwTea
= e y=-0.0318x>+ 127.86 x — 128419
=2 40 | a R?=0.5143 (M,NPK)
= 8 = y=-0.0344x2 + 138.29x — 138837 - 2 _
=2 . _ y=-0.0359x + 144.07x — 144416
g 30 R?>=0.5205 (NPK) R =0.4354 (M,)
S 20} @& A yj—0-051x2+204~92x—205818 y=-0.0454x2 + 182.41x — 183240
o L& R0 M) R -0.6628 MNPK) , |

B I e g s g gt gt e =

0

— o — —

——

2 BRI ST ERBEIR I FIRA T ST
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Ab ] 22 S B W OR B FLIE Ak B KR HLICHL
Tc il Ak 3R A MR B A G R T Bt £ I Ak B R X
W, AU &K, 3 LA Y 7 B A X 3
Bio M 1992 4EF 2017 4F, M,. M,NPK. M,.
M,NPK &b 3 - A HLAK 73 5 T 39.6% . 29.7% .
54.6%. 72.4%, MMM S AT 12 45, HARH
[ 2% 5735 B E K-

M AR DL & A (B 5) kB, 50046
TR YL E R LG, A PUIE R HLIC AL i
AR R A LR S, MORHEAE . SR AE £
BAPRR S = TR, SHtA LS Rk, M,
M,NPK ., M,., M,NPK &b + A7 HLER & 543 ) 34
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2 o ° °.
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3 [5)
=21 N .
m o= L4
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Fig. 3 Relationship between soil inherent yield and fertilizer contribution rate
[£ (Note) : M—AHLHE Organic manure; MNPK—A HLICHLEC)E Organic and chemical fertilizer combination; M AERI kR A M,. M, Ab
HFEH{E, MNPK AEE 53k % A~ M,NPK . M,NPK “F14{H The contribution rate of M fertilizer was the average of M, and M, treatment and
MNPK fertilizer contribution rate was the average of M,NPK and M,NPK. **—P < 0.01.]
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Fig. 4 Variation of soil organic carbon contents in different treatments with experimental years
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Fig. 6 Variation of soil total N contents in different treatments with experimental years
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Fig. 7 Correlation between soil organic carbon
and total N content
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