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Evolution characteristics of soil nutrients in the main rice production
regions, the middle-lower reach of Yangtze River of China
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Abstract: [ Objectives]In China, rice accounts for more than half of total grain production, and more than 30%
of the total cultivated land. However, research of paddy soil nutrient evolution with large area scale on the national

level has not been carried out, the evolution dynamic and process of soil fertility need to be investigated. In this
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study a long-term, since 1980s multi-point monitoring experiments were set up for investigating the evolution
characteristics of soil nutrients and fertility in the major rice production regions, the middle-lower reach of Yangtze
River of China. [ Methods ] The temporal change and principal component analysis were carried out for the soil
nutrients and the rational fertilization in the paddy fields. At first, the change of paddy soil nutrients over time in
the area was analyzed using temporal change descriptive statistics analysis, and summarized results of the evolution
characteristics and overall trend about soil organic matter (SOM) , total nitrogen (TN), alkaline-hydrolyzable N
(AN), available phosphorous ( AP), available potassium ( AK) content and soil pH in different monitoring
periods. Secondly, the fertilization amount trend in different monitoring period was analyzed using statistical
analysis. Finally, the role and influence of the six fertility indicators, at the temporal trend of integrated soil fertility
properties were analyzed using the principal component analysis, and the results were provided with the variation of
the main contribution factor and limiting factor of soil fertility in different monitoring periods. [ Results] 1)
Compared with the first monitoring stage, SOM, TN and AN slightly increased after 20-25 years, SOM significantly
increased from middle monitoring stage to the later monitoring stage (P < 0.05), while AN also significantly
increased from first monitoring stage to the middle monitoring stage (P <0.05). 2) AP increased from 12. 4 mg/kg
to 12.9 mg/kg. Similarly, AK was increased by 13.9 mg/kg and 17.9 mg/kg respectively in the middle
monitoring stage and later monitoring stage compared with the first monitoring stage. 3) In general soil pH was
decreased by 0. 37 units, which indicated that the famer’ s habitual fertilization model and field management led to
soil acidification in the paddy field soils. 4) Three nutrient indexes ( SOM, TN, and AN) were significantly
positive correlations (P <0.01), with a similar temporal change trends. 5) Compared with the first monitoring
stage, 20-25 years later, the main contribution factors for soil fertility in these paddy fields were changed from TN,
AN and SOM to TN, AN and AK. The main restricted factors for soil fertility were changed from the deficits of AP
and AK to the declined pH value. [ Conclusions ] In general, the soil nutrients increased under famer’ s habitual
fertilization model in the paddy fields, which indicated that soil fertility improved. However, it appeared that the
soil acidification became the restrict factors for soil fertility. In addition, from the perspective of farmland nutrient
balance management, soil available potassium and phosphorus are still the key influence factors of sustainable
production and development of agriculture in paddy soil. Potassium and phosphorus fertilizer inputs needs to be
strengthened in the fertilization process, and nitrogen fertilizer needs to be reasonable controlled.

Key words: conventional fertilization; paddy field; soil nutrients; soil fertility; change trend
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Fig.1 Map of the national long-term monitoring sites of paddy soil in the middle and lower reaches of Yangtze River
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Fig.2 Trends of soil organic matter content in paddy soil in the Yangtze River region
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Fig.3 Trends of total nitrogen content in paddy soil of the Yangtze River region
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Fig.4 Trends of alkaline-hydrolyzable N content in paddy soil in the Yangtze River region
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Fig.5 Trends of available phosphorous content in paddy soil in the Yangtze River region
[#:(Note) : FIREIFIE & SR, BT, T a8 (OB & 150 A E A8 CRIE & Bl gg) 7 iR ek 4
a1 25% M 75% , F G ik 4 B F S IMEAR 9 5% M 95% , b F 520 S AR FE % {4 The box rectangular box in the solid line
represents the median whisker plot, the dotted line represents the mean, the lower quartile (rectangular box edges) and the upper quartile (the upper
edge of the rectangular box) represent 25% of all data and 75% , the lower edge and the upper edge line of the line representing the 5% and 95% of
all the data, the solid dots represent the vertical outliers. /A [f]F=HEF AR AS ] Wil B WIAE 5% 7K 22 5 5 3 Values followed by different letters are

significantly different among the different monitoring stages at the 5% level. ]



144 PR S RULH NIRRT 327 X 25 AR AR HH 3857 AL A 97

215 I A6 FTRIBIR A, 25 4F BEMEZESR (P <0.05) s Hirb, I ) 4 e g

AT AT e DR FH s S A e g 508 74 mg/kg, SR (70 mg/ke) Al 4]

%‘zﬂu?@%‘é*ﬁtﬂ X =AM A AR Bt I(56. 1 me/ke) ML, Zp i T 7. 1% F131.9% .
Fr2e Ao al 45 1, B4 e 00 i B =2 1] AR 52 B

350 .
E 300 y=1.1969x-2321.8 . I
E® R*=0.0353 .
gé 250+ "..; |
G 200) celiee.. i
§<m 150k . ® $° coee a
SE: o. [} .. .“ r b ®
Eﬁ L NN | II : o
ix s bhhh | ﬁ
>
54 ® i-.! ne.n . ===
32 0Ff & T v
L N L L L N s ([ ] L
1985 1990 1995 2000 2005 2010 2015 1988~1992  1993~2007  2008~2012
4E Year EYear

E6 KIPTHRERIEFLAMSETUER
Fig.6 Trends of available potassium content in paddy soil in the Yangtze River region
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Fig.7 Trends of pH in paddy soil in the Yangtze River region
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Fig.8 Trends of fertilization rate in paddy soil in the Yangtze River region
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Table 1 Correlation coefficient table for each soil nutrient indicators

T H AL £ i A AR R
Item pH Organic matter Total N Alkaline N Available P Available K

pH 1. 000

A ML Organic matter 0.125 1. 000

4% Total N 0. 184 0.946" 1. 000

ifi# A Alkaline N -0.158 0. 866" * 0.913"" 1. 000

7% Available P -0.176 -0.415" -0.416" -0.227 1. 000

RSN Available K -0.029 -0.471" -0.364 -0.268 -0.158 1. 000

FE(Note) : *—P<0.05; # #=— P<0.01

K2 EEMAIHA (1988 — 1992 &) TR A DR
Table 2 Principal component analysis in the first monitoring stage (1988 —1992)

FHORH R Y5 FRIBCPR 284 /97 07 Al
B Eigenvalues of correlation matrix Sum of the squares of the other factor loading
Principal #% o B TT 2 Fitaatt #HT TR St vk
componen  ARGE( BAEREMHEHI(%)  CP BHE( CR CCR
EV PTVEV (%) CVEF (%) (%)
1 3.17 52.75 52.75 3.17 52.75 52.75
2 1.24 20. 67 73.42 1.24 20. 67 73.42
3 1.02 16.95 90. 37 1.02 16. 95 90. 37
4 0.52 8. 66 99. 03
5 0.05 0.83 99. 86
6 0.01 0. 14 100. 00

£ (Note) : EV—Eigenvalues; PTVEV—Proportion of the total variance explained variance; CP—Cumulative percentages; CVEF—Characteristic

value of each factor; CR—Contribution ratio; CCR—Cumulative contribution rate.

®3 HENEH(2008 —2012 ) £ S

Table 3 Principal component analysis in the later monitoring stage ( 2008 —2012 )

FEORHE R ) A5 AE A PRI 284 A9 77 A
Y Eigenvalues of correlation matrix Sum of the squares of the other factor loading
Principal 7 R H T2 Fitaartt #FHT e E e
componen  ARAER MOTEMEMI(%)  CP HEAEL CR CCR
EV PTVEV (%) CVEF (%) (%)
1 2.79 46. 44 46. 44 2.79 46. 44 46. 44
2 1.46 24.25 70. 69 1.46 24.25 70. 69
3 0.95 15.85 86.54 0.95 15.85 86. 54
4 0.52 8.61 95.15
5 0.22 3.74 98. 89
6 0.07 1. 11 100. 00

71 (Note) ;: EV—Eigenvalues; PTVEV—Proportion of the total variance explained variance; CP—Cumulative percentages; CVEF—Characteristic

value of each factor; CR—Contribution ratio; CCR—Cumulative contribution rate.
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A A0 ST R 9 Xk IO P ) i PR A R g —
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o M0 AL A2 A3 535 T SR BN F oy rh RS SR
SRR T R R )

2.3.4 FRIEHHRE DRI TR 2 R
MEARI AR5, A RS I ABCBO FRAIE 1) 5
PR B BT RN T 38000 A E R I TR
TR RIS E o NI, A E 4 e
WO R IER AR Y , RIS IE T 48 AR AE 3 4> o
JIT R R A 28T R R ) (R 43R 5) A E M

SR TTERAR (K2 K 3) BN (£ 6) . HitH
SERIIAT AT LA I A0 0 IX - SR g iy
P R 2 B SRR BILI, 3 2 et [ 22
IR S S B Z o 20 —25 AR5 R
HE 3 728 A i 1) A A5 AP B 5 B v, pHL A T
REARG 5 - HRIE 7 1% 2 2Pk P R S A R e
AR, 2 R N2 A] RE N B AY pH L.
1, T RAFE H DA S 00 o) 300 20 0 A, AL 1 Y
ERPRE AR AR PR N R A TR AR . I
LI % 3R ER 5 IE T 9 450 o0 A A B, A AEAR
0 LSRR A AL T A —RE 2257

R4 BRI (1988 — 1992 F ) MR E F R A AE MR AFIERE

Table 4 Initial factor loading matrix and feature vectors of the first monitoring stage (1988 —1992)

HE F3 45 47 F 4y Principal component HHIE [ & Feature vector
Fertility index 1 2 3 Al A2 A3
pH 0. 065 0.556 0.736 0.14 0.42 0.48
A AL Organic matter 0.552 -0.014 0.032 0. 67 -0.11 0.16
4% Total N 0.552 0. 052 0.002 0.74 0.23 0.04
Bl fii & Alkaline N 0. 507 -0.175 -0.270 0.99 -0.58 -0.72
A %W Available P -0.251 -0.638 0.285 -2.24 -3.57 2.39
AP Available K -0. 258 0. 499 -0.550 -5.60 7.79 -8.18

RS BN/EH(2008 —2012 F ) ¥R E FHEEBE RS IEEE

Table 5 Initial factor loading matrix and feature vectors of the later monitoring stage (2008 —2012)

i AE F 43 Principal component HHE [0] i Feature vector
Fertility index 1 2 3 Al A2 A3
pH -0.09%4 0.379 0.878 -0.18 0.37 0.56
A HLFT Organic matter 0.573 0.036 0. 085 0.63 0.16 0.24
4% Total N 0.571 0. 106 0. 095 0.78 0.33 0.32
B fi A Alkaline N 0.538 0. 085 -0.011 1.02 0.40 -0.14
5B Available P 0. 067 0. 645 -0.455 0.55 1.70 -1.42
R Available K -0.207 0. 649 -0.079 -1.76 3.12 -1.09
£6 BEHEFEAEHE
Table 6 General scores of soil fertility indexes
Y AL 2R g fff 5 A R A
Year pi Organic matter Total N Alkaline N Available P Available K
1988 — 1992 0.114 0. 196 0.218 0.211 -0. 662 -0.714
2008 —2012 0. 104 0. 170 0.217 0. 261 0. 176 0.305
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IR V- R R BRI O A 1) Bl A L
BN AR i EE R R &R

LR 25 AR VL Ui DR 35 A A
feka, nT LUE 2% DR H 38 ) AR 31 T ek
3, Br € pH (EA, HIEAHLE . 2R R A
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2GS A S A 5 R — 3, A HLT R AR E K
-HRR T A AT HLAR B AR 2 ] 7
TR KA S I R S R A, B A I
REPE m RIEA ML & I, Ak I C it s A 5 A R T
TIEAVURA R, K AT pEoe & B, F T
i H A HUIERC b 20 B BRI, i RE B2 v 1+
JE A R R B G i SR AR AR R
2 FE ) R E e T 2Bk AR KRERAR,
1995 4F- 38 E 7 B9 W VL AR 2 VLY GBI RS AR
IV 6 B IXRHERE AT GARR 52% |
185% . 76% 104% 185% F11 70% "' 3t 3% fik 25 W
FEAE T T 55 A ALIE B S 3 R R AL
W, Horp 23 AR AT A B = RN A R 7 5 0 )
TBET 37. 4% F160. 0% , 1 it PB4 AT D0) - 38 4l 7%
BN T 53.9% — 65.7% , A 3B T 6 — 15
A2 RT LK A X 3 3R A T B,
Jit FES S ) S5 R it AT A2 ) A8 A T 52 ) - B R 43
TE A

P AT Ui b DX AR - W e R s,
A7) 00 A S0 AR 1 e P B A 194, 9 kg/hm?
HaNE] 219. 1 kg/hm® 380017 12. 4% , 4% FH U HE A
BRAE A 034 0T 0. 6% F1 95. 6% , i HELFH 1 M Wi U
7S5 280 A0 v O A, S B A T RO A
YN BIBETT A5 H A 2 DX W T i A P 2R NES i FH
7 510. 1 x10* —566. 5 x 10*t, BENE A &l 141.9
x 10" — 164.9 x 10*t, 4 e it F 5y 40.7 x 10" —
69.9 x 10*t, & & 06 5 4 60. 3 x 10* — 124. 3 x
10%, Bl AMTXH it HE 5 B 25 390, 32 X I8 R it
I, U AN FH AN RS, 2 IS 8, A%
RIE Wl I L B8 RN 2 A I8 1 it FH 5 43 00 b T )
652.8 x10* —662.2 x 10*t,210.2 x 10* —212. 8 x

10%t,144. 4 x 10* — 154.6 x 10* 1 401.5 x 10* —
485.5 x 10*t" 55 W) 30940 B, 4 P E00E (B
PRIE A A B R 25 A W43 53 m 1 0.10 ,0.04
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