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1 Ca Mg Na)  (K) () -
-ICP (P) -
1.1 _ [5] (Cl) _
[6]
(111°52'32"E  26°45'12"N) 2 mm pH
1990 1:25
1990 pH 5.7 11.5 g/kg (7]
1.07 g/kg 0.52 g/kg _ _ 8]
79.0 mg/kg 13.9 mg/kg _ 5]
7 1.2.3
(CK) (NP) H'=(Ca+Mg+K+Na)—(Cl+P+S)”
(PK) (NPK) ) P S
(NPKM) SH=mxH"
196 m* - (m )
N 300 kg/hm®  P,0s 120 kg/hm’ Excel 2007 Sigmaplot 13.0  SPSS 20
K,0 120 kg/hm®
70% 30% (
N 460 g/kg) ( P205125 g/kg) Duncan P=
( K0 600 g/kg) ( 0.05 Pearson
N 16.7 g/kg)
NPKM : 7:3 2
1.2 2.1
1.2.1 2015 11 1 25 (1990—2015 )
12 pH
3 60 cm x 80 cm CK (NP NK NPK )
3 pH
[10-12] PK pH
(M)
0~20cm (NPKM) pH pH
1.2.2 094 0.52
3 [13-14]
105°C 30 min 65C
( D
#1 KHETEREALET HIEEREL MR
Table 1 Basic physical and chemical properties of soils under long-term different fertilization treatments
pH (mg/kg) (mg/kg) (mg/kg)
CK 5.47+0.06 b 74.6x0d 20£02¢ 572+16¢
NP 4.01+0.05d 107.0+11.4b 101.7+30.1b 563+56¢
NK 3.82+0.02¢ 107.0+11.4b 1.9+£02¢ 214.6+10.0¢c
PK 5.16+0.14 ¢ 84.6+43¢ 84.3+12.6b 2609+8.5b
NPK 4.11£0.06d 1144 +£8.6b 116.5£5.3Db 1489+ 1.6d
M 6.41+£040a 184.1+114a 417.8+1.1a 221.1+32.0¢
NPKM 5.99+0.08 a 156.7+7.5a 600.8 +44.4 a 353.6+28.2a
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(M NPKM) PK
M CK NK
PK M NPKM
(CK NP NK PK NPK) NP NK CK NPK
2.2 CK NPK
pH (M NPKM) PK
2 CK M
(NP NK NPK ) NPKM 3.04 214
x2 KHTREEBAE T NEEKIFR
Table 2 Growth properties of wheats under long-term different fertilization treatments
(m’) / (g ) (kg/hm?)
CK 0.48 104+ 12¢ 1.85+£0.22b 4011472
NP 0.48 53+5d 2.28+0.17b 2522+183 ¢
NK 0.48 55+18d 0.16 £0.02 ¢ 186 +£25 f
PK 0.48 138+5b 3.42+048a 9842+1392¢
NPK 0.48 97+20c¢ 321+1.04a 64962 114d
M 0.48 205+28 a 3.80+0.18 a 16232+ 759 a
NPKM 0.48 194+ 19 a 3.12+032a 12610+1315b
2.3
(H")
( ) ( ) ( 3) NP PK NPK
3 CK NK CK
CK NP PK (M NPKM)
®3 BURBNEWEAMARSFEIEMNERT~EE
Table 3 Ion contents in shoot and net proton production of wheat with unit mass
(cmol/kg) z (cmol/kg) > H'
(cmol/kg) (cmol/kg) (ch/kg)
CK 370+0.64 19.81+045 3.05+£0.14 1.21£0.33 3452+ 1.66c 3.63+0.08 2.50+0.34 3.96+041 13.72+0.55e¢ 20.80+1.12ab
NP  5.19+0.51 14.82+2.01 2.14+0.27 0.62+0.09 30.10+2.04c 6.38+1.07 3.88+£0.38 3.67+£0.65 2031£336d 9.79+140c
NK 3.76+£0.68 31.95+5.87 1.63+0.51 0.74+0.09 43.47+547b 588+0.76 1.92+020 927+020 2295+1.08cd 20.52+4.80 ab
PK  293+£0.13 24.36+£2.93 2.14+0.26 0.42+0.08 34.92+3.63¢c 3.53+£021 547+£038 11.17+1.19 23.70+£3.13cd 11.22+0.70c¢
NPK  3.63+£049 31.32+2.61 1.53+0.34 046+0.04 42.10+1.63b 596+1.16 4.18+0.59 10.70+1.64 26.80+2.17bc 15.30+1.38 bc
M 4.60+£0.96 36.70+4.70 4.08+0.32 0.48+0.08 5454+6.11a 4.87+£0.34 10.14+1.08 10.47+0.38 30.35+£1.51b 24.19£6.29a
NPKM 4.77+0.28 41.76+3.28 3.78+0.19 0.59+0.04 59.45+3.63a 540+0.53 841+1.03 1594+1.28 35.15+440a 2430+4.12a
M NPKM)
PK  NPK
1 NP NK

M>NPKM>PK>NPK>CK>NP>NK
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o 2.4
— a
:é a 4 (H)
& +
4 (ZH)
.|
Bie) . b (P<0.01)
ﬁ . (P<0.05)
C
0 CK NP NK PK NPK M KPKM pH
e b (P<0.05)
1 BERLERNESRFFES
Fig. 1 Total proton production of wheat per unit area pH
F4 BENTEERELNEERFEFEESTIEEBEVEFI/NEEYIE ZEIHEXE
Table 4 Correlations between total proton yield and soil physico-chemical factors and wheat biomass
H' SH
pH 0.551 0.703 0.439 0.617 0.858" 0.884™
0.856" 0.518 0.595 0.733 0.860"
0.683 0.564 0.806" 0.885"
0.424 0.604 0.570
H 0.418 0.643
0.948"
* P<0.05 o P<0.01
pH
3 [15]
Barak
[12] 25
[16]
(NP NK NPK) PK
pH
[17-18] pH [19]
25 130.1 cmol’lkg M  NPKM
(PK ) pH 0.31 17.96 thm®>  12.57 thm?
23.36 kmol/hm*  16.35 kmol/hm’

3.93 kmol/hm?

3.06 kmol/hm?
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Comparison of Contribution of Wheat Ionic Uptake to Soil
Acidification Under Long-term Different Fertilization

SONG Wenfeng"3, WANG Chao', CHEN Rongfu', WEN Shilin®, WANG Boren?, SHEN Renfangl*

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 Red Soil Experimental Station, Chinese Academy of Agricultural Science, National Observation and Research
Station of Farmland Ecosystem in Qiyang, Qiyang, Hunan 426182, China; 3 University of Chinese Academy of Sciences,
Beijing 100049, China)

Abstract: The long-term unreasonable fertilization leads to serious soil acidification in agricultural production. In addition
to nitrification and nitrate leaching, the uptake of cations by plants is also an important source of soil acidity. In this study, the
effects of long-term different fertilization on the absorption of anion and cation in wheat were studied at the long-term location
experiment field of the Red Soil Experimental Station in Qiyang, Hunan Province, which has a history of 25 years. The results
showed that long-term application of chemical nitrogen fertilizer significantly decreased soil pH and affected the biomass of
wheat. On the contrary, organic fertilizer could alleviate the acidification process of soil and increase the biomass of wheat. The
order of the total amounts of proton produced by wheat in the unit soil area which is considered as potential acidification ability
of plant was M>NPKM>PK>NPK>CK>NP>NK. There was a significant positive correlation between total amount of proton and
total biomass of wheat. In addition, soil pH and available phosphorus content were the main factors affecting wheat shoot biomass.
Therefore, in the long-term fertilization of farmland soil, the contribution of crops to soil acidification decreased along with the
acidification process, and the main reason was that soil pH and effective phosphorus reduction limited the crop biomass.

Key words: Soil acidification; Long-term fertilization; Acidification ability of plant; Ton uptake
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