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Effects of long-term fertilization on iron fraction and availability in brown soil

LIU Hou-jun, CHEN Hong-na, WANG Jun-mei, ZHOU Chong-jun, LIU Xiao-hu, YANG Jin-feng, HAN Xiao-ri*
( College of Land and Environment, Shenyang Agricultural University/ Monitoring and Experimental Station of Corn Nutrition and
Fertilization in Northeast Region, Ministry of Agriculture, Shenyang 110866, China )

Abstract: [ Objectives ] The study was designed to explore the influences of long-term fertilization on soil pH,
Eh, and organic matter based on the long-term fertilization experiment in Shenyang Agricultural University. The
study also aimed to investigate variations of free iron oxide, amorphous iron oxide, total ferrous iron, and
available iron in soil under different fertilizer treatments, and to find the relationships between different iron
fractions and pH, Eh and organic matter. [ Methods ] The treatments selected in the experiment were CK (no
fertilizer), N (nitrogen fertilizer), NP (nitrogen + phosphorus fertilizers), NPK (nitrogen + phosphorus +
potassium fertilizers), M (organic fertilizer), MN (organic fertilizer + nitrogen fertilizer), MNP (organic
fertilizer + nitrogen + phosphorus fertilizers) and MNPK (organic fertilizer + nitrogen + phosphorus +
potassium fertilizers). Soil samples were collected from 0—20 cm top soil in different fertilization plots at the
harvest of soybean in 2014. We determined soil pH, Eh, and organic matter, and the contents of free iron oxide,
amorphous iron oxide, total ferrous iron, and available iron in these samples. [ Results ] Compared to that in
original soil in 1979, the present soil pH values for all treatments were significantly decreased by 0.6—1.4 units.

The contents of soil organic matter were decreased by 11.5% in the no fertilizer treatment (CK), slightly
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decreased in the chemical fertilizer treatments, and significantly increased in the organic fertilizer treatments.
The contents of available Fe for all treatments were markedly increased, and most notably for the chemical and
organic fertilizers co-used treatments. Compared to that in the CK in 2014, the soil pH was the lowest in the N
fertilizer treatment, but raised again when the P, K and/or organic fertilizers were co-used, and most notably
when the organic fertilizer was used in soil. The soil Eh values were increased in the chemical fertilizer
treatments, while the values were decreased in the organic fertilizer treatments. The contents of free iron oxide
and available iron were increased and the contents of total ferrous iron were decreased in the chemical fertilizer
treatments. The contents of free iron oxide were decreased and the contents of total ferrous iron and available
iron were increased in the organic fertilizer treatments. [ Conclusions ] The long-term fertilization can cause a
significant decrease of soil pH and significant increase of available iron. The long-term no fertilization can cause a
significant decrease of soil organic matter content. The use of single N fertilizers will lead to vital decline of soil
pH, but will not when combined with the phosphorus, potassium and/or organic fertilizers. The use of organic

fertilizers will induce the decrease of soil Eh, benefit the transformation of oxide iron to ferrous iron, which is

further helpful for the increase of soil available iron.

Key words: iron fraction; soil pH; soil Eh; organic matter; long-term fertilization
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Table 1 Values of soil pH, Eh and organic matter under
different treatments

s o Eh AHLE OM
Treatment (mV) (g/kg)

CK 590+0.014ab 268.40+8.626 ¢ 13.90+£0.02 h
N 5.08+0.035f 289.65+11.737b 14.84+0.08 g
NP 5.21+0.007 ¢ 287.90+51.830b 15.39+0.07¢
NPK 552+0.021 ¢ 327.75+16.617a 1521+0.00 f
M 5.96 £0.063 a 25895+ 1.767cd 19.24+£0.02b
MN 539+0.014d 247.15+6.717d  18.10+£0.00d
MNP 545+0.007cd 27220+15344¢c 18.27+0.06¢c
MNPK 5.81+0.021b  251.00+5.656d 20.73 +0.07 a

T (Note) : [FFVEME IS AS R RERRAL IR 22 5335 5% W3
7K3F- Values followed by different letters in a column are significantly
different between the treatments at the 5% level.
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Table 2 Contents of soil Fe and activities of iron oxide under different treatments

e e ALk TerE T AL Bk EERRIRLT A 3 DIA7958 AR
Treatment Free iron oxide Amorphous iron xide Activity of iron oxide Content of ferrous Available iron
(mg/kg) (mg/kg) (o) (mg/kg) (mg/kg)
CK 10723.6 + 60.30 ¢ 2735.38 +£173.85d 2551+ 1.76 ¢ 74.82 £0.05 ¢ 63.65+1.22¢g
N 11019.0+79.42 b 2929.39 +48.04 cd 26.68 £0.69 ¢ 61.96+0.63 ¢ 91.73+£2.43 de
NP 11519.8 +£28.16 a 3073.22 £ 85.98 be 26.59+0.25¢ 61.90+0.49 ¢ 95.23+3.86d
NPK 107348 £ 116.63 ¢ 2740.51 +124.97d 25.52+0.89¢ 5391+4.83f 85.70+£0.35¢
M 10094.7 £ 132.15 ¢ 3394.01 £38.65a 33.63+0.83 a 123.87+3.71a 146.37+521a
MN 10473.3+162.51d 3064.56 + 73.83 be 29.26+0.25b 67.91+0.93d 126.12+4.23 ¢
MNP 9711.2+£121.77 f 3290.27 £44.11 ab 33.88+0.88a 7278 £1.40 cd 123.59+1.27 ¢
MNPK 10022.0 +£52.00 e 3082.46 +99.00 cd 30.76 £0.83 b 83.41+£227b 136.43+3.18 b

1 (Note) : [FFVEUE G A FFREFR R A HLR] 22 57538 5% .35 /KF Values followed by different letters in a column are significantly

different between the treatments at the 5% level.
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Table 3 Correlation coefficients (r) between the contents of
various Fe and pH, Eh, organic matter and activity
of iron oxide

BB oH Eh EERiIN AAE LB
Fraction of Fe OM  Activity of iron oxide
VBT
ﬁ%%w%. -0.436 0.065 —0.747** —0.808**
Free iron oxide
P =
%Eﬂ}ﬂ%% 0.703%* —0.422  0.706** 0.916%*
Amorphous iron
B
TEER BT 0.755%% —0.422  0.636** 0.707**
Content of ferrous
Ak 0.006 -0.174  0.633** 0.707**

Available iron

¥ (Note) : **—P<0.01.
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