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Adsorption characteristics of dissolved organic carbon under different fertilization treatments in typical
farmland soils in China
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Abstract: In order to provide a theoretical basis for the evaluation of carbon sequestration potential, we analyzed the adsorption
characteristics and influencing factors of dissolved organic carbon (DOC) in typical farmland soils with different fertilization treatments in
China. Four typical farmland soils, namely black soil, gray desert soil, fluvo—aquic soil, and red soil, were selected to apply different
fertilizer levels of no fertilizer (CK), chemical N fertilizer (N), chemical NP fertilizer (NP), chemical NPK fertilizer (NPK), and NPK plus
organic manure (NPKM) to determine the DOC adsorption capacities by the equilibrium adsorption method. The results showed that the

DOC adsorption capacities of different types of soils at the same equilibrium concentration were very different, and were generally in the
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order of gray desert soil and red soil>black soil>fluvo—aquic soil. Q... appeared in the order of red soil>gray desert soil>black soil>fluvo—

aquic soil in various soils. Among them, the adsorption characteristics of each soil type were quite different under different fertilization
treatments. The general trend of Q. in the gray desert soil and fluvo—aquic soil under different fertilization treatments were NPKM>NPK>
NP>N>CK and in red soil was NPKM>N>NPK>NP<CK. The Q... values of the NPKM and NPK treatments were significantly higher than
those of the other fertilization treatments in black soil, and that of NPKM was increased by 15.2% compared with that of CK. The K values
in the four soils under different fertilization treatments showed that CK treatment was higher than other treatments. The desorption potential
(b) values in the four soils increased as the soil organic matter (SOM) increased, and the b value of black soil was far higher than those of
the other soil types. Redundancy analysis showed that soil properties could explain 90.61% of the total variation of the DOC adsorption
characteristic parameters. The first redundancy factor explained 82.79% of the total variation, which was mainly related to the silt content,
clay content, and pH, whereas the second redundancy factor explained 7.82% of the DOC adsorption characteristic parameters, which was

mainly related to the SOM content. The results of this paper showed that different types of soils with more clay particles have greater

adsorption capacity for DOC, and the same type of soil with more organic matter content has greater adsorption capacity for DOC.

Keywords: typical farmland soil; fertilization; dissolved organic carbon; adsorption characteristic; redundancy analysis
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Table 1 Basic properties of typical farmland soils with different

fertilization treatments

B 25 e
T HEeRA abP Soil organic Total ik *ﬁﬁ
. . Clay/  Silv
Soil type Treatment matter/ nitrogen/ o o
‘0 ‘0
(g-kg™) (g-kg™")
LS CK  6.90 25.34 123 23.84 30.10
Blacksoil N 590 2672 142 2389 29.88
NP 6.00 27.58 138 2401 29.54
NPK  6.00 27.76 136 2656 29.13
NPKM  6.10 28.79 1.41 25.96  28.61
LN CK 8.44 14.03 0.94 2921 44.80
Gray N 8.42 15.24 092 3199 47.00
desert soil
NP 837 15.40 096  32.11 4435
NPK 836 15.60 1.01 3431 40.70
NPKM  8.24 30.08 170 3203 41.50
i CK 8.07 12.00 0.64 18.28 10.46
Fluvo- N 8.13 1227 065 1876 1044
aquic soil
NP 8.04 14.34 0.76 18.95 10.40
NPK  8.04 14.83 0.79 19.78 1136
NPKM  7.93 18.96 1.03 18.66 11.42
aR: S CK 580 14.67 0.88  43.80 27.90
Redsoil — y 399 13.62 090 4425 30.57
NP 428 17.74 1.03 4536  29.13
NPK  4.30 18.24 1.08 4877 27.73
NPKM  5.90 24.91 143 46.66 32.53
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Figure 1 Adsorption isotherms of DOC on different farmland soils

HHe JE T A [RIZE R 43X DOC W I A R 22 5
Horp CK AR PR R IR L1858 K A+ > 1> 1+, NPKM
AR PRI A L+ >21 38> >3+ . NP NPK b3
TP A LTS A>T -
2.2 ANEHEABALIE T H HIEXS DOC IR M4HEE R
Langmuir Ji R E R TE 0.95 L) E (P<0.01)
(FR2), Rz 07 R R A5 A [A] i A b BT A
FH 324 DOC W FFHERAE
BAAES P AEAEIE R, Qunh 10.89~12.55 g-kg ',
SEYE N 11.79 g-kg™'c NPKMALFE Q.. b CK AL FEEE 1
T 15.2% , Qo BEVRZFE PRy NPKM>NPK > HoAth it A Zb B
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Table 2 The adsorption characteristic parameters of the Langmuir equation of soils with different fertilization treatments

+ e Soil type Ab P Treatment Qual(g-kg™") K bl(g-kg™) R
= Black soil CK 10.89+0.34¢ 0.005 0+0.000 7a 0.186 8+0.001 Ic 0.973 6%+
N 11.63+0.27¢ 0.003 9+0.000 1b 0.289 2+0.001 3b 0.968 3**
NP 11.84+0.11¢ 0.003 9+0.001 1b 0.289 2+0.002 2b 0.961 5**
NPK 12.05+0.10b 0.004 0+0.000 6ab 0.332 5+0.003 2a 0.968 8**
NPKM 12.55+0.23a 0.004 6+0.001 2ab 0.353 0+0.001 2a 0.973 9**
YRS Gray desert soil CK 11.98+0.48e 0.004 9+0.000 5a 0.132 5+0.001 2b 0.969 9
N 13.93+0.26d 0.003 5+0.000 5a 0.118 3+0.012 8h 0.990 8**
NP 14.20+0.10¢ 0.003 4+0.000 7a 0.136 3+0.002 Ob 0.986 7**
NPK 14.46+0.21b 0.003 2+0.000 4b 0.134 9+0.000 4h 0.994 6%
NPKM 16.69+0.59a 0.002 9+0.000 6b 0.308 5+£0.019 7a 0.990 4**
M+ Fluvo—aquic soil CK 6.55+0.17b 0.033 4+0.001 3a 0.015 2+0.000 4h 0.975 3**
N 6.95+0.45h 0.016 0+0.001 8b 0.017 3+0.001 1b 0.977 8+
NP 6.97+0.16ah 0.013 4£0.001 1b 0.016 8+0.001 6b 0.971 3%
NPK 7.0120.02a 0.012 2+0.000 7c 0.019 2+0.000 4a 0.957 3%
NPKM 7.1120.06a 0.011 9+0.000 3c 0.022 4+0.001 1a 0.980 67
2133 Red soil CK 12.97+0.21e 0.005 9+0.000 3a 0.046 2+0.002 3d 0.990 0
N 15.21+0.37b 0.002 9+0.000 8b 0.027 4+0.002 Oe 0.988 0
NP 13.31+0.12d 0.004 0+0.000 9ab 0.071 0+0.000 6¢ 0.977 2
NPK 13.910.25¢ 0.004 0+0.000 6ab 0.102 7+0.000 9b 0.987 47
NPKM 15.94+0.41a 0.002 5+0.000 5b 0.247 8+0.001 2a 0.989 17+

1 [l — R FR/NG PR RN £ A B R) 22 53 B3 (P<0.05) 5 ##38/R P<0.01(n=6) .

Note: Different small letters indicate significant difference among treatment in the same soil type (P<0.05) ; ** indicate P<0.01(n=6).

SEHME M 0.166 1 g-kg™' ,NPKM 43 5(0.308 5 g-kg™)
T R T AR AL B T A it M A R ) TG W 7 2

W TE S FORFEAE AL BE R | Qua 7E 6.55~7.11 g-
kg ' JLHEIN, FEIE R 6.92 g-kg'. NPKM AL ER Q.. 4
BF CKALFA N T 8.5%, Mk # - NPKM>NPK>
NP>N>CK. 8 - A [5] it A Ak B T 02 B 35 F1 77 % 50K
() °F- ¥ 4 0.017 4, 3844 & # fy CK>SN, NP>NPK |
NPKM ; f# W %% b -4 4 0.018 2 g- kg™, NPKM 4b H 5j
NPK Ab F fé) i Il 328 ik 2 K T oAbt N A 3L

ST HEAE S A A 5] it AE AL BREY Qe N 12.97~15.94

g kg RN 14.27 g kg AN EHE AL PR O 22
S 5B MR NPKM>N>NPK>NP>CK ., 5% il
J1% KK B8R 0.003 9, CK AT f 5 1 77 8 %
0.005 9, I 35 R T H AR it A A B, A it JES Ak 3L ]
SEMIEBOCEE S 5Pt IR A0 B 1 358 1 1 %
P10 0.099 2 g- ke, AN [ it A b #LE R R B R
NPKM>NPK>NP>CK>N .,
2.3 TEDOCEMHHESHE HIEMRIX R
I M R (£ 3) BIR, Qo THVRL FhRL
e 5 35 1 AH 56 (P<0.01) , 5 SOM £ I 3% 1F M ¢ (P<

F3 TEEAMRS DOC M SHEEXE

Table 3 Correlation between soil physical , chemical properties and DOC adsorption parameters

I H Ttem Qo K b pH +HEAHLT SOM Zhi Clay
K -0.856%*
b 0.436%* ~0.595%
pH -0.365%* 0.414% -0.166
T PR SOM 0.303% —0.465%* 0.911% -0.251
Bk Clay 0.679%* -0.576** -0.135 -0.659% -0.190
Wk Silt 0.818** ~0.882%* 0.449% -0.057 0.218 0.4897%

T R AE 0.05 K- .2 5+ KR AE 0.01 K- 2.2 (n=60)

Note : * means significant difference at P<0.05, ** means significant difference at P<0.01(n=60).
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TUAR AT BT (B 2) =B, - 3EM: I BB A B DOC W B
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L pH A G 5 LRI TR B T DOC W B FRAIE
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Figure 2 RDA analysis between soil physical and chemical

properties and adsorption parameters
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