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Regulation Effects of Freezing-Thawing Cycles on Farmland Black Soil Organic Nitrogen

Components
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Abstract: In order to deeply understand organic nitrogen (N) components and transformation properties of farmland soil during
non-growing season, with a laboratory simulation experiment, the dynamics of organic N components in the cultivated black soil
were investigated under different freezing-thawing conditions (freezing-thawing temperature, freezing-thawing frequency, water
content) by the Bremner N classification method. The results showed that freezing-thawing cycles (FTCs) had significant
influence on organic N fractions and transformation process of cultivated black soil, and ammonia N and amino acid N were the
main components of soil acid-hydolyzable organic N. With freezing temperature decreasing, amino acid N content significantly
increased, ammonia N and unknown N contents significantly decreased, and the changes of amino sugar N content differed from
thawing temperature. With thawing temperature increasing, the fractions of acid-hydolyzable organic N changed with no rule.
With freezing-thawing frequency increasing, amino acid N content significantly decreased, unknown N content significantly
increased, ammonia N content first increased then decreased, and amino sugar N content changed with no siginificance. With
water content increasing, the contents of ammonia N and unknown N in the FTCs-treated soil both increased significantly being
contrary to the changes of amino acid N, and amino sugar N content changed with no siginificance. Therefore, it is preliminarily
concluded that larger freezing-thawing amplitude, suitable freezing-thawing frequency and water content were the major factors

affecting organic N transformation of farmland black soil. FTCs could enhance the contents and proportions of ammonia N and
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amino acid N in acid-hydolyzable organic N, increase soil mineralizable N content, promote soil N transformation, and was

beneficial to the accumulation of soil available N, which could provide abundant nutrients for crop growth in spring.

Key words: Effect of freezing-thawing; Cultivated black soil; Nitrogen transformation; Organic nitrogen fractions
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) R, AR 1S BEA B, R
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AR EREERT , ARk H R R A LA
SN 966.87 ~ 996.68 mg/kg, JEMfHA SN
775.21 ~ 805.02 mg/kg(# 3). SXFREAMHLL, K&
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Table 1 Total nitrogen, hydrolyzable nitrogen and acid hydrolysis rate in the cultivated black soil affected by freezing-thawing temperature

NGISITIEhE

4 & (mg/kg)

R A HLA (mg/kg)

JEFR % A (mg/kg)

)

fE i 2°C (CK)
“3°C¥R 2°CHl
~6°C ¥R 2°CHl
~9°C TR 2°CHl
~12°C¥R 2°CRil
~15CYR 2°Cril
fE i 2°C (CK)
-3CHR 5CHl
—6°CR 5CHil
~9CHR 5CHl
~12°C¥: 5°CHil
~15C¥R 5°CHil

1771.89 +71.63 aA
1771.89 +71.63 aA
1771.89 +71.63 aA
1771.89 +71.63 aA
1771.89 +71.63 aA
1771.89 +71.63 aA
1771.89 +71.63 aA
1771.89 +71.63 aA
1771.89+71.63 aA
1771.89+71.63 aA
1771.89 +71.63 aA
1771.89+71.63 aA

978.89 + 11.60 abA
998.71 £ 13.65 aA
967.68 + 17.84 bcA
946.08 £ 11.98 cA
967.18 = 11.00 bcA
979.11 £ 7.69 abA
978.89 + 11.60 abA
992.10 + 11.30 abA
996.38 £ 3.30 aA
974.06 + 16.47 bA
951.59 £ 0.69 cA
942.45+10.76 cB

793.00 + 11.60 bcA
773.18 £13.65 cA
804.21 £ 17.84 abA
825.81 £ 11.98 aA
804.71 + 11.00 abA
792.78 £ 7.69 beB
793.00 + 11.60 bcA
779.79 + 11.30 bcA
775.51 £3.30 cA
797.83 £ 16.47 bA
820.30 + 0.69 aA
829.44 £10.76 aA

55.25+0.65 abA
56.36 +0.77 aA
54.61 £ 1.01 bcA
53.39 +0.68 cA
54.58 £ 0.62 bcA
55.26 + 0.43 abA
55.25+0.65 abA
55.99 + 0.64 abA
56.23 +£0.19 aA
54.97 £ 0.93 bA
53.71 £ 0.04 cA
53.19+0.61 cB

s 2 R/ ING AR RN R VRER R B AL T 22 53 2 (P<0.05), &P RISHCR RS 7 REA R Rl A4 T JE2 b B ) 22 57 2%

(P<0.05).
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Table 2  Total nitrogen, hydrolyzable nitrogen and acid hydrolysis rate in the cultivated black soil affected by freezing-thawing frequency

PR AT PR 4% (mg/kg) 1% A5 HL A (mg/kg) JE A2 7 A (mg/kg) T2 17 (%)
CK1 1771.89 £ 71.63 aA 954.13 + 7.03 aA 817.76 + 7.03 bA 53.85 + 0.40 aA
CK3 1771.89 +71.63 aA 957.23 +3.72 aA 814.66 + 3.72 bA 54.02+0.21 aA
CK6 1771.89 +71.63 aA 951.31 + 18.45 aA 820.58 + 18.45 bA 53.69 + 1.04 aA
CK10 1771.89 + 71.63 aA 900.10 +23.92 bB 871.80 = 23.92 aA 50.80 = 1.35 bB
CK15 1771.89 +71.63 aA 956.37 + 5.30 aB 815.52 + 5.30 bA 53.97+0.30 aB
FT1 1771.89 +71.63 aA 982.39 + 7.57 cA 789.49 + 7.57 aA 55.44 +0.43 cA
FT3 1771.89 +71.63 aA 1013.06 + 26.40 bcA 758.82 + 26.40 abA 57.17 + 1.49 beA
FT6 1771.89 +71.63 aA 1031.75 + 36.53 abA 740.14 + 36.53 bcA 58.23 +2.06 abA
FT10 1771.89 £71.63 aA 1037.53 +£15.75 abA 734.36 £ 15.75 bcB 58.56 = 0.89 abA
FT15 1771.89 +71.63 aA 1067.61 + 14.16 aA 704.27 + 14.16 cB 60.25 + 0.80 aA

. CKn M FTn 235 RIS 0 I FIRRR AL B 5 % [R) 5 i /NG - BEAS TR AR Bk B IA) 22 57 .25 (P<0.05), &[]

s KRS TR RS R R 5 X b 2] 22 57 W 35 (P<0.05).,

x3 ARKSB2EATHFMRARLIER. BEANNAMBRREE
Table 3  Total nitrogen, hydrolyzable nitrogen and acid hydrolysis rate in the freezing-thawing cycles (FTCs)-treated cultivated black soil
affected by moisture regime

VRAlK 234k B 2 A (mg/kg) R it A LA (mg/kg) A A A (mg/kg) PR (%)
CK100 1771.89 +£71.63 aA 1021.76 £37.07 aA 750.13 £37.07 aA 57.66 +2.09 aA
CK200 1771.89 +71.63 aA 1 035.72+£4.30 aA 736.18 +£4.30 aB 58.45 +£0.24 aA
CK300 1771.89 £71.63 aA 105222+ 11.31 aA 719.67 +£11.31 aB 59.38 £0.64 aA
FT100 1771.89 £71.63 aA 996.68 £ 0.28 aA 77521 £0.28 aA 56.25+0.02 aA
FT200 1771.89 +71.63 aA 966.87 £ 15.82 aB 805.02 £ 15.82 aA 54.57+0.89 aB
FT300 1771.89 +£71.63 aA 979.16 £ 26.94 aB 792.73 £26.94 aA 5526 +1.52 aB

. CKn Ml FTn S35 CEA RS S i A0 AR AR T - 3 rh R 80 8t/ N5 TR RAROK S A PR R 22 57 8 3 (P<0.05), &

()51 B804 5 kA [l A3 VR 5 B Ak 2 ] 22 55 B8 3 (P<0.05)
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fiff e T0 b AR AR 3),
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(P<0.05), HA&H 5 &2 KU & B R > 5L R
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Fig. 1 Contents of fractions of acid-hydrolyzable organic N in the cultivated black soil affected by freezing-thawing temperature

aA
beA DA %
aA aB X dA cdA
aB abB % o
I d e HHEHNAE
[ b I Y % ;i A I N I ' I ) ]
S I I I
SRS § SRRz
S % = 2
=,
o IS (R Q S
R OH MR R OB BB
CKICK3CK6CK10CK15  FT1FT3 FT6 FT10FT15
PRRE AL PR
aA
)
aA
: 2
2% =
")
E cB B ::
E dB cdB
% 2 %
SIS T 3
NN B \
b " P oS L " L L y
CK1CK3CK6CKI0CK15  FT1 FT3 FT6 FT10FT15
VR P

(L7 AN/ ING B 7R AN IR R A 500 348 1] 22 55K 2K 7 (P<0.05), RIAK'E FH:FRR
(7] — A5 50 il 5 % Ak 38R 7] 2 53 I 37K F- (P<0.05))
2 FRARMMBERATRHELRBENEESESE

Fig. 2 Contents of fractions of acid-hydrolyzable organic N in the cultivated black soil affected by freezing-thawing frequency
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Contents of fractions of acid-hydrolyzable organic N in the FTCs-treated cultivated black soil affected by moisture regime
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