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Dynamics of Labeled Substrate N by Microorganism and Soil Clay Immobilized and

Its Residue Fractions in Typical Paddy Soils in Dongting Lake Floodplain

PENG Pei-qin" *, QIU Shao-jun”*, LIU Qiang’» WU Jin-shui’» HOU Hong-bo'

(1. College of Resource and Environment, Central South University of Forestry and Technology, Changsha 410004, China; 2.The Key
Laboratory of Subtropical Agroecology; Institute of Subtropical Agriculture; Chinese Academy of Sciences, Changsha, 410125, China;
3. College of Resource and Environments Hunan Agricultural University, Changsha 410128, China; 4. College of Resource and Environment,
China Agricultural University, Beijing 100094, China)

Abstract: Dynamics of immobilization of the labeled substrate N by microorganism and soil clay and its residue fractions in soils from the plough
layers of two subtropical paddy soils ( Reddish clayey soil, Purple alluvial soil) in the Dongting Lake floodplain were studied. A laboratory-
flooded incubation experiment was composed of three treatments: control( CK), labeled ammonium sulphate group ("’ NA) and the combined of
labeled ammonium sulphate and rice straw group (S+ " NA). During the incubation, microbial biomass N ( By) increased firstly and then
those decreased and tended to stable subsequently, while the content of fixed ammonium changed little. Native By acted as the major N pool
because the percentage of labeled substrate By in reddish clayey soil and purple alluvial soil were 0.30%-6.67% and 1.00%-3.47% >
respectively. The combined application of rice straw and chemical fertilizer (S+"NA) improved the immobilization of inorganic N by
microorganism, because the immobilization ratio of substrate N in reddish soil and purple alluvial soil were 6.78% and 10.78% > respectively,
for S+ " NA treatment, higher than those for ° NA treatment. The immobilization ratio of substrate N by soil clay in reddish clayey soil and
purple alluvial soil were 2.48%-10.57% and 12.55%-30.04% > respectively. However, the immobilization ratio of substrate N by soil clay
in the two soils were 7.14% and 21.53% respectively, for S+ "°NA treatment; lower than those for ' NA treatment. The incorporation of
chemical fertilizer and rice straw increased the N remain percent. The main residue formation of the labeled substrate N was total hydrolysable
N (>72%) in Reddish clayey soil, while it was total hydrolysable N (44.0%-53.2% ) and fixed ammonium (35.2%-37.5%) in Purple
alluvial soil. The residue of mineral nitrogen ranged 10%-20% in the two soils. In conclusion; fertilization method and the type of soil clay
had important effects on the immobilization and mineralization of substrate N. The combined application of chemical fertilizer and straws

increased the immobilization of inorganic nitrogen by microorganism and decreased immobilization of inorganic nitrogen by soil clay. The
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combined application of chemical fertilizer and straws decreased the loss of chemical fertilizer N> increased residue of nonhydrolysable N> and

decreased residue of mineral nitrogen.

Key words: soil microbial biomass nitrogen: fixed ammonium; paddy soils: laboratory-flooded incubation experiment: "N
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Table 1 Basic properties of experimental soils

. LIRS AR AT A [i] 5 A% it -
R pH _ o o . o R/ %
/g*kg /g kg /g kg /g*kg /mg*kg
FAN ¢/ 5.36 19.43 2.18 0.74 17.28 142.8 38
k- SLib 7.84 29.42 3.53 1.28 26.26 303.4 2
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B AEE RIS T, 43 AR RE IR 0 3% 7. 144 28,
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Fig.1 Dynamics of soil microbial biomass nitrogen in soils during flooded incubation
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Fig.2  Dynamics of fixed ammonium in soils during flooded incubation
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Table 2 By came from labeled substrates and their percents in the total By and the labeled sources
) HURE I T /d
b L -
b i 3 7 14 28 56 84 PRI
R *NA 1.48 2.06 1.40 0.56 0.20 0.05 0.96
J 15
BRI By /mgekg! RS+ SNA 6.51 2.08 1.22 1.71 1.34 0.44 2.22
P SNA 1.32 1.27 1.00 1.05 0.91 0.65 1.03
PS+ SNA 5.02 4.72 2.54 2.86 1.45 1.44 3.01
R NA 1.75 2.60 2.40 2.45 0.97 0.30 1.75
3 15
FRICRA By f1 By % RS+ NA 6.67 3.46 2.95 5.14 3.03 2.50 3.96
PNA 1.00 1.20 1.44 2.81 1.95 3.30 1.95
PS+ SNA 3. 47 2.50 2.86 3.51 1.85 2.87 2.84
R "NA 4.70 6.53 3.90 1.79 0.63 0.15 2.95
215
A A S R T 5 RS+ SNA 20.65 6.62 3.88 3.91 4.25 1.38 6.78
P SNA 4.19 4.03 3.18 3.34 2.88 2.06 3.28
PS+ SNA 15.93 14.98 8.06 9.08 4.60 4.56 10.78
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Table 3 Fixed ammonium from labeled substrates and their percentage of total fixed ammonium in soils and labeled nitrogen sources
. HRE i 1A /d
£ 4k FE —
3 7 14 28 56 84 P
R ®NA 3.22 3.19 3.11 2.41 1.46 0.87 2.38
B S+NA 3.33 3.07 2.08 2.76 1.47 0.78 2.25
*Ll\"b[”ﬁ‘/\lﬁ#\:?@#/mg'kg" RS+
P NA 7.71 8.36 8.43 7.13 5.64 3.95 6.87
PS + PNA 9.46 8.04 8.07 5.89 4.97 4.26 6.78
R5NA 1.74 1.70 1.61 0.98 0.76 0.46 1.21
e e 15 1.77 1.66 1.1 1.39 0.80 0.40 1.20
pHCEE ARG RS Ry o WA o
P NA 2.33 2.36 2.43 2.05 1.64 1.32 2.02
PS + S NA 2.56 2.12 2.19 1.71 1.47 1.33 1.90
RSNA 10.24 10.14 9.87 7.66 4.63 2.76 7.55
. . 15 10.57 9.76 6.59 8.76 4.65 2.48 7.14
BRI e R g, DTN
PSNA 24.49 26.53 26.77 22.62 17.91 12.55 21.81
PS+ SNA 30.04 25.53 25.63 18.68 15.79 13.51 21.53
x4 WICEVEZBEIRE
Table 4  Remain labeled substrate N and their loss
e BEIRDA RWIEMEAN K WA I 5 A 4 THLA TR By
/mgekg™! UK % /% /mgkg ™! /% /mgkg™! 1% /mgkg™! /% /mgkg™! 1%
R BNA 9.89 31.40 68.6 1.87 18.9 0.87 8.8 2.74 27.7 0.05 0.5
RS+ "NA 10.85 34.45 65.6 1.65 15.2 0.78 7.2 2.43 2.4 0.44 4.0
PNA 10.55 33.50 66.5 1.96 18.6 3.95 37.5 5.91 56.0 0.65 6.2
PS+ SNA 12.09 38.37 61.6 1.40 11.6 4.26 35.2 5.66 46.8 1.44 11.9
BRI NLEFE AN, 5 44.0% ~53.2% , F Ik A 1 E A IRAEARFNA > WS > AEREA >
AL, N 35.2% ~ 37.5%, B JRA & 11.6% ~ IR KW BER > AEREA > B

18.6% . A HLICHLMC it Ak BE £ iy 1 A7 HLAU Bk B %,
BEARR 7 [P R A B A o S0 FA) B B A B T A
e LA e AR A IS ik 359 LA
M5 B B IR GG RN, AR B AR i R R
L PR AR UL B 40 v 1 PR ANV PR R 208 P IR A 5

EARFAE > WA, S IARC IR R, 205
VMR N S AN R ANV S L B i 1 5 g 5 T 6
e AR IR R T L A LU i AL
BRI T RN PR IS B R B AR T IR AR AN B

x5 HICRVERNAINRZE

Table 5 Content and percentage of labeled substrate N in organic nitrogen components

T PE 5 AN P S
Ak 2 IR SR HEH IR TR Ak AR BIRRA TR A
/mgkg™! /% /mgkg™! % /mg*kg™! /% /mg*kg™! /% /mgkg! /% /mgkg ™! 1%
R "NA 2.54 25.7 3.85 39.0 0.62 6.3 4.50 45.5 8.98 90.8 0.91 9.2
RS+ NA 3.39 31.2 3.71 34.2 0.68 6.3 4.60 42.4 9.00 82.9 1.86 17.1
PSNA 2.84 26.9 8.86 83.9 1.36 12.8 0.29 2.8 10.51 99.6 0.05 0.4
PS+ ®NA 3.20 26.5 7.44 61.6 1.32 10.9 2.69 22.2 11.45 94.7 0.64 5.3
SN AL R AT BRI P> TR T AR R R

3.1 GREIRTRS LAW0 SA R SRR i L R T

LR A A WU AL T SR B 9 7
Y IR T A AR A AR 45 R B
By FET IR S5 KA AT HLIE LR Bt 1627 SO
LA B, RSy By, Ul W R A Y RE R

By KT2Lse, W] 3B AL xS By KT ek
HY BE 5K By K ity LA g 5 (1 38 e 20 S B
St 78 AL AU, 1 28 581 U8 Tl A AT bR ) 3
LR =S ) A SUNEALIVER) N E AR N =R
FEER 3 db LB A B INASAT AR B BLAE SR 3 d,
1M H A 2 BRI &Y By & By B 2280 %
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F19F.
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R BAR T 20w, 2 A 3B E W 1R AR 1
B e B ML HLE i A B CONA + )3 K T it 4k
AECSNAD, 1t BAS AT (07 0, 380 T L 3 A M i
BRI R R R B ) . B 95 45 0, W B TR Ak
(e A, LB RE I T 93% LA b, Sl e B T
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BT, SEUE R R N T2
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Table 6 Labeled substrate N immobilization by microbial biomass and soil clay as well as their releasing rates during flooded incubation experiments

WAEY R R [i] 5 A% it
o g NS I KB I KT e NI
o SRR 4 ThE JiUE S 4 oh JIUE S EL oh g4

/mgkg™! 1% /mg*kg™! 1% /mg*kg™! 1% /mgkg™! 1%
o1 R NU 2.06 6.53 2.01 97.6 3.22 10.2 2.35 73.0
RENU+S 6.51 20.7 6.07 93.2 3.33 10.6 2.55 76.6
e P PNU 1.32 4.19 0.67 50.8 8.43 26.8 4.48 53.1
PENU+S 5.02 15.9 3.58 71.3 9.46 30.0 5.2 55.0

A ] e R A A2 T I, R 42
A A AR R 2R AT A T R T SRR AR
RS LW ks DL AT T AU MR R B T
i A8 ) AR TR s 10 e B B I LA, 20 e )
A 2.95% F1 6.78% , LK 3.28% F1 10.78%
(20 . TR, 07 W6 b e 4 8L ] 5 26, 40 3
SN 7.55% U 7.14%, K e A 21.819% F
21.53% (3 3) . AT LLF th [l g A FOM FR il I &)
EF L By K AN 6 FH i, TIEAHUBRACH T
LT R A AN IR R B KR TR K, T
A ] e A R I R CERIYED R AT A [ e AN
T TR 255 1K DRI AR AR T AR A R
Wik LA R B o AL T Bl A P 1R 7 AT

SR B IR BT
3.2 AIHUICHUAE L it X 39 S 20k B 110 5
AHFFE R MWL, 78 R 4 1F R, IR ok
16 35% 7o A7 i 78 A v, B 2k A5 s A T
60% LA b, FE G BAAEDWNA L. 5L et
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