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Nitrogen Mineralization and Associated Temperature Sensitivity in Paddy
Soils in Dongting Lake Region of China under Long-term Fertilization
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Abstract; Soil nitrogen ( N) mineralization is a critical ecological process of N cycling that plays an
important role in determining soil N-supplying capacity. Based on a long-term fertilization experiment on
paddy field in the Dongting Lake region, China, the responses of organic N mineralization in 0 ~20 cm
soil layer and associated temperature sensitivity to different fertilization were studied. The experiment
included five treatments; CK ( without fertilization ), CF ( farmers’ practice of applying chemical
fertilizer NPK) , NK (application of chemical fertilizer NK), NPK ( balanced application of chemical
fertilizer NPK), HOM ( combined application of chemical fertilizer NPK and organic fertilizer). All
sampled soils were waterlogged incubated for 42 d at different temperatures (5°C, 15°C, 25°C and
35°C ), and accumulated mineralized N was analyzed. Compared with CK treatment, the accumulated
mineralized N produced during 42 d incubation increased significantly (P < 0.05) under different
fertilization treatments while the increases gradually decreased from 32. 7% ~80.4% to 14.9% ~59.7%
along with the increment of temperature. The relationship between cumulative mineralization and effective
accumulated temperature well fitted the effective accumulated temperature model ( EATM ) in all
treatments at 25°C and 30°C , and the values of K and n associated parameters in EATM in all fertilization
treatments were higher by 2. 7% ~39. 5% and 4. 0% ~21. 3% than those in CK treatments, respectively,
suggesting long-term fertilization presented obvious increased effects on both soil N supplying intensity at
initial stage and later N mineralization rate. Moreover, the potentially mineralizable N (N, ) and
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mineralizable ratio of soil N were significantly (P <0.05) increased by 22.4% ~72.4% and 7.8% ~
39.0% , respectively, when fertilization was adopted, and the HOM treatment presented the best results.

The values of temperature sensitive coefficient ( Q,,) of soil N mineralization rate constant was ranged

from 1.77 to 2. 09 within the temperature range of 5 ~35°C ; the values of Q,, and activation energy (E,)

for soil N mineralization were significantly ( P <0.05) lower in all fertilization treatments than those of no
fertilizer treatment, which followed the descending order of CK, CF, NK, NPK and HOM. The @, value
for each treatment was higher from 5C to 15°C than that from 15°C to 25°C and from 25°C to 35°C,

indicating that the most sensitive scope for response of N mineralization to soil temperature was at 5 ~

15°C. Tt can be concluded that HOM treatment presented better effects in improving soil N mineralization

capacity, optimizing N mineralization process and decreasing associated temperature sensitivity as

compared with any other chemical fertilizer treatment, suggesting combined application of chemical N, P,

K and organic fertilizer should be proposed for the rice production in the studied area.

Key words: long-term fertilization; Dongting Lake region; paddy soil; waterlogged incubation; nitrogen

mineralization ; temperature sensitivity
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Tab.1 Basic properties of tested soils in 0 ~20 cm layer

A HLEK ) N et

13 :if; Bl JREL/ REWL R
) (gkg™) (gkg') (g-kg™') (gks™")
CK 6.17 20. 14 1.71 0.35 13.82
CF 5.77 20. 96 1.83 0.42 14. 20
NK 6.08 21.49 1. 89 0.32 14. 14
NPK 5.79 22.19 1.95 0.45 14.23
HOM 6. 14 25.01 2.13 0.49 14. 40
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Fig. 1  Accumulated curves of mineralized soil N under different treatments
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Tab.2 Accumulated mineralized soil N for incubation of 42 d, potentially mineralizable N and mineralizable

N ratio under different treatments

g ZRH LA/ (mg-kg™") WAk CIE %N
5C 15C 25°C 35C (mg-kg™") %

CK 27.5 0.9 61.5 3.2 104.6 =£11.2" 115.9 +2.3*° 132.0 £2.1° 7.7+0.1°

CF 36.5 2.4 80.8 +3.7" 132.3 2.9 135.6 +5.3°¢ 167.6 £4.2°¢ 9.1+0.4"°

NK 38.5 1.9 88.7 2. 4" 137.1 +5.5" 147.2 5.2 182.6 £5.0° 9.6+0.3"

NPK 37.6 £3.7° 87.7 =1.5" 127.7 £2.3°® 133.2 +2. 8¢ 161.6 +3. 8¢ 8.3 £0.2°

HOM 49.6 +1.7°* 121.2 2. 8" 175.1 1. 8* 185.1 £3. 6™ 227.6 £2.8* 10.7 0.2

VE ] — 910 R ) k5 5 0 R AR ) Ak B D 2 5 8835 (P <0..05) [

2.1.3  HIEEEG L Z SO R O A
LR L5 2 8
TR — B AR R (k) i i
EANART RIS SR £ 3 2R, BE N,
A AR — R RO Bl s L IRA R

=3

ATHARNG PR RN AN RRE W 22 5 8 3% (P <0.05) , T

RIS (R 2/ 0.83 ~0.99, P <0.01), [fi
TRLEE Ty, A AL k(B3 0 R (P <0.05) , H AR
£k 76 FEI#E 0. 0056 ~0. 110 1 mg/ (kg-d) Z A, 5 CK
FALE , Bk bt B 45 AL B0k {HAE SCF1SC TR 3
BH (P <0.05) , HI7E 25°C #1 35°C F B HE AL .

ERE-RIEYFTENGERT U IRRINTREE TLRART LEXEY

Tab.3 Values of soil N mineralization rate constant obtained from fitting of net N mineralization dynamics

to one-pool model at different temperatures

5C 15°C 25°C 35C
Jb B
kE/(mg-kg™'-d™") R? k/(mg-kg™'-d™") R? kE/(mg-kg™'-d™") R? k/(mg-kg~'-d™") R?
CK 0.0056 +0.0002%  0.98** 0.0193 +0.0002°° 0.91"* 0.0650+0.0002"* 0.89** 0.1101 +0.0030** 0.90 "
CF 0.005 8 £0.000 2" 0.99** 0.0188 £0.000 1" 0.96"* 0.0596 +0.002 1" 0.90"* 0.0845 +0.001 5" 0.83**
NK 0.006 1 +0.000 3¢ 0.99"*  0.0199 +0.0005“ 0.91** 0.0575 +0.0005"%¢ 0.89* 0.0830 +0.001 0°¢ .84
NPK 0.0063 £0.000 1'®  0.99"*  0.021 0 £0.0002® 0.99™ 0.0577 +0.001 9" 0.90 "™  0.0809 +0.0009*  0.86*"
HOM 0.006 7 +0.0002*  0.97"* 0.0225 +0.0001°*  0.96 ™ 0.0560 +0.0023"¢ 0.90* 0.0764 +0.0009*" 0.88 """

e xR 22 5 WF IR P <0.01 K, s TR 2253 W MK P <0.001 KF, FIA .

A R BURALAL X 25°C 1 35°CF AT L
FEIRA AR AF 1 LA BOR (R 0.91 ~0.97, P <
0.001) (F4), KM EHARTLH KHHM n
{ELRA7 i 3k B T g3 2 ) 98 DR AR ARG, (E HG 8 A T it
BN IR 2R MM A A B T CK AR g — 33

P50, i 1% 5 6 BE TR, it ME A5 A B K (B 4 CK b2
()38 I X A7 P BRI, XS IR B 25°C BF Y 5.0% ~
39.5% [ % 35°C I 2. 7% ~21.3% ; Hi R, B4R 5
it JE 25 b B n {5 85 CK AL 38 A 385 i 250 45 B 38 o, 3
BOUE B 25°C Y 4.0% ~ 8.0% T} % 35°C I Y
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Tab.4 Values of N mineralization parameters obtained from fitting of net N mineralization dynamics
to effective accumulated temperature model at 25°C and 35°C
25C 35°C
Lk 3 2
K n R? K n R
CK 11.9£0.3" 0.3743 £0.004 7¢ 0.91 22.5+1.0" 0.2533 £0.007 0 0.96 ***
CF 13.6 £1.0%¢ 0.389 3 £0. 002 3** 0.93 " 25.3 0. 8" 0.266 3 +0.001 2°¢ 0.95**
NK 14.3 £0.7"° 0.390 6 £0. 002 3** 0.92 26.8 £0. 74 0.274 8 +0.002 5°¢ 0.94
NPK 12.5+0.2 0.3952 +0. 002 3** 0.94 " 23.1+1.3"% 0.2829 +0.009 5° 0.97 ***
HOM 16.6 0. 8" 0.404 1 +0. 006 3* 0.93 " 27.3 £1. 0% 0.307 2 £0. 005 8* 0.96 ***

5.1% ~21.3% . AS[al b 3 5] HOM &b 3 4% 2 HL A7
B K fEAN o i, 45 R B T CK B (P <
0. 05) 5 Ifi bt £ JIEL 4k B4 6] , NPK 4k B 4% NK 1 CF &b
PG 2 HA BARIY K (AR 5 10 n fH
2.2 MEMTEARTHEESBRENER
2.2.1 5 ~35°C 5 [l A - 3 05 T 6L i R A
R AL iE 1L e

TR | = ae” BERS AR I MO H IR TR & —
AR RS IR 2 M R (£ 5, F PR,
FORTEHOET (R (4) ) A vk sE R RS FoR b R

Je T RE UL A B R B o SR W, AN [ Ak LT
Q10w I ZEACIEFIAE 1. 77 ~2.09 Z [, 1< 401 it JIE
W Q0 (P <0.05),0Q,_,,., 76 CF Fl NK 4t
M 22 5B AL Q.. B K B]/NE
Pl CK,CF NK NPK HOM, H 5 CK ZbBAH 1L, K
1 N8 AL R Qo AR 9.6% ~ 15.3% (P <
0.05). 5 HOM AbFRAH LL , 5 £ AL 4% Ak B1 25 o 2%
T T SRR R R B i BE MU, B
O LL CF FI NK 4b P %2 NPK 4R B3 B B O 5%
oS B, KRG AE 2 3% Bk T LR R 1L
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Tab.5 Model parameters of exponential function and activation energy for soil N mineralization rate constants

fitted by one-pool model

Qb PR a/(mg'kg_l'd_') B R% Q10— total E,/(kJ‘mO]?l) R%

CK 0.008 6 0. 000 3 0.073 8 +0.001 2 0.97* 2.09 £0. 02" 72.5 +1.2% 0.98"
CF 0.009 6 +0. 000 5 0.063 4 £0.001 2 0.93" 1.89 £0.03" 65.8 +1.2° 0.97*
NK 0. 009 7 £0. 000 2 0.062 7 0. 000 4 0.94* 1.87 +0.01" 64.0 =0. 8" 0.97*
NPK 0.0102 £0. 000 4 0.060 4 +0. 000 6 0.94* 1.83 £0.01°¢ 62.6 +0.9°¢ 0.96"
HOM 0.010 8 £0. 000 4 0.057 2 £0. 000 7 0.93" 1.77 +0. 02" 59.1+1.0° 0.95°

e« FR2EF B EMR P <0.05 K,
AEALRE (P <0.05) , 5 Q. LI, 40 B 1E] LA
HOM 4b 3 E, B AIG, i B A0 B E, 3¢ CK Ab 2 FEAIR
9.2% ~22.7% ,

Qoo Eo o AR R PEL R B8 (£ 6),
Qo E BT o BAWMBENHAMLKLR (P <
0.01),Q0_,,..,5 E,Z 81 5 1) 5 2 5 1E A ¢ ¢
F(P<0.01), B - A K (Y e 5T BT 4 85
Foo A B 5 00 35 6 B8 AR, X B 5% T il 9 SO
*®6 TERETH Q. .o B E B Perason X R

Tab.6 Pearson’s correlation coefficients among

Qio-1ms @« and E_for soil N mineralization
fibn Q1o - toral a E,
()10 - total 1
a -0.971" 1
E, 0.990 ** -0.988 1

gline
2.2.2 N[ OXE] 3R T R SRR
VL R R A — G R B S RO TR
A PR R B X R R Q, fH
Q1o poriat) »EERILER T o Qg e WL E B T
B 10°C, + 58 A R 0 4k — G 3 A B i £
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4.4% 16.2% F116.9% ,
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Tab.7 Values of Q,,_,,,, for soil N mineralization

at different temperature ranges

REE/C
i 5~15 15 ~25 25 ~35
CK 3.45 0. 06" 3.37 £0.06** 1.69 +0. 04"
CF 3.24 £0.07°® 3.17 £0. 10*® 1.42 0. 05"
NK 3.26 £0. 138 2.89 0. 02" 1.44 +0.01"
NPK 3.33 £0.03*8 2.75 +0. 07" 1.40 0. 03°5¢
HOM 3.36 0. 10**" 2.49 +0. 11" 1.36 0. 04"
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