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Regularity of net nitrogen transformation rates and greenhouse gas emissions in black soil of different textures
LANG Man'?, LI Ping"*", WEI Wei’

(1. Jiangsu Key Laboratory of Agricultural Meteorology, Nanjing University of Information Science & Technology, Nanjing 210044, China;
2. School of Applied Meteorology, Nanjing University of Information Science & Technology, Nanjing 210044, China)

Abstract: To better understand the net nitrogen transformation rates and greenhouse gas emissions in black soils, a short—term (7 day) lab-
oratory incubation experiment was conducted on two soils of different textures (loamy sand and silt loam) from the semi—arid region in Hei-
longjiang Province, China. The rates of net nitrification and net mineralization, N,O and CO. emission rates, and cumulative emissions were
determined. Our results showed that the average net mineralization rate and CO, emission rate of loamy sand soil during the 7-day incuba-
tion period was 0.49 mg N-kg™'+d™" and 0.30 mg CO,—C-kg™ +h™, respectively, which was significantly lower than the rates for the silt loam
s0il(1.37 mg N-kg'+d™" and 0.47 mg CO,—C-kg'-h™", respectively). The average net nirification rate and N>O emission rate of loamy sand
soil was 1.65 mg N-kg™+d™" and 212.6 ng N;O-N-kg™' -h™", respectively, which was significantly lower than the rates for the silt loam soil
(5.02 mg N-kg'+d" and 521.3 ng N;O-N-kg" - h, respectively). The N.O emission ratio from loamy sand soil and silt loam soil ranged
from 0.081% to 0.301% and 0.210% to 0.254%, respectively. Soil texture significantly affected net nitrogen transformation rates and green-
house gas emissions. The lower soil pH and the lower organic carbon and water—soluble organic carbon concentrations in the loamy sand
soil were the main reasons for the significantly lower net nitrification rate, net mineralization rate, and emission rates of N,O and CO,, as
compared with the silt loam soil.

Keywords :loamy sand soil; silt loam soil; mineralization; nitrification; N,O; CO,
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M) o HERD R B SRR VT4 VE m BRI A R A RESE
Wt B IG L (124°42 E,48°47'N) , WAL WOT 5 5 L R
PR P, AU S5 5 R T, PHIG N 52 . iz IX S
HPR T BT P 2 T B KU AR R 3.1 °CL AR
-4 RN 407.7 mm, HLEF 25 50 A5 A3, 70% (% RN
it 6—8 1. BENK, ST ZEL 1M, -
R R B T, RS b R XA RO B
g, R e VT AR PG Al FoR X A g T R Y
12.5%. Wi+ HCA B A PR X (1250
20'E,47°29'N) , B & A R RS % F A EL 70 km,
Ji& Il B R KU, AR 3 2.4 CL AT
R TR it 450.1 mm, 819% R [ & L7 6—8 H , FEAE:
WA ZE AR TRIEWEREE . WAREX L
Gy A Bk AR, 5 A &R, 10 A Wk, 458
FUIE i FH & 244 750 kg N-hm™,2017 4 10 A F kit
H 5 R LIRS . ASRAEIX AR E 3 A
52 B2 (A EE SR S 34 HR S T RAE L 2 AS0R 4
)2 13(0~20 cm) , ZBR AT LA M) ERAR R R, =
TR T RS BB 2 mm 7, 4 CREAEE . 135
(A SEA PRI LA 1
1.2 TSR

Wi - PRI — 291 30 o(F56) +FEA 5 B T
250 mL =S, RS W 0] TR A1 L8
TG 3K 53 5 iR 51 40% I KEFK R, 20 CF
RS T d DAEBOE TR, WS IRAS R | 1
LRI T mL NHNOs I {75 R0 1R 51 40 pg
NH;-N-g ' 140 pg NO=N-g ™, [F]IHf 435K 7 ]
£ 60% e KK . RS A s = AR 1 , IF7E
BriA B SN AR T AR5 = MR E 20 °C
PTE TR FRAE AR 7 Ao KRR A H AT i <
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F1 X T ENEARELER(FHEAREE)

Table 1 Physic—chemical properties of the test soils(Mean+standard deviation )

FRAL A T Physic—chemical properties

HERW) 1 Loamy sand soil H33E +- Silt loam soil

pH
Fe R Pk & Water holding capacity/%
A HLB Organic carbon/g-kg™
4% Total N/g-kg™!
WA L C/N
FKEVEA HLIK Water soluble organic carbon/mg - kg™
IKEEEATHLZA Water soluble organic nitrogen/ mg-kg™!
kL Sand/%
Wk Silt/%
FHr Clay/%
B AN NHi-N/mg - kg™
A A NO:-N/mg - kg™

4.2+0.3b 5.0+0.4a
37.2+3.3b 52.4+5.6a
18.9+1.8b 21.2+3.1a
1.0+0.1b 2.3+0.4a
18.9+5.5a 9.2+3.7b
160.0+14.8b 241.0£13.4a
24.6+3.8b 32.5+2.4a
84.5+4.2a 20.8+2.0b
9.8+1.3b 62.2+4.5a
5.7+1.1b 17.0+3.6a
1.2+0.2b 4.7+0.5a
10.2+1.1b 15.9+2.3a

VE Rl — A7 B Jn A AT T REA QR R L2 1] BA 235 22 57 (P<0.05)

Note: The different letters in the same row indicate significant differences between the two test soils at P<0.05 level.

KA I L, A A BRI RER ZE 55 SR T,
A3 SIFEBR AR S 09 0 h 1 24 hiF TR0 RN
20 mL 7E 5T IS IS YR AR TN 2 IR A R e
FHH 20 mL AR A e 125 19 12.5 mLEUCUR
D5E N0 F1COMMREE . SUARRER S, n] =i A
75 mL 2 mol - L™ KCIAR , THHEAR 7 1 hmid g K ug i
WA 2 100 mL BURHH H W0 B8 NHi-N FI NO:-N
W,
1.3 MEWHE S5 A%

39 pH R A H A7 2 OK R 2.5:1) 5 135
e RFFKE (WHC) R R =] e e - e gk ok
LD 7 R RS VR o 5 AT HLARCR F 8%
PR B A I B T 5 4 R R P L G R
E KPR ML I ILAE VR K B (i L HE Ry 5+
1), 3 S L R S5 A ML L 43 B 4300 2 5 3 TE AL
A% (NH=N FINO3-N) 1 2 mol - L™ KC1 #2482 (¥ +
Feh2.5: 1), b i85 R 80 4 B 4300 2 5 N,O 1 CO." S,
AR P2 2R P 53 SRR A A SO0 5
14 BERITESSHITHW

Y fiE Ak 3R 5 SR A S NOs-N A8 4k 12 Bk LA
BRI BT RAT H  e™ fe R R R RS R A1 5 LA
(NHi-N FINO;-N) i 28 Ak 5 bk ARG SR B [a] 3545 o
AR HE i R R SR FRHE R 2 ROk [17] P i A
Tk N0 HEJ L N.O BRHE il = 5 i 1 &
2

43R Origin /E &, SR FH SPSS 13.0 8 ik 47
A E S A A T

2 HRE5HMH

2.1 ZHREENHEEL

RS LIRS R s A E 1
Jii7s o Bl R FR Rl A HESE  ERD 1 A 1 1 NHi-N
TR AU S, HoRy S 4 NHI-N &
YT R e LR, R L NHI-N & it 0 d
AF ) 44.7 mg N-kg™' % 2 55 77 25 5 A 36.5 mg N -
kg™, Ky 4 rh NHI-N & 50 iy 0 d B 19 39.2 mg N -
kg T RERI B SR 45 AT A9 12.1 mg N-kg'c 5 NH;-N
Y722 A A B, AP 4 FORY 3+ b NOS-N & i S fifi 855
FEM VAT BT, By IR A e R 1 by i
B NOs-N 84351 4 72.8.99.3 mg N-kg ™', #33E + rp
NO:=N & 1Y b Th 8 R T HERb 1, B R S Ft
TR AAAE I 2T NOS-NIFR R
22 BRHAEZRET LERERE

- 358 S b S AR A AR TR AR A T A 5 e R
WRE(R2) . 3T A, B - 245 i 1k
R 5.02 mg N-kg'l°d_l, RiEEnk 1 (1.65 mg N-kg'l-
d™) [ 3.04 f5 , W 22 S .35 (P<0.01) s By 1 11 °F
Y34 AL s M 1.37 mg N-kg' - d™', J2 375 1 (0.49
mg N-kg™'-d™) 1 2.82 /% , i # 2= H4l i 2 (P<0.01) .
23 NOHEREZE R HERHME

K55 1 (R e D + AUk 58 4 1% NLO HERGH R 2 &
A ALK 3) , BRI A BE A 15 % 1 61 734
B, 3k B AR FS SR T R R PR DA B
BF )4 AN [A] o HERD 19 NLO HE O S8 068 A
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1201 e
B4+ Silt loam soil
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Figure 1 Dynamic changes of inorganic N in loamy sand soil and silt loam soil

B 1001 b+ Loamy sand soil
iy
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0 L L L L L L L L )
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(& AN ) /NG B3 T D - 8 ] 22 A i 25 (P<0.01)
Different lowercase letters indicate significant difference (P<0.01)

between the two test soils

B2 857 d/FER T IR T SRR E RIS L ER
Figure 2 The net nitrification and mineralization rates of loamy

sand soil and silt loam soil over a 7-day incubation period

FEFRE 05 5 d, TS - % NLO il 28 04 {1 1 0
TEREFRIE B 3 do BB R 0 R) K3 1 19 NLO HE it
A T 334~588 ng N.O-N-kg ' -h™' 2 Ji] , F- 43k

~J

wn

(=)
1

(=]

(=

(=)
T

450

300+

N>O HERGH
N0 emissions rate/ng N.O-N-kg™'+h™

150

(=]
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K20} A] Incubation time/d

—@— 7P 1 Loamy sand soil

AN 521.3 ng N,O-N-kg ™' -h™", THERD 1+ 119 N.O HEiL
WA T 131~277 ng N, O-N -k b 2 il , *F- 2494k
A 212.6 ng N2O-N-kg™' - h™", B 4% TR 1 (P<
0.05) o N.O R B HE ikt i bifi 75 15 7% 5 1] ) 4 < 35 W
o CE 3) 8555 7 d J5 R L N0 BRRHEL A
£ 87.6 pg N.O-N - kg™, i 3 5 THEAD + 19 35.7 pg
N>O-N-kg™'(P<0.05),

H53 1 - 11 NLO HF I G 388 B A~ 35 55 19 1] 722 A A
K, TF 0.210%~0.254% Z 18] (] 4) . HERD + 59 N0
HERL L AR R 37 5 155 1 d 31K (0.081% ) , Bl J 1
BTN EE 3 AR S d AN K, 25 SGREE n, F 8
FRIaHYEE T d, NO HERL L3R IK 3] T 0.301% .
24 COHMEER HZRHME

b+ FRY HE 1 () COLHE I 2 24y Bl 75 15 = 1Y
HHEE BB T RE ) a3 (1 5) 8 BH 38 v T ik
A= ) FE B A R0 B i AE S T R A . D 119 €O,
HEBOE AR 55 1 dAY 0.36 mg CO,—C-kg™ -h ™' B T [
57 d 1025 mg CO~C kg -h™', SEYHE Ky
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[oN] [ee]
(=} (=]
T T

N>O ST A
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N:O cumulative emissions/pg NoO—-N kg™

[y}
(=}
T

0 1 2 3 4 5 6 7 8
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Figure 3 The N,O emission rate and cumulative emissions from loamy sand soil and silt loam soil
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0.30 mg CO,—C-kg™'+h™' #3341 COHERE % i 26
1df0.59 mg CO,-C-kg' -h' B FFEEE 740
0.36 mg CO,—C - kg - h™, ¥ HE s R R 0.47 mg
CO,—C-kg'~h'o HEANEEFRMAR], 3 1 1) COHERH
5 2 = TR £ (P<0.05) .

s 35 1 6] CO, SR FRUHE B Ik Bl B 75 11 04 7 1 25 1
ICES) . BEFRIGHE T A, k10 co, ERHER
5% 78.8 mg CO.-C kg, B 3 & TR + 19 50.7
mg CO,-C kg (P<0.05)

04r

@ 1R + Loamy sand soil
[ -O- ¥ L Silt loam soil

N0 HET HE
o

N,O emissions ratio/%
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K275 8] Incubation time/d
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Figure 4 N,O emission ratio from loamy sand soil and

silt loam soil
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Figure 5 CO, emission rate and cumulative emissions from loamy

sand soil and silt loam soil
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