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Effects of moisture content on N,O emissions in different fertilized soils under tobacco-rice rotation
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(1.College of Tropical Crops, Hainan University, Haikou 570228, China; 2.Institute of Soil and Fertilizer, Fujian Academy of Agricultural
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Abstract : Nitrous oxide (N.0) emissions from soil with different fertilization treatments under flood—upland rotation are important for N,O

emissions regulation. In this study, soil samples from a long—term fertilization positioning experiment (tobacco—rice rotation) in a
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g o LTETETTY 5osnon
subtropical region were collected for NoO emission study. The eight treatments in the incubation experiment were as follows: 60% water
holding capacity (WHC) +no fertilization (UCK), 60%WHC +recommended fertilization (UNPK), 60%WHC + high nitrogen fertilization
(UN,PK), 60%WHC +recommended fertilization combined with straw (UNPKS), flooding+no fertilization (FCK), flooding+recommended
fertilization (FNPK), flooding + high nitrogen fertilization (FN,PK) and flooding+recommended fertilization combined with straw (FNPKS).
Soil N>O emissions and the abundance of related functional genes under different moisture content fertilization were investigated. The
results were as follows: Compared with CK treatment, soil pH was significantly decreased by fertilization; soil organic matter (SOM) and
total nitrogen (TN) contents were significantly increased by NPKS. Compared with NPK treatment, C/N ratio was significantly decreased by
NiPK and NPKS. The N>O emissions of fertilization treatment under 60% WHC and flooding conditions were 0.56—1.44 mg-kg™" and 14.89—
20.70 mg - kg™, respectively. Compared with the 60%WHC conditions, soil N.O emission were significantly promoted under flooding
conditions. Soil N>O emissions under UNPKS treatment were lower than those under UNPK treatment. The amount of N.O emission was
negatively correlated with the soil NHi=N content and positively correlated with NO5—N content. Compared with the UCK treatment, the
copy number of AOA genes was significantly improved under UNPK and UN,PK, and the copy number of AOB genes was significantly
increased under UNPK. The copy numbers of nirK, nirS and nosZ genes were significantly reduced under UN,PK, and the copy number of
nirS genes was significantly reduced under UNPKS. Compared with FCK treatment, the gene copy numbers of AOA and AOB were
significantly increased by FNPK, FN,PK and FNPKS, accompanied by a decrease in the nirS gene copy number. The copy numbers of AOA
and AOB genes and the ratio of (nirK+nirS)/nosZ in fertilization treatments under flooding were 1.80-2.49, 1.19-2.19 times and 1.25-1.42
times greater than that under 60% WHC. The ratio of (nirK+nirS)/nosZ under UNPKS treatment was 21% lower than that under UNPK
treatment. Compared with UNPK treatment, soil denitrification intensity and N,O emissions were reduced under UNPKS treatment. The
results of this study indicated that flooding increased soil N,O emission, but reduced the effects of fertilization on N,O emission. Chemical
fertilizers combined with straw application could significantly reduce N,O emission under low moisture conditions.

Keywords : N>O emission; culture experiment; long—term fertilization; microbial functional genes; flood—upland rotation
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Table 1 Different fertilization rates in fertilization treatments

under tobacco-rice rotation modes

it HEAL 2

Fertilization

R AT TR 2
Amount of straw

added/(kg-hm™)

N/ P,0s/ K0/
(kg-hm™) (kg-hm?) (kg-hm™)

treatment

PEES CK — — — —
NPK 1275 99.0 3772 —
N,PK 191.2 99.0 3772 —
NPKS 127.5 99.0 3772 —

(eSS CK — — — —
NPK 166.0 29.9 72.0 —
Ni.PK 249.1 29.9 72.0 —
NPKS 166.0 29.9 72.0 3600.0

TE : N P05 Ko0 23 5 2278 HH[B) 41 S0 0 47 5t 3t 4F B
B, 3 600 kg - hm™ Ky K FEZERIAE 45 AU K REREFT42E

Note: N, P,0Os and K,O indicate the total annual nitrogen application ,
annual total phosphorus application and annual total potassium
application in the field, respectively, and 3 600 kg +hm™ is the amount of
rice straw added at the end of the rice season.
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JEHE | 3% 4 A L IR AR 0 e T, PR B
Rif, FAEEN 2L E s 8 S g6 13
W BFRAET 1 min, FRRCA 25 CA&0F TR 5
7% 6 h, SR 5 8 @ IR0 20 mL A T EUR,
U BB R AT 3 K, N RIR G5 5 1
AT . BURE A, ) = A A 150 mL 1
mol - L' KCIAW , 190 r-min” JRIGHEE 1 h )51t ig, 15
1) (14 8 T SR 5 NHG-N ONOS-N ¥ B o 59 45 ol
Ja Y51 4 B Ja — K HERE 5L 24 10.00 g, -80 °C
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1.4 @RS ENE
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E 5 SOM SR FH 2 4% iR B0 75 12t vk - A M AL I 2 5 TN SR
FHAEACR T ER I , BRI E ik S 2 (R Ak
ST TR ) o KA PR (DOC) & R A HLAk
AT (Shimadzu Corp, Kyoto, H 4 & ; + 3wk
FR KR I 2 2 B SCRR[29190 (19 5 1 s NHE-N . NO;-N
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R A 1398 pH, (i 35 2 5 1+ 585 20k A DOC & i
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(15.58~20.09 g-kg™") , A% T CK 4L B, NPK 1 NPKS
Ab P B BN SOM & i . £ 4 TN & &y NPKS>
NWPK>NPK>CK (1.05~1.26 g - kg™') , 8¢ i1 4> ¥ ¢ W]
NPKS Zb 3T TN 7 it {3 i T H A e AR 2 . A 2
I (C/N) 2h NPK>N,PK>NPKS>CK (8.66~10.57) , NPK
R T HABAN B, 5 CK A, 1 WA [ i A 4% 4k
P I 2 BRI 13 NOS—-N 7 i, N PK Fll NPKS #4 {22
R I NH-N 55 (P<0.05) .
2.2 +ENH;-N .NO--NEEBRZhET

A I N, 60%WHC T NHi-N & 57254k,
6 4 13.17~196.83 mg - kg™, 4 40 3 + 3% NHi-N 5
Al A —2 (& 1a) , UNPK Fl UN,PK 40 F T
REFR50 3 KA AR B, UCK A UNPKS 4b BT 55
FRE S RIKFNE(E , 5 d 5 5 TR, 555
iy 7~28 d I, UCK &b F NH:-N & 4 2 5 T HAth b
P WK SME N NHI-N & A8 b 75 Bl o~ 0~138.85

R2 FEKKER PCR YGRS 90H0 & B2 & 14

Table 2 Amplification primers and reaction conditions for real-time quantitative PCR

HARIER 519 eIkl JE 1 PCR SO T
Target gene Primers Primer sequences Quantitative PCR reaction procedures
amoA-AOA amoA-F_ STAATGGTCTGGCTTAGACG 95 °C 3 min,95 C 55,58 °C 305,72 °C 1 min, 40 PMEH
amoA-R GCGGCCATCCATCTGTATGT
amoA-AOB amoA-1F_ GGGGTTTCTACTGGTGGT 95 °C 3 min,95 °C 55,58 C 305,72 °C 1 min, 40 MEH
amoA-2R CCCCTCKGSAAAGCCTTCTTC
nirK nirK-FlaCu_ ATCATGGTSCTGCCGCG 95 °C 3 min,95 °C 55,58 C 305,72 °C 1 min, 40 MEH
nirK-R3Cu GCCTCGATCAGRTTGTGGTT
nirS nirS—cd3AF GTSAACGTSAAGGARACSGG 95 °C 3 min,95 C 55,58 °C 305,72 °C 1 min, 40 PMEIHF
nirS-R3ed GASTTCGGRTGSGTCTTGA
nosZ nosZ-F CGYTGTTCMTCGACAGCCAG 95 °C 3 min,95 C 55,58 °C 30 5,72 °C 1 min, 40 PMEIF
nosZ-R CAKRTGCAKSGCRTGGCAGAA

1% WHART]
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Table 3 Soil properties of different treatments after long term experiment
T Y
R Ry 25 AR o
Kb 3 Available Soluble organic . . . A X N Ammonium
pH Soil organic Total nitrogen/ Nitrate nitrogen/ .
Treatment phosphorus/ carbon/ ter/ (- k) (oke) C/N (me-ke) nitrogen/
(mg-kg™) (mg-kg™) matter/i g+ kg g kg mg-kg (mg-kg™)
CK 5.24+0.26a 4.43+0.08b 34.55+6.37b 15.58+1.14b 1.05+0.09b 8.66+0.94b 23.93+2.50a 3.65+1.29b
NPK 5.00+0.05b 28.38+2.89a 60.28+12.19a 20.09+1.85a 1.11+0.09b 10.57+0.88a 17.14+1.42b 3.57+0.84b
N,PK 4.94+0.06b 26.82+2.28a 54.07+£8.95a 17.89+2.41ab 1.13+0.09b 9.18+0.34h 17.61+3.85b 6.36+2.63a
NPKS 4.98+0.04b 26.60+2.64a 52.79+13.50a 19.60+1.22a 1.26+0.13a 9.04+0.33b 16.46+2.41b 6.90+2.52a

T [ BIA [R) /NG ik R A 3R] 22 57 8 35 (P<0.05) , e P P sbRifiZE . Tl

Note: Different lowercase letters in the same column indicate significant different among treatments at P<0.05 levels, and the data in the table are

represented with mean + standard deviation. The same below.

mg - kg™, #5 Ab HI A 38 NHE-N A8 4k i 4 s B kIR (]
1b) , B UNPKS 5 3 K ik BB A1, oAt Ak 3L T 1%
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Figure 1 Dynamic changes of NH;=N and NO;—=N content per fertilization treatment under two different moisture conditions
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Figure 2 Dynamic changes of N,O emissions per fertilization treatment under two different moisture conditions
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Figure 3 Cumulative emission of N>O from per fertilization treatments under two different moisture conditions
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Table 4 Abundance of microbial functional genes under different water conditions under different fertilization treatments

Qb AOA/ AOB/

nirK/

nirS/ nosZ/

treatment (10° copies-g™) (10° copies-g™) (10° copies-g™) (10° copies-g™) (10° copies-g™) (nirktnirS)inasZ
UCK 8.06+2.08h 11.35+2.33b 11.26+2.80a 34.16+7.58a 71.57+19.50a 0.64+0.04a
UNPK 15.36+7.14a 13.69+2.66ah 12.34+3.87a 28.69+5.65a 79.02+14.82a 0.52+0.06b
UN,PK 13.86+7.23a 11.51+4.50b 8.78+2.93h 17.89+9.35b 57.84+25.26b 0.46+0.03bc
UNPKS 10.68+3.21ab 17.50+9.84a 10.24+2.57a 20.00+7.11b 77.06+£19.29a 0.41+0.05¢
FCK 14.48+8.52¢ 13.52+2.87¢ 10.07+1.74a 54.33+7.24a 75.57£17.19a 0.87+0.12a
FNPK 35.86+10.86a 30.03+13.29a 11.80+3.40a 34.05+13.03b 71.03+21.72a 0.65+0.06b
FN,PK 16.59+8.96b 22.77+7.01b 10.65+6.36a 35.77+17.56h 70.56+19.79a 0.65+0.16b
FNPKS 19.63+3.57b 26.70+4.70ab 10.15+1.92a 36.94+5.45b 86.52+22.86a 0.56+0.06b
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