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Abstract: The incorporation of straw into paddy fields has an impact on the volatilization of NH,, but the underlying
emission patterns and regulatory mechanisms require systematic investigation. In this study, using the Nanjing 46 rice
variety and the original soil from a typical single-season rice paddy in the Taihu region, we employed the continuous airflow
enclosure method to monitor NH, volatilization flux, soil physicochemical factors, and rice yield under the application of

three types of straw (rice straw: RS; wheat straw: WS; corn straw: MS) at two different application rates ( straw weight:
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soil weight=0.5% and 0.8% ). Additionally, we used molecular biology techniques to couple environmental factors with the
abundance of nitrogen cycling-related functional microorganisms to reveal the response mechanisms of NH, volatilization to
different types and application rates of straw, and to decipher the key factors influencing this process. Consequently, we
identified the most suitable type and application rate of straw for returning to rice paddies to achieve optimal yield increase
and emission reduction. The experimental results show that the type of straw and the interaction between the type of straw
and its application rate have significant impact on NH, volatilization in paddy soil. Overall, compared with CK, the change
in NH; volatilization due to straw application ranges from —33.2% to 27.3%. Different types of straw have different effects
on NH, volatilization in paddy soil. At low application rates, compared with CK, the application of RS and WS has no
significant effect on NH, volatilization, while the application of MS significantly increases NH, volatilization by 21.1% ; at
high application rates, the application of RS significantly reduces NH, volatilization by 33.2%. Different straw application
rates also have different effects on NH, volatilization in paddy soil. Under RS and MS treatments, the NH, volatilization in
paddy fields decreases by 31.2% and 32.8% , respectively, with the increase of application rate, while WS treatment shows
the opposite trend; under the interaction of different straw types and different application rates, RS-0.8 treatment
significantly reduces NH, volatilization in paddy soil by 33.2%. The pH of paddy water, total nitrogen (TN) concentration,
soil microbial biomass carbon content (MBC) , and the abundance of soil ammonia-oxidizing archaea ( AOA) and ammonia
—oxidizing bacteria ( AOB) communities are the main influencing factors causing differences in NH, volatilization in paddy
soil under different straw types and amounts. Compared with other treatments, RS-0.8 treatment significantly increases the
abundance of soil AOA and AOB communities and significantly reduces the TN content of paddy water. The comprehensive
effect significantly reduces NH, volatilization in paddy fields by 33.2% and significantly increases rice yield by 22.9%.
Taking into account both NH, volatilization and rice yield, the application of rice straw at a rate of 0.8% in the rice planting

system with straw returning shows the best emission reduction and yield—increasing effect.

Key Words: rice paddy soil NH,; straw species; straw dosages; rice yield; structural equations models
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Fig.2 Variation in NH, volatilization fluxes in different fertilization periods
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Fig.3 Cumulative emissions of NH; in different fertilization periods
NIRRT bk F R[] — YIS [R) b B ) 22 53 123 (P<0.05) , AN i) /INE SRR [ — &b BHUAS [ Ik 391 94 22 53¢ 8. 38 (P<0.05) , * FRIRFSAT s H
b3S CK 2557 8.3 (P<0.05)

http ; //www.ecologica.cn



15 # ThERg S5 ORI AR AR NSRS H NH, 4% & 6952 AL 6701

RS-0.8 ,\WS-0.5 ,WS-0.8 A J MS-0.8 4bBHf% NH, ¥ & S it 5 CK ALFAH LA M 25 7 (P<0.05) . 7EREAL
1, Bk MS-0.8 #h, HATHEINFE FFALFEAY NH, 15 & Bt 5 CK A HLFRAIK 20.1%—33.3% , HL45™ b B ) G 1
Z5(P>0.05)

A F I NH P& B3 1 iR, 5 CK kL, WS-0.8 \MS-0.5 AbHH4351 i 35 38 e i + 18 NH, 4%
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hm? | FEIE K 33.2% (P<0.05) . ARIFEFFASEAH L, 0.5% F M T, WS AR R i NH, 4% & it 5% 0.8% 7
IR RS AR R B NH,#% & S il AR AR LG, RS A MS Ab3HAE 0.8% W Il T Y NH, #& it
BFMT 0.5% Ui, FEARIREE Y 31.2%—32.8% (P<0.05) ; WS 40P 12 BUAH R HLAEE, 0.8% U8 J i 45 0.5% s
JnE 2 HE I NH, #8 & Si 28.1% (P<0.05)
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FERZSALEE 5 CK AR EE, WS R FFAb B3 7 Lo 91 Fe v, o AR ol 45 m 2t 7 43l Sk 25 184 7™ 25.9% il 27.8% ( P<
0.05) ; HVk RS FEAFALIR 43 5] 53519 7 22.9% Fl 24.4% ( P<0.05) ; MS R FFH4 72 Fo R AIG, 43 9134 7 13.7%
(P>0.05) 1 27.2% ( P<0.05) , Hrp Bk MS-0.8 &b P4, HA Ab B KR = 15 CK M 2 B 322 5 (P<
0.05) . MFEFEFHFZET 0.5% U 0.8% A M= HG MK FE ™ 5 1.2%—3.5% , H U MS-0.5 5 MS-0.8 Z
i) JC i 2 25 57 (P>0.05)

5 CK ML, M FHAL BN AR 7 i NH, #8 Kk B IR B T -45.5%—1.9% , K SN T RS
I MS AbBREE CK AbFH G 35 FRAR 207 7= 8 NHL #E & 18 (P<0.05) , 5 0.5% A ,0.8% 7 &~ RS Al
MS Ab B 4 BN P i NHL 3% & 0 A 23.0% 11 32.2% , H 52 B PE 2 5 (P<0.05) , 1] WS AbFH 52 BUAH 2 #a
e 0.8% WS INiE i E TG N7 7 5 NH, ¥ & 5 29.9% (P<0.05) .

F1 ZLAERMNHIEZEEL KE~2 REA2 NH,; EXEFHEK pH

Table 1 Cumulative NH3 volatilization  rice yield ,NH; volatilization per yield ,surface water pH

BT NIL R P L K pH
Qb P Cumulative NH; fZiceHyielT/ NH;# % & Field surface water pH
Treatments volatilization/ (/hm?) NH; volatilization HLAEHA BE AR T A

(kg/hm?) per yield/ (g/kg) Basal fertilizer Tillering fertilizer Panicle fertilizer

CK 12.95+0.14b 13.78+0.56b 0.94+0.10ab 7.72£0.03a 7.76+0.02a 7.21£0.01a
RS-0.5 12.88+0.03b 17.13£1.51a 0.76+0.06abc 7.53+£0.02b 7.60+0.01b 7.19£0.02a
RS-0.8 8.65+0.14¢ 16.93+£0.43a 0.51+0.09d 7.54+0.02b 7.62+£0.01b 7.18+0.01a
WS-0.5 12.86+0.19b 17.61+1.25a 0.74£0.15bc 7.59+0.03ab 7.56+0.01b 7.22+0.02a
WS-0.8 16.48+0.21a 17.35£1.20a 0.96+0.18a 7.61£0.03ab 7.52+0.01b 7.17£0.02a
MS-0.5 15.68+0.10a 17.53+0.28a 0.90+0.06ab 7.61£0.02ab 7.62+0.01b 7.16+£0.02a
MS-0.8 10.79+0.06b 15.67+0.63ab 0.69+0.03cd 7.58+0.02ab 7.58+0.01b 7.18+0.02a

[ B AN ) 5 1 2 s AN [ A 380 ) 22 55 .35 (P<0.05) 5 CK 25 FUOM I RS-0.5 K FERE AT 0.5% it JTT ek RS-0.8 - AK REFEFT 0.8% it [T 4k ; WS-0.5: /)
ZFEHT 0.5%JiE F e ; WS-0.8 . /NEFEAT 0.8%Jii FH it s MS-0.5 ; TKFEFT 0.5% it il fit ; MS-0.8 : F KA 0.8% it FH

2.4 JKFEAKMEEEK pH shA4E 1L

WK 4 Fos AR K ZORE R ACFE K pH E YR T CK AP, 7L, 4 b BRI pH (B
FERAC G 3—4 K BLIGAE , H A4 B 2 (o] id (e BB B ) #7625 5%, Horb RS-0.5 \RS-0.8 Zb#HAY pH {E &
FLT CK AbFE(P<0.05) , FEBEAEI, AN AbHT pH {F 35 52 BT Bt 34, it i FE AL B Y pH (A 34 W 58T
CK 4b¥ (P<0.05) , HH7E 0.8% BN T, RS 4B pH A & T WS FI MS 4B (P>0.05) , FEFEALHH , £ ab i
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Fig.6 Changes in soil microbial abundance and microbial carbon and nitrogen contents during rice growth period
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FEREET CK il MS-0.8 4bFH T AOA FFI& FJF (P<0.05) ;RS-0.8 A3 T A [E /KA AL F 11 AOA BEVS F2 18
fRlg B R, H A 2 25 5% (P<0.05) . 5 CK A LL, FmFSFFALEE T AOB #f¥% 3= B T+ 5 26.4%—166.8%
(E 6) ; Hodr RS-0.8 AbFE T AOB BEVS FJ¥ 2% m T CK Fl WS-0.8 2L 3 R AOB BE7% £ )& (P<0.05) ;RS-0.8
WP AN KRG B AOB BEYE £ B AR LR B R, HLA 3 R 25 57 (P<0.05) .

5 CK AHL, M AL B 4P 16S tRNA KLK 45 DIBOE R/ T 9.0%—111.6% (&l 6) ; R At i b 21
Z BT 25 5 s AN A A B A A LA, BRI RS-0.8 AbPRAN 1R =F & i & 5 T H A AL # ( P<0.05) 5 1 Ho Al B A4~
JES0T ( REAE ) REAC I ) 4% Ab i E) G 3 122 5 (P>0.05)

2.7 KRB WA E YA R Sh AR

AT WORE , A A H 4 St A Y b (MBC ) & i BEK Fi AR K B R a3 (1 6) , HAs Ak B
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TN AL TR BRI AL B MBC & 480 4.4%—13.9% , Hirp CK RS WS AbFH g ELAC I MBC & 34 i 2%
o THABPIAN A F 9 (P<0.05) .
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Fig.7 Correlation between soil NH; volatilization and soil physicochemical factors
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