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Effects of UV-B-enhanced straw decomposition on soil nitrogen transformation microorganisms and enzyme
activities

LI Haitao', XIE Chunmei"? LIU Chenggian', LI Zuran®, LI Yuan', ZHAN Fangdong', HE Yongmei"

(1. College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China; 2. Student Office of Yunnan
Agricultural University, Kunming 650201, China; 3. College of Landscape and Horticulture, Yunnan Agricultural University, Kunming
650201, China)

Abstract: To clarify the effect of enhanced UV-B radiation on the chemical composition of rice straw, the characteristics of straw
decomposition after enhanced UV-B radiation and its indirect effect on nitrogen transformation in paddy soil were explored. In this study, a
field experiment was performed in terraced fields in Yuanyang(1 600 m above sea level ), taking the local rice variety Baijiao Laojing as the
research object. The effects of enhanced UV-B radiation (5.00 kJ - m™) on the chemical composition of rice straw, straw degradation, and

soil nitrogen transformation were studied. The results showed that: Enhanced UV-B radiation significantly decreased the cellulose content
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of rice straw, increased the lignin content, and increased straw lignin/nitrogen. The degradation rates of cellulose, lignin, and total nitrogen

decreased by 38.7%, 18.1%, and 25.8%, respectively. Compared with straw under natural light, the straw applied after UV-B radiation

significantly decreased the number of soil nitrogen—fixing bacteria, ammonifying bacteria, nitrifying bacteria, and denitrifying bacteria,

increase the activities of soil protease, ammonia monooxygenase, and nitrate reductase, and increased the soil nitrification and

denitrification rates. The correlation analysis showed that the straw lignin/nitrogen was significantly negatively correlated with the straw

degradation rate. The degradation rates of straw cellulose, lignin, and total nitrogen were significantly positively correlated with the nitrate

reductase activity, and the latter was significantly, positively correlated with the N,O emission flux. The number of nitrifying bacteria was

negatively correlated with the content of NO;=N. This study showed that enhanced UV-B radiation inhibited the degradation of straw

cellulose, lignin, and total nitrogen by increasing the straw lignin/nitrogen, decreased the number of soil ammonifying bacteria, increased

the activities of ammonia monooxygenase and nitrate reductase, promoted the transformation of soil NHi—N to NO3—N, and increased the

N,O emission flux.

Keywords: UV-B radiation; straw return; nitrogen transformation; microorganism; enzyme; nitrogen content; N,O

20 22 70 AR A BEAL S W T 12 A FH B
it )2 B AR B ST AR, 2E T S B A MR UV-B AR 5
8 XA A K R AR 7S R SR MM R, UV-B
R TSR OO Y R )1 KRR I A BRI AR 1R A]
iz =2 RIHAR RS R A R RS E LA
Ry, HW FRARER 32 2 UV -B 48 5 i 5 25 50
R R A A A A R G B Y SR
PRI FE X UV-B S G 3 i i e [0 GO, UV-B 4RSS
i E R A E A A HLEE M N0 HE S
REREALS Y, BFRRY], 25 UV-B & 358 N
0.34 W-m™>F10.49 W+ m™ i}, 4 3 [# %0 38 ) 43 5] 36 hin
17% F19% , 5 UV-B 48 59 58 BE 32 55 22 0.77 W - m B,
- 38 [ AU P RRAR 139, 3 MLAE 1A
BEAL R TEHLA (NHI-N NO3-N) , 4435 + 32/ % V-1
BT AR MG SR ST 4 Y UV-B R SR i T
A HUR AL R A TR A LT
FNO-NIY & . NO B HAESRGE HiR=ESIA
) LRI, 52 2 UV-B 48 55 1 12 252 0, UV-B #8 5
5 AR B = A NLO HE E £, 0 AT A oY 3R B
UV-B a5t asm il 17 kG 45 NLO Ak,
IKFEREFEIE HERE A S R G R Z G0 E %
— B, Iz N R E A K LXK KR R AR
J&  BRFERL R R R LM LR A R DA LA 7T
FEAF X B0 R K Bl RS AT A FHAR [R1AE 5235 52 e e
TR FF AL SN, FEFFE H RE 8 o3t + gk
4, Y8 nAE LSRG P B PR SR S AR
TR E B AL H UV -B 555 19 58 ) H A A i 78
VR AETE AR E M . DR R B, UV-B iR ST 0%
RFFHIY TR IR, B 3R E e 2A M
FRW HETR Z 898 RO T UV-B ARG —H
FXF R R AL B, 1T UV -B 48 5 3658 40

P 1%) WHARTY

] el AR R FF Ak 27 iy, 2 1 52 e HAA H 45 38R
REALH A, A Rt — 9. R UV-B &4
R AR K AR AR AL 2 B i, R AIRRS A1 A 43
R JETA S R R T S

JCBHAS AR W /K, UV-B 58 5115 508 5, A H
ATt FAAR R | Ak AR U AR S5 s A1 40 A H, 3 R wiF 5
UV —B 4 55 184 58 0T 7K A5 5 AT 3 FH 4 498 05 Ak 1 52 i)
UL T KRR . A IE DL IT B FH 24 MK A5 b
1 B R A I X 4, A KRS AR KN TS UV -
B 8 S 1658 (5.00 kJ - m™) , KRG YCR 5 I SR A FT 38 H
IRIG, WFIE UV-B 5 548 s 0 KRG S FF40 o 25 o S 3L
TR DIEAR A R, IR
UV —B & 5 3 5 6 7 FH 4= 8 ) R 5 b iy Il 452 e
HLBE, A VAR PEAL UV -B 8 5538 58 X 1+ 38 R R 5
Aibb A ey S T

| MRS T®

1.1 X6 g

G A T 25 744 s B BT AR R (23007
N,102°44" E) iz k1L ZR XS M0, 2256, B B
FER 1600 m, AE3 R 15 °C, AR F R K & R 1398
mm, R T BRI M BTN pH{E R 5.32, 6
BLITE 80 26.8 g- kg™, &R 20 H S = 5N
1.91.0.650 g-kg ' Fl116.4 g-kg™", Hulififf & R | 3ok 3504e
SRR 76.4.15.7 mg-kg ' FI 101 mg-kg '
1.2 R

20204F3 J1 5 HAGFE 1,5 H 20 H AR B4k
FIE/NX,6 7 20 HIF RTS8 HME S b, 2058
INX B K 3.90 m . TE 2.25 m, FlAE 1445 .16 41K
5, i 6 17 R 4 SR FEVE AR AT . KA KA
i A 25 AL IR, H— B AR FREACIRE . KHF 2020



SRR | 4+ UV-B R R R SR LU B B R FE G 3 13

49 H 15 H 5 £ 202145 1 A 15 H PR FFA H
R, O A) AR O A T LA AR AR, AT T UL
ZIAE K TR AR KA A

UV-B 8 55 Ab B E B4 /KRS IE 724 13240
W UV-BAT4 (Jb 5T, UV308, )i K 280~320 nm) , 14
PLUV-BAR S8 . F 0.130 mm B4 R 41 4 K AR uE bk
280 nm LA T UV-C 3% BOBLE ; B B IEBR UV-C I
UV-B &5}, 45 UV-B & 5 1) A= P28 A A 7E UV-B
ALFRZH A UV -A X BR AL (19 A= 9 24 5500 1) 25 (B Ok 2%
&, ATEBR AL FRZ th UV-A XF UV-B RN B 520,
S8 AR SR A (G ST IE R 2= AR ) I U
1K 297 nm I A0 SR E LURA S 25 MR S KF , HAR
ot K R A R VA1 KT v R DA i s R (LA
PR IR . B ESROEIR AUV -B 48 538 5 4 5.00 kJ -
m b3, 23 I AE 24 T 0 BHAR B 0 F120.0% (1) 5L 4 R
(HZEH UV-BHHE S(EN10.0k]-m™) o AHIER
IR PE A — 20k, ARG HE K [ R B B R e AT
EWER, DK BRR T IS iR SMR S A
P2 3R B H 10:00—17 : 00 58 B8 (B RERA) o

FEFFIA I B BRI A SR G (CK) T UV-B fg 4
AR BKFEREFT A% 10.0 g (R ) 4051 & 100 H
R4S KA EAROGIEFI UV-B 485 T A2 K Ak R i
FF KRR I BOFE AT ) 4% 1.30 g (F5320 56 X B 1 FR
FEFF ™ 1 x20 emx - E45 5 BLEU5 1) 40 A A &
4erh, JIRRHL156 o 1, BRI A A E4%, A
50.0 mL A4tk JRATG 30T, JB 1k A B4R LK AR
FREACIRAS B A BHAS A 250 mL ¥ERDIE I, [ Y
T K G BT K 48R YRR 1 3£ 10.0 em
b BN/ 3 AN B R A B FR, 30 dEBURE 1K,
A& Rb A3 T3 AN AT 300 AL I A
PREFYER RBTER AR R - SR i BB
PEFIAE P RO 25 . N,O SR A I 4E 2 IR 5 i 0
SRy 1 B UCR SRS A A B A A 4 3L 4T
TR 56 T2 N A SRS 30 min, 7o 43 HEBRIR N 5% 53
SR JE FOBUREBR T BB 9 AR A LS R T AR
ASVE TS SRR, SRS P S ZE B 1A 30 “CE L B
Fe 85353 h, WAL RG 1 h BORE 10k, 2831 3 vk, BORE
i 1] — 4 8:00—11: 001,
1.3 “HYRSENE

PR 4 B i SR FH VR A IR 01 L G R DU
ET S AR PR T 4 25 R A IR T A7 43 o' 0 BB T
FE DA 5 2R FH s PR B T, T . R 4 S i 43 ek
FEVRME, RIRRET4E R R E A DL RS FR R

fife R R S M BRI T I T . AR R R AR
TR T2 R A AR R AR R R i o
I3 2R M Rt R Rua JRuo

R.=(CoxMo=CXM,) 1 (1)

Ru=(My—-M))/t (2)
Kb Co WA FEFFAF R & i, mg - g5 C O RAERT
FEAFEF e RS, mg- g s Mo RS FFWIBR IR 1R, g5 M
KAEBSFEFF B, g5 FORAERT ], do Rl Ry fRTHEE
J715 17 Reao
14 BHIEREYARYE BIE fe=2lE

- RV A A DA B D A - BRI 10.0 o BT i - 35
FES T =R, A 90 mL KK 1778 0 R .
ARAG SRR, 2 5 MR 5 7 A B AP S S BT AN
[vi] Ve 2 ) - SRV VA 5 - 98 T LT L 2 A A T A R
T TV AR 5, - 3RS AL A0 B S i Ak 40 B B0 ik
FH MPN i B =,

- 358 RGP TS 00« - S TR A I R T M 1
Mg, BUXT 4L, A CaCOs5 .2, 4— - filf FE 3 VA K
KNO; FU#] % B I, 485 % B 3% 5 SlKOE 25, s
BB A VR, %35, U8 5 BB VRN ik € R B A0
25,520 nm AEWE OGRS A R I it 7
B 2« BOXLTF A, A CaCOs . NaN O, F1 4 245 B %
W, FB 50 B G SR  SiKOE 25, ISR B AILAR RV R, Bk
i, 2 U8 B RO 2 AR B2 5] 2 25 L 520 nm b
W AR A g e v B T T T R A 1
] SR V52 (000 5 R L I P AR 0 L AE R A BR Y
AT ERAE AR G, I R O 7 R B A v A
SERE(NP) K .

AR AR S W« 3 NHI-N &% 85k
FHZR B 0 A R AR i bE (89 0 5 5 138 NOS-N &% i
K FH By R 2 43 D6 B v I e ) - S mT s A LA
O i R B 2o B R B T A O B VAR I s A 4
A R R U FE ZE B e R ™
1.5 N,O HEA i@ 2 HE

ARFE S8 Agilent 7890B A AH €4 151X 43 #7 .
FAS I8 2 8500 AL Ry 210 C, &N
40.0 mL-min™', 25K & 400 mL - min™', B3R
o8 20.9 mL-min™', FEFEIELE A 50 °C, (O3S F: i
2.50 mL - min™'; 5 K W0 #%F 2 5000 - 0 BRI N
300 °C, WS & 2.00 mL - min™, 4 B i Bk B
375 C.

SARHEGE &R A

F=pXVxdc/dix273/T

www.daes.org.an




m@g 114

VRES Rty FA3EE 1 H

A PO SMAERHERGE B pg-m2-h ' (N,O) 50 Mhn
RO TR E g L7 VAR, L de/de Ry 5407
B ) Y AR B R P AR AL, L -m” - b TR RGFRA
W, °C
1.6 HiEALIE

RIS E 8 K FH Excel 2010 EF 7403, 34 F 214
FIFRHEZ= , Fi SPSS Statisties V22.0 #4748 115047, i
Duncan 35 £5; 55 4b BRI {E AE 0.05 7K F 19 22 4%, H
Origin 2021 2[5, I HH o 3 E A2 1P 4491E , &
TN bR 2

2 HRESW

2.1 UV-BiESt Xk @R FH DM

UV-BiRS KRR b #4504 B0, 5 CK
AHEE, UV-BARSHE KRS FTEF4E 2 5 i i 5 I 8.3%,
AR BIIN9.4% AR AIE N 20.0% (% 1)

1 UV-BIEHKBIREFUZAS M
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Figure 1 Degradation process of rice straw returning material
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Figure 2 Changes in the number of soil nitrogen—transforming bacteria during the decomposition of rice straw in the field
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Table 2 Correlation analysis of straw material degradation, different forms of nitrogen content and soil nitrogen conversion

microorganism quantity , enzyme activity

W WAME . o i TEE . o WS R
AJRZE/A  Nitrogen A&‘L’”Srﬂilﬂ ﬁlﬁ’ﬂ_ﬁ,ﬂﬂ . YA [i] ZeL 1 1T &‘Liﬁﬂ%m Jir i LYY
L .. mmonifying Nitrifying . R Ammonia . .
Straw lignin/  fixing . .2 Denitrifying Nitrogenase Neutral Nitrite ~ Nitrate
. . bacteria  bacteria . monooxygenase

nitrogen  bacteria bacteria protease reductase reductase

TEFFA R /A 1 -0.681%%  -0.261 0.116  -0.015 0.175  0.140 0.343 -0.290  0.662%*

Straw lignin/nitrogen
T e fiff R -0.576%*  0.293 -0.111 -0.460% -0.669**  -0.445* -0.603**  -0.335 =0.700%* 0.552%*
Straw degradation rate
LR 2 R B i R -0.499**  0.296 -0.078 -0.459%  -0.667** -0.411* -0.620**  -0.306 =0.650%* (0.559%*
Cellulose degradation rate
R J5T 3R i figp -0.581**  0.315 -0.163 -0.463*  -0.674**  -0.398* -0.582*%*  -0.294 =0.699%* (0.539%*
Lignin degradation rate
SR P R -0.568**  0.349 -0.070 -0.433*%  -0.646%*  -0.405* -0.596**  -0.276 —0.688%* (0.540%*
Total nitrogen degradation rate

BEASANH-N -0.470%*  0.255 -0.013 -0.424*  -0.632%*  -0.453* -0.632*%*  -0.304 -0.569%* (0.505%*
TS A NO-N 0.299 0.130 -0.147 -0.429*%  -0.576%*  -0.303 -0.495**  -0.139 —0.394%  (.492%*

AL TEA LA -0.686%* 0.713%%  0.054 -0.010  -0.094 0.120  -0.018 0.194 -0.407%  0.815%*

Soluble organic nitrogen content
AR 0.488++  0.695**  -0.012  -0.122  -0.223 0.143  -0.199 0.139 -0.570%% 0.430%
Microbial biomass nitrogen content

N2 HE i i i 0.416%*  (.735%* 0.121 0.349 0.264 0.511%%  0.144 0.518%* 0.085  0.502%*

N>O emission flux

TE:n=30,%*: WERIIE, P<0.05 5 A B AR, P<0.01,
Note:n=30, *:significantly related , P<0.05; **: extremely significant correlation, P<0.01.
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Figure 3 Changes of soil nitrogen converting enzyme activity in the process of returning rice straws to the field
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Figure 4 Changes of soil nitrogen content in the process of returning rice straws to the field
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