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Effect of elevated ultraviolet-B (UV-B) radiation on CH, emission in herbicide

resistant transgenic rice from a paddy soil

LOU Yunsheng*, ZHOU Wenlin
College of Applied Meteorology, Nanjing University of Information Science and Technology, Nanjing 210044, China

Abstract; The stratospheric ozone layer formed a protective atmospheric filter to avoid biologically harmful solar ultraviolet
(UV) radiation. Nitrous oxide is the dominant ozone- depleting substance in the 21st century. Thus, the elevated UV-B
radiation on earth’s surface induced by ozone depletion has been regarded as one of the important issues in the field of global
change. Rice is one of the predominant staple foods in the world, which feeds over 50% of the worldwide population for
about 80% of their food requirements. Rice fields have been regarded as major anthropogenic sources of global methane
(CH,) emission. Many researchers reported that elevated UV-B radiation induced damage to growth, physiological and
ecological processes in rice, including morphological inhibition, photosynthetic depression, unstable anti-oxidation system
changes in endogenous hormone content, decreases in biomass and yield. These reports were mainly concerned with the
ecological and physiological processes in ahoveground part of rice plant (shoot). However, nothing is known about the
dynamics of CH, emission in paddy field during rice growing period under elevated UV-B radiation. Rice is also one of the
crop species to which transgenic biotechnology has been successfully applied for genetic improvements such as disease and/
or insect resistance, herbicide, drought and/or salt tolerance. However, transgenic rice has not yet been officially approved
for commercial production in the world, because it is uncertain whether the rice will have any possible impacts on

environmental and food safety. Therefore, safety assessment on transgenic rice was conducted to investigate gene flow
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through pollen transfer, change in biodiversity, non-target effects and food safety, etc. However, little attention has been
paid to the effect of transgenic rice on CH, emission in paddy soil. Hence, the objective of this study was to investigate the
dynamics of CH, emission in herbicide resistant transgenic rice from a paddy field under elevated UV-B radiation.

Field experiment was conducted to investigate methane (CH,) emission as affected by elevated UV-B radiation. The
field experiment was designed with two UV-B radiation levels, i. e. ambient (A, control) and elevated (E, 14.4 kJ-m™>d™",
simulating 25% stratospheric ozone depletion ), and performed at the Station of Agricultural Meteorology, Nanjing
University of Information Science and Technology, Nanjing, China. Two rice cultivars were tested in this experiment,
including herbicide resistant transgenic rice (japonica line B2) and its parent conventional rice (japonica cv Xiushui 63).
The transgenic line of japonica rice B2 contained bar gene with herbicide Basta resistance. CH, emission was determined by
the closed chamber method at 10—day interval during rice growing period in a loamy clay paddy soil. The results indicated
that, elevated UV-B radiation had no effect on seasonal dynamics of CH, flux in paddy field. Compared with control,
elevated UV-B radiation significantly increased CH, flux and total amount of CH, emission. The sub-total amount of CH,
emission peaked at tillering stage, and then jointing to booting stages, accounting for 51.55% —61.01% and 20.00% —
26.64% of the total amount of CH, emission, respectively. Regardless of UV-B radiation, CH, flux and total amount of
CH, emission were lower in transgenic rice than parent rice. It is suggested that planting herbicide resistant transgenic rice

will be helpful in alleviating CH, emission from paddy fields under elevated UV-B radiation.

Key Words: Ultraviolet-B radiation; transgenic rice; methane; flux; paddy soil
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TR R TR R A B DR K R (B2) FISEA H RK A (57K 63)

UV-B @515 2 K BIXF IR (CK, A#R%) 1458 (Elevated, 14.4 k] m™ - d™") MY TR EHIX KRR
SFURE 25% ROFRATIR S SR AT THIEAT AR UV-B KT (Otil oy 280—320 nm) B F1EY 7, T UV-B
FRSFT IR, E = 5 AME BT (BNU297, 36 50) W 297 nm L4550 BE ( ABRR TR ) o 180k H 98 2 X 4 1
T, 4 DNAEER. (1) H KRG+ H 2R (PA, parental rice + ambient UV-B) ; (2) ¥ 3£ KK FE+ HSROE (TA,
transgenic rice + ambient UV-B) ; (3) & H/K A+ UV-B 145& ( PE, parental rice + elevated UV-B) ; (4) #55E KK
fH+ UV-B 1455 ( TE, transgenic rice + elevated UV-B) , /NXTHA = 3 m x 3 m = 9 m*, /NXFEHLHES], TR
3,

HIFEMEY R WP BHE EAE . 2 (LA N ) (8 (LA P,05 31) B (LA K,0 3 ) ARkt i o3 5
150 150 A1 150 kg/hm® , HerP%UIE 50% 1EJEAE ,50% 7351 F 0 BERZERMPIE AL , B IE 2 3RVESEACHE . /KA
TR RS, T 5 A 29 HEERAE,6 H 30 HAH BRATHIN 38 cm x 43 em, #7XHAR/D—E14)
Hi 2 bk MITBEITT IR R4 UV-B 58 5T A0 3], D6 U85 R AR OO 4 4 R 7 0. 8 m, 45 K48 BRI [H] 2 8:00 —
16:00, 3 8 h, B A5 IR RS, B, O FH R REAE B s Ho 35 BI T A0 FH 1) S B AL R AT o /KR A 43
KRHEIKZIEERFFLY 5 em, MR KJZ AR A SRR R OLIEAT & BERERE M 7 H 31 52 8 J 8 SikAT# 1
& HAL PR (DD period) ) .

1.2 RS
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IINDCAT AU R Rl SRR X S L R R (R 4 5l 7 L ) IR AR Y . /KR AR I, 4 10 d RAE 1
UC, IR 9:00—11:00, SRAERPRE PVC AR EL T2 S8 [ 5 1R A8 L e o A T 9 /K JZ I B PRI 2
FEAUEYE, 230 T EARE 0,15 30 min, A =38 B A0 BT AR AR 50 mL “URE B B R URE I A i el 1L 25
FIAAS R, TRIEE, IC AR IR S IR (0 em 5 em A1 10em) K /K2R, FrRASBEHA S KGR TR
A% (FID) ) B TAH I (GC-9890, FifF) Kl CH, ¥ . CH, HEGEETTH AKX .

F=pxHXT/( T+t)x60xdc/dt
[P F o CH, HEGE B (mg-m™h™") ;p AFREIRZET CH, “UAREE (0. 714 kg/m® ) s H W RAEA A W 5
T N BAR SRR RS T 928 UL 273 15K 50 I RAEIS A NP RITRLEE 5 de/de SR N H AR UHACHR B2 B IS 1]
AL AR RER . BUPKISAFAE B B4 51 CH, R,
1.3 BdlEgeitorbr

IR Excel 2003 SEATHHLS2 ], HGETHME SPSS13. 0 722 57 B & AR 5
2 #R
2.1 UV-B &S8R KA AR K 5 )

UV-B 4 S5 1 35 AR T /KR 4 BERR M PR SR T8 (3R 1) o TCie UV-B SRS o B A ey, 7K A i b kg
by b H R 3 BEAICA A W S BV R DK R RCE A B UK 2 a1 22 S AN i 3 (B 35 AR T A
FH2ES  ARINFEIE KRR 5 0 2 & T8 A FK AR

F1 UV-BiEHHERITKBHER TYENZI

Table 1 Effects of elevated UV-B (ultraviolet-B) radiation on rice growth parameters in a paddy soil

Ah i EERTE R SIBERL
Treatment Straw weight/ (g/M\) Root weight/ ( g/ M) Tiller number/ (/1~/M\)

TA 44.91+6.42 a 8.54+0.84 a 15.2+0.6 a

PA 41.15+£3.89 a 4.41+0.72 ¢ 14.2+0.5 a

TE 22.59+2.58 b 6.47+0.37 b 13.1+0.2 b

PE 16.19+1.48 b 3.26+0.46 d 12.8+0.7 b

TR R 43 BEASCI 78 L6 SR RS BEIY ;s oty SRR 28 15 (% DU 7 AE A s R vh a8 3 Wkl S I At R — 2 KHi bn A A TR 7 Bk 2 3R
B ik B 2 2K (P<0.05)
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2.2 UV-B @480 KRG CH, HERCHE & (1) 5 0

B 1 2B, JCie UV-B FRSS5R B Ane], 7EK A5 A= B W PY, CH, HERIGE 2 1) 28 (b S RN, DOK R 3
J& 20 d, 2T, AE 30 d HELES 1 ANEME, NS 280 T R, B R R AR 2 AN IEME, AR5 B T A B KR AR
Pk, UEEA UV-B 485385 B2 CH, HEBGHE = B YA R . R IRKAE i R I A CH, HEGH &
B2 WA 1 ANEE I R/NVRIES 2 AN H B A e 2 5

LUK R ISR 1 IR TSR A R RUK RS, A 2 NI B BZE R AR5 19 71d, B4 H RILK Rg )
MAERSARIG Y S1d, UV-B S48 K ARG 1 CH, HEpGH &4 B B e EH . F 3 RKREfER RS 30—
51d M1 71—79d , SEA H MUK REAE RS # )5 20—30d ,60d F1 79d, UV-B 4@ 54855~ (9 CH, HEHGHE B35 8 FXF 8,
22553k W E K (P<0.05)

HA 5Ty 2253 Hr R W SR i a] 22 [A] 4 1 35 22 57 (F = 8. 686, P =0.000) , i [] 5 7K A it Fif 2[RI A7 7E 58
HAN (F=9.170;,P=0.000) , A[RIZKFE & Fp R0 5KV Z [0 AE 7R B35 22 5+ (F=12.257,P=0.008; F =
11.416,P=0.010) ,

61 6 W
B PAR ! FAAKA
Sr —e— I T
_ —e— UV-B#¥ig
= 4t 41
-7 W FF
g2 .0 L imﬂﬂéﬁsﬁ
;55 \ l W F 25 4
U ~
T 2r 2 -
@]
1r 1F
1 1 1 1 1 1 1 O ]
20 30 40 51 60 71 79 91 101 109 20 30 40 51 60 71 79 91 101 109
BRFRU

Days after transplanting

E1 UV-B 518583 CH, HEAEE MM

Fig.1 Effect of elevated UV-B (ultraviolet-B) radiation on seasonal variation of CH, flux in paddy soil

2.3 UV-B @S KA B CH, BFBHEBCE Ym0

MOKFEARTRAE B Y CH, 2RSS (£2) , LUK EEY cH, 2RHR o, 5 28T BRI
9 51.55% —61. 01% ; HUCR4R T E AR, 5 20. 00% —26. 64% ; TR 45488 5 2 U i HE ik
T BT, SX IR LG, UV-B 48 05 ] i 4R @ AN A B 1 CH, RARHRCR AN RI KRS S Rl 4%
AF WICH, RRHECRE A W W fE— % UV-BAR 3R B T, 25 A4 & W1H MUK RS Y CH, BB R — i)

®2 UV-BESHETKEAREEEH CH, RitHMENEN

Table 2 Sub-total amount of CH, emission with different rice growth stages under elevated UV-B (ultraviolet-B) radiation

Tillering Jointing to booting Heading to flowering Grain-filling to maturity
s SPEER (1—50 d) HATEHA (5171 d) TR LI (72—79 d) I AT (80—109 d)
Tre: ) Emission Emission Emission Emission
reatment et PerCfentage et PerCfentage et Perc»emage et Percgntage
2 AL/ % ) o /% 5 i /% ) i /%
/(mg/m") /(mg/m"”) /(mg/m"”) /(mg/m”)
TA 575.10+70.99a 57.41 200.35+6.00a 20.00 90.18+10.38a 9.00 136.05+21.36a 13.58
PA 805.84x17.41b 51.55 416.42+41.42b 26.64 120.92+5.40a 7.74 219.95+22.84b 14.07
TE 1066. 85+38. 44¢ 54.44 426.54+45.35b 21.77 210.04+34.79b 10.72 256.21+28.81b 13.07
PE 1779.50+36.99d 61.01 666.44+66. 88¢ 22.85 221.49+38.25b 7.59 249.37+10.22b 8.55

F B N IR 22 5 [R5 B [ 52 AR A B ) 22 57t ik 2. 35 7K F (P<0. 05)
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e TR KK RS JC LA BRI 3R R AR RO B B 22 538 KK (P<0..05)
3 g

TEKREREAEH W, CH, HREGE & BN E(E (1 1), O PR T KR 0 BES A A I B, AR R 20 I A
FHEESR , Nz BERE NG E R A AR TE 70 g g L 38 v ™ FROBE T 005 3, S it 1 R A8 FR W B A RE IR, 53K
CH, R A FIHEL , R, CH, HERGHE AR K RS RIS 30 d AR 1 e, RS, b i Joson BE it
AT HEK WG BBEIR T 7 OB B A AR A B Atk T Y B AL R TG 3, 51k CH, HFRGE & T R, W EKE,
IR AR RO 2RI AR A A IS AR R A I RN R A AT AL O3 e, B A4IE T A 2 1 7 T B R o, 3 3 CH,
HETOE F 2 T = I AR 2 g, TEAh AR ESR IR A | B K R A A BRAE K B, AR AR BRAR
IS | B, IS PR R M T R R R 1 S 5 | - g v e 7 A TS sz B4 ] R G 1 R
HEEAL

AR A 5 UV-B FSH G s K R A2 5 8 1 B N AMIT S8 (938 0l O . AP R B, 7E UV-B FR 55
SRR KRR R E 2B, S BRSO D Mk e AR R, I T BURIITE 4 3 S T B, A R FHRCRBRAR S AR
FEAA I A IN, BI UV-B 4 3 558 Inb 25 R AP 5 DR /e 0 23 S 5 M /KRR 43 BE R b 13 SR T o (3R
1) . SR, UV-B FR5 48 2552 & 1 /KA & CH, AOHREoE & A R AR (18] 1,32 2) , R KRR 4
AYEERCS KRG e HERC R — M R IE A 56T, Keppler Z:0GH , i AE T, Bl A4 A B m 7= A i HE i
Bt BEJE X — & PG [ Se i IR R TR A B2 (reactive oxygen species, ROS) 1] B 7E A P Ui
P e ) A PPt 2 OGS, ROS -5 48 0 200 0 B 2R Jise S5y Jo o ) R AR A P 2 7 A Y e, BRI 3E (UV 4
St R R E AR ) S YA ) ROS YRR SRR PR H Be i AR ORI R, AR SR, UV-B
FRE R G R W BEHECE I, W RE S UV-B R R T KRR R AR B 7 LR RN HEUR 22 1 W e 5, IRy UV-B
RS ISR K RERIAR AP ROS S ' o T UV-B 46 538 30 5 B2 /K R Y o HE 0 38 A DL 348 7 22
i b e DA SIS

KA SR AR E RS H Y GeHE RO R 2 VR o ARG A R K R R AR T R R TR AR
RUKAE (2 1), B et 0 S 00 g g 5 DR /AR 0 35 A0 T 2 AS W RIK R (36 2) , 3 U WA AR AL 7 B 5 790 A
PRLK e x Fi g At FH R B HETBOA BURAE . LSRR T, — D T 45 2 ik DR KRS AT B e M A B KR
A K 5 — 5 T S B R UK R AR M AR A IR AT B R ) 1 2R AR MK ARG A G, B i PR KRS (AR 3=
ST U B RN B RT REA ) TR AT RS o A R B B HE SO H e 7 2k AR G s 2R S R T 45 2R
K FERE R 3 3 AR 2R A DA RIS A R 2R W SRR S U FUSE i 3 b B8 P 20T R WD A H PP e ok
3 T A ) DA% il 3 5 A FH W 7K K 2 B BIOVE L g 8 i 5 =X B s KRR A Rl U SR AL A
FH b S A4 U0 R o 14 2 i e A EH R e HE RO R R

R, 72 UV-B RS T | 38 g — 20 i 4R I KRR 28 20 W 00 ) 00 R ZE 8, T e K R 25 454,
HOKFREAB AR I8 L U R Tl 4, G0 0 7K e AR o - 38 7 R 5 T 0 Y o ST T 9 28 A, e A B T itk — 20 1l B
UV-B 45 S 5855 5 2 /KA 1 B0 HEC 8, LA S e I3 e 700 e ke PR KRR B AT PR e HE B ) DL, 58 IAH
TE UV-B FRSFFHETRTT | R R R0 % 58 PR AR X el 20 7K A - H e HE o R 2 3L
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