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JER R E TG B 2 R SERF UK BE 7706 6 3 s B ORI o S5 KRR BLELR BE 7T K e i A
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Effects of light intensity during internode elongation on rice lodging
resistance and its mechanism

LI Xiaojuan"*', LIANG Kaiming'’, ZHONG Xuhua', TIAN Ka', PENG Shaobing?,
HUANG Nongrong', PAN Junfeng', LIU Yanzhuo'
(1 Guangdong Key Laboratory of New Technology in Rice Breeding/Rice Research Institute, Guangdong Academy of
Agricultural Sciences, Guangzhou 510640, China; 2 College of Plant Science & Technology,
Huazhong Agricultural University, Wuhan 430070, China)

Abstract: [Objective] To explore the effects of light intensity during internode elongation on rice (Oryza
sativa L.) lodging resistance. [ Method] Rice plants were subjected to different light intensities in phytotrons at
the 17 (S;), 2™ (S,), 3™ (S3) and 1* to 3™ (S,,3) internode elongation stages. The lodging resistance of rice stem
and the morphological and material mechanical traits of basal internodes were measured. [Result] The
lodging index (LI) of rice stem significantly decreased with the increasing of light intensity. LI of medium or high
light intensity treatments was 34.8%—73.9% lower than that of low light intensity treatment at the S;,; internodes
elongation stage. LI was significantly positively correlated with internode length, and negatively correlated with

internode diameter, culm wall thickness and internode plumpness. The S, stage was the most sensitive period of
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lodging resistance to light intensity variation. Light intensity had accumulative effects on lodging resistance.

The variation coefficient of lodging index at the S;,; stage was greater than those at the S;, S, and S; stages, and

similar results were found in most morphological and material mechanical traits. [ Conclusion] The

key factors to determine the lodging resistance are internode length, culm wall thickness and internode

plumpness. Light intensity can significantly change the three morphological traits of basal internodes, which

further affect the material mechanical characteristics of rice stem and lodging resistance.

Key words: rice (Oryza sativa L. ); lodging index; light intensity; morphological trait; material mechanical trait
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F1 FENELIETKFEZFTOERIEER"
Tab.1 The lodging index of rice stem under different light
intensity treatments

AN [ A B S )RR 2

eI Sy Sy S3 Si23
Lioo 1159a 119.8 a 108.6 a 1274 a
Lygo 103.0a 90.5b 99.5 ab 83.1b
L4o0 84.2a 723 ¢ 90.1 be 333b
L7150 81.8a — 789 ¢ —
CV/% 16.8 25.5 13.5 57.9

1) S1.8; A= Sy oA R AMAIN @ EF 1 F 245 3T
R, Sy A% | E5 3 F M KB Ligo-Lago-Lago #
Loso oA A TAEBEKFEH 100.200.400 F 750
pmol-m s “—" Z W F M KE AT 4 cm f kLR Z; F
FIHEBELAR—AMRANBEFEHR, ATEFRARE
(P>0.05,LSD i%).
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Fig.1 The plant height and gravity center height of rice
under different light intensity treatments
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Tab.2 The basal internode length, culm wall thickness and basal internode diameter of rice plant under different light

intensity treatments

FLHR AT A B /em Z5EEJF E /mm 5 [ FH B /mm
IR bR I, I, I, I, I, I, I, I, L
Sy Lioo 3.50a 383a 957¢ 1.01c 0.84b 0.78 a 6.36b 6.19b 6.00 a
Lygo 2.83b 413 a 10.80 b 1.07b 092a 0.73b 6.63 a 6.58 a 58la
L0 2.73b 385a 11.60 b I.11ab  095a 0.74 b 6.75 a 6.60 a 579 a
Lsso 2.58b 427a 12.70 a 1.13a 0.97 a 0.72b 6.78 a 6.62a 574 a
S, Lioo 338a 6.27 a 7.67 ¢ 1.09 a 0.81c¢ 0.72 ¢ 6.52 a 595b 550¢c
Lgo 349a 476 b 9.04 ab 1.08 a 0.87b 0.74 be 6.65a 6.14ab 578D
L4o0 326a 428 ¢ 8.88Db 1.12a 091b 0.76 b 6.67 a 633a 592b
Lso 297a 3.58d 9.68 a 1.14a 097 a 0.79 a 6.67 a 6.36a 6.22a
S; Lioo 333a 5.80a 10.90 a 1.09a 0.86a 0.69b 6.62a 6.07 a 536a
Lago 333a 524a 9.98b 1.10a 0.90 a 0.75a 6.55a 6.07 a 559a
L4oo 341 a 531a 921 c 1.09 a 0.86 a 0.73 a 6.71 a 6.11a 553a
L7so 3.01a 5.16 a 8.38d 1.13a 0.88a 0.74 a 6.49 a 6.02 a 541a
Si23 Ligo 357a 6.13a 6.78 a 1.01¢c 0.74d 0.66 d 622 ¢ 592¢ 531c
Lygo 2710 3.48b 7.47 a 1.07b 091c¢ 0.76 ¢ 6.48b 631b 5.66b
L0 3.12 ab 3.61b 8.48 a 1.13ab 098D 0.83b 6.89a 6.53ab 585D
L7s9 2.72b 2.83¢ 7.62a 1.17 a 1.09 a 091a 7.07 a 6.76 a 6.40 a
S CV/% 14.00 5.37 11.70 4.90 6.21 3.54 2.89 3.17 1.95
S, CV/% 6.84 24.10 9.52 2.49 7.57 3.97 1.09 3.07 5.12
S; CV/% 5.42 5.36 11.30 1.72 2.19 3.62 1.44 0.61 1.94
Six3 CV/% 1350 36.20 11.30 6.39 15.80 13.40 5.79 5.60 7.84

1) Si.S, Fa S; SR ETFAEIFGLESE 1 25 3 F AP KA, Si23 751

25 3 % R85 Lioo. Lo Lago 7 Loso

2R AR E AT H 100,200,400 F= 750 pmol'm™-s;CV ARAABAE FTHEF 2461 L L ATH 1. F2ME 3
;A E AL BB A B 5 23RS LA — AR B 5/, AT 274 R 2% (P>0.05,LSD %),
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L2 Y53 B 55 e ok ) 488 o m 384
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BILLSE 2 15 1) f e, 10 B 2 715 TA) G 0 Ol ik 1) S
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Sy Al Syo3 ACERI LAEE 3 7 [H) 5 vy, 3K AH 22 BE JE B X
JE R ) B SL LAER 2 5 1] g A ERUE, T T (A RELRE U LA
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Tab.3 The dry weight, dry weight per unit length and dry weight per unit volume of basal internode under different light
intensity treatment

AR OGALER

TR R/

BN A BT[R5/ (mg-em ™)

BN AR/ (mg-em ™)

I L, L I, L, I I, I, I

Sy Lioo 0.181 a 0.168 b 0.259 a 52.1a 455 a 28.0a 3073 a 3185a 2175a
Ly 0.175a  0.217a 0295a 63.7a 54.7a 275a 339.7a  330.0a 2334a
Lo 0.166a  0.182b 0263a 61.0a 478 a 22.8 ab 309.6a  281.9ab 193.5ab
L7150 0.142a 0.165b 0.228 a 552a 40.4 a 18.1b 2755a 23570 158.6b

Sy Lo 0.148b  0.185b  0.158c¢ 45.6b 299¢ 20.6b 243.1b  2238¢ 189.6 a
Lo 0.199a 0.204ab 0.210b 58.1a 439b 23.6 ab 306.5a  3004b  200.0a
L0 0.214a 0.233a 0.244 a 68.7 a 56.1a 282 a 351.9a 360.6 a 227.0a
L5 0.199a  0.199b 0243 a 68.8a 56.3a 253a 3469a  34l1.6ab 187.1a

S5 Lo 0.169b  0.193b  0.219ab 522D 3440 20.1b 283.0b  2459b  203.6bc
Lygo 0.161b 0.174b 0.198 b 49.7b 3440 1990 2663 b 232.1b 1753 ¢
Lo 0.234a  0.246a 0253a 70.8 a 483 a 278 a 365.8a  333.0a 251.6a
L7so 0.167b  0.198b  0.196b 5750 39.1b 23.6b 302.6b  271.1b  2173b

St Lioo 0.188b 0.204 b 0.184 b 53.4b 335¢ 27.1b 320.7b 275.0Db 273.0a
Logo 0.201b 0217b 0318a 76.3 a 65.1b 433 a 4202a  4157a 3633a
Laoo 0.263a 0270a 0.334a 84.4a 75.6ab  4l4a 413.5a 4425a 312.7a
Lsso 0.227ab 0.230ab 0.340 a 83.1a 81.5a 47.0 a 382.8 a 4182 a 299.0a

Sy CV/% 105 14.4 10.9 9.1 12.6 19.2 8.5 14.6 16.2

S, CV/% 172 8.5 17.8 18.3 26.8 13.0 16.1 19.8 9.1

S; CV/% 175 16.8 10.9 16.4 16.8 16.0 14.3 16.5 15.0

Si23 CV/% 144 12.8 25.8 19.4 335 22.0 11.8 19.7 12.2

1) S,.S; Fa S; SAKTMAEIRE LR 1 F2AE 3 R KRB, Si23 RTH1ER3 %rﬁ}’f‘?‘li‘}iﬂ;Lloo\Lzoomeo Fa L7so
2R AR E AT H 100,200,400 F= 750 pmol'm™-s;CV ARAABAE FTHEF 2461 L L ATH 1. F2ME 3
;A E AL BB A B 5 23RS LA — AR B 5/, AT 274 R 2% (P>0.05,LSD %),

ANFEDEHRALIRA] my AT m, HIAE T R EL 280
552 iR i, RUILE 3 ANFEIBATIE A, 5 2 i (A]
F0 SIS M i AL B ) S N e R UK
224 EAMFBAMKREBURIEHGMMEST M
Ko B, EARTE S 7 R B 2R 2 TR AE G
(r=0.297, P<0.01), 5 & 0 [ 2 B E IEM K (=
0.210, P<0.05), 5 ZEBE L& | PR K Y [B) F i &=
AT AR S 18] B AR U (r N
—0.249. —0.253 f1-0.304, P<0.01), 537 [AFH & £ 2
FAMR (r=-0.227, P<0.05), 5¥k . FEEE 5 8 A
AL ZE A J5T B ) AH S I Rk B 22K (r N
0.166.0.146 1 0.145, P>0.05). PAEILRFEHON AR
& (), UZEFESEIROyEZE, DL P=0.05 N E
N TG B 2% AR a3k A7 38 48 [B] V3, 45 |1 7 2 y=
235.46-195.451x,+10.495x,-0.103x5, F1 K R E ()=
0.861(F=38.93, P<0.001), iK% & Z /KT R x,-

http://xuebao.scau.edu.cn

Xy F oy 73 9 R ZEBE JELJRE | ST A B R B AL AR A ]
TR RPEAFDCREET, K AEUERRE
TR SRBE IR T ZEBE JBLRE | 7 A L AN 8] 78 SEFE
23 AREEBELEINKBEFMRNDERHEN

Al

1% 4RI, 7E58 2 AIES 3 1R 3, ks
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S, AbER, 55 2 IR 7Bl A O 9 X 3G i . 3 52
i, fEONF AR 3 TR LT /0 e B2 M . AE Sy AR,
JERRIE AR = 728 3 W R PidT 7), A
T8 2 WG 1. A R KT, AE Sy AbEE,
55 3 IR P 038 5 R MU, (BAE S, S, IR
Lo Sy AEEE, HUIT I AL S A B LSS 2 1 1A 4
et BIVER 2 9 A FRIT T 000 0 i S B BN BURK
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Tab.4 The breaking resistance, elastic modulus, bending moment and bending stiffness of basal internode under different

light intensity treatment

B JiN A /GPa T 15/ (cm-g) PUEWIE/(107° N-m?)
RO kb L L L L L L L L
Sy Lioo 18.0a 13.8a 3.56a 1.59a 1965.7a 18303a 188.1a 69.9 a
Ly 199a 14.7 a 475a 1.90a 1876.0a 1729.7a 306.1 a 76.0 a
Lo 22.7a 14.0a 6.72 a 1.40 a 19194a 1778.1a 4455a 535a
L7s0 224a 12.6a 6.63 a 1.36a 1847.4a 16952a 429.7 a 48.6 a
Sy Ligo 1720b 142a 8.55a 4.88a 2030.0a 1819.8a 414.0a 162.7 a
Lsgo 219a 134a 491 a 2.17b 1947.7ab 1780.7a 2534a 82.5b
L0 232a 153a 6.21a 240b 1791.0b 16422a 361.0a 102.0b
L5 — 14.7 a — 1.61b 18141b 16849a — 81.8b
S5 Lioo 17.0b 11.2¢ 931a 254a 18339a 1647.6a 4594 a 71.6b
Loo 20.3 be 1450 6.43 a 297 a 1921.6a 1743.7a 308.1a 99.2 ab
Lo 21.7 ab 16.0 ab 734 a 4.02a 19345a 1750.6a 3552 a 129.6 a
L7so 239a 18.1a 6.78 a 3.16a 1863.3a 1695.7a 3345a 99.2 ab
Si23 Ligo 1460 10.8 ¢ 5.46 a 3.50a 18059a 1616.8a 240.5a 100.3 a
Lygo 22.4 ab 1790 3.63a 1.05b 17745a 1653.7a 1844 a 36.2b
Lo 30.5a 20.3 ab 4.04a 1.33b 790.1 ¢ 696.0 c 250.2a 55.9 ab
Lys0 — 236a — 1.10b 14633b 1361.7b — 69.1 ab
Sy CV/% 10.7 6.3 28.3 15.8 2.7 33 35.1 21.0
S, CV/% 15.2 5.6 28.1 52.4 6.0 4.8 239 35.6
S3 CV/% 14.0 19.4 17.2 19.6 2.5 2.8 18.2 23.7
Si23 CV/% 353 29.9 21.9 67.4 323 333 15.8 412

1) S,.S; Fa S; SAKTMAEIRE LR 1 F2AE 3 R KRB, Si23 RTH1ER3 %rﬁ}’f‘?‘li‘}iﬂ;Lloo\Lzoomeo Fa L7so
23 k7 R EAKF 4100.200,400 F= 750 umol-m s '3 CV ARBRBAR FTHEFRAMGL AL £75 2 4% 3 1),
2 ATEFTEAKENT 4 em mARNE; AR ARSI RN MBS AR MR EFEE, ATEFFALE

(P>0.05,LSD %),

2 7 T ) S PR A R AR 3 AR UM 7E Sy S,n Sy &b
TR S o3 FELEAL B, 55 2 15 [A] (1) SR ASE B AE A [F] D
SER AL B[R] (1) 22 e B ORI B B 2K 7E S| Al S, 4
P, XF 5 37 [A) SRR A R O W e . (HAE
Sy A Syp3 AbER, Lygos Lygo A1 Lysg ARER T HIZE 3 745
) 3 AR I I T Ly A0 HE . MBI R TEA
AR AL T 1A e R A LASE 3 5 (Al A, R
SHONT SRS 3R] PR ARE B 1 R e DK T B 2 TS T .

il R E S5 R AR W, AR S 2 AR 3 Yy A i
I AL FR, 53R ) 3G I BRI T AR T TR 1 25 e
T AR S, AL BE, BEAE G SR A G N, 55 2 5 A AR
3 Y RN RS, Hd Ly M
Loso ACF TS 2 58] 25 il SR 70 AL Ly A0 22
BEAK T 11.8%F1 10.6%, 7 1L B W E KV £
S0 AEFH, Lygo M Los ALBE R HEELES 2,3 F5 1] 125
th I HE 38 22K T Lygo FH Lygo 20T

P W B T o Ak B R B3 3R R H B
AU . XEE 2 ATIEN S, E S, AbH, HprE NI
JE Bl 2 i (1) T i 3G, AR S, AN Sy AbEE, R
BEE Lo A RS X 3 WIEIN S,
TE Sy AL B, Lo A0 BRI H1 25 NI BEAK T HoAth o 5 b
B, RIALEL 3 W AR, JEsR A g & T 1%
TR BT ES MR, (HAE Sy FI Sypy ALFE, S35 184 Jin )
BRAR T 11T (B P S I B

AHIG A TR B, (AR F8 505 1 i ) 2
FZAHMK (r=—0.377, P<0.01), 57518 (25 #h S50
A% IEASE (7=0.958, P<0.01), 545 ¥ [l #1
5 ] R 3 A A S M AN B2 (r 4 5 - 0.005
A10.091, P>0.05). HULAT %N, TEANFHE5REG1FET,
AT LT SRS i A s KRR AR R e
(1) 3 BEPR 2R, T SRR AR R R 25 W s A K
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