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M H 5 ZEFFPUBIR BE 0 1025 28, R0 A [5) VR AR 0] 76 25 R 7 R 5055 ZEFT TS AN T4 5t R AR 40 1e DA X Brif]
R EE JII5E , Hf E BE A EHER S, e/ REHTENR & = A 29 4 VEEBE FH K 3R 43E — e B A 48 o
1 R 5%
1.1 i3 X R

TRIG T 2017 5 5—10 A 7RI K27 5 77 Hu X s S0EHE 5 A0l /K A8 250F 55 21 s2 06 = 3E1T (31°86'N,
118°60'E) » 56 [X J& W H A R S5 , IR R 15.7 C, 24PN E 1 021.3 mm, KRB /KELE T
HA P B I 2 605 mm (60%F) o {56 I H M fE HEHEE N RHE L, B TAB R EN 1.31 glem’,

AN KR (LR N 38.7%, pHAE N 7.2, A LT A 2.40% , 33 2505« T 206 Tl RT3 25080 6823 31l Ay 47.4.10.37 A1
90 mg/kg.

1.2 R385 Lk

I8 15 v 7K B (Frequent and Shallow Irrigation, FSID « & ¥ 1 #5 (Wet-shallow Irrigation, WSD) . 2 ffil] i
% (Controlled Irrigation, CD) 1% #1 78 5t 5 1E (Drought Planting with Straw Mulching, DPS)4 >4 2 , &5 4b £
SAES . KRG 1 m K 0.4 m IFEIR 757 5 73 i 2248 &1 BEAS [ 001 T 152 43 2= B AL S BOK LA
KA I o AR EE I 20 em WA IUEJE ST FTRE S 0 S R R A B R SE R N . KRR AL
it R A 22 b i R 2R B A 50557 (Oryza sativa L.Nanjing5055). 5 A 11 HE B, 6 A 17 HES#, 47 kiR
920 em X 15 cm, #4678, B 28K, 10 H 26 HUER, &4 B #3164 do JEEER IR R (B N & 46%)  id
BEIRES (5 POs & 15%) A& ALHT (57 KO 8 63%) » i IEAR S I 2 s 72 |, e 204K 244 kg/hm?, N P,Os.
KO it HE 0y 1:0.45:0.8, FUIE 70 3 Ut , ZE AL L 70 BEAIE ERAL PR Ly 41204, BEAL 4= B0 A 9 JE 8 1 Xt
NGRS 2 N, B A BEAE SR S L 6140 BARVEFIRAR WK 1, LKk B N RIS, K E ERR,
Wee T VAR R o 8 PR EE, HEVK R B WY PR 5 oK I, J e A B B AL - F R e R 5 K2 . [
FEHFE AN, HoAh A B AR Tt AH ]

F 1 TEEHEAL X 69 HE42 B 4547 mm
A N kR R Sy BERTIN SrBEAR I T Z A FhAEIF AL AL I

HEK R 30 30 0 40 40 40 0

1 FSI HEKTIR 10 10 60% 10 10 10 HRVET
&M R 40 100 0 150 200 200 0
K EBR 30 20 0 30 30 30 0

2 WSl HEK IR 10 90% 60% 90% 100% 80% HRVET
&M R 40 60 0 100 100 80 0
HEK LR 30 100% 0 100% 100% 100% 80%

3 CI WEAK TR 10 70% 60% 70%~80% 80% 70% HRET
EMW LR 40 60 0 80 80 80 0
HEK LR 100% 100% 0 100% 100% 100% 80%

4 DPS HEAK TR 80% 60% 50% 60% 60% 50% HRT&T
EW LR 40 60 0 80 80 80 0

VE O “mm” R K, “%” 7R 30 em 3R H IS KR M-S KRG,
1.3 MEmMB 57
1.3.1 £ £ 3 L3Rk AN 2 147 A T ik
T B REA ALFFEHLIE 3 73, FF7CE 2 AN 328, B R R, Wl e LU NI H , 6 B R BCFI1E .
DR T = FHAN RO 5 25T 2230 2 R0 1 7 B Cem) o
2)E O O LA < SR FH SCHR (4] 0 77 3200 5 = 25 b b 35 B0 w5 i Com) FHER O EE A8 (%) o
3AEA | F2 2RI R FE AN B8 B« B AN RN R P B R e R 6, P [T AR =0, 7 XK X K
4) 715 ) 78 52 (g/om) « 715 ) 78 52 B = 4 ) F49) Jo2 o /1 [l B o
SHZERPUT I F,, AT ZEEFB WA 77, 2508 K 22K ilcE , - CMT6104 HL+
JIRERIGAL W ) AR SR A E T 2 AT RO A B, B BTN I EE ) s ), AR IR BL 0.1 mm/s IR TE E RF SR
R, B AR AR IREA RS ZF i 71 (ND 6
6) 15 [AVAH FE D 15 ZE B2 JELRE T2 0 I B 0 4 77 00715 Ta) DA rb 3 B 7, FH 808 i v e RO i A0 A A0 4 et 1
12, SFIEME T TR E Cmm) 5 DK b R0 R ey 5 25 B 4 S22 AR JEL B, ~P (B N 25 BE T2 (mm) o
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TG RIE By (N - cm®®: B, = E-1 , ot E B bidt, £= L | 5}y F

2867 I 2= AT DA B

max

4 4
(mm); L RS b 2 FF RSB, AR 14749 0.05 m, T H59.0.08 m.
)BTRS, mm) + 46340 50 R 2 FAE R4 % L BRE (S TR 5, = T2 (1 o) s D9 i)

FHEE (mm) s o T AR S5 AME R EE .

9) A5 i J3%H Bu(N - cm) « By~ [A] 35 34 BT K B Com) X %745 1] F5 345 S BT £ 5T 8 (2D < 0.001 X 9.8,

1O RIFELA : A= By /F,, %100 .
132 £ EZ X EIRTHR R RSB AR T &

1) 4l 358 40 65 J R o = < 4 i) T S R R B U SR AR K R B34, 0 S 2R RIAR 3 4y, 105 °C
%7 30 min, 80 CHEF A&, MIE & BT E () .

2) ZXEHY 5t ZR AN A 2 2R S Rt R O R 2R T O B S ORI 2R T R T R
L5 il R 22 T I 0T ) B (%) s ZR MW I % A 2 N R 2588 T4 0 o B 5 I 25 3 T I
Z 755 IR 5 o ) OB (%)

3CETHER P, HAC IS B 228, A5 O S (L1-6400) 7E1E 2 H g Ak A4 R IUE (umol/(m? )
1.4 BUEG TR

185 FH SPSS17.0 X A [7] 8 HE AR XN i 2R 11 45 048 A5 1047 J7 22 53 M7 (analysis of variance, ANOVA) , Hi
Duncan % (P<0.05) 317 2 B LW . BAE AR A an 47 5 2 R B A IE S PR G .

2 BERE5SR

2.1 FEVEHHRAXTBRIEE KIEfR R ZFES RS

ANFEHEFE R T B KB bR 2 2 frs . FSTARFE B0k 5 2 35 75 T WSIL.CI A DPS 4b B, WSI. CI
A1 DPS &b BE AR 7 70 1) B FSTALFEBRAR T 2.7%7.1%41 7.8% . FSI.CIF1 DPS AbF 2 [8] 0o v 5 22 57 . 2% , FSI
Ab F>WST 4L #>DPS AL BE>CI AL . FSI.WSI A1 DPS 4b #1810 EL 45 8 8 25 2 57 (H I 5B 2 K F CTAb#E .,
FSI.WSI A CI b F B PR & 5 B8 TC 25 5%, ¥ 5. 3% KT DPS AL FE, 43 5 A DPS AL FE () 1.20.1.25 F11.22 5. WSI
AT CT AL BRREAE 5 5 25 7 AN R, 4 ) B FST AR FE I 1 20.0%125.7% . AL HFK A 1.3 2 5, DPS Ab#E>CI
AL FE>WST AL FE>FST AL TR, A% T FSIAL B , WSI. CI Al DPS Ab ¥ A2 K- 48 41 8.7% 13.5% 1 26.7%. CI Al WSI
AL F G- THAR 235 KT FSIAREE , /& FST AL 1.29 £i5.1.23 fif. DPS AbEE 3= ZE b A7 5 3% KT FSTAb#, —
FHWRE/NT CLALHL.

i
1) 55 KA i (mm) 5 7oA B TH B PE 4R (em® I=m4{1—( —Tﬂ sa TR (D/2) (mm) 5 TR 25 BE JE R

%2 TR X TARRAG 4 K K47

4bzp Ptem  HAOEEem  BOHp%  REREEREg  MEERRE  ikiem  SI0FEBVem’ 0 BYem’

FSI 90.95+0.53a 40.1210.62a 44.25+0.34a 18.00+£0.29a 420+0.18b 13.63+0.58d 18.87+2.44c 131.58+4.30c

WSI 88.5240.62b 39.20+025ab  44.49+047a  18.71%£028a  5.04%0.1la  1482%04lc 23.262092ab  156.97+2.44ab

Cl 84.55+0.18¢ 36.00+0.17¢ 42.46+0.26b 18.20+0.26a 5.28+0.08a 15.474+0.28b 24.39+1.70a 165.79+4.46a

DPS 83.83+0.68¢ 37.90+0.72b 4531+£0.47a 14.95+0.25b 3.944+0.14b 17.27+£0.26a 21.07+2.57bc 148.88+4.52b
E o FE— AN A FENG PR R 5% KPR EZE R, FHE.

ANFEHR S N BB ZE TSR R 3 s, X T 195, FSI.WSI.CI AL B [a] K 15 B35 KT
DPS 4b#H, Hodr WSI 5 FSI Ab# 2 5 A B 2%, CLACHE 5. 25 /T FST AP ; FSI AN WST Ab # 75 [A)FH /& 6 B 2 %
S BB/ NT CLANEE, =# 1 5.3 KT DPS b F ; CI Ab 3 25 B JS R 55 3 K T DPS b B, — 3% 5 FSI.WSI b
PRI TG 35 7= 5 CLAI DPS A3 45 [R) 78 52 B 3% KT FSIA WSTACBE . XFF 1145, FST AN DPS Ab 3 45 [A] K &
R ARBE (B EZE KT WS CLANFE , b CT AR B 8] B 5/ s 0T T, 527K 23 W3l (1) LA DPS
AT 1)K B B8 /N T FSTAI WST AL FH 5 CT 4b 35 T1T0L 75 RE 3 L 258 J5 13 =4 A 78 2 1 24 K T Hidh b 3, DPS
AR /N, CTACFE>WST AL FESFST A HE>DPS A ¥ . AH%: T FSI.WSI, CI ARG R & I LI 1 78 52
DPS Ab# B 5 s T A 78 SRS AH BRI T LTI 5 [ 78 SEE , AT g5 DPS Ab B ™ 55 7K 43 38 5200 4 i FR 22
Hx.
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A3 TRBHAE X TABEAGH Z TS 54T

o T A B em 5 )KL /mm
I I il I 1I I
FSI 5.68+0.26a 7.88+0.19a 10.30%+0.17a 5.02%0.14b 4.77%0.15b 4.4240.10b
WSI 4.90+0.21ab 6.85+0.06b 10.26£0.37a 5.17+0.18b 4.83£0.06b 4.46%0.11b
Cl 4.524+0.41b 6.02+0.14¢ 9.32+0.24b 5.41£0.10a 5.08+0.04a 4.68 £0.04a
DPS 2.48+0.22¢ 7.60+0.28a 9.514+0.26b 4.26+0.10c 3.67+0.08¢ 3.68+0.06¢
e ZEEEJEE /mm RIS/ (g-em™)
[ I 11T [ I il
FSI 1.04£0.08ab 0.80£0.03b 0.74£0.04ab 0.080£0.008b 0.05540.006¢ 0.041£0.005b
WSI 1.01£0.04ab 0.86+0.04a 0.73£0.02ab 0.08140.009b 0.060%0.002b 0.043£0.005ab
CI 1.08£0.06a 0.87%£0.03a 0.761+0.02a 0.094%0.010a 0.06510.003a 0.04610.004a
DPS 0.98+0.08b 0.71£0.04¢ 0.69+0.07b 0.098£0.016a 0.034£0.003d 0.028 £0.002¢

22 AEIEHHERA BB TR ER I RS0

AN FEREHERE N AR BT R R I R 4 B s . DPS AL HR 0 & % 5 WSTAI CI
WHTE R EZ R, = H B 5 E KT FSIAHE . WSIACBE AU L o SO 258 TV U B 5 FST AR 2 |6 3% 2
S, B KT CLADPS 4B, CI AL B 25854 0 ot & 2. 35 K T DPS A0 B . WSTAH CIALBEFE 1) o it & 22
SR (HI 535 KT FSTAI DPS 4b 2 , WST AT CI A BEAR47) 2 5t 45 FSTAREE 43 1l 39 1 23.3% 81 29.9%
X DPS AR BE 43 A 3G 1 26.5%F1 33.3% . CLALFE 47 5 Jii &5 FSI A DPS AbBE 2 2 14 11 18.3%4110.3%.  CI
AL PRI b 3T 5 B WSTALBETE 55 2% 25 57, B¢ FSI AN DPS AL FE 43 1) 2 25 19 01 11.2%41 20.9%.  7EHh B35
T ia b, WST AR 2559 o fal H 28 A FSTACFE TG B35 22 57, He ALK T FST AR B, — 3% B35 KT CIL M
DPS 4L B, H K /NI A FSI AR FE>WSI 4L #>CI 4L FE>DPS 43, CI A DPS 4b 3 25854 i % 2823 51~ FSI
AEFE[Y) 75.2%F1 56.8% , ¥ Ak Z6 53 il 4 FST AR B 1) 48.3% 1 43.6%

%4 KRR EHA X TR LA TR RSB ALE

e e aEES AR BTV g N o -
(pmol-m™*-s™) T /g EN i) Tl i RFYmR

FSI 18.04£0.70b 3.4240.04a 3.0140.03a 3.484+0.10b 1.0940.04¢ 7.5840.15b 12.05+0.54a 11.9240.75a

WSI 20.98+0.33a 3.2940.03a 2.8940.03a 429+0.11a 1.24£0.02ab 8.44£0.16a 11.91£0.23a 9.16%+0.31b

CI 21.06+0.47a 2.881+0.09b 2.6240.08b 4.5240.10a 1.2940.02a 8.43+£0.20a 9.06%0.20b 5.76%+0.18¢c

DPS 22.22+0.81la 2.574+0.03¢ 2.3940.03c 3.3940.12b 1.1740.04bc 6.9740.19¢ 6.85+0.25¢ 5.20%0.21c

2.3 AEFEHHEX B RFEZEF HFERIE N

ANFEEHARE R T B ARG ZEAT 1A hr iR S i . X T 117, WST 5 FSTAC R /1 6 B3 2 7, CL &b
PR 7 AR T AL B d 25 K T A b B, DPS Ab FRdR /)N , CLAL BE>WST AL 3 >FST AL #>DPS 4b #H ; FSI. WSI Al
CIACHRPUE NI 25 th f4E R 2 2 57, ¥R 2 KT DPS A FH ; CT AL FBIR 5 B0 /) , DPS 4b ¥ i K, WST 5
FSI4b# JE i 3% 7% 53 , DPS A #>FSI A #>WSIT AR FESCT AN EE . X 1145, CTALEE B i 71 8.3 KT FSI Al
DPS 4bFE, 5 WSTACFL TG 2 7 57 s CT AL B I Ak i I 2 KT LA AL R, WSIT 5 FSI AL FH 22 3R 5 2%, {H 15 i
F R T DPSAHE; CIAFEZ M )5 WSTAL B o i 25 22 57, — 38 3 35 KT FSIAMI DPS A2 s % Kb 3 HT I

FEFERFE BT B =57 o
k5 NREHAE X T ABLASEAF ) F KA

phs P JIN A A/ mm’ L NIEE/(N - cm?)
11 111 I 11 I 11

FSI 8.97+0.42b 4.5940.04bc 8.43+0.32c 6.74+0.09b 46.02+1.81a 84.31+136a
WSI 9.3840.26b 4.84+0.21ab 9.17+0.21b 7.04+0.21b 47.48%0.80a 86.75+1.08a

cl 10.3140.12a 5.23£0.32a 10.16+0.06a 7.8920.15a 49.66+1.42a 88.97+£2.28a
DPS 6.8510.24c 4.0540.25¢ 4.70+0.28d 4.13+0.08¢ 40.07%1.08b 83.85+1.75a
e 2 A%/ (N - cm) SR

I 11 11 11

FSI 13.484+0.22a 10.5740.16b 152.9941.60b 230.01+1.98a
WSI 14.0140.22a 11.39£0.14a 146.27+1.73b 237.30%4.59a

cl 13.68+0.31a 11.2440.20a 137.72+2.73¢ 220.30+9.04a
DPS 11.2040.23b 8.78%+0.13¢ 167.30+2.6% 216.98+2.85a
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2.4 EFFMERESERERBEX SR

FERFEZEFTEIR S ERFE R AR SR R UNK 6 Fn . BURIRE S 220 RS A1 A3 b A 2 2 Bk
WEMRKR . ZFRETER A BRSRES F0 R B IR A9, 5 FC bR A1 1] < A 2 2 IR A%
17175 79 () ZEHE L 2R 8 5 R R 5 ) 78 S BT AR S 25 R 5%, SRR i SR AN B35 o ZEAT 0 ek v, (B IR B 0 S
PUIT 73 ZEAT BTSSR M 8 25 GO 9%, P19 TR] T3 B R AN ZE AT A T A BB R /K g e (B AR e 0 S o AR
TRECS 2 i AR O S DT 70 5 55 i AR R 35 IR AR G, a0 AR s mi (B AR5 25 725 il 0 4R (AR
S, XHBAR A8 BN S il AT AR DS AT AT A, 3 R IEMEOE R =0.405)  (HA R E . HkEf e S
25 JIFE MR 2 IEAR G, SRR SR RO, B Y (8] i 32 5 Y 0 FEORR K, (L b T PR T R D (e BE A R 2R
B o SR BB, <Y TR R AN SR SRR K, A A0 AR AR R o P S E R S R R A
BT A R T AT A, —E AR IR SRR R G=0.271)  HA R,

k6 BEAGEATHRE BB MK X R

PR Ve G0 oy 5 i) fﬁl‘ﬁJ B *ﬁfJ ok St 4 s | %[th Bl R4
g Lt 41 K HLEE B W B Wil [ JiHE B

7 3= 1

HOFE  0.847%* 1

HO L 0.309  0.695%* 1

R 0.502%  0.794%*  0.769%* 1

RIS 0.472%  0.052  -0.465%  -0.418* 1

EXi 8 0377  0.091  -0250  -0.343  0.888** 1

WA FESLE 0387 -0.023  -0.470%  -0.483*  0.980%%  0.935%* 1

FRREE R 0.628%*  0.301 -0.199 20215 0.940%*  0.919*%*  0.930%* 1

AT 0367  0.020  -0.409%  -0.436%  0.956**  0.920%*  0.959*%*  0.911** 1

P I 0.421* 0304  -0.016 -0.054  0.715%%  0.861*%*  0.743%%  (.785%*  (.795%* 1

RIS 0.408*  0.028  -0.449%  -0.440*  0.989%* 0.912%%  0.980%*  0.930%* 0.976** 0.768%* 1

A 0.808%%  0.573%%  0.042 0.050  0.794%%  0.753%*  (.754%%  0.914%*  (.738%* 0.671%* 0.773%* 1
FIRFEEL 0.043  0.493%*  0.862%%  0.830%*  -0.793** -0.629%* -0.810%* -0.601** -0.742** 0351 -0.787** -0.364 1
HORIR ST T RE, o RIR 1% T .
33t i

3.1 FRIEHHEA BRI~ B

KA B EORIE T AR S ThREM A G & 74, Fe e 5 DHREM Fr e &7 W i o A9 vl i i o )
90%""". AW ST I RE Fr (6 5 e 147 B 1 B A R REARE SO0 B SO o AR X6 8 3 0 A (7]
HERL S - T AR LK AR 5 91006 B AT 0, AR A K B , VAU YR AR ) VR 2 1 I & - i A
RS o VR0 S - AR ARG I AS 835 s =465 OGS A R R OK BN . R WA R A2 1 B
AN BE % 84 088 2 A T RE M R T AR [R] IS 7T 3 e A6 5 010 't B33 3, AT i vt it Zh RE T e & 7 )
XEFFRL BN RE 7o KRR AP B SRR T R S8R 22 T I e A B R R B e Is . Akl
F, K B R YT TADRE L L S5 B RPN TP R L (B P T bR e Y TR B, SR T i R AR BOKR,
2SR RN AL R 2 KT ) AR AT B i A o AR THE AR AR 2 T T B R
P&, AT REZEH T YR AR E . SRaThREM Roe G YA 28 TV RIS , ol 8 72 A0 1l
W B K B RE ARG A i A
3.2 ENBRFEMEIRRE BT

IKAB LRI AE J7 5P i B0 R P 49 (A JBE L 20 B J5 B8 A5 25 AT TR A5 IR DA S AR &% 2% B T st R AR
A oM, ZEATHUMSM L 5 775 [ RELE 2B S P 2T T B B 2 IR AR R0 BRIR B S R O
FEFR AT W) B 2 IR AH O, 51T R FESEBE Ui 7 S e 2 28 A o), e it FU R W, R TR A S &
oy B EE o BUARI) i P81 V) P88 8 28 IR ARI K, 5 i 01 )L SE SR B JR B L TB) FE SR R LAl 0 6 3 A
Ko 25 7R HR LR TR A St A R R e e, M R R OK, 25  REOK (RN b e R
IR ZEAT Y R T BN, SN R e SE L SR J1 . AN 2 it AR A AR B AR 5 0 B
R P IEAHORVEAN R 2 o X 5 EARSE YN “ B TR AL S MR 5 th 70 3% ARG, T R R A
B SE VAN o ST AR AR R 8] 7SI Bk T o1 TRDRE R A 25 B ST, 25 BRI N RE 6 4 i 22
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TR T AR B A 1) 7 S RE, (R ik ZE AT UREL ZR 1K 5 3 AN 7SI, 3 s 2 AT 0, S sm L (BRRE T . B A bk
e e (ELR I L R E RS ST i A0 1 8 AR 4R B A T FEL (200 , 158 B B AR 5 mT LAE 3ot 48
T TRDRLE S0 5 R S 2% A RO, B (LR R O 8] (R RS » T 5 i B LA™ A DR “ ok e A A s Al ) AR 7Y L2
JEL AL AT AN — € S BRI S5 — 0. (A, B0 5 KORE I DL RIRBE 77, S B AL T 18 I =75 Ta] FHL B AN =5 BE
JE AR Z AU S 78 S5

3.3 ARIEHHER BRI AR EE L HEm

AR B SE P 5 3 B I S R VR R AR R v R R R 8T (A B2, AR B AN 28 T I R A Y
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The Resistance of Super Rice Oryza Sativa L. Nanjing 5055 to
Lodging under Different Irrigation and Drainage

HAO Shurong, PAN Yongchun, DONG Bohao, WU Yunyu, WANG Zixin
(College of Agricultural Engineering, Hohai University, Nanjing 210098, China)

Abstract: [Objective] This paper is to investigate the effect of different irrigation and drainage on resistance of
rice, Oryza sativa L. Nanjing 5055 against lodging. [Method] The experiments were conducted in pots and we
considered four treatments: frequent shallow irrigation(FSI), wet- shallow irrigation(WSI), controlled irrigation
(CD), and deficit-irrigation with straw mulching (DPS). In each treatment, we measured the morphology and me-
chanical properties of the rice stem, the changes in growth indexes, the photosynthetic rate of the flag leaf after
the flowering stage, as well as the translocation of the stem- sheath to dry- matter (PDESS) and to the grain
(PDTSS) respectively. [Result]Compared with FSI, WSI reduced irrigation water consumption but increased the
photosynthetic rate and flag leaf area after the flowering stage, beneficial to yield, despite having no significant
improvement in morphology and mechanical properties of the stems. Compared with WSI, CI not only reduced
the amount of irrigation water, but also improved the morphology and mechanical characteristics of the stems,
thereby enhancing lodging resistance and increasing the final yield. Compared with FSI, DPS reduced the translo-
cation from stem-sheath (PDESS) to dry-matter and the grain (PDTSS), but increased the dry-matter accumula-
tion due to the increased water stress, leading to a decrease in lodging resistance. [Conclusion]Considering yield,
lodging resistance and irrigation water consumption, CI was the most suitable irrigation and drainage method, fol-
lowed by WSI. The results presented in this paper can help design irrigation and drainage system in southern Chi-
na to improve resistance of rice against lodging and safeguarding its production.

Key words: irrigation- drainage patterns; dry- matter accumulation; stem morphology; mechanical properties;

lodging resistance
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