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1.1 RS gER

R, TR VL T R T AR TR X, i%H DY =Ry
B, JBALTRGT SR, PR EN 1072.9 mm,
SR H BRI ECR 2 017.2 h, 4EZ8K A 1 472.5 mm,
M 224 d, FPIARN 15.7 °C, AP KGR
2.5 m/s.
1.2 Rt

RIS RN Tk, T KRR BEIAREAT K
SrIEAbBE . KRG BEMNALS T RN WRE (LD) &
R (HD)2 M ia b3, #5285 R - FiE 8 i & 5 d,
S S G S R N, HBF 2 SRR K A HARTE
T-HEAIK S T BT AR 2 YO E T4, CKOKIRZERELE 0~
5 cm. ZOCHR[19-200K H W HFFK 211 60% A A 7K 76 5
) SN {7 a2 W 7 o SRR AT ES 7S
I 70%, MK 2322 T FH R R 7K 40K 70%~80%:
B A HIKIER 10 eme KRGS WG FF 475 45 1 5 7K
SrEERR CK, BRaKsrash, AL B [F K H

KR K AR ANy “BkE 447 0 2013 4F 5 H |k
HB B, AR A KB (6 A 21 H) 8 K/MMA
FIRL R AR (X4 3 10, ERAZEEFRN 3 /¢, St
6 bk, FEAMEHE 6 R . WIS IERE K22 b X sl
FEHES LMV K T PR 5 o S0 = BRI = N T .
5 FAIAE TS H B A FH X A 458, A Iz 135
NEREL, HIAFEKEN 31.4%. K FHiElR s -
Wt 24T BlkrA+ It 0.5 mm i f5, 2.

TRI G SR AR e R T E) , J
JGF: MR, EREARS AN 184 24 cm, (5 25.5 em.
RGN AT 1 7.5 kg CFEWIEAE/KER 10.84%)
T & AA 60.1 mgkg. HAME 502 mgkg. 4
39.4 mg/kg. R 9.58 mg/kg. LT N BEEEIR
# (CO(NH,),) « fRREl (K,S04) « R &4 (KH,PO,)
AT HUAE TR 30 1,63+ 0.65. 1.9 A1 12.5 g, AIHUIEE R
TR HON 3.75%, BHE B R UR N 1.23 g(27.2 kg/hm®),
P BRI N, ¥ 5 IR FE5), FFAE A
PEAI G A, BWMEY, A, @b HIEAR R E
N 129 glem’s SRAFR VA G 50Ky, B4
FRRE 1 IR BIART, ¥ 6 FIAKFE—IHIMAKE T,
YERF AR AR i T4 R SR T = B 10 em
1.3 M R RS SN 75 AR N FR

M R SR vk B — kR 5 d)a (BB L: 7
H21H—7H25H) « ¥5dJ5 (rBI: 7 426 H—

TH3LHY  WiEiREsd (B I: 8 1 H—8 5
H)FZE kS s5d)a (MEIv: s H7H—8 H 12 HD,
I3 ZKA—BUKFE, ERANEPIEI 2 h eIt
et b e i, U AN S 8~10 mm
mBCEIEA D) . MR AR e Y.
e (o 5 vk [\ SC Wk [19] o SR OBEORR I M R 7
OLYMPUS-BX41 WM EE) i (20 F1 40 ff5) , it
Cell Sence Standard &R FEN K M 4EEREH KON
e AR (um®) FEK (um)  ERERER (um®)
K (um) « HRAIMZH R CRIFRVIERY, um®) Al
FEfk— M F CRIFR A AR (um?) , HEFRLEE
TEWTYI AR, KL ANEE R L AR, =k
R R0 5% 4 B, EROR. N AOmALC R 8
LA, koK, AN AR ANC S 12 410 .
KH] EXCEL F1 SPSS # AT £l 4 vt 55 0t -

2 HR5HH

2.1 JKFERM RRE|EHE R 2

AN AL BEKRE B 20 CREKO A 40 A5 (UM g1
iR 1 . B RER L 0 RO
ANERAL, AR I R YERE A, SR ZL ik o)
I3 N SRR AN I . B 1 R DA i
RALBI N AR AR AR AR 35 g L,
KAV R, ANE AL ES3 TANEAIRE, HIVEH
I GS S TIEAPZE 2 O PR N : DY DN R SSNIPAE (=1 Ai9cid
AT o

Pl '6;_ ,&M‘j @ﬂ?ﬁh
‘);-‘T" 2\ 3
% o
> 150 um ¥ ot 75um W
Q.. 52w AN
Tk I R SR AR/ SRR AT A 2H
Major vein Large vascular bundle Small vascular bundle and

of lateral leaf
a. CK

bulbiform cell of lateral leaf

s‘ 150 pum

{5 pm

F Rk e Y R AN SRATIEIR AT A 2H
Major vein Large vascular bundle Small vascular bundle and
of lateral leaf bulbiform cell of lateral leaf
b.LD
¥ v Wfﬁﬂﬂ v
PP < & ¥ Vol : ﬂ
¥ b 3
B 150 ym s 75 - %" 75
e = St i St
Lk U RAEFT SR DN SRR AT L
Major vein Large vascular bundle Small vascular bundle and

of lateral leaf
c. HD

T CK FoRH MBERALFE; LD Al HD 45| 8m /KRB TE S B TR -
PR, RR-RP-E AL, RIR .

Note: CK represents regular irrigation treatment; LD and HD represent light
drought-light waterlogging-light drought treatment, severe drought-light
waterlogging- severe drought treatment at tillering stage, respectively. The same

as below.
B 1 Bt R

Fig.1 Leaf anatomical structure of different treatments

bulbiform cell of lateral leaf
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2.2 DEMREFTEMEMKEMFERRXEER  HRERYEL T CK, SNYRES AL 5 AT

[ NSRS KU T € BAME O
AN A BRI R SR RO AR AR FHC AR 1. PIAERA 5 d CREAEZH TR R T, s

& LA, H1WRESdE (BD , S4Bk O KE, MrBID , LD M HD AbBE 4SS ik H
YA ACEH AH IR ; LD AbHER R AR BURE KAK T CK, 5 CK T35 25 5, 1 LD A1 HD Ab B K 4545 o o AR
B2 5, f HD AN 5 CK AR#:E ; 5 CK AL, KAHBE, (HMET CK; 1fy LD A1 HD AbE 3= ik i fR 43
LD Ab3 F= kAR AR & s/ T 31.13% (P<0.05) 5 LD A CK B2/ T 45.47%F1 53.79% (P<0.05) , FEJk
M1 HD A ik RIS % CK A AL, HERAEE . JAKI 43 5% CK /N T 0.8x10° F110.9x10° 4m(P<0.05),
OGRS, BB, 545 (B ID , #Aa0F KPR B B B R B RGE TS S T CK. 55K
KAEEREH N 34, (B LD A HD b3 K4l F5d )5 (B IV) , 5 CK AL, LD #1 HD Ab# K4
FURI R K3 BT CK (P<0.05) , Hf LD 1 HD &b WA MR T 18.45%41129.13% (P<0.05) , KYEEH
HE RO YRR SRTH AN CK B BRIR T 22.22%F1 16.16% JAK I AR T 9.77%F0 16.71% (P<0.05) , LD 4b3K
(P<0.05) ; LD A1 HD AbFEEBKIMAFIEKABCT CK e R B K345 T HD 48, (HZERAEE; LD Ml
(P>0.05) 5 S4h, LD Kb KL AU 3= bk 4 T AR A HD AbEEE PRI K S CK ZZ R A EE (P>0.05) ,
K5 HD Z%A8ZE (P>0.05) , HD A3 4R ki oh PEI,  WREARERI B KR B IR ILEEL T CK.

R 1 KFEM R ERBRSHRITER

Table 1 Statistical results of anatomical structure of main veins in rice leaves

BRI ] e _ KUY Larie vascular bundle _ ___ FEJk Major vein _

Test time Treatment %A It AR _Hk _ A ., _ K \
Number Area/10” ym Perimeter/um Sectional area/10” um Perimeter/10° um

W14 Beginning CK 3 8.1 352.4 43.4 3.1
BhEE T CK 3a 7.742.4a 338.6+45.2a 55.9+14.3a 3.2+0.5a
Stage I LD 3a 7.0£1.0a 323.0+26.6a 38.5+2.5b 3.1+0.2a
HD 3a 7.7£0.5a 343.7x12.7a 42.0£6.1ab 3.0+0.2a
BB I CK 3a 9.9+1.6a 383.8+35.5a 53.749.0a 3.2+0.1a
Stage I1 LD 3a 7.7£0.6b 339.7+12.8b 45.3£3.9a 3.0+0.1a
HD 3a 8.3+1.1b 355.9+£22.9b 49.9+5.3a 3.1+0.2a
BB 111 CK 3a 10.3+2.7a 393.3+50.7a 54.1+12.3a 3.0+0.4a
Stage 111 LD 2a 8.0+1.3a 347.5+29.2a 29.5+13.1b 2.240.5b
HD 2a 8.1+1.4a 347.4+31.9a 25.0+10.0b 2.1+0.4b
BB TV CK 3.25a 10.3+1.5a 395.0+28.2a 64.8+11.5a 3.440.3a
Stage IV LD 3a 8.4+1.4b 356.4+31.1b 55.9+14.8a 3.1+0.5a
HD 4a 7.3£1.3b 329.0+27.9b 60.7+11.5a 3.2+0.4a

e ARSI /NG PR R A B 22573 B2 (P<0.05) , Rl

Note: Values with different lowercase letters in same date and same column are different significantly (P<0.05); The same as below.

2.3 HEHRFHFZBMENKBER—MNBIEME  CK 2D T 11.76%A14.81% (P>0.05) , H /M

210 E AR KA 8T CK (P<0.05) ; LD A1 HD
AN TR A B IR I T ik I RN R AR B AbFE T AR A S CK JC i # 225%, 1 HD Ab#Eif

JETAFI AR AR 2 o B 2 W40, BYB L, LD AR w1 LD A3 (P<0.05) ; SLiT, LD 43K (/M)

HIHD 2 F R4S WA H 5 CK B3 7% 5w 5 CK AL, YA RN L I A MG T HD 4L 22, H LD &b

LD b H3 Q4 o T RLR K A R AR T 28.87% R BRI HD AL EFEC T 11.11% (P<0.05) ,

15.79% (P<0.05) , HD ALELNIZMGIPRAR T 24.74% A1 WPKRRZ P E S8 (HD A2 J5, 7 A &R

13.16% (P<0.05) ; 1 LD A1 HD ALHNERHRAHE RSN (LD 4H) .

&2 KFEM R R RERI SRS R

Table 2  Statistical results of anatomical structure of lateral leaf of rice leaves

TERIN LhE KYE45 R Large vascular bundle /NEGS R Small vascular bundle VEH A ) AR
. . ¥ H T Ji K- ¥H T JEK Area of bulbiform Sectional area of lateral
Test time Treatment AN . 5 O . 5 LR YR
Number  Area/l10° um~  Perimeter/10° um  Number Area/l10” um~ Perimeter/10°um cell/10” um blade/10” yim
V)4 Beginning CK 4 7.5 3.5 20 3.1 0.7 1.8 49.3

WhER T CK 43a 9.7+2.0a 3.840.4a 18.7a 8.4+1.8a 1.14+0.13a 1.72+0.4ab 46.4+3.4a

Stage [ LD 3.5a 6.9+1.3b 3.2+0.3b 16.5a 7.1+1.1b 1.04+0.09b 1.56+0.2b 32.1+20.7a

& HD 3.5a 7.3+0.9b 3.3+0.1b 17.8a 7.2+1.1b 1.05+0.08b 1.83+0.2a 42.6+4.1a

BhER I CK 4.5a 13.4+4.6a 4.2+0.2a 21.0a 9.1+2.1a 1.19+0.16ab 1.74+0.3a 52.145.1a

Stage II LD 3.5a 7.4+1.0b 3.3+0.2b 18.3a 8.0+2.1a 1.10+0.14b 1.80+0.2a 47.4+6.4a

HD 4.5a 8.1+0.9b 3.5+0.2b 18.5a 9.9+3.2a 1.23+0.20a 1.85+0.2a 57.8+14.6a

WM T CK 5.0a 8.8+1.7a 3.6+0.4a 21.3a 8.5+1.8a 1.1440.14a 2.05+0.4a 55.6+14.3a

Stage 111 LD 5.0a 6.4+0.8b 3.1+0.2b 19.3a 6.8+1.4b 1.07+0.18a 1.67+0.2b 42.7+4.9a

HD 4.25a 6.0+1.1b 3.0+0.3b 19.8a 6.9+1.7b 1.02+0.13a 1.48+0.4b 46.0+8.3a

B TV CK 4.5a 8.9+1.7a 3.6+0.3a 19.3a 8.4+2.0a 1.1240.14a 2.13+0.2a 66.4+16.9a
Stage IV LD 4.5a 7.5+1.7a 3.3+0.4a 18.0a 8.4+2.2a 1.13+0.16a 1.91+0.3b 49.0+12.2ab

HD 4.0a 4.842.8b 2.5+0.9b 16.3a 8.2+1.1a 1.11+0.09a 1.94+0.2ab 43.5+4.8b
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BB I, LD ARFERT HD AbEE R4 HEH 5 CK
WEZS, 5 CK ML, LD A HD AbFE A 4E 5 A
W BRAR T 44.78%F1 39.55% (P<0.05) , KYEEH A
K B EBAL T 21.43%A1 16.67% (P<0.05) ; LD Fl
HD ALEE /N RAH T CK, HERARZE; &4
PN AR T AT, LD A1 HD MBS R K
CK ILRE%5%, {H LD AHi HD AbH B Ew /DT
0.13x10% um (P<0.05) , —F AR fS CK
TCRFEZE R LU, LD ARERU -5 S50 S IR AR T
CK 1 HD Ab#, 1] HD AbERER LR R /NS A H 41
HARIEPRHIT T CK, BERAEY G B S e b s R & 3E
U T — R AN

Bric I, SAcB R4 WA H 5 CK LW % 5+
5 CK Lk, LD F1 HD AbEE LS WA a1
27.27%R1 31.82% (P<0.05) , T A ) 43 il 9 /> 7 13.89%
H116.67% (P<0.05) ; LD H1 HD Ab ¥ /NE ok % H A&
K BL R T AR BT CK, (HALBRA) TG B3 255, 1
LD 1 HD ACEE/ NSRRI A A4 CK Wb T
20.0%F1 18.82% (P<0.05) , AN 43 55 2 kb T
0.38x10° F1 0.57x10* um® (P<0.05) , iRt F-H5 i
Je I — BT, KRG 1 B R UATSRE 2R 52 24015
I, LD ARBR Fy ok B ARGUE ST, RGeS AR
Ja AN ROEAC DL R A T HD AbEE, {0
LD it AT HD Ab2E,

BB IV, SN R H RIS 8455 5d
I JC R 255 LD A HD Kb HE4 A AR & KM
T CK, I HD AP K44 R ALK T 30.56%
(P<0.05) , {2 LD Ab¥L CK L& %5, i HD 4
I 4 ZF AT CK LD 40 FE (P<0.05) 3 AT K48 R,
LD 1 HD AbEE N RIMABURE K3 CK, /e
ERHEHYS CK LRFEZES; LD AHEIAR CK FFIK
7 10.33% (P<0.05) , ifif HD ZbFRI 5 CK G i 2 57
HD A FR AR CK B T 34.49% (P<0.05)
I LD Ab BRI By B RGOS s, B i AR S v i
A, LD AbF %454 CK LB FER. WHRTHZ
BEPIENAE, KREPUR A 1S B .

3 W o’

IKFE 5y BEIIR 7K 4+ Uk, T SR BT 3 2 % K
R AR P AR R, R R KRS S
WIHHT R A A5 R R IEE, A THRARE N
gm0, AR R, Eha s d s (BED
LD 1 HD Ab#E 3 kO 4ER 8 H - F sk i AR K3
T3 MR (CKD , X5k Ak 5 45 S AL
B i s (B 1D, LD Al HD AbPE 3= ik K 4k 55 o i
FURIE K B350 T CK, 31X B A2 A A 557 XU Jp 36 f 1
AR AR T R AL e NG 2 R
A FE (BYBE 1D , LD A HD & FE E Rk RS /IR E
e T CK, HEMKMAMEKLYS CK 25 %
(P<0.05) , JUHJEFWKARMA, Ko Hria Bk CK

M) 1/2 ZeA, DR IR AT 2 205k 52 85 U i i 7K RE R R 1)
AR B, BAnAR SRR A BN A,
MR ERRE, SE A EE N, 52 REMNEE (B
BLIV) , LD Fl HD Ab# 3 kO 448 A i AU ) K I8 I
T CK, {H& HD 4 R4EE W H Bt T CK, Jhif 3
kAR T RURD 5 K V% 5 T CK, HZE AR, K
4 BERT I - 05 8 R A 2 2 AR o BE S T P e
J1o BYBC T FIBY B 1T, LD ARFE ki) S5t ik & 3507%
J& T HD AbFE, gt AR B I B LD AbEE 3 Bk i AUR
JAK, PLKBYBE TV LD AbF K 4 o AR K24 i i
HD b, (HE =2 2= 3 2, Ui B R 5
P WK 5 22 S 0N IR, AT BB 2 O T
TR Ko

S AS R W E kD T KRB R 3 ik N G R
HH, X5 RRIFEPW g LA L. BB T BB
II, LD 1 HD AbHAN 2 o i BRI K38 s 5K T
CK; Bt 1 LD Al HD AN /N i 45 o i ARF A K
BIBEART CK, MifrB I A LD Al HD Ab#/NER SR A
BRI, Je I HD AbFE /N 5 o i AR K34 i
T CK f1 LD 4b#, HMKEET CK, B EKRE
INYEGE IR I — 2 I AMEE AN o (HERY B T ORI B 10,
B E AR A AR E A T B, SR EM
Bt 11 i HD AR AR CK my 10.94%, I H £k
AN o BB TIL AP A5 45 4 ()R IS5 ARARL, K/
A5 AR THIARURT K S TRIRR L O AR 5 CK AT BB
Wi, b LD &b /SR A AR i AR R 430 ok
20%F11 23.20%, HD Ab 3 24 o i AR AL i AR 2 Joll B AR
T 31.82%FH 25.00%, W] fgAE BT /K> IR 19 AN E
AL FBHEEAR. B IV I, LD A3 k4E
B AR K BT CK, (B2 RS2, HD 4bFE
I it ZE AT CKOFN LD ARFE, 3 W 5 52 6 0 tH A 4 5 SR
TEIVER R TR . BB IV I LD A1 HD Ab /N GER R
MARFIRK S CK JoZe 5, AE i i RRURA ) i i AR 4458
CK HENZERE, UL /KFEN F A R 48 5 P R R I
A,

SR KR RN - fige 5 45 K4 1R AR A v U B, A
FrBE T 2B I, LD AR S5 HRAR B KT HD
AbFE, BB I MBIV, LD ALBEE4r 545 T HD &b
B, Hi o abaiilr CK, UHI/KFEZ R4 D) S AF T
KEE R RE, 2 RSN KFEM R E A
FUSEMAATA 55, AR Sk 25 SURIAR L O gt ) 5 4 (R
gty TE R, P Eia S b fe o BEIIR R 1K
B AESALM BRI, SRR AR R E = E
THRRRAE, A W BRI T A BE R BRI
WIRE, ARF AR, ERIUD i I BRI
Ry BB K245 XA RESE NN T4 F TR, A
KKK Z, IEHRE TR ISR AL, TR
Z2 DUDAS T o 2 LA i T 3 ROK (M RE g, IR G R
/K BE Sy AR K REAE I 5S4 K g

CUA I 2013 WA 43 B2 O 572 305 A0 B Ml i 0 25 PR Al
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AR, LT, HA R R R E R A B 5T
PR B ACT K, ATRE S R R AR R B 2
BRATC, IR LYEE RN A T RREY, &l
ity B D RATE SRR ATR 0 B R 5 R SR AT OCER
FRIGAISAE T AT IRAIE: S34h, SRS 1R w5
WAUEW] T 152 FOF AN S BRI K R i o5 RE 0, i)
LN S ERAE A TE R YRR

TrBEWIKRE A B MR e AR EE (BIMRIETD)
LA IR 1 7 ) 6 0 2 e AR, 3 — i it ik
WFTTe AR PUE S0 A ARG A P P T o i 4 2
KRMG S WIEIE . 45 UM T M A,
MR R IOECH - S35, AT R R A A (1AL,
UL WOK RS IZ i 7R oy R ST, BN “W AR
ST R KA A AR R s e, (DB AR 2 ALY nt
LRARSE SR BRSO, DR SR g A
RS . G, e RYERE RORIAR
2L T AR L DU BRI B R B A 5 T I, OF %
4y BRI 57 A0 W 38 45 A SR IN KR I AE 4R
WL SRS AR A, DUSE 4 PP A S 5 A
KRR AR

4% 7

1) KRGS BEN R hE Rehs B BRI, NS
WIRE, A BRI/ 59; S s
2 R P DA 287857 SR P TR R URI K (2 3 BRI, b LD A
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Effects of alternative stress of drought and waterlogging on rice leaf
anatomical structure at tillering stage

Lu Hongfei?, Guo Xiangping®*, Zhen Bo!, Qiao Dongmei®, Zhou Xinguo?,

Wang Zhenchang?, Liu Chuncheng!, Yang Bo!
(1. Farmland Irrigation Research Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China;
2. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China)

Abstract: Vascular bundle is the main microstructure of rice plants, which is conducive to the growth of leaf and
photosynthetic rate, and the greater the vascular bundle, the more the number, the better the supply of nutrients. Pot
experiments were performed to research the effects of alternative stress of drought and waterlogging at tillering stage on rice
leaf anatomical structure, including the number, area and perimeter of large (small) vascular bundles, sectional area and
perimeter of major vein, area of bulliform cell group and sectional area of side blade, and 2 treatments were set up in 2013:
waterlogging - light drought (LD) and waterlogging - severe drought (HD), in which the water depth of waterlogging was 10
cm, using regular irrigation (CK) as the control. The experiments were conducted in the greenhouse of Key Laboratory of
Efficient Irrigation-Drainage and Agricultural Soil-Water Environment in Southern China (Hohai University), Ministry of
Education. The results showed that alternative stress of drought and waterlogging decreased the number of large (small)
vascular bundles, but there was no significant difference compared to the CK; after the first drought for 5 d (Stage I), the
sectional area of major vein of LD treatment was reduced by 31.13% compared to the CK (P<0.05), and that of HD treatment
was reduced by 13.9x10* um?, which yet had no significant difference with the CK; the area and perimeter of large vascular
bundle of side blade were reduced by 28.87% and 15.79% for LD treatment, respectively, and by 24.74% and 13.16% for HD
treatment, respectively, and the area and perimeter of small vascular bundle of side blade for LD and HD treatments were also
lower than that of the CK. After waterlogging for 5 d (Stage II), the perimeter of small vascular bundle of side blade for LD
and HD treatments had no significant difference with the CK, and that of LD treatment was reduced by 0.13x10? um compared
to HD treatment. Except large vascular bundle, other indices of HD treatment were all over than the CK, indicating that leaf
development showed a certain compensation effect. Five days after waterlogging (Stage III), the sectional area of major vein of
LD and HD treatments was significantly reduced by 24.6x10* and 29.1x10* um® respectively compared to the CK, and the
development of side blade organ was also behind the CK. After the second drought for 5 d (Stage IV), the area of large
vascular bundle of major vein for LD and HD treatments was significantly reduced by 19.42% and 29.13% respectively
compared to the CK; the area and perimeter of large vascular bundle of side blade under LD treatment had no significant
difference with the CK, and those under HD treatment were significantly lower than LD treatment and CK. The areas of
bulliform cell group of LD and HD treatments were lower than the CK when the rice was in drought, and especially in Stage
111, the areas of bulliform cell group were significantly reduced by 0.38x10* and 0.57x10? um?, respectively; the sectional areas
of side blade of LD and HD treatments in Stage I, III and IV were lower than the CK, while in Stage II, the sectional area of
side blade of HD treatment was higher than the CK, but the difference was not significant. After the water stress, the
development of the main vein’s large vascular bundle was inhibited, and the development of side blade was also subject to
certain persecution, but the persecution of rice leaves under severe drought treatment was increased after the second drought
stage, while it was reduced under light drought treatment, indicating that the rice drought tolerance was enhanced, and after the
drought stress, the waterlogging tolerance of rice was still strong. The results of this study can provide the basis for the
development of appropriate water management plan and the research of rice photosynthesis.

Keywords: stresses; drought; cells; rice; vascular bundle; leaf; alternative stress of drought and waterlogging
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