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1.1 XM

RIE T 2017 4F 5—10 F 73] B i AR S R G0 F B AR WA 70 64T . B 5 F oy “ 3R E 0087,
o K 2R 5 KRG S R, O PR BE , WE RRERE X AE BN 145 d A4 8 43 F R . IRIG X Z4EP
BB /K N 705.1 mm, ZHFHZER RN 751 mm, 24 7—8 AP H SN 32 C. AMEE i - 18
ZE A . I8 R 78 R P U7 2 SR T B S Y . B8 2 R ST R B B4R 21.5 em, BB ELAR 25
cm, AR 29.5 om, LIE T HICA R L, AR E S H0N 0.78 g/kg, THAR A U0 8B i = 40 B0 i
56.4.10.5.52.6 mg/kg, ZWIT TR it 2 mm 0 )5 , B2 T 110 kg, ¥ )t L, 45 T 5 - L it 46 N P,Os
KO &#45°50.15.0.10.0.10 g, HHLIE N 1.67 g, B HUIEE R 25 E0N3.75%.
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AR T 2017F5 HAH B, 6 H 13 H =i — O ik 8RN EAR— SR R AR, TR E 3 /X, 5
SRR 2 PR, T 10 H 24 Y. 56 T 228 0 04T IR B 57K 40 il 58 3L ¥ ik 2 (R 3R, 43 i) 2
CHARIRFE , B 35~38 CO R KIRE (0~5.10.15 cm) , 3£ 6 NALIH (54N i A FRAN 1 AN R K BIE AL B , B
PRI BT T R WER 1, A EEE 20 45, 46120 75 S E 78N TR = S2 8L, 55 Bl 78 0 K A6 5280 .
I T 8 H 4 H 06:00 FF4f HEAT rid b 2 , 4 75 22wl W 8 (/K R R BN AR, Al 5 9728 B8 /KA
JCEAH R KA R, N AU S I H AR, SR SRRRE , A AR T E 3], 06:00—13:00 #1145/
B33 1 °C (31~38 C) 5 14:00—21:00 A & /INBT 35 gk 1 °C (38~31 “C) 5 HAR BT[] 30 C, AHXTIR B R
80% , Y HE B 18] 24 06:00—19:00, J& 53R EE 1 000 umol/(m?+s) . A5 d 459, T 8 A 9 H 06:00 K N\ T M5 %
KRG AR B =40, I BRI B AR A KA v RT3 Pl A, 5% Ak 3 R At R 45 475 it A I+
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B 1 , L 52 3 9K, Bt AR 23 BT AN RT-2100C, SR FHAZ 35 2 -NBT vl 52 A A 4 B3040 i (SODD v 1
T VE B LA ) NBT J6 A6 I8 IR 50% BT 7 B 5o 1A BS540 (0D, SR 8 00 R By iR 5 3 S8 10 ) g
(PODD V&, LLEE 7381 A470 A5 46.0.5 9 1 AN 77 5047 , SR 48 AR i g i S AL Ui (CATO & £, LA
BT N A240 9820 0.1 BB &8 1 ANBES S (UD



2 RS9
2.1 BIEHIEIE 5T EHE AT KGR R B0

FEH R R R R (EAE A B T R R R SR IO B B, I 5 A T B B
SRR KRR R RS A 1 ) 1 b R O N TS, R REARH A n(n=3)
IR AR 2 5 7 543 A B 2 5 8 (P<<0.05) 5 R,

4

mCK  ®mTIAH T24b 2 T34bE  mT44bH  =ETSRE
a
3 a ab - "
a
_ aaaaaa b b b ab " a a P
o c bb b al ® -
é‘) cC c C b b b
= dd
o2
Erd]
%
g
£y
1
0
20170804 20170809 20170814 20170819 20170824 20170829
3

Bl Z2RNASES ST EMATORETE TRELS

AP 1 TN, 2R R S B A HoA 5 d JE (20170809) , T A I AL B (1) -4 3 B BT T A, KA
I 2 25 i s BMIRAK 0O : CK>T1 AR BESTS AL BE>T2 AL EE>T3 AbHE>T4 A0FE, H T1 A1 TS AL EE 4375 4%
CK FEAIK 1 7.83%F1 8.57%(P<0.05) , T2 T3 F1 T4 &b 3 5373l 8¢ CK FEA 17.27%+19.54%F1 19.99% (P<0.05) , F
e, T2 AT T3 AR T 23 59088 T1 AL FRFEAR 10.25%F1 12.70% (P<0.05) , T2 A1 T3 4B 43 51l TS Ab 34 P 9.52% A1
12.00% (P<0.05) , 1t B 2 F ) 0 — 11 s B3 05 A B R = B A K g i ip b S R B, AU iR 5 7 A2
L H e 2 BRAR KRG I o i R R B, SR — (1) e iR B 3 8 SR I — e R F R K R R )
HAEIER R BREKZIES dJE, T2 T3 I T4 A BE /K FE G 2 8 B4 CK 2 3 I T 17.69%+32.55%
H135.39% (P <0.05) ; ¥t B Z A8 i I 5 97 28 o AR 35 0] DLRREOK R E Fr b e R i, oA — e Ja ok
WA IR K LA 10 d J5(20170819) , T4 AbFH A CK B30 T 23.39%, B2 3T 10 d k& E SR & 4R K
SMF BB AT DA I KR AR S, RO — AR . B AR EK &M 204d
(20170829) , T2 T4 F1 TS5 AL (1) /K FE I F (1) iF 23 25 S i CK, H 20 1) 888 CKOR 35 39 1 12.22% 4 13.63% 411
9.36%(P<0.05), 5 ¥ — iR (T AFEAH L, T2 AL I T 17.53%, Ui B 22 R v iR 5 42 7 2 L aa J= , Mk
HERER MG, o DA I KRG A i a2 g, (e b K Rg e A e A
22 ZEHERSHFXEMEXKTE R LA ME LA E R 2N

AR R KA BER IR/ AN EY, &K IR Z IR FE R Y
FUUS B B R R R W E AR B S5 A T 4R BB A AR [F, el PERE R Y L SRR E
Ber=yy, WoE AR ) 2 0 B A RE S5 K TR B Y W A TEAE YD IRAR W R R 1 R
YE o el 5 758 B8 S e i b Ja 7K Rg ity ehm] Y PR B A R I B B R R 2 s .

R2 HBE5H R LM KAG A P TR AR TERE G F

SRS 0 d JPHE SRS 10 d JIHE AR 15 d PS5 20 d
vt AV CIRG e 4 =) Al CIRGY G S i) AVt Al R Al AL AR
PEE/% (mg-g" PR/ % (mg-g" PEE/ % (mg-g" /% (mg-g"
CK 7.04abc 65.62bc 5.77b 54.66b 5.74b 39.88b 6.03bc 30.27c
Tl 7.52ab 76.88a 5.61bcd 67.28a 5.46bc 46.14a 5.26d 36.24b
T2 791a 62.50c 5.71bc 39.72d 4.12d 37.11c 4.02¢ 33.55bc
T3 6.68bc 60.84cd 7.78a 66.82a 5.34¢ 45.57a 5.68cd 44.69a
T4 6.23¢ 56.47d 5.33cd 44.43¢ 5.65bc 28.52d 7.16a 44.90a
TS 5.03d 71.13ab 5.31d 44.58¢c 6.17a 44.09a 6.43b 35.29b




M2 AT LAE Y, iR 5 P58 B HE 45 R 0 d, T3 T4 AL BEAN TS A FE g vl i MR AR T CK, T 302 TS &b
B CK PR 1 28.58%(P<0.05) , T2 AL B (1) I 5 1l 2 AL CK G N 1 12.36% (P>0.05) , i B B — [ 55 Ab 3
2 AR KR A T e, LB KR RN, vV YRR PR 2, X 5 A A 45 R — G H 2
B ) e AL 3 2 B K FE I A s R A T R R i, BTV R SR I E R CK R N 17.16%
B2 FRE B AR AR KR 10 dJ5 , S 5 B85 A8 e (T3) AbEE 2 B et Fr vh i el i e A e v e 2 e
&, U e iR A K S BRI KRG R rh I ATV PR RN R I R AR AR
L. PR EARAE KSR 20 d 5 5 B 305 A 3 2 3G KA I A ) R R AT R A M =, HoaT v PERE
ATy B2 B CK R 25 1 18.63% 411 48.35% . T1.T2 AL A T3 AL 73 51 CK 5 2 FEAIK 12.78%
33.33%H15.85%(P<0.05) , i W B — 7 7 b HEL 5 2258 20 d A2 AWK, /KRG A b i el s e B v T CK, 3R
AL HE — ) M2 AR T B — P v R BN e iR S 5 e A IR 0 20 d B AR AE KSR A K FE I b B R
PERERELT CK, U H 2 miR SR e i, B — R A b, RBUH — @ B ER . nT W, Zo R 5 — 1
re i 2 S DK FE I H B AT PERE RN LA PR AR R TR — R 5 A 2 BRI KRR I A () A T
f i 5 97 A LA X KR R R A A E AN R . IKE BRAEKEME U HE T3 b 2
WK FE M B B T R AR R, SR — R Y R
2.3 ZEHERSFREMEXKTEH RS EE MR 20D

RN BB IEN RS, b E ALl , A ROE B v A, XA CRy E . 2o
il 57 38 TP E JE KRG Fr rh A B PR I 26 3 R .

X3 BARME R 59 K A MG B KRG B a9 AACEE S

B0 d B g5 5 d B 2R 15 d
Ak SOD/ POD/ CAT/ SOD/ POD/ CAT/ SOD/ POD/ CAT/
(U-ghH WU-gh (nmol -min™-g") W-gH (U-ghH (nmol-min™-g") (U-ghH W-gh (nmol -min™-g")

CK 140.99d 342.11e 765.47¢c 320.38b 302.49¢ 1009.11¢c 254.94de 411.54¢ 775.56¢

T1 24391c 457.12ab 950.79ab 315.84b 440.02a 1073.03bc 295.71bc 482.20b 1189.99a
T2 284.91ab 490.65a 1070.10a 354.12a 364.05b 1391.43a 309.51ab 550.38a 1099.97ab
T3 262.16bc 391.87d 1 005.26ab 362.13a 364.11b 933.58¢ 272.67cd  532.33ab 1029.86b
T4 271.73b 441.97bc 1 065.67a 375.19a 325.97bc 1252.91ab 327.15a 371.73¢ 1080.16b
T5 303.54a 412.33cd 899.96b 311.05b 294.74c 1421.90a 229.79% 530.29ab 542.68d

HHR 3 02, il 58528 BB 45 1 5, BT A e 4 22 ) SOD 3 14  POD 7% 14 A CAT #& PE# = T CK,
JUH 2 T2 kb, SOD i P . POD & PE A1 CAT ¥ 14 43731 558 CK 25 19 41 102.08%+43.42% 11 39.80% , 5 H.— 1)
JEAH L, T2 AL 72 (1) SOD . POD . CAT i 1 i E 111 16.81%17.19%+12.55%. a4 K B HRE K454
J&i » BT W38 AL R 1) SOD i 14  POD 7% 14 Al CAT 3% 1 4R & T80 3% #5:0L CK B 5 IR E B AR & 15 d Ja
Bk TS b3 A1, A 38 Ab 3 1) SOD ¥ 1 & 1 1 CK, U3 T4 &b, 55 CK 36 111 28.32% 5 i A i 8 4b 2 1)
POD i 1 s i T B35 #23 CK, JUH T2 Ab 345 CK 3 1 33.74% s Fir 3 AL 38 (7K FE - v CAT 3 P SR A IR
F&:T1 ALFST2 AL FE>TA AL FE>T3 AL FE> CK>TS AL FR, H T1.T2.T3 Ml T4 4L FF 43 51 %% CK 1225 14 11 53.44%
41.83%-32.79%7F139.27%(P<0.05) , T5 A B CK 7. 3 F#I% 30.03%(P<0.05)

AL, 5 CK AR LG, BT il ie db 314 2238 BOKFE I o SOD v M POD i P4 A1 CAT 3 P4 BT 34 0 5 {H by
BN, mR A K AR KR B AR ARG, 5 — B il a5 87 28 B DL & s —
5 i ] LA K FE - H SOD W POD Al CAT B 4
2.4 ZEHIEIR SIS EMEXTKIEN B IR IE R B

R UL KRN R iR 5 R K R I R AR R AR A — 8 B, {ER 3 Bl e 2 R RS HL AR A T L,
B AT AT . AR ATTAL X T HA R, T A TXW [ PAE KT 0.05, 1E W P{EH/NT0.05,
7E0.05 2 AT, B F W2 35 10, RUAS [F)HE /K IR BE X /K R i it 4 2 7 A B 3 S T, T P R v i 5 955
L HAE XK FEM SRR B A B2 o X TR, T AW (1) PAE /N T 0.05, 7£ 0.05 B3 KPR, B+
T AT W 2 S 25 1, BIVAS [7) E 7K R PR AR FEE 6 K R ey o] s P i g il 8 3 (HL v i 5 987 2 LA F R K A
FATVEMERE RN B3 . X T AAMEE L, W I TW 1 PAE /M T 0.05, 76 0.05 B E/KF T, KT W
TW 2 5 25 1), VRS 7K IR FEE AR iR 5 955 28 ELAE G /K R I e ml v 1 2R (1 R S 3
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%4 SPSS1FE| AT 7 E oA FHIE(EEXLAR)

bl K] A 11T 247 F df ¥175 F P
A S 0.154 1 0.154 3.060 0.106
T
. AR 7.236 1 7.236 25.717 0.000
GRED
AR A 24.558 1 24.558 1.387 0.262
Mg 0.574 2 0.287 5.707 0.018
W
CIRGRER 7.134 2 3.567 12.676 0.001
K4
AR 416.824 2 208.412 11.774 0.001
ESS S 0.068 2 0.034 0.674 0.528
T IR GR 1.407 2 0.703 2.500 0.124
. AJ VM b R . . .
OKIr <R
AR A 379.070 2 189.535 10.708 0.002
3% i

I AE AR, ZRE M iR 7 A 3 T AR AR K R it o i SR 3 e B, IR RE R T R (R R
AP 3L 2R B — ) A8 355 A A 2 22 T DA AR KRS I I 2 2K, o 2 A R VR KA, JE R i 5
P A, KA P R R B RS PCE 2 B i R I € R KA SRR
PR BRI 15 dJe, S5 57 A8 E M E AR AR AE I i S i Bl 108 CKL 2 iR 5 &
PR BE R ARG Py R DL DU A IX AT RE S MR S R B A B E AR SR AR KRR AR A
B R OREF T RORI A TR B2 PR F 5 IR 2) R KRR, AL D RE M7 R 4R R e 1
ERE AT YRR

FELD A DAY FRY RT3 A R AT R 9 P B R 4 B AT V8 3 TR S R IR R A R AR PR T o IR S5 R
B, Z AT B — ) vt A B AT DA N KOG S o ) R PR RE AT AT IV E AR R XS DA TR TS R B AT
REAS 2RI et AC BRI, AL DA P9 (R K207 B KA S AT ER 150 20 SRR i, T 8 52 80 40 1 R D 5
WA PR 7 G e P BB iR T B U145 . R B AR AR R AF R, B I R IR AL BN
et 5 7 A2 EL I AE AL B R S 1H- e ] B AR AR T CK I AT B8 e T N TRV B, il 5| RS I AR o
A BAT — € (i Ja 1 TR B AR AR SR e, I LS IR AR A T 4R B L oK

FEDAE IR AR AT TR A B 28 107 A4 5 HHEBR R G OREF 107, A P B 2R AT B, A2 51
&, (ARG PA T A AT I ORI N . /KT 3 4 S 8 R T o S A S K 7 B L2 1A 2R
o WIS U 25 R AN BE R BA AR B e b, SRR LS5 #4221k S il i AME ™. SOD.POD . CAT \ AsA-
POD N Y) 7R A TUA AL BE R 5t 7T LAOR 37 40 B R 28 0, 8 L 4 52 3 1R SR B At i S Ak 0 B bl 5 11 1
H. SOD HEME M S 5 B 1 B H 2 (10 B0 S W 1T B B O, A1 HL0.» AT R 480 B F 2E X F 0 35 5 AF A
POD H1 CAT M i3t — 2543 fi# H.0,.  SOD & —Fift BB 1) 55 3 WG, & 1 AR A £E — g A5 B b Wk o5 AL R 32
BRI . RIS A SRR, ] i 5 7 A8 T aa w] DARE 98 /K g M 9 SOD W POD L CAT i 4, U
Ho2 i SR P A T, —J5 T, AT AR AN TR = 38 "C R IR R R 5 B TR P i 1 A
CEE N ZWEAE D, KRG 2R TR B2 A P B AR, KR it Py ARG B 35 s o5 — 5 i, AT RE 2 R 7 T
LA 55 /K AE I F7Hh SODPOD CAT I 115", 3 A2 R Ay FEL R AR A 37 28 3™ A RS R A S Ak T — R sh 251
MRS, 72 B S ANSMEPR B KRR 35 VRGN, WOk B 57, BUE A BERE 2 SN . A 2 Fh e [
TER, FLRema R B — 5 1) B AN

AARE RN T = AT 10, WIS M B 2 A2 AT 42 10, HAIR B 08 1 a S50 Bl , 75 223 —
AN R A ST K R, ek 96 45 R 7 Bk — 2D (R E , Dyt — 20 B B veilia 45 5 A8 L X KRR AR K
A (R AL, R et FH 5% A6 388 e TR HE /K B i — s I BB AR

4 & it

D Z R =R 5 5758 B A 2 BEARK RE iE A B 4R 2 8, JU HUE T2 AR FE AT T3 AL BE 4 7 8% CK FA K
17.27%+19.54%(P<0.05) , Tk & B AR A K & MF 5, miR 55257 R I — 52 B AN 0N , KRG F rp i i
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ZRFR RN CK, 5 R —f R A b, T2 A BEEL T1 AR B IEIN 1 17.53% (P<0.05) , B IN/K RS £ & Ja ROt &

&b
He °

2)ZA R e IR S W A WA KRB I A ] AR I SE N5 A, JU G T2 Ab B, i 25 R

A, 5 CK 1 12.36%, Tk & H AR 26144 20 d J& , T2 Ab PREE CK F%1K 33.33%.

3 ZA R AR 5 A8 oY 2 5K FE I SOD\PODCAT W& . i 45 ki, T2 4038 Gl 5 %%

BAZ HO [ SOD.POD. CAT 3% 1 43 51158 CK 34 111 102.08% 43.42% 411 39.80% . 5 B —[f) E iR AH b, T2 4b 7
(EiR 5 #5722 5D ) SOD \POD . CAT ¥ P4 43 4% T1 AL EEIE 11 16.81%7.19% 12.55% , &/ B — ) iy 5 i i
Kot 7K R 3 A8 2, B 5 K RE AR SR A T o
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The Effects of Alternate Hot Wave and Waterlogging on
Physiological Traits of Rice at Booting Stage
ZHEN Bo"’, ZHOU Xinguo"*, LU Hongfei', LI Huizhen"

(1.Farmland Irrigation Research Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China;
2.National Research and Observation Station of Shangqiu Agro-ecology System, Shangqiu 476000, China)

Abstract: [Objective] Rice in southern Huanghuai Plain of China is susceptible to high temperature and water-
logging stress. This paper presents results of an experimental study on response of physiological traits of rice to
alternate high temperature and waterlogging in attempts to improve rainwater use and reduce non-point source
pollution.[Method]Rice was planted in pots and we investigated five treatments: high temperature (T1), high tem-
perature coupled with light waterlogging (T2), high temperature coupled with heavy waterlogging (T3), light wa-
terlogging (T4) and heavy waterlogging (T5). The control (CK) was conventional irrigation. For each treatment,
we measured the chlorophyll, soluble sugars, soluble proteins and antioxidant enzyme in the flag leaves at boot-
ing stage, from which we analyzed the effects of alternate high-temperature and waterlogging on physiological in-
dices of the flag leaf. [Result]D Alternate occurrence of high temperature and waterlogging at the booting stage
reduced the chlorophyll content in the flag leaf. Compared to CK, T2 and T3 reduced the chlorophyll content by
17.27% and 19.54% respectively. However, after recovering from the stresses, T2 saw a certain compensation and
the chlorophyll content in its flag leaf increased consequently by 12.22% compared to the CK. @The soluble sug-
ar content in the flag leaf increased first followed by a decline after occurrence of high temperature and waterlog-
ging at the booting stage, especially in T2 which was 12.36% higher than that in CK. After recovering for 20
days, the soluble sugar content in T2 was 33.33% lower than that in CK (P<0.05). ®High temperature and water-
logging at the booting stage enhanced the activities of SOD, POD and CAT in the flag leaf, and at the end of the
stresses, the activities of SOD, POD and CAT in T2 increased by 102.08%, 43.42% and 39.80%, respectively,
compared to those in the CK. [Conclusion]Alternate high temperature and waterlogging at the booting stage re-
duced the chlorophyll content in the flag leaf but enhanced the activity of antioxidant enzymes. The effect of alter-
nate high temperature and waterlogging is less detrimental than that caused by high temperature alone, but more
damaging than that induced by waterlogging alone.
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