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Effects of drought stress at booting stage on photosynthesis
and yield of Super Rice

DUAN Su-mei', YANG AN-zhong', WU Wen-ge*, CHEN Gang®, XU You-zun®
(1. Agronomy College of Anhui Science and Technology University , Fengyang 233100, China;
2. Rice Research Institute Anhui Academy of Agricultural Sciences , Anhui, Hefei 23003, China)

Abstract: Using six super hybrid rice and one drought tolerance conventional rice variety as materials, performing
drought treatment of — 75 kPa for 6 day by pot experiment under greenhouse condition, this study aims to investigate the
effects of drought stress at booting stage of rice on photosynthesis and yield. The results showed that under drought stress,
flag leaf SPAD and photosynthetic rate of the six super hybrids decreased at the first — earing phase (0 ~7 d), but in-
creased at the first-earing phase (14 ~21 d). LAI,, effective LAl and high-effective LAI were decreased. The size of
panicles was reduced by 3.9% ~ 6.8% , and the filled spikelets per panicle by 7.0% ~ 18.5% . The thousand seed
weight was increased by 1.8% ~5.1%, and the yield decreased by 10.4% ~ 17.2% . Under control condition, grain
yield were in the order of Yliangyou 2, Xinliangyou 6, and Fengliangyou 4. The yield of Yliangyou2 was 23.2% ~
27.5% higher than the bottom third varieties. Results showed that the yield of the six super hybridization rice were high-
er than the drought tolerance conventional rice variety under the condition of the conventional irrigation or under the
drought stress at seedling stage. Therefore, the three varieties of Yliangyou2, Fengliangyoud4, Xinliangyou6 are recom-
mended for Jianghuai Hilly Region of Anhui Province.

Keywords: Super Rice; booting stage; drought stress; photosynthetic performance; yield
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P (0 875 W 0 (577 TR0y 3 2 =R A, 7T 5
Ab P 1) 35 B BT W , FLAR B [RIAS 6 1) N EA T o 3
H kb2 XUPH B8 9 (32°37'N, 117°33'E) , J& b
PRI 28 KU, AR RN A 9044 mm, AR 78 K i
1 609.7 mm,4EXR 14.9°C, Ty 7 H A FH45
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F1 EREBEIHHERESEEELER(SPAD H)
Table 1 The SPAD value of flag leaf of each treatment
5 HUHEBE Normal irrigation T-5Wr38 Drought stress
il Variety

0d 7d 14 d 21d 0d 7d 14 d 21d
45215 Lvhan 1(CK) 46.3 4.5 36.7 28.6 4.7 2.1a 36.8 29.3
C W4E Y C Liangyouhuazhan 48.1 4.9 4.0 30.4 46.2 2.7 3.1 32.4a
EWith 4 5 Fengliangyou 4 50.7 47.3 41.0 32.2 48.7 45.8 41.3 33.1
B 6 5 Xinliangyou 6 51.1 48.4 2.9 33.0 49.8 45.9a 4.2 35.0a
EAE 153 Wandao 153 49.5 45.5 43.2 32.7 47.9 4.6 4.0 33.9
y Bt 25 y Liangyou 2 52.8 46.9 2.6 33.1 49.8a 46.5 43.5 33.8
EWifl 15 Fengliangyou 1 49.3 4.8 41.8 30.4 48.1 43.4 2.6 31.7

TE A RVNE TR R — SR R — 1] S0 R #2257 18 0.05 K-F, AR S FHREFRR 22515 0.01 K5 T 1A

Note: The same variety and same line lowercase letters indicate significant differencte at 5% compared with normal irrigation, capital letter indicate significant

differencte at 1% compared with normal irrigation. The same as below.

*2 JZUNEFHAMEREEETESER
Table 2 The leaf area index at heading of each treatment

B Normal irrigation

T8 Drought stress

ST W BRMWE AR ] W BRYME AR R T
Variety *%{‘ FUEEL TR/ % FUEEL *%{‘ FUEEL R/ % UL
IEIAI Effective  Rate of effective High-effective EAI Effective  Rate of effective High-effective
LAI leaf area LAI LAI leaf area LAI
£ 15 Lyhan 1(CK) 6.03 4.24 70.32 3.24 5.84 4.15 68.71 3.09
e oAk jangy-
C P AL A i C o Liangy 7.34 5.97 67.71 4.13 7.13 4.58A 64.24 3.86a
ouhuazhan
FHff 45 Fengliangyou 4 6.95 5.14 73.9 3.78 6.68 4.93 73.80 3.55a
B 6 5 Xinliangyou 6 7.07 5.42 76.67 3.92 6.74 5.08 75.37 3.64a
fERE 153 Wandao 153 6.83 5.15 75.40 3.80 6.65 4.94 74.29 3.57a
y Wil 2 5 y Liangyou 2 7.12 5.40 75.84 3.74 6.85 5.12 74.74 3.52a
FEWf 15 Fengliangyou 1 6.9 4.81 69.11 3.54 6.77 4.49a 66.32 3.34a

TE AR = A0 TR+ SIHTIAHEEL x 100% ; S AR BU 18 fdJ5 = R - T FREE £

Note: The effective leaf area rate = total leaf area index divided by leaf area index; High — efficient leaf area index is the last three leaf area index.
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2.3 ZEPATEHNEXNFFEEERFENEM

H2 4 nTLUA H, 6 /8 GO i R A 1E
T A R B AR y PR 2 5 B
6 5 FEWIE 4 5 BERE 153 .C BILAE & ERAL 1
SO TEA R T R0 AL B AR B B s B
FI AR KAy B 2 5 PR 4 5 B AL 6
5 e 153.C BARAE L EML 1 5, EANBTELE
IS ZAE T 2B T, 6 A S F
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R3 ZSHEEMAEEERE/ (umol-m™2-s71)
Table 3 Photosynthetic rate of flag leaf of each treatment

H AL Normal irrigation

FFJHE Drought stress

AR Vari ety

0d 7d 14 d 21 d 28 d 0d 7d 14 d 21 d 28 d
852 15 Lvhan 1(CK) 22.47 28.73 25.82 18.87 12.89  20.56 A 30.02 28.53 21.64a  14.98 A
CWiflife 15 C Liangyouhuazhan 23.66  31.09 27.40  21.76 14.12  20.96A  29.78 28.62  21.88a 15.67 A
FHL 4 5 Fengliangyou 4 24.08 30.38 27.85 20.37 13.94 19.92 A 29.51a 33.16 23.38A 15.85 A
AL 6 5 Xinliangyou 6 24.38 31.45 30.21 21.44 14.03 19.98 A 29.67 30.24a  22.94A 14.52 A
WA 153 Wandao 153 23.98 30.68 27.36 20.12 14.06  20.73 A 31.82 31.75a 24.47A  16.26a
y B 2 5 v liangyou 2 25.15 32.73 29.67 21.92 15.41 20.17 A 27.88a 28.98 21.98a 15.11a
FEHL 15 fengliangyou 1 23.92 29.73 28.19 20.69 13.65 20.56 A 30.02 28.53 21.64a  14.98 A
F4 EREFEFRZRTEZEER
Table 4  Yield component of each treatment
H R Normal irrigation FE 8 Drought stress
; o S e e O
o il P TR SRy s TR S SR
‘ segemhy  RIEEL ey ST AR RO e S
Variety " /ChL-FE) (g-#n~") VACOEE "SR IVAC XY Sy . (g% ")
Effective 1000-grain . . . 1000-grain .
. Seed per . True yield Effective Seed per . True yield
panicles el weight/g J(aplot-1) ol el weight/g J(arplot-1)
/( N()_ . pl()[’ 1 ) panmcle g p ot panicles panicle g p ot
2% 5 15 Lvhan 1(CK) 15.7 178.7 25.5 69.5 15.7 172.3 26.8a 67.3
¢ AL ——
C PO L% & C Liangy 20.3 187.3 25.2 89.4 19.0a 170.7A 26.4a 78.3A
ouhuazhan
F Wik 45 Fengliangyou 4 19.3 211.3 27.1 104.5 18.3 185.7A 27.9 91.0A
HIHAL 6 5 Xinliangyou 6 19.0 215.0 28.0 108.9 17.7a 175.3A 28.5 90.8A
WEAE 153 Wandao 153 18.7 192.7 27.5 91.5 17.0A 179.3a 28.3 80.6A
y Bl 25 y Liangyou 2 19.7 229.3 27.4 119.1 19.0 208.0A 28.0 98.6A
FHL 1 5 Fengliangyou 1 18.0 195.7 26.9 86.4 17.3 179.0A 27.6 77.4A

Rl 3 AT 7 H 2P T 5 A P B8 i A 1Y
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B R BBUS =01 S A PR 16.0% ~20.7% , £
W 4 54 7= S BV BUS =00 B0 S AP 7 12.49% ~
17.3% 347 Bk B K 76 T R0 B4 F T Ly
IR 2 5 4 7 e B80S = B S RS 7= 18.3% ~



108 T2 X AR AT

o535 &

21.5% , F WL 4 58w EVEUE =07 1 &R g
11.4% ~ 14.9% , Hi WL 6 55 7= B E1 58U =01
SRR 11.2% ~ 14.8% , 3477 IR AR B K- o
ALy B 2 5 GHT AL 6 5 (B 4 S AU IR
FVEME AR N i A, i HL A A T  RE ) R
i, B 2 R T R R R E A BN
iAoy e

3 ghgSiie

TKFE 2 RE IR 7K 43I B, X 7K o AN 3K o
KT EL B SRR , B R 7K 43 5 B2 b K A A K =
Az B SRR R ™ A RS, T
UK AEAE B 7 i A B R AL B 2 i
TREMFE -2, BRIEHSES HIA N T R4 B
KR it S SRR AR, LI R A T Rl A AR 4
2 VR A AR S B e P, e ) g%
— I o ) Sy 2 A T 5 Ak PG KR B
5 SRR W, S8 S S U I A Ok 2 T 5
JoNE T AR R P T o S A B R s ) (5, K
BRSNS RE & B BT kR 2
FRFS R A M AR AR Y, Hod , 2R R R
PR St A e e, U 43 BRI, LR R3] A B B
WIS AR XS B8N A ST 45 R 0, 5 1E W HE Bt e
8, 2RI R A b R R U AU S i 4
B SO RS T R T, A ko 1 R
RO TR R R R R M, SR AR IR A O
WFFE I EE B LA — 3, (B R /K RS S Aot 2 i)+
S RN 25 AR, W e BRI R R R, A
P (5 15 B A B A08™ 3.17% , a6 1
FERE A I B I 10% , 34938 304 & K
Sy PG 2 el e R e, 1 BH SRR R
(L5 1 5) WP 2R T R B HEHL AR 1 B 3 B 2
Feidm Al y B 2 5%t 2 R T R I R HURE 1 e
B o KT T RPN IR S 2 i 4R 2 2 o
B HR I, 51T A S5 A [, A5
ZER e T R A PG RS Gt e R i SO AR
Se R TR, 97 HL R AT B R e R AT T Rk
T HHOREE AR 25 W PR R ECR IS )  IE R T
TIREM A i, NIt 4 5 &5 it OB iR T
FEHEE I B, T T R PR A o i A K =
ST TR B JEC D PR R Y B A TS 3 T
FAaAb 5K BB, BUB B KR B (T2 &
GOy AR R G iR SN =€ 59 =R I AW (R 28
AN T RAC PR TR I, 5 R ARSI R
LSS A3, AR I 45 T 5L A Jd 7 A4S R

TR A Prde o g5 15 C A
TR P R, DO RIS Y T R A A TR
¥ I PR AT 2 2R R T R — T (AR o T RO
A GRACEAEIS 2, DI (AR B0 B, 20 T R
KR, T — T R BIE LR T IR A i, iE
M RE SR A HE I ORI s, AR %5
A SE PR R, AR I R AR 6
RRTMAR T 1 598 21.3% ~ 71.4% , 14
T 28 400 F 6 MEAMB MM RGERE 15
H7=AT55 15.0% ~ 46. 6% , AR 485 1 S 04T
FARE ) SR, (A SE B i A AR T TR AR A
T,6 MR SF Ry BIE 2 B E S — B
PR VRO =10 A 23.2% ~ 27.5% , BT
e 6 T A 55—, A AR B =AY Y
7716.0% ~20.7% , T 4 5 7 A fm o =, 5™
HRBUS =0 RGPS 12.4% ~ 17.3% , 4 721y
IR O FE R R T AL B ET  y BOAR 2
S IR S — B R U = SR
18.3% ~21.5% , F-Wiflt 4 5= R eE — B
FBBUG =00 SR 11.4% ~ 14.9% , F AL 6
S A RS = BT RV BUE = R G
11.2% ~ 14.8% , ¥4 7= IR B ik Al @ E 7K P AT UL y
P 2 5 BB 6 5 (=PI 4 5 ANUAE IE 5V Ik
F R A T LR R R ) A, B
o368 3] Z R A R L R A AT O B B AR
B G, #UCK y B 2 5 JBRE 6 5 L E BT 4
5B SRy AEGT T S5 1 5 BRI B B s X )
o

2 % X #:

(1] SRFTW, THEM, FAE . KR T 2SS BT S5 A,
[J]. 0 AR 42441, 2001, 12(2) :226-233.

(2] MR- W, A B MR R R e [ K U B R A
BOME e 4 J] . I R, 1998, 11(4) :5-10.

(3] ZRufrp BB, R R 25, 46 T 5 Wil X 7K A K 43 1 3R 1 5
[ )] A= RheAr ot , 2004, 12(4) :351-355.

(4] HFRE AR, KB4, 5 AL G 7K 5377 ot K R = RS I
AR (7] . o EKAEREF, 2003, 17(3) : 239-243.

(5] RIEW: RO ARG, 45 .+ HEK L4 XA [ K F 0 7= i
A RS B TG TE 3 o SO i o [ ] A% A 2 41, 2009, 23 (6) : 1065-
1069.

(6] WM, T =R, 53 F X, 55 W IR 25 S0 0 R iR T 5 52 B W ae X
FEOK ELAEVEAS SR A I s [T op AR S Ak 243
2012,20(1) :40-47 .

(7] Epg. 8 &, B0, % TR Eba KR E T R S5 A1
FEARIEN [ T] . A 2F2F 4k ,2014,4(1) :4-14.

(F#% 260 1)



260

TR XAV BT

o535 &

[12]

o A R R RTL] . A0l TR 41, 2016,32(11) : 258-264.
FRE B Bt 5 A AR AP S B S X LT b Al BRI S
X4 ,2004,25(5) : 14
JA WY, s R B o o N 2 (8] 2R 2 Y B AR AR A R
E—— AL BB B (1], 7K AR 3535, 2016,23(5) :
316-321.
IMETE, IR, BIL, 5 BT ArcGIS A5 8] 3 BT R A
4> SRR AR FH—— A PR B I Bl (1] Pa g
KeEzsr gl (A AR R ,2014,36(8) : 130-135.
TEHE S, 26, X F, 45 5 BB A A 25 B Y B A R
FEJTIELT] A TARSAR, 2014,30(24) : 298-307.
Z& e R, AE TR T M T S TR Y L Al
AR s AR D] ARl TR, 2014,30(1) :200-210.
FRULIL, et , R 2L, 55 BT Al B R 2545 PRI (4 13
B SEAR A B B DX 3 5 7 ik T 5T (0] B AR BEIEAE 4R, 2014,
29(3):377-386.
B L BRI, AF T R AR v R A A T R B
R FIHAE RS 5B T] Al TR , 2013,29(7) :219-229.
Jiang G, Zhang R, Zhang C, et al. Approach of land use zone for
capital farmland protection based on spatial agglomeration pattern and
boundaries modification[ J ] . Transactions of the Chinese Society of A-
gricultural Engineering, 2015,31(23) :222-229.
JEFS R WA, X RS LT g AR A B el s bR v S A
A BAT R SR ()] ARk TR 2412, 2014, 30(13) - 238-
246.
TP, TYHTE T A 255 ) (4 B A A FH 25 [R) i AT 5T
PIAb g 5 e B 61 [T b B A SRl 254, 2014, 22(3)
342-348.
X B BRI AR TR I DX -3t T R R 25 G PP S = [
P[] Al TR A1, 2013,29(6) : 245-253.
TR SR ER I SRR E AR R T A AR RS R SHE IR Y
AR R X T (1) AR TR, 2015, (23) :222-229.
T, S LT CIS ST I 4 A AR T ) s AR
e AR X [J] . Aol TAR2 41, 2012,28(2) :234-238.
WM, B B, A P R UL B XK AR A

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

A2 HARDRSR T ()] Al TR 41, 2014,30(16) : 263-
274.

B, BEE B ZRT AR, 45 T B 8 BUR 38 25 ] 5 A
SR AR 43 X [T] . Al LR 244R , 2014, 30(18) : 249-256.
HORME  RTEAR, R 0%, 45 BT XA SRR A I A AT T R
BRI R ] AR TR, 2014,30(1) :219-227.

Zhang C, Tang Y, Luo L, et al. Outlier identification and visualiza-
tion for Pb concentrations in urban soils and its implications for identi-
fication of potential contaminated land[ J]. Environmental pollution,
2009, 157(11) :3083-3090.

EFWE, 28, TRERIE L 5F bR AR A 5 X Al R
BT A0 TR, 2013,29(10) : 241-250.

TKEGIE 22 TOME, A T, 55 AR ESR BT T B ik L]
Rl LFE4R ,2013,29(14) : 238-244.

AEEG, 2% G S0 T R AR As 18] B AH OC 0 bR e FE A
A A A X (1] Al TR 241, 2015,31(22) :276-284.

BE 80 IR, KRR, E AR R A RO R RL Y
ey Rt Bt e (4 1 G (7] Aolk T 2% 41, 2014, 30(5) : 193-
203.

Xiong C, Tan R, Yue W. Zoning of high standard farmland construc-
tion based on local indicators of spatial association[J]. Transactions
of the Chinese Society of Agricultural Engineering, 2015,31(22):
276-284.

XUEEAE R SR, B0/, 45 BE T 22 DR BE B B 1 iR b i
A BT S5 A (1], BN O TS 3R 5, 2014, 24
(3):47-53.

KOXEE P, GNERY, S AR SRR A R B R R
B Hzsil o p—— U B LA B B ol [1]. & U 3,
2012,32(7) :129-134.

BLR A, BRIGIR , X AR . o s e A o P e 05 T s R 45 5 07
SBR[ o [ [ L BRI 4 5, 2013,26(11) :28-30.

PRELT:  RIEAR, SR SCR , 45 5 4 T B b A0 e Al 2 ] 52 2R A%
S ] A TR, 2012,28(4) :235-242.

2O RRR, R AR, S5 SR AR ORI A R Y
ORI ZS R TR A3 AT L] Al TARE4,2012,28(16) :217-224.

(L% 108 )

(8]

W Jp 26 FFd et R, 55 AR T S 3 el R S UK
FERMAEBARPELT] . MEY 241k ,2010,36(10) : 1796-1803.
Z0RLAER, R B KA BBIAR AT B Z S5
HIRZm[T]. PEREAR 2440, 2004, 17(4) :435-438.

TR, FAME , SR 3CH, 55 R W) A2 5 B 0T 5 e 0 K g 7
SRR )], o EUK AR, 2007,21(6) :643-649.
SR XM, 2ERIA 25 ABA SRR KRS 2R T B a2
PRREVER 4387 (1] o ORI ,2014,47(22) : 4380-4391 .
XIWeDE, Bt 55 . T 5 b3 %4 ) A= K TR A0 ) 1 9 5 AR
[J]. TR X AL RS, 2002, 12(4) :6-10.

SR, VLRI SO T b W K R R ALY
s [J]. s ELE R ,2015,48(8) : 1492-1505.

T 45— RS E . HUK ST B KRR ZEFE I R Ak
IKACE WA RLE B (PR [ 1] A A 52 4, 2005, 29(5) :

[15]

[16]

(17]

[18]

[19]

[20]

819-828.
FEE, FAAME, K30, 55 . TR W i K R 7 i e = i
TR ()] AR ,2008,24(2) : 160-166.

AR , BARTRLAR , AR E2E . 7K 43T 380 %ok 7K e 61 b S LR 1) 5
W [J]. AEdeAR 244 ,2010,25(1) : 170-174.

SR RPCAR, FAREE, A5 45 S0 3K A X R OK T Y 5
W[ J]. AR 4R, 2002,28(5) :601-608.

B2, Fr o FREEa KR 5SS [T]. 30
TR 2010, (2) :26-28.

2R AT AR, ZEME , 45 . KR SR s i A 25 i g
[J]. PURE AL 244K, 2005, 18(3) : 244-250.
WA AR E AR, I Il 55 . 45 S0 R 3K SR F B IRAK
ey SR s [T ] A M R 2224 Rk 5 A Bl 24 B
2003,24(3):37-41.



