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Abstract Two hybrid rice Qingyou 159, Guangyou No.4 and their parents were used to
study on the activities of Hill reaction and photophosphorylation, ATPase activity and ATP
content. It was found that the activities of Hill reaction and photophosphorylation in leaves
of both hybrids were much higher than those of their respective parents with marked
heterobeltiosis and mid-parent heterosis, and showed significant positive correlation with
photosynthetic rates. The activities of ATPase (Ca™**-ATPase and Mg** ATPase) and ATP
content of leaves in both rice hybrids were much higher than those of their respectlve par-
ents. Statistical analysis also showed that ATP content and activity of ATPase possessed
marked heterobeltiosis and mid-parent heterosis, and were positive correlation with
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photosynthetic rates. These photosynthetic properties may be used as the indices of heterosis
for rice hybrids of high photosynthetic rate.
Key words Hybrids rice; Hill reaction; Photophosphorylation; ATPase; ATP
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REMBLERNAE  KEEREYRFELREE, MMBR. KBHETCRE R (N
%), FEHESERRR, HH&FH AT 0.1 ml IABITIRE WS (RGBT
47 10 mmol/L K,Fe(CN)s 0.1 ml, 0.2 mol/L Tricine (pH8.0) 0.1 ml, 20 mmol/L MgCl,
0.1 ml. 20 mmol/L Na,HPO, 0.1 ml, 20 mmol/L ADP 0.1 ml, 7k 0.4 ml), H ERBIRS/EM
561 min, RIEMA 20% SERRAILER, HERAEEA TR, K0 b T8 5 R8O X B
S B (1000Xg, 5 min), B_EW® 0.1 ml, fmA0.02 mol/L Tris-HCI £ #p ¥ (pH7.5) 2
10 ml, YEXMWEAS, 0.2 ml WEHFBA 0.5 cm WA EANE, FRRILHAHKA FG-200
BB BE AL S, A 0.8 ml PSRRI, DT ANRENBRIE L, H. FHH Log Ly,
&, EPARAERLR E (R I E BB E M) BB MR ATP WKE, WA RERN ATP &1,
BIgkEgch ATP &8 B ATP AINGESR, F 38 HARR 1 min i HEEEBR
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ATP SBME  KEZAMIMAFEO 7k, SHE&RAEMBMEERERSR, 2
AW 2 g KR, REMRARE, BARED, WA 4 mlFEEK, 7100 C KEFRE
15 min, WREAHE, EAZFHEECHT 15000 xg L 20 min, B 0.2 ml EHFBRMAZNE
0.5 cm W EL AR IMA FG—200 B ZJSe it HE RS, BREFEA 0.8 ml FLEBER, iETF
WefE, MARHERN R L EBMRK ATP £ B,

MRk h ATP B (Mg* *-ATP B§#0 Ca* *-ATP B) FHMAE KEZEHFE. )
Mg**-ATP BEEHMWE: REHSFHHEERZR 1 ml, WA 1 ml %K (pHS.0 &
0.25 mol/L Tris-HCIZEm3% 0.2 ml, 0.5 mol/L NaCl 0.2 ml, 0.05 mol/L MgCl, 0.2 ml, 0.05 mol/L
DTIT 0.2 ml, 0.5 mmol/L PMS 0.2 ml), 7 5000 Lux Y6 F#7680E 6 min. BUTEW 0.5 ml,
BEMAR R 0.5 ml, A 37 C K+ (BREKEN R0 min, Z/FMA 0.1 ml 20% Z4ES
M1k B2, 2000 xg B0 10 min, B E#E® 0.5 ml, WA 2.5 ml @K, BHEFEMA 2 ml
BRI - HBR&EAN, TERTHKE | mn GEARE, BENHEUV-12002 XX EITH L
W ODgo ., EAMRMEMBRERLEIBER, HTFXN1E ATP EH.

‘ o N v 1000 60
ATP Btk (umol Pi mg™ MHRR h7) =umol Pix - X rmgragry

pmol Pi Hy iR ODgg EMIREM LK LB TR, VAREEKR, VI AREAR, B
HEE SR ug FR, W 1000 2 mg; t K PIEE], min.

(b)Ca™*-ATP S HWE: MHEHH M REEFM 1 ml, WA 1 ml ¥ PHS.0 #
0.25 mol/L Tris-HC1 0.2 ml, 20 mmol/L EDTA 0.2 ml, 10 mmol/L. ATP 0.2 ml, 2 mg ml" ¥
EHE 0.2 ml, H,0 0.2 ml), ¥ 20T ABHRE 10 min, A 10 mg ml' F[1HEH 0.1 ml

EIEETE. S ONe kS hItE %1 RUABREEFNBRREER
5 Mg’L + _ATP Eﬁ*ﬁlﬁ], Table 1 The activity of Hill reaction of hybrid rice and their parents
/R B RLTE A HER TiEY EEHEER
HE Activity of Heterobeltiosis Mid-parent Significant
2 g:é': < . Material Hill reaction (%) heterosis ~ difference
(umol O, mg” chl h™) (%)
21 X KBEEFENBRREN HFAR) 119.40+ 2.06 b
M Qing A( %)
! #FE 159(F)) 13545+ 3.35 13.44 26.44 c
M1 R AALE, 3K Qingyou 159(F) :
B‘Ju‘i-%W%mﬁmﬁlﬁﬂwﬁmﬁ R159(6) 9485+ 1.79 a
ESCARRE R, SR AR, L AR 10138307 .
’ ™ ° Guang A(2 )
159 F)y- RS EEMRELS A reneE) 12333+ 4.37 13.93 17.74 b
13.44%.13.93%, EAIH -1k #4)y  Guangyou No. 4(F)

HFARE() 108.25+ 1.48 a
Bk 26.44% F1 17.74%. BN F  Qinglivai( 3 )
IRRMEEE B XMERINEEER % 2 % + SD; Means + SD (1=3)
: > S a, b, cERTE«=005KkT LEXKBELHEXRFZEXREERESR
EREDEMRK X R BN a, b, c: Showing the significant difference of hybrid rice and their
0.948. respective parents at a=0.05 level
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HBEREMEHME S, HExE
K 4 B R 21.35%. 18.81%,
iR B4 B R 34.06%.
22.71%. HEBMRAFERESH
IR B RLTEHE K /N 56 & — B,
P Z FRFEwWIEM R, #X
E¥H 0989, HEHMILTEE
5x4EAEBHHEXRERN
0.973, 78 2 B IEMX.
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Table 2 The activity of photophosphorylation of hybrid rice and their parents

KA BHRALTE MERY  THRY BFHER

M*Z:f'i al Activity of Heterobeltiosis Mid-parent Significant
photophosphorylation (%) heterosis  difference
(umol ATP mg™ chl h) (%)

#HAR) 24028+ 5.23 b

Qing A( % )

#1k 159(F)) 291.60+ 6.00 21.35 34.06 c

Qingyou 159(F,)

R159( 8 ) 194.72 % 4.65 a

rrA(R) 203.50+ 5.44 a

Guang A(® )

JHiElE(F,) 25820+ 1111 18.81 22.71 b

Guangyou No. 4(F)) ’

HARE) 217.32+ 4.59 a

Qinglinai( & )

T, +SD; Means+ SD(n=3)

abc BRI a=005 K F LEXABEL A EAZMERERZR

a,b,c: Showing the significant difference of hybrid rice and their
respective parents at a=0.05 level

2 WY A BERRALIE I £ AT T, BRI KRB EARK P/O LE. FA. F 159, R159,
AL RIS, FAER P/O HArHIR 1.006, 1.076. 1.026, 1.005, 1.047, 1.004; gL+l
W, FARTABEEEAN PO LELHELR, WEI10EL. XRAF/RREZEEMA

A B RRAL T Tk A 0 LB — B

2.4 FXKBRFELMHGFED ATP BEiEE

A KRR 159 A (R0 S R Ay Ca* +-ATP B§A Mg* *-ATP BSWE1E, BA YR M HF
g (3 3 FiR). B 159 B9 Ca* +-ATP BEAI Mg* +-ATP BEIS i @ RME E 4 51 3.8% F
9.14%, FHHEAFFIH 12.09% F 16.4%; 7 4% 15 X B Fh B 4 88 3R 40 #4051 2 15.21%.
8.96%, FHRHLHIH 21.06% M 16.97%.

x3 RRKWRFFM ATP WiEtE

Table 3 ATPase activity of hybrid rice and their parents

- Ca**-ATP B§¥5 i Mg**-ATP B H
Material Ca**-ATPase activity Mg* *-ATPase activity
(umol Pi mg’'chl h) (umol Pi mg'chl h)
# A Qing A(R ) 46.26%£0.70 26.38+ 0.44
F1{R 159 Qingyou 159 (F)) 48022006 3.80%* 12.09%** 2879069  9.14%* 1649%**
R159( 3 ) 39.42£0.675 23.050.52
I~ A Guang A(R ) 39.060.46 ©21.32£042

Jf£MUE Guangyou No. 4(F;) 45.00£0.87 1521%* 21.06%** 23.23+034  8.96%* 16.97%**

#HA% Qingliuai( § )

35.28+0.56 18.40%0.50

P H#H ¥ £SD; Means£SD (n=3); * #¥#EMH Heterobeltiosis; ** FH4E Y Mid-parent heterosis
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RIXRHCH 0.048, BA—RRELAURHAR o 1A N IR

ﬁﬁ&ﬁ%%"ﬁ%%ﬁ%%ﬁ%*ﬁ\ﬁg W H E: J"{£E (Guangyou No. 4);
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Fe S B ERALTE R R AT A TR ATP (968, B, R B ik i it
BAERY, WRIFENRRERTUEE, BEEERNAKBERE R LEBERILTE T,
HEEA BB HNRFRS. WA RRKBREAZ MEEEBMAL Tt 50 A 2 K
XRKE, HUTRIBRSERGME, HEARRAFEE—BBRE, HABRRAEEEREE
REWREHME, HEZ AMNAELEEBET 0.973, XPIEABBMLEERE W4 ERH K
H—AEEMEEAT, THOTUMENELRRHETN—MEEER SHERMABpRNT
WRER—H.

FIRERIEBEAE SRS R S 2 A AR A BN EMRXXR, FEZHNHAXREH
0.989. XEHIEARAEKNIHAH, BHEREREESHHLEHRAFEEERLHN, RN
FrE & e A A T A PJO HAE A /MEF A MU T X — .

ATP BT HE 56 A B MR X R I B0, R ATP MM T M, NS BRA
EHETRE, MHE s ATP & BEOM, AR EmE e AEARR, AT ATP BEHRS
NoEAMERREBEBEMEN. RITMARERIEW THAERS Ca**-ATP BIE MM X R
B 0.927, t MG EEW AT 0=0.01 WREZEAT, KUREZIRAMXRFZEREY 5
Mg**-ATP B85 ST H0ME R BN 0.876, TRAE a=0.025 IR BEKF, FEZ EIFFEETH
%, XEVEN ATP BERRE LS ERRIOKRBM EBFEZ —.

HYES D ATP BT — R FAMBAL BT RS, EELREHT W HER T ATPE
ERANSHBAER., ARIPIBERRERRXE, TAPATP SRS A AEHER
HIHISE B2 0.900, t MBSLE B E AT «=0.05 WEEKT, FiRlm s ATP SR E5HEE
REEME.
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