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Effects of kinetin and succinic acid seed dressing on the ultrastructure of
chloroplasts and chlorophyll fluorescence parameters
in aging process of maize

SHAO Rui-xin, LI Jian, XIN Long-fei, ZHAO Yu, YANG Qing-hua*
(Agronomy College of Henan Agriculture University, Zhengzhou 450002, China)

Abstract: In order to investigate the effects of kinetin ( KT) and succinic acid (SUA) on the chloroplasts

ultrastructure and function, the ultrastructure of chloroplasts and chlorophyll ( Chl) fluorescence characteristics

were studied for two genotypes with KT and SUA seed dressing under pot experiment. The results showed that KT

and SUA inhibited the production of osmioplilic granules in order to maintain the structure of granum thylakoid

integrity , which resulted in the increase of the chlorophyll and car content, the ratio of Chl a/b. KT and SUA also
promoted the Fv/Fm and ®,g;values by 7.8% and 6.2% , 10.2% and 2. 7% at the 1/2 leaf yellow stage of
Zhengdan 958 and Yudan 2002, but reduced the gN and gqP values. Compared with Yudan 2002, normal

senescence variety Zhengdan 958 was more excellent on the chloroplasts ulirastructure, chlorophyll content and

fluorescence characteristics.
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Fig.1 The effects of kinetin (KT) and succinic acid (SUA) seed dressing on the contents of chlorophyll and
carotenoid in the leaves of different maize varieties
[EE(Note) : = f0FE 4 MBI ZEF HE (P <0.05) Indicate significant difference among the four treatments at P <0. 05. ]

d) B R &%, H Chl &8 23N 5 BRARH
iad At 2R 10 d(HH G 60 d) A3
Rl B EMT =8 (KT + SUA) A EL A3 R
(CK) 4&b38nt 5 ity Chl EBESE 14 Mfint iy 2% &
FRILVEFRZS, AHF 2R 10 d 5 X
B, A0 E Chl & 838 & T AR AR, G
HARAEH 958, 73 AR AL B S H 2. 0% (H
J560d). 3.8% ()5 80 d) fl 8. 7% ()G 95
d); IR T ZIRABAERF AP 958 5 AR R
Chl & &, W18 M f M R P %, KM ohRe
B, 8T AT R BRERZHO0ER, WEATE
AR BEE T B AFER

Chl €0%% Chl a A1 Chl b B, K4 Ko
Chl a 53 F & Chl b 27 EEREMBIRM LA
REMIPERT, DR IRIRAS ) Chl a 2 F R L RER:
B BERERAYY . Chl b MK E M & (Car) £
8 R I GY: e N T R B O 18 1
) Chl a/b 1 Car 7E55 14 MH-fi; H-2FF R FFo) 2 B4
NETL), NHFR2RE 10 dFEHE, (ELEE 60
d, 80 d, 95 d) KT F1 T — ERAb 3 i) % B4 2002 fY
Chla/b ) B Lb X MR 3 0 T 28.7% . 25.9% .
43.6% ,Car W 3THRE 21.6% . 13.9% . 12.2% ; Ti
L 958 1y Chl a/b 3 FI X RN T 1.7%
21.4% . 33. 4% , 3587 Chl a BXEHIIEE KT Chl b,
T X TE R R 75 4h, AR 958 1Y Car 31N
T58%.,14.7%.9.5% , WHMBEMT _BRL4HEG
BT B 2002 ZEAE T /a9 Chl a/b 1 Car B B
FHBHL 958, MY Chl a/b 1 Car 7K1 LL 438,
M ESELRES AN B HERARS T

SRR B E AL, AT 4ERF T ROt aE B R
BosH:
2.2 HHEWNT B EXMFHREBREN
R

BEETE T BB WE M A R A R4S
ROE 2) 2, EM RS E (HEE 80 d) , ARH
958 MR AR EIRBRIE , Wi Bl Ty 1l , BB ST
HEF e 20 M BE R 6, I MR Y SR Y BB AT BE SR A R
BEE, B 4K E AR E R B
2002 HM-SRR KB E A RHFIEMN . AP, BE
B EHFIT IR LI H BT SR AR K,
M A EEERE S BB EE S MBI R AT R4t
B AR T R 2002 MSREREDR i R R
3K, HID T g ERABURL , TIIRR B 058 M-SR A LM i AR
At 32 B3R IRAE M R UR: B O D, (B Bk R
SxILPFEAEZEMN. HHABEIRM T R
HA 3 o o AR ABURE B 38 , B LR ks SR BT IR AN
A BB T R

FE 172 MG (H )5 95 d) (B 3) , A5
958 WHeg AT A — R W BE 4 7 , B 1 B JSBE 43 B
BUGL, ot B SR AR TT 46 BRI , B O o SR U R
W AR M-SR R i R B BRI, i RS
HTFIRRARE, TEHTAR T B s 15502002 ISR B ik
MR R R B S W 40 MO BE O3 A , B R4
Kb HA B B BRAR, MO SR AR SRR 5%
WE SRR 2 HBOK, BUR R AT, Beb R R S
TR WMEIRM T ZREFE, M 958 KNt
SRR AR H B AR BES(B AR AR I BE 23 A , W 4R SR
BE BB R, Moy BHRAR TR, A



6 3 BREEE, % WEhFRA T ZBRARI ERFR R P R IR SR SR TS BB 1365

B2 HEhFMT B EXKM REERHEEERS AR
Fig.2 The effects of kinetin (KT) and succinic acid (SUA) on chloroplasts ultra-structure

at the tip leaf yellow stage of maize

[ (Note) : 1. B85 2002 PEFIALIEM 4744 ( x8000) Chloroplasts of Yudan 2002 with KT and SUA seed dressing ( x8000) ; 2. B4 2002 $Efpib
FH-%%4% ( x 34000) Chloroplasts of Yudan 2002 with KT and SUA seed dressing ( x 34000); 3. 88 2002 A $E 4k 38 it 4 4% ( x 8000)
Chloroplasts of Yudan 2002 without seed dressing( x8000) ; 4. 852002 A$EFpH-%%{&( x34000) Chloroplasts of Yudan 2002 without seed dressing
( x 34000) ; 5. #385958 PEpp4bEMH-%4%4%( x8000) Chloroplasts of Zhengdan 958 with KT and SUA seed dressing ( x 8000) ; 6. #3848 958 PEfh4L
FH-%R{k( x34000) Chloroplasts of Zhengdan 958 with KT and SUA seed dressing ( x 34000); 7. ¥RBA 958 A $E b4k 38 mt 4% 4% ( x 8000)
Chloroplasts of Zhengdan 958 without seed dressing ( x8000) ; 8. ¥{84 958 APEFh 4L M 43 {& ( x34000) Chloroplasts of Zhengdan 958 without seed
dressing ( x34000) ; Chl—m-%%{% Chloroplast; O—FE4RE} Osmiophilie granule; G—3:¥/ Granum thylakoid. ]
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Fig.3 The effects of kinetin (KT) and succinic acid (SUA) on chloroplasts ultrastructure
at the 1/2 leaf yellow stage of maize

[ (Note) : 1. BBa2002 PEAhALFEM-4%4K( x8000) Chloroplasts of Yudan 2002 with KT and SUA seed dressing ( x 8000) ; 2. 852002 $EFh4LIE
i 484% ( x34000) Chloroplasts of Yudan 2002 with KT and SUA seed dressing ( x34000) ; 3. 85 2002 RPERALFRH %44 ( x8000) Chloroplasts
of Yudan 2002 without seed dressing ( x 8000) ; 4. 84 2002 A PEFhH 444K ( x 34000) Chloroplasts of Yudan 2002 without seed dressing ( x
34000) ; 5. HSBE 958 PEAhAEIEM-4744 ( x8000) Chloroplasts of Zhengdan958 with KT and SUA seed dressing ( x8000) ; 6. ¥2 958 REfpp4bFEH-43
& ( x34000) Chloroplasts of Zhengdan958 with KT and SUA seed dressing ( x34000) ; 7. #3858 958 R3ERp 4b 3 H 484K ( x 8000) Chloroplasts of
Zhengdan 958 without seed dressing ( x8000) ; 8. #5385 958 A HEAp4bHEH-47{% ( x34000) Chloroplasts of Zhengdan 958 without seed dressing ( x
34000) ; Chl—mM-484% Chloroplast; O—Wg4#Ei%; Osmiophilie granule; G—3#E¥/ Granum thylakoid. ]
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Fig.4 The effects of kinetin ( KT) and succinic acid (SUA) on Fv/Fm and ®,;

of the leaves of different maize varieties
[EE(Note) : = f0FE 4 MBI ZEF HE (P <0.05) Indicate significant difference among the four treatments at P <0. 05. ]
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Fig.5 The effects of kinetin ( KT) and succinic acid (SUA) on P and gN of the leaves of different maize varieties
[EE(Note) : = f0FE 4 MBI ZEF HE (P <0.05) Indicate significant difference among the four treatments at P <0. 05. ]

B, MG A T RE S M AR R B A 1
BEETRBEMARAIRRPOKENEXRT,
BIABTSTIER , CTK @ R M SR iR R 72 o
FEA B AR AL AL 7= ) MDA it b& # AL B TS M 19
WL RE SRR SR, AR, B
B1.2002 ZEMFIRAS BN, MR AR R H R
3K , R ERBUR B, BB M SOt B BR S
T TR, B, BBhER (CTK B—F) T B
i A T I R R R TR B 38 I, A SR Bl 1
ER R REY MG ER R R | R RS Y
TRE, HTHEEN LIRS SHEIM
%P AR RS R T ZRARE kA
M RAEEE SR IR RS, a7
FoAL R b A e B R R T G A T RE N A T PR

A BRI RBA, TR E SR 65 e
Ho BERER,EMRAER, A 958 i 5 It 4Rk
TS REMLEE Bk J2 B G M, LI SR A B R AR 2
18, xR EERNERERH,

M REEEEANYRERM, HE2r R
BT MRt a B B 5, — e R LR
REXMN A EERE R M EEE
fEH,Chl a BREAFEERT Chl b, {15 H ILEZHT
MR s ARB, BEE M T RS
EAEFEAE T REWI B34 Chl & Chl a/b J Car
&, UREELARE AP REL AR HLH,
— 75, R Chl a B 55KH Chl b &7
URBREEEREN T, B8R K Hagf v e
AR o BE, DT O B [ 4L 48 1 58 R B BE Bk



1368

EYWERSERZR

18 %

W5 B—JE, A TR, R Chl ab Al
Car & 87| Tl WK RLURAM 3Chl " (=AM
BEOMRPAEGRE, FHELTEICRIEN
e L™

YIS RS R R H TR S EEHOEE1E
AERTAEE™, A SRET s h ¥
YR AP S RERHIE B9 E B AR BA
Brgeeh, A 385 PSIL i 28 52 PSII ik
ROREA FTREAR, TRFERONER " . AR+,
ERMAEZESET Fv/Fm, O, T qP ZBHF T
W, T oN 2RBH I HBE. BIRMT _RE
BFERESH, WERGHMEN T E X+ /EH
M B SE B Sl 2 2R A BE B[R] 4K 7 1e 19 20 B
LB, BT 358 K BB TR AR K, oM UG MR
HERKE KRR E R, PEFPACEYERy T
A AT RHDER R OB R AT HRR KOt EHE T
e BE Sy , LR E 2269 ATP Al NADPH 45 [7] 4L H1]
MERM A3, HMRBEEHETY, A
-

4 258

EREESHRELEMEE/, Chl & &,
Fv/Fm, @p o P BT EAETIRR . SHIER
FPARER 958 A LL , IR AP FR 5. 2002 M 1 2RI
JERERAL N A AL 2 BR N T B, M A R
BRI A, iR AEZ B BA S EM 4
F HBRBRES ZEEL, BRI AERE, A
FEARMROLEERAN R SNRBEIRMT
TR RELERF TR B R IR B9 Chl A1 Car &
B X Chl /b HAH , LARERIAFERL, 38 in PSIT R4k @&
RREDCRER T A& i T8, fefe i RIAS5 1
AR M TR I M B 065 T BRI, D R 0K
7B BE Y AR

& % X W

[1] Giles IG. A compendium of reviews in biochemistry and molecular
biology published in the first half of 1991[J]. Int. J. Biochem. ,
1992, 24(3) . 347-368.

[2] Singh A, Naidu P S, Kulkarni S K. Reversal of aging and chronic
ethanol-induced cognitive dysfunction by quercetin a bioflavonoid
[J]. Free Rad. Res., 2003, 37(11). 1245-1252.

[3] Trippi V S, Gidrol X, Pradet A. Effects of oxidative stress caused
by oxygen and hydrogen peroxide on energy metabolism and
senescence in oat leaves[ J]. Plant Cell Physiol. , 1989, 30(2) ;
157-162.

(4] 2EE, BER, L#E, & HAFRERNARKESE

(5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

TASTFHREBWAR[T]. HZ2R, 2011, 38(2): 303
-310.
Shi G A, Guo X F, Kong X S et al. Respiration rate and
endogenous hormone levels in relation to the flower development of
tree peonies [ J]. Acta Hort. Sin., 2011, 38(2) : 303-310.
MR, XHRR, DR, & e+ ERSHiRRER
REAHFLI]. 1E#I2EHR, 2011, 37(3) : 389-39.
Hao J J, Liu HM, Ma Q X et al. Genetic effects and diagnosis of
premature senescence of leaf in upland cotton[ J]. Acta Agron.
Sin. , 2011, 37(3) . 389-396.
BT, IMETE, LT, F. ARSMNEBENERPEMREE
EMAERER RN T]. PERLRE, 2009, 42(12) .
4383-4389.
Zheng S S, Sun CF, Sun H C ez al. Effects of different exogenous
hormones on physiological characteristics of main stem leaves at
flower and boll stage in cotton[J]. Sei. Agric. Sin., 2009, 42
(12) . 4383-4389.
Clarke S F, Jameson P E, Downs C. The influence of 6 —
benzylaminopurine on post-harvest senescence of floral tissues of
broccoli ( B rassica oleracea var. Italica) [ J]. Plant Growth
Regul. , 1994, 14 21-27.
Noodeén L D, Guiamet J J, John I. Senescence mechanism[J].
Physiol. Plantarum, 1997, 101 . 746-753.
BES, B8, ZER, KK BHARIRERYEX
HREAERRER R BRI [T]. K ARFF2EIR, 2005, 19
(2) : 199-200.
Yang AZ, MuX L, LiML, YuH B. Effect of cytokine in spray
on early-senescence prevention and yield increase of dry-cultivated
rice [J]. J. Soil Wat. Conserv. , 2005, 19(2) : 199-200.
HEE, DT, DXy TREMHMEXRMHAREGEER
ERIAREEERERT]. RIURER, 2009, 24(5)
155-158.
Yang Q H, Ma E P, Ma X L. Effects of soaking seeds with
succinic acid on photosynthetic pigment content and related
enzyme activities in maize leaves[ J]. Acta Agric. Bor.—Sin. ,
2009, 24(5) . 155-158.
o7, i, e, BEE AREYEKFETYENE
KHFFEERREEAELT]. EXRPEE, 2010, 18(3): 105
-107, 112.
MaX L, Shen T, Li J, Yang Q H. Effects of different plant
growth regulators on the senescence of maize leaves and yield
[J]. J. Maize Sci. , 2010, 18(3) . 105-107, 112.
RS, X%, oL EYEEPERER(M]. LR
R E RN AR, 1998, 152-154.
Zhao S J, Liu H S, Dong X C. Guidance of plant physiology
experiments [ M ].
Technology Press, 1998. 152-154.
XIAE, LR, BT, KR 505 0 R
MRALL B AR E [T]. ARBEHR, 2003, 13
(2): 194-196.
LiuSJ, Sun Y D, Zhou G J, Zhang X J. The ultrastructure of
the mature testes and erythrocytes in allotetraploids of red cru-

Beijing: China Agricultural Science and



6 3

BREEE, % WEhFRA T ZBRARI ERFR R P R IR SR SR TS BB

1369

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

cian carp X common carp[ J]. Prog. Nat. Seci. , 2003, 13(2) .
194-197.
Keck R W, Boyer J S. Chloroplast response to low leaf water
potentials [lI. Differing inhibition of electron transport and
photophos porylation [J]. Plant Physial. , 1974, 53. 474-479.
KRR, HRR. KR, e EbE TR A RLER
H[I]. PERIAFE, 2010, 43(1) : 123-131.
Zhang Z G, Shang Q M. Photosynthetic characteristics of pepper
leaves under low temperature, weak light and salt stress[J].
Sci. Agric. Sin., 2010, 43(1) . 123-131.
ME, 4, BB TEMENERHREIOLSHIR
BRBEMER R[], SdbRaER, 2010, 25(5) : 141-144.
Cong X, Qi H, Meng F C. Effects of water strsses on chlorophyll
fluorescence parameters and membrane permeability of different
maize varieties[ J]. Acta Agric. Bor.—Sin. , 2010, 25(5); 141-
144.
Genty B, Briantais ] M, Beker N R. The relationship between
the quantum yield of photosynthesis electron transport and
quenching of chlorophyll fluorescence [ J]. Biochem. Biophys.
Acta, 1989, 990. 87-92.
Kitajm A M, Butler W L. Quenching of chlorophyll fluorescence
and primary photochemi — stry in chloroplasts by dibromothy
moquinone [ J ]. Biochem. Biophys. Acta, 1975, 376. 105
-115.
ERE, KEE, BaR, F AAMETRERZEE
KIHRRFOUFER BRI MR T]. EWEFSER
IR, 2008, 14(3) . 479-483.
Wang J Z, Zhang C N, Zhao H J et al. Effects of different
fertilization methods on chlorophyll fluorescence parameters and
yield of summer maize[J]. Plant Nutr. Fert. Sei., 2008, 14
(3): 479-483.
Bellafiore S, Barneche F, Pelter G, Rochaix J D. State
transitions and light adaptation require chloroplast thylakoid
protein kinase STN7[J]. Nature, 2005, 433(24) : 892-895.
BRUR. EWEREE(M]. b5 REHEF LR, 2008. 57
-59.
Pan R Z. Plant physiology [ M]. Beijing: Higher Education
Press, 2008. 57-59.
PhAEE, EHME, Lz BREETHM A SHEOLE R E
Srgkmmam Rl pERLRE, 2007, 40(4) .
855-863.
Yao Y C, Wang S H, Kong Y. Characteristics of photosynthesis
machinism in different peach species under low light intensity
[J]. Sci. Agric. Sin., 2007, 40(4) : 855-863.
B5F, IER, WA, fRakde. 6-BA FULEXHMEESL

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

38 T HRAAE R R a OLSHCRBIR S RA[T]. HEY
A FBESEM,, 2009, 6 575-578.

Yang F F, Zhang G B, Xie ] M, Yu J H. Effects of 6— BA
pretreatment on chlorophyll fluorescence parameter and lipid
peroxodatio in pepper seedlings under low temperature and eeak
light stress[ J]. Plant Physiol. Commun. , 2009, 6; 575-578.
WK, EEE, BEF, Bk ARKSHEENHER5IE
A E MR ARSI W[ T]. 1EHER, 2008, 34
(7): 1213-1219.

Zhang Y P, Wang Z M, Huang Q, Xie M. Changes of
chloroplast ultramicrostructure and function of different green
organs in wheat under limited irrigation[ J]. Acta Agron. Sin. ,
2008, 34(7) . 1213-1219.

Buchanan-Wollaston V. The molecular biology of leaf senescence
[J]. J. Exp. Bot., 1997, 48. 181-199.

ERF, BHE, BRE, ¥ F AR EIBPASH
BRBTSE[T]. 4RdbREEIR, 2007, 22(Z2) : 36-39.
Wang L P, Mao W H, Hu T H et al.
photosynthetic properties in padish leaves during leaf senescence
[J]. Acta Agric. Bor.—-Sin. , 2007, 22(Z2) ; 36-39.

TR, WHE, SAE, % BRUAZBAREFTHEDL
FERSER. OLaRENAROMAME(T]. EWESE
i, 2002, 26(6) : 647-651.

Wang Q, Zhang Q D, Lu C M ez al. Pigments content, net

The changes of

photosynthesis rate and water use efficiency of two super high-
yield rice hybrids at different developmental stages [J]. Acta
Phytoecol. Sin. , 2002, 26(6) . 647-651.

Tlioaia C, Johnson M P, Liao P N ez al. Photoprotection in plants
involves a change in lutein 1 binding domain in the major light-
harvesting complex of photosystem II[ J]. J. Biol. Chem. ,
2011, 286(31) . 27247-27254.

Monneveus P, Mekkaoui M E, Xu X. Physiological basis of salt-
tolerance in wheat chloraphyll fluorescence as a new tool for
screening tolerant genotypes. In; Wheat breading. Prospects and
future approaches [ M]. Varna, Bulgaria, 1990. 1-33.
KRR, ZRM, 40, F. DERFEGF A XD
JEWARIF BT SE[T]. 1E2E3R, 2003, 29(3) : 339-344.
Wu C A, Meng Q W, Zhou Q e al. Comparative study on the
photo oxidative response in different wheat cultivar leaves [ J].
Acta Agron. Sin., 2003, 29(3) . 339-344.

Chen Q, Moghaddas S, Hoppel C L, Lesnefsky E J. Ischemic
defects in the electron transport chain increase the production of
reactive oxygen species from isolated rat heart mitochondria[ J].

Am. J. Physiol. Cell Physiol. , 2008, 294(2) . C460—CA66.



