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EFFECT OF CHOLINE CHLORIDE ON THE
PHOTOSYNTHETIC PARAMETERS AND
GROWTH OF WHEAT

He Ruotian
{Guangxi Agricultaral University, Nanning 530005)

Weoi Daozhi
fHandan Branch School, Hebei Agricultural University, Yongnian 057150}

Abstract Wheat (Triticum gestivum L. cv. Guangxi 5503) was sprayed with effecti-
vely zactive concentrations (200—500 ppm” of choline chloride (CC) in different develo- -
pmental stages. The main results were as follows:

1. The content of chlorophyll was increased slightly, the Hill reaction activity
and photosynthetic rate were increased, the activity of non-cyclic photosynthetic
electron transport in isolated chloroplasts was promoted, the development of grana
lamellae in chloroplast was improved, and the activities of Ca?*- ATPase and Mg+
-ATPase were increased. The activity of key enzyme glycolate oxidase in photo-
respiration was decreased, but the activity of basic respiration was not changed.

2, The plant height of field growth wheat was not changed, but the leaf area
was increased obviously, and the life of fanctional leaf was prolonged. The weight
of 1000 grains and grain yield were increased. -

3, The contents of total nitrogen, protein and crude fat in grain were not
changed obviously, but the total saccharide content in graim was increased

obviously,

5 EBTA:L_‘:HEE&&EI-DCPIPI 2.6 WEIRED DCMU,HE38-(3, 4-=FXHE)-1, 1-=F&F
MV, PEFER, PSL LRgI,) PSUFR%I, ATP: 13=%; RuBP, 1, G-
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The reason of the promoted photosynthetic characteristies and its effectively
active concentration of CC treatments were discussed in this paper.
Key words Wheat; choline chloride; photosynthetic characteristies; growth

Konaka ff1i OO f5 {23 H ¥ 2R AN 0 5, COxHAfkFHE 1", Yy
PFATERGER 1 EE, COMREE M o &2k Y IR R4 s %0 o
BREGHE DS, BICRRAZTREREREZER I SHH O RRE, BR COMEYR
HEHMAEYFERER TN RHSIRAMERR CC etk A s, ExrileE
HMZES, AXEEHRERIDESERFR COMP M ERGHR S ERME R, X KER
BLEZTT T RSaT, & OO g AT A7 R4tk B KiE.

1. RS HE:
1.1 i nREEE

i/ 2 PR N EESS03, B PTARMER 0 EORBT R Bri .
1.1.] Z &KL ZRENYEREH (1.5/1), SEEE S0z, BRF408. #FFHEY
A MBI mEE CC, £ 0, 50, 100, 200, 300, 500f11000 ppm 7 4~ CC ¥t i, &4
WS EY, MVRE. SRABEEEEREF XA EH. 38§ % 7201 % 2 %k CC
J5 5 BT REGFEMEN,. AIRHE#ETT ARERER.
1.1.2 WHNEEE AFRSHSR. Ry, B 5 hE. BEHSL, 184D
B, MihEREFTE. fiPRRESEERER. #F50.1%4HgCl, XREMRRT G
Fr, WIBEAEENTE, &R CC LB ( 0, 200, 300, 500 f 1000 ppm ) (EH &
WL PR A E AR E P ESR1000 ppm COF S B AL AER, BME), &
AmEES=SNNE, BHERATEN. FAEER., #78. BRI oE 4 kCC,
AR EE1IHEEBATRESAE, MRS EXTERZERMFR LTSRS,
1.2 HBAERFE
l.2.1 "t 4T & ArnonU I B Wintf# a, b MIBHERE.
1.2.2 F#REIDEEEAMNZ B+ 3+ 4 WP E B, B FFmEE
PR MO A, DR PR IR B O (10°1ux) 1 4444 )5, TE Beckman DU- 7 43 3t0GEE B
A 52004,
1.2.3 2ok fpofaizfay XESEFXHEBBE Y WNE LA (1,.8ml) 550
mmol/L gERp 8B ( pH7.6 ) Immol/L EDTA fii1ommol/L NaHCO,, BiLJiTH iR
FeiE, ANMEEEALRRI oy, HEINE 1 €. FRERBRELR FHE NEN
grs g sommoel/L SRR ik (PEG6.2) 1,8m], {HE28+1 T,
1.2.4 "t 5 Mg -ATPE 4= Ca’* *-ATD s A2 WML 15,
1.2,5 CREZR E LAl 2 HMHEFSF IERM mE k. M 8 )y inE B Birdmo.ss
mmol/L Brg &k (pHS.0), KL%, EET 4 CFLI0r/min $¥E 0204
#p, EFEMCVERES. REMEESFH4ml, &35mmol/La} B MK (PHS.0) ., 0,1%
DCPIP, ¢,1mol/L KCN, 0,01mol/L NH, (1, 0,04mol/L 2. KEETISTAE
R E 054 E, Sno.5m) HESHE, WAAG20, LIEA4 AL 0y —PEFERN,
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1.2,6 Bk F LTz AAFENE 20 —10emibEE, E3e,
R 0. 4mol /LY, 0,01mol/L NaCl (10, 05mol/L Tris-HOL #rh #E(pHT7.8) i
HMHEE., KBEYE, EET 4 CEABRL (1500r/min) 1 445k, X 41l #h. LT
R T3000r/min FTE.L 745, URPESTERERES, HEHS & BFE. ik
SHEFEARERENE Y ERNER. HEESRBEHAR0. 2m]l, DOMU 3% B X1,25%
10 °mol/L, H&RENE . ARERENAREL,

1.2.7 & HEae G ABRDFEIPE 46 —10cm KBRS HERE Rild. REER
HfEhE O MmN, OB RS Inm? KR B, FPHET.4490.1mol/L
BREZhERRY MRTERREXS (K4 CH) W E E5 /M, F0.1mol/LERER & ;
Sirhd (PHT.4) Wik 48, $2AH pH7. 4850, 1mol/L BEERSF M BRI M 2 4 0sOp,

T4 CPBlEs M, BRANRHEENELE4IR, &4 % ZEOFEHKE, EFEAL1000
HEWS, TR #IE Eponsl2sh @, f#EUL SRR NEMMITRRANG, f JEM-

1200EX RS ME I FW, MM SRETHENEANSIERARTIREE.

1.2.8 FRAS N FEBEAFMAEEREIAREEEREF 283K ERNNE, &

B& R NOYVHOK ik I E, BHMMAEEES BB ZHEAXERE T A

BE% U IR E HENSRARKERENE.

1.2.9 »t&RA LI-3008 et &R HRE,

2, REBER

2.1 CCH/h RGN ER

2.1.1 OC retig 44 Fe5¥Hh HWHEL, BHEFRREECCHE, it & kX AEETRARE
WML ). RRTIBMIERE N3 —14%, LEABiHi20071300 ppm CC EHWmik4, CC
MRS, S SEERIEF L EAER. EEEBFAR 5B, OCxintagE
a, b REHMILELSTGER. XHA COHIFERETHRE—FE ¥ #8H, RE—FF

#1 ELEER(CC)NHEHFEIRHEH
Table 1 Effect of choline chloride (CC) on chlorophyll content of wheat leaves

RUBrER AR (ngehl, ¢ 'FW) AL RAEER (mgedl, g  FW)
CC #BE (ppm) The contents of chlorophyll at The contents of chlorophyll at
. ) r
Concentration elongation stage {mgckl, g 'FW) boot stage (mgehl, g ' TW)
' fchl SCE]
of CC (ppm) Chla Chtb a/b Total % Chta Chlb a/b  Total %
Chl Chl
0 o016 0,008 2,00 0,024 100 0,685 0,330 2,08 1,018 100
a0 4,015 0,007 2,14 0,022 91,7 — — — _ _—
100 0,017 O,008 2,13 0,025 100,2 — — — —_ —_
200 0,018 6,009 2,00 0,027 112,5 0,760 6,370 2,05 1,130 111.3
300 0,018 0,009 2,00 0,027 112,56 8.787 0,377 2,01 1.134 111.7
500 0,017 0,000 1,89 0,026 108,3 ¢,71¢ 0,357 1,99 1,067 106,1

1000 4,017 0,000 1,89 0,026 108.3 0,707 0,340 2,08 1,047 103,2
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BB P A R R T .
21.2CC s HFRRAAFENHILREKE
MEr-owiE CC X5, ExErg
#Hill EREHFHBREER,
EA200H1300 pprmo CC b B SR B 1,
YafR b, H Hill iR iEH 5 B
21.2% f123%. CC yemrid{kfad &,
BmEEER (E2 ),

2,1.3 CC st 4@ Pfofogit £ ey
B AR E CCH hERETHRERMA
BHEREN, HPIRE wE 200H 300
ppm CO H R ARERIREEERL. £
F100 ppm HEHEKRARE; BT 500
prmE, RHBRRTEEK (3 ).
CC y BCFhEE Ry Sxf Hill RI¥ &1 &Y
£ F B2 0.

& CC YeFr N Z2 0 1P 1 KB
PR(CES3 ), IERMB AT THED
MHyeon %5 101 gy gk R —3,

2.1,4 CO A Zihottthk % F &5 1
il i AT

HANEREEI R R AEMAL
HPERENET2EREBEREN, H
BEAMNLTHTFF##%H,0-P8] -
K,Fe(CN)g, H,0»PST->PS]—»
MV #it DCPIP—»Vit.C—»PSI-MV. A
TP a8 A4 ) ) A DCMU, 43 51
MEERBTAEEEER, FR#
B, RFAWME CC RAH=ZANTHT
fo ik BENE R B A R f 18 3 fEA
(E1), ey, COXIEIF ANEE
L% T IR HE R B, 3w R
300 ppm COEE E MM BB IT.
2.1.5 COMfro s Ry st

80 Coti /g, HOE P |E
WE R, Baa&Ewr CORHEE, fF
M IEUE IR (¥ 5% ER B B Z R A (L TR

F=2 E{BEW (CC)HhEHEMNFE
BRENEEH

Table 2 Effect of choline chloride (CC)

on Hiil reaction activity in isolated
chloroplasts of wheat

CCHEE (ppm)

Concentration of

AR R ES

Hill rcaction aelivity

CC (ppm) #molD;, mg~ichl,b™' %
0 56,24 {(cA) 100

50 57.32 (A 101.9

190 $1.03 (bcA) 1085

200 68.19 (abA} 121.2

300 69,20 (aA) 123.9

500 65.25 (abA) 116,10

1000 83,12 (bcA) 112,2

W TERK. NFEXFENHY LSR 0,01 FILSR 0,058
EHENE, SREN)NSRASFRERE(OR Y adR
FREZSREE, FERRZ (Db ERBRERR
%l’

Noies The capital letier and small Ietter of English

in brackets express LSR 0,01 and LSR 0,05
Significance test respectively, of the same
alphabet with no difference; of the different
alphabet with significant difference,

#3 HAER (CC)WNEXESTPHEREHEH
Table 3 Effect of choline chloride (CC)
on rates of photosynthesia and respira-

tion in wheat leaves

CCRE

Concexnltration

Kg R

Photosynthetic rate

R e
Respiratory rate

of OCippm) pmolQ, dm~*.b"*% pmolQ,,dm " h™"%

13 147,10 (cA) 100 57.49 (all) 100
50 145,32 (cdA) 99.5 57,38 (ad) 99,8
100 158,43 (beA) 107,.7 57.53 (ad) 1001
200 190,82 (abA) 129,.7 57,19 (ad) 99.5
300 184,19 (aA) 1320 57.47 (af) 100
500 170,11 {abeA) 115,6 60,45 (aA) 105.1

1600 180,91 (beAd 109.4 60,34 {ahA) 195

= E%F’qﬁs fJ‘EiR?EmERﬂizw
Noter The meaning of capital letter and small letter of
English in brackets are the same as mote in
table 2,

BEESRBZRBIHE (£4 ). HPirLi2ooRiompm OO0 mbEE MMM RE £,
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2.1.6 COAf=t s kA EAF
med T T OC£Ex taoy
swimawaRnE o8| ot .
et T % Ab T R 3% 100 4 rl'ﬁ i
MRtk S00EM (WA 5
100), 8780 K E, U 3
A AN R RN I E R A g ~
srEmTyEEg i S %
Goodenough Z ik ffy Teich- g %
lor-Zallen gk (V91 H A nN/ é—q" IE‘ S0 +| .
CoN St gEn%Es. HR 2 S '
x0, £ FMKEOOpn ¥ B 407
#, 3aN/DaN i RRE ¥ 2|
EHETIE, X4 L F200 .
500 ppm CO g H 53 M _
fMzFREBE, %H200 ppm 0 1 i -
OO ¥, XM OOM M gy mymmss b smibor ik LIRS LT HRIBH
SBEENAEBZEES —ER C1) MmN A B ARG 0., 100, 200, 300. G00F 1000 ppm

\ . 1 ceotmE, (2) 1. O, IAMRB=EFATEFFE S, IHH.0>
dfER (AR ¢ 1 6. PSO«K,Fe (CN)oy LAH.0<PSI-+PSI->MY, H *DCPIP--

2,1,7 COa+ ATP 8 & M #)  Vit,C-PSI>MV, (3) BEEE%3.05C, HERBEN0ux
. ATP Fig. 1 Iniluence of choline chloride (CC) on Photo-
®E mT M-S 9 4k induced electron transport in seprated chloroplasts of

PRERABAEAR, BESX  wheat.

LR EFEW R E. Ca?*- 1. Izg:s spr?y:d in or:ller with]:l. 190, z?n. laon. 5(:!0f and 1000
r 24 y ppm rom left to right in each group of columned figure,
ATPE I M g™ ~-ATP Bt E 2. The number I, O and Il are represent respectively H,0-

BETESHRBERERAMM  PSI+K,Fe (CN)o H,0+-PSI>PSI->MY sand DCPIP->Vit, C»
PSI-+MY, 3, The temgerature of medium is 20.5T and the

2. % ﬁﬁi%iﬁﬂﬂ%& m ﬁ light intensity is 10° [nx during determination, *
B, mmioR [ ok g CC

15y MdEHK Mg*-ATP B#fp Ca’'-ATP BEE Y AAABEENRE (X6 ), Hi
12 300ppm OC &b, BiEEG R BE B ¥, W 2001500 ppm OC ¥,

2,2, COxPMEKIERNER

2,2,1 COt& k#13wy TARARE COCHERMEZEKBELEHIT WEERGET), H
xRN REHE00 ppm OC %, REME T X B (A485.2% ), % CCi51000
pem B, HEBEABZMHE (HERET.7Y%) ARMEERREEE, CCxmERHH
B3t . B 300 ppm OC FHEH LA M M21.7%, wHheoo ppm COC hME (%
7). ZRAREE T, HRAY, S200f300ppm OC IbIE % 5 X H 1k, EHRILTF
1— 2 B K, 5 OC kEgTsoorp i, HHAAMEB-FHBRE. &
Flgre CCRTHE M ERKDERRBRENES, BEXMEE F B RS THE BN, HE
FTHERTRRDEW G TR, Eooppm CC ABTF, THE W M EMIMIs.5%. &
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BB AR DL CTORATIH ) R BUBRCODIENZBRER
, - 5 rgkidisl 2
AT PRBAM, DESRUAFES Table 4 Effect of choline chloride (CC) on
M F TR, Hof ok niisooppm OO glycolate oxidase activity in wheat leaves
Li]
HBEE, MPK2.A%, (RE). CC #EE (ppm) © ZRBRLEIEE
2,22 COf 3 2 R4F &) B Comgentration of plycolate oaidase activity
FHRECCH IERF R LEEAR, HH CC (ppm) Uait mg™' protein, min™" 26
B, BB EH AV BN, WX o 0,588 (2A) 100
FERAEES. LEATHEEEEE 123 '“Dz:‘; E\B: :2;
%E‘imﬁ%%}%(%g )n jﬂurﬁm 209 0,526 (CB} 89.5
300 ppm CO 3 WiEE K. K A200ppm 300 0.523 (cB) 88,9
500 0,538 (beB) 91,5
OC A 1000 0.584 (aA) 29,3
o ) i BERAXNERXFEHEINE2,
3 ie ’ Note: The meaning of capital letter and small
3.1 FRW NGRS, BESSHRER letter of English in brackets are the same as note

in table 2,

OO g BB ARIF A H, X

5 FEERCCORNEHRERMEHRI RN
Table 5 Effect of choline chloride ¢(CC) on ultrastructure of

chloroplast in the leaves of wheat

CC RE (ppm) FHEIHFANERE FHEMERRNEN

Average number of  Average numder of

Concentration of " ) aN/ZaN
CC (ppm) grana in each of granza lemellae in
chloroplast each of grane
0 23,0 (bB 14,7 (B 6,178 (C)
200 16.5 {eC{ 24.8 {aA) 0,214 {2AB)
300 22,3 (bB) 17,4 (bB) 0.204 {abARC)
500 27.8 (Al 14,9 (cB) 0,218 {ad)
1000 21.7 {bB} 16.2 {bcB} 0,185 <beBC)
ﬂil hi%3 E&H_Eﬁ NI gﬁﬂﬁ
Note: n: Amount of grana lamellae N: Amount of grana

The meaning of capitel letter and small letter of English in brackets are the
same as note in table 2 ,

PN R AR T, KBS N SRR T OC b3 Shattim B E o
BEREFE (1)OCHEXHETHEEAEEAE (HEK) WAT (£5), REHCCY
MR R 2 — B RERS B R AL 2 Bt #k. Horvath® 071 L34 OO 4 /)
S B R AR RS P B R BN & B LTI — 1%, HE—EME N, R OO merm
I K. OO kb KRS E A BE RSB ARAR S B /R85 ©%1 . Cho 25 141 3R{EH] OC s X
YIS » VS 3 2 1 T A B B P — 9 BB B B PR T AR B, MR T BB R
CO 25T, MTHMEBMBM, ANHE FT W & B BEWZRT. Wk B A



http://www.cqvip.com

252

£ OO0 http://www.cqvip.com|

W O L&

CO 2 i iy 7 36 B AR 2 3
A phanosheae halophyiica Ry
RuBP ®RiLM/ MAME
0101, FEYFCCHEF (Bt
# BuBPRUCEES, W AR
g, (2)>COHMAMTIE &
FEBRNEE. HEBRNFA
it 55 5 5 BE FE B 4 I k.
HAGHRIREIENE L R
2 fERR, JE&ERER TR
EhHEMEC, BIERE
FTHEEBKETF (CFOM
s, mOF fEXRE
WFHPSTRHREK. X
e O0 fH R X Eaw
FIE B 5 A (R R AR W) R A
BB ImEER. (3)
5GP HEEBEAT XS
Ca**-ATP gifMg**-ATPE
HEEMBERET)Y, X5
Wingoet & (2 jF R CE, ik
IEPr#EE%. HOF &k
EACa**-ATPRE IR, EHiE,
Fofe e OCh AR, @it
EE BN R ATP §§ %
e (4 ) BB T erER
HILEEmE ZBE RS L W 35 o
(%6 ), FHTREEEET

#F=6 BEERCCOHNFATPESEMAEN
Table ¢ Effect of choline chloride {CC)> on ATPase
activities in wheat leaves

CCRE(ppm) Mp?*-ATPase activity Ca’*-ATPase

activity

Coocentration .
of CC pp™) 4 ;ofpimgt ehl.h™ % & molpi. mg-*chi, b=} %
0 23,42 (LB) 100 23,26 {(cH) 100

50 23.87 (bR 101,9 23,08 {cB) 89,2

160 26.14 (5AD) 11,6 26,14 (LcABY  112.4

200 29.24 {abhAB) 124.9 30,45 (abABR)  130.%

ano 33,19 ({adA) 141,7 24,12 (aA) 146,7

§00 27,98 (abAB) 119.5 29,38 (abcAB) 126.3

1000 25.64 (bAB) 109,1

28,05 (bcAB) 112

I

¥ BEAX. NERIFBHEXERS,
Note; The meaning of gapital letter and small letter of
English in brackets age the same as note in table 2.
F1 HEBHECCHNEEKATER
Table 7 Effect of choline chioride (CC) on
growth of field wheat

®E (cm) HHEIH (cm?)
CC #E (ppm)  prany height (cm) Leaf area (cm?®)
Contentratiop
of CC (ppm> g i I O @ X
0 45,36 55,42 78,14¢aA) §0.12 71.14 75,42 648, 85¢c0)
200 46,62 58,66 80,71(nA) 66,09 81,10 B2,4476,57¢hD)
300 45,68 57,02 82,39¢aA) 70,688 83,50 92,12 83,83¢ald)
500 47,41 57.35 80,49¢ad) 63,09 74.07 79,93 72,36 (bcACY
1090 44,91 52,71 76,57C(aA) 61,98 71,70 78,8470, 83(C)

i Lo BEHRK, NBEEXFEHEIER 2,
2. IxH%E, HARBH, W58,
Note; 1, The meaning of capital letter and small letter of
English in brackets ere the ssiie as mote in fable 2
2, I is elongation stagey H is heading stage. and

Il is the grain in the milky stage,

e, HARSBHERIFHRRSE (F4 ). (6 {EERSHMINELGEE).

3.2 COfE— MMM N EN WL R AHBRAER, TR LB PiLE
HAUBER, BFAXSHEEZHS, MHETRENIESENEERRETHER. TH
BB ZENMEERAFRSHEBRNBEE.

3.3 FiRB RV, X PERAME. ERAFREN B EHER K CC ARk E200—
500 ppmiEEIA, 300 ppm CC ABEHMELHBE, KTFHETF3000pm CCE, {Eihix
TR REERMER (REXEN) TRGTRER S, 8ARES 1 F50—500 ppm CC
AR B K RS 4ET I L1200 ppm COLLEE HA bk ART 2k R (RGR) B &, H AL EKE, RGR
BifEft. BB @®F U RYA300ppm CONBREMER, MHBT HEES. FX%
FMER™ ARmEEE CO 4 miEY, g9 mmol/LCC jhy I8 4 4y 1 {k 8 (SOD ) &
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FBER(CCOMNMERBELKTNOE~RAFN

Table & Effect of choline chloride (CC) on ear growth and yield of wheat

CC @B (ppm) M (cm) DEHCTD MER R FHE(g) SEPEEg 5.3m"
Concentration Length of Mumber of Grain numher Weigh of 1000
of CC {ppm) spike (cm) Spikelet in each ear grans (g} Yield (kg/5.3m*}
0 10,98 {cB) 10,37 (aA) 14,62 (aA) 38.95 (cB) 0,771 {cAB)
200 11,68 (abA) 10,86 (ad} 15.08 €aA)  44.53 (aSAB) 9,897 (abAB)
300 11,72 (ad) 10.52 cad) 15.78 (aA) 46,15 {al) 0,590 (ah)
500 11,47 (bA) 10,35 (aA) 14,97 €ad) 42,862 (22AR)  0.852 (LcAB)
1000 11,35 (bA) 10,65 (aA) 14.75 {aA) 40.81 (hcABD 0,822 (ccAB)

e BENER, DEEXFENHRXAE2.

Note; The megning of capital Ietter and small letter of English in brackets are the same as

note in table 2,

® 9 SAeBERCC)INFEFREEHRIEHNEN
Table 9 Effect of choline chloride (CC) on contents of some
srbstances in grain of wheat

CCilr (ppm) MEIE (%) HAB (%) HMEHFE(%)  EH%) BECXRY FEMEOD

Concentration Total nitro- protein Crude fat Starch Total Sac-  Soluble sugar
CC {ppm} gon{ %) (M) (% %) charide % ) (%)

¢ 2.96 (aA) 15.51 faA) 2,04 (aA) 65.30 teB) 73.88 (cB) B.58 {(c()

200 3.00 (ad) 16.04 (aA) 2.08 €aA) 72.84 (avh) 82,31 (ad) 9.47 (B

300 3.08 (zA) 15.51 (aA) 2,12 (ad) 73.73 (ad) B4.08 (ahA) 13,35 (ad)

5040 2,98 (sA) 15.85 (aA) 2.07 {(aA) 72.01 (abA) 80,48 (abA) 8.74 (cC}

1000 2.90 (aA) 15.91 {aA} 2,05 (aA)} 68.01 (tcAB)} 77,71 (hecAB) 8,70 ()

T BERX, MNSEXFEHARIER 2,

Note; The meaning of capital letter and small letter of English in Lrackets are the same

as pote in iahble 32,
$E, BIEYAABERG BTHRET 9 nmmol/L, SODE ¥ ¥ Rk, BAR o S LR
WE. XRH OCRICVRARSREEBER, WHERMAG BRI EINEY LA S RME
YRR VY MHE - B RRERR A R ERRERAEER. BRXENTEE.
Bl &3 O0 Rk 5 sl g s iy A KA R ek 4 B0, Bk, COR
BE-SARRELEAABEERIEN, RESHERE 2 h R EHEX, HAEH
A

# ¥ X W

MEFE, BAT. FRRMNGHASEXEENEZ. AYEEYLRTHR, | SHEEAHEE, 1687, 104107,
Ex. BALER (CC s hETRKBEOMEAEMOEW. FAREKFEYHE, 1987, 6 (1 ) 1 32—34.

FRE, TH, RN EEMNESEENERNEENS, BRI NSS4, 1969, 1201 ) « 61—64.

FEIE, M., EREEEAEF SRR S SR Me, AT SN, 1980, (1 )+ 35—49,
HERE, BALMALESFAES, HYEEE, 1984, 1001 ) : 91—96.

B, BB, EHEER SRS, EhAETEEN, 19820 5 » - 32—35.

Ende, HhiRER, EeeELish, BEEH HRME, 1983, 1-—38.
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B & M
ERI: 1. 2, HAEEIHSE, RREESD B = 20000112000,
EEI. B, 200 ppm CCHRHIL, =20000, .

BRI 4, 28HE00 ppm CCHM&{E, x20000,

EMRI: 6, SFME500 ppm CCHyHEE, =x15000,

ERI: 8, 2WRHE1000 ppm CC pyMERk, x20000,
g EE slAEAS R

Explanation of plate

Plate I+ 1 and 2, The chloroplast of the contrel, =30000 and x12000 respectizely.
Plate I: 8 The chloraplast which was sprayed with 200ppm CC, » 20000,
Plate I: 4 The chloroplast which was sprayed with 300 ppm CC, = 30000,
Plate I, G The chloroplast which was sprayed with 500 ppm CC, =x15000,
Plate 11 6 The chloroplest whick was sprayed with 1000ppm CC, x20000,
g. grané sl, stroma lamella
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