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1. H% (Seccharum of+ Sy BIF TR BR (R B 8 4Ar: mola™i). (1)
ficingrum L e KCl 0.39; (2)CaCly - 2H30 o0.28; (3)Mg
LN 7 3 45 # Cla 0.33; (4)KCl 0.19+CaCl, - 2H,0
FIR A SRR ZH-, R4 l0.14; (5)KCl 0.19+MegCly 0.16 4330 H)
THBRHE MEA3—867 FHEM (1%, RAA 1.5%)
I 2. BHE (Hemerocallis | 4"t 2 (pHS. 6~5.,8) F30°C IRk 1AL 1
. fulva L.) ~ 4N (IUFRRETTS ).
3. /NFE(Triticum gesti-| F— L
vum L.) HH
4. GE# (Pinus mass-| FH, T
oniana Lamb.) i
1. 2 4 £HO0nozuka R-10, 1 BHE
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BONREHBRRESMENSEIE ), A£3500Lux®iT FTRIE2044, BERLE 2N
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PIRES| BR 33 ( RINEER ) 4mH (50% ) B aBe &8 —NSODIE M fr

(o) i f ik a0 1R B f0 iE 1 E

1. fE30A7 A0 2k AL 28 R R IR R U ) (),

{HE A b mlé 1 %R 2B IS S50 mmol « 17 Rk 3 S ub ik ( pPH7.0 ) B,

2. STEEEEEN E R AR EA (1989) VB INBER, smIRy K &
50 mmol « I"'BEER h 42 W ( PH7,0 ) #1130 mmol -1t H,0,, inAlooslEsm, 30TK
WHRRR 2 HEmA 2ml 10%H,80, 24 X%, 0.1 NKMnO, &%k & H,0,, #
H,O, Bk BIALHLEBEY,

—, RRMRARMAERES RN KR
# (CKl1, CaCl,sMgCl, ) fnE & (KCl+ CaCl, 5 KC1+MgCl, ) % JE 44k
TFRAEABER (K1), ZNHHEEF (Ca* BMg* ) WERARGN HBEEBERRARE

*1

ERMBESRNEYRERGE-RNEERARIA*

Table 1 Effect of single salt and complex salts on yields and integrlity
of plant protoplasts®
2 e ok Fee FARK>R TEREFERE | BERBAERKE
R # & X = Protoplasts 7L 71
yields 2 %

. Intact Damaged

Plant materials Type of salt x108g-'fwi % |Protoplasts% Protoplasts%
KCl 5.89 174,8 21.5 78.5
HrERy & 4hH CaCl, - 2H,0 2,09 62.0 47,8 52.2
Young leaf of KC1+CaCl, - 2H,0 3.37 100 70.9 29.1
sugarcane KCl 3,10 236.6 22,6 77.4
MgCl, 0.96 73.3 19.8 80,2
KCi+MgCl; 1.31 100 55,2 44.8
KCl1 1.97 109 34,0 | 66.0
EgmanEEs | CaCly - 2H,0 1.47 81,2 56,0 44,0
B KC1+CaCl, - 2H,0 1.81 100 62.3 37.7
Leaf of sterilized KCI 1.37 107 34.0 66.0
cultural sugarc- o0, 1,13 | 88.3 62.0 38.0
ane seedling KCl+MgCl, 128 [100 | 63.0 37.0
KCl1 2.05 12.5 43,5 56.5
HERAK CaCl, - 2H.0 1,20 73,2 71.4 28.6
Root tip of KCl1+CaCl, - 2H,0 1.64 100 83,2 16.8
sugarcane KClI 1.94 160,3 49.3 5,y
MgCl, 0.74 61,2 60,7 39.3
KCl+ MgCl, 1.21 100 77.5 22,5




* The mean value of three experiments

» + RIFLIREE (mol, 1 1) )5s KCI 0,395 CaCl, » 2H:0 0,28y MgCl; 0,33
BEHEh&HEEW: KCl 0,19+ CaCl: » 2H,0 0,143 KCI 0,19+ MgCl; 0,16

* ¢ Kach concentration (mol +1-1) of single salt is KCl 0,39, CaCls+ 2H:0 0,28y MgCl, 0.33,
The concentration of complex salts are KCl 0,19 + CaCls - 2H,O 0,143 KCI 0,19+ MgCl, 0,186,

332 i - ) 103
#R1
; HAERKE SRR AR AE R R
vields % % ;
. Intact Damage
Plant materials Type of salt x108g-1fw | % |Protoplasts%/Protoplasts%
. 5 ) i 74.1
e KCl 0.90 257 25.9
CaCl, - 2H,0 0.09 25,7 56,1 43.9
Leaf of Heme-| gci4cacl, - 2H,0 0.35  [100 63.8 | 36.2
rocallis fulva KCl 2,91  |133.5 52.3 47.7
MgCl, 0.76 54,9 47,7 52,3
KCi1+MgCl, 2.18 0o | 67.6 32.4
KCl 1.48 119.4 35,2 64.8
INFE Gy CaCl, « 2H,0 1.31 106 45,4 54,6
seedling KCl 1.48 82,2 35.2 64.8
MgCl, 0.21 11,7 13.0 87.0
KC14-MgCl, 1.80 100 59.3 40,7
TR T KCl1 1,66 128.7 33.5 66.5
CaCl, - 2H,0 0,30 23, 53,6 46.4
Cotyledon of KCl+CaCl, « 2H,0 1.29  [100 60.6 39.4
Pinus massoniana | g~y 0.86  |168.6 33.5 66.5
seedling MgCl, 0.49 96.0 38,9 61,1
KCl+MgCl, 0.51 (100 59,2 40.8
SR TR KC1 0.81 158.8 17.2 82.8
CaCl; » 2H,0 0.48 94,0 62,9 37.1
Hypocotyl of | gci4cacly - 2H,0 0.51 (100 68.0 32,0
Pinus massoniana KCl 0.81 524 17.2 82.8
seedling MeCl, 0,51 204 16.3 83.7
KCi+MgCla 0.25 100 66.7 33.3
« ERERHPE



48 ERE E%%ﬁﬁ%%ﬂ%?#?ﬂﬂﬂ?ﬂ BAMESIYEHELE 333
FHRBUE RS, I B i S0, SR 0 T »

R? ERMRERMEEMARERGEERNFERAT N

Table 2 Effect of single salt and complex salts on the percentage of integrity
and vitality of isolated mesophyll protoplasts of Hemerocallis fulva

SEAEIRAE I BORRER | g | soaemesie | moim skl
A B EEBBS) qntact protoplasts G (% M (%) "

Experi  (x104 + mi-1) Amount of F(%) % ( % (%)
“Treatm- e damaged | Damaged | Intact Vital

ent ment 4k T s # JE PrOtOPIaStSProtoplastspro?:oplasl:s Protoplasts

No. Before Behind (X104 - ‘

treatment | treatment ml-1) (%) (%) (%)
1 20.75 12.38 8.37 40,3 59.7 —
+0.39 2 15.38 5,97 9.41 61.2 38.8 -
mol - 11| 3 29,94 15,67 14,27 47,7 52.3 5.8
4 11.13 0.89 10,24 92.0 8.0 1.8
KCl 5 16.02 2.15 13,87 86.6 13.4 1.0
£ 18.64 7.41 11,23 65.6 34.4 2.9
+0.28 1 20.75 14,13 6.62 31.9 68.1 —
2 15.38 11.71 3.67 23.9 76,1 —
mol - 174 4 24,88 15.30 9.58 38.5 61.5 70.5
CaCl,. 4 11,25 2,03 8,22 73.1 26,9 57.9
2H,0 5 15,52 2,97 12.55 80.9 19.1 28.3
% 17.56 9.43 8.13 49,7 50.3 52.2
+0.19 1 34,75 28.75 6,00 17.3 82,7 -
mol - 17| 2 15,38 14.08 1.30 8.5 91,5 -
If_%fu 3 24,53 15.98 8.55 34,9 65. 1 66 |
mol - 171 4 12,61 7.55 5.06 40,1 59.9 . 80.9
g%;f%f ' 5 16.46 8.83 7.63 46.4 53.6 73.5
% 20.75 15.04 5.71 29.4 70.6 73.5
+0.33 1 22,27 13.17 9,10 40,9 59,1 . 32,5
2 20,60 8.59 12,01 58.3 41,7 44,3
mol - I71} 4 24.32 12.46 11,86 48.8 51,2 35.6
MgCl, g 22,40 11.41 10.99 49.3 50,7 37.5
40,19 1 19.92 13.28 6.64 33.3 66,7 39.9
Eﬂg}’l-l 2 31.89 16.57 15,32 48,0 52,0 67.6
+0,16 3 27,74 19.85 7.89 28.4 71.6 65.8
§}§kj:'l % 26,52 16.57 9.95 36.2 63.4 57.8

%Wﬂﬁﬁoﬁiﬁm%?K*%ﬂﬁ&ﬁ%“%ﬁ%iﬁLﬁﬁ
EMEAERARRERE, DpiblEs, &8RN, MEEREERAE X
WbelE, WHiRMEE, LUK 'ETFREWATE, URAHLEE, ZBRERAR 45 X
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B, BmEg, fpiRmEMt, EREHRFET, TBEARGEHFENBHHIT
B H A B H 4B E35.0% F116.2%, EHEMARE24.0%, EEH 4 o i F
20.2%, TENEHHHE0.4%, EDRMLE FHRTRES S B1E20.0%F38.9%,

L ERRRARMESRERGRERSEETENRE

mE 2R, £ KCl, CaCl,stMgCl, HyihibrE, ZRAM5EHE LT B Y5
34.4%, 50.3%F150.7% s FHIEEAERKSHIN2.9%, 52.2%M37.5% , £KC1+CaCl, 5
KC1+MgOl, B shab g, TREERKSIITFIHINT0.6%63.4%, FEFRERELSMN
H73.5%F157.8% , EI7E KC1+CaCl, b BT, SEB AR EMAERER KL I LK 48
FiRT36.2% M70.6%, HBECat A EmERE20.3%M21.3%, & KC1+MgClL b TF,
SERFEAREMFEERAER GBI KHACEERTE29.0%f154.9%, 450 kMg? 4B FHR
®12.7%f20.3%,

=, RRRESHRIM M EHARERAFERERSRENT RAEBEN KR

FERRELTMBARNRMEENER, RINEAARFEELREREMNREHEA

®3 BHMBAMINNEAARERENERERSRENT REBEEALHR »

Table3 Effect of single salt and complex salts on the percolating amount of
free amino acid and the medium electric resistance value of wheat

mesophyll protoplasts

MR EEERR S BT OB E
Amount of free | Electric resistance
23 i3 EN X amino acid in me-| value of mediam
diam

Type of salt

pgNH;-N . -
10MQ - g-tfw
100mg-tfw % %
5 mM KCIl+0,.545M mannitol 50,4+16.3 | 409.8 16,5645.1 | 67.5
5mM CaCl; « 2H,0+0,54M mannitol 40,7+15.9 | 330,9] 19,46+3.1 | 79.3
2,.5mM KCl+2,5mMCaCl; - 2H,0+0.54M mannitol] 12,3+4.6 100 24,55-410,0 (100
5 mM KCl+0.545M mannitol 50.4+16.3 | 504 | 16.56+5.1 | 54.6

5 mM MgCl,+0,54M mannitol

) 35.6+2,5 336 14,80+6.2 | 48.8
2.5mM KCi+2,5mM MgCl;+0,54M mannitol

10,0+4.5 100 30,311+3.6 100

10omM KCli+0,535M mannitol 25.8+2.8 179,2{ 13.54+1.6 | 27.8
10mM CaCl, - 2H,0+ 0,53 mannitol 22,314,2 154,9; 20,73%2.1 | 42.6
5 mM KCl+ 5 mM CaCl; - 2H,0+0.53M mannitol | 14,4+1,7 100 48,64+7.3 {100

1iomM KCl+0,535M mannitol 25,812.8 314.6/ 13,54+1.6 | 50.1
1omM MgCl,+0,53M mannitol 27.7+2.5 337.8/ 18.74+2.7 | 69.3
5 mM KCl+ 5 mM MgCl;+0,53M mannitol 8.2+2.0 100 27.031+3,4 (100

50mM KCl+40.46M mannitol 159,8+40,2 | 258,2] 17.6146.6 | 60.6
50mM CaCl, - 2H 0+ 0,454M mannitol 125,1431.0 | 202.1] 10,4743.8 | 36.0

25mM KCi+25mM CaCly - 2H;0+0,458M mannitol | 61,9+14.6 { 100 29,08+5.9 [100
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&Rs3
NEREEERE PR MEE
‘ Amount of free | Electric resistance
i e % & amino acid in me-| value of medium
dium
Type of salt
pgNH,-N - % [1MQ - g lfw| 4
100mg-tfw
somM KCl+0,46M mannitol 159,8+40.2 ) 217,4 17.61+6.6 | 72.1
somM MgCl,+0,454M mannitol 124,7+17.7 1169.7 9.994+2.0 | 40.9
25mM KCl+25mM MgCla+0,458M mannitol 73,5+11,7 | 100 24,444-8,9 1100
10mM KCi+0.378M mannitol 95,1411,7 | 184.7 8.254+2.0 | 42,0
10mM CaCl, - 2H30+0,375M mannitol 81,7+2.0 158.6! 9.174+2.2 | 46,6
50mM KCl+50mM CaCl, - 2H30+0,364M mannitol | 51,5+47.8 100 19.6745.9 (100
10mM KCl+0,378M mannitol 95,1+11,7 | 198.9] 8.25+2.0 | 32.8
10mM MgCl;+0,375M mannitol 90,3+4.9 188.9] 10,41-+4.6 | 41.2
50mM KCl+50mM MgCly+0,364M mannitol 47,8413.9 | 100 25,28+7.0 1100
0.35M KCl 90,7413.4 | 185.5 2.56+2.7 |46.5
0.28M CaCl, - 2H,0 64.9+6.1 132,7] 3.4442.8 | 62.4
0.19M KC140,14M CaCl; - 2H,0 48,9+10.1 | 100 5,5614+2,0 (100
0.39M KCi 24,1451 169.7‘ 4,55+0,5 | 61,9
0.33M MgCl, 22.7%5.0 159,9] 5.08+0.6 | 69.1
0.1sM KCi+0.16M MgCl, 14.2+3.0 100 7.35+.,08 | 100
o BPY R B,

* The mean value of four experiments.

HEFEER IR, X3 R, BFXMEEKCL Call, 5 MgCl, % w 2h b B /N2 M By SR A
FRé4REEAERERBYHBETHKCL+CaCl, R KO1+MCl, SR A&HAEN, HhA
KOl, CaCl,#sdhibms, HWHARRBRRELAK +Ca B4 RA4BO 45 BIET9.2~
309.8% F132.7~230.9%; F KC1, MgCl, & kmpy, HEREEBEREE L BHK +
Mg?* R4 B 45> BIE69.7~404% F159.9~237.8%,

KR FEkE KOL, CaCl,s;gMgCl, &y 4b g/ NEM AR AN R EAENBEE
{6 T F KO1+ CaCl, R KC1+ MgCl, iR & A B AR, 4 KC1, CaCl, % 4k
BESHLE K +Ca B E A B EMK32.5~72.7% 7120.7~64.0%; £ KCl, MgCl,%
BELEESDHBAK + Mg BE BB EK27.9~67.4% F130.7~59.1%,

RESBREERSZ, BERANC, Jit, ERWIRELREEYE, HRAR L H
BEAENEEEYE, SBeRERMIEERRANEL, NTNHASERYEEEHEER,
Timan R _HERRFE +Ca?* gK* + Mg* AR BEE BN BB BRI ER.

AEREOREMBE RS/ NETWEER AR EERERSREENNRAEENEEH



336 I B & % 1035

LRI RENBISRBHM2 AL, XTES SHTBRABRTHRAE X,
m, gRpRAHMMEHSODuT HL BB FEN KN
ERBEEWELFEO, ZH, O R &AW BB TFHEAHZE O (supero-
xide), £ YA FHBDHELERTEOT, 07 BaEANH,0, RELAHEOH « &

F4 BHRFEASHRINEHSODEMNEEN
Table4 Effect of single salt and complex salts on the activity of
- superoxide dismutases in wheat leaf

ik = BEWBLEEHE
SOD activity (Units - g-1Fw) %
Treatment Exp.1 Exp.2 Exp.3 b4

distilled water 70.2 56,3 106.3 77.6 | 66,6/54.6%
0.39 mol - 1~ KCl 31,6 17.3 66.0 38.3 32.8
0.28 mol - 1~ CaCl, - 2H,0 54,2 70.5 65.3 63.3 54.3
0.19 mol - 17! KCl+0.14mol - 1=t CaCl, - 2H,O | 114,0 90.8 145.0 116,6 100
0.39 mol - 1t KCl 70.2 17.3 66.0 77.6 54.6
0.33 mol - 1= MgCl, 4.9 47.3 115,0 55.7 39.2
0.19°mol - 1~ KCIl+0,16mol - 171 MgCl, 128.3 170,6  127.7 142.2 100

*5K* + Cat* REHMTEM X%66.6%, SK*+ Mg BEHLTEAL )54.6%.
*The 66.6% is ratio that treatment with K*+Ca®* complex salts, and the 54.6% is ratio that

treatment with K*+Mg** complex salts.

35 EHMBEHEMNMEHETEASEENAEMH
Table5 Effect of single salt and complex salts on the catalase
activity in wheat leaf

SEALEREEE
& = Catalase activity
(WMH,0; - g=1Fw - min~t) %
Treatment
Exp.1 Exp.2 Exp.3 X

distilled water 3421,3 2729,3 1488.7 2546.4 {122,0/118,1*
0.39 mol . 1-1 K(Cl 1868.0 2245,5 998.0 1703.8 81,6
0,28 mol - 1=t CaCl, - 2H,0 1856.9 2230,4 991,3 1692.9 81,1
0.19 mol - 1=! KCi+40.14 mol - i~ CaCly - 2H,0| 2789,5 2479.2 991,7 2086.8 100
0.39 mol - 11 KCI1 1556,7 2495.0 998,0 1683.2 78.0
0.33 mol - 1~ MgCl, 1859,7 988.,1 988.2 1278.7 59,3
0,19 mol - 1= KCl+0,16 mol - 11 MgCl, 2480,8 2743.4 1246.5 2156.9 100

*5K* + Ca® B HAL O H122,0%, 5K*+ Mg BEREE ML 4118.1%,
*The 122.0% is ratio that treatment with K*+Ca2* complex salts, and the 118.1% is ratio that

treatment with K*+Mg?* cemplex salts,
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Leri2—1a)  XEWHFNMELEREES A HEER Y, SOD iR EaH &, HE
WS g R A i RGBS B ¢, L, B SOD W\ TR it
BB, NELHH A2 KOL, CaCl, i MgCl, 2% # & KC1+CaCl, s KO1+ MgCl, %
Baihars, ESODEEAEHEBEERNGE4), WL EE, SODFEMHRREH
T HESSHLEY, A KCl 4%, H SODEME K +Ca?t 5 K+ Mg?* BE 4t
P A BIMK67.2% F145.4% 5 CaCl, ib s b K* +Ca* b M (£45.7% 5 MgCl, Ab# %1
K*+Mg** b7 E1%60.8%, LREFEVHEFBHEMT MR SOD EH:, Mikhwyr fo
IHEBEBE THRMBERANESRM SOD EHE, RESEBKLENSE, XEHE R
FE N SODIEMH LI LR EER N, SEFARBERIKE (ERESE-UEES ) &4HR
BRI BME, B M ESOD E, HAREXR, KoawEmHtiEIERE,

Sy BN ESTTELEBEEREARHETHBESHAEY, £ KC1 41
#, B EmisEsnns K +Ca?t 5 KY+ Mg?t REeHh M E1R18.4%122%
CaCl kb, tkK* +Ca* i m % (518.9%; MgCl, b K Y + Mg AL B E %40.7%,
580D K, LEefHRBSHLOREY, EdHEEREEYHBRTFHREKLEE M.,
X B R i AL S EEE LR K 4y B S R AR EUR,

7t #w

1. RNFAE—-NM N EEBEFOLIRIAELY, BRFE-MHERNS N K
BT, RRBERER, afK Ca* Mg mELmL®, RENREAERCNBESE
R E AR SN ERERAERARN, BHRAERGEERE, FEREREHBRD,
HpU K EENE, ME—-NNMHEETFRELDESHIENRRRR—-HHNE
EREER, BERPEARASBESHEENSIENET E8EEH,

MNREEE R RCER, SE~NMRNMHEEFHELYREREL, SAMEER
FRHANREBEETHBRE, MBANEEERTEEAXRE, BaHK Cat*®Mg?*
ey BRI N T AR ERRMIERER IBER, KABRROMMERRRER
HmESR U, EhRU K b EE R, ME—-NMRMEEFHELYREELESE,
BREVUBERE, X5IRBEAERPAFENEBE FHEEEERNERR—BM,

BR, BFRNOMTENELRB ALY, FRAEECHRET, Hit, ¥EERKTE
MAAENREEHNENEXERANEME FIERETF Cl , X5 KkEHAEEEEN
B,

2. EANBEBENEFEVEAVNBEIESRMAEE, —MANBRNHE FEN N
BN, B FREEEYE, EARTREETERALSBRBRIEL, RE—-HNnT
MR FUSEHRARLREAGEHENEREECY, B—RAEEAN AR FHRER
GHBRKREER, M—NEEFUERBER XEEAZFEERRHTEMNERETHR
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STUDIES ON MECHANISM OF HARMFUL EFFECT OF SINGLE
SALT AND [ON ANTAGONISM [, EFFECT OF SINGLE SALT
AND COMPLEX SALTS ON SOME CHARACTERISTICS OF
PROTOPLAST MEMBRANE, THE ACTIVITIES OF SUPER-
OXIDE DISMUTASE AND CATALASE IN WHEAT LEAF

He Ruotian and Qin Wei
(Agronomy Department, Guangxi College of Agriculture, Nanning)

Abstract The percentages of intact protoplasts from young leaf and root tip of
sugarcane {Saccharum officinarum L.), leaf of orange daylily (Hemerocapllis fulva L.)
and wheat (Triticum aestivum L.), cotyledon and hypocotyl of masson pine (Pinus
massonigng Lamb.) were decreased obviously during enzymatic isolation when the
single salt (KCl, CaCl, or MgCl;) was used. On the contrary, the percentages of
intact protoplasts were increased during enzymatic isolation when the complex
salts of KCI+CaCl, or KC1+MgCl; were used.

In similar manner, single salt of K*, Ca2* or Mg2* had unfavourable effect on
the integrity and vitality of isolated mesophyll protoplasts of orange daylily. On
the contrary, their complex salts could increase the percentage of intact and vigor-
ous protoplasts.

The percolating amount of free amino acids in the wheat mesophyil protoplasts
were increased obviously, so that the medium resistance value was decreased when
the single salt of K*, Ca2* or Mg?* was used. On the contrary, their complex salts
could decrease the percoplating amount of free amino acid and so that the medium
value was increased.

The single salt of K*, Ca?* or Mg?** could decrease obviously the activities of
superoxide dismutase (SOD) and catalase in wheat leaf. In contrast, the SOD act-
ivity was increased obviously and the higher activity of catalase can be maintained
when their complex salts were used.

The above experimental results indicated that the harmful effect of single salt
destroyed essentially the cell membrane system. The univalent cations, e.g. K* or
Na*, probably changed the phase of cell membrane from liquid-crystal state into
liquid state. In contrast, the bivalent cations, e.g. Ca2* or Mg2* probably changed
the phase of cell membrame from liquid-crystal state into gel state. Moreover, the
free radical were increased probably because of SOD activity was decreased, and
the amount of free radical accumulation could be over threshold value, and conse-
quent the peroxidation and/or deesterification of lipid in membrane were increased.
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As a result of above permeability, the integrity of membrane were damaged,
differentially permeability were destroyed, and the electrolytes and small molecular
substances were percolated largely, and therefore the metabolism was disordered
and the plant cell was ultimately died. The normal liquid-crystal structure of cell
membrane and the higher activities of SOD and catalase can be maintained when
the univalent cations and bivalent cations are coexisted with appropriate proportion.

Key words single salt and complex salts; plant protoplast; integrity of membr-
ane; permeability of membrane; superoxide dismutase; catalase; mechanism on
harmful effect of single salt and ion antagonism
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