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Effects of Different Mass Concentrations of Cu* and Ag" on the
Tissue Culture Characteristics of Barley Mature Embryos

ZHOU Hongbin, WANG Weibin, WANG Mengyue, XIONG Jinglei,
CHEN Shengwei, MAO Xiaoqgiang

(College of Agronomy and Biotechnology, Yunnan Agricultural University, Kunming 650201, China)

Abstract: [ Purpose] To investigate the effects of different mass concentrations of Cu*” and Ag” on
the tissue culture characteristics of barley mature embryos. [ Methods ] Three barley genotypes, in-
cluding Guangtoudamai, Beiging No.7 and Bowman, were used to evaluated the effects of different
mass concentrations of Cu’* and Ag" on the callus induction rate, rooting rate, shooting rate, brown-
ing rate, green-dot rate, redifferentiation rate and wet weight of callus of the barley mature embryos.

[ Results | The seven tissue culture characteristics were different among the mature embryos of
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Bowman, Beiqing No.7 and Guangtoudamai. Compared with the control, the rooting rate was re-
duced with 10.43%, shooting rate was reduced with 7.48%, browning rate was reduced with 8.24%,
and wet weight of callus reduced with 20.74 mg, under 0.75 mg/L Cu*". Under 4.00 mg/L Ag’, the
callus induction rate was increased with 6.47%, rooting rate was reduced with 9.08%, shooting rate
was reduced with 7.96%, and browning rate was reduced with 9.67%. The 0.75 mg/L Cu’* and 4.00
mg/L Ag” treatment did not showed any inhibition for the green-dot rate, redifferentiation rate and wet
weight of per unit callus. [ Conclusion] Cu’ and Ag" with appropriate mass concentration can ef-
fectively inhibit the rooting, shooting of barley mature embryo and callus browning, and Ag' can also
effectively improve the callus induction rate; the appropriate mass concentrations of Cu’* and Ag” in
MS medium used to induce barley mature embryo callus and redifferentiate the calluses are 0.75 and
4.00 mg/L, respectively. The results can provide theoretical support for the construction of a callus in-
duction and redifferentiation technology system for barley mature embryo.

Keywords: barley; mature embryo; tissue culture characteristic; Cu®" mass concentration; Ag' mass
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Fig. 1 Differences in the growth of mature embryos of different barley varieties under different Cu*" and Ag" treatments



12 Py I )y N = 22 %39 %

T a) M1 b) SALREUIAL; o) A d) HOMESITH; o) dHUEIRRISIN

Note: a) and b) greening calluses; c) and d) redifferentiation seedlings; e) subculture plantlets.

E2 BoON#HBETHBRERGEAREBS LY

Fig. 2 Mature embryos calluses and their seedlings from the process of redifferentiation
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Tab. 1 Variance analysis of mature embryo culture characteristics of three barley materials

R A & A SRR IR H ¥175 F 18
dependent variable source of variation sum of squares df mean square F-value
BiESE% #1]H] between groups 0.035 2 0.017
induction rate s
#H P4 within groups 0.231 78 0.003 5.831**
St total 0.266 80
A F /% 1[5 between groups 0.360 2 0.018
redifferentiation rate .
20 within groups 0.360 78 0.000 38.965%*
it total 0.710 80
KA A% 4[] between groups 0.015 2 0.007
rooting rate
¢ ZH P within groups 0.101 78 0.001 5.693**
Bt total 0.116 80
KIZER/% 21 [H] between groups 0.007 2 0.003
shooting rate L
Z1 PN within groups 0.080 78 0.001 3.351%
&1t total 0.087 80
WIE% 41 [f]] between groups 0.033 2 0.017
browning rate
& 2N within groups 0.217 78 0.003 6.023%*
St total 0.250 80
ZEE% #1L[H] between groups 0.298 2 0.149
reen-dot rate
& ZH N within groups 0.458 78 0.006 25.379%*
it total 0.757 80
A5V B /mg #H[W] between groups 0.007 2 0.003
wet weight of callus L
ZH N within groups 0.043 78 0.001 6.150%*
St total 0.049 80

e o ROR0.05K T LR, < FIRE0.OUKT EERMEE; T

Note: “*” indicates significant differences at 0.05 level, “**” indicates extremely significant differences at 0.01 level; the same as below.
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Tab. 2 Phenotypic mean and difference of mature embryos culture characteristics of three barley materials
R BHEREY% Y% KA /% K% ALY SALE% R /mg
materials induction rate redifferentiation rate  rooting rate shooting rate  browning rate  green-dotrate ~ wet weight of callus
HIRE . 94.41+1.15 ABab 0.09+£0.07 Cc 1.50+0.38 Bb  2.06+0.45 Aa  0.24+0.10 Bb 5.76+0.67 Bb 75.06+4.48 Bb
Guangtoudamai
167 5
. 96.9140.52 Aa 2.10+0.34 Bb 1.22+0.52 Bb  3.83+0.85 Aa  0.49+027Bb 16.14+1.48 Aa  97.26+4.89 Aa
Beiqing No.7
Bowman 91.85+1.30 Bb 5.19+0.62 Aa 4.21+1.01 Aa  4.16+0.47 Aa  4.67+1.73 Aa  20.16+1.98 Aa 88.27+4.11 ABab

e FSIAFE/NG FRRIRAE0.05 /KT LR B, ARKEFREREOUK T EERKES; TH.

Note: In the same column, different lowercase letters indicate significant differences at 0.05 level, different uppercase letters indicate extremely significant

differences at 0.01 level; the same as below.

BB REFELR, M EHRRERSTHLK
o AL 7 SR A O A L TR
A2, ARHAUMA R B 50 i E] e B 2R
2.2 Cu R R EE R IR 5 P IR

AN BT REE Cu™ BT, Asifs R
MR ZEFARIXFN L Z R, HRRR K
R OB 5 MR 22 R A E B
F R FE K (R 3). ZE LR R 4) &
. ANIR] Cu® o e B Ak B ] A AR AT i 25 22

5, (I E L FXT . 0.75 mg/L Cu™ b PR
RPN 2T IO A AL 3, X BRI 2 304
BT 1.25 F1 1.75 mg/L Cu* b BR, H A kb5
I ZER IR E 25 . WIBAEILRY 1.75 mg/L
Cu Kb B LR T 22 5, Al & & T
b Cu> ZbBE; 4 B Cu® 4 PR HE AL Rt TG0 I 35 25
5o 225 mg/L Cu' b FEAY £ Ak SR A B 2 Ik T
fAbEE, HAANEER] LR TC R EE R . KR
B A5 1 o i A R = T 2.25 mg/L Cu™ b 3R,

®3 TRIRERE Cu” LETREZRARBERFENHESH

Tab. 3 Variance analysis of the culture characteristics of barley mature embryos under

different mass concentrations of Cu®* treatments

[R5 & A SRR FIi H B3 F 18

dependent variable source of variation sum of squares df mean square F-value

T E/% 4[] between groups 0.029 4 0.007

induction rate 411 within groups 0.141 40 0.004 2.043
ST total 0.170 44

A% 4[] between groups 0.005 4 0.001

redifferentiation rate 4114 within groups 0.026 40 0.001 1.839
St total 0.031 44

KARZE /% 41 IH] between groups 0.070 4 0.017

rooting rate 417 within groups 0.030 40 0.001 22.937%*
it total 0.100 44

KZFER/% 21 [f]] between groups 0.025 4 0.006

shooting rate 4174 within groups 0.031 40 0.001 8.189%*
&1t total 0.057 44

L% #1[H] between groups 0.057 4 0.014

browning rate 411 within groups 0.176 40 0.004 3.230%
ST total 0.233 44

LR /% 4[] between groups 0.086 4 0.022

green-dot rate 417 within groups 0.295 40 0.007 2915
St total 0.381 44

G & /mg 41 /H] between groups 0.006 4 0.001

wet weight of callus 47 within groups 0.017 40 0.000 3295%
ST total 0.023 44
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Tab.4 Phenotype mean and difference of the culture characteristics of barley mature embryos under
different mass concentrations of Cu”" treatments
. KARZE/% K% E /% A% A5 & /mg
Pasoimeg:L7) rooting rate shooting rate browning rate green-dot rate wet weight of callus
0 10.73+1.93 Aa 8.50£1.70 Aa 9.95+4.81 Aa 20.25+3.62 Aa 106.87+12.03 ABab
0.75 0.30+0.20 Bb 1.024+0.28 Cc 1.71£0.86 Bb 20.28+2.59 Aa 86.13+5.40 BCbc
1.25 0.32+0.21 Bb 4.71+£0.76 Bb 0.96+0.53 Bb 19.9543.16 Aa 110.57£2.43 Aa
1.75 2.15+0.48 Bb 4.50+0.39 Bb 2.63+0.58 ABab 19.53+3.05 Aa 97.19+7.65 ABCabc
2.25 1.43+0.40 Bb 5.34+0.80 ABab 0.00+0.00 Bb 9.09+1.37 Bb 81.59+1.72 Cc

1.25 mg/L Cu® &b B 1Y & 07 1 ot i i b 3 = T
0.75 1 2.25 mg/L Ab#, {H A &b 3 19 /@1 £ 12
P E 2SS . SX AL, 0.75 mg/L Cu®
AL D 10.43% 1Y R AR L 7.48% 1R
AR 2R | 8.24% M2 ek . 20.74 mg
AR i, RS SOl s a8V 4
AN
2.3 Ag W R IR RS IR AR R

Al Ag RS, FAMEARE) FAEARILE]

FK-, Hay 6 FhEEFRERRERY F ARSI 2%
K (3 5). ZHEILELGE (R 6) FMW: A Ag
PR A S . KRR KERAE 6 FikE SR
PR AEAR R R 22 5% . 4.00 mg/L Ag™Ab P A
Paifs S Fe i 2 5 T AR L 6.00 i1 8.00 mg/L Ag”
AhPE, (H5 2.00 mg/L Ag b B E LR, R
SR 2.00 mg/L Ag Rb BRI @515 TR 5 X R TC B
FH2S, HAEE R T 6.00 1 8.00 mg/L Ag'kh
L, XTRARARA KR AR LRI W2

®S5 TR Ag RERELETAERARIEFFENFESH
Tab. 5 Variance analysis of the culture characteristics of barley mature embryos under
different mass concentrations of Ag" treatments

[RI A B A AR P R Sy F18

dependent variable source of variation sum of squares df mean square F-value

WHESE% 4[] between groups 0.052 4 0.013

induction rate 4174 within groups 0.116 40 0.003 4.473%
T total 0.168 44

A F % 41 [f]] between groups 0.008 4 0.002

redifferentiation rate 47 within groups 0.038 40 0.001 2006
St total 0.046 44

KARZE /% 1[5 between groups 0.062 4 0.016

rooting rate 4114 within groups 0.037 40 0.001 16.884%%
S total 0.099 44

KZER/% 21 [H] between groups 0.037 4 0.009

shooting rate A4 within groups 0.028 40 0.001 13.244%%
&t total 0.064 44

L% 1] between groups 0.068 4 0.017

browning rate 4174 within groups 0.168 40 0.004 4.068%*
T total 0.236 44

ALK % 41 [f]] between groups 0.165 4 0.041

green-dot rate Y14 within groups 0.245 40 0.006 6.744%%
St total 0.411 44

AR TR /mg 1[5 between groups 0.021 4 0.005

wet weight of callus 4174 within groups 0.014 40 0.000 14.966%*
it total 0.035 44
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Tab. 6 Phenotype mean and difference of the culture characteristics of barley mature embryos under

different mass concentrations of Ag" treatments

. B % KARE/% KZEE% /% AL Y% ) /mg
Prso/(mg: L) induction rate rooting rate shooting rate browning rate green-dot rate wet weight of callus
0 91.1543.15 BCbc 10.73+1.93 Aa 8.50+1.70 Aa 9.95+4.81 Aa 20.25+3.62 Aa 106.87+12.03 Aa
2.00 96.82+0.99 ABab 1.36+0.68 Bb 2.27+0.72 Bb 0.67+0.35 Bb 8.92+1.15 BCbc 91.06+1.57 Aa
4.00 97.62+0.44 Aa 1.65+0.58 Bb 0.54+0.21 Bb 0.28+0.18 Bb 16.2843.97 ABab 97.06+2.58 Aa
6.00 90.54+1.80 Cc 0.90+0.23 Bb 1.37+0.40 Bb 0.00+0.00 Bb 8.72+1.88 BCbc 56.88+4.95 Bb
8.00 89.49+1.35 Cc 1.92+0.73 Bb 1.91+0.47 Bb 0.00+0.00 Bb 3.14+0.54 Cc 54.40+3.91 Bb

THABAC TR, H AP B 22 5, XF Ay
LR 4.00 mg/L Ag AbBRAYERIL R TC 5
{BH B T HABAL B 4.00 mg/L Agab B ()4
TR B2 T 8.00 mg/L Ag b3, HiAkbp
MERAERIC D #2557, XTHEL 2.00 Fl1 4.00 mg/L &b
HEIMEGRRE TR EZES, PR EEST
6.00 F1 8.00 mg/L AghbF, 6.00 F1 8.00 mg/L
Agb PR B R B 2R 55X A
e, 4.00 mg/L Ag ] A 34 6.47% WA
K, REAK 9.08% MY BUAIR AR 2 | 7.96% MK EF
R 9.67% AHHS G, HA AR A
AU s SR X | DR (IR
3 Wig
30 3 ANKEE S IR A B R ) 3 DR 2
BRI A KEMP IR AL R RS
GHARHAFEZES, AR SRR Y
IR . K2F . A SR A R
PEo 3 ANKEE SR AR A R R A7 AR AN )
RS, Hidbd 7 5 IR @ viis S il
i 3= T Bowman; Bowman Ji 2R 1Y AR I
MR B E S TAE 7 5Dk KE
T IR AR RS . UIEI i . SRR A AR
HMER SR IA B, L BE R R 22 5 mT e B
RIS AR B R A A 22 S BRI
3.2 Cur W BRI
YERAEMTE ST LR, C TS5 2
PR R, SEmET AR . RERSE
B, WFFERIE: 0.5~10.0 pmol/L Cu® ] i 4
TR /INAZ R U ey SR UV A 2 2 Y T4k
R, R EGASKRIK S, EEY AT,
Z M RN S PRI AT 4 22 B S AL R, 7 AR
Yoz, MRS SRR SRS R A R SRR R

Y SE@AGHLEM, DA ERN . &
JE/NF 3.0 mmol/L fY Cu® i A &l s % | 3¢
SeL HBERITGLAG  2 lh E ARSI,
TEREY A LGSR i, KA R s 4 1k
RN e 2 2 W A AL BT M Co™ AR il 5
Y TR R 2R R BT, A, Cut R TR
. R BRI S YE YA AR R
Vi 2 B2 43 BOB0GE R, Gk SR (Qn g i AN
B AR A B T RefE A ok #
EEEEH.

ABFFEFW . AN 0.75~1.25 mg/L Cu®fE!
BRI 2 R AL 105 20 20375 SR A ek R b
RIGE A SUVE KRS . FERTIN Cu™' iy
TR, SRR A A SRR R KRG
R, WAL TER ., ZH, 48N
SRR, L, XK IR 2 7
WEE, BN cu ik, AT AR s AL
it B AR RCR
3.3 Ag WAL BRI R2

TEFREY L3R, Ag A ZFDifE, W
AR A 40 R A D R B 1k AT A 2 Ak 5 B
b, @ Ag LS BEEUMMILAERIR, IR EA
A FITRER ™ AgNO; VE Jg—Fh Z K 4m 7] ,
REA BENE 295G 0. S m A A 2528 3T
PR A A7 Ll 2L A R IR, S BFIE IR R £
WY o B AL, 2 eV E RS
2 . KigREETan Ag A 8B 1R 205 T
2RI, T S ks 2R ORGP, A
AR Z R G AR R, R S B 28U o
O AR 1.5~4.0 mg/L AgNO; 1]
P FOKRPI RN HEEPIRUR S
HAURHEMMEE, 3 10 umol/L AgNO; 211 mft
WAL SR 6™, IR EE AgNO; REfE
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HEFISERY AR PG ORIAE A PR A ZUY RS
2, {0 AgNO; ¥ B 2o o B 0] 2 & A= 3 il 4
XA HES AgEEA .

ARWFFEEI . ¥A0 2.00~4.00 mg/L AgNO; J&
ML RRAL, MR . %R
W, mAVE R AL R B2 Ag BT VR
KTF 4.00 mg/L B, 08 a2 TR, &
AR, AGASEN, Bk, 7ERE AR
B o EUR F B TR B AR AgNOs, DIZE
fEmvitEi, REELFHMER,

4 ZEig

0.75 mg/L Cu* BANREA R HF @b . 2
oy g b e T et S (ST F SR €l N DN
FIAMEKMR . KM@ it; 5 0.75 mg/L
Cu* b FHAH L, 2.25 mg/L Cu® A B 47 %50 1 i) i
itk , R B ERR AR A 25 A 410 ot 355 R A X
B2, HESARMPEREhs3; 1.25 mg/L Cu™
TR SR HGFE , ER I 27 i %
AR 2%, 2.00 F11 4.00 mg/L Ag ] A4 R A
i3, WHREWR AR . K2R 4 4%
fb, 15 2.00 mg/L Ag'2x i ERARA LA LU ek
o T Ag A Cu it ik B 2o m XA P B A 7
F, L, FEREE AR @5 T A s
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