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Effects of PEG—-6000 simulated drought stress on the physiological
characteristics of 15 triticale varieties at the seedling stage
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Abstract: In order to identify the drought resistance of 15 Triticosecale Wittmack lines (Z1,73,75,76,79,
712,719,721,723,736,741,748 ,749,750,755) at the seedling stage, two triticale varieties, Gannong No. 1
(CK1) and New triticale No.5 (CK2) , were used as the controls. Two treatments including the normal irrigation
and drought stress were set in this experiment that 30% of PEG-6000 was used to simulate the drought environ-
ment. Samples were collected at day 28 after treatment, and contents of chlorophyll ( CHL) , proline ( Pro) , solu-
ble sugar (SS), malondialdehyde (MDA) and relative water content (RWC) in leaves of triticale materials were

determined. In the meantime, according to the correlation between each index and drought-resistance coefficient,
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the drought resistance of triticale materials was evaluated comprehensively combined with the subordinate function.
Results showed that significant differences existed in physiological parameters of triticale materials, which Z9 had
the highest average RWC (77.26%) , Z49 had the highest average CHL content (0.55 mg - ¢”'), Z1 had the high-
est average Pro content (0.36 mg + ¢”'), CK2 had the highest average SS content (113.33 mg - g”'), and Z50
had the highest average MDA content (4.05 pwmol + g™'). The average RWC decreased significantly, while the av-
erage contents of CHL, Pro, SS and MDA increased significantly under the drought stress. The values of the physio-
logical index under normal irrigation and drought stress were 82.73% and 56.11% (RWC), 0.33 mg + g”' and 0.40
mg - ¢ '(CHL), 0.13 mg - ¢”" and 0.47 mg - g”'(Pro), 28.23 mg - ¢g"' and 116.19 mg - g”'(SS) , 2.50 wmol -
g and 4.39 wmol - g7 (MDA) , respectively. The interaction of triticale materials and drought stress indicated that
RWC decreased with that Z12 had the smallest decrease, CK1 had the largest decrease, CHL content changed in-
consistently, and the contents of Pro, SS and MDA increased under the drought stress, Z12, 719 and Z9 had the
smallest increase, respectively, and CK1, Z3 and Z50 had the largest increase, respectively. Based on the compre-
hensive evaluation results, 17 triticale materials were divided into 5 groups according to the comprehensive evalua-
tion value of drought resistance (D value), among which Z1, Z5, and CK1 belonged to the high drought resistance
type, 23, 76, 736, 741, 748, 749 and Z50 belonged to the medium drought resistance type, Z21 belonged to the
middle type, Z19, 723, 755 and CK2 belonged to the more sensitive drought type, Z9 and Z12 belonged to the
sensitive drought type. Therefore, triticale variety Gannong No.1 and triticale lines Z1 and Z5 had strong drought re-
sistance, which suitable for the semi-arid rain-fed areas.

Keywords: triticale; seedling stage; PEG—6000; physiological characteristics; drought resistance evaluation
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Table 1  Variance analysis of physiological

indexes of triticale ( F—Value)

7R 52 S F {8 F-Value
Variation source RWC CHL Pro SS MDA
/N BB

Among triticale

1.066™ * 4.012" " 0.699** 1500"* 0.774" "
material
T E AL 2]
Among drought 124776 * 3105 185597 " 92.656™ * 150.224* *
treatment
INFRZE IR
|54k #A]

Triticale materialx

83.643" ¥ 37303 186.903 " " 115564 * 50.567 " *

drought treatments
I+ FRERIBEFKFE(P<0.05) 5 = * FKREFIRWLE
JKE(P<0.01)

Note: * indicates significant difference at P<0.05 level; # * indi-

cates significant difference at P<0.01 level.
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2.1.5 MDA &% ZilU/NEEME 250 (171
MDA %5 5 55 (4.05 wmol - g7') | B 25 723 741 Fl
755 4, o 2 5 T HAR MO CK2 #9734 MDA F it
(2.67 pmol « ¢™") BFALFBE 29 A1 212 HFAYH A
MEH(FR2),
22 FEpBAEE/NEZLEEHFENES

H e 3 AT, TR e 5 B0 N 2 Ly A
Febn & AR R BE AR AL . 5 IE W HE K AR L, T 5B
AR /N I ASE ) RWC 2 3 P&, S 2 CHL,
Pro .SS Al MDA & & T,

x2 MEEMBEEEFENES

Table 2  Differences of the physiological property among triticale materials

JNTB S AR HEFHEFR Physiological index
Triticale material RWC/% CHL/(mg - g™") Pro/(mg - g™') SS/(mg - g™") MDA/ ( pmol - g™")

71 65.28+9.58h 0.47+0.04bc 0.36+0.02a 96.10+£16.51b 3.13+0.46ef
73 74.76+9.69abc 0.25+0.05gh 0.33+0.03ab 110.17+14.98a 3.68+0.46bcd
75 55.04+5.14j 0.49+0.04ab 0.33+0.03ab 113.26+17.40a 3.95+0.26ab
76 74.38+8.51abc 0.30+0.02efgh 0.35+0.03a 86.28+13.92bc 3.10+0.26ef
79 77.26+2.39a 0.24+0.02h 0.17+0.01e 35.45+8.24h 2.86+0.11fg
712 75.98+1.95abc 0.24+0.02h 0.20+0.01d 28.58+4.63h 2.82+0.23fg
719 71.64+4.38cdef 0.32+0.08efg 0.22+0.03d 37.30+3.79h 3.40+0.56de
721 59.18+3.581 0.32+0.06ef 0.33+0.04ab 57.58+12.24¢ 3.38+0.36de
723 76.12+4.63ab 0.23+0.01h 0.29+0.03¢ 31.50+8.15h 3.86+0.40abc
736 67.62+6.61fgh 0.50+0.08ab 0.34+0.03ab 76.72+14.78cde 3.52+0.45¢d
741 69.86+7.59defg 0.26+0.03fgh 0.35+0.04a 77.03+15.08cde 3.95+0.59ab
748 71.95+9.63bede 0.51+0.07ab 0.33+0.04ab 68.05+12.03efg 3.39+0.64de
749 69.25+6.17efgh 0.55+0.03a 0.35+0.05a 63.17+£16.411g 3.40+0.46de
750 66.22+9.61gh 0.39+0.08d 0.33+0.05ab 74.81+13.78cdef 4.05+0.47a

755 72.69+5.17bede 0.33+0.07e 0.32+0.04bc 73.19+11.15def 3.77+0.55abc
CK1 60.81+8.301 0.41+0.06¢d 0.31+0.04be 83.34£16.82cd 3.60+0.60bed
CK2 74.09+1.91abed 0.43+0.07cd 0.15+0.02e 113.33+17.69a 2.67+0.19g

T : IS E/NG PR RN R AR 22 53 .35 (P<0.05) , £ /NRAEBPBHA) A BEAS AR BN TE 3 K 5 T 50 T #9-F B8 %4 510 8dis 24

HIPH AR, T,

Note : Different lowercase letters within the same column mean significant differences among different materials (P<0.05) , and values showed above

were the average of normal irrigation and drought stress;The data of each column were expressed by the mean values + standard error, the same below.

®3 TRAEENERZLEBEHENER

Table 3 Differences of physiological characteristics of triticale among drought stress

AbF Treatment

HHFEHR Physiological index

RWC/% CHL/(mg - g”") Pro/(mg - g™") SS/(mg -+ g™") MDA/ ( pmol - g™")
IEH 7K Normal irrigation 82.73+1.19a 0.33+£0.02b 0.13+£0.01b 28.23+1.96b 2.50+0.05b
FE 8 Drought stress 56.11+1.54b 0.40+0.03a 0.47+0.02a 116.19+£7.19a 4.39+0.11a

A AR BT 2L BRASORME ) BT S N R AR

Note ; The values showed above were the average of all the tested triticale materials.
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Table 4  Differences of the physiological property for the interaction of triticale material and drought treatment

gk x A HHFEAR Physiological index
Material Xtreatment RWC/% CHL/(mg - g™") Pro/(mg - g™') SS/(mg - g™") MDA/ ( pmol - g™')
Z1xAl 86.59+1.55b¢ 0.39+0.01fg 0.17+0.01ghi 15.02+0.24k 2.14%0.17jk
Z1xA2 43.97+1.59k 0.55+0.02¢d 0.54+0.02cd 177.18+9.40b 4.13+0.16d
73xA1 96.27+1.56a 0.36+0.01gh 0.12+0.00jk1 16.39+1.18k 2.65+0.07ghij
Z3xA2 53.25+2.08j 0.15+0.01no 0.53+0.01d 203.95+4.17a 4.71+0.11¢
75%xA1 66.41+1.13hi 0.41+0.01fg 0.13+0.01ijkl 50.09+5.58h 3.39+0.01ef
75%A2 43.67+1.25k 0.58+0.01bed 0.54+0.02cd 176.43+3.47b 4.51+0.15¢d
Z6xA1 93.11+3.25a 0.35+0.02ghi 0.15+0.00hij 17.45+1.22k 2.63+0.21ghij
76xA2 55.64+0.91j 0.25+0.00jklm 0.56+0.01abed 155.11+18.80¢ 3.57+0.25¢
Z9xA1 82.05+2.26bcde 0.27+0.01hijkl 0.12+0.01jkl 17.59+0.59k 2.72+0.19ghi
79xA2 72.46x0.68fg 0.20+0.02klmno 0.21£0.02g 53.32+4.46h 3.00+0.08fgh
Z12xA1 76.60+1.12ef 0.28+0.02hijk 0.19+0.02¢gh 20.16+1.17jk 2.33+0.02ijk
Z12%xA2 75.36+4.16fg 0.19+0.011lmno 0.21+£0.01g 37.01+5.92hij 3.31+0.11ef
Z19xA1 81.29x1.24cde 0.14+0.000 0.15+0.02hij 29.05+1.58ijk 2.15+0.11jk
719%xA2 62.00+1.17i 0.49+0.01de 0.29+0.02f 45.54+1.07hi 4.65+0.09¢
Z21xA1 66.78+1.17hi 0.18+0.01mno 0.13+0.01ijkl 30.79+0.57ijk 2.65+0.08ghij
721xA2 51.57+2.18j 0.46+0.02ef 0.52+0.02d 84.37+£5.54¢g 4.12+0.33d
723xA1 85.93+2.28bc 0.24+0.00jkIm 0.14+0.00ijk 13.27+0.36k 3.03+0.20fg
723%xA2 66.30+2.43hi 0.22+0.02jkImn 0.44+0.01e 49.73+0.13h 4.68+0.25¢
736xA1 82.25+1.10bede 0.35+0.04ghi 0.13+0.01ijkl 44.35+0.65hi 2.52+0.06hijk
Z36xA2 52.98+1.82j 0.65+0.08ab 0.55+0.01cd 109.10+6.64f 4.53+0.11cd
Z41xA1 86.72+1.78bc 0.20+0.01klmno 0.12+0.01ijkl 21.20+1.16jk 2.43+0.10ijk
741xA2 52.99+0.86) 0.31+0.04hij 0.58+0.01abc 132.86+5.19d 5.47+0.22ab
748%xA1 93.45+0.18a 0.35+0.02gh 0.13+0.02ijkl 21.24+1.54jk 1.99+0.04k
748xA2 50.45+1.21j 0.67+0.02a 0.53+0.01d 114.85+4.20ef 4.80+0.23¢
749%xA1 82.92+1.53bed 0.58+0.04bc 0.11+0.02jkl 18.23+2.11k 2.41+0.22ijk
Z49%xA2 55.59+1.21j 0.51+0.05cde 0.60+0.02a 108.10+7.74f 4.40+0.06¢d
750xA1 87.41+1.50b 0.23+0.02jklmn 0.11+0.01jkl 21.91+3.09jk 2.33+0.13ijk
Z50xA2 45.02+3.24k 0.56+0.05¢d 0.55+0.02bed 127.71+4.35de 5.76+0.15a
755xA1 85.35+1.39hc 0.50+0.00cde 0.10+0.01jk1 44.68+3.65hi 2.45+0.19ijk
Z55%A2 64.50+1.85hi 0.22+0.03klmno 0.46+0.03e 90.08+7.41¢ 4.63+0.15¢
CK1xA1l 75.33+2.371g 0.24+0.01jklm 0.09+0.011 48.49+4.59h 2.33+0.19ijk
CK1xA2 37.86+0.831 0.56+0.02¢d 0.59+0.02ab 133.20+3.81d 5.27+0.18b
CK2xA1 78.00+0.88def 0.58+0.01bc 0.10+0.01kl 50.01+7.50h 2.26+0.12ijk
CK2xA2 70.17+1.44gh 0.27+0.02ijklm 0.21+0.00g 176.66+6.95h 3.07+0.03fg

TE: AT FI A2 G35 3R IE F /K AL BEAN T S ia b 2

Note: Al and A2 represent normal irrigation and drought stress treatment, respectively.
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x5 FTEMWETHRNREMEE u(X)E.D ERHERF

Table 5 u(X) value, D value and rank of triticale with drought stress

IR BT u(X) D1i i LRI
Triticale material RWC CHL Pro SS D value Rank Drought-resistance classification
R
71 0.84 0.78 0.85 0.84 0.837 3 o
High drought resistance type
o L
73 0.59 0.00 0.83 1.00 0.733 5 . LT .
Medium drought-resistance type
R
75 0.85 0.83 0.85 0.84 0.841 2 . '_":b[ﬂ:.
High drought resistance type
-
76 0.53 0.19 0.89 0.71 0.665 9 . EP*ILH:A:J
Medium drought-resistance type
LR
79 0.08 0.10 0.02 0.10 0.068 16 q:q:i'&ﬁ\_‘
Sensitive drought type
SR
712 0.00 0.09 0.01 0.00 0.012 17 . q:q:ﬁiu
Sensitive drought type
2 s R )
719 0.36 0.67 0.21 0.05 0.248 15 q:q:&ﬁih -
More sensitive drought type
N—
721 0.63 0.60 0.80 0.28 0.584 11 ,EPIEHE:
Middle type
SRR
723 0.24 0.14 0.59 0.08 0.296 14 ?%ﬁﬁi_ -
More sensitive drought type
b S 7
736 0.60 0.97 0.86 0.43 0.668 8 . EP}IL?J_
Medium drought-resistance type
ISt}
741 0.60 0.30 0.96 0.57 0.680 7 . AT -
Medium drought-resistance type
SiA|
748 0.66 1.00 0.83 0.47 0.689 6 . EP:}HH‘J_
Medium drought-resistance type
oL
749 0.53 0.70 1.00 0.43 0.665 10 . o .
Medium drought-resistance type
oL
750 0.81 0.80 0.88 0.54 0.755 4 . EP:}JLq:iT
Medium drought-resistance type
- B A R A
755 0.29 0.13 0.64 0.32 0.397 12 ! q:&ﬁﬁu u
More sensitive drought type
R
CK1 1.00 0.80 0.98 0.58 0.854 1 . '_":b[ﬂ:.
High drought resistance type
|=§~H )ﬁ%?ﬂ
CK2 0.14 0.23 0.00 0.84 0.305 13 :Fq:ﬁﬁiu
More sensitive drought type
FEHRALE Index weights  0.30 0.09 0.32 0.29
- N TN . |
3 W B MR 2, T Ut B AT 5 4B 0 v 30 ) 0 S e i 58

3.1 EMEBRRFUEMRNEREN

PR PR Bt PR A PR AR R G BRI R, F T
ORI Pk 5 83 7 0 e 0 572 P 5 ) o b T
MG 5 5L IR RO DX e R, A
Y32 31 5 k30 5 FEAA oA 400 i S AR B A A AR
H— ZAIE R A, TR B R A
LR MEIE A Je iR MR, SR 26 1 | D T 4
4 PSSR D E78 (ES MIE S & S
TE T IR S TR SC B AL B b, ST T
R ey AN R A SRS T R 7/ SR LB L ) N €71
FAREBOARSCE , & BT 5 ot R B b7 B A
Xk BT AR T 59 1 555 o o ) o 7 D 0

AT DA A PR T it P 42
3.2 PEG-6000 T2iBEX/NEZHIAEE SN

sEA |

AR I 38 1 W FE AN [] /)N DA 22 B IE TR K
A 52 hipa Ab B R 2 A BRES bR A0 AR 1k K B, BRI
PR 200 /DN B 22 A LR 114 5% i) R] 5 R AR AN ) 5
SN MR, 29 1S 3 AR X S OK B Ao
(77.26%) ,749 [ F- X2 25 % i i = (0.55 mg -
g, Z1 W°F3 Pro & i 5 5 (0.3568 mg - ¢7'),
CK2 M-l i P & e e (113.33 mg - g7') |
SEPITN S A (2.67 pmol - g7 . T RA
il /N B2 S B - 4 ARG 5 K B B SRR, S E
SR Tm MRS = TR S AN Y



112 T XA 5T

537 &

T E TR, X5 Jackson 2572 B 21 25 8 [ AIF S
e R G g S S By e i 1) SIER U A N
—EMA R, 77— R B A 0 A B AR AR, DLIE B T
SR vk ke G B s Y st R
EMES TR AR , 2/ B AR
£ 30% PEG JHia R it R B AE X 5 7K B 354 AN [F) R
JERFE, RN 1.62% ~ 49.74% , P50 T S0 5
HUNBZEEN Rk sy 5, X 5 TR GED R IT 4
B3 AR CKL A1 Z1 MKy 5 s ™
e PR PR RR I B e R S 32 B — e i
TN REREGE TR, SEOCE R IR, K5/
RSz B0, b A bk AR K A B, TR P
POV 77 A R T T AR, R I S R 25 4 fiff it
REARBIED, ORI AT
T, TR0 00 8 A/ N AORL A 48 3 & %
(5 Eabgh R —F0) HHAY 9 AN/ R KL
SRR ARG 3X 7T e 5 A P X PR R A AR
FIBAMEE RN A5 5 F B il 2 (ka4 i) 4
iR JAS ) R B 4540, BRI R 7 30% PEG i
T, 17 AN RRH TN RS iR, Horh 250
A FE B fe ™, 729 Z A E R Ak, TR Wia
TSR/ NBE MR IR & 2 L, H
W1 79 Fl 712 BEIE /D | 749 (38 iR e Ak, Dl I H
REARL T2 e sGE N TR SMaEm S
AR —FE 30% PEG TS 0Ha F 4 St/
TS L TE o 1 n RT E OR K PT Bk
Wikg

g5 b A —F5 bR W 2/ PR 22 6 R B B 5
PR RN S5 RA— 3, AR/ R R — A 2
FEBR ) AN [7] — /)N BB 22 b kX AN () A B4 A
W2 AN Rl 7, A1) B —F8 A6/ R 22 1 h Rk
PEATPE I F I NSRS % T R A R 5T T
SRR I R OKBE T e A ke L BB AR
AR BE FNA L 2 3% 8 5 4 o AR R A A8 Ak, TR}
PP LB A0 R SR8 pR B0 X S
INBERBHOPU R AT T 255 -0, 158 T ARTH
INBERBHOPT R LA RN E (D ) , IR D
(RN B A R P R R AT T R 21 . 75
1 CK1 J& TRt 58, Jra e w29 M Z12 J&§ T
TR PR, X S AR A 2 R AR —
B, UL R ISR R s EE B P IR /N R A PRk
R E AT, SR G IEMM A SRR, HAk 1
SUNBERUNBAE SR 71 .75 PR ERE  E S
TR R M RO X FiAE

4 7zt

JNFRZE R TE] 5 A B E] AN PR A R T
RO EAER AT A SR 22 R BE ., G5
VNG R R 15 A/ NBREM B 21 F1 25 i
PR | B T PR A, 23 .26 . 236 , 741 748 [ 749
A1 750 J& TRl z21 J@ e Y, 219 723 Fl
755 J& T T S8 U | 29 F 212 (O 5 vE 55, )8
T R,
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