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Comprehensive evaluation and physiological response of Avena nuda
seedlings to drought and low temperature cross adaptation

LIU Jian-xin, LIU Xiu-li, WANG Jin-cheng
( University Provincial Key Laboratory for Protection and Utilization of Longdong Bio-resources in Gansu Province

College of Life Sciences and Technology, Longdong University, Qingyang, Gansu 745000, China)

Abstract: To explore whether drought could induce oat’ s (Avena nuda L.) cross adaptation to low tempera-
ture, Dingyou No. 6 seedlings were pretreated with drought condition, simulated by 20% polyethylene glycol 6000
(PEG) for 3 d. After recovering for 2 days, both pretreated and control were treated under low temperature ( day/
night temperature is 8°C/5%C ). 14 physiological indexes of the seedling leaves were determined, including superox-
ide anion (07), H,0,, malondialdehyde ( MDA) , ascorbic acid ( ASA), Glutathione ( GSH), Soluble sugar
(SS), Soluble protein (SP), Amino acid (AA), and proline (Pro) contents, relative water content (RWC) and
superoxide dismutase (SOD) , catalase (CAT), peroxidase (POD) , ascorbate peroxidase ( APX) activities at 0,
1, 3,5, 7 days after low temperature treatment, as well as the plant height increment and biomass increment of oat
seedlings 7 days after low temperature stress. Principal component analysis and membership function analysis were
used to evaluate the drought and low temperature resistance of oat seedlings. Results showed that compared with the
control, drought pretreatment significantly enhanced the plant height increment and biomass increment of oat seed-

lings under low temperature stress, 14 physiological index values of oat seedling leaves, such as O,, H,0, and so
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on have also changed in different degree. The correlation analysis of 14 physiological index values after converting
standardized deviation showed that there was a significant correlation between different variables. The principal com-
ponent analysis with 5 principal component factors showed taht the variance contribution rate were 38.881%,
18.219%, 11.238%, 9.616% and 8.809% respectively. The cumulative variance contribution rate was 86.763%.
For the primary group of principal components, SS, AA, Pro, O;, H,0,, RWC, SOD and APX were the major
contributors, while for the secondary group of principal components, POD, MDA and GSH were the major contribu-
tors, for the third group of principal components, CAT and GSH were the major contributors, for the fourth group of
principal components, SP and Pro were the major contributors, for the fifth group of principal components, APX
and ASA were the major contributors. 5 principal component score values in the subordinate function analysis
showed that the comprehensive evaluation values of drought pretreatment were significantly higher than control dur-
ing almost the whole low temperature treatment except the first day. In conclusion, drought could induce the cross
adaptation to low temperature in oat seedlings.

Keywords: oat; drought and low temperature cross adaptation; physiological response ; comprehensive evalua-
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Fig.1 Effect of PEG pretreatment on the height increment and

biomass increment of oat seedlings under low temperature stress
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Table 1  Physiological indexes in leaves of oat seedlings under low temperature stress
- PEG CK

I Index 0d 1d 3d 5d 7d 0d 1d 3d 5d 7d
03/ ( pmol - g 'FW) 0.383 0.179 0.032 0.018 0.230 0.656 0.225 0.062 0.027 0.116
H,0,/(mg + g 'FW) 1.433 3.753 4.303 3.477 6.097 1.410 2.103 4.587 2.983 1.433
MDA/ (nmol + g”'FW)  1.543 3.573 21.013 5.453 4.180 3.543 5.590 3.960 2.857 1.543
SOD/(U - g”'FW) 30.80 33.97 28.20 22.50 21.77 33.27 33.00 31.53 35.03 30.80
CAT/(U - g"'FW) 471. 17 702.0 647.3 1264.0 70.7 330.0 233.3 577.3 269.0 471.7
POD/(U - g"'FW) 9.53 15.77 31.55 20.52 11.42 8.48 11.97 11.55 18.25 9.53
APX/(U - g 'FW) 3.94 5.833 3.19 3.36 2.88 4.05 5.88 3.25 3.08 3.94
ASA/(pg - g 'FW) 23.00 22.47 38.33 58.13 48.43 14.07 59.13 38.00 28.37 23.33
GSH/(pg - g 'FW) 4.153 2.243 1.993 6.737 3.683 5.047 3.780 5.487 5.177 4.153
SS/(mg + g7'FW) 1.32 2.68 2.55 4.43 5.20 1.30 2.24 2.56 4.66 1.32
SP/(mg - ¢"'FW) 38.30 52.33 57.53 41.87 75.67 44.13 53.53 91.10 32.47 38.30
AA/(mg - g 'FW) 1.32 2.68 2.55 4.43 5.14 1.37 3.54 2.28 4.66 1.32
Pro/(mg - g"'FW) 0.170 0.321 0.673 0.372 0.940 0.144 0.106 0.161 0.812 0.170
RWC/% 84.9 75.3 73.9 62.0 51.2 66.5 62.6 63.4 53.6 84.9

e 07 AP T H,0, 3 F AL ; MDA . TN 8 ; SOD ; # SAL Wy AL It s CAT : i 04k Ul ; POD - 2ok S AL W 6 ; APX . IR Il AR i 4601k
Yt s ASA  HUIR LR ; GSH : A e H K 5 SS : AT MEAN ; SP o PTVPE AR 0T 5 AA L0 18 ZURE IR 5 Pro : I &RR ; RWC AR Bk i, R,
Note ; O7 :superoxide anion;H, 0, : hydrogen peroxide ; MDA ; malondialdehyde ; SOD ; superoxide dismutase ; CAT'; catalase ; POD ; peroxidase ; APX ; a-

scorbate peroxidase; ASA ; ascorbic acid; GSH : glutathione ; SS; soluble sugar; SP: soluble protein; AA: amino acid; Pro: proline; RWC: relative water

content. The same below.

R2 TEZ

B HIHE % 2R &)

Table 2 Correlation coefficient of 14 variables oat seedling

03 H,0, MDA SOD CAT POD  APX  ASA  GSH sS SP AA Pro  RWC
03 1.000
H,0, -0.571* 1.000
MDA -0.365* 0.295  1.000
SOD  -0.268 0.637* 0.220  1.000
CAT 0355 0.082 -0.174 -0.090 1.000
POD -0.591* -0.248 —0.764* =-0.133 0.410*  1.000
APX  -0.282 0.476° 0210 0.525° 0.026 -0.219 1.000
ASA 0474 -0.244 -0.175 -0.315 0.248 0214 0.028  1.000
GSH  0.087 -0.047 0.373* -0.401" 0.116 -0.270 —-0.443* -0.097 1.000
SS  0.604* -0.710* 0.017 -0.589* -0.042 0.216 -0.510" 0.476* 0.355  1.000
SP -0.215 -0.688* -0.134 -0.272 -0.176 -0.119 -0.198 0.117 -0.043 0.123  1.000
AA 0574 -0.602% 0.016 -0529* -0.122 0.181 -0.316 0.608* 0.308 0.953* 0.064  1.000
Pro  0.423* -0.605" -0.289 -0.342 -0.235 0417° -0.566" 0.354 -0.169 0.756* 0.035 0.673* 1.000
RWC  -0.299 0.564* -0.095 0.475* 0.377* 0.078 0.426* -0.441* -0.572* —-0.784* -0.259 —0.807* -0.452* 1.000

e # FIRTE 0.05 /K B EHIZKE, Note: * Show significant correlation at 0.05 levels.
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K H SPSS 20.0 8 A4 i#EAT E BT 30T, B 3
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T, 50 1 Jr_l%mffrﬁk};jj 38.881% %5 2 £ T
DT HR R N 18.219%, 5 3 EH T TTHR R N
11.238% % 4 El%ﬂ@ﬁﬁk%ﬁ 9.616% %% 5 F£
THITTRRR Hy 8.809% ,iX 5 > T H T B TRk R
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Tab.3  Coefficient, score coefficient, eigenvalue and contribution rate of principal factors

WiH ERHF1 FHEF2 FHF3 FHEF 4 FHF5
Item Principal factor 1 Principal factor 2 Principal factor 3 Principal factor 4 Principal factor 5
03 0.690(0.127) 0.434(0.170) 0.238(0.151) 0.098(0.073) 0.156(0.127)
H,0, ~0.841(-0.154)  —-0.051(=0.020) 0.341(0.217) ~0.291(-0.216) 0.080(0.065)
MDA ~0.267(-0.049)  —0.781(~0.306) 0.238(0.151) ~0.004( -0.003) 0.246(0.199)
SOD -0.706( =0.130) 0.100(0.039) -0.113(=0.072)  —-0.215(=0.159) 0.329(0.267)
CAT -0.022(-0.004) 0.522(0.204) 0.715(0.454) 0.209(0.155) -0.180(-0.146)
POD 0.366(0.067) 0.832(0.326) 0.085(0.054) -0.244(-0.181) -0.101(-0.082)
APX -0.627(-0.115) 0.094(0.037) 0.046(0.029) 0.177(0.131) 0.637(0.516)
ASA 0.450(0.083) 0.229(0.090) 0.309(0.196) 0.408(0.303) 0.506(0.410)
GSH 0.306(0.056) ~0.600( -0.235) 0.582(0.370) 0.064(0.048) ~0.374(-0.303)
SS 0.929(0.171) -0.178(-0.070) 0.113(0.072) -0.192(-0.143) 0.161(0.131)
Sp 0.344(0.063) -0.054(-0.021) -0.478(-0.304) 0.770(0.572) -0.083(-0.068)
AA 0.874(0.160) -0.187(-0.073) 0.143(0.091) -0.168(-0.125) 0.379(0.307)
Pro 0.740(0.136) 0.139(0.055) -0.337(-0.214) -0.489(-0.363) 0.080(0.065)
RWC -0.759(-0.139) 0.515(0.202) 0.018(0.011) 0.055(0.041) -0.085(-0.069)
FFF(E Eigen value 5.443 2.551 1.573 1.346 1.233
Cuiﬁufo/nqiatc 38.881 18.219 11.238 9.616 8.809
Cumulﬁififoﬁi{l?ﬁn Late 38.881 57.100 68.338 77.954 86.763
VE 55 NBUE 55> 2B, Note: The value in bracket is score coefficient.
F4 BREBHSSERECH(x) NE W, RESEE U(X,) MEEITNE(D)
Tab.4  The value of comprehensive index CI(x), index weight (W), subordinate function values U(X;)
and comprehensive evaluation (D) of each treatment
AbHH Treatment A Time/d  CI(1)  CI(2)  CI(3) CI(4) cI(5) UX,) UX,) UX;) UX,) U(Xs) D
0 -1.445 -0.176  0.215 -0.330 -0.665 0.032 0.252 0.417 0.444 0.133 0.184
1 -0.776  0.630 -0.281 0.076 0.994 0.249 0.459 0.296 0.538 0.645 0.372
PEG 3 0.348 2.492 -0.910 -0.301 -0.779 0.613 0.937 0.143 0.451 0.098 0.550
5 0.808 0.448 2.529 0.309 -0.158 0.762 0.412 0.982 0.592 0.289 0.650
7 1.468 -0.771 -1.431 0.176 0.595 0.976 0.099 0.015 0.561 0.521 0.575
0 -1.470 -0.933 -0.299 -0.523 -0.982 0.024 0.057 0.292 0.399 0.035 0.109
1 -0.612 -0.075 0.181 0.744 2.069 0.302 0.278 0.409 0.693 0.976 0.423
CK 3 0.026 -0.236 -0.248 1.949 -0.627 0.509 0.236 0.304 0.972 0.144 0.439
5 0.572  -0.382 0.240 -2.150 0.634 0.686 0.199 0.424 0.022 0.533 0.460
7 1.079  -0.998 0.004 0.050 -1.080 0.850 0.040 0.366 0.532 0.005 0.496
U Weight W, 0.448 0210 0130 0.111  0.102
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