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Table 4 Principal component analysis of physiological indexes in leaves and roots of hulless
barely at seedling stage under low nitrogen treatment
EBLEEY HAN 1 H¥ 2 A+ 3
Physical index Tissue Factorl Factor 2 Factor3
B % Total nitrogen I Leaf —0.003 192 676 0.048 202 253 —0.011 645 513
# Root —0.004 759 99 0.019 196 828 0.024 312 563
MIE M Total protein i Leaf —0.000 290 243 0.002 382 088 —0.003 268 916
# Root —0.000 116 097 —0.000 140 123 0.000 612 922
W5 i & 2 Free proline M Leafl 0 0 0
R Root 0 0 0
MDA - Leaf 0.000 058 049 0. 000 980 86 0.002 655 994
# Root 0.000 058 049 0.000 280 246 —0. 000 408 615
4%t 2 SPAD Chlorophyl SPAD I Leaf —0.040 169 673 0.034 610 339 0.066 399 857
SOD it SOD activity M Leaf 0.004 005 358 0.021 018 424 0.173 048 243
# Root 0.003 482 920 0.032 788 742 —0.099 497 632
POD i POD activity i Leaf 0.001 567 314 —0.010 789 458 0.024 312 563
# Root 0.001 160 973 —0.004 904 299 0.017 774 731
CAT it CAT activity I Leaf 0.001 857 557 0.029 846 163 0.057 614 645
# Root 0.004 934 136 0.074 685 468 —0.041 882 987
NR % NR activity - Leaf —0.000 638 535 0.007 426 510 0.011 441 206
# Root —0. 000 580 487 0.004 904 299 —0.007 967 983
GS i GS activity I Leaf 0 0 —0.000 204 307
R Root 0 0 0
235tk %/ % Cumulative contribution rate 71.99 84. 34 90. 16
x5 REEGTEREHMMRPEEBERRERE SN
Table 5 Membership function analysis of physiological indexes in leaves and roots of
hulless barely at seedling stage under low nitrogen treatment
. .
hulless barley
A M Leafl  0.39 0.42 0. 54 0. 00 0.43 1.00 0.02 0.56
Total nitrogen R Root  0.90 0. 89 1.00 0.00 0.75 0. 40 0.99 0.87
i%ﬂ)rmcm M Leafl  0.16 0.14 0. 20 0. 00 0.26 1.00 0.11 0.49
i Root  0.38 0.47 0. 00 0.10 1.00 0. 65 0.16 0.24
ﬁf‘*‘;ﬁ;ﬁrﬁﬂi m Leafl  1.00 0.77 0. 54 0.17 0.00 0.53 0.57 0. 44
R Root  0.10 0.16 0. 04 0. 00 0.10 1. 00 0. 00 0.37
MDA m Leafl  0.40 0.45 0. 25 0. 00 0.09 1. 00 0. 22 0.14
H Root  0.47 0.67 0.41 0.54 0.00 0.90 1.00 0.65
”&%ipiiﬁ;AD m Leaf  0.10 0.62 1.00 0. 00 0.13 0.05 0.08 0.04
288 ‘(;Ec;l?iily M Leafl  0.81 0.67 1.00 0. 00 0.12 0.58 0.11 0.33
i Root  0.03 0.11 0. 36 0. 00 1.00 0.25 65 0.35
Egg ﬁi':ivny m Leafl  0.81 0. 00 0.14 0.48 0.01 0. 20 1.00 0.99
R Root  0.62 0.71 0. 50 0.62 0.00 1. 00 0.98 0.87
EQ$ ‘i&ny m Leafl  0.73 0.09 0.31 0.08 0.00 1. 00 0.10 0.02
8 Root  0.88 0.51 0.19 0.14 0.00 1. 00 0. 36 0.46
EE ﬁt':imy m Leaf  0.57 0.05 0.33 0. 00 0.18 1. 00 0. 37 0.25
R Root  0.39 0.08 0. 34 0. 50 0.00 1. 00 0.09 0.18
E: ﬂfim 0 Leaf 0,75 0.41 0.55 1.00 0. 88 1. 00 0.31 0. 40
R Root  0.05 0.07 0.20 1.00 0.05 0.17 0.05 0.00
¥4 Mean 0.502 0.384 0.415 0.243 0.263 0.723 0.377 0.403
HEFF Ranking 2 5 3 8 7 1 6 4
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Effect of Low Nitrogen Stress on Physiological Characteristics of Different
Barley Seedlings and Evaluation of Low Nitrogen Tolerance

AN Likun'*?*,YAO Youhua'**,YAO Xiaohua'** and WU Kunlun'"*"*

(1. Academy of Agriculture and Forestry Sciences. Qinghai University, Xining 810016,China;
2. Qinghai Key Laboratory of Hulless Barley Genetics and Breeding, Xining 810016, China;
3. Qinghai Subcenter of National Hulless Barley Improvement, Xining 810016, China)

Abstract In this study,we measured and analyzed relevant physiological indicators in the leaves and
roots of 8 hulless barley varieties at the seedling stage under low nitrogen culture conditions to clarify
the important physiological indicators suitable for the screening of low nitrogen tolerant hulless barley
varieties. The results showed that there were significant differences in the physiological indexes of hul-
less barley under low nitrogen conditions compared with normal culture conditions. Total nitrogen, to-
tal protein,NR enzyme activity and chlorophyll SPAD decreased in leaves and roots of the 8 barley
species, while proline, MDA ,SOD,POD and GS enzyme activities increased in leaves and roots,but the
magnitude of changes in each physiological index varied among varieties. The analysis of each physio-
logical index revealed that root GS enzyme activity can be used as a primary index for rapid screening
of low nitrogen tolerant resources in hulless barley,and osmoregulators and antioxidant enzyme activi-
ties play a major role in low nitrogen tolerance in hulless barley and can be used as important indexes
for the screening of low nitrogen tolerant hulless barley. The results of multi-indicator analysis showed
that the low nitrogen tolerance of each variety was ranked as ‘Huangqging 1’>> ‘Duli Huang’ > ‘Kun-
lun 15" > ‘Erdaomei white hulless barley’” > *Tewu’ > ‘Luolongzong’ > ‘Kunlun’ > ‘Kangqing 3’. In
conculsion, this study analyzed the relevant physiological indexes of hulless barley under low nitrogen
conditions and clarified the important physiological indexes for the screening of low nitrogen tolerant
hulless barley. These findings provide some references for further large-scale screening of low nitrogen
tolerant hulless barley resources and variety selection and breeding.

Key words Hulless barely( Hordeum wulgare L. var. nudum Hook. {.); Low nitrogen sterss; Seed-

ling stage; Physiological parameters
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