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Table 1 Agronomic traits of hulless barely at seedling stage under low nitrogen stress

S bR BRI/ em K /em MbREE R /g MBS/ MIBRTHE/e RTFE/g M5 L

Cultivar Index ]Pl'm]“l lRootl} . l:]lm“, - Rool'[‘r‘csh Pl:m} ‘d‘ry Roorl ‘d‘ry : Rr:olj{

neight length resh mass mass mass mass shoot ratio
it 1 # Dulihuang IE % Normal nitrogen 26.93+1.35a 17.004+0.56a 6.42+0.79a 2.17+0.25a 0.184+0.01a 0.154+0.04a 0.84+0.22 a
f% %4 Low nitrogen 22.23+0.60 b 21.17+1.57 b 3.53+0.18 b 3.68+0.21 b 0.79£0.03b 0.87£0.02b 1.10+£0.05 b
# B 5% Luolongzong iE% Normal nitrogen 18.57£0.71 a 14.67£0.40a 6.74+0.55a 2.67+0.04a 0.11+0.02a 0.42+0.26a 4.20+2.94a
fi£ & Low nitrogen 13.3340.50 b 16.37+1.16 b 2.414+0.26 b 2.7740.10a 0.6540.07 a 0.66+0.04 b 1.03£0.017 b
E £ 14 Kunlun 14 IE % Normal nitrogen 28.33+1.05a 14.37%£1.20a 7.91%+0.39a 2.54+0.12a 0.124+0.0la 0.13£0.03a 1.094+0.27 a
iK% Low nitrogen 26.37+0.31 b 15.50+0.85 b 3.7840.23 b 3.0440.07 b 0.8140.08 b 0.96+0.02 b 1.2040.14 a
# % 1% Huangqing 1 iIE % Normal nitrogen 26.104+0.72 a 12.234+0.80a 5.90+0.29a 2.424+0.10a 0.21+0.02a 0.19£0.04a 0.91£0.20a
IR Low nitrogen 18.4740.90 b 22.37+1.16 b 4.6240.29 b 3.7840.10b 0.9140.02b 0.96+0.06 b 1.06-0.08 a
FEER Tewu iE#% Normal nitrogen 20.33+1.05a 12.074+0.64 a 6.83+0.51a 2.25+0.08a 0.15+0.02a 0.134+0.02a 0.85+0.21a
it Low nitrogen 11.0340.67 b 13.97+0.32 b 2.064+0.46 b 2.91+0.15b 0.58+0.03 b 0.63£0.07 b 1.0940.10 b
£ 15 Kunlun 15 IE# Normal nitrogen 17.50+1.15a 17.27+1.00a 4.09+0.24a 2.764+0.22a 0.18%+0.03a 0.1740.06a 0.94+0.25a
A& Low nitrogen 15.73+£1.01' b 18.7040.96 b 3.96%+0.36a 3.86+£0.57 b 0.6140.06 b 0.7640.12b 1.2540.13 b
£ 18 Kunlun 18 IE% Normal nitrogen 24.8740.67 a 16.53+1.16a 5.6520.27a 2.784+0.20a 0.184£0.02a 0.16£0.04a 0.92£0.14 a
IR Low nitrogen 16.37+1.16 b 16.4040.46a 4.09+0.24 b 3.11+0.15b 0.574+0.04 b 0.57+0.27 b  1.00+0.51 a
THEEAHR iIE % Normal nitrogen 21.33+1.25a 16.004£0.53a 7.05+0.14a 2.73+0.42a 0.15+0.03a 0.154£0.01a 1.06+0.28 a
Erdaomei white hulless barley % Low nitrogen 13.90+0.61 b 18.3740.93 b 3.3040.44 b 3.2240.52b 0.6740.05b 0.7540.05b 1.1340.03 a

A [l /NG 5 B R 7R IR A AL 2155 0 B4 2 (A A7 A 1 35 22 5 (P<<0. 05) . R[],
Note:Different lowercase letters indicate significant differences between low nitrogen treatment and control(P<C0. 05). The same below.
F2 ERSRAKFLETEREHREEREAMNER (x £5)
Table 2 Variation coefficient of agronomic traits of hulless barely at seedling

stage under normal nitrogen and low nitrogen treatment

EH e [GRIE-E-Y 5 RE/ % CV
Normal nitrogen Low nitrogen Low nitrogen tolerance index Coefficient of variation
ELERRIN VAR RN
Agronomic trait 5 i g A i 5 i B4 Agronomic trait TEH 18 A m”&ﬁﬁtﬁﬁ(
Lo - - Normal Low Low nitrogen
Variation Mean Variation Mean Variation Mean . . N
nitrogen nitrogen  toleran ceindex
#k i /cm 16.30~29.423.00%£3.91 a 10.3~26.7 17.18+4.75b 0.58~0.98 0.74+0.12 b **’HJ 0.17 0.28 0.17
Plant height °v ST e o . P . o e Plant height . o .
. .
MR/ em 11.4~18.3015.024+2.03 a 13.6~23.6 17.85+2.80 b 0.93~1.87 1.214+0.27 b R 0.14 0.16 0.22
Root length Root length
e (i T L ok o i
BRI i/ g 3.89~8.36 6.32+1.13a 1.65~4.9 3.47+0.85b 0.25~1.04 0.58£0.22 b A B 0 0.18 0.24 0.38
Plant fresh mass Plant fresh mass
ARAEITL 1.98~3.21 2.54£0.28 a 2.63~4.25 3.30+£0.46 b 1.02~1.76 1.31£0.23 b AR T 0.11 0.14 0.17
Root fresh mass Root fresh mass
HBRT T /6 0.09~0.22 0.16+0.03 a 0.54~0.92 0.70+0.12b 2.70~7.82 4.62£1.26Db i b T it 0.22 0.18 0.27
Plant dry mass Plant dry mass
T /g 0.10~0.61 0.19£0.12a 0.32~0.99 0.77£0.17 b 1.07~9.80 5.02:2.00 b i 0.65  0.22 0.40
Root dry mass Root dry mass
R 1 0.59~6.78 1.35+£1.38a 0.52~1.54 1.11+0.19b 0.16~2.04 1.13£0.43 b Rt 1.02 0.17 0.38

Root-shoot ratio Root-shoot ratio

®3 BEREHFARRZSHERBEIEZ BEHEXES

Table 3 Correlation coefficient among low nitrogen stress coefficients of agronomic traits of hulless barely at seedling stage

ki PR = iiSN TERRBE BT R AR T RTa: AR T A R T i e
IEId Plant Root Plant fresh Plant dry Root fresh Root dry Root-shoot
naex height length mass mass mass mass ratio

& Plant height 1

K Root length —0.055 1

Ak fef i & Plant {resh mass 0. 445 0.226 1

HitkET B & Plant dry mass 0.425 0.618 0.428 1

M EE i Root fresh mass 0.296 —0.098 —0.556 —0.178 1

MR+ i Root dry mass 0.706 0.313 0. 095 0. 387 0.419 1

#3H & Root-shoot ratio 0. 559 0.378 0.562 0.564 —0.338 0.709°" 1

[F] i b 2L IR 0 0000 o 0 R L R BROT AR EL . ol VA B, AR T 5o AR T BT A | R A i 5T R AR
ORI R RS ER I ANV S E%F(VIP)T fief Jo 5 7 DX 73 XE B MR 2204k B 41 A BT MK R dR e
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Table 4 Eigenvalues and variance contributions of principal component analysis of agronomic traits

of hulless barely seedlings under normal and low nitrogen treatments

KR fEMR Eigen

e HE 5 77 2 ff BE R Variance of rotated

i/,
(Unrotated) variance variance (Unrotated) Of variance variance

1 4.124 58.91 58.91 3.159 45. 14 45.14
2 1.124 16. 05 74.97 1. 981 28.31 73.44
3 1.006 14.37 89. 33 1.112 15. 89 89. 33
4 0.477 6.81 96. 14

5 0.17 2.42 98. 56

6 0.097 1. 39 99. 95

7 0.003 0.05 100. 00

B [4]{F % 4+ 72 Normal treatment ~
[P & 4 # Low nitrogen treament R

1 2 3 4

7 BE /%
Percentage of explained variances

RS ART 25 0 25

Dimensions

& F1 Factor 1(58.9%)

C

Root-shoot rati

T R

Root dry mass

Plant dry mass

AR i B

Root fresh mass

HH R B R

Plant fresh mass
K Root length!

¥ 7 Plant height]

Hrl HE¥f2 HEF3 aAFFHZE
Factor 1 Factor2 Factor4 Common factor
variance

AL WA BT BB TR C. TR 7 40 R B 24 R

A. Scree test; B. Scatter plot; C. Heat map of component matrix
E1 EENMRELETEREHRZERERSFN

Fig. 1 Principal component analysis of agronomic traits in hulless barley seedlings

under normal and low nitrogen treatments
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RERVERE

Variable importance of projection

0 02 04 0.6 0.8 1.0
FEH B IncNodePurity

A. PLS-DA #8755 VIP (K HE 44 ; B. B AL AR AR 280 A% 5 T 22 )8 iE 44
A. VIP value ranking of PLS-DA model variables; B. Importance ranking of random forest model variables
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Fig. 2 Rankinge of importance for agronomic traits of low nitrogen tolerance in

hulless barley based on PLS-DA and random forest
x5 REEHTEREARZERREIY N

Table 5 Membership function analysis of agronomic traits of hulless barely at seedling stage under low nitrogen treatment

o ] [N R RRGF B RLBR T DU ARSI MR TR H e L - H {1 HE&
gy Plant Root Plant fresh Plant dry Root fresh  Root dry Root- :
Cultivar . . ean Ranking
height length mass mass mass mass shoot ratio
E 4 15 Kunlun 15 0.906 22 0.149 23 1. 000 00 0.508 76 0.948 57 0.504 34 1. 000 00 0.716 73 1
# 7 1% Huangqing 1 0.336 81 1.000 00  0.721 35 0.78338  0.68879  0.597 10  0.839 50  0.709 56 2
Jit: . #% Dulihuang 0.687 53  0.334 25  0.369 33 1.000 00 0.66574  0.704 28  0.970 06  0.675 88 3
E £ 14 Kunlun 14 1.000 00 0.144 53 0.259 70 0.179 72 0. 000 00 1.000 00 0.779 77 0.480 53 4
E £ 18 Kunlun 18 0.190 06 0.045 27 0.632 98 0.047 85 1. 000 00 0.325 28 0.774 27 0.430 82 5
. o
fﬁ—ﬁjHF’% 0.170 39 0.223 32 0.246 28 0.148 03 0.645 63 0.576 58 0.747 05 0.393 90 6
Erdaomei white hulless barley
% P55 Luolongzong 0.182 80  0.461 25 0.072 00 0.233 22 0.264 95  0.606 82  0.888 76  0.387 12 7
F588 Tewu 0. 000 00 0. 000 00 0.000 00 0. 000 00 0.447 41 0.000 00 0. 000 00 0.063 92 8
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Analysis of Varietal Difference of Low Nitrogen Tolerance
of Hulless Barley at Seedling Stage

AN Likun "***,MA Aisha’,YAO Youhua "*%*,
CHEMI YANGZOM?® and WU Kunlun "***

(1. College of Agriculture and Forestry Sciences,Qinghai University, Xining 810016, China; 2. Laboratory
for Research and Utilization of Qinghai Tibet Plateau Germplasm Resources,Xining 810016, China;
3. Qinghai Key Laboratory of Hulless Barley Genetics and Breeding, Xining 810016, China;
4. Qinghai Subcenter of National Hulless Barley Improvement, Xining 810016, China;
5. College of Eco-Environmental Engineering, Qinghai University, Xining 810016 ,China)

Abstract The gronomic traits and low nitrogen tolerances of 8 representative hulless barley varieties
were analyzed at the seedling stage under low nitrogen stress,the results showed that there were sig-
nificant differences in all agronomic traits of all hulless barley under low nitrogen stress, the plant
height,fresh mass and dry mass decreased significantly, meanwhile, the root length, fresh mass and
dry mass increased significantly. After the analysis of the agronomic traits, the results revealed that
the fresh and dry mass of plants and roots better reflected the low nitrogen tolerance of hulless barley,
its root dry mass was the most important agronomic trait for screening low nitrogen tolerant hulless
barley, which could be used as an important indicator for screening of low nitrogen tolerant hulless
barley resources. The results of the multi-indicator analysis showed that the low nitrogen tolerance of
each variety was ranked as ‘Kunlun 15’ > “ Huangqing’ 1°‘>>’Dulihuang ‘> ‘Kunlun 14’ > ‘Kunlun
187> *“Erdaomei white hulless barley’ > ‘Luolongzong’ > ‘Tewu’.

Key words Hulless barely(Hordeum wvulgare .. var. nudum Hook. f.);Low nitrogen stress; Seed-

ling stage; Agronomic traits
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