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Comprehensive Evaluation of Seedling Alkali Tolerance of
100 Bromus inermis Germplasm Accessions

LU Lu, LI Chen-jian", WANG Yu-xiang', HUANG Meng-qi, WANG Qing-yu, JIN Gui-li
(Key Laboratory of Grassland Resources and Ecology of Western Arid Region Ministry of Education, Key Laboratory of Grassland Resources

and Ecology of Xinjiang, College of Grassland Science Xinjiang Agricultural University, Urumqi, Xinjiang 830052, China)

Abstract: Saline-alkali land is widely distributed worldwide, and it is of great significance to screen for germ-
plasm resources of saline-alkali resistant Bromus inermis for improving saline-alkali land In this study 100
Bromus inermis germplasm resources were selected as the reseat objects. During the seedling stage, 200 mmol-LL.™"
NaHCO; solution was used for stress treatment, and 14 traits including plant height, root length, seedling {resh
weight/dry weight, root fresh weight/dry weight were measured. Multiple statistical methods such as correlation
analysis, principal component analysis, membership function analysis, and cluster analysis were used to compre-
hensively evaluate the alkali tolerance of different smooth brome germplasm resources. The results showed that
there were varying degrees of variation in the alkali tolerance coefficients of 14 personality traits, ranging from
39.52% to 74.83%. Relative conductivity was negatively correlated with 13 indicators including plant height,
root length, and seedling fresh weight. Using principal component analysis, 14 traits were classified into 3 com-
ponents, with a cumulative contribution rate of 73.719%. Plant height, stem thickness, fresh weight of aboveg-
round parts, dry weight of aboveground parts, survival rate, root surface area, root volume, and relative conduc-
tivity can be used as the main evaluation indicators for alkali tolerance at the seedling stage of smooth brome.
Cluster analysis grouped 100 rootless barley seeds into three categories, including 16 alkali tolerant materials, 63
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medium resistant materials, and 22 alkali sensitive materials. The results provide excellent germplasm materials

for the screening of alkali tolerance indicators and the breeding of new varieties of smooth brome.

Key words: Bromus inermis ; Seedling stage ; Alkali tolerance ; Cluster analysis; Comprehensive evaluation
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Table 1 Information of test materials

%5 Code

KA Collection location 24 )% Longitude and latitude

W17590,W17621,W17633,W17Z672,W17680,W1Z757

% B Bachu County 39°78760"N,78°47"717"E

W17608,W1Z624,W1Z631,W1Z634,W1Z651
W17688,W1Z732,W12733,W1Z734,W1Z753, W1Z756
W1Z575
W17589,W1Z620,W1Z671,W1Z674, W1Z749
W17668, W1Z689
W1Z571,W1Z581,W17626,W1Z676, W1Z679

W17Z569,W17591,W1Z592,W1Z597, W1Z605,W17625, W1Z635,W1Z639, W1Z648,
W1Z657,W17660,W1Z667, W1Z743

W17585,W17628,W1Z735,W12737,W1Z738,W1Z739,W1Z681
W1Z570,W1Z594,W17623,W1Z650, W1Z664,W1Z745
W17663, W1Z677
W1Z678,W1Z748,W1Z755
W17600,W1Z747,W17563,W1Z587,W1Z603, W1Z683
W17576,W1Z658, W1Z669

W17582,W1Z583,W1Z595,W1Z598,W1Z602,W1Z619,W1Z630,W1Z637,W1Z649,
W1Z655,W17661,W1Z690, W1Z746

W17629,W17736
W17584,W17632,W17640,W17670,W1Z673,W1Z675
W17596,W17599,W17622,W17659,W17691,W17642,W17666,W17682
B35

[ L3 £ Barkol County
FEIK 2 Baicheng County

% 4ii 45 /K & Chabuchar County

i 5L Emin County

IR £ Jiashi County

0k & Hejing County
M- ¥ 5L Hutubi County

I E Huocheng County
W A BE /R & Jimusar County
JE % £ Kuche County
[ % B Minfeng County
# i £ Qinghe County
i # £ Shule County
B A 5% & Urumgi County

FrE L Xinyuan County
7 & Yining County
IR 5 8 Zhaosu County
595 8 Wusui County

43°35'04"N,93°40'13"E
41°80'16"N,81°69'44"E
43°85'88"N,81°15'80"E
46°68'21"N,83°88" 14"E
39°52'19"N,76°77'45"E
42°47'74"N,86°37'65"E
44°08'34"N,84°30'38"E

44°02'47"N,80°85'76"E
43°46'23"N,89°09'17"E
41°72'16"N,83°11'85"E
37°07'43"N,83°21'22"E
46°75'02"N,90°15'20"E
39°47'09"N,76°03'67"E
43°27'24"N,87°17'47"E

43°47'75"N,84°97'04"E
43°84'35"N,81°28'76"E
43°06'42"N,81°02'52"E
44°31'32"N,85°87'87"E
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Table 2 Average values of Bromus inermis germplasms under different treatments for the same index at seedling stage

NaHCO,# & NaHCO, concentration/(mmol-L.~ ")

PEAR Trait
50 100 150 200 250 300

¥k PH/em 0.94+0.03" 0.82+0.01" 0.7440.04" 0.7140.05° 0.69-0.06° 0.65+0.11°

MK RL/em 1.07+0.10° 0.780.04" 0.77+0.04" 0.72+0.01" 0.69-0.03" 0.59+0.10°
2 ST/mm 0.9840.14° 0.8840.07% 0.7140.14" 0.6640.17" 0.624+0.13 0.5840.09°
4% SPAD 1.0940.21° 0.94+0.17 0.7740.23" 0.500.20" 0.380.21° 0.2040.14°

M B EEFE APFW /g 0.984+0.09* 0.554+0.20° 0.40+0.10" 0.33+0.05" 0.15-+0.03 0.13+£0.02¢
Mo 3+ & APDW /g 1.2340.28" 0.98+0.15" 0.73+0.13" 0.58+0.14° 0.53+0.18° 0.44+0.17°
R R FE UFW /g 1.4140.04 0.814-0.16" 0.6340.14" 0.564-0.14" 0.57+0.04" 0.70+£0.57"
RS E UDW /g 1.314+0.39° 0.854-0.06" 0.824-0.06" 0.7840.02" 0.66+0.12" 0.51+0.21"
AHXTHL F 3 REC/ g 1.8441.52¢ 3.81+1.66" 4.64+1.63" 5.36+1.27% 6.25+0.94™ 6.65+1.14"
HAXF &K B RWC/g 0.97+0.10° 0.85+0.13" 0.75+0.27% 0.72+0.31% 0.4740.09" 0.3640.10°

2 RAT AN R 7 B 3R A BRA) 25 5 10 3% (P<<0.05) . PH &R M@ s RL BRI ;ST /R 254 ; SPAD HR M4 E % 4k ; APFW R i |-
HEEE ; APDW 2R M [ 8 UFW R b F B &, UDW 208 H R 3 5 s REC R AR L 5 R RWC SRR X &K . T

Note: Values with different letters in the same row indicate significant differences among treatments (P<<0.05). PH represents plant height;

RL represents root length; ST represents stem thickness; SPAD represents chlorophyll content; APFW represents aboveground part fresh

weight; APDW represents aboveground part dry weight; UFW represents underground fresh weight; UDW represents underground dry weight;

REC represents relative electrolyte conductivity ; RWC represents relative water content. The same as below
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100 £ JC 1 48 22 1Y Tf 0 1k A7 75 = 5 1 A8 Sk . H
L b R T AR S R B R, O 74,830, Ui W
360 6T T 1 4 A2 1 AR 00 ] A S At 4 A R 5 RO
Mo BT R B SR M A R R
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XF IR 14 HEAREEA T AR SR 0 A LA R AN 3k
AFr7R . RZBERIRAN AR EAE(P<<0. 0D, H
HAR AR 5 AR SR T AR A R O 2R iR R, O 0. 9425 1T A
X AL R HAR 13N bR Z B AFE UG SE &R, 5
D R/ S w5 NG i R e [E P S €0 T
FHIRIEZR (P<C0. 01, He b iy - 958 - i [1) A4 4 O 2 4K
R, —0.295, 2% FLITURSARIA] R B AN [ R 22 A
KM, F W 4% A Wy 46 s 18] A 0 B0 3R A5 2L RT REAF A
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Table 3 Variation analysis of alkali resistance coefficient of

test materials

Pk ROy gz 0

Trait Variation Average SD A

range CV/%

Bk PH 0~0.99 0.63 0.27 4275

K RL 0~1.31 0.62 0.31 50.61

ZEHM ST 0~1.02 0.50 0.29  56.90
442 SPAD 0~0.82 0.29 0.21 71.86
EMARS 0~2.22 0.59 0.40 67.74
HF- 35 B 42 ARD 0~2.79 0.69 0.50 72.00
HAABIRY 0~1.79 0.98 045 4572
ARG HL % REC 1.25~6.88 3.36 1.33  39.52
X AKERWC  0.16~0.98 0.49 0.22 44.79
Mo I & APFW 0~0.95 0.27 0.20 69.56
3 E APDW 0~3.35 0.54 0.40  73.77
MR AR UFW 0~2.07 0.73 0.44 59.91
R &R UDW 0~3.69 0.64 0.48  74.83
1715 % SR 0~1.00 0.54 0.31 57.84

RS RN MR WA ; ARD R P B B AR RV R RAKEL
SRERMFIEHR . T

Note: RS represents root surface; ARD represents average root
diameter; RV represents root volume; SR represents survival rate.

The same as below
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Table 4 Correlation among indexes of tested materials

Y|

I Xl XZ X3 X4 XS X(i X7 Xé% XL) Xl() Xl] Xlz XH XH
tem
X, 1.000

X,  0.757"  1.000

X, 0706”7  0.6697  1.000
X, 05637  0.5557  0.7367  1.000
X;  0.524" 0584 04977 04427 1.000

Xs 04977 0.524”  0.486™ 04377 0.9427  1.000

X, 08217 0.6297 0.712"  0.555" 04877  0.553"  1.000

Xy —0.235 —0.106 —0.1977 —0.180 —0.152 —0.206" —0.102 1.000

X, 03627 0.2100 04017 0.3637  0.3147  0.3027  0.3177 —0.294" 1.000

X,  0.655" 0.5757  0.641"  0.614"  0.630"  0.6397  0.530" —0.295" 0.444" 1.000

X, 0.5727  0.5177  0.4167  0.366"  0.6337  0.632"  0.447" —0.235" 0.247° 0.599 1.000

X,  0.7027  0.6747  0.636"  0.622  0.697"  0.724”  0.5607 —0.293" 0.290” 0.889" 0.704™ 1.000

X,y 04367 04047 0.3277  0.291"  0.588"  0.6327  0.4437 —0.199° 0.362" 0.523" 0.492" 0.561" 1.000

X, 07927 05747 0.7167  0.5657  0.5097  0.540"  0.785" —0.224" 0.656" 0.686" 0.481" 0.621" 0.525" 1.000

T X R R bR 5 X, R AR Xy 3R7R 2501 X, RR M4 35 X 3R R AR R TN AR 5 X 38 /R AT 1 10488 5 X, R /R AR AR X e m ARG L 5228 X

FETR M B K A5 X e b T 5 X, R b b 5 X, B M R A 5 X R R X RN AR L+l R OR P<<
0. 05 1 P<<0. 01 i) & 3 /K -

Note: X, represents plant height; X, represents root length; X, represents stem thickness; X, represents chlorophyll content; X; represents

root surface; Xgrepresents average root diameter; X, represents root volume; Xg represents relative electrolyte conductivity ; X, represents relative
water content; X,, represents aboveground part fresh weight; X, represents aboveground part dry weight; X,, represents underground fresh
weight; X, represents underground dry weight; X, represents survival rate. * and ** indicate significant correlations at the 0. 05 and 0. 01 levels,
respectively

1.337 il 1.155, 51 #k % 4 55.918%, 9. 550% Fi R TGS A A I R AN LR S AR AR . AR 5T
8.252% , BELTTHA R ik 73.720% o T W44 b 4% D= I = AN I O 135 s N (155 i s
SR RO 34 F K e 25 A S BB b 38 T FVEE 16 R AR5 — A F2 8043 v o5 A 4 v T fr 5 AR % 1
PR TE 14 22 10 14 DR PR I e R A5 B FIAE BURRIARRRTE 58 A~ 32 0 b o A 2 17 e 5 A X

x5 WHETEEEEZEH WM ERNERS S

Table 5 Principal component analysis of 14 indicators at the seedling stage of Bromus inermis under alkali stress

T 17 {8 Load value

Factor FHA T FH I F s

Principal component [ Principal component [[ Principal component [l
Bk PH 0.849 0.267 0.120
MK RL 0.773 0.116 0.336
ZEMST 0.800 0.392 0.093
42 SPAD 0.712 0.329 0.058
HRELHARS 0.785 —0.456 0.111
P B A2 ARD 0.793 —0.471 0.063
R RV 0.787 0.309 0.199
AHXT L% REC —0.304 0.069 0.709
AR £ 7K B RWC 0.509 0.229 —0.627
Ho bR APFW 0.852 —0.065 —0.101
Wb |3+ E APDW 0.715 —0.364 0.047
& UFW 0.881 —0.182 0.057
T T E UDW 0.650 —0.384 —0.149
1716 R SR 0.843 0.301 —0.164
FEE{E Eigenvalue 7.829 1.337 1.155
i ik 2% Contribution ratio/ % 55.918 9.550 8.252
23t 5k % Cumulative contribution ratio/ % 55.918 65.468 73.720

R Weight/ % 75.852 12.954 11.194
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FE AR CE RS ) B AL 43 51 ol 75. 852 %, 12. 954 6 Al
11.194% . MR85 R ok B8 Fr i v 25 5
PEME (D ED I HEF o 2 6 AT A1, 100 13 Jo 1546 2

B B9 DA YE B 7E 0. 110~0. 811 2 fa) . D{H# k3
7N TS A B 5, R 2 B ES o FLrp B ORE W1Z655,
W 17667 Fil W1Z630 1) D {8 %5 K, Tif i $4 %5 5% , 1
W 17733, W1Z676 F1 W1Z570 B DA /)N , T 5 1 45
$5 o AT A bR 100 4y JC 15 48 2 Ak AT 25 A
ST BT D H R T BR DGR 2 1k E AT R R 2K
GrAT o FR B T RTAL, 100 4y TG 1 48 22 b T 43 A 34>
KA HE T 28 i B el it 32 5 16 4~ (D=0. 641)
i BEEUA R 16 96 5 575 11 28 hy oy B2 TS 32 f i 62 4>
(0.628~0.399), (5 BE A BHY 6206 ;57 Il 2 B Bk
B 2245(0. 362~0. 1100, 5 HER A RHY 22 % .
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Table 6 D values and rankings of various materials

45 Code D{H D value #EFF Rank 45 Code D{H D value ¥ Rank 45 Code D{H D value fEFF Rank
W17592 0.399 78 W17584 0.608 21 W17743 0.221 89
W12594 0.531 49 W17587 0.501 60 W1Z563 0.240 86
W17595 0.451 73 W17672 0.476 67 W17569 0.217 90
W17599 0.521 54 W17624 0.464 70 W17629 0.128 97
W1Z600 0.420 77 W1Z632 0.486 65 W 12597 0.145 96
W17631 0.599 23 W17596 0.622 18 W17733 0.119 98
W17648 0.452 72 W17622 0.587 30 W1Z676 0.119 99
W1Z649 0.211 91 W1Z7678 0.545 43 W17748 0.753 4
W17650 0.506 59 W17749 0.564 34 W17667 0.776
W17651 0.487 64 W17688 0.592 25 W1Z639 0.581 31
W1Z681 0.523 52 W1Z2757 0.496 62 W1Z635 0.221 88
W17590 0.538 45 W17734 0.478 66 W17608 0.649 14
W17621 0.561 37 W1Z576 0.641 16 W17603 0.271 82
W1Z677 0.695 7 W1Z691 0.472 69 W1Z575 0.362 79
W17756 0.588 27 W17753 0.647 15 W 17657 0.250 85
W1Z655 0.811 1 W1Z690 0.692 8 W1Z669 0.628 17
W17673 0.546 42 W12732 0.690 9 W17620 0.510 57
W1Z671 0.613 20 W1Z679 0.673 12 W17602 0.678 11
W1Z670 0.563 35 W17628 0.599 24 W1Z666 0.552 40
W 17680 0.521 53 W17581 0.749 5 W 17605 0.463 71
W1Z675 0.553 39 W17630 0.765 3 W17658 0.534 48
W1Z619 0.587 29 W1Z582 0.567 33 W1Z746 0.512 55
W17663 0.250 84 W17660 0.537 46 W17642 0.608 22
W17633 0.110 100 W1Z668 0.528 50 W17637 0.308 81
W1Z570 0.169 94 W1Z739 0.545 44 W17626 0.426 76
W17661 0.169 93 W17737 0.569 32 W17755 0.508 58
W17583 0.168 95 W1Z747 0.614 19 W1Z634 0.431 75
W17689 0.492 63 W17571 0.474 68 W1Z659 0.443 74
W17589 0.563 36 W17598 0.500 61 W1Z745 0.322 80
W17625 0.535 47 W1Z7735 0.527 51 W17682 0.670 13
W12623 0.588 28 W1Z2738 0.557 38 W 17683 0.591 26
W17674 0.682 10 W 17640 0.267 83 Lj—5 0.512 56
W17591 0.712 6 W17736 0.239 87
W1Z2585 0.549 41 W1Z664 0.201 92




H BRAE L 100 £ 01 48 A b T 5L v U S Al P 2 S 2115

2z % 2 P
4225 E8 89y
L2 23558 53858
Lrhn it e gy
=Y — S48
4% S
% % g FE e
g =Y NS
Y Sé’i\’@}‘%
i, o, B &
Ty N
RN IS
2 &
L3 & e
% S
ey Q‘QZ\/IJ:,L
iz, s
W, % N
34 !
W12590 ey
Wizes, I vE
Wizeys, WAL
Wizesg W17630
Wiz504 17667
W1Z6681 ]:[ W1Z65%
[ T T T T 7T T w1763
WIZT35 S = S = = S S = 12633
WAZ68Y ~ o n = w o — PVIZ676
W1Z680) Wiz733
12599 Wiz
Wiz 1259,
) Wy
ol o I N
468 Tzs,
R 70
N 2z,
W o
< Wy,
\q\'l"f_% ",
<@ Py
U %
& ¢ 7 %
NG .
QA;(\’“%@?’ i " %e)% i
S <. %
BN RS
TS L2 5%
SSEFEeE2222v8 %7
SSSEEEsERERD
Fridgrzs”

1 WHETEEEZMRDERGERE
Fig.1 Systematic clustering of D values of Bromus inermis

germplasm under NaHCO; stress
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