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

Abstract: To determine the drought-tolerant capacity of hromus and to screen early drought-tolerant bromus
seedlings, this study measured the adaptive response of 101 accessions of B. inermis at the seedling stage to
drought stress. The morphological and physiological changes of the plants including roots were analyzed, and
17 growth indexes related to drought tolerance were determined. The drought tolerance of the seedlings was
evaluated and screened by comprehensive evaluation, correlation analysis, principle component analysis, mem-
bership function and cluster analysis. The results showed that plant height, average root diameter, fresh weight
above ground, total root volume, root surface area, root projected area, fresh weight below ground, total pri-
mary root length, dry-weight root aboveground ratio, maximum primary root long, fresh-weight root aboveg-
round ratio and aboveground dry weight can be important indicators for the identification of drought tolerance in
the seedlings of bromus. 101 bromus materials were divided into 4 different drought-tolerant grades by cluster
analysis. There were 10 germplasm materials in class I with D value ranging from 2. 00 to 2. 55, which were
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highly drought-tolerant materials. There were 38 germplasm materials in Class IT with D value ranging from
1.27 to 1. 81, belonging to moderate drought tolerance. There were 42 germplasm materials in Class III with
D value ranging from 0. 77 to 1. 25, belonging to low drought tolerance. There were 11 germplasm materials in
Class 1V, the D value ranged from 0. 37 to 0. 73, belonging to drought sensitive materials. The drought-resis-
tant germplasm WI1Z755, W1Z770 and W17Z696 were selected. The drought-sensitive materials were
W1Z626, W1Z587 and W1Z763. This study can provide a theoretical basis and a material basis for the drought
resistance evaluation of bromus seedlings and the selection of new varieties.
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Table 1 Information on germplasm materials of Bromus
P ﬂé“n)ﬁﬂblz e é’i?ﬂﬁ AEFif K AR
Code Regl‘or‘l of Altitude /m Longlt}ude and '/\'nm‘Jal Average annuoal‘
origin latitude precipitation/mm  temperature/°C
W17688,W1Z698, W12732,W1Z733 ,W1Z734, FEIR L 2200 41.80°N,81.69°E 104.1 7.6
W17753, W1Z756 Baicheng County
W17590,W1Z621,W17633,W1Z672,W1Z680, (o= 1000 39.78°N,78.47°E 150.0 11.8
W17696,W1Z757 Bachu County
W1Z574,W1Z582, W1Z595, W1Z627, W1Z637, LS 1965 43.45°N,87.28°E 208.4 7.0
W17Z655,W1Z661,W1Z690 Urumgqi County
W17584,W17632,W17640,W1Z670,W1Z673, PRy B 1775 43.84°N,81.28°E 340.0 9.0
W17675,W1Z703 Yining County
W17589,W17620,W1Z671,W1Z674, W1Z700, okl 2321 46.68°N,83.88°E 441.2 8.6
W1Z706, W1Z749,W1Z7758 Emin County
W17563,W1Z587,W1Z603,W1Z638, W1Z645, R 1659 46.75°N,90.15°E 165.0 1.8
W17683, W1Z2740, W1Z747 Qinghe County
W1Z571,W17581,W17626, W1Z676 , W1Z679, L 1500 42.47°N,86.37°E 73.1 9.3
W1Z2762, W1Z2763 Hejing County
W17564,W17599,W17642, W1Z659, W1Z666, PNz 1918 42.95°N,81.13°E 511.8 7.8
W17682,W1Z707, W1Z760,W1Z761 Zhaosu County
W17585,W17628, W12735,W1Z2737 ,W1Z738, IR 2283 44.02°N,80.85°E 163.0 8.4
W17739,W1Z759,W1Z765,W1Z767 Huocheng County
W17629,W1Z695,W1Z697,W1Z699, W1Z704, FoRl e 2261 43.47°N,84.97°E 273.0 8.5
W1Z736,W1Z768 Xinyuan County
W17678, W1Z701,W1Z748 , W1Z755,W1Z770 REH 3300 37.07°N,83.21°E 30.5 11.1
Minfeng County
W17663,W1Z677,W17692,W17694 , W1Z772 B 2550 41.72°N,83.11°E 10.9 10.8
Kuche County
W17576,W1Z658, W17669,W1Z693, W1Z705, i) RES 1290 39.47°N,76.03°E 64.0 11.8
W1Z764 Shule County
W17668,W1Z689,W1Z2702,W1Z708, W1Z766, A S 1208 39.52°N,76.77°E 47.7 11.6
W1Z769,W1Z771 Jiashi County
L1 P = 556 44 40°N,84.60°E 350.0 6.5

Wusui County
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Table 2 Changes in drought tolerance indicators of bromus at the seedling stage under PEG stress

5 ¥R Index I FH Treatment f/ME Min. B K{H Max. H{H Mean 2% SD R RBCV/%
PR CK 21.64 48.87 33.49 5.02 14.99
Plant height/cm 25% PEG 14.80 36.99 23.42 4.97 21.22
DC 0.44 0.99 0.74 0.13 17.57
SSYNISIS CK 7.44 26.82 16.16 4.79 29.64
Maximum root length/cm 25% PEG 7.57 22.03 12.85 3.09 24.05
DC 0.42 1.58 0.87 0.22 25.29
R EROR R CK 20.12 63.98 38.20 13.19 34.53
Relative electrical conductivity/ % 25% PEG 12.22 115.44 65.11 23.13 35.53
DC 0.55 3.96 1.97 0.88 44.67
A CK 0.90 2.35 5.46 0.32 5.83
Withered leaf rate/ % 25% PEG 20.50 100.00 60.84 19.64 32.28
DC 11.73 86.96 38.99 17.34 4447
RS Sy CK 8.26 24.77 16.76 4.00 23.87
SPAD 25% PEG 0.03 17.60 7.90 4.01 50.76
DC 0.00 1.29 0.52 0.27 51.92
A A R K CK 47 42 97.52 87.38 8.02 9.17
Relative water content/ % 25% PEG 14.37 88.96 60.32 19.37 32.11
DC 0.18 1.53 0.71 0.24 33.80
fitf 7 A ek L CK 0.14 0.53 0.35 0.09 25.71
Root-shoot ratio based on fresh 25% PEG 0.16 0.81 0.50 0.14 28.00
weight DC 0.77 2.74 1.52 0.34 22.37
T AR L CK 0.20 0.79 0.39 0.10 25.64
Root-shoot ratio based on dry 25% PEG 0.19 1.26 0.48 0.16 33.33
weight DC 0.45 2.20 1.30 0.36 27.69
BREK CK 19.79 199.89 76.09 38.02 49.97
Total root/cm 25% PEG 21.23 193.89 64.63 32.40 50.13
DC 0.23 3.06 1.01 0.51 50.50
LEXLS AP CK 0.42 5.46 2.22 1.24 55.86
Root projection area/cm? 25% PEG 0.07 6.60 1.90 1.07 56.32
DC 0.16 2.32 1.02 0.49 48.04
S CK 3.01 14.02 6.76 3.23 47.78
Root surface area/cm” 25% PEG 0.68 17.94 5.79 2.84 49.05
DC 0.20 2.35 0.99 0.47 47 .47
SRR CK 0.01 0.27 0.14 0.06 42.86
Total root volume/cm® 25% PEG 0.01 0.39 0.13 0.06 46.15
DC 0.17 3.38 1.05 0.51 48.57
FOF-34 B AR CK 0.14 0.48 0.34 0.07 20.59
Average root diameter/mm 25% PEG 0.21 0.86 0.42 0.12 28.57
DC 0.61 2.61 1.32 0.33 25.00
Hiy I i CK 0.13 2.23 0.58 0.37 63.79
Shoot fresh weight/g 25% PEG 0.03 0.98 0.27 0.17 62.96
DC 0.09 0.92 0.49 0.19 38.78
T e CK 0.05 0.71 0.20 0.11 55.00
Root fresh weight/g 25% PEG 0.01 0.54 0.15 0.09 60.00
DC 0.08 1.69 0.71 0.33 46.48
Mo T CK 0.03 0.20 0.10 0.04 40.00
Shoot dry weight/g 25% PEG 0.01 0.20 0.08 0.03 37.50
DC 0.19 1.49 0.79 0.22 27.85
R T CK 0.01 0.06 0.06 0.01 16.67
Root dry weight/g 25% PEG 0.00 0.06 0.06 0.01 16.67
DC 0.22 2.77 0.99 0.41 41.41

TE:DC KR R H, CK R R0 IR A5 18 b5 1 P S (1, 48 5 R A= (bR 22 /P45 H) X 100%
Note: DC stands for drought coefficient, and CK represents the average value of each index in the control group CV = (standard deviation /
mean) X 100%
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1.0 PH: #7 Plant height

PH PH -0.33 1-0.66 0.47 0431054047 [0.490.450.42
—— : MRL: fz KM Maximum root length
MRL | ¥% MRL-0511-0.32 910.3¢ 0.61 (0.4 0.8 .
8 REC: e G
REC . REC 041 -0.38[-0.27/-0.38|-0.36 [-0.42 [-0.24 . . -
Relative electrical conductivity
WLR . % WLR 048 0.32[-0.33 |-0.45|-0.47 |-0.48|-0.37|0.36 0.6 WLR: K502 Withered leaf rate
SPAD| | SPAD 04 SPAD:UILEEE L
RWC .- Rwe o " Soil and plant analyzer development
RSFW RSFW 0.49 02 RWC: A&k
RSDW RSDW 0.70 Relative water content of leaves
RLI[* = RL {0.73 [0.65 [0.52 [0.43 0.0 RSFW: firf A et L
RPA | = # * x| » RPA[0.80 | 0.66 [0.54 | 043 [0.49 Root-shoot ratio based on fresh weight
RA | ¥* . * - *E | * RA 066 0.62 042 [0.47 -0.2 RSDW: Tiﬂ}dtt
RV . .- e [P . v loe loar loas Root-shoot ratio based on dry weight
o fi e = 2 Omm 04 KL GRE Tl o
.-. . .S RPA R RIEFZ L Root projection area
FW [0.850.55 | 0.42
SFW .. - =0.6 Ra: M ZR R Root surface area
RFW .-- . .... i 08 RV: SHAF Total root volume
SDW - .- .. i % RD: #OEHE % Root mean diameter
RDOW s« 8 - B - - -.M 1o SEW: s 16 Shoot fresh weight
O N . Y .
& &y S @% @ $ Q %Q& & qgv Pl @ 69 @ RFW: #li i & Root fresh we}ght
SDW: #l1_|- -5 Shoot dry weight
* P<0.05 ** P<0.01 *** P<0.001 RDW: #tF |- 5 Root dry weight

E1 FTEPRETEETEZEMEREHEXES W
Fig1 Correlation analysis among various traits of bromus under drought stress
T, wx Fiboex S3IFIRAE 0. 05,0. 0141 0. 001 K122 57 . 3%
Note:*,**and *** indicate significant differences at the 0. 05, 0. 01 and 0. 001 levels

R3 BERSAMHFLERERTHE

Table 3 Eigenvectors and contribution rates of each principal component analysis

. Principal Principal Principal Principal, Principal Principal Principal
Va};ile Component 1, Component 2, Component 3, Component 4, Component 5, Component 6, Component 7,
PC1 PC2 PC3 PC4 PC5 PC6 PC7
Pk Plant height/cm 0.70 —0.29 —0.09 —0.27 0.00 —0.05 —0.26
fie KA Maximum root length/cm 0.59 —0.07 —0.15 0.43 —0.16 0.39 —0.18
I A X A R —0.49 0.34 0.34 —0.03 0.02 0.29 —0.42
Relative water content/ %
AR Withered leaf rate/ % —0.64 0.37 0.11 0.30 —0.12 —0.06 0.33
ML S i SPAD —0.04 —0.12 —0.11 —0.19 0.68 0.61 0.29
A K A 0.48 —0.25 —0.38 —0.55 —0.05 —0.01 0.16
Relative water content of leaves/ %
fif 7 A e L 0.26 0.17 0.39 0.01 0.74 —0.37 —0.10
Root-shoot ratio based on fresh
weight
T H AR5 0.27 —0.06 0.79 —0.34 —0.22 0.17 —0.03
Root-shoot ratio based on dry weight
ERE Total root/cm 0.53 0.65 0.10 0.03 —0.11 0.15 0.17
iR AN 0.72 0.56 0.00 0.05 —0.02 0.01 0.10
Root projection area/cm®
R FR F i B Root surface area/cm” 0.74 0.50 —0.07 —0.01 0.03 0.06 0.06
MR Total root volume/cm? 0.76 0.33 —0.14 —0.10 0.01 —0.15 0.13
TFHRR AR 0.73 0.23 —0.11 —0.32 —0.13 —0.04 —0.18
Average root diameter/mm
b I #F 7 Shoot fresh weight/g 0.76 —0.25 —0.10 0.40 —0.07 0.14 —0.16
T i # Root fresh weight/g 0.78 —0.14 0.08 0.34 0.33 —0.10 —0.18
Hb 3 Shoot dry weight/g 0.61 —0.45 0.12 0.30 —0.04 —0.09 0.36
1R # Root dry weight/g 0.59 —0.37 0.64 —0.04 —0.18 0.05 0.22
FEIE(H Eigenvalue 6.21 2.02 1.56 1.29 1.27 0.87 0.83
TiHk R Contribution rate 36.52 11.87 9.20 7.58 7.48 5.11 4.85
BTTHRR 36.52 48.38 57.58 65.16 72.64 77.75 82.60

Cumulative contribution rate/ %
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Table 4 Comprehensive evaluation table of drought

tolerance for different bromus germplasms under stress

BB DAL He# R DA HE#
Makings D value Ranking | Makings D value Ranking
W17755 2.55 1 W1Z756 1.21 52
W1Z7770 2.54 2 W1Z772 1.20 53
W17696 2.48 3 W17661 1.17 54
W1Z758 2.45 4 W17576 1.17 55
W17669 2.28 5 W17640 1.16 56
W17682 2.27 6 W1Z680 1.15 57
WI17735 2.20 7 W1Z771 1.13 58
W1Z738 2.13 8 W1Z7700 1.11 59
W17676 2.04 9 W1Z7677 1.11 60
W17706 2.00 10 W17749 1.11 61
W17692 1.81 11 W17740 1.11 62
W1Z693 1.77 12 W17732 1.09 63
W17690 1.75 13 W17629 1.08 64
W17764 1.74 14 W17632 1.05 65
W17628 1.70 15 W1Z7701 1.04 66
W1Z666 1.67 16 W17582 1.03 67
W17707 1.67 17 W17766 1.03 68
W17658 1.60 18 W17674 1.00 69
W1Z704 1.59 19 W1Z7736 1.00 70
W1Z2761 1.59 20 W17708 0.99 71
W17705 1.56 21 W17599 0.97 72
W17762 1.54 22 W17747 0.96 73
W1Z760 1.54 23 W1Z7675 0.96 74
W17694 1.52 24 W1Z7765 0.93 75
W17627 1.51 25 W17702 0.92 76
W17564 1.51 26 W17659 0.90 77
W1Z695 1.50 27 W17768 0.90 78
W1Z595 1.48 28 W17581 0.85 79
W17678 1.48 29 W17737 0.85 80
W17574 1.47 30 W17739 0.85 81
W1Z759 1.44 31 W17645 0.85 82
W1Z689 1.43 32 W17638 0.84 83
W17688 1.42 33 W17620 0.82 84
W17697 1.42 34 W17621 0.80 85
W17698 140 35 Bl 0.80 86
W1Z663 1.39 36 W17671 0.80 87
W17589 1.39 37 W1Z7767 0.79 88
W17584 1.39 38 W17585 0.78 89
W17734 1.38 39 W17703 0.77 90
W17673 1.35 40 W1Z670 0.73 91
W17668 1.34 41 W17637 0.70 92
W17769 1.33 42 W17633 0.68 93
W17753 1.33 43 W17683 0.64 94
W17655 1.31 44 W17563 0.60 95
W17590 1.29 45 W17571 0.59 96
W17699 1.28 46 W17Z679 0.58 97
W17672 1.27 47 W17603 0.51 98
W17757 1.27 48 W172763 0.45 99
W17733 1.25 49 W17587 0.43 100
W17748 1.23 50 W17626 0.37 101
W17642 1.21 51

2.2.3 RARAAZEZAORESH UNPEMEDME
R LA SR 25 7 O RNk L LA O R G B B kR
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Fig. 3 Regional distribution of bromus with different drought-tolerance levels
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