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Low Phosphorus Stress Responses of Seedling Morphology and Physiology to
and Evaluation of Low Phosphorus Tolerance of Different Qat Cultivars
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Abstract: The aim of this study was to screen low phosphorus-tolerant oat (Avena sativa 1.. ) varieties and to
investigate their morphophysiological response mechanisms. Thirty oat varieties were used as materials, and
two treatments of normal phosphorus (1000 pmol-L.~' KH,PO,, CK) and low phosphorus (10 pmol-L ™"
KH,PO,, LP) were set up by hydroponics. Morphological and physiological indexes were measured after 21
days, and principal components, subordinate functions, and cluster analyses were used for the comprehensive
evaluation. The results showed that low phosphorus stress significantly inhibited the aboveground growth of
most oat seedlings, but promoted root development. Physiologically, low phosphorus treatment led to a
decrease in phosphorus uptake and a significant increase in phosphorus utilization efficiency in most seedlings;
soluble sugar content, acid phosphatase and nitrate reductase activities generally increased. Through systematic
evaluation, ‘Weidu You No. 5’ (D=0.818) and ‘Jin Yan No. 17’ (D=0. 643) were identified as the most
low-phosphorus-tolerant varieties, whereas ‘Ba You No. 18’ (D=0.341) and ‘Jun Ma’ (D=0. 366) were
the most sensitive ones. The results of this study provide a theoretical basis and material foundation for the
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selection and breeding of low phosphorus tolerant oat varieties.
Key words: Avena sativa;1.ow phosphorus stress; Morphological index ; Physiological response ; Low- phospho-
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Table 1 Name and origin of the test oats material
43" Number il Variety IR Source %% Number i Variety KR Source

1 g 185 LA w e AR B 16 B TR LA SRR IR A

Ba You No. 18 Hebei Alpine Crops Research Institute Jun Ma Beijing Rytway Ecological Technology Co., Ltd
2 Kik 85 AL AR IR 17 LSTAS JeH AR LA RA T

Zhang You No. 8 Hebei Alpine Crops Research Institute Monica Beijing Best Grass Industry Co., Ltd
3 g 165 AL AR BT B 18 it 70 AR ER b

Ba You No. 16 Hebei Alpine Crops Research Institute Tian Yan No. 70 Qinghai Academy of Animal Science and Veterinary Medicine
4 185 P L B B 19 ik SR EE A SRR IRA

Jin Yan No. 18 Shanxi Academy of Agricultural Sciences Sun God Beijing Rytway Ecological Technology Co., Ltd
’ i AR B 2 it 444 AR B

Bai Yan No. 18 Jilin Academy of Agricultural Sciences Qinghai No. 444 Qinghai Academy of Animal Science and Veterinary Medicine
6 #9135 FH R T AR 21 REE TR EE A SRR A

Qing Yin No. 3 Qinghai Grassland Workstation Regent Beijing Rytway Ecological Technology Co., Ltd
7 H#R1TS 174 A AT S BT 22 Fik TRt E A SR RA

Jin Yan No. 17 Shanxi Alpine Crops Research Institute Mei Da Beijing Rytway Ecological Technology Co., Ltd
8 K95 AL AR R B 23 H#ET 5 rRE LR B

Zhang You No. 9 Hebei Alpine Crops Research Institute Bai Yan No. 7 Jilin Academy of Agricultural Sciences
9 Wi s 1P = MBS B 24 K| SR EE SRR IRA

Weidu You No. 5 Shanxi Alpine Crops Research Institute Leader Beijing Rytway Ecological Technology Co., Ltd
10 FH1G WSRO B 25 15 TR AERE B R AR

Meng Yan No. 1 Inner Mongolia Academy of Agricultural & Animal

Tian Yan No. 1 Beijing Baiqingyuan Animal Husbandry Science and Technology

Husbandry Sciences Development Co., Ltd.
1 Hil15 G U ER b 26 WL TR EE SRR RA
Qing YinNo. 1 Qinghai Academy of Animal Science and Veterinary Bei Le Beijing Rytway Ecological Technology Co., Ltd
Medicine
12 foF R A SR R E 27 HiHA AR ER b
Qiang Shou Beijing Rytway Ecological Technology Co., Ltd Qinghai sweet oat  Qinghai Academy of Animal Science and Veterinary Medicine
13 fiti# 60 A B R 28 & R EE A SRR RA
Tian Yan No. 60 Qinghai Academy of Animal Science and Veterinary Mu Wang Beijing Rytway Ecological Technology Co., Ltd
Medicine
14 HH2 T A B R 29 fitiE2 5 TR AHRE B L RAR AR
Qing YanNo. 2 Qinghai Academy of Animal Science and Veterinary Tian Yan No. 2 Beijing Baigingyuan Animal Husbandry Science and Technology
Medicine Development Co., Ltd.
15 b HOMAE T B R IR 30 HHLG WA & BB R b
BianFeng  Zhenzhou Huafeng grass industry Technology Co., Ltd, Qing YanNo.1  Qinghai Academy of Animal Science and Veterinary Medicine
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Table 2 Low phosphorus tolerant coefficient of each trait of different oats varieties under low phosphorus stress

Feds MK BRI BURRWA BHVARER b BAREEE MR AREEE MW EMTE WMTHTE R H

=
Vlnrfty Plant Root  Total root  Total root Total root above ground  Underground — above ground  Underground Root-shoot

height  length length surface area  volume fresh weight fresh weight dry weight dry weight ratio
1 0.829  0.803 0.205 0.200 0.196 0.500 0.536 0.616 1.064 1.728
2 0.914  1.066 1.364 1.063 0.829 0.524 1.337 0.822 1.772 2.156
3 0.851  1.065 0.983 0.868 0.765 0.396 0.357 0.506 0.894 1.767
4 0.832  0.931 0.661 0.685 0.727 0.394 0.334 0.654 1.265 1.936
5 1.087  1.026 1.376 1.153 0.965 0.873 1.277 0.840 2.136 0.700
6 0.689  1.045 0.764 0.703 0.649 0.331 0.407 0.514 0.911 1.771
7 0.908  1.056 2.205 1.788 1.443 0.626 0.664 0.780 0.945 1.212
8 0.785  1.059 1.290 1.259 1.229 0.455 1.454 0.679 1.904 2.806
9 0.910  1.360 1.605 1.190 0.880 0.644 1.053 0.778 1.666 2.140
10 0.673  0.927 1.834 1.482 1.196 0.233 0.451 0.371 0.758 2.043
11 0.807  0.784 1.814 1.077 0.639 0.599 0.640 0.722 1.069 1.480
12 0.779  0.939 1.375 1.113 0.903 0.396 0.983 0.653 1.107 1.694
13 0.893  0.889 1.388 1.158 0.962 0.533 0.871 0.723 1.336 1.848
14 0.727  1.218 1.033 0.919 0.815 0.390 0.981 0.585 1.429 2.442
15 0.970  0.902 2.118 2.019 1.922 0.689 1.057 0.946 1.511 1.597
16 0.925  0.830 0.444 0.334 0.251 0.425 0.850 0.598 0.998 1.668
17 0.897  1.274 0.828 0.784 0.754 0.503 0.855 0.574 1.075 1.874
18 1.016  1.036 0.915 0.753 0.626 0.860 1.369 1.058 1.426 1.348
19 0.971  0.838 1.822 1.641 1.483 0.843 1.366 1.043 1.463 1.403
20 0.775  0.951 1.530 1.042 0.712 0.475 0.887 0.695 0.594 0.854
21 0.836  1.114 1.300 1.215 1.150 0.321 0.756 0.428 0.767 1.793
22 0.935  1.433 1.127 1.035 0.940 1.149 2.209 1.255 1.774 1.414
23 0.903  0.972 0.569 0.488 0.419 0.714 1.397 0.739 1.131 1.530
24 0.930  1.173 1.253 1.169 1.088 0.783 1.140 0.969 1.109 1.144
25 1.046  1.140 0.686 0.639 0.597 0.673 0.782 0.706 0.572 0.810
26 0.944  1.375 0.875 0.925 0.973 0.937 0.979 2.174 1.703 0.784
27 0.899  1.330 1.451 1.237 1.045 0.733 1.901 0.962 1.896 1.971
28 0.879  1.365 1.560 1.359 1.174 0.620 1.378 0.782 1.560 1.994
29 0.858  1.076 1.272 0.987 0.755 0.658 2.620 0.822 2.135 2.599
30 0.771  1.383 1.828 1.423 1.109 1.423 1.109 0.559 1.498 0.751

TRl COLMEE , 5Kk 95" E 17 5 5 B4R CHEMELTS 5 KA 9T R sk R a b A HIR
55 WA A, DL B 5 5 IR AL T EIbsmOBCE M2 S M i 70T AR a
JE. MRS EBAEAYRIERER . Hi, Hb&E N RE TR,

x4 REPETAREERFTEXLGHERNTL

Table 4 Changes in various photosynthetic indexes of different oat varieties under low-P stress

o Aot A R A fp fH JafE] CO, W A B 15 R AR B
Culi Pn/(mol-m ?+h 1) Changing Ci/(pmol-m ™5™ Changing Tr/Cmmol'm *-s D Changing
, Y
uitvar CK Lp trends/ % CK LP trends/ % CK Lp trends/ %

1 11.2740.12°  2.2040.09°  —8048  281.23+1.94° 210.18+3.73" —25.26 14.764+0.10° 4194018  —71.61
2 12274014 10.0740.22°  —17.93  202.45+0.84° 2565341372  —12.28 9.944+0.11° 11574117 16.40
3 125140.22° 3914008  —68.75  274.3742.01° 273.5241.00° —0.31 16.3040.02° 4844007  —70.31
4 11574037 5924031  —48.83  200.06+2.62° 253.214+9.13" ~12.70 9.984+0.19° 6574023  —34.17
5 12.5040.26°  0.8740.05°  —93.04  203.98+153 2049641707  —30.28 14.7440.06° 1744021  —88.20
6 7174005  31040.06°  —56.76  246.7342.20°  239.73415.24° —2.84 10.9940.10°  5.3140.60°  —51.68
7 7234012 556+0.28°  —2310  285.1849.20° 250.11+4.18" ~12.30 6.2540.56°  6.3840.07° 2.08
8 0.64+023 6744011  —30.08  291.09+15.90° 257.70+5.02" —1147 8694135 74640200 —14.15
9 8.384+0.17°  11.83+0.40" 4117 313.2342.20°  287.89+1.20" ~8.09 48140.04° 10334005  114.76

10 12.074030°  8.66+041°  —2825  266.274+3.58°  267.1244.11° 0.32 12.7640.19°  857+0.12"  —32.84

11 15.2040.38°  45040.00°  —7039  277.64+2.92° 2190042269  —21.12 16.2140.25° 5744047  —64.59

12 15224030 3104028  —79.63  278.55+1.46°  284.09+11.62" 1.99 15.3640.06°  2.2740.08"  —85.22

13 12.594029°  7.18+0.18"  —42.97  264.244+5.33° 321.84+1.61" 21.80 15114028 4074012  —73.06

14 11.66+0.16° 6174005  —47.08  247.6144.76°  266.53+2.70" 7.64 18540.16°  84240.20°  —54.49
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o Aol h HR AL Jl) CO, e 2 Ak R TR PR
(~n1» ) Pn/Cmol+m *h 1) Changing Ci/(pmol+m *s D Changing Tr/(mmol-m *+s D Changing
e CK Lp trends/ % CK Lp trends/ % CK Lp trends/ %
15 8.42+0.28"  5.42+0.07 —35.63  244.59+2.06"  264.56+4.00" 8.16 10.54+0.10° 50140100  —52.47
16 9.874+0.12°  2.20+0.19" —7771  250.25+0.92°  207.49+13.67°  —17.09 15.70+0.13"  4.48+0.54"  —71.46
17 12.05+40.09"  4.59+0.12" —61.91  266.81+4.80° 250.61+4.66" —6.07 16.24+£027°  7.07+047°  —56.47
18 13.5140.29"  4.04+0.03" —70.10  274.42+0.46" 287.15+5.73" 4.64 13.95+0.06°  3.50+0.14"  —74.91
19 8.45+0.45  5.16+0.25" —38.93  275.55+1.65"  310.70+2.23" 12.76 8.66+0.27"  3.20+0.02"  —62.01
20 11.29+0.22"  8.94+0.10" —20.81  258.79+0.67"  306.35+1.90" 18.38 13.04+0.13°  6.25+0.09"  —52.07
21 18.20+0.16"  13.22+0.06" —27.36  303.00+2.37°  291.2640.54° —3.87 16.23+0.34"  12.50+0.12"  —22.98
22 14.57+0.22"  6.86+0.12" —52.92  288.67+0.32" 246.28+7.54" —14.68 13.49+0.11"  8.41+0.51"  —37.66
23 13.59+0.32"  6.97+0.26" —48.71  279.15+2.03"  299.64+5.55" 7.34 14.78+0.18  5.66+0.29"  —61.71
24 16.20+041°  7.61=0.15" —53.02  294.60+2.89°  289.53+6.72° —1.72 15.10+0.30°  5.84+0.39"  —61.32
25 12.45+0.11"  7.07+0.29" —43.21  285.70+4.57"  261.64+7.82" —8.42 12.57+£0.26°  7.25+048"  —42.32
26 14.80+0.20"  2.72+0.02" —81.62  271.49+2.88  225.69+9.44" —16.87 20.63+0.18"  4.65+0.21"  —77.46
27 17.70+£0.06"  4.03+0.24" —77.23  302.31+0.71°  212.944+28.38"  —29.56 13.50+£0.28"  6.22+1.13>  —53.93
28 13.13+£0.64°  3.79+0.12" —71.13  266.99+4.72"  231.00+5.94" —13.48 19.36+0.34°  5.98+0.11"  —69.11
29 10.04+0.13"  3.15+0.30" —68.63  295.60+2.42" 252.91+6.16" —14.44 11.15+0.16°  4.86+0.46"  —56.41
30 16.30+0.32"  4.80+0.96" —70.55  280.07+2.96" 248.46+34.83"  —11.29 16.21+£0.43"  573+1.300  —64.65
- SALTE PN EE M4 a i it PR EE M4EED & R A
(NZTHW Gs/(mol-m™*+s™ ) Changing Chla/(mg-g™ " Changing Chlb/(mg+g ™" Changing
' CK LP trends/ % CK LP trends/ % CK LP trends/ %
1 0.22+0.00"  0.04+0.00" —81.82 2.45+0.67° 1.56+0.36" —36.47 0714018  0.46+0.11"  —34.73
2 0.18+0.00°  0.154+0.01° —16.67 1.87+0.18" 1.6140.50° —14.00 0.63+0.03"  0.62+0.22° —2.67
3 0.23+0.00"  0.07+0.00" —69.57 2.3340.42° 1.94+0.36" —16.63 0.93+0.15°  0.64+0.15"  —31.75
4 0.17+0.00"  0.08=0.00" —52.94 1.96+0.27" 1.65+0.35" —15.93 0.70+0.10°  0.81+0.30" 15.62
5 0.25+0.00"  0.02+0.00" —92.00 1.65+0.28" 1744011 5.84 0.54+0.09"  0.54+0.04° 0.36
6 0.12+0.00"  0.06=0.00" —50.00 2.2140.39° 1.53+0.27" —30.85 0774015  0.48+0.10"  —36.70
7 0.10+0.00°  0.0840.00° —20.00 1.32+0.12" 1.83+0.36" 38.82 0.4140.05  0.69+0.16" 66.37
8 0.15+0.01"  0.09+0.00" —40.00 1.5140.72" 2.40+0.77" 59.22 0.514+0.27"  0.78+0.26" 52.49
9 0.11+0.00"  0.17+0.00" 54.55 1.7240.30" 1.75+0.13" 1.36 0.58+0.15"  0.64+0.05" 10.79
10 0.18+0.00"  0.12+0.01" —33.33 2.004+1.73° 1.22+0.27" —39.37 0.42+0.55  0.40+0.09° —6.80
11 0.25+0.00"  0.06=0.00" —76.00 1.60+0.22° 1.31+0.42" —18.50 0.58+0.15°  0.43+0.17"  —25.13
12 0.24+0.00"  0.04=0.00" —83.33 1.56+0.54" 1.44+1.01° —17.65 0.50+0.17"  0.58+0.41° 15.35
13 0.21+0.01"  0.10=0.00" —52.38 1.13+0.13" 1.28+0.18" 14.15 0.38+0.06"  0.44+0.06" 17.53
14 0.21+0.01"  0.11+0.00" —47.62 1.94+0.40° 1.16+0.29" —39.96 0.96+0.28"  0.35+0.09"  —63.93
15 0.12+0.00°  0.07=0.00" —41.67 1.85+0.31° 1.8240.20° —1.82 0714018 0.75+0.15° 6.35
16 0.18+0.00"  0.04=0.00" —77.78 1.83+0.13" 1.25+0.36" —31.68 0.64+0.06°  0.41+0.15"  —36.90
17 0.22+0.01"  0.08=0.00" —63.64 2.0240.23° 1.90+0.29° —6.20 0.66+0.11"  0.64+0.16" —2.73
18 0.21+0.00°  0.06=0.00" —71.43 1.7240.39" 0.97+0.12" —43.71 0.64+0.13" 0332007  —48.49
19 0.13+0.01"  0.07+0.00" —46.15 1.49+0.29° 1.18+0.13" —20.63 0.50+0.09°  0.38+0.07"  —23.85
20 0.17+0.00°  0.1340.00° —23.53 1.64+0.19° 1.02+0.18" —37.62 0.65+0.13°  0.35+0.08"  —46.72
21 0.33+0.00°  0.22+0.00" —33.33 1.28+0.31° 1.46+0.42° 14.01 0.404+0.10°  0.53+0.21" 32.71
22 0.23+0.00°  0.10=0.00" —56.52 1.97+0.15" 2.0340.33° 2.86 0.63+0.09"  0.77+0.10° 22.42
23 0.23+0.00°  0.11%0.00" —52.17 1.75+0.37" 2.234+0.17" 27.19 0.7240.24°  0.90+0.19" 25.47
24 0.28+0.00°  0.10=0.00" —64.29 1.70+0.34° 1.8140.54° 6.69 0.65+0.11°  0.76+0.31" 17.22
25 0.21+0.00°  0.09=0.00" —57.14 1.74+0.35" 1.88+0.32" 7.87 0.594+0.12°  0.75+0.15" 27.51
26 0.29+0.01"  0.05=0.00" —82.76 1.75+0.56 2.12+0.21" 21.03 0.64+0.24*  0.67%0.06" 5.06
27 0.27+0.00°  0.06=0.00" —77.78 1.7240.21° 1.33+0.06" —22.95 0.734+0.23" 0434001  —40.59
28 0.26+0.02"  0.06=0.00" —76.92 1.99+0.34° 0.99+0.50" —50.42 0.76+0.13°  0.33£0.20"  —56.83
29 0.19+0.00°  0.06+0.01" —68.42 1.88+0.38" 1.20+0.53" —36.36 0.61+0.16°  0.36+0.18"  —41.05
30 0.26+0.00°  0.07+0.01" —81.82 2.65+2.19° 1.74+0.30" —34.35 0.46+0.75°  0.60+0.13" 29.39
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Table 3 Phosphorus-Related indicators and their trends among different oat varieties under low phosphorus stress

iy AR iy

B ABERTPC/(mgg D SRER mmpppa/mg  EHEW BRI % PE/ % el
Cultivar Changing Changing Changing
CK LP trends/ % CK LP trends/ % CK LP trends/ %

1 9.2840.04*  1.3240.10" —85.78 0.8440.00* 0.0740.01" —91.25 0.1140.00*  0.76+0.06" 605.38
2 6.0940.75"  1.54+0.64" —74.77 0.934+0.11*  0.1940.08" —79.26 0.1740.02*  0.71+£0.3" 331.12
3 9.16+£0.02°  1.59%0.07" —82.63 1.3540.00° 0.1240.01° —91.21 0.1140.00*  0.63%+0.03" 476.19
4 8.464+0.00°  2.04-+0.10" —75.85 1.9540.00° 0.3140.02" —84.22 0.1240.00*  0.49+0.02" 314.64
5 8.9840.02*  1.55+0.03" —82.80 1.1340.00°  0.6040.01" —47.49 0.1140.00*  0.65+0.01" 481.67
6 7.9940.09*  1.75+0.03" —78.15 1.3840.02*  0.1640.00" —88.77 0.1340.00* 0.57+0.01" 357.83
7 8.2540.26*  1.48+0.62 —82.09 1.8140.06* 0.2540.11" —86.03 0.1240.00* 0.74+0.31" 511.71
8 8.4940.08"  1.96-£0.02 —76.89 1.64+0.01°  0.2640.00" —84.32 0.1240.00*  0.510.00" 332.68
9 8.1340.05*  1.38=0.00 —82.99 1.2640.01°  0.1740.00" —86.76 0.1240.00*  0.724+0.00" 487.57
10 2.904+0.86* 1.66-+0.13" —42.64 1.0740.32¢  0.2340.02" —78.70 0.364+0.11*  0.60+0.05 67.15
11 9.754+0.06"  1.86+0.07 —80.90 2.8840.02* 0.40+0.01" —86.21 0.1040.00*  0.54+0.02" 424.07
12 8.004+0.06* 1.94+0.12 —75.78 1.60+£0.01*  0.2540.02" —84.18 0.1240.00* 0.52%+0.03" 313.85
13 9.1540.14"  2.47+0.04" —72.99 2.154+0.03* 0.42+0.01" —80.47 0.1140.00*  0.40+0.01" 270.17
14 8.104+0.05*  1.75+0.07 —78.37 2.9140.02*  0.37+0.02" —87.34 0.1240.00*  0.57+0.02" 362.80
15 9.04+0.07"  1.59%0.08" —82.45 1.3540.01° 0.2240.01" —83.39 0.1140.00*  0.63%0.03" 470.55
16 7.80+0.24"  1.55+0.06" —80.09 1.2240.04* 0.1540.01" —88.08 0.1340.00*  0.64+0.03" 402.50
17 6.334+4.78"  1.444+0.08" —77.25 1.0540.80"  0.1440.01" —86.94 0.220.17*  0.70+£0.04" 214.48
18 8.6040.98*  1.72+0.03 —79.95 1.14+0.13*  0.2440.00" —78.79 0.1240.01* 0.58+0.01" 395.64
19 3.654+0.13*  2.93+0.02" —19.72 0.6440.02*  0.53+0.00° —16.27 0.2740.01*  0.34+0.00" 24.47
20 7.334+0.26*  1.55+0.10° —78.84 2.504+0.09* 0.3740.02" —85.29 0.1440.00*  0.65+0.04" 373.21
21 10.1740.19*  1.7340.03" —82.96 2.8440.05* 0.2140.00° —92.71 0.1040.00*  0.58+0.01" 486.69
22 3.2040.12*  1.20+0.15 —62.56 0.4540.02*  0.21+0.03" —52.99 0.3140.01* 0.84+0.11" 169.16
23 9.3940.16"  1.2040.04" —87.19 2.1040.04*  0.2040.01° —90.54 0.1140.00*  0.83+0.03" 681.22
24 6.30+4.51* 1.68%+0.07" —73.40 1.11+0.80° 0.2940.01" —74.23 0.214+0.15*  0.60+0.02" 179.73
25 8.004+0.15  1.83+0.05 —77.07 2.1740.04*  0.35+0.01" —83.81 0.1340.00*  0.55+0.01" 336.32
26 8.83+£0.02°  1.67+0.05" —81.12 2.3740.01*  0.9740.03" —58.95 0.1140.00*  0.60+0.02" 429.86
27 9.80+0.17"  1.65%+0.04" —83.20 1.7940.03*  0.2940.01" —83.84 0.1040.00*  0.61+0.01" 495.00
28 3.134+0.14*  1.79+0.02" —42.96 1.19+0.05*  0.5340.01° —55.36 0.3240.01*  0.56+0.01" 75.14
29 8.9240.08"  1.48+0.06" —83.41 2.0540.02* 0.284+0.01" —86.37 0.1140.00*  0.68+0.03" 503.48
30 8.3840.07*  1.86-+0.03 —77.79 2.234+0.02*  0.3740.01" —83.33 0.1240.00* 0.54+0.01" 350.21

TE s CKOAXT IR, LP R ab B, AN TR] /NG 5 Bl ARFR (A — R 7 2 e e 32 4k B 2 53 W 25 1, P<<0. 05, 3R PR (L i 5 IRl it 5 4
B 1) 22 (8 / 2 WEEE , 1R

Note: CK is the control, LP is the low phosphorus treatment, different lowercase letters represent the significance of the difference between
the same variety under the 2 phosphorus concentration treatments, P<C0. 05, the trend in the table is the difference between the low phosphorus
data and the whole phosphorus data/whole phosphorus data, the same as below

2.2.2 AREE ARG R & & o A BR A AR X B A 5 CKAFEAH b, A7 (it e K285 Fiin O,
LSEamae a0 EMBERAT, 5 CKAMIL, it TEREH EFABECEH IO, HF I8 S
TRIHE A2 K B0 A ACP 35 M 52 PR [R) F2 B /) L T (+189.55%) “#F " (+169.07%) fil  FE e 15
AR TA) , Hor < FiaH 70 14 i R (4-380. 81%), (+158. 64 Y03 g fe ey 5 1M WAk 1875 Fifg 444° 55 7
HR R CHEHE 607 (+86. 14%0) . MIAE 185 “akakc 9 AN S AP AY & R B, b I 444 BRI B K
TR I ACP I T TR, LA W4 18457 (—71.13%) REZEFHO, & b5 I
W I f% S # (—35.45%) . NR G £ %0 7 (& PO 1D, R B (+269.01%) Kk 95
1B), VL W i % (4+-280.71%) . HF 5l 35 (+262. 56 Y Fl“ I 444° (+249. 67 Yo i N ik
(+276.56 %) Fl & M 175" (+184. 11 %) 1 g fix AU O T 2745 S DB RIS RS AT

Ko AL WL 165 FHFM25 M FHM LIS MWNRIE  2.2.3 SEEAYH R MEARKRL A -8%4 3 EIK
PR, o e 25 BRI —56. 90 % . BEriE T 0 KA FEARBEMNE N, SS & i
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Changes in enzyme activity and reactive oxygen species content in different oat varieties under low phosphorus stress
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between the same variety under the two phosphorus concentration treatments, the same as below
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Fig.2 Changes in osmoregulatory substances, proline, and malondialdehyde content in different oat varieties
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under low phosphorus stress
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Note: A Principal component dispersion points of low phosphorus tolerance index; B Coefficient and contribution rate of comprehensive index

under different phosphorus levels of oat at seedling stage
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Table 5 Coefficients and proportion rates of various comprehensive indicators
s 33;:5461\1 EJM%Z EJM%& EJMM fhké%o fbkéy\fi f):kéﬂ Ihké}s
Variable Principal Principal Principal Principal Principal Principal Principal Principal
Component 1 component 2 component 3 component 4 component 5 component 6 component 7 component 8
¥ PH —0.15 0.25 0.14 0.31 0.00 0.17 —0.06 0.09
K RL —0.02 0.18 0.18 —0.25 0.10 0.24 0.03 —0.11
B K TRL 0.24 0.26 —0.08 —0.05 0.03 —0.39 —0.04 —0.07
MARF WA TRS 0.23 0.31 —0.08 —0.06 —0.02 —0.35 0.06 —0.12
SR TRV 0.20 0.32 —0.08 —0.05 —0.07 —0.28 0.16 —0.15
My B R AFW —0.19 0.33 0.10 0.17 0.07 0.14 —0.03 —0.05
R PR E UFW —0.12 0.25 0.11 —0.19 0.27 0.04 —0.06 —0.30
T E ADW —0.22 0.28 0.14 0.20 —0.01 —0.07 —0.06 0.09
R #FE UDW —0.12 0.28 0.17 —0.17 0.30 —0.03 —0.05 —0.11
g RSR 0.15 —0.10 0.01 —0.43 0.26 0.01 0.04 —0.19
Wi TPC 0.06 0.21 —0.38 —0.15 —0.11 0.09 —0.07 0.25
AR PA —0.12 0.36 —0.20 0.04 —0.06 0.07 —0.03 0.25
W% PE —0.08 —0.18 0.35 0.16 0.16 —0.15 0.20 —0.11
b4 A Po 0.39 0.03 0.03 0.08 0.20 0.21 0.11 0.12
fila CO, He B Ci 0.18 —0.04 —0.34 0.19 0.02 0.14 0.11 —0.36
FEWE B Tr 0.33 0.04 0.21 —0.03 0.24 0.21 0.04 0.26
TALFE Gs 0.37 0.02 0.06 0.06 0.25 0.22 0.08 0.17
M4 % a7 it Chla 0.12 0.12 0.26 0.29 —0.14 0.03 0.33 —0.18
M4 b & Chib 0.21 0.12 0.27 0.13 —0.35 0.06 0.17 —0.13
% 1R W 1R i 7 ACP 0.19 0.05 0.10 —0.20 —0.43 0.03 —0.18 0.01
il 1% 38 D5 % P NR 0.05 —0.09 0.10 0.02 0.15 —0.45 0.21 0.39
N & MDA 0.08 0.14 0.17 —0.10 0.04 0.07 —0.38 0.18
A TSRO, 0.25 0.01 0.17 —0.11 —0.33 0.16 —0.09 0.06
AR S & H,0, 0.15 0.00 —0.20 0.36 0.26 —0.05 —0.19 0.06
AR S &SP —0.09 0.12 —0.24 —0.01 0.02 0.12 0.49 0.24
AL MR A SS —0.20 0.06 0.00 —0.33 —0.09 0.15 0.48 0.12
Jifi Z 2 % & Pro 0.06 0.03 —0.29 0.10 0.06 0.25 0.04 —0.31
FEAE{H Eigenvalues 4.94 4.66 3.42 2.46 2.10 1.72 1.52 1.14
ik contribution rate/ % 18.31 17.27 12.68 9.09 7.79 6.36 5.64 4.23
HR BTk R 18.31 35.58 48.25 57.35 65.14 71.49 77.13 81.36

Cumulative contribution rate/ %
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Table 6 Composite index value, affiliation function value, weight, D-value and ranking of varieties
b ’ it B 7

Caltivar F, F, F, F; Fy F, Fs Y/, Y, Y., Y., Y. Y., Y., Y D values Low phosphor.us

tolerance ranking
1 —1.61 —1.78 029 —058 —037 039 124 134 003 000 071 042 032 064 072 094 0341 30
2 0.74 034 068 —074 094 064 —015 131 060 054 080 037 065 071 038 093  0.607 3
3 —043 —1.01 —065 021 003 033 048 —0.68 032 020 050 064 042 062 054 034 0405 25
4 040 —0.78 047 —0.69 —146 097 —048 082 052 025 075 039 004 08 030 079  0.456 18
5 -1.73 163 128 151 —031 —130 —142 080 000 08 093 1.00 033 018 007 078 0522 12
6 0.15 —160 —037 000 049 —113 —025 122 046 005 057 058 054 023 036 091 0405 26
7 146 053 117 079 —0.97 —138 140 007 077 058 091 080 016 016 076  0.56  0.634 2
8 1.29 024 068 015 067 =008 012 —1.81 073 051 0.80 0.62 058 051 045  0.00  0.594 4
9 240 043 160 030 229 172 —058 142 1.00 056 1.00 066 1.00 1.00 027 097 0818 1
10 1.73 =034 —153 —116 —138 —048 —0.74 0.68 084 036 031 026 006 040 024 074 0436 20
11 —-016 —0.72 —0.07 072 026 —196 —125 059 038 027 063 078 048 000 011 072 0416 23
12 029 —038 —018 —0.33 —148 —051 —0.77 —0.72 049 035 061 049 003 039 023 033  0.399 27
13 043 018 —133 098 023 033 128 —067 052 050 035 08 047 062 073 034  0.537 9
14 —-033 —091 —083 —114 123 050 057 —141 034 022 046 026 073 067 05 012  0.3% 28
15 09 101 019 065 006 —195 —005 —107 064 071 069 076 043 0.00 040 022  0.564 7
16 -1.02 —151 003 037 009 =007 —094 09 017 007 066 068 043 051 019 081  0.366 29
17 —014 —051 —014 017 005 029 —031 008 039 032 062 063 043 061 034 057 0461 17
18 —0.83 003 —08 124 090 118 —1.70 —144 022 046 046 092 064 08 000 011 0455 19
19 008 218 =293 060 005 021 078 154 044 100 000 075 043 059 061  1.00  0.576 5
20 048 —088 —146 147 110 —030 —038 —033 053 023 032 099 069 045 032 044 0479 16
21 092 —050 035 —028 —0.63 —009 237 032 064 032 072 050 025 051 1.00 0.64  0.547 8
22 —0.68 1.80 056 —063 —013 153 —0.34 —=016 025 090 077 040 038 095 033 049 0570 6
23 -039 —090 1.07 111 —016 068 067 —1.24 033 022 08 08 037 072 058 017 0496 13
24 —0.04 049 =017 040 —1.13 044 032 —097 041 057 061 069 012 065 050 025 0494 14
25 0.05 =030 079 112 —161 171 =091 045 043 038 082 089 000 1.00 019 067  0.526 10
26 —-1.73 112 048 055 —057 055 196 027 000 073 075 073 027 068 090 062 0523 11
27 =096 048 081 —1.01 1.59 —1.64 066 080 019 057 083 030 082 009 058  0.78 0488 15
28 -0.69 1.08 —1.18 —2.08 016 031 —072 032 025 072 039 000 045 062 024 064 0411 24
29 —0.88 002 061 —1.68 144 —045 028 —1.29 021 046 078 011 078 041 049 016 0426 21
30 031 056 065 —202 —138 —046 —115 —114 049 059 079 002 006 041 013 020 0416 22

& 023 020 016 011 010 008 007  0.05
Weight/ %

J1 o BURFR Pro & BEAY R B, AT RE & 5 RO W
ATP B BT o R, il 202 ) AR R B8 g ]
AR S B 1 0 AR W98 o5 ol 149 — 1T 5 1) A BRAR AR

i b A AR WA T 2R — RIE
A0 A URRAE B AR B AR AR R S B Y IR
FIH B i 1 W o B3R R Bt 4 A 2 e 0T A5 P T
L) 35 LR W M3, 9% o ol ) 22 S5 S 5 5 o) L i
Vi B, Sy T (U B ot o 6 4R A T O BRI S AN AR
Bt

-

4 #wi

p—,
8y

{974 BN N N S e S N e P
A A8 HGE o 4R e WA R R AR R kU

Lo R 5 O i Tl R AN B B I R P SR 1 R
BLD o Tk A6 B o b 7 i 8 905 T L R P 280 R it
AP A5 D5 T AT S 0 B T AR Rl L L PR

FETEGRIG o A PPN R, BRAR AL 55" F1 e 17
5 Ry T A B A v Y R AR 18T I BR 1
jﬂmﬁfllunuﬁ‘o



1714

E18 o34 %

4.18

3.38

2.59

1.79

0.99

0.19

-0.61

-1.40

-2.20

5 30N ERERMAERBERESN

Fig.5 Cluster analysis of 30 oat varieties for low phosphorus tolerance
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