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Abstract: The Qinghai-Tibet Plateau is a typical alpine grazing area in the world, which is cold and arid, with fragile ecological
environment, low level of primary productivity of natural grasslands, single suitable grass species for artificial pastures, and low
quality, which can hardly suit the nutritional needs of grazing livestock. It is urgent to screen and cultivate high-quality forage
crops. The objective of this study is to measure the forage traits of 40 polish wheat (7#iticum polonicum L.), the entropy weighting
method was applied to determine the weights of the measurement indicators, and use the gray correlation degree for a multivariate
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evaluation, to identify excellent forage germplasm resources of polish wheat varieties most suitable for planting in Qinghai. The
main findings were as follows: (1) The grain yield of the test material had the highest weight of 7.04%, followed by 6.98% for
fresh grass yield at flowering stage, also the coefficients of variation of grain and fresh forage yield were higher at 28.57% and
22.26%, respectively. (2) The forage quality analysis showed that the crude protein content of the plant and grain were higher by
23.86% and 20.28%, respectively. The acid detergent fibers and neutral detergent fiber of the plant were lower. (3) The multivari-
ate evaluation of multiple indicators of the polish wheat revealed that three varieties with the best multivariate score among the 40
different Polish wheat were No. 9 from Argentina, No. 18 from Ethiopia, and No. 20 from Romania, and the highest multivariate
score was 0.635 for No. 20, followed by 0.617 for No. 18, and 0.607 for No. 9. The materials with higher multivariate score of the
test varieties and more outstanding forage traits can be the excellent test materials for the screening and breeding high quality

forage grasses with high protein content on the Qinghai-Tibet Plateau according to production needs.
Keywords: Polish wheat; forage yield; grain yield; forage quality; Qinghai-Tibetan Plateau
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Table 1 Polish wheat variety used in this study
No. Name Origin No. Name Origin

1 P129447 Ukraine 21 Cltr13919 Ethiopia
2 PI384265 Ethiopia 22 PI566593-1 USA
3 PI1384345 Ethiopia 23 P1272565-1 Hungary
4 P1290512 Portugal 24 PI272565 Hungary
5 P1225334 Iran 25 PI352488-1 Italy
6 PI190951 Portugal 26 PI1210845-1 Iran
7 Cltr14140 Unknown 27 P1210845 Iran
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No. Name Origin No. Name Origin
8 PI387479 Ethiopia 28 PI566593 USA
9 PI185309 Argentina 29 PI1384340-1 Ethiopia
10 P1608017 USA 30 P1384340 Ethiopia
11 P1266846 UK 31 P1352489-1 Cyprus
12 P1191823 Portugal 32 PI156261 Portugal
13 PI366117 Jordan 33 PI306548 Romania
14 PI384268 Unknown 34 PI352489 Cyprus
15 P1352487 Portugal 35 P1387457-1 Portugal
16 P1352488 Australia 36 PI1387457 Ethiopia
17 P142209 Hungary 37 PI156261-1 Ethiopia
18 CItr13919-1 Ethiopia 38 Cltr17442 USA
19 P1298572-1 Ethiopia 39 Cltr17442-1 USA
20 PI306548-1 Romania 40 CItr298572 Ethiopia
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Table 2 Changes in agronomic traits of Polish wheat
Index Plant height (cm) Spike length (cm) SNL (cm) Tiller number GCP (%) 1000-grain weight (g)
Mean 134.84 12.49 57.43 22.80 20.28 47.26
Max. 159.79 17.86 68.47 35.64 23.72 63.32
Min. 99.42 7.00 43.67 8.37 17.17 30.37
CV (%) 11.15 20.34 10.12 28.51 7.61 17.84

CV: CV: coefficient of variation.
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1
Fig. 1

Year (y): year effect; variety (v): variety effect; y x v: year x variety effect.
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Table 3 Changes in forage yield of Polish wheat
Flower Harvest Flower Harvest
No Fresh forage Dry forage Dry forage No. Fresh forage Dry forage Dry forage
yield (t hm?) yield (t hm?) yield (t hm?) yield (t hm?) yield (t hm?) yield (t hm?)
1 6.98 ab 2.43 ab 1.86 be 23 3.83 defg 1.31 efghijk 1.52 cdefghi
2 7.95a 271a 1.26 defghijk 24 3.45 efg 1.14 hijk 1.49 cdefghi
3 4.73 bedefg 1.90 bedefgh 1.05 hijk 25 4.99 bedefg 1.68 cdefghijk 1.24 defghijk
4 4.84 bedefg 1.93 bedefg 1.23 defghijk 26 334 fg 1.16 ghijk 1.52 cdefghi
5 3.04 fg 1.25 fghijk 1.37 cdefghij 27 4.09 defg 1.05 k 1.48 cdefghij
6 4.28 defg 1.45 defghijk 1.50 cdefghi 28 3.79 defg 1.49 defghijk 1.44 cdefghij
7 3.94 defg 1.10 jk 1.64 cdefg 29 4.65 bedefg 1.36 defghijk 2.26 ab
8 3.19 fg 1.16 ghijk 1.28 defghijk 30 3.75 defg 1.20 ghijk 1.72 cd
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(#ExR3)
Flower Harvest Flower Harvest

No. Fresh forage Dry forage Dry forage No. Fresh forage Dry forage Dry forage

yield (t hm™) yield (t hm™) yield (t hm™) yield (thm?)  yield (t hm™) yield (t hm™)

9 6.00 abcde 1.88 bedefghi 1.71 cde 31 3.86 defg 1.34 efghijk 1.70 cde
10 5.40 bedef 1.80 bedefghijk 1.53 cdefghi 32 4.61 bedefg 2.01 bedefg 1.65 bedefg
11 7.01 ab 1.49 defghijk 1.50 defghijk 33 4.39 cdefg 1.69 cdefghijk  1.29 cdefghijk
12 3.56 efg 1.18 ghijk 1.19 ghijk 34 244 ¢ 1.14 hijk 1.34 cdefghijk
13 3.64 defg 1.41 defghijk 0.96 ijk 35 3.26 fg 1.41 defghijk 1.13 efghijk
14 3.26 fg 1.03 k 0.90 jk 36 4.46 cdefg 2.03 bede 1.16 defghijk
15 338 fg 1.26 efghijk 0.97 ijk 37 3.00 fg 1.13 ijk 1.07 ghijk
16 3.68 defg 1.08 k 0.80 k 38 3.53 efg 1.39 defghijk 1.25 defghijk
17 3.56 efg 1.19 ghijk 1.06 ghijk 39 3.38 fg 1.40 defghijk 1.08 fghijk
18 6.79 abc 2.24 abc 1.74 cd 40 4.05 defg 2.11 abed 1.07 ghijk
19 6.15 abed 1.85 bedefghij 1.43 cd Mean  4.36 1.52 1.41
20 4.95 bedefg 1.78 bedefghijk  2.69 a Max. 7.95 2.71 2.69
21 4.39 cdefg 1.20 ghijk 1.68 cde Min. 2.44 1.03 0.80
22 4.76 bedefg 1.45 defghijk 1.58 cdefgh CV (%) 28.57 27.13 25.87
CV: ; 0.05

CV: coefficient of variation. Different lowercase letters indicate significant differences among different varieties at the 0.05 probability level.

F4 HREZNETFHEETL
Table 4 Changes in grain yield and harvest index of Polish wheat

No. Grain yield (kg hm?) Harvest index No. Grain yield (kg hm?) Harvest index
1 406.26 bedefghij 022 f 23 320.48 hijk 021g
2 460.19 abcde 0.37b 24 314.95 hijkl 021g
3 338.96 fghijk 0.32b 25 307.48 ijkl 0.25e
4 477.84 abed 0.39 ab 26 307.23 ijkl 020g
5 487.61 abc 0.36 b 27 331.56 ghijk 0.22 fg
6 447.45 bedefg 0.30 cd 28 377.55 cdefghij 0.26 ¢
7 572.75 a 0.35b 29 519.67 ab 0.23 ef
8 486.45 abc 0.38 b 30 351.15 efghijk 020g
9 515.92 ab 0.30 cd 31 494.92 abc 0.29 cd

10 431.13 bedefgh 0.28d 32 289.16 ijkl 0.18 h
11 453.27 bedef 0.30 cd 33 317.23 hijk 0.25 ef
12 324.05 hijk 0.27d 34 247.25kl 0.19 gh
13 356.38 efghijk 0.37b 35 453.37 bedef 0.40 a
14 336.06 fghijk 0.37b 36 463.47 abcde 0.40 a
15 291.08 ijkl 0.30 cd 37 403.85 bedefghij 0.38b
16 284.39 jkl 0.36 b 38 385.58 cdefghij 0.31cd
17 359.99 defghijk 0.34b 39 329.77 ghijk 0.31cd
18 452.38 bedefg 0.26 ¢ 40 298.61 ijkl 0.28d
19 462.39 abcede 0.32b Mean 388.85 0.29
20 486.18 abc 0.18 h Max. 572.75 0.40
21 410.02 bedefghi 0.24 ef Min. 200.11 0.13
22 200.111 0.131 CV (%) 22.26 24.85
CV: ; 0.05

CV: coefficient of variation. Different lowercase letters indicate significant differences among different varieties at the 0.05 probability level.
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Table 5 Changes in forage yield of Polish wheat (%)

Leaf Stem
Index ADF NDF CP ADF NDF CP
Mean 40.79 59.45 23.86 43.71 58.47 7.58
Max. 49.30 66.46 27.94 50.92 65.48 12.98
Min. 30.51 50.22 16.33 30.03 49.60 4.04
CV (%) 9.59 7.31 9.59 10.36 8.08 28.94
CP: ; ADF: ; NDF: ; CV:

CP: crude protein; ADF: acid detergent fiber; NDF: neutral detergent fiber; CV: coefficient of variation.
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Fig.3 Correlation with different agronomy traits of the of Polish wheat

Different color indicates the correlation between indicators, darker color indicates higher correlation, and lighter color indicates the opposite.
*: P<0.05; **: P<0.01. ADF: acid detergent fiber; NDF: netural detergent fiber.
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P
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Table 6 Weights and rank of each index of Polish wheat
Index Weight (%) Rank Index Weight (%) Rank
Plant height 6.88 4 Grain crude protein 6.37 8
Spike length 6.52 5 Grain yield 7.04 1
Spike stem nodes length 6.88 4 Crude protein (leaf) 6.37 7
Tiller 5.31 14 Acid detergent fibe (leaf) 5.77 12
Fresh forage yield (flower) 6.98 2 Neutral detergent fiber (leaf) 6.45 6
Dry forage yield (flower) 6.96 3 Crude protein (stem) 6.30 9
Dry forage yield (harvest) 5.59 13 Acid detergent fibe (stem) 4.91 15
1000-grain weight 5.83 11 Neutral detergent fiber (stem) 6.22 10
F71 HRIE=/NEMREBKERES
Table 7 Weight relevance and rank of tested varieties
No. Weighted relevance Rank No. Weighted relevance Rank
1 0.490 21 21 0.507 19
2 0.545 12 22 0.545 12
3 0.407 31 23 0.522 14
4 0.564 8 24 0.507 19
5 0.508 18 25 0.547 11
6 0.482 23 26 0.446 27
7 0.572 6 27 0.573 5
8 0.420 30 28 0.550 10
9 0.607 3 29 0.510 16
10 0.560 9 30 0.470 25
11 0.602 4 31 0.533 13
12 0.494 20 32 0.390 32
13 0.451 26 33 0.568 7
14 0.432 30 34 0.521 15
15 0.483 22 35 0.347 35
16 0.341 36 36 0.445 28
17 0.389 33 37 0.424 29
18 0.617 2 38 0.479 24
19 0.568 7 39 0.350 34
20 0.635 1 40 0.509 17
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