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Abstract: To explore the effects of nitrogen application and sowing density interaction on the seed yield of ‘Qin-
gyan No. 2’ oat (Avena sativa ‘Qingyan No. 2’ ) in the high-altitude area, the optimal planting nitrogen
amount and sowing density suitable for the production of ‘Qingyan No. 2’ in Huangzhong and its surrounding
areas were investigated. This experiment adopted a two-factor randomized block design. Four nitrogen applica-
tion levels of 0, 45, 90 and 135 kg-hm™* (denoted as N,, N;, N, and N;) were set, and three sowing densities
of 100, 170 and 240 kg-hm™* (denoted as S;, S, and S;) were established. The results showed that the effects
of nitrogen application amount, sowing density, and their interaction on agronomic traits and seed yield all
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reached extremely significant (P<C0.01) or significant (P<C0.05) levels. Agronomic traits changed signifi-
cantly with nitrogen application amount and sowing density. The length of the spike, the number of small flo-
rets on the main spike, the number of grains on the main spike, the grain weight per spike, and the hundred-grain
weight all increased first and then decreased with the increase of nitrogen application amount, and decreased with
the increase of sowing density. Seed yield increased first and then decreased with the increase of nitrogen applica-
tion amount and sowing density, reaching the peak at a nitrogen application amount of 90 kg*hm ™ and a sowing
density of 100 kg-hm™>. Pearson correlation analysis indicated that seed yield was significantly positively corre-
lated with spike length, the number of small florets on the main spike, the number of grains on the main spike,
the grain weight per spike, and the hundred-grain weight. TOPSIS-multi-criteria decision-making model analy-
sis indicated that at a nitrogen application amount of 90 kg-hm ™ and a sowing density of 100 kg-hm™ were the
optimal nitrogen application amount and sowing density for ‘Qingyan No. 2’ seed production in the study area

and similar high-altitude areas.
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Table 1 Monthly average temperature and precipitation during the growing season in Xiaying Village, Ganhetan Town, Huang-

zhong District, Xining City, Qinghai Province

¥R ¥ Average temperature /°C

[% 7K it Precipitation/mm

J 6 Month 304FH{H 2024 4 i 304 { 2024 4E B (i

30-year average value (1994—20234F)  The 2024 average  30-year average value (1994—20234F)  The 2024 average

4 H April 8.60 9.50 27.80 26.40

5H May 12.10 12.10 47.30 49.80

6 H June 15.00 15.60 74.50 112.70

7H July 16.80 16.50 93.70 136.00

8 J1 August 15.90 15.80 85.40 85.20

9 H September 12.20 13.00 61.90 62.50
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Table 2 P-values of each indicator under different nitrogen application levels, seeding densities, and their interactions

Wi H Ttem e BERK ERUNEERC ERREREC ERMERE RIFRZE TRE ﬁl%ﬁfi
PH SL GNMS GWS BO TGW  Seed yield
Jiti 4 Nitrogen 0.001  0.000 0.000 0.000 0.521 0.000 0.000
% B % i Sowing density 0.000  0.000 0.000 0.000 0.036 0.000 0.000
it S i < 4% B 4 )% Nitrogen X Sowing density  0.318  0.039 0.000 0.033 0.560 0.003 0.016
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Table 3 Two-factor analysis of variance for multiple comparisons of agronomic traits and seed yield of ‘Qingyan No. 2’ under

different nitrogen application rates and sowing densities

WM 5E 45 b5 % s Jifii % 2 Nitrogen application rate
Measurement index  Sowing density N, N, N, N, AVE
B S, 154.99+3.29" 160.1841.954 157.9842.86™ 155.09+3.20% 157.0640.46"
PH/cm S, 152.3944.62% 153.6743.23% 153.5942.894" 153.3943.374 153.2640.57°
S, 153.824-3.48™ 156.7142.79%" 154.8143.40%" 153.924-2.25% 154.8240.48"
AVE 153.7340.70" 156.854-0.50" 155.464-0.56"P 154.1340.55"
SIS S, 28.50+1.33% 29.2041.55% 31.45+1.674 28.004£1.76" 29.2940.25"
SL/cm S, 26.90+1.51" 27.90+1.60" 29.00=1.49% 25.9542.11 27.4440.27°
S, 25.05+1.19" 25.3541.31% 28.7041.77" 22.55+0.83"¢ 25.41+0.21°
AVE 26.8240.25" 27.48+0.27" 29.7240.30% 25.5040.30°
F R/ NEEL S, 62.50+5.85" 76.70+6.25 81.0045.16™ 59.4046.64" 69.9040.95
SNS/4 S, 59.504 5.898¢ 63.706.67" 70.8047.16" 56.7044.50% 62.6840.97"
S, 48.0045.21%¢" 52.4046.69" 62.7044.67 46.304£2.21" 52.3540.79°
AVE 56.6741.03¢ 64.2741.20" 71.504+1.05" 54.134-0.88¢
B8 TRy S, 117.504+4.28% 155.3043.927 155.5044.30 110.5045.68% 134.7040.73"
GNMS/#iL S, 114.1045.36 120.0043.92" 142.8046.86"" 107.9044.82" 121.2040.85"
S, 89.304+5.12% 107.2046.34"¢ 118.704-4.83" 86.3046.00" 100.384-0.89°
AVE 106.9740.90° 127.5740.89" 138.9340.99* 101.5741.00°
XY Yo S, 4.1240.27% 5.0540.52% 5.2740.53" 3.9240.28% 4.5940.07"
GWS/g S, 3.8240.51"* 4.1740.51% 4.82+0.27" 3.5840.31 4.104-0.07"
S, 2.91+0.23% 3.23+0.58% 4.08+0.30" 2.26+0.26% 3.12+0.06°
AVE 3.62£0.07° 4.1540.10° 4.7240.07" 3.2540.05¢
AR S S, 6.00=0.00% 5.90+0.74" 6.00+0.67" 5.5040.86" 5.854-0.10"
BO/JZ S, 5.5040.71%" 5.80240.42% 5.8040.63% 5.804+0.79™ 5.734+0.10"
S, 5.6040.52™" 5.602420.52™ 5.4020.70™ 5.30240.82% 5.484-0.10"
AVE 5.7040.09% 5.7740.11% 5.7340.12% 5.5340.15%
TR S, 36.0440.79 38.6140.96" 39.8140.73% 34.8440.74" 37.3340.13"
TGW/g S, 34.414+1.18" 36.3540.88" 37.7240.67 33.804£1.13 35.5740.16"
S, 33.3840.99% 34.0541.02% 35.024-0.85% 30.7241.47% 33.2940.18°
AVE 34.6140.18" 36.34+0.17" 37.5240.14% 33.1240.21°
7 i S, 2694.134-126.53"  2811.83460.86""  2885.65489.94"  2670.204-85.33"  2765.454-14.81°
Seed yield/ (kgehm™?) S, 2567.73480.05"  2686.17478.79""  2711.404-77.53""  2548.77-+130.50™ 2628.52+14.93
S, 2477.24461.24%  2424.94462.50" 2637.40£108.31"" 2418.70492.59"  2489.57413.22°
AVE 2579.70417.05%¢  2640.98412.39"  2744.824-16.94"  2545.89+19.12°

T R PRI CEEME AR HE2E) o RIS R /NG T8 327 [ — i S0k R AN [ 75 ol 2 32 Ak 241 ] 22 55 Wik 25 (P<20. 05) 5 [d] 47 AN 6l R 5 7 bF

7R [A] — A 2 BE R AN [] i 280 ek Ak B[R] 2 S 8 2% (P<<0. 05)

Note: The values in the table are the (mean—+ standard deviation). Different lowercase letters in the same column indicate significant differ-

ences (P<C0.05) among different sowing densities under the same nitrogen application rate; Different uppercase letters in the same row indicate

significant differences (P<C0. 05) among different nitrogen application rates under the same sowing density
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Fig. 1 Mantel test and Pearson correlation of seed yield and agronomic traits of ‘ Qingyan No. 2’ variety
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o SRR AR B OC R B IR AR A r=0. 04 fRERAD 17 it 15 e MR Bk 0] SCIPE3 B O 0. 04 AN 4% r=0. 14K F 777 ht SR 2k
ARFE B 8] DG ISR BE O 0. 14, P AR 2R 4 r=0. 24 fRFRFD 77 ik 55 A Z PR b 18] DG 2 1 0. 24, BOMLZR 2% r=0. 34 AR A 7 7= i A ZpEtk
AR ] OCIR SR JE O 0. 34, fRoBLZk 2% r=0. 44 AU FP 777 4 5 R ZHOIRAE bR 1] SCHE SR B2 0. 44
Note: In the P-value section of the Mantel test, the green dots indicate that the P-value of the test result is<<0. 01, meaning that the correlation
between seed yield and agronomic trait indicators is extremely high; the purple dots indicate that the P-value of the test result is=>0. 05, meaning
that there is no correlation between seed yield and agronomic trait indicators; the light blue dots indicate that the P-value of the test result is
between 0. 01 and 0. 05, meaning that the correlation between seed yield and agronomic trait indicators is relatively high. In the correlation coeffi-
cient section of the Mantel test, the thinnest line r = 0. 04 represents the strength of the correlation between seed yield and agronomic trait indica-
tors as 0. 04, the thinner line r=0. 14 represents the strength of the correlation as 0. 14, the medium line r=0. 24 represents the strength of the cor-
relation as 0. 24, the thicker line r=0. 34 represents the strength of the correlation as 0. 34, and the thickest line r=0. 44 represents the strength of

the correlation as 0. 44
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Fig.2 Analysis of the importance of agronomic traits in the

Nitrogen-Mineral interaction treatment of ‘ Qingyan No. 2’
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