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Table 1 Oat biomass under phosphorus application depth interaction with phosphorus application level
kg/hm’
Ab 3 D5 D10 D15 D20
PO 1162.57+406. 32° 1431.65+£272.97° 1171.41+£195. 37° 1540.75+£496. 23°
P5 4 503. 57+ 64. 36" 4900.92+137. 91" 4 493. 98+ 328. 05" 4 457.86+25. 56
P10 4 355.39+138. 25 4.945.154+73. 75" 5084.484334. 84" 4759, 38+257. 12"
P15 4 826. 46+88. 03™ 4925. 98+ 369. 65" 5122.824-186. 84" 4 787.39+142. 83"
P20 4 871.434210. 84™ 5081.53435. 03" 4 952.52+310. 74™ 4 858.90+125.16™

T RPARNE F 8RR E(P<<0.05) K F T 22 57 8.3, NI
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Table 2 Photosynthetic characteristics and water use efficiency of oats under phosphorus application depth and

phosphorus application level interactions

e ol i/ ZE R/ KGR R/

(pmolem “s™ ") (molem 2s 1) (pmolsmol ")

PO 7.01+1. 89" 1.25+0.11° 5.35+1.05

P5 9.39+1.76° 1.4540.49° 6.53+1.46°

D5 P10 9.97+4.67 1.53+0. 65" 6.52+3. 38"
P15 10. 1441. 90 1.40=£0. 35" 7.164+0.57°

P20 10. 1144, 33" 1.4340.66° 6.37+1.66

PO 7.06+0. 76 1.46+0. 37" 5.06+0. 97

P5 9.62+3.29° 1.75+0.27° 4.79+1. 33"

D10 P10 9.89+0. 46" 2.2040. 43" 4.71+0. 74
P15 11.2342. 06 2.1640.78" 5.4742.01°

P20 11.5542. 83" 1.6640. 31" 6.28+0. 40

PO 7.2541.64" 1.58=+0. 16 4.324+1.11°

P5 10.484+2. 48" 2.2440.22° 4.31+0.77°

D15 P10 11.27+2.18° 2.27+0. 39" 5.4842.03"
P15 12.97+3.10° 2.0940. 85 6.90+3.21°

P20 11.2643. 75" 2.24+0. 39 5.83+1. 46"

PO 7.00+1.67 1.50+0. 23" 4.8240.71°

P5 8.04+1.08" 1.65+0.12° 4.76+0.59°

D20 P10 9.95+0. 69" 2.314+0.21° 4.23+0.51°
P15 9.974+3.79" 2.23%0. 45 4.74+0.97

P20 7.9640. 82° 1.8240. 35" 4.2940.62°
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Fig.7 Neutral detergent fiber content of oat under different

phosphorus application depths

phosphorus application level %
Ak B it e T
PO 18.47+0. 38° 10.71+£1.15° 15.7740. 727
P5 22.09+3.10™ 12.65+0. 94° 19.9440. 36"
D5 P10 21.464+2. 02" 11.06=+1. 39" 22.07+1. 04"
P15 23.10+2. 35" 11.79+1.08" 20.75+1. 54"
P20 24.17+2. 60" 11.33+1.73° 20.62+1.07"
PO 18.3341.58¢ 10. 79+0. 33" 14.1440. 58
P5 20.6640. 77" 10. 22+£0. 58" 17.62+0. 50
D10 P10 23.14+0.80™ 9.53+1.22° 19. 7141. 94"
P15 25.41+1. 55" 9.284+1. 20" 16.83+1. 98"
P20 23.57+1. 65" 10.57+1.55" 24.5243. 10"
PO 18.33+1. 40° 10.95+£2. 55" 15.01+0. 30"
P5 23.59+1. 77" 10.474+2. 56° 18. 0840. 58
D15 P10 24.88=+1. 36™ 10.82+0. 94° 19.43+0. 78
P15 22.81+1.08" 10.88+1.05" 21.66+0. 70"
P20 20.46+0. 74% 10. 71+0. 31° 21.01+4. 21
PO 18.9840.60° 10. 53%0. 64° 14.984+0. 407
P5 22.47+7. 48" 10. 88-+0. 58" 19.30+0. 60"
D20 P10 26.21+1.76™ 11.65+2. 48" 19. 6642. 19"
P15 26.37+0.83" 11.84+1. 64" 20. 94+ 1. 14"
P20 27.31+£1.49° 12.68+1. 24" 20.5342. 37"
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Table 4 Fiber content of normal washing of oats under phosphorus application depth interaction with
phosphorus application level %
Ab 3 'S 2% i
PO 38. 714 1. 04" 60.79+2. 33" 47. 0443, 83"
P35 44.2242. 09" 67.15+1.80™ 52.49+0. 27"
D5 P10 44,8942, 14™ 66.95+2. 24™ 48.95+1. 26™
P15 43.66+0. 42" 65.29+0. 62" 47.1940. 64"
P20 43,7341, 75" 69.50+1. 84" 49. 4842, 62"
PO 36.44+0. 19 60.07+£7.02° 43.5044. 00°
P5 43.26+1. 51" 68.37+1.74* 50. 87+ 3. 447
D10 P10 41.68=+0. 85" 67.74+2.39° 50. 36+ 3. 35"
P15 40.55+1. 21¢ 63.04+1.76™ 49.0541. 87"
P20 44,9541, 39" 69.28+2.04° 51.17+0. 79"
Po 35.33+2.21" 47.96+3.81¢ 46. 84+ 1. 54"
P5 46.6041. 39" 69.01+0.47° 52.44+5.16™
D15 P10 44.18-+1. 83" 68.53+2. 88" 50. 9442, 97
P15 41.85+0. 96" 61.00+3. 30" 44.6243.92%
P20 42.4240. 60" 68.44+1.26° 53.51£0.93"
PO 28.67+1. 34 53.43+2. 58" 49.6240. 14"
P5 43.99+1. 12" 69.35+2.33" 51.74+1.93"
D20 P10 43.4041. 20" 67.73+2.90° 50. 7741, 30"
P15 40.8540. 13" 63.45+1. 98" 45.6343. 76"
P20 44.27+1.08™ 66. 80+ 3. 24 46.81+1. 57"

(B 8), i (ZE Pk P Uk £F 4 & 1t 7E P20 kb 3 35 31| i K
{8, & T PO P15(P<C0. 05) ; f# ot 1 Uk 34 47 4 &
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(P<<0.05).
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Fig. 8 Neutral detergent fiber content of oat under different

phosphorus application levels
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Fig.9 Acid detergent fiber content of oat under different
phosphorus application depths
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R5 HEHRESHEBKEXEMEATHRERER LTSS

Table 5 Interaction on the fiber content of oat acid washing under phosphorus application depth and

phosphorus application levels %
Ak 3 nf: 2 il
PO 18.81+0. 90° 32.5146. 32" 21.2942.33%
P5 22.3240.52% 37.28+1.56" 23.5940. 33
D5 P10 22.08+1.06" 36.48+0. 78" 22.7840. 55"
P15 20.994-1. 47 35.1941. 26™ 21.00740. 65®
P20 22.68+1. 84 37.77+0.79° 21. 644147
PO 15.6541. 57 33.12+4. 19" 20.1841.93"
P5 23.1841.29" 38.9440. 98 22.804-2. 02"
D10 P10 22.7341.30% 38.26+0.87° 22.1941.95%
P15 21.8240.53" 36.1241. 33" 21.0240.13"
P20 22.44+1.85% 38.9240. 60° 22.2040. 17
PO 18.584+0. 73° 28.9347. 16° 21.5140. 86"
P5 23.860. 60° 39.3240. 80° 23.60+2. 80°
D15 P10 22.080. 68" 38.9140. 51° 23.0541.73"
P15 20. 8740. 60™ 34.2841.08™ 20.7040. 99"
P20 22.3241.65% 37.30+£2. 37" 23.5140. 39%
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Effects of phosphorus fertilizer on yield,photosyn-
thetic characteristics and quality of oat

LIANG Xiao-yu',GAO Kai"*,CONG Long-li',LIU Zhi-hao', LIU Zhong-guo',

ZHU Tie-xia'
(1. Inner Mongolia University for Nationalities, Tongliao 028000, China; 2. Institute of Ecological Civilization and
Green Development, Tongliao 028000, China)

Abstract: [ Objective] In the course of scientific research and production practice, it has been observed that the

limited mobility of phosphorus in the soil, coupled with its predominantly superficial or shallow application, hinders

the full utilization of phosphorus by deep-rooted crops. This leads to a vertical distribution of phosphorus in the soil

characterized by surface enrichment and insufficient lower layer distribution, resulting in reduced phosphorus fertilizer

efficiency and soil pollution. [ Method ] In light of this, this study focuses oats as the research object and explore the ef-

fects of varying phosphorus application rates and depths on oat yield quality and photosynthetic characteristics. By

measuring these parameters, the study aims to provide valuable insights for the scientific measurement of oat fertiliza-

tion. [Result] The study yield the following key findings: 1) The highest oat biomass was achieved under the

D15P15 treatment, with a value of 5 122. 82 kg/hm”. Maximum values for net photosynthetic rate, transpiration rate

and moisture utilization efficiency were observed in the D15P15, D20P10 and D5P15, respectively, with values of

12.97pmol/(m?*+s) , 2. 31 mol/(m*-s) , and 7. 16 pmol/mol, respectively. 2) The highest crude protein content in
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leaves, stems and panicles was recorded under the treatment conditions of D20P20, D20P20 and D10P20, respec-
tively, with values of 27.31%,12.68% and 24. 52% ,respectively. 3) The lowest levels of neutral detergent fiber in
leaves, stems and panicles were observed under the treatment conditions of D20P0, D15P0 and D10PO, respectively,
with values of 28. 67% ,47.96% and 43. 50% , respectively. The lowest acid detergent fiber content in leaves, stems
and ears occured under the treatment conditions of D20P0, D20P0 and D10PO, respectively, with values of 15. 37%,
30.60% and 20. 18% , respectively. 4) The highest crude fat content in leaves, stems and ears was recoreded under
the treatment conditions of D10P15, D15P15 and D15P15, respectively, with values of 13.60%, 10.10% and
13.62%, respectively. [ Conclusion] The optimal phosphorus approach for oat phosphorus fertilization is to apply
phosphorus at a depth of 15 cm with a rate of 306 kg/hm®. This method maximises oat yield and quality while enhanc-
ing its photosynthetic characteristics.

Key words:downward movement of phosphate fertilizer; oats; production ; photosynthetic characteristics ; quality



