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Effects of nitrogen addition on soil phosphorus components and
plant phosphorus distribution in topsoil of spring
wheat in the Loess Plateau
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Abstract; Taking spring wheat in dry farmland as the research object, four nitrogen addition gradients of 0

(control) , 75, 115, 190 kg - hm™ were set up in spring wheat of dry farmland. The inorganic phosphorus and or-
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ganophosphate components in 0~20 ¢m topsoil were determined by Gu Yichu—-Jiang Baifan method and Bowman—
Cole method for two consecutive years. The effects of nitrogen addition on soil phosphorus content and plant organ
phosphorus content and the key factors driving soil phosphorus transformation were analyzed. Nitrogen addition for
two consecutive years (2019 — 2020 ) increased the biological availability of soil phosphorus, increased the
proportion of soil inorganic phosphorus to total phosphorus 1.02% ~4.93% in 2019, 1.31% ~4.92% in 2020, and
decreased the proportion of soil organic phosphorus to total phosphorus: 0.74% ~4.92% (in 2019), 2.50% ~
4.92% (in 2020), compared with the control treatment. The N115 treatment significantly ( P<0.05) reduced the
slow and difficult to absorb and utilize phosphorus sources, among them, inorganic phosphorus components in 2019
and 2020 were Cay,—P (8.55%,19.53%) , Al-P (9.26% ,12.88% ) , Fe-P (10.34% ,39.21%) , Ca,,—P (2.87%,
16.27% ) . The contents of MROP in 2019 and 2020 (18.18%,16.53% ) and MLOP (23.29% ,14.59% ) were sig-
nificantly reduced. Nitrogen addition significantly increased soil organic carbon by 2.85% to 5.54% in 2019 and
8.54% to 15.35% in 2020, but significantly decreased soil pH by 0.47% to 0.83% and 1.85% to 2.42%. With the
increase of nitrogen application, grain yield and aboveground biomass increased first and then decreased ,the range
was 1 890.26~1961.91, 1 886.19~2 263.42 kg - hm™>(2019) , 4 726.41~5 905.79, 5 283.62~5 755.19 kg + hm™*
(2020) , which were the smallest in NO treatment and the largest in N115 treatment. The available phosphorus was
positively correlated with inorganic phosphorus Ca,—P (P<0.01), positively correlated with organophosphorus
MLOP (P<0.05), and negatively correlated with inorganic phosphorus O—P (P <0.05). The application of
nitrogen fertilizer for two consecutive years in the topsoil of spring wheat in the Loess Plateau might mainly through
increasing the effectiveness of alkaline phosphatase and microbial biomass carbon, nitrogen, and phosphorus,
thereby reducing the slow and difficulty level to absorb and utilize phosphorus sources in the soil; inorganic phos-
phorus Al-P, Fe-P, Ca,—P and Ca,,—P, promoting the mineralization of organophosphorus MLOP and MROP,
and then improving conversion of soil available phosphorus.

Keywords; nitrogen application; spring wheat; top soil phosphorus components; plant phosphorus distribu-

tion; yellow loam soil
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Table 1 Effects of nitrogen addition on organ phosphorus content, aboveground biomass and yield of spring wheat

i e e Fi’%% *J‘ﬁ%@i *f*ﬁfci i li%ﬁit%ﬁ
Year Treatment Stem phosphorus Leaf phosphorus Grain phosphorus Grain yield Aboveground biomass
/(mg - kg™") /(mg - kg™") /(mg - kg™") /(kg + hm™) /(kg + hm™)
NO 435.93+7.16¢ 1235.44+52.74d 3421.79+21.85b 1890.26+6.21b 4726.41+94.13d
2019 N75 463.16+6.69b 1332.41£10.12¢ 3431.79+48.61b 1925.59+11.10ab 5493.34+6.63b
N115 492.49+3.91a 1540.90+31.23a 3453.96+14.20b 1961.91+6.33a 5905.79+45.30a
N190 497.74+1.35a 1471.99+17.23b 3567.95+25.46a 1951.63+5.12a 5124.35£167.51¢
NO 353.33+0.03¢ 1096.67+0.04c¢ 2530.00+0.11b 1886.19+88.43b 5283.62+97.96d
2000 N75 426.67+0.04b 1256.67+0.09b 2556.67+0.21b 1992.35+81.93ab 5453.48+44.63¢
N115 496.67+0.04a 1400.00+0.06a 2646.67+0.20b 2263.42+36.44a 5755.19+41.77a
N190 503.33+0.03a 1393.33+0.07a 3176.67+0.21a 2253.82+38.19a 5611.45+£9.71b

TE : P BUELE P B AR E2E 5 RPN BUER AN R) 7 BER R AR R4 b B F) 22 5 .35 (P<0.05) , R IR], 254l W22k PR 2Bk T &R

UP AR T

Note: All values in the table are mean + standard deviation. Different letters after the same column value indicate significant differences among treatments ( P

<0.05)in the same year, the same below. The total phosphorus contents in stems, leaves and grains represent the total phosphorus contents in organs.
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T NO AL FE MBC &3 it T 9.66% (2019
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BEVMERTENXR
FHOCI T 45 3 (&1 3) KB Olsen-P & 5
ML Ca,-P & & 224 W3 IE ARG (P<0.01) , 5 ML
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-P &5 B UM 56 (P<0.05) ; B i AR it 16
5ZEu A FPRL R A R 2 IEAEOC (P<
0.05) , 5TCHL#E Ca,—P Al-P A HLEE LOP MLOP .
MROP % it 2% i 2 TAAHOC (P<0.01) , 5 Hb F 38 A=
Y 5L F IEAOE (P<0.05) 5 Wk W ik 5 MLk
HROP ZE4:8f M4 FFRL ™ &  AGB (#b F 4
Prit) MBC (A9 s ) 1 & i 2 o 3 TE ARG
(P<0.01) , 5 EHLHE Cay—P Ca,-P & 2B F
AR (P<0.01) , 5 ALP §if P 5 8 25 IF A ¢ (P<
0.05) , 54 HL# MLOP MROP & & 5 i 3 11 AH &
(P<0.05) ,

®2 WM LEEYFERRE T EAVE pH BRI

Table 2 Effects of nitrogen addition on soil biological properties, soil organic carbon and pH

WA P ik HAwEA WA R SRR P A Bl
Ay AbFR Microbial biomass Microbial biomass Microbial biomass Alkaline Soil organic
Year Treatment carbon nitrogen phosphorus phosphatase activity carbon pH
/(mg - kg™") /(mg - kg™") /(mg-kg')  /(mgeg-d) /(geke)
NO 231.10+8.60c 31.61+1.19¢ 7.55+0.56¢ 1.08+0.01¢ 9.55+0.03¢ 8.48+0.01a
2019 N75 242.36+3.32b 35.61+0.93b 12.12+0.90a 1.11+0.04¢ 9.97+0.12a 8.44+0.02b
N115 255.82+2.94a 37.45+1.12a 13.43+0.49a 1.42+0.02a 10.11+0.07a 8.43+0.02b
N190 246.33+2.96ab 33.87+0.22b 10.78+0.78b 1.33+£0.03b 9.83+0.056b 8.41£0.04b
NO 208.67+10.50c 45.15+3.61c 15.03+1.02¢ 1.57+0.038¢ 7.39+0.33¢ 8.67+0.14a
2020 N75 227.00+5.29h 53.25+2.65b 23.17+1.27a 1.63+0.03¢ 8.67+0.23a 8.51£0.01b
N115 243.67+2.52a 59.67+3.06a 24.21+1.87a 2.12+0.02a 8.73+£0.40a 8.47+0.02b
N190 235.00+5.57ab 54.65+2.01b 19.58+0.27b 1.70+0.23b 8.08+0.08h 8.46+0.02b
198 & #
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Note; In the figure, Olsen—P, TP, TSP, TLP, TGP, GY, AGB, ALP, MBC, MBN, and MBP are respectively represent soil a-

vailable phosphorus, soil total phosphorus, stem total phosphorus, leaf total phosphorus, grain total phosphorus, grain yield, above

ground biomass, alkaline phosphatase, microbial carbon, microbial nitrogen, and microbial phosphorus. * and * * represent signifi-

cant differences at P<0.05 and P<0.01 levels, respectively.
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Fig.3 Person correlation analysis between soil phosphorus forms and organ phosphorus content,

aboveground biomass and yield of spring wheat
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