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Application of 80% of routine phosphorus rate to keep high yield and P
efficiency of maize and P balance in soil
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Abstract: [ Objectives ] Soil Olsen P contents show an increasing trend in black soil in recent years. In order to
provide theoretical basis for rational amount of applied phosphorus and soil fertility improvement, this study tried
to investigate the response of maize yield, component factors, nutrient absorption and distribution, phosphorus use
efficiency and the change of soil Olsen P to P fertilizer rates in black soil under field conditions. [ Methods ] A
3-year field experiment was conducted in Gongzhuling City, Jilin Province, where the initial soil Olsen P content

was as high as 30.15 mg/kg. The change of maize yield and component factors, P absorption and distribution, P
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use efficiency, the apparent P balance and change of soil Olsen P were analyzed under the P,O; application rate of
0, 60 and 75 kg/hm®. [ Results ] The results showed that the application of phosphorus fertilizer increased the
maize yields, in 2011 the yields in P60 and P75 treatments were significantly higher than in PO, but the yield gap
between the P60 and P75 treatments decreased with years. More P was absorbed in P75 than in P60, but the
proportion was decreased in the P75, which indicated that the P absorption was not transported to grain effectively
and there was luxury absorption of P. The P use efficiency in P75 was higher than in P60, while the partial factor
productivity of P was higher in P60 than in P75 in all three years, which indicated that the combined effect of
basic soil nutrient and applied P was larger in the P60. From 2009 to 2011, the apparent P balance in PO was in
deficient state, while those in P60 and P75 were surplus. The change in soil Olsen P was positively linearly
correlated with the P budget (P < 0.01), for every increment of 100 kg/km” of P surplus, the corresponding
increase in soil Olsen P was 9.6 mg/kg. [ Conclusions ] In the black soil with relatively high Olsen P content,
application of 20% less of the routine amount of P rate (P,O; 60 kg/hm®) will meet the demand for high yield,

maintains the soil Olsen P content and effective supply ability of phosphorus, and increase the phosphorus

utilization efficiency.

Key words: P rates; maize yield; phosphorus utilization; soil phosphorus balance
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Fig. 2 Maize yields under different P,O; levels from
2009 to 2011
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Table 1 Maize yield components under different

P,0; levels
Efy b3 TR (No.)  #K (em)  HHKLE ()
Year Treatment  Grains per ear  Ear length 100-grain weight
2009 po 434.0 Aa 15.5 Aa 33.9 Aa
P60 536.7 Aa 15.4 Ba 33.7Ba
P75 544.0 Aa 15.5Ba 33.8 Aa
2010 po 598.0 Aa 17.3 Aa 36.5 Aab
P60 559.7 Aa 168 ABa  37.7 Aa
P75 5753 Aa 16.7ABa 358 Ab
2011 po 555.6 Aa 16.5 Aa 32.3 Ab
P60 594.0 Aa 18.4 Aa 39.1 Aa
P75 592.4 Aa 17.7 Aa 38.1 Aa

IE (Note) : [FFVEAEIE A F/NE FEFIR I —4FE N AR AL
W RZEREE, ARG THIIRE LA R EG 25 B35
(P < 0.05) Different small letters mean significant difference among the
treatments within the same year and different capital letters mean

significantly difference among years for the same treatment (P < 0.05).
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Table 2 Correlation coefficient between grains per ear, ear length, 100-grain weight and maize yield

i H RIRIEL T (cm) FRLE (2) Feh (kg/hmd)
Item Grains per ear Ear length 100-grain weight Grain yield
TR %L Grains per ear 1
744 Ear length (cm) 0.8342%* 1
R 100-grain weight(g) 0.6318 0.8346%** 1
YEWI =4t Grain yield (kg/hm?) 0.7919* 0.7754% 0.8245%* 1

i (Note ) : *FI**43HIZRRHIEMEIR 5% Fl 1% 237K Represents the correlation was significant at the 5% and 1% levels.

%3 TEREBKE THERRBHEMDE

Table 3 The phosphorous absorption

and distribution under different P,O; levels

4 1T T 2L Fki Grain FE&FF Straw
o S Tot:i‘[i?frftion =3 2 ; = 2 :
Year Treatment FE & (kg/hm®) SrBe BB (%) TG (kg/hm®) SrBe BB (%)
(kg/hm’) Accumulation Distribution Accumulation Distribution
2009 PO 28.00 Aa 17.01 Ba 60.74 10.99 Aa 39.26
P60 28.52 Aa 17.15Ba 60.13 1137 Aa 39.87
P75 30.32 Ba 18.32 Ba 60.43 12.00 Ba 39.57
2010 PO 26.77 Ac 21.31 Aa 79.61 5.46 Bc 20.39
P60 32.62 Ab 21.48 Aa 65.84 11.14 Ab 34.16
P75 38.34 Aa 21.99 Aa 57.35 16.35 Aa 42,65
2011 PO 21.41 Be 17.78 Bb 83.07 3.62 Be 16.93
P60 31.58 Ab 20.96 Aa 66.37 10.62 Ab 33.63
P75 38.64 Aa 21.26 Aa 55.03 17.38 Aa 44.97

IE (Note) : [FIFVEAHE A /NG TR 2R 7] — 4R AR AL I ) 22 57 W35, RIS 5B 2R ) — AR B [ 4R 22 5 {3 (P<0.05)

within the same year and different capital letters mean significantly difference

Different small letters mean significant difference among the treatments
among years for the same treatment (P<0.05).

BB T 43 /K P R IR it FH 2 i 25 B R0 . P60 AT
P75 Ab B BE LR AR AE 2009~2011 4F 8] 2 4F Tt
=, 2009 AERHUA 0.86% Fl 3.09%, % 2011 4E435
ETHF) 16.95% F1 22.97%, fERE—4FEr P75 kbEEAY
BENEAI 2355 T P60, 58 —AFR 26 7 3 Wl
PR FIF%, P60 AbBEZEAESE R, P75 AbFEAE 2010
AERAR, #2011 4ERE P60 AL FRAY AR 30K T P75,
P60 il P75 Ab RBE AL A4 A= 77 1 34I7E 2010 4F e,
T 7E R —4FA473 P60 AbFHY) i 3 5 T P75 (£ 4). Ak
KF, FLHEARGEYB KR SR, P60 ib
P - 1 %) FEE R 37 40 it A B LA 27 5 5500 T 1
24 A EMEBKES TIEH T EMBYHESEN
A

2.4.1 BTy A R0k S Ak R RD
KT, EHEFWEE - B G DA A HR) (3% 5).

x4 TRIFEHBKFETELERBERF AR
Table 4 Phosphorus efficiency under different phosphate
fertilizer levels during 2009 to 2011

22 4%

BERAAR RBeR k™

Fpry AbFR P use Agronomic Partial factor
Year Treatment  efficiency  efficiency  productivity
(%) (kg/kg) (kg/kg)
2009 P60 0.86a 132b 158.78 a
P75 3.09a 9.76 a 135.72b
2010 P60 9.75a 1.57b 198.88 a
P75 1543 a 5.03a 162.87b
2011 P60 16.95b 29.40 a 194.05 a
P75 2297a 2578 a 157.50 b

I (Note) : [IFNEUE G A [R/INE FBERR [ —4F AR AL
HiZ 6] 225 5.3 (P < 0.05) Different small letters mean significant

difference among the treatments within the same year (£<0.05).
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=5 TEMEBATEERRHEMRAUBEFE (PO, kg/hm’)
Table 5 Maize P absorption and apparent soil P balance
under different phosphate fertilizer levels

Ay fbE B AR Wl et FR-Aiy
Year  Treatment Input Absorption App. balance
2009 PO 0 28.00 Aa —28.00 Ab
P60 60 28.52 Aa 31.48 Ab
P75 75 30.32 Ba 44.68 Aa
2010 PO 0 26.77 Ac —26.77 Ab
P60 60 32.62 Ab 27.38 Ab
P75 75 3834 Aa 36.66 Ba
2011 PO 0 21.41 Be —21.41 Be
P60 60 31.58 Ab 28.42 Ab
P75 75 38.64 Aa 36.36 Ba

IE (Note ) : [FIFIEUEG AIR/NG TR R Rl —4E N AR 4
M B 225 B, ARG T RN R — A B[R] 4R 0 22 5 .35
(P < 0.05) Different small letters mean significant difference among the
treatments within the same year and different capital letters mean

significantly difference among years for the same treatment (P < 0.05).
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Ay h-76.18 . 87.28 Fl 117.70 kg/hm?®, 2011 4F 2
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Fig. 3 Apparent P balance dependent of soil Olsen P
content during 2009-2011
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