Long-term rotation fertilization has differential effects on soil phosphorus
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In this study, a long-term site-based experiment was conducted which was established In 2 15 planiing in 1975; CIC - un-
1979 in Shenyang Agricultural University (41° 48'N, 123" 33'E), China, and could be £ o NPK - NPK mineal fetiliser
confirmed that the change In nutrients has a major role in the potency of soil P. o Lonc tiliser plus low pig manure;
] o M2NPK - NPK mineral fer-
i chDbDbE ak g8 0 tiliser plus high pig manure

’ Monoesters LOP MLOP MROP
Organic P

(A) 1 2 3 4 Figure 2. Solution 3!P nuclear magnetic reso-

nance (NMR) spectra of NaOH-EDTA soil
extracts collected from (A) manure fertiliser
and (B) Haplic Luvisol. a — myo-inositol hex-
akisphosphate; b — scyllo-inositol hexakispho-
sphate; ¢ — neo-inositol hexakisphosphate;
d — p-chiro-inositol hexakisphosphate; e —
a-glycerophosphate; f — B-glycerophosphate;
g — glucose-6-phosphate; h — choline phosphate
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Forty years of N application decreased soil pH, but the addition of manure can slow down M
this phenomenon. Long-term application of manure can significantly increase the contents 5 45 4 35
of total P, Olsen-P, inorganic P, and organic P; besides, it was extremely increased the rates S Ort"""“"l"“ate i“Oh h (p:m)d.
of P activation coefficient. There was a significant positive correlation between total P and I — L—C YT roptosphae
avallable P, inorganic P, and organic P. The spectrum of all treatments had the highest 2,; S : : a f*“*
content is orthophosphate. According to the 3P NMR peak and its integral strength, the (ppm)

mineral forms of P at the chemical shift are orthophosphate, with an abundance of 15.4-
477.2 mg/kg. 3P NMR spectra showed that orthophosphate and monoesters (mineral
forms of P) were the main samples. Phytic acid Is the most easily detected component of

P#The effects of different fertilization soils on the components
changes of inorganic P and organic P.

a” processed phOSphate monOeSterS It may be that phytIC aCId Originated frOm plantS, Table 3. Correlations orthophosphate (ortho-P) with inorganic phosphorus (P) of different fertiliser treatments
especilally seeds. Orthophosphate content increased when the inorganic P components morganicp | Significance Marginal means for treatments (mg/kg)
- - - - Ortho-P CKO CK NPK MI1NPK M2NPK
were Increased. Orthophosphate has an high correlation with Ca2-P, Al-P, and O-P. Car * 0.90 .06 217 39.89 92.62
Fertilization can extremely Increase organic P components and phosphate monoester e o o o . o
contents. As a whole, the phosphate monoester in the soil 1s high correlated to the MLOP Fe-P ns 62.03 70.59 84.98 102.09 126.28
O-P " 90.01 34.08 41.99 134.76 134.47
and HROP- Cam-P ns 66.40 26.40 28.67 63.16 102.44
& Correlation between soil P and P components in different fertility soils.
Table 1. Results of analysis of Pearson’s correlation (P-values) for inorganic phosphorus (P) and organic P with Table 4. Correlations phosphate monoester (monoesters) with organic phosphorus (P) of different fertiliser treatments
total P, available P, and P activation coefficient on different fertilisers 1 Significance Marginal means for treatments (mg/kg)
- : Organic P Monoesters CKO CK NPK MINPK M2NPK
Treatment Item Inorganic P Organic P LOP ns 5.32 3.84 6.95 6.07 8.86
Cay-P Cag-P ALP Fe-P O-P  Ca,P LOP MLOP MROP HROP MLOP » 80.88 133.35 172.48 255.95 247.32
TP 0.90** 0.96%* 0.76* 0.73* 0.69* 0.69* 0.85%* 0.97%* 0.68* 0.61*% MROP ns 66.13 50.94 51.85 63.45 64.92
CKO AP 0.70*  0.82** 0.85**  0.84**  0.59*  0.62*  0.97** 0.88**  0.79*  0.64* FROP i 1185 342 2.27 1698 25.78
PAC -0.64* -0.84"* -0.71* -0.58¢ -0.33 -0.30 -0.94** -0.73* -=0.59* -0.51* ns — not significant; *P < 0.05; **P < 0.01 indicating significance (P < 0.05; Person coefficient).
TP 0.97** 0.97** 0.96* 0.95*  0.86** 0.75*  0.91** 0.75*  0.87**  0.95* 1 i i
CK AP 0.95** 095"  0.90**  0.95**  0.87**  0.83**  0.96**  0.80**  0.90**  0.97** DISCUSSIOn and ConCIUSIOn
PAC 0927 0927 0.887 0947 0.907 0857 094 0.82 0957 0.97 #The results show that the main P compounds were orthophosphate and
TP 0.97**  0.94**  0.82**  0.95  0.94**  0.90**  0.97** 0.97** 0.96*  0.97** - - -
Pk Wb ot 0se 0o 0seer 0gre g7 0o 0ose  0sar 0.gces phosphate_ monoester. The combination of a high amount of manure and
PAC -077* -090"* -070° -0.89"" -0.82"* -070° -0.80"" -076" -0.94*" —0.92°" NPK fertilizers can increase the content of orthophosphate that can be
TP 085 0.97** 089°* 0.79° 080" 057° 086 089" 076  0.87* absorbed and utilized by crops, the orthophosphate was 477.2 mg/kg, and
MINPK AP 0.83** 0.71*  0.89**  0.92**  0.94**  0.98**  0.85**  0.90**  0.97** 0.76° .. .
PAC 071"  —089% —069° 063 056 099 075 073 052 082 phosphate monoester was 190.4 mg/kg. The long-term addition of nitrogen
TP 0.87** 0.89** 0.85"* 0.85**  0.87** 0.92**  0.95** 0.93** 0.85" 095" fertilizer significantly reduced the PH value of soil, and the addition of
VBNPR- AP 080 09770977 0987 0010 - 0.897 091 0707 - 0.647 - 0.807 manure slowed down the trend of pH reduction. Furthermore, manure in
PAC -0.77** -0.71* -0.59* -0.60* -0.96** -0.73* -0.82** -0.90** -0.92** —0.90"* _ _ _ o _
combination with NPK fertilizer, can extremely increase the total P extracted
r-value was shown. *P < 0.05; **P < 0.01. Indicating significance (P < 0.05; Person coefficient). The inorganic P of the ] .
soil sample was determined by a sequential fractionation method developed (Jiang and Gu 1989, Samadi and Gilkes by NaOH'EDTA by Changlng SOII pH The NaHCOg'SOIUbIe P (Caz'P),

NH4Ac-soluble P (Cag-P), NH,F-soluble P (Al-P), and occluded-P (O-P)
were positively correlated with orthophosphate, while middle stable and
high stable organic P was positively correlated with monophosphate.

Table 2. Concentrations of phosphorus (P) compound classes (mg/kg) by solution 3'P NMR (nuclear magnetic

resonance) spectroscopy

Treatment Orthophosphate Pyrophosphate Monoester Diester Phosphonates M:D ¢ Monoester ¢ Diester ¢ M/D

CKO 77.0 5.0 65.9 2.6 0.0 25.8 48.5 20.0 2.4 AC kn OWIGdgmentS

CK 15.4 7.0 49.5 0.6 0.0 86.1 35.2 14.9 2.4

NPK 73.4 2.3 79.6 3.1 0.2 25.7 57.7 25.0 2.3 4 . A
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¢ Monoester, ¢ Diester — phosphate monoester and diester, respectively, denote the correction for degradation products; \System, grant number CARS-13> Supported thlS I‘esearCh. y

M:D — monoester:diester ratio; c M:D — monoester:diester ratio, corrected for degradation products.



