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Summary

Studies on the bio—phosphate material with low nitrogen load
produced by desalting carbonized cattle feces

Takashi SHINGYOJI

In an intensive agricultural system, large amounts of unused livestock feces is one major factor
increasing the nitrate contamination of surface and ground water. Carbonized livestock feces (CLF) is
a promising alternative for recycling animal waste on farm lands while minimizing nitrogen loads to
the environment. The objective of this study is to develop a usage of carbonized cattle feces (CCF) as a
bio-phosphate material enabled to be applied in large quantities on farm lands. This research focused

on the evaluation of phosphorus (P) availability in CCF and developing practices of its salt removal.

In chapter 1, it was proposed that the traditional way of composting livestock feces has had little
effect on lowering nitrogen loads. Using a new recycling method of surplus livestock feces is
indispensable for preventing a large impact on the environment. Therefore, it is necessary to study
CLF as a new recycling method. Present research related to CLF was surveyed and benefits were
ascertained. The reasons for selecting CCF as a representative material from the CLF was stated in

chapter 1. Following are example using CCF as the bio-phosphate.

In chapter 2, a study of CCF as a substitute for PK fertilizers was compared to rapid-release
chemical PK fertilizers (super-phosphate of lime, potassium chloride) applied equally using the
Komatsuna (Brassiaca rapa L) grown on pot packed with two different soils, a humic Andosol
(Andosol) and a coarser-textured Brown Lowland soil (sandy soil). A similar chemical composition of
CCF produced at 500 C and 800 °C containing citric-acid soluble P, and K at 2-7% proximately was
also used. Their fertilizer effect was similar. Therefore, the CCFs produced at 500 ‘C were used during
recearch; once at 400 °C. The growth of Komatsuna (Brassiaca rapa L) in summer and winter and
spinach (Spinacia oleracea L.) in winter cultivated in the above soils and applied with CCF were also
compared to the chemical PK fertilizer. The results indicated that the CCF fertilizer, as a substitute

PK fertilizer, was not effected by temperature changes during the plant growth periods.

In chapter 3, the effects of the increasing rate of the CCF application and subsequent salt removal

by irrigation on the growth, nutrient uptake of Komatsuna, and nutrient leaching from the soil were
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examined. Two CCFs, produced at 400 ‘C and 500 °C were applied to above soils, in amounts 2.5, 7.5,
12.5 times (400 °C) and 1, 3, 6 times (500 °C) the recommended phosphate fertilizer application 150
kg P:0s ha*. Where the CCF equivalent to 900 kg-P:0: ha' was applied, salt removal treatment was
also tested by applying 63 mm of irrigation water 7 and 48 days after seeding. Increasing the
application rate of CCF at 400 °C (citric-acid soluble P:0s 4.8%) reduced the plant growth 12.5 times in
both soils. CCF at 500 °C (citric-acid soluble P.0s 1.98%), irrespective of application rate, showed no
plant growth inhibition in the Andosol, while the growth was significantly inhibited in the sandy soil
when the CCF equivalent to 450 kg-P:Os ha’ or more was applied. After the first salt removal by
irrigation, the growth inhibition became statistically insignificant in terms of the dry weight of the
upper plant, although a suppression of P, K, Ca and Mg uptake was still observed. The dominant
leached ions upon the first salt removal treatment were Cl and K, with the concentrations in the
effluent of 3,774 mg L" and 2,069 mg L", respectively, from the sandy soil, and 2,025 mg L* and 2,517
mg L, respectively, from the Andosol. These highly concentrated salts were assumed to be derived
from the CCF and responsible for the inhibition of plant growth. The double salt removal treatments
were ineffective in view of the fact that the leached Cl accounted for only 13% of the Cl contained in
the CCF applied pot. These results suggest that CCF should be applied at a rate equivalent to the
recommended P fertilizer application, and that salt removal from the CCF prior to application should

be effective for avoiding salt problems.

In chapter 4, two experiments were carried out to determine the residual P availability and salt
influence of CCF and washed CCF (WCCF) using pot cultivated Komatsuna as a test plant to develop
the usage of CCF as a slowly released P material. In the first experiment, the top growth of the plant
was increased only by the addition of P but not of K in the Andosol and sandy soil with very low PK
levels. Results suggest that this plant is useful for evaluating the P availability of CCF. In the second
experiment, to evaluate initial and residual P availability of CCF and other P materials, plants were
pot-cultivated 4 times a year successively. The weight of the upper plant was measured on both soils
where thermal-fused phosphate (Yoorin) 800kg P:0s ha®, CCF 900kg P:0sha* and WCCF, water 80 to
1 CCF (w/w), 750kg P:Os ha" were applied one time prior to the first planting. Superphosphate 150kg
P:0s ha was added at each pre-planting as a control. For Andosol, in the first and second plantings,
the availability of P supplied in Yoorin, CCF and WCCF was similar to the P of the control. At the
third planting, P availability in Yoorin was also similar to the control; however the response of P in
CCF rose to 150% and WCCF declined to 80% of the P availability in the control. At forth planting,
the P in all three materials was approximately 20% less available than that of the control. In the
sandy soil, by the end of the second planting, the P availability in Yoorin and WCCF was also similar

to that of the control. For the CCF, there was a decline in the P availability. From the third planting,
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availability of P in Yoorin was similar to the control. The availability of P in CCF and WCCF
increased significantly to 140% and 240% of that of the control. The P extractants of the soils were
measured and averaged using water and the Truog-method after each harvest. The P contents of the
applied Andosol, CCF and WCCF showed very little increase similar to the Yoorin.

However, the water solubility of P in the applied sandy soil showed both CCF and WCCF increased
by 5 to 9 times more than that of the applied Yoorin at the first planting. The water soluble salts, Cl
and K averaging contents of either applied soils CCF were 2 to 3 times and 13 to 18 times higher than
that of the control. In the case of WCCF, these contents were estimated 1/4 to 1/2 and 2 to 4 times
compared to the control. Thus the WCCF may be a useful phosphate material without a high risk of

salt accumulation where much CCF application is required.

In chapter 5, a leaching column studies were conducted in order to determine the influence,
intensity, and amount of rainfall needed to remove salt from the CCF. The controlled study used two
columns at 0.1m diameter of packed the CCF with 1m height and one colume received a total of 1500
mm of pure water at intervals of 30 mm and one at 150 mm per week. Main salts in leachates were Cl
and K which were rapidly removed from the CCF by 40% and 44% respectively until a total of 600
mm. Afterward notable subsequent removal of the salts were not observed. P removal along with
leachates also increased linearly with increasing amounts of water, although this P loss didn't reach
under 10% of the P content in CCF during the experiment period using 1500 mm of water. These
patterns of salt elution of the CCF columns were mainly affected by the total amount of watering not
by the intensity. Results suggest that, when the CCF is piled up at 1m height, a total rainfall of 600
mm is necessary for being compatible with salt removal and retention P availability of the WCCF.
Furthermore, in the case of a high rate of the WCCF application requested, more advanced salt
removal practices should be developed such as prolonged exposing with rainfall and stirring up of the

piled CCF.

In chapter 6, through a reconsideration of findings of this study, general discussion was conducted
confirming the significance of the following three matters where re-use of the livestock feces are
required; i) reduction management of their impact to environment, i) amelioration of their salt
damage to soil and plant and iii) creation of more valuable recycled product derived them. The above
three conditions were mostly satisfied by the WCCF developed successfully in this study, although a
few problems still remained when it was used; such as economic threshold and heavy metals contained
in WCCF. Finally it was proposed that, to improve these issues and complete the WCCF methods in
the near future, related studies based on positive corporation between research and industry should be

involved.
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