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SUMMARY

The slow-released fertilizer can be manufactured by using waste
paper cellulose which contains lots of micropores in the cellulose
fibril. The saturated water soluble fertilizers including urea were
impregnated into micropores of cellulose fibril and hydroxyl groups of
cellulose fibril in the Parr reactor which was operating at 100-120
and 20atms of reacting conditions. The granular and fiberboard types
of fiber matrix impregnated with various fertilizers including urea
can be used as so-call the slow-released fertilizers after drying of
the Fiber matrix.

The water soluble effluent rate of the slow-released fertilizers
manufactured into water showed very significant slowv-released effects.

On the other hand the solulble effluent rate of the fiberboard type
fertilizer into water has been controlled by the pressure and
temperature used of the Hotpress. The soluble effluent rate showed
more effective slow-released fertilizers indicated 60.4% upto 12 hours
releasing time, however indicated 75% within 72 hours of releasing
into water.

The chlorophyll content and photosynthetic activity of soybean, red
pepper, Chinese cabbage and radish showed the higher value iIn the
slowv-released fertilizer than iIn urea, even though photosynthetic

activity of rice showed the lower value iIn the slow-released



fertilizer. On the other hand the efficiency of nitrogen of soybean,
Chinese cabbage and vradish showed the higher value iIn the
slow-released fertilizer than in urea, and the nitrogen content in the
soil after experiment of rice and soybean field showed lower value in
the slow-released fertilizer than in urea, even though the nitrogen
content of red pepper, Chinese cabbage and radish showed the very
similar results in both of the slow-released fertilizer and urea.

Conclusively by the manufacturing of slowreleased Tfertilizer
taking advantages of micropores of waste fiber cellulose and lots of
hydroxyl groups of it to impregnate the polar solutions of fertilizers
through physical bonding of them has been verified by effluent test
into waste and plant soil.

The practical and industrial manufacturing the slow-released
fertilizer using waste paper cellulose as a matrix can be possible
when the coating material of it has been found in order to control the

effluent rate and the amount of the slow-released fertilizer.
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Fig.1. Micrograph of waste fiber cellulos(8)
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Fig-2. Micrograph of waste fiber cellulos impregnated with
inorganic salt solutions such as KClI at surface and

microproes of the cellulose(8)
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SEM-EDAX cellulose KCr )
impregnation precipitation )
1
kjeldahl method Perkin Elma
vVarian  Spectr AA-20 Atamic Absarption method
Table 1 - KCl  impregnation sample

2  hot press 120 , 100 sample -

Table 1. Effluent concentrations of KCI from waste paper

cellulose impregnated with KCI

concentration
(ppm) first effluent second effluent
Sample
1 4914 164
2 3026 1850
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Table 1. Physico- chemical properties of the paddy soil before experiment.

pH |O.M.| T-N | Av. PX05| C.E.C. Ex. catian(cmol/kg)
Texture
=5 O | & | (mg/kg) [(cmolkg) 4 Mg K
Clay loam 5.6 |1.31|0.14 45 8.7 4.61 .24 .11

Table 2. Physico- chemical properties of the upland soil before experiment.

pH |C.M.| T-N| Av. P«C5| C.E.C. Ex. cation(cmal/kg)
Texture
3 | | (mgzkg) [(cmal/kg) g Mg K
Sandy loam| 5.3 | 1.01|0.11 53 7.0 3.22 0.22 | 0.08




Table 3. Amount and rate of fertilizers application on 5 crops.

Crap } Chinese }
Rice Soybean | Red pepper Radish
Treatment cabbage
(N-PZCE-KZ0 15-9-11 4-7-6 19-11-16 19-20-27 16-12-16
kg/10a)
o N; | ® N,P=CE, |N; : oN; t1eN; 1
- Kz0 =70:30 2 2
- =50-20 > e P20t ,KZ0; -3 =40:30:
.N; -20-10 =25:20:35|30
e PZ0OE KZ0;
o KC;
° Q)
pot 15kg
(None-N), (Urea, Contral
(SRF)
3 pot -
C 1.13) 24 30
5 10 6 20 pat 1

32 -



2 ; 6 20 pot 3 15
1 ; @5 )

@5 ) 2-3 2-3 1
20 6 20 pat 1 - 6
20 pot 3 3 10 1
40 , 40 , 40
- 1g martar
80% acetane 80% acetaone
Buchner funnel Whatman No. 42 100ml
80% acetane spectraphatoreter(Vilton Ray Spectronic
401, USA) 663nm  645nm Yoshidat)
- 10-12
portable photosynthesis system(L1-6200, LI-CCR, USA) 2
5 , 5 , 50
- 1
portable area meter(L1-3000A, LI-CCR, U.S.A.) ,
80 48 -
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50 , 50 ,
50 80
Kjeldahl
, , ’ , 0.5g (HCIO£zHS04:H0=18:1:11)
10ml Vanadate , ,
2 (
) = x 100
pH 1:5 )
Tyurin Lancaster |, Kjeldahl
- K, Ca, Ng 1IN-NH«AC (pH?)
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( ) 500ml 1C0g 500ml
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Photo. 1. Materials of used experiment.
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Fig. 1. Change in dissolution rate of total nitrogen(T-N) in the
slow- released N fertilizer using waste paper(SRF).
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Table 4. Total chlorophyll content and photosynthetic activity in the leaves
of rice treated with slow-released N fertilizer using waste

paper(SRF) at 40days after transplant.

Total chlorophyll cont.

Photosynthetic activity

Treatment (ro/g fr. wt.) (g COZ/ dm2 /hr)
None-N 1.41 b/ 17.31 b
Urea(cantral) 3.20 a 2275 a
SRF 3.57 a 20.71 a

1/:Nears within a cclurn fclloned ky the sare letter are nct significantly
different at &% level Ly the Cuncan™s New Nulticle Range Test(CNVRT).
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{ olantlem3)

Leatl area

2000
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128)
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Fig. 4. Leaf area per plant of rice treated with slow-released N fertilizer
using waste paper(SRF) at 50days after transplant.
1/( );Index
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Fig. 5. Dry matter weight per plant of rice treated with slow- released
N fertilizer using waste paper(SRF) at 50days after transplant.
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Table 5. Heading date, culm and panicle length of

rice treated with

slow- released N fertilizer using waste paper(SRF).

Heading [ culm IengthiiPan icle Iengthi
Treatment
date (cm) (cm)
Norne-N 8. 26 €64.3 b/ 16.3 b
Urea(cantral) 8. 27 72.6 a 20.6 a
SRF 8. 26 78.8 a 20.8 a
1/:The same as in Table 4.
6 -
0.4% ,
3.7g/pat -
Table 6. Yield and yield components of rice.
No. of | No. of | % ripened | 1000 | Yield in |
Treatment panicles | spikelets | grains -grain | brown rice
/plant /panicle @ wt.(Q) (g/pot)
Norne-N 13.8 b 78 b 63.3 b 17.5b 375b
Urea(contral) | 30.0 a 110 a 79.9 a 20.2 a €8.3 a
SRF 30.3 a 112 a 795 a 20.8 a 72.0 a
- 50
50 7

- 41 -



Table 7. Chemical components in the whole plant of rice treated
with slow- released N fertilizer using waste paper(SRF)
at 50 days after transplanting.

T-N P05 K20 Ca0 Mgo
Treatment
_—— 0y
Norne-N 0.43 c.81 4.20 0.46 0.29
Urea(cantral) 1.83 1.01 4.94 0.46 0.38
SRF 2.37 0.95 4.92 0.43 0.41
8

Table 8. Chemical components in the grain and straw of rice treated with
slow- released N fertilizer using waste paper (SRF) at harvest.

Grain Straw
Treatment T-N | PC5| KO | CaO | MgO | T-N | PC5| K20 | CaO | MgO
S (N N SV N P
None-N 0.59/0.74|1.30|0.22|0.23|0.28 |0.39 |3.86 |0.59 |0.27

Urea(contrcl) |1.19/0.84| 1.50|0.30|0.27|1.26 |0.45 |3.91 |0.75 |0.50

SRF 1.20/0.82| 1.59|/0.31|/0.30(1.13 |0.45 |4.03 |0.68 |0.52
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Fig. 6. Nitrogen uptake per plant in the whole plant of rice treated with
slow-released N fertilizer using waste paper(SRF) at 50days
after transplant.
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Fig. 7. Nitrogen uptake per plant in the grain and straw of rice treated
with slow-released N fertilizer using waste paper(SRF) at
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Table 9. Nitrogen efficiency of urea and slow-released N fertilizer using
waste paper(SRF) at harvest.

Treatment Nitrogen efficiency (%)
Urea(cantral) 48.3
SRF 42.8
10
pH, , , C.E.C_, (Ca, Mg, K)
4

Table 10. Soil chemical properties treated with slow- released N fertilizer
using waste paper(SRF) after harvest.

trestreme | PH | CM- | TN | AV POS| CELC. Bx. Clatk'on
as) 0 | ® | @Gokg) |(crolskg— . VKD

Ca Vg K
None-N 6.1 068|0.13| 34 6.2 |4.20| 0.22 0.11
Urea(contral)| 5.6 | 0.91| C.14 31 6.6 4.71 | 0.22 | 0.07
SRF 5.0 1.48|0.13| 329 6.5 | 4.57| 0.22|0.08
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Fig. 8. Changes in plant height of soybean treated with slow- released
N fertilizer using waste paper(SRF).
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Table 11. Total
leaves of

chlorophyll

soybean

content and photosynthetic activity in the
treated with slow-released N fertilizer

using waste paper(SRF) at 40days after sowing.

Total chlorophyll cont.

7Photosynthet ic activ ityﬁ

Treatment
(rg/g fr. wt.) (mg CCZ/ dm2 /hr)
Nane-N 2.31 ns 18.02 b/
Urea(cantral) 2.44 20.66 a
SRF 2.46 21.79 a

1/:Nears within a cclurn fclloned ky the sare letter are nct significantly
different at &% level ky the Cuncan™s New Nulticle Range Test(CNVRT).

- 50
50 g 10
™, 3% -
10000
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E
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E 6000
o
[l
m 4000
m
m
1]
' 2000
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Fig. 9. Leaf area per plant of soybean treated withslow- released
N fertilizer using waste paper(SRF) at 50days after sowing.
1/(  );Index
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Fig. 10. Dry matter weight per plant of soybean treated with
slow- released N fertilizer using waste paper(SRF) at 50days

after sowing.
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Table 12. Yield and yield components

of soybean.

No. of No.of | No. of ; ; ;
N 10C-grains | Grain yield
Treatment branches pods grains
wt. (@) (9/pot)
/plant /plant /pad
None-N 7.5 ns 134 ns | 2.19 ns 13.4 b/ 31.1 ns
Urea(cantraol) 7.8 144 2.23 14.1 ab 4.1
SRF 8.3 142 2.25 14.6 a 37.0
1/:The same as in Table 11.
- 50
50 13

Table 13. Chemical components in the whole plant of soybean treated
with slow- released N fertilizer using waste paper(SRF) at 50
days after sowing.

T-N Pz05 K20 Cao MgO
Treatment
_________________ -- Oy --
Nane-N 1.00 1.03 4.68 1.02 0.77
Urea(contral) 1.16 0.90 4.64 1.18 Q.77
SRF 1.67 0.95 4.63 1.09 0.82
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14

Table 14. Chemical components in the grain and shoot treated with
slow- released N fertilizer using waste paper(SRF) at harvest.

Grain Shoot
Treatment | 5\ | 05| KO | Ca0 | MgO | T-N | F205| K:O | Ca0 | NgO
SN PRI VA SR Y IS
None-N 6.55/1.433.73| 0.65 0.45|1.20 .69 |4.15 |0.96 |0.82

Urea(control) | 6.40|1.48|3.90|0.65|0.47|1.57 |0.75 |4.08 |0.97 |1.00

SRF 6.611.57|3.79|0.67|0.48|1.61 (.69 |3.93 |0.98 |0.99
- 50
50 11 12
50 38% ,

10%

- 50 -
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Fig. 11. Nitrogen uptake per plant in the whole plant of soybean treated
with slow-released N fertilizer using waste paper (SRF) at
50days after transplant.
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Fig. 12. Nitrogen uptake per plant in the grain and shoot of soybean
treated with slow-released N fertilizer using waste paper(SRF) at
harvest.

1/C  );Index

15 28.3%

15.2% -

Table 15. Nitrogen efficiency of urea and slow-released N fertilizer
using waste paper(SRF) at harvest.

Treatment Nitrogen efficiency (%)
Urea(cantral) 15.2
SRF 28.3
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16 ,
. (Ca, Mg)
pH (9) .

Table 16. Soil chemical properties treated with slow- released N fertilizer
using waste paper(SRF) after harvest.

Ex. cation
pH | G.M. | T-N | Av. P05 | C.E.C. (cmal/kg)
Treatment
a3 ® | O | (mg/kg) |(cmolskg)
Ca Vg K
None-N 5.7 1 1.06| Q.10 124 7.4 3.47 | 0.18 | 0.11
Urea(contral)| 5.8 | 1.28 | 0.14 104 6.6 3.01 | 0.15|0.10
SRF 5.8 1 0.98| C.09 103 6.6 3.06 | 0.16 | 0.10
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Fig. 13. Changes in plant height of red pepper treated with slow- released
N fertilizer using waste paper(SRF).
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Table 17. Total chlorophyll content and photosynthetic activity in the
leaves of red pepper treated with slow-released N fertilizer
using waste paper(SRF) at 40days after transplant.

Tatal chlorophyll cont. | Photosynthetic activity
Treatment -
(mg/g fr. wt.) (mg CCZ/ dm2 /hr)
Nane-N 1.30 c 12.07 b
Urea(cantral) 1.92 b 15.45 a
SRF 2.44 a 16.01 a

1/:Nears within a cclurn fclloned ky the sare letter are nct significantly

different at &% level ky the Cuncan™s New Nulticle Range Test(CNVRT).

50 14 15
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2000
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Fig. 14. Leaf area per plant of red pepper treated with slow- released

N fertilizer using waste paper(SRF) at 50days after transplant.
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Fig. 15. Dry matter weight per plant of red pepper treated with
slow-released N fertilizer using waste paper(SRF) at 50days
after transplant.
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Table 18. Yield and yield components of red pepper.

Fruit | Fruit No. of Fruit fresh wt.
Treatment length | diameter fruits
g (o/fruit) | (g/pot)
(an) (m) /plant
None-N 8.5 ns | 17.88 ns 28.3 b 9.27 ns | 261.5 bl/
Urea(cantral) 8.7 18.16 46.0 a 9.31 428.4 a
SRF 8.9 18.14 43.5 a 9.28 417.7 a
1/ ; The samre as in Table 17.
- 50
50 19

Table 19. Chemical components in the whole plant of red pepper treated

with slow-released N fertilizer using waste paper (SRF) at
50days after transplant.
T-N P05 K0 Ca0 NgO |
Treatment
_________________ -- O --
None-N 1.99 0.93 5.15 1.04 0.48
Urea(caontral) 2.16 c.81 5.43 1.03 0.55
SRF 2.18 0.71 5.49 0.85 0.48
20
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Table 20. Chemical components in the fruit and shoot of red pepper
treated with slow-released N fertilizer using waste paper(SRF)

at harvest.
Fruit Shoot
Treatment T-N | P205| K20 | Ca0 | MgO | T-N | F205| K20 | CaO | MgO
SN Up U I /A SN U /S (N A —
None-N 1.03(/1.11/3.83|/0.32|/0.35/0.83 |0.82 |5.07 |1.04 |0.52

Urea(control) | 2.18|0.97|3.97|0.32|0.35|1.12 |0.46 |4.97 |1.30 |0.65

SRF 2.1211.03|/4.12|0.34|0.35|1.09 |0.53 |5.04 |1.08 |0.55
- 50
50 16 17
50 »
0%
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Fig. 16. Nitrogen uptake per plant in the whole plant of red pepper
treated with slow-released N fertilizer using waste paper(SRF)
at 50days after sowing.
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Fig. 17. Nitrogen uptake per plant in the fruit and shoot of red pepper
treated with slow- released N fertilizer using waste paper(SRF) at

harvest.
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Table 21. Nitrogen efficiency of urea and slow- released N fertilizer using
waste paper(SRF) at harvest.

Treatment Nitrogen efficiency (%)
Urea(cantral) 37.2
SRF 34.5
22 pH,
k) ) (K)
C.E.C. (Ca, Mg) -

Table 22. Soil chemical properties treated with slow- released N fertilizer
using waste paper(SRF) after harvest.

Ex. cation
Treatrent pH C.M. T-N Av. P05 C.E.C. (CmO I/kg)
a5 o | ¢ | (ra/kg) (cmol/kg)
Ca Vg K
None-N 6.1 | 1.65| 0.08 74 6.3 3.41 | 0.17 | 0.10
Urea(control)| 5.7 | 1.21 | .08 77 6.6 3.67 | 0.18 | 0.09
SRF 59 154 | 0.08 77 6.0 3.13 | 0.15|0.09
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4. (Chinese cabbage)
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Fig. 18. Changes in maximum leaf length of Chinese cabbage treated with
slow- released N fertilizer using waste paper(SRF).
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Table 23. Total chlorophyll content and photosynthetic activity in the
leaves of Chinese cabbage treated with slow-released N
fertilizer using waste paper(SRF) at 40days after transplant.

Total ch loraphyll “cont. 7Photosynthet ic activ ityﬁ
Treatment
(mg/g fr. wt.) (mg CCZ/ dm2 /hr)
Norne-N 0.79 b 12.48 ns
Urea(contral) 1.03 a 13.10
SRF 1.14 a 14.56

1/:Nears within a cclurn fclloned ky the sare letter are nct significantly
different at &% level ky the Cuncan™s New Nulticle Range Test(CNVRT).
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Fig. 19. Leaf area per head of Chinese cabbage treated with slow- released
N fertilizer using waste paper(SRF) at 50days after transplant.
1/(  );Index
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Fig. 20. Fresh weight of head of Chinese cabbage treated with
slow- released N fertilizer using waste paper(SRF) at
50days after transplant.
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Table 24. Length and width of head, number of leaf per head and fresh
weight of Chinese cabbage.

Head length | Head width | No. of leaf | Fresh wt.
Treatment
(cm) (cm) /head (g/pot)
Naone-N 24.0 ns¥/ 16.0 ns 44.0 ns 1820 ns
Urea(contral) 26.0 17.7 45.3 2217
SRF 25.3 19.0 49.0 2220
1/ ; The same as in Table 23
- 50
50 25
50 ,
- (
50 -
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Table 25. Chemical components in the head of Chinese cabbage treated
with slow-released N fertilizer using waste paper (SRF) at
50days after transplant and harvest.

50daysfafte rt ransp lant | harvest
Treatment T-N | PC5| KO | CaO | MgO | T-N | PC5| KO | Ca0 | MgO
e e a o | -0 SN U /S (S PR
None-N 0.60|1.95(11.25/1.04|0.48|1.08 |1.76 |6.89 {1.30 |0.55

Urea(control) | 0.84|1.69| 9.94 |1.08/0.58/1.54 |1.81 |7.80 |1.50 |0.59

SRF 1.17/1.93,9.07|0.96/0.76|1.71 |1.80 |8.15 |1.64 |0.58
- 50
50 21 22
50 57%, 11%
- ( )
50
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Fig. 21. Nitrogen uptake per head of Chinese cabbage treated with
slow-released N fertilizer using waste paper(SRF) at 50days
after transplant.
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Fig. 22. Nitrogen uptake per head of Chinese cabbage treated with
slow- released N fertilizer using waste paper(SRF) at harvest.
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Table 26. Nitrogen efficiency of urea and slow- released N fertilizer using
waste paper(SRF) at harvest.

Treatment Nitrogen efficiency (%)
Urea(cantral) 42.0
SRF 55.3
26 pH1
, C.E.C. « ,
(Ca, Mg) -

Table 27. Soil chemical properties treated with slow- released N fertilizer
using waste paper(SRF) after harvest.

trestrame | PH | CM- | TN | AV PO5| CELC. Ex. Cla/tk'on
reatnmen
@5 ® 0 | ok (crolkgy VK
Ca Vg K
None-N 5.8 | 1.29| 0.08 93 6.5 3.13 | 0.18 | 0.08
Urea(control)| 5.3 | 1.00 | .08 96 6.0 3.01|0.17 | 0.07
SRF 55 |1.16| C.08 87 6.1 2.82 | 0.15|0.09
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5. (Radish)
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Fig. 23. Changes in plant height of radish treated with slow- released
N fertilizer using waste paper(SRF).
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Table 28. Total chlorophyll content and photosynthetic activity in the
leaf treated with slow-released N fertilizer using waste paper
(SRF) at 40days after sowing.

Total ch lorophyll “cont. 77Photosynthet ic activ ityﬁ
Treatment
(mg/g fr. wt.) (mg CCZ/ dm2 /hr)
Nane-N 1.11 b 21.02 ns
Urea(contral) 1.15 b 21.90
SRF 1.35 a 26.75

1/:Nears within a cclurn fclloned ky the sare letter are nct significantly
different at &% level ky the Cuncan™s New Nulticle Range Test(CNVRT).
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Fig. 24. Leaf area per plant of radish treated with slow-released
N fertilizer using waste paper(SRF) at 50days after sowing.
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Fig. 25. Fresh weight per plant of radish treated with slow- released
N fertilizer using waste paper(SRF) at 50days after sowing.
1/(  );Index

- 72 -



Table 29. Leaf length and diameter of root and fresh weight of radish.

- 73 -

Leaf Roct Roct max. Fresh wt.(g/pot)
Treatment length length diameter
(cm) (cm) (cm) Top Root
None-N 29.3hY/| 80c 6.4 b €9.3 b 579 b
Urea(contral) | 34.6 a 9.3 a 7.5 a 188.2 a 869 a
SRF 35.6 a 8.6b 7.2 a 1925 b 844 a
1/ ; The same as in Table 28.
. 50
50 30 31
50




Table 30. Chemical components in the whole plant of radish treated
with slow-released N fertilizer using waste paper(SRF) at
50days after sowing.

T-N Pz05 K20 Cao MgO
Treatment
_________________ -- Oy --
Nane-N 0.90 1.58 9.28 0.90 0.34
Urea(contral) 1.07 1.87 9.79 1.08 0.42
SRF 1.53 1.73 10.18 0.97 0.37

Table 31. Chemical components in the top and root of radish treated with
slow- released N fertilizer using waste paper(SRF) at harvest.

Top Root
Treatment | T_N | P:05| KO | CaO | MgO | T-N | P205] K20 | CaO | MgO |
SN DR VA cee e 2O | |
Nore-N 1.23|/0.95|5.54| 1.40| 0.99|0.80 |1.46 |7.18 0.67 |0.27

Urea(control) | 2.05/1.29/5.50/1.74|1.09|1.32 |1.51 |7.17 |0.74 |0.31

SRF 1.7211.29/6.49/1.63|0.95/1.42 |11.51 |7.20 |0.70 |0.27
- 50
50 26 27
50 56%
17% 6% -
( )
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Fig. 26. Nitrogen uptake per plant of radish treated with slow- released
N fertilizer using waste paper(SRF) at 50days after sowing.
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Fig. 27. Nitrogen uptake per plant in the top and root of radish treated
with slow- released N fertilizer using waste paper(SRF) at harvest.
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Table 32. Nitrogen efficiency of urea and slow- released N fertilizer using
waste paper(SRF) at harvest.

Treatment Nitrogen efficiency (%)
Urea(cantral) 31.4
SRF 31.6
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33 pH,
, C.E.C., (Ca, Vo) ,
, Q) -
Table 33. Scil cherical properties treated with slow-released N

fertilizer using waste paper(SRF) after harvest.

trestrame | PH | OM- | TN | AV PO5| CEC. Ex. Cla/tk'on
reatnmen
@5 ® 0 | ok (crolkgy VK
Ca Vg K
None-N 6.0 | 1.56 | C.09 75 5.7 3.64 | 0.20 | 0.08
Urea(control)| 5.5 | 1.43 | 0.10 65 5.9 3.45| 0.18 | 0.08
SRF 54 |1.41)| Q.10 66 55 3.23 |1 0.16 | 0.08
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