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A Discussion on the Results of Thirty Years’ Experiment
of Growing Rice without Applying Fertilizer

By C.T. Cugx and J. F. Tan
Résnmé

A conlinuous experiment of growing rice without applying‘{erﬁlizer was é<'>m-
menced in 1911, at the farm of this institute for the purpose to ascertain the general
tendency of declination of yield and deterioration of soil fertility,' This experiment
has been conducted to 1946. The design of this experiment was to grow the early
‘and late crops of rice continuously in accordance with the local me_thod of ¢ultivation
in 100 cement tanks of the sizé 0.9X09X0.7 cubic meter, “Each tank was filled with
184 kg. of surface soil and 236 ]-cg. of subsoil taken from the e'x;.)erimental farm
at the beginning of the experiment.

The accumulated data of each crop from 1911 to 1934 were analysed statistically.
Chemicz;l analysis were also made for crops harve'sted between the years™1912-1922,
and soils sampled from the experimental field in the fall of 1946,

?I‘he resuits may be S\gn;maﬁzed as follows:-

1. As the years passed by, the declination of yield and diminished uptake of various



15

plant nutrients became- significant. The coefficient of correlation and the corres-
ponding “t” valtie of the fol.[o“;iug iterns with years were computed. These items
were: (1} Yield of grain and straw, {2) Dry matter content of grain and straw, (3)
Percentage of nitrogen, phosphoric acid and potash content in grain and straw, (4}
Content of nitrogen, phosphoric acid and potash in grain and straw. The results are
Hustrated in table 1.
2. It was observed that the ratio of nitrogen, phosphoric acid and potash absorbed
by each crop of rice was nearly the same for stucceeding years. The amount :)f
potash absorbed through the plant showed a larger variation from year to year
than that of phosphoric acid. The figures obtained are tabulated in table 2.
3. An investigation was made of the mechanical and chemical campositions of soils
taken from the tanks of this experiment and adjacent tanks in which a complete
fertilizer have been applied since the beginning of this experiment. The results
obtained are illustrate-d in table 3. Nitrogen, phosphoric acid and potash of the
surface soll of the unfertilized plot were 67.8% 714%, and 80.07% to the fertilized
plot, and those of subsoil were 934%, 64.2% and 25.5% respectively.

Other phenomena referring to the declination of yield and diminished uptake of
nutrients are also discussed in this paper.

Table 1. Coefficient of correlation and “t" value of early and late crops of rice

Early crop

Coefficient of

Teypty - -
! correlation “t” value Significant or not

. Correlation between

1. Year & grain ! —0.7601 . 6.0826 Significant
2. Year & straw —0.8212 7.4837 ”
3. Year & dry matter content in grain —0.9163 64075 ”
4, Year & dry matter content in straw —0.83435 4.3737 n
5. Year & N5 in grain 04769 1.7283 Not significant
6. Year & P:0y%in grain 0.7002 . 27463 Significant
7. Year & Ke0% in grain 0.7558 2.7701 a»
. 8. Year & N# in straw 0.2398 06816 Not significant
9. Year & Pa2Q;% in siraw 0.5130 1.8345 »
10. Year & K:0% in straw —0.5765 1.6933 »
11. Year & N content in grain -~0.9161 6.3983 Significant«
12, Year & Ps 05 content in grain ~0.8772 5.1171 it
13, Year & Ko O content in grain v —0.2829 0.7079 Not significant
14. Year & N content in straw -0.6760 2.5685 Significant
15., Year & PsOs content in straw ~0.1137 0.3208 Not significant
16. Year & KzO content in Straw —-038328 36110 | Significant  °
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Table 1. Coefficient of correlation and “t” value of early and Iate c;'ops of rice (cont'd)

Late Crop.
4 - .
Coreelation between Eg:rﬂ;‘fa'%;of "t” vane Significant or not
L Year & grain —0.7993 69169 Significant
2. Year & straw —-0.7215 5.4193 n
3. Year & dry matter content in grain —0.6067 19732 Not: significant
4, Year & dry matter content in straw —04569 ; * 1.3356 »
5. Year & N% in grain —0.3102 0.8487 »
6. Year & P:Og5% in grain ‘ os5 | 18m9 »
7. Year & K»0% in grain 07851 | 282711 Significant
8. Year & N% in straw 0.3499 09711 Not significant
9. Year.& Ps0s% in straw . osaz | 175 »
10, Year & K% in straw 05035 ¢ 12095 »
1. Year & N content in grain’ 5 —07331 | 28031 Significant
12, Yeat; & P20y content in grain —0.5169 s 1.5626 Not significant
13. Year & Kz O content in grain 0.4896 1.2522 n
14. Year & N content in straw ~05102 | 15422 a»
15, Year & P: Oy content in straw 0.0387 . 0.1007~ »
16. Year & X:O content in straw —0.3036 0.7106 »

Table 2. Ratio of plant nutrients absorbed by plant
{amount of nitrogen is fixed to 100)

Early crop v Late crop .
Year -

- . N P:0; K:0 N R0, | KO
1912 100 Yo — 100 25 : —
1913 100 .47 — 100 33 f -
1914 — —_ — 100 37 97
1915 00 | 48 169 100 29 5 13
1916 100 50 150 100 33 81
1917 100 48 17 —_— — : —_
1918 100 47 168 100 42 40
1919 100 R 147 100 36 136
1920 00 B 153 100 38 113
1821 100 " 69 108 100 47 141
1922 100 52 5, —_ -

Average 100 8784 | 14594205 100 36165 | 12014237
Table 3. Results of hanical and chemical analysis of soils
taken from unfertilized and fertilized plots .
Percentage . Surface- soijl Sub-soil
tbased on air dried soil} ° * . neiitizeq | fertilied | unfertilized | fertilized
[

Loss on ignition 502 521 431 430
Soluble matter 0.30 062 029 - 008
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Table 3. Results of h%nical and chemical analysis of soils
taken from unfertilzed and fertilized plol‘s {con’d) .°
Percentage ., Surface soil . Sub-soil
ra [(based on air dried soil} unfertilized | fertilized | unfertilized | fertilized
Meci:anical composition
Coarse sand . 122 097 | 101 041"
Fine & very fine sand 2563 3566 | 2585 | 342
Silt 47.85 40.30 \ 45.45 41.83
Clay 24.00 2245 . 2740 2623
Results of Chemical analysis ;
pH 50 51 60 52
Organic matter 316 3.82 { -022 181
Nitrogen 0151 | 0ze7 | 0342 0.152
Total phosphoric acid 0.074 3.092 ¥ 0058 0089
Avzilabie phosphoric acid 0.010 0.014 0.009 0.014
Available potash 0.005 0.005 \ 0.002 0.007
Conc. HCL extract ‘ !
Silica (Si0s} . 0.05'.5 0.057 0.048 0.055
Iron oxide LFe:0;) 2.55 3.76 d.22 438
Alumininm oxtde {(Al:Q4) 9.38 1002 - 10.01 9.60
Bl A x &
1. HALLIGAN, J. E.

Soil fertility and fertilizer, pp. 35-51, The Chemical Publishing Co, London, 1912,

+2. HoPkins, C.G. -

" Soil fertility and permanent agricuifure, pp 364-384, Ginn and Company, New Yerk, 1910,

3. MOSER, F.
Plant composition as an index of soil fertility, Pr ding of Soil Sci of America, Vol.
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Rapid microchemical soil tests, Soil Sci, Vol. 57, No. 3, pp. 167-195, 1941.
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The Effect of Continuous Application of the Same Fertilizer on the"
Yield of lﬁce and"the Physi¢al and Chemical Properﬁeé of Soil

By S. C. Cran, J. F. Liv and Y. S. Pon
(Résumé)

li‘ieId experiments with two varieties of rice (Formosan native variety and Japa-
nese variety) have been carried on at the farm of this institute for’tw‘enty four
;'ears with twelve different fertilizer treatments, namely, (1) complete inorganic
fertilizer, (2) amonium sulfate, (3% superphosphate, {4} botas§ium sulphate, (5) greeen
manur:z, {6) stable manure, {7) soybean cake and superphosphate, (8) ‘stable manure
and superphosphate, (9) green manure and superphoéphate, {10) green manure and
lime,.(11) complete inorgar;ic fertilizer and lime-, and (12) no fertilizer. 'Ir‘he fertilizers
were applied with the rate of 95 kg/ha of N, PO, and K« O, and chemical analysis
were made before their application.

The yield data of the past twenty four years were analyzed statistically and
discussed in the point-view of permanant soil fertility. 1‘

The experiment wés suspended® during 1943-1944, and resumed in -1945. Soil
samp!es"\vere collected at the fall of 1946 for mechanical analysis and chemical
determinations inchglmg pﬁ, organic matter, to‘tal nitrogen and available phosphorus.

The results may be summarized as foollows:

1. Continuous appﬁcatio_n‘of ammoniur:x sulphate gives a fairy good yield at
the first few years but causes an appreciable deterioration of soil éertility and
decline of yield. Application of superphosphate alone is effective in seed yield but
not in straw. Application of potash does not cause any difference of yield from
that of the blank plot.

2. Out of all the organic manures, the stable manure stands first so far as
permanant soil fertility is concerned. It is not so good in the early crop but very

smuch effective in the later one, Furthermore, it maintains a good level of soil
fertility all through the twenty four years. ‘The soybean cake also gives a fairy éood
yield throgh the twenty four vears. Green manure gives the best yield at the first
few years, but the yield decreases very appreciably afterwards.

3. The complete inorganic fertilizer is generally inferior to the ‘organic manure,
but with the addition of lime, the yield is greatly increased, particularly in the yield
of seeds, Addition of lime to green manure shows tl;e same effect. It seems that
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calcium increases the availability of the ph’osph‘gric acid of the soii and the absorption
of nutrients by the plant. '

4. Japanese variety of rice shows a greater response to _the fertilizer and gives
a greater yield tha.n the Formosan It;cal variety:

5. The pH values of all the treatmenis differ not much from one to another.
However, the pH value of the soil applied with ammeonium sulphate alone is a litﬂe’
lower, while that of the soil with superphosphate or lime is a Iittle higher.

6. The stable manure plots have the highest organic matter content. This is
proba}hly why the stable manure can maintain a high level of soil fertility and crop
yield. Nitrogen content of the different treament is posiéively varied with the organic
matter content.

7: The soils with superphosphate applications are generally higher in available
phosphoric acid than the other freatments. Available phosphoric acid content in
the subsoil is, as a whole, higher than that of the surface soil. This is probably due
to the absorption of phosphoric acid by crops from the surface soil and easier
penetration of this element into the subsoil of the rice paddy field -than that of
the dry land.

8. No effect can be seen on the‘ mechdnical composition of the soils of various

treatments. However, the subsoil is always much heavier than the surface soil.
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