
ON THE MINERAL NUTRITION OF LOWLAND RICE 
(Ory^a sativa) IIl) 

GO BAN HONG and J. v. SCHUYLENBORGH 2) 

SUMMARY 
1. Nitrates produce on acid soil, poor in iron, higher yields than NH4-fertilizers. 
2. The mineral content of paddy is higher in rice, dressed with NO3-N, when growing 

on acid soil. 
These facts could be discussed on the basis of fig. 1 in the introduction. The secondary 

effects of nitrates, viz. the physiologically alkaline reaction and the higher redox-potential 
in the reduced layer, are so pronounced by the setting free of fixed phosphate and the 
suppression of sulphide-formation, that they overcome the lower efficiency of nitrates as 
a N-source. 

3. On neutral soils, rich in iron, NH4-fertdlizers give higher rice production than nitra­
tes, especially when combined with liming. This could be explained by loss of nitrogen 
from nitrates by denitrification in the reduced layer of sawah-soil. 

4. On neutral or alkaline soils NH4-fertilizers produce paddy with a higher mineral 
oontent than nitrates do. 

5. Finally a correlation was found between N/K ratio in the straw and dry matter 
production. 

INTRODUCTION 
It has been shown several times that NH4-N-fertilizers are a better N-

source for lowland rice than NO;I-N-fertilizers (a.o. PATRICK and STURGIS, 1954, 
1955 ; MITSUI, 1955 ; WAHHAB and BHATTI, 1957 ; Go BAN HONG, 1958). This 
can be predicted from a scheme, represented by MITSUI (1955) and completed 
by the present authors. 

The profile of a paddy soil in the humid tropics exists principally of four 
horizons (see fig. 1) : 

a) the water-layer ; 

b) an oxidized layer of a, generally, yellowish-red colour and of a thickness 
of a few millimeters to a few centimeters. The oxidative state is the result 
of the diffusion of air into the soil from the irrigation-water and from the 
algae growing on the soil-surface and of the excretion of air by the plant 
roots (rice possesses an aërenchymatic tissue in leaves and stems, through 
which air diffuse into the roots). Because of the oxidative state nitrification-
reactions occur, lowering the pH of this horizon. Characteristics of this surface-
layer are therefore its high Eh and low pH value ; 

c) a reduced, darker stained or greyish-red coloured horizon (frequently with 
an H2S-odour) with, at the bottom, the compact plough-sole. The immediate 
surroundings of the roots in this layer are generally, in any case in the be­
ginning and during the tillering phase of the growing period, oxidative as a 
consequence of the above mentioned diffusion of air through the stems, roots, 
into the soil. In the bulk of the soil, however, reduction processes take place 
leading to high pH-values. Iron is reduced to the ferrous, manganese to the 

x) Received for publication August 16, 1960. 
2) University of Indonesia, Bogor, and Agricultural University, Wageningen, respectively. 
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manganous-state and SO"4-ions to S"-ions. Ferrous ions react with the S"-ions 
to form FeS, that gives a greyish colour to the horizon. Characteristics of 
this horizon are therefore the low Eh and high pH-value, the greyish colour 
caused by FeS and the occurrence of H2S ; 

d) the subsoil, which is generally of a black colour. This is caused by the 
formation of black coatings on the structural units as a result of the oxida­
tion of ferrous- and manganous-ions, which are leached down with the irri­
gation-water from the reduced layer. Sometimes a concretion layer is formed 
here. 

It will be evident that the fate of NH4- and NO:i-fertiIizers will be quite 
different under these conditions (see fig. 1). The NH^ions will be partly 
adsorbed by the exchange complex or directly absorbed by the plant roots. 
The adsorbed part is nitrified in the oxydative layer and the resulting Not­
ions are taken up by the roots and/or leached down into the reduction layer. 
Here the NO';î-ions are absorbed by the roots or denitrified (MITSUI, 1955 ; 
ISLAM and ISLAM, 1954) and the nitrogen-gas will escape the production pro­
cess. Finally the nitrate may be leached down into the subsoil, where it is of 
no use to the plants. If the fertilizer were applied as a nitrate, adsorption 
by the exchange complex cannot take place and the NO';i-ions will be very 
susceptible to washing down and denitrification before taken up by the roots. 
The efficiency of nitrate-fertilizers is therefore generally smaller than that of 
NH4-fertilizers in soils under flooded conditions. 

However, there may be conditions where nitrates are more suitable than 
ammonium-salts. This, too, can be readily seen from fig. 1. Nitrification in 
the oxidized layer produces H-ions. An originally acid soil will obtain there­
fore extreme low pH values and this process may render some nutrients (such 
as P04, B) unavailable for the plant. Moreover SO"4-ions leach down and 
are reduced to S"-ions, which form H2S, when not sufficient free ferrous-ions 
are present to precipitate the harmless FeS. H2S is a poison and affects root 
development strongly, especially when the root-surroundings become reduc­
tive ; this condition starts when the elongation phase of the rice begins. The 
ever increasing diffusion path through leaves and stems retards the air trans­
portation rate and the roots consume more oxygen than can be supplied. 
They die and a new root-system is developed in the thin oxidative layer 
and just over the interphase soil-water (Go BAN HONG, 1958). In this way a 
considerable soil volume is withdrawn from the production process and the 
new root system meets poor nutritional circumstances. Thus, acid soils poor 
in free iron are not very suitable for the use of NH4-fertilizers. In such soils 
the physiologically alkaline nitrates may be more suitable if measures are 
taken to diminish the leaching process. The nitrate-fertilizer shifts the pH to 
higher values, so that other nutrients become more available. Moreover, NaNO;s 

retards reduction in the reduced layer and tends to stabilize the redox-potential 
at 0.2—0.4 V at pH 7 (PEARSALL, 1938 ; AOKI, 1940 ; MOORE and RUCHHOFT, 
1943) ; at this value reduction of SO"4 to S" does not take place, so that 
H2S can do no harm to the roots. 

An example of acid soils are the Red- and Yellow Podsolic Soils and espe­
cially the yellow member, a soil group, frequently encountered in the humid 
tropics on acid parent materials under poor drainage conditions. The soils 
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form a topo-sequence, the red members being situated on the tops, the red-
yellow ones on the slopes and the yellow members in depressions and valleys 
of gently rolling areas (v. SCHUYLENBORGH, 1957). 

The Red- and Reddish-Brown Latosols, on the contrary, formed on less acid 
parent materials under conditions of free drainage in the humid tropics, are 
far less susceptible to the above mentioned oxidation and reduction processes 
because of their higher pH and free-iron levels. Here, NH4-fertilizers will 
produce higher rice-yields, because nitrates are too mobile under the extreme 
high permeabilities of the soils. Moreover, the danger exists that nitrates 
render the pH-level too high, leading to a decreased availability of, especially, 
micronutrients. 

It is the purpose of this work to see whether these theoretical considera­
tions are correct or not. Moreover, some work was done with micronutrients. 

EXPERIMENTAL 

The experimental procedure was the same as described by Go BAN HONG 
and v. SCHUYLENBORGH (1959), where a Reddish-Brown Latosol was used. In 
this study the surface 20 cm horizons of a Red-Yellow Podzolic soil and a 
Red Latosol have been used. The K, Ca and Mg contents are extremely low, 
whereas the P-content is rather high (see table 1). The Fe20:i-content of the 
Red Latosol is more than thrice that of the R-Y Podzolic soil. The humus 
content of the latter is also extremely low. 

Table 1 Some chemical and physical data of the soils as percentages of oven-dry soil. 

[ R-Y Podz. Red 
soil Latosol 

Humus 0.7 2.2 
pH (H20) 4.3 6.3 
Fe2C>3 (total) 3.3 10.2 
Sand (> 50 fi) 1.8 2.8 
Silt (50-2 fi) 16.9 12.7 
Clay (< 2 f t )  81.3 84.5 
P04 I 0.068 0.071 
K 1 extracted with 0.014 0.011 
Ca f cold 25 % HCl 0.060 0.071 
Mg J 0.010 0.032 

As rice-variety was again used "Tjina" (Go BAN HONG, 1958 ; Go BAN HONG 
and J. v. SCHUYLENBORGH, 1959). 

The experiments with the R-Y Podzolic soil were undertaken in 1954 and 
those with the Red Latosol in 1956 and were pot-experiments in an open 
greenhouse. The replicates were 10 and 5, respectively. Each series received 
a NPK-dressing, with the nitrogen either as ammonium sulphate or as sodium 
nitrate. Moreover, the effects of liming, of magnesium-dressing and of micro­
nutrients were investigated. The objects, therefore, were : 1. a) NH4PK, b) 
NOgPK; 2. a) NH4PKCa, b) N03PKCa ; 3. a) NH4PKMg, b) NO:{PKMg; 
4. a) NH4PKCaMg, b) N03PKCaMg ; 5. a) NH4PKCaMg micro, b) NOa-
PKCaMg micro. For further details it be referred to table 2. 
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Table 2 Amounts of fertilizers per pot, if supplied. 

Element 
or radi­

cal 
R—Y Podz. soil Red Latosol 

N 460 mg as (NH4)2S04 or NaNC>3 *) 
654 mg as Ca(H2P04)2 2) 
390 mg as K2SO4 4) 
25 mg as MgSC>48) 

580 mg as CaCOä ®) 

460 mg as (NH4)2SC>4 or NaNC>3 ') 
327 mg as H3PO4 3) 
390 mg as K2SO4 5) 
25 mg as MgSC>4 6) 

580 mg as CaCC>3 6) 

PO4 
K 

460 mg as (NH4)2S04 or NaNC>3 *) 
654 mg as Ca(H2P04)2 2) 
390 mg as K2SO4 4) 
25 mg as MgSC>48) 

580 mg as CaCOä ®) 

460 mg as (NH4)2SC>4 or NaNC>3 ') 
327 mg as H3PO4 3) 
390 mg as K2SO4 5) 
25 mg as MgSC>4 6) 

580 mg as CaCC>3 6) 
M g  . . . .  
Ca 

460 mg as (NH4)2S04 or NaNC>3 *) 
654 mg as Ca(H2P04)2 2) 
390 mg as K2SO4 4) 
25 mg as MgSC>48) 

580 mg as CaCOä ®) 

460 mg as (NH4)2SC>4 or NaNC>3 ') 
327 mg as H3PO4 3) 
390 mg as K2SO4 5) 
25 mg as MgSC>4 6) 

580 mg as CaCC>3 6) 

Micro-
nutrients 

5 ml of the following solution was supplied : 1.5 mmol MnS04 ; 0.25 mmol 
CuS04 ; 0.25 mmol ZnSC>4 ; 10 mmol H3BO3 ; 0.25 mmol (NH4)2 M0O4 

!) Supplied in 4 equal and one double portion at 5, 15, 20 (double portion), 35 and 
55 days after transplantation. 

2) Supplied in 2 equal amounts at 35 and1 120 days after transplantation. Phosphoric 
acid was used here, because it had appeared in culture solutions that mono-calciumphos-
phate Was an inadequate phosphorus-source. 

3) Supplied in 2 equal amounts at 10 and 30 days after transplantation. 
4) Supplied in 2 equal amounts at 35 and 75 days after transplantation. 
5) Supplied in 2 equal amounts at 10 and 30 days after transplantation. 
6) Mixed with the soil. 

The following data have been collected : a) maximum number of tillers ; 
b) number of paddy bearing tillers (expressed as percentage of the maximum 
number of tillers) ; c) number of grains ; d) percentage unfilled grains ; e) dry 
matter weight of total plant, straw, and paddy; f) N, P, K, Mg, Ca and Si02-
contents of roots (not reported here separately), straw and paddy. 

RESULTS AND DISCUSSION 
The effects of the fertilizer dressings on the growth and yield of rice are 

represented in tables 3, 4 and 5. The results are evident : on the red-yellow 
podzolic soil NO3-N gives higher yields than NH4-N notwithstanding 'NO3-N 
shows the tendency to decrease tillerage (tabel 3). N03-N seems to lower the 
percentage unfilled grains especially (table 4) and, therefore, to increase the 
number of grains. On the latosol, on the other hand, NH4-N gives the best results ; 
the number of paddy bearing tillers is, true, nearly the same (table 3), but the 
number of grains per tiller is larger (table 4). 

Further it appears that the yields in the red latosol are much higher than on 
the red-yellow podzolic soil, undoubtly a consequence of the fact that the original 
N-content of the latter is higher. 

The effect of liming is high, especially when NH4-N is given. Apparently 
calcium carbonate neutralizes the excess hydrogen-ions, formed in the nitrifi­
cation process. 

Mg-dressing has no influence on yield, whereas micronutrients tends to affect 
yield only in those objects where yields are high (see table 3, 4 and 5 ; red latosol 
with NH4-N-dressings). Apparently neither micro-nutrients, nor Mg are deficient 
in the soils, studied under the mentioned conditions. This is rather peculair for 
Mg, because the Mg-content of the soils, especially of the red-yellow podzolic 
soil, is very low. 

Whether this is caused by the high Mn-content of the rice-plant (the Mn-
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content is of the order of magnitude of the P04-content) is a question, not studied 
by the authors. 

The question arises, whether the better results of NO:i-N (as compared with 
NH4-N) on the red-yellow podzolic soil is the result of the better utilization of 
NO3-N or of secondary effects. Tables 6 and 7 show, that a) the P- and K-contents 
in the straw are highest in the NO;î-N-series, whereas the N-content is lower. 
The P- and K-contents of paddy are not influenced by the nature of the N-
fertilizer; b) the amounts of P and K taken up by the crop is highest in the 
NO,j-'N-series. The N-uptake is lower; c) liming increases the P- and K-contents 
in the paddy generally. 

These facts support the idea, that the secondary effects of nitrates are more 
important in increasing rice-yields than the nature of the N-compound. The 
alkaline reaction of NaNOy increases the pH considerably and phosphorus is 
released from its fixed form ; ferric and aluminium phosphates hydrolyze and 
phosphoric acid is set free. The higher absorption of K by the crop has been 
caused by the exchange of K by the Na-ions of the NaN03. 

Tables 6 and 7 show further, that d) liming suppresses the N-content in the 
straw, but increases it in the paddy, so that the N-uptake by the crop is increased. 
Liming has apparently increased the lime- and phosphate-status of the soil ; 
these factors favour nonsymbiotic N-fixation (DHAR 1954 ; Go BAN HONG, 1958) 
and, consequently, the crop has more nitrogen to its disposal under these 
conditions. 

Table 6 and 7 finally show, that e) liming increases the uptake of Ca and SiC>2, 
which is quite understandable ; f) liming increases Mg-uptake. This is due to 
the greater PO4-absorption by liming (see a.o. : TRUOG et AL, 1947 ; Go BAN 
HONG, 1958) and h) micro-nutrients affect composition only slightly, although 
an indication can be observed, that the effect on nutrient uptake is significant 
in the NH4-!N-series. 

All these facts suggest, that an NH4-fertilizer is an unsuitable source of N also 
in flooded acid soils, because it renders the soil too acid and other nutrients 
(especially phosphate) unavailable. This is shown in table 8, where the amounts 
of N, P and K, absorbed from the fertilizers, are represented. The fraction 
absorbed from the phosphate is highest in the NO:.-N-series. Nevertheless it is 
evident from table 8, that more nitrogen is absorbed from NH4-fertilizers than 
from nitrates. 

The bad results, obtained with NH4 -N-dressing (especially without liming) 
is also caused, apart from the reasons already mentioned, by the production of 
H2S, that injures the roots. This could be observed when inspecting the different 
root systems. The root-system of the NH4-!N-series on the red-yellow podzolic 
soil had a black colour, whereas that of the N03-N-series had a brown colour 
(Fe-hydroxyde precipitate). 

The results with the red latosol are different. Tables 6 and 7 demonstrate, 
that a) NO.j-N causes a depression of the N-content in straw, whereas it increases 
the P04-content. It increases P04 -content in the paddy and total phosphate-
adsorption by the crop. Total N-uptake is depressed by NO;j-N. Apparently some 
of the nitrate has been denitrified and has escaped the production process. The 
higher P-absorption in the NO;i-N-'series has again been caused by the greater 
hydrolysation of iron and aluminium phosphates ; b) NO3-N causes a depression 
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paddy 
g/pot 

N/K ratio 

FIG. 2 YIELD OF PADDY AS AFFECTED BY N/K RATIO IN STRAW. 

of the K-content in straw and increases it in the paddy, whereas total K-absorption 
is relatively unaffected. Apparently NOa-N increases the mobility of potassium 
in the plant. 

Furthermore tables 6 and 7 show, that c) liming decreases N-content of straw 
and paddy in both series, whereas total N-uptake is unaffected. Possibly, the 
already favourable conditions for non-symbiotic N-fixation were not favoured 
further, sothat the lower N-content is caused by the higher production of dry 
matter ; d) liming increases K-content in straw and lowers it in paddy of both 
series, whereas total K-adsorption has been increased. Apparently, Ca lowers the 
low mobility of K in the plant as it is (Go BAN HONG and v. SCHUYLENBORGH, 1959) 
still further ; d) on the other hand liming increases P-content in paddy and 
decreases it in straw. Ca seems to stimulate the high P mobility in the plant 
as it is ; e) micronutrients do not affect nutrient-uptake in the NH4-N-series, 
but decreases it considerably in the N03-N-series, just as dry matter production 
(table 5). The concentration of micronutrients seems to be too high under 
these conditions ; f) liming increases Ca- and Mg-uptake, just as in the case of 
the red-yellow podzolic soil. 

Finally table 9 shows that g) accumulation of N and P is favoured by nitrates 
on the red-yellow podzolic and is decreased by NH4-fertilizers on the red latosol. 
Liming invariably favoured the accumulation of N and P in the paddy. This 
effect is most striking in the NH^-N-series of the red-yellow podzolic soil. 
Apparently, Ca increases the mobility of nitrogen in the plant. The unefficient 
use of NH4-N on acid soils is diminised by liming, although the production-level 
of the N03-N-series has not been attained. 
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In the already mentioned earlier paper (Go BAN HONG and v. SCHUYLENBORGH, 
1959) a correlation was found between the N/K ratio in the straw and dry matter 
production of rice. This could be stated in this work. In fig. 2 the yield of 
paddy is represented in dependance of the N/K ratio in the straw (the limed 
and unlimed objects were averaged) together with the data of the paper 
mentioned above. It appears, that the optimum N/K ratio is about 1.25. Lower 
and higher values reduce yield. Two points do not fit in the scheme. These 
are just the NH4-N objects of the red-yellow podzolic soil ; apparently the 
growth conditions are so unfavourable here, that other factors affect the yield. 
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