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tc October 
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Three n1ain rainfall or agroclirnatic zones rnay be recognized in (Figure 1). On 
the South-VVest is the wet zone which receives an annual rainfall between 100 to 200 
inches. The lowland plains of the North and East include the dry zone where the annual 
rainfall is less than 50 - 75 inches. The intermediate zone which is situated in between 
the >Yet zone and the dry zone receives an annual rainfall around 75 - 100 inches which 
is more or less evenly distributed during the year. The wet zone may be further divided 
into the low-country which is below 500 feet elevation, the mid-country which is bet\veen 
500 feet and 3, 000 feet and the up-country which is above 3, 000 feet in elev<,tion. 

Highland soils 

The predominant great soil groups of the wet zone, \Yhere rainfaH exceeds evaporation, 
are (1) the podzolic soils and various sub-groups, and (2) the reddish brown 
latosolic soils. In the dry zone, where evaporation exceeds rainfall the principle great soil 
groups are (1) the reddish brown earths, (2) the non -calcic brown soils and (3) the red­

and Panabokke, 1961). Rice is grown on :dl soils if vvater is 
aYailable. 

* Chemist, Division of Agricultural Chemistry, Central Agricultural Research Institute, Gannoruwa, 
t'eradeniya, Ceylon. 
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DRY ZONE Qill 
ZONE@] 

1 . .JAFFNA 

2. VAVUNIYA 

B11 3. ~!A:.JNAR 

4. TIUI\CO\JALEE 

5. AI\l'HADHAPURA 

6. PUTTALA:\1 

7. POLO\J:.JARUWA 

8. BATT!CALOA 

9. MXL\LE 

10. KliRU:\EGALA 

11. BADULLA 

12. A'llPARAI 

13. KECALLE 

14. KA:\DY 

15. I\C\Y,\HA EUYA 

16. COL<nlBO 

17. 11:\T:\.-\Pt:lH 

18. ~1\l\Eh:\C;AL.\ 

19. KALl"T:\1{,\ 

20. C\LLF 

21 . ll,\MBi\'\"l"OTA 

22. .OlAT:\HA 

t'ig. 1. Map of Ceylon Showing the Major Agroclimatic Zones and 
A.dministrati ve Districts. 

Rice 

There are two ricc growing seasons in Ceylon. The major season (Maha in Sinhalese) 
extends from September to March, while the other season (Yala in Sinhalese) extends from 
April to In the wet zone two crops o£ rice are usually grown during the year, but 
in the dry zone the Maha crop is unless facilities are available. 
During the l\1aha varieties (5 to 6 1nonths) are usually gro\vn '.vhile rna-
turing (3 to 4 the Y ala. 

The total acreage of nee m 1, t)50 thousand of which about 
900 thousand are situated in the zone and the balance in the 1vet zone. 

The average yield of rice in Ceylon is approximately 46 bushels paddy per acre 
imately 2, 300 The country needs approximately 86 million bushels of nee per 
year but produces only about 60 million. Of this the dry zone produces between 35 to 40 
million bushels while the balance is produced in the wet zone. The balance requirement of 
rice is imported, and this is a major economic problem. An immediate task of the agri­
culturist in Ceylon IS to increase rice production. 

(5) Rice Soils 

Most rice soils of Ceylon are of alluvial ongm and occupy low lying areas in the flood 
plains of rivers and their tributaries. The parent material of these soils is highly weathered, 



231 

and soils are poor in available plant nutrients. On most soils therefore the mmunum 
nutritional requirements of the crop have to be supplemented every season with fertilizers 
in order to obtain economic yields. 

The fertility characteristics of rice soils of have been studied Panabokke 
and Nagarajah (1964), and range values of some characteristics for the vc:rious administra· 
tive districts in the main agroclimatic zones are presented in 'fable 1. Recently, the fertility 
characteristics of some rice'! soils in Ceylon have also been studied by Kawaguchi and 
Kyun1a (1967). 

The rice soils of the >vel zone are acid and well supplied with organic matter. 
They contain a fair amount of nitrogen, m contrast to the condition usually found in the 
dry zone. In the low areas the coast are the high humie peaty soils. The soils of 
the wet zone are poor in available phosphorus, exchangeable potas:>ium and other bases; 
and phosphorus and potassium fertilizers have to be added. On these 
applications of nitrogen and potassium are better applications at or before 
planting. 

The rice soils of the to acid in 
are l.ow in organic matter and nitrogen and 
cable <.md 

in available 
ferti.iizers arc recon1111ended 

Table 1. Model Hange Values of Rice Soils in Various Administrative 
Districts of Ceylon (Panabokke and Nagarajah, 1964) 

~~cln1inis~ pH Total Avail. Exch. K C/N 
trative 1 : 1 nitrogen 

zone district soil : \Vater percent rnoc:./lOOg ratio 

Dry zone Jaffna 5. 3 - 8. 3 <O. 05 5 60 <O. 10->0. 30 <S 
Vasun1ya 6.0 - 6.5 0.05 - 0. 10 5 - 15 0. 10 - 0.30 8 - 10 

1\1annar 6.0 - 8 " . .) O.G5 - 0. 10 5 - 15 0. 25-- ::--> 0. 30 <S 
Trincomalee 5.3 - 7. 2 0. 10 - 0. 15 5 - 30 <0.10 0. 15 8 - 10 

i\nuradhaptlra 6,0 - 7.2 0.05 - 0.10 5 - 30 0. 15 0. :30 10 - 15 

Putcalam 4. 5 - 6 r .;) 0.05 - 0. 10 ;) - 30 <O. 10 0. 30 10 - 15 

Polonnafl1\Ya 6.0 7.2 0. 05 - 0. 10 5 - 30 <0.10 - 0. 15 10 - 15 

Batticaloa 5. 3 - 5. 9 0. G5 - 0. 10 5 - 15 <0.10 - 0. 15 <S 
1\n1parai 4. 5 7.2 0.05 - 0. 10 5 - 60 <0.10 - 0.30 8 - 10 

I-Ian1bantota 5.3 - 6.5 0. 10 0. 15 15 - 60 0. 10 - 0. 30 10 - 15 
-~~----~---- - ----~-"--------------~ 

Intennediate Matale 5.3 - 6. 5 0.10 - 0. 15 5 - 45 0. 15 10 - 15 
zone Kurunegala 4. 5 6, 5 

?vloncragala " '" ;). c) ·- 6. 5 <8 

Wet zone Baclulla 4.5 - 6, 5 l ,. 
,) 10 15 

1'\ .. egalle 4.5 - 5. 2 0. 10 - 0. 15 15 - 30 <:::0. 10 10 - 15 

Kandy 4.5 - 5.9 0. 10 - 0. 15 15 - 45 0. 10 - 0. 15 10 - 10 

Nurara Eliya 4.5 5.9 0. 10 -· c. 15 15 - 6() 0. lC - 0.25 10 15 

Colornbo 4.5 - 5.2 0. 15 - 0.25 15 - 30 <0.10 10 - 15 

Ratnapura 4. 5 - 5.9 0. 15 0.25 5 30 0. 10 0. 15 15 25 

Kalutara 4.5 - 5.2 0. 15 0.25 15 - 30 <O. 10 15 25 

Galle 4.5 - 5. 2 0. 15 0.25 5 - :Jc <O, 10 0. 30 15 23 

0.25 5 - 'Jn 
~)U <0.10 0.25 10 15 

~"--------~"--
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on these soils< 
In the dry zone the rice soils are slightly acid to neutral in reaction and 

These 

nee on 
soi b. 

than thtJse of the wet zone. They are poor in water capacity. 
poorer in nitrogen than soils of the wet 

with anlilabl·e phosphorus and fairly loc,v to 
and 

potassium may not 

zone. These ;;oils are 
medium in 

recoE~ ·nended {or 
be obsccrved on these 

Nutritional Inadequacies in Soils and Responses to Fertilization 

.:\.2 stated earlier the rice soils nutrients 
fcrtilize!'s to soils and farr~ter~ arc~ advised t~ 

since 1956. This 
the (~o,~crnnlent. FertliJz'.:ts sre sold at suhsidiz~:~d 

to those of the \vet ze;1e This 
better that promote the te~1pcrature and 

rnatter in the 
nitrogen than those 

Therefore soils of the dry 
wet zon,:. "l'he ill-drained soils the ]east amount 

the Lrtilizer recomm,:'ndation for rice due consideration 1s 

best suited to conditions that m a soil. 
Prior to 1956, the form of fertilizer recommended for rice on ail 

anu:10nim•1 sulphate. Howen:r from 1956 onw:trds urea was used in of an11noniurn 
on soils low in iron. This is in order to avoid the harn~ful 
tbat would be formed from the reduction of sulphates in such soils. 

\Yith different forms of fertilizers have shmyn that ammonium sulphate \Yas 
inferior to urea o:1 the dDined acid and loams of the low country 
zone which are high in organic matter (Ponnamperuma, 1960c). Urea 
been shown to me more effective than ammonium sulphate as a source of nl·rn>m~·n 
ac;d soils in the B«tticaloa district of the dry zone and 

On some neutral to slightiy alkaline soils of the ammonmm 
has been found to be more efft'ctivc, be due to loss of 

and toxicity of amrnonia from of urea. Urea 1s no1v recornmended 
for all wils that are peaty or are rich in kaolinitic clay minerals as these soils are 

poor in iron content. Recent experiments with various nitrogenous fertilizers have 
shown that ammonium chloride performed better than urea, ammonium sulphate, ammonium~ 
sulphate-nitrate, calcium-ammonium-nitrate and ammonium nitrate for several seasons at 
th:~ee stations in the v;et zone, and two stations and in cultivators' fields in the zone 

et al. 1969).!\mmonium-sulphate-nitrate has been found to be superior to urea or 
ammonium sulphate on the iii-drained soils of l{atnapura district of the wet zone while on 
the \\'ell rlrained soils of the district ammonium sulphate was found to be better (Thenabadu. 
1968a), 

Studies on the efficiency of time of application of nitrogenous fertilizers for rice haYe 
shown that split applications are superior to single applications. The current recommenda-
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tions for rice are therefore to apply 
soils as follows : 

fertilizers in two top-dressings on all 

1) 
')' c.,) 

First top-dressing - Two weeks after or planting. 
Second For three months varieties - six 'lveeks after 

For four rnonths vuieties ten to eleven weeks after 
or eight weeks after transplanting. 

For five-and-a-half months varieties - sixteen to seventeen 
weeks after or fourteen weeks after transplanting. 

Tt may be added a top--dressing of nitrogen was recommended at the time of 
But this 1s nov; not recommended because farmers are reluctant to get into the 

fields at heading time. 

The need for balanced fertilizer recommendation is seen from the results of an experi-
m<'nt in the ·wet zone. observed beyond the rate of 40 lbs N 
per acre as urea with supplied at levels between 80 to 100 
lbs per <>ere P,O, and K,O. However, and were increased 
to 100 lbs each of P,O, and K,O a response to 80 1bs N per acrcc was recorded 
1961). 

of conducted in the co-ordinated 
fertilization with the Joint F•\O;L\EA Di,:ision of Atomic 

of tbc lJnitc:d Natio:ts, confin:ned past conventional methods of 
research le also 
cted both the \Vet 

before.· 1rnt1at1un resulted 111 the 

The results conducted 1n the 
at o~ depth of 5 em at 

nitrate. 
of 

rows on the and In a subsequent 
it 11 as yields were obtained 

IYhen ammonium 15 ern below the surface while the lowest yields were 
obtained when the fertilizer 1vas applied in rows or: the surface Jauffer and 

1968). 

Phosphorus 

:·dost rice are not adequately supplied 1vith available phosphorus 
1) and 1964; Takijima,l969) and generally there has been responses 
to phosphorus fertilization on most soils. On the acid and strongly acid, moderately well 
drained to poorly drained loams and clays of the wet zone no significant differences on 
rice yields \Vere observed from the use of soft rock phosphate (Saphos phosphate), ordinary 
superphosphate, basic slag or bone meal (Chandraratna and Fernando, 1954; Ponnamperuma, 
1960c), or between rock phosphate and bone meal (Rodrigo et al., 1967). Hence rock 
phosphate, the cheapest form of phosphate fertilizer, is recommended for rice in the wet 
zone. The recommendation for phosphorus application is before sowing or planting, prefer­
ably at the time of second ploughing. Under the acidic conditions that prevail in soils of 
the wet zone the rock phosphate is rendered ;wailable to plants ; but if conditions for 
solubilization are not favourable plants are likely to suffer from phosphorus deficiency. 
Fused magnesium phosphate has been reported to perform well, especiaily in ill-drained 
boggy soils (Takijima, 1968). 
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On the relatively less acidic soils of the intermediate zone and dry zone concentrated 
superphosphate has been found to be better than rock phosphate for rice (\Veerawickrema, 
1968). 

(3) Potassium 

The rice soils of the dry zone and intermediate zone of Ceylon are relatively richer 
in exchangeable potassium than those of the wet zone (Table 1). This is mostly because 
potassium and other bases are easily removed from weathering rocks and soils by leaching 
due to excessive rainfall in the wet zone. In the dry and intermediate zones fertilizer 
experiments have revealed little response to potassium with rice (Ponnamperuma, 1960c). 
Nevertheless, potassium is recommended for rice on all soils m these zones because of its 
role in plant growth and prevention of disease. 

On the humic rice soils of the wet zone top~dressing of potassium have given high 
yields (Fernando, 1961). Little or no response was observed when 100 lbs potassium per 
acre were all applied at transplanting, while significant increases v.;ere obtained when 
half of this was applied at and the balance was weeks later. Further 
experiments have shmvn that 80 lbs per acre had no 
effect on yield but a split~application of one-third this quantity at planting and two~thi:·ds 
either at tillering, at pollen mother cell stage or at gave a 
increase of nine bushels per acre (approximately 450 

(4) .M:icro~nutrients 

Fertilizer trials have indicated that copper and boron may be inadequate, for optimum 
rice yields in the soils of the wet zone, while copper, zinc and molybdenum may bee 
rice production in some parts of the zone 

(5) Silicon 

Although silicon 1s not 
1s evidence that adequate 
addition to its effect on the 
resistance of to fungal 

COJ..Jsidercd an essentla l elernent for all 
available silica are necessary for 

a:1d yield, the role of this element u:; 
disease is also known. The acid lateritic soils of 

In 
the 

the 

low country wet zone are deficient in silica. In the low country ·wet zone an average yield 
increase of 66. 5 per cent has been obtained by the application of silica at 5 cwt. per acre 
(Ponnan1peruma, 1960a) ; and increases several subsequent seasons 
which have been obtained on these soils indicate a cumulative benefit of silica application 
(Rodrigo, 

(6) Granula1·--Compounil~I<'ertilizers 

the three fertilizer elements P and K) 
rice on the swampy and ill~drained 

and Perera, 1967 ; ThendJadu, 
Their ease of nutrier:t property and the fact that farrners are 
compelled to apply balanced amounts of all three plant nutrients (instead of only nitro· gen 
which most farmers apply), arc: the of these fertilizers w hicb are 
popular the country. T'viore recent have confirmed the above findings 
(Takijima, 1968). 

Nutritional Disorders Caused by Physiological Problems 

In the wet zone an appreciable extent of the rice soils is swampy, ill~drained and 
high in organic matter (Panabokke and Nagarajah, 196,!). This is due to inadequate drain· 
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age of the excess rain water which causes flooding and water-logging. Poor soil drainage 
is also encouraged by impervious clay substrate in the lmver regions of the soil profile 
(Thenabadu, 1960a) Common physiological problems that cause nutritional disorders w 
the wet zone of Ceylon are, excess acidity, hydrogen sulphide toxicity and bronzing. 

(1) Excess Acidity 

Low soil pH and poor base saturation status of soils limit nee yields in some areas 
of the wet zone. Lime has proved to be a suitable amendment and has appreciable 
yield increases on the strongly acid (pH 4. 4) lateritic soils of the \Vet zone (Ponnamperuma, 
1960b). Slaked coral lime has been found to be superior to ground coral limestone ur 
ground dolomite. A single application of 6 tons per acre of slaked lime vvas found to give 
an increase of over 700 lbs (approximately 14 bushels) per acre paddy on soils of the lmv 
country wet zone, the benefits being sustained for four seasons. In some locations nitrogen 
and phosphorus fertilizers were found to be superfluous during the first season uf lime 
application. On the less acid soils of the mid country wet zone the optimum level of lime 
was approximately 3 tons per acre. In an investigation on the brown acid lateritic soil, 
rice responded to 3 tons per acre slaked lime ; the response to lirne aloclc 11 bushels 
per acre. The increase in yield was more than doubled (26 bushels per acre or ctpproxima< 
tely 1500 kg/ha.) by the further addition uf 40 lbs N, 84 lbs P,O, and 100 lbs K,O per 
acre (Thenabadu, 1960b). On the very poorly drained humic soils of the wet zone however, 
there has been no response to lime (Ponnamperuma, 1960b; Thenabadu, 1960b). 

(2) Hydrogen Sulphide Toxicity 

Hydrogen sulphide, a product of th:2 anaerobic reduction of sulphates t:nd of the 
anaerobic decomposition of proteins, is <I well known respiratory inhibitor common in 
sandy and peaty soils of which are poorly supplied with iron. Root rot caused by 
hydrogen sulphide may cause deficiency of nutrients such as potassium, manga­
nese and of silica (Baba, 1958). A correlation betvveen sulphide in soil soulution 
and the degree of bronzing in plants has been reported (Inacla, 1965a; Mulleriyawa. 1966). 
Sulphate containing fertilizers are therefore not recommended for rice on soils liable to be 
affected by hydrogen sulphide. 

(3) Bronzing 

A physiological disease known as "Bronzing" or "Browning" occurs in the wet zone 
of the island, when the older leaves of the plants acquire a reddish-brown to purplish­
brown colour, spreading from the tip downwards. In extreme cases these leaves may 
ultimately die. In the early stages of growth this disease decreases plant height, and 
yields may be reduced even if plants are affected at later stages of Accumulation 
of reduced products in the soil, especially ferrous has been considered to be the cause 
of "Bronzing". Ferrous iron at a concentration of 525 ppm in soil percolates was found to 
be toxic to rice plants (Ponnamperuma, 1955). Lime has been recom:uended as an effective 
remedy for this problem because it prevents th,, build up of a concentration of iron 
in the soil solution, (Ponnamperuma, 1958). l'he beneficial effects of in reducing 
the of bronzing has been confirmed by other who further found that 
straw compost was also effective in preventing this disease (Ota and Yamada, 1962 ; Inada, 
1965a). 

Further, evidence has also been obtained to indicate that excess aluminium together 
with inadequate calcium could be responsible for this disorder. Lower concentrations of 
calcium, potassium, magnesium, manganese and silica have been reported in affected plants; 
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and it has been found that application of potassium (in addition to lime and compost) was 
beneficial in the severity of bronzing. Symptoms of bronzing were produced 
easily when roots or cut leaves of rice 
or when grown in solutions 
low concentrations of calcium ;md 

to a solution of ferrous iron, 
concentrations of aluminium and 

Ota, 1968a; 
close conelation bet\veen iron content in leaves and the degree of has 

to six fold increase of this element has been 
leaves. Increased contents of calcium 

and silica has been reported in bronzed 
of and total sulphide contents, 

observed. The content of alumin· 
high, but there was no clear between this 

element and the Recent studies that iron toxicity may be 
a direct cause for this potassium Is lm'; 

In addition the to 

and Alkalinity 

zone anct intcrrr;_ecliat:c and arc common 

'T'he ]ndications arc that the 

vYater-tahle and C\'apo, 

Rcclaznation cf saline and 
difficulties. These are the lack of sufficient 

presents 
location 

of the fields which makes difficult. 
per acre is recommended for alkaline fields but this 

of gypwm at 10 to 12 cwt. 
treatn1ent is also ineffective if suffi· 

cient \Vater is not available for the soil to remm,c· the sodium. The use 
at present. of salt resistant varieties of rice appears to he the solution 

Y. Takijima, 
that application of 
However, there did 
greater 
to l:.no\v 

Duscussion 

In my 
wa;; effectin~ 
appear to be any 

as has 

reason for this difference 

were conducted in Ceylon I found 
grain yields of indica varieties of rice. 

bet,,,,een yield increases and the 

with japonica varieties. I wish 
111 vww of any physiological 

differences that may exist between th::se two groups of rice, 
Answer : I am not aware of any differences between indica and varieties as 

far as silicon nutrition is concented. I wic'h to invite comments from the plant physiologists. 
S. Yoshida, IRI<.I : It appears there is no difference between indica and 

japonica varieties of rice in their abilities to ab3orb silicon from the soiL \¥hen vigorous-, 
growing indica varieties are compared with japonica varieties, it is 
found that the content of silicon in the former tends to be lower than that of the latter. 
This may be due to greater 1,;rowth of indica varieties 

Soebijanto, L;donesia: Did you find any cliffereilees in yield response between ammo­
nium and nitrate containing granular-compound-fertilizers in the wet zone. 

Answer: So far I have the information from only one location for one season 
(Bombuwela, l\1aha season 1968/69). In this experiment I did not observe any significant 
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differences betv;een ammonmm and nitrate contammg granular-compound-fertiliz::ors. 
Soebijanto, Indonesia : How do farmers overcome the hygroscopicity of ammonium­

sulphate-nitrate during storage? 
Answer: Vve have still not recommended ammonium-sulphate-nitrate to farmers. In 

any case the ammonium-sulphate-nitrate we used was not very hygroscopic. 
S. K. De Datta, IRRI : I think one of the reasons for the poor performance of urea 

in the dry zone soils of Ceylon may be due to higher volatilization losses of ammonia 
rather than ammonia toxicity. 

Answer : Yes, volatilization losses of ammonia could be appreciable on these high pH 
soils, but I thought rice seedlings could also be damaged by ammonia gas. Apparently this 
was a misconception. Thank you. 

K. Kawaguchi, Japan : Low soil pH (around 4. 4) may not be a direct cause for poor 
growth of rice. Could aluminiu':Yl toxicity be the main cause of poor growth on these acid 
soils of the wet zone? 

(Comment) Y. Ota, Japan: Yes. Alu:ninium toxicity could be the cause of poor growth 
on these soils. 

S. Matsushima, Japan: \,Yhich is the actual cause of Bronzing - is it iron or alumin­
ium? Ponnamperuma and Inada state it is iron while Ota states it is aluminium. I wish 
to have a clarification on this. 

Answer : From these reports it appears that symptoms of bronzing could be caused by 
high concentrations of either ferrous iron or aluminium. It is probable that excesses of 
both ferrous iron or aluminium could be toxic to the roots of rice plants making them 
incapable of selectively absorbing nutrients. Hydrogen sulphide or low molecular weight 
aliphatic acids or phenols which may accumulate in some rice soils could interfere with the 
capacity for selective absorption by rice roots. Under such conditions excess of iron or 
aluminium could get into plants in a passive manner causing characteristic symptoms of 
bronzing. 

A. Tanaka, Japan: The symptoms of calcium deficiency or aluminium toxicity produced 
in water culture experiments are totally different from those of bronzing. Further, the 
concentration of aluminium in the soil solution of a soil where bronzing occurs is lmv and 
that of calcium is not very low. I wish to have more convincing evidence that bronzing is 
related to calcium deficiency or aluminium toxicity. 

(Comment) Y. Ota, Japan : In my opinion the primary cause of bronzing is aluminium. 
The other causes are secondary. 

I observed that the occurrence of bronzing was closely related to rainfall ; the disease 
appeared soon after a heavy rainfall, though it disappeared during a long spell of continuous 
rainfall, and that the bronzing was seen in the field overflowed with ferrugious lateritic 
soil which flew in from the adjacent highland by heavy rain. Furthermore, it \vas recog­
nized that the bronzing was experimentally induced by application of ferruginous lateritic 
soil, and that the occurrence of bronzing was closely related to the aluminum content in 
the ferruginous lateritic soil. 

In diseased plants a great quantity of aluminum was detected in roots, and the amount 
of aluminum in root showed a close positive correlation to the grade of bronzing. The 
roots of the diseased plant became coarse and scanty, and turned dark brown. This symptom 
is quite similar to the aluminum toxicity described in othe crops. Content of calcium in 
diseased plants was low and had a high negative correlation to the grade of bronzing. It 
is already known that aluminum causes a specific inhibition of calcium absorption by the 
rice plant. The inhibition in absorption and translocation of phosphorus owing to the 
fixation of phosphorus by alminurn was observed. In a solution culture experiment, bronz-
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ing was induced artificially by treating with aluminum under the conditions of 
calcium deficiency. 

Based on the above it is concluded that active aluminum in combination with 
calcium deficiency in the soil 1s responsible for the cause. 

A. Tanaka, Japan: Upland soils may have high concentrations of alumin­
mm but on submergence the concentration of active aluminium becomes low. 

Y. Takijima, Japan: From observations of recent trials carried out in 
on this problem of I found that increased application of potassium togeth-

er with phosphorus as fused magnesium phosphate had a most remarkable effect. Drainage 
and liming treatments would occupy second place in remedying this condition. Of the 
latter treatments and soil was more effective. 
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