
DYNAMICS OF POTASSIUM, MAGNESIUM 
AND SULPHUR IN PLANT AND SOIL WITH 

SPECIAL REFERENCE TO 
THE APPLICATION OF LANGBEINITE 

By 

B. RANI 

THESIS 
Submitted in partial fulfilment of the 

requirement for the degree 

lJ1)ttor Df Philosophy in Bgritulturt 
Faculty of Agriculture 

Kerala Agricultural University 

Department of Soil Science and Agricultural Chemistry 

COLLEGE OF HORTICULTURE 

VELLANIKKARA, THRISSUR - 680 656 

KERALA, INDIA 

2000 



DECLARA TION 

I hereby declare that the thesis entitled "Dynamics of potassium magnesium and 
sulphur in plant and soli with special reference to the application of langbeillite" is a 
bonafide record of research work done by me during the course of research and that the 
thesis has not previously formed the basis for the award to me of any degree, diploma, 
fellowship, associateship or other similar title of any other University of Society. 

Vellanikkara B. Rani 



Dr. ALJOSE 
Associate Dean 
College of Horticulture 
Vel1anikkara 

CERTIFICATE 

Certified that the thesis entitled "Dynamics' of potassium, magnesium and 
sulphur in plant and soil with special reference to the application of langbeinite" is a 
record of research work done independently by Smt. B. Rani under my guidance and 
supervision and that it has not previously formed the basis for the award of any degree, 
diploma, fellowship or assoicateship. 

Vellanikkara 
Chairman, Advisory Committee 



CERTIFICATE 

We, the undersigned members of the Advisory Committee of Smt. B. Rani, a 
candidate for the degree of Doctor of Philosophy in Agriculture, with major in soil science 
and Agricultural Chemistry, agree that the thesis entitled "Dynamics of potassium, 
magnesium and sulphur in plant and soil with special reference to the application of 
langbeinite" may be submitted by Smt. B. Rani, in partial fulfillment of the requirement 
for the degree. 

~~khlp. 
Dr. N.P. Chinnamma 
Professor and Head 

~ .~-....... -------
Dr. A.I. Jose 

(Chairman, Advisory Committee) 
Associate Dean 

College of Horticulture 
Vellanikkara 

D . ug pal 

Department of Soil Science and Agrl. 
Chemistry 

Professor 
Department of Soil Science and 

AgrL Chemistry 
College of Agriculture 

Vellayani 
(Member) 

College of Horticulture 
Vellanikkara 
(Member) 

Dr. R. Vikraman Nair 
Professor· 
Associate Director of Research 
(South zone) 
NARP 
College of Agriculture 
Vellayani 
(Member) 

/I~" 
Dr. V.K.G. Unnithan 

A~t.io,:t2 Professor 
Department of Agrl. Statistics 

College of Horticulture 
Vellanikkara 

(Member) 

~~ ~&"'" '7.~ 
EXTERNAL EXAMINER 



LIST OF TABLES 

Table Title Page 
No. No. 

1 General characteristics of the soil selected for Experiment I 28 
_-

2 Height of stem of cassava plant at different stages of growth 29 

3 Number ofleaves of cassava plant at different stages of growth 30 

4 . Girth of stem of cassava plant at different stages of growth 30 

5 Dry matter production and tuber yield of cassava "1 .)1 

6 Quality attributes of cassava tuber at harvest stage 33 

7 Uptake of nitrogen, phosphorus and potassium by cassava J5 

8 Uptake of calcium, magnesium and sulphur by cassava 37 

9 Available nutrient content in soil at harvest stage of cassava 40 

10 Total nutrient content in soil at harvest stage of cassava 41 

11.1 Correlation matrix showing interrelationships among various plant 42 
characteristics and soil nutrient content 

11.2 Correlation matrix showing interrelationships among various plant 43 
characteristics and nutrient uptake by cassava 

12 General characteristics of the soils selected for Experiment 2 44 

13.1 Available K at different periods of incubation in alluvial soil 46 

13.2 Available K at different periods of incubation in laterite soil 48 

14.1 Leachate K at different periods of incubation in alluvial soil 51 

14.2 Leachate K at different periods of incubation in laterite soil 52 

15.1 Exchangeable Mg at different periods of incubation in alluvial soil 55 

15.2 Exchangeable Mg at different periods of incubation in lateIite soil 56 

16.1 Leachate Mg at different periods of incubation in alluvial soil 59 

16.2 Leachate Mg at different periods of incubation in laterite soil 60 

17.1 Available S at different periods of incubation in alluvial soil 63 

17.2 Available S at different periods of incubation in latelite soil 64 

18.1 Leachate S at different periods of incubation in alluvial soil 67 

18.2 Leachate S at different periods of incubation in laterite soil 68 

19.1 Available N at different periods of incubation in all uvial soil 71 

19.2 Available N at different periods of incubation in laterite soil 72 

20.1 Leachate N at different periods of incubation in alluvial soil 73 

20.2 Leachate N at different periods of incubation in laterite soil 74 

21.1 Available P at different periods of incubation in alluvial soil· 76 



21.2 Available P at different periods of incubation in laterite soil 77 

22 Leachate P at different periods of incubation in laterite soil 78 

23.1 Exchangeable Ca at different periods of incubation in alluvial soil 79 

23.2· Exchangeable Ca at different periods of incubation in laterite soil. 80 

24.1 Leachate Ca at different periods of incubation in alluvial soil 81 

24.2 Leachate Ca at different periods of incubation in laterite soil 82 

25 Total N in alluvial and laterite soils at different period of incubation 84 

26 Total P in alluvial and laterite soils at different period of incubation 85 

27 Total K in alluvial and laterite soils at different period of incubation 86 

28 Total Ca in alluvial and laterite soils at different period of incubation 87 

29 Total Mg in alluvial and laterite soils at different period of incubation 88 

30 Total S in alluvial and laterite soils at different period of incubation 89 

31 Dry matter production by bhindi in alluvial and laterite soils 91 

32 Fruit yield and quality attributes of bhindi fruit in alluvial and lateIite 96 
soils 

33 Uptake of nitrogen by bhindi in alluvial and laterite soils 101 

34 Uptake of phosphorus by bhindi in alluvial and laterite soils 103 

35 Uptake of potassium by bhindi in alluvial and laterite soils lOG 

36 Uptake of calcium by bhindi in alluvial and laterite soils 109 

37 Uptake ofmagnesiwn by bhindi in alluvial and laterite soils III 

38 Uptake of sulphur by bhindi in alluvial and hlte11te soils 114 

39 Available nitrogen in soil at different stages of growth ofbhindi 117 

40 Available phosphorus in soil at different stages of growth ofbhindi 119 

41 Available potassium in soil at different stages of growth ofbhindi 121 

42 Exchangeable calcium in soil at different stages of growth ofbhindi 123 

43 Exchangeable magnesium in soil at different stages of growth of bhindi 124 

44 Available sulphur in soil at different stages of growth ofbhindi· 125 

45 Correlation coefficient showing interrelationships among yield, dlY 126 
matter production, quality attributes of fiuit and plant nutrient uptake 



LIST OF FIGURES 

Fig. No. Page No. 

1 Tuber yield of cassava as influenced by the different treatments 32 

2 Uptake of K by cassava at different stages of growth 36 

3 Uptake of Mg by cassava at different stages of growth 36 

4 Uptake of S by cassava at different stages of growth 38 

5 Available K at different periods of incubation 49 

6 Leachate K at different periods of incubation 53 

7 Exchangeable Mg at different periods of incubation 57 

8 Leachate Mg at different periods of incubation 61 

9 Available S at different periods of incubation 6S 

10 Leachate S at different periods of incubation 69 

11 Drymatter production by bhindi in alluvial and laterite soils 92 

12 Fruit yield ofbhindi in alluvial and laterite soil 97 

13 Uptake ofK by bhindi in alluvial and laterite soils 107 

14 Uptake ofMg by bhindi in alluvial and laterite soils 112 

15 Uptake of S by bhindi in alluvial and laterite soils 115 



LIST OF PLATES 

Plate Title 
No. 

1 Cassava crop at active growth stage 

2 Cassava crop at harvest stage 

3 Tuber yield with muriate of potash (100 % K) 

4 Tuber yield with Sul-Po-Mag (100 % K) 

5 Tuber yield with Sul-Po-Mag (50 % K) + muriate of potash (50 % K) 

6 Tuber yield with muriate of potash (100 % K) + Mg as in T 3 

7 Tuber yield with muriate of potash (100 % K) + S as in T 3 

8 Tuber yield with muriate of potash (100 % K) + Mg + S as in T3 

9 The soil ittcubation study 



LIST OF APPENDICES 

Appendix Title 
No. 

1 Weather parameters during 1994-'95 

2 Layout of Experiment I 



LIST OF ABBREVIATIONS 

DMP DIy matter production 

HeN Hydrocyanic acid 

ill.a.p. Months after planting 

MOP Muriate of potash 

SPM SuI-Po-Mag 



ACKNOWLEDGEMENT 

J uJ.<9.uU fiku to- 'l./lO!)-vl Q, W{yv:i GJ rw.i·dudJh IA'J- 011 IJIA9-Yb f+ut 
~ ~ wJ1-~ Vrv, CG-~n, wdlv ~ ~Wu. 

:JiN:J; ~ jo-'Ve/r7W-d J ~-vl 1TIAf ~ ~ & Dr. A.L Jose, 

C~ G-f 1TIAf ~'Uf CG-~ ~ W<Uv ~ ~ ~ 
f1vu,.+ui ~~. Jt 0v 1TIAf ~ cvrul ~ fo:~ & W<9-4 
~ b~. rBui r'v fumu cvrul b CG-~ Q/TLCO-~, 

J W<9-uU no-t '~ CG-~ tAM,~. %ib ~nd ~, 
~ ~, ~ ~, ~~ ~n& cvrul ~ 
~>vt ~ a-t al£ ~ CG-~ 'TTlA'J-d & ~ CG-~n, G-f 
~ W<9-4. Jeib ~ ~adu, rG-cL w;j£ cvrul ~ ~n& 
~ 711/<, CG-~UYb a-t WWUf ~ G-/ ~ UM-,ut. j wfw-&' ~ 
~vl ?7Uf ~ ~ G-/ ~ cvrul ~ & fumu. 

JL 0v ?7Uf ~ ~ ~ ~ ?7Uf u&rUJ-d ~ to. 
Dr. v.K. Venugopa/ fo-'v b ~ ~ cvrul ~ ~ ~ ~ 
CG-ndud G-f tAM, ~. 

J W<9-uU ~ & ~vl ?7Uf ~ ~ cvrul, ~ ~ & 
Dr. N. P. Chinnamma r'v, fwv CG-~ Q/TLCO-~, ~ ~n& 
cvrul ~ ~adv wfudv ~ 711/<, Q, ~ drwi & CG-~ 
~~, 

J ~ G-n, ~-vl ?7Uf ~ ~ & Dr. R. Vikraman Nair F'v b 

~ ~>vt cvrul ~ ~ tlvuo-+ui ~ ,CG-Wu':Yb G-f tluh 

~. 

J C1/1'7U rwi4.u1 & Dr. V.K.G.Unnithan r'v f0v bul CG-7LCQ/VTU, ~ 

~n&~~ ~~ Vrv ~,~ ~G-f 
~ cLa-ta- ~ ~ ~tolio-n&. 

J tah ~ G-~~ & IluvnJv Dr. C. Ravindran ( lx:ivn.i;d;, C YC 02J ) 

fo-'v~~~~~r'v~~· 

J Q~ ?7Uf ~1'L0 ~ to. Dr. K. Ibrahim r'v ~. ~j, ~ 
~ ~ CG-ruJd, G-f ~ fdd ~ Vrv ~ J~rw1 Yo./Vrrv. 



'W Jjll Iffnfl7l/h7l.I'>Ih d_pL1JU J. O"{-1ffw'U)flldr, (JUb (,A'l' -- (,)PQ/'.Alit~'7" o/Tul ~,,dJIlAL 

~ fH: ole labowers (')1 tiw C G-ftur (')1 X(').,J/~~, ~}elfcvruM'WJU::V. 

A 7W-fk G-J ~ to. Thushard Colour Lab~ ~jUf' fo''u t'/vz, 7wa..f 

piw-&r+ ~~. 

J . /UlAYYu:L ?7!Af ~-' ~ ~. Smt. Joicy T. John /JG-'u (jill, fvJp, V2ffl.A~/~ Iffi' 

~ tJuo ~, ~n, (')1 ~ cvruL cropfuv cvruL /JG-'v flub 
~ ~ G-/ tJuo~. fer;/1_, GG-~ C<J/ve, ~ eaJ)_G-u/"v 
pd Vrv fJu/:" W<9-4 ~ [0. 8-e, ~ ~~. 

J cvrrv 1iva~/d ~. Anilkumar Sir, Meera chechi, Tonnie Thomas OffIA 011 7T1Al 

~ ~7TV J ~ ~JG-uMm::1 oJ, &rTlll/:v cvruL wiw. wWUQ, f;.Ju/,-ul '!{1Ib [0, 

~J /JriJ:" ~Wv 0/ ~. 

A W-G--uL G-/ ~ -& Miss. VSSreeja fo-'u 
dwwny ~ funa1 ~ G-/ IJuh ~. 

W G-~ C<A/Tl/TW-t ~ ?7!Af ~UlJd ~ 
Sri. K. G. Jayan ~ ?7!Af fdJ1e_, ~ Dakshina cvruL 

~-J cvruL ~. ~ ~ W-G-uid 71AAJ-WlI fl.AW-0 

-& ?7!Af 6&vnd 
Dyuthi w-J)VG-rd wf1_,G-'.'Y;>.; 

, '.Ylllm, (Jv;, &1JlJ;. 

J cvrrv fo·~ ~.~ -& 17Ut Achan, Amma 0/714 771Af 'JiAill/v Seema omd, 

f.wv f~ Saji p'u t1vwv ~~ o/~n" c:.a/u0, emAAHi/i~A!;7T1fl/T1j,; 

~--J cvruL '':Ji/ncI:i/lib ~,'J, ~VG-(u;lr..o-ut tluu GG-Wv'.Yl, (')/ tJriJ:" U)"l-"J/o 

J 0/7([1 ~ (JUO/7111d -& 7YUf in-laws 

1JVvG-+ui tJuo GG-U/v'J0 G-/ Iluh ~~. 

y~ J ~U)- ?7!Af ~ &rw I1ve, God Almighty w-ho-'J.0 ~ F'0 
Trlllff,l.ol cv.rul pjlA~:co1 Pf.J'U}wv fYlI (JI.QJ ~/AA·I./;y.ld G<J'mptjA~'7l1 oj 

B. RANI 





CONTENTS 

Sl. No. Title Page No. 

1. INTRODUCTION 1 

2. REVIEW OF LITERATURE 3 

3. MATERIALS AND METHODS 22 

4. RESULTS AND DISCUSSION 28 

5. SUMMARY 128 

6. REFERENCES 1 - XXI 

7. APPENDICES 

8. ABSTRACT 





INTRODUCTION 

It is well known that potassium de.ficiency oc­

curs in the highly leached acid soils of the trop­

ics due to high rainfall and temperature which 

increase the leaching and release of soil potas­

sium. Such soils are also deficient or low in 

magnesium and sulphur. The use of high analy­

sis fertilizers and intensive cropping systems 

lead to deficiencies in secondary and micro nu­

trients in soil. TIlls necessitates the use of fer­

tilizers which can supply secondary nutrients in 

addition to nitrogen, phosphorus and potassium 

to soil. 

The acid laterite soils of Kerala are deficient 

both in potassium as well as magnesium. Crops 

cultivated in Kerala, in general, respond to the 

application of magnesium. Application of po­

tassium to an inherently magnesium deficient 

soil increases magnesium deficiency due to the 

antagonism between these nutrients in plant and 

soil. 

Many of the cultivated soils are found to be de­

ficient in available magnesium and in many 

cases, crop growth is found to be limited by 

magnesium deficiency. Therefore, the applica­

hon of magnesium fertilizers has been an ac­

cepted management practice for a few important 

crops of the state. The total magnesium reserves 

in Kerala soils are poor and thus magnesimn can 

be considered as a critical element in the acid 

soils of Kerala (Prema, 1992). The intensive use 

of soiL multiple cropping and the increased use 

of sulphur free fertilizers coupled with the 

adoption of high yielding varieties of crops have 

resulted in reduced sulphur content in soils and 

thus there is need of sulphur application to sat­

isfy crop needs. Moreover, many soils in the 

tropics are deficient in sulphur and sulphur 

shortage often limits crop yields since sulphur is 

a very important plant food and plants take up 

sulphur in amounts almost equal to that of phos­

phorus. It is therefore necessary to applY inag­
nesium and sulphur to the soil in addition to 

potassium, to satisfy crop needs. 

Langbeinite is a naturally occurring mineral 

which is a mixture of K2SOq and MgSOq, con­

taining 22 per cent K20 and 18.5 per cent MgO 

in addition to 22 per cent sulphur, marketed un­

der the trade names Sul-Po-Mag and K-Mag. 

Sul-Po-Mag has been reported to increase the 

nutrient content of soil, thus resulting in in­

creased crop yields. Field experiments with Sul­

Po-Mag in more than 20 different ctops in 

China showed that significant response occurred 

with most crops, resulting in yield and quality 

improvements (Kincheloe and Xie, 1992). This 

fertilizer would be of more significance in Ker­

ala soils, which are highly leached and acidic. 

The induced deficiency of magnesium due to the 

application of potassium fertilizers can also be 

minimized. Thus Sul-Po-Mag can probably be a 

substitute or can complement the potassium fer­

tilizers already used in the state. Hence the suit­

ability of langb.einite as a potassium-cum­

magnesium fertilizer in the acid laterite soils of 

Kerala is evaluated using tapioca and bhindi as 

test crops. 

Cassava (Manihot esculenta Crantz) forms an 

important cheap source of energy in the tropical 

countries, and is the most inlportant subsidiary 

food crop of Kerala. It is also gaining impor­

tance as an industrial crop as well as a source of 

cattle feed. Cassava is an exhausting crop and 

an efficient utilizer of plant food elements. 

When grown, there is a significant drain on the 



soil nutrient reserves especially potassium, 

which if not replenished through balanced fer­

tilization coupled with agronomic practices, will 

result in severe reduction in growth and yield of 

the succeeding crop. The laterite soils of Ker­

ala, ideally suited for this crop are generally de­

ficient in potassium although the requirement is 

very high. Cassava has also been reported to 

respond significantly to the application of mag­

nesium (Thampan, 1979) and sulphur (Korah et 

al., 1988) in the acid soils ofKerala. 

The importance of vegetables in human nutrition 

is well known as it is a rich and comparatively 

cheap source of vitamins and minerals. Among 

vegetables, bhindi (Abelmoschus esculentus 

Moench) occupies an important place on ac­

count of its tender green fruits. In addition to its 

role as a vegetable, it also has nutritional, eco­

nomic and medicinal importance (CSIR, 1959). 

Like other vegetable crops, bhindi generally re., 

sponds to high doses of fertilizer application. 

The relationship between potassium in solid 
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phase and in solution phase of soil plays a key 

role in determining the ability of the soil to sup­

ply potassium to plant, which in turn is influ­

enced by the relative abundance of other cations 

and the type and quantity of day minerals pres­

ent in soil. It is therefore necessary to study the 

dynamics of potassium and magnesium in rela­

tion to the other. 

Thus the present study was undertaken with the 

following objectives . 

i) To examine the dynamics of potassium, mag­

nesium and sulphur in soil plant system 

ii) To evaluate the pattern of release of potas­

sium, magnesium and sulphur in soil, as influ­

enced by the application of langbeinite; and 

iii) To assess the suitability oflangbeinite as a 

potassium- cum-magnesium fertilizer in the acid 

laterite soils of Kerala using tapioca and bhindi 

as test crops. The study will also reveal the 

mechanism of interaction between potassium, 

magnesium and sulphur in soil and plant system. 





REVIEW OF LITERATURE 

The extensively leached soils of the tropics are 

high in acidity and low in available nutrients. 

These soils, due to their low fertility, lead to 

poor crop yields. When crops are grown in 

these soils, a significant drain on the soil nutri­

ent reserves occurs, which if not replenished 

through balanced fertilization, coupled with 

agronomic practices will result in severe reduc­

tion in growth and yield of the succeeding crop. 

Application of K to an inherently Mg deficient 

soil increases Mg deficiency due to the antago­

lrism between these nutrients in soil and plant. 

During the past few years, sulphur has also 

been receiving increasing attention world-wide. 

While reports of S deficiency and crop re­

sponses to S application are increasing, the 

contribution from traditional sources of S is on 

the decline. Thus it becomes necessary to re­

view the importance of K, Mg and S in crops, 

their transformations in soils and their interac­

tions in soils and crops. 

1. Potassium, magnesium and sulphur in 

plant nutrition 

Of the sixteen essential elements required for 

plant growth, K is the third macronutrient util­

ized by plants. The requirement of plants for 

this element is quite high. Concentration ofK 

in plants ranges from one to five per cent. K 

exists in the mobile ionic form and its function 

appears to be primarily catalytic in nature. It is 

the pre?ominant cation in the plant and deter­

mines to a large extent the osmotic concentra­

tion in the plant and upon which water uptake 

and turgor pressure are in 1!Jrn jiependent. It is 

involved in the activation of several enzymes 

and is required for the synthesis of A TP, for the 

translocation of assimilates and plays an im­

portant role in photosynthesis. K is also in­

volved in protein and starch synthesis and is 

required for the uptake of nitrogen (Tisdale et 

ai., 1995). 

Magnesium also plays a vital role in crop nu­

trition. Plants generally contain about 0.1 to 

0.4 per cent Mg. Magnesium increases the 

chlorophyll content of plants (Ananthanarayana 

and Rao, 1980 and Kiss, 1981) and its defi­

ciency decreases the biosynthesis of pigments 

to one third of their original level (Y ordanov et 

ai., 1978). Magnesium activates several en­

zyme systems involved in carbohydrate me­

tabolism (Kondratev and Kondrateva, 1978). 

One of the major nutritional functions ascribed 

to Mg is that of a carrier of P in plants (Jacob, 

1958). It promotes the uptake and transloca­

tion of P and also helps in better P utilization 

by crops (Varghese and Money, 1965 and 

Subramanian et ai., 1976). The increase in P 

uptake by Mg application is because of en~ 

hanced P assimilation. by Mg (Waddrowska 

and Jania, 1951). Ananthanarayana and Rao 

(1982) and Subramanian et at. (1975) found 

that Mg also increased the N uptake by crops. 

Sulphur is one of the three principal anions 

necessary for plants. The typical concentration 

in plants is 0.1 to 0.4 per cent. It is required 

for the synthesis of sulphur containing amino 

acids and is a component of many substances 

important in plant metabolism. It is also re­

quired for chlorophyll synthesis and its pres­

ence imparts the characteristic taste and smell 

of plants in the mustard and onion families. 

A deficiency of sulphur has a pronounced re­

tarding effect on plant growth. Sulphur defi­

ciency disturbs the balance of nutritional 

environment in plants which results in the bio­

logical inactivation of life ,processes of plants 

and the development of chlorosis in them 

(Singh et ai., 1976). Sulphur deficient plants 



have poor utilization ofN, P and K at all stages 

of growth till matmity compared to those 

which are supplied with S (Kumar and Singh, 

1994). Plants deficient in sulphur accumulate 

non-protein N in the fonn of ami des and nitrate 

in contra':;t to their very low levels of sulphate. 

Sulphur deficiency occurs because of the in­

creased use of high analysis fertilizers contain­

ing little or no sulphur, higher yielding crops 

and multiple cropping systems which remove 

greater amounts of S from soil, and the declin­

ing reserves of S in surface soils caused by loss 

of organic matter through erosion and minerali-

zation. 

2. Potassium, magnesium and sulphur in 

soils 

Potassium is present in relatively large quanti­

ties in soils as compared to other major nutri­

ents. The content of K in the earth's crust 

averages about 1.9 per cent. In Kerala soils, 

the total K20 content ranges from 0.04 to 0.54 

per cent (Praseedom, 1970) whereas the values 

for many Indian soils range from 0.5 to 3.0 per 

cent (Tandon and Sekhon, 1988). The available 

K of soils ranges fi'om 0.32 per cent of total K 

(Singh e( at., 1983) to 0.69 per cent of total K 

(Singh and Datta, 1986). 

Magnesium, on an average, constitutes about 

1.93 per cent of the earth's crust. The total Mg 

content ranges from 0.1 per cent in sandy soils 

to about four percent in fine textured soils. 

Magnesimn deficiency apparently occurs under 

at least two conditions: where exchangeable 

Mg in the soil exists at a level too low to sup­

POlt nonnal plant growth and where K in the 

soil is sufficiently high to limit Mg absorption 

by plant roots. Since most feltilizer matelials 

do not contain Mg in appreciable quantities, 
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soils hithelto considered to be adequately sup­

plied with Mg may show up Mg deficiency. 

Owing to the imbalance created in the nutrient 

supplying capacity o[the soils, crops grown in 

such situations may suffer from the deficiency 

of sccondary nutrients. '('hc amount of Mg 

required annually by many of the arable crops 

is in the range of 10 to 25 kg ha-1
. Deficiencies 

occur particularly in the highly leached humus 

acid soils or on sandy soils, which have been 

given heavy dressings of lime (Tisdale et a/., 

1995). 

Thus magnesium deficiency in plants is most 

common in acid sandy soils (Jacob, 1958 and 

Embleton, 1966) especially following periods 

of excessive rainfall (Mc Murtrey, 1947). Low 

yield under acid soil conditions is caused by 

low Mg availability (Christensen el al., 1973). 

Several studies have indicated that exchange­

able soil Mg contents below about foul' to ten 

per cent are deficient for a number of crops 

(Prince et al., 1947; Graham et al., 1956 and 

Adams and Hendersen, 1962). Mg deficiency 

is most evident on light sandy soils and fol­

lowing periods of excessive. rainfall (Mc 

Mmtrey, 1947). 

The average sulphur content of the eruth's crust 

is 0.06 to 0.1 per cent. The total S status of the 

surface soils of lndia vary from ] 91 to 3836 

ppm (Tandon, 1991) while available S consti­

tutes about 11.7 per cent (Karwasra et al., 

1986) to 15 per cent of total S (Balasubrama­

nian and Koth andaram an , 1985). There are 

reports of widespread occunence of S defi­

ciency in Indian soils (Tandon, 1991). Appear­

ance of S deficiency in soil due to the extensive 

use of S free high analysis fertilizers has been 

reported (Aulakh e( al., 1977 and Hagstrom, 

1990). 



3. Sources of K, Mg and S fertilisers 

To overcome the deficiency of nutrients, fer­

tilizer application schedule is to be adjusted. 

Fertilization of soils can increase the nutrient 

concentration in soil solution to relatively high 

Icvels due to exchange reaction~ solubilization 

of soil constituents, and increase in ionic 

strength of solution (Sparks, 1984). 

Potassium: The main sources of K fertilisers 

are muriate of potash and potassimn sulphate. 

Use of Sul-Po-Mag (langbeinite) as a potas­

siwn source is also increasing rapidly, primar­

ily because of the greater need to include 

sulphur and magnesium in fertilizer pro­

grammes. Tn general, root vegetables are less 

tolerant to chlorine than leaf vegetables since 

chlorides promote foliage fonnation and sul­

phates promote root growth (Hagstrom, 1990). 

Magnesium: The type of magnesium fertilizer 

used varies according to the soil type. The 

different Mg fertilizers used are magnesite, 

dolomite, epsom salts, calcined magnesite, 

shoenite etc.. In acid soils, MgC03 is more 

effective than soluble magnesium salts (Shich 

et al., 1965). Powdered dolomite is superior to 

MgS04 under acid conditions up to pH 5.5 

(Munk, 1961) but the solubility and efficiency 

decreases as the soil is limed and Mg-Ca an­

tagonism begins to operate. Vasil'eva (1965) 

reported that magnesite and dolomite were 

more effective on acid soils while MgS04 and 

shoenite (K2S04 MgS04.6H20) were more 

effective for crops of greater acid tolerance. 

Sulphur: Responses to plant nutrient sulphur 

are increasing in many areas of the world due 

to the fact that the fertilizer indush), is replac­

ing low analysis matetials such as ammoniwn 

SUlphate and normal super phosphate with high 
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analysis materials which are sulphur free. [t 

has been shown that potassium sulphate is the 

best source of sulphur for plants, thereafter in 

the order of sulphur efficiency follow ammo­

nia, sodium, magnesiwn and calcimn sulphates 

(Pemy, 1979). Gypsum, pyrites and elemental 

sulphur when applied to crops like potato, 

radish and carrot gave positive yield response. 

Among the different sources, h'YPswn was the 

best with respect to yield and content of sul­

phur in vegetable crops (Prakash et al., 1997). 

3.1 Comparative ~fJects ojpotassium cJz[o.,. 

ride and potassium sulphate 

The ability to retain KCI and K2S04 vary with 

soils. It was reported than1}.e ability of humic 

and hydrol humic latosols to retain K from KCI 

was slight and from K2S04 considerable (Ayres 

and Hagihara, 1953). In soils or irrigation water 

with high levels of chlotide, sulphate sources 

of K are preferred (Davide et al., 1986). Sul­

phate sources of plant nutrients have often been 

shown to be superior under naturally occurring 

high levels of chlotine in soil/irrigation water 

when fertilizer application rates are high espe­

cially with high va[ue crops like vegetables. J\ 

comparison of KCI and K2S04 show that 

K2S04 outyields KCl when applied to crops 

(Bakhsh et al., 1986 and Loue', 1985). Appli­

cation of K2S04 accelerated tuber develop­

ment, increased starch content:, protein content 

and dry matter production in plants (Loue', 

1985). 

Certain highly fertilized vegetable crops like 

potatoes, soybean etc. have also been shown to 

benefit from sulphate rather than chloride 

sources of plant nutrients (Parker et al., 1986). 

"nlcrc are also studies to indicate that com~c 

prefers potassium sulphate to potassimn chlo­

ride as a potash source. Arana (1968) observed 



that chloride toxicity occurs when KCI is ap­

plied to coffee and that the P uptake was in­

creased when sulphate rather than chloride was 

the K20 source. 

3.2 Effect of Sul-Po-Mag on crops 

The feltilizer material Sul-Po-Mag has pro­

duced excellent results when applied to crops 

in many areas of the world. Sul-Po-Mag is a 

highly water-soluble source of magnesium 

(11 % Mg), sulphur (22 % S) and potassiwn (22 

% K20), but its rate of solubility is somewhat 

slower than that of the other potassium materi­

als such as muriate of potash. Sul-Po-Mag is 

considered as a nOll-chloride source of plant 

nuttient. The product is guaranteed to contain 

less than 1 % Cl. Results of a greenhouse trial 

by Welte and Werner (1963) where increasing 

rates of K were applied as KCI and Sul-Po­

Mag showed that not only were yields consis­

tently higher with Sul-Po-Mag application, but 

yields were actually depressed when the highest 

rate ofK was applied as KCI. 

Sul-Po-Mag has long been preferred over KCl 

as potash source for tobacco in the United 

States (Hagstrom, 1990). Studies from various 

pineapple growing areas of China have clearly 

shown that Sul-Po-Mag is preferred over muri­

ate of potash with respect to yield and crop 

quality (Xie, 1989). Studies in China also have 

shown that citrus responds positively to the 

application of Sul-Po-Mag giving higher yields 

when compared to muriate of potash. Field 

experiments with Sul-Po-Mag in more t11an 20 

different crops in China showed that significant 

response occurred with most crops resulting in 

yield and quality improvements (Kincheloe and 

Xie, 1992). Experiments canied out in Ger­

many and Switzerland have shown that both 

yield and starch content of potato tubers were 
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significantly higher with Sul-Po-Mag when 

compared to muriate of potash and K2S04 

alone (Hagstrom, 1990). 

4. Nutrient interactions 

Nuttient absorption by pl,U1ts is usually refelTed 

to as ion uptake or ion absorption because it is 

in the ionic form in which nutrients are ab­

sorbed. Cations and anions may be absorbed 

independently and may not be absorbed in 

equal quantities. Electroneutrality must be 

maintained within reasonable limits in the plant 

and in the growth medium because ionic rela­

tionship achieve major importance ill plant 

nutrition (Fageria, 1983). 

Uptake of nutrients by a plant is a function of 

the nubient concentration at the root swface 

and also the rate of uptake. The concentration 

of nutrients at the root surface is in tum de­

pendent upon the initial concentration at the 

start of the vegetative period. It is in particular 

affected by the rate of uptake and by the ratc at 

which the nutrients are supplied to the roots by 

mass flow and diffusion (Grimme et.al., 1977). 

The variation of nutrient clements in the plant 

tissue relates not only to the rate of absorption 

from the soil but also to the degree of uti liz a­

tion of the nutrient constituents in the plant 

tissue for the synthesis of various end products. 

Thus the ultimate nutrition of a plant including 

yields and quality depends both on the levels of 

individual nutrients and their relative quantities 

in the plant tissues. 

Apart from the availability of adequate quanti­

ties ofnuttients in the soil, it is also important 

to have a proper balance between the nutrient 

constituents present both in the soil and the 

plant. It is well known that all the essential and 



other beneficial elements are involved in mu­

tual interaction among themselves. Interaction 

between nutrient elements can be synergistic or 

antagonistic and the type of interation is usually 

characteristic of the plant species (Emmert, 

1961). Increasing the content of one cation in 

a plant usuaUy decreases the content of other 

cations and the total cation equiv,alents are not 

greatly changed unless other conditions like 

nitrate supply are also changed. These interac­

tions of nutrient elements in the soil affect their 

absorption and utilization by the plant. 

Thus the factors influencing nutrient uptake 

may be broadly classified into those causing 

i) absolute deficiency and ii) induced defi­

ciency. A number of studies have reported that 

antagonistic and synergistic responses exist 

among nutrient elements, especially among K, 

Mg and Ca (Breson, 1946; Bear and Toth, 

]948; Bould, 1972; Christensen et.cd., 1973 

and Ohki and Ulrich, 1975). Interactions of K, 

Mg and S ruuong each other and with other 

nutrients are reviewed hereunder. 

Uptake of nutrients, particularly cations IS 

seriously influenced by K fertilization. l11Us K 

has been shown to affect the absorption, trans­

location and distribution of other cations (Ep~ 

stien, 1972). 

Potassium and nitrogen: Potassium is essen­

tial for the large-scale uptake of nitrate. Inter­

ruptions or inhibitions of nitrate uptake 

controlled by K+ results in decreased dry matter 

production. A limitation of K+ ions even in the 

presence of relatively high level of Nand P 

fertilizer will inhibit the utilization of N de-, 

crease photosynthesis and the export of photo­

synthetic products from leaf.·T1ris situation will 

result in smaller plants giving significantly 

reduced yields. An adequate supply of K con-
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stitutes the key for the efficient utilization ofN 

fertilizers as well as for the operation of photo­

synthetic system at optimal rates (Wicke, 

(968). Thus potassium addition increased the 

nitrogen uptake by plants (Gupta et al., 1971; 

Muthuswamy et al., 1974; Singh and Singh, 

1987; Rajdhar, 1989; Hegde and Srinivas, 

1991 and Menon and Marykutty, 1993). The 

positive effect of K on the absorption of N may 

be attributed to the ability of K to reduce fixa­

tion ofN~ + in soils. 

In some cases, increased K supply decreased N 

uptake (Turner and Barkus, 1983; Garita and 

Jrumillo, 1984; Taharieva and Raomheld, 1991 

and Sindu, 1997). Added K sometimes 

showed no effect on N uptake (Sheela and 

Aravin daksh an, 1990). 

Potassium, and pi1osp/7on.ls: Increasing con­

centration of applied K increased P uptake by 

plants (Muthuswamy el al, ] 974; De Datta and 

Gomez, 1 982; Turner and Barkus, 1983; 

R~jdhar, 1989; Sheela and Aravindakshan, 

1990 and Sindu, 1997) while a decrease in P 

uptake by K application was observed by 

Fageria (1983). Wicke (1968) observed that 

added K did not affect P uptake. 

Potassium and calcium: Increased K supply 

decreased the uptake of Ca (Harrison and 

Bergman, 1981; Fagelia, 1983; Turner and 

Barkus, 1983; Narwal el al., 1985; Raj dh ar, 

1989; Oshima el al., 1990, Taharieva and 

Romheld, 1991 and Sindu, 1997). Absorption 

of K is stimulated by Ca ions at low concentra­

tions and decreased at high concentrations 

(Fageria, 1983 and Sudhir et al., 1987) while 

little effect of Ca:Mg on K uptake was reported 

by Salmon (1964). But HruTIson and Bergmru1 

(1981) and Sudhir et al.(l987) reported lower 

plant K in high Ca soils. This demonstrates the 



K - Ca antagonism described by Van Itallie 

(1938). Antagonistic interaction between K 

and Ca were also reported by Barber (1986), 

TahaIieva and Romheld (1991) and Sindu 

(1997), while Alvarenga and Loper, (1988) and 

Menon and Marykutty (1993) observed an 

increase in exchangeable ea with the addition 

ofK. 

Potassium and magnesium: Heavy dressings 

of K decreased the· uptake of Mg (Wicke, 

1968; Pushpadas et al., 1976; Yang, 1992 and 

Sindu 1997). Since increasing K fertilizers 

highly significantly decreased the total Mg of 

plants and since increasing the exchangeable 

. Mg in soil increased the plant Mg content, 

maintaining a reasonable level of exchangeable 

soil Mg can affect to some extent the adverse 

effects of high fertilizer K application on plant 

Mg concentration (Mc Intosh et al., 1973). 

Since increasing K decreased the uptake of Mg, 

plant Mg deficiency is most common in acid 

sandy soils containing reiatively high percent­

ages of extractable K (Jacob, 1958 and Em­

bleton, 1966). 

An increase in Mg uptake by K fertilization has 

also been reported by many workers (Adams 

and Hendersen, 1962; Fageria, 1983 and Nar­

wal et al., 1985). There are also reports that in 

Mg deficient soils the availability of Mg to 

crops is greater at higher levels of K and in Mg 

sufficient soils, the availability of Mg is less at 

higher K levels (Adams and Hendersen, 1962). 

Decrease in Mg uptake from Mg sufficient 

soils at higher K in spite of increased plant 

growth is because of a decrease in the Mg con­

centration of plants. The increase in total Mg 

uptake by the addition of K is because less of 

available Mg was absorbed by plants moder­

ately deficient in K due to less vigorous plant 
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growlh ~U1d due 10 the increase in Mg availabil­

ity by the addition of K which displaces ex­

changeable Mg into solution. But at low soil K 

and at sufficient exchangeable Mg levels, up­

take ofMg is not hindered (Mc Colloch el al., 

1957). 

Generally there is a decrease in potassium 

uptake with increase in magnesiwn concentra­

tion. Thus high magnesiwn in solution de­

crease the concentration and rate of uptake of 

potassium (Landua e{ aI., 1973; Aulakh and 

Pasricha, 1978; Schwartz aIld Kafkafi, 1978; 

Kumar et al., 1981; Fagelia, 1983; Shukla and 

Mukhi, 1979; Bandyopadhyay and Goswami, 

1988; Muralidharan, 1992 and Varughese, 

1992). Increased K supply in soils reduced the 

supply of Mg and uptake by crops (Plince 

et.al., 1947; Johmmeson, 1951; Jacob, 1958; 

Birch et.al., 1966; Nayar aIId Koshy, 1969; 

Hossner and Doll, 1970; Me Intosh e{ al., 

1973; Sekhon e{.al., 1975; Spear et.al., 1978; 

Heenan and Campbell, 1981; Tumer and Bar­

kus, 1983; Rajdhar, 1989; Tahaticva and Rom­

held, 1991; Yang, 1992 and Silldu, 1997). 

In some cases, ma!:,'11esium had no effect on the 

. uptake of potassium (Perwna1, 1972; SubtaIna­

nian et al., 1976 and Grant and Racz, 1987). In 

red soil no significant effect of different levels 

of magnesium appl1cation W3;S observed on 

potassium uptake while high magnesium 

slightly decreased the uptake. The antagonistic 

effect of magnesium on potassium is mainly on 

solution concentration rather than uptake, 

which is dependent on the magnitude of yield 

(Anathanarayana and Rao, 1979). 

Synergistic interaction between K and Mg was 

also observed by l11aI1Y workers (Fagelia, 1983; 

Narwal el.af., 1985; Grant and Racz, 1987 and 

Sudhir el.al.; 1987), while a lack of response of 



added K on the availability of Mg was reported 

by Jayaraman (1988) and Menon and 

Marykutty (1993). Increase in K in tissue with 

increasing Mg in solution is because of the 

decreased dry matter production associated 

with high magnesium in solution. 

potassium and sulphur: An Increase in total 

potassium in sulphur deficient plants occ~s 

since potassium is not properly utilized (Kumar 

and Singh, 1994). Jaggi et aZ. (1995) has re­

ported an increase in potassium concentration 

in plants due to sulphur application. 

Magnesium and nitrogen: Synergistic effect 

between Mg and N exists in plants. In Mg 

deficient plants, N metabolism is disturbed and 

subsequent protein metabolism is affected 

(Mulder, 1958). But Kumar et al. (1981) has 

reported that the uptake of N increased at low 

Mg and decreased as the Mg addition· in­

creased. 

Magnesium and phosphorus: Due to the 

greater solubilzation of phosphorus and the 

carrier effect on phosphorus, magnesium appli­

cation increases phosphorus availability (Jacob, 

1958). But Kumar et al. (1981) has reported 

that at low magnesium application rates, the 

uptake of phosphorus was not affected and at 

high magnesilllIl, there was a decrease in phos­

phorus uptake. 

Magnesium and calcium: Ca - Mg ratio hy­

pothesis was first proposed by Loew in 1892 

(Moser, 1933). This ratio was found to be an 

important factor in plant nutrition (Mehlich, 

1946; Johnson et al., 1957; Halstead et al., 

1958 and Krislmappa et al., 1974). Excess 

Mg over Ca decreases the productivity of 

crops. Roots become unhealthy with excess Mg 

and loose turgidity and root cells become inac-
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tive (Wolf, 1864). But Ca in suitable concen­

trations effectively overcomes the toxicity of 

Mg. In the absence of Ca, high Mg causes 

toxicity. Thus Mg is toxic when an adequate 

supply of Ca is not present (Atterberg, 1892). 

A decrease in barley yield in both soil and 

solution culture was reported by Carter et al. 

(1979) when Mg / Ca ratios were increased, 

suggesting that the high concentration of Mg 

present in solution induced a Ca deficiency_ 

Antagonistic effects of Ca and Mg were also 

observed by Halstead et al. (1958); Christensen 

el al., (1973); Fageria (1983); OhIlO and 

Grunes (1985); Myers et af. (1988); Phillips et 

af. (1988) and Varughese (1992). Thus high 

Mg restricts the accumulation of Ca in tissues 

and vice versa. Uptake of ca1ciwn increased at 

low magnesium and decreased at high magne­

siwn levels (Kumar et al., 1981). The antago­

nistic effect of magnesium on calcium uptake 

was app,m~nl only whcn the absolute aIllOlUlls 

of potassium and calcium were low (Anantha­

narayana and Rao, 1979). This decrease in 

tissue concentration and uptake of calcium with 

increasing concentrations of magnesium ill 

solution is presumably due to the replacement 

of magncsium for calcium Cor the neutraliza­

tion of negative charges within the vacuole and 

on the exchange sites in the apoplast. 

A reduction in magnesium· uptake at higher 

concentration of calcium also occur because of 

antagonism (Fageria, 1983). He reported that 

the uptake of magnesium was not increased by 

the addition of caSo4 . But calcium decreases 

the movement of magnesium from root to 

shoot. Hence with higher calcium concentra­

tions, magnesiunl in root increases and in shoot 

decreases. But since uptake is a fUllction of dlY 

matter production, factors intluencing dry 

matter production also influence uptake. 



It appears however that growth of most plants 

is not significantly influenced if the exchange­

able calcium exceeds magnesium. Martin and 

Page (1965) noticed little evidence of strong 

Ca - Mg or Mg - Ca antagonism. Higher ex­

changeable Ca did not decrease Mg absorption 

from low Mg soils. Until there was Mg ex­

cess, growth of plants increased either with 

increasing, exchangeable Ca or Mg. Increasing 

exchangeable Ca from about 20 per cent to 90 

per cent while maintaining Mg at lowest level 

had little or no effect on leaf Mg concentration. 

Magnesium and sulphur: Increased addition 

of magnesium also increases sulphur uptake 

(Ananthanarayana and Rao, 1979). 

Sulphur and nitrogen: Total N was signifi­

cantly high in sulphur deficient plants than in 

sulphur sufficient ones (Kumar and Singh, 

1994). In sulphur deficient plants, accumula­

tion of nitrate nitrogen occurs (Lund and Mur­

dock, 1978). Thus sulphur deficiency cause 

poor utilization of nitrogen in plants which in 

tum result in an increase in total nitrogen con­

tent. 

Sulphur and phosphorus: Under sulphur defi­

cient conditions phosphorus in plants is not 

properly utilized and hence an increase in total 

. phosphorus occurs (Kumar and Singh, 1994). 

Chapman and Brown (1941) and Coic (1961) 

have reported that there was no change in the 

absorption of phosphorus due to sulph,,"" defi­

ciency but a deep effect occurs on the utiliza­

tion of phosphorus in plant metabolism. 

Sulphur and calcium: As calciwn increased in 

plant, sulphur uptake also increased. Thus there 

is a synergistic effect which can be attributed to 

the fact that as both are absorbed as anions , 
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higher application of phosphorus might have 

resulted in an increase in sulphur content in soil 

solution as a result of anion exchange, ulti­

mately resulting in higher sulphur absorption 

(Aulakh and Dev, 1978). 

5. Response of crops to potassium 

Yield: Potassium influences many of the proc­

esses that are impOltctnt for the fonnation of 

yield in plants such as water economy, synthe­

sis of carbohydrates and the transport of as­

similates (Mengel and Kirkby, 1982). 

Application of potassiWl1 results in increased 

yield in a nU111ber of crops (Wicke, 1968 and 

Roy and Kumar, 1990). K addition in small 

quantities increased yield while large additions 

affected yield velY little (Salmon, 1964). Since 

potassium ions are essential for the large-scale 

uptake of nitrate, a limitation ofK'- even in the 

presence of relatively high level of N will in­

hibit the utilization ofN, reduce photosynthesis 

and the export of photosynthetic products from 

leaf. This situation will result in smaller plants 

gIVIng significantly reduced yields (Wicke, 

1968). 

Dry matter production: A decrease in dry 

matter content of potato tubers with increase in 

K and a decrease in K with increase in dry 

matter production occur. This is mainly be­

cause of dilution (Terman et al., 1953). A 

decrease in dry matter production in plants dlle 

to the application of high levels of K was also 

repOlted by Loue' (1985). Inadequate supply 

of K' results in low water content and de­

creased growth rate of plants and the dry matter 

production decreases (Scherar et al., 1983). An 

increase in dry matter yield was also reported in 

cowpea due to high levels of K application 

(Narwal et al., 1985). 



5.1 Response of cassava to potassium 

The K requirement of most of the tuber crops 

is as high as N. Cassava, with its bulk storage 

organs is a heavy extractor of plant food ele­

ments from the soil, particularly potash (Tham­

pan, 1979). The role of K is associated with 

starch synthesis leadi~g to the promotion of 

tuber growth through the accelerated transloca­

tion of photosynthates from leaves to tuber 

(Obigbesan, 1973 and Mukhopadhyay et al., 

1993). 

Plant growth: Application ofK increases plant 

height and girth of stem in cassava (Ngongi, 

1976; Ashokan and Sreedharan, 1977; Ngongi 

et al., 1977; Nair, 1982 and Nair and Aiyer, 

1985). Potassium application seems to have 

not much influence on leaf production and 

hence vegetative growth (Nair, 1982 and Nair 

and Aiyer, 1985). The percentage of leaves 

retained was positively correlated and Lhe per­

centage of leaves shed was negatively corre­

lated with the level ofK application (Nair and 

Aiyer, 1985). A decrease in number of leaves 

produced at higher levels of K was observed by 

Pillai (1967) where as Natarajan (1975) found 

an increase in leaf number of cassava by K 

application. According to Edwards (1982) 

potash fertilization increased the tolerance of 

plants to water stress. Thus leaf fall is mini­

mum and leaf retention maximum in plants 

receiving higher levels of K application. 

Dry matter production: When the level of K 

increased, starch synthesis also increased and 

hence an increase in the dry matter content of 

tubers occurred (pushpadas and Aiyer, 1976; 

Ashokan and Sreedharan, 1977; Pillai and 

George 1978 and Nair and Aiycr, 1985). The 

total dry matter production also increased by K 
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application (Ashokan and Sreedharan, 1977). 

This dry matter increase may be due to the 

beneficial effect of K in the synthesis and ac­

cumulation of carbohydrates. 

Yield: Uptake of K is positively and signifi­

cantly correlated with tuber yield of cassava 

(Mohaukuruar et al., 1971; Rajendran et al., 

1976; Muthuswamy, 1978 and Nair and Aiyer, 

1985). But Maglhaes et al., (1980) could not 

find any effect on root number and weight due 

to K application. 

Quality attributes 

Starch: Potassium application increased the 

starch content of cassava (Pillai, 1967; Natara­

jan, 1975; Ashokan and Sreedharan, 1977 and 

Muthuswamy and Rao, 1981). This may be 

because of the fact that K acts as a co-factor for 

a number of enzymatic reactions in carbohy­

drate meLabolism, particularly Lhe po]ymerisa­

tioo of glucose to starch (Evans and Sorger, 

1966). 

Hydrocyanic acid: One of the objections for 

the extensive use of cassava for human con­

sumption is the presence of HCN in tuber. 

Application of K decreased the HCN content of 

tubers (Gopal and Sadasivam, 1973; KUlian et 

al., 1976; Ashokan and Sreedharan, 1977 and 

Muthuswamy and Rao, 1981). When K avail­

ability in the soil is low in relation to N it 

causes the accumulation of non-protein N com­

pounds in the plant tissue consequent to the 

failure in their elaboration into protein. 111is 

may help in the increased synthesis of cyano­

genic glucosides and their increased HCN 

content (Th arn pan, 1979). But Nair et al. 

(1980) found that K did not show much influ­

ence on the starch content of tubers. 



5.2 Response of Mindi to potassium 

Application of K increased the content of K in 

the bhindi plant (Asif and Greig, 1972). Bhindi 

responds to K application up to 100 kg 11a-1 

with no difference between sources either KCI 

or K2SO". 

Plant growth: Height ofblundi increased by K 

application (Singh, 1979 and Subramanian 

] 980). But in certain cases, K application did 

not have any marked effect on the growth of 

the bhindi plant (Chonkar and Singh, 1963; 

Sutton, 1963; Chandrasekharan, 1965 and 

Singh, 1979). 

Dry matter production: Maximum dry matter 

production ofbhindi was recorded at the high­

est level of 50 kg K20 ha-I (Subramaniam, 

1980). Higher doses of K significantly in­

creased the total dry matter yield per plant in 

chilli while Chougule and Mahajan (1979) 

indicated that in chilli, the dry matter content of 

leaves and branches was not affected by potas-

SlUm. 

Yield: Application of K did not influence the 

total yield of hhindi (SlIttOIl, 19G~; 

Chandrasekharan, 1965; Singh and Singh, 1966 

and Singh et al., 1967). Ahamed and Reid 

(1968), Asif and Greig (1972) and Mani and 

Ramanathan (1980) reported significant influ­

ence ofK on the total yield ofbhindi. But very 

high K levels decreased the yield of bhindi 

(Kamalanathan et al., 1970 and Verma el al., 

1970). 

Quality attributes 

Crude protein content of bhindi fruits is de­

creased by the application of K (SubnlInaniam, 

1980) and at higher levels of K, there was no 

significant influence on the crude protein con-
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tent (Chandrasekharan, 1965). A decrease in 

ascorbic acid content of bhindi fruits is ob­

served with decrease in level ofK application 

(Rani, 1992). In bhindi, the fibre percentage 

increased by increased potassium fertilizer 

application (Singh, 1979 and Mani and Ra­

manathan, 1982). 

6. Response of crops to magnesium 

Kerschberger et 01. (] 986) observed that the 

yield response to Mg decreased in the order 

cereals> forage plants> potatoes. Positive 

beneficial effect of Mg on rice was noted by 

many workers (Varghese and Money, 1965; 

Nayar and Koshy, 1969; Padmaja and 

Verghese, 1972; Chandramony and George, 

1975; Thomas and Koshy, 1977; Panicker, 

1980; Sanchez, 1984; Moore and Patrick, 

1989· Yamaucru and Winslow, 1989 and , 

Varughese, 1992). Application ofMg showed 

positive response in oats (Jokinen, 1977 and 

Mahler et al., 1986), in maize (Krstic eL al., 

1981; Stout and Bennet, 1983 and Frolich, 

1987), in wheat (Kumar et al., 1981; Singh and 

Balasubrammanian, 1985; Fecenko et al., 1986 

and Mahler el 01., 1986) and in harley (feccnko 

et aI., 1986; Mahler el 01., 1986 and Grant and 

Racz, ] 987). 

Potato responded well to Mg application in 

acid soils (Carolus, 1933; M~than el al., 1973; 

Krishnamoorthy et 01., 1979 and Shanna et al., 

1981). Beneficial effects of Mg have been 

reported in cowpea (Nad and Goswami, 1983) 

and in groundnut (Tajuddin, 197~). 1n coconut, 

favourable response to the application of Mg 

was observed by Varkey el al. (1979), Ka­

malakshiamma and Pillai (1980) and Cecil 

(1991). Magnesium increased the yield of 

rubber (Onuw~je, 1983) and of tea (Godziash­

viII and Pctcrburgsky, 1985). 



A good response to applied Mg was exhibited 

by vegetable crops such as capsicum (Kiss, 

1979), tomatoes· (Kiss, 1979; Asiegbu and 

Uzo, 1983; Elamin and Wilcox, 1985 and 

Sonneveld, 1987), cabbage (Shukla and 

Banerjee, 1980; Hara and Sonoda, ] 981 and 

Harrison and Bergman, 1981), cauliflower 

(Shukla and Banerjee, 1980) and melons 

(Elamin and Wilcox, 1986 and Simon et al., 

1986). 

Application ofMg was found to cause favour­

able responses in pear (Ystaas and Stecnberg, 

1978), apple (Kuleza and Szafianek, 1978), 

pineapple (Anon, 1979 and Chinea et al., 

1986), papaya (Awada and Suehisa., 1985), 

citrus (Razeto and Salas, 1986) and in grapes 

(Cline, 1987 and Colapietra., 1987). 

But there were also repOIts of lack of decisive 

favourable response of applied Mg in crops. 

George and Sreedharan (1966) found that ap­

plication of Ca - Mg carbonate either alone or 

in combination with Na - Mg silicate did not 

have any significant effect on the yield of grain 

and straw in rice. Yields of grain and tiller 

production in paddy were not influenced by the 

application ofMg silicate and MgCO-, in Kut­

tanad soils ofKerala (Kurup and Ramankutty, 

1969). Varughese (1992) and Muralidharan 

(1992) also reported similar observations on 

the effect ofMg on rice in laterite soil. Peder­

sen and Yang-Petersen (1984) have also found 

that fruit yield and fruit size in apple were not 

affected by Mg applications. 

There are also reports that cassava responds 

favourably to the application of Mg. To pro­

duce 36 t of tuber, cassava removed 55 kg Mg 

ha-
I 

from soil (Thampan, 1979). Higher rates 

of NPK application reduced total dry matter 

production in cassava due to Ca and Mg defi-
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ciency (Ngongi, 1976). Positive response of 

potato to MgS04 was also repOlted by Sharma 

e{ al., (1981). 

7. Response of crops to sulphur 

During the past few years, S has been receiving 

increasing attention worldwide. While reports 

of S deficiency and crop responses to S appli­

cation are increasing, the contribution ii-GIn 

traditional sources of S is on the decline. Sev­

eral workers have investigated the relationship 

between Jiffcrent forms of S in the soil and 

crop !,'Towth and yield (Williams and Steinberg, 

1959 and Bansal et ai., 1979). Sulphur shows 

synergistic effect on the yield of crops (Kumar 

el aI., 1985 and Aulakh el at., 1990). Applica­

tion of S resulted in yield increases in crops 

like wheat, rice, tea, sugarcane ctc. (Tandon, 

1991). Mohankumar and Nair (1983) and 

Tandon (1991) have reported significcmt posi­

tive yield response to S application in cassava. 

Sulphur application increased the yield of 

crops like carrot, cauliflower and radish (Pra­

kash el al., 1997), in potato Crandon, 1991 and 

Prakash el al., 1997), ground nut (Singh et a/., 

1996), sorghum (Kumawat and Bans.:'ll, 1996), 

c1ust~r bean (Sekhawat et al., 1996) and cow­

pea (Kaushik et al., 1996). Available S at 

three and six months after planting had signifi­

cant positive correlation with tuber yield of 

cassava (Korah et al., 1988). S application is 

also found to decrease the HCN content of 

cassava (Saalbach, 1973 <U\d Mohankumar and 

Nair, 1983). Shanna e/ al. (1994) observed 

only a marginal increase in the yield of paddy 

due to increased S application. 

. The total S content of plants vmies from 0.05 

to 0.5 per cent depending on S supply (Randall, 

1988). TIle total sulphur .content shows sig­

nificant positive correlatioll with dry malter 



produclion (Rychlicka., 1989 and Turkcr and 

Dikshit, 1994). Above a certain level, growth 

of plants is impaired because an excess of S 
contained in the plant is not metabolized to 

proteinaceous S (Raw at and Shriniwas, 1979). 

, An increase in non-protein organic S and a 

corresponding decrease in protein S occur as a 

result of S application. The increase in non­

metabolic form of S in the plant tissue might be 

considered to decrease dry matter production 

(Dhillon and Dev, 1980). 

8. Transformation of K, Mg and S in soil 

8.1 Potassium 

Potassium resources and their availability to 

plants largely depend on the mineralogy and 

degree of weathering which in tum determine 

the dynamic equiLibrium between the non ex­

changeable, exchangeable and water soluble 

fonns (Ranganathan and Satyanarayana., 1980). 

The K releasing power of soils refers to the 

total availability of K in the soil and the K 

supplying power refers to the actual uptake by 

the plant (Ramanathan and Krishnamurthy, 

1982). Exchangeable K decreases with crop­

ping and hence the contribution of soil reserve 

K towards K nutrition of plants is considerable 

(Yadav and Swami, 1988). 

Occurrence of potassium in soil 

Potassium in soil otiginates from the disinte­

gration and decomposition of rocks containing 

potassiwn-bearing minerals. The minerals that 

arc generally considered to be the original 

sources of K are the K feldspars orthoclase and 

micro cline, muscovite, biotite and phlogopite. 

Micas and K feldspars account for the major 

portion ofK in soils (Syers, 1995). In the non­

clay component of soil, feldspar K was more 
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than mica clay (Dubey et al., 1988). K bear­

ing minerals in alluvial soils of India (Entisols 

and lnccptisols) are micas which arc fine 
grained and concentrated mainly in the clay 

fraction. K is also found in secondary clay 

minerals like illites, velmiculites, chlorites and 

interstratified minerals (Tisdale el a/., 1995). 

Forms o/soi/ potassium 

Potassium in soil occur in the water soluble, 

exchangeable, non-exchangeable (fixed or 

difficultly available) and mineral forms. The 

different forms ofK exist in dynamic equilib­

rium in soil. The increasing order of availabil­

ity of different forms of K is mineral - non 

exchangeable - exchangeable and solution K 

(Martin and Sparks, 1985 and Tisdale et al., 

1995) 

Water SO/lillie potassium: Soil solution K 

ranges from 1 to 10 ppm in soils and consti­

tutes about 0.1 to 2 per cent of total K. Mishra 

e{ al. (1993) has repolted that water soluble K 

accounts for about 0.05 per cent of total K 

while Verikatesh and Satyanarayana (1994) 

reported that water soluble K accounts for 0.02 

% of total K. Das et al. (1993) has reported 

that water soluble K accounts for 1.8 to 17.4 % 

of available K. 

In the laterite soils of Kerala and Tamil Nadu, 

the water soluble K ranged from 0.028 to 0.248 

cmol (pI) kg-I (Nambiar, 1972) while in the 

laterite soils of Maharashtra., water soluble K 

ranged from 6 to 30 ppm (Slltffi" et a/., 1992). 

Levels of water soluble K in soils of lnunid 

regions varied from one to eighty ppm (Tisdale 

el a/., 1995). Water-soluble K is positi.vely and. 

significantly correlated with exchangeable or 

available K (Devi el al., 1990). 



Exchangeable potassium: Exchangeable K 

constitutes about 1 to 10 per cent of total K and 

is gencrally Jess than one pcr cellI of lola! K. 

Das el 01. (1993) has reported that exchange­

able K constitutes about 80 to 98.2 per cent of 

available K. According to Mishra e{ 01. (1993) 

available K and exchangeable K constituted 

about 0.64 and 0.59 % of total K respectively 

while Venkatesh and Satyanarayana, (1994) 

reported that exchangeable K constituted about 

2.6 % oftotal K. 

Kaolinite dominated soils are low in exchange­

able K reserves, smectite medium and illite 

high (Rao et 01., 1993). Laterite and non­

laterite soils of humid regions are compara­

tively low in available K (Patil et 01., 1993). 

TIle variation in the distribution of K depends 

on the mineral present, particle size and the 

degree of weathering. 

Dynamics of applied pota.~:\'ium in soil 

Potassium applied in soils gets transformed 

into non-exchangeable K, followed by ex­

changeable and water soluble forms 

(Deshmukh el al., 1991). The K fixation ca­

pacity varies ,with soils. K fixation capacity 

was found to be 11.92 to 51.52 per cent in an 

UP soil. On incubation, only 4 to 6.2 % of 

added K remained in water soluble form and 

exchangeable K content increased with in­

creasing level· of K application (Mishra and 

Shanker, 1971). Fixation of K was more lmder 

alternate wetting and drying conditions than 

under constant moisture levels in laterite soils, 

The increased addition of K increased the 

quantity of K in exchange complex which in 

tum increased the quantity of fixed K (Ra­

manathan e{ 01., 1981). In general, soils fixed 

more K under dry conditions and subsoils fixed 
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more K than surface soils (I\no ef af., 1992). 

Exchangeable K in texturally different soils 

increases with increasing levels of K and de­

crease with passage of time. Similarly the 

amount of K fixcd increase with levels and 

passage of time (Prakash and Singh, 1989). K 

fixation in laterite soils varied between 2.35 to 

27 per cent. This low fixation is due to the 

presence of 1:1 type clay minerals (Ningappa 

and Vasuki, 1989). 

Higher levels of KCI increased the amount of 

solution and exchangeable K. Under high rates 

of application, water soluble K exceeded ex­

changeable K in soil (Chakravorti, 1992). The 

content of water soluble and exchangeable K 

shows a marked rise with K20 application in 

soils with low and moderate K releasing capac­

ity while nOll exchangeable and total K in­

creased conspicllollsly in those having high 

releasing power (Prasad and Rajamannar, 

1987). 

On incubation of Mollisols of UP, available 

and fixed K showed a slight increase in the first 

two weeks lUld a suddcn decrease in the fOUlih 

week. Generally more fixed K was released 

under submerged condition than at field capac­

ity (Singh and Singh, 1992). In a study on the 

effect of added K and incubation time on the 

transformation of available K and non ex­

changeable K in different soils of Maharashtra, 

the exchangeable K fraction increased wilh 

inc;ease in the amount of added K and de­

creased with increase in the period of incuba­

tion while the non exchangeable K increased 

with increase in incubation period (Talele e{ 

of., 1993), Longer period of incubation de­

creased the retention of K in alluvial soils (Rao 

and Khera, 1995), 



Effect of soil characters on potassium trans­

formation in soil 

pH: Rctcntion of applied K in soils is depcnu­

ent on soil pH. A positive correlation also 

exists between pH and different fonns of K 

(Bolan and Ramulu, 1981 and Cultle, 1983). It 

is also reported that significant positive corre­

lation exists between K fixing capacity of soils 

and pH (Singh and Singh, ] 979; RanganatlJaTl 

and Satyanarayana, 1980; Sahu and Gupta, 

1987 and Talele et al., 1993). 

Particle size distribution: Potassium status of 

soils is influenced by soil texture. The K con­

tent of alluvial soils was fowld to be a function 

of clay + silt content (Kansal and Sekhon, 1976 

and Chakravatthy et al., 1979). The total K 

was greatest in silt fraction followed by fine 

sand> clay> coarse sand (Lepsch el al., 1978). 

Sharma and Mishra (1986) obtained higher 

content of exchangeable and non exchangeable 

K in fine textured soils compared to coarse 

textured soils which were high in water soluble 

K. Talele el al. (1993) observed that fixation 

of K in different soils had significant positive 

relationship with clay and silt and negative 
correlation with sand. 

Calion exchange capacity: A positive relation­

ship was observed between all fonns of K and 

CEC (Cuttle, 1983; Ravikumar et aI., 1987; 

Ningappa and Vasuki, 1989 and Talele et al., 
1993). 

Organic matter: A positive correlation of or­

ganic carbon existed with water soluble, ex­

changeable, available and fixed K (Mercykutty 

et al., 1990) while Singh and Singh (1986) 

obtained significant positive cOlTeiation of 

organic carbon with total K and water soluble 
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K. K fixation was not significantly correlated 

with organic matter (Ano et aI., 1992). Talclc 

el al. (1993) reported a negative correlation 

betwecn K fixation and organic carbon of 50i 15. 

Other cations: Significant positive cOlTelation 

of K fixing capacity exists with exchangeable 

Ca and Mg (Singh and Singh, 1979; Rangana­

than and Satyanarayana 1980; Sahu and Gupta, 

1987; Ningappa and Vasuki, 1989 and Talele 

el al., 1993). A positive correlation between 

exchangeable Ca and Mg with different fonns 

of K was also reported by Bolan and Ramulu 

(1981). 

8.2 Magnesium 

Magnesium, on an average, constitutes about 

1.93 % of the earth's cmst (Tisdale et al., 

1995). The total Mg content of soils ranges 

from 0.1 % in sandy soils to about 4 % in fine 

textured soils. The distribution and availability 

of Mg in soils are influenced by the segregation 

and concentration during the geochemical evo­

lution of the globe, characteristics of the va­

lence electronic shells and free enerh'Y 

oxidation and the radii of ions capable of read­

ily entering into particular crystalline structures 

of soil minerals (Cooper e/ al., 1947). 

Occurrence of magnesium .in soil 

TIle main reservoir of soil Mg is the silicate 

containing minerals (Salmon, 1963; Rice and 

Katnprath, 1968 and Mokwlmye and Melsted, 

1972). Magnesium is present in the relatively 

easily weatherable felTomagnesiwn minerals 

(Beeson, 1959), in MgC03, dolomite and 

MgS04 (Metson, 1974). It is also present in 

clay minerals (Aderikhin and Belyayev, 1974 

and Kirkby and Mengel, 1976). 



Forms of soil magnesium 

Magnesium in soil occurs in water-soluble, 

cxchangcable, lattice and primary mineral 

fonns (Prince et al., 1947 and Salmon, 1963).,. 

Exchangeable Mg: Exchangeable Mg is usually 

in Ih~ orJ~r of" about Iiv~ per cent 01" the total 

Mg and four to twenty per cent of the cation 

exchange capacity. This fraction alony with the 

water soluble Mg is of greater importance in 

the supply of Mg to plants. Barshad (1960) 

found that Mg ions account for a large percent­

age of the total exchangeable ions in HCl acidi­

fied clays and considered this to explain the 

high percentage of exchangeable Mg present in 

solonetz soils and in near neutral soils derived 

from serpentine rocks. Alston (1972) observed 

a higher content of exchangeable Mg in soils 

derived from basaltic parent matelial. Loga­

nathan (1973) reported exchangeable Mg con­

tents of 6.8 to 24.0, 2.8 to 19.1, 4.2 to 10.6 and 

1.3 to 2.5 cmol(+ )kg- I for black, red, alluvial 

and laterite soils respectively. 

Soil solution Mg: 

Magnesium cycle in the soil includes addition, 

removal and conversion of Mg in soil (Biswas 

et al., 1985). Conversion of Mg in soil in­

volves reactions such as fixation, release and 

solubilisation which are related to Mg avai]­

ability in soil. Isomorphous substitution of 

Mg++ for Al+++ in the octahedral layer results in 

the fixation of Mg in 2: I type of clay minerals. 

Release ofMg is greatest from the clay fraction 

followed by silt and the least from sand. Solu­

bilisation ofMg compounds in the soil is the 
2,· process leading to the release of Mg as Mg 

ions. 

Soil solution Mg is in equilibtium with ex-
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changeable Mg and this portion comprises one 

to two per cent of the total Mg in soil. Lindsay 

(1979) has reviewed pH versus solubility char­

actcristics of various soil Mg mincrals. At pH 

less than seven, all the minerals are sufficiently 

soluble to maint<;tin a soluble Mg concentration 

in excess of I ItlfllOI. llcc:lIlSC oflhcir soluhil­

ity, minerals' such as magllesiul11 sulphate, 

brucite and magnesite are leached out of 

weathered soils. 

Magnesiwn was found to be highly susceptible 

10 ICl1ching (Knowllf, ] 97(); Gajbhiyc lind 

Goswami, 1980 and Goswami and Saluawat, 

1982). The release ofMg from soils and min­

erals was found to be inversely related to parti­

cle size (Stahlberg., 1960). Nattea atId Castro 

(1977) found that low Mg soils release Mg 

more easily than high Mg soils. Reduction' in 

Mg uptake due to liming of soils to neu{Tality is 

due to Mg fixation which reduces the amount 

of exchangcnhlc Mg (Stll~llnCr el (1/., 1978). 

The transfonnation of Mg in soil under sub-

. merged conditions was hig11ly dynamic. release 

and fixation existed side by side, the equilib­

rium being decided by the dominance of the 

nature of the reaction involved (Varughese, 

1992). 

Effect of soil characters Oil magnesium trans­

formation in soil 

Among the various soil factors that influence 

Mg transformations in soil, pH, particle size 

distribution, organic matter content, Mg satura­

tion per cent, cation exchange capacity and the 

presence of other cations play II major role. 

pH: Carolus (1933) reported that increased 

acidity of the soil did not interfere markedly 

with the exchangeable Mg content. Pope and 

MW1ger (1953), Ferrari and Sluijsmans (1955), 



Fischer (1956), Adams and Henderson (1962), 

Metson (1974) and Simpson (1983) observed 

that the amount of exchangeable Mg was influ­

enced by soil pI-_I. Low pH of soil tended to 

promote Mg deficiency. Salmon (1963) staled' 

that the well known release of Al from acid 

clays into the soil solution implied that lattice 

Mg would' also be released, that would explain 

the increased leaching and acidification. Wik­

lander and Anderson (1963) found that }-}' ions 

strongly enhanced the mobility of Mg. 

Edmeades et af. (1985) and Myers et af. (1988) 

reported that liming reduced exchangeable Mg 

due to Mg fixation at higher pH values. 

Particle size distribution: Foy and Barber 

(1958), Mazayeva (1965) and Bolton (1973) 

observed that exchangeable Mg content was 

more in clay fractions of the soil. The Mg 

concentration of the soil fractions increased as 

the particle size decreased except that the 

concentration of the fme clay fraction tended to 

be less than the medium clay fraction 

(Christenson and Doll, J 973). Hendriksen 

(1971) reported that the content of 

exchangeable Mg in soil was in the decreasing 

order of saudy soils, other sandy soils and clay 

soils. Chu and Johnson (1985) reported that 

sand and silt but not clay were the important 

sources of exchangeable Mg. 

~agneSilim saturation: The exchangeable Mg 

III soil increased as the exchange complex got 

more saturated with Mg'" ions. Exchangeable 

Mg expressed as a percent~ge of the tota] ex­

changeable bases was observed to be a betlcr 

guide of plant available .Mg. The exchangeable 

Mg comes into soil solution as and when the 
equilibrium bet M· ween g 111 exchange complex 
and soil s I 0·· . o u on get dlsmpted and this triggers 
the trans{l . onnal1on of fonns of Mg in soil (Al-
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ston, 1972). 

OrganiC malter: Due to :ig,h organic mattcr 

content of cC11ain (le;.: ';oils, less exchangeable 

Mg was lost by leaching (Carolus, 1933). The 

exchangeable Mg was found to be influenced 

by the organic mattcr content of soil (Bolton, 

1972 and During and Weeda, 1973). 

Cation exchange CUpuCily.' A positive relation­

ship was observed between exchangeable Mg 

and CEC. Exchangeable Mg constitutes about 

5 to 10 per cent of the CEC (Martin and Page, 

1969). Kirkby and Mengel (1976) repOlied 

that exchangeable Mg constituted 4 to 20 pe'· 

cenf of the CEC. 

Other cations: Magnesiwn absorption by 

plants is affected by several factors other than 

the absolute level of Mg in soils, the level of 

other cations in the soil being the most impor­

tant. 

i. Potassium: One of the stronger al1tago­

nisms cncountered in plcmt nutrition is that ofK 

on the absorption of Mg. Instances of K in­

duced Mg deficiencies have been reported 

worldwide under diverse soil and cropping 

conditions. Freeman (1965) observed some 

marked reduction in, Mg content of several 

vmieties of maize due to high application ofK. 

Fischer (1956) and Salmon (1963) have ob­

served that soils' rich in potassium showed 

deficiency of Mg, though exchangeable Mg 

content was found adequate. The interaction 

between Mg and K was more marked than that 

between Mg and Ca. 

ii. Cafcium: Ca has also been reported to de­

press plant absOllJtion of Mg though the in­

hibitory effect of Ca is less than that of K. A 

value 0E 65-75 per cent Ca saturation has long 



been suggested (Bear et al., 1945) in some 

soils. Nevertheless, many experiments have 

shown that Ca has very little effect on Mg 

uptake (Christenson et al., 1973). 

iii. Nitrogen: Ammonium nitrogen also inhib­

its the absorption ofMg (Wilcox e/ al., 1973; 

Boswell et al., 1967). But this antagonistic 

effect ofNH4 is not as important as is the effect 

of K. This is due to the fact that N H4 in soils is 

usually converted quite readily to nitrate by soil 

bacteria. 

iv. Aluminium: Evidence is rapidly accumu­

lating showing that AI strongly depresses plant 

absorption of Mg. This antagonistic effect 

would be of greater conseql:lence under acid 

soil conditions where levels of soluble Al can 

be high. Mayland and Grunes (1979) and 

Grimme (1983) reported experiments that 

showed a drastic decrease in tissue Mg of 

wheat when treated with increasing levels of 

Ai. 

8.3 Sulphur 

Occurrence of sulphur in soil 

Sulphur in soil occurs in the elemenlal form, llS 

sulfides, sulphates and in organic combination 

with carbon and nitrogen. It is present in the S 

. bearing minerals like gypsmn, epsomite, mi­

rabilite, pyrite, marcasite, chalcopyrite etc. A 

review of studies investigating organic or inor­

ganic forms of S in soils world-wide, revealed 

that in the majority of cases, organic S conh"ib­

uted about 90 % of the total S (Frcney, 1986). 

Forms of soil sulpltur 

Sulphur is present in the soil as soluble sul­

phate and adsorbed sulphate which represents 

the plant available sulphur, insoluble sulphate 
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coprecipitated with calcium carbonate,the re­

duced inorganic S compollnds and organic 

sulphur. 

Tolal sulphur: The total S status of surface 

soils oflndia vary from 191 ppm to 3836 ppm 

Crandon, 1991). The sandy and laterite soils of 

Kerala were repOlted to contain 671 and 1037 

ppm respectively of tot a! sulphur (Leela 1967). 

The light textured red, laterit~ and alluvial soils 

with low clay content contain less total S as 

compared to soils of other group (Mishra et al., 

1990). Of the various soil types of India, the 

mean content of total S was 273 ppm in red, 

329 ppm in alluvial, 350 ppm in laterite, 456 

ppm in hill cmd 530 ppm in black soils (Hegde 

et af., 1980). There can be wide variations in 

total S of soils depending on organic matter 

status and texture (Virmani and Kanwar, 

1971 and Ruhal and Paliwal, 1978). 

Available sulphur: Available sulphur consti­

tutes about 15 per cent of total S (Balasubra­

manian and Kothandaraman, 1985) while 

Karwasraet al. (1986) has reported that avail­

able S constitutes about 1l.7 per cent oflota1 s. 
Naik and Das (1964) repor~ed that available S 

conlcnt of Indian soils is Icss Ihan 40 pplll. 

Effect of soil characters 011 sulphur trallsfor­

mation ' 

Sulphur availability is influenced by soil pH, 

soluble salt content, calcium carbonate and clay 

content (Balanagoundar and Satyanarayana, 

1990a). In some tropical soils where the sur­

face charge is variable and depends on pH, 

sol is adsorbed on soil coHoids if soil pH is 

sufficiently acid. This is due to the fact that as 

pH is lowered in these soils the net negative 

charge on the solid phase decreases to zero and 

then the net charge become positive when the 



pH is still lowered (Uehara and Kang, 1975). 

Sulphur content is higher in acid soils than in 

alkaline soils (Kanwar, 1976) and shows an 

increase as the acidity increases (Singh et al. 

1976 and Palaniappan et al., 1978) since acid 

soils are high in free AI and Fe oxides which 

have high adsorption capacity for sulphate. 

Water-soluble and sulphate sulphur are posi­

tively correlated with clay content while or­

ganic S is correlated with organic carbon 

(Balanagoundar and Satyanarayana, 1990b). 

Organic S is highest in red soils fol1owed by 

lateritic aild least in black soils (Reddy and 

Mehta, 1970; Bhan and Tripathi, 1973; Patil et 

al., 1981 and Prasad et al., 1983). 

Total S in most of the soils oflndia have been 

shown to be significantly and positively inter­

related with soil organic matter (Kanwar and 

Takkar, 1963; Kanwar and Mohan, 1964 and 

Vinnani and Kanwar, 1971) and with organic 

carbon (Bhan and Tripathi, 1973; Palalliappan 

et al., 1978; Singh and Sharma, 1983; Singh el 

al., 1985 and Arora and Takur, 1988). Total S 

is also a function of clay content of soil mainly 

due to the association of organic matter with 

the clay fraction of the soils (Ruhal and Pali­

wal, 1980; Patil et al., 1981 and Arora and 

Takkur, 1985). Total S and water soluble S has 

positive significant relation with calcium car­

bonate (Karle et al., 1985). Sulphate sulphur is 

positively correlated with salt content in soil 

(Singh and Chibba, 1987) while Pandey el aI., 

1989 and Balanagoundar and Satyanarayana, 

1990b have reported that sulphate sulphur is 

positively and total S negatively correlated with 

electrical conductivity of soil. 

Total S and available S has positive correlation 

with total N, P, K, Ca, and Mg (Ananthanaray­

ana and Rao, 1979 and Krishnappa el al., 
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1989). The ratio of available S to total S is 

higher in virgin soils than in cultivated soils 

possibly due to crop removal and the conse­

quent high rate of depletion in cultivated soils. 

Application of S to soil increases the soil sul­

phate content (Rychlicka, 1989). The total S 

contents of soils decrease with depth (Bhardwaj 

and Pathak, 1969 and Mukhopadhyay and 

Mukhopadhyay, 1980) and hence will be more 

in surface soils. Similar results were obtained 

by Arora et al. (1989) who reported that S 

content was higher in plough layer and de­

creased with soil depth. But in a study on soil 

columns with different types of soils added 

with 35S labelled K2S04, Malik el al. (1992) 

found that movement of S increased with depth 

and the total per cent recovelY of S was more 

in vertisol and less in oxisol. 

Sulphate adsorption rates vmy from one soil to 

another with about 56 to 75 per cent of applied 

S adsorbed at the initial stage, the rate becom­

ing slower thereafter. The amount of sulphate 

adsorbed was (ound to be higher at the initial 

period of adsorption. 

9. Retention and release of potassium, 

magnesium and sulphur by soils 

9.1 Potassium 

Exchangeable K of soils reflects closely the K 

applied (Mc Lean and Simon 1958). No ap­

parent relationship was found between the 

capacity of soils to release K from non ex­

changeable fi)flns and either the total K content 

or its distribution among the particle size sepa­

rates (Pearson, 1952). Surface soils are rich in 

exchangeable K while subsoils are always low 

in exchangeable K. This decrease in exchange­

able K with depth vaIies with topographical 



site (Hanway et al., 1962 and Riversat, 1974). 

Contrary to this, Bosewell and Anderson 

(1968) and Sparks et at. (1983) observed an 

increased exchangeable K in A2 and B2 hori­

zons in soils due to leaching of K to clayey 

subsoil horizons. 

Considerable movement of K occurs in sandy 

and sandy loam soil. About 75 per cent of K 

moved more than 40 cm depth whereas in 

loamy soil, about 80 per cent of K remained 

within the top] 5 cm (Prasad et al., 1981). The 

leaching loss of K is much I.ess than that of N 

in acid subsoils (Kabeerathumma and George, 

1993) with only about 30 to 40 per cent of 

available K being retained in the top 0 to 30 

em. 

High rates of K application is reported to in­

crease the available K in surface soils (Sub­

barao et al., 1993 and Talele e( al., 1993). 

Exchangeable K in soils show an increase wiLh 

increase in the amount of K added to the soil 

and decrease with period of incubation (Talde 

. f!l al., 1993). Bhattacharya and Poonia (1996) 

found that the equilibrium of K release from 

acidic soils in Nl-40Ac solution took about six 

weeks and that the rate of release of K gradu­

ally decreased with time. 

Considerable amount of added K" ions undergo 

fixation depending upon the nature of clay size 

fraction present in the soil (Kardos, 1964). The 

fixation and availability of K' and NHt ' are 

somewhat interdependent and prior fixation of 

K+ or NH4 ,. has a depressing effect on subse­

quent fixation of the other since the ionic di­

ameters of both are very close and the 

mechanism of lattice fixation of the two ions 

similar (Stanford and Pierre, 1947; Hanway et 

al., 1957; Raju and Mukhopadhyay, 1973 and 

21 

Kar el al., 1975). 

9.2 M agllesium 

Magnesium availability lllcreases with in­

creased levels ofMg application in laterite soils 

of Kerala. A negative relationship exists be­

tween available K and Mg fractions in soil 

(Varughese and Jose, 1994). But Jayaraman 

(1988) reported that added Mg did not show 

any marked variation in the available K on 

incubation. 

In a comparison of the al110wlt ofMgO added 

by treatments with the increased amount recov­

ered in the leachate and found in potato plant, 

Carolus (1933) reported that either epsom salts 

or hydrated dolomite lime is more easily 

leached and much more easily available for 

plant absorption than sulphate of potash­

magnesia. 

9.3 Sulphur 

Total S contents in soils gradually decreases 

with depth and thus is higher in the plough 

layer (Mukhopadhyay and Mukhopadhyay, 

1980 and Arora e( al., 1989). In a study on soil 

columns with different types of soils addcd 

with 35S labeled K2SO.j, Malik et al.(l992) 

found that movement of 355 increased with 

depth and that the total per cent recovery of 35S 

was more in vertisol and less in oxisol. The 

kinetics of sulphate adsorption was studied in 

caIciorthents using K2SO.j (Bhogal ct (11., 

1996). The amount of sulphate adsorbed var­

ied from one soil to another and was found to 

increase with time but the mte was higher at the 

initial peliod of adsorption. In a green house 

experiment, leaching of S increased with in­

creasing amount of gypsum applied to the soil 

(Braga et at., 1995). 





MATERIALS AND METI-IOI)S 

A study was undertaken to examine the dynam­

ics ofpolassium, magncsiwn and sulphur in soil 

plant system, to evaluate the pattern of release 

of potassium, magnesium and sulphur in soil as 

influenced by the application of langbeinite and 

to assess the suitability oflangbeillite as a potas­

sium-cum-magnesium fertilizer for the acid 

laterite soils of Kerala using tapioca and bhindi 

as test crops. Langbeinite (K2S04.2MgS04), the 

potassium-cwn-magnesimn fertilizer is a natu­

rally occurring mineraI, which is a mixture of 

potassium sulphate and magnesium sulphate 

containing 22 per cent K20 and 18.5 per cent 

MgO in addition to 22 per cent sulphur. 

The study comprised of three parts 

a) A field experiment to investigate the suitabil­

ity of .Sul-Po-Mag as a potassiwn-cum­

magnesium fertilizer for tapioca in Kerala 

b) A laboratory incubation study using two soils 

namely laterite and alluvial, to estimate the 

pattern of release of potassium, magnesimTI and 

sulphur in soil as influenced by Sul-Po-Mag 

c) A pot culture experiment to study the potas­

sium-magnesium interaction in soil-plant system 

using bhindi as test crop. 

1. Field experiment 

A field experiment was laid out to study the 

suitability of Sul-Po-Mag as a potassium-cum­

magnesiwn fertilizer for tapioca. 

1.1 Experimental site 

Th· . e experunent was laId out at the InstTUctional 

Farm, College of Horticu1ture, Vel1allikk~ra, 
Thrissur. 

1.2 Planting material 

The cassava hybrid H-1687 (Sree Vishakam), a 

semi branched medium tall variety often month 

duratioll was used for the study. Mature stem 

harvested and preserved in shade during the 

previolls season was cut to selts of 15 to 20 cm 

length from the middle pOltion oftlle stem and 

used for planting. 

1.3 Lllyout 

The experiment was laid out in randomized 

block design adopting a spacing of90 x 90 cm 

and a gross plot size of 5.4 x 5.4 m. The outer 

rows in each plot was considered as bo~der rows 

giving a net plot size of 4.5 x 4.5 m. The lay 

out of the experiment is given in Appendix 2. 

1.4 .. \'ea.wm 

The crop was planted during April 1994 and 

harvested during February 1995, ten months 

after planting. The data on the weather pa­

rameters during thc crop pcriod is givcn in 

Appendix I. 

1.5 Treatments 

The treatments included a no-fertilizer control , 

supply of N, P and K in the fonn of urea, 

diammonium phosphate and muriate of potash 

at the rate recommended by the Kerala Agricul­

tural University (100 kg N, 100 kg P20S and 

100 kg K20 per hectare) and treatments in 

which the requirements of K20 was substituted 

by Sul-Po-Mag to the extent of25 per cent, 50 

per cent and 100 per cent respcctively. N ,mel K 

were applied in three splits 1/3rd basal, 113rd 

two months aner planting and lOrd Ihree 
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monlhs :lOcr planling. Full dose of P was ap­

plied as basal. 

The treatment combinalions llsed were the 1(.)1-

lowing: 

--.--.--------.----.---.-----.--.•. ---.-.• --.. --..• -.---.-.... --.. --.-...•. ---- .. -.-.. -.-----.. -.-.--.-------.. - .... - ...... "'1 

SI.~rT~nt notations ! Treatment details . 

1 I~_---.---.--.-.---.-.-.- .. ·.=~~tr,:! ~_~!=~i.~~~~~L .• =~--.~·:~~~=·.~~~~:~:·-·~.~==:~-_] 
1

_-- Recommended dose ofN, P and K as urea, diammonium phosphate 
2 NPK(MOP) . 

1 and munate of potash 
i ------.--.. ------.-.. --..... ---.-.... --..... -.. --..... --.... -.-.•. -.---.-..... -..... --.- .... - .•. --.-.•. - .. ----....... 1 

[ - N ",d P as urea and drnmmonium phosphate Sul-Po-Mag to supply I 
1 00 per cent K20 requirement . . i 

!. ------:- Nand P as urea and di~~~;;ni~~~ph;~ph~t;'Sul-P;=Mag··to·' 
! 1 : 

4 I NPK (Y2 MOP + Y2 SPM) i supply 50 per cent K20 and the remaining 50 per cent K20 as 

; ! muriate of potash 

I ;--------.. -------, N and -P-~~·~re;-a_;;ddi;;;;;~i~-;;-ph;~ph;t-;,S~l~P-~~Mag· t~-\ 

~ .. -~.--! ::~~~~p+-: S:M) -I ~~t~i;~~~:~~;i;;~~;:~~;~~~;~i 
1 

. supplied by Treatment 3. 
i-----·-··~-·· .-.-... -.-.-... ---.--.-------~".----.--.--.--.- ... -... _.'._._ ,-....... --.< .. ,-.----.... ----.----.. --.--.-- --........... ~ -.. _ ..... _.-- . -............. -.---.-.. --.. -...... -.. -_ ..... -.- ... '._.- -.-_ ... -... -.-.. -. --.,-... ---- ---.... _ -....... ----'" .. --_ .. . 
I Recommended dose ofN, P and K as urea, diammonium phosphate 

.. 7 . NPK + % Mg and muriate of potash + MgO equivalent to that in Sul-Po-Mag 

supplied by Treatment 4. , 
I ~ ___ ._: _. ____ ... __ ._. __ .• _ ... _. __ ._._ .. _ .. _ ..•. __ . _ .... _ ...... _._ .......... _ ...... _ '"_ ..... _. .. . .' ..... ...... ...... .... .. , 

! I" : Recommended dose orN, P and K as urea, diammoniurn phospahle i 

. 8 NPK + 1/4 Mg ; and muriate of potash + MgO equivalent to that in Sul-Po-Mag 

: ; supplied by Treatment 5. 

--~--'-rK :----- - T:=::~ :::: :;~;:;~~~:Ld;::~:;u;~;:p:: i 
in Treatment 3. I 

. - I 

I 
Recommended dose ofN, P and K as urea, diammonium phosphate I 

10 I NPK + IA S 1 ~nd muriate of potash + sulphur equivalent to that in Sul-Po-Mag i 
! In Treatment 4. i 

I-~I . ---.----.. ---.. ----.-.-.--.-.. --.--.-... -.-.-.. --.--.. --.----, 
i

l 
Recommended dose ofN, P and K as urea, diammonium phosphate i 

.,i NPK + II, S 11 I'. and mllliate of potash + sulphur equivalent to that in Sul-Po-Mag 

----,----_. 
! 

12 . NPK+Mg+ S 

13 

I' ....... '" . 
I NPK + J/2 Mg + V2 S 

I------_~-------
14 i NPK + V. Mg + '/1 S 

I in Treatment 5. 

~em:::;:~::;:::~i~~~:~;::·~:~:::~~:,:;~~::~ 
) Po-Mag in Treatment 3. 

1'~ccol11n~~ndcd dose of nilr()gcl~ ph~sphorus potassiulll as tJrl:a, 

I dtammomum phosphate and munate of potash and MgO + sulphur 

___ ._l~~~ivalen~ that_~_~~~~~~a~_i~.~~=~l~~~t_~:__.. ._. _ ... __ .... _. .. 
Recommended dose of nitrogen phospholus pOlassium as urea, 

, diammoniurn phosphate and muriate of pol ash and MgO + sulphur 

equivalent to that in Sul-Po-Mag in Treatment 5. 
~.--.--.-.-----'--.--------"------" _____________ • ____________ - ________ - - - - - __ _ __ - - - r ______ _ 



The sources of MgO and sulphur in treatments 

six through fourteen were gypsum for sulphur . 

and magnesium carbonate for Mg. 

1.6 Field culture 

Cultural practices were done as per the package 

of practices recommended by the Kerala Agri­

cultural University (KAU, 1993). 

. The experimental area was ploughed twice and 

was divided into blocks. Plots of 5.4 m x 5.4 m 

were laid out and were separated by bunds of 

about 50 cm width and 25 cm height. After the 

application of the basal dose of fertilizers, three 

noded setts were planted vertically on the centre 

of mounds of 45 cm height taken 90 cm apart 

on either way. Top dressing of feltilizers was 

done according to the treatments ftxed, in bands 

taken around the middle of each mound. 

Sprouting of setts was satisfactory and gap 

ftlling was done ten days after planting. 

1. 7 Biometric observations 

Number of leaves, girth of stem and height of 

plant 

Five plants each in the net plot area were se­

lected for taking biometric observations and the 

average value was recorded. The number of 

fully opened leaves,girth at a uniform height of 

30 cm from ground level and height of th~ . 

tallest stem of each plant measured from the 

base of first sprout to the top of unopened bud 

were recorded at 2, 4, 6 and 10 months after 
planting. 

Dry matter production 

One representative plant of each plot from the 

net area was uprooted at 3 months and 6 months 

after planting and at harvest stage of the crop. 
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From each plant the laminae, petioles, stem and 

tubers were separated and weighed. Represen­

tative samples from each of the plant parts were 

taken, wiped with damp cloth to remove adher­

ing dust particles, and were dried in air oven at 

70°C till constant weights were recorded. From 

the dry weight of the samples, the total plant dry 

weight was computed. 

Tuber yield 

The total fresh weight of tubers of ftve repre­

sentative plants from each plot was recorded 

after harvest of the crop and the yield per plant 

was worked out. 

1.8 Uptake ofnutrients by the plant 

The uptakes of nutrients were computed ii-om 

the dry weight and nutrient concentration in the 

different plant parts. The total plant upt?.ke was 

then worked out. 

1.9 Quality attributes 

The hydrocyanic acid content of fresh tubers 

was estimated on the same day of harvest. The 

dried flesh was powdered and analysed for 

starch content. 

1.10 Soil analysis 

Soil samples were analysed for available nitro­

gen, phosphorus, potassium, calcium, magne­

sium and sulphur. Studies on soil properties 

were conducted before planting and after harvest 

of the crop. 

2. Soil Incubation study 

A laboratory· incubation study was taken up 

using two soils namely laterite (Vellanikkara) 

and alluvial (Kannara) to estimate the pattern of 

release of potassium, magnesium and sulphur in 



soil as influenced by the application orSul-po­

Mag. 

2.1 Treatments 

The treatments included in the study were 

Sl. Treatment Treahnent details 

no notations 

I To Control 

2 Ll 
Langbeinite to supply 50 

kg K20 ha-1 

3 L2 
Langbeinite to supply 

100 kg K20 ha- 1 

4 L) 
Langbeinite to supply 

150 kg K20 ha- 1 

5 Kl 
Muriate of potash to 

supply 50 kg K20 ha-1 

6 K2 
Muriate of potash to 

supply 100 kg K20 ha-1 

7 K3 
Muriate of potash to 

supply 150 kg K20 ha-1 

8 Mg1 
MgS04 equivalent to Mg 

in Lj 

9 Mg2 
MgS04 equivalent to Mg 

in L2 

10 Mg3 
MgS04 equivalent to Mg 

inL3 

Combination of treat-
11 Kj+Mg1 

ments Kl and Mg1 

12 K2 + Mg2 
Combination of treat-

ments K2 and Mg2 

Combination of treat-
13 K3+ M g3 

ments KJ and Mg.l 
__ .L... w ___ 

----~---------

2.2 Layout 

The experiment was laid out in the laboratory in 

completely randomized design with two soils 

(laterite and alluvial) and three replication. 
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The soils aner the addition of fertilizers as per 

the h'eatments were incubated for 90 days in 

plastic containers provided with an outlet for 

collecting the leachate. 

Soil and leachate were collected on the 1 st, 2nd, 

4th, 8th, 15th, 30th, 45th, GOth and 90th day 

after incubation. The soil and leachate were 

analysed for N, P, K, Cn., Mg and S. The phys­

icochemical properties of the soils used for the 

study were examined pIior to the application of 

the treatments. 

3. Pot culture experiment 

A pot culture expcIiment using two soils namely 

laterite (Vellanikkara) and alluvial (Kannara), 

four level.s of potassiuin, four levels of magne­

sium and four levels of Sul-Po-Mag was carried 

out with bhindi as the test crop to study the 

interaction between potassium and magnesium 

in soil and plant ,at different levels of these 

nutTients. N and P were supplied to all the 

treatments except absolute control according to 

the package of practices recolllmended by the 

Kerala Agricultural University. 

3.1 Planting material 

The bhindi variety Arka Anamika was used for 

the study. The seeds were soaked overnight 

before sowing. 

3.2 Season 

Sowing was done during July 1995. Harvesting 

of fruits was started dUling August and contin­

ued till October. 

3.3 Treatments 

Factorial combinations of four levels of potas­

sium and four levels of magnesium in addition 



to four levels of Sul-Po-Mag were applied to the 

pots. The treatment details are given below. 

Levels ofK 

Ko MOP to supply 0 kg K20 ha·1 

KI MOP to supply 15 kg K20 ha-1 

K2 MOP to supply 30 kg K20 ha-I 

K3 MOP to supply 45 kg K20 ha-1 

Levels ofMg 

Mgo 

Mgt 

Mg2 

Mg3 

MgS04 to supply 0 kg Mg ha-1 

MgS04 to supply 10 kg Mg ha-1 

MgS04 to supply 20 kg Mg ha-1 

MgS04 to supply 30 kg Mg ha- I 

The sixteen treatment combinations were 

1<0 Mgo KoMg1 KoMg2 KoMg3 

KJMgo K]Mg1 K 1 Mg2 K]Mg3 

K2Mgo K2Mg1 K2 Mg2 K2 Mg3 

K3 Mgo K3 Mgl K3 Mg2 K3 Mg] 

Equivalent to KoMgo 

Sul-Po-Mag to supply 15 kg K 20 ha- I 

Sul-Po-Mag to supply 30 kg K20 ha-1 

Sul-Po-Mag to supply 45 kg K20 ha-1 

Thus there were 21 treatments including an 

absolute control and a treatment receiving nitro­

get~ phosphorus,. potassium according to the 

package of practices recommended by the Ker­

ala Agricultural University. N and P were ap­

plied to all treatments except absolute control. 

3.4 Fertilizer application 

Split doses of fertilizers were applied according 

to the package of practices recommended by the 

Kerala Agricultural University (N:P:K 50:8:25 

kg ha- t
). Half dose of nitrogen, full PzO j , filll 

K20 and full MgO were given as basal and the 

26 

remaining half dose of nitrogen was given one 

month after planting. 

4. Analytical procedures 

4. J .\'oi/ 

Particle size distribution of the soil was deter­

mined by the intemational pipette method as 

outlined by Piper (1950). 

Chemical properties: The pH of soil water 

suspension (1 :2.5) 'was detennined using a pH 

meter. Electrical conductivity or the supematanl 

liquid of soil water suspension was read with the 

help of a conductivity bridge (Jackson, 1958). 

Organic carbon was estimated by the method of 

Walkley and Black (1934). 

Available nutrients: Available N was estimated 

by alkaline pennanganate method (Subbiall and 

J\sija, 1956). Available P was extractcd by Bray 

No.1 extractant (O.025N IICI I- O.03N NII.\F 

with a soil: solution ratio of 1: 1 0 and period of 

extraction 5 minutes) and the P content was 

detennined colorimetrically by the ascorbic acid 

reduced molybdophosphoric blue colour method 

in hydrochloric acid system (Watanabe and 

Olsen, 1965). 

Available K, Ca and Mg were deteImined from 

the neutral nonnal anunonium acetate extract of 

the soil. The K content of sa_;l;ples were deter­

mined using a flame photometer (Jackson, 

1958). Ca and Mg were detclmined by the 

versenate titration method (Hesse, 1971). 

Available S was extracted with Morgan's reagent 

(pH 4.5) and estimated turbidimetlically (Ches­

nin and Yien, 1951). Soil and Morgan's reagent 

(100 g sodiulll acetate and 30 1111 99.5 per cent 

acetic acid dissolved in 500 m! of water and 

made up to one Iiu'e) in the ratio 1: 10 were 



shaken for half an hour and the suspension was . 

filtered and S content in the aliquot of the ex­

tract was determined turbidimetrically. 

Cation exchange capacity was determined by 

neutral normal ammonium acetate method 

(Jackson, 1958). 

Total nutrients: Total N was estimated by Kjel­

dahl digestion and distillation method (Jackson, 

1958). Total P, K, Ca, Mg and S were deter­

milled from the nitric-perchloric acid digest. The 

soil was digested with nitric and perchloric acids 

in the ratio 2:1 and made up to a constant vol­

ume (Hesse, 1971). From the extract, P was 

determined by vanadomolybdate yellow colour 

method in nitric acid system (Jackson, 1958). 

The total K, Ca, Mg and S from the extract were 

determilled by analytical techniques described 

under available nutrients. 

4.2 Leach ate 

The collected leachate was analysed for N, P, K, 

Ca, Mg and S. Nitrogen content of the leachate 

was determined by macrokjeldahl distillation 

method (Bremner and Keeney, 1965). The water 

soluble P, K, Ca, Mg and S were determined by 

the analytical techniques described under avail­

able nutrients. 

4.3 Plant analysis 

Nitrogen in the H2S04 digested plant sample 

was estimated by the microkjeldahl method as 

described by Jackson (1958). For the estimation 

of other elements the plant samples were di­

gested with nitric-perchloric acid mixture 

(Wilde et al., 1972). P, K, Ca, Mg and S were 

estimated from this acid extract. 

P was estimated by the vanadomolybdate yellow 

colour method (Jackson, 1958), K by the flame 

27 

photometer method (Jackson, 1958), Ca and Mg 

by versenate titration method (Cheng and 

Bray, 1951) and sulphur by the method of 

Chesnin and Yien (1951). From the concentra­

tion of nutrients in different plant parts and the 

dry weight, the uptake of nutrients were com- . 

puted. 

4.4 Quality attributes 

Starch content of tubers was determined by 

titration of the sugar solution using ferricyanide 

ion in alkaline solution using methylene blue as 

indicator (Aminoff et al., 1970). 

The protein content of fruits was computed from 

the nitrogen content of plant sample determined 

by microkjeldhal method (Jackson, 1958) and 

multiplying with the factor 6.25 (Simpson et al., 

1965). 

Fibre content ofbhindi fruits was determined by 

AOAC method (AOAC, 1960). 

Hydrocyanic acid content of fresh tuber was 

determined by the m,ethod suggestedpy Indira 

and Sinha (1969). 

The ascorbic acid content of bhindi fruits was 

estimated titrimetrically (Gyorgy and Pearson, 

1967). 

4.5 Statistical analysis 

The results obtained were· statistically analysed 

using methods described by Snedecor and 

Cochran (1967). The data were analysed using 

the Duncan's Multiple Range Test, where the 

values coming under the same alphabet are 

statistically on par. 
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RESULTS AND DISCUSSION 

An investigation was conducted with three 

experiments to examine the dynamics of potas­

siUlIl, magnesium and sulphur in soil plant 

system, to evaluate the pattern of release of 

potassiUlIl, magnesium and sulphur in soil as 

PART I 

influenced by the application oflangbeinite and 

to assess the suitability oflangbeinite as a potas­

sium-cum-magnesium fertilizer using tapioca 

and bhindi as test crops. The salient results of 

this study are presented and discussed hereunder. 

SUIT ABILITY OF SUL-PO-MAG AS A POT ASSIUM-CUM-MAGNESmM 

FERTILIZER FOR TAPIOCA IN KERALA 

A field experiment was conducted at the In­

structional Farm, College of Horticulture, Vel­

lanikkara, Thrissur, using SuI-Po-Mag as a 

source of K20, MgO and S with tapioca as the 

test crop. The treatments included a no fertilizer 

control, supply. of nitrogen, phosphorus and 

potassium in the form of urea, diammonium 

phosphate and muriate of potash at the rate 

recommended by the Kerala Agricultural Uni­

versity (100 kg N, 100 kg P20 S and 100 kg K20 

ha-I) and treatments in which the requirement of 

K20 is substituted by SuI-Po-Mag to the extent 

of 25 per cent, 50 per cent and 100 per cent 

respectively. 

1. General characteristics of the soil selected 

for the study 

Data on the general characteristics of the soil 

selected for the study are presented in Table 1. 

The soil was sandy clay .loam in texture, non 

saline (EC = 0.59 dS m-I) and acidic (PH = 4.5). 

According to the fertility ratings followed by the 

soil testing laboratories in Kerala, this soil was 

low in organic carbon and high in available 

P and K contents. Thus the soil of the study area· 

was highly acidic in nature, with low cation 

.. exchange capacity (12.15 crnol (+) kg-I) and 

Table 1. General characteristics of the soil 
selected for the study 

~ct~ristics I l 
r----·---------·-----·-··----;---------' 
I Coarse sand % i. 28.25 I 

Fine sand % ----------r----l9.55l 

>-~~~:~.~~::::-=====r- ~~.~~ I 
pH I~ 

I Speci~: cond~_~~ance ~_ m-
l I ~ 

I Orgaruc carbon % I o.~ 
-----i~---·-

12. 15 1 . CEC cmol( +) kg-l 

1--._----

~ 
Total N % 

Total P % 7 

Total K % 0.16 

Total Ca % 0.20 

Total Mg % 0.07 

i Total S % I 0.04 i 
I Available N k~ ha- I I 220.80 I _____ 

I Available P kg ha-l I 24.60 
1------------------·------------·--·---ri-----
~vailable K kg ha- l 291.00 

Exchangeable Ca cmol(+)kg- l 2_90 

Exchangeable Mg cmol(+)kg- l j 1.60 
1------ i . 

l_!.vaila~le S kg ha-l I 14.00 

organic carbon content, typical of the laterite 

soils of Kerala. Since the cation exchange 

capacity of the area is generally low, the fertil­

izer use efficiency is also low and hence a sub-



stantial increase in fertilizer use efficiency is 

considered to be difficult in the area under study. 

The available nitrogen content of the soil was 

low corresponding to the low organic carbon 

content. The ratings for both available P and K 

were high probably since the soil has been put 

under continuous fertilization. 

2. Growth characteristics 

Studie-s on the growth characters of the crop 

were conducted and the results are presented in 

Tables 2, 3 and 4. 

1. Height of plant (Fable 2) 

A comparison of the plant height of different 

treatments showed that the treatment effects 

except the no fertilizer control failed to influence 

significantly the plant height at all stages except 

at the later stage where the treatment receiving 

100. per cent K20 as Sul-Po-Mag and the treat­

ment receiving muriate of potash + Mg + S 

equivalent to that in treatment five gave signifi­

cantly higher height of stem than the other treat­

ments. Thus during the initial stages of growth, 

the treatments receiving Sul-Po-Mag to the full 

and half requirement of K20 gave relatively 

:higher values for plant height than the treatments 

receiving muriate of potash, even though the 

differences were not to the extent of giving 

statistical significance. All the treatments except 

control was found to fall in one group without 

any significant difference tin six months after 

planting. 

When the crop attained four months duration, 

the treatments receiving Mg and S at the lowest 

level in addition to 100 per cent K20 as muriate 

of potash gave higher values for plant height 

than the Sul-Po-Mag treatments. Thus the pres­

ence ofMg or S failed to influence significantly 

29 

Table 2. Height of stem (cm) of cassava plant at 
different stages of growth 

i-1-----·---1-'---·---1---·-----1-
I Treat- ! 2 m.a.p. i 4 m.a.p. i 6 m.a.p. i harvest 
,mentsj " 
I i i i 

I 1 34.95B 
I 

B j 
115.20B I 125.50H I 51.85 1 I 

I 2 62.80A ! 
100.30

A I 188.90A 
I 200.4

BCD I 
r I 
i 

3 I 67.20A I 99.30
A I 204.30A 213.6AB I 

I I I 
I i I 4 76.45A 114.50A I 191.70A 203.5ABC I I I ----i 

r L-II ___ . 60.85A 83.70AB 193.50A 207. 1 ABC I 

~ 

I :, , 

63.50A 91.40A 171.60A r82.3 EFG 

61.25A 98.00A 198.60A 209.5 AB 

66.40A 100.70A 183. lOA 192.1DEF 

9 I 60.40A I 
87.25AB I 167.90AB 179.7FG -, I I 

59.80A I 94.60A 187.60A 200.2BCD i 
10 

I 
I 

11 64.70A I 95.20A 182.10A 194.3CDE 

12 r A I AB i 163.70AB 175.2G r 
I I 64.55 r 84.80 L 

i ,---'-1--'- , 
I 13 n.90A 109.70A 190.40A 204.5BCD 

~~--~---~~--~---~ 66.80A l02.80A 208.70A 217.8A 

the height of plant during the early stages but 

during the later stages,addition ofMg and Sat 

the lowest level along with muriate of potash 

was found to be as effective as the application of 

Sul-Po-Mag alone. 

2. Number of leaves (Fable 3) 

The number of leaves remained unaffected due 

to the application of the treatments during the 

initial stages of growth, except for the control 

plants. But when harvest approached, the leaf 

number was significantly higher for the treat­

ments receiving muriate of potash alone than 

that receiving Sul-Po-Mag. Hence the leaves 

retained on the plant at harvest stage was signifi­

cantly higher for the treatments receiving muri­

ate of potash. This was reflected in the yield 

also since the highest yield was recorded for 

the treatment receiving muriate of potash alone. 

Hence it can be inferred that when more num­

ber of leaves are retained in the plant, the 



tuber production is also increased. 

Table 3. Number ofleaves of cassava plant at 
different stages of growth 

I Treat-
ments I 2m.a.p. 4m.a.p.! 6m.a.p. I harvest I 

1 17.~ 54.5c 125.3c 41.2F I 
I 

2 27.8A 89.6A 236.5A 79.5A 

3 26.9AB 85.9AB 214.3A 68.2BCD 

4 27.7A 82.7AB 191.9AB 63.9cDE I 
5 22.4AB 73.2ABC 184.5AB 63.1CDE 

6 28.9A 74.5ABC 193.1 AB 
I 59.3E 

7 24.4AB 60.5BC 151.0BC 58.5E 

S 23.6AB 84.8AB 202.4AB 70.8BC 

9 23.4AB 76.1ABC 230.2A 74.5 AB 

LIO I 23.3AB 73.SABC 196.7AB 67.3BCD 
I 

I I I 11 2l.7AB Sl.2AB lS7.0AB 
67.0

BCD I 
'!67.7ABC 

i 

I 12 I 25.4AB 17S.4ABC i 61.3DE I 
I I 

13 30.lA 69.1ABC 196.7AB 67.SBCDE I 
14 25.0AB 79.7ABC IS4.4AB 63.4CDE 

. Mg application does not seem to influence 

significantly the leaf production in cassava 

except at the early vegetative stage. As growth 

advanced, the treatments receiving no Mg or Mg 

at low levels are found to give values for leaf 

number on par with the treatments which were 

given sufficient Mg. Thus Mg application 

affects leaf production only during the initial 

stages of growth. 

3. Girth a/stem (Fable 4) 

As with the case of the number ofleaves and the 

height of plant, the treatment effects failed to 

influence the girth of stem during the initial 

stages. Only the control treatment receiving no 

fertilizers gave statistically low values for stem 

30 

girth. During the later stages, though the treat­

ment receiving muriate of potash alone gave . - . 
higher values for stem girth it was on par with 

the 100 per cent Sul-Po-Mag treatment. 

Table 4. Girth of stem (em) of cassava plant 
at different stages of growth 

Treat­
ments 2m.a·p·1 4 m.a.p.1 6 m.a.p. harves~ 

i i 
I 3.31B ! 4.52B I 5.63D I 5.52E 

'If--2-~~-6~·8-5-A--+II--8.-2A--+--8-.-13-A--i 
r I 

3 I 5.53A I 5.83AB 
1 7.94AB 7.81AB I 

I 4 I 5.6A I 6.95A I 7.41 ABC 7.29
BCD I 

1--5-~--4-.9-5A-li--5-.5-6AB-+!-7-.1-~-C-+-7-.1-0CD~! 

I 
7.61ABC 

Is: 541A ! 607AB i 
~ I .SA i 5.&3~ , 

10 

12 7.08BC 7.00CD 

13 

14 5.49A I 6.61 AB 7.42ABC 

I 

Application of S as gypsum alone or along with , 

Mg at higher levels was found to depress the 

values of stem girth at all stages of growth. 

Thus the preselJ,ce of Mg along with gypsum is 

not able to counteract the negative effect of 

gypsum application on the girth of stem. But 

Mg application along wi~ muriate of potash is 

seen to increase the girth of stem when com­

pared to gypsum application. 

3. Dry matter production 

Data on the dry matter produced by the plant at 

different growth stages are presented in Table 5. 



TableS. Dry matter production and tuber 
yield of cassava (kg / plant) 

,r-rreat_ 

ments 

r 1 

I Dry matter production 
r----~ I 3 m.a.p. J~a.p. I harvest 

Tuber I 
yield I 

I 2 I l.370ABC 1.460CDEF 
I 

2.060A 

3 

4 1.l10ABC 2.6SSA I 1.985A 

I 
" I --

! 10 I 1.295BC 

, ·-1 

I 11 11.075:_~ 
i 12 i O.96oc -1 
i . I 

LI 70" 11. 7I "" 

1.76S
BC 

11.600
AB 

2.4ISB ! 

1.070F 1.41oB I 2.4S2B I 
r-----I 

I 2_63S AB I 1.610AB 
I ' 

1.47SAB I.S8SCD I I.S90AB 2.60S AB II 
f----+---+------~.---

13 

O,99S
c 1.49~CDE 1 __ l_.8_7_5AB_.l___2,62SAB I 

At all stages of growth, the Sul-Po-Mag treated 

plots gave higher dry matter production. During 

the initial stages of growth and at harvest stage, the 

dry matter produced by the treatments receiving 

muriate of potash did not vary significantly. But at 

six months after planting there was higher dry 

matter production for the Sul-Po-Mag treatment 

than the muriate of potash treatment. This may be 

due to the decreased stem height for the ptots 

receiving muriate of potash alone at that stage. The 

Sut-Po-Mag treatments and the Mg or gypsum 

applied treatments were able to withstand better the 

. temporary water logging which occurred just after 

the initial stage of growth. After this period the 

crop was able to recover and an increase in dry 

matter production was observed. As growth ad­

vanced the different treatments in general showed 
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an increasing trend for dry matter production. 

Though the dry matter production was com­

paratively low for the muriate of potash treat­

ment than the Sul-Po-Mag treatment, the 

treatment receiving muriate of potash alone 

gave higher values for yield of tuber. 

It is seen that gypsum addition decreases dry 

matter production while Mg addition increases 

dry matter production. This can be due to the 

Ca-Mg antagonism effect. In the presence of 

gypsum all levels ofMg gave lower dry mat­

ter production when compared to the treat­

ments receiving Mg without gypsum addition. 

'This suppressmg effect is not seen in the case 

ofSul-Po-Mag which does not contain Ca and 

hence the Ca-Mg antagonism effect does not 

operate when Sul-Po-Mag is applied. 

Correlation studies also showed that at all 

stages of growth, the dry matter production 

was positively and significantly correlated 

with tuber yield (r = 0.610*, 0.603* and 

0.942** respectively at the three stages of 

sampling). 

4. Tuber yield 

Yield of tuber was highest for the treatment 

receiving muriate of potash alone (Table 5). 

This was on par with the Sul-Po-Mag treat­

ment and the treatment receiving muriate of 

potash + Mg. The treatment receiving gypsum 

along with muriate of potash without Mg 

addition gave significantly lower yield when 

compared to the treatments receiving muriate 

of potash or muriate of potash + Mg. Appli­

cation of Mg at different levels along with 

muriate of potash al~o gave tuber yiel_d~ sta­

tistically on par with that of the muriate of 

potash and Sul-Po-Mag treatments. 



The higher yield for the muriate of potash treat­

ments corresponds to the higher leaf production 

by the plants receiving muriate of potash alone 

during the different stages. The rugher leaf 

production has contributed to the increased tuber 

yield for the treatment receiving muriate of 

potash alone. 

The lower yield recorded by the treatments 

receiving gypswn and gypswn + Mg (Fig. 1 ) 

when compared to those receiving muriate of 

potash, Sul-Po-Mag or muriate of potash + Mg 

treatments may be due to the Ca- Mg antagonism 

effect by which Ca suppresses the activity of 

Mg. 

There was no significant influence due to the 

addition ofMg over the muriate of potash tTeat­

ment but addition of gypswn along with Mg is 

found to decrease the yield of tuber. Yield 

responses to Mg fertilizers is related to both 

level of exchangeable soil Mg and to soil Mg / K 

ratio. At sufficient inherent soil Mg, yields were 

not affected by the increased application of Mg 

(Hossner and Doll, 1970). 

Thus it is inferred that the inherent Mg and S in 

soil would have been sufficient to retain the 

production of tuber. The presence ofMg and S 
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in Sul-Po-Mag did not influence tuber produc­

tion but the presence of gypSLUll with muriate of 

potash decreased tuber production probably 

beqlUse of the presence of Ca which induced a 

Ca-Mg antagonism effect. 

Correlation studies showed that tuber yield was 

positively correlated with dry matter production 

at all stages of growth (r = 0.942** at harvest 

stage). The nutrient uptake at all stages also 

showed positive correlation with yield. Signifi­

cant positive correlation existed between tuber 

yield and plant nutrient uptake. Thus N, P and K 

uptake showed significant positive correlation 

with yield at harvest stage (r = 0.799**,0.743** 

and 0.890** respectively). Uptake of Ca, Mg 

and S also gave significant positive correlation 

with yield (r = 0.748**, 0.818** and 0.797** 

respectively). 

5. Quality attributes 

Table 6 presents the influence of Sul-Po-Mag on 

the quality atb'ibutes of tubers at harvest stage. 

I. Starch 

The starch content of the tubers ranged from 

66.32 per cent to 72.71 per cent. There was no 



Plate 1: Cassava crop at active growth stage 

Plate 2: Cassava crop at harvest stage 



Plate 7: Muriate of Potash (100 % K) + 
S as in TJ 

Plate 8: Muriate of Potash (I 00 % K) + 
Mg+ S as in TJ 



significant difference in starch content among 

the Sul-Po-Mag treatments at different levels and 

the treatment receiving muriate of potash to .the 

extent of 100 per cent K20 requirement. But 

there was a significant increase in starch content 

for the different treatments over control. 

Application of gypsum at different levels gave 

significantly lower starch contents when com­

pared to the treatments receiving muriate of 

potash alone and those receiving SuI-Po-Mag or 

muriate of potash + Mg. Similar results were 

reported by Pushpadas et al. (1975), who stated 

that Mg application increased starch contents. 

Korah et al. (1988) and Ngongi et al. (1977) 

also had reported that at harvest stage, available 

S had significant negative effect on the starch 

content of cassava tubers. 

Table 6. Quality attributes of cassava tuber at 

harvest stage 

~~~T~~:=-l--~~~ 
__ 2_' _J __ !L82SAB~ _______ _2~_~_.6S~ _______ _ 

3 71.97SABC 13S.8SB 

4 
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9 

10 

72.11SAB 

71. 13SBCD 

70.970BCD 

71.3SSBCD 

70.100D 

70.S60CD 

136.0013 

138.60A 

137.8AB 

138.S0A 

11 71.12SBCD 137.6SAB 
I 

---------. ------------------L--.-----c------,' 
12 71.110BCD I 138.2SA , 

_. __ .. ____ . ___ . _________ . ________ . __________ . ______ .. _ ..... __ . __ . __ . ____ ._. ______ J 
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Couelation studies showed that a significant 

positive couelation (r = 0.698**) existed be­

tween yield and starch content of cassava tubers. 

The dly matter production at the three stages of 

growth and the starch content were also posi­

tively con-elated (r = 0.559*, 0.601* and 

0.764** respectively). 

2.Hydrocyanic acid 

The hydrocyanic acid content was highest for the 

control plots receiving no fertilizer. It is seen 

that with fertilization there was a reduction in 

hydrocyanic acid content, though the effect was 

not significant. But hydrocyanic acid content of 

tubers in plots treated with 100 per cent and 50 

per cent Su1-Po-Mag recorded lower values than 

the plots treated with muriate of potash. Appli­

cation of magnesium did not influence the hy­

drocyanic acid content while gypsum application 

increased the hydrocyanic acid content. This 

may be due to the reason that with fertilization 

the total dry matter and yield increased and 

hence there could be a dilution of hydrocyanic 

acid content. This justifies the reduced hydrocy­

anic acid content for the treatments receiving 

mmiate of potash, SuI-Po-Mag and muriate of 

potash + Mg. Control plots gave the highest 

value for hydrocyanic acid content. The reduc­

tion of hydrocyanic acid content due to potas­

sium application may be due to the fact that 

potassimn is a cofactor for a' number of enzy­

matic reactions in carbohydrate metabolism, 

particularly the polymerisation of glucose to 

starch (Evans and Sorger, 1966). Since glucose 

would be required for the synthesis of cyanoglu­

cosides, its diversion to starch synthesis might 

result in the reduction of cyanoglucoside synthe­

SIS. 

A negative correlation existed between the 

hydrocyanic acid contcnt of tubers at harvcst 



stage with tuber yield (r = '0.611 *), and dry 

matter production of plants at the three stages of 

growth (r = '0.398, '0.633* and -0.633* respec­

tively). The starch content of tubers and the 

uptake values for nitrogen, phosphorus, potas­

sium, calcium, magnesium and sulphur also 

showed a negative correlation with the tuber 

hydrocyanic acid content. It is also seen that the 

, exchangeable Ca of soil at harvest stage had 

positive correlation with the hydrocyanic acid 

content of tubers (r::::: 0.495). But available N, P, 

K, exchangeable Mg and available S of soil at 

harvest showed negative correlation with the 

hydrocyanic acid content (r = '0.232, '0.177, . 

0.310, '0.571 * and -0.445 respectively). The 

results are in line with the observation of Korah 

et al. (1988) who reported that available sulphur 

has negative correlation with hydrocyanic acid 

content. 

6. Uptake of nutrients 

I.Nitrogen (Table 7) 

Nitrogen was taken up in significantly higher 

quantities by the treatment receiving Su1-Po-Mag 

to the full requirement of K20. The muriate of 

potash treated plants gave lower N uptake values 

than the SuI-Po-Mag treated ones but this was 

significant at the initial. stages only. Similar 

observations were made by Loue' (1985) who 

repoT!ed that application of K2S04 significantly 

increased the N uptake by plants when compared 

to the KCI applied ones. In the presence ofKCl, 

at low Mg levels, uptake of N was not signifi­

cantly affected. But higher Mg levels in combi­

nation with KCl further decreased the N uptake. 

Similar results were obtained by Kumar et al. 

(1981) who reported that the uptake of N in­

creased at low Mg and decreased at high Mg 

application rates. 

When K was applied as Sul-Po-Mag, the N 
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uptake values showed a significant increase 

during the initial stages. But during the harvest 

stage, there was no significant difference in N 

uptake between the Sul-Po-Mag and muriate of 

potash treatments. Application of gypsum de­

creased N uptake. This was reflected in the 

tuber yield also where the muriate of potash and 

Sul-Po-Mag treatments gave higher and compa­

rable yields than the treatments receiving gyp­

sum + muriate of potash. 

Sulphur deficiency has been reported to result in 

poor utilization of N and a consequent increase 

in total N content (Lund and Murdock, 1978). 

But in this study, since the treatment two re­

ceiving muriate of potash alone gave the highest 

yield which was on par with the treatment re­

ceiving Su1-Po~Mag, it ~an be inferred that the 

inherent S content of the soil used for the study 

was sufficient to bring about a high yield for 

cassava and hence a deficiency of S was not felt 

so as to result in an impaired N metabolism. 

Correlation studies show that the nitrogen uptake 

by the plant was positively correlated with yield 

at the three stages of growth (r = 0.592*, 0.510 

and 0.799** respectively). 

2.Phosphorns (Table 7) 

The Sul-Po-Mag applied plots gave significantly 

higher values for phosphorus uptake when com­

pared to the muriate of potash applied ones 

during the initial stages of growth but at harvest 

stage there was no significant di~erence between 

the Sul-Po-Mag and muriate of potash treat­

ments. Thus there was an increase in P uptake 

when magnesium was in combination with 

K2S04. Due to the greater solubilization ofP and 

the carrier effect on P, Mg application increases 

P availability (Jacob, 1958). A decrease in P 

uptake at higher rates of Mg application was also 
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Table 7. Uptake of nitrogen, phosphorus and potassium by cassava (g / pI) 

Treat- I Nitrogen J Phosphorus ! Potassium I 
ments I 1 I harvest' ,t I 1 -----1 i ! I I 3 m.a.p. I 6 m.a.p. 3 m.a.p. I 6 m.a.p. I harvest , 3 m.a.p. I 6 m.a.p. i harvest i 

1---1 ----1!--4-.6-4-D -+ it -3-S-.3-S-A --11--
4
-.
6
-
20--+1 -0.-70-9-=-D-i 0.S3~F-I--~~44E --r--~-.-O-l c- I-S-.9-7F-r-S-.0-OD-, 

2 lS.6SBC i 13.00CDEF 17.SSABC 3.S0SBC 2.84Sc I 3.375A I 20.33AB J 20.08D I 22.24AB 1 

3 19 SlAB A A 4000B lAB! 2463A i 29.79AB i 2S.63A 
II . 20.11 3.77S . I 3.10S i . t t 

4 17.4SBC 22.89
A 

17.S1ABc
! 3.S6SAB I S.S60A i 1.660DE I 18.74AB i 3426A I 2136ABC 

!' 

S 16.4S
BC 

14.S7CD I lS.638CD I. 2.S90BC ! 5.92SA i 2.490ABCD I IS.S78 I 28.~OAB i 2;.63AB i 
6 + 12.46~ 12.74CDEF \ 13.71 DE I 2.13Sc I 2.83Sc I 2.800ABC \ 13.04B l__ 27.36BC ! 20.58ABC 

1 

1--;---1 msBC ,- 10.lOEFO 14.6SCDE 2.917ABC 1.48SDEF I 2.2SSBCDI~;- I 16.S9DE i 17.6~ 
8 I 12.94c I 8.S2° 11.31

EF 
2. 160

c 
1.71SDE 1.980

CD L~.:99B '. 16.34D~1_~8.64BC~ 
9 16.8SBC I 12.81CDEF 12.30DEF 2.910ABC 3.0SSBC 2.6S0ABCD I 18.1s:=! 20.60D 

1 19.51ABC I 
10 18.1~ 13.47

CDE I 12.23EF 2.48SBC I 2.46SCD 2.390ABCD I 17.42AB I 21.83CD , 16.24BC I 
11 '16.S2BC 

I 8.82FG I 9.04F 2. 100c 1.12SEF I 1.680DE i 13.30B I ~14EF I~ 
I I! +- I~l 

~_ 16.33
BC 

11.2S
DEFO 

14.24CDE 2.060c .910EF 1_ 2.170~~_~_~~~.76E 1 1S.10
BC I 

13 22.24~ 16.02°C 14.1300 2.555°C 1.69500 --j "'::12o:""j_2.~--l--,!,82~ 18.14
oc_j 

! 14 14.S0BC I 16.1S
BC i 18.0SAB ! l.79Sc ! 2.440CD I 2.48SABCD I 14.00B I 16.91DE ! 20.91ABC I 

reported by Kumar et al. (1981). 

Addition of gypsum or Mg to muriate of potash 

decreased P uptake. It is seen that though the 

values for available P was high for the plots 

receiving both Mg and gypsum along with 

muriate of potash there was a corresponding 

decrease in P uptake values for these treatments. 

Correlation studies also show significant posi-

tive relation between P uptake at the three stages 

and tuber yield (r = 0.650**,0.493 and 0.743** 

respectively). 

3.Potassium (Table 7) 

The muriate of potash treated plants generally 

did not show significant difference in K uptake 

from the Sul-Po-Mag treated plants at different 

stages of growth but the values were lower for 

the muriate of potash_treatment (Fig.2). Addi­

tion ofMg + muriate of potash did not influence 

the uptake ofK by the plant. This is reflected in 

the yield also since Mg,application gave ~~mpa­

rable yields witli. the muriate of potash applied 

treatments. Sulphur application as gypsum also 

gave significantly lower K uptake values. This 

may be due to the inhibition of K uptake by the 

added Ca as gypsum (Fageria, 1983 and Sudhir 

.et al., 1987). Tuber yield and K uptake at the 

three stages were positively and significantly 

correlated (r = 0.690**, 0:648** and 0.890** 

respectively). 

4.Calcium (Fable 8) 

During the initial stages, Ca uptake was higher 

for the SuI-Po-Mag treatment, which also gave 

higher values for K uptake. But when crop 

growth advanced Ca uptake values increased for 

the treatments receiving muriate of potash alone 

and hence the addition ofMg or S decreased Ca 
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Fig.2 Uptake of potassium by cassava plant (g I pi) 

C 10 
CIJ 
0.. .._ 
OJ 

o 
3 6 10 

Months after planting 

...• Muriate of potash 0 Sul-Po-Mag IlIi1I Muriate of Potash + Sul-Po-Mag 

Fig.3 Uptake of magnesium by cassava plant (g/pl) 
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Table 8. Uptake of calcium, magnesium and sulphur by cassava (g / pI) 

~:~ I! 3 II C
6

alciurn I " 3 il. Magnesi~ ! I Sulphur I II 
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uptake. This is because of the existence of Ca­

Mg antagonism. 

Either gypsum or Mg application with muriate of 

potash did not increase Ca uptake but Mg at 

higher levels along with KCI significantly de­

creased uptake. Similar results were obtained by 

Kumar et al. (1981) who reported that the uptake 

of Ca increased at low Mg levels and decreased 

at high Mg levels. The antagonistic effect of Mg 

on Ca uptake was apparent only when the abso­

lute amounts ofK and Ca were low (Anantha­

narayana and Rao, 1979). Uptake values of Ca 

for the muriate of potash treatment was lower 

than the Sul-Po-Mag 100 and 50 per cent treat­

ments but no significant difference was ob­

sP!Ved. The uptake of Ca at the three growth 

stages was positively and significantly correlated 

with yield (r = 0.700**, 0.589* and 0.748** 

respectively). 

2.211ABC I 

5.Magnesium (Table 8) 

Uptake of magnesium increased during the 

active growth period of the cassava plant and 

thereafter showed a decrease when the harvest 

stage approached. The increased vegetative 

growth during the initial stages and the increased 

leaf fall during the later stages might have re­

sulted in this pattern of uptake values. This is 

evidenced by the positive correlation obtained 

between dry matter production and Mg uptake at 

different stages (Table 11.2). The uptake values 

for the muriate of potash treatment remained low 

throughout the growth period (Fig.3) when 

compared to the Stil-Po-Mag and muriate of 

potash + Sul-Po-Mag treatments. Generally the 

plants treated with Sul-Po-Mag gave higher Mg 

uptake values than those treated with muriate of 

potash. The uptake values were significantly 

higher for the Sul-Po-Mag treatments during the 
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Fig. 4 Uptake of sulphur by cassava plant (g/pl) 

initial stages. During the later stages, though the 

Sul-Po-Mag treatment gave higher values for Mg 

uptake, there was no significant difference. Mg 

uptake was also higher for the highest level of 

Mg applied along with KCl. Loue' (1985) have 

reported that KCI treatment results in signifi­

cantly higher Mg uptake values without Mg 

addition when compared to the K2S04 treatment. 

In this study, since langbeinite contains MgS04 

in addition to K2S04, this effect is compensated. 

All the Sul-Po-Mag treatments gave higher Mg 

uptake values than the muriate of potash treat­

ment but when muriate of potash was applied 

along with Mg and gypsum, lower Mg uptake 

values were observed except for the treatment 

receiving the highest level of Mg along with 

muriate of potash. Here, addition of gypsum did 

not increase Mg uptake but actually decreased it. 

This may be because of the antagonism existing 

between Ca and Mg (Fageria, 1983). Uptake of 

Mg is not increased by the addition of gypsum. 

This may be due to the presence of Ca which 

might have decreased the movement ofMg from 

root to shoot. The uptake is also found to be a 

function of dry matter production. Mg uptake at 

the three stages were positively and significantly 

correlated with yield (r = 0.597*, 0.629* and 

0.818** respectively) 

6.Sulphur (Fable 8) 

Uptake of S was generally lower for the muriate 

of potash treatment when compared to the S ul­

Po-Mag applied ones (Fig.4) Application of Sul­

Po-Mag and gypsum at the highest level gave 

significantly higher S uptake values. Treatments 

receiving Mg and gypsum in addition to KCl 

gave S uptake values statistically on par with the 

plots receiving muriate of potash alone. It can 

be seen that in the presence of K2S04, increasing 

Mg gave sigillficantly higher. S uptake values. S 

uptake was statistically higher for the gypsum 

applied plots during the initial stages. But dm­

ing tlle harvest stage, there was a reduction in 

sulphm uptake for the gypsum applied plots. 

This may be due to a reduction in dry malleI' 

production because of increased leaf fall and the 

unaccountability of their higher S contents. A 

positive correlation existed between the dry 

matter production and S uptake values at all 

stages of growth (Table J 1.2). S is absorbed 



more during the early growth period. The sul­

phur requirement decreases with age probably 

because at the later stage, the slow growth rate of 

the plant allows more translocation of S from the 

older tissues to the meristem, thus permitting 

more efficient utilization of indigenous S for 

plant growth (Singh and Chibba, 1987). 

There is an initial decrease in sulphur uptake by 

the plants for all treatments. This may be due to 

the high rainfall that occurred during that growth 

period which resulted in leaching of the sulphate 

anion beyond the root zone. As plant growth 

advanced more sulphur could be absorbed since 

the plants could utilize much of the lost sulphur. 

It is also seen that sulphur uptake at the three 

growth stages showed significant positive corre­

lation with tuber yield (r = 0.470, 0.521 * and 

0.797** respectively). 

7. Soil available nutrients 

Data on the available nutrient content of soil at 

harvest stage is presented in Table 9. 

I. Nitrogen 

At harvest stage, the different treatments did not 

influence the N content of soil except for the 

treatment receiving Mg at the highest dose along 

with muriate of potash and control, where the 

available N content was significantly low. But 

the presence of Mg in Sul-Po-Mag did not 

decrease the N availability at harvest stage 

significantly though N was highest for the treat­

ment receiving muriate of potash alone. 

The treatments receiving Sul-Po-Mag and those 

receiving gypsum / gypsum + Mg along with 

muriate of potash gave available N values statis­

tically on par with each other. When Mg was 

appli~d at different levels along with muriate of 

potash, significantly lower available N content 
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was recorded than the h'eatment receiving muri­

ate of potash alone. Similar observation w¥ 
made by Kumar et al. (1981) who reported that 

the uptake of N increased at low Mg and de~ 

creased as Mg addition increased. 

2. Phosphorus 

Available phosphorus was significantly lower for 

the plots receiving Sul-Po-Mag, muriate of 

potash and Mg than those receiving gypsum / 

gypsum + Mg along with muriate of potash. 

Thus the application of Mg nnd gypsum in­

creased the availability of soil P and tllis was 

more pronounced when Mg and gypsum were in 

combination with muriate of potash when com­

pared to muriate of potash + Mg or Sul-Po-Mag. 

Thus Mg application along with muriate of 

potash or as Sul-Po-Mag gave significantly low 

available P content. But Mg and gypsum in 

combination increased significantly the P avail­

ability over the other treahnents. Hence the 

application of Mg alone along with muriate of 

potash could not increase P availability but when 

gypsum was in combination with Mg, the P 

availability increased. Sulphur in Sul-Po-Mag 

also could not increase the P availability signifi­

cantly over the mUIiate of potash treahnent. 

Similar results were obtained by Kumar et al. 

(1981) who found that at low Mg application 

rates, the uptake of P was not affected and 

at high Mg levels, there was a decrease in avail­

able P. 

3. Potassium 

Application of higher doses of Mg or gypsmTI 

along with muriate of potash gave increased 

available K content of soil at harvest. But 

h'eahnents receiving 100 per cent muriate of 

potash or Sul-Po-Mag gave significantly low 

available K contents. The K uptake values for 
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Table 9. Available nutrient content in soil at harvest stage of cassava 

I T'eattnents I Available P I Available K I \ 
,-

j Available N Exch. Ca Exch.Mg ! Available S I 1 I 
(kg ha-1

) 1 
j 

crnol (+) kg-1 crnol (+) kg"l (kg ha-1
) i (kgha-1

), (kg ha-1
) I I , I 

I I 182.300c I 15.700H 134.40F I 2.50AB ! 1. 47BCDE 
I 13.385E l I I i 

I 2 244.850A 47.500FG I 
231.84DE 2.39 BC I 1.31E I 

18.150E I 
! I I I 

-l ! I 

3 i 226.350AB 58.500EFG ! 
225.12E I 2.36 BC i 2.13A ! 53.05A I I 

I 

I-
I 

- . 

4 227.900AB 62.250DEF 276.64BC I 2.33 C 1.96ABCD 48.75AB I 
5 243.30A 55.200EFG 246.40CDE 2.38 BC 

I 
1.73ABCDE 45.05B 

1 I 

203.2SBC 67.500DE 355.04A 
I I 

6 2.40AB 2.1AB 19.00E I 

I 
I I 

---:..,_____j I I 

I I I 

I 7 I 210.95ABC 57.250EFG I 272. 16BCD 2.43 A13 1. 97ABC ! 18.50E 
I 

I 

I I - ! 

8 212.lOABC 
I 

43.500G 249.76cDE ! 
19.00E 

\ i 
I 

I 2.37
BC I 1. 77

ABCDE 

I I 
~ _____ . ___ ! ________ L_ 

.. _\ 
9 230.90AB 48.500FG 296.80B 2.82 A I 1. 32DE I 34.45c 

10 231.00 AB I B 93.500 \ 351.68 A I 2.73 AB i 01.49 ABCD D 27.00 

11 232.00AB 76.000CO 211.68E 2.67 AB 1. 46cDE 32.40CD 

I 
12 217.15AB 131.000A 240.80CDE 2.76 AB ! 

-----1 
1. 99ABC 34.00CD 

I 13 I 223.3~ 98.500B 254.24cDE 2.67 AB ! 1.86ABCDE 30.50CD 
i -j---(--- i"-------

! 14 i 221.75 i 88.500BC 250.88cDE 2.61 AB , 
1. 68ABCDE I 28.25cD 

these treatments were high throughout the 

growth period though the available K at harvest 

was low. Since the uptake values for the Mg and 

gypsum applied plots were low compared to the 

muriate of potash and Sul-Po-Mag applied ones, 

it could be inferred that the high content of 

available K at harvest stage for these treatments 

may be due to the reduced uptake. A synergistic 

interaction between K and Mg was also obtained 

Lj Fageria (1983) and Narwal et al.(1985). 

4. Calcium 

High Ca values of soil were recorded by the 

treatments receiving gypswn. With incremental 

additions of gypsum, there was an increase in 

exchangeable Ca level, but significantly lower 

values were recorded for the treatments receiving 

Mg when compared to the treatments receiving 

gypsum at higher levels. When Mg was supple-

mented with calcium (as gypsum), this antago­

nism was overcome to some extent. The 

treatments recei-vrng muriate of potash also gave 

significantly lower Ca levels. The Ca availabil­

ity decreased· with Mg addition because the 

higher solution concentration ofMg suppresses 

the Ca activity in soil. Similar results were 

obtained by Grimme et al. (1977) and Ohno and 

Grunes (1985). Antagonistic effect of Ca and 

Mg were also observed by Myers et al. (1988), 

Phillips et al.(1988) and Varughese (1992). 

5. Magnesium 

Exchangeable Mg was found to increase with 

Mg addition with no difference among sources. 

Similar results were obtained by Hossner and 

Doll (1970) and Ananthanarayana and Rao 

(1979). The treatments re~eiving the highest 

amount of Mg gave the highest values for Mg 

I 
I 

I 



availability of soil. Application of gypsum along 

with K at all doses increased Ca in soil while its 

application at all levels decreased Mg ill soil. 

. This may be due to the existence of Ca-Mg 

antagonism. This antagonism was apparent only 

when the absolute amounts ofMg was low, i.e., 

wh(m no Mg was applied. 

Thus the addition of Ca as gypsum r~sulted only 

. in an increase in the Ca content of the soil but 

did not appreciably increase the Mg availability 

of soil and therefore was of little value in mak­

ing Mg available to the plant, since no signifi­

cant increase in available Mg was observed 

between treatment two (100 per cent K20 as 

MOP) and the treatments receiving gypsum. 

Ananthanarayana and Rao (1979) also reported 

an increase in Mg availability by Mg addition. 
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6. Sulphur 

Available sulphur also increased with increase in 

sulphur application as Sul-Po-Mag or gypsum . 

Plants receiving muriate of potash and muriate 

of potash + Mg gave significantly low available 

S values than those receiving Sul-Po-Mag or 

gypsum. This is in contrast to the observation of 

Ananthanarayana and Rao (1979) who reported 

that magnesimn addition increases the available 

S contents. Plots receiving muriate of potash 

gave still lower S content which was on par 

statistically with the control plots. 

Correlation studies showed that positive relation 

existed between available nutrient contents of 

soils at harvest stage and the tuber yield but there 

was no significance (Table 11.1). 

Table 10. Total nutrient content in soil at harvest stage of cassava (ppm) 

,5::;--' -NitrOge~---rphO-;~h~-;r'-P~~;SSiU;;;---TJ --c-~lci~~'--""'['" 'M~;~~;i~';;:- '''r-S~iph~~-''-' 

I .
. -----.--.---.--- . __ . ____ . ____ ._L _____ c_. 

1 1765A i· 695 A 1605A
: 1965B 660B 415D I 

I 2 1845A 735A I 1650A 2065AB 660B 465BCD ' I L____ . ___ _ 

I 3 I 1820A : 765 A i 1655A 2150/\B ·-·740/\-.. ----·--525/\3 .. -\ 
. -. -----1-.------_._--------_._ .. _ .. _._-_ ... _----_ .. _----_. __ .. - ... ---.--... -----____ .. __ .. ____ ... ___ ... _ ....... _ .. __ ... --... -.... -... ---.---.--.. --1 
~. I 1860/\ '730/\ 1645/\ 2145/\B ~ __ . 725 M

) 500AllC I 
I 5 1890A 735A 1625A 2145AB 7l0AB 483 ABC i 

6 I 1880A 725/\ I 1635/\ 2130/\B 735/\ 440CD I i---.------+-------. -.-.---------~ --------.-----.-----: · .. ·--· ...... ----.. -·-·-------~ .. -·------.. l 
I 7 i 1805A 

: 740A i 1645A . 2120AB i 715 AB
... 470ABCD I 

.,------,------......,.-----~.--- .. _------------1 
8 1830A 730/\ 161S/\ 211S/\B 705 AB 440CD 

I I .. _--;-------------------------, 
9 2217/\ I 665B 525/\B' 

14 --- --"-. ------.---..... - .. --.-----.. ~ .. --.-.---------..... -.-.--.-.. - ............... _ ......... --_ ............................ _. -----... __ ....... _-_ ... _ .. 



8. Total nutrients 

The data on the total nutrient content of soil at 

harvest stage is presented in Table 10. Total N, 

P and K in soil did not show significant differ­

ence among the treatments. But total Mg was 

significantly higher for the treatments receiving 

Sul-Po-Mag or Mg. The treatments receiving the 

highest level ofMg (3,6 and 12) gave total Mg 

values significantly higher than the treatments 

receiving muriate of potash and those receiving 

gypsum without Mg. Thus the application of 

gypsum decreased significantly the total Mg of 

42 

soil. This can be due-to the action of-Ca-Mg 

antagonism effect by which Ca might have 

replaced Mg from the soil. The leaching of the 

displaced Mg must have led to comparatively 

low Mg values for the gypsum applied plots. 

Though the treatments receiving Sul-Po-Mag and 

those receiving gypsum gave total S contents 

higher than the muriate of potash and Mg treat­

ments, it was seen that signlficant difference did 

not generally exist. The treatment receiving no 

fertilizers (control) recorded significantly lower 

total S than all other treatments. 

Table 11.1 Correlation matrix showing interrelationships among various plant 
characteristics and soil nutrient contents 

Charact­
eristics 

, DMP-lmap 
I 

I I DMP-2map 0.596* 

Avail- Avail-
ableK 

~~~-3~a._p-t-_0_.6_10_*.--t._0_.7_0_5*_* J 1.000 

I Yield I 0,610* 0.603* I 0.942** 
--I---r-----I-----l-----+-----r--------j 

1.000 . I 

~N 
! 

I 0437 i 0455 I 0476 Aval. I i I I t-- I : i +- I j-__....j_ 
! I 

10.103 
I I I ! AvaiL P 0.086 I 0.097 I 0.007 
10.194 11.000 I I ! I i I 

I Avail. K 
I I I I 
I 

I 0.479 1 0.200 0.313 . I 1.000 0.347 I 0.488 0.346 --

I 0474 i 1000 

Exch. Ca -0.119 ·0,271 -0.310 -OA03 0.052 0,519* 0.112 1.000 

Exch. Mg 0.225 0.388 0.323 0.351 -0.231 0.266 0.213 -0.414 1.000 

Avail. S 0.433 0.690** 0.437 0.394 0.485 0.195 10.044 -0.015 0.330 1.000 I 

* Significant at 5 % level ** Significant at 1 % level 
m.a.p. - months after planting 

DMP - Dry Matter Production 
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PART II 

PATTERN OF RELEASE OF K, Mg AND S IN SOIL 

AS INFLUENCED BY SUL-PO-MAG 

In this experiment, two soil types of Kerala, 

namely alluvial and laterite were incubated 

under submerged conditions for a period of 90 

days, after the addition of three levels of Sul­

Po-Mag and three levels of muriate of potash 

-to supply 50, 100 and 150 kg K20 ha-I
, three 

levels of MgS04 to supply Mg equivalent to 

that supplied by the Sul-Po-Mag treatments, 

and applications of K and Mg as muriate of 

potash and MgS04 equivalent to a combina­

tion of the K and Mg treatments. Soil sam­

ples and leachate were drawn on the 1 st, 2nd, 

4th 8th, 15th, 30th, 45th, 60th and 90th day 

after incubation for studying the pattern of 

release of K, Mg, S and other macro nutrients. 

1. General characteristics 0/ the soils se­

lected/or the study 

Two soil types of Kerala, namely the alluvium 

from Kannara, and the laterite from the In­

stTUctional fann Vellanikkara, Thrissur distTict 

were made use of for the incubation study. 

The data on the general characteristics of the 

two soils are presented in Table 12. 

The laterite soil was sandy clay loam in tex­

ture, non saline (EC = 0.64 dS m-I) and less 

acidic (PH = 4.6) than the alluvial soil. Ac­

cording to the fertility ratings followed in the 

soil testing laboratories in Kerala, the soil was 

high in organic carbon, medium in available P 

and K. It contained- 1.61 c mol (+) kg -I ex­

changeable Mg and 47:05 kg ha -I available S. 

The alluvial soil was sandy clay in texture and 

acidic (pH = 4.9). The soil was high in 

organic carbon, medium in available P and K. 

This soil contained 2.92 c mol (+) kg-] ex­

changeable Mg and 44 kg ha- l available S. 

Table 12. General characteristics of the soils 

selected for the incubation study 

_~~E~~~si~~~~-~~~_~ ••• : _______ ~ __ :=~_I-_~~_~~~~~!_~ ~~_~~~~t-e _ i 
- Coarse sand (%) I 17.06 29.35 i 
--F-i~e s;~d-(%5----------- --9~25------ --i8-~65----1 

-~:~~1~~~~~)-~~=~~=_~~~:~-~:~_-~~_-_~-_~_:~ _-_E~.~~:!-_==~. ---_2.E:~~_~_.~.~ I 
__ ~!~r_~L _________________________ ----I--~?:?!----- ---~?~~-- __ I 
pH 4.90 I 4.60 I 

.--.---.. ---.. ----.... --.. -.-... -----.-_ ... , ... ~ ......... -,. __ . __ ....... _ ......... _ ........... _ ....... _ ...... __ ..... _ ... _ ._ ... _._ .. _._.- -_ .. _ .. ,. -- ~ 

Specific conductance I 0_64 I 0.52 I 
(dS mol) I! 

------------------------------------------.-------.- --------------- ---------I--------------------j 
Organi c carbon (%) 1.62 I 1.12 i 

--------~-----.-----------.-.---------------------------------------.---. --_.--.---.-- .------------.-.----- - ·_-----_·_·_--------------------1 
Catton exchange ca- 6.40 9_38 I 

pacity (c mol (+) kg-I) i 

~ 
TotclN(%)-----------I-O:-i-44--- --6:-185---1 

-_.-.. _ .... -..... - .. -... _ ... : ......................... -.•. _ ........ -..... -................. _ .................... - .... - .. -.... --.-.- --... -.•. --.... -.--.-, ·_ .. _·_· .... ·1 

_!~~~~_P (~~L __________________ _9.:?2~ _______ ~_:~2~ ____ ~ 
. Total K (%) 0.091 1.58 i 

-!~t~i-~~--_(%.)--···-----------_-~---~~~~~ =~ •.•.. ??~7-- ---I 
Total Mg (%) 0_105 0.107 

------------.------- ------ ------------------------------------- ----------------- ------- -------- .--- ------------ -----------------. -------- -I 

--!~~~~.~---~~L------··--·-----t-·---------_?-:?~-!··-·- ~-:?-~~-----·I 
AvailableN(kgha-) 368_10 351.30 I 

_._---------------------------------------]-._-_.------------- --------.-._--------- ------ ---- -------------
Available P (kg ha- ) 11.27 20.88 

------------- ----------------------------------------1------------------. ----,,--- ------------------- ---- -------------------- I 

Available K (kg ha- ) 128_8 .. 200.48 I 
------------------------------------------------ ------------------- ---1-----------------··1 

Exchangeable Ca 4.45 4.80 I 
(c mol (+) kg-I) I 

------------------------------------------ -----.-------------------- --------------------. I 

Exchangeable Mg i 
2.92 1.61 I 

(c mol (+) kg-l) ..... i 
--Av~if~b-l~-S-(kg-i~a:T) 44_00 47.05 I 

The incubation study was programmed with 

the intention of delineating the pattern of re­

lease of K, Mg and S during the course of in­

cubation under submerged conditions, aftcr 

the nddition of Sul-Po-Mag, muriate or pot-



ash, MgS04 and a combination of muriate of 

potash and MgS04, at three different levels of 

these fertilizers. At each stage of incubation, 

the soil samples were collected after collect­

ing the leachate and the soils were again sub­

merged. The pattern of release ofN, P and Ca 

\\ .:;re also studied in addition to K, Mg and S. 

The results obtained from the study are pre­

sented and discussed hereunder. 

2.1 Potassium 

i} Available K (Fable 13) 

Application of K fertilizers resulted in a sig­

nificant increase in the available K of both 

soils. This is due to the increased availability 

of K to the soil from the fertilizers. But the 

application of MgS04 did not cause any sig­

nificant effect on the available K content. 

The effect of different treatments on the pat­

tern of release of K in alluvial soil during the 

incubation period is presented in Table 13.1. 

The overall trend of changes show that the 

available K first increased till 15 days after 

incubation and then decreased to a stable 

value at the end of incubation {Fig.5). When 

considering the individual treatments, all 

treatments receiving Mg showed an increase 

during the initial periods of incubation, then 
showed a decrease at eight days after incuba­

tion and then again increased in. a fluctuating 
pattern to attain a stable value. Thus the 

MgS04 treatment though caused a reduction 

in available K at the initial stages, gave in­

creased values towards the end of incubation. 

During the later stages of incubation, the val­

ues for muriate of potash and muriate of pot­

ash+MgS04 were less than the corresponding 

initial values but in Sul-Po-Mag the available 

K was found to increase gradually during the 

later stages also. Thus not much variation 
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was observed in the available K content of 

samples treated with Sul-Po-Mag. But for the 

muriate of potash + MgS04 and the muriate of 

potash treatments, the available K was found 

. to decrease after 15 days of incubation 

whereas for the Sul-Po-Mag treated samples, 

the available K showed an increase after 45 

days after incubation. The decrease for the K 

+ Mg treatments may be due to the displace­

ment of K+ ions from the exchange sites by 

the released Mg++ ions. But for the Sul-Po­

Mag treated samples, an increase was seen 

during the later stages when compared to 

K + MgS04 probably because. of the continued 

release of K from Sul-Po-Mag due to its me­

tered solubility whereas dlle to the higher 

solubility of muriate of potash, all the K from 

the muriate of potash treatments must have 

been solubilized and lost through the leachate 

water. During the later stages of incubation, 

the solubility of Sul-Po-Mag might have in­

creased so that release of K must have taken 

place, which must have then occupied the ex­

change sites. 

The lower available K values for the muriate 

of potash + MgS04 and the MgS04 treatments 

might be due to the replacement of K+ from 

the exchange sites by Mg which must have 

reduced the K availability of the soil. The 

presence of K in the muriate of potash + 

MgS04 treatment resulted in the compara­
tively higher values for exchangeable Mg than 

the samples treated with MgS04 alone. 

Thus when Mg was applied along with K 

(Sul-Po-Mag or muriate of potash + MgS04) 

the available K values were significantly 

lower than those receiving K alone (muriate 

of potash treatment), but when K was sup­

plied through Sul-Po-Mag, the available K 

values were higher than that supplied by 
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K + MgS04. Thus the available K was 1Il­

creased to a great extent in the treatments re­

ceiving Sul-Po-Mag when compared to those 

receiving muriate of potash + MgS04. For the 

control treatment, the available K show de­

creased values at eight days after incubation 

and then showed an increase. 

. In laterite soil, the available K values were 

higher when compared to the alluvial soil. 

The available K values for the control treat­

ment increased and decreased in a fluctuating 

manner throughout the incubation period (Ta­

ble 13.2). All the treatments showed an in­

crease in available K at the start of incubation. 

The available K then decreased gradually 

from four days after incubation, the decrease 

being more for the treatment receiving muri­

ate of potash than the samples treated with 

Sul-Po-Mag (Fig.5). The higher solubility of 

muriate of potash must have resulted in the 

initial increase in available K. But the avail­

able K for the Sul-Po-Mag treatment was 

maintained in a stable manner over a pro­

longed period when compared to the muriate 

of potash + Mg S04 treatments. At the end of 

incubation all the treatments showed almost 

equal values for available K. This is because 

of the attainment of equilibrium between the 

applied fertilizers and the soil. The presence 

of Mg in Sul-Po-Mag and the K + Mg S04 

treatments resulted in the lower values for 

available K when compared to the treatments 

receiving muriate of potash alone. 

The two soils behaved differently with regard 

to the content of available K probably due to 

the difference in the K supplying power of 

these two soils. With advancing period of 

incubation, the available K content in samples 

treated with various levels of K increased and 

decreased in a fluctuating manner possibly 

47 

because release and fixation of K I occuned 

side by side so that at the end of incubation all 

treatments reached a more or less stable value 

especially in laterite soil. 

In both soils, the available K was found to 

decrease with incremental additions of 

MgS04 especially during the initial stages of 

incubation. This may be due to the displace­

ment of K+ ions by Mg++ ions because of the 

higher solution concentrations of Mg+' which 

suppresses the K activity in soil (Grimme et 

al., 1977). This decrease in available K with 

incremental additions of Mg ++ occurred only 

in the absence of K+ addition. When K was 

added to the soil either as Sul-Po-Mag or as 

mmiate of potash, this decrease was over­

come. 

Available K was higher in laterite soil when 

compared to alluvial soil. This may be due to 

the higher native K of the soil. Significant 

difference existed in available K between the 

control ang the soils treated with Mg. As the 

level of K application increased either as mu­

riate of potash or as Sul-Po-Mag, the available 

K also showed an increase in both soils. This 

is understandably because of the incre?::- ;n 

the magnitude of release of K' from the ap­

plied fertilizers at higher levels. The available 

K was high for the highest level of K applica­

tion for both the fertilizers throughout the in­

cubation period. The quantity of available K 

for the control treatment was lower than that 

for the K applied treatments during the course 

of incubation. This shows that the transfor­

mation of K in soil is dominated by the dy­

namics of applied K rather than the native K. 

The increase in available K with increased 

levels of application of K fertilizer was nar­

row during the initial stages of incubation and 

then became more conspicuous and again the 
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Fig. 5 Available K at different periods of incubation 



difference narrowed down. This trend is in 

line with the general increase and subsequent 

decrease in available K with advancing stages 

of incubation. 

ii) Leachate potassium (J'able /-1) 

At different stages of sampling during the in­

cubation study, the leachate was also collected 

at each stage and analysed for the different 

nutrients to detennine the amount of nutrients 

lost through leachate water after the applica­

tion of the different treatments at each stage 

of sampling. 

The quantity of K present in the leachate dif­

fered in the two soils with the alluvial soil 

giving comparatively very low amounts of K 

in the leachate for all the treatments when 

compared to the laterite soil, which gave 

higher amounts of K. 

The trend of changes of leachate K in the soils 

due to the effect of the different treatments is 

given in Fig.6. The overall trend of changes in 

both soils show that the change was in a fluc­

tuating manner (Tables 14.1 and 14.2). The 

leachate K showed a steep decrease during the 

initial periods of incubation up to 4 days in 

both the soils. Thereafter the amount of K in 

the leachate got stabilized. After 30 days of 

incubation a gradual increase in leachate K 

was observed in the laterite soil and a steep 

increase in alluvial soil. At eight days after 

incubation, an increase in leachate K was ob­

served in alluvial soil corresponding to the_ 

decrease in available K during that stage. 

This pattern of change was similar for all the 

treatments throughout the period of incubation 

in both the soils. Thus the change in leachate 

K for the different treatments during the incu­

bation period was similar to the overall trend 
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of change. Significantly higher K in leachate 

was obtained for the tTeatments receiving 

MgS04+muriate of potash and that receiving 

muriate of potash alone in alluvial soil, while 

the Sul-Po-Mag and MgS04 treatments gener­

ally gave lower K in the leachate with the 

minimwn regist~red by the treatments re­

ceiving different levels of MgS04 alone. This 

is understandably because of the absence of K 

addition for that treatment because of which 

the soil contained relatively low amounts of 

K. But it is seen that the treatments receiving 

MgS04 alone registered high values for 

leachate K at one day after incubation. This 

could be because of the replacement of K" in 

the exchange sites by Mg due to which the K 

in the soil must have been released and 

leached down. The high content of leachate K 

in the muriate of potash and the muriate of 

potash + MgS04 treatments might be due to. 

the application of K and due to the presence 

of Mg which displaces some of the K> from 

the exchange sites of the soil. The reduction 

in leachate K for the treatments receiving Sul­

Po-Mag could be due to the relatively low 

solubility of Sul-Po-Mag and the ability of 

Sul-Po-Mag to resist leaching when compared 

to muriate of potash. 

Increasing the level of application of the dif­

ferent treatments containing K caused a pro­

gressive increase in the leachate K in both. 

soils. This is because of the increased supply 

of K through the fertilizers. The laterite soil 

also showed the same pattern as in alluvial 

soil except that the leachate K was compara­

tively higher at all stages of incubation when 

compared to the alluvial soil. This reduction 

in leachate K in alluvial soil is understandably 

due to the relati.vely low content of available 

K in the soil when compared to that of the 

laterite soil. 
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2.2 Magnesium 

i) Exchangeable Mg (Fable 15) 

Application of Mg containing· fertilizers re­

sulted in a significant increase in the ex­

changeable Mg of both the alluvial and the 

laterite soil throughout the period of incuba­

tion (Table 15.1 and 15.2). This is due to the 

increased availability of Mg in the soil from 

the applied sources. The overall trend of 

changes in exchangeable Mg revealed that the 

change was in a fluctuating pattern. In allu­

vial soil, the treatments showed an increase in 

exchangeable Mg in a fluctuating manner till 

the end of incubation. This is obviously due 

to the release of Mg from the applied sources. 

At eight days after incubation the MgS04 and 

K + MgS04 treatments showed a decline in 

exchangeable Mg. The Sul-Po-Mag and 

MgS04 treatments showed increased Mg 

gradually till 90 days after incubation. The 

Sul-Po-Mag treatment gave higher exchange­

able Mg values at the end of the incubation 

period. This is because of the gradual release 

of Mg from the applied SuI-Po-Mag. The 

control treatment showed a decrease at two 

days after incubation and then increased till 

30 days and thereafter remained stable till 90 

days after incubation. The initial decrease 

could be due to the release of exchangeable 

Mg from the soil into the leachate and later 

the release of Mg from the soil components 

must have occurred which raised exchange­

able Mg till 30 days. After 30 days the Mg 

remained stable which could be attributed to 

the attainment of equilibrium between the soil 

and the solution and due to the reduction in 

solubility of the soil Mg components due to 

the transformation of different forms of Mg. 

The trend of changes of ~xchangeable Mg due 

to the effect of different treatments is given in 
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Fig.7. It is seen that the exchangeable Mg for 

SuI-Po-Mag treatment is highest at 90 days 

after incubation indicating the gradual release 

of Mg from the fertilizer when compared to 

MgS04. Thus the Mg from Sul-Po-Mag is 

released over a prolonged period when com­

pared to MgS04. This is because of its 

granular form which dissolves slowly so as to 

provide adequate Mg through a prolonged 

period. This metered solubility of Sul-Po­

Mag is a beneficial property particularly in 

mariy areas of the humid tropics where 

leaching losses of fertilizer nutrients can be a 

problem. The comparative reduction of ex­

changeable Mg for the MgS04 treatments than 

the SuI-Po-Mag treatments towards the end of 

incubation is because of the high solubility of 

MgS04. The reported solubility of magne­

sium sulphate with a dissociation log KO of 

8.15 reflects a very high solubility for- ·this 

mineral. It is much too soluble to be retained 

in well~drained soils. Though Sul-Po-Mag is 

also highly soluble, the rate of release of Mg 

is slower when compared to magnesium sul­

phate. The released Mg from the MgS04 

treatment could have been converted to in­

soluble forms by the process of fixation which 

may involve the interlockillg of Mg in the 

crystal lattice of clay minerals as well as the 

formation of Mg containing minerals of low 

solubility, or the Mg might have been leached 

down. The release of Mg from Sul-Po-Mag 

was at a slower rate than from that of MgS04 

indicated by the lower content of exchange­

able Mg in the samples treated with Sul-Po­

Mag during the initial periods. This is be­

cause of the slower rate of release of Mg from 

SuI-Po-Mag when compared to MgS04. 

The trend of changes was different in laterite 

soil when compared to alluvial soil. In laterite 

soil, the exchangeable Mg due to the different 
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treatments showed a slight decrease upto two 

days after incubation and then showed a steep 

increase at eight days followed by a decrease 

and increase in a fluctuating manner. When 

comparing the effect of different treatments 

on the availability of Mg during the incuba­

tion period it can be seen that the control re­

ceiving no Mg and the three muriate of potash 

treatments gave significantly low values as in 

the case of alluvial soil. The control showed °a 

decrease during the first 15 days and then 

slightly increased and thereafter the ex­

changeable Mg remained stable till the end of 

incubation. The initial decrease may be due 

to the reduction in solubility of the soil Mg 

. components due to the transformation of dif­

ferent forms of Mg. The further increase in 

availability is due to the gradual release from 

the soil. The pattern of release of Mg was 

almost similar for the treatments receiving Mg 

either as Sul-Po-Mag or as MgS04, with a 

peak value at eight days after incubation and a 

steep decrease at 15 days and then increasing 

and decreasing in a fluctuating manner till the 

end of incubation. But the Sul-Po-Mag 

treatments gave slightly higher values during 

the final stage of incubation. Generally, the 

exchangeable Mg was less. for the absolute 

control and the treatments receiving muriate 

of potash alone. The presence of K along 

with Mg in Sul-Po-Mag and the K+Mg treat­

ments did not affect significantly the ex­

changeable Mg values of soil. This could be 

because of the relatively high level of Mg, 

which balances the K in the fertilizers so that 

K does not affect the exchangeable Mg values 

in soil. 

ii) Leachate magneSium (Fable J 6) 

The leachate Mg showed a steep decrease 

during the initial stages and then showed an 
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increase after eight days of incubation in both 

soils (Tables 16.1 and 16.2). The increase 

was in a more stable manner in laterite soil 

and fluctuated in alluvial soil (Fig. 8). Thus 

the attainment of equilibrium between the soil 

and solution after the addition of fertilizers 

was faster in laterite than in alluvial soil. The 

leachate Mg decreased till 30 days in laterite 

soil and then showed an increase. In alluvial 

soil, after the initial decree, the leachate Mg 

increased and decreased in a fluctuating man­

ner till the end of incubation but values were 

generally lower when compared to the initial 

value. The magnitude of increase and de­

crease was more in alluvial than in latelite 

soil. After 30 days, the Mg in leachate from 

laterite soil again increased slightly till the 

end of incubation. Thus in general there was 

a gradual increase in leachate Mg till the end 

of incubation in both soils after the initial 

steep decline though in alluvial soil, during 

the later stages, an increase was noticed, the 

magnitude of which was higher than that of 

laterite soil. The reduction in leachate Mg 

during the initial period of incubation may be 

due to the decreased solubility of the fertiliz­

ers and the attainment of equilibrium between 

the applied fertilizers and the soil ·solution. 

Thereafter the solubility remained almost sta­

ble in laterite soil and increased slightly in 

alluvial soil and hence the corresponding 

change in leachate Mg. 

When considering the different fertilizers, 

there was a steep decline in the leachate Mg 

for the treatments receiving magnesium sul­

phate and muriate of potash alone and in 

combination, but for the treatments receiving 

Sul-Po-Mag, the decline was gradual in 

laterite soil but in alluvial soil a steep decline 

was noticed for all the treatments. 
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Fig, 8 Leachate Mg at different periods of incubation 
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Thus, the trend of changes for the different 

treatments was identical to the overall trend in 

both soils but in alluvial soil the treatments 

receiving muriate of potash and magnesium 

sulphate in combination showed a steep in­

crease in leachate Mg at 45 days after incuba­

tion which was found to correspond to the 

decrease in exchangeable Mg at the same pe­

riod. This may be because of the increased 

release of Mg to the soil in alluvial soil due to 

the transformation of different forms of Mg at 

that stage. 

As the level of different Mg fertilizers in­

creased there was a significant increase in the 
leachate Mg. In treatments receiving Sul-Po­

Mag, this increase was not seen during the 

final stages of incubation. Leachate· Mg was 

significantly higher for the treatments receiv-

. ing muriate of potash +. MgS04 than the Sul­

Po-Mag treatments in both laterite and allu­

vial soils. 

2.3 Sulphur 

i) Available Sulphur (Fable 17) 

TIle alluvial and laterite soils did not vruy 

much in their available S contents. Thus the 

transformations of S in the two soils was al­

ways almost similar thioughout the period of 

incubation. Application of magnesium sul­

phate or Sul-Po-Mag resulted in an increase in 

the available S content of soil throughout the 

incubation period in both the soils (Tables 

17.1 and 17.2). This is due to the increased 

availability of S in the soil from the applied 

sources (Rychilka., 1989). 

The overall trend of changes in available S 

revealed that the change was in a fluctuating 
manner (Fig.9). In both soils the pattern of 

release of S was almost similar with an initial 
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slight increase, and a subsequent steep de­

crease which occurred till four days after in­

cubation in alluvial and eight days after 

incubation in laterite soil and again an in­

crease in both soils in a fluctuating manner till 

the end of incubation. In alluvial soil the 

magnitude of increase in available S during 

the later stages was more than that of laterite 

soil. At the end of incubation, there was an 

increase in available S values in the alluvial 

soil but in laterite soil there was a slight de­

crease. While comparing the sources, in both 

alluvial and latelite soils, the treatments re­

ceiving Sul-Po-~ag and MgS04 registered 

significantly higher values for available S at 
all stages of incubation followed by the treat­

ments receiving K, which gave comparatively 

lower values than the SuI-Po-Mag or MgS04 

treatments. The increased available S values 

for the treatments receiving SuI-Po-Mag and 

MgS04 is due to the increased supply of S to 

the soil by these treatments and due to the 

positive correlation of available S with K and 

Mg (Ananthanarayrula and Rao, 1979 and 

Krishnappa et al., 1989). 

The control treatment showed an increase in 

available S till 15 days after incubation after 

which the values of available S got stabilised 

but in laterite soil, though available S was 

generally low for the control when compared 

to the other treatments, the pattern of change 

was similar to the overall trend. 

Increasing the level of application of either 

SuI-Po-Mag or Mg S04 alone or in combina­

tion with muriate of potash caused a signifi­

cant increase in the available S values. TIus 

could be due to the increased release from the 

fertilizers. 

For all treatments in the two soils there was an 

increase in available S upto two days after 



63 

r--- T---r--r--r- -_. 

0 -0: 
... '" ... ... '" 0 0 0 '" 0 '" u m 0 0 u u ... 0 0 0 u U -0: U Cl m 

0\ N V) 0\ 0 r-- .-< N M M \0 00 00 00 0\ r-- "<I" r--
"<I" M N r--: ~ 00 0\ 0 ~ r-: OC! 00 ~ 00 M \0 OC! 0: 
N ,....; 0 0 V) r-- 00 0 00 M .-< N N N r-- 0 V) 0 r-- 00 0\ .-< r-- r-- r-- r-- \0 r-- 0\ 00 00 0\ r-- r-- 00 00 

-- -----I----- - - _.- ------ --- ---- '-_._. __ . . __ ... _ .. --- ----" 

'" '" 0 -t ... ~ ~ ..... '" Q Q '" 0 0 '" ... :c '" Q U U 0 -t u m m 
\0 N "<I" 0\ "<I" "<I" 0 V) 0 ,_, r-- 0 \0 00 \0 0 N 0 ,_, .-< ~ ~ 

,_, "<I" r-- 0\ 00 0 0\ M 0\ N OC! 0: "<I" 
00 0 M M 0\ 00 r-- ,....; vi 0 r--: r--: -0 N V) r-- M 
V) 0\ r-- 00 \0 N 00 r-- r-- 00 r-- r-- r-- 00 \0 r-- r-- r--

-- - - -- - ---I--- ---f-- ._-_ .. _-, -- --_. --- .-- _-_._-__ ._. ._---- ---

0 -r. '" V) ~ ..... -r. ..... frl Q 

'" r-- \0 '" u 
"<I" 0 N V) "<t: r-- "<I" V) 

0 00 -.i 0 r-- ~ 00 
00 0\ 0 0 0\ .-< M 
\0 V) _, .--. V) r-- \0 

0 

'" ~ 0 0 ..... 
N 0\ 00 .--. 
0\ 00 0 0 
C'i 0\ -0 00 
r-- \0 \0 V) 

f-- ------ .. --... --. -- ... --. 

.....l ;:,a 00 00 

::B ::B ~ ro 
til 

J~ ~~ltL 
1+ <U 

C S 
<U 

'0 

-~~ 
;:,a 

E c; 
1;J 

._ 
1-0 E N + CLlI CLl 0 00 ._ 

S N M :Z N 

::B ~-
>1 E-< u .....l .....l ;:,a __ J_~_j 

'--- -. 



---. '---~ ---.. - ----- ---- _--.. _._-- --.--- --_ .. __ .... -.. -_-.. ----- ... -._ .... -_.- '_'_'-'-' -"-'--T-"--'-- ... -.-.-.. - ... -... -.-- ._-.-.... 

til 
Q 
U 

""" lI) 

Q Q 
U U "" o 0\ ID 
o \0 00 
.- 1""""1 0\ 
r-- r-- N 

e l6 ~ 
....... r-- --Or--O\ 

"" til 
00 
00 

00 r-: 0\ C'1 00 C'1 
ID r-- r--- 00 ID " 

'-- -+--i--f---f--f--I---t--+-

C) til 4. @ 4. til 
lI) 

Q u.. ~ Q til til ~ 
Q 

U til ~ 'f- Q ~ "" Q U "<t M t"- - \0 N - 0\ r--- N \0 -~ r: ~ " 00 "l lI) 00 ....... N M ~ - 00 M 0\ -i 0 10 lI) v) ci M V) 
\0 V) t"- \0 \0 \0 \0 t"- V) \0 r-- \0 

~ CQ 
ID "<t 
ID 00 

C'1 0\ 
r-- ID 
.... , .... 

64 



65 

. " .... "'" 

. i~~C~_'~ ~ ,,1
1 

H .i~ ::~;;;. . ... 
c._~~_:_ __ ._ ... _ ......... _ .• _ .. :~_. _.~~ .•.. ;, •. __ ._._ ... .c'_ . .1 
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incubation and then a steep decline at eight 

days after incubationj the available sulphur 

then increased at 15 days after incubation and 

.thereafter attained an ahnost stable value. The 

decline in available S in the two soils is due to 

the effect caused by submergence by which 

the reduced sulphur must. have reacted with 

heavy metals to give insoluble sulphides 

(Ponnamperuma, 1972) and also due to the 

release of sot to the soil solution and a sub­

sequent increase in the water soluble sulphate. 

A part of the sulphate must also have been 

strongly sorbed by clay and hydrous oxides of 

iron and aluminium. The further increase in 

available S from 15 days after incubation may 

be due to the subsequent oxidation to avail­

able forms by chemical· or microbial means 

and the release of S from the soil and the ap­

plied fertilizers. 

In both soils, the treatments receiving muriate 

of potash or MOP+MgS04 recorded signifi­

cantly lower values for available S than the 

treatments receiving Sul-Po-Mag or MgS04 

~uring the course of incubation. The low val­

ues for the treatment receiving muriate of pot­

ash alone are understandably due to the 

absence of S04 in the fertilizer. The com:­

parative reduction in available S for the treat­

ment receiving MOP +MgS04 might be due 

to the proportionately lower content of S 

when considering the amount of added fertil­

izers. 

ii). Leachate sulphur (Table 18) 

The overall trend of changes show that the 

leachate sulphur fluctuated throughout the 

incubation period in the two soils. The 

leachate S increased till four days after incu­

bation in alluvial soil and then decreased to a 

stable value till 30 days after incubation. The 
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leachate S again increased till 60 days after 

incubation and then decreased at the end of 

incubation. In laterite soil there was a steep 

decline in leachate sulphur at the start of in­

cubation after which the values stabilized till 

30 days after incubation. The leachate S then 

showed an increase till 60 days after incuba­

tion and then slightly decreased at the end of 

incubation (Tables 18.1 and 18.2).In both the 

laterite and alluvial soils there was an increase 

in leachate sulphur after 30 days after incuba­

tion which was sharper for the alluvial than 

the laterite soil. There was a decrease in 

leachate S at the end of incubation in both the 

soils (Fig. 1 0) 

Considering the mean of the values of differ­

ent treatments, in laterite soil, the leachate 

sulphur of soils treated with muriate of potash 

alone (and control) were significantly less 

when compared to the treatments receiving 

magnesimn sulphate and SuI-Po-Mag. With 

progress in the period of incubation, the sul­

phur present in leachate decreased in laterite 

soil till 30 cIays after incubation after which 

there was an increase. The decrease was 

steep during the initial stages and then gradual 

after which there was a steep increase till 60 

days after incubation and again a decrease at 

the end of incubation. But in alluvial soil, 

there was an initial increase in. leachate S till 

four days after incubation and then decreased 

at eight days after incubation to reach a 

minimum value at 30 days after incubation 

after an increase at 15 days after incubation 

for SuI-Po-Mag and MOP +MgS04 and a de­

crease for the treatments receiving Mg S04 

.and muriate of potash alone without Mg or K 

in combination. The leachate S then in­

creased till 60 days and then decreased to a 

stable value at 90 days after incubation. 
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I.ulcrilC 

Fig. 10 Leachate S at di fferent periods of incubation 



As the level of S application as Sul-Po-Mag 

or Mg S04 increased, there was an increase in 

the leachate S in laterite soil. The difference 

among the levels narrowed down with prog­

ress in the period of incubation except for the 

treahnents receiving MOP +Mg S04, whereas 

the level of fertilizer application increased, an 

increase in leachate sulphur occurred till the 

end of incubation. This decrease in the mag­

nitude of difference is because of the in­

creased release of S from the fertilizers at 

higher levels than the lower level during the 

initial stages of incubation, so that the release 

of S from the treatments at higher levels was 

at a faster rate than from the treatments at 

lower levels. 

2.4 Nitrogen 

i. Available Nitrogen (Fable 19) 

In the control treatment the available N was 

found to decrease during the first four to eight 

days in the two soils and then showed an al­

most stable value till the end of incubation. 

The initial decrease in available N could be 

due to the effect of submergence by which 

denitrification results in the loss of some part 
of nitrogen (Ponnamperuma, 1972). Applica­

tion of K and Mg fertilizers as Sul-Po-Mag, 

muriate of potash or Mg S04 resulted in a sig­

nificant increase in the available N of both 

soils when compared to control especially for 

the treatments receiving Mg (Tables 19.1 and 

19.2). But there was no significant difference 

among the fertilizer treatments in the avail­

able N content at any stage of incubation. 

During the course of incubation, the available 

N remained almost stable till 30 days after 

incubation after which an increase was seen 

for all the treahnents. The two soils behaved 

similarly in the available N content of samples 

throughout the period of incubation. 
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The treatments receiving K and Mg either as 

Sul-Po-Mag or as MOP +Mg S04 were found 

to give higher values for available N than the 

treatments receiving Mg alone though there 

was no significance. The least available N 

values were shown by the treahnent receiving 

K alone as mw"iate of potash in the alluvial 

soil. The laterite soil also showed the same 

pattern of changes but there was a decrease in 

available N at two days after incubation for 

the fertilizer treated samples. This decrease 

may be due to the loss of nitrate through the 

leachate water. There was a further increase 

in available N again till eight days after incu­

bation and thereafter the available N showed 

a gradual decrease till 45 days and then 

showed a slight increase. 

it) Leachate nitrogen (Fable 20) 

The overall trend of changes show that the 

nitrogen content in leachate was generally 

higher during the initial stages in both soils 

and decreased gradually till 45 days after in­

cubation in laterite soil after which there was 

a slight increase (Tables 20.1 and 20.2). In 

alluvial soil, increasing the level of K or K 
and Mg generally increased the N in leachate 

but as the level of Mg application increased 

there was a decrease in leachate N. In laterite 

soil, higher levels of fertilizer application was 

found to decrease the leachate N content. But 

the trend of changes in leachate N was similar 

in both alluvial and laterite soils. 

2.5 Phosphorus 

i) Available P (Fable 21) 

The available P was found to increase pro­

gressively during the initial stages of incuba­

tion soils and then showed a decrease. This 

pattern of change was similar in both soils 
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(Tables 21.1 and 21.2) but in laterite soil, the 

peak value of available P was attained latcr 

(30 days after incubation) than in alluvial soil 

(15 days after incubation). The increase in P 

is due to the release of phosphate from iron 

and alwninimn phosphates with increase in 

soil pH due to submergence (Ponnamperma, 

1972). This results in an increase in the con­

centration of water-soluble and available P. 
The decrease in available P during the later 

stages may be due to the resorption of phos­

phate ions by the soil components. 

Application of different fertilizers did not re­

sult in much deviation from the original pat­

tern ofP release and sorption in both the soils. 

The different fertilizers also did not affect 

significantly the amount of available P though 

it was seen that the treatments receiving K and 

Mg as KCI and Mg S04 gave comparatively 

lower values than Sul-Po-Mag after the initial 

stages of incubation. But it was seen that in­

creasing the level of fertilizer application ~i­

ther as Sul-Po-Mag or muriate of potash or 

Mg S04 resulted in significant increase in the 

available P especially during 30-45 days after 

incubation when the P availability was 

maximum in laterite soil and from 15-30 days 

after incubation in alluvial soil. It was seen 

that the available P values of laterite soil were 

much higher than the alluvial soil. 

ii) Leachate P (Fable 22) 

The P contained in the leachate of alluvial soil 

was only in traces when compared to that of 

the laterite soil. A slight increase was· ob­

served in the leachate P after 15 days after 

incubation in the laterite soil. This is because 

of the increase in water soluble P during these 

stages. The increase in solubility of P in 

laterite soil is associated with the hydrolysis 
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. of Fe(IlI) and Al phosphates, release of P helel 

by anion exchange sites on clay and hydrous 

oxides of Fe(III) and Al and the reduction of 

Fe (III) to Fe (II) with the liberation of sorbed 

and chemically bonded P (Ponnarnperwna, 

1972). The further decrease in leachate P is 

because of the resorption of the released P by 

clay and hydrous oxides of Al or due to repre­

eipitation of the solubilised P. It was seen that 
the P in leachate of laterite soil was signifi­

cantly low for the treatments receiving Mg 

when compared to the muriate of potash 

treatments. 

2.6 Calcium 

i) Exchangeable Ca (Fable 23) 

The values of exchangeable Ca remained al­

most stable till four days after incubation and 

then showed an increase at eight days after 

incubation to decrease gradually till the end 

of the incubation period in both soils (Tables 

23.1 and 23.2). In laterite soil, a decrease in 

Ca content was observed at eight days after 

incubation which again increased till 30 days 

after incubation and then showed a decrease. 

The reduction in Ca content may be due to the 

fixation of the native Ca present in the soil 

and due to the occupation of the exchange 

sites by Mg and increase in the exchangeable 

Mg content during that period. When the ex­

changeable Mg content decreased, the corre­

sponding increase was observed in the Ca 

content of the soil. The exchangeable Ca was 

slightly higher in the alluvial soil when com­

pared to the laterite soil. In alluvial soil the 

exchangeable Ca fluctuated and CaIne to a 

high value at eight days after incubation and 

then remained stable till 30 days after incuba­

tion. The exchaIlgeable Ca again showed a 

decrease till the end of incubation. 
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ii) Leachate Ca (Table 24) 

The leachate Ca showed a decrease at eight 

days ~fter incubation in alluvial soil corre­

sponding to the increase in exchangeable Ca 

at that period, and increased gradually till 90 

days after incubation when the leachate Ca 

was maximum and exchangeable Ca mini­

mum. In laterite soil the leachate Ca re­

mained almost stable throughout the 

incubation period. It was seen that the Ca in 

leachate was higher for the laterite soil than 

the alluvial soil throughout the incubation pe­

riod (Tables 24.1 and 24.2). The leachate Ca 

was significantly high for the treatments re­

ceiving muriate of potash + MgS04 than the 

other treatments ip. general. 

3. Total nutrient contents at different 

periods of incubation 

Data on the total nutrient contents of the allu­

vial and laterite soils at different periods of 

incubation are presented in Tables 25 to 30. 

The total N was found to be lower in alluvial 

soil than the laterite soil. There was a de­

crease in total N upto 30 days after incubation 

and then a slight increase was. noticed. The 

different treatments failed to affect signifi­

cantly the total N of soils at different periods 

of incubation (Table 25). It was seen that the 

various treatments did not show significant 

difference in the total N content of laterite soil 

at different periods of incubation especially 

during the initial stages. The treatments re­

ceiving K and Mg were found to give higher 

total N values though not significant. The 

treatments receiving K alone gave lower val­

ues for total N. It was seen that the total N 

decreased gradually with progress in the pe­

riod of incubation in both soils. 
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The total P of alluvial soil did not show sig­

nificant difference among the treatments 

though the control gave lower values (Table 

26). In laterite soil the total P did not show 

significant difference during the initial stages 

but the control treatment· gave generally 

higher values for total P. Application of Mg 

also did not affect the total P of laterite soil. 

There was a decrease in total P with incuba­

tion time in both soils. The total P was gener­

ally lower for alluvial soil than the laterite 

soil. 

In alluvial soil, the total K was less than that 

oflaterite soil. As K addition increased either 
as SuI-Po-Mag or as muriate· of potash, the 

total K also was found to increase. The treat­

ments without K (Mgt, Mg2, Mg3 and control) 

gave significantly lower total K than the 

treatments with K addition (Table 27). The 

control treatments gave significantly lower 

total K values than the treatments receiving K. 
In laterite soil, the total K was significantly 

lower for control and the treatments receiving 

Mg alone than the treatments receiving K 

during the initial stages, but during the later 

stages of incubation, there was no significant 

difference. This may be due to the increased 

leaching of K from the treatments receiving 

K. The total K was found to decrease gradu­

ally with incubation period in both soils. 

In both alluvial and laterite soils the total Ca 

did not show any significant difference among 

the treatments (Table 28). 

In alluvial soil, the total Mg was significantly 

higher for the treatments receiving Mg at the 

highest level either as MgS04 or as SuI-Po­

Mag, than the treatments receiving no Mg. 

But from 30 days after incubation, the various 

treatments did not show any significant dif-
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Plate 9: Soil incubation study 



ference. In laterite soil, the total Mg was sig­

nificantly higher for the treatments receiving 

the highest level of Mg either as Sul-Po-Ma~ 

or a~ MgS04 (Table 29). The treatments re­

ceiving K alone as muriate of potash gave 

significantly lower total Mg and on par with 

control. But towards the end of incubation, 

there was. no significant difference among the 

treatments in their total Mg contents. 

The total S was higher for alluvial soil than 
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for the laterite soil. But the treatments did not 

show consistent variation in the total S in al­

luvial soil. But total S showed marked de­

crease with period of incubation (Table 30). 

In laterite soil, total S was significantly higher 

for the treatments receiving Sul-Po-Mag or 

MgS04 in combination with mUJiate of potash 

or MgS04 alone. The treatments receiving 

muriate of potash alone gave total S values 

significantly lower than those receiving Sui­

Po-Mag or MgS04. 

PARTll 

POT CULTURE: POTASSIUM- MAGNESIUM INTERACTION IN 
SOIL - PLANT SYSTEM 

The pot culture experiment was undertaken to 

study the interaction of K and Mg in soil and 

plant at different levels of these nutrients. 

The experiment was conducted using two 

soils namely laterite (Vellanikkara) and allu­

vial (Kannara), with bhindi as the test crop. 

The fertilizer treatments given were factorial 

combinations of four levels of K (0, 15, 30 

and 45 kg K20 ha-l
) and four levels of Mg 

(0,10, 20 and 30 kg Mg ha- l 
) in addition to 

four levels of Sul-Po-Mag (0, 15, 30 and 45 

kg K20 ha-l
). These treatments were applied 

to the plots along with the normal recommen­

dation of N and P. . There was also an NPK 

treatment receiving fertilizer dose equivalent 

to the package of practices recommended by 

the Kerala Agricultural University (KAU, 

1993), and an absolute control. After the ap­

plication of the treatments, the soil and plant 

samples were drawn at one month interval and 

analysed to get the following results. 

1. General characteristics 0/ the soils 

selected/or tire study 

The general characteristics of the soils se­

lected for the pot culture experiment are same 

as that for the incubation study (Table 12). 

2. Dry matter production, yield and quality 

attributes 0/ bhindi 

1.1 Dry matter production (Table 31) 

The effect of treatments on the dry matter 

produced by the bhindi crop grown in the al­

luvial and laterite soils at different stages of 

growth are presented and discussed here­

under. 

In alh,lvial soil, as crop growth progressed, the 

dry matter production also showed a progres­

sive increase for all the treatments. The Sul­

Po-Mag applied plants gave relatively high 

dry matter production when compared to the 
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Table 31. Dry matter production ofbhindi at different stages (kg ha-1) 

Alluvial 
Treatments I I 

1 m.a.p. 2m.a.p. 3 m.a.p. ~m.a.p. 
NoPoKoMgo 24.S5KL 3S1.501 S06.75K I IS.3SH 

NPSPM1 42.SSA 612.50A 1263.50Al:l I 29.93EF 

NPSPM2 39.3SB 602.00A 1275.75A ,26.631'" 
fNPSPM3 

-
31.6Sl"UHl 56S.75illiC 11935m;--l2s8SFG 

. I' 

NPK 32,03l"UH _221.4~J)J:· ___ J_!_075.75cf ! 36.75CI5
. 

---------- -----GTTlT--
52S.50

CTI
'E I 104S.25;~~ I 24.68

GTT NPKoMgo 30,65 ' 
NPKIMgo I 31.33FGHI 486.50FGH i 1022.00 I 39,38 
NPK2Mgo 32.73c1'0 I 507.50U

l> 11072.75Er [61.25~-
1 NPK3MgO 

, 
36.75BCIi 547.75BCIi i 1155.0<::1) I 35.00CD" 

NPKoMgl 26.25JKL 406.001 I 8732.50K ~ 75CD 
NPK1Mg1 35.00ClJt;l" 539.00ClJ 112S.75cur _L 49.SS13 
NPK2Mg1 3S.50tl

'-' 567.00Atl'-' 1237.25Al:l ffi.63CJJ 
NPK3MgI 35. 881:lClJC 567.00illiC i244.25AB 35.00 . , 

I NPKoMg2 28,181JK 441.00111 950.25J I 47.251:l 

! NPKIM 2 28.53 lilJ 453.25G~974.i5lJ--j 46.3"81l-

I NPKoMg3 29. 760HlJ 462. 88FGH 999:i?ffi I 30:98DEF
O-J_]__q_9:00Hr--~3:0om--l 

I NPK1Mg3 31.85rvtiI 501.40ul>r 105,85l>F~ 36.75C1)r-31~ 
I NPK2Mg3 33.25ul>rv 537.25'-'u 1121.75

u, 124~ 238.00J 
_ 60 1.5 OJ 

! NPK3Mg3 26.25JKL 492.00cl'o 1038.25FGH I 30,63DEI'G 312.00GH1 739.00VI1 

I 
I 

~~~-_B~~-~~ I :~~~ 
K2 , 33.34 516.69 li04.69---1 -472s-----_l385.70 -839.15 

K3 30.54 501.81 1095.63 33.29 l 316.26 729.75 
CD (5 %) 1.36 17.73 26.87 ~?8 I 14 . .90 32.91 

Levels ofMg 
Mgo 32.S6 517.56 1074.50 I 40,08 I 391.88 I 854.61 

I Mg1 33.91 I 519.75 i 1120.88 ! 39,Sl 1 365.70 i S03-.1:-:-8-----1 
1 _Mg~____ 27.21 _1-3_4_1_._1 __ 9_-+1_9_6_4._2_5 ----,t-::::l-_4_7_,_95_-1-4-:-:1-=-8-=.2-=6--+'--:9:-:2-:-3-.0-0----1 

I- Mg3 I 30.28 I 494.63 i 1054.50 -=1--:3.:7;::-_1 _--_---l-j-!-i ~29~4::=-:.6~9--+ il __:_7_:_:00:_:_:.0::_:0_----j 
r- CD (5%) 1.36 17.73 26.87 I 2,68 __ j__J4.00 32.91 

I CD(~ ~)Mg \2.71 __L.:i6 I 53.73 __ W5 12-8.-00--t-
6
-

5
-'--.8-"-2-----1 

m.a.p. - Months after planting 
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MAP - Months after planting 

Fig. 11 Drymatter production ofbhindi at different levels of fertilizers 



other treatments at all stages (Fig. 1 I ) but a 

decrease in dry matter production was ob­

served as the ~evel of application increased. 

This reduction in dry matter production was 

significant only during the initial stages of 

growth. As growth progressed, though a de­

crease was noticed, significant reduction did 

not occur. 

Application of increased levels of Mg as 

MgS04 caused an increase in the dry matter 

production only upto Mgt level and a further 

increase of Mg to Mg2 and higher, caused a 

significant reduction in dry matter production. 

The initial increase in dry matter production 

by the addition of Mg at Mgt level may be 

due to an increase in the photosynthetic activ­

ity induced by the application of Mg (Terry 

and Ulrich, 1974). But further raising Mg to 

higher levels has detrimental effect on the dry 

matter production. It is also seen that at aU K 

levels, (from Kt to K3) an increase was ob­

served in the dty matter production as Mg in­

creased from M80 to Mgt but then a decrease 

in dry matter production occurred on further 

Mg addition. 

As the rate of K application increased, a sig­

nificant increase in dry·matter production was 

observed at all stages of growth till K2 but 

further increasing the K levels caused a re­

duction in dry matter production. This trend 

was shown by both the muriate of potash and 

the Sul-Po-Mag applied plants. Similar re­

sults were reported by Tennan et at. (1953). 

This reduction in dry matter production at 

higher K levels may be because of the dilution 

effect due to the increase in fresh weight of 

the plant caused by an increase in water stor­

age induced by high K levels. But the dry 

matter production remains low (Loue', 1985). 

93 

Increasing the K levels without the addition of 

Mg generally increased the dry matter pro­

duction significantly during the growth pe­

riod. This effect was more conspicuous 

during the ini tial and [mal stages of growth. 

But in the presence of Mgt significant in­

crease in dry matter production was observed 

as K increased from Ko to K2 only and a fur­

ther increase to K3 did not cause any signifi­

cant increase. This pattern of change was 

seen at each level of Mg with increasing K 

levels. Thus it is seen that the application of 

increased levels of K in the presence of Mg 

increased· dty mattel: production significantly 

only upto K2 level and further increasing K 

decreased the illy matter production especially· 

when K3 was combined with Mg at the high­

est level. Hence high levels of K and Mg in 

combination decreases the dty matter produc­

tion of plants. 

Only an initial increase in Mg increases dry 

matter production. Further addition of Mg is 

not beneficial but is seen to decrease signifi­

cantly the dry matter production at all stages 

of growth. The initial increase in dry matter 

production by Mg addition also implies that S 

is needed for the increased dry matter produc­

tion of plants since Mg was applied as Mg 

S04. Higher Mg S04 addition decreased dry 

matter production. This is because, above a 

certain level, growth of the plant is impaired 

because an excess of S contained in the plant 

is not metabolised to proteinaceous S (Dhillon 

and Dev, 1980). This may be the reason for 

the decrease in dry matter production at the· 

highest level of Sul-Po-Mag application. 

Thus it is seen that at low K levels, the illy 

matter production increased with increased 

addition of K and this was significant only 



when Mg was added at moderate levels. But 

at higher Mg levels, the dry matter production 

decreased as K application rates increased to 

the highest level. Similar results were ob­

tained by Tiwari et al.(1982) and Narwal et 

al. (1985). 

Though high rates of Mg addition decreased 

the dry matter production significantly, it is 

seen that the uptake of K is not inhibited. 

Thus the reduction in growth was directly 

caused by excessive levels of Mg and not due 

to a K deficiency induced by excess Mg. 

Sanchez Conde and Azuara (1980) have also 

reported that the application of Mg S04 de­

creased the dry weight of plants. Excess Mg 

may also interfere with the uptake of other 

nutrients like Zn or Mn by the plant thereby 

restricting plant growth (Fageria, 1983 and 
Kinzel, 1983). 

In laterite soil, contrary to that in alluvial soil, 

the Sul-Po-Mag treatments did not give sig­

nificantly high dry matter production when 

compared to the other treatments. It is also 

seen that· though a general increase in dry 

matter production is seen by increasing the 

rate of Sul-Po-Mag application to SPM2, sta­

tistical significance did not exist among the 

three treatments during the growth period of 

the crop. 

When Mg was applied as MgS04 at different 

levels (Mgo to Mg3), it is seen that increasing 

the rate of application of Mg from Mgo to Mg2 
increased the dry matter production signifi­

cantly (Fig; 1]) but a further increase to higher 

Mg levels resulted in a significant decrease in 

dry matter production. This was similar to the 

trend observed in alluvial soil. Addition of 

Mg at Mg2 level along with muriate of potash 

at different levels gave significantly high dry 
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matter production than the corresponding Sul­

Po-Mag treatments. 

Increasing the levels of K20 application as 

muriate of potash increased the dry matter 

production significantly from Ko to K2 during 

the initial stages and fi'om Ko to Kl during the 

later stages of growth. Further increase in K 

to K3 caused a reduction in my matter pro­

duction. Thus high K levels resulted ill a de­

crease in dry matter production similar to the 

decrease in dry matter production by the ap­

plication of high levels of Mg. The same 

trend was noticed when K and Mg were in 

combination. Thus increasing the K levels in 

the presence of moderate levels of Mg (upto 

Mg2) increased the dry matter production but 

at higher Mg levels no significant increase in 

dry matter production was noticed. 

Though K and Mg in combination gave sig­

nificantly high dry matter' production in 

laterite soil, the application of K + Mg as Sul­

Po-Mag did not increase the dry matter pro­

duction. The dry matter produced by the Sul­

Po-Mag treatments were generally on par with 

that produced by the NPK treatments recom­

mended by the package of practices of the 

Kerala Agricultural University. At all stages 

of growth, the highest dry matter production 

was for the treatment receiving K2Mg2. This 

was significantly higher than the Sul-Po-Mag 

treatment of comparable K and Mg. 

Significant positive correlation existed be­

tween the dry matter production at different 

stages and Nand P uptake in alluvial soil. 

But Mg uptake at initial stages showed nega­

tive correlation with dry matter production 

(Table 45). But in laterite soil the correlation 

between dry matter production and the nutri­

ent uptake was not significant. 



1.2 Fruit yield (Fable 32) 

Yield of bhindi fruits showed significant 

variation among the treatments in both allu­

vial and laterite soils. In alluvial soil, the Sul­

Po-Mag treatments gave significantly higher 

fruit yield when compared to the treatments 

receiving K and Mg, with SPM] giving the 

bighest yield (Fig.12). This increase in yield 

is also reflected in the dry matter production 

of the crop. The NPK treatment receiving the 

normal fertilizer dose recommended by the 

Kerala Agricultural University gave signifi­

cantly lower yield when compared to the Sui­

Po-Mag treatments and the treatments re­

ceiving K at different levels in combination 

with Mg at the lowest level (Mg}). Thus ad­

dition of Mg at moderate levels (Mg l ) along 

with muriate of potash significantly increased 

the yield of bhindi fruits in alluvial soil, when 

compared to the treatments receiving K alone. 

The different levels of K as muriate of potash 

without the addition of Mg, corresponding to 

.the three Sul-Po-Mag treatments gave signifi­

cantly lower yields. But when Mg was added 

in addition to muriate of potash, a significant 

increase in yield occurred though yield did not 

increase to the level 'of the Sul-Po-Mag treat­

ments. 

The increase in yield by Sul-Po-Mag applica­

tion over the muriate of potash treatments 

may be because of the occurrence of K as 

K2S04 and due to the presence of Mg at levels 

comparable to that of K. Welte and Werner 

(1963) have also reported that when increas­

ing rates of K were applied as KCI and Sul­

Po-Mag, not only were yields consistently 

higher with the Sul-Po-Mag application, but 

yields were actually depressed when the high­

est rate of K was applied as KCl. A depres­

sion in yield of crops by KCI application 
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when compared to K2S04 application was also 

reported by Dibb and Thompson (1985). 

As the level of application of Mg as MgS04 

increased from Mgo to Mg}, a significant in­

crease in yield was observed but increasing 

Mg beyond that level caused significant re­

duction in yield in ·alluvial soil. This effect 

was more pronounced when K was not added. 

Here, the yields were generally low and sig­

nificantly less when compared to the K ap­

plied pots. The decrease in yield with Ko was 

overcome by the addition of Mg upto Mg2 but 

further increasing the Mg level reduced the 

yield significantly. Positive beneficial effects 

of Mg application on the yield of vegetable 

crops have also been reported by Su (1969), 

Elamin and Wilcox (1985) and Sonneveld 

(1987). Thus Mg addition at moderate levels 

increased crop yield in the absence of K. But 

when K was applied at K\ level, increasing 

levels of Mg did not significantly affect yield 

and there was a decreasing trend at higher 

levels of Mg application. The same trend was 

shown at K2 and K3 levels also with increas­

ing Mg levels. Thus in general in the pres­

ence of K, increasing Mg reduced the yield of 
bhindi .. 

Increasing the level of K application increased 

the yield significantly upto K2 level and there­

after showed a non significant decrease. It is 

also seen that at Mgo and Mg], the fruit yield 

increased significantly from Ko to KJ and on 

further increasing the level of K a non signifi­

cant increase in yield was obtained. But as 

the level of Mg application was raised fwther 

it was seen that the application of high levels 

of K decreased yield significantly. Thus in­

creasing the level of K from Ko to K3 in the 

presence of low levels of Mg caused a pro­

gressive increase in yield while at higher Mg 
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! Alluvial f 

T ~'''n,"'' Fruit yidd L'dO -) Crud,- Ase-orbie r--
(kg hu-1

) protein libre aeid 

~ ,--- -ff'lro.----llil- __ (~gl_2Q_gj NoPoKoM 5810.00 17.28D
·• I 14.13A 17.99c 

NPSPM &400.00·--"1l4D"" t-1334""· lW""-
f-:------ ---·---f------tiZll1 --'-f--- -'---Al3-

NPSPM 8330.00A 14.99 F 13.07' 19.63 1 
NPSPM -i935.00AB-r--15.64m:m 113.40:[~rl9."50AB--1 

_ NPK 7262.00CDE 2~8AHC ! 13.79 OJ 19.07u ! . 
. NPI(,,,,,,,,~__ 62825O;;'ill664-=::".11419:" . 1852~. [ 
NPK1Mgu 7070.00 '.' 19.12 '.' 13.93' 19.00 
-NPK~M& 721O.o6crlEF 24.6SAB--13.6SITCDE· -l9.0Su--T 

NPK,Mg. 749<> Oo'~ t 26.54" 13.29"TI9·""" 
--NPK;ifi;--- --6720:00tifIr'- -i4~G4FGrr- --ff.6"3DCDE -T9:11D-----t-
-----.--.--- ----------If'iY ----;clH- i--------CTIllJ: -'---An----

NPK1Mg1 7507.50 c 13.00 13.43"1 19.48 I 

:~~f!~iMgl -7~60.00_~ 11G.lifFa_rr-R3.4-0~EZ.il-9§7-
NPK3Mg1 7682.5013C 14.37FGH 13.161' ! 19.46AH 

[ 
I I ,1oJ'GFr ~E 7 -s--

Levels ofK 

~=:==~I~r~=lJ~]i~]tl~~-~r~rl 
CD (5%) 21l.68 2.27 I 0.21 I 0.35 l 219.11 I l.61 I 0.22 i 0.32 ----, 

______ ---. ________ L___ __________ ~ _________________ _l_ _______________ ---.--------------------- ---------------------------------------___ ~ ___ .___ _____________ _ I 

t"CI~:!~}~ -rr;[l:~l~4~--~~[1~l~--Hr~·~ 
Mg2 1 6957.00 I 19.34. [13.14 I 19.10 r 6991.25 I 1~_:37 ___ 1 __ 13.1~_~09 --I 
Mg3 ~!___ 6807.50 I 16.53 I 13.~ 19.10 L071_~_~__!_~_:_~ll3.64 1 _ ___L_2.:_~--_-1 

L~_-_~::__~::_J:;:_J:!:~L~~j~~t::~~-~-1 



97 

_ ...• ___ ........ _. ___ ·._ .... _···'····_··· __ · __ ··~·_·_·· __ ·r·· __ · __ .... _ ..... ""-'--" _.----.- .-'"~ ..... -.--.-.-.. -____ -- ... ----_____ . ____ . "" .. ____ A", ' ___ ' •• ___ A_A' _ •••••• _. _________ ••• _p ••• _._. _______ •• _ _ __ ••• ___ ._ •• __ •• ______ ,_._ •• __ ._ •• ___ _ 

levels, increasing K to higher levels decreased 

yield. Thus high K and Mg results in yield 

reduction in alluvial soil. Positive significant 

influence on the yield of bhindi by K addition 

have also been reported by Ahmed and Reid 

(1968), Asif and Greig (1972) and Mani and 

Ramanathan (1980). A reduction in the yield 

of bhindi at very high levels of K has been 

reported by Kamalanathan et al.(l970) and 

Verma et al. (1970). Salmon (1964) has also 

reported that K addition in small quantities 

increased yield while large additions affected 

yield very little. 

Inlaterite soil, the yields were generally lower 

than that in alluvial soil (Fig. 12). Sul-Po-Mag 

at the second level (SPM2) was found to give 

fruit yield significantly higher than Sul-Po­

Mag at lower and higher levels. The NPK 

treatment gave significantly lower yield than 

SPM2 but was on par with SPM1 and SPM3 • 

Thus in laterite soil, Sul-Po-Mag at first level 

is as effective as the normal NPK reC01mnen­

dation. 

As in alluvial soil, the addition of increased 

levels of Mg significantly increased the yield 

of bhindi upto Mg2 and thereafter the yield 

was significantly reduced. Mg application at 

the lowest rate without the addition of K in­

creased yield but further increasing the Mg 

level did not significantly increase yield. In 

the presence of K, increasing the level of Mg 

increased the yield significantly till Mg2 but at 

higher K levels there was no significant in­

crease in the yield on addition of higher levels 

of Mg. Thus the trend of changes in laterite 

soil was similar to that in alluvial soil. 

Increasing the levels of K application signifi­

cantly increased yield only upto Kl and a fur­

ther increase caused a reduction in yield 

which was significant at K3 level. When K 

was applied at increasing rates without Mg 

application the fruit yield increased signifi­

cantly upto K2 and beyond that a significant 

decrease was noticed. Thus when K was ap­

plied at levels higher than the normal NPK 

recommendation, the yield was found to de­

crease in laterite soil, but the yield obtained 

for the different K levels without Mg applica­

tion was less than that with Mg application. 

When Mg was applied at the lowest rate 

(Mg1), a significant decrease in yield occulTed 



when K was raised to K3. But yield was 

higher than that with Mgo. At Mg2 also a sig­

nificant reduction in yield occurred when K 

was raised to K3. In the presence of Mg3 

yields were generally low and there was no 

significant increase as the K levels were 

raised. Thus application of K and Mg at high 

rates decreased significantly the yield of 

bhindi in laterite soil and application of mod­

erate levels of Mg with K increased the yield. 

In alluvial soil fruit yield was positively and 

significantly correlated with nutrient uptake 

but in laterite soil, significant correlation did 

not exist between fruit yield and nutrient up­
take (Table 45). 

2. 3. Crude protein (Fable 32) 

In alluvial soil, increasing the rate of Sul-Po­

Mag application resulted in a significant de­

crease in the crude protein content of fruits. 

The NPK treatment gave crude protein on par 

with the lowest Sul-Po-Mag treatment (SPM1) 

and significantly higher than the Sul-Po-Mag 

treatments at higher levels (SPM2 and SPM3). 

The treatments receiving K as muriate of pot­

ash also gave crude protein on par with the 

NPK treatment. Thus the decrease in crude 

protein for the Sul-Po-Mag or K +Mg treat­

ments at higher levels might be due to an in­

crease in Mg or S. 

The different K levels did not show signifi­

cant effect on crude protein content. But 

when K was applied at increasing rates with­

out Mg, the crude protein also increased and a 

significant increase was observed when K was 

raised to K2 and higher level. Chandrasekha­

ran (1965) has also reported that crude protein 

increased with K application in bhindi. This 

increasing trend was not observed when dif-
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ferent levels of Mg were applied along with 

muriate of potash. Thus the application of Mg 

generally decreased significantly the crude . 

protein content of harvested fruits. This may 

be the reason for the decrease in crude protein 

for the Sul-Po-Mag treatments. 

In laterite soil, the different treatments did not 

seem to affect significantly the crude protein 

of fruits. The Sul-Po-Mag treatment at differ­

ent levels were on par with each other and 

with the treatments receiving N, P and K with 

no Mg. Treatments receiving K and Mg at 

equal levels and equivalent to the level of K 

and Mg in the respective Sul-Po-Mag treat­

ments were also on par in their crude proteiri 

content. Thus, increasing the levels of K or 

Mg did not significantly affect the crude pro­

teiD of fruits in laterite soil. 

Marschner (1986) has reported that addition 

of S increases the protein content. But in this 

study, though Sul-Po-Mag and MgS04 con­

tain S, no increase in crude protein was no­

ticed and in alluvial soil, application of Sul­

Po-Mag or MgS04 actually decreased the 

crude protein content. 

2.4.Crudefibre (Table 32) 

In alluvial soil, Sul-Po-Mag application de­

creased significantly the crude fibre of fruits 

when compared to the NPK treatment. Addi­

tion of Mg as MgS04 also caused a significant 

decrease in the crude fibre content. But in­
creasing the Sul-Po-Mag levels did not sig­

nificantly affect the crude fibre of fruits. 

Increasing the rate of application of K also 

progressively and significantly decreased the 

crude fibre. The magnitude of decrease was 

. increased in the presence of low levels of Mg. 

Though Mg addition decreased the crude fibre 

content, increasing the Mg level did not cause 



any significant reduction. Thus increased lev­

els of K or Mg decreases crude fibre of fruits. 

In laterite soil also the crude fibre content of 

fruits was fOlllld to decrease significantly with 

Mg addition. Increased levels of K applica­

tion also decreased the crude fibre content 

significantly upto K3. The three Sul-Po-Mag 

treatments were on par with each other ~d 

with the NPK treatment in the crude fibre 

content of fruits. As in alluvial soil, the de­

crease in crude fibre with increase in K appli­

cation was found to be significant especially 

when K was in combination with Mg. Since 

the treatments without Mg or K gave signifi­

cantly high crude fibre content than the Sul­

Po-Mag or K+Mg2 treatments, it can be con­

cluded that addition of Mg cause a reduction 

in crude fibre. A negative correlation existed 

between crude fibre and nutrient uptake in 

both soils but generally there was no signifi­

cance (Table 45). 

2.5.Ascorbic acid (Fable 32) 

In alluvial soil, the three Sul-Po-Mag treat­

ments and the treatment receiving NPK as 

recommended by the Kerala Agricultw'al 

University were on par in the ascorbic acid 

content of fruits. But the treatments receiving 

no fertilizers or only N and P without K gave 

significantly low ascorbic acid. A general 

Uncrease in ascorbic acid was observed as Fe 

levels increased, but there was no signifi­

cance. Increasing the level of Mg from Mgo 

to Mgt increased significantly the ascorbic 

acid content of fruits but further increasing the 

rate of Mg addition caused a significant de­

crease. At all levels of Mg, as the K applica­

tion rate increased, the ascorbic acid content 

also showed an increasing trend. It is also 

seen that the application of Mg at the lowest 
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level (Mgj), without K addition significantly 

increased the ascorbic acid content. Further 

increasing the Mg level did not cause any sig­

nificant effect. But in the presence of K, in­

creasing the Mg level did not decrease the 

ascorbic acid content of fruits significantly. 

Thus the addition of K and Mg increased the 

ascorbic acid content ofbhindi fruits. 

As in alluvial soil, in laterite soil also the 

ascorbic acid content was on par for all tlle 

treatments except for the treatment receiving 

no K or Mg and these registered significantly 

low values. Application of K either as Sul­

Po-Mag or as muriate of potash increased the 

ascorbic acid content. Increasing the K levels 

or the Mg levels did not significantly increase 

the ascorbic acid. The interaction between K 

and Mg also was not significant in laterite 

soil. Rani (1993) has also reported that in the 

presence of marginal levels of K, the ascorbic 

acid content of bhindi fruits is reduced. The 

reduction in ascorbic acid content due to the 

deficiency of K may be due to the involve­

ment of K in the physiological processes 

leading to the synthesis of ascorbic acid. 

In both alluvial and laterite soils, sulphur up­

take was positively and significantly COlTe­

lated with the ascorbic acid content of fruits 

(Table 45). 

2. Nutrient uptake by bhindi at different 

stages of growth 

The uptake of different nutrients by bhindi 

from the alluvial and laterite soils due to the 

application of the different treatments is pre­

sented and discussed below. 

3.1. Nitrogen ([able 33) 

Nitrogen uptake by bhindi grown in alluvial 

soil generally increased as growth of the crop 



progressed. During the initial stages, though 

the Sul-Po-Mag treatment at the lower level 

gave significantly higher N uptake values than 

the higher Sul-Po-Mag treatments, the uptake 

was found to decrease during the later stages. 

The higher levels of SI,tl-Po-Mag (SPM2 and 

SPM3), did not differ significantly in N uptake 

throughout the crop growth period. Thus in­

creasing SuI-Po-Mag to levels beyond SPM2 
does not significantly affect the N uptake. The 

Sul-Po-Mag treatments registered higher N 

uptake values than the muriate of potash or 
the K+Mg treatments especially during the 

later stages of growth. 

Thus higher levels of Sul-Po-Mag also 

showed a negative effect on N uptake espe­

cially at two months after planting. Applica­

tion of Mg as MgS04 decreased the uptake of 

N by the crop. Similar resuIts were reported 

by Kumar et al. (1981) who reported that in­

creasing Mg caused a decrease in N uptake of 

plants. 

As the level of K application as muriate of 

potash increased, the N uptake was also found 

to increase significantly upto K2 and then 

showed a significant decrease as K application 

increased further. 

The interaction between different levels of K 

and Mg was also found to be significant. As 

the level of Mg application increased witho'ut 

K addition the N uptake was found to de­

crease significantly at one month after plant­

ing but during the later stages such a 

consistent variation did not occur. The de­

crease in N uptake with Mg application was 

also noticed at KJ during the initial stages of 

growth but during the later stages, as Mg ap­

plication increased, N uptake also showed an 

increase. The decrease in N uptake with in-
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creased levels of Mg application during the 

initial stages of growth might be because of 

the decrease in dry matter production associ­

ated with high Mg. 

It is seen that at Mgo, increasing the K levels 

though decreased the N uptake at the initial 

stages, showed an increasing trend at two 

months after planting. At the later stages of 

growth, increasing the levels of K did not sig­

nificantly influence N uptake. Thus increas­

ing the K levels did not produce any 

consistent effect on N uptake. But increasing 

the level of K beyond K2 in tlle presence of 

Mg significantly decreased the N uptake of 

the crop in alluvial soil. 

When Mg was applied as Sul-Po-Mag, the N 

uptake was significantly higher than when a 

corresponding level of Mg and K were ap­

plied as MgS04 and K20 respectively. This 

can be due to the effect of KCI application 

due to which the cr ions might have inter­

fered with the uptake of N when compared to 

sulphate. Thus for increased N uptake, K 

should be applied in the sulphate fonn. A 

similar decrease in N uptake by the applica­

tion of KCl when compared to K2S04 was 

also reported by Loue'(l985). Thus in allu­

vial soil, the application of K as K2S04 in­

creased the uptake of N when compared to 

KCl. But increasing the levels. of K or Mg did 

not bring about a consistent variation in the N 

uptake by the bhindi crop. 

In the laterite soil, the Sul-Po-Mag treatments 

gave significantly lower N uptake values es­

pecially with higher levels of application 

when compared to the MOP + Mg treatments 

at moderate levels (Mg2) throughout the 

growth period. But the N uptake values were 

on par for the NPK treatment with the SPMr, 
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Table 33. .Nitrogen uptake by bhindi at different stages (kg ha-1
) 

Alluvial Laterite 
Treatments 

i NPSPM3 ; ~CVEF(J )DE ,A )rliN I EF ,F , 

I-'~~~-

NPK2Mg2 i U7CDEW 

1_~K3Mg2 !lJ7G --+--..----+-----,.,. 
I NPKoMg

3 
11.28EFO ".....,...-+----"",.,..--1-----,r=' 

~.NP-K~1~M~g=3-+'-I31DEro --~-~~-_+--~-4 

, NPK2Mg3 1.41 

i 
i Levels ofK 
! Ko I .1.35 I 12.97 1 20.95 I 1.46 I 9.34 1 13.93 

Kl I 1.39 I 12.44 1 22.74 I 1.69 ! 10.08 I 15.53 
1 K2 I 1.44 I 13 73 I 22.46 \1.72 1_1_0._02 __ --+-1 _16_.6_3 __ __I 

~I K~3"___,_ __ __II:__I-.3-5--=-J-+,-l-3:-08--t-I-2_1_.9_5 _ __j 1.38 I' 7.41 111.48 
I CD (5%) I 0.08 =_J L13 I l.72 1 0.133 i 0.54 i l.05 

---~----~---~ 

LevelsofM 

I~ 
1.37 16.15 I 22.10 I 1.56 i 9.97 13.95 

"l17l--l9i2'---+, -1-2-'3-4----1 

I 1.73 
--i-

1 20.05 Mg2 I 1.33 I 12.89 21.49 I 1l.09 
I 1 11.15 I 1.26 

, 
Mg3 I 1.30 22.86 L 6.67 i 1l.24 

155 1203 I 2165 

CD (5%) I 0.08 I 1.13 i 1.72 I 0.133 lO.54 I l.05 

I CD-KxMg I 
12.26 

1 ! I 
12.11 

I 

{5%} I 0.15 I 3.45 I 0.265 I l.08 

m.a.p.- Months after planting 



and SPM2 treatments. Contrary to that in al­

luvial soil, the addition of Mg significantly 

increased the N uptake values. 

Application of K as KCI along with MgS04 

gave higher N uptake values at moderate lev­

els of these nutrients than the application of K 

and Mg as SuI-Po-Mag. Thus in laterite soil, 

application of Sul-Po-Mag does not cause an 

increase the N uptake values contrary to that 

in alluvial soil where lower levels of Sul-Po­

Mag gave increased N uptake. 

As the level of K application increased, the N 

uptake also increased significantly at all 

stages but increasing K beyond K2 level either 

as SuI-Po-Mag or as muriate of potash caused 

a reduction in the N uptake values which was 

significant when muriate of potash was used 

as the K source. An increase in N uptake by 

the addition of K at moderate levels was also 

reported by Singh and Singh (1987), Hegde 

and Srinivas (1991) and Menon and 

Marykurty (1993) in different crops. The 

positive effect of K on the absorption of N 

may be attributed to the ability of K to de­

crease N fixation in soils. But K application 

at higher levels was found to decrease signifi­

cantly the N uptake. This decrease in uptake 

at higher rates ofK was also noticed when Mg 

was applied at different levels. But at the 

highest level of Mg, increasing the K levels 

does not significantly affect N uptake though 

the N uptake was found to be lower compared 

to Mg application at moderate levels (Mg2 and 

Mgt). 

Wicke (1968) has observed that a limitation of 

K+ ions even in the presence of relatively high 

levels of N and P fertilizer will inhibit the 

uptake and utilization of N. But in this study, 

it is seen that an absence of K in the pr~sence 
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of Nand P does not significantly affect N up­

take since the values were equivalent to or 

higher than the NPK treatment from two 

months after planting onwards. The data on K 

uptake show that the values for the no K ap­

plied plots with Nand P application were not 

significantly lower than the K applied ones. 

This may be the reason attributed to the fact 

that though K is not applied, the N uptake is 

not hindered. 

3.2 Phosphorus (Fable 34) 

In alluvial soil, the Sul-Po-Mag tTeatments 

gave significantly rugh P uptake values but 

with incremental addition of Sul-Po-Mag, the 

P uptake decreased significantly. The NPK 

treatment receiving fertilizer dose as recom­

mended by the package of practices, KAU 

gave P uptake values on par with SPM3 and 

significantly less than SPMt and SPM2 

throughout the growth period. 

Application of increasing levels of K resulted 

in increased P uptake values which was sig­

nificant only upto K2 level at two and three 

months after planting. Higher K levels, thus 

does not cause significant positive effect 011 

the P uptake of bhindi crop, but is seen to de­

crease uptake. Similar results were obtained 

by Fageria (1983), Rajdhar (1989), Sheela and 

Arvindakshan (1990) and Sindu (1997) who 

reported that heavy application ofK decreased 

P absorption by the plant. 

Increasing the levels of K without Mg appli­

cation resulted in a significant increase in P 

especially as growth progressed from the 

early to the later stages. When Mg was ap­

plied with increasing levels of K, no signifi­

cant change was observed in the P uptake 

values. Tn the absence of Mg, an increase in P 
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Table 34. Phosphorus uptake by bhindi at different stages (kg ha-1
) 

i N~~~ 
I Treatments ' 

i 1 m.a.p. 2 m.a.p. I 3 m.a.p. I 1 m.a.p. I 2 m.a.p. I 3 m.a.p. 

Laterite 

i Levels ofK 
I 0.095 1.l2 I 2.17 I 0.15 1.33 I 2.61 
i 0.098 1.32 2.43 i 0.18 1.38 \2.62 
I 0.101 1.45 2.76 0.19 l.S1 

, K3 0.108 1.38 I 2.65 I 0.15 1.27 I 2.47 
I CD(5%)__L0.007 10.11 !a. 15 ! 0.012 ! 0.083 10.12 

I M& _~ ~_J 1.52 1 2.85 I 0.15 1.44 I 2.49 

~. 10.II9 ... 1. 1.2.0 ···········1·~:?8 fO.
17 

.................. . J.:~9 ... __ ._ .. . --1.1~1--.. ------.,:, 
l~ __ ._. __ .-_. _1 o.o~_. ___ J_!_:~~ ___ L 2.3~ __ .__j __ Q:~9_ ... ___ . __ ~ 1.4~-;2 __ -1.~~ ___ . 

~~(S%)--~·I-~--~ ~:~T--·~-ti.¥S--·-+·~~6h-----+ ~:~:3'- :" ~:~~ J1' 
I CD-K x Mg I !. . I r---- I . I 
L(?%) I 0.014 I 0.22 I 0.30 LQcQ~l__ I 0.167 I 0.25 i 

m.a.p. - Months after planting 



uptake was possible by the addition of in­

creasing K levels but by the addition of MgJ, 

significant increase in P uptake did not occur 

at any level of K. Thus Mg addition de­

creases the uptake of P by the plant. The ap­

plication of high rates of Mg decreased the 

favourable effect of K on P uptake and hence 

Mg is seen to have an antagonistic effect on P 

uptake. This is in contrast with tIle results of 

Waddrowska and Jania (1951) and Jacob 

(1958) who reported that Mg has a favourable 

effect on P uptake since it acts as a carrier of 

P in plants. This reduction in P uptake inspite 

of increased P availability due to the addition 

of increased levels of Mg as Sul-Po-Mag or 

MgS04 might be due to the interference of 

sol ions on the absorption ofP by the plant. 

In the laterite soil, the Sul-Po-Mag treatments 

at moderate levels (SPM] and SPM2) gave 

significantly high P uptake values. As the 

level of Sul-Po-Mag application increased, a 

decrease in P uptake was observed especially 

during the later stages. The NPK treatment 

receiving fertilizer dose as recommended by 

the package of practices, Kerala Agricultural 

University, gave uptake values lower than the 

Sul-Po-Mag treatments in general but on par 

with SPM3~ 

Increasing levels of K from Ko to K2 increased 

the P uptake at all stages and a further in­

crease caused a reduction in uptake similar to 

that in alluvial soil. It was also seen that P 

uptake was not affected in the absence of K 

and Mg after the early growth period since 

KoMgo treatment applied with Nand P gave 

comparatively higher P uptake values. The 

NPKoMgo treatment gave significantly higher 

P uptake values than the NPK treatment and 
on par with SPM] and SPM2 . Addition of in­

creased levels of K without the application of 
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Mg did not bring about a consistent effect on 

P uptake. Increasing the levels of Mg appli­

cation without K addition also showed an in­

consistent effect on P uptake. But K and Mg 

were found to interact significantly so as to 

affect the P uptake by the plant. At different 

levels of Mg (Mgi and Mg3) , increasing the K 

levels increased significantly the P uptake 

values up to K2 and a further increase in K 

caused a reduction in uptake. Increasing the 

Mg application rates upto Mg2 at different 

levels of K also caused a significant increase 

,in P uptake. But higher Mg levels signifi­

cantly reduced uptake. 

Hence in laterite soil though K or Mg alone 

did not bring about a consistent effect on P 

uptake, when applied together, they interacted 

to give significant effects. Thus the applica­

tion of Mgz with different levels of K gave 

higher P uptake values on par with the SuI­

Po-Mag tTeatments. But since the KoMgo 

treatment also recorded higher uptake values, 

it can be concluded that for proper P uptake, 

K or Mg does not playa significant role. 

Since the application of Sul-Po-Mag at the 

highest level (SPM)) and muriate of potash + 
MgS04 (Mg3) gave significantly lower values 

for P uptake, when compared to the moderate 

Mg levels, it can be inferred that high appli­

cation of MgS04 will lead to a reduction in 

the P uptake values. 

Thus it is seen that though moderate levels of 

Sul-Po-Mag or Mg does not cause any signifi­

cant increase in P uptake, their increased use 

can reduce the uptake values significantly. 

But K application is not found to significantly 

affect P uptake. Wicke (1968) also has re­

ported that heavy application of K does 110t 

affect P uptake. 



3.3 Potassium (fable 35) 

Increasing the level of Sul-Po-Mag in alluvial 

soil increased the uptake of K throughout the 

growth period (Fig.l3) but significant increase 

occurred only from two months after planting. 

SPM I gave significantly low K uptake values 

than the higher Sul-Po-Mag levels. It was seen 

that K uptake by the Sui-Po-Mag treated 

plants were in general higher than the muriate 

of potash treated ones. Similar results were 

obtained by Loue' (1985) who reported an 

increase in K+ in the K2 S04 treated plants. 

Increasing the K application rate as muriate of 

potash also increased the K uptake signifi­

cantly. Similar increase in K uptake with in­

crease in K application was reported by 

Harrison and Bergman (1981) and Sudhir et 

al. (1987). As the level of Mg application 

increased, the K uptake also increased con­

trary to the reports that K and Mg are antago­

nistic. Thus Mg might have diminished only 

the solution concentration of K in soil and not 

the uptake. 

Significant interaction existed among the dif­

ferent levels of K and Mg. When K was ap­

plied at increasing rates without Mg, though 

K uptake increased upto K3, significant in­

crease occurred only from Ko to KI and there­

after .the different K levels were on par. 

Application of Mg at different levels also 

gave the same trend with increasing levels of 

K. Thus at a constant Mg level, increasing K 

above KI does not significantly increase up­

take. 

When Mg was applied at increasing rates ei­

ther without K application or in the presence 

of KI no significant effect was noticed on the 

K uptake. But at higher levels of K, a signifi­

cant increase in the K uptake was noticed as 
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Mg levels were increased. Thus significant 

positive interaction occurred between K and 

Mg on the uptake of K. It was also observed 

that the treatments receiving Sul-Po-Mag and 

K + Mg at higher levels gave significantly 

higher K uptake values than the treatments 

receiving no Mg. Thus addition of Mg either 

as SuI-Po-Mag or as MgS04 favoured the up­

take of K. Similar results were reported by 

Grant and Racz (1987) who observed an in­

crease in K as Mg increased. This increase in 

K in tissue with increasing Mg might be be­

cause of the decreased dry matter production 

associated with high Mg. Since Sul-Po-Mag 

and MgS04 contains S, the increased S in soil 

might also have favoured K uptake. An in­

crease in K uptake with increasing S level was 

also reported by Singh and Singh (1992) and 

Jaggi et al. (1995). 

In laterite soil also application of Sul-Po-Mag 

gave higher K uptake values which were on 

par with the treatments receiving K + Mg. 

Increasing the SuI-Po-Mag levels significantly 

increased the K uptake only during the early 

stages of growth. During the later stages, the 

increase in K uptake was not significant. As 

the level of Sul-Po-Mag increased from SPM2 

to SPM3, the magnitude. of increase showed a 

decrease. But it is seen that the NPK treat­

ment also gave K uptake values on par with in 

the SPM2 and SPM3 treatments and the differ­

ent levels of K + Mg treatments at all stages 

of growth. It is also seen that in the absence 

of Mg, increased K levels gave significantly 

high K uptake values. The different Mg lev­

els did not show significant efTect on K uptake 

but increasing the K levels significantly in­

creased the K uptake at all stages of growth. 

Thus it is evident that Mg did not interfere in 

the uptake of K by the plant in laterite soil as 
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Table 35. Potassium uptake by bhindi at different stages (kg ha'\) 

I 
! Treatments 
I 

Alluvial Laterite 

! 2m.a.p. 1 m.a.p. 

NPSPM3 10.43 14.38 II 

, NPK 0.89 I 9.30ABCD I 11.96BCDE 

I ! 0.92ABC I 
, 

I NPK1Mg3 I 1.04BCDE 9.43w ! 14.13BCDE 8.82cDE 1l.89cDE 

NPK2Mg3 I 1.14AJ:1 10.79AJ:1~Ut; I 14.871;j~ I 1.02A 10.64A 13.81~ 

NPK3M8J I 1.19
A 11.41 AJ:I , 15.64AJ:1 I 1.05

A 10.46AJ:1 13.76AJ:1~ 

I Levels ofK 

m.a.p.- Months after planting 



107 

MAP - Months after planting 

Fig.l3 Uptake of potassium by bhindi at different levels of fertilizers 

, 



compared to the alluvial soil. Subramaniam 

el al. (1976) also has reported that Mg does 

not affect the uptake of K by plants. But it is 

seen that high Mg application along with no 

or low K (Ko and K 1) significantly reduced 

uptake. Thus the antagonistic effect of Mg on 

K uptake existed at low or marginal K levels 

in laterite soil but in alluvial soil even at low 

K levels, high Mg did not reduce uptake. 

Ananthanarayana and Rao (1979) have also 

reported that the antagonistic effect of Mg or 

K is mainly on solution concentration rather 

than on uptake. 

3.4 Calcium ([able 36) 

In alluvial soil, application of increased levels 

of SuI-Po-Mag did not produce a significant 

effect on the uptake of calcium by bhindi 

though a decreasing trend was noticed. The 

NPK treatment receiving no Mg also gave 

calciwn uptake values on par with the Sul-Po­

Mag treatments. Thus the presence of Mg in 

SPM did not hinder the uptake of calcium by 

the plant. 

Increasing the K levels did not bring about a 

consistent change in the calcium uptake val­

ues during the initial stages but significantly 

reduced the uptake during later stages espe­

cially in the absence of Mg. Similar results 

were reported by Fagcria (1983) and Narwal 

et al. (1985) who found an antagonistic effect 

of K application on calcium uptake. When 

applied with high levels of Mg though higher 

levels of K caused a reduction in the calcium 

uptake, no significant decrease was generally 

obtained. 

It is seen that addition of MgS04 at increased 

levels decreased the calcium uptake signifi-. 

cantly at one and two months after planting. 

Thus increased Mg levels must have hindered 
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the absorption of calcium by the plant due to 

the action of the Ca-Mg antagonistic effect. 

Such antagonism of Mg on the uptake of cal­

cium was also reported by Kwnar et al. 

(1981). It is also seen that the antagonistic 

effect of increased levels of Mg occurred only 

in the absence of K. In the presence of in­

creased levels of K the antagonism of Mg on 

calcium was overcome. Ananthanarayana and 

Rao (1979) have also reported that the de­

pressing effect of Mg on Ca uptake was ap­

parent only when the absolute amounts of K 

and Ca were low. The decrease in tissue con­

centration and uptake of Ca with increasing 

concentration of Mg is presumably due to the 

replacement of Mg for Ca for the neutralisa­

tion of negative charges within the vacuole 

and on the exchange sites in the apoplast of 

the plant cell. 

In laterite soil also increasing the level of Sul­

Po-Mag did not significantly affect the cal­

cium uptake values. The NPK treatment: was 

on par with the Sul-Po-Mag treatments in cal­

cium uptake. 

Increasing the level of K application did not 

bring about a consistent effect on the calcium 

uptake by bhindi in laterite soil. Thus in the 

absence of Mg also incremental addition of K 

did not cause any significant effect on calcium 

uptake. 

As in alluvial soil Mg at low levels did not 

significantly affect the calcium absorption by 

the plant in laterite soil but increasing Mg to 

higher levels (Mg3) significantly decreased 

uptake especially when Mg3 was in combina­

tion with high levels of K. Thus high levels 

of K associated with high Mg levels signifi­

cantly reduced calciwn uptake in laterite S9il, 

but high K or Mg alone does not produce sig­

nificant effect on calcium uptake. 



Treatments 

LNPSPM3 
I NPK 
I NPKoM80 

I NPK2Mg2 

! NPK3Mg2 

Levels ofK 

CD (5%) 

Levels of Mg_ 

Table 36. Calcium uptake by bhindi at different stages (kg ha-1
) 

Alluvial Laterite 

0.81 cr I 10.34cF 
I 21.28ocDE i 0:6?T i 8.13GH i 20A6ABC 

O.92CDE 14. 17BCDE 20.29BCDE I' 0.80EFOll' I 10.52E"FGrm-H-tI-l--:C8--:C.7=-8A1S7'~,----j 
1. 03 tlW 13.01cDE 18.87ocnr- j 0.85DEF:=I 9.8(1GH !15.75CU 

1.00HCUE ·11.79DE 17.12E I 0.87DEFU l-l-l-.~-I""DE""m,.,.--t--14-.8-3""'Dc-----j1 

0.92 13.19 I 22.71 ! 0.77 ! 11.65 I 17.83 
1.03 I 14.99 I 21.45 I 0.94 I 13.59 I 19.87 
1.07 15.57 ! 20.01 I 1.00 I 12.54 ! 17.21 
1.12 13.19 19.23 I 1.03 ! 10.83 1 18.45 
0.072 , 1.41 I 1.71 I 0.057 I 1.145 I lAO 

M80 1.17 16.98 I 22.71 I 1.0 ! 12.43 ,. I 18.58 
Mgt 1.05 14.33 I 21.54 ! 1.05 I 11.96 1 18.07 

I M ",,-2 _____ I-_I_.0._0. __ ~-3.-30--LJ2~2---LQ~~~ ... ----.--U-~~~8 1119.59 

~~3(5%) ~:~~2 I ~~4~2 --H~7~-9-----1--b~6h- ·-·--+-i~i!5 ---·1 ~74~ 1 

I g~:~xMg 1 0.144 1 2.82 13A2 10.114. 12.289 j 2.80 

m.a.p. - Months after planting 
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3.5 Magnesium (Fable 37) 

As Mg application to alluvial soil increased 

either as Sul-Po-Mag or as MgS04 the Mg 

uptake also increased (Fig. 14). Increasing 

the levels of Sul-Po-Mag increased the Mg 

uptake significantly especially after· one 

month of planting. This increase in Mg up­

take was reflected on the yield of the crop 

also. Application of Sul-Po-Mag gave rela­

tively high Mg uptake values contrary to the 

observation of Loue'(1985) who reported that 

K2S04 treatment decreased the uptake of Mg. 

This may be because of the presence of Mg 

also in comparable levels along with K2S04 in 

Sul-Po-Mag. Thus the presence of K in Sul­

Po-Mag did not interfere with the absorption 

of Mg by the plant. 

The NPK treatinent receiving fertilizer dose as 

recommended by the Package of Practices of 

the Kerala Agricultural University, gave sig­

nificantly low Mg uptake values than SPM2 

and SPM3 and the treatments receiving Mg 

along with muriate of potash especially at the 

later stages of growth. 

Increasing the level of K application as muri­

ate of potash decreased the Mg uptake values 

significantly at one and two months after 

planting. During the later stages of growth the 

K levels did not significantly influence·tlle 

Mg uptake by the plant. With increase in the 

level of Mg, a progressive and significant in­

crease occurred in the Mg uptake values 

throughout the growth period. 

In the presence of Mgo or Mg1 the different K 

levels did not influence significantly the Mg 

uptake by the plant. Adams and Hendersen 

(1962) have also reported that in Mg deficient 

soils, uptake of Mg by crops was greater or 

unchanged at higher K levels and in Mg suffi-
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cient soils the uptake was less at higher K lev­

els. At Mg2 increasing the K levels resulted in 

a general decrease in Mg which was signifi­

cant at one month after planting and thereafter 

no significant decrease was noticed. At the 

highest level of Mg application (M~) the de­

creasing trend in uptake was noticed with in­

creasing K levels only during the initial stages 

of growth. The decrease in Mg uptake for the 

Mg sufficient soils at higher K levels in spite 

of increased plant growth is because of a de­

crease in the Mg concentration of the plant. It 

is also seen that any particular Mg level, 

heavy dressings of K decreased Mg uptake. 

Similar results were obtained by Salmon 

(1964), Wicke (1968), Harrison and Bergman 

(1981) and Fageria (1983). 

At low levels of K (Ko and K 1) increasing the 

Mg levels significantly increased uptake. At 

higher K levels, significant increase in Mg 

uptake by increased application of Mg oc­

curred only upto Mgl and thereafter the Mg 

levels were on par. Thus at any particular K 

level, as the Mg application rate increased, the 

uptake of Mg also increased but the signifi­

cance of difference decreased as the K levels 

increased, i.e. at low K and sufficient Mg, 

uptake was not hindered (Mc Colloch, et al., 

1957) but high K decreased uptake (Dibb and 

Thompson, 1985; Yang, 1992 and Sindu, 

1997). 

The total Mg uptake increase by the addition 

of K is because less of available Mg was ab­

sorbed by the plants moderately deficient in K 

because of less vigorous plant growth or by 

increasing Mg availability by the addition of 

K which displaces exchangeable Mg into so­

lution. At higher Mg levels, by supplying ad­

ditional excess levels of K, the antagonism of 

additional K is great enough to repress Mg 
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Table 37. Magnesium uptake by bhindi at different stages (kg ha-') 

Alluvial Laterite 
Treatments ! I 

1 m.a.p. ! 2 m.a.p. ! 3 m.a.p. I 1 m.a.p. Ii 2 m.a.p. I 3 m.a.p. 
NoPoKoMgo ~a:--I 7.45" ~--I6Ai.K , 4.441 8.34J 

NPSPM1 I 1.0SBC 
I 17.00cD 19.6SBC i 0.76tvt11 11.1Scu 17.94tR:U 

NPSPM2 1.06tR: 19.8SAH 22.251:1 ! 0.88CDErv 11.50'-' 21.65" 
NPSPM3 1 1.00BCDE 20.1S AH 

I 2S.46A '1 odE
1'GR J 13.058 20.S8AHC 

I 

NPK I 0.721'0 I lS.84Dc 
I 18.17'-' I 0.6SHU i 9.89DEF I IS.ISEFo-j 

I" NPv·Mon 078ctG I 827H 11.68DE 1,0.S6JK i 5.75' 110. 12u---1I' r----.-"-~..2I:>\J=--__ __l_, -' -...,"" • .-----+-1-- ,--t-----., 

I :~~~:: I ~::!~EHj I ::~~~H I ~~:~~:~-T~:;!~:~ I~: I ~~.~~:l 
i-NP- K-'-"-3M-'go=----lQ.8TDEFG 8.37H 1 13.28D ! 0.601J i 7.39GH i 14:18Fmr-l 

NPKoMgl 1.04BCD 13.34EF 19.70~ I 0.92BCD-m:' 9.291' 16.1SDEF 

NPK1Mg3 1.20AH 21.70A 23.00AH i 1.07AJ:j I 14.40A 18.98ABC 

Levels ofK 

CD (5%) 

0.083 

0.17 

m.a.p. - Months after planting 

-

18.56 
19.23 
19.82 
19.15 
1.22 0.063 

1.22 i 0.063 

-2-.4-4--1 0.126 

15.73 
16.82 
17.41 
18.24 
1.01 
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MAP - Months after planting 
Fig. 14 Uptake of magnesium by bhindi at different levels of fertilizers 



absorption regardless of the Mg level. Thus at 

low soil K and sufficient exchangeable Mg 

levels, uptake of Mg is not hindered (Mc 

CoUoch, el al., 1957). 

In laterite soil, the Sul-Po-Mag treatments 

gave comparatively lower Mg uptake values 

when compared to' the muriate of potash 

treatments receiving Mg at moderate to high 

levels (Mg2 and Mg3). But as the level of Sul­

Po-Mag application increased, a significant 

increase was observed in the Mg uptake val­

ues especially during the later stages of 

growth. 

Application of moderate levels of K increased 

Mg uptake. But higher K levels caused a re­

duction in Mg uptake during the early stages. 

Similar results were obtained by Wicke 

(1968). During the later stages, higher K ap­

plication rates did not affect Mg uptake. Thus 

K did not generally affect Mg uptake. 

Increasing the level of Mg application signifi­

cantly increased its uptake throughout the 

growth period. In the absence of Mg or at 

Mg1 increasing the K level from Ko to KI sig­

nificantly increased Mg uptake .but further 

increase in K did not affect the uptake of Mg. 

When Mg levels were raised further, increase 

in K levels significantly reduced Mg uptake 

especially at the early stages. Thus high lev­

els of K showed antagonistic effect on Mg 

uptake only at higher levels of Mg. In the 

presence of low Mg, higher K did not hinder 

uptake. 

Increasing the Mg levels at a constant K level 

caused significant increase in M~ uptake at all 

stages and application of Mg at the highest 

level gave significantly higher Mg uptake val­

ues inespective of the level ofK applied. 
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It was seen that as Mg addition increased an 

increase in exchangeable Mg occurred in both 

soils. An increase in Mg uptake due to in­

creased exchangeable Mg was also reported 

by Mc Intosh et al. (1973), Ananthanarayana 

and Rao (1979) and Hanison and Bergman 

(1981). 

Thus it is seen that as we apply the needed K 

to soils that are marginal with respect to Mg, a 

deficiency of Mg is induced. But addition of 

Mg along with K overcomes this induced de­

ficiency. 

3.6 Sulphur (Fable 38) 

In alluvial soil, increasing the level of appli­

cation of Sul-Po-Mag did not bring about a 

significant increase in S uptake though SPM2 

and SPM3 gave increased uptake values. In­

creasing the K levels at different Mg levels 

generally increased the uptake of S signifi­

cantly upto KI level and thereafter no signifi­

cant increase was noticed (Fig. 15). Thus 

increasing K above moderate levels either as 

Sul-Po-Mag or as muriate of potash did not 

increase S uptake, but at low levels of K, in­

creased addition of K increased the uptake of 

S. Mg addition as MgS04 resulted in signifi­

cantly higher S uptake values when compared 

to no Mg but on incremental addition of Mg, 

though uptake values were high, no signifi­

cant increase was obtained. An increased S 

uptake by Mg application was also reported 

by Ananthanarayana <md Rao (1979). The 

increased S uptake can also be due to the 

presence of S in MgS04 (Singh and Singh, 

1992 and Turker and Dikshit, 1994). 

The NPK treatment receiving no Mg gave S 

uptake values significantly less than the SuI­

Po-Mag and the K + Mg treatments. 
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Table 38. Sulphur uptake by bhindi at different stages (kg ha-1
) 

~reatments Alluvial Laterite 
:----- , ----~-----i------·--·--------, ------r----

1 m.a.p. 2 m.a.p. i 3 m~_a.~_. ___ .J ~~.a.p. ! 2 m.a.p. r 3 m.a.p. I 
NoPoKoMgo to·.063~ 1.123 1.68(1 ~-=h0.074-G--·-·-~tO:8i6~--· 1.:DOK l 
NPSPM1 0.168A 1.760EF 2.265AB~ 0.117cDEF I 1.650DE 2.11QMl'" l 
NPSPM2 0.159A 2.115Atl 2.620A ! 0.143A i 1.980ABC I 2.510A I 
NPSPM3 0.159~ . 2.200A 2. 560Atl i 0.144A 12.090A 2.400Atl J 
NPK 
NPKoMgo 

0.121ljwr. 1.800CUC
l' 2.215N:ICDcF i 0.109" 1.860ADCD i1.99oFGl 

0.079
uH 

1.395
H I 1.930EFC~---.2.:_Q75G I 1.095t:~ I 1.585: 

NPKIMgo 0.10~85FGH~ 2.245AB 
, O.IWEF I 1.3101

. I 1.895 I j 
r 

0.109 . 1.795~DE 1.855
FG L O. !3_5~CD~~ _~ 15SOEF I 2.065EF

, I I NPK2Mgo 
i 0,106 Er I 
I 0.114BCt5r-+-:..:..:.._:..::,..",----+~::..::..::.""""'" 

".",,~--+ 

0.116 

I 3 g2 I . i ! i i 

I NPKoMg3 1 0.089F"G l.815cuc
l' 2.160Il(';uC~ 2jBCDEF. i 1.305FG 2.000tvH 

NPK1Mg3 i 0.1l4ljCUr. 2.035AJ:!C ~ 6J32ABTI5 1. 830AtlCU 2.265lj 

NPK2Mg3 I 0.1271::1 2. 140A 2.365ABCD I 0.133 ABC 2.02F 2.240CD 

NPK3Mg3 I 0.130I::lC 2.035ABC 2.355AtlCUC I 0.140Atl 2.060AB 2.3101::1 I 

Levels ofK 
Ko I 0.097 l.61 2.06 0.110 1.08 l.83 

Kl I 0.112 l.83 2.36 0.124 1.56 2.09 

K2 I 0.121 
I 1.98 ! 2.30 0.126 I 1.81 2.18 I 

K3 0.119 I 1.92 2.42 0.132 1.86 2.19 

I CD (5%) I 0.007 i 0.09 I 0.16 ! 0.007 , 0.119 0.052 I 

I - I 
i Levels ofMg 

~- H:~~ . =F¥.-_-*----r-b:~~~ 
I Mg

2 
I 0.111 1.98 2.28 . 0.-:1-~32:---t-:---=-=----1--:,---:.-:----l 

f Mg3 !__QJ}_5_ ! 2.01 I 2.32 J__Q_.132 

1\1 ~~_~~)Mg==ti2Qt-=]\__9~_L\. O~ ___ \ 0.--,-00.,--7':-----t---=-:...c:....:__,---I---=-.:.:::..:__-

I (5%) ~ \ 0.014 0.18 0.32 I 0·Ql_:._4 __ ._ 

m.a.p. -- Months after planting 
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MAP - Months after planting 

Fig. 15 Uptake of Sulphur by bhindi at different levels of fertilizers 



Increasing the K levels without Mg applica­

tion increased the S uptake values only upto 

K1. A similar trend was seen at Mgt, Mg2 and 

Mg3 also. Thus in the presence of a particular 

level of Mg, increasing the K levels did not 

bring about a significant variation in S uptake. 

It can hence be inferred that though K appli­

cation increases S uptake, its increased appli­

cation does not affect the uptake of S by the 

plant. But as the level of Mg increased an 

increase in S uptake was noticed at all levels 

ofK. 

In laterite soil also increasing the SuI-Po-Mag 

level caused a significant increase in S uptake 

upto SPM2 and thereafter no significant in­

crease was noticed (Fig. 15). The NPK 

treatment gave significantly lower uptake than 

SPM2 and SPM3. Increasing the level of K 

application caused an increase in the S uptake 

values, which was significant upto K2 level. 

Thus in laterite soil, S uptake increased when 

K was raised for Ko to K2 but in alluvial soil 

uptake increased only upto K j • 

In the absence of Mg, as the K levels were 

increased S uptake also increased significantly 

upto KI and higher application Qf-K did not 

cause any significant increase. Similarly in 

the presence of higher Mg levels (Mgt, Mg2 or 

Mg3) increasing the K application rate from 

K1 to K3 at a constant rate of Mg did not bring 

about significant variation in the S uptake 

values. Thus increasing the rate of K applica­

tion does not affect S uptake. 

But increasing the Mg levels at a constant K 

level significantly increased the S uptake by 

the plant. The interaction between K and Mg 

was also found to be significant. Hence in­

creasing K and Mg simultaneously (Ko Mgo to 

K3 Mg3) was found to significantly increase 
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the S uptake. This may be because of the 

presence of S and due to the synergetic effect 

ofMg on S uptake. 

4. Effect of treatments on soil available 

nutrients 

The effect of application of different treat­

ments on the availability of the different nu­

trients in soil is presented and discussed 

below: 

4.1 Nitrogen (Table 39) 

In alluvial soil, the application of Sul-Po-Mag 

at increasing rates significantly increased the 

availability of N throughout the growth of the 

bhindi crop. But when K was applied as mu­

riate of potash, the addition of incremental 

levels of K significantly increased N avail­

ability only upto K2 and a further increase in 

K to K3 resulted in a decrease which was sig­

nificant at the early stages of growth. In­

creasing the Mg levels as MgS04 also showed 

a similar trend with the N availability in­

creasing significantly upto Mg2 and thereafter 

showing no significant effect. Thus though 

moderate levels of K and Mg as muriate of 

potash and MgS04 caused significant increase 

in the N availability, higher levels of K de­

creased availability. 

Increasing K levels in the absence of Mg in­

creased N availability only upto K2 level and 

thereafter showed a significant decrease. TIle 

same trend was obtained at higher levels of 

Mg also with varying levels of K. It is also 

observed that irrespective of tlle K level, as 

Mg is increased, a significant increase in N 

availability occurred till Mg3. Thus Mg had a 

synergetic effect on N availability in alluvial 

soil. But in the presence of high levels of 



I 
Treatments 

Table 39. Effect of treatments on soil available nitrogen at different stages 
ofbhindi crop (kg ha-1

) 

Alluvial Laterite 

\1 m.a.p. 2m.a.p. I 3 m.a.p. i 1 m.a.p. I 2 m.a.p. i 3 m.a.p. i 
I 367.01° 325.10J I 334.61~ 328.32' 324.15' 
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! 

I 
i 
I ! NoPoKoM80 I I 316.74H ! I I 495.00BCD 1 NPSPMl 513.818ClJE I 504.40lJEFG I 510.6~1l- i 474.09FG ! 477.228CDuf 

531.57AHC 523.21 Al:!CIJ ! 509.63 AHC I 524.26A1:!c I 489. 77BCDEF I 494.00mcn--1 I NPSPM2 , 

i NPSPM3 
, 

546.20A 542.02A , 528 .. 44A 524. 26Al"iC ! 505.45 f
\BC ! 497.09Al"iC I i I 

LNPK 507. 54c
DI:: 50l.27nu I 485.59cm: 1 504.40CV

"EF ! 479.31oEF i 462.59FG I 
r NPKoM80 460.50F 470.951 I 467.821:: i 429.64H I 452.14(.; I 418.60A I , 

7E ,HI , )1J1:: FG I EF 
, 

EF ! NPKlMgo 489.77 475.13 I 476.18 484.54 ! 478.27 
I-NP-K---=--2M----"<'go~-t--51-6-.9-4"'BrnE 496.04FO i 495.00BCD 490. 82U 'o--l 483.49CDEl' 

/ NPK3M80 501.27E 465.73' I 468.86E i 473.04Li--!474.0-9"F7-<:G---i------,,.-----1 
I NPKoMgI 493.95E---+--4-9o:szmr-i 490.82BCDE-\4s8.73FG-1--473.04FG--i 
I NPK1Mg1 500.220E 510.67BCD"EF(f"T509~~487.68F~478.i?Er-I--___"""'" 

NPK2Mgl 524.26Al"iCr> 516.94BCi5EF 512.76AB 520.08~ 475.13 FG I 
NPK3Mgl 514.85 I 
NPKoMg2 509.63cDE- ---t----

t
' _NPKIMg2 524.26 
_~_]<.2Mg2 549.34A 

'~K3Mg2 524.26 
NPKoMg3 515. 90BCD 

i I Levels of K I 
I
, Ko 495.00 492.12 '11 481.93 480.74 I 476.18 463.61 . 

I ~-----~-~--~. 
i Kl ' 511.72 506.92 I 499.69 501.79 -1 __ 4_8_7._6_8 __ --+--_48_2....:....4_5 __ ---'1 
~2 ~,,: 532.35 r_5_....:...15....:....1_2 __ J__2Q7.02 --J 515.90 I 496_.8_2 __ ---t-_4_9_1_.3_4 __ __1i 

I K3 517.73 503.92 I 497.09 ! 513.28 i 497.87 " 477.84 I 
'Ir~C~D~(5-0-/o)--+~~~-~~~--'---+'-~---'--r--------~~'----' . 

/( 12.27 8.84 i 11.37 i 9.16 i 1l.2 I 11.33 

I Levels of Mg 
I M80 492. i-2 --4i6.%-----l- 476.97 ! 469.5"1-- i 472.00 I 452.20 

.~~~~-4_~~~--r-~~--_t 
Mgl 508.32 507.02 507.28 _l 504.14 _j 482.97 __ ._+--:-14-::-:72:--.7:-:8,----_-1 
Mg2 , 526.87 517.18 504.14 ~.:...~~----1--5-0-_5--1-9-----t-i_4_9_7_.0_9 __ __1 
Mg3 529.49 --- 516.67 I 497.32 I 521.65 , 498.39 I 493.17 

m.a.p.- Months after planting 



muriate of potash (K3), it was noticed that the 

magnitude of increase was diminished. 

Thus K and Mg interacted in a significant 

manner in affecting the N availability of the 

alluvial soil. Similar results were obtained by 

Menon and Marykutty (1993). 

In latelite soil, increasing the Sul-Po-Mag 

levels did not bring about a significant in­

crease in N availability though there was an 

increasing trend. The NPK treatment gave 

available N values. on par with SPM I and 

SPM2 but significantly less than SPM3. 

Increasing the rate of K application increased 

the available N significantly upto K2 and 

thereafter a non-significant decrease was ob­

served. Incremental additions of Mg also 

significantly increased the N availability upto 

Mg2 and thereafter produced a non-significant 

decrease. Increasing 'the K levels without the 

application of Mg caused a significant in­

crease in available N only from Ko to Kl and 

thereafter failed to produce any significant 

mcrease. At Mg1, increasing K levels pro­

duced significant increase in N availability 

only from K2 and at higher Mg levels no sig­

nificant increase was observed in the N avail­

ability. Thus in the presence of high Mg the 

synergetic effect of K on N availability was 

reduced. 

In the absence of K, increasing Mg did not 

significantly increase the soil available N 

during early stages but caused a significant 

increase in N availability during the later 

stages. When Mg was increased in the pres­

ence of K (Kl or K2), a significant increase in 

N availability occurred from Mg2 onwards. 

At the highest level of K, the very low levels 

of available N obtained of at Mgo was signifi­

cantly raised when Mg was added at Mgl but 
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further increasing the Mg levels did not in­

crease availability. Thus the negative effect 

of high K levels on N availability was over­

come by the addition of Mg. 

4.2 Phosphorus (Fable 40) 

In alluvial soil, increasing the rate of Sul-Po­

Mag application significantly increased the P 

availability during the initial stages. After one 

month of planting, all Sul-Po-Mag treatments 

gave significantly high available P values. 

The NPK treatment recorded significantly low 

available P than the higher levels of Sul-Po­

Mag and was on par with the lower Sul-Po­

Mag treatment (SPM]). 

Increasing the level of K application signifi­

cantly increased the P availability upto K3 es­

pecially during the initial stages of growth. 

Addition of incremental levels of Mg also 

showed a similar trend especially after one 

month after planting. In the absence of Mg, 

increasing K levels significantly increased 

available P. Addition of Mg at lowest level 

(Mg1) significantly increased the availability 

of P of soil when compared to no Mg applica­

tion. But further increase in Mg did not cause 

significant effects. Thus it is seen that in al­

luvial soil, the treatments receiving Mg at Mg1 

gave significantly high P levels when com­

pared to treahnents without Mg addition. 

TI1US Mg has a synergistic effect on P avail­

ability in alluvial soil. The increase in P 

availability due to increased Mg is because of 

the greater solubilization of P by Mg (Jacob, 

1958). 

In laterite soil also increasing the level of Sul­

Po-Mag significantly increased the available P 

of soil. The available P of laterite soil was 

higher when compared to alluvial soil. 111-

creasing the levels of K significantly il1-



Table 40. Effect of treatments on soil available phosphorus at different stages 
ofbhindi crop (kg ha-1

) 

Alluvial Laterite 
Treatments 

2map 13map 1 map 2map 13map 1 map ... 
i lS.~6:l10.;7~"':_-J 28.;0~·~-+29. ;5; . 

1 
. .. I 

NoPoKoMgo 14.07~ 30.20J I 
NPSPM1 16.88-EFGH I 

21.05 23.08J\l3(; ~ I 87.4ScV 90.0SI:lCIJ 1 

NPSPM2 
17.7S<.:Ut;ru 21.90All 2S.4SAll 88.3SAB I 94.70Al:lC 9S.SSA!>C i 

NPSPM3 19.9SAI:lC 23.20All 26.70All 93.S0A I 103.60A 91.3SABC 1 
I 

NPK 17.40uHUI1 18.501:lCV 20.28AllCU 

I 
61.0SIJJ::FU ! 70.S0!:: 7S.93 FG \ 

NPKoMgo 14.9211u 16.03CU IS.6SIJI:: S2.40F<::iH I 4S.90J 50.501 
1 

I NPKIMgo IS.14t1U .---iJ._6.03cu 16.73cu
t. i 40.04Hr-- ! 47.351 ; 48.301 i 

NPK2Mgo i 18.33w
t.!' I 18.78BCU 19.85 HCly-r--s9 . Oot;:~G I 69.45F(J--r 69.30GHi ! , ! IA I LA!> AB"CD---l--DE ! DE' DEI- I I 

i NPKoMg3 i 17.37~:ml I 22.1sA!fi 23.31ABc-rs8~~c j_99.2Sxn-' 92.SSAI3C 

NPK1Mg3 ! lS.65c I 22.lOAIl I 26.91A i 89.00AB ! lO1.45"B 96.30ABC 

I NPK2Mg3 I 17.6SCDEFG I 23.60AB I 23".71AB _j 85.01ABC I 94.20ABC 100.10AB 

NPK3Mg3 I IS.09cD!::!' I 24.75A I 24.01AB i 89.30AB 
1 ~8.1SAB 99.0SAB 

Levels ofK 

Ko I 16.22 _L 20.16 1 19.59 ! 64.S4 I 70.09 70.74 
K) 1 16.27 i 20.41 I 22.18 ! 65.48 . I 73.77 I 73.89 I 

I I 
i I I i ! , ! I K2 I 17.08 ! 21.76 I 21.71 71.10 __ +1_8_0_.3_5_-t1_8_4_.0_6_---l 

I K3 119.36 \ 22.36 I 22.99 78.15 II 87.43 I' 89.76 

r---"------r-----+-I ------,-----+- . . 
CD (5%) i 1.10 I 2.47 i 2.94 6.45 ' 4.05 ! 4.71 

Levels ofMg I 
Mgo I 17.59 I lS.12 I 18.38 I 54.07 I 60.70 1 62.26 I 
Mg) ! 18.47 ! 23.13 I 22.73 ! 53.79 I 63.66 67.23 1 

Mg2 I 14.91 I 20.29 21.19 I 83.63 ! 89.01 91.96 I 
Mg3 I 17.95 ! 23.15 24.48 ! 87.08 I 98.26 97.00 I , 

f-I _CD--"-(5_~_'o)'___-+_1_.1_0 __ ___+! _2_.4_7 __ +-1 ~2c-' 9_4 __ . \ 6.45 __ -+-1 _4._05 __ t-1 4_._71 __ _J 

I 
CD~K x Mg I \ I' I I' I 

. ~5%) 2.20 4.94! 5.89 : 12.90 I 8.1 9.42 

m.a.p. - Months after planting 
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creased available P both in the presence and 

absence of Mg but the Mg applied pots gave 

higher P in soil than the zero Mg treatments. 

Increasing the Mg levels also significantly 

increased available P. The application of fer­

tilizers in general increased the available P of 
soil. 

4.3 Potassium (Table 41) 

Increasing the level of Sul-Po-Mag to SPM3 
significantly increased the available K of soil 

during the eariy stages though at three months 

after planting no significance was noticed. 

Incremental addition of K as muriate of pot­

ash also caused the available K of soil to in­

crease upto K3 level but significant increase 

occun-ed only upto K2• 

Incremental addition. of Mg caused a signifi­

cant decrease in available K especially when 

Mg was increased to Mg2 and higher. Similar 

observations were made by Grimme et aT. 

(1977). The decrease in K availability by 

incremental addition of Mg is because of the 

high solution concentration of Mg, which 

suppresses the K activity in soil. But lower 

levels of Mg (Mg1) did not significantly re­

duce the K level of soil. Thus low rates of 

application of Mg did not bring about a sig­

nificant reduction in the availability of K and 

hence Mg can be applied to crops at reason­

able levels (Mg1) to produce beneficial ef­

fects. The' NPK treatment receiving fertilizer 

dose as recommended by the package of 

practices, Kerala Agricultural University, 

gave available K of soil on par with SPM2 at 

all stages and significantly less than SPM3. 

Increasing the K levels without Mg addition 

significantly increased soil K especia1ly dur­

ing the initial stages though the magnitude of 
difference decreased as growth progressed. 
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Application of a constant level of Mg with 

increasing levels of K did not affect the in­

crease in soil K but at higher Mg levels it was 

seen that the availability of K decreased. 

Thus though available K increased as K levels 

increased in the presence of increased Mg, the 

values showed a decrease. Hence the avail­

able K values for Ko to K3 at Mg1 were higher 

than the available K values at Mg3. 

Increasing the Mg levels without K applica­

tion did not bring about significant reduction 

in available K values. But in the presence of 

K as Mg was applied at incremental doses the 

available K of soil was found to decrease pro­

gressively, the decrease being significant gen­

erally upto Mg2. Higher Mg levels did not 

bring about a significant reduction in avail­

able K values. This may be because of an 

increase in K fixation caused by an increase in 

exchangeable Mg. (Ningappa and Vasuki 

1989 and Tale1e et al., 1993). But at higher 

levels of K, a significant reduction was not 

observed with. increasing Mg levels. Thus 

increasing Mg significantly reduced K avail­

ability only at low levels of K. At high K lev­

els, added Mg did not show any marked effect 

on the available K of soil. 

In laterite soil, increase in Sul-Po-Mag levels 

significantly increased the available K but it 

was seen that SPM2 and SPM3 were on par. 

The NPK treatment gave available K signifi­

cantly less than SPM3 and on par with SPM2• 

With incremental levels of K application, the 

available K also increased but significant in­

crease occurred only upto K2. Increasing the 

rate of application of Mg resulted ill a de­

crease in available K, which was significant at 

Mg3 only. Significant interaction occuned 

between K and Mg at all stages. A progres-
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Table 41. Effect of treatment on soil available potassium at different stages 
ofbhindi crop (kg ha- ) 

Alluvial Laterite 
I Treatment I ';" 
I 1 m.a.p. 2 m.a.p. ! 3 m.a.p. I 1 m.a.p. I 2 m.a.p. I 3 m.a.p. I NoPoKoM&> I 138.88F1..iH 144.480

":-- i134.40EFG i 169.12Et"4 163.52F I 141.12H i 
:_~~~_~L,,_,, __ ._169.1~BCD I 157.92<..:D L 152.32BCDEFO I 196.00CD~27.36BCD I 200.48ABCDEF \ 

1 _~§.P~ _____ ~.7,~:84:mc--rm.48ADr'--'1 ~DEF1231.84A I 238.56ABC I 222.88~ 
NPSPM3 191.52/\ 187.04A l 176.96AD i 245.28A _I 266.56A

_ I 244.16A I 
NPK 173.60ABC 16l.28BCD 142.24DEFG i 221.76ABC I 219~CD I 206Q8AIfCD-! 
NPKoMgo 142. 24FGH 145.60DE 134.40EFG ~ 172.48in'0 I 169.12F '165:7~ 
NPKIMgo 163. 52<":lJl; 174.72Al1<": 163. 52Al1<":lJ :194:sgcnu I 217.2811<":lJh 191.5~EF~ 

I-NP~-I-l74.72ABr- ~~c--r17().24AB'C'----r224.00ABC--l23i96ABCD--2z0.~c-j 

~K3Mgo 189.~-0!~? __ ! 172.4';~C -,-J 23_~,~,~: ___ I,_246:_,!2: I 235.20:Ori 
~KoMgI 126.56 i 13l.04 I 132.16 I 164.64 I 179.20 i 159.04 I 
I NPK1Mg1 154.56lJl;~ I 180.32Al1C I 160.16ABClJC"'Il92-:64"CDU- 221.76BCny \ 199.36B'CD'EFGI 

NPK2Mg1 188.16/\ 184.80All I 178.08A I 228.48AB 234.08ABCD 218.40ABC I 
NPK3MgI 183.68Atl 189.28/\ I 180.321\, i 238.'56" 255.36AB I 239.68A i 
NPKoMg2 133.28uH 142.24lJl; I 13l.04° ! 155.680 154.S6F I 156.80F~1 

i NPK1Mg2 I 147.84EFG 144.48DE I 145.60cDEFG I 185.920EF 200.48CDEF I 207.20ABCO 

i NPK2Mg2 1175.84ABC I 172.4_8ABC __ LI71.36ABC __ ,_j_~.!_?_:_~~,~c ~_229.6q_ABCD ,215.04:
c I 

F~t~:~---'i~~'~:~~:---+-i~,t~--'---l--H+~-~:----,,--j,'H}~~'~'----+-~~:_i~-~-f~~Tr-~ 
I 145.600E i 146. 72cmo--1l79. 20EF \ 198:20DEr-1180:32:F~ 
I 171.36ABC 157.92ABCDEF I 198.24BCDE i 224.00BCD I 20l.60 ~D1 

, NPK1Mg3 
150.08lJl;~U 

, NPK2Mg3 I 173.60Atl<..: 

NPK3Mg3 180.32ABC I 179.20ABC 169. 12ABC ! 213.92ABCD I 226.24BCD I 212.80Atl
I,; 

Levels ofK 
, 

Ko 13l.60 137.76 132.72 I 161.56 I 167.44 I 158.48 I 

Kl 154.00 16l.28 154.11 I 188.16 I 209.44 I 194.60 

K2 178.08 

K3 - 185.08 
CD (5%) I 8.83 

176.40 
I 

169.40 JJ.¥.56 ! 230.16 I 213.92 I 
I 

185.36 I 173.32 'j 244.44 I 2'30.44 229.60 
10.63 12.54 I 13.98 I 17.49 i 19.90 

~~els ofMS_ -167-.44-----I ,-'1-7-1-.3-6----T'160T6-------"r206.36' I 216.44 I 203.28 

Mgt 163.24 171.36 
{--=-

Mg2 161.00 161.00 
Mg3 157.08 157.08 
CD (5%) 8.83 ! 10.63 

_______ I,~2.68 ,_, ___ ,_~--~-9_~.08-----1--222_:?_Q---,-,-L 204.!l__ I 
r--c:..~ __ __+--::-::_::_:_::..::----_+--::-:--::-:-::-_:___---J__::_1~5:...:4..:..:.8:...:4---_L.!_98.24 I 208.60 I 203.28 ~ 

151.76 ! 186.20 I 203.84 I 186.76 I 
12.54 i 13.98 ! 17.49' I 19.90 I 

I CD-KxMg I i 
I 

L_i5%) I 17.66 I 21.26 
I I I ! 

25.08 ! 2~~96 I 34.99 , 39.80 I 

m.a.p. - Months after planting 



sive increase in soil K occurred as K levels 

increased in the absence of Mg and also with 

different Mg levels. But at higher Mg levels 

(Mg2 and Mg3) it was seen that the values 

were less than that at lower Mg levels. 

In the absence of K, incremental additions of 

Mg decreased progressively the available K 

but there was no significant difference. In­

creasing Mg rates in the presence of K at dif­

ferent levels also did not significantly affect 

available K. Thus the available K in soil was 

not significantly affected by the levels of Mg 

in laterite soil. 

4.4 Calcium (Table 42) 

In alluvial soil, varying the Sul-Po-Mag levels 

did not bring about a significant effect on ex­

changeable calcium of soil. Increasing the Mg 

levels did not show significant effect on cal­

cium content. No particular trend was seen 

with incremental additions of Mg. Thus high 

Mg did not show any depressing effect on the 

soil calcium content in alluvial soil. But in­

creasing the K levels significantly increased 

the soil calcium during one month after 

planting and thereafter no significant effect 

was noticed. 

In laterite soil, exchangeable calcium was 

generally on par for the three Sul-Po-Mag 

treatments and the NPK treatments. Increas­

ing the K levels did not significantly affect the 

soil calcium levels but incremental additions 

of Mg caused a reduction in soil calcium es­

pecially at the ~ighest level (Mg)) contrary to 

the effect on alluvial soil. This decrease in 

exchangeable calcium with incremental addi­

tions of Mg is because of the high solution 

concentrations of Mg; which suppresses the 

calcium activity in soil (Grimme et al., 1977). 

Thus in laterite soil, exchangeable calcium 
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was significantly higher for the treatment re­

ceiving no/low Mg. In the presence of differ­

ent levels of Mg, as K increased, no 

significant effect was observed in soil cal­

cium. Thus in the laterite soil, levels of K did 

not affect exchangeable calcium whereas in 

alluvial soil, increasing K levels increased 

exchangeable Ca. 

"'.5 Magnesium (Fable -13) 

In alluvial soil, exchangeable Mg showed an 

increasing trend with incremental additions of 

Sul-Po-Mag during one month after planting 

but later the different levels of SPM did not 

cause significant effect on soil Mg. Thus it is 

seen that applying Sul-Po-Mag above SPM2 is 

not generally beneficial. 

Increasing the level of application of K sig­

nificantly decreased exchangeable Mg only at 

the highest level (K)). Thus antagonistic ef­

fect was shown by relatively high levels of K 

on the exchangeable Mg of soil. A decrease 

in exchangeable Mg by increased application 

of K was also reported by Tumer and Barkus 

(1983), Rajdhar (1989), Yang (1992) and 

Sindu (1997). This antagonistic effect of in­

creasing K on soil Mg was exhibited at all 

levels of Mg. 

It was also seen that increasing the Mg levels 

significantly increased the soil exchangeable 

Mg. The increase in exchangeable Mg by the 

addition of increased levels of Mg was be­

cause of the saturation of the exchange com:" 

plex with Mg ions (Alston, 1972). An 

increase in soil Mg with Mg addition was also 

reported by Ananthanarayana and Rao (1979). 

But in the presence of high levels of K, addi­

tion of higher Mg levels did not bring about 

significant increase in exchangeable Mg in 

alluvial soil. 



Table 42. Effect of treatments on soil exchangeable calcium at different stages 
ofbhindi crop (c mol (+) kg-1

) 
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.----------r-!--------------------~--------------------------l 

I 
Alluvial Ii Laterite 

Treatments 
1 m.a.p. 2 m.a.p. I' 3 m.a.p. I 1 m.a.p. I 2 m.a.p. 3 m.a.p. 

i--=-:N:-:oP~oKo~M-::&l-----l1-5-.-00.,.)tl{:ul:; 5.75" i 4.558C- I 5.058 I 4.80°'-'V 3.65c 

NPSPM1 4. SOUl:; 3.60A I 4.85ABC I~c I 5.30:SC ! 6.05A 

I NPK1Mg1 I 5.lOBCDE , 
5.25A I 4:60ABC I 6: 00f\l3(;--i4~'CD- I 5.10 

NPK2Mg1 5.35tlCU 5.70A I 4.80ABc-t6.35AB i 4.8013
<::1) 

I 
5.90 

NPK3MgI 5.70Atl
o..; 6.15" 15.15Atl\C I 5.50AJ:I'C I 4.85~D 5.80 

NPI<oMg2 4.lOE I 5.90A I 5.25ABC I 5.20HC I 4.15 ! 3.80 
NPK1Mg2 I 4.80C

I)E 5.75A I 5.10AtlC I 5.50AtlC I 4.55tlCU I 4.15 
"ABCI) A ,Atl , ABC-, --;::-;SCD I 

I 

rs:50AB'C~' 5:258C I NPK1Mg3 i 5.55ABCO I 5.15A I 4.60ABC 4.40cm: 
NPK2Mg3 5.4,5AtlCU I 4.95A I 5.25AtlC I 5.45Atlc ·· I 5.00tlCU I 4.60tlCU

I:; 

NPK3Mg3 5.75ABCD 4.90A I 5.05ABC I 5.45AtlC I 5.000
0..; I 4.60"WI> 

Levels afK I 
1<0 4.55 5.70 I 4.90 I 5.75' _l 4.85 J 4.35 
KI 4.90 5.50 I 4.75 I 5.90 I 5.05 ! 4.60 

, K2 5.30 5.60 I 5.15 ! 6.05 ! 4.75 
1

4
.
75 

I K3 6.05 5.35 I 5.00 
I 

5.65 I 4.90' 
I ! , 5.10 

I CD (5%) I 0.50 1------_· 0.55 I 0.45 0.65 ! 0.45 0.55 

I L Levels afMg 
M&l I 5.10 

1
5

.
60 I 4.85 I 6.40 __j 4.95 4.90 

! 

I 5.85 Mg1 5.20 5.75 4,75 I 5.00 5.35 
Mg2 5.20 I 5.75 5.25 I 5,65 4.45 4.25 
Mg3 5.25 I 5.00 

I 
4.90 I 5.50 5.15 4.45 

CD (5%) 
I 

I 0.65 0 . .50 I 0.55 0.44 0.47 0.57 

I CD-K xMg 
1

1.10 
I 

1.00 I 0,87 1 1,30 I 0.95 1.15 
, {5%} 

m.a.p. - Months after planting 
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Table 43. Effect of treatment on soil exchangeable magnesium at different stages of 
bhindi crop (c mol (+) kg-I) 

I Alluvial Laterite II 

I Treatments 
, ~--------~-------'I~------ r I 

~-::-::-c=-=:-::-;:--__ ---t--=l--::m:-=."Ua.-,-p_. __ -+--=2--::m:-:: . ....,a . .frp,. __ +1 3 m.a.p. i 1 m.a.p. 2 m.a.p. 3 m.a.p. I 

I NoPoKoMgo 2.82H 2.92FGH 1---z.78FG--n~- l.4ZE 1.36BCi 

Levels ofK 

lKo 3.28 3.44 3.23 I 1.80 1.74 l.54 
Kl 3.33 3.29 3.17 I l.72 1.70 1.50 

W<-2 3.25 I 3.29 , 3.13 ! 1.77· l.72 1.47 

I ~b (5%)--·-·--ro~it-----t~~i~------~ ~:~~ ---·---f--~:~~ -----rt-~~---+--~-:~-~---1 
I 
ILl fM I eve s 0 19 

Mgo 2.92 2.91 2.76 i 1.56 1.54 1.39 I 
Mgl 3.17 3.29 3.17 I l.84 l.77 l.57 I 
Mg2 3.29 3.41 3.28 ----I 1.75 

I 
1.72 1.54 i Mg3 I 3.51 3.55 I 3.37 I 1.81 I 1.77 ! 1.48 

j 

CD (5%) i 0.15 0.12 I 0.12 I 0.16 t 0.12 I 0.13 
CD-KxMg ! I I 

I 
t 

(5%) I 3.0 I 0.24 I 0.24 0.32 I 0.24 0.27 

m.a.p.- Months after planting 
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Table 44. Effect of treatments on soil available sulphur at different stages ofbhindi crop (kg ha"l) 

! 
I Treatments 

NoPoKoMgo 
NPSPMJ 
NPSPM2 
NPSPM3 
NPK 
NPKoMgo 
NPKJMgo 
NPK2Mgo 
NPK3Mgo 
NPKoMgJ 
NPK1Mg1 

NPK2Mg1 

NPK3Mgl 
NPKoMg2 
NPK1Mg2 

r-,NPK2Mg2 
i NPK3Mg2 
I I NPKoM~ 
I NPK[Mg3 
I NPK2Mg3 

Levels ofK 

~I! CD (5%) 

Levels ofMg 

i I 

Alluvial Laterite I 
! I 

1 m.a.p. i 2m.a.p. I 3 m.a.p. I r 2 m.a.p. 
I 

I 
I 1 m.a.p. I 3 m.a.p. 
I I I SO.7Su I 42.9S~ I 44.00p---T52.S0EF I 46.00° S1.1SCD 

I I 64.30:° 
! 

63.03lJ1..:ul>~u S9.80AJ:R:UI>~ I 62.S0ABC I 70.S0BCLi I 67.9SA 
I ! 

71. O(YlliWI:. 6S.~ul:. 66.7SAB I 78.30AH I 7S.00 ! 68.4S/\ 
I 80.00A. 7S.S0A 70.001\ 82.87A 

! 76.90A 63.2SAB 

48.45u 42.95~ 45.70E~· I 53.551:.t 48.00~u 50.75<':u 

54.90Em 50.75cDEF S5.35ifCDEF 52.351:.t 50.751:.~G 52.10<':u 
53.55~u 47.051>1' 48.45DE

I' I 53.55H 48.45l"U 49.90LU 
55.35UI>,.U 49.75UI>,. 54.90l:lcun 51.15EF 49.30tli 46.30D 

51.15u 45.30" 58.05AJ:R:UI> 50.75" 45.75u 49.90cU 

61.60lJl..:UI:.,.U 50. 75<.:ul>,. 60.55AJ:lcut. I 62.50<':UI> 60.05CUI> 57.00lJl..: 
59.80<':UI:.,.U 55.35lJ1..:UI:.,. 59. 15ABCDE"T 63.03cr51> 60.50CUI> 66.12A 
57.65<':UUU 50. 75<':ul:.,. 51. 15<.:ul>,. 62.50<':UI> 56.95ul>~ 62.50AH 

61.60J:lCUEtli 57.00AHCDE
I' 53.55I3CDH" 60.80u ",,, 57.45u",,, 63.45"" 

69. 25AJ:R:UI>,. 67.20AJ:R:U 64.00AlJl..: I 69.25l:lCU I 65.15AHCD 61.60AH 
I I 

65.15 ~62.50AEc i 72.95~ I 66.05AHCU I 67.70A 
I 

62.50I:jrn~1 6l.60 _(jl.60ABC~ L7l.00ABCD i 69.75ABC 63.80
AB I 

55.35
EFG I 52.400c

D 
1 __ ~~05:~Dr i 66.1_~~ __ 1 6l.60<':u 67.1~___j 

! ,ABC I A! ! ' AB"CD 

65.67 59.94 61.11 63.64 60.84 58.08 
62.98 58.00 S8.41 66.03 60.66 63.16 

I 62.55 58.15 58.31 64.56 60.51 59.81_\ 
I 60.09 i 55.90 i 59.06 , 62.16 j 57.93 62.10 I 

__llB_._"_".~.:.~_9 ___ .~23 __ "_._"L~·06 _ __j. 4.92 _---'-_3 .. _45 __ --11 

I Mgo=-___ -+_5_3_.7_4 ___ +-i _4_8_.2_1 __ -+_5_4_.1_6_ "I 52.08 I 48.68 I 49.55 I 
II Mg[ 60.25 I 53.49 --t_5~6_.0c-9_"_16_2_.3_6 ___ 1 58.74 I 62.28 I 
1-. .::...M::s,g'=--2 ___ -+I_~-!:-~_~"---1 60.01 61.56 j 69.84 I 65.75 I ~~:~~ I 

Mg3 I 70.28 65.09 l 72.10 .. 1' 4
66

.9'2
77 

I ~I 
!--'-C_D_:(,_5°-'-YoL)-::--_-t!_7_._12 ___ -+_8_.3_9 __ -t._6_._23 ___ 1 S.06. ___ :-+. ___ --l1_3_._45 __ -i 
I CD-KxMg I I 
i (5%) 114.24 1_6_.7_8 __ __,_12·1§ ___ ! _1_0_.1_2 ___ .--L.1_::_9.:..:.8_:c4 __ ..!.......:6:.:c.9c_:0_ 

m.a.p. - Months after planting 
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In laterite soil also incremental additions of 

Sul-Po-Mag did not significantly increase soil 

Mg. The NPK treatment receiving no Mg 

gave significantly low exchangeable Mg val­

ues which was on par with absolute control. 

As the level of Mg application increased sig­

nificant increase in exchangeable Mg oc­

curred. Increasing the Mg levels in the 

presence of different levels of K also signifi­

cantly increased the exchangeable Mg of 

laterite soil. 

Though increasing the K levels decreased the 

exchangeable Mg no significance was ob­

served. In the absence of Mg, increasing K 

levels increased exchangeable Mg but there 

was no significant difference. Similar results 

were obtained by Adams and Hendersen 

(1962) who reported that in Mg deficient 

soils, the availability of Mg to crops is greater 

at higher levels of K and in Mg sufficient soils 

the availability of Mg is . less at higher K lev­

els. The exchangeable Mg of soil decreased as 

growth of the crop progressed. This is be­

cause of the uptake of Mg by the plant. 

4.6 Sulphur (Fable 44) 

Increasing Sul-Po-Mag levels resulted in in­

creased levels of S in soil, which was signifi-
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cant at one month after planting. The Sul-Po­

Mag and the K + Mg treatments gave avail­

able S of soil significantly More.. than the N PK 

treatment. This is because of the presence of 

S in both Sul-Po-Mag and Mg S04. 

As the level of K increased, the available S in 

soil did not show significant variation but in­

creasing the Mg levels significantly increased 

the available S especially at higher levels of 

Mg. This can either be due to a synergistic 

effect of added Mg on S availability or due to 

the presence of S in MgS04 . 

In laterite soil, the Sul-Po-Mag treatment gave 

significantly higher available S when com­

pared to the treatments receiving no Mg but it 

was on par with the K + Mg treatments. In­

creasing the· level of Sul-Po-Mag did not sig­

nificantly increase the available S of soil. 

Application of K decreased the available S 

when compared to Ko but incremental addi­

tion of K did not bring about any significant 

effect. But the addition of Mg significantly 
increased S in soil at higher levels of applica­

tion (Mg2 and Mg3)' The increase in S by 

incremental addition of Mg also occlllTed in 

the presence of different levels of K. Thus 110 

interaction occurred between K and Mg on the 

available S content oflaterite soil. 
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SUMMARY 

The present investigation entitled 'Dynamics 

of potassium, magnesium and sulphur in plant 

and soil with special reference to the applica­

tion of langbeinite' was undertaken to exam­

ine the dynamics of K, Mg and S in soil as 

influenced by the application of langbeinite 

(Sul-Po-Mag) and to assess the suitability of 

langbeinite as a potassium-cum-magnesium 

fertilizer in the acid-laterite soil of Kerala us­

ing tapioca and bhindi as test crops. 

The firstpart of the study comprised of a field 

experiment conduc;ted at the Instructional 

Farm, College ofHortic~lture, Vellanikkara to 

fmd out the suitability of SuI-Po-Mag as K­

cum-Mg fertilizer for tapioca in Kerala. The 

treatments inc1uded the application of K20 as 

Sul-Po-Mag or muriate of potash alone at dif­

ferent levels of substitution. 

Observations were made on plant characteris­

tics, nutrient uptake and soil nutrient level at 

harvest stage. It was seen that the Sul-Po-Mag 

treatments gave drymatter production and 

yield on par with muriate of potash. N and P 

uptake was significantly higher for the treat­

ments receiving Sul-Po-Mag during the initial 

stages only but during the later stages, the 

Sul-Po-Mag and muriate of potash treatments 

were on par. Muriate of potash treated plants 

generally did not show significant difference 

in K and Ca uptake from the Sul-Po-Mag 

treatments at different stages of growth. Mg 

and S uptake values for the muriate of potash 

treatment remained low throughout the 

growth period when compared to Sul-Po-Mag 

treatment and this was significant during 'the 

initial stages. Application of gypsum signifi­

cantly increased the S uptake values. 

The different treatments did not influence the 

available N content of soil. The available P 

was significantly low for the plots receiving 

Sul-Po-Mag, muriate of potash and Mg than 

those receiving gypsum or gypSWTI + Mg 

along with muriate of potash. Application of 

higher levels of Mg or gypsum along with 

muriate of potash gave increased available K 

content .of soil at harvest but the treatments 

with 100 per cent muriate of potash or Sul-Po­

Mag gave significantly low available K val­

ues. The treatments receiving gypsum re­

corded high values for exchangeable calciw11. 

Magnesium availability increased with in­

creasing levels of Mg addition but application 

of gypsum decreased the available Mg in soil. 

Available S increased with increasing S appli­

cation as Sul-Po-Mag or gypsum. The plots 

receiving muriate of potash and muriate of 

potash + Mg gave significantly low available 

S values than those receiving Sul-Po-Mag or 

gypsum. Thus Sul-Po-Mag can be substituted 

for tapioca in the acid-laterite soils ofKerala. 

The second part of the study comprised of an 

incubation experiment programmed with the 

intention of delineating the pattern of release 

of K, Mg and S during the course of incuba­

tion under submerged conditions after the ap­

plication of Sul-Po-Mag, muriate of potash, 

MgS04 and a combination of muriate of pot- . 

ash and MgS04 at three different levels of 

these fertilizers. Application of K fertilizers 

(Sul-P()-Mag or muriate of potash) resulted in 

a significant increase in the available K of 

both the alluvial and laterite soil. In alluvial 

soil, the available K first increased till 15 days 

after incubation and then decreased to a stable 

value towards the end of incubation. Muriate 



of potash application gave lower available K 

during the later stages but SuI-Po-Mag main­

tained K availability throughout incubation. 

In laterite soil also the available K increased 

during the later stages, the decrease being 

more for muriate of potash than for Sul-Po­

Mag. In bOlh soils, available K decreased 

with incremental additions of MgS04 espe­

cially during the initial stages. 

Alluvial soil gave comparatively very low 

amount of K in. leachate than the laterite soil. 

Leachate K was more for the treatments re­

ceiving MgS04 +MOP and muriate of potash 

while Sul-Po-Mag gave lower leachate K in 

both soils. Increasing the K levels increased 

leachate K in both soils. 

Application of Mg fertilizers significantly in­

creased exchangeable Mg in both soils 

throughout the period of incubation. Thus 

Slit-Po-Mag and MgS04 application increased 

the exchangeable Mg when compared to mu­

riate of potash. As the incubation period ad­

vanced, exchangeable Mg for the Sul-Po-Mag 

treatments showed higher values when com­

pared to MgS04 indicating the gradual release 

of Mg from Sul-Po-Mag in alluvial soil. In 

laterite soil, the pattern of release was almost 

similar for Sul-Po-Mag and MgS04 though 

Sul-Po-Mag gave slightly higher values for 

exchangeable Mg at the end of incubation. 

TIle presence of Kin Sul-Po-Mag did not af­

fect significantly the exchangeable Mg values 

of both soils. 

Leachate Mg showed a decrease during the 

initial stages and then showed an increase in 

both soils. The increase was in a more stable 

manner in laterite soil but fluctuated in allu­

vial. In laterite soil, a steep decline in 

leachate Mg was noticed for the treatments 
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receiving MgS04 and muriate of potash alone 

and in combination, but for the treatments re­

ceiving Sul-Po-Mag, the decline was gradual. 

In alluvial soil, a steep decline was noticed for 

all treatments. Thus Mg release OCCUlTed over 

a prolonged period for Sul-Po-Mag than 

MgS04. Increasing the level of Mg feltilizer 

increased leachate Mg. Leachate Mg was 

lower for Sul-Po-Mag than for the MgS04 

treatments. 

The alluvial and laterite soils did not vary 

much in their available S contents. Applica­

tion of Sul-Po-Mag or MgS04 resulted in an 

increase in available S throughout the incuba­

tion period in both soils. The available S ini­

tially decreased during the first eight days and 

then showed an increase in both soils, the 

magnitude of which was more in alluvial soil 

than in laterite soil. The treahnents with mu­

riate of potash recorded comparatively lower 

values for available S when compared to the 

treatments receiving Sul-Po-Mag or MgS04. 

The leachate S showed an initial decrease in 

both soils and then increased after 30 days 

after incubation. At the end of incubation 

both soils showed a decrease in leachate S. 

Thus release of S was in a fluctuating pattern 

especially for alluvial soil. The leachate S for 

muriate of potash treahnent was less than 

MgS04 or Sul-Po-Mag. 

No significant difference was observed among 

the fertilizer h'eahnents in available N during 

incubation in both soils. Both alluvial and 

laterite soils showed the same pattern of 

changes during incubation. Available N rc­

mained stable till 30 days after incubation and 

then showed an increase. N in leachate was 

higher during the initial stages and then 

gradually decreased till the end of incubation. 



The available P was found to increase pro­

gressively during the initial stages of incuba­

tion and then showed a decrease. The trend of 

changes was similar in both soils but in 

laterite soil, the peak value was attained later 

than alluvial soil. Application of different K 

and Mg fertilizers did not result in much de­

viation from the original pattern of P release 

and sorption in both the soils but it was seen 

that the treatments receiving K and Mg as 

KCI and MgS04 gave comparatively lower 

values than Sul-Po-Mag after the initial stages 

of incubation. The P contained in leachate in 

alluvial soil was only in traces when. com­

pared to the laterite soil. 

Exchangeable Ca was slightly higher in allu­

vial soil when compared to laterite soil but the 

two soils showed almost similar pattern of 

release. The leachate Ca remained almost 

stable in laterite soil but showed a gradual 

increase in alluvial soil. 

The third part of the study comprised of a pot 

culture experiment undertaken to examine the 

interaction of K and Mg in soil plant system 

using bhindi as the test crop, with different 

levels of muriate of potash, MgS04 and Sul­

Po-Mag. 

In alluvial soil, the Sul-Po-Mag applied plants 

gave relatively higher dryrnatter production 

when compared to the treatments receiving 

muriate of potash at all stages but a decrease 

in dryrnatter production was observed as the 

level of application increased. Similarly ap­

plication of Mg as MgS04 at the lowest level 

(10 kg ha-1
) caused a significant increase in 

drymatter production but higher levels of ap­

plication did not cause any significant in­

crease. In laterite soil, the Sul-Po-Mag 

treatments did not significantly increase the 
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dlymatter production, but Mg addition as 

MgS04 (upto 20 kg Mg per ha) increased the 

drymatter production. 

Fruit yield was significantly higher for the 

Sul-Po-Mag treatments in alluvial soil when 

compared to the treatments receiving muriate 

of potash and MgS04. TIle NPK treatment 

receiving the nonnal fertilizer dose recom­

mended by the Kerala Agricultural University 

gave significantly lower yield when compared 

to the Sul-Po-Mag treatments. But addition of 

MgS04 at moderate levels (Mg,) along with 

muriate of potash significantly increased the 

yield of bhindi fruit in alluvial soil. Yields 

were generally lower in laterite soil than in 

alluvial soil. The SPMiwas found to give 

fi-u,it yield significantly higher than SPM[ and 

SPM3 which was on par with the NPK treat­

ment. Addition of MgS04 also increased 

yield upto Mg2• Higher levels of Mg signifi­

cantly decreased yield. 

In alluvial soil, Sul-Po-Mag treatment regis­

tered higher nuhient uptake values than the 

muriate of potash and the muriate of potash + 
MgS04 treahnents especially during the later 

stages of growth. When Mg and K were sup­

plied as Sul-Po-Mag, N uptake was signifi­

cantly higher than when a conesponding level 

ofMg and K were applied as MgS04 and KCl 

respectively in alluvial soil. . Thus in alluvial 

soil, the application of K as K2S04 increased 

N uptake when compared to KCl. In laterite. 

soil, Sul-Po-Mag treatments gave significantly 

lower N uptake values especially at higher 

levels of application when compared to the 

muriate of potash + MgS04 treatments. But N 

uptake by the treahnent receiving NPK was 

on par with SPM[ and SPM 2.. Increasing the 

level of K application increased the K uptake 

by the crop in both soils. 



P uptake was significantly higher for the Sul­

Po-Mag treatments when compared to the 

other treatments in both alluvial and laterite 

soils but with incremental addition of Sul-Po­

Mag, the P uptake decreased significantly. 

Application of increasing levels of K resulted 

in increased P uptake values upto K2 level (30 

kg ha- l
) in both soils. 

Increasing the level of Sul-Po-Mag applica­

tion increased the uptake of K in both soils. K 

uptake by the Sul-Po-Mag treatments was in 

general higher than the muriate of potash 

treatments in both soils. Increasing the Mg 

levels increased K uptake in alluvial soil but 

did not give significant effect in laterite soil. 

Application of Increased levels of Sul-Po­

Mag did not produce a significant effect on 

the uptake of Ca by bhindi though a decreas­

ing trend was noticed. Addition of MgS04 at 

increased levels decreased the Ca uptake sig­

nificantly in both soils. 

Application of increasing levels of Sul-Po­

Mag or MgS04 increased Mg uptake in both 

alluvial and laterite soils. Increasing the level 

of K. ·application as muriate of potash de­

creased Mg uptake significantly at two 

months after planting. But in the presence of 

Mg (10 kg ha-J
), the different K levels did not 

influence significantly the Mg uptake by the 

plant. In laterite soil, Sul-Po-Mag gave com­

paratively lower Mg uptake values when 

compared to muriate of potash treatments re­

ceiving Mg at moderate to high levels (20 to 

30 kg ha-J
). 

Increasing Sul-Po-Mag levels did not signifi­

. cantly increase S uptake in both soils. Appli-

1-=t\G.59 131 

cation of Mg at moderate levels increased S 

uptake in both alluvial and laterite soils. 

Soil available N was increased significantly 

. by the application of Sul-Po-Mag at increas­

ing rates in alluvial soil, but in laterite soil 

there was no significant increase. It was ob­

served that irrespective of the K level as Mg 

increased, a significant increase in N avail­

ability occurred in both soils. 

Increasing· the level of Sul-Po-Mag applica­

tion significantly increased P availability upto 

K 3. Application of K and Mg also signifi­

cantly increased P availability in both soils. 

Incremental addition of Mg in the presence of 

K caused a significant decrease in available K 

especially at higher Mg levels in both soils 

but increasing the Mg levels without K a~pii­

cation did not bring about a significant reduc­

tion in available K values. 

Varying the SuI-Po-Mag levels did not bring 

about a significant effect on exchangeable Ca 

of both soils. Increasing Mg levels did not 

show significant effect on Ca content in allu­

vial soil but caused a rcduction in exchange­

able Ca in laterite soil. 

Exchangeable Mg showed an increasing trend 

with incremental additions of Sul-Po-Mag 

only during the initial stages of growth in both 

soils. Increasing the K level to K3 signifi­

cantly decreased exchangeable Mg. Thus an- . 

tagonistic effect was shown by relatively rugh 

levels of K on the exchangeable Mg of soil. 

Increasing the levels of Stu-Po-Mag and 

MgS04 significantly increased available S in 

both alluvial and latelite soils. 
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ABSTRACT 

An investigation entitled 'Dynamics of potas­

sium, magnesium and sulphur in plant and 

soil with special reference to the application 

of langbeinite' was undertaken to examine the 

dynamics of K, Mg and S in soil as influenced 

by langbeinite (Sul-Po-Mag), a K-cum-Mg 

fertilizer in the acid laterite soil of Kerala us­

ing tapioca and bhindi as test crops. 

The first part of the study comprised of a field 

experiment to assess the suitability of Sul-Po­

Mag as a K-cum-Mg fertilizer for tapioca in 

Kerala. It was seen that Sul-Po-Mag applica­

tion produced drymatter and yield on par with 

the muriate of potash treatments and hence 

Sul-Po-Mag can be substituted for muriate of 

potash for tapioca in the acid-laterite soils of 

Kerala. Mg application increased the avail­

able Mg of soil but gypsum application 

caused a reduction in available Mg. 

The incubation study was programmed with 

the intention of delineating the pattern of re­

lease of K, Mg and S during the course of in­

cubation under submerged conditions, after 

the addition of Sul-Po-Mag, muriate of pot­

ash, MgS04 and a combination of n~.uriate of 

potash and MgS04 at three different levels of 

these fertilizers to two soils namely alluvial . 

and laterite. Applicatio_!l of either Sul-Po­

Mag or muriate of potash resulted in a signifi­

cant increase in the available K of both soils. 

The available K decreased with incremental 

additions of MgS04 especially during the ini­

tial stages. Muriate of potash application gave 

lower available K during the later stages but 

Sul-Po-Mag maintained availability through­

out the incubation period. The alluvial soil 

gave very low amount of K in leachate when 

compared to the laterite soil. The leachate K 

was less for the Sul-Po-Mag treatment when 

compared to the treatment receiving muriate 

of potash + MgS04. Application of SuI-Po­

Mag or MgS04 increased the exchangeable 

Mg when compared to muriate of potash as 

the incubation period advanced, the ex­

changeable Mg for the Sul-Po-Mag treahnents 

showed higher values when compared to 

MgSO" indicating the gradual release of Mg 

from Sul-Po-Mag in alluvial soil.· In laterite 

soil, the pattern of release was almost similar 

for Sul-Po-Mag and MgS04 though Sul-Po­

Mag gave slightly higher values for ex­

changeable Mg at the end of incubation. The 

presence of K in Sul-Po-Mag did not affect 

significantly the exchangeable Mg values of 

both soils. The leachate Mg showed a de­

crease during the initial stages of both soils 

but leachate Mg was lower for Sul-Po-Mag 

than the muriate of potash treatments. 

Application of Sul-Po-Mag or MgS04 re­

sulted in an increase in available S throughout 

the incubation period in both soils. Available 

S initially decreased and then showed an in­

crease, the magnitude of which was higher for 

alluvial than the laterite soil. The leachate S 

showed an initial decrease· in both soils and 

then increased after 30 days after incubation 

but at the end of incubation, a decrease was· 

again noticed. 

The third part of the study consisted of a pot 

culture experiment undertaken to examine the 

interaction of K and Mg in soil-plant system 

using bhindi as the test crop with different 

levels of muriate of potash, MgS04 and 

Sul-Po-Mag. 



In alluvial soil, application of Sul-Po-Mag 

gave relatively high drymatter production 

when compared to the other treatments but a 

decrease was observed as the level of applica­

tion increased. Similarly application of 

MgS04 at the lowest level caused a signifi­

cant increase in drymatter production but 

higher levels did not cause any significant ef-
• 

feCt. In laterite soil, the Sul-Po-Mag treat-

ments did not significantly increase ciryInatter 

production but addition of increased levels of 

MgS04 (upto Mg2) caused a significant in­

crease. 

Fruit yield was significantly higher for the 

Sul-Po-Mag treatments in alluvial soil when 

compared to the treatments receiving muriate 

of potash, MgS04 and the treatments receiv­

ing NPK at the rate recommended by the Ker­

ala Agricultural University but in laterite soil 

the yield recorded by the Sul-Po-Mag treat­

ments were on par with the NPK treatment. 

In laterite soil SPM2 was found to give fruit 

yields significantly higher than SPM[ and 

SPM3• Addition of Mg (as MgS04) increased 

yield upto Mg2 but higher Mg levels signifi­

cantly reduced yields. 

Sul-Po-Mag treatments registered higher nu­

trient uptake values than the muriate of potash 

and the muriate of potash + MgSo.l treat­

ments. Increasing the Mg levels increased K 

uptake in alluvial soil but did not give signifi­

cant effect in laterite soil. Increasing the SuI­

Po-Mag or MgS04 levels increased Mg up­

take in both soils. But increasing the levels of 

muriate of potash significantly decreased Mg 

uptake. In the presence ofMg (10 kg ha- l
) the 

different K levels did not significantly influ­

ence the Mg uptake values when compared to 

the muriate of potash treatments receiving Mg 

at moderate to high levels (20-30 kg ha- l
). 

Application of Mg at moderate levels in­

creased S uptake in both the soils. 

Incremental addition of Mg in the presence of 

K caused a significant decrease in available K 

especially at higher Mg levels in both soils, 

but increasing the Mg levels without K addi­

tion did not bring about a significant reduction 

in available K values. Exchangeable Mg 

showed a increasing trend with incremental 

additions of Sul-Po-Mag during the initial 

stages of crop growth. Increasing the level of 

application of K significantly decreased ex­

changeable Mg. Thus antagonistic effect was 

shown by relatively high levels of K on the 

exchangeable Mg of soil. Increasing the lev­

els of SuI-Po-Mag and MgS04 increased soil 

available S in both laterite and alluvial soils. 




