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AVAILBALE ZINC, COPPER, IRON AND MANGANESE STATUS

OF THE ACID RICE SOILS OF KUTTANAD, KERALA STATE

R. S. \TYF.K, C. K. RAJ AGOPAL and N. S. MONEY

College of Agriculture, Vellayani, Kerala

Since the introduction of < ; > e high yielding varieties of rice, instances of
micronutrient deficiencies especially with respect to zinc and copper and response
to their application has been observed in the extensive rice growing tract of the
State, namely Kuttanad. This investigation was conducted to assess the available
micronutr ient status of the three major soil types of the region viz , Kari (Peat),
Kayal (reclaimed lake-bed) and Karapadom (river borne al luvium) soils in order to
take up detailed response studies and demarcate areas of deficiency.

Materials and methods

Surface soil s imples 0-20 cm. were collected from 14 locations in the Kayal
areas, 8 locations in Kari areas and 7 locations in Karapadom areas, after harvesting
of the rice crop in the months of March and April and before letting in of saline
water from the adjoining Vembanad Kike. The soil samples were air dried, passed
through a 2 mm sieve (plas t ic) and the micronutrient cations zinc, copper, iron
and manganese determined in the Atomic Absorption Spectrophotometer (Varian
Techtron AA 120). Available zinc was determined by extracting the soil with neutral
N ammonium acetate mixed with 0.01 % dithizone in CCI4 with soil : solution
ratio of 1:10 and shaking period of 1 hr . The extracted zinc was then converted
into the hydrochloric acid phase and the extent of absorption measured using the
resonance line 2139 A.

Available copper was extracted with neutral N ammonium acetate for one
hour maintaining a soil : solution ratio of 1:2 and the copper in the extract deter.
mined using the resonance line 3247 A, Available iron was extracted with N ammonium
acetate, pH 4.8, for 30 minutes ma in ta in ing a soil solution ratio of 1:4 and iron in
the extract determined using the resonance line 2483 A. Exchangeable manganese
was extracted wi th neutral N ammonium acetate for 10 hours ma in ta in ing a
soil'.solution ratio of 1:25 and manganese in the extract determined using the re-
sonance line 2483 A. The following cr i t ical l i rrr ts were fixed for the micronutrient
cations viz., zn-0.5 ppm; Cu -0 5 ppm; Fe -2 ppm; exchangeable Mn- 3.0 ppm.

Results and discussion

The micronutrient status of the three different types of acid rice soils of
Kuttanad viz., Kari, Kayal and Karapadom are presented in Table 1.
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Table 1

Available Zn, Cu, Fe and Exchangeable Mn Status of Kuttanad Soils

No.

I.

4.

6.

8.

9,
JO.
11.
12.

;
i ;

15.
16.
i

18.
19.
20.
2 1 .
22.

23.
i • %

25.
•

29.

Description and location

Kayal foils

A Block n t tanad
Mnr thandom Block

R Block

Block

Marthandom Block
Martha Block

Chiihira Kayal
Chithi? Kayal

14000 Kayal (Old)

24000 Kayal New)

Rani Kayal,

Rani G Block

R Block, V Sub Block
Chithira Kayal Sub Block I

Kari soils

Nadnthuruthi Padashekaram, Kaduthuruthi
Alamkar i , Kaduthuruthi
Kolathara , ' idasekharam, Vaikom

Thevalakkadu, Vaikom
Marappally, Vaikom

Mundar, V Block, Vaikom
Mumiar, II Block, Kallara

Mundar X Block, Kallara

Karapndom suili

Mon!;em!<: K u t t a n a d

Veliyanad, K u t t a n n d
•elamperoor. West Kuttanad
elamperoor East Kut tanad

Vettikari ' . idom, Pn .".
Math: Padom, N'eumdudi

Maihu Vadakke Padom, Nedumudi

Zn

2.6
1.0
3.0
1.8
5.5
1.8
0.2
0.2
Nil
0.2

Nil

1.0
0.3

2.4
4.0
2.0
0.2
1 0

1.0
1.5
2.0

10.5

1.0
0 :
2.2

10.5

2.0
2.5

Cu

(in parts

0.04

0.04

0.04
0.04

0.04

0.04

0.12

0.12

0.62

O.I 6.

0.16

0,20

0.26

'; •

0.20

0.30

0.52

0.56

0.26

0.26

0.16

0.26

0.22

0.30

0.26

0.22
;

0.20

0.26

Fe

per million)

20.0

2.0
1.8
3.2
2.0

15.0

4.0
•

52.0

160.0

,
12.0

6.0
6.0

650.0

. 50, '
196.0

64.4

206.0

420.0

260.0

880.0

110.0

74.0

74.0

36.0
156.0

82.0

212.0

Mn

12.0

33.0

20.0

25.0

25.0

15.0

19.0

5.0
' '

12.0

7.0
' 5

10.0

10.0

10.0

16.0

11.0

7.0
20.0

110.0

75.0

80.0

14.0
10:0
10.0

2.0
18.0

6.0
25.0
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It may be seen from the results that 7 out of 14 Kayal soils have
available zinc status well below the critical limit. These represent an extensive area
of about 8000 hectares in Kuttanad, where the soils are submerged for the greater
part of the year with salt water except during the cropping period between
November-December to February-Match when the soil is again submerged but with
salt water. Out of 8 locations in Kari soils and 7 locations in Karapadom only
in one location each, the available zinc status was below critical level. These results
thus show that the Kayal soils w i t h a pH range between 5.1 and 6.6 and heavily in-
fested with molluscan lime shells and having a M;< status higher than the other two
soil types are, in general, low in available zinc status. It is known that continuous
water-logging decreases the concent ra t ion of zinc in the soil solution, and this decrease
is greater in neutral and calcareous soils. Presence of high amounts of magnesium
is also known to be associated with zinc deficiency though s ignif icant correlations
could not be obtained, in the present study, with the exchangeable Ca-fMg s tua tug
of the soils. Further, high amounts of phnsphatic ferti l iser applications are also
known to cause dificiencv of zinc to rice crop grown in soils with marginal values
for availabld zinc. (Prabha, 1971) and in Kuttanad area high rites of application of
phosphatic fer t i l i sers are not uncommon. High amounts of soluble phosphatic
ferti l isers render zinc unavailable These results suggest that the rice croo in the
Knya! soiis of Kuttanad are l ikely to respond to a p p l i c a t i o n s of z inc by foliar or
seedling d ipp ing method or in the so i l .

Out of the 29 samples of soils studied only 3 samples (8,17 and 18) have
available copper status above the crit ical l imit of 0 5 ppm. Even these three soils
have an ava i l ab le copper status only marginally above the critical l imi t . Thus in
general, all the three major soil types in Kuttanad are deficient in available copper.
Fur ther work is necessary on the response of high yielding varieties to application
of copper in these soils.

On a comparative basis the Kayal soils have a s ignif icant ly lower amount
of available iron compared to the Kari and Karapadom soils, while no pattern is
discernible in the exchangeable manganese status. Out of 29 samples studied only
one sample had an exchangeable manganese status below the critical limit.

Table 2 presents the ranges in some of the impor tan t soil properties
studied for the three types of soi ls Table 3 presents the correlation between avai-
lable zinc, copper, iron and exchangeable manganese wi th the soil properties
studied.

Available zinc is not found to be s ignif icant ly correlated with any of the
properties studied. However, copper is s ignif icant ly correlated to organic carbon and
CEC. The positive r e l a t i o n with organic carbon suggests that the organic matter
in these soils do not fix copper as has been observed in the Nilgiri soils by
Rajagopalan et al (1974). Similar posit ive correlations have been reported by



18 AGRICULTURAL RESEARCH JOURNAL OF KERALA

Table 2

Important soil chemical characteristics

Soil type

Kayal soils
(14 samples)

Kari soils
(8 samples)

Karapadom
(7 samples)

pH

5.1-6.6

4.3-4.5

soils)
2.9-5.0

Correlations

organic
carbon

1.14-3.04

9.86-10.88

1.33-4.09

Table

between available

CEC
me./lOOg

10.37-27.06

39.88^4.66

16.20-27.62

3

Zn, Cu, Fe

Exch.
Ca4 Mg
me./lOOg

4.90-13.65

3.92- 4.31

4.90- 8.84

and exchangeable

Clay

8.0-55.5

54.0-58.0

1). 0-39.0

Mn and soil properties.

Zinc

Copper

Iron

Manganese

Organic carbon

0.013

I 0.482*

+ 0.689*

: 0.205

CEC

"0.215

0.400*

4 0.566*

0.523*

Exch.Ca 4- M;

0.099

0.203

0.408*

~ 0.338

i PH

"0.014

~ 0.265

0.425*

J 0.30!

Clay

0.001

0.040

' 0.270

0.349*

Rai and Mishra (1967) and Badhe et .1? (1971). The available iron stains is
significantly and positively correlated with organic carbon and CEC and negatively
correlated with pH and exchangeable Ca-f-Mg. Problems of iron toxicity are often
encountered in Kuttanad, as has been reported by Subramoney and Balakrishna
Kurup (1961) and the present results suggest that it is likely to be more serious in
the Kari and Karapadom soils than in the Kayal soils. Exchangeable manganese
was found to be significantly and positively correlated with CEC and clay
content.
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Summary

Determination of available zinc, copper, iron and exchangeable manganese
in the [Cari, Karapadom and Kayal soils of Kuttanad region, Kerala State, re-
vealed that all the three soil types are highly deficient in available copper (90%).
Available zinc was deficient in 50% of the Kayal soils studied. High amounts of
available iron in the Kari soils suggest the possibility of iron toxicity to rice in
these soils. Significant and positive correlations existed between available copper
on the one hand and organic carbon (r= + 0.400) and CEC (r= + 0.566! on
the other. Available iron was significantly and positively correlated with organic
carbon (r= +0689) and CEC (r= -f 0.566) and significantly and negatively
correlated with p i ! (r= - 0.425) and exchangeable Ca + Mg (r= - 0.408). The
results warrant application of copper in all the three types of Kuttanad soils
and of zinc in the Kayal soils.
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