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be taken up with emphasis on efficient
use of K and the consequent economy
inKuse(23).

Scenario of K Fertiliser Use in
India

Two most important K fertilisers are
potassium chloride or muriate of
potash (MOP)} containing 60% K,0
and sulphate of potash (SOP)
containing 50% K,OQ. India has no
deposits of K. fertilisers and all of it
has to be imported. During 2008-09,
2.6 million tonnes (mt) of K,O
(equivalent to 4.4 mt MOP) was
consumed in India and by 2025 the
amount of K,O consumption may
double to meet the foodgrain needs of
the country. However, the major
concern is the spiraling international
price of MOP; it was US$ 172 per
tonne (fob Vancouver) in January
2007 and rose to US $405-625 per

tonne in June 2008. Huge amount of
foreign exchange is being used to
import K fertiliser. This scenario
underlines the need for using the
costly K fertiliser judiciously and
most economically considering the
crop K needs and the soil K reserves
(17,18,27,39,41).

Interpretation of Available K in
Relation to Nonexchangeable K in
Seil

Usually soils analysing less than 120
kgha' K (144kgK,0) are rated low in
available K, between 120 and 280 kg
ha X (144-336 kg K,0) medium and
above 280 kg ha" X (336 kg K,0) as
high in available K  (6).

Unfortunately, these rating limits are
irrespective of crops or soils.
Solankey et al. (12) studied the
response of two wheat varieties to
potassium on farmers'

fields in

Recommendations of potassic fertiliser are made based on available (exchangeable +
water soluble) K status of soils in different soil testing laboratories in India. However,
recent studies employing a variety of measures of nonexchangeable K indicated a very
substantial contribution of nonexchangeable fraction of soil K to crop K uptake. Present
paper examines the information generated in the last 30 years on the status of
nonexchangeable K in Indian soils, its contribution to crop K needs, categorization of
Indian soils based on exchangeable and nonexchangeable K fractions and K
recommendations considering both the fractions of soil K. Inclusion of nonexchangeable
K in the soil testing aids in predicting immediate K needs of.crop plants as well as long
term K needs of intensive cropping systems. Based on published information on Indian
soils, district wise maps were prepared for both exchangeable and nonexchangeable K
and K deficient districts of the country were identified where K appilication is a must.
Some maintenance dose of K is required in some districts where, exchangeable K is
high but nonexchangeable K is low or medium. These maps and suggested
recommendations help to prioritize the K efficient zones where K application is essential
and higher possibility exists for improving the K use efficiency. Special care should be
taken on K fertilisation on high K requirement crops like banana, sugarcane, potato,
cotton, several cereals, tobacco, intensive fodder systems, vegetables and fruit crops.
Therefore, inclusion of nonexchangeable K as a soil test in the soil testing laboratories
for assessing long term K supplying capacity of Indian soils under intensive cropping
systems and arriving at reliable K fertiliser recommendations is essential.

swell-shrink  soils. Though these
soils were adequate in available K,
crop responded to 30 kg ha' K,0.
They have established a critical limit
of 14.4 kg' K water-soluble K but
failed to establish a critical limit
based on ammonium acetate K., For
delineation of fertility status, to
isolate responsive soils from non-
responsive ones and to recommend
fertiliser K, critical limits for
different crops in soils of various
agroecological regions are needed.
Information is provided about
critical limits of available K in
different crops on some  well-
defined soils (Table 1) (35). The
data show a great diversity in the
critical limits ranging from 48 to 137
mg kg’ soil. These results also
indicate that for single crop, there is
wide range of critical limits. For
example, for rice, the critical limits
based on available K varied from 58
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to 190 mg kg' and for sorghum
from 240 to 335 mg kg~ Though
crop requirements are fairly uniform
across the regions but critical limits
changed among soil types. It means,
crop K requirement are fulfilled
from not only available K but also
soil reserve K (Tables 2 and 3),
which is not accounted now in soil
test based K recommendations (15,
33,38,43,44,48).

Substantial Contribution of
Nonexchangeable K to Plant K
‘Uptake

The contribution of nonexchangeable
K to plant K uptake was worked outin
both green house studies as well as in
field experiments. It was indicated
that the crops particularly cereals with
well branched root system draw K
from soil, majorly from
nonexchangeable source. The
contribution of nonexchangeable K
from eight illitic soils (2,9, 19, 22, 54,
57) during 245 days of exhaustive
cropping with sudangrass was 70% in
first harvest (during initial 35 days)
and it reached the highest level of
90% between 2% and 4" harvests

when exchangeable K attained minimal
level. After reaching the minimal level
of exchangeable K (Table4), the pattern
of crop K uptake and release of
nonexchangeable K was almost
identical (22, 57). Sachdeva and Khera
(9) reported substantial contribution of
nonexchangeable X to crop nufrition in
illite dominant alluvial soils to the extent
of 80-90%. In a field experiment,
Talukdar and Khera (19, 50, 53,63)

. showed that if only contribution from

surface soils(0-15 o) was taken into account

" the contribution of nonexchangeable K in

Jagdishpur Bagha, Caleareous s . .
,Umgi;qudakson;?eﬁes {Bihar): plant X uptake by maize and peadfm]let
Puid scties, Aot (Bibar) varied from 77.5-83.9%, whereas, if the
Ha;usf:]e?:ska?agm i contribution from 60cmefsoil wasincluded,
}/éléi mi?@méig_'sgﬁieéﬂ the nonexchangeable K contribution
-Jagdishpur Bagha, ¢

“Telammagar series 5 & 4 (M, came down to the range to 54-76%.

However, when the same soil was
employed in a green house study, the
contribution extended to 89% in both
maize and bajra. Studies also showed
that contribution of nonexcheangeable
K to crop removal decreased with
increase in the level of applied K in
wheat-sorghum (fodder) systermn on an
alluvial soil,

Krishna Kumari et al. (2, 22) reported
that wheat crop utilised about 86% of the
total K uptake from nonexchangeable
source. But this contribution was
negligible when K fertiliser was applied.
At higher levels of K application, there
was a build up in the nonexchangeable
K. Inthe case of pearlmillet, whenno K
was applied, the crop utilized about 95%
of the K from nonexchangeable source
and it decreased to 5% at 53.5 mg K
kg soil and to 13 and 22% at 107 and
160.5 mg K kg levels, respectively.
The nonexchangeable K utilized by §

Table 2 - Some forms of nonexchangeable K in smeétiﬁ¢ soils (mg kg')

Plant mobilisation

rate of soil reserved

Soil R FormofK R o
Samples (30) | 6NH;80, NaTPB = Boiling - EUF30-33K

K (kg ha! day")
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* Table 3 - Cumulative nonexchangeable K released in different

media of extracﬁon (mg kg™)

2iii201-0.01 M Citric acid

00T MHCI .

T15-30 ém | 0-15 om T 1330 om

UISGm

15 30 cm

| 80

Mean : 122 91 226 165 106

165 7

i17 -

T Vijayapura .~ [66 62 71 80, 35 39
| Mean . 83 82 99 123 54 78
© | Mean of six series |182 - 1144~ | 245 221 156 136
the rice plant grown in pots inthegreen  Geographical Information Categorisation of Districts as per
house ranged from 40.8 to 95.2%  System (GIS) Based Maps for their K Reserves and Availability
under exhaustive croppingand whenX.*  Exchangeable K and
fertiliser was applied the K utilized by Nonexchangeable K Data for exchangeable and

rice from nonexchangeable source
was found reduced (22). To an alfalfa
crop when more potassium was
applied through fertilisers, less
potassium was released from
nonexchangeable source. The
literature cited above clearly brought
out that especially in soils containing
good amounts of micaceous minerals,
the nonexchangeable content of the
soils should duly be taken into
account while recommending X
fertiliser rates. The fertiliser rates to
be applied get reduced in proportion
to the amount of nonexchangeable K
inmicaceous minerals.

Geographic information systems
(GIS) was used for categorising
Indian districts into low, medium and
high in terms of exchangeable and
nonexchageable K based on
published information on K status in
Indian soils during last 30 years,
across districts and tried to derive the
patterns or relation of the same with
reference to AERs, AESR maps
(NBSS& LUP, Nagpur)(10). Using
Arcview 3.1, district wise maps of
exchangeable and nonexchangeable
K and boundaries of agroecological
regions on these maps were imposed.

Table 4 - Effect of smount of clay and ts relative {liite content on total releass of
zonexchangesble K and K replonlshment rate in elght soll serles

Soil .. -7 T Clay (%) ] lllite (%) Beiling HNU; ¥. | Total release of Krep[mlshmen% Contribution
Serieg o ] e (mg kg 1) - | nonexchangeable af
SR o SR . K(mgk § (kgha day ') Nonexchagca
; DL : ‘bleK to tntal
R I o g K uptake
61.7 2030 3i4 298 73
Hissar . 202 60.9 . 2040 352 -.3.36 77
Kakra 57 592 970 ) 307 2.93 84
Thaska - 6.2 - 509 1710 293 “2.89 76
Manesar 100 53.7 16635 301 2.89 83
Khonh 103 | 537 0 1399 280 Co283 8l
Palam 9.7 4.0 789 182 1.81 94
Mehruli 132 53.4 1842 337 3.11 78

nonexchangeable potassium (K} (mg
kg ) of different soil groups of
various regions in India are obtained
in excel tabular format. A new field
“District id” for each region is added
to the tables and converted into “dbf
format” compatible for Arcview GIS
and saved. The resulting tables were
added to Arcview tables and linked to
the table of districts shapefile using
common field “Districts id”. Using
“Legend Editor” property districts
shapefile is classified into three
categories, low, medium and high by
taking exchangeable K and
nonexchangeable K as fields of
classification. For deriving the maps
for AESR and AERs for exchangeable
K and nonexchangeable K, weighted
average approach was followed for
deriving a single unit value for the
whole sub region, region as the case
may be by unioning the maps of
districts with sub regionfregion. For
categorising soils for exchangeable K
three levels were used viz., low (<50
mg kg™), medium (50- 120 mg kg™
and high (>120 mg kg’). For
nonexchangeable K, the categones
used were low (<300 mg kg’),
medium (300-600 mg kg™ and high
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THARKHAND (Sahebganj, Godda, Pashchimi Singbhimn, Purbi Singbhinm), -
KERALA (Kannir, Wayaniad, Kozhikode, Mallapuram, Emakulas, Tdukkd, -
Alappuzha; ‘Pathanamthitta, Kollam), 'MAHARASTRA (Sutara, Ratnagiri, : :

Sindhudurg), NAGALAND (Tuensang, Mokokchung, Wokha, Kohim a, Phek,
Dimapur), : ORISSA "(Sundargarh, - Mayurbhianj, Kendujhar, Jharsuguda,” .
Baleswar, Debgath, Anugul, Bhadrak, Dhenkanal, Jajaput, ‘Bolangir, Naupada,’
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Baramala, - Doda, ‘' Kargil, ' Kathua, ' "Kupwara, Leh, ‘Poonch,  Rajauri),
JHARKHAND' (Bokarao, Chitra, / Deoghar, “Dhanbad, Garhwa, ‘Gumls, =
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LAKSHADWEEP. (Lakshadweep), MADHYA PRADESH (Balaghat, Datia,
Dindori, Mandla, Seoni,  Shabdol, ‘Sidhi; Tikamgarh), MAHARASTRA .
{Akols), MANIPUR (Bishaupur, Chandel, Churachandapur, Imphal(East), -
‘Tephal(West), Senapathi, Tamenglong, Thoubal), MEGHALAYA (Ribhoi, o

West Garo Hills; East Garo Hills; West Khasi Hill, Jaintia Hills, East Khasi |-

ORISSA..: (Sambalpur, ‘Bargarh, :Sonapur, ‘Keridrapara, ~ Nabarangapur, - -
Koraput), PONDICHERRY (Yanam,’ Pondicherry, Keraikal), PUNJAB . %
Dholpur, Dungarpur, Jalore, Udaipur), TAMILNADU (Thiruvallur, Madras, "

Cuddalore, Perambalur, Ariyalur, Nagapattinam, Namakkal, Pudukkottai, -
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ANDHRA PRADESH (Adilabad, Cuddapah, East Godavari, Khammam,
Kuinool, Medak, Nizamabad, Prakasam, Visakhapatnam), ASSAM (Sibsagar,
Nalberi, Morigaon), BIHARSupaul, Sheobar, Saran, Siwai, Pumes, Bhojpur,
‘Nalanda, “Rohtas),” CHATTISGARH (Dhamrati, - Durg, - Jashpur, Kanker,
Kawardha, Korba, Koriya, Mahiasamind, Raipur, Rdjnandgaon, Sarguja),
HARYANA (Bhiwani, Faridabud, Fatehubad, Gurgaon, Hissar, Thajjadfind,
Kaithal, " Karnal, - Mohindirgarh, ~ Panipat, ~Rohatak, Sirsa, Sonepat,
Yamunanagar), HIMACHAL PRADESH (Hamirpur, Shimla), JAMMU AND
KASHMIR .. (Srinager), | JHARKHAND - (Palamau), - KARNATAKA
(Chitradurga, Devanagari), MADHYA PRADESH (Bhind, Jhabua, Morena,
Neemurch, Shéopur, Shivpuii), ' MAHARASTRA (Bhandara, Chandrapur,
‘Gadchiroli, : Gandiya, Sangli), PUNJAB (Amritsar, ‘Bhatinda, Faridkot,
Fathehgarhsahib, Ferozepur, Guirdaspus,: Hoshiarpur, Jullundur, Ludhiana,
‘Mansa, ‘Moga,” Musktsar, Nawanshahr, :Patiald, -Sangrur), RAJASTHAN

(Banswara, Hanumangarh, Jodhpur, Karauli, Nagaur, Pali, - Sirohi, Tonk},
“TAMILNADU] (Anna Dindigu), Coimbatare, ‘Ramanathapuram, Salem, The
“Nilgiris, Thirivarur, Tiruchirapalli, Tininelyel), TRIPURA (North Tripura,
“Dhalai, ‘West Tripura, South; Tripura), UTTAR “PRADESH (Allahabad,
‘Anabodkar Nagar, Auralya, Azamgarh, Badaun, Bahraich, Bal, Ballia, Banda,
Barabénki,” Bareilly, Basti, Bhagpat, - Bijnor, Bullandshahr, - Chandauti,

- Chitralut; Deoria, Faizabad, Fatrukhabad, Fatehpur, Ghaziabad, Ghazipur,
Goutambudda Nagar, Hamirpur, Hardoi, Hatraspur, Jalaun, Kanngj, Kanpur
Diehat, 'Kaushanbi, Kheri, Kushi Nagar, -Lalitpur, ‘Lucknow, ‘Msahobs,
‘Mainpuri, Matlnira, - Mau, Meerut, Mirzapur, Motadabad, Muzaffamagar,

Ravidas Nagar, Shabjubanpur, Shrawasti, Sidharth Nager, Sitaput, Sonbhadra,

| Sultanpur, Unnao), UTTARAKHANIBageswar, Champawat, Deliradun,

| Hasidwar, Nainital, - Pithoragarh, Rudraprayag), WEST BENGAL -(24.
‘Paraganas(North), Cooch _Behar, Darjecling, Haara, Hooghly, Jalpaiguri,

“Malda Murshidabad, Nadia, Uttar Dinagpur)’ LT

“Pilibhit, Pratapgarh, Rae Bareli, Rampir, Saharanpur, Sant Kabir Nagar, Sant '

Crops may
not need
immediate K
additions.

Long term

| cropping
t would need

K. additions
after few

| yeats

ANDHRA : PRADESH “{Chittor, ’Mehbubnagar,” Warangal), “ASSAM =
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(Sikkim Edst), T Sl o

K application
is not
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immediately.

DHRA PRADESH (Guntur, 'Karimnegar, Krishna, West : Godavari)
UNACHAL PRADESH (Chenguang, Dibang Valley, East Kameng, East ™.
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‘GOA (North Goa, Soith Goa), GUIARAT (Arireli; Anand, Bhravanagar, _
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HARYANA (Panchakula, Ambala, Kurikshetra), HIMACHAL PRADESH
(Bilasput; Solan, *Sirmaur), JAMMU AND = KASHMIR {(Udhampur),
KARNATAKA (Bagatkot, Bellary, Bidar; Dharwad, -Gadage, Gulbarga,
‘Haveri, K.oppal, Raichur), MADHYA PRADESH {Barwani, Betul, Bhopal,
Chiatarpur, Chhindwara, Damioh, Dewas, Dhar, East Nimar, Guna, Gwalior,
Marda; “Hoshangabad, Jabalpur, Katni, “Mandsaur,  Narsimhpur, ‘Raisen,
‘Rajgarh, Ratlam, Rewa, Sagar, Satna, Sehore, Shajapir, Ujjain, Vidisha, West
Nimar), MAHARASTRA (Ahmednagar, Amaravati,” Aurangabad, Beed,
‘Buldhana, Dhute, Hingoli, Jalgaox, Jalna, Letur, Mumbai, Nagpur, Nanded,
‘Nandurbar, Nasik, Osmanabad, Parbhani, Pune, Solapur, Thane, Wardha, -
Washim, . Yevatnial), MANIPUR' (UKHRUL), PUNJAB (Kapurthab),
'RATJASTHAN (Baran, Chittorgarh, Ganganagar, Jhalawar, Jhunjhunu, Kota,
‘Rujsmand, Sawai Madhopur), SIKKIM (Sikkim North, Sikkim West, Sikkim
South), TAMILNADU (Thanjavur), UTTAR PRADESH (Agra, Aligarh, Etah
Etawah, - -Thansi, “Jyotibaphulenagar, Kenpur Naga, Maharajgunj},
'UTTARAKHAND (Uttar Kashi, Chamoli, Tehri Garhwal), -

K application

“} is not

required,

Exchangeable K: Low=<50 mg kg, Medium= 50-120 mg ke, High=>120 mekg'
Nonexchangeable ¥:Low=<300 mg kg, Medium= 300-660 mg kg, High=>600 mg kg*
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Map 1. District wise exchangeable K status of Indian soils
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Map 2. District wise nonexchangeable K status of Indian soils
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Map 3. Districts with low nonexchangeable K super imposed on
exchangeable K map (Map is copy right protected
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Map 4. Exchangeable K status in different agroecological re
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Map 5. Nonexchangeable K status in different agroecological regions of India {
(Map is copy right protected ]
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(>600mgkg™").

Identification of K Efficient
Districts for K Fertiliser Use

Based on above maps, districts were
identified with low, medium and high
in exchangeable as well as
nonexchangeable K fractions (Maps
1,2, 3, 4 and 5). Nine categories of
districts were identified in
combination of exchangeable and
nonexchangeable K fractions (32, 34,
38, 45, 46, 55). Fifteen districts were
identified where both exchangeable
and nonexchangeable K status was
low (Category I) (Table 5). These
districts represent mostly red, lateritic
soils, light textured and shallow soils.
Since both the K fractions were low,
K supply to crops grown on these
soils is a must and therefore regular K
fertilisation should be done
considering crop K removal and the
recommendations generated in the
local university or ICAR institutes.
Another 18 districts are categorized
under Category II where
exchangeable K was low while
nonexchangeable K was medium.
These soils also represent light
textured and acidic alluvial soils. As
exchangeable K was low and medium
K reserves, regular K application is
essential. Two districts under
Category III, where exchangeable
was low and nonexchangeable K was
high, K addition at critical stages is
required to improve the crop yields.
Category I'V covers 58 districts where
exchangeable K medium and
nonexchangeable low. These districts
represent light textured alluvial, red
and lateritic, acid sulfate and sandy
soils. These soils need considerable
attention from K management point
of view. Continuous cropping on
these soils result in depletion of soil
reserve K, therefore, K addition at
critical stages is required. If K
demanding cropping systems like
rice-wheat, rice-wheat-fodder,
sunflower based, potato and other
. tuber crops, banana, intensive fodder
and vegetables based systems are
grown, regular additions of K is
essential. Categoqgr V covers 115

districts of India, where both
exchangeable and nenexchangeable
K fractions were medium. These
regions represent various types of
soils from acid to alkaline, red,
mediurn to deep black and alluvial. As
both the fractions were medium, K
additions are required for high value,
quality (tobacco) and K exhaustive
crops (sugarcane, potato etc.).
Another 172 districts fall under
Category VI, where exchangeable
K was medium and nonexhangeabie
K was high. These districts
represent variety of soils starting
from heavy textured red soils,
medium to deep black soils, heavy
textured alluvial soils, high organic
carbon Mollisols. Crops may not
need immediate application of K
unless specific K loving crops like
banana and potato are grown. One
district (Jaipur) falls under
Category VII, where exchangeable
K was high and nonexchangeable K
was low. This district represents
medium deep alluvial soils with
less K bearing minerals. Long term
intensive cropping would need
some maintenance level of K.
Category VII covers 24 districts
where exchangeable K was high
and medium nonexchangeable K.
These districts represent medium to
deep black soils, fine textured
alluvial and red soils with sufficient
K rich mica. Potassium application
is not required immediately.
Category IX represents 129
districts where both exchangeable
and nonexchangeable K was high.
These soils represent deep black
and fine textured alluvial soils and
show higher long term K supplying
power and do not require K
application.

Verification of the Categorisation
of K Availability with Crop
Responses

Above recommendations have been
verified with existing crop response
data published in these regions.
Bangalore rural where both
exchangeable and nonexchangeable
K reserves were low (category I)

showed significant response to K in
groundnut and ragi crops (7, 17, 51).
Under long-term cropping at
Bangalore rural, the decrease in
exchangeable K was from 123 kg ha”
to 66 kg' under NP treatment,
observed severe yield decline in ragi
and maize in subsequent years under
100 % N and 100 % NP with drastic
depletion of soil reserve K (61).
Similarly, in light textured alluvial
soils where exchangeable K was low
and nonexchangeable K was medium
(category II), significant yield
responses of various field crops were
obtained due to K application (57, 64).
In light textured Alfisols of
Rangareddy district of Andhra
Pradesh, sorghum responded
significantly to added K. (64). In soils
of category IiI, while exchangeable K
was low and nonexchangeable K
was high, response of field crops to
moderate amounts of K was obtained
(64). In category IV soils where
medium exchangeable K and low
nonexchangeable K, crop response to
K application was significant in later
years of long term cropping (17).
Similarly in several districts of Ortssa,
where nonexchangeble K is low,
continuous rice-rice cultivation
resulted in the significant response to
K (17). Deep black and alluvial soils
under category VIII and IX where
high exchangeable K and medium to
high nonexchangeable K, applied K to
field crops was rare (35, 58).

CONCLUSIONS

Above results suggest that soils of
India vary widely in their K status
as reflected by variations in readily
available K and nonexchangeable K
reserves. This exercise is first of its
kind where two distinct fractions of
K were involved in categorizing
Indian soils for K fertility
mapagement and identified some
districts as priority regions where
regular K application is a must.
However, the maps generated with
available information using GIS
technique, should be interpreted
with some caution, At many
locations, high levels of K reserves

-




in deeper layers indicate their
substantial potential to supply K
from sub-s0il K to crop K nutrition
under intensive systems of
production. Alfisols and Oxisols
and light textured Inceptisols were
definitely low in soil K reserves.
Inceptisols with higher ratio of
nonexchangeable to exchangeable
K, have larger reserves but lower
readily available K and so need
maintenance doses of K. Vertisols
and associated soils with relatively
low levels of this ratio have higher
available K but low to medium
nonexchangeable K which under
long-term cropping, may get
depleted faster. Soils were
categorised by including
nonexchangeable K along with
exchangeable K, as contribution of
nonexchangeable is substantial in
K removals by different production
systems. In soils with low levels of both
exchangeable and nonexchangeable K,
K application mustbe donetorealise full
yield pétential of different cropping
systems. Similarly, for different
categories, K recommendations have
been suggested based on soil K reserve
status. This categorization of soils
into different groups provides a
comprehensive assessment of K supply
for plant uptake and better
recommendation of potash application.
Fertiliser recommendations evolved on
the basis of soil test calibration
including both exchangeable and
nonexchangeable K reserves and
crop response studies carried outon
soils classified should be extended
immediately for crop K advisory
purposes. This work resulted in the
identification of the Indian districts
where both the readily available
and soil reserve K sources are low
and where K application is
essential. Where nonexchangeable
K is low and medium in several
districts, continuous cultivation of
crops gradually results in soil K
depletion and reduction in crop
yields. Potassium fertiliser is not
produced in India and its use is
therefore completely import
dependent. Government of India is
spending a huge amount of foreign
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exchange on importing K
fertilisers. These costly imported
K fertilisers should therefore be
used more rationally, judiciously
and efficiently. The K fertiliser
material should be made available
in the regions or districts where soil
K reserves are low and high K
requirement crops are grown
during crop season at the village
level.

FUTURE NEEDS OF WORK

» Use the maps generated and
districts identified in the present study
in prioritizing regions for K fertiliser
use.

+ Need to link up these maps with
preclominant crops/cropping systems
being followed in the different districts
orregions, so that further fine tuning to
K recommendations ¢an be evolved.

+ Introduce the new methodology for
estimating nonexchangeable K in all
soil testing laboratories in India (40).

» Continuous monitoring of both K
fractions (exchangeable and
nonexchangeable) in different soil
types under predominant cropping
systems.

» Prepare balance sheets of soil
potassium in different production
systems and zones af least after every
decade.

» For monitoring of K status/dynamics,
and crop yield sustainability, new long
term fertiliser experiments may be
initiated in each of nine categories of
soils suggested in the present paper
considering predominant soil types
and cropping systems.
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be taken up with emphasis on efficient
use of K and the consequent economy
inKuse(23).

Scenario of K Fertiliser Use in
India

Two most important K fertilisers are
potassiom chloride or muriate of
potash (MOP) containing 60% K, O
and sulphate of potash (SOP)
containing 50% K,0. India has no
deposits of K fertilisers and all of it
has to be imported. During 2008-09,
2.6 million toones (mt) of K,0
(equivalent to 4.4 mt MOP) was
consumed in India and by 2025 the
amount of XK,0 consumption may
double to meet the foodgrain needs of
the country. However, the major
concern is the spiraling international
price of MOP; it was US$ 172 per
tonme (fob Vancouver) in January
2007 and rose to US $405-625 per

tonne in June 2008, Huge amount of
foreign exchange is being used to
import K fertiliser. This scenario
underlines the need for using the
costly K fertiliser judiciously and
most economically considering the
crop K needs and the soil K reserves
(17,18,27,39,41).

Interpretation of Available X in
Relation to Nonexchangeable K in
Seil

Usually soils analysing less than 120
kgha' K (144 kg K,0) are rated low in
available K, between 120 and 280 kg
ha' K (144-336 kg ¥,0) medium and
above 280 kg ha” K (336 kg K,0) as
high in available K (6).
Unfortunately, these rating limits are
irrespective of crops or soils,
Solankey et al. (12) studied the
response of two wheat varieties to
potassium on farmers' fields in

Recommendations of potassic fertiliser are made based on available (exchangeable +
water soluble) K status of soils in different soit testing laboratories in India. However,
recent studies employing a variety of measures of nonexchangeable K indicated a very
substantial coniribution of nonexchangeable fraction of soil K to crop K uptake. Present
paper examines the information generated in the last 30 years on the status of
nonexchangeable K in Indian soils, its contribution to crop K needs, categorization of
indian soils based on exchangeable and nonexchangeable K fractions and K
recommendations considering both the fractions of soil K. Inclusion of nonexchangeable
K'in the soil testing aids in predicting inmediate K needs of.crop plants as well as long
term K needs of intensive cropping systems. Based on published information on Indian
soils, district wise maps were prepared for both exchangeable and nonexchangeable K
and K deficient districts of the country were identified where K application is a must.
Some maintenance dose of K is required in some districts where, exchangeable K is
high but nonexchangeable K is low or medium. These maps and suggested
recommendations help to prioritize the K efficient zones where K application is essential
and higher possmlhty exists for improving the K use efficiency. Special care should be
taken on K fertilisation on high K requirement crops like banana, sugarcane, potato,
cotton, several cereals, tobacco, intensive fodder systems, vegetables and fruit crops.
Therefore, inclusion of nonexchangeable K as a soil test in the soil testing laboratories
for assessing long term K supplying capacity of Indian soils under intensive cropping
systems and arriving at reliable K fertiliser recommendations is essential.

swell-shrink  soils. Though these
soils were adequate in available K,
crop responded to 30 kg ha' K,0.
They have established a critical Hmit
of 14.4 kg' K water-soluble K but
failed to establish a critical limit
based on ammonium acetate K. For
delineation of fertility status, to
isolate responsive soils from non-
responsive ones and to recommend
fertiliser K, critical limits for
different crops in soils of various
agroecological regions are needed.
Information is provided about
critical limits of available K in
different crops on some  well-
defined soils (Table 1) (35). The
data show a great diversity in the
critical limits ranging from 48 to 137
mg kg' soil. These results also
indicate that for single crop, there is
wide range of critical limits. For
example, for rice, the critical limits
based on available K varied from 58
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Fluventic. Ustochtept.(Orissa) -
‘Khaild series Typic.Haplustalf

P)

Utm series, Typ!

Rarha series, alluvialsoil

‘Jagdishipyr Bagha, calearen

_Ume;idanntag’sfoil:'seriesff}jihar

‘Puto’series, Alfisol (Bihar) .

‘K hatld series, Typic Haplus
plustalfs, Rejasthon

“Belar series, Vertic Haplaguept {West Bengal)
‘Barikati series, Asrie Qchraqualf (West Ben,

est Bengal)

Sorrce; Compiled from different sources

to 190 mg kg’ and for sorghum
from 240 to 335 mg kg'. Though
crop requirements are fairly uniform
across the regions but critical limits
changed among soil types. It means,
crop K requirement are fulfilled
from not only available K but also
soil reserve K (Tables 2 and 3),
which is not accounted now in soil
test based K recommendations (15,
33,38,43,44, 48},

Substantial Contribution of
Nonexchangeable K to Plant K
Uptake

The contribution of nonexchangeable
K to plant K uptake was worked out in
both green house studies as well as in
field experiments. It was indicated
that the crops particularly cereals with
well branched root system draw K
from soil, majorly from
nonexchangeable source. The
contribution of nonexchangeable K
from eight illitic soils (2, 9, 19, 22, 54,
57) during 245 days of exhaustive
cropping with sudangrass was 70% in
first harvest (during initial 35 days)
and it reached the highest level of
90% between 2 and 4" harvests

Table 2 - Some forms of nonexchangeable K in smectitic solls (mgkg?)

when exchangeable K attained minimal
level. After reaching the minimal level
of exchangeable K (Table4), the pattern
of crop K uptake and release of
nonexchangeable K was almost
identical (22, 57). Sachdeva and Khera
(9) reported substantial confribution of
nonexchangeable K. to crop nuirition in
illite dorminant alluvial soils to the extent
of 80-90%. In a field experiment,
Talukdar and Khera (19, 50, 53,63)
showed that if only contribution from
surface soils (0-15 cm) was taken info acoount
the contribution of nonexchangeable K in
plant K uptake by maize and pearlmillet
varied from 77.5-88.9%, whereas, if the
contributionfrom60 cmofsoil wasincluded,
the nonexchangeable K contribution
came down to the range to 54-76%.
However, when the same soil was
employed in a green house study, the
contribution extended to 89% in both
maize and bajra. Studies also showed
that contribution of nonexcheangeable
K to crop removal decreased with
increase in the level of applied K in
wheat-sorghum (fodder) system on an
alluvial soil.

Krishna Kumari et al. {2, 22) reported
that wheat crop utilised about 86% of the
total K uptake from nonexchangeable
source. But this contribution was
negligible when X fertiliser was applied.
At higher levels of K application, there
was a build up in the nonexchangeable
K. Inthe case of pearlmillet, whenno K
was applied, the crop utilized about 95%
of the K from nonexchangeable source
and it decreased to 59% at 53.5 mg K
kg soil and to 13 and 22% at 107 and
160.5 mg K kg levels, respectively.
The nonexchangeable K utilized by

Plant mobilisation

ol T T et T T
Samples (30) | 6NHS0, - NaTPB " Boiling ~  EUF3033K

IN HNO, -

rate of soil reserved
K (kg ha* day?)

2
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Table 3 - Cumulative nonexchangeable K released in different
media of extraction (mg kg™)

Soil Setjes i 0.0 M CaCly - “T001 M Citric acid | 0.01 MAGL 7.
' T [015em [1530cem | -5 om | 13-30 om| 015 em ] 1530 om
135 %120
618 473 380
376 308 750
135 9%  T7
138 97 289 195 118 82
Mean _ 122 |91 276 165 106 80
Kodad 101 102 26 |65 72 7
Vijayapura 66 62 7t 80 35 39
Mean 23 82 99 123 54 78
Mean of six series 182 142 245 221 156 136
therice plant growninpotsinthe green  Geographical Information Categorisation of Districts as per
house ranged from 40.8 to 95.2%  System (GIS) Based Maps for their K Reserves and Availability
under exhaustive cropping and when K - Exchangeable K and
fertiliser was applied the K utilized by Nomexchangeable K Data for exchangeable and

rice from nonexchangeable source
was found reduced (22). To an alfalfa
crop when more potassium was
applied through fertilisers, less
potassium was released from
nonexchangeable source. The
literature cited above clearly brought
out that especially in soils containing
good amounts of micaceous minerals,
the nonexchangeable content of the
soils should duly be taken into
account while recommending K
fertiliser rates. The fertiliser rates to
be applied get reduced in proportion
to the amount of nonexchangeable K
inmicaceous minerals.

Geographic information systems
(GIS) was used for categorising
Indian districts into low, medium and
high in terms of exchangeable and
nonexchageable XK based on
published information on K status in
Indian soils during last 30 years,
across districts and tried to derive the
patterns or relation of the same with
reference to AERs, AESR maps
(NBSS& LUP, Nagpur)(10). Using
Arcview 3.1, district wise maps of
exchangeable and nonexchangeable
K and boundaries of agroecological
regions on these maps were imposed.

Table 4 - Effect of amount of clay and Its relative lllte content ox total relenss of
nonexchangeable K and K replenishment rate in eight soll series

Seil T Clay () T lilite (%) | Boiling HNC; K T Tolal release of. K repleniskment | Contribution

Series . LSl (g kg Ty nonexchangesble | rate ‘of .

NIPTRRE] IR L ] Kimgkg) - (kgha'day") - | Nonexchages

; o - ; o c o pleKiototal
S R = F : K uptake
Hamidpur 83 61.7 2030 314 2.98 73
Hissar 202 60.9 - 2040 352 3.36 77
Kakra 57 59.2 976 307 2.93 84
Thaska 6.2 50,9 ;1710 293 2.89 76
~| Manesar 10.0 33.7 1665 301 2.89 83
Khah 103 537 " 1399 © 280 2.53 81
Pafam 9.7 34.0 789 182 1.81 94
Mchrayli 13.2 53.4 1842 337 3.11 78

nonexchangeabie potassium (K) (mg
kg') of different soil groups of
various regions in India are obtained
in excel tabular format. A new field
“District id” for each region is added
to the tables and converted into “dbf
format” compatible for Arcview GIS
and saved. The resulting tables were
added to Arcview tables and linked to
the table of districts shapefile using
common field “Districts id”. Using
“Legend Editor” property districts
shapefile is classified into three
categories, low, medium and high by
taking exchangeable K and
nonexchangeable K as fields of
classification. For deriving the maps
for AESR and AERs for exchangeable
K and nonexchangeable K, weighted
average approach was followed for
deriving a single unit value for the
whole sub region, region as the case
may be by unioning the maps of
districts with sub region/region. For
categorising soils for exchangeable K
three levels were used viz., low (<50
mg kg"), medium (50-120 mg kg™
and high (>120 mg kg"). For
nonexchangeable K, the categories
used were low (<300 mg kg™,
medium (300-600 mg kg) and high
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GUIARAT (Surendranagar), JHA RKHA JAND (Gmd.hi,Dumk a Hazarihagh, -
Ranchi), KARNATAKA. {Bangalore(u), Bangalore), KERALA (Kasaragod, "
(Raiga_d),___'ORISS__A_ (Cuttack, Pur), RAJASTHAN

Thrissur), MAHARAS

- (Bikaner, Jaisalmer, Bharatpur) .

fertilization
is must

ANDERA PRADESH (Ranga Reddy); ASSAM (Jorhat, Sonipur, Kokrajhar),

BIHAR (qualg'anj,-Sai‘gaksﬁpur,-Muhge;),}mviACHAL PRADESH (Lahul &

Spiti),” JAMMU ~ AND * KASHMIR (Anantnag, - Pulwama, . Jammu),

KARNATAKA (KODAGU), ORISSA (Malkangir), RAJASTHAN (Alwar,. -
Dausa), WEST BENGAL (Bakurs) - =/ o0

K
fertilization
is essential

[ K additions

JHARKHAND (Sahebganj, Godda, Pashchimi Singbhur, Purbi Singbhum),
KERALA (Kannur, Wayanad, Kozhikode, % allapuram, Emakulam, [dukld,
Alappuzha, Pathanamthitts, Kollan), MAHARASTRA {Satara, Ratnagiri, - .
Sindhidurg), NAGALAND (Tuensang, Mokokehung, Wokha, Kohima, Phek,’

Dimspus), ORISSA (Suadargarh, Mayurbhanj, Kendujbar, Jharsuguda,

BEJESWEI, Debgarh, Anugul; Bhadrak,Dhenk ‘ al, J 3.13?“1'; Bolapgir, Naﬂpad_?.

Baudh, Kandhamal, Nayagarh, Khordha, Taphatsinghapur, Kalahandi, Gatjam,

BIHAR. (Madhopura), Utirakhand (Udhamsingh Noger), = | ateridioal
L S LR ~ 7| stages of
.| crops
' | improve
i ; & L e | yield levels.
AN PRADESH (Nelgonda, Selcaklars, Vizissagaram), BIHAR | coorinct®
(Araria; *’ Champaran(East), Champaran{West),: :Nawadah, - Saharsa), - | peads K

Rayagada, Gajapat), RATASTHAN (Siker, Bammer), WEST. BENGAL | contribute to
(Birbhum, Purulia, Midnapur(West), South 24 Paraganas), © - .o IplantK
B : e i | nutrition

additionat
critical -
stages as
nonexchange
able K o
fraction does |
not '

substantially. |

Madhubani, - ‘Muzaffarpur, :Paina, ~Sheikh ‘pura, ¢ Sitamarhi, - Vaishali), B systems

ANDHRA PRADESH (Ananthapur, Nellore), ASSAM (Tinsukla, Dhemaji, **
Dibragarh, N.Lakhimpur, Barpeta, Bongaigaon, Cachar, Darrang, Dhubri, -
Goalpara, Golaghat, Hailal_{andi,-'-K.Angl_qﬁg',_*Kgmmp,'Kaﬁmganji, ‘Nagaon),
BIHAR (Aurangabad, Banke, Begusaral, Bhagalpur, Bunar, Darbhanga, Gay

 Tahnnatiad, Jamui, Kaimer, Katihar, Xhagaria, Kishan Ganyj, Lakhi sardd,

'CHATTISGARH (Bastar, Dentiwads, Janjigirchamps), DADRASNAGAR
HAVELI (Silvessa), DAMAN & DIU (Diu, Daman), GUIARAT (Kutch, -
Basantcarita, -Patan), - HARYANA  (Rewar), ' HIMACHAL -PRADESH -
(Chartiba, Kangra, Kulls, Mandi, Uria), JAMMU AND KASHMIR (Badgam,
Baramala,. ‘Doda, - Kargil, Kathua, “Kupware,  Leh, “ Poonch; Rajaiiri),

: (Bokarao, -Chaira, Deoghar, :Dhanbad, Garhwa, ' Gumla, =
Kodarma, Lobardaga, Pakaur), KARNATM(A.(BeIgaum,'Chamémjanagar,: :
Chikmagalur; Dhakshin Kannad, Hassan, Kolar, Mandya, MysoreShimoga,
Udupi, - Uttarkannada), KERALA " (Palakkad, Kottayam, Trivandrum), -

| LAKSHADWEEP (Lakshadweep), MADHYA PRADESH (Balaghat, Datia, -
| Dindori, Mandla, Seoni, ‘Shahdol, Sidhi, Tikamgarh), MAHARASTRA. -

{Akola), MANTPUR (Bishnuptr; ‘Chandel, Churachandapur, Imphal(East), . -

| Tiphal(West), Senapathi, Tamenglong, Thoubal), MEGHALAY A (Ribhoi,
|| ‘West Garo Hills;:East Garo Hills, West Khasi Hill, Jaintia Hills, East Khasi
| Hill South Garo Hills), MIZORAM (Kolasib), NAGALAND (Zunheboto),

ORISSA - (Sambalpur,* Bargarh, " Sonapur, Kendrapara, - Nabarangapur,
Eoraput), PONDICHERRY (Yanam,; Pondichéity, Karaikal), PUNJAB
(Raopnagar, Chandigarl), RAJASTHAN (Ajmer, Bhibwara; Bundi, Churu,
Dholpur, Dungarpur, Jalore, Udaipur), TAMILNADU (Thiruvallur, Madras,
Vellore; Kancheepuram, Dharmapuri, Tiruvannamalai, Viluppuram, Erode,
Cuddaloré, Perambalut, ‘Arigalur, Nagpattinam, ‘Namakkal, Pudukkottai,
Sivaganga, Madurai, Theni, Virudhunagar, Toothukudi), UTTAR PRADESH .
(Gonda, Gorakhpur, Jaunpur), ARAKHAND Garhwal, Almorah), WEST -

1 Maintenance

doses of K.
may be
required for
intensive .
cropping

BENGAL (CalouttaBurdwan) .




_ANDHRA PRADESH (Adilabad, Cuddapah, East Godavari, Khammam,
urnool, Medak, Nizamabad, Prakasam, Visakhapatnam), ASSAM (Sibsagar,
Nalbari, Morigaon), BIHARSupaul, Sheohar, Saran, Siwan, Purnea, Bhojpur,
Nalanda, ‘Rohtas}, ' CHATTISGARH (Dhamrati, Durg,” Jashpur,’ Kanker,
. Kawardha, Korba, Koriya, Mahassmund, Raipur, Rajnandgaon, Sarguja),
HARYANA (Bhiwany, Faridabnd, Fatéhabad, Gurgaos, Hissar, Jhajjadind,
Kaithal,Kamal, " Mchincergarh, - Panipat, - Rohatak, Sirsa, " Sonepat,
Yemunanager), HIMACHAL PRADESH (Hamirpur, Shimla), JAMMU AND
' KASHMIR - (Srinagar), - JHARKHAND - (Palamau), “KARNATAKA
-(Chitradurga, Devanagari), MADHYA PRADESH (Bhind, Jhabua, Morena,
"Neenrurch, Sheopur, Shivpuri), MAHARASTRA (Bhandaza, Chandrapur,
Gadchiroli, Gandiya, Sangl), PUNJAB (Anxitsar, Bhatinda, Faridkot, -
Fathehgarhsahib, Ferozepur, Gurdaspur, Hoshiarpur, Jullundur, Ludhiana, .
Maunsa, Moga, " Muskisar, Nawanshabr, ‘Patizla,:Sanprur), RAJASTHAN
{(Banswara, Haumangath, Jodhpur, Karauli, Nagaur, Pali, " Sirokii, Tonk),
“TAMILNADU (Anna Dindigul, Coimbatore, Ramanathapuram, Salem, The
" Nilgiris, Thiruvarar, Tirachirapalli, Tirunelveki), TRIPURA (North Tripura,
Dhalei, West Tripuia, South. Tripura), UTTAR -PRADESH (Allahabad,
* Ambedkar Nagar, Aurelya, Azamgarh, Badeun, Baraich, Bal, Ballis, Banda,
‘Barabanki, - Bareilly, Basti, . Bhagpat,” Bijnor “Bullandshahr, Chandauli,

Chitrakut, Deoria, Faizabad, Farkhabad, Fatehpur, Ghaziabed, Ghazipur,
Gotitambudda Nagar, Hamirpur, ‘Hardoi, Hatraspur, Jalaun, Kannoj, Kanpur ’
‘Detint; Kaushambi, Kher, Kushi . Nagar, Laliipur, Lucknow, Mahoba,
'Mainpuri, Mathura, - Mau, Meerut, Mirzapur, Moradabad, *Muzaffamagar,
“Pilibhit, Pratapgarh;:Rae Bareli, Rampur, Saharafpur, Sant Kabir Nagar, Sant
: Ravidas Nagat, Shahjahanpur,: Shrawasti; Sidharth Nagar, Sitapur, Sonbhadra,
“Sultanpur, Upnzo), UTTARAKTIANT(Ba eswar, Champawat, Dehradun, - -
jar, - Nairital; :"Pithoragarh,?-Rudiaﬁa_iaya'g);:_-WEST"BENGAL;'(M :
rth), Cooch_Behar, Datjeeling, Haora,Hooghly, Jalpaiguri,
adia, Uttar Dinagpur) CURREIAT

Crops may
not need
immediate K
additions.

Long term
cropping -

1 would need
.| K additions
;-] after few
| years

ANDHRA* PRADESH " (Chittor; " Mehbubnagar, Warangal), "ASSAM .
(N.C.Hills), CHATTISGARH (Bilaspur), GUIARAT (Ahmedabad, Amrel, -
|- Rajkot, Valasad), KARNATAKA (Bijépur, Tumlkur), MADHYA PRADESH
(In : madis), MAHARASTRA (Amaravati), MIZORAM (Aizaw],
N g, Serchhip), NAGALAND

- K application

is not
required
immediately.

RA PRADESH(Guntur, *Karimnogar, Krishna, ‘est - Godavari), -
UNAGHAL PRADESH (Chenguang, Dibang Valley, £ast Kameng, Bast -
iang, Lohit, Lower Stubansiri, Papum Pari, Taksang, Tirap, Upper Siang, * - -
Uppor Subansiri, West Kameng, 'West Siang), CHATTISGARH (Raigarh),

: -":GQAE_'(Ndjjth_:Go_a,_South'Goa}', GUJARA’IT:(A_ﬂj:el_i,’A'x_ig'ar'xd,_Bhavanaga:, )
Broach/Bharuch, Dhod, Gandhi Nagar, Jamnager, Junagad, Kheda, Mehsana,
Ninmada, Panchmahal, Porbnidar, Sabarkanta, Surat, The Dangs, Vadodara),

HARYANA (Panchakula, Ambala, Kurukshetra), HIMACHAL PRADESH
(Bilaspur, - Solan, #Sirmaur), -JAMMU - AND KASHMIR (Udhampur),
KARNATAKA (Bagalkot, Bellary, Bidar, Dharwad, Gadage, Gulbarga,
“Haveri, Koppal, Raichir), MADHYA PRADESH (Barwani, Betul, Bhopal,
Chhatarpisr, Chihinidwara, Damokh, Dewas, Dhar, East Nimar, Guna, Gwalio,
Harda, - Hoshatigabad, Jabalpur, Katni, Mandsaur,’ Narsimhpur, Raisen,
Rajgath, Ratlam, Rewa, Sagar, Sama, Sehore, Shajapur, Ujjain, Vidisha, West
Nimar), MAHARASTRA {Ahmednagas, Amaravati, Aurangabad, Beed,
Buldhana, Dhule, Hingoli, Jalgaon, Jaina, Latiar, Mumbai, Nagpur, Nanded,
Nandurbar, Nasik, Osmanabad, Parbhani, Pune, Solapur, Thane, Wardha,
Washim, - Yevatmial), MANIPUR (UKHRUL), 'PUNIAB ' (Kapurthak),
.RATASTHAN (Baren, Chittorgarh, Ganganagar, Jhalawar, Jhunjhunu, Kota,
Rajsinand; Sawai Madhopur), SIKKIM (Sikkim North, Sikkim West, Sikkim
South), TAMILNADU (Thanjaviz), UTTAR PRADESH (Agra, Aligarh, Etah
Etawah, - Thansi, ~Jyotibaphulenagar, - Kanpur = Nagar, Maharajgunj),
UTTARAKHAND (Uttar Kashi, Chamoli, Tehri Garhwal),

¥ application
is not
fequired.

Exchangesble K: Low=<50 mg kg, Medium=50-120 mg kg, High= >120mg ke
 Nonexthangeable K:Low=<300 mg kg, Medium=300-600 mg kg, High=>600 mg kg'
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Map 1. District wise exchangeable K status of Indian soils
(Map is copy right protected) )
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Map 2. District wise nonexchangeable K status of Indian soils
(Map is copy right protected)
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Map 3. Districts with low nonexchangeable K super imposed on
exchangeable K map (Map is copy right protected

Nonexchangeable K Low

Nonexchangeable
T LOW k.
Exchangeable K

Map not to e ® Copyright | '




Map 4. Exchangeable K status in different agroecological regions of India
(Map is copy right protected)
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Map 5. Nonexchangeable K status in different agroecological regions of India
(Map is copy right protected
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(>600mgkg™).

Identification of K Efficient
Districts for K Fertiliser Use

Based on above maps, districts were
identified with low, medium and high
in exchangeable as well as
nonexchangeable K fractions (Maps
1, 2, 3, 4 and 5). Nine categories of
districts were identified in
combination of exchangeable and
nonexchangeable K fractions (32, 34,
38, 45, 46, 55). Fifteen districts were
identified where both exchangeable
and nonexchangeable K status was
low {Category I) (Table 5). These
districts represent mostly red, lateritic
soils, light textured and shallow soils.
Since both the K. fractions were low,
K supply to crops grown on these
soils is a must and therefore regular K
fertilisation should be done
considering crop K removal and the
recommendations generated in the
local university or ICAR institutes.
Another 18 districts are categorized
under Category II where
exchangeable K was low while
nonexchangeable K was medium.
These soils also represent light
textured and acidic alluvial soils. As
exchangeable K was low and medium
K reserves, regular K application is
essential. Two districts under
Category III, where exchangeable
was low and nonexchangeable K was
high, K addition at critical stages is
required to improve the crop yields.
Category I'V covers 58 districts where
exchangeable K medium and
nonexchangeable low. These districts
represent light textured alluvial, red
and lateritic, acid sulfate and sandy
soils. These soils need considerable
attention from K management point
of view. Continuous cropping omn
these soils result in depletion of soil
reserve K, therefore, K addition at
critical stages is required. If K
demanding cropping systems like
rice-wheat, rice-wheat-fodder,
sunflower based, potato and other
tuber crops, banana, intensive fodder
and vegetables based systems are
grown, regular additions of K is
essential. Categmgrl V covers 115

districts of India, where both
exchangeable and nonexchangeable
K fractions were medium. These
regions represent various types of
soils from acid to alkaline, red,
mediumn to deep black and alluvial. As
both the fractions were medium, K
additions are required for high value,
quality (tobacco) and K exhaustive
crops (sugarcane, potato etc.).
Another 172 districts fall under
Category VI, where exchangeable
K was medium and nonexhangeable
K was high. These districts
represent variety of soils starting
from heavy textured red soils,
medium to deep black soils, heavy
textured alluvial soils, high organic
carbon Mollisols. Crops may not
need immediate application of K
unless specific K loving crops like
banana and potato are grown. One
district (Jaipur) falls under
Category VII, where exchangeable
K was high and nonexchangeable K
was low. This district represents
medium deep alluvial soils with
less K bearing minerals. Long term
intensive cropping would need
some maintenance level of K.
Category VIII covers 24 districts
where exchanpeable K was high
and medium nonexchangeable K.
These districts represent medium to
deep black soils, fine textured
alluvial and red soils with sufficient
K rich mica. Potassium application
is not required immediately.
Category IX represents 129
districts where both exchangeable
and nonexchangeable K was high.
These soils represent deep black
and fine textured alluvial soils and
show higher long term K supplying
power and do not require K
application.

Verification of the Categorisation
of X Availability with Crop
Responses

Above recommendations have been
verified with existing crop response
data published in these regions.
Bangalore rural where both
exchangeable and nonexchangeable
K reserves were low (category I)

showed significant response to K in
groundnut and ragi crops (7, 17, 51).
Under long-term cropping at
Bangalore rural, the decrease in
exchangeable K. was from 123 kg ha
to 66 kg' under NP treatment,
observed severe yield decline in ragi
and maize in subsequent years under
100 % N and 100 % NP with drastic
depletion of soil reserve K (61).
Similarly, in light textured alluvial
soils where exchangeable K was low
and nonexchangeable K was medium
(category II), significant yield
responses of various field crops were
obtained due to K application (57, 64).
In light textured Alfisols of
Rangareddy district of Andhra
Pradesh, sorghum responded
significantly to added X (64). In soils
of category ITI, while exchangeable K.
was low and nonexchangeable K
was high, response of field crops to
moderate amounts of K was obtained
(64). In category IV soils where
medium exchangeable K and low
nonexchangeable K, crop response to
K application was significant in later
years of long term cropping (17).
Similarly in several districts of Orissa,
where nonexchangeble K is low,
continuous rice-rice cultivation
resulted in the significant response to
K (17). Deep black and alluvial soils
under category VII and IX where
high exchangeable K and medium to
high nonexchangeable K, applied K to
field crops was rare (35, 58).

CONCLUSIONS

Above results suggest that soils of
India vary widely in their K status
as reflected by variations in readily
available K and nonexchangeable K
reserves. This exercise is first of its
kind where two distinct fractions of
K were involved in categorizing
Indian soils for K fertility
management and identified some
districts as priority regions where
regular X application is a must.
However, the maps generated with
available information using GIS
technique, should be interpreted
with some caution. At many
locations, high levels of K reserves
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in deeper layers indicate their
substantial potential to supply K
from sub-soil K to crop K nutrition
under intensive systems of
production. Alfisols and Oxisols
and light textured Inceptisols were
definitely low in soil K reserves.
Inceptisols with higher ratio of
nonexchangeable to exchangeable
K, have larger reserves but lower
readily available K and so need
maintenance doses of K. Vertisols
and associated soils with relatively
low levels of this ratio have higher
available K but low to medium
nonexchangeable K which under
long-term cropping, may get
depleted faster. Soils were
categorised by including
pnonexchangeable K along with
exchangeable K, as contribution of
nonexchangeable is substantial in
K removals by different production
systems. In soils with low levels of both
exchangeable and nonexchangeable K,
K application mustbe done to realise full
yield potential of different cropping
systems. Similarly, for different
categories, K. recommendations have
been suggested based on soil K reserve
status. This categorization of soils
into different groups provides a
comprehensive assessment of K supply
for plant uptake and better
recommendation of potash application.
Fertiliser recommendations evolved on
the basis of soil test calibration
including both exchangeable and
nonexchangeable K reserves and
crop response studies carried outon
soils classified should be extended
immediately for crop K advisory
purposes. This work resulted in the
identification of the Indian districts
where both the readily available
and soil reserve K sources are low
and where K application is
essential. Where nonexchangeable
K is low and medium in several
districts, continuous cultivation of
crops gradually results in soil K
depletion and reduction in crop
yields, Potassium fertiliser is not
produced in India and its use is
therefore completely import
dependent. Government of India is
spending a huge amount of foreign

2000 .

exchange on importing K
fertilisers. These costly imported
K fertilisers should therefore be
used more rationally, judiciously
and efficiently. The K fertiliser
material should be made available
in the regions or districts where soil
K reserves are low and high K
requirement crops are grown
during crop season at the village
level.

FUTURE NEEDS OF WORK

» Use the maps generated and
districts identified in the present study
in prioritizing regions for K fertiliser
use.

¢ Need to link up these maps with
predominant crops/cropping systems
being followed in the different districts
or regions, 5o that further fine tuning to
K recommendations can be evolved.

s Introduce the new methodology for
estimating nonexchangeable K in all
soil testing laboratories in India (40).

« Continuons monitoring of both K
fractions (exchangeable and
nonexchangeable) in different soil
types under predominant cropping
systems,

« Prepare balance sheets of soil
potassium in different production
systems and zones at least after every
decade.

» For monitoring of K status/dynamics,
and crop yield sustainability, new long
term fertiliser experiments may be
initiated in each of nine categories of
soils suggested in the present paper
considering predominant soil types
and cropping systems.
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