SOIL TESTING IN RELATION TO FERTILIZER USE ON PADDY
IN INDIA AND ITS RESPONSE

by S. P. RaycaaupHURL, F.N.L,* and N. R. Darta Biswas, All India Soil
and Land Use Survey, Indian Agricultural Research Institute, New Delhi

(Received February 10, 1962)

ABSTRACT

Rice is extensively grown in India and the great soil groups adapted to paddy cultivation in
the country are (1) laterite or lateritic soils, (2) podsolized soil of the northern hilly region, (3)
red soil including red loam, red and yellow earths, (4) black soil, (5) saline and alkali soils, (6)
sub-tropical vlei, (7) bog and half-bog soils and (8) alluvial soils.

Nitrogen deficiency is universal and the high response of paddy (398 kg per hectare at 33
kg N) to application of nitrogenous fertilizers is corroborated by soil test data. The average
response to 22 kg N per hectare in the zonal, intrazonal and azonal soils were 270, 560 and
434 kg per hectare respectively, The increase of nitrogen from 22 to 44 kg per hectare gave an
additional response of 190 kg per hectare.

High response to phosphate is pronounced in the azonal alluvial soils and red and laterite
goils. The effect of phosphate is always better in combination with nitrogen.

The response to potash has been localized and obtained in red loam and yellow earths of the
eastern region and in laterite and lateritic soils of the south.

Extensive field trials and soil tests have established the fertilizer needs of crops in different
soil-climatic regions. Balanced fertilizer use with organics is the immediate need of the
country in respect of paddy.

India is the largest rice-growing country of the world and the crop is
cultivated under varied conditions of soil and climate provided the requirement
of water is adequately met. Rice occupies more than 30 per cent of the total
annual cultivated area of the country and its cultivation extends from 8° to
35° N latitude under widely varying conditions of rainfall and altitude. There
is rice grown at sea-level in the river deltas, in areas even below sea-
level with protective embankments as in parts of Kerala, in 15 to 20 feet of
water as the deep-water paddy in the States of Assam and West Bengal and at
altitudes of 3,000 to 5,000 feet or even more as in Kashmir and the slopes of the
Himalayas. The crop is semi-aquatic in nature and has a peculiar property
of tolerating a wide range of soil reaction (pH varying from 4 to 9), but it is
best grown within the pH limits of 5 and 7.

India has varied soils with varied climates. The different States of the
country, some of which are widely separated, have differing soil and climatic
conditions, but rice is grown in almost all the States provided water supply is

* Now Benior Specialist (Land Resourcea), Planning Commission, Yojana Bhavan, New
Delbi.

VOL. 28, A, No. 6.



882 S. P. RAYCHAUDHURI & N. R. DATTA BISWAS: SOIL TESTING IN

not limiting. Its cultivation is mostly concentrated in the river valleys,
deltas and low-lying coastal areas of north-eastern and southern India and in
the States of Assam, Manipur, Tripura, Andaman and Nicobar Islands, West
Bengal, Orissa, Bihar, Andhra Pradesh, Madras, Mysore, Kerala and Madhya
Pradesh. Uttar Pradesh has a considerable area under paddy in the eastern
and northern parts. Paddy cultivation in the Punjab is also increasing with
the increase in water-logged areas.

There are many varieties of paddy cultivated in the country which may
broadly be divided into two groups, namely (1) wet-land paddy and (2) dry-land
paddy, according to their adaptability to soil conditions. The wet-land paddy
is grown on flooded soils or on soils with natural or artificially induced imper-
meable layers near the surface. Dry-land paddy is grown on permeable soils
and the crop meets the requirement of nutrients and moisture by sending
roots deep into the soil. Wet-land paddy is the most widely cultivated crop
of the country whereas dry-land paddy is cultivated to a certain extent in the
States of Bihar, Uttar Pradesh and Madhya Pradesh. In India there are
three rice-growing seasons on the basis of which Ghosh et al. (1956) grouped
the rice areas into five regions, viz. (1) North-eastern region, (2) Southern
region, (3) Central region, (4) Western region and (5) Northern region.

Som. CoxpitioN FOR RicE CULTURE

Dry-land paddy is adaptable to soil which is permeable irrespective of
texture. For successful culture of wet-land paddy the most important
property of the soil is its capability to hold water on the surface. Thus the
fine-textured soils, viz. silty clay loam, clay loam and clay with less of per-
meability, are more suitable and higher yields of paddy are obtained. In
India twenty-five broad soil classes have been differentiated of which except-
ing a few the rest grow rice. The success achieved, however, varies and de-
pends on soil management, fertilizer use and above all the availability of water
during the growth period. In certain areas of the Punjab due to faulty
irrigation a new situation has arisen during recent years as the water-table
has risen very high creating in some cases water-logged conditions. Extensive
wheat fields have now been converted into good paddy lands. The most
important groups of soils in which the crop is grown in the country are alluvial
soils (including old and new alluvium, coastal and deltaic alluvium), red soils,
laterite and lateritic soils, black soils, saline and alkali soils, farai soils, and
peaty and marshy soils. Most of the country’s paddy is grown on alluvial
soils and red and laterite and lateritic soils. '

Classification.—The different soil classes extensively utilized for growing
paddy throughout the country are either normally or fully developed or are
immature. They thus fall in the three orders, namely zonal, intrazonal and
azonal, according as they have developed under the influence of some local
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factors of relief or parent material, or are young and none of the soil forming
factors have had sufficient time to act on them for development of definite soil
characteristics. According to the International System, the rice-growing soils
of India may thus be classified as follows:

Order Sub-order Great soil group Remarks

Zonal Dark coloured soils Black soil or regur These soils are utilized for paddy
(semi.arid and sub- cultivation in the States of Andhra
humid). Pradesh, Mysore, Madras, Madhya

Pradesh and Maharashtra under irri-
gated conditions.

Light coloured pod- Podsolic soil .. Paddy is grown in the hill slopes of the
solized soil of the Himalayas in the north of Punjab and
timbered region Uttar Pradesh under terraced condi-
(humid representing tion.

vertical zonality).

Lateritic soils of trop- Red soil including red These soils are extensively cultivated
ical and sub-tropical loam, red and yellow with paddy in the States of Assam,
region. earths; laterite and West Bengal, Bihar, Orissa, Madhya
lateritic soils; latosol, Pradesh, Andhra Pradesh, Madras,

Mysore, Kerala and Maharashtra.

Intra- Halomorphic .. Solonchak or saline Paddy is grown in these soils in the
zonal soil; solonetz soils.  States of Punjab and Uttar Pradesh and
other States of semi-arid and sub-humid
region after amelioration of excess of

salinity and alkali.

Hydromorphic soils Sub-tropical viei .. A typical example is Dhankar soil of
of marshes, swamps, Uttar Pradesh, exclusively used for
seep areas and flats. paddy cultivation.

Planosol .. Wet-land paddy fields in-coastal area

in West Bengal with a type of clay
pan developed in them.
Bog and half-bog Typical examples are the peaty or Kari

soils. soils of Kerala and marshy soils of
Bihar, West Bengal, Assam and Andhra
Pradesh.
Azonal — .. Alluvial soils includ- These are the most extensive and

ing river alluvium intensive rice-growing soils in India.

and coastal alluvi- The most important river alluvium is

um. represented by the Brahmaputra allu-
viumm and Indo-Gangetic alluvium
oceurring in the northern and north-
eastern States of the country. The
deltaic alluvium and coastal alluvium
occurring in the States of West Bengal,
Orissa, Andhra Pradesh, Madras, Ker-
ala and Maharashtra grow very good
crops of paddy.




884

S. P. RAYCHAUDHURI & N. R. DATTA BISWAS: SOIL TESTING IN

[

— 209 — 8€I g OII -— g8 68 — BEBI'T 96¢ 199 afD4oa
“outes (1e8
spery xoiduroy -~  $6 ~— — — -— - g8 P9 — -— 968 OFE pusomeq ¢ 0903 -uod 18oM) Furuus)
'99-8961 ‘(WOI)
o8N  IezijIjdej [8u02 .
puB ey oy — 06 — 881 — 011 — — €I§ — Gl — g&8L  WeNEowqsy -enul gegg  (qelung) HeuRONN
288 208 — 648 — 8I8 ~-— €I 802 — 04L& 992 ¥aL obvsoay
“ 99T 631 — — — — — §6— 66— — ~ 81— 8I— 231998 o e3¢‘T  (®[eio)]) vuusursivy
- gges gy — — — — — ¢If 8% — — 8¢ 00 “ ‘019t (wssraQ) Yyredareg
- 706 8% — — ~— — — 0%l %6 — — 183 €61 weo pey ¢ 016g M.m.ﬂ Teayeq)
¢ — 989 — 8P — P8I — — GG ~— 888 — SLP mo[eApuspey  “  009‘l ‘I'W) mdiey
. — 669 — — ~— — — — gz — ZEI'l — 9I9 “ “g10'g  (essmQ) rpuBYE[EY
— J89 — %63 — 98 — — PO — €9 — 09¢ weop pey ¢ 1ge'T  (Ieylg) Temysousy
‘99-£961 ‘(WOL)
. esn HON:MQAO.« .
pu® Aypaey oy —  [6% — $63 — €61 — — 118 — 69% ~— P63 oqueyeT [BUOZ €LA'T  (B[eIol]) Apn¥s[syd
8¢ 86 991 abpiaay
. - - - — — g — — g§ — — — %9 “ “ 0 09TT (‘d'H) wuenR
“ —_ - = —  — g~ — — 9gF— — —  — QLI “ “ 812'% (ag
.mﬂ&mha
tozrgaey ooty —~ -~ — — — 99 — -— g8 -— — ~-— §Gg HOS OlospOg [BUOZ T[63F ('d'H) equeyd
929 SLF 61 — S8BT 99T 0%F 631 £9I 036 03I 98¢ FBIg 2Bpssay
« - - — — -— e — — g — — — 083 “ “ 8189 ('q'v) redsuqooquBsy
‘S[BLI} .
sozmuaey ofdunng — - — — — 87 — — 083 — — — TP Aoeq deoq  ° 97F‘1 (*a'v) eoreN
o . — ¥ — — — — — — 8 — 0g1 — 3ZIg - “ 6LOG (*q'v) weypog
9¢8 069 61 — 8ST — O09% ¥8T LPI 036 — G6€ 3C¢ “ “ 0 P0TY ("3’ W) remdeyqyg
*99-£961 ‘(WOL)
Qfn JOZI[I940] ‘fros
pue AyImaey pog  96¢ B¢ — — -— -— — PL Qg — — LLE 3EE ¥oBlq WNIPaly [BuoZ 0L (enysereyely) elreyy
o1 6 8 L 9 g ¥ g 3 1
el ) "3 N9
D o
% b .
cEE EF 99 FF 8 2% 99 €€ 88 99 ' Vb 68 48 dnoag S
SHIBULOY] 2 .dea @ _doa v [ros ep1p ok o8BI
Wmu .*N. W”ﬂ .nm omooy/Gx Q%  erwoey/dy 20%g exgj00y/ay N 1oy _M.mowo o

84230143 o uoypiddo o1 ippod fo asuodsas 2yp pun dnoab 1108 1036 pup LaPs0 NOS

I &@1av,],



RELATION TO FERTILIZER USE ON PADDY IN INDIA AND ITS RESPONSE 885

‘S[eLI}
zoz1[1410§ ojdurlg
*quotnrredxe
orwouoige [9poW

'99—£96T “(WO.L)
o8N JOZI[I}I0]

© pus  L3yIe) [Iog

3

*B[eLI}
Jozi13dey erduarg
‘geLI}
ormouoide [OpPOW
(13

'99-¢961 “(WO.L)
08N JOZI[1318]

pue Aipey TIOR8

‘quourizedxe o983g

409
967

96¥%

8IL

8IL

(445

88¢
96¢

08¢

G81

36

G6

08¢
ge1°1

(444

9F
9F

9¥
6¢

I¢I
6

@6

9
44

11

£33
3Ie

8¢e

991
(/9 4

0S¥

re
8¢e8
63

G0¢g

G0¢g

061
1213

0g1

0¥

8G1T

62¢
036

(1124

[/r 14
368

v6¢c
LPE

09¥%

a€9 -

1129
09¥%

Gc9

(4114

274
848
697

g€

96¢€

68¢
687

(844

(124

eve
€9

5%

‘wniAnje
1238800

[BIAD[[Y
117N
resrdory-qng

“ 619°1
“ £SLE

“ 09L°‘S

lBuozy 99¥‘g

3 h@OnN

“ %61

“ 081°2
“ 9e3°‘s

[8U0ZY  S00°F
[euoz

-enuy  069°T

1108 10uU02D 40f 260420

aboisay

(ess110) 1Ing
(vss110) HoENND

X3

(seapep) reanignpy
abossay

‘(andezoze g pue
[BUIBY] ‘Bl8qUIY JO
8)01198TpeY3 Joesel
-oas) suie]y qelung

‘(pequyeg pus
Wy ‘IAqSuop
‘edvy ‘mdpfeyg
Jo Hpmsp oy
Jo oBuioas) reyrg
‘suUIg]d uUIeYInog

‘(vowang
pue usisdwmeyy
‘tndisyyezny
Jo 83911981p oYy
Jo e8uioan) reyrg
‘suleld UIeqION

“(reBueg
180 M) tyoeSeary

(uressy) Suvareg

(»mdiry) eregandy
("a’n) mdrzen



886 8. P. RAYCHAUDHURI & N. R. DATTA BISWAS : SOIL TESTING IN

Since the inception of agricultural research in the country, a very large
number of fertilizer experiments on paddy have been conducted in the Govern-
ment Agricultural Farms in different soil-climatic regions. The results of
such experiments have been reviewed from time to time (Vaidyanathan 1933;
Sethi, 1940; Ramiah and Sahasrabudhe 1947; Sethi, Ramiah and Abraham
1952; Yates, Finney and Panse 1953). The results of these long-continued
experiments in the State farms were not generally applicable to cultivators’
conditions as the level of soil fertility was generally higher due to continued
fertilizer application and better management in the State farms. On the basis
of Stewart’s report, wherein recommendations for conducting simple fertilizer
trials in cultivators’ fields were made, the Indian Council of Agricultural
Research initiated a scheme under which a series of three-plot trials on culti-
vators’ fields were conducted in seven States. Under the State Department of
Agriculture in Bihar, a very large number of fertilizer experiments in culti-
vators’ fields are being continued.

Simple fertilizer trials on paddy in cultivators’ fields were conducted
throughout the country during 1953-56 under the T.C.M. Project on Soil
Fertility and Fertilizer Use and are being carried out under the scheme of
Simple Fertilizer Trials in Cultivators’ Fields of the Indian Council of Agri-
cultural Research. Complex experiments have been and are being carried out
in different soil-climatic regions of the country under Model Agronomic Experi-
ments. The results of these experiments have been published by the I.C.A.R.
in report forms (I.C.A.R. Research Report, Series No. 1, 1959; 1.C.A.R.
Research Report, Series No. 4, 1956). A critical examination of all these data
has been made in respect of soil order and sub-order as also the great soil
groups, and the data are presented in Table I.

From Table I it will be seen that response of paddy to added nitrogen in
the form of nitrogenous fertilizers is universal, except perhaps the hill soils of
the Himalayas which are usually rich in organic matter and nitrogen. The
tropical conditions existing throughout the sub-continent, excepting the
northern hilly region, represented by vertical zonality and the age-old method
of cultivation, have rendered the soils to a low level of organic matter and
nitrogen status irrespective of the great soil groups. The soil test values also
indicate that a greater percentage of the soils in all the great soil groups fall
more under ‘low and medium’ limits than they are in the ‘high’. An
increase in the dose of nitrogen shows an increase in the yield of the crop. The
optimum and economic dose, however, varies according to soil and climate
and falls mostly between 33 and 44 kg per hectare. When the response to
nitrogen in respect of the great soil groups, except the podsolic soils of the
northern hilly region, is considered, significant difference vanishes. When the
country is divided into geographical regions, namely northern, eastern and
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southern, the response to nitrogen shows a decline in order. From an examina-
tion of individual response figures it is found that the response was the
highest in the semi-arid to sub-humid region of the north represented by the
halomorphic alluvial soil of Nilokheri in Punjab.

Response to phosphate is quite pronounced in the azonal alluvial soils
and in red and lateritic soils. In black soil the response is of doubtful signi-
ficance or localized. The soil reaction and the nature of clay minerals in the
lateritic soils are likely to create a condition of deficiency of the nutrient in the
soil which is reflected in quite good response of the crop to application of
phosphatic fertilizers. Furthermore, the soil test data of the red and lateritic
soils of eastern Indija represented by the soils of Ranchi and Santhal Parganas
are low (66 per cent) and medium (29 per cent) in available phosphate (Datta
Biswas 1958, unpublished). Tamhane et al. (1959) summarized the soil test
data of the semi-arid and sub-humid areas of northern India represented by

- goils of alluvial origin in the Punjab and Delhi and found that 69-24 per cent
of the soil was low to medium in available phosphate. The nutrient index
prepared by them gave a general trend of likely response in most of the soils
for phosphorus. The s0il test summary of the alluvial plains of Bihar (both
northern and southern plains (Datta Biswas 1958, unpublished) reveals that
68 per.cent of the soils are low in available phosphorus and 24 per cent medium.
It will thus be seen that in alluvial soils the response of paddy to phosphate
is nearly correlated with soil test values. In other soils there is the limitation
of non-classification of soil test values in respect of broad soil groups.

Response to potash is obtained in the red and lateritic soils of the east
and the south. Gupta (1960), however, reported that the average response to
potash was small in the lateritic soils of West Bengal. In other soil groups
the response was either localized or small or negative. The northern alluvial
plains of Indo-Gangetic origin are well supplied with illitic type of clay
minerals, rich in potash. The small response of the crop to potash is thus in
accord with the nature of clay minerals present in such soils. The soil test
(Tamhane ef al. 1959) of the semi-arid alluvial plains of the north, however,
tells a different story showing 39-3 per cent soils as low, 49-7 per cent as
medium and 11 per cent as high in available potash.

A combination of N and P shows a better response compared to N or P
alone. Under the I.C.A.R. scheme of simple fertilizer trials, combinations of
NP, NK, PK and NPK are being tried throughout the country and efficient
combinations of nutrients for different broad soil groups may emerge out of
these trials.

Under the soil testing programme 0-316 miilion soil samples have been
analysed for available nutrients, namely N, P and K, but considering the
vastness of the country and diversity in its crops and soils this figure seems to

be quite low. Furthermore, there is the limitation of non-classification of



888 RAYCHAUDHURI & BISWAS : SOIL TESTING IN RELATION TO FERTILIZER USE

soil test data according to broad soil groups. By approximate splitting of the
data soil-wise, however, some correlation between crop response and soil test
data is observed, but for proper correlation a very large number of soils need be
analysed and classified according to broad soil groups. Furthermore, for sound
fertilizer recommendations based on soil tests, soil group and type-wise studies
on soil test-crop response correlations both under greenhouse and field condi-
tions are necessary.

The simple fertilizer trials in cultivators’ fields and complex experiments
at selected centres under different climatic regions, as also soil testing in the 24
laboratories throughout the country, have established the fertilizer needs of
crops in different soil-climatic regions. Balanced fertilizer use including
organics is the immediate need of the country in respect of paddy. The Central
and State agencies are working hand in hand for arriving at the most efficient
fertilizer formulae in relation to soil and climate for major crops including
paddy.
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