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On Planning Manurvial Experviments in Sugarcane
i Madras State |
Iy .

8. V. PARTHASARATHY, nr.sc0.,
Bugnrrane Research Stotion, Anahkapalle

Introduction: In increasing yield per acre, varieties and
manures constitute the two major factors, The problem is a complex one.
and as such there is still some gap in our knowledge and also between the

experimental resnlts and ryots’ field practice,

¥rom 1914 to 1950, there have been 38 experiments in repre-
sontative sugarecane tracts of this State on manuring sugareane, Of these,
16 were nt Anakapnlle, § at SBamalkot, 8 at Palur and 6 at Gudiyatbam.
In spite of the Jarge number of experimenis Jaid out, the quantitative
knowledge in respect of manuring the ecvop is wvof advanced very
much. The resulis of experiments recorded year after year are so vary-
ing that econclusions based on three-year data have heen. -of only
quulitative value., I'urther, the resnlts of these experiments were not
tiested in ryots’ fields and therefore are not very helpful in extension
service, It is therefore desirable to eritically review the:. manurial
experiments, to debect the causes for the fluctuating results recorded and
to explore the possibilities of better technigue for future experiments.

Review: A complete list of experiments so far conducted in
this State is shown in appendix 1., A serntiny of the tredtments in the
various experiments as shown in column 3 indicates that prior to 1930,
the manurial doses were determined on the bull of manure and 1ot based
on chemical analysis of the manurial constituents, The experiments
were also not laid out on the modern techniques which lend themselves:
to statistical analysis, This period is also characterised by the exotic
types: J. 247, Purple Mawritius and Fiji B being the main varieties
under test, - Nitrogenous and bullky organic manures were chiefly tested
during this period. '

Farmyard manure, green manure, cakes and fish-guane were the.
manures under test till 1925, after which ammoninm sulphate also
entered the ficld, The average yield recorded in most of these experi-
ments was low as compared to the yields recorded in later years. This
low yield was due o varieties, which were later ousted from eoulsivation by
the Coimbatore canes and also due to the form of manures in use then,
TFarmyard manure recorded. better results than no manure, but fish
guano proved betier than farmyard manure. Hven the application
of 30 tons of farmyard manure did not equal 10 bags of castor cake.
These experiments therefore established the superiority of oakes over
green manure or farmyard manure. Dr, Rege (1941) also pointed out
that the value of cattle manure as a nitrogen supplier was not ninch.

Trom about 1925, ammoniim sulphate came into use as a
fertiliser for sugar-cane. Experiments comparing this ‘with cakes and
catble manure, revealed the superiority .of the fertiliser in inereasing
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yiclds, Even when it was applied on Nitrogen Dbasis, this fertiliser
recorded greater increases in yield than cakes, But, beyond certain
levels it depressed juice quality, whereas this depression was not so
marked, when cakes were applied. It was therefore brought out that if
high yields and good quality jaggery are to Dbe aimed at, there is need to
mix the cakes and fertilisers in proper proportions.

The experiments that were laid out after 1930, are therefore on
considerations of (i) form of nitrogen and optimum proportion between
different forms (ii) Manures heing applied based on chemical analysis of
ingredients involved (iii) statistical analysis of yield data (iv) Co. canes
being the main varicties nunder test (v) the value of other nutrients such
as. P and KX being eveluated. It may therefore be considered that the
mannrial experiments in the last two decades were on sound lines,

" These experiments indicated that the optimum doses of nitrogen
for the different tracts were as follow :

Anakapalle 100 1b, N per acre,

Samalkot 150 b, N per acre.
Gudiyattam 200 Ib. N per acre,
Palur 250 1b, N per acre.

In regard to the form of nitrogen, a proportion ranging from 1:1 to 3:2
between cake and ammonium solphate was considered good. The
experiments now in progress at five centres, have indicated no difference
in yield or quality due to form of manure. But this should be tested by
permanent manurial experiments to bring out the cumulative effect of each
form of manure, The experiments on time of application indicated that
application of the entire dose at planting time was not good ; application
in 2 to 3 doses was more efficient. Late application of the manure, i.e.
beyond the fourth month of the crop, depressed juice quality. Basal
dressing with farmyard manure did not influence yield or juice quality,
though small beneficial effects were discernible during periods of droughrt.

Potassium did not influence either yield or guality ; in certain cases
it even depressed yields,

Phospha.tes did not influence yield or quality. It did not improve
setting of jaggery nor the keeping quality. However, there is still
an impression in certain guarters that phosphates improve setting of
jaggery.

The experiments so far conducted have clearly indicated that
nitrogen in organic and inorganic forms mixed in certain proportions,
is the only ingredient that records increase in yield, while potassium and
phosphates have little effect on yield or quality.

II1. Fluctoations in recorded data: The chief mode of interpret-
ing the results was by averaging the recorded yield data. Results
recorded in. column 10 of the appendix 2 show that the actual responses
to ‘manuring from year to year had been very widely varying.
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'Che variations aro far beyond what may bo attributed %6 experi-
mental error, In the post, these wide variations have been ignored -in
imterpreting the data, though this does not seem to be justifiable; . It 18
necessary to analyse the basie cauges for such fluctuations in the recorded
yield-responsea to manures,

(a) Soil fertility: The basic fertility of the plot in which the
manurial experiments have been laid down was not considered in
arriving at the quantum of added nitrogen or in interpreting the data,
That such basic fertility of goil have o large influence on yield fluctuations
is brought out at Palur in a series of manurial experiments; which
alternated in two sets of fields from year to year.

TABLE L

Variations of yields in Maaurial Experiments at Palur.
{Weight of canes in tons per acrs.)

0 . . L] m o E
@ E Field XNos. 31 to 34 Er".‘- = Fda. No. 24—27 E}r.. E g Lo
o B = = @ over B ooog
QS5 1028-°29 1030-'81 1932-'33 EE S 50 N 1920-'39 1031'-32 E ‘"-: E°8
(] =l EQ
G0N 218 179 205 20°1  100°0 153 g 11°6 1000
0N 245 . 215 2600 236 1174 216 17'6 196 1686
50N 32+8 267 334 310 1542 323 287 305 2530

If the manurial experiments are fo give precise indications on the
quantities of nitrogen to be added, three important factors should be
considered viz,, variety, soil and water. For such a step, a workable
method of estimating the nitrogen available from soil must be determined.
If chemical analysis of soil does not directly indicate the quantum of
nitrogen to be added—and generally it may not—other methods of
determining this must be evolvéd. Inall the agro-biological experimenis
{Willeox, 1930) the N present in the soil must be taken into account,
if the quantum of nitrogen to be added js to be predetermined,.
If not, the plant itself is to be used as an index during its growth to
determine whether the growth is taking place under sufficiency or
deficiency Jevels of nitrogen in plant tissues (Craig 1939),  Addition of a
fixed quantity of nitrogen by time schedule irrespective of the initial
guantities present in the soil and the rate of its utilisation hy the crop
cannob offer precise data on the quantitative relationship between nitrogen
and yield. The large fluctuations in experimental results from year to
year in manuial experiments is due to such defects in the experiments,

(L) Waeater: That water is an important factor in the proper
utilisation of the added manure needs no emphasis, In none of the
manurial experiments, was this factor strictly contiolled or evaluated.
The guantity of water to be added by irrigation cannot be determined
by mere acre-inches or by frequency of irrigation. - Similarly the
value of rainfall cinnot be evalnated by ftotal fall or by rainy days.
The reiationship of water to growth should be considered in terms of soil
moisture and availability of water to the plant from the soil. - Water in
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the BOil has three important roles in relation to manuring viz., (i) it
dutermmeﬁ soil acration, biological and chemical activities in the soil
(ii) as a_solvent for plant nutrients, it determines uptake of nutrien ts by
the plant, (iii) under excess-conditions, it leaches out the nitrogen beyond
the reach of roots of the plant. In other words it determines the
release of nitrogen by the goil or added manure, the loss due to leaching and
the uptake by the plant. In all these three ways, water is an imporfant
factor to be taken into consideration in mmiuntmg nitrogen of the
manures or soil. At Gudiyattam, which receives insufficient rainfall in
South- West Monsoon, the relationship between water and nitrogen-
utilisatioh was hroug]at out in an experiment. When the plots receiving
200 |b, Nitrogen per acre were irrigated frequently, the crop arrowed
profusely and ceased growth earlier than in the plots receiving irrigation
at longer intervals, The crop growth in plots with frequent irrigation
was similar tu the plot receiving low Nitrogen dose,

A review of the vield data in the manvrial experiments of different
Rescarch Stations as related to rainfall, shows some interesting.
indications.

In the manurial experiments at Aﬂnk&-]:-a.lle between 1933—"36 to
1935—'36, response to Nitrogen was nil in two years, and good in one
year. The yields of jaggery at 25 N were 828 ib., 10.449 b, and 9,025
1b., while those for 110 N were 9.444 lb,, 13,555 1D, and 7 ,175 1b., respec-
tively. In the sccond year, there had been some depresstun m yield.
The years 1834—'26 recorded very hot weather,  But the two
monsoons were favourable in 1934—'35 while drought continued in
1935—'36. The responsge to manure was good in-1934—"35 while there
was no response but only a depression in 1935—"36.

- In the -series of expeiiments from 184445 to 19046—"47,
caries wers damaged in the first year due to lodging and in the second
year by cyclone. In the third year yield differences belween Zero N
and 250 1b, H:trogan were not s:gmﬁcant

Tn the graded dose N experiments laid out ot Palur, there was good
response to manuring in 1943—'44 and 1846—/'47 but wvery little in
1944—"45, and 1945-—"46. In the year of good response, the South - West
Borsoon was well distributed. When there was drought, the manure was
not utilised.

In the experiments as Gudiyatham, the response was graded for
increasing doses in 1046—'47 while in 1845—"46, the dose 100 N came
under one bhar, In 134546, there was 1473 nches of rain in 19 rainy
days in July-August, while in 1946 —'47 there was only 635 inches in 16
rainy days, Receipt of good showers pulled up the erop and the manure
was Ei‘ﬁmcnth utilised, There was drought in November-December,
Late receipt “of showers in 1946— 47 may be responsible for graded
response to manure in this yvear.

The yicld data from muuuriul experiments ore variohle from vear
to year due to variable soil moisture, depending upon rainfall and its
distribution,
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What ave congidered as optimum doses for-theé different tiacts is
alrendy mentioned. A serofiny of this varinble optimum indieates the
possibility that the inereasing dosge of Nitrogen from northern {o southern -
vegions is closely linked with the soil - moisture - ]1In1:t_re$}atipﬁﬂhip_in these
tracts. The northern distriets which receive good showers in South --West
Monsoon recorded high - yields with 100-150 N, while the southern districts
which receive poor showers in South - West Monsoon required higher doses
of Nitrogen. In areas subject to limited supply of water, Jarger doses of
Nitrogen are needed. Studies at Anakapalle revealed that when water
supply is copious throughout the life - cycle of the crop, loamy and clayey
soils show equal crop-produecing potentialities, while when ihe  water.
supply is at deficiency levels the lighter soil withstands drought heétter and
utilises manure better than the clayey soil. At about 108 soil moisture,
the: crop in loamy soil grows up well, while it. exhibits doficiency of
moisture in clayey soils. The type of soil in relation to.soil meisture and
crop growth is important in studying manurial needs of the crop.

) From the above it is clear that the recorded data are wvariable and

due to lack of information on soil moisture status, the response to nitrogen
in the different Agricultural Rescarch Stations ecannot be expressed in
quantitative terms.

-IV. Some practical aspects: Some broad indications from the
different manurial experiments have been stated above. If is necessary to
examine the practical bearing of the above experiments in field practice,

A thirty - ton crop of sugarcane removes the following ingredients
from an acre of land. '

TABLE II.
Plant nutritional elements removed from soil.
5 ros =

- 30 ton crop of Co, 419, 3 tona jagrery

Elements Ib.jacre, " Ib./acre.
Nitrogen. 6007 Lo R B
Phosphorie aeid. 1328 R
Potash. 2614 160
Lime. 205°6 | 12:0

Only a small fraction enters in the final product, while the rest are
left in the crop residues as waste products, In the case of sugar, none of
the manurial ingredients are found in- it and as such it should be:
theoretically possible to return to the soil all that is removed by the crop.
In the case of jaggery some proportion of the manurial ingredient are
found in jaggery and a 80-{on crop will remove nutritional elements as
shown in table above, - '

Cane tops are used for feeding cattle and begasse for feeding the
furnace. Therefore, in factory or jaggery areas-some amount of trash is
available as a waste organic material. When the trash is composted and
returned to soil it is possible to return 50 1b.- Nitrogen through waste
products, : ' -
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- In many tracts, it is possible to raise a crop of sunnhemyp or other
greon manure crops either preceding the crop or as an intercrop. By this
system, about 40 1h. Nitrogen may be added to the soil per acre. The
review by Dr. Rege indicates that there is greater availability of nitrogen
by green manuring. Thus, it is possible to add not less than 50—60 Ib.
Nitrogen. to the soil if one of the methods mentioned above is
adopted, '

Oil - cakes are nowadays rather -costly and ammonium sulphate
was difficult to secure until recently. The Venkataraman Committee
(1950) reported that the manuvial bill constitutes upto 307 of the total
cost of cultivation. Therefore, the best way to manure sugarcane is to
apply as much Nitrogen possible by utilising the waste products and
supplementing the same with green manures, and ammonium sulphate.
This method is the cheapest for the cane grower and also the best in
respect of national economy in which soil fertility is maintained and cakes
may be spared as cattle feed. Such agricultural practices will encourage
automatic recuperation of soil without importing costly materials from
outside the field for the purpose.

In recent years, due to high cost of oil-cakes and ammonium
sulphate and also due to non - availability of these in the open market, cane
growers have been purchasing manure mixtures from different firms,
A list of firms which prepare and sell special mixtures for sngarcane and
the chemical analysis of these are furnished in table II7.

TABLE IIL
Guaranteed analysis
=
Name of the firm Name of mixture Orga- ]f]\(;;fogen
- nic . ganie P,0; K50
1. The Scientific Fertiliser
Co., Ltd., Coimbatore Sugarcane fertiliser 1'5 166 15
2. Mysora Fertiliser Co.,
' Madras Sugarcane Special 17 133 45
3. Nilgiri Fertiliser Ltd.,
Coonoor Sugarcane fertiliser 15 1107 35 20
4. Premier Fertiliser, Ltd,,
Tanjore Sugarcane fertiliser
No. 1 40 30 56
No. 2 40 b 65
4. T. Stancs Co., Ltd,,
Coimbatore Sugarcane manure 2:8 1002 44
6. The Cochin Fertiliser,
Ltd., Trichur.. Special Sugarcane
manure mixture 24 11 42 e
Sugarcane fertiliser — 4°8 ah 45

7. Jupiter Manure and
Bone Mills, Ltd,, Delta Sugarcanc
Kakinada fortilisor 865 810 50 05
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G unr&rnﬁh&l;ﬁpﬁtﬁ:;h '
Namo of the firm Nomb of mixtare G Iati's;f?ﬂgnﬁ".__':,',
' nie . ganic- Pyl X0

¥ L

Sugarcatie Spesial ‘.- 356 060 T0 . 04
Tapeswaram Sugarcane _ g R
fortilisor  1:30.° 1030 425 0'5°
Polnadn Sugarenne s S
. - ' fertiliser 200 12000 60 -
B. A.S.M. F. Rodrigues ' '

& Co., Kntpadi Sugarcane mixzture I.—'ﬂ-i's, ‘332 _' H00 . e
Sugercono epocial 381 - 12:32. 550
4. Parry Co., I.f-i."'l.., . Karur Sugarcano e ’

fertiliser 08 ° 132 .. 670
Bamalkotl SBugoreons b m _

' fertiliser o8- 132 60, ..
Sugaréane special wixtare 25 124 18 ..
4

Cuddalore sugarcane A, @1 49 66
Cunddalore sugarcane B. 64 490 2":'1 i
Cuddalore sugarcane .
‘No. 1 8 0 66 3100 e
No. 2 0 64 B8 .
- Samalkot sugareane A 13 64 210
10. Coimbatore Chemicals _ Cow
& Fortilisers, Ltd,, . .
Pottanur Sugareane mixture 14 82 80
11, Decean Fertiliscr, Co., * : e
: Coimbators  Sugarcane fertiliser 2:4 B4 90
12. O, Raju, Kakinada Sugarcane mixture speeial 34 91 50

Lven though experiments at various Research Staticns in this
State have shown that phosphates do not increase either yield or quality,
all the firms adopt a formula in which some quantity of phosphates
are included.  Phosphates are usgeful to grain crops in increasing
yields, particularly to paddy. Therefore, application. of phosphates to
sugarcane crop, when there is no immedinte use for this ingredient is to be
considered a waste., If there are phosplate - deficient soils or pockets in
the sugarcane tracts of this State, they still remain to be detected, If
the popular. impression that phosphates improve setting of jaggery,
not confirmed by experiments of this Department,- is true, even
then phosphate need not be "direcily applied to sugarcane. A better
‘way should be its application to the preceding crop of paddy and
and leaving the residual effect to sugarcane, or better still, will be its
application to the preceding green manvre leguminous crop, as is
being recommended by the Government Agricultural Chemist on the

T. V. A. system.

-T};Eua, apart fl:ﬂlll other nspﬂﬂfs to I}e.defnileﬁ h_éreﬁftgr,,ﬂm 1er:ﬁce
by ryots is neither aimed at cheapening the manure bill nor at natural
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improvement in soil condition that will incredse efficiency in utilisation of
tho available soil nutrients. The experiments on Research Stations have
been' mostly confined to import of outside materials, ignoring the natural
ranuperatmg power of soil. Such aspects of manuring have mnot been
taken up in any of the manurial experiments as the latter have always
heen planned on a short - range poliey.

V. Snggeshuns : In. the design of manurial treatm ents in the
past, cakes and ammonium sulphate played important roles. In supplying
hu]ky organie manure, farmyard manure was the main source. Under
ryots’ conditions, farmyard manure is not available in sufficient quantities
for application to crops. Oakes are valuable as cattle feed and can be
uged for better purposes than being buried in the soil. In reeent times,
it has become a scarce and also costly commodity. The best n.gucuituml
system is one which uses farm wastes and also which permits raising
legumes to recnperate the soil, In the case of sugarcane, a great deal of
organic wastes is available at harvest time and these must be utilised
properly to increase the organic matter of soil. Secondly, in most places
sunnhemp or daincha can be raised preceding cane ; where it is not possible
to do so, the green manure crop can be raised intersown in cane in carly
stages.. The:ae two possibilities for increasing the humus of soil must be
tested on a long-range basis,

The experimants so far conducted reveal that ammonium salphate
is superior to cake in increasing yield of eane, but calke is superior in
vespect of quality. The possibility of morua.smg yield and guality by
increasing humus of soil as described before and nging ammonium sulphate
only as fertiliser, leaving calke for other hetter uses, needs to be investigated.

Phosphates have not inercased yield or quality. So also other
elements. But such experiments were conducted for short periods only,
. Under ryots” condilions, there is a fall in yields in the course of a decade

ot so and change of variety is considered nscessary. Recent experience in

_Bumhny indicates that even change of seed by importing from o distant
place inereasee yield. In all thess cases, soil deterioration jis suspected to
he the canse. There is need to uwestiguta this aspect also. Complete
analysis of soil and plant, including the minor elements in plots laid down
on a permanent basis to test efficacy of the different organic and inorganic
forms, also seems necessary.

In recent times, monurial requirements of crops ave sought to be.
studied by (1) agro-biclogy (2) foliar diagnosis (3) initinl fertility tests
on soil by chemiecal analysis or by using indicator plants (4) by studying
intensity of nutrition by the plant. In the experimentsaso far conducted no
such criteria were adopted. After the manure was applied, only the yield
was considered, ignoring the physico-chemical-biological ehanges in {he soil
during crop gmwth and tlie reactions of the plant to the existing growth
faptors, The law of diminishing returns was the only consider: ation,

“ while the law of growth factors and the law of limiting factors wore
ignnred. -

Certain precantions secem 4o Dbe necessary in order to onsore
umfnrmrl:.'r.r in yield data from year to year and tfo assess the value of
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added Nitrogen in quantitative terms instead r?f'"mf;-jf.—jng '?:1'-;'='E3i?-!11";i_i;i.¢f'£:1
conclusions by averaging the results, & process which jgnored variations
and their eanges, : il

In the reecent experiments at Anaskapulle both {he soil ‘and the
plant were analysed periodically and this gaves more precise informiation.
than similar experiments laid ous previously on the station. - An attempt
is being made fo see if foliar dingnosis could be taken us a relinble index
for the application of Nitrogen to the soil. Similarly. stndies on water
requirement revealed that irrigation Dased on soil’ moisture: can give
definite dafa while irrigations based on intervals alene do not yield
guantitative information. Another important factor for variation in yield
from year to year is the variation in population.

VI. Conclusion: Certain modificationsin the present technique of
conducting manurial experiments are necessary. = The . modifications
suggested are (1) periodical soil and plant analysis (2) studies in soil
moisture (3) ensuring uniformity in stand and working up to minimum
population. For the adopfion of the first two. the Research Stations,
are to be equipped with staff and other facilities; but it is worthwhile
doing it even at some cost. If not, the data collected even during the
course of long periods, do not furnish definite knowledge on the gcientific
application of manures. Under the present conditions, there are losses
due to wastages in opplied manure, or insufficicney in applied manure,
When the experimental results are analysed, the scientific eriteria should
be immediately tested in ryots’ plots to assess the fortility variations in
the tract and the applieation of farm data to field conditions.
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Planning Manurial Buperiments in Sugarcane
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Sugarcanc
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Planming Manurial Baperiments
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