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The Effect of Fertilizers on Sugarcane
By K. BUSHANAM, B. Sc Ag.,

The work reported in this paper was carried out at Coimbatore al the
suggestion of 'Rac Bahadur B- Viswa Nath and the results provide infor-
~mation. on the following points —Firstly an insight is obtained into the asp=ct
of sugarcane nutrition under different lertilizer treatments as revealed in the
final Dut-turn of cane and in the composition of the juice Secondly from
the agricultural aspect; answer and further ressarch is indicaled tothe gues-
tion of manurial treatment for crop increase consistent with quality of the
juice. Th:rdl? from the utliisatinn aspac’! indications are available in res-
pect of increase in the actual sugar content of cane by fsrtilizer treatment
and also on the eflect on the other important factors like pH, fibre, eic.
Fourthly light i is thrown on the question of how far the sufliciency or defici-

ency of the ma]ar plant nutrients in the soil is reflected in the composition
_r.::i the juice of the plant.

Materials and Methods. The variety of cane Co 213 was selecied
because it was, and is a.cosmopolitan cane in the sense that it thrives under
a variety of soil and climatic conditions, and information on different aspects
of the cane is available in different parts of India. [t was grown on the

field scale in the New Permanent Manurial plnts of the Central Farm,
Coimbatore,

The following are the diflerent fertilizer treatments whereby the effect
of the major fertilizer constituents (nitrogen, phosphorus and potash) indivi-
dually and in combinations with one another hava been Btudzad Included
in the Eaﬂea was a 'control’ plot receiving 'no manure’ and a 'caitle
manure ' plut receiving farmyard manure.

- Thus the manurial treatments were :—

1. No manure (M. M) 1

2. Nitrogen ) (N) N as Am. Sul, @ 1 cwt. acre

3. Nirogen+ Potash (N+K) .K- as Pot. Sul, @ 1 cwt.

4 Nitregen + Phosphoric Acid (N +P) . - acre.

5.  Mitrogen + Potash + Phosphoric 1 P as super. @ 3 cwi. acre
Aoid (IN+EK+PF) C.M.as F. Y. M. @ S51ons

6. Potash + Phosphoric acid (K+P) acre.

7. Potash =~ ) () (For this cane crop 100 lbs.

8. Phosphoric acid (P) Nlacre were applied).

g, Catitle Manure : (C. M) J

There were three replications in each case i, e three sub-plols for cane
harvest etc, and three separste determinalions for every item of eslimatlion.

The plots were under differential ferfilizer trestments snd cropping for
{ifteen. seasons previous o the sugarcane experimenls and the resulls of
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pariial fertilizer treatments have bacome sufficiently emphasised as; to dis-
tin=lly indicate the behaviour of a particular fertilizer cc‘:-nuli_iuéﬂf'; h}f itﬁ;}i
and in combination or prasence of others. . The experimentsin. _thée_f;.hfiéi_:c}
have thus much of the merit of the vsual sand cultures wyithnuiiihialrbbﬂéus
delecis.

The following are the main lines of investigations.

Effect of difterent fertilizers on :—

1. Growth and yield (as revealed in the out-turn. of cane, juice, ‘and
sugar, and also the sverage height and girth ‘of cane and the number oi
~ can=s per acre).

2. Organic composition (s revealed in the Brix, sucrose, and glucose
conlents of juice and also the co-efficient of purity, total titrable acidity, pH
and nitrogen percentages of juice)

3. Mineral composition (as revealed in the total ash, and the individual
ash constituents —SiQg, K20, P2Os, CaO, MgO of juice and cane).

4. Fibre % ol cane (which has a bearing on the ¢ c. s. ' commercial
cane sugar’ for factories).

Fuil data were collected and analyses were conducted for all these
* items and the results tabulated and discussed.

The methods of analyses adopted were those recommended by Spencer
(" A hand-book for cane manufacturers and sugar chemists "), A: O. A. C,

(Association of Official Agricultural Chemists), Browne (" Sugar analysis™)
and the “Association of Sugar Téchnologists in [ndia” (Methods of Chl.
control for cane factories and gur refineries (referred to in 18, 19, 20 and
21 at the end).

Disoussion The vield of millable cane, that is, the tonnage, is the
main consideration to the cultivat-r who wants to sell the produce as cane.
For one who wants to sell tha produce as ‘canes for chewing’, itis the
number of canes per acre, the height and girth of cane that matter - From
the .point of view of the factory owner it is the sugar content of the cane
and the values of cartain’ other important factors like pH, ash, coefficient
purity, glucose, fibre content, etc.,. that are of  importance. An altempt is,
therefore, made in the {ollewing pages to discuss the data from these points
ol view.

General. The following are-the average figures for important items—
(average of all the 27 sub-plots or eslimations).

I. Growth and vield of cane—Average vield of millable canefacre
62,640 lbs. or 2797 tons.
» 7 extraction of juice 63°1
Average No. of canes per acre 48,374
» _  height of cane . 60"
» girth of cane 29y
> No. of internodes per cane 16



June 19451 . - The Effect of Fertilizers on Sugarcane 105

‘1. . Organic composition of juice—Average ) Brix 17°35
» sucrose /4 of juice 14°40
> glucose % of juice . 0'6é9

» coetlicient purity 83°3
> total titratable acidity . 2871
» pH . 5740
: > Nitrogen % of juice 012

III., -Mineral composition of ]uica—.ﬁ.veraga Ash % of jpice 0'60540"
» . 8i0 3 % of juice . 0°'01494
» K.O % » 023780
» PO % » 0°03796°
. ‘CaO % = » 0°02659

‘b MaO % » 005456

= Aah forms 0'6 % of cane juice;and the fnllnmng is the
Averages camposition of the ash.

- Sand 2'8 %
Potash 393 %
Pheosphoric acid B3 %
Lime - 4'4 %
Magnesia L 9uU%
IV. Fibre % of cane 13214

TABLE 1. Effect of different fertilizers on yield and growth of cane.
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1. NoM, 16852028 39.60041,039 619 48-. 290 15
2. N 22354262 326  45360£1,965 629 50 289 15
3. N+K 28294320 679  47.04046,240 643 56 2'87 16
4, N+ P 23504441 394 . 4209314750 534 55 312 15
5. N+P+K 30404145 - 804  50,880£6850 641 64 2'95 17
6. K+P 32704064 940 = 5556041406 = 655 66 293 16
7. K 31504173 870  53,160%3975 658 65 292 17
8. P 32:094-3'49 90’5  48,000% 693 652 . 65 - 287 15
9, C.M. 34052309 102'1  53,670+5.130 - 649 69 305 17

Yield of cane. The meaximum yield of millable cane {34 tons) is
oblained by the application of cattlé manure, and thisis 102 % over no
manure yield- The next highest yield (32'7 tons) is from application of
mixlure of potash and phosphoric acid. On ’che whole aﬂcn treatment has
given signilicantly increased yields over 'no menure’ trestment. The
increases are very high but this is not surprising huvmq regard to the tact
that 'no manure ' plot was being cruppad for several ssasons without any
manure. '

The apphcailﬂn ol nitrogen alone, increased yield by 32°6 % over that
of "no manure’ plol. Addition of potash to nitrogen contributed 1o a
further increase of 35°3 %, wheraas the ‘addition of phusphﬂm: acid to
nitrogen contributed toa still- further increase of 8'8 X over end above
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nilrogen manure. Simultaneous addition of potash and phosphoric acid to
nitrogen increased the yield over that of "no manure’ by 804 %, . Applica-
tion of patassic. manura alone gave an increased yield of 87 4 over __rm
manure ' and ﬂpplicahnn of Dh{}EﬂhﬂﬁG manure alone conlributed to 80 5%
i woreased yield over 'no meanure’, whersas simullaneous apptic:alion a‘i
potash and phosphoric ucld contributed to 94 % increase over no manura,

Regarding the % ﬂxtmcffon of juice, it is the mnxunum in p::-taah nuhsh'
+ phosphoric +cid, and phosphoric acid treatments (in’ the decreasing. c:rdﬂr
of meritl. .For some reason the % exiraction is markedlylow in nitrogen -’l-_
phosphoric acid plol (53'4%) whereas the avsrage figure is 63'1 %' 1iis
inleresting to note that (i) though polash as manure, is not indicated gener-
ally for other crops, it-did fairly well with cane, (ii) that the potash+
phosphoric acid treatment gave fairly high tonnage and high % extraction
of juice.

T he number of cunes per acre under the ditterent treatments were as
iollows : —Potash + phosphoric acid treatment gave the maximum number
of canes (55,580) per acre and the caltle manure and ‘potash alone”
treatments occupy the second and third ranks.

 The average height of cane was-the maximum (ov | 1n cawe manure
plot; the second and third ranks were occupied by potasgh + phosphoric
acid and potash plois. _

The average girth of cane was the maximum (3'12°) in nitrogen+
phosphoric acid plot ; and cattle manure, and nitrogen -+ potash + phosphoric -
acid plots occupied the second and third ranks. There was not.much
difference in the overage number of internodes per cane. "1t varied from
15 to 17 per cane. ' '

1f the overage weight'of cane was considered, it was the highest in
phcsphuric acid, cattle manure, and nitfogen + potash plots.  The fnllawing
wads the descending order of the treatments : —

Average weight of cane (1bsg)

F. 150 K 133
C. M. 1°42 KE+P 1°'32
N+ K ’ 'I1'35' N+P -~ 125
N4+E+P 134 ™. 1'10
7 N.M- 095
TABLE Il. Effect of different fertilizerns on the composition of sugareane juice. 7
Manurial Sucrose Glucose Co- Total , MNitrogen
treat- Brix S % .- .efMcient ‘titrable < pH y
ments ’ of juice of juice purity acidity of juice
1. N. M. 1774024 15172026 0760 BS55 287 543 016
2. M 1800017 15054015 057 B36 3zo 546 016
3. N+K 17 474-0°21 - 14 672025 065 840 29'3 548 0713
4 N+P 16914019 14572023 097 862 28°7 529 014
5 N+K+P17274020 14804017 067 857 283 527 01t
6 K+P 17 834030 14302009 063 B25 270 541 009
7. K 17 454033 142422072 062 817 243 S50 010
8 P 1669000 13464-003 094 BOT 263 526 0-09
9. C 1720400111 13730009 073 800 28'7 549 010
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It looks as though it s not possiole 1o increase the Brix or sucrose
conterits of -cane by manuring, and thst the aim should bs at greater
tonnage. The results show,’if anythmg* that sugar content is adversely
ﬂff&cteﬁ by manuring, the juice of 'no maniire* plot containing the maximum
% of sucrose. _

" Briz.. Nitrcgen seems to increase lightly the brix value ; nitrogan +
potash + phosphoric acid keeos it at the same level as caitle manure :
phosphoric acid, and nitrogen + phesphoric acid slightly depress it. .

"Sucrose. It is the meximumin the case of ‘no manure’ and nitrogen,
sotassic and phosphatic manures applied singly or combined, and cattle
mandre decreases sucrose % ; nitrogen + potash + phosphoric acid, nitrogen
+petash and nitrogen + phosphoric acid ‘are slightly better than these, but
next to nitrogen only. _

Glucose. High glucose content of cane, a% high ash content, is not
desirable from the point of view of sugar technology: and the quality of
uice is inversely related to the .amount of glucose. The differences in the
jlucose contents of canes from dzfierent treatments are too small lo merit
ietailed.consideration. )

Co-efficient purify wvaries with Brix and sucrose and it is not very
avourably altered by manuring. Of the wvarious treatments nitrogen+
::husphﬂrl{: acid, nitrogen +putu5h+phﬂﬂphoric acid and 'no manure’
gave camparativel}r purer juices.

 The total tftrafq:rb:’e acidity and the pH of cane fuice are not co-variant.
Niirogenous manure slightly increases the total titratable acidity, potash
.i_:iEGl‘E-ﬂEES, while cattle manure, and nitrogen + potash + phésphoric acid keep
it at the same level as "no manure’, The decrease due to potash + phosoho-
ricacid is not so marked as that due to either potash or phosphoric acid.

Regarding the pH wvalues of the juice, phosphoric scid generally
diminishes the value. Application of phosphoric acid along with nitrogen
also diminishes pH. There is not much diiference betweesn nitrogen or
"no manurs’ but potassic mar:ure increases pH.

Nitrogen content of cane juice. The nitrogen content of juicea from

-plots, receiving nitrcgen alone or in combination with other manures, is
generally higher than that for the rest of the plots; and application of
potash +ohosphoric acid distinctly reduces the nitregen % of cane juice,

TABLE [1l. Effect of different fertilizers on the mineral contant of cnne juice

Mapurial Ash 5i0, K0 Fa0y Cal Ml
Treat- . % % % % % %
ments of juice of juice of juice of juice af joice of juice

1M, M. 0565100131 001164 0-2180 002862 002248 00a052
2. N 05216400209 001124 01864 0 02305 002470 N+05950
3 N+K 0 59?3il} 0049 001326 02490 002637 002448 105664
4 NP 05269400070 000940 01951 004732 Qo270 005609
5 N+ K+ P0O5393040197 0-01438 0 24932 04581 003170 0 05340

6 KPP 06519200099 001307 2742 (05470 0nN27es nNson2 -
7. K 0617800121 001344 02722 D 02235 003376 (04983
g P 06337200039 001888 02309 (05251 0 03009 0 05481
9 o.M 072154000328 0 02917 i 2649 04375 002629 005027
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Ash. There are matked differences belween the ash contents -of
dillerently manurnd juices. Dxfferencea between nitrogen, nifroqen+
phasphoric acid or 'no manure’ are not slgaificani; applicstion of" mlroqen-
ous manures reduces the ash content of cans juice. Applicotion of potaqorc
or phosphatic manures alone or in combinglions increase the mineral
content. Nitrogen + polesh, and nitrogen + potash + phospheric acid also
increase it, but not to he same extent as the {ormer.

Patash. The nitrogen and K20 conlents of cane juice are negatively
correlated : and the K.O and ash contents are intimately r‘elntqd»'becauge
¥..O forms 40% of the ash, The differences between cattle manure and no
manure or between nitrogen + potash + phosphoric acid and ‘no manure’
ara significant ; but the difference between cattle manure and nitrogen +
potash + phosphoric acid is not. . The K2O % of juice is :distinctly more
wherever potash is applied i. e, in nitrogen + potash + phosphoric acid
nilrogan + potash, caitle manure;, potash, and potash + phosphoric acid,
plots Cattle manure and potash + phosohoric acid manures: increase the
K30 content greatly while nitrogenous manure decreases it.

Phosphoric acid. The differences between cattle manure and 'no
manure’ or nitrogen + potash + phosphoric  acid and 'no manure’ are
significant, but the difference between cattle manure and 'nitrogen + potash
+ phosphoric ac:d is not. Potash, nitrogen, and nitrogen + potash plot
juices contain less"P2Oj5 than ‘no manure’ are, while juices from other
plots contain more. Wherever there is application of phosphoric acid’
thers is an' increase in the P3O content of cane juice, but the addition of
Nitrogen decrezses it.

Lime. The juice from nitroge_n + potash + phosphoric acid plot contains
the maximum amount of lime.. ' Phesphoric acid plot is next in order, The
lime content of juice is not increased materially by nitrogenous or potassxc
manures, but the application - of phosphatic manures, alone or in combina-
tion with others, increase it.

Magnesia. Content. is the ‘maximum in the 'no manure’ juice, and
least in the case of Potash. Application of nitrogen + potash + phosphoric
acio reduces the amount 'of MgO in cane juice.

On the whole €a0 and MgO contents appear to be more wherever
Potash is wanting

The Mgo content of cane juice is nearly double that of Ca©® when
generally the reverse is the case with plant materials.

Fffect of different fertilizers on''the fibre content of cane. The fibre
contents of cane as eitected by varicus treatments are as follows :—
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TABLE IV
Manurial treatments fibre % of cane
{m desceuding order of fibre content).
N4P, 1647 %4 35,
i 1397 +025°
K 1334 =032
M. M. 13 2974-0-34
P 1316 =037
K+P 1298 006
N5 12503200 17
LCeM, 124974065
MN+KE4-P 1148 4-0-34-

The ‘average fibre content of cane 'is 1327 Canes from 'pntagh;
phosphorie acid and nitmqen d-:: not differ much in their fibre content
from .those of the 'no manure’ plot. Nitrogen + potash, cattle manure,
potash + phaosphoric acid, and nitrogen + petash phosphoric acid reduce
the fibre % of cahe. The walue in N+ P plot is abnﬂrmally high, and it is
the least in nitrogen + potash+ phospheric acid plot.

Conclusions. The average out-turn of cane (Co 213 variety) is 2797
lons per acre : the % extraction 63. ’

The juice contained about 16 to 18 % of total solids (Brix); 13 to 15 %
sUCTOS®, 0°57 to. 094 % glucose, and gave-a coéfficient purity 80 to B6.

The pH value -of the juice is about 526 to 5'50 which does not. alter
much with the fertilizer treatmant given to the crop.

The total nitrogen and ash contents of the juice are on an average O 1
and ()'6 % respectively. K20 forms about 40 % of the mineral matter of the
cane juice, P:Ops sbout 6 %, lime 4’4 %- and MaO 9'0 % and SiO3 about
2'5 %, The MgO content of cane juice is. nearly double that of lime
content whereas generally the opposite is the case with plant materials.

The fibre % of the Co 213 cane is about 13" 27 % and it is independent
of th;e'nutritionﬂl conditions given to the crop.

Of the various fertilizers tried, eattle manure gave the maximum out-
turn of millabls cane which is also statishcally significant,-a combination of
potassium sulphate and super gave the next best results ; and ‘no manure,
the least.

. The % extraction of juite is not altered much by the manures.

The quality of the juice from ‘no manure’ and nitrogen plots was
superior to that from other treaiments. Phosphoric acid and cattle manure
plots gave higher Brix values. The sucrose % and coeflicient purity of the
cane juice are not much altered by the fertilizers ; the glucose % varied ; ils
% in the juice is higher when phosphoric acid is applied io the cane. Itis
interesting to note that ‘no manure’ plot juice contained the highest ¥ of
sucrose and nilrogen plot occupied the second position. The juice lrom
complete mineral manure and catlle manure plots are comparatively poor
in sucrose.

- The differences in most of the above rcases are ealso slatistically
significant.
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The dﬂhﬂ'len(}]" or otherwise of a plant nutrient(N, X, P or CaQ) in lha
soil is fmore or less definitely mdicatecl -in the composition of the pl:nt
iufce;_

‘The nitregen and ash percentages of the juice appear to be neaqatively
correlated The K:O and ash contents of juice’ are closely. related. The
lime und magnesia contents also varied with the fertilizer treatments.
Generally their percentages are less when potash percentage of the juice is
higher; and vice versa.

ﬂuknnwladﬁemant My thanks are due to the Madras University for
kindly awarding the Research Stuuan*ship for carrying on research, and to
Rao Bahadur B. Viswa Nath, C.I.E,F I. C,F C.S., (the then Agricultural
{..harmst to the Government of Madras) under whose kind gquidance and
super\r:sion and advice the entire work is carr:ed oult. 'He has provided
every facility for the work; and.his esteemed ‘suggestions and encourage:
ment at every stage of the work, in épite of heavy duties, are responsible for
the successful completion of the work.
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