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PREFACE

IN 1911 an analytical survey of the sugarcanes of the Gurdaspur

District was commenced with a8 view to ascertain the average sugar
content of country canes grown under ordinary conditions of enltiva-
tion. The enquiry was to show not only where the best canes were
grown, but to what extent the different types differed in the compoai-
tion of the juice as well as to give some idea of the influence of soil and
climate.

As the survey was primarily undertaken to select asite for a
central refining factory in what was then considered the best sugarcans
district of the Province, it was of prime importance that our resolts
should indicate every vicissitude to which the raw product of the factory
might be subjected. It consequently includes a very large pumber of
analyses of cane, and I have thought it desirable to give these resnlts in
some detail for future reference notwithstanding they make the Bulletin
very bulky.

At the same time information gained from cultivators in the
district on the losses occasioned by hard winters and dry summers
indicated the need of prolonging the enquiry over several years so as
to include bad as well as good seasons.

The results of the enquiry, which has now been pursued for five
years, show that the time has not yet come when a central refining fac-
tory can be erected in the district with any chance of being a financial
success. I shall show that the conditions for success of such a factory
are not to be found there at the present time, and that, before refining -
on & manufacturing scale can be attempted, it will he necessary to
improve very materislly the quality of cane grown by the importation
of better varieties, which must be sufficiently hardy to resist the rigorous
winter climate of this district and which will give much better yields
than the cane now being grown there, as well as to improve the soils
of the district by improved methods of cultivation and by the addition
of those manurial constituents which the comhined study of science and
farming have shown to be necessary. The average ont-turn of stripped
cane per acre in the district appears to be about 10 tons. This ficure
and theaverage composition of these canes were enough to turn the:nly
capitalist really willing and competent to undertake the erection of a
sugar refinery in the Punjab further south. This was Mr. Thomas
Hughes, Director of the Colonial Sugar Refining Company, Sydney,
who 'isited the Punjab in 1914 to see if the new canal colony in the
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Montgomery District would provide s suitable place to start such a
factory.

Jf we are to refine sugar in the Punjab, we must aim at producing a
Leavy yielding cane or a series of canes which will ripen in from 8 to 11
months and which will give when ripe & suitable expression for the
refining processes, 8 juice of suficient purity to be easily handled in the
factory. We are a long way from this at present though the testing
of cane varieties has been one of the principal objects of the Gurdaspur
Experimental Station since its foundation in 1910.

In 1913, the Government Sugarcane Expert, Dr. Barber, was
invited to assist in the enquiry by the botanical classification of the
canes of the district and the results of his enquiry will be found under
a separate publication.?

The indigenous methods of cultivation described in Chapter I
have been written from notes supplied to me by Mr. Southern, and I
wish to express my indebtedness to this officer for his very able and
kindly help in all stages of the enquiry.

1 am much indebted to Maulvi Fateh-ud-Din, Officiating Deputy
Director of Agriculture, and his staff for help in the district and on the
Gurdaspur Farm. Many of the figures relating to out-turn, yield of
gur, etc., have been provided by them.

J also acknowledge the painstaking care of my assistants, Mr.
D. K. Ambekar, M.A., and Bh. Arjan Singh, L.Ag., who have done
practically the whole of the sugar assays of this report.

J. H. BARNES.
Pomsas AGRIOULTURAL COLLEGE,

CrEMICAL LABORATORY,
June, 1916.

} Barber, C. A. Mem,, Dept. Agri., India, Bdl. Ser,, vol, VII, no. 1,
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Sugar and the Sugarcane in
the Gurdaspur District

[ Received for publication on 10tk Oclober, 1916.]

CHAPTER L.

THE GURDASPUR .BISTRICT AND THE INDIGENQUS
METHODS OF CANE-GROWING PRACTISED THERE.

1. The climate.

The Gurdaspur District which is some 1,836 square miles in extent
with a population in 1911 of 836,771, comprises the submontane gnd
upper plains portions of the Bari Doab* lying between the Bias and
. Ravi rivers, and extending across the latter into the submontane tract
of the Rachna Doab between the Ravi and the Chenab. Its proximity
- torthe feot-kills of the Himalaya secures for this distriet a far more
generous rainfall than is the case with the greater part of the arid
prowince of which it is a purt, and it is largely owing to the abundsnce
of water 5o secured that Gurdaspur has taken the first rank in cane
cultivation in the Punjab.

The district enjoys a rainfall of from 24 to 50 inches of water per
annum. This is not incomparable with that falling on the cane lands of
Hawasii, but in the Iatfer case there iz 3 moist island climate of more or
less equable temperature——in spite of this the amount of water received
by the crop during 17 months is according to Deerr 27" of rain water
and 76" irrigation water or 103" in all or about 1,0001b. of water perlb
of sugar produced.

b t

* Doad means the space Lying hetween two rivers ; do (Persian) two and ab water.



2 SUGAR AND SUGARCANE IN THE GURDASPUR DISTRICT

O’Shaughnessy estimates the irrigation duty of water in Hawaii to
be 134" per snnum pot counting npatural meinfall. According to
Tiemann, in Egypt which is much more comparable to the Punjab
climatically, cane receives about 95” of irrigation water between the
month of February (planting} and the end of October (when the
harvesting commences).

We should expect, therefore, to find very little barans * cane in the
Punjab or indeed throughout North-West India.

TABLE 1.
Rainfall n Gurdaspur Jor past 8 years.
1
¥ ki
Year § r- © ] g 8 8
IHBRARHHHHIE
1908 .| 192 125 | ooo | 262 120 | 818 (1287 | o8 oz | om |ss0s

@00 | 232 [0dd
0-00 [ 4138
178 | 000 ;3308
980} 004 2591
@00 | 108 (27-58
0-00 | 177 {5090
000 | 007 | 21-88

138 | &34 | 1547 | 010
£04 2238 | FE2

W08 .| 118 1-51 ] 000 | 2-87
10 .| 218] 026 | 020 | 0@
011 . | 895 | 030 | 841 | 024 330 183 | 650 ] 222
1012 .| #08) 007 | 024 | 091 o | 986 [ 1176 | 041
1913 . [ 050 | 201 ] 76| 000 | 218 | 420 | 662 | 028 | 000

W4 .| 216 | 399 | 152 806 157 | £0B [3004 | 247 | 485
I .| 222 394 | 248 0B85 000! ¢55| 276 883 . 536

REE3E |

EEREREEE N
8

In Gurdaspur the temperature frequently falls below freezing point
(32°F.} during the months of December and January, and this causes
an enormous amount of damage to the crop as well as constituting
one of the most serious obstacles in its improvement. I shall show in
Chapter III how this affects the cane and how, in the introduction of
rew varieties, the selection of hardy types is of prime importance.

,

2. The soil.

The soil of the district varies considerably in texture as we pass
from the rivers towards the hign-lying portions of the Doab and from -
the Dosh towards the foot-hills. On the whole, it is a fairly light soil,

* Barani mesns grown by rainfall alons, that is, no water either from canal of wells
52 ased for irrigating the crop ; see Tables V and VI.




SUGAR AND SUGARCANE IN THE GURDASPUR DISTRICT 3

like the bulk of the Punjab alluvium, but not too light fo provide an
. excellent substratam for the growth of both wheat and cane, two of the
most important crops grown in the district. The high-lying ridges of the
Doab appear to owe their fertility in a large measure to the excellent
drainage which they possess, for good drainage is one of the most
important factors in the successful ripening of sugarcane. It is proba-
ble that this is one of the principal reasons why cane does so well in
these paris, for as we proceed towards the rivers the quality of the
cane falls off in spite of therichness of the land. Genermlly speaking,
- sugarcaneisa plant which in its growth demands large quantities of
water, and therefore naturally prefers a seil of water-retaining power
like clay. In such soils, irrigation isnot so frequent or so necéssary,
but in the Gurdaspur soils we have to deal with & more porous type,
and the water supply of the plant has to be maintained in an artificial
manner if the rainfall is not frequent and plentiful. This is accom-
plished by irtigation from both wells and -from cansls. The effect
of starving the plant of water during its growth is to produce & thin
woody eane ; while excess of water and lack of proper drainage
retard ripening. The ideal soil, therefore, for cane growing would
ezem to be a stiff heavy soil underlaid with sand. Throughout the
Punjab alluvium we find such soils representing old clay pockets—the
result of back waters and still ponds, when the soils were in course
of being deposited. These beds may vary from a few inches in depth
to many feet, but underneath all sand is inwariably found. Such is
the nature of the richest farm land, not only in this district but
throughout the Province where sufficient water can be obtained to °
secure healthy plant growth. Too often, however, the water supply
i8 deficient, and these clay beds then cause the accumulation of saline
matter on the surface, which, barren of sll veget&tion, and showing
a8 white excrescence on the surface, has the appéarance of some
loathsome disease of the land.

Cane appears to grow almost equally well in all soils, if it receives
the water and manures necessary for its even and healthy growgh, and if
the temperature is suitable. Calcareous soils are genezally considered
to be among the best for cane growing, for such soils yield a rich and
easily worked juice. The composition of the soils of the Hawaiian
archipelago is of particular interest to the cane grower by reason of the
exceptionally high returns obtained there. A study of these soils
reveals the fact that they contain large quantities of lime and irom,
smaller quantities of potash, and considerable quantities of phosphates.
in the form of apatite. The sedimentary soils are smong the most
productive in the.island and are often of great depth.
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The Gurdaspur soils are for the most part (Table III) deficient in

the msnurial constituents of lime and nitrogen.’ The exhausted

" condition of these soils for sugarcane cuitivation is particularly

empbasized by the small amount of lime as compared with the amount

of magnesia present, and indicates the need of manuring combined
with a much deeper cultivation than is at present given.

TABLE II.
Mechanical analysis of soils from the Gurdaspur District, 1514,
Grams per 100 grams of aoil,
i
Solubie
' Bt m“;“ F Coarzs Fine Fi
Ones an 1: ]
- Rource of poll and | byzros- | gravel | ey | EEE i | Ciay
gravel | eopic
Hiolsture
Bugarcana soil from Batala 145 413 b 31 2598 ®wis nig 1271 1023
Sugsreane eoll fromFareho- . 1-90 025] 2200] 2201 2001} 1098| 1585
wsl {Batain) X ]
Bugsrcano sofl from Bham 1-81 1-80 [+ 2% 23-87 3280 1792 1209 12:48
{Batala} ~ )
Bugarcane soll from Chhins e 235 048 &18; 1902 2745 | 2602 | 208
{Gurdaspuz)
S ne soil from Gur- . 2:28 . i8 26 I 3
e O 022l 14 _sa 2384 | s8-8t 8 jﬂ
Bugarcane =ofl from Méri . -85 (1354 2570 27.23 2544 1294 T8
Buchian {Batala) 1\
Experimental Frrm, Sur- e 1-i9 026} ga20! 19002 1724} 1380 &40
2 -
Brperimental Psrm, Goz- . 130 015 | 4098 | 2158 188h 1 1224 &2
~ dasspar . : '
Exﬁmenﬁd Farm, Gurdas e osd 11l W07 W21 2047 1236 L 2]
Exgpge:!menhi Farm, Gurdas- v 095 o28] 3294] 2430| 2008 1304 &40
E?ghncntﬁ Farm, Gurdaa- . 0-87 018 ] 3556 2447 1798 | 1256 (5]
stagim!ﬁ Farm, Gurdas- . [12:1] o] 40857 1875] iesal 1498 33
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TABLE TIL

Chemical composition of the sm?s referred to in Table IT. Sugarcane
sotls from the Gurdaspur District, 1914.

LS

Imoln- - ; <, °
S | g E
og = o -
hare | 2 sl 2131.]¢
Sonrres of the sail arde | g £ a3 B
stiea, | g é. E M E
sficates, | © o [ - ] E/ ’E 3 3
ele. e [=] = B >
S8 |2 B Z | 8|l <2|&] <
% * Grams per 100 grama of sofl.
Sogarcane solt from Batala | 8£33 [ 808 | 080 ;| 103 | 503 10:08S 0-851 |0-O50 0r440 0-147
Smrmal;e(;l;iza}frfm Har~ i B3-44{ 801 | 025 | 0BT | 05 0058 0304 [O-032 i&aas G038
chon i} .
Sn(%:mlnemilfwm Bham | B8B83 | 487 | 027 | 082 | 004 3-B52 0202 [D027 G488 D112
atala}
Saéxitaﬂnemﬁﬁom Chhing | 8298 | 1084 029 | 0-62 | 0-07 icove (o814 [ooss Eﬁ'iﬁﬁ 038
filiel:ig i
Sngm&:lllel:l;o&i from Gurdas. . 8615 | 247 | 020 | 1-04 | 0-07 [0-075 o838 [0p2s ED-C-SG 8068
anzal (Gerdaspur} t
&ug&mn& S{oéin ﬁ%‘ Afhr] 8808 | 807 | 622 | 070 | O-OF 0058 [0-317 [0-322 EO‘SSQ 088
hisn -
imental Farm, Gur- E BS66 | 782 | 035 | OB i 0064 i&m -388 |0-815 EO""I 23
ur
Experimental Farm, Gur- % 2870 | 700 | 090 ie-nvs pois fosus Joass lcras 052
Liielil g
Expenimental Parm, Gur- ; 8867 | 740 | 051 | 117 3&0'.'3 0046 [0-381 [0-018 Eu-sa 0825
Emzﬁmoﬂmi?um. Gw- : S99 | 762 | 030 ;&032 z?ﬁiﬁ 0-448 |0-015 Eﬂ-“ 02a
[ 8016 | 708 | 048 | 117 115 0040 [0-422 (0-DI4 0-82 {0020

E mne:n‘hi?arm Gur-
At '

B';;enmcmm, Gur. . 8885 | 728 | 043 [ 143 Ia-llm ao:as vus [oorr loss looss
s | I i

3. Distribution of the varieties of canes grown in the district.

The greater portion of the cane produced in the district is grown in
the tahsils* of Bataia and Gurdaspur, and it is generally considered among
theé farming classes that the Batala tahsil is the more favourably situated
for the cultivation of this crop and that the average out-turn per acre is
higher there than in any other part of the district. Generally speaking,
the care falls off in quantity and out-turn as we approach the foot-hills,
for whereas the out-turn of raw sugar per acre is about 25 maunds in
Batala, in Pathanket it is only about 9} maunds,

In the following table (Table IV} is shown the distribution of
cane throughout the Gurdaspur District in the year 1913. In the same
table are shown™the different classes of land on which the crop was
grown, viz.," chahs, nahri, and baramy, and sub-divisions of thess.

* Tahsil s & division of the distriot for administrative purposes It is under the
charge of a superior official (Indian} called & tahsildar, who is a wmagistrate of the
mg;di?li?;nwnd referred to in the Bulletin is the standard measure of weight in North.
Wost Indis—it is approximately eqtial to 82 lb. avoirdupoiz,

1 maund =40 seera.
1 tonw=27-3 maunds.
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TABLE

Sugarcane oultivation in Gurdaspur

T4+ENE BATALL Tismy GURDANTE
Description of crop F = g § Totsiof, Bt | Matn PBet | Totalee
t &
A § g ;2 5 Baopar | ‘roieti | Bavi | kima | Nohrl | Bangar| g |iropgy
- I B TC I
L {l,isz 431 | ez23 l2.767 4,904 1 11,007 :8 ] 1901} 18| 1123 14| R0
cLGuM - s es] 1| sl me| ! . " - 7 .. s
2, Chahi Nahei Zamin- | .. .- ‘e . .- . . - - .. .. .
dart ol - -
%, Mahrt { . - .- . " e . L. . 34
{ 21| 89 2 5 1 115 i 7 1 14 1 [
£.AM . . .
" 8! .. . . ] . . - i{ .. i
240! @2} 845 8] .- 072 1| .. .. . 1,158
5. Sallab . { 156 8018
28 71 27| .. - o el .. . . 10 84
s7F i 17| s 8 141 08| 1,147 ] “7 208
S, Barmni(I} . -{ 6,25
4 ] s 2 14 ] &8 ) % ] ” g
.-} 200 [2721 j87 .- 885 | .. 63| 5 174 %
7. hah Nabri . { 12, 55 & B0 6,453
- .- s6| o7 . 133 .. ] " 2 1 108
- . 1z 2 3 34 7 ] T0 11 e
8. Baranl{T} . { 8 £
.- . i} .. 7 5| .. i 3 1 ] -
. - 21 e . ] 5 3 B .
9. Chbahi Nabrl { & = 1
Iﬂ.si&b ea!nmh{ . o . . - - - 781 105 . 8¢ 1708
. b .- .. . . - e . . we e
Ghalr Mostagail { - 13 s
. . . . e . . . . . kg 75
- ) {p,soo 2821 (6041 (6,581 | 4966 | 19889 | 2852} 4304 8838 | 15871 2640 I
8t 100 | 118] 127 208 €16 177 144 isd - 03 2%

3. Nabri -

&. Abi= brrigated from tank o

& BalisbeeLand by the

Bearanies

n.msmm’;}n ’ﬁil ;wms

3 - ..

IT Sallat Chhamb Ghalr Mostatud=—=Sallsb Suctusting—not molsiened or fooded by lake, foodd of
N B~—Figares i ondinary type indicate the ares iu acres matared crop, while Sgures iz Beavy type Indicsis She



SUGAR AND SUGAECANE IN THE C’%‘UEDASPQR DISTRICT

v

+

District, 1913-14, showing how irrigated.

TAHAIL PATHANEOT é TAEFIL BEAXARGARE
| T
somar| Bt | Tehan Soab |y | paber | TRALEY mnarrt | veita | 2, | Darp | Tyalet | e
- 1 I - i v - 12 26 5 7 1,330 1,388 | 18,407
2 . . . .- .- . - e . 9 % 1 |
101 156 41 - 178 FYYH R . . . - 481
] 2 ni .. - 13 ] .. - . - . 88
. e . . . . . . 1 . 4 -4 177
- ‘e . . . - . . e .. .. .. 4
o o] 2 28 1B .. 1,545 872 3661 2127 a8 4,041 9,577
0 a8 & 10 =] .. 810 5 27| e 7% 402" 96
408 420 we ] oie 102 50 ) 2210 798 | 1,342 435 1,295 2,805 2,526
3% 87 20 1 i0 4 in 127 ” 2 £28 462 863
- - 82 161 1] .. .1 S . - - - 18,550
.- - 1 8 4! .. 187 .. . . . . 251
.. . - . 40 7% 193 83" 1%B ¢ 25 125 $69 808
. R - .10 1w 0 15 B -8 28 6e 124
an as o B - - . " o .e - s 38
s ae . . an . . as ' e .r e 1
e . . xa - s va e e . v -r 1,796
N .- e . . . ' . . . . . 218
. s .. . . as . . . v . e .
o .. . .- - 4] 4 [ S - B 14 18
- . . . o 1 1 g .. . .- 2 3
12091 510t 705 848 204 8981 4,813 1780 1842 2,505 9,442 8,605 | 54,493
137 e vl | el wm| 45| ews; NIl em a1t 104 3010
:
mm’mﬁe worls and from wells,
TIrrigated from private worlo.
pord by hurcan oz

bailock agency.
sction of river or Inke or fiooded by river,

Bafla rrnnenity mai:temx{ aoeésdbym
only mé nedwhnthemminthehieha&;mhﬁi
a-nm Hd Dot matore [ Aok Bhe anm of tho two gives the total ared zown.



8 SUGAR AND SUGARCANE IN THE GURDASPUR DISTRICT

The different varieties of cane found in the district will be described
in detail in Chapter II1. These are Katha, Dhaulu, Teru or Tereru,
Kahu, and Kanqar.

Their distribution is as follows —

Batala Tahsil. In the western and eastern canal circles on canal-
irrigated lands, Dhawulu is the predominating variety in this tahsil. It
yields well on land that is not too light in texture and where the water
supply is good. On the lighter sandy soils Katka is usually grown in
preference to Dhaulu. Teru or Tereru—a cane similar to Dhaulu
in appearance but having ivory msrkings on the stem—is grown on
the same class of land as Dhaulu. It is not as popular with zemindars*
8s Dhaulu cane but is thought to be slightly inferior. The quality “of
the gur and the yield from Dbhaulu is higher than from Kathe. In
some villages in the western canal circle near the main canal, there is
grown a thicker variety known as Kahu-Katha or Kansar. This cane
18 of the Katha type and is midway in thickness between Dhaulu and
Kahu. It is similar in colour to Katha, and it requires very moist
conditions for its successful growth, as it has a tendency to form a dry
pith in drought. It ripens later than Dhaulu and earlier than Kakhu.
It gives heavier yields than Dhaulu—sa good ‘crop yielding under
favourable conditions as much ss from 40 to 60 maunds of raw sugar
(gur) per acre. This variety is only grown extensively in the neigh-
bourhood of Dabanwala. In this fract about 12 years ago, very
large areas of Kahu cane were grown and from information obtained
locally it appears that Kaku was practically the only variety found
over a tract of country of 25 square miles in extent {see also Gurdaspur
Gazettcer, 1891-92, page 95). At the present time, however, there is
practically no Kaku to be found in this tract, its place having been
taken by Kanser and Dhaulu. The information given by the villagers
is that 13 years ago this variety was completely wiped out by red rot.
This is probably correct, for in the season 1911-12 the farm crop of
Keohu at the Experimental Station at Gurdaspur was so severely
attacked by red rot st an early stage of its growth that the entire
crop bad to be destroyed. Kahu, owing parily to its susceptibility
to red rot and frost and partly to the large amount of water it
requires, is not being extensively grown, and irom season to season the
area under this cane varies considerably.

In the eastern canal circle on canal-irrigated Jand in the neighbour-
hood of Harchowal, this variety has for the past few years been again
coming into favour, and in 1913 the area under Kaku was considerable,
but this is unlikely to last, for the cultivation of this variety is more or

#* Zewindar =a peasant farmer.
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less a gamble against the climate ; if the conditions are favourable heavy
out-turns of superior quality of raw sugar (shakkar) are obtained, and
yields as high as from 60 to 80 maunds to the acre. It ripens late,
however, towards the end of January, and consequently is more at the
mercy of a fall in temperature than the early maturing varieties of sugar-
cane. Kahu, being a soft cane, is also grown for chewing.

There is also a considerable area of cane grown on well-irrigated lands
in the eastern and western circles. Dpaulu and Kathe are the varieties

. chiefly grown on them, Dhaulu on the heavier loams where the water
supply is good, and Katha on the inferior lands. The satlad {foc. cit.)
‘canes are practically all Kotha, as this variety is hardy and is better
sdapted to stand the water-logged conditions of mundative irrigation.
The drainage of these sailab lands would add considerably to the avail-
able area for the growth of better varieties of cane in this district, and
ghould be one of the lines of agricultural improvement o be followed
in the fubure.

In the Bangar circle, the cane is practically all weﬂ-xrrigate& and the
variety most grown, especially round Batala, is Katha. The reason
for this is that this cane requires less irrigation and gives better yields
on the light soils of this tract than does Dhawlu. The yield on wells
irrigated land is said to be higher than when grown under canal irrigation,
but, from the appearance of the orops in this very fertile tract, we should
say this difference must be very small. It is known that in the Punjsb
the lrng&tmn duty of canal water is only about one-third of that of well
water. It is also known that in dry years when the supply of canal
water is reduced, the out-turn of wheat increases. The difference is
probably due to thé better cultivation given for well irrigation, and the
greater precautions taken $o conserve the soil moisture by preparing a
good mulch.

In the Maira Kiran circle the land is not so suz%abie on the whole
far cane cultivation, as the soil there tends to become too light. How-
ever, considerable sreas of cane are grown under well irrigation, Katha
and Dhaulu preponderating with occasional patches of Kansar.

In the Bet* Ravi circle, weil-irrigated cane is also grown, but very
little under inundative irrigation. Barent {loc. cit) cane is hardly ever
found in the Batalas tahsil, though the cultivators state that before the
construction of the Upper Bari Doab Canal, there were considerable
areas of cane grown on barani lands.

Gurdaspur Tahsil. What has been szaid with regard to the
suitability of the different. varieties of cane for different soils and
systems of irrigation in Batals applies equally to Gm&aspuz and the
other tahsils of the district.

* Land adjoining rivers aud lable to fooding whon the rivers rize is kmwn o8 bei. Ii is genorally

taisly watl drained.
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In the Gurdaspur tahsil the area under cane is about the same, or &
little less than thats in Batala. Rice cultivation however comes into
competition with sugarcane in this tahsil, as mpay be seen from Tables V
-and VI. In addition to that grown under well and canal irrigation, a
considerable amount of cane is grown under barani and #ailab conditions,
though the area under barans cultivation has declined during recent
years,

The varieties found are Dhaulu on the best lands and Katha on the
inferior soils. There ie an inferior type of wet raw sugar termed Ieb
produced from the cane grown near the Beas, and to a less extent in the
Ravi Bet. Katha is the only variety of cane grown in these tracts and
it also predominates in the barans lands. The yields of cane in the south
of this tahsil, where the best soils are to be found, are as good as those
of Batala, but, as we go further north and east, the crops get poorer and
the yields fall off. It is interesting to note that the quality of raw
sugar from a barans crop is as a rule superior to that grown on irrigation.
This is in fact due to the better drainage enjoyed by barani lands, but it
is also due in large measure to the'fact that the land in this case gets &
year’s fallow before sowing the cane, thus endorsing what we have said
above shout the exhausted condition of thess soils. .

TABLE V.

The area under sugarcane, rice and cotlon in acrea together with the rai'nfaﬁ
in the Gurdaspur Taksil of the Gurdaspur District.

l BUQARCANE AREA Prica of
Total ! Gur (et
Total Ratalall| Area Area areat ) mamd

Yeor rainfall Jannary un;!er cmmm :nd:: i Nahet a
toMay | e R Misinebs Chahl C?xg?:l Abt | Bollab | BarsnlRZib}in
. H Iopooe.

r ; l Baran
- —— )

103 -, .| sse2| 1106 wooe| 2380 16788 | sem ! 4276] 2os| sore| apes| ..

1062 ., L] 146 286 | 18,718 | 29010 | 766 | gg75 | 4,858 81| 4373 2,803 e

1608 . . 4 4 700 | 17,300 | 2105 | 37662 | 4058 | 6,158 3] 42581 3140 .

W . .| 2348 790 | 12716 | 2720 | 10,720 442 1 4,343 551 B6u | 4256 .

65 ., .| 1869 775 | 15300 | 4956 : €140 | gzay | 1,004 12| 2454 ! 23101 .
3908 ., .| 4532 811 18371 | 8225 | 16018 | 4000 | 5,206 28 8721} 2928 787
w07 . L] sedy) 189 | 14,815 | 2774 16662 | 4087 | 4,707 249} 31381 838 451
W08 . .} SBpal SI0| 14870 | EE52]| 18401 4pse | £.280 o] 48247 Buss| - B3
08 . L) selt £54 ) 1974 | 2546 21712 B3] 8048 I8} 5581 ] 5848 458
W0 . L] &2 270 13,811 ; 1684 26008! %578 | 6179 83| 50841 4304 18
105 . .| sess| 1799 11,556 ] 4320 14,2661 5980 4,015 sz 2081 ] 3,22 55
we ., .| w2 551 { 14151 ] 3507 | 18602 4908 6,00 #] a0 117 [ 3-
W18 £7-58 835 | 14200 | 5404 | 20814 52107 B401 Bi] 50728 9381 +55




%

STGAR AND SUGARCANE IN THE GURDASPUR i)ISTR-IC‘E" i1

TABLE YL

The area under sugarcane, rice and cotton in acres fogether with the rainfall in  the
Batela Takisil of Gurdaspur District.

p . ot b STQARCAKE AREL ‘}? 3?’ o g,:i::s gg
v o Bt ol |l | D e SR S
p enne ?Qﬁi ; ni m,;,u mf;:né
. Tapees
081 _ .| eess| ei3| 7051 5208 | 16108} 12430 | s3so| w0 [nese]sie| .. .
102 . 1s0s] 27| 82| s787| wees | 10585 | seec| 100 fnees| me| . .
1953 ‘e 41628 5ol 8,5%0 f,@! 15488 | 16,933 6,004 08 983 3% e -
106 . ssss| s17| nme| seos| 171ss | 1.085] essal| 135 ms| e .. .
005 .1 woesl _s71] o9y seaz| eoas| 4498| Lem| w0 M0 1) 9 | el
1908 . ! ™28 870 8,505 4910 | 3153800 36,308 4,084 88 i 18t .3 ] * 50&
107 . |.10%¢| 1180| e785 | ‘dger| Easz| 1488 | 4751 124 41| 0] o8 | 418
1008 . BB 42 4-28 854 5,838 | 17662 | 10,280 | 5568 85 11,050 426 e 482
1908 .| 4mem| &o5| s1e3| 49s1) wsor | mass| esss| 18| er| sse| o5 | em
910 L sre0| 215 8835 | 4957 | sert | 12167 S10| 5| B | w2 100 | 410
w1 .j #19| 1600 | 6663 | 7601 | 14387 92| 43| 13| am 30| 8% ey
1932 sy | 9851 ] 5901 20,808, 12012 | §75¢ 93| 837 =207 TE | 5T
1618 l 2642 | 472] Bi%0[ 10357 19867 1n,00v | 676 | 18] 972 14| 84 488

Shakargarh Tahsil. As we go further east nearer o the. hills,
the rainfall increases, and with it the ares under barani cultivation
naturally increases also. R

The average rainfall for the four tahsils of the district for 'E;he past
26 years has been :— ) -

- fnches
.Pathankot e e e e .. 8B
- Shakargarh . . - . . . . 384
Gurdaspur . . . - . - 1 & §

Batala . . e s« .. 308

~« fn the Shakargarh tahsil, with the exception of 1,300 acres of well-
irrigated cane in the Doab circle, the whole of the cane grown is either
barans or sailab. -Katha is the prevailing variety as we should expect
though some Dhauly is grown too. Im this tahsil cotion is a Bevere
competitor (see Table VII). . ‘

# €
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TABLE VIL ,

The area under sugarcane, rice and coflon together with the rainfall in
the Shakargarh Tahsil of the Gurdaspur Districl.

BaiNyall Total BUBARCANH AREA
v Az{-:a A:les nss
oA ander | under § umndes

Total ’iﬁmﬂ:’? rice | cotton | sugse- { Chahi | Nahei! Abi | Sallad | Barant

- cane
it T 23-80 1067 5,647 § 13,588 0,060 1311 .e 2 3.080 4.808
1902 . 2040 328 £,408 8,338 9.0%0 2,304 .e 8 4,038 2429
1903 - . 758 5032 § 10,348 | 116006 1,813 . 9 5228 4,408
1004 .] 2408 061 | 3,322 f 10550 | 127571 1467 .. v 4928 | 8,882
1905 - 2071 8-48 3167 6,743 $.078 1018 .t 2 4,663 A.547
906 - .| 4628 867 | 8357 30764 | 11848 Li73| .. s 53181 8158
1967 . 2n-40 1423 834 8,058 .87 1,188 . a3 997 4,207
16038 . 8180 433 4,189 7.883 8,874 i.263 . e 4818 2.808
1008 . 38-25 B-15 5,122 8415 | 13078 1323 . 10 353 8,467
1916 . 0-04 2-69 5,178 2,651 | 12534 1,331 . R 5,031 0,15¢
1611 .l 282 1820 27241 75234 6612 877 | .. 14 | 8797 ] sl
3012 . 28-28 4-30 4,604 8,935 9,220 1,118 .- 3 44494 8,023
W13 .| =08] 814 5085 1032é Y osss | L3068 | .. 5 ] 4,081 4251

The yields in the Darp circle are good, but not so high as on well-
irrigated lands in the Gurdaspur and Batala tahsils. .

Pathankot Tahsil. The less said about the cane crop in this
tahsil the bettef. . Katha is the only variety found there, and is very
inferior to the cane grown elsewhere in the district. Nearly all the
crops in this tahsil are either barans or sadab. - The principal crop, as
~ might be expected, is rice (see Table VILI).

TABLE VIIL

The area under sugarcane, rice and cotton in acres together with the rainfal
in the Pathankot Tahsil of the Gurdaspur District.

BTRARCANE AREA
. Total
Raintall, |,
L) Arca BreA Ranrl
Year Total ) Juoe. | Do | onder | goder .

M tainfall | ary to } T, cotion | sugar- | Chabi dz:;nind Bafiab | Parani

Hay eans 51} Al

Nehr}
1001 5 4 10481 1.335] 2,508

. . 281 | 1608 278241 3,751 | 4972 9 5 . gudis
w2 . i 27 250 [ 27,500 2481 | 4876 18 134 1 L 107

103 . L . 922 | 26430 | 202 810 9 Lz 1 1,767 | 2,168
WM . .} 27es 788 | 25763 | 4£.311 | 4870 6 848 | Ea25 ] 2ant
1008 . .| smvel el zmoev7| 45w 2ieis . 65| 8oz 1,201
ie . .| ex36) 1257) 24,772 4715] 4185 g 1004 | 14027 L7847
W07 . | sSris| 119 22102 &se2]| 4 7 2414 1256 2118
1008 . (| B27El 7esl meoni| sexzl soos| O 1070} 1303 2324
100 . .| 6158f 643 Trees| o2sr7l s2s] 1,158 | 1733 ] a7
1080 . I 47| 4sa] 27181 | 1410| e7on| 1s izl 1es6 | 2007
il . |* 4087 | 210 Zessw] aeis]| ziep| 2 500 0z 1304
912 . .| =2990! w91} 26188] 3842] ses0| II 1849 | 1473 ] 237
lo1s . | 42e6] 1075 28720 mae2| 4318 | 12 2,508




SUGAR AND SUGARCANE IN THE GURDASPUR DISTRICT 13

4. Preparation of the land.

The olt\i system of cultivation in which the land was allowed to lic
#sllow for 16 months befors the sowing of the cane, bas died out with the
introduction of canal irrigation, with the result that the quality and out- -
turn of gur is said to be inferior nowadays. This may be only the
.garrulous reference of the farmer to * the good old times,” for we have
very few records left about the raw smgar ther! grown. In & note on
.gugarcane in the Gurdaspur District in 1883 Col. Harcourt (Papers relat-
-ing to Sugar Cultivalion in the Punjab, Punjab Government Secre-
tariat Press, Lahore, 29th December 1883, 292, page 20) estimates the
.average out-turn of cane per acre as 7 tons and 2 ewt. and of raw sugar
(gur} as 24 maunds or over 17 ewt. . This is not very different from
«that of the present day, and is, if anything, rather less.

1 have often examined excellent gur and skakkar from canal-irrigated
«cane, and the real reason for the production of a dry light coloured gur
is ripeness of the cane at the time of eutting. This can never be ob-
ained in this tract if the cane hag suffered any set-back during its growth,
for the growing season is so short that the plant has not time to recover.

Fallowing the land is, and always has been, recognized in the
~district a8 necessary in good cane cultivation. As a rule, the prelimi-
pary preparation of the land, i.., ploughing, commences after the
breaking of the monsoon in July. Ploughing and levelling with the
sohaga * is continued up to the follpwing March, as many as 30 to EO
ploughings being given. This exfensive cultivation serves two
purposes : (1) The accumulation of reserves of available plant food and
(2) the conservation of soil moisture. Any system introduced to
:shorten this fallow period would have to include an adequafe system
of manuring as well as an increased water supply for this crop during
the first few months of its growth. In building up & refining industry
-the economics of any method of shortening the fallowing system would
need to be carefully.gons into.

Under the existing conditions, the cane occupies the ground for
from 1% to 2 years, The land comes under cultivation in July siter
the breaking of the rains—it is continued up to the following March.
Consequently no kharif (summer crop) or rabi (winter) can be taken.
“The csne is planted at the end of March or the beginning of April and

*The sohags I8 a beam of wood 6 or 7 feet long by 1 foot by 0 inches thick, made of

& hard wood asuslly “shisham’™ (Dalbegis Sisspo) or © kikar> (dcqcia arsbica), It is

fastened do the yoke aad the oxen by ropes or chains attached to pegs at eitherond. In

the use of this implement the driver often stands on the beam when driving the cattls to

_-enAure & botter paoking of thesoil. It serves to leval land for irrigation purposss, as well
s83 to scusobidste the soil in the preparstion of the eeed bed. :

c2
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remains in the ground until the following Japuary. It thus .occupies
the ground for four agricultural seasons—2 rabi and 2 kharif.

5. Rotation followed.

{a) Sometimes the cane follows » radi catch crop of senji (Melilotus
parviflora} or masar, lentil (Ervum lens). Such catch crops are ususlly
sown with maize in the preceding summer. They are cut and fed to
the cattle in January and February. After the reaping of the cane the
land lies fallow until the succeeding autumn, when wheat is sown. This
is & three-year rotation, and is practised largely in the best sugarcane
tracts of Batala and Gurdaspur and on both well- and canal-irrigated
lands. In this rotation the manure is applied as a rule to the maize
only, though sometimes a little is also applied before sowing the cane.

+{b) Where the cane follows & cold weather crop after 8 ten months
fallow : this i3 not a very common rotation on well-irrigated lands.
After the reaping of the cane in December and January, chars
{Sorghum vulgare) and maize (Zea Mays) or cotton are sown in the
months of May and July and May respectively.

{c) Rotation followed on sadadb lands where there is an annual

deposit of silt. Cane follows cane every year or is rotated with wheat.

It is interesting to compare these systems with those practised in
other parts of the provinee,

- In Amritsar, the adjoining district further west, cane is grown on
land which has been ly'ng Iallow for & yesr after maize or cotton. The
rotation {a) wheat, () cotton or maize, {c) fodder {sen;i} and (d) caneis
also followed in this district. In the Lysllpur District, atill further
west, which was in the first place populated with colonists from the
Sialkkot, Jullundar and Gurdaspur districts, the systems of cultivation
are much the same, vz, {¢) maize and senji, sugarcane, cotton, {b) cotton,
surgarcane, (¢} wheat, toria (B. Campestris var. Dichotoma), sugsarcane.

In Ludhiana cane follows cotton or maize, the preparation of the
land being done during the rab; season. The rotation is as follows :—

(a) Cotton or maize, (b) cane, (¢) fallow or sometimes barley,
(<) cotton or maize and (¢} wheat or barley. In Karnal and Delhi the
commonest rotation is: _ ' '

(z) (2) Sugarcane, (3} cotton and methi (Trigonella Fenum-
Grecum, Linu.) as a fodder. -
(#7) (a) Maize and moth (Phaseolvs aconitifolivs), () sugarcane, (c}
cotton.
6. Manuring.
. In the first rotation mentioned for the Gurdaspur District, namely,
(@) maize and senji, () cane, and () wheat, the maize crop ususlly gets
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manure at the rate of about 360 to 390 maunds per acre (13-2 to 14-3
tons}. TheTesidue of this, together with the senjt stubble, just leaves
the land rich enough for sugarcane. The zemindars are very careful not
to overmanure the cane crop as this leads to a falling off in the quality
of the gur. This has not yet been fully mvest:gsted and. & careful .
study of this problem will certainly repay the scientific agriculturist.
It appears as if the limit has been reached for the mdigenous canes
with the present plough. The season is short, and excessive manuring
will merely Tesult in promotmg vegetative growth and lengthening the
growing periad, thus giving a large green and unripe cane at harvest
fime.! The stimulation of the crop should be given for the most parts
in the initial stages of the growing period, and to render this more
effective a &eeiser-rooted crop must be induced by deeper cultivation
and by giving the young plant an adeguate water supply.

" The value of senji (Melilotus parvifiora) lies in the conservation of -
goil nitrogen efiected by this erop : as much as 21 Ib. of fixed nitrogen
per acre has been recorded at Lyallpur as a result of the growth cf this

- plant. It occupies the ground for nesrly 5 months.

In' the two other rotations followed in this district the manure is
applied directly to the cane, about the same quantity per acre being_
used. In this case only well rotted and fully ripe manure is spplied,
for fresh manure not only results in a retardation in development but
also attracts white ants which damage the sets. TIn this system the
manure is applied in February & week or tw before semg the cane,
Manure is seldom purchased by the farmer but its price when sold is
from 4 to € anmas per cart-load (} ton). Near Batala as much as 12
annas or ] rupee is often paid, but this is only for the cultivation of
thick Poundaz cane, a valuable garden crop sold locally for chewing.

The quantity of manure applied to sugarcane in other parts of the
Province-doea not differ much from that above quoted for Gurdaspur.
In 1883 Harcourt (loc: cit.) in" s report to the Punjab Government on

" cane cultivation in the Gurdaspur Diatrict states that manure is applied
at the rate of 21 tons per acre at a cost of Rs. 15, but he makesno
mentien of the type of cane for which ‘this quantity is used, and
most probably refers to the Pounda variety grown in the Bitala tahsil.
In the Deccan, Keafinge (Bombsy Government Eeport, 1913} reports
that as much as Rs. 180 per acre is spent in msnurmg for Pounda
cane and the out-turn is about 36 tons per acre. But in the Deccan
the climate places litele or no restriction on the length of the growing

eriod.
F 1t is impossible to make any comparison of the manure rates or aystem
here practised with that of other parts of India or of othér sugarcane-

1 ¢f. Taylor, C. 8. Puss Agri. Ree. Ine’. Bull. na 37,

~
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growing countries. In thecane-growing countries where modern refining
industries exist, artificial manures are almost entirely uscd, and the
requirements of the soil have in each case to be worked out experiment-
ally. Exactly the same applies to the sugar industry in the Punjab.
At the present time cane growing both in the Gurdaspur District and
in the Province is a zemindari industry of very low grade and only animal
refuse and rotations can therefore enter into any feasible system of
manuring, owing to the high prices of artificials and their unknown
value to both the local farmer and the scientific agncultassst

7. Plant:ng and seed rate.

This takes place sbout the middle of March. The seed cane is always
buried at the first appearance of frost. Whole canes are buried and not
the tops only, In this respect the system of planting in the Gurdaspur
District differs from that in Jullandar and Hoshiarpur. In some cases
when the season is mild, the seed canes are left standing in the fields.
Seed canes which have been buried for some time germinate quicker
and better than unburied sets. Discretion has to be used in the time-
when different types of canes may be buried, as otherwise considerable
damage may result. In no other cane country in the world save Loui-
sians does this system of burying the cane sets exist.

One bundle of canes containing about 500 sticks is the quantity
~ generally used for sowing one kanal* of cane (seed rate about § ton per
acre), and this costs about R. 1. The seed cane is cut into lengths
of two eyes each, that is one internode and twe nodes. The sets are
sown after the plough n lines and are placed nearly s foot from each
other in the furrow. The sowers press the sets down with their naked
feet as they walk along and about 6 or 7 men are employed in this way
for every plough in use. The furrows are set about 8 to 9 inches apart
so that the plough does not cover the sets in the preceding furrow—
this is done by the sokaga which is run 3 or 4 times over the field after
the gets have been planted.

8. Cultivation of the crop. ‘ '

Hoeing.. The cane shoots appear above the ground from ten days.
to & fortnight after planting. A few days before this takes place, the
field is hoed with a broad bladed hoe ecsalled & baguri in which the
blade is set at an angle of 45° to the handle. This operation is termed
by the farmers * blind hoeing ” as it is done before the shoote appear
snd its object is to improve the texture of the soil so as to render it
easy for the shoots to come up in clusters. It also serves to conserve

* One kanal = § acre
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the moisture of the soil. Itissaid to preserve the sets from attack by
termites but in what manner is not clear. Nt

After this hoeing the field is again gone over with the sokaga and is
then laid out into beds for irrigation. 'Wherever canal water is avail--
able, the irrigation beds are of the roughest type of flooding and no
attempt is made to irrigate by furrows. Under well irrigation this is
pot the case ; for the farmer, having the whole labour and cost of water
raising on his hands, takes every care to use his water as economically
a8 possible, and hence a lateral system of furrow irrigation is common
on these lands. Affer a week or so has elapsed, the crop is irrigated
for the first time, and when the land comes into condition the field is
hoed with a kkurpa, a small trowel-like implement. After hoeing the
soil with this implement, the labourer beats it with his khurpa so as to
obtain a fine surface ; this serves to retain moisture. One, and if possible
two, hoeings are gwen with the Zhurpa after each irrigation, until the
breaking of  the rains at the commencement of the monsoon period.
In the Gurdaspur District this takes pi&ce towards the end of June oz
the beginning of July.

.The crop then receives a hcemg mth 8 large spade, or kaki as it is
called, and this hoeing is termed “ spade hoeing ** to distinguish it from
that given with the smaller hand implements used in the earlier stages.
This Iatter operation with the spade 8 the deepest hoeing that crop
receives and its object is to let in the rain water and prevent loss of water
by surface drainage. All these operations are of particular interest
as they show in a marked manner that the Punjab peasant is well aware
of the necessity of conserving the natural water supply which the land
receives, 2nd that he achieves this in a remarkably efficient manner
considering the implements at his disposal. Improvement to be effected
will have to be brought about by the more economic use of his powsr
by labour-saving devices and in this respect the spring and peg ftooth
harrows are becoming popular.

9. Irrigation system in vogue and the quantity of water
necessary for the growth of the cane:

The methods of cultivation outlined above indicate in a very clear
manner the scarcity of water as compared withnthe water requirements
of this-crop in the Gurdaspur District, and applies with equal force to
every cane-growing district of the Province. Before the construction
of the Bari Doab Canal in 1872-73 there were 62,130 * acres under cane
cultivation in the district and of this 8,447 acres of thick cane were under
well irrigation and 49,079 acres under barani and sailab cultivation.

. ® These figures (the avarage figures for 1565-69) are the nearest available.
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Reference may be made to Table IV, page 7, for the distribution of
the cane crop in 1913-14. From this it will be seen that in addition to
the area under canal irrigation there ia still & great deal of cane grown
by means of water raised from wells, and that all the systoms of culti-
vation in vogue 43 years ago are still practised at the present day. As
noted in the first pages of this chapter the rainfall of the district varies
from 24" to 50" per anpum, the greater part of which falls during the
summer months. _

In 1912-13 the rainfall from January to March was 43" {15 per cent.
of the whole) and between April and December was 23-82" (85 per
cent.), while in 1916 from January to March it was 517" and from
April to June it was 547",

Let us consider for 8 moment the maximum amount of water which

. could be conserved in the soil by the various systems of rotation followed.
_ In the first system above described the land does not possess more
than 15 per cent. of the total rainfall of the year at the time of sowing,
since the catch crops sown with maize are reaped in the months of January
and February, We must not forget that this is the system principally
practised. -

In the second system the cane follows a cold weather crop after a
ten months’ fallow. Here we can say that the soil contains upwards
of 90 per cent. of the year’s rainfall, less that lost by evaporation and
transpiration through weeds. In this system it is evident the cane.
starts with a greater reserve of soil moisture than it does under the
first system. Now this latter method is largely practised in the lands
trrigated by wells or on the barani lands.

In the third system, cane follows cane on sailah lands, or is at least
only rotated with wheat in the dry years. Hence the land receives
an annual flooding and the depth to which this takes place varies eon-
siderably. The water table too is much nearer to the surface. For the
purpose of our enquiry in this connection we may emit the consideration
of this case. ‘ )

The first is of paramoint interest because it is the only method in
which we have any records of the amount of water actually applied to
the crop. This will be :—

(a) Water present in the soil previous to sowing.
(» The amount of jrrigation water spplied.
{c)} The rainfall received during the growth of the crop.

Bpeaking roughly, this will be the annual rainfall plus the irrigation
water applied. In the second system the amount of water reaching the
crop equsls the frrigation water artificially applied plus two years’ rain-
fall less what is dissipated by evaporation. The farmer of course
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takes every precaution to prevent water losses under the 10 months’
fallow system by continuous ploughing of his land and the establishment

of a permanent surface mulch.

' Taking the rainfall as from 24" to 50"-per annum and the amorm% of
_rrigation water apphed as from'84” to 90° (see Papers Relating to Sugar-
cane Culti~ation i the Punjab, appendix, page 111, No. B79-Cl, dated
March Bth, 1883, from Superintendent of Works, Bari Doab Cixcle, tothe |
Financial Secreﬁm’y to Government, Punjab, Public Works Department)
we can estimate that the amount of water used for this crop is not
less than 1087 and may be as much as 140",

Under the second system of rotation, the soil may eontmn moisture
eqtuvaieni; to ten months’ rainfall, say, from 20" to 40" of water, and
. teceives & further 20” to 40" during the growth of the crop, say, in sll
from 40" to 80" of water. In addition to this irrigation, water from
wells is applied.  We have no accurate messure of the amouné of well
water applied.  All we know is thas the irrigation duty of canal water is
about one-third of that of well water. From the above figures this
could not amount to much more than 30" of water. This brings up
the “water requirements of the erop to vary from 70" to 110" of water.

Compare this with other cane-growing countries. In Hawaii, Deerr
{Cane Sugar by N. Deerr, published by Norman Rodger] states
this to be 103" (27" of rain and 76" of irrigation), &nd again on same
page {92) to be from 112" to 123" inclusive of rain and irrigatiorl water,
while O’Shaughnessy! places the irrigation duty of water for cane grow-
ing in this island as-134" not counting natural rainfell. In Egypt—
a country much more comparable with the Punjab—Tiemann 2 gives
the irrigation duty of water for cane as 957 irrespective of rain water
and the water present in the soil at the time of sowing. While Leather 3
as & result of pot culture-experiments at Pusa places the water require-
ments of cane as 455" for the season. Summarized these results are
83 follows :—

Water requirements cf the cane crop.

{n) well-irrigated . P . i T to 1107

Gurdsspur § (B SO L 1 Lo 140

Pusa {Leather) . . . . . . 4£5-5°

Egypt {Tiemann) upwards of . . - . . 85*

Hawaii (0'Shaughnessy) upwards of . . - . 1347

" {Deerr) - . e . PO . 112" to 1123'

" - N 03"
Java {Kammerling'st transpirat on sxporiments} « sbout 18°,

* Dransiciions of the Am rican Sociely of Ciwd Egiseers 64, 126,

%« Suparcane in B by Tiemann, published by tho Imfamaemal Sugar J osrmf-!
] &grfﬁmm%wm, volume VI, July 1811, page 268,

< & KerTmor T, cetings, 4 h Congoeas, Uaited Syadicate of J.va Sagwr Minufac

tarers, 1900,
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Two features are remarkable in these figures; firstly, the evident
heavy demands of this crop for water, and, secondly, the seemingly close-
agreement between the amount of water required in Hawaii, where
there is a damp island climate, and Gurdaspur which lies over 1,000 miles
from the sea and is isolated from it by semi-arid or desert tracts. This
latter, however, is not 8o true as it at first appears,

Deerr (thid) has calculated the amount of water used per Ib. of sugar
produced. This amounts to 1,800 Ib. of water for each lb. of sugar in
Hsawaii. In Gurdaspur taking a ton of raw sugar per acre as the average
out-turn—eand this is rather over than under the real figure—we have
consumed for every Ib. of sugar produced in the case of well-irrigated
cane 9,000 1b. of water and in the case of canal-irrigated cane 12,411 b,
of water, or ten times the quantity of water used in Hawaii ; in other .
words, the value of water for cane growing in the Punjab is only one-tenth
of the value of water in Hawaii. This result is of the highest importance
for it indicates in a remarkable manner the waste of water resulting
from the growth of this crop outside its natural zone.

Keatinge ! gives Rs. 4011 a8 the cost of water in Hawalii per ton of
sugar. In Gurdaspur the cost is about Ra. 12 for well-irrigated cans,

-and about Rs. 7 for cansl-irrigated cane (per acre). Thus, in spite
of the scarcity of water in the Punjab, ite value as reckoned by the value
of the produce grown is far below the value of water in Hawaii. From

- every standpoint, therefore, the Punjab farmer when growing cane is
obtaining & much poorer return for both land used and water applied
than is the case in other sugar-growing countries.

It is our object (1) toobtain such information as will enable us to give
an adequate reason for this discrepancy, and (2) to examine the
possibilities of removing it. Water is used by the cane crop in two
ways; firstly in bullding up the tissues of the plant itself, of which it cons-
titutes about 95 per cenf., and secondly in maintaining an equable. tem-
perature of the plant; this is achieved by the transpiration of water
through the leaves. -Besides'this, water is lost by evaporation from
the so0il, though as we have seen the farmer takes all the precautions
known to him to keep this loss down. ’

Kammerling (tbid) has caleulated that an acre of cane in Java trans-
pires about 1,800 tons of water in the course of the growing season:
this is equal to about 18" of water, .

In a crop of 40 tons of cane, we shall have 38 tons of water. This
is equivalent to 0-38” of water—almost negligible. Lastly we have water
losses from the soil. These are evidently very great and constitute

# Paper A 3002, 1914, Bombay
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* the greater part of the water used.  The transpiration losses must vary
very considerably, and must be much higher in a dry climate like that of
North-West India. In view of the scarcity of water in Northern India
further information on this point is urgently required. '
From preliminary experiments made at Lyallpur in 1816, it seems
'that in the application of irrigation water to the land a flooding of 67 of
water does not penetrate more thau 8 feet, and that upwards of this
quantity is required before a drain gauge 6 X6 <8 feet begins to show a
discharge. The losses of water from the soil have been calculated as
follows :— ’

—  TABLE IX.
Farm dratn gauge readings. Measurement of the block =7 4" x6’' x#6'.

' Quantity Pereclation of water
Irrigation | of water [ Percola- in imches
P in tion of
Date of irrigation inghes | throngh | water in | Qaantity of water poss~
- incenti- | inches j=—_=dthrovgh
meter Area of the block
21st February, 1018 . 2 4861 0-7908 | The earth outside the
: - gauge and well was
* lopse and so sank
down, Water pro-
R bably leaked into
’ the receiver.
29th Fobruary, 1216 . . & 4766 01080 . Do i
J3th March, 1818 . - 27 81-556 0-(09828 | Earth sank down but.
h " little.
™ . . .
30th March, 1918 . . 2-8 23-i8 o037 Land seems to have
. settled down in
. 11th April, 1918, R . 32 26-61 | 0004248 | contact with the
. ‘ plates of the gauge
18th Apeil, 1918, . N 19 .- - and the leakage ob-
: served in the first
- lst May, 1916 . . . 6-2 §:27 | 6-00148 threo . caess i8 mot
. 1 apparent here.
3rd June, 1818 . . . Cdl | 2007 03208 |
24th June, 1016. . .| ©O59| 587 | 00008572 Rainfall
SthJuly, 1928 . . .| 08¢ 9456 | 00015107  Do.
13th Jaly, 1916 . PN 38 576 | 6-0007310 Po.
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TABLE IX—conid.

Farm drain gauge readings.  Measurement of-the block=7 & X6 X &

—~contd.
Quantity - Pervointion of water
o [T S | Tty | o
Date of irrigation _ in through | Water in | Quantity of water pam-
s | oo | Macien |~ AL

21st July, 1916 . . . 40 )
22nd July, 1916, . . .- 1896
23rd July, 1916, . . . 1372-79
24th July, 19016 . . . . 529-16

" 25th July, 1916. . . . 145-38 | 0-3378
26th July; 1916, .. . 28-75

27tk July, 1918, . . . .02
Blst July, 1916 . . . Ve $-33
2118

3ist July, 1916 . . . o0s] .. .. | Roiofali
Ist Angust, 1016 . . . 1037 | 00001855
2nd August, 1916 . . 017 . _— Rainfal
3:d Auvgust, 1916, .- 2:380 | 0-000379D
4tk Angust, 1916 . . 030 . .. Rainfa
5th éaguat; w8 . . .. 1586 | 00002532
7th Angnst, 1916 . . .. 1403 | 0000224
8th Angust, 1916 ., . e 1281 | 0-0002045
§th Aagust, 1916 . .. 1-525 | C-0002434
11th Agust, 1016 . 267 .. .+ . | Rainfall

-~ 12th August, 1916 . . I ’ 56845 0-08330
13th August, 1918 . ‘ 1-02 e Rainislt
14th August, 1916 ., -, J .. 2059 04723
I5th Augost. 1916 . .| .. |12 | 0isss
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We have no record of what may be the losses of water from the soil
elsewhere, but a hot dry climate like that of the Punjab must give very
much higher figures than those of an island climate or land near the ses
enjoying & moist atmosphere, and this probably eccounts for the high
water requirements of cane in North-West India. The high temperature

_ will also result in greater losses by transpiration,

10. Harvesting and the !engﬁz of the season.

Since pig and jackal are not numerous in this fract, with the exception
of the Bias and Ravi Bet lands, fencing is not generally resorted to.
1t it is done, it is usually with the object of preventing trespass. - Fields
containing sugarcane which are situated near roads are sometimes seen
fenced for this purpose, and often the crop is surrounded with a thin
line of sankukre (Hibiscus camalmws} or arkar (Cajanus indicus) with
this same object.

When the crop is heavy, the si;cois are tied together in bundles of
2 or 3 shoota by means of their own leaves to prevent laying of the crop.

Cutting and stripping. This is done in the field by manual labour.
In some places the labourers are neighbouzing farmers who take the cane
tops to be used as cabtle food in lien of mopey payment. 80 men
can cufand strip an acre of cane in & day of from 8 to § hours,

Harvesting commences in the end of November or beginning of
December and goes on until the end of February, and sometimes to the
beginning of March.

&

11. Yields per acre.

As with all agricultural products the yield of the cane is the most
important criterion of the condition of the industry, and all attempts

at improvement aim first at incressing it. Where s refined product

has to be made from the raw material and where, as in the case of sugar
making, the material has to be put through a lengthy and complicated
manufacturing process, other objects have to be kept in view also, auch
as the productmn of a cane which gives & pure juice and one capable
of easy refining in the factory. .

Important asthese objects are, nevertheless they must be considered
as second in importance to the out-turn of raw product, for this more than
anything else regulates the price of the material at the factory. "The yield
of cane per acre is difficult to estimate with any degree of accuracy unless
the cane from large areas can be weighed. This i8 never done by the
farmers themselves, and they view with sasp:cxsn any enquiries of this
nature by & Government official, sinee they imagine the znformsmon
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will be used for revenue purpoaes, and will probably result in jncreased
4axation. Their figures therefore are quite useless. We have used three
methods for gaining some idea of the yield of cans per acre under the
ordinary conditions of country cultivation.

The first is based on & knowledge of the ratio of gur to cane, which
is roughly 10 per cent. of the weight of cane. This varies according
4o the efficiency of the mill and the composition of the expression. With
Tipe cane and good extraction as much as 12 per cent. may be obtained,
while with a poor mill and low gnality of cane we have seen this ratio
&8 low as 7 per cent.

This estimate is, therefore, only of use in rough field measzzrements

. and in conjunction with a reasonable knowledge of the condition of the
crop and of the mill, The other two methods are (a) weighing the
cane from a small carefully measured area and (b) by taking a strip
across the crop of & measured ares, counting the number of stools snd
average number of canes per stool in the strip, and from this and a
knowledge of the weight of a stool of canea calculating the out-turn per
acre, The following two examples will illustrate these methods which
were spplied in field estimates at Harchowal. e

- {a) Date January 7th, 1913, villige Harchowal. A field belonging
¢to Sham Singh, Natha Singh snd Naraina. -

Type of cane.—Dhaulu.

Area of the plot from which the tanes were

weighed . . . . . . Pl1x51 feat or 5;8
square yards approxi-
mately.

Weight of cane removed from ﬁhw pIo@ (after

stripping) . . . . . 396 maunds.

Weight of cane per acre . . . . 4842:;3—9? = 368 .
maunds or 13-46 tons
per acre.

{b) Area of the strip, the atools of which were counted and weighed,
ax§

Numberofetoolsinstrip . . . | 83

Nomber of canes in strip . . . 300 ‘

Average number of canes per sﬂeet . 388 -

‘Weight of canea in the stools . . 113 &m‘

Weight of canes perstool . . . { ?32; ?ger.

Nomber of steols persers . . . g%s;_ﬁ__m_19913

Number of canes peracre . 19,813 388=76,8¢0
Weight of canes pe'r acre . . . ’125( :;l;i:; 9_ 435

- msands = 18 tons
' approximately.
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The follov.;'mg table shows the yields per acre from a number of
-observations made at Harchowal in January 1913 using both these
smethods :— .

TABLE X,
Y1z1D OF CANE PER
. ACRE IN MAUNDS
Datoand No. Owner's name A:the: :;i:aifeh N Second
. was made mothod method
1. 7th Jannsry, 18137, | Sham Siagh, Natha | 516 square yards %8 |- .
Singh and Naraina _ .
" . - IB4¢yards . RO -
. 2. 10th January, 1913 | InderSingh . . 1428, . 208
» ) TS * . | 333 - * s ’ - 3452
-3. 10tk Janvary, 1913 | MalaSingh . . [ 268 . 398
- - . L l®EO, . 388
4. 9th January, 1913 . | Rur Singh, Lal Singh 1'72 » . 544 .
. B, Bth'anuary, 1913 - .1 28 -, . s 477
’ -

$

The estimated out-turn shown in No. 4 in the above table, was from
the heaviest cane crop in Harchowal. Many of the stools contained
'~ upwards of 20, and a few as many as 25 canes in one stool. Average

length of this cane was 6 feet 5} inches, average length of infernodes
" 3-64 inches, average thickness of the imiernodes (-548 inch. The first
three estimates were for good AYerage Crops near Harchowal, and the
- average of the first six estimates gives 380 miunds of cane per acre.
" These results are probably much above the average for the whole district.
In 1882 a genersl survey of the industry throughout the Province

- gave the following ont-turns. These are not very. reliable, since mo
mention is made of the types of cane on which the estimates were based,
-and it is well known that thick Pounda cane used tot t'chewing and grown
under garden conditions near the large cities gives s much higher
- out-turn than does the country.cane grown for gur and shakkar mkmg‘
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TABLE XI.

Qui-turn of cane (abstracted from Papers Relating to Sugar Cultivation
in the Punjab, Punjab Government Press, 1532).

OvUT-TUBN PER ACEE IN TONS

Diatrict & §
Cann - Juice : Gur
Kersal . . . . . . P11 | 48 | o
émrétsar . . . . . . .0 .132 I ‘849 i o082
urdaspur . . . . . . %1 52 . 083
Sialkot . . . . . . i 65 325 . 08
Banna . . « s . . . 220 e L0g
Peshawar . . . . . . . 177 108 i 1-48
Multan . . . s . . 184 50 12
Hosharpur . . . . . . .. .ot 0-708
- . . . . o8 vi8 Lig' Y

Juliunder . 71174 $3-117| 6722

During the past few years, a record has been kept at the Gurdaspur
" Experimental Station of the yields obtained there from the ordinary
varieties of district cane. These results will be found in Tables XLV
to XLVIIL, Chapter V, and in the following statement —

. TABLE XIL

Yield of cane per acre of the ;mnczgxal varielies in the district (dcfemwwd al
the Gurdaspur Ex?enmemf Station).

YEam
Varioty
B 1913 1914 1915 1918

oM LNy M a M. s M s
Dhaalg e e .. 324 8 378 11 418 8 ..
Katha . . 351 8 280 13 322 7 418 18
Kanara - . . . 45810 | 254 28 350 12
Tera or Terera . . 680 5 860 21 428 12 404 32
Eaha « e . .. 270 26 576 21 .
Merthi e s e . 366 1 asa 27 427 31 I
Kapgaxr . ., . , 570 3 224 15 441 39 351 8
Bodi . . . ., . . 544 31 358 4 310 24
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The out-turns per acre obtained at the Lysﬂ;:;ur Experimental
Station for the principal v&rw%xes, viz.,, Katha, Dhauln and Kahu

were as follows :— . .
- ' . YEsR
Variely . . +
- oo . 1011 1912
Maunds ' Maunds
Kathe ~ . . « + o« . . 200 240
Kalha e e e 201 - 270
Dhaulu A -

These canes received 15 tons farmyard manure per acre.
On the whole I am mchxed to believe that 10 tons of stripped cane

* to the acre is probably a very  fair average for Katha for the whole of

the Gurdaspur District, and perhaps a little higher than this for Dhaulu.

The other types grown are too variable and toa liable to the influence

of climatip changes to admit of any round figures being given for their
out-{urns.

At the same time the very wide variation in the yield obtained for
cane in the district shows that ;mprevemeE% can be effected in this

direction. In Tables XLV to XLVIII in Chapter V are given the
. results of & number of variety trials at Gurdaspur in 1913-16.

In 1913-14 Bodi gave the highest yields of cane, and Dest Suretha the
highest yield of gur, being 19-9 and 1-3 tons respectively ; while in 1914-
15 Mango gave the highest yield of cane and Reors of Benares the
highest yield of gur, being 23-3 and 1-9 tons. These high out-turns

_are not entirely due to the variety alone, for we find that local canes like

Dhaulu and Eatha, when grown on the Government Farm at Gurdaspur,
gave 17} tons and 119 tons of stripped cane to the scre. These figures
are probably much higher than those usually obtained by zemindars.
The average yield of gur from the Gurdaspur Farm figures for local
canes is 10-5 per cent. of the weight of the cane, and from the
Lysalipur Farm 10-3 per cent. of the weight of cane. We can safely
assume that the cane per acre will not be less than ten times the weight
of gur made from it in-this district, since the method of manufscture is

uniform, the same type of mill and boiling plant being used throughout.

On a five-acre experiment of well-irrigated Dhauly cane at the Gurdas-

pur Experimental Farm the erop was good and probably above the
‘district average. The yield of gur was from 25 to 30 maunds per

acre. This may be taken as & fsir average figure for the distriot.

~ -
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Taking the whole district the yield does not average more than 25 to

27 maunds of gur to the acre. On the above basis of calculation,

namely, that the weight of cane is approximately ten times the weight

of gur made frem it by the process of manufacture wased there, this

would give 8 yield of 92 to 11 tons of stripped cane per acre. Ten tons
* of cane per acre may consequently be taken as a fair average.

A close study of this factor of yield reveals a wide seasonal variation
ever. on the same soil, and manurial experiments have so far failed to
yield conclusive results. We are forced to the conclusion here, as in
other experiments, that season is one of the most important and influen-
tial factors in regulating the growth and out-turn of sugarcane in the

Gurdaspur District.

12. Discases and pests.

Little or nothing is known about cane diseases in this district, Red
rot (Colletotrichum falcatum) is prevalent, and occasionally causes the
“complete destruction of entire fields of the softer canes of recent importa-

tion like Kahu. :

Butler in 1914 found Fomes Lucidus {Leys.} on Gurdaspur cane
stems, but this waz identified in connection with the ivory markings
on Dhaulu and was not suspected of causing eny loss in the crop.

The cane suffers from & number of unstudied insect pests, which
cause considerable damage and loss in wet seasons and on cane grown. -
under canal irrigation, both perennial and inuadative.

Subject as the district is to cold und damp, the losses caused

« {rom diseases must be great.



CHAPTER IL

MA’*EUFACTUR’S WORKING UP THE Rzﬂ’V PROD{TCT.

‘1. Extraction of the juice.

The canes are cut lmmedmtely before ernshing n order to avoid
deterioration in the quality of the juice. The old wooden mill or belna
has almost disappeared from Gurdaspur, though it can still be seen in
parts of Jullundar and Hoshiarpur. In the Gurdaspur District iron mills
of the two roller type are most commonly used, though during the last
few years three roller mills have been coming into use. Better types of
-ymills are made in Batala and cost respectively for 2 and 3 rollers Rs. 28
and Rs. 35 per mill. If worked through an entire season, they last for
four or five years. Superior three roller Nahan mills sre occasionally
seen, buf these are usually hired at the rate of Rs. 78 per season. The
«<heap Batela mills are nearly always bought outright. The extrac-
tion -effected by tHese mills is poor,” and there is much room for
improvement in this direction.

With the best type of three roller mill the extraction is generally
under 60 per cent. of juice or less than 80 per cent. eflective extraction
©of the sucrose. The two roller Batela mill is much less than this, I
shall refer to this point later in describing Hulme’s experiments in the
United Provinces.

The two roller Batala mill will express about 96 1b. of juice pex hour,
while the three rolle? Nahan mill on the Gurdaspur Farm expresses
140 1b. of juice from Katha cane and 180 Ib. from Koku cane per hour.

With the old wooden mill, in which the cane was passed through the
Tollers from ten to fiffeen times; the extraction was about 50-7 per cent. ’
as will be seen from the following table :—

TABLE XIIIL
Extraction effected by the old wooden mill!  Fercentage of juice
: extracted

Kornal . . . . . . . . . . . 42
‘Gurdaspur . . . . . . . . . . . 50
Sislket . . . . . . . . . - 50
Hoshiarpur . v . . - . . . . . a9
-7 e

i 56

' 68

Juﬁ&n:iar . . . s . . . . -s . { &8
: . 50
- Lsg;

1 Papers rolating to Sugar Cullivation in the Punjah. {loe. ei2.) £

® These hiffh extrackions were probably from thick canes of the Pounda type—ths;
report makes no reention of the variety used in these testa,
52
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Lehman ! states that from 20 to 33 per cent. of the juice s left
unextracted by the wooden mill {this representa a loss of 20 per cent. of
sugar). v :

Clarke and Annett ? giva the following as the efficiency of the Nahan
thiee roller mill. :
Average of jusce extracted.
1908-00 19¢0.10 1810-11.
Average extraction . 0587 percent. €2-5percent. 83-1 per cent.
" The following table shows the extraction effected by this type of
mill with the Gurdaspur canes im 1912,

TABLE XIV.
Table showing the extraction effected by the three roller Nahan mill ot
Gurdaspur.
. Percentags
lof the totel
sucrose
G.;::’B:_i preeent in
) gmted Percentage| the cane
Number and date of the | Description and locality, from 100 | ©f 8bre | extracted
. sample of the cane of the in the
grams cane jitee =s
cane Ifﬂiciency
of mitl
in sucros >
extraction
Tereru— :
16, 2nd Japuary, 1912 . Government Farm, 832 15-38 76.3
(Gurdaspar
25, 4tk - » | No. 8 578 20-10 772
Government Farm,
Gurdaspur
Dhavly—
31, 5tk Japuary, 1912. Gharals, Gurdsspur 587 21-21 683-4
46, 8th . om e Hailehalar, Gardas™ 61-1 15-95 835
pur
59, 10th . o o+ Ghumaa, Gurdaapur &84 22-13 880
&8, itk ” " = Chaohar chak, Gur- 528 27-48 80-0
daspur i
185. lst February, 1912. Ahmadahad, Batala ‘ 55-3 1778 790
220, 5th _ , 5 .| Chowrs Batala . I‘* 518 1823|813
257, 13th  , , .| Abmadabad, Batala 516 21-82 758
- | Avemaox ros DrsvrLy 566 2060 Bi2

y
(/1 Agriculiural Journal of India, vwol. 1, page 57.
*Clarke and Ancnett. [Experiments on the caltivation of sagarcase at
‘\yabgarﬁ Experiment Station, 1009-11. Pssa Agri. Bes. Ineh Bulictin, no. 27, page 8-
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'TABLE XIV—oontd.

-

Tabie s?sowwg the extraction effected by the three roller Nahan mill at

Gurdaspur.
Porcentage
of the total
HUOrose
. Qrams of present in
juice ex- | Percentage| the cane
Number and date of the | Description and looality; tracted | of fibre | exfracted
sample of the cane from 100 | iuthe in the
grams ef cane juice—
cane Effieiency
’ of mill -
in sugress
eoxtraction
Eatha— : -~
68, 12th January, 1912 . Bhumli, Gurdespor 529 23631 7904
98, 16tk » s o | Haweli, Gurdaspur 529 2776 | 8504
108, 17th 1w - Joura j 594 15-80 830
: Gurdaspur _
115, 18th " s .« | - Gurdasnangal, Gur- 803 1B-42 - 837
B daapur ’
116,18h . , .| Kalaneur, Gurdas- 805 18-71 839
pur ‘
28, 21t ., o, . Shﬁxgm Guria, Ba- 590 1857 815 -
142,28d  ,, , .| Gormen Batals . 4Td 29631 768 -
152, 25tk =, » Barila Kalan, Gur- a8 97 830
167,26tk , , .| Mela-Athwal, Batala 542 £4-03 764
187,814, , .| Wenjwen, Batela .}~ 558 22972 824
234, 7th February, 1912, | Kotli Musa, Batala 528 26-30 712
241, 9th " . Sandalpur, Gurdes- 584 2007 754
- pur .
247, 16t -, " Morarsh, Gurdaspur 572 22:00 w7
260, 14tk ,, » ¢ | Dadials, Gurdaspur 566 | 23901 771
-
AvERAGE FOR KatHa | 567 2367 o8
KEaotha and Dhaulu
89, 1tk J Watta ™ G 20
l4th January, 1812 . ta umunpur,{ 182 805
' - Gurdaspar M
80, 18th + { Bahehpli, Gurdespur 473 2825 723

”
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TABLE XIV—concld.
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®

Table showing the extraction effected by the three roller Nahan mill ot

ur&aspur.
Permontage
of the total
saoriee
Grama of present in
L juice ex- Percantage | the cane
Number and date of the [Description snd locality | tracted of Abre | extracted
satiple of the cane from 100 in the in the
grams of cane futico==
cans Efficicney
-~ of mill
in auzcrose:
extraction
Kansar—
19, 3od Jannary, 1812 . Government Farm, g7-8 1528 842
Gurdaspaor
120, 20th o o s Padbal, Gurdaspar , §2-3 15-83 86-6
134, 22nd o PP Kabklianwali, Batala 81-7 1875 84
165, 27th  ,, . .| KotliTahlan, Batala 536 25-44 785
AVERAGE YoR KaNaan 61-6 18-33 B4-1
Teru—
38, 7th January, 1912 , | Dhariwsl, Gurdaspar . 660 22-47 756
32, 6tk w5 . | Kothe and Teru . 50-8 1797 78-3
‘44, 13th  , , .| Do, Thikriwals, Gur- 583 1772 80-2
. daspur
Kahu—
203, 2nd February, 1912, | Dislgabr, Batala . 830 1373 76
217, 4th . " Sarupwali, Batals ., |~ 688 14-29 B34
228, &th o y. «] - Mari Pannan, Batals 86-3 12-80 808
Avrrace yor Kagv . 864 1384 80-8
. Katha Eahu—
148, 24th Jonuary, 1912 . | JourisnKaslan, Batals | 532 17-15 703
179, 200, L, , Dabhanwali, Bata's 871 21-60 81¢
211, 3rd Febrary, 19012 , | Kaks, Batala 653 i 1080} 780
- - »
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The juice extraction'varies from 56 to 67 per cent., and the efficiency
of the mill in sucrose extraction varies from 71 to 87 per cent., with an
sverage of under 80 per cent, for the common canes of the district. Tkds
represenis a loss of upwards of 20 per cent. of sugar, and under what we
may consider the best methods of extraction now af the disposal of the Jarmer. -
The farmers mostly use the two roller Batala mill, in which the extraction
is much less and the losses correspondingly greater. (See Hulme’s esti-
mate for the United Provinces, Chapter V.) This indicates very clearly
the need for heavier mills and better extraction. Qeerligs ! states that
the sucrose extraction in Java is about 91 per cent. of the sugar in the
cane, with 8 loss of about 1-1 per cent. of sucrose in the bagasse on canes
containing sbout 11 fo 12 per cent. of fibre. All the district
canes contain much more fibre than this, as may be seen from the tables
i Chapter III One of the objects in cane improvement will be to
obtain a less woody cane. 'With this object I imported several varieties
of cane from Egypt in 1912. One of these is Java seedling No. 105
which has been introduced into Egypt from Java by Monsr. Nous,
managing director of the Egyptian Sucories Cie. This cane was
doing well there when I visited Egypt in 1912. I snticipated that &
cane which was siited to the dry climate of Egypt would probably do

- well in the Punjab. The analysis of this cane is as follows :=—

Locallty and date | 32, Gifoae Sucrao Total I Giucoss | Tarity Mi Filxs on
of analysin - oh eaie tper Sent £ Juloo). solids l ratio
Government Fnrm, 8301 632 1161 1540 2534 7608 15390
Lyallpur, 5th
Jnnuary b1
Government an:i k(iR 257 875 13-4 20-32 8705 22
January, 1918 !

It is interesting to note that with the mill st my disposal I was un-
able to trace any pumerical relstionship between the extraction value
and the amount of fibre in the cane. There was a fairly close agreement
between different extractions of the same variety of cane even when the
amount of fibre differed consldembly

2. Boiling the juice.
The mil! is always situsted near to the boiling pans so that the juice

can be taken straight from thence to the pans, and for this purhose the
empty kerosene oil tin sc much in evidence in+North India is almost

! Geerlige® Cone S8ugar and ite Manyfacture,
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always used nowndays, though the old earthen jar is still to be seen
in the more remote villages.

The boiling house is & mud hut rcofed with beams and brushwood
and overlaid with earth in the nsual manner of the Punjab peasant’s
dwelling. The pit of the furnace is in the floor of the room and has an
exit for the ashes outside, there being a slanting hole from the furnace
to the agh pit. The fire is directly under the pans. The pans in use
in this district are all of one pattern™nd are of iron being constructed
by the local village blacksmiths. They cost about Rs. 17 each, and arm
from 4} to 5 feet in diameter and a foot deep at the centre. They hold
about 120 lb. (12 gallons) of juice per boiling.

The two roller Batala mill expresses about this quantity of juice
in 1} hours, and the boiling of thisamount occupiesabout the same time.
The three roller Nahan mill on the Gurdaspur farm expreases 140 1b,
of juice from Katha cane and 180 Ib. of juice from Keku cane per hour.
The bagasse ig dried in the sun and used as fuel. As a rule it aerves to
evaporate the juice to the consistency of gur, except in the case of the
more juicy canes when this souree of fuel has to be sugmented by cotton
stalks or other local fuels. .

Gur-making is a continnous process and is carried oa night and day
during the season. It only ceases with the cessation of cane cutting
by tain, or when the bullocks have to be taken from the mill to work on
the wells for irrigating wheat. The boiling begins about 9 months
after sowing time towards the end of November or beginning of December.
The juice after crushing goes straight to the panm without straining,
except in special cases when the product is for private consumption or
when making rab.# The juice is boiled until the scum rises ; this is then
removed with ladles. It is wnusual in gur-beiling to induce the forma~
tion of scum by the addition of foreign substances. In some cases the
sugar boiler adds a little common soda. This improves the colour of
the gur but impairs its keeping properties. L

In the manufacture of mal rab (a liquid raw sugar) sukias or suli
(Buphorbia Royleana} is added.t

After the removal of the scum and when the jnice begus 10 boil, &
little sweet oil {sesame oil) is added to check violent ebullition, and at
the same time the fuel in~the furnace is reduced. When the charge
begins to assume a semi-solid consistency, vigorous stirring is resorted to.

* Rab i & raw sugar product—for i1# composition see page 38.

3 This bark when stecped in water gives s thick scapy solution of pentossns
which precipitates on boiling, thes aiding the clarification of the juice. It serves the
same purpoae a8 white of egg in clarifying soup or bouillon in the prepasstion of bacteris}
Gulture media, or of fresh blood in the old West Indian sugar-boiling procsss.
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The product is then transferred to » flat earthen vessel called a * gand,”
where it is kneaded into balls of about 2 lb. in weight.

From superior ripe cane & whiter product termed “shaklkar ” is
obtained which is dryer and more friable ; this is usua§§y sold in the
powder form. When boiling for shakkar, tile charge of juice is slightly

X redueed and the concentration carried & htt§e further than when making

qur.
Mai rab. The process of rab-making d.lﬁers from that of guf-mkmg

in the clarification of the juice and in the concentration not being carried
so far, The contents of the pan are removed into large earthen jars and
stored in a eemi-solid, semi-liquid siate wuntil required for #hand-
making.-

The proportion of juice to rab is about § to land of juice to gur
about 8 to 1.

Manufacture of k}mnd_s &éaﬁ'md’ O SUGAT.

Thig process has been described by Montgomery in the Hoshiaxpur
settlement as follows :— )

~ The making of drained raw sugar, ““ khand,” is generally carried
out by a regular trader. The process requires a good desl of superin-
tendence and few cultivators proceed further than the making of the
first orude sugar products, gur and mal rab. In making kkhand the
mal rab is emptied into large vats called “ kbanchi,” which are made
of wood and lined with matting, They are capable of holding from
80 to 400 maunds of rab. At the bottom of'the vats are a number of

amall thannels leading off to special reservoirs outside, and on this’

flooring are placed pieces of wodd on which is a reed mat and over that a
piece of coarse cloth the sides of which are sewn to the side mats in the
vat. After & time the molasses known ss shira exude through the cloth
and matting at the bottom to the reservoirs and sre-thence collected
in earthen jars, After the rab has been in the vat about 10 éays, and
the mass has hardened sufficiently to bear a man’s weight, it is wonked
up with an iron trowel so as to break up all Jumps, and then smoothed
with a flat dish previously rubbed with ghi.* The layers of jala (Pota-
mogelon), a water plant, are placed on the top, and sfter every few days
the jala is rolled up and the white sugar at the top of the mass of 7ab
is taken off and fresh jala put in its place, the old jala being placed over,
80 that a8 the sugar is extracted the super-incombent weight of jala in-
creages. Towards the end it is found that the weight of jala is carrying
sugar as well ag molasses through the cloth strainer. It takes 3 or 4
months to empty a vat in this way. If begun when the weather is cold,

® Clarified butter fat. S -
F EY !

»
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it is customary to light fires in the room containing the vats before
putting on the jals, in order to make the molasses draw off quicker.
The sugar taken off is spread out on a piece of coatse canvas on a hard
piece of ground in the sun and is well trodden with the feet until it has
been reduced to a coarse powder. This substance is called khand, and
sometimes chini, and is the ordinary coarse ground sugar sold in the
bazaars.” ) .

8ri Gobindpur is the centre of the khand industry in the Gurdaspur
District, but khand is still made in several villages in the neighbourhood
of Harchowsl.

The following figures were obtained from the village of Jagalwala
near Harchowal. Dimensions of the vat 7 x4} x4} feet. Capacity
120 maunds (4-4 tons), The rab contained in it had been prepared
from a barani crop of mixed Katha and Dhawlu canes. The following
estimate of expenditure and receipts was given by the owner :(—

Ezrpend tur. i
# o=
Cost of rab st Ra. 3-15-9 per maund . . 478 2 0
Wagos of workmen for 2§ moaths at Rs. 10 per month 25 ¢ 0
Sweet ol for clesning the juice and for burning at the
rate of § seer per day for 60 days costing R. ¢-8-6 per
seer . - . . . . « . 0 8 0
vost of sukbli . - . . . . . . 100
Cloth for bottem of vat . N M . - 1 8090
Cost of sarthen vessels - . . . . - ¢ 8 0
Cost ot jala at 4 annaa per layer . . . . s 5 00
Cost of treading out the sugar at 8 annss per day (rate
5 maunds per day) . . . . . . . 3ad o0
Interest on Rs. 500 at & per cent. for 12 months . . 25 0
; ,

.ToTaL EXPZSDITURE , 548 27 €

Receipts,
30 maunds Ehind at Rs. 12-8.0 per magnd . - . 376 0 ¢
70 maunds molasees at Rs, 2-10-6 per maand . . B35 O

. Tc’su.xxc:ms . 58015 O

Nowadays the return on the industry is from 8 to 10 per cent. of the
money invested, while in former years it was 15 per cent. The falling off
is attributed by the Zkand-makers to the decline in the quality of the rab,
which they say is due to the abandoning of the long fallow system of
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cultivation. The rab mdustry is certainly on the decline but it is im--
pe)smbie to say if this is due to the poorer quah’sy of the cane, since there
i& no record of the chemical composition of cane juice in previous years.
- In all probability, seversl factors have contributed to the decline of
" this industry, snd not the least among them is the rize in the price of
raw sugar commodities with the extension of trade, which brings other
agricultural products into more direct competition with loeal cane.
(see Chapter V, crops in competition with cane). The importation of
refined sugar from abroad has also had its influnence on this local
industry (see Chapter IV). In the village of Jagalwal from 106,000
to 12,000 maunds of rab were made annually, and its manufacture has.
declined until at the present day only 350 maunds of fab are used for

Lhand-making.

3. Sugar products and their composition,
. The principal sngar products made in the dxstrtct are as follows :—
{a) Gur—a raw sagar made by simple ev&geratron o1 the juice
. (see above).
() Shakkar—a light dry gur.
{¢) Rab or mal rab—liquid sugar (see above).
{d} Khand (see above)+—a refined sugar from which molasses.
have been drawn off. -
{¢) Bura—made from khand boiled in water and clarified with
milk. .
()" Misri—prepared from khand I)mied with water and eva-
porated.
{9 Kszamssﬂ—pre;mre& as mdsré only with the best type of

In the preparation of kuza misri the best quality of khand is dissolveé.
in boiling water to the consistency of & thick syrup. This is placed in
small_porous earthen vessels in which is suspended a cotton thread.
When the sugar has cry!taiiized the vessels are inverted to draw off.
the mother liquor, they are afterwards broken in order to mecurs the
erystallized sugar in & lump. This is the ordinary candied sugar..

(k) Sugar raw—By this is meant * sugar.un-refined,” under
which bhure or bura sakar or brown shukkar, karkar or
masts meeja or talouncha and other local names are classi-
fied. The term does not :nclmie gur and molasges.

The composition of these materials ms.y' be judged from the accom-

panymg table ;—
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TABLE XV.

The composition of various sugar products produced in the Gurdaspur Districk in 1914 and 1916.

g4 ! Total aclids Molstaze Tatal solids
Descxiption of the | Olucose | Sucross | Bpecife | Brix. cor- Total and i | Boluble | s cane
Jrate of nnolysls product undor axwe | por ceot. | por cebt, [Eravity of muf:ndlug solublo soluble | Om¥ante | wugar by | REMARKS
winatlon , solution 'f’ mattor | oot | lpUsities| tefracton
b gravity P meter
30th July, 1014 . )
140 { } Burs  made In 46 a1-04 1:0884 8-8d 888 114 11 83158
Blat July, 1014 |4 Qudian )
160 Do. . Mirt made to Sri| %12 | 9061 | 10svs| oss | o0 o4 087 s
Gobindpor from
oountey  kAand
made from  osue
grawn lu the Beb
1) Do, . Khand  from  Brl 30 81 1038 40 - &1 70 8 1]
- Goblndpur  made
trom  Dhaulu and
Katha grown In ’
Hoan Bot,
162 Da. N Khand propared in 08 9326 rosse o698 053 o1 LS 030
Qudisn .
3 Da, . Khand prepared in 180 LER 10878 1 211 bed 58 o359 8
llnmh‘(;wnl from
. Kotaacana
1®]  pe . Shattortow Dhaviu|  ©: | 768 | nosm | sees | sees | 109 o1 .
i cane ab Harchowal
108 Do. . Gur from DAnwlu st 1384 13m0 10383 8505 8806 11-08 18 an Gur h vy
Gurdaspur virishls n
. mpost M
KOR | 3ipt July, 1018 Rab (Shire} . . 08 4108 140330 B2t B2 T4 1728 1204 a)-by
ol Do, . Xums misri . 013 090 10380 970 v 0 niy Pl

1STHISIQ BOLSVAHAD THI NT INVOEVYDIAR aANY TYDAS
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4, Yield of gur and sugar in the gur.

The out-turn of gur ‘obtained in this district’ varies with the. type of
cane from which it is made, with the cultivation this receives, and with
the season. The milling which the cane gets is fairly uniform throngh-
out the district, and we cannot say with any certainty that there is.
much variation on this account.
 The following table gives the yielé of gur (Taw sugar) per acre of the
principal varieties of cane grown in the district (determined at the Gur-
daspur Experimental Station) :—

TABLE XVI.

Table showing the yield of gur per acre at Gurdaspur.

Voriety . 1913 1814 1015 1918
. . —

N 1Y TR TR

Katha e e 38 2 23 20 30 10 28 20

Kapera . . . . .- 3828 |- 2838 | 218

Teru or Tereru . . 52 32 nw - 36 12 24 33

Kabu Coe LT v | o 46 10 ‘

Merthi . . . . 42 14 26 12 25 4,

Kansar . . . . 53 35 ‘24 22 42 10 is 18
JEE . . RGN ERPT I N R 32 2124

. These figures ate the result of a number of crushing and boiling ‘ex—
periments made on the Gurdaspur Experimental Farm, and are from
canes grown there, The weight of cane crushed may be seen by reference:
to Table X11 (Chapter 1, page 26). .

More reliance may be placed on the results shown. for 1914, 1915
and 1916 then for 1913, .when only small areas of cane were grown..
In considering the results of this table, it is important to note that these-
have been obtained from the use of & three roller Nahan mill which gives-

& higher efficiency thau that obtained by the zemindar in the district,
who for the most part uses the two roller Batala mill. *
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" From a knowledge of the chemical composition of the gur and the
amount obtained per acre, we can estimate the actual amount of the
biose sugar sucrose produced and recovered in the gur. If we allow for
the efficiency of the mill as shown above to be about 80 per cent., the
actual sugar produced per acre and recoverable as gur can be ascertained
with a fair degree of accuracy. These figures are of intereat to the
manufacturer of refined sugar when working on gur as the raw product ;
they will not be accurate for the actual sucrose production, as this must
‘be calculated on the analysis of the cane itself.

TABLE XVII. -

Composition of raw sugar (gur) prepared from district canes groun and
' crushed at the Gurdaspur Agricultural Station.

" Frod Gz
. i,
. = & 3 ipgz
, cE L1z 142 04 EEE3
-3 P g = S E= o g
# E 8 = = g - =2 § - -l-ai
818 %8 |2 |8 (2 o5 EEEL
Variety and yoar Bl kg2 |2 § o 52;35 83
: w | 53 |8 $9 (832 o2 ;i;ggg-“g
EEE N RN LRI ]
P8 | & &% | & |&8 553 & &BEE3
(1013 . 1587|7229 1072178 (880 |16 | 18¢| 2310 308
Haths -[ 14, "eralrzse ! 1oreo 179 [80s 108 | sa0]| 1452] 1708
1815 . - 091 [%041 14720 180 |oe0 [100 [l048) LTSE| sim
{1015 . 1408[72831 10780 [17-8 {600 {110 | 201 | 32441 4,386
Hamsar . < 1054 ., 075 |7181 . 10746 |1805 [00-25 | 976 | 800 | 1876} 2842
1816 . 802 [6e5é 10756 |189 |o45 | 56 [zros| 2209 2786
1913, 1282 7¢06 10738 (178 |eso |mo | 17s] sese| asi7
Mertd . .{ ™14 . 1526|6072 10722 |17 (675 |128 | 262 1581 108
L 1016 . 1107 [ 7110 10750 {189 |O45 | 55 {1230 | 2466 B.080
(1913 . 1730|6816 L0718 [173 (685 {156 | 007 | 801 4840
Terernof Batala } 1914 . ;1270 | 7283 ' 10738 |17.75 |8675 [11.25 | 18] 1002 | 2319
1915 . (1524|8641, 10767 {1850 (9150 | 650 | 085| 1978 | 2470
Dhai 1915 . [18:36 [8267 10706 | 1845 (0225 | 775 {1182 | 1,675 | - 2,084
L | - .
_ {1915 . j211s 5983 | 10760 {1026 | 0181 | 649 1098 | .. -

Nors~—Milling losscs in the district are greater thap this,

s

5. LossesA of sugar in the manufacturing processes.

The losses which take place in working up the cane into marketable
forms of sugar are also considerable. This is only to be expected when
we consider the crude machinery at the disposal of the farmer and his
lack of knowledge of the chemical processes involved in sugar boiling.

-
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The first loss is in the milling of the cane. We have already deseribed
this in discussing the efficiency of the mills in use, and have estimated
that upwards of 20 per cent. of the available sugar is lost in this process
alone. The next great waste occurs in the boiling of the juice, Since
the juice is always boiled immediately after crushing the cane, and as
crushing goes on simultanecusly with the harvesting of the crop, there
are practicelly.no losses in the cane itself before crushing,

In the boiling of the juice, however, a great deal of sugar islost. Some
sugar is lost by inversion, and this is inevitable since the juice is acid,
and the atbempts made to neutralize the acid are extremely crude and
sometimes are absent slfogether. Mention has been made above that
sometimes a little crude sode is added to the juice in gur boiling, but
this Is not often practised, since the use of soda often leads to the pro-
duction of an inferior raw sugar. This is-because the soda can never

be added in the exact proportion necessary to neutralize the acids present
without the use of test papers, and such are unknown to the zemindar,
The use of lime in sugar boiling is quite unknown in this district.

The following table has been compiled from Tables XII, XTIV, XVI,
and X VII, and shows the amount of sugar per acre in the cane and the
amount of sugar recovered in the gur —

N TABLE XVII,
Losses +n the manvfacture of raw sugar (gur) af the Gurdaspur Ezperi-
- mental Slation.
g | = |% =2 e : £4
S g |E s kS EgE R E
= . P 3
Tarlety of cone and g o . E’ § ggﬁ -%E & .;';"“5 §§§
year of experiment g 2 ¥ ik :"§I°E'g et B 25
* | ez |55 |2E (555 %8| 3% By 8| el
£21 B3 | E3|ER E. E5 (55| 338
E3 1 BY | EolE5 |28 592/ 9y 888y L2
. | @ @= | R 137 [&F° &= & a% |am|&Re
. t
—_— {wu - {10381 sei6] 098] 021880, 180 | 4185) sus %00 | 1750
1915 . ‘1088, 8,550 | 029 | 100 [LE7d 481 5284 |1sv# ;200 | 1910
; ,
1058 . 14| 3495 | 045 | 130|255 47 3647|1508 200 | 078

g

Eithe RIS £ (1056 | 2,263 | 061 5305 165 (330 | 383 2263 | 1134
W15 . 1107 ¢ 2828 ) oW1 1,747 | 226 (402 | 904 [S10 1258

Taw . {3913 . E:z-sa 6,006 | 020 | 1122050 75578 | I100 {3-9 T og2-t0
104 % (1325 8,828 045} I3/ 1868 ( 835|439 | &£37 230 1258

Eaba , | 104 . 11094 | 5295 ) 020 4 11338 | 248461 [109 {185 1570 ,
913 . 1088] B001 063 =8 s sem(srs | g8 jiso irs
{L sy 2177 ves | a8 Lé45 [ 196 336 | 31 41s0 145

[+
[

Kansar ,

e .
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These figures have been arrived at from a knowledge of the mill
expression, the weight of cane and gur obtained per acre of cfop grown
_and the analyses of the juice, bagasse and gur. I have not considered it
necessary to give the details of the calculations as thése are compara-
tively simple. The quantify of sucross Jost by inversion is obtained
from the gain in invert sugar on boiling ; this figure muitiplied by the
fact-or gwes the equivalent amount of sucrose, and is taken to re-
present that lost by inversion. The gain in invert sugar is obtained
thus :—

We know that, unless the mill expression is very high, #he glucose
ratio Eieewe X I00_ ig approximately the sams in juice and bagasse.
Any mill losses therefore will have to be taken into account. If, as
in the cage of Dhaulu cane in the above table, our n}iHing losses on sucrose
were 20 per cent., then an equal loss would occur in the glucose and
the 100 1b. of glucose from 1 acre of cane would in the course of its
milling fall to 100—(25=2). This figure of 80 1b. of invert sugsr
should be present in the gur if only milling losses occar and no change
takes place in the composition of the juice. By analysis, however,
we find that the gur contains 491 Ib. of invert sugar, so it bas gained
491-80 1b. and this is from sucrose which has become inverted. This is
equal to (491-80) x X2 eqﬁal to 390 1b. sucrose loat by inversion, equal to
13-7 per cent. on the sucrose in the juice of the cane,

From the above table the total loss of sucrose in gur making appears
to vary from 34 to 57 per cent. or nearly one half of the sucrose in the
cane 18 lost in this process of raw sugar making.

Of this whole loss, from 16 to 23 per cent. is due to bad milling and
from 3 to 14 per cent. to inversion of sucrose in boiling the juice From
1 o 22 per cent. of the loss remains unaccoupted for. It is probably due
to losses in handling the raw and manufactured products, petty theit,
in destruction of sugar in boiling and in & lower milling efficiency than

. that recorded. The extent and nature of this loss requires further
investigation. I do not presume fo state that in all gur making processes
and with all canes, the losses are as high as 50 per cent. : they may in
some cases be less, but this is unlikely since the mill used in these
experiments (Nahan) was of a better type than is usual with the
zemindar. _

Clarke ! gives an expression of from 71 to 87 per cent. for various
canes, using this same type of mill, and our results at Gurdaspur fall
within the limits quoi;ed by the sbove observer. We know that the
expression eflected varies with the rate at which the mills are made to

1 Pusa Bulletin No. 42 : Notes oo Tane Crushing in the United Provinces, pages 7 and 8.
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" revolve as well as with their adjustment. - It also varies with the nature
of the cane. The figures in the above table are, therefore, to bs taken as
spproximately representative only. They are sufficiently acourate,
however, to give us some idea of the magnitude of the losses effected
in making raw sugar under the best pesslbie prevailing conditions, and

.they indicate the immediate need of improvement, if cane cultivation
. is to compete successfully with the other sgricultursl products grown

- in the district.

N
i .



CHAPTER IIL

THE CHEMICAL COMPOSITION OF THE DIFFERENT VARIE-
TIES OF CANES GROWN IN THE DISTRICT.

1. System followed for sampling the canes and recording the
results.

The usual methods of cane analysis were followed in obtaining the
figures referred to in this report. :

In simpling & field crop like cane, considerable errors are liable to be
made cwing o variations in the field. These may be so variable that
the different canes of one soil may show & considerable variation in the
composition of the expression. The only really satisfactory method is -
to examine the juice and bagasse several times in the course of the passage
of a large quantity of cane through a standard mill so eet and controlled
as to give a Iairly uniform extraction. In suck an enquiry as the one

- described here, this was of course impossible, It was easier to multiply
the number of analyses and strike an average than to undertake the
costly arrangements attendant on the experimental crushing of large
measured areas of cane. Another point in favour of the syatem adop%ed
was that the ripening of the cane could be followed simultanecusly in
different parts of the district by carrying out the snalysis at’a central
laboratory. A smsll laboratory was set up in the office attached to the
Government Experxmental Station at Gurdaspur, and the cane gamples
were coilected in selected villages in the adjacent counfry and at such
distances that not more than 24 hours elapsed between the cutting of
the sample and its analysis in the laboratory.

One or two stools of cane were selected for each sample by the Field
Assistant deputed for the work, care being taken to select an average
rather than & good stool, and always at some distance from the edge
of a plot of growing canes. The cane after cutting was stripped of leaves

. and then wrapped in the cane leaf, and at once despatched by messenger
to the laboratory. As far as possible the sampling was done in the
afternoon or evening so that the material reached the laboratory eacly
the following morning or at least by mid-day. The cane was then
weighed and milled in & three roller Nahan mill driven by bullocks, a
record being kept of the amount of juice expressed.

~ Under these conditions, there is a probability of thange taking place
both in the corcentration of the juice and in its composition. The
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stripping of the stem and the wrapping in the cool and moist cane leaf
rednces the change in concentration to & minimum., Even in exposed
cut cane in bulk the loss in weight does not usuvally amount to more
‘then 2 per cent. according to Deerr (foc.
. loss of avallable Sugar during the first 24 hours as about 2.7 per cent.
Tt is not an uncommon, practice among farmers in the Gurdaspur
District to allow a day to elapse between cutting and cmshmg and thix
practice is said t6 yield a dryer and better gur.
The loss of sugar resulting from storing canes was examined &t the
outset of these experiments and the resu]ts cbtained are given below
in Table XIX. -
In the above experiment the cane ,samples were stripped of leaves
and apalysed after storing for 24 o 48 hours. Out of 20 sampies, only
1 showed & decrease of sucrose.

TABLE XIX.

3

cit). Weinberg estimates the

Skﬁwmg the change in mposz.ﬁwﬂ of sugars in juice on storing canes..

Special expemments on the effect of " stripping the cane on t}xe
sucross contents.
Chak No. 79 near Agricultural Station, Lyallpur.
Special a.'nalysis of red, thin Chin purchased from Rura tenant.

. =]
. Desoription aud oeality of g § f s g = g BE
No. ana daste of snmple cars 2 g | g g 3 58
Llgig |8z 3 58]ss
AERERERE R AN RNt
LA AEELELEE ’ & | &t 8
1. othMareh 1212 . | Red tuin Ghin Tumateunnt | 504, 021|103 ¢ 31| 149 (8270 2396] ..
) Suation, Lyallpur-
L% Tk g, . . | Xo. 1 afta 3 bours . | 436 | 037 1058 231 | 18 8078 2014 +w
3. 6&th - Another stool anadysed fresh: , | 5239 | ©-17 [17°60 ; 225 | 080 | 78-21 | 99.48 .
4 T . . .| No.Saforzehoms . .| GOT | 078 | 1808 | 232 | 431 |77o1 [20ds | 4048
S, @h , , .| Anotherstoolanslysed fresh A 487 | 012 1772 | 222 ) oes rosz 193] ..
6 Th . . .| Wo.saficr2thoum . .| 50| 046 | 1845 230 249 |80-23 {2170 | +OTB _
7. 6a ., u . | Anotlier stonl amalysed fresly (5008 | 0-28 {X7-60 | €26 150 752 |02} .-
8 Sth o, . o, . | No.7afterdShoars . . |se207| 084 1888 | 242 1807793 2220 18
-8, &8th o, o, . i Another stool analysed frosh, | 5268 | 0130 [ 1940 | 28°10; 051 | 8267 2;*.'18 .
10, 82, . .| Ro.oserashowss . .|5008| 057]i06 | 2e2) 1es|svos ebar| 4o
J TR < N Anocther stool analveed fresh | 58-26 | 028 ;I?-szé 227} bag i??’sz ;2&‘--92 "

Bg -
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TABLE XIX—conid, ,
<138 i !
a : -
Description and locahity of {31 €
Ko. ind date of saaple PEOD cans ¥ ; X 4 a 2 § g . E s
g i § 3 g £ : §§
2 §
- <o g [ 3] = 2
§%. 8th Maroh, 1012 . | No. 11 alter 48 hours +} 5044 ) O3B /IR0 § 230 201 [T00T |58 | 4108
18.12h ,, o . | Anotherstool snaivaed frosh | E261 014 {17671 18] 878 [as1 lweea]| ..
16 i5h ,, . « | Ko, 16 after24boues . .| 512 0% J1788] 234 506 | 7838|9036 ]| —011
16. 12th ,, o + { Another stool apalysed fresh 4971 025 1 18-86 | 287 D70 | 8524 | 2301 .
0 13tk ., = - | No. 15 atter 24 hours 2| s57] 918 {2000 | 241 ] 004 |n22s |evae] 4107
1712, p « | Anotherstcolamalysed fresh | 514 | 636 {10681 218 074 {5500 [228 .-
1. 18th L, . . | No.17afterdBhouss . . | s08| 0507 2108 | 255 ] pou |eoze f2ee | 4288
19. 12th .. . , - | Anotherstoolesalyscd fresh § 541 011 1092 238 055 (837 [2s7e¢| ..
[/ T S, + i Ro.19afterd8hours . .| 470] D58 [2180 | 2731 244 |8034 {2822 4197
2. 12th ,, = « | Another stool anaiysed fresh 5031 18 1981 24| 092824 2588 »s
22,18tk 4, o s i No. 21 after 24 BRours| 12| O18 205 7 1 %19
’ oo riined and analysod) 246 0-86 {8337 (2381 | +
25. 12th ., « | Another stool analysed fresk | £0.6{ G-006{19'67 | 23.0 | 048 |ac31 |e32a! ..
2. 1Sth . o . | No. 25 parafined and analysed]| s5-0] 01022002 925.1) 948 [8s36 (2242 | +336
after 24 hours B
25 I2th , n « | Another stool analysed fresh | 553 T 0-102)18-98 | 233 | 054 | 5217 [ 2176 | ..
28, 1th 5 » « | Xo. 73 paraffined sand ana- | £9-7 | 9407|2017 ] 258 202 {7871 [ 2191 | +1 10
Iynod atfer 48 hours
27.12th L. . « | Another stool analysed fresh | 511 | 019 |1808] 229 1-06 | 7898 [2834 | ..
28, I4th . No. 27 paraoed and | 507 | 104 |27 . 7 .
* » o ﬁwr %5 hours 17381 256} 400 {6791 |24 35 —- 7
Samples of focal ]3hsnia, Goverament ¥Farm, Gurdaspur.
20, 10th Febroary, 1012 . | Onestool analysed fresh . | 5698 0-46 | 16-58] 18-T { £90 B304 |13-82] ,
80 11t o w o | No. 20 after 24 hours | 5951 .0-67]1518] 182 ] 441 [833 |1890] —p57
81. 10th - e« | Anotberstool analysed fresh | 557 090 | i474| 1806 61 8188 | 1827 .
e n o« No.Zietter24hours .~ _| 604 | 0-89 | 1467 | 182 | 610 | 6005 | 1568 | —g17
83, 12tk - « « |-Another stool ansivsed fresh| 516 0801 13-88] 17.2: 504 (705 ; IB77 .
PR T - . m;.u ﬁmm 48honrs (ends | 588} 033 |3516] 185} 217 {819 (1988 | 147
.12 . w | Amother stool suoalysed froeh | 667! 085 {1355 177 479|795 {i52s] .
: .{ No. 35 analysed after 48| 588 ] 012 | 143 - - 4 1895
88, 1dith ” " hours {eads cut off) 18-51 &-B3 [ 78 . +508
87.126 . +» » | Another stool susiysed fresh| 51-8] 062 {3368 ] 172] 504 (785 [2977] ,,
. § Ro. 37 apalysed after 48 | 5401 025 | 1428 . - “id
8. HMth & ooy bl 178 175 814 1924 } 4055
9% 1B, s« } Another stool spaiysed Iresh | §6-7 | 065 11355 177 &70 {785 1525 ..
« ] No. 20 analysed after 46 | 562 | 000 1460 18-8] O-61 [ 7814 | 1704 -
49. 14th » houss {ends not out off) : 1
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Some loss in weight was bound to occur. - The resulting concentra-
tion of sugar in the juice can be discounted by comparing the ratio of
sucrose to total solids before and after storing. The remaining sixteen
samples show an increase In sucrose -varying from 2 to 24 per cent.
This result is important, and has been followed up in a separate series
of investigations to be published shorfly.! It offers an explanation for
the above-mentioned country practice of storing cane before crushing.
It affects the results given in the tables of district cane analysis to an
extent of about minus 0-34 per cent. of sucrose in 20 pes cent. of the
samples stored for the above period, and plus 1-1 per cent. sucrose’in
80 per cent. of the samples. This error is not a serious one In view of the
variations bound to occur in the method of taking small samples. Where
paucity of staff did not admit of the full analysis of the bagasse at the
time of crushing, this was preserved by the addifion of a small quantity
of chloroform to a previously weighed mass of bagasse enclosed in a
stoppered bottle. This was found effective in checking enzymic hydro-
lysis of the sucrose or other fermentative changes for the peried required
to despatch these bagasse samples to the central laboratory at Lyallpur,

In eollecting the samples, the Assistant i in-charge of the work supplied
the following information —

(1) Date of sampling : (2) tahsil and village: (3) name of grower
{4) date of sowing the crop : () class gnd description of cane : {6) class

sof soil on which the cane wes growing : {7} an estimate of the canes
-attacked by borer or disease.

Onareceipt of the samples in the laboratory the analyst recorded the .
number of the sample, the average length of 10 canes, the average length .
of the jnternodes of 10 canes and the-average thickness of the canes
between the nodes.

© These latter figires were eollected as bearing on the growth of ‘the
cane and the effect of the season on this.

These figures will be found in the tables giving the average composi-
tion of the different types of cane grown in the district at pages 48-54
below.

2. The composition of the different types of canes grown for the
seasons 1911.12-1915-16.

The examination of the district canes commenced in §annary 1911,
and has been continued both in the district and at the Gurdaspur ex-
perimental station or both, up to the present sesson. The district
samples were taken from selected villages throughout the Gurdaspur
and Batala tahsils where the best cane is grown. For the practical
purpose of the enquiry, it was very necessary for us to consider the best

* Agri. Jowr. India, vol. XII, part IL. - ~ o
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and average cane cultivated in the district, and for this reason we have
not extended the enquiry to include the poorer canes of the Bet or of the
Pathankot tahsil.

Katha or. Chan.

Local information. A thin reddish cane—very hardy—great tillering
powers—considerable ability 4o withstand drought, flooding, and to a
less extent frost. Ripens earlier than any other variety. Leaves are
very persistent and it is consequently & difficult cane to strip. The
rind is hardeemd so the cane is not used for chewing. The juice is not
of good colour, but is much liked for drinking as it is said to be healthy
compared with Dhaulu juice, which, though a nice white colour, produces
an excess of saliva in the mouth after drinking. The juice is small in
guantity compared to other varieties, but contains a good percentage
of sugar. .

This variety is said $o have arisen from the wild “ Kahi” gmsa,
which grows in swampy lands in the submontane tracts.

The gur from this variety is said to keep better than gur of other
varieties. A good crop yields 30 maunds gur per acre.

Distribution. The most universally grown of any variety in the
Province, it is found—

(1) Extensively grown under berani {rain-fed) conditions in sub-
montane tracts, where the rainfall, though moderate,
is insufficient for other varieties.

(2} Under well and canal irrigation in the submontane tmﬁs
some distance from the hills. -

*(3) In low lands along river and canal banks and on the borders
of swamps, where the absence of drainage prevents other
varieties from growing. In these localities rab is generslly
made, a8 the crop never properly ripens.

{4) In the canal colonies in the southern districts of the Province
a3 it withstands the hot dry climate better than other
varieties.

TABLE XX.
Dimensions of Katha cane grown in the Gurdaspur District.

1911-12 1912-13 1913-14

-

Number of observatmns oY whick the following, 1,080 220 9
figures are bassd. .

Average length of cane . . . . 4" 83" & 1077 Lo

Average longth of internodes . . . 349" 3-89 33

Aversge thickness of internodes - . 044 0-457 525 1 f
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TABLE XXI.

Composition of cane in the Gurdaspur District. Variety Katha.

»

ARALTSIS
No.of
& Juies
forwhich | “por” | @lucoss | Suercss | Tatal | ©lucose | Purliy
Toar Honth tho avel- | gong, solids mtic  joo-eficlent
agt has {on . H Fibra
:’m“’“& cane) i | (Glucose f {Sucross on cang
{Per cont. in nice) X100} X200} 1
I "Sucross [Total salids
Fanuary 65 | 5502 o-08 16-85 1944 16| S+10| 2050
01138 .
{ Febrasry . 20 | sess 051 1171 £0-23 231 8r41| 2028
Tecomber . 1| soB v43 | 1882 20-08 58| 8277 | 21EG
®iz1s .| Jemuary . 12 | a1 17| (1057 1991 775 B22s | 2084
February . o | 5B 038 1786 2178 213 8206 | 2188
Hovember 1| sess 280 1275 1880 2196 87811 213t
151 Decemlxr . g | seav] - 108 1858 2045 620.] 8088 ] 2257
W6 )
Joxuary . s { se0p 140 1588 1056 018! 78| 2011
[ Februsry . 5 | sreo| 938 1858 20-04 230 ]| 8z4s| 2070
Yovember - 1| es o8| 42| 174y 18| 818 | 2168
191418 .4 | December 3 | 585 e8| 1454 1805 41| moss| 2175
- January s | eos 048 15-40 wsw| . s s10e| 214
-
AVERAGE . 135 | 5798 085 1586 1958 538 slo2| 2118
Highest . ! . .. 6190 g80 | 1788 2178 E106 | 8741 E2EY
Lowest . . 5692 028 1276 1747 184 o781 wn1
Dhaule of Gardaspur. .

Laocal information. Green when unripe, the cane becomes a white
colour, as its name implies, on ripening. It is thicker than Kaths and
requires & better soil and a more liberal supply of water. Occasionally
found under barans conditions but is nearly slways irrigated. It ripens
later than Kutha. Leaves sirip off essily. Rind is softer than Katka.

Thesets at planting time.are more prone to white ant attack than those’

of Katha. This s;;piles to all varicties in the Province. The thicker
the var:ety the more prone to white ant attack it appears to be. The
gur is & better colour and the sugar made from it whiter then from Kathe.
The gur is reported to be inferior in keeping quah%;ea to that of Katha.
Distribution. Tt is confined to irrigated lsnd in Gurdaspur and
adjoining districts. Outside of that tract it is seldom foupd and does
not appear to thrive anywhere so well as in the Gurdaspur District. .
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TABLE XIX—contd.

DISTRICT

- - ‘§ ‘é\ § gg
No. dnd dete of sample Desaription c:nn: Incaticy of § £ i % % i ; & :
g 1| 2|83
2|E| 2|2 28|85
12. Sth March, 1612 « { No. 11 after 48 hours | 504} 038189 | 230! 201|907 |25t | 418
13.12th ., o - | Amother ateo] analysed fresh 524 014 | 1797 216} 078 /851 2488 V.
4158, . .| Xo. M attar24hours . .| 512 00 [17B8 ] 294 o8 {7638 {2038 ] —o001
16.12th ,, « | Another stool analysed frosh | 407 | 015 1880 ] 227! e70 (samaiosor] ..
W,18th ., w « | No. 15 after 24 bours - | 827 pisiz00e) 241 oo¢ |maes faria] 117
17. 5%th ,, 4 . . | Anotherstoolsmmiysed fresh | g1.4| O34 [18-88| 2181 074 | 8500 | 226 .
18,14k, o . {No.17after48bours . .| 458 08972108 | 253 | 284 [632s |28 | +238 .
19.12th ,. . . - | Anotherstoolsnalysod tresh | s4-1| @11 |19-02] 288 | 055 lsav fmsme] L.
20.1th 5  u « | No.1oafter4Bhomrs . .| dr0| o058 |88 ] 273! 2648024 (222!l 4107
LIt . o « | Another stool analysed fresh | 501 | 018 | 1981 | 204 | o9z {ses |88 ..
BT I3th . - . He{.? ) rzgﬁ B:ét::nd ;:::y&??ﬁ 51-2{ 618|206 | 24-6] 080 | 8387 | 2381 ] 110
28.12th ., « | Anothaerstool anaiysed fresh | So-8 | G006/ 1967 | 230! 048 8251 (2328 ..
24, 18th ,, o . | Mo, upsmmnedmdmsixsed 519| 01022092 ] 251 048 8335 2548 +128
. after 24 hours
25 12th .. = « | Another stool analysed fresh | 55-3 [ 0-193/18-98 | ¢31 | 054 [8237 {2174 ..
28. 1ith ,, « | Xo. 25 parafined and saos- | 407 ] 0407 2017 | 2581 2027971 (2181 | 4118
Iysed afer 48 hours
27. 12tk 4, . » | Anotherstool anslysed fresh | 511 019 {1808 | zee] 208 | 7898 {288¢] ..
8.4t . ~{No. 27 purofined and| 507} 10s{1738| 258 6006701 {2436 | —070
annlysed after 48 hours ]
Sumplos of local Dhauln, Government Fsrm, Gurdsspos,
89, 10th Pebraary, 1012 . | Onestool analysed fresh . | 56-88 €48 ;1 15-58 ] 187 | 290 18304 | 1582 .-
30,1188 s . - | No.20 after 24 hours .| 505 .067 15181 182 401 |8338 [1890] —agy
$1.10th s . - | Anotherstoo) amalysed fresh | 65-7] 000 [ 1474 | 380 | &1 |si8s i wir| .
22. 1ith - » = | Ko 71 after 24 hones .f o} Bo4) 08031457 ] 182 | 610 [8005 | 1558 1 17
§3. 12th ” s« }Another stool snalysed fresh! 516 080 {18498 | 172 604 [ 708 | 1997 e
.1t 4 o e N::.n tsggatter 48hours {eods | 568} 038 | 16158 185 217|810 {1938 4147
§5.12th . ., a - | Adothor stoolsnsiysedfresh | 5671 085 [1955 | 177 ] €70 {795 [1525] .
6. 1488 & e . mlsl. oug:{e;g:!mmum 48| 580 | 612|145 | 185 ] 083|784 [1695] +pus
87.12th s s - | Avother stool soalysed fresh| 516 | o080 1268 1721 seefmes l1wmr| ..
S8. 148 = . K‘i; uggefﬁlﬁﬁdm’fg 48] 549 | 0253428 | 178 575 | 6114 | 1924 | 4000
$5.12th ., = - | Auother stool analysed fresh | 5671 085 | 1385 177] ¢70 [766 [1525] .,
Fo. 39 sanalysed zf;}erls 563) 009|148 188 B6L 7814 [ 170¢ | 4114

45, 1dth o " =

bours {(ends ot sut
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Some loss in weight was bound to occur. - The resulting concentra-
tion of sugar in the juice can be discounted by comparing the ratio of
sucrose to total solids before and after storing. The remaining sixteen
samples show an increase in sucrose varying from 2 to 2-4 per cent.
This result is important, and has been followed up in a separate series
of investigations to be published shortly.! It offers an explanation for
the above-mentioned country practice of storing csue before crushing.
It affects the results given in the tables of district eane analysis to an
extent of about minus -3¢ per cent. of sucrose in 20 pes cent. of the
samples stored for the above period, and plus 1-1 per cent. sucrose’in
80 per cent. of the samples. This error is not & serious one in view of the
variations bound to occur in the method of taking small samples. Where
paucity of staff did not admit of the full analysis of the bagasse at the
time of crushing, this was preserved by the addition of a small quantity
of chloroform to a previonsly weighed mass of bagasse enclosed in a
stoppered bottle. This was found effective in checking enzymic hydro-
Iysis of the sucrose or other fermentative changes for the period required
to despatch these bagasse samples to the central laborafory at Lyallpur.

In eoiiecting the samples, the Assistant in charge of the work supplied
the following information :—

{1} Date of samphug (2) tahsil and village : (3) name of grower <
{4) date of sowing the crop : (5) class gnd description of cane : (6) class

-of s0il on which the cane was growing : (7) an estimate of the canea
-attacked by borer or disease, ,

Omereceipt of the samples in the laboratory the analyst recorded the -
number of the sample, the average length of 10 canes, the average length .
of the internodes of 10 canes and the-average thickness of the canes
between the nodes.

These latter figures were eollected as bearing on the growth of the
cane and the effect of the season on this.

These figures will be found in the tables giving the average composi-
tion of the different types of cane grown in the district at pages 48-64 -
below.

2. The composition of the different types of canes grown for the
seasons 1911-12—-1915-16. .

The exsmination of the district canes commenced in Janua:y 1911,
and has been continued both in the district and at the Gurdaspur ex-
perimental station or both, up to the present sesson. The district
samples were taken from selected villages throughout the Gurdaspur
and Batala tahsils where the best cane iz grown. For the practical
purpose of the enquiry, it was very necessary for us to consider the best

£ Agri. Jour, India, vol. XI{, part IE. - ~



48 SUGAR AND SUGARCANE IN THE GURDASPUR DISTRICT

and average cane cultivated in the district, and for this reason-we have
not extended the enquiry to include the poorer canea of the Bet or of the
Pathankot tahsil.

Katha or. Chan.

Local information. A thin reddish cane—very bardy—great tillering
powers—considerable ability ¢o withstend drought, flooding, and to a
less extent frost. Ripens earlier than any other variety. Leaves sre
very persistent and it is consequently a difficult cane to strip. The
rind is hardeeed so the cane is not used for chewing. The juice is not
of good colour, but is much liked for drinking as it is said to be healthy
compared with Dhaulu juice, which, though a nice white colour, produces
en excess of ssliva in the mouth after drinking. The juice is small in
quantity compared to other varieties, but contsins a good percentage
of sugar.

This variety is said $o have arisen from the ml& “Kahi " grasa
which grows in swampy lands in the submontane tracta.

The gur from this variety is said to keep better than gur of ot;her
varieties. A good crop yields 30 maunds gur per acre.

Distribution. The most universally grown of any variety in the
Province, it is found—

(1) Extensively grown under barani (rain-fed) conditions in sub-
montane tracts, where the rainfall, though moderate,
is insufficient for other varieties.

{2) Under well and canal irrigation in the submontane tracts
some distance from the hills. -

"(8) In low lands along river and canal banks and on the borders
of swamps, where the absence of drainage prevents other
varieties from growing. In these localities rab is generally
made, as the crop never properly ripens.

(4) In the canal colonies in the southern districts of the Province
a8 it withstands the bot dry climate better than other
varieties.

TABLE XX.
Dimensions of Katha cane growm in the Gurdaspur .District.

1811-12 1912-13 1913-14

-~

Number of observations d% which the fﬁﬁowingl 1,080 220 9

are based. -
Averagslengthofcsne . , . .| 483 | ¢ 107 &
Average length of internodes . . . 340" 388 3-3°

Aversge thiokness of internodes . . 044" e-45" oW
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TABLE XXI.

Comgposition of cane in the Gurdaspur District. Variety Katha,

ARALTEIS
‘!::E.e!
Y82% | Joloe
for whish|{ “por Glocess | Suczome Tofal Glocae Parity
Yoar Month the sver- | gepg, - solids ratic  leo-efliclent
age has ton - F Fitrs
steack cans) . (Glucose | (Sucrose on eang
{Pex cent. it Julce) | x100) | x100)
" Sterose | Tosal solide
N Jamuory . 88 { 5562 0-08 16-38 044 £16 8410 | 2050
1831-1 :
i.{ Februsry . 20 | 5038 061 1778 20-23 29 8741 sz
Dicember . i 808 42 1662 26-08 252 8277 | 2188
®12-13 .| Femusty . 12 | see 27 “16-37 1091 775 8222 | 2064
Febrasry . ) §875 38 1788 2178 213 sg00| £1-53
November 1| 582 80 1278 1856 £196 &rer] z1s
- December ' - s B8-47] - 108 1658 $0-45 629 883 | 2257
1638-14 L 31
January . & | 5492 140 15-38 86 15 18] 2011
“Febraary £ ]| 5750 638 16-53 2004 280 848 ] 20-Te
November + 1| sos 026 1428 1747 184 818 | 2163
1014-18 . | Dosember . s | 588 064 14-5¢ 1505 441 | BOBE| 2175
- Tonuary . g | &4 &40 1540 1878 | . 300 8109 | 2124
-
AvIRAGE . 138 | 5788 @86 1586 | 1058 E-36 81-02¢ 2118
-Highest . | . .. 8190 280 1788 2178 2198 gr41 | BT
‘Lowest . . 5692 26 2875 1747 . B4 8781 ] om
Dhaulu of Gurdaspur. »

Local snformation. Green when unripe, the cane becomes a white
colour, as its name implies, on ripening. It is thicker than Katke and
requires & better soil and a more liberal supply of water. Occasionally
found under barans conditions but is nearly always irrigated. It ripens
later than Katha, Leaves strip off easily. Rind is softer than Katha.
Thesets at planting time.are more prone to white ant attack than these™ -
of Katha. This applies to all varieties in the Province. The thicker
the variety the more prone to white ant sttack it appears to be. The
gur is & better colour and the sugar made from it whiter than from Katha.
The gur is reported to be inferior in keeping qualities to that of Katka.

Distribution. It is confined.to irrigated land in Gurdaspur and
adjoining districts. Outside of that fract it is seldom found and does .
not appear to thrive anywhere so well as in the Gurdaspur District. .
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This cane and Tereru are occasionally found growing in Jullundar,
Ludhiapa and Ambala districta a8 mixture in crops of Dhawlu of
Phillour. There is no difference made between them and they are
both known as Ghorru and are disliked as they are said to yield very
inferior juice. '

TABLE XXII.
Dimensions of Dhaulu cane groun in the Gurdaspur District.

1911-12 1912-13 1913-14

Numsber of observations on which the follow- 760 340 20
ing figures are based.

Average length of cane & . . . & 62" | & 05 5 o8

Average length of internodes . . . 2-89° 341 3o
Average thickness of internodes . . . 052" 056" 038
. TABLE XXIII.
Compesition of cane n the Gurdaspur District. Vagiety Dhaulu.
No. of . Anﬂng
' for which | por Totat | a | pant
Year Mooth theeam- ggt .Otucose | Bulfrose it Siasoms oo or Iy -
:E’ﬁ caoe) TOiies” (Burrosa | ov Do
{Per cent. In juico) x 100 « 100
- “Bucrove Toial sciids
1;11—12 - { Jamuary . @ | ssse 057 1648 1888 848 8720 | zo7s
Febrmary ss | 584 041 1611 1903 254 se8s | 1987
Detember & | &893 127 1881 1752 o185 738 | go2¢
191218 { Jenuary . 18 | erm 088 1681 1608 87| 8338 1904
February . 15 | ses50 ozr| 1781| %048 186 sesz| sost
. {1 November . 2 | 5080 336 1125 1685 2-00 877 1818
191516 { Decomber » s |/ se1s 039 415 |7 1729 276 8184 | 1941
January . s | s7a 110 1598 1737 787 B0-48 | 2017
Fobrosty . 1 | sew 052 1488 17:51 254 9383 | 1980
November . 1| @1 |+ oal. 1387 1605 204 8340 | 1682
191425 { Decomber . 4| s7a7 062 127 |, 1588 87 s13s| 1907
Japmey 2 | ez o4 1455 1748 281 9247 | 1087
ing-i6 . | Jupuary sz | sor2 262 1022 1501 25-60 a1 | 199
AvEEian . 18¢ | s o0 1423 1759 582 so-ak | 1908
Highest .| .. $20 8-30 1781 2045 | 2560 8720 | 2075
Lowest . . 5532 27 1128 15-01 1.56 6577 | 1559
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Tera or Tereru.
Very like Dksaia of Gurdasyu:, but with ivory mrkmgs In
Gurdaspur District, where it is very commonly found as 8 mixturein
hauly of Gurdaspur, it is looked upon as 'a fairly good quality
cane, and the presence or absence of markings is said to be & question
of weather conditions, Sometimes & crop from typical Teru seed will
in the next year show no ivory markings. On the whole DkRaulu is
preferred to Teru in the Gurdaspur District, In parts of Jullundar,
Ludhisna and Ambala districts, # is found much less eommenly' as a
mixture in “ Dhaube of Phillowr ”* crops. Generslly the i ivory markings
are present, but occasionally they are absent, when the cane is idéntical
with Dhaulu of Gurdaspur, In both cases, however, the cane is known
as Ghorrii or Elkker and is much disliked, as it is said to yzeid. :
very inferior juice and the best cultivators discard it when they sre
cutting sets for seed. In the Samrala tahsil of Ludhiana District some-
times the markings are very heavy indeed.

]

. TABLE XXIV.
Dimensions of Tern or Tereru cane grown in the Gurdaspus District.

191)-12 191213 1013-14
Number of observations on wiuah the follow- 8% 30 ' 2
ing figures ars based. -
Average length of cane . . . . ¥ 84 5 2 410" .
Average longth of internodes . N . 2-66" 3547 3387
Aveorage thicknesa of internodes .~ . . 0-53" 45" 0487
TABLE XXYV. ; . R
*
Composttion of cone in the Gurdaspur District. Vagiety Teru (Terern).
No. ot ANALYEIS
;naﬁgh Juien
oT ‘Per
Tear Month the aver. | tent. [ Glucoss | Sunercea Tatal Hlucome Purity
) age has fon solids - |- Ratle | ec-eficlont] pppo
ieen ©sne} on
-1 etruck Glucome ;| Sacrose cana
5 (Pex cent. in foles) _x100 = 100
) Sacroro Tolial solas
-,
o112 Fatwnry ‘s | 8018 1-05 1588 1828 _&70] 8001 1068
- ") ¥ovember . 1| sEm “1.37 e3¢ To20 1628 Begz | 2i78
Decbmber . 2 5923 C 090 1493 1704 eo3 | _apil| 2235
I93-14 .41 Jamuary . N 5670 0-95 1515 18-26 &63 s302 | 1094
February . 1 5701 62 1546 1768 |, &4 B6-88 | 108l
AvERraaR .| 14 5839 | . 068 14-88 1766 (2] 84:3177 2078
Bighest . e 8r13 1-87 15-88 1828 1028 8§88 | 2235
lowat .1 .. 5676 062 1332 1e20l f epa’  g211] 1988
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Kahu. ‘

A green cane, becoming a paler green on ripening, with
broad leaves and tall growing habit. The thickest cane in the province
from which gur is made. Requires better cultivation, better land and
more irrigation” than other varieties. Is subject to red rot. Ripens
very late. Yields very heavily and gives gur and shakkar of very superior
‘quality. Has a soft rind and is consequently largely used for chewing
purposes. Is very susceptible to frost.

Distribution. Asa chewing cane it is to be found widely distributed
over the Province near towns. As & gur-making cane its cultivation is

“ practically confined to the Gurdaspur District, where the conditions are
fairly suitable in good and mild seasons.

TABLE XXVI. .
Dimensions of Kahu cane growm in the Gurdaspur District,
1911-12 1812-13 1013-14
Number of observations on which the follow- 190 190 8
ing figures are based. -
Average length of cane . . « w 4 10" 5 12 4" 11
Average length of internodes e e . 3 301° 3-88"
Average thickness of internodes . . . o-72% 0-85" 63"
TABLE XXVIL

Composition of cane in the Gurdaspur District. Variety Kabu.

No.of | AzaLysis
- rm:-ié;eh
or Porit
Yoar Month theaver- | F0lee | oo 0l T focrose | fFotal Gucose |, mcicnt
.ﬁm per solide ratio {RucTose Fibre
em |t . ot | s 17550 | oo cose
! sken c ————eem '
] cane} (Pﬂ‘§ ot . 5 fmilee} Facrois) ‘fg;ic&i‘
1911-12 Janhary 10 8532 138 1478 1790 o0 BZ5T 1508
- Febraary 5 6810 008 15-08 18068 623 83-55 | 1524
| December . 2 | 6035 187 1250 1600 1445 730 | 1448
181213 .4 Jammary . 1% 65 14 142 1386 17-54 30-50 7884 | 1371
§”bf“*g - 4 71-87 177 14-48 18-23 12-42 ‘?9’42 ;g?:r
- November -1 6556 4§14 1076 16-50 38-53 651 -
1913-14 . + December - . 2 8758 2.01 1350 1780 15-041 7570 33'2?
. Japuary 5 85-84 12 1227 1641 A1738 L T4 1485
. { February 5 86-23 1-70 1320 1889 12-58 7845 | 1253
| “Avemace | 46 86-15 198 13-38 1724 1442 7781 | 1236
- Highest . -- 71-87 14 15-8¢ 18-23 38-51 8355 | 150%
Lowest . - 60-25 004 1075 16-41 &i3 8518 § , 1200
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Merthi. _
A tall growing thick cane. Very similar in general habit to Kahu.
Distrsbution. - Found near towns in the tract where Suretha is grown,
wut, as it is grown only for chewing purposes and on a very small scale,
is of little importance. ~

TABLE XXVIIL
Dimensions of Merthi cane grown on the Gurdaspur Farm.
1912.13 1813-14 1914-18
¥
Number of observations on which the Sgures 5 8 B
are based .
Averags length of cane . . . . N 4 65" 0
Avorage length of internodes . .. EZ o 3-337 %00
Average thickness of internodes . . . -89 086" 0-66"
TABLE XXIX.
Composition of cane on the Gurdaspur Farm. Vawiety Merthi.
Ko, o ARLLYSIB
“] analyses 4 B
for which - .
- Yenr Fonth thoaver- | Julte | geonn | Sucrese| Total Gincoss | Purity Fibre
age haa par salids Eatio iec-eficlest | on cane
. been ?at.
taken o0
canch {Ter | espod. in juice)
Decomber . 1 o874 216 12:55 1732 1715 7235 | 190
Wi2as |4 Janvary . z | sz o6 1308 1820 1877 7070 | 1348
Febraery . 2 | 7146 266 1581 1741 14582 0052 | 1246
Dotomber . .2 | esos 268 13-21 1884 2050 7242 | 1208
101814 .4 Janmary . 2 §6-30 212 1418 1754 14-08 867 | 1268
February . 2 | szse 104 1674 18:50 621, 0048 | 1463
Fovember . ‘1| ess 232 851 1251 27-22 68-Ge | 1634
191616 Docembor , £ | srs 238 Bo1 1274 2740 o780 ] 1178
U] Fenesry . 1 [ esd 1-36 1298 18-34 ior1 w1 133
Febraary . 1| sap 1-85 1514 1834 1027 sos | 1808
AVERaGE , 18 | sre2 217 1208 16:51 1674 5 137
Higheat . - 7145 288 1874 1850 27-40 P82 | 1684
Lowost - 8282 1-04 851 1281 &2 0780 ] 1178
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Kansar, . )

Local information. A tall growing thick-red cane of the Kaths
type, approaching the thickness of Surethe. Requires good land and
more abundant water supply than Dhaulu of Gurdaspur er Phillour,
It ripens late but yields heavily. A goed crop is 40 maunds gur per acre
of excellent quality.

Distributiop. Most extensively grown in the submontane tracta
where the water supply and land are specislly good. Large areas under

this cane are grown on canal- irrigsted land in the Batala tahsil of the

G&rda.s;xur District where it is known as Kahu Katha. It is also found
in the submontane tahsils of Jullundar and Ludhiana districts, where it
is known by the names of Dag Chan and Masingen. Haa been seen grow-
ing as far south as the Chenab Colony, but this is exce ptxcnal Dries up
and becomes pithy in eentre unless the water supply is very good.

) TABLE XXX.
Dimensions of Kansar cane grown inthe Gurdaspur District.

igit-1g 191213 1913.14
Nember of observations on which the follow- 240 . i70 5
ing figures are based.
Average lsngth of cane P . . & 83 ¥ o9 -* & 5"
Average length of internodes . - . 415 432" 3-8
Averago thickness of internodes . . 860" 085" 059"
. TABLE XXXI.
Composition of cane in the Gurdagpur District. ¥ariety Kansar and Kaths Kahu.
"m,, of . AXALYSIS
e
trig
Yaar Month the sver- | 79 | figcose | Sacrase Total Glueass | Parit Fibre
agehas | POt -solids Balio ca-eﬂczat 0n gacs
! heen -
- {on
streck cane) (Pezcent.1n }iulm)
} Janud - 15 $8-48 066 1567 1961 360 8540 1 W75
91132 . sz’ﬁiu% - 5 57-00 @77 17-53 20-81 ot 8760 | 2Ii8
l December . 1 83-40 663 15-08 1910 291 B4-37 a};:m_ anse
181213 . January . B 8454 098 15-66 1932 &2 8280 | 1v-19
Feﬁrusrg ~ 7 85-3F 077 1706 2122 451 840 [ 1547
I November . i 63-68 o971 1405 1060 19-30 7396 | 1484
1813-14 .4 December . 1 8z 7¢ 1-48 1485 18-65 . 90 se-19 | 2383
January . 5 59-81 « 1'57 1275 1926 1231 ee2n ]| 1s28
¥ebruary 2 8240 302 17-37 254 587 84581 1982
November . i §1:5 120 983 1434 12-20 6550 | 21-78
191418 .4 December . 4 2 8045 061 1221 1608 500 7863 ] 1594
January . 2 £2-85 054 1304 1761 414 7455 19-50
AVERAGE . 51 81-82 1-07 14-50 1005 7:23 7681 1794
Highest . - 85-37 1-57 17-53 21-22 19-36 18700 ] 23-83
Lowest . . 1 5700 054 82 434 360 66-20 | ik
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. 3. Climatic effect on the composition of the cane juice.

An Indian crop report is always prefixed by an account of the season
under review, and in & country where so much depends on the charaoter
of the summer rains, the variations introduced into the ares under crop
and the crop outturn by this climatic factor are extremely wide. Irriga-
tion canals and railways Kave to s large extent eliminated the famines
which in bygone days devastated Qorﬁions of the country when the
rains failed, but the simile of a shower sf rain to a shower of gold still
holds for North India.

Where the cane is grown under barani conditions, %hat is by rainfall
alone, the crop is directly under the weather. Where the rainfall is
augmented by well or canal irrigation, climatie variation ean be to a
large extent neutralized. In a-dry hot climate like that of North India,
it is very doubtful if irrigation—useful as it is—can adequately replace
rain, for one has only to psss through a growing crop after rain to see
the difference between its effect and that of irrigation af the same fifhe
of the year when-the weather is dry. In Hawaii® it is stated that young
cane Tequires irrigation water at the rate of §” per watering, as it gets
well above ground it requires about 1 inch up to 8 or 4 months, after
which it requires 1-5 inches until fully grown, when waterings 3 inches
in depth are LeCessary. This is in & climate awvhere the air is warm and
moist and rain falls every month.

‘We have no such figures available for Gurdaspur, and all that can be
said here is that in a dry season -the cane shows very uneven growth
and the system of irrigation by canal is not elastic enough at present
to enable the cane grower to adjust his water supply to the crop require-
ments, Where irrigation from wells is practised,- the water supply is
more under the direct control of the farmer, but here again he is limited

" by the cattle a$ his disposal. In & dry season the erop requires much
more water than in one of normal rainfsll, for more water is lost by
transpua.taon To what extent these vary, we do not at present know.
It is evident, therefors, that under the best prevailing conditions cane
in the Gurda.spur District is very dependent on the summer rains. Any-
improvement in the elasticity of water distribytion during April, May and
. June will be of help to the cane grower there, and so also will be any
improvement in the water yield of the wells and in water-lifting methods.
These latter points are receiving the special attention of the Agricul-
tural Department at the present time and the introduction of tube wells
and mechanical well lifts gives promise of excellent results.

1 Noel Doeerr lon. ¢if.
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But the cane crop in this district has to face other vicissitudes of -
climate besides variation in rainfall. Temperature also plays an im-
portant part. The cane season commences with sowing in tha latter
half of March, and the crop is reaped during the following December
and January, but the amount of cane remaining uncut at that time
is not very great. One of the peculiar practices of cane growing in
Gurdaspur is the care exercised by the farmer to preserve his seed. 1f
the winter is mild, the seed cane i left standing in the field. This
seldom happens however. For the most part at the first signs of frost
he cuts and buries his seed cane, otherwise the seed is spoiled.

A comparison between the seasons of 1911-12 and 1912-13 shows
that more rain fell in July, August and September in 1912 and less in
October, November and December than in 1911, In spite of the fact
that the 1912 rainfall was some 4" below the average, it was on the whole
& better seagon for cane, for not only was more rain received during
the growing of the crop but warm dry weather prevailed during the
latter part of the ripening period. In spite of the apparent better seasou
and the more even growth and better appearance of the 1912-13 crop,
the average glucose content of the canes was higher, and the sucrose
and purity co-efficient lower than im the preceding season of 1911-i2.
The principal reason for this appears to be a period of frost to whick
the former erop was subjected in January 1913 which lowered the purity
co-efficient of the juice for 2 weeks out of a total of 9 weeks during
which the canes were under chemical examinstion. A close study of the
figures reveals the fact that the drier winter of 1912 gave a riper caone =
than was cbtained in 1911, and the crop would have been better sll
round but for this frosty period.

We ghall probably find, as experience is gained, that the district ia
always subject to this reverse, and even in a good cane season like 1912
when a ripe cane showing even development has been grown, it will
still have to face the cold of winter. In this connection s comparison -
hetween the Gurdaspur and Lyallpur canes in 1912 is of interest. This
in shown in the following table.
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TABLE XXXII

| Table showing the hag?zest lowest and average amiy.ses of all canes examined
af (Turdaspur end Lyallpwf Swtwns in 1912-13.

! Purity Fibre
Glucoss | Sucrose |co-efficient | per cent.
- of juice on cane
« {per cent '{ on juice} ;
- h Qurdasgpur, District.
Hiphest . . . . . . 2-81 1925 84-13 2757
Lowest . . . . 609 691 8660 951
Average 1on 78 a&mplesi . . - 672 16-16 82-80 10-24
¥ Gurdaspur Farm, .
Highest . . . . . 4-58 19-53 8958 2323
Lowest . . . . 004 713 5340 6-72
Average {on 165 s&mpl&e} > O 124 15-13 79-30 1892
Lyailp wr Fars. 4
Higheat . . . sy T. 685 18-85 905 25-85
Iawest . f < . 004 12-60 7410 11-22
Average {on 43 aamplea} . . - 020 15-05 §2-30 20-64

In this table are shown the highest, lowest and averdge analyses of all |
canes examined at the two stations in 1912-13. From this it will be
seen that the sucrose content of the best canes at Lyallpur approximates
very closely to the best canes of Gurdaspur, while the worst Lyallpur
canes are markedly superior to the worst in Gurdaspur. -A comparison
of the glucose and purity co-efficient figures shows that here again the
advantage lies with Lyallpur. This not only indicates the climatic
disadvantages of Gurdaspur, but emphasizes the desirability of even
watering for successful cane cultivation, for we have to take into account
in this comparison the marked inferiority of the Lyallpur scils to the
best soils of Gurdaspur for cane cultivation and of u'ngation to natural

-

rainfall, S

The ripeness of cane is ]udged by the ratio of sugar or sucrose to
invert sugars calculated as glucose. In unripe cane there is but little
sucrose and a comparatively large quantity of glucose sugars. The

glucose ratio by which the ripeness can be gauged if we are dealing with

lucose per cent. 0
a known cane is given by £ E= oor ca::a . In unripe cane,

therefore, the glucose ratw is high. i
As the cane ripens, the glucose ratio falls, and at the same time the
total solids in the juice and the sucrose increase, while the amount of

. ¥
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invert sugsrs diminishes. Both grower and manufacturer aim at pro-
ducing sucrose, as the other sugars, while of some cammercial importance
83 molasses and for spirit making, are waste products so far s the making
of &ry marketable sugar is concerned. -

In 1913 there was & fall in temperature at Gurdaspur ; frosty nights
prevailing from the 6th to 20th January. A large number of canes
grown on the Government farm were, therefore, periodically analysed
to watch the effects of this fall in temperature on the sugar contentas of
the juice. The following summarized results were obtained :—

(@) There was no marked change in the.amount of juice extract-
able by the Nahan mill as the season advanced between
the limits of the experiment, December 15th to February

. 20th.

(8) In all cases there was a stesdy increase in the total solids of
the juice and this increase was unaffected by frost.

{¢) In most cases there was a steady fall in the invert sugars
of the juice, except where the cane was affected by frost,
when there was in all cases an increase in the invert sugars,

{(d) In all cases there was an increase in the sucrose content

/ of the juice, except where the eane was aflected by frost,
when there was usually a decreage in the sucrose contents
. of the juice, either during or immediately after the frosty
period.

" (e) The glucose ratio *and purity co-efficient® are both detrimentally
afiected by frost, but to a different extent in the different
varieties of cane. *.

" The cane varieties were classified in order of merit according to their
resistance to the effect of cold, and divided into the followmg four

groups :— » a "

(Y Frost-resistant (nnaflected, or almost unaffected, by cold).

{i2) Semi-resistant 1o frost, A (i.c., slowly affected by cold).

{#i1) Semi-resistant o frosé B (i.e., quickly affected by cold but
quickly recovering from its effect). .

(¢v) Non-resistant {i.e., quickly affected by cold and slowly re
covering);

The canes of the district according to iins ciass:ﬁcstwn fell into

the following groups +—

glucoss per cent. x 100
BIeroBe per cent.

t Glacose ratice

sucrose per cent. x 160
total solids per cent.

2 Purity co-efficiont =



SUGAR AND SUGARCANE IN TEE GURDASPUR DISTRICT 58

. TABLE XXXIIIL |
Classification of district cones according to the effect of cold upon the
. tomposition of the juice during season 1912-13,

Frost-rssistant 1 S"g’mt S"g‘mﬁ Non-resistant ™ .
1. Xatha of Batala « ' «'|2 Tereru of Ba- | 5. Kahu ~
tala 8. Dhauln
3, Kansar of
Batala
4. Merthi

The analytical results obtained in the case of the above varieties are
- given in graphic form in the following diagrams :(—

DIAGRAM I -
Effect of cold on the chemical composition of cane juice.

Type 1.—Frasi-resistant

13 1 I

RIFENING OF CANE,

KATHA OF BATALA. -

GURDASPUR 1912-13.
-

—_———f e =

/]

.-~

, B 2 ] &, u " 8- ‘ B

e IR, e the v s e TERITY . i e s s o e PeFERAY il g
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The enquiry was continued in 1913-14 and 1914-15.

In the season 1913-14, the periods of extreme cold were more inter-
mittent than in 1912-13. Frosty periods occurred from December 26th
to December 30th, January 9th, January 22nd to 26th, January 3lat
and February 9th, while in the season 1914-15 8 long cold period occurred
1n December {December 14—24), January 4—6th, January 13th to 16th,
. making the season & more severe one.
The district canes were classified according to the above method as

followa 1

TABLE XXXIV.
Classification of district canes according to the effect of cold upon the com-

position of the juice.

SUGAR AND SUGARCANE IN THE GURDASPUR DISTRICY

Frost-resistant Semi-resistant Semi-registant Noa-rosistant
to frost, A to frost, B :
1 T 11 1v
Season 1513-14. :
Teretu . Katha « Kaba
Dimulu . . . . Kan_su
Merthi . . . . . Bodi
. - Begson I814-15.
Kspars .. . . . } Katha -
Bedi . - e . Kansar .
Merthi. . -
_ Kstha (Sept. smm} * ~

Dhagla o

Besides the local canes, this enquiry was extended to include a large
pumber of foreign varieties and the results obtained are in preparation
for publication : where the whole question of climatic effect will be more
fully dealt with.

These results are of partlcuisr importance. They give us at once a
key to the sugar problem in the Punjab. No matter how far we may
improve cane cultivation by improved methods of tillage or by artificially
enriching the soil or how far we supply the natural deficiency of water,
we are still faced with this climatic factor of cold which bars the way to
progress. There is one narrow opening left in this barrier and that is
the selection of an improved variety of cane which is almost or entirely
unaflected by the cold to which it will be subjected.

There can be little doubt that the local varieties, such as Katha,
Dhaulu, Tereru, ete., have become hardy through long exposure to a
severe climate. We do not yet know the types of cane from which these
have sprung, but from existing practices in the Southern Punjab where



DIAGRAM I1.

Effect of cold on the chemical composition of cane jusee.

. Type & —Semi-resistant Lo frost 4.
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DIAGRAM IIL
Effect of cold on the chemical composition of cane Jurce.
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the cultivators are in the habit of bringing up seed canes from further
south in the United Provinces, it seems most- probable that cane cultiva-
tion in the eastern portion of the peninsula originated towards the lower
end of the Ganges and spread gradually north-west into the regions of
-greater cold. Within comparatively recent times, Kahu—a thick juicy
<ane—has been introduced into the distriet from the south and i .
evidently not yet acclimatized. Therout-twrns obtained in & good year,
however, render this variety attractive to the cultivators who have
been accustomed fo hard canes of the Katka type, and the farmers say
that though they may lose the entire crop; of Kahu every third or
fe&rt year, the gain in the good years rece:npenses them fer the losses

tained.

or & discussion on the origin of sugar cang, reierenee may be made
o Barber,!

«"1 Barber, C. ., * Studies in Indian Sugarcanes, No. L™ Mem. 1} ’
India, Bot.. Ser, wol. VII, no. 1, introdustion pages 1—5. » Deph. of Agri.,

2~
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CHAPTER 1V.
THE SUGAR TRADE IN THE DISTRICT.

1. Total production from Gurdaspur and other districts of the-
Province.

I shall not attempt to deal with the sugar trade of the Gurdaspur -
District in anything like a comprehensive manner, for the whole problem
of the Indian sugar irade has been fully discussed by Noel Paton'®
and the factors there set out as ruling the importation of foreign
sugar into & sugsr-producing ecountry like India apply equally
to the provincial or even the district problem. In a few words, these:
are the low cost of production in the countries exporting sugar to India.
as compared with-the cost of production of sugar in India itself, and the
ruling factors in the cost of production are yield per #cre of sugar and.
the prevention of waste in manufacture. .

In the following table I have given the area under cane for the whole-
of the district of Gurdaspur, as well aa that produced in each tahsil for
the past thirteen years as compared with that of the whole Punjab.

TABLE XXXV.

Showing the area in acres under cane for the whole of the district of Gurdas--
pur as well as that produced in each takhsil for the past 13 years as-

compared with that of the whole Punjab. .
" TagsiLs
Total area.
Total for
Years - ' the whole f: mi;:
Shakar- | Pathan- district Punish
i Gurdaspur| Batals garh ot unjs
1961 . . 18,783 18,182 2,969 4,973 40917 1" 334,500
1902 . . 17,766 15,680 $.0929 4,876 48231 | 351,500
1903 . . 17,552 18,386 | - 11,500 5,194 52612 1 309,300
1904 . . 16,720 17,154 | - 12,737 4,970 51,590 1 321,200
1905 . . 8,140 6,283 10,070 2,758 28,280 § 323,500
1508 . . 16,913 15,309 11,648 4,195 48,165 I 172,700
1907 . 15,662 17,182 8,835 4,323 47,002 277,700
1908 . . 18,591 17,102 8,974 5015 50,282 1 391,500
1809 . . 21,714 19,801 13,073 5278 59,866 365,700
1910 . . 2,188 19,614 12,534 4,709 57,135 | 411,700
1911 . . 13,556 14,887 8,613 3,159 40,225 | 387,900
1912 . . 18,64 20,803 9,220 4,860 53,287 | 2B4.800
1913 ’ .{ 20314 10,889 9,665 4613 | 54481 ] 360,400

. j ! Notes on Sugar in India.” Covernment Printing, India, Caleutta.



DIAGRAM IV.
INFLUENCE OF IMPORTED SUGAR "
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This table shows that a considerable variation takes place from year
4o year in the acreage under cane, not in baran tracts alone but also in
“the land under irrigation. There is, if anything, & greater uniformity
in the area under barant cultivation, which is countrary fo éx;;scmtion
based on the assumption that climatic variations in rainfall influence the
areasown {Compare Table 1, Chapter 1, page 2, rainfall in the Gurdas-
pur District). We must look eisewhere, therefore, for an expi&nataon
-of these variations.

During a period of ten years, 1506 to 1915, there was a variation of~
28 per cent, from the normal in the area under cane in Gurdaspur, the
Jowest im 1811-12 being 16 per cent. below the average, and the hxghest'
in 1909-10 being 12 per cent. above the average.

, Compared with that of the whole Punjab, the highest figure for the
area under cane was also in 1909-10, when it was 137 above the
average : the lowest recorded figure being in 1906-07 when it was 23 per
-cent. below, Next to this in the Punjab figures comes 1911-12, when
the average was 18 per cent. below normal. . These figures are more
intelligible when cast jato graphic form., -

In the diagram opposite I have not only shown the area under
.¢cane, but have, as far as fignres are available, meia&edm:t the average
" Karachi prices for beet and Java sugars.

2. Inﬂnence of imported beet sugar on cane cultivation in the
Punjab.

As we shoﬂid expect, the Karachi prices for imported sugar rise and
fall with the area under cane, this being evidently a case of supply and
demand ; the two naturally react upon each other. So far as India’
alone is concerned, we may regard her demands for sugar as steadily
-on the increase both because of her growing pepulation and because of
‘her increased prosperity. The area under cane should, therefore, in-
-crease, or else if any limit has been set to this by climate, soil, or Iabour,
the yield per acre and the efficiency of the methods of manufacture
in vogue should show improvement.

It is true that the-substitution of the bullock-driven iron mx!l has
made an advance over the old wooden belna’ in the efficiency of juice
-extraction, but such a minor improvement is almost negligible when
set against the mighty improvements effected in the mechanical methods
-of sugar extraction in use elsewhere. An examination of the figures
shows that in the Punjab the area under cane has not materially inereased
during the past thirty years or so, for the area in §884-85 was 335,454
acres, while the average. for the past nine years has been 366,779 acres,

Y
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gad during the latter period has frequently fallen below that of 1884.

The area for the whole of India on the other hand has shown an increase.
So far as can be gathered from the figiftes available, this increase has
taken place for the most part in the United Provinces. In spite of the
increased production which this increase of ares under cane indicates,
the ratio —=ios- has diminished in every province in the coustry.
During the ten years preceding 1910, there was an almost steady decline
in the total area under cane throughout India, which, Noel! Paton cal-
culates, was equivalent to a decreased output of 40,800 tons of potential
sugar. During this period the imports had risen by 397,000 tons. At
the same time the price of imported sugar has fallen from Rs. 101
perewt. in 1859-1900 to Ea. 8:-83 per cwt. in 1909-10, while the price
of gur at Cawnpore has risen from Rs. 5-37 to Rs. 6-75 per cwt., and the
declared export value of Madras jaggety from Rs. 4-78 to Rs; 5-4. There
is only one feasible explanation for these figures, and this is that im-
ported sugar is either regulating or helping largely to regulate the area
under cane in India, for Noel Paton bas shown that in the United Pro-
vinces, which produces over 50 per cent. of the reported sugar in Indis,
the area under cane has during the ten years following 1900 contracted
by some 90,000 acres, while the area under other crops had increased
by nearly two millions (or 5-6 per cent. of the whole).

Turning now to the Punjab and especially to Gurdaspur, we see in
the diagram given above in graphic form the rise and fall of srea under
cane and the prices of imported sugar at Karachi, the port for North
India.

Any comparison of rainfall figures is difficult as they vary from place
to place. The total rainfall for Gurdaspur itself showed a steady in-
crease from 1908 until 1910 and a decrease from 1910 to 1913. The
rainfall of any one year cannot, however, affect the area undercane for
that year because sowing takes place in the spring, and the bulk of the
rain falls in the months of July and August. Its effect, however, is
either to improve the conditions and out-turn of the existing summer
crops, or to admit of a large area of barans cane being sown the following
summer. We have secen, however, that the barani cane area is far more
uniform than is that under irrigation. The principal effect of good
summer rains then is on the late sown summer and winter crops. It
does not affect the ares under cane except in an indirect manner, riz.,
the general prosperity of the agricultural classes and a rise in demsnd
and in the price paid for sugar.

If imported sugarcan be sold in the bazaarsof Northern India cheaper
than an indigenous article of equal paurity, this is bound to contract
the area under cane there fo the extent to which the imported article
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can replace the natural product. If we dompare the value of European
beet sugar with East Indian cane sugar imported into India, we see
that previous to 1900, beet sugar was commanding a higher price at
the western ports than imported cane sugar. This cane sugar came
principally from Mauritius. By 1903 Java sugsr was competing and
selling at a lower price than beet. Since then these two classes have
been in competition with the balance in favour of the Java sugar.

Noel Paton sets forth in a very clear manner the strengthening cffect
-of the Austrian cartel on the foreign sugar trade of that country, and
the similarly stimulating effect of its imltation by Germany.

At certain periods the Indian import sugar market has been in the
hands of & particular producing country. The above quoted prices
for beet sugar st Karachi show that, up to the appearance ofJava sugar
there, the imports were for the most part beet sugar.  _ .

The appearance of Java sugar in 1803 introduced & competition,
which from the outset has apparently always beeh able to undersell
beet. This is borne out in the figures given for the average annual
prices of beet and Mauritins sugar at Bombay, namely, that at the Western
Indian ports imported cane sugar can always undersell beet. Between
the years 1898 and 1907 the greater part of the sugar imported into
Karachi was beet, which for the most part came from Austria-Hungary.
By 1508 the imports for cane sugar bad grown until the amount ex-

. ceeded the beet imports. From this it appears that beet sugar sets the -
price of this article st Karachi and that this price is so favourable that
Java sugars can compete in comfort, and are gradually claiming the
bulk of the market there. Diagram IV opposite page 63, indicates that’
the fluctuations in the area under cane in the Punjab as well as in the

,Gurdaspur District axe the result of fluctuations in the imports and prices
of foreign sugar—both beet and cane—or in other words between certain
Limits—the limits mentioned on pages 64, and 92-95—the area under cane
n the Gurdaspur District s regulated by the amount and price of ymported
refined sugar. This is an important deduction : it shows the precarious
nature of the sugar trade in the district, and leads ys at once to consider
in what manner this external influence may be controlled. The first
and what appesrs the simplest solution, the solution suggested by ail
previcus students of this problem, is te increase and improve the indi-
genous industry until foreign sugar can no longer compete. I
venture to suggest, however, that this may not prove to be econommally
possible in North Indis, either now or in the future, and we may bave
to achieve the result in & somewhat different manner. The facts upon
which we have to base our reasoning sre, firstly, that foreign sugar can -
be produced at such a low cost abroad—cane sugar in Java nnd Mauritius
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and beet sugar in Austria-Hungary and Germany—that their excess
products can pay freighting into India and to the Indian markets and
still undersell the Indian sugar. On the other hand, we have seen the
difficulties in the way of improving the cultivation of cane in the Gurdas-
pur District, and to what extent the climate and conditions there hinder
the growth of this crop. I shall refer in the next chapter to the crops
now in competition with cane in Gurdaspur. In Egypt, it has been
found that cane cannot compete with cotton in Lower Egypt and the
Delta, and an existing industry complete with factories and an established
cane cultivation had to retire further south when the value of Egyptian
cotton became known to the manufacturing world. A comparative
study of the history of sugar growing and refining in Egypt is of the
greatest interest and importance when considering the problem of cane
cultivation in North-West India. The climate here, while unsuited for
the growth of high quality cane, is admirably adapted for cotton. Primd
jacte, therefore, cotton can be improved more easily and with more
certainty than can the sugarcane, and we have the example of the
industry in Egypt to point the argument that even under climatic condi -
tions equslly suitable to either crop, cotton proved to be the stronger.
Now the markets for Egyptian cotton are the best on the continent of
Europe and in Lancashire, while the market for Egyptian sugar is in
Egypt itself.-

.Indian cotton of the best quality will bave to compete in the same
markets at any rate for many years to come. It must, therefore, be
produeed at & lower cost as well as of high quality, if it is to pay the extra
freighting and canal dues which it will have to do before it reaches the
manufacturer. Such & policy is based on broader lines than the im-.
provement of one crop. We not only aim at raising the out-turn of raw
produci:s in the counfry, but, what is of greater ;mportance still, to the
happiness and welfare of Indis, we must sim at increasing the indivi-
dual comforts of her inhabitantsd by increasing their spending power.
There has been much foolish talk about the policy of agricultural im-
provement being to make two blades of grass grow where only one grew
before. We can achieve this by intensive cultivation but this does
" not always result in improving the prosperity and happiness of the
classes engaged in agriculture as we can see at & glance if we compare
the conditions existing in the congested districts of the Ganges valley
with, g2y, the free farmers of Australia, of the veldt, of the pampas, or
even of the canal colonies in North India. The ideal agricultural policy
i8 to lower the cost of production so thal one man can produce with
tens bodily labour and at tess cost what it previously took two or more men
to accomplish. Competition will then regulate the increase of out-turn
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of raw produce. If this is accepted, then the climatic factor becomes
more and more important and we shall float with the stream rather
than row agsinst it.

It does nob follow from this that the Punjab must abandon its exist-
ing cane industry forthwith and be content to purchase sugar from
abroad. India is a big eountry and there are many places in it where the
sugarcane finds & natural home. It is in these places where the cape
naturally Aourishes that efforts should be made to secure that portion
-of the Indian market which is or has been up to recently in the possession

. of the manufacturers of Java, of Austria-Hungary, or of Germany. Itis
possible to find parts of India where Indian sugar can be produced at a
less cost than the price at which foreign sugar has to be sold in India,
.and it is to the sugar zones in India that Government attention.should
first be directed in any efforts which may be made to improve this in-
.dustry and render it independent of foreign influence. As for the existing
sugsr industry in the Gurdaspur District, and that similarly existing in
other parts of the Punjab, we should for the time being limit the effort
snd money devoted to improving it to checking waste in.the existing
processes of crushing and boiling, to introducing better canes selected
specially with reference to their adaptability to the rigorous climate of
Northern Indis, and to improving the cultivation and yielding power of
the land. Apart from this, we should concentrate the main attention of
the Agricultural Department in improving those crops more particulaﬂy

suited to the climate and soil and for which there is a large and growing
foreign demand such a3 cotton, wheat, oilseeds, pulses, ete. The future of
the cane industry so far as Northern India is concerned, can be safely left
‘to competition. Southern, Central and Western India will in the course
of time produce all the sugar required in Northern India in exchange for
the commodities grown there, and at a less cost thar it can be produced
in the Punjah. Under such natural and healthy competition, cane,
‘which is to be regarded as foreign to the Punjab, will gradually be re-
placed by other and more remunerative crops. The present high value
«of cane in Northern India is anomalous. The industry established itself
in the days when India possessed no means of inter-communication
wave roads and those of the worst description and it derives support to-
«day largely from s sentimental regard for raw country sugar on the
part of & portion of the Indian publie, and from the fact that sugar
‘boiling provides the farmers with a very pleasant ococupation at & cold
and idle part of the farming year. This is borne out by an examination
of the trade figures for sugar products within the district itself. Gurdaa-
pur is, a8 we have already stated, the largest produter and grower of
sugar in the Province; we should, therefore, naturally .expect o find
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that there is a large amount of sugar exported from the district and
little or no sugar beyond refined sugar imported from outside.

3. Exports of sugar products,

In Table XXXVI I have given & copy of figures supplied
by the North-Western Railway for the outward iand sugar traffic as
booked st the various stations on the Amritsar-Pathankot line, which
runs through the whole length of the district. From the table, it will
be noticed that the bulk of the trade lies in the Gurdaspur and Batala
tahsils, the latter predominating.

TABLE XXXVI.

Showing the outward traffic (in maunds) of sugar booked jrom North- .
Western Radway stations in the Gurdaspur District for the years
1911 to I914. ' .

1911-12 191218 1918-14
Xams of atation Fanr rab, Gar, rab, ‘Gur rat
Beflnad | Raw 177 " Bofined | Baw e Befinedi Raw ¢ '
sugat ’er m‘ga— gar stugar or ::hs- “ aogar lor !:::ll—
i
Pathankot . OB _2“ 549 1% 748 426 B 507 705
Ssrns PR . 24 159 P 14 i3 £ 18 101
Jakhalan . . v . . .. . .
Permanand
Digs Nagar 105 281 1 8,238 . 194 ] 1,179 € 108 | 1768
Bohal - - e 1,451 8,387 e’ 781 5,026 . 202 9584
Dhariwal . . 204 ] - TT7 5471 . 1,020 ;| 2485 4 772 | 4873

Gurdaspwr .| 1| 3358 ) 87008 ) .. 0011 | 85947 . 43| 5244 | 42,977

. - 1
Batals . . 208 | 14,444 | 148,013 16 | eo058 |108,000 | o528 | 25,950 [195,007

4 . H

’
Torat .| 1608 | 20,67% | 206500 so | 55424 ssz,e:sl e,saeg 33,601 | 210,275
) I

4. Nature of sugar imports.
In Table XXXVII are given the recorded imports of sugar and gur
for the years 1903 to 1912 compiled from Government records in the
office of the Deputy Commissioner, Gurdaspur.



' TABLE XXXVII, |
Statement showing the imports (in mounds) of sugar and gur jor the years 1903-04 and 1911-12,

BY BAIL By nivee BY RAIL BY RIVER |
. ‘ Total of Gur,| GRAND
Year . a b mb, ete, HYTAL
Bofined | Uarefined |  Total Refined | Unrefied |  Total Gun rab, | Gur mab,
o . .
1603-04. - - .y "1340582) 8778 | 201840 10,420 . 0420 | 1080270 | .. 10,560,279 | 80,07,138
100406 .« .| amovess|  sopbie| 2011407 20,8107 & .. 20,830 | 10,79,156 . 10,70,160 | 81,11,463
‘ ‘ _
1905-00 « o | enevoss |  semare| 80,0820 pee20 | . L, 25,820 | 24,67,720 . 24,87,7¢8.|  sa85760
100807 o v | ‘esoso| ssasas|  sesess|  so0z " 20,020 | 18,06,560 . 18,065,600 |  44,85,475
1607-08 v+« emes0s0 |  B7R007 | 91,0847 41,340 - 41,840 | 18,75,780 “ 18,75,780 |  48,15,547
1808-09 o e | gomnmiz| w40 | 2840418 88000 | ., 88,0607 18,02,000 . I8,85,068 | AZALAMY
’ ,
0 * I B
. - L)
1900-10 .+ | 108205 2021230 | a0,19,508 PERTN R 42180 | 12,84,767 o U | 1msarer| 4mde4ez
* f
- !

191011 « o+ ol o4evew!  sera00!{ 93,97700 26,050 " 80,060 | 1182840 . 13,82,846 |  45,67,636
191118 e« .| MWaz008!| 1543674 [ sembBTR st230 | .. 54,230 | 17,827,196 - 17,867,108 |  52,77,798

" v - o Pe——g ——
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The very large amount of imported sugar varying from 30 to over 50
lakhs of maunds of sugar is evidently very largely in excess of the sugar
-exported. That is tosay, that in this, the largest sugar-producing
-district of the Punjab, the consumption of sugar is largely in excess of
-the production. This is very interesting because it indicates in yet
another manner that the industry is decaying because it is mot
keeping pace with the growing demsand for sugar.

Examining this trade in rather more detail, we find that in the year
1885 (Assessment Reporl of the Gurdaspur District by L. Dane, 1890)
the export of sugar was considerably in excess of the imports, and that
in the five years following the ratio of !I22% graduslly increased.
‘The importation of sugar into Gurdaspur at that time was probably
the result of better trade conélt:ons for sugar there than in the adjoin-
ing districts.

TABLE XXXVIII,

Rail-borne traffic for the carriage of sugar through the Gurdaspur District
in the year 1885 (Assessment Reporty 1890, by L. Dane).

Exront Inrorr

- Tahsil Quantity in] Vaine -/Quantityin] Valoe
, maunds | (rapees) maunds (rupees}

L]

-Gurdaspur . . . . . 0,700 1 1,768,750 1,092 2,730

Batala . . . . . 29,640 | 3.,31,800 4,850 15,500
Path&nkﬂt . . . . . 3,780 9,450 1,344 3,360
Bhakargarh . . . - {No railway station in the tahsil}

; -

ToTar. . 174,020 | 5,18,000 7,086 21,590

TABLE XXXIX.
Rail-borne traffic for the carriage of sugar through the Gurdaspur Districe,
average of five years 1884—88.

ExronT Iurorr
Tahsil " lquentityil Vale |Quantityin] Valao

maunds | {(rupees) | ma {rupaoce)
“Gurdaspur, . - . 52,218 | 1,30,548 1,785 4,488
Batala . . . 169,558 | 5,865,187 6, 463 21,342
Pathankot . . . 12,018 32,205 3,923 9,808

Shakargerh - - ., . {No railway station in the tahsil)
Toran. .| 234,602 | 7,28027| 12121 35638

4
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TABLE XL.

Showing the tofal recorded rail-borne traffic tn maunds of sugar and sugar

vproducts in the Gurdaspur District ¢n 19@7 and 1908 {Gufdaspur
Assessment Report by F. Kennaway, 1910).

_GuR, SHAKEAR

RaW SUGAR REPINED SUGAR JAGGERY AND
. - MOLASSES
Year Ed
Export Import Export Impors Export hnport
1907 - . . 1,522 23,252 i 13,088 278,673 33,021
1908 . . 2,207 - 35,081 501 18,750 | 288,457 33,112
TABLE XLI

Showing the ratio of tmport to export of oll rad-borne sugar products in.
Gustlaspur District for the years 1884-88, 1907-08 and 1911-12.

’ . Export Import | Imports to-

Year Maunds Mraunds | exports

me488 .- . . . . . . .} osese2] 12121 . 005
19507 B AT 69,359 ¢25.
1908 . . . . .« o« & a1 3021887 84943 0-28
i1 ., L . 0 . . . .} 370,387 | 5,243,568 16-3%

Within the last 30 years or so, the exports of sugar have not increased.
to anything like the same extent as the imports. For whereas in 1884-85
the ratio — P~ was 0:05: 1, in 1911-13 the ratio ross to 16-36:1.

We have already seen that the area under cane cultivation has not-
changed grestly within this period—ibt fluctuates from year to year,
but on the average remains fairly constant. This being the case, and.
because we have no reason to believe that the out-turn of sugar produced.
per acre has increased to the extent shown by the increased exports by
rail (from 234,692 maunds in 1884-85 to 320,387 maunds in 1911-12),.
we are forced to the conclusion that this increase is due for the most-
part to the re-exportation of imported sugar or, if this is not the case,
then the increase is indirectly due to imported sugar releasing a larger-
and larger amount of locally produced sugar for export by replacing-
the consumption within the district.

" The greater part of the exports is in the form of raw sugar, gur and.
jaggery ; the amount of refined sugar going out of the district being very
small. On the other hand there has been an enormous increase in the-
importation of refined sugar. This all bears out the contention that
imported refined sugar is an important factor in regula’smg the area of
cane grown.
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5. Pnces Factors governing the fluctuation of prices of tagar
products.

In 1883 Harcourt {ibid) reported that there was no foreign compstition
in the sugar trade of this district. Foreign sugar—of what kind ws do
not know—but to the extent of some 7,000 maunds was m;;srte& into
the district in 1885 two years later.

TABLE XLII.
Prices prevailing wn 1883 for the sugars manufactured in the district
{Harcourt report [thid])

Class of sugnr product Averago wholoszlo Averago retail prios
«Coarse sugar, gur . . . . « | 184 scers perrupee | 18 seors per rupee
Sbakkar . - . . . . . l}* ;r e - 11 ” h;f
‘Refined Talouncha khand RN " ” ” '
Bhaod . .. . o+ v ] 4w . 4 . -
Bugar manufactured at the Bmjenpore .

refinery— )
Rs. a. P.
Bugar No. 1 . B! 14 8 ¢ por maugpd,

» No.2 . . . | 10 poroont, Lo || 2120w

. Ne.3 . . . . rﬁ“" retellprices 143 40

Small whole graig . . . « |} 13 4 ¢ ”

The average price of gur between 1884-85 in Gurdaspur and Pathan-
kot according to Dane (loc. cit.) was 16 seers per rupee, and in Batala 12
seers per rupee ; the latter figure is probably low orthe two former
figures high, because a close comparison of gur prices in Batala with
. those in Gurd&spur shows the latter to be always slightly higher as we
“ should expect, seeing that Batala tahsil produces far more sugar
‘than Gurdaspur,

The following two tables show the prevailing current prices of gur in
these two tahsils from 1905 to 1914 month by month. The total average
dor the last ten years has been 8-04 seers per rupee in Gurdaspur and 87
sgers per rupee in Batala. Within the Iast 30 years, raw sugar has risen
there in value fo an extent of 100 per cent. Even allowing for the
-decreased purchasing value of the rupes asin the ratio- of 5 18 We still
£ind that the value of raw sugar in the last ten years was nearly 55 per -
<ent. bigher than’it was in 1883,

~



TABLE XLIIL
Statement of current pirices of gur wn Gurdaspur in seers per rupte from 1906 to 1914.
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TABLE XLIV.

|

Statement of current prices of gur in Batala én scers per rupee from 1905 to 1914.
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" We can only accounnt for this by the increased prosperity of the district
resulting in a greater demand for sugar,which has been met almost
entirely by imports from outside the district.

This indicates the early stages of a decay of the mdnstry foretold
earlier in this chapter. Gur (which is the form of sugar still most com-
monly used) is evidently produced cheaper in the south than it can be
made in Gurdaspur where the cost of it production is regulated by the
value of the other raw stufls grown in the district. These have evidently
increased in value to a greater extent than has the sugarcane, hence

- the gradual invasion of this stronghold of the Punjab cane industry by
foreign sugar, and by foreign I mean anywilere outside the district of
Gurdaspur.

We shall see this importation of iare;gn sugar into the district in-
crease in the future and I anticipate in the course of time a shrinksge
in the area under cane. There need be no cause for alarm, provided
at the same time we see that the value of the exports from this distriet

" - and the area under other crops show & steady and corresponding increase.

It is evident to me that the fight for the sugar trade of India will have
to be borne by those parts of the country which fall naturally in the

sugarcane zone, that is, where the cane has not to face the climatic dis- -

advantage to which it is subjected in the Punjab and especmny in the
Gurdaspur District.



CHAPTER V.
IMPROVEMENT OF THE EXISTING INDUSTRY.

1. Low yields of cane : A consideration of the various causes
contributing to this result.

Many of the economic limits to the improvement of the cane industry
in the Gurdaspur District bave been indicated in the preceding chapters.
Some of these limits are beyond control at present, others are under
partial control, while the remainder constitute what we might term
immediately remedisble defecta in the industry. I will try and follow
this classification in the following pages, though such a classification
is of necessity purely arbitrary—what are to-day regarded as linltations
beyond human control, may in a few years’ time when more exact know-
ledge is available, be possibilities, and to-day’s probabilities be to-
morrow’s certainties. Such a classification will serve as a useful point
to take off from, in considering how far the existing industry can be
improved. Perhaps the first and most apparent defect is the low yield
of cane obtained throughout the district. In spite of the time which
has elapsed since cane appeared—so far back that we have no positive
record of how long ago it is since this first took place-the farmer has
not yet succeeded in achieving an improvement of the erop at all com-
parable with the improvements efected smong other cane-growing
peoples elsewhere : and indeed we have very good reason to believe
that cane has degenerated rather than improved. This is not because
the crop has received Jittle or no attention fiom the Punjab peasant,
for the proverbs of the people are rich in reference to the many details .
of land preparation end treatment essential to the growing of a good
crop of cane. The variations in yield even within the district itself
show that better cane can be grown than is generally the ease, and more
of it per acre. The insistence of the agricultural proverbs suck as given
in the foot-note 1 shows to what extent this depends on suitable soil
conditions, and these proverbs are but typical of many others to be heard

1 Punjab Agricultural Proverbs edited by Maeonochie,

Page 93—Atthais bih, giydrah pini, nau khod. Jab dekhe gannekalod. (If vou
plough 28 times, water 11 times and weed # times, you may ook for good sigarcane.}

Page 96—Mih Phigan ki khor, sher ki jhori. (Ploughing in Magh and Phigan is
ike the scratch of a tiger, i.e., very effective.}
wﬁ'Pa.ge 98— Mail de, sor zaja kiya de. {The Rajs cannot give what manure gives to the
L) y
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throughout the district. We are not justified, therefore, in assuming
that the backwardness of the industry is due to lack of attention on the
part of the farmer. To what then can we attribute the general unsatis-
factory condition of the crop? Apart from the climate, 1 believe it
is largely due to the poor implements at his disposal, and this is parti-
cularly effective in a crop like cane which makes such heavy demands
upon the soil. The Punjab peasant can in all justice be said to have
solved the greater part of the agricultural problems capable of sclution
by the means at his disposal. The Indian farmer is just beginning to
obtain implements and tools of steel, and we have only to look at the
history of American agriculture—to fake one example only—to see
what cheap steel has done for farming in that country. With better
transport facilities, better and cheaper implements-will gradually find
their way into every Punjab village.  This is one of the main lines of
improvement being now advocated by the Punjab Agricultural Depart-
ment and with the best of results. The effect of this will be bettar out-
turps in all erops due to better methods of tillage—deeper plonghing
and s more effective use of the power available to the farmer. This
constitutes one of the first, greatest, and most effective improvements
available, and will operate advantageously on all crops.

On the more economical use of water, I have at present little more
to say than has been already stated above in Chapter I.  The cultivators
using well irrigation for cane, having to raise this water themselves,
practise every reasonable economy in its use and in the prevention of
undue losses by evaporation from the soil. The prevention of waste
of water by weeds or by unsatisfactory methods of tillage is part of the
regular propsganda of the Agricultural Department, and, whenever
possible, implements are being introduced to facilitate this objective.

Draining. There is a considerable amount of land in the district
which could be improved by draining ; land which at present is either
unfit for cane or only grows the poorest quality. This aspeet of the
agricultural improvement might well engage the attention of the
irrigation expert, for the excess of water so recovered would be of great
value in the arid tracts further west. At present land is' lying waste -
in Gurdaspur because of excess of water, while not far away there is
land equally valueless on account of msufficient water. A more even
distribution should be possible with beneficial results.

Among other improvements in the growing of the cane, which are
unlikely to yield immediste results, may be mentioned improvements
in the varieties of cane grown, and the restoration of the full fertility
of the partially exhausted soils of the district by the application of

artificial manures.
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As regards the first of these, viz., the introduction of improved varicties:
of cane, reference may be made to tables given below in which is given
a record of the cane variety trials carried out at the Gurdaspur Experi-
mental Farm during the past four years. These experiments have so far
failed to indicate a foreign cane as hardy as the indigenous canes of the-
district, and the extended use of these canes would, therefors, have to-
include arrangements for bringing in fresh seed from further south every
few years. 1 question whether this is likely to be remunerative and
hesitate to recommend it at this stage. If, in the course of further
study of these and other canes, we find one hardy enough to withstand
the rigorous climate of Gurdaspur and better in yielding powers and in
purity and richness of juice than the indigenous varieties, we should of
course at once proceed with ita distribution to the zemindars, but there
seems no immediate hope of achieving this. If frost-resistant canes
of high quality can be easily produced by breeding or by selection this.
would have been done long ago in Louisiana where there ia an old estab--
lished sugar industry. The unstable condition of the industry there-
may be gauged, however, from Table IL taken from & report in the
Indian Trade Journal, vol. XXXI1V, no. 438, page 308-08, dated
August 20, 1914, ‘



fABLE XIV.

Cane variely trials, Gurdaspur, 1912-13.

’ Name of varicty Dats of sowing wﬁi;h?? of "?{g&dd I &:%lﬁ ﬁnénggg g?mlc‘:
cavereaped | obiained | obtolned | PEAWO | peracre
Mds. frp, | Mds. Grs, | Mda Bre. | BMds. 8o, ]|  Mda. Sga,
Dheulu . . %0th March, 1932 . . |. 14625 85 30 11 32 439 35 257 10
Surethe . . Ditto . 62 4 29 20 620 398 25 263 22
Dhaurn of Azsmgarh Ditto .o 38 21 22 4 2atk| 548 18 814 24
Cawnpurl . Ditto .. 18 20 9 30 198 | 44310 227 24
talbard ., Ditko .o 10 20 1 2 119 542 17 $18 10.
Roora of Bonares V Dheto .. 34 %5 17 %0 2 25 w02 38 30 1
Mertel . . . “Ditto .. 155 920’ 1 16 308 1 286 &
Chin , . . - Ditle .. 84 14 84 20 538 479 36 257 11
Tatarki Mango Ditto N 95 510 62l 450 & 228 36
Tarern of Bntaln Dhito . 16 87 710 115 680 5 278 19
Eatara ., Ditko . . 418 g 4 o1 56 2 280 98
Barhal . . Ditto . . 8 2 22 0 s 547 92 08 26
Kathe of Batala Ditto - 2 8 18 8 2 20 3L 5 109 30
Keusar of Batala ' Ditte . 10 16 10 2 38 570 80 #08 37
Dhanly . . thMarch, 1912 . L | 783 8 400 16 58 35 %4 8 18 2

Waight '
ol g Agriculturs]l notes
por acre
Mds. Srs.| Decp ploughed 8
a5 16 ~1Hm—wwcd 3 times,
750 mds. of larmyard
41 20 mMAPUEe per acre.
Waterlng . 4
4] 38 } Hoeing ~ . 8
Borrowiog . 1
40 20 |
40 #1
41 0 Qrdinary ploughin,
:&%’h ﬁu]ju &
42 14 Harrowing 8
“ B 480 mds, of farme-
yard manire per
AL Waterig . 8
[ “
82 8% | Hoeing ™ . B
Harrowing . 1
28 87
40 32
88 2
&8 85
28 0

-
T
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TABLE XLVI.

Cane varsdy irials, Gurdaspur, 1913-14.

sy | | r| Wyt e g | SR | | maencr | S S
_ "}m ) per scre ox acce oane. | Julos | cans | to fuke
Mds. Bre. | Md. 8rs,| Mds.Sre, | Mds, Scr. | Mde Brs|  Mde Sre. | Mds. Srw,
Dhenln of Bham 1403 | 117 € 64 0 912 e 1 176 & 0 6 | ¢6i5| 178{ 78| ..
Eaths of Batals 1498 | 8012 38 80 710 . 260 19 125 25 2320 | #32| 1870| e02| ..

" Terern of Batala . 1,614 | 112 91 59 20 9 30 021 360 21 100 8 10 | s272| 1687 'a-oo 175
Esusar . 1,604 | 69 29 are0 | Tres . 224 15 120 87 2428 | 6%78| 9083 | w003 ..
Xaw ., 1400 | 8388 | 4050 7 20 .- 270 20 180 8 2 09 | soar| 1012| Bea| ..
Lal, bard , . . 1,501 | 88 87 43 0 8 30 236 30 138 24 W 9 agss| wosa| was| ..
Recra of Benares 1,528 9018 51 0 0 e T 287 25 182 7T 26 0 | sesr| asxs| eo0| 1608
Suretha .. 1501 | M0 3% 10 78 . 28 19 122 39 T o3| sose| 1082 ..
Barha ., 6| 78 o 8 27 “ 243 8 118 14 214 | 4son| 1eos| wvs| .
Dhaurs of Asamygsrh . 1,582 | 96 387 a1 0 . 8 7T s08 9 e 18 26 0 4840 - By | 1790
Bae . . . gos | 1831 T o 110 . N 2 185 11 % 20 a2l ares| Tas ’
Mango . ., o] 116 B G 10 - 263 10 1ns gt 0| 495 Wo0| BW| .,
Matkl Mungs , nei mAT 70 113 . 01N 158 18 w | sl 1esl esel ..

08
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Chin N .

Betakali of Dumraon

EKatara . .

Maton . .
Mortht . .
Manch of Bosali,

Desl Burktha
Patarki Mnngo .‘
Bod) R R
Lhoura Xaper
Dhovlu Surethn

Kanara . .

-~

" selected

207

2060

174

430

250

290

228

‘265

aur

262

280

218

16 38
14 25

18 38

25 20
23 36
20 20

B3]

4%

B 20
1mo
18 20

18 20

210

Rt}

0124

220

010

182

210

120

018

LX)

¥ 8
209 14
105 20
244 8
366 2T
268 10
1 12
2T 8
B4 31
an s

413 &

. 458 10

268 28

161 49

92 9

80 10

140 28

144 27

07 22

%7 1

166 10

245 14

249 0

233 14

199 32

160 &

31 28
14 34
15 26

27 28

2218
4 b
é’? 10
w0 7
41 22
34 23
38 28

az 1

. 4018

4830

64-02

57-50

4056

41-52

5217

66-05

- 4508

5204

50-47
48-58

596

b 4

1785

10-80

1818

£0-83

26

11%0

10:36

1066

14-81

20-00

2000

880

()

45

198

rar

864

1121

088

@21

882

8-36

841

11-92

18-59
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TABLE XLVIL '

Cane variety trials, Gurdaspur, 1914-15.

e

Area ' Welgm' cight of 4 Percent-| Percent-| Percent-| Percent-
s o vy | T | T o PR R R R R R A
Mde, Brs. Mds. Sre, | Mdw, Srefatds, Sra,| Mds. Bre Mde.  Srs. Mde. Sre. | Mda. 8rs.

Laltaed o . .| 71| sogo| soea] 4 8| 1 x| 8817} 1013 | SB[ 32| 666 | APEE | 1043 | 1763 1018
Eonara . . .| oss! piss| 82 of .. fi| e wr| . 20| owMi . . a1 1068
Bodl . . . . 8890 ] 22| 88 O .. 5 89 J84 4 208 35 . 32 32 653:86 . . 1672 L2t
Dhoulnof Bham . .| B48 | 47 & 2 of .. ser| a8 8| 2 0 .. sgos | esoz| . .- wwo| 78
Kobu o . .| mee)on el ewss| vwe] .. sveel| sozs| 4sa0f . o458 | 1248 s02| .. -
Beoraof Bonares . | 864 10618 ) o232) 42| 412) osos2s| Ss1s4| B3| sem| se0ei 1628| o902 | 1328 | 7To4
Kenar . . L) .tom| e 3| o1s] oad| .. “ra0| s=see| emi0) ozb7 | 1687 | wss| .. .
Mol . . . poed or el Bss| Tm| . serm| mEawo| 88 4f L, o304 | 1zes| sz | .. .
Burotha . . .| | M| am| 6m 4“8 8| 2/818| 31S| ., 5780 | 1679 | 97
Dhaurs of Azamgarh .| 840 | 43 14| maso| .. 31| ao10| wam| .. 3017 | dsas| .. - 00| T8
Tertw . . .| 060 | e3sz]| ss2e| Ys| 0 0] 4m ‘T gagss| 85 9| seae| sr1e| e8| sex| w0 | BBy
Chin , . . . 10| 0314 | G4 38 agst ., 421 18 245 4 8 38 &8-86 1569 24 ae aa
Matki Mongo . ‘ L] ueel swwl oo assal 20 4l mh ozsp | 1wl essi .. .

¢8
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Kotls of Batals .
Eatars .
Dotaxolt of Dumraon
Patorkl Mango
Barhal . N
Mameh of Basatt
Runsohl of Demracn
Behar . .

L}

Bunnabllls , ' R

Monge .,
Dosl Burothia
Dhours .
Kinar .
Dhnuto Lowmt
4 w  Barotha
Katha (eross-dralged)

Dhaulu (winter sown)

Dhauly (orosdralnod)

*

Qo4
141
[ 1
200
[101]
820
400
810
886
B8
1,180
1,108
1,040
£,008
10
225

266

™

8 8
45 80
427
46 92

a1

86 23
6% 88
111 18
108 21
126 88
68 19
208 8o
M4
11 40
0 6

042

81

17 &7

2 18

20 18

26 28

118 80

1“1

710

11 88

b %
018
030
242
in

06

187
0 a0
180

()

a0

18Y

113

wr

9% 7 |

851 18

42 1

609 14

404 10
b0 16
bss ¥
570 26
560 19
a4t 18
404 80
814 %6

800 28

181 23

480 %1

%2 0

o811 8

Y 8

TTO
108 a0
41 21
240 87
282 B
a1 87
MO‘ 3{
843 B
833 10
bZg 18
£ 87
808 17
180 11
214 18
201 10
150 34
£20 38

204 10

ah 10

L8118

48 82
b2 10

47 0

41 20

85 1

2 4

%1

48 33

‘10 14

24 10

) .

L]

LT
B4 28
a4 30
82 %
.

(T3]
Ab 12
.“

Y

5710

6852

5b-6%

007

(YRR

ba-88
8981
6010
5988
4032
5018
6008
arn
50-00
5058
0188
60-98

a0

1042

160

160

1527

1206

19-38

1420

1678

1458

1616

1140

1136

i1-M

1898

1241

12:65

1m

938

878

a8
&9y

o08

855
02
710
-2 111)
b8

888

708

750

112

18497

1437

1818

e

1]

1801

81é

797

&8

800
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TABLE XLVIII.

Cane variety trials, Gurdaspur, 1915-16,

Aren -

Namo of varloty h?&wl'rf' W:L‘::},‘ of . “;:‘Illggt of Wolﬂalin:of m‘:&":a:: ‘m::%hrfe:' ‘:ﬂ’r“?:tc? f Ea%:‘:{;: %:;E ?u‘:'zﬁ'.
ajuaro acre ncrn acro cane | julzo cenb
yirdw

Mdn, Bre, Mdn, Bra, Mds, Bra . Mda, B, Mds, fma, Mds. Brs.
Homnbehl . m 0 28 48 0 5 80 437 19 $00 86 8 ¢ 8170y 1348 1 37
Yohar N . B0 04 80 [} | a9 Bl £4 307 20 W 4 048 1874 B0
Burotha N . B0 i 1 40 20 480 940 4 238 18 28 2o 08-01 888 [T+
Lalrl N . . 2,148 148 g2 8 U 18 10 808 84 106 4 8 4 04-90 1441 080
Dhours of Assmgarh 074 84 20 40 26 60 a2 98 201 28 20359 | sev8| 1p8a]| TOY
Rocra of Bonares 884 00 1 8 B 420 827 8 29 8 830 | od18| ygon]| T84
Mango , o ] . (3 10) B 18 81 8 » ¢ 846 %0 186 0 28 12 4397 | 1etd 704
pedt -5 'S g20| 14018 80 10 0 1 810 4 98 4 M | seos| so| oos
Patarkl moango . £, 980 208 18 119 83 19 %0 443 96 3 58 20 0 s1g0 | 1repl oS0
Raths . . 510 T3 | 25 80 o 308 20 204 18 sa 8 | soon| 10| oW
Katha . [ (1] ”mnu 4 50 419 418 10, L LN} | 0 M oxYs | 1wl rw
Katars .o 1,080 s 18 45 20 b ar fua 12 P08 10 1 ote | 1298 908
Kopmrh o . . 1,050 144 B8 86 10 T 300 18 4 4 | soss| aem|  Geon
Tareru . M Rig 17 % 105 | S 4 44 808 251 8 [ B ] b71% 1161 (.1 ]
O . . 08 1817 10 80 118 402 20 22 90 4 3| seml 5] Ty
Ransar . ., 18 ' ER ) 01 LTI ] 00 i | eaa| iroe| sass
Mergorl ., Ll 40 L ¥ 014 T 17118 Be| & e s
Kia ., 08 Y E 0w 78 e 9| | wee] em
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TABLE IL.

Sugar indusiry in Louisiana, 1911-13.

PER MILL AVER4GE | A '
Average | Average ie;;‘i:ﬁ;
Yoar No.of |yield of sugar the cam.
factories cane per ;made from e
aare aore cane | SUEAT Cane | paiguin
made milled days
Short tons | Pounds tons
151l . . 188 18 2,200 1,877 31,315 .. .
1012 . . 128 11 1,500 1,218 17,163 30
1913 . . 153 17 2,300 1,513 27,542 45

This supposition ig borne out by the system in vogue in the Sonthera
Punjab of bringing in seed cane every few years from the United Provinces.
. The experience of the local farmers has evidently taught them the ad-
vantage of this and the impossibility of establishing a good hardy cane
by acclimatization without the ecane undergoing degeneration. In
1913 five hardy varieties of cane were planted in the autumn in order
to see if the young plants could survive the winter better than the mature
canes, and 80 secure s more certam harvest by lengthening the growing
season. The experiment was a failure and only Kathe and Dhaulu.
varieties survived. The out-turns of gur were :—

Katha—19% maunds and 14 seers per acre.
Dhaulu—28 maunds and 19 seers per acre.

The analyses of the Gurdaspur soils quoted in Chapter I indicate the
impoverished nature of the land there and the probability of improvement
by the addition of artificial manures. The use of artificials, however,
is by no means & gimple matter. If it is to be effective and remunera-
tive, it is necessary first to work out by field trial the best combination
of manures required by the soil. This is always done, and the chemical
anslysis of s0il will not do more than point the way and indicate the more
glaring deficiencies. Every year there is more snd more evidence
accumulating that & biochemical analysis as well as a chemical analysis
is required to assist in forming an opinion about the cropping qualities
of the soil, but st the preésent fime the biochemical methods at our dis-
posal are exiremely scanty and there is a lack of data. In order to se-
cure the required information on the manurial needs of the Gurdaspur
soils manurial experiments were commenced at Gurdaspur in 1915.-
It is too carly yet to passany opimion on these as several years’ results
will be required before this cag be done, hut the out-turns obtained are
given below :—
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Statement showing the results of manurigl experiments with sugarcane (Local Dhaulu) in F. No. 2, 1915-16.
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TABLE LI
Anqlysis of the Gurdaspur farm canes, 1915-16. Manurial experiments.
I ITION
Descript] < *2
Kol  Dateofmmple ;m:za? ;ne::f 8 ; E a &% ] €5 % g
g 3 (SlElirg] §
Eig i
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Aralysis of the Gurdaspur farm canes, 1915-18, Manurial experiments.
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From the appearance of the crop and from the analysis of .the juice,

. It was evident that excessive vegetative growth and consequent retarda~
tion of ripening had taken place. This may have been due to too much
manure or to its application at the wrong time. I am inclined to think
that the latter was the cass, and that the manure should be put in with
the crop immediately preceding cane so as fo eddure that the young
cane gets the greater part of the benefit to be derived from it. The
growing season is so short in this district that any lengthening of the
growing period will be detrimental. This is probably one reason for
the local custom of avoiding excessive manuring of cans lands. The

" successful use of artificials is likely to be & delicate and difficult operation,
and we do not yet know where the limitations lie. In the case of cane,
climate will probably prove to be the chief restriction because of the
danger atterding late ripening.

A considerable amount of further information ‘will have to be sought
in field trials in this direction before we can recommend a suitable me-
thod of srtificially correcting the manurial deficiency of the Gurdaspur
soile. In the meantime better methods of cultivation, giving & deeper
soil in which to grow the crop, will be effective. :

For the information of growers of cane in Northern India, who are
interested in this manurial experiment, I give below.a skeich of the
ground plan of the experiment. -

- 1 4 7 " 10 12 14
U K.P. O G E.N. U.
2 5 8 11 14 “17
N. K.P. N.Cs P.Ca ~E.Ca P.
Ca N.Ca K.N, Ce
3 8 9 12 15 18
U K.P. U v. KN U

U = Unmanured.

P = Superphosphate 200-Ib. to the acts,’
Ca == Lime 2,000 ib. per acre.

K = Potassium sulphate 200 1b. per acre.
N = Ammonium sulphate 200 Ib. per acre.

The plots are 1,047 square yards each except plots Nos, 1, 2 and 4
which are 866, 1,006 and 897 square yards respectively in extent and are
each separated by a ditch and two rows of cane. In the experiment
given above, the manure was applied at the time of sowing. In the next
season the manure will be applied with the preceding maize crop in the
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rotation maize senji—sugarcane—wheat. Other experiments havs

_ been tried at Gurdaspur, such as surrounding the cane fields on three

sides with a ditch 3 feet in depth fo ensure adequate drainage and
aeration. The advantages have not so far been apparent. The Java
syatem ofplanting and of preparation of the land for planting is likowise
under trial, but so far there are no results o report.

2. Extension of area under cane.

There is more cane grown in Gurdaspur than in any other district
in the Province, as may be seen by reference to Table XXXV, page 62,
Chapter IV, Of the submontane districts of the Punjab, GardasPa:
enjoys the best irrigation facilities and this is certainly one of the
principal reasons why so much cane is still grown there. Tt is found
growing practically in every village in the district, and is still considered
by the zemindars to be the most remunerative crop grown. Iiis said
to pay the revenue of the district. Under existing conditions, the
area under cane cannot be extended without unduly interfenng with

-$he rotations at present in vogue. The possibilities of increasing the

area under cane will be regulated by the water supply available and

by the fabour which ean be got for harvesting.

The canal-irriga$ed lands probably grow as much cane as there is
manual labour for its management, and any. extension would therefore
necessitate either the importation of Iabour or the reorganization of the
existing labour and the introduction of labour-saving devices and machi-
nery. The industry is not in & sufficiently fourishing condition to sup-
port this, nor is there any immediate prospect of it becoming ao.
Wherever avater can be cheaply raised by the Persian wheel, cane is
already grown. To increase the ares under cane by increasing the
irrigation facilities means improvement in the existing system of well
irrigation. An increased supply of irrigation water is a sound proposi-
tion, whether it is to be used for cane or other crops, and steps are being
taken to sound the water resources of the district, to improve the wells
and to cheapen the supply of water forfarmlands by a better and cheaper
gystem of water-lifting. We look to the subsoil water of the Gurdaspur
District o supply uswith all the additionat water required, rather than
to an incrcase in the supply of canal water, as this could only be given
at the expense of other districts further west and would moreover only
tend to increase the area of waterlogged lands. In this respect Gurdaspur
by virtue of its geographical position is well served and thereis an abund-
snce of water within easy reach of the surface.

In this connection, it may be noted that, in the Punjab, canal irriga-
tion has resulted in a considerable rise of subsoil water table, so much
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so indeed that in certain tracts thers is danger of the land becoming
weterlogged owing to seepage water escaping from the canals. An
* interesting experiment is being made by the Irrigation Department
at Amritsar where the water table has risen to within six feet of the
surface. In this experiment, electric power generated from canal water
power is being used for irrigation by pumps—the distribution of canal
water over the area now under pump irrigation being either entirely
or partially discontinued. The experiment is an important one and
will be watched with great interest by agricultural specinliats, as well
as by irrigation engineers and by Government, as, if successful, it will
solve one of the greatest problems in North-West India. In examining
the possibiiities of increasing the area under any one crop, we have to
consider the other crops in competition.

3. The crops in competition with cane.

As might be expected, the area under cane in such a district as Gur-
-daspur is subject to considerable seasonal variation. I have shown in
Chapter IV that the variation appesars to be controlled by external in-
fluences, one at least of which, and one of the most important, being
the price of foreign sugar at the Punjab seaport (Karachi).

In planting cane or other crops, the farmer iz naturally guided to
some extent by the ruling market prices of his produce, aad he will sow
as much a3 he can of the crop which promises to give himn the best re-
turn for his outlay in land, labour and capital : this can react but slowly
to market prices, however, a considerable time must elapse between
seed time and harvest and in 8 conservative country like India, this
all tends to keep down the price and value of raw produce. The depres-
sion of prices is maintained by the comparatively high railway freightage
rates and by the fact that the district exports only raw material, and has
to import all, or practically all, the manufactured products used there.
In this respect, it is a small competitor with the rest of India and the
world, and 18 pot In a position €0 make its influence felt. Any change
_will, thereforé, be sloww "

I have summarized the crop returns for the ¥2 years ending 1913
for the four tahsils of the Gurdaspur District in Tables V—VIII, Chapter
1, pages 10-12. These results are given in graphic form in diagrams
V to VIIL

These graphs show that there is a considerable variation from year
to year in the area under the different crops, and that there is no apparent
relationship between the amount sown, that is to say, if the area under
cane declines there is no equivalent increase in the area under cotton
qQt Tice, : .

-
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In the graph shawmg the acreage under the chief crops in Batala,
which is the tahsil growmﬂ the largest amount of sugar, we see first
that the yearly variation in cane, which is the principal crop, is very
great. Of the two other main erops, rice and cotton, we should infer
from the comparatively uniform acrea.ge under rice that. this crop is
grown largely for consumption in the district and is therefore only a
minor compezltor to cane. Cotton on the other hand has shown a more
or less steady increase. This cotton is in direct competition with cane
and must be reckoned as a crop of major xmportaaee

Iz the Gurdaspur tahsil where there isalsoa large amount of cana
grown, we see that rice is much more directly in competition whils

- cotton, though on the increase, is still very variable. The Shakargarh
tahsil perhaps provides the best example of this competition between
erop and crop. Cotton is evidently & crop of major importance in this
tahsil and the wide variation in the amount sown shows that the farmer’s

" attention is more on the cotton market than on sugar. The area under
cane does not vary to the same extent as in Batsla or Gurdaspur,

In the Pathankot tahsil which is the portion of the district nearest
to the foot-hills, rice is'the principal crop ; all the cane grown is evidently
for loesl cons\zmptma A small amount of cotton is grown, but the
area under this ¢rop is comparatively uniform.

In no case does thers appear to be any relationship between the
smount of any crop sown and the rainfall either annual or of the spring
rains.. This is interesting and not altoget.her unexpected. We can only
explain it by the assumption tha$ in the tahsils of Batala, Gurdaspur,
Shakargarh and Panthankot there is usually sufficient water either from
canals, wells or rain o ensure the sowing of the crop. We are not cons
eerned in this enquiry with the yields or whal proportion of the crop
comes to maturity, that obviously depends on the season, but the amount -

_~ sown s the real index of the zemindars’ forecast of comparative crop values.
From these figures it appears that in the south and west of the district,
cotton is in direct competition with cane and the area under this crop
will probably increase. Near the hills, rice is the chief crop by reason
of the abundance of water in the hot season, and such cane as is grown,
is evidently for local consumption oaly.

. Whken deciding on the crop to be sown the farmer will naturally be .
influenced by the value of the produce. . But besides this, he has also
to consider the outlay in l&bour, manure and moxsey This cost Varies
congiderably with the crop and is widely differrnt in dsﬁerent parta of
the Provinee,

Below is given an abstract in tabular form of Hamilton’s estimato
of the expenses and profits of cultivation m the Punjab,
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TABLE LII.
Showing cost of cultivation and profit in growing ordinary orops in the
Punjab,
]n%emstd
How | 00 opiali o0 ot
outiay on ¥ahm of
e - N e el ol e
| {110
1 plements
Re.a.p.] Re.0.p! Rs a y.! Be. & p.f
Wheat . Lysllpur(Buchians} | Canal (10 4 0786 8 8,73 5 08712 8
Cost of prodne
Cotton . Do, Do, 10 4 0|28 6 4172 @ 0742 €& & mduiue’r;pméz:
Wheat . . | Amritsar (Tarn Ta- Do. |10 2 0]5E11 078 5 0[50 6 0 St of production
ran} Taheil i . . { and vaine of produos
afs pet ¢ e
Cotton . Po. Do. |10 2 0:2¢ 1 0!72 ¢ o/55 D
Whest . Sharakpor fahell . | Well . |16 0 0}42 8 070 © 038 8 0 Cost of production
d valus of
Bo. . Gujranwals Tahsl | Do . ;22 8 0:44 7 O 7811 & 20 4 0 :feper':m.’m““
Sugarcane . | Gurdaspar . . ! Camal | 1812 0}34 1 098 © 0[50 0 O yCowt of prodoction
" yaerl valus of produce
Bo. . BDo. . Po 1938 0183 B C .08 0 © ]33 4 0 Jarc por ghumagn,
Sugareans, Baast . . .. Do. J1911 022618 0270 0 0165 D 0 Both the omt of
vacriety . i oduction and ¥s-
Pounda s ol produes are
? T pucon

Unfortunately these estimates do net give any account of the cost of
growing cotton and the profits derived from it in the Gurdaspur District
but an estimate is given for Tarn Taran tahsil in the Amritsar District
which is adjaéent to Gurdaspur.

The profits of cotton in Tarn Taran compare very favourably
with those derived from cane cultivation in Gurdaspur under canal
irrigation. Another point in favour of the cotton crop is the smaller
outlay in capital and cost of production than is required in the case of
cane. This will prove a powerful incentive to cotton growing with the
Punjab peasant, who, like the small farmer throughout the world, is
never overhanded with spsre cash.

1t would appear from this paragraph that I am advocating the growth
of cotton and rice in lien of cane in the Gurdaspur District, wheteas this
bulletin is mainly one about eane. I do nof intend this ; the point I
wish to make clear is that there are other crops in competition with
cane, and that there is every likelihood of these displacing cane unlesa
this is very materially improved. I have shown elsewhere that I have
good reason to believe that the Gurdaspur climate is not saitable for the
growth of an improved variety of cane which can only be regarded,
therefore, as a foreign crop. This being so, I venture to forecast that
cane cultivation will decline there, and its place will be graduslly taken

* A gizmaon=062% aore,
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by other more suifable crops which will ultimately prove to be more
remunerative. This becomes more clear when we compare the interest
returned in profits from the sale of the produce on the capital invested
in growing it. Thus for ex&mpfe, the interest yielded by cotton is over
100 per cent., for wheat just under 100, and for sugsrcane from 24 per
cent. upwa.rds the highest being only 86 per cent., snd this latter in all
probabilities is an abnormal figure.

Yield per acre the ruling agricultural factor in the ‘industry.

The yield of cane obtained in the district has been very fully dis-
cussed in Chapter I. We have seen there that the estimated average
for the district is somewhat above 10 tons of stripped cane to the acre.
Higher yields than this can be, and are, obtained, but in forcing up the
outturn the law of diminishing returns will apply as it does in the case of
all agricultural products. ~The yield of ten tons may be a low average,
but I am inclined to think that it is about the yield at which the zemindsr
gets the highest interest on his capital outlay In other words he has
pretty well reached the limit with the implements, manure, soil and water
at his disposal and in the climate in which he has to work. Any marked
‘increase over this average must mesn more than average favourable
conditions in one or other of the above. Otherwise more and more
capital will have to be employed in obtaining increased yields.

In Table LII for example, with a capital outlay of Rs. 58 per acre in
Gurdaspur, the return was 86 per cent. ; with an outlay of Rs. 77 it was
52 per cent. ; while with an outlay of RS 246 on Pounda cane the return

on the capmal invested was only 24 per cent. This is a point of vital
importance to the small farmer, and for this reason it is useless and im-
possible to compare the conditions of the industry in Gurdaspur with
that of other cane-growing countries on the yield per acre alone. That
the out-turn of cane in Gurdaspur is below that of most other sugar
‘growing countries. is certain, and it is only the isolated position of the
district, the heavy freightage rates, and the fact that, India is producing
less sugar than she consumes, which enables the farmer in Gurdaspur
to continue to grow cane on a large scale. .

4. Curtailment of the losses taking place in the manufacture
of sugar. ‘

" The losses which take place in the manufacture of sugar by country
methods in the district are very great and there is scope for immediate
improvement.

The principal losses take place in (a) crushing and (b) boiling. The
estimates I have given for the losses in orushing in Chapter If are certainly

-
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very much below those normally taking place in the villages. Hulme
considers that the extraction eflected by the ordinary country mill is
about 56 per cent. or in other words not a very great improvement on
Lehman’s estimates {loc. eil.). "

Two methods suggest themselves for the curtailment of this loss,
The first is its reduction by better machinery, to be owned and rua by
the farmer, just as he owns or hires the bullock-driven crushing mill
to-day. The other method is more complicated—it involves the use of
machines of higher power and greater cost than could be managed by
any ordinary farmer and would need special management.

The first of these two metheods is being tried in the United Provinces
by the Agricultural Chemist, and consists of the use of & mill capsble
of crushing 12 to 15 maunds of cane per hour and driven by an o0il engine
of from 5 to 7 B, H. P. and costing about Rs. 500.# The mill gives an
expression of 55—59 per cent. with Ukk canes and 62—66 per cent.
with Pounda canes. This is better than the village mill as ordinarily
used in the United Provinces, but not equal to a Nahan 3-roller mill
driven by bullocks. This Iatter 18 not however within the means of
the ordinary cultivator.

The second method is under tnai in the United Provinces by the
Sugar Engineer to the Government of India, Mr. Hulme. At Nawabganj
a factory costing Rs. 50,000 and capitalized at Rs. 80,000 (Ra. 30,000
being set aside for the pre-payment of the cane) bas been erected. This
is capable of milling 30 maunds per hour at 22 hours per day for 91 days
or about 60,000 maunds of cane in the season. In the opinion of the
desimner this is the smallest sugar boiling plant that can be economically
used. It makes both white sugar ag well as ordinary country gur. It
does not use vacuum evaporating pans but only Wertzel pans.

By the courtesy of the Director of Agriculture, Mr. Hailey, and of
Mz, Hulme, I had an opportunity of inspecting this factory in February
last. It appears to be a valuable experiment, but sli the problems
capable of solution by it have not yet heen solved. The principal diff-
culty experienced has been in obtaining a sufficient supply of cane to
keep the factory fully employed, Thisdifficulty will always be experienced
with any similar factory unless the factory either owns a portion of
the adjacent sugar land, sufficient to supply at least } of the season’s
consumption, or else the farmers growing the cane must have an intereat
in the factory itself to act as an inducement to them to supply the factory
with as much cane and at as low a figure as possible. One cannot lay

. down any hard and fast rule a8 to which is the better method, for the
system effective in one district or province may not be so in snother.

* Procecdings of the Board of Agriculiure in India, 1316, page 93.
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Speaking of the Punjab and the sugar growing conditions which exist
there as I have seen them, I belisve the latter system of co-operation
between grower and sugar boiler is the most promising, and if successful,

~ will not only efiect a considerable saving in the terrible waste now taking
place bat will also set free the farmer’s cattle as well as the farmer bim-
gelf for other work more directly connected with the farm.

At Nawabganj the factory mskes 3 grades of white sugar obtaining
a molasses by-product. It was estimated to yield 8 per cent. of sugar
on the cane crushed at an average price of Rs. 13 per maund and 5 per
cent, of molasses at an average value of Rs. 2-8 per maund. These
figures have not been realized in the present working seasen {1916) owing
to losses in the factory and the sale of part of the sugar in an unrefined
state. The actual return bf refined sugar on the cane crushed was only
3'6 per cent, :

The efficiency of the mills is 83-3 per cent. on 19 crushing and usidg
different types of cane and the return of gur is about 11 per cent. of the
weight of cane. The following is the result of 3 days’ working at Nawab-

ganj, i—

. . . . Pereonta;
Weight nf | Weightof | Weightof ge

Date . |camecrashed]  juice gur ,fff:; :n
Mds. Srs. | Mda Sra, Mds. Srs. || Percent..
8th January, 1918 . R - 221 33 15] 25 25 12 1138
Igth Janﬁary, 1818, R R 188 20 127 3D 23 26 12.51
7th January, 1986 . . .| 171 20 0% 5 18 0 1005
AVERAGE . .. . .y -39

The eost of production is about Ra. 5-4 per maund of gur when the
cost of cane is R. 0-5-3 per maund, this being the.price actually paid
for cane at Nawabganj. The price of gur varies. According to Noei
Paton {loe. eit.) the average price of gur in 45 districts was :—

L4

Rs.
1906 - . . . . - . . 553 per maund.
1907 . . . . . - . . 504 ”
W8 . . . . L . . . 53,
1809 - . . . - - . - 595 3
1310 . . . . . . . . 598 »

In Lyél!pur and Gurdaspur districts, the price of gur this year (1916)
is about Rs. § per maund.
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The price paid for cane at Nawabganj is high—better cane can be
purchased in parts of Bikar at R, 0-4-0 per maund. At Sujanpur in
the Pathankot tahsil, there is an old established sngar factory which
buys the cane in advance and pays from Rs. 20 to upwards of Rs. 40
per acre, the average out-tarn of which is about 200 maunds. Taking
Rs. 30 as the average price per acre paid this costs on the field R. 0-2-5
per maund of cane, and at the factory, after paying carting charges at
R. 0-0-9 per maund, gives R. 0-3-2 per maund.

On the other hand Dyer’s scheme for making gur in the Gurdaspur
and Amritsar districts at Chinna, Bafala, and Amritaar, using steam
driven mills, broke down because he conld not purchase enough cane
to keep the mill working even at R. 0-6-0 per maund.

‘8. Cost of production of the cane and the price at which it could
be supplied to a factory.

Hamilton® has estimated the cost of production of cane on canal
irrigated lands in the Gurdaspur District at about Ra. 50 per acre (ex-
clugive of charges for sngar boiling)y Unfortanately he gives no figure
for the rent value of the land, and this somewhat detracts from the valus
of his fignres. At Rs. BO per acre and with a yield of 300 maunds of
cane, this gives the cost of growing the cane at R, 0-2-9 per aund ;
add carting charges at the rate of 20 maunds per cart for 15 days at
R. 1 per day—we get & carting charge of R. 0-0-9 per maund of cane.

The rent of the Isnd is difficult to estimate—this is sometimes taken
as half the value of the crop grown—the owner supplying seed and some-
times other things also. It is difficult to deduct a rental value for this
system, since cane only occupies & portion of the land (§rd in the
ordinary rotation followed, see Chapter I}, less remunerative crops
being grown on the other parts at the same time. Moreover, the tenant
gets fodder crops in the kkarif season of which the landlord takes no
ghare. Land ig let on a money rental in some places, but the value
varies very much. The land commanded by canal irrigation for example
is very much more valuable than that which has to be irrigated from
wells. 1 have taken Rs. 15 per acre as an average figure for the rent
value of Jand in Ga;:daspur. I am fully aware that there are meny
farms on which care is grown which command a higher figure than this,
but on the other hand there are many others which can only realize
much Jess, just as is the case with the out-turn of cane per acre. This
figure for rent value of the land gives a rental charge of R. 0-0-10 per
maund of cane grown (taking 300 maunds as the yield per acre). The

1 Ezpenses and profils of cultivation in the Punjab, Punjab Government, Press, 1918,
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liatai cost oi ymdncmg the cane and i&n&mv it at $he factory is esmmsted
a3 follows —

. . RBasar -
Costeigmwing T . « O 2 8permaund of cane.
Rent of land .. .. . ¢ 010 "
Carting. . .. .« 2 s+ .0 GO ol

“Z Torak . O 4 4 permeund.

* Since this is more than the price paid at the Sujanpur factory, we
can only conclude that, in the Pathankot tabsil at least, the cost of
growing the cane s much less than the above estimate. These figures
are only approximately correct, and their value lies in.the ptoof they
afford that the cultivator can grow and deliver his cane at-a central
-crushing and boiling mill at a price which will yield a margin of profit
- both to him and to the mill-owner.

Factories of the type at Nawabganj offer a partial soluéion
“of the problem of ‘present waste. I do not think that a factory
of this type will be able to stand competition Irom & large
- _rafinery but it .will take some years before such refineries can
-eems into exitence in sufficient number to seriously affect the price of

- "gugar ia Ind®, and in Northern India particularly the day is far distant

- _ when sugar facfories will be seen.” ‘In the meantime any system, which
is an improvement on that at present in vogue, will be of assistance in
increasing the out-turn of raw sugar and -rendering the country more
independent of the imported products. We have only to turn to,the
reputed losses shown in Chapter III, to see what a large’ ma.rgm there is
for improvement in this direction—probably a larger margin ﬁhan there
1s for the improvement of the cane itself’in Northern India. ,
The estimates I have given in Chapter IIL are certainly iess than ig
actually the case in the villages, for the milling and boiling on which
these estimates of losses are based, iz far better than in the villages,
I shall not deal here in detail with improvemerits which can be effected
in the boiling of the juice, as it will make this account of the Gurdaspur
sugar industry too bulky and would serve no useful purpose. Improve-
ment can only be effected by the use of better machinery snd by skilled
- labour, both of whicli are beyond the reach of the present farmer unless
the sbove system of co-operation can be secured.. The type of machinery
which would be used, may be seen by reference to an account of the
Nawabganj® factory. ) - -

1 A note on the improvement of the indigenous methods of sugar and gar making in
the United Provinces, buing & report of the (Government experimental sugar Tactory
-at Nawabganj * by Mr. Bulme. Allshabad Government Press, 1916.

I
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From the table No. XLI on page 71, Chapter 1V, it will be seea that
the excess of imports over exports in the gur trade of the district was.
49,23.181 mannds in 1911-12, The area under cane in the district is
about 50,000 acres with an average out-turn of sbout 34 maundas of gur
to the acre. In order to check this importation of gur, therefore, it
will be necessary to either quadruple the area under cane or raise the
yield per acre to four times its present value if the internal consumption
of sugar is to be met locally. We cannot materially increase the ares
under cane, for this would disturb existing agricultural conditions, nor
i8 there any likelihood of increasing the yield per acre to anything like
this figure. There is, however, sore room for improvement in the manu-
facture of gur itself, in checking losses in crushing and boiling and,
while there it 80 much cane grown in the district, an effort should be
made to minimize these losses.. This will be a real improvement and
& boon not only to the Gurdaspur farmer but to the sugar consumer
throughout India,
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