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PREFACE

IO cnsure in the scions certain desirable qualities, such as long life
F and hardiness in the tree or the dwarf habit with early and
abundant bearing, or superior quality in the fruit, stocks of various
kinds are employed.

The influence of the stock on the scion has not yet been fully
tested in India for any fruit,

In this Bulletin it is proposed to show, as a result of experiments
in the North-West Frontier Province, that success in the cultivation
of the orange in North-West India mainly depends on the character
of the stock used.

WLR. B.
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The Orange:
A Trial of Stocks at Peshawar.

{Received for publication on 23rd August, 1919.)

I. Introduction.

Tn India, an orange tree, which is properly treated, may he depended
on to bear & paying crop at the age of six years, and to yield 300 [ruits a
vear for a period of 15 to 20 years after coming to matwrity. After
visiting many nurseries and gardens throughout India, the wiiter
estimates that nurserymen sell 400,000 orange plantsa year they have
probably disiributed 8,000,000 plants at the good swm of R, 20,00,000
in the past 20 years. If the trees had been set out at 18 feel apart, on
simple caleulation, India’s groves should now comprise no less than
5000,000 bearing trees on 60,000 acres. And as the average price
of oranges is not less than Rs. 2 per hundred. it might be expected
that Tndia’s orange crop would be worth Rs. 3.00,00,000 a year,

Unfortunately this is very far from the actual state of aflairs. A
considerable proportion of the budded trees have declined and died
without hearing any crop at all : very few of the trees have yielded 300
oranges even for & year or two: not many of the trees have floarishel
for 20 years. The area oceupied by groves is far short of 60,000 acres :
the erop is worth but a small part of the grand s of Rs. 3,09,00,000,

Nevertheless, some vigorous, bountiful trees that have home an
average crop of 300 fruits for many years and, more varely, profitable
highly fruitful groves are oceasionally to be seen in various parts
of India.  These indicate that the orange can be grown very well in the
country.  Why then are India’s groves so unfruitful compared with
similar groves in Europe, America or Australia ¢ What has caused the
death of so many of the trees that have been planted ¢

In India oranges are set out with care on good land and, generally,
the groves are protected from drought. The orangeis one of the casiest
fruit trees to g1 ow—requiring far Jess pruming, thinning or spraying than
peaches and plums—and as a wafter of fact the Malta and the Sangtara
orange trees receive more care than several other kinds of fruit trees
which reach greater perfection from an Indian gardener's hand.
Unsuitable soil, unfavourable climatic conditions cannot be the
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factors that cause the comparative failure of the orange in India. Ty,
orange flourishes on a great variety of soils over the sub-tropical world.
and India has plenty of good fruit land and a econsiderable range of
climate, There must be other cireumstances which causc the orange
groves of India to fail.

Tnvestigations carried out in many gardens and nurseries throughout
India, in the years 1905-11, inclined the writer to believe that this failure
has been caused by mistakes in the preparation of the plants in the
nurseries. In those parts of India that were visited, it was found that
nurserymen employed several kinds of stocks for the Malta and the
Sangtara, and as the nurserymen were not fruit-growers, they had o
assured knowledge of the effects of the stocks they used on the develoy-
ment of trees in the groves. Indeed, the opinions of nurserymen on the
merits of stocks were everywhere contradictory and often palpably un-
reliable : each appeared to use the stock he could most cheaply and con-
veniently obtain, or which guickly raised nursery plants fit to sell.

In some other matters the failure of the trees was undoubtedly
caused by unfavourable conditions that prevailed in the nurseries,
The young plants were overcrowded ; they struggled for existence with
old nursery plants and frequently with tough root-weeds. The aress
were so small and congested that suitable rotations could not be
followed. 1In the preparation of the plants careless work was
also observed. The orange buds were inserted too high in the stocks.
Very often old stocks were used on which buds had failed in several
previous years.

In short, the nursery plants were found to be badly grown and
unreliable.  They were altogether inferior to the plants which
nurserymen sell in Europe, America or Australia. No fruit-grower in
those countries would set out the poor trees which Indian nurserymen
customarily distribute.

These are some circumstances that appeared to the writer to
account for the failure of orange groves in India. But despite
them all, it yet seemed that the proportion of trees which reach
mature age and fruitfulness should be far better than it was
found to be,

Outstanding clear above all other probable canses of failure wewe
the facts that several distinet kinds of stocks were used : that great
difierence of opinion existed amongst growers regarding the merits of
the various stocks : that all the stocks could hardly be equally suitable
to both the Sangtara and the Malta, and that some of the stocks
employed might be unsuitable to either the Malta or the Sangtara.
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Accordingly, when orchards at the Peshawar Agrienltural Station
were being laid out in 1911, the opportunity was taken to include u test
of the orange stocks which are commonly used for the Malta and the
Sangtara in North-West India.

Budded plants were obtained from a 1eliable Indian source, good
clean cultivation was practised, and irrigation was used with caution.
No calamity befell the trees during the trial,

The resuits shown with the Malta and the Sangfara will be dealt
with separately.

II. Climate of the Peshawar Valley.

The climate of the Peshawar valley is described in the District
(iazetteer ag follows -—~

Tour seasons are recognized at Peshawar: Spring in February,
March and April.  During the earlier part of this period there are
oceasional light hail-storms and frequent thunderstorms, and usually
rain falls to the extent of three or four inches, Normals of tempera-
ture derived from the data of 33 years are as follows :—

Normal Normal Normal
Month maximum minimom meuan
temperature temporature temperaturc
February . . . . 657 423 541
March . . B . . 750 a7 633
April . . . . . 855 60-3 729

Summer in May, June and July. Rain rarely falls during this season
though thundersborms sometimes continue well into  May which
is the hottest of the year. It is frequently hazy, and dust-storms
accur in June and July. Normals of temperature are as follows :—

Normal Normal Normal
Month maximun minimunt mean
fiem peratnre temperature temperature
May . . . . . Us-1 60 A0
June . . . . . 1059 KR ul'G

Ny . 0 0 1027 42 90+
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Autumn in August, September and October. The season is ushered
in by the hot weather rains which do not, however, always rewh
the valley. October is usually dry. They break over the district iy
four or five violent storms at intervals of a few days, and two or three
inches of rain fall on each occasion. During the first part of this
season the sky is more or less uniformly overcast with clouds and
the air is steamy and oppressive. Normals of temperature are as
follows :—

Normal Normal Normal
Month maximum minimum mean
temperature temperature temperature
Angust . . . . 492 780 886G
September . . . . 956 703 831
Qctober . . . . 882 579 731

Winter in November, December and January. During this season
the weather is variable. The sky is at fivst hazy, then cloudy, with
gometimes slight rain towards the end of December. There is a
remarkuble abscnee of wind generally and the air is still and stagnant.
The first touch of frost is expected towards the end of November.
Normals of temperature are as follows :——

Normal Normal Normal
Month muximum minimum mean
temperature temperature temperature
November . . . . 773 461 617
December . . . . 690 392 531
January . . . . 630 396 513

The average annual rainfall in the Peshawar valley is 14 inches only.
But the experimental groves were irrigated, and never saffered from a
deficiency of soil moisture.

HI. The Stocks Used.

The trial comprised the following :—

Fifty plants on Citrus Limonum, Osbeck, var, Thisis the  rough
lemon ” of California and Florida, the ** khatti ” of the Punjab
and North-West Frontier Province, the lkharna” of the
United Provinces.
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Fifty plants on Citrus Aurantium, Linn. This is the ©* sour ” orange
of California and Florida, the “ khatta ™ of North-West India,
the “narang” of the North-West Frontier Province. It is
sometimes called the Seville or marmalade orange.

Kifty plants on Citrus Limonum, var. © sweet lime ** or ** sharbete »’

r “ mitha . The writer has not seen any accurate botanical
description of the ““ sweet lime”. The fruit is insipid-sweet
and is liked by Indians. But it does not appear to be culti-
vated in Europe, America or Australia.

Fifty plants on Citrus Medica, Linn. This is a large coarse citron
which is called the ““ galgal ”” in North-West India.

1V. The Malta (Citrus Chinensis) Grove.

Soil. The following is a report by the Imperial Agricultural Chemist
at Pusa on two samples of soils from the Malta grove :—

01 1.3
Laboratory No. 33-1919 34-1919
Moisture (hygroqcoplc) . 003 102
Combined moisture and organlc matter

and undetermined . . . 138 1-28
Sand and insoluble matters . . 65-26 64-29
Iron (Fe,0,) . . PR . 492 478
Alumina (Al,05) . . 961 945
Oxide of manganese {Mn;0) . 002 00y
Lime (CaO} . . . . . 904 9-92
Magnesia (MgQ) . . . . . 0-68 074
Potash (K,0) . . . . . 094 0-89
Soda {Na,0) . . . . . 037 0-29
Phosphoric acid (P,0;) . . . 016 014
Carbonie acid (CO,) . - . . 758 8-i0
Sulphuric acid (80,) . . . . 004 003
100-00 10000
Available potash (K,0) . . . 0017 0007
,»» phosphoric acid (P 05) . 0-0038 0-0012

Organic nitrogen . . . 005 003
Homus . . . . . 0-80 060

Remarks. The soils are very deficient in available P,0,.
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V. The Sangtara (Citrus nobilis, Lour.) Grove.

Soil. The following is a report by the Imperial Agricultura)
Chemist at Pusa on two samples of soil from the Sangtara grove :—

-1 .3

Laboratory No. . . B . . 31-1919 32-1919.
3 %
Muisture (hygroseopic) . 102 162
Combined moisture and organic s xttnr
and undetermined . . . 2:635

Sund and insoluble matters .
Iron (Fe,Uy) 329
Alumina  (ALQy) . . 10-38
Oxide of manganese {Mn, Ux} . . 003 008
Lime (Cat)) . B . . . 436 $64
Magnesia (MgQ) . . . . . 087 074
Potash (K,0) . . . . . 112 i02
Sarda (N, 0) . . . . . 0-39 032
Phosphoric acid (P,0,) . . . 016 016
Carbonic acid (CO,) . . . . 721 796
Sulphuric acid (80y) . . . . 035 002

100:00 100-00
Available potash (K,0) . . « 0015 0-008

,»  phosphoric acid (I’ 0;) . 0-0016 0-0009

Urganic nitrogen . . . 005 004
Humus . . . . . . 135 120

Remangs., The soils are very deficient in available P,05
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Toprow. Sangtara oranges from a tree hudided on the eitron o galaad 60,
Medicu, Linn).  The Inots were exceedingly coarse in appearance and, as
they had very litte juice, they were unsaleable, The averaze number of
seeds per fruit was eight.

Second row, Nangtara oranges from a (ree budded on the ™ sour ™ erange
or “khatta ™ (€ Awrandiig, Linn). The feaits were faiely juicy and the
skin thin and tight for this elass of fruit. The lavour was quite cood, The
average number of seeds per fruit was nine,

Third yow. Sangtaras from a tree budded on the “rough lemon ™,
“khatti” or “kharna T (4 Limowns)  Oranze: on this stock closely
resembled  those produced by the ¢ svar orange ™ stuck. The average
number of seeds per fruit was ten.

Fourth yow.  Oranges from  tree hudded on the *sweet: Lme ™, mitha ™ or
“sharbete”  (C Liagium).,  On this stock the fruits produced sere laeger
and hetter in Bavour than those on any other stock, The oranges were
nclined to be bue loose in skin and sonmewhal coarse in appearance.
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V1. Summary of Conclusions.

TrE Mavta,

Of all the orange stocks which are used by nurserymen in North-
West India, the “ rough lemon,” *“ khatti” or “ khama ” (C'. Limonum,
Osheck, var.) is the one which gives greatest vigour and fruitfulness
to the Malta.

The “ sweet lime,” *“mitha” or ** sharbete™ (C. Limonwm, var.),
is suitable for the Malta in the small private garden only, where a dwarf
tree with a few oranges of high quality are desired : the stock is unsuit-
able for the commercial Malta grove.

The citeon or * galgal 7 (C. Medice, Linn.)and the “ sour orange
or “ khatta > (C. Aurantium, Linn.) are not suitable stocks for the Malta
in North-West India.

THE SANGTARA.

In almost all respects the *“ sweet lime ™, “ sharbete ” or ““ mithg
(0. Lomonwm, var.) is the best stock for the Sangtara.

The ““ rough femon,” “ khatti ™ ov ““ kharna ” (C'. Limonnum, Osheck,
var.) and the citron or “ galgal * (€. Medica, Linn.) are not suitable
stocks for the Sangtara.

The stock and scion influence each other profoundly in producing vi-
gour and  froitfulness in the orange tres, and in developing colour,
shape, size, quality, flavour, beauty and secdlessness in the fruit.

Tests of stocks should be made wherever the orange is grown in

Tndia.






publications of the Imperial Department of Agriculture
in India.

To be had from :—

The Office of the Agricultural Adviser to the Government of India, Pusa, Bihar
and from the following Agents :— :

. Thacker, Spink & Co., Calcutta. 6. D. B. Taraporevala, Sons & Co., Bombay

) . Newman & Co., Calcutta. 7. Thacker & Co., Ttd., Bombay,

Jaf M. C. Sarkar Bahadur & Sons, Calentta. | 8. Sunder Pandurang, Bombay,

1 Higginbothams, Ltd., Madras. 9. Rai Sahib M. Gulab Singh & Sons, Lahore.
5 Thompsen & Co., Madras. 10. Manager, Bducational Book Depdt, Nagpur

A ccmplete list of the publications of the Imperial Department of Agriculture in India
«an be obtained on appiication from the Agricufturai Adviser to the Covernment of india,
pusa, Bihar, ar from any of the above-mentioned agents.

Ilese publications are:—

1 The dyricultural Jouranl of India. A Journal dealing with subjects connected with agri-
coltnral economics, field and garden crops, economic plants dnd finits, soils, manures
methods of cultivation, irrigation, echmatic conditions, insect pests, fuugus d'\seusvs?
co-operative credit, agricultural cattle, farm implements and other agrirnltural matters in
India. Illustrations, including coloured plates, form a prominent feature of the Journal,
Iu is edited by the Agriculiural Adviser to the Government of India, and published onee
every Lwo months or six times i a year. Anawal Nabseription, Rs. 6 or 95 64, including
postage.  Single copy, R. 1-8 or 2s.

2 Scientific Reports of the Agrienltural Research Institute, Pusa (including the Report of the
Imperial Cotton Speeialist).

5. Anmmat Report on the Progress of Agriculture in India.
1. Proceedings of the Board of Agriculture in India.
5

Praceedings of Sectional Meetings of the Board of Agricultare
. Memoirs of the Tmperial Department of Agriculture in India.
() Botanical Series,
(&) Chemical Series.
{¢) Entomological Series.
(d) Bacteriological Series.
(e} Veterinary Series.
7. Bulletins issued by the Agricultural Research Institute, Pusa.
4. Books.
The following are the publications of the last two years :—

scieutific Reports of the Agricultural Rosearch Institute and College, Pusa (including the Report
uf the Imperial Cotton Specialist) for the year 1917-18. Price, R. 1-4 or 25

Scientific Reports of the Agricultural Research Institute, Pusa (including.the Report of the
Imperial Cotton Specialist) for the year 1918-19. Price, B. 1-4 or 2s.

Teport o the Progress of Agriculture in Indis for the year 1917-18. Price, R. 18 or 2¢. 3d.
Liepnt o the Progress of Agriculture in India for the year 101819, Price, R. 1-4 cr 2+

PI“HT&FNH;{S of the Board of Agriculture in India, held at Pusa on the 1st December. 1919, and
following days (with Appendices). Price, As. 12 or 1z, 3d.

Praceedings of the Secomd Meeting of Myeological Workers in India, held at Pusa on the 20th
February, 1919, and following days. Price, As. 11 or 1s.

Proceedings of the First Meeting of Agricultural Chemists and Bacteriologists, held at Pusa on
%th Vebruary, 1919, and the following days. Price, R. 1 or 1s. 6d.

‘Prn\’eodings of the First Meeting of Veterinary Officers in India, held at Tahove on the 24th
March, 1919, and following days (with Appendices). Price, As. 8 or 9d.
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MEMOIRS OF THE DEPARTMENT OF AGRICULTURE IN INDi3,

Botanical Series.

Vol. IX, No. IV. Studies in Indian Sugarcanes, No. 3, the Classification of Indiap
with special reference to the Saretha and Sunnabile Groups, by Cm
Bagerr, sc.p. Price, Rs. 24 or 3s. 4

Vol.. IN. No. V Phytophthora Meodii n. sp. on Hevea brasiliensis, by W. McRag
R.SC., ¥.L.&  DPrice, R, 1-4 or 2s. P
Vol, X,No. L Thoe Rice Worm (Pylenchus anyustus) and its Control, by E. J. Bom,
M.E., FLS. Price, R. 1-4 or 2« m‘
Yol. X, No, IL Studies in Indiau Sugarcanes, No. 4. Tillering or Underground Brangy
ing by C. A. Bakser, c.LE, se.D, FLS. Price, BRs. 44 or Ts, .
Vol. X, No. IIL. Studies in Indian Bugarcanes No. 5. On testing the suitability of sugar

cane varieties for different localitics, by a system of measurements
Periodicity in the growth of the sugarcane, by C. A. BARBER, c.1.E. )

P8, Price, R. 112 or 3. 13,

Val. X, No. IV, A Pythiwm Disease of (iinger, Tcobacco and Papaya, by L. §. gy
MaANIAM.  Price, R. 1-8 or 22 bd e - R
Vol Xo No, V. Studies in the Pnl]inatiou of Indian Crops, 1, by A. Howarp, cre, yy.

Cianriecce o G Howarp, s and ABDUR Ramvax KHAN. Prig
R. 1-4 or 2. 6. !

vol. X, No. VL “ Kumpta ’ Cotlon and its Improvement, by G. L. Kotrus, sag (1,
the press.)

Vol. XI, No. I, Some Aspects of the Tudigo Industry in Bihar, Part 1. The Wilt Disease
of Indigo. Part II. The factors underlying the seed production ang
growth of Java Indigo, by Arsert Howarp, ¢.Le, WA, and Gassgus
.. C. Howaun., s a (with the assistance of CHOWDHURY Raupny
Srven and Mavevt Anove Ramaax Kuax). (Tn the press)

vol.  XI, No. 1L Studies in Discases of the Jute Plant. (1) Diplodin Corchori, Syd, b
F. J. F. Suaw, p.se., a.nc.s, L (Ju the press.) '

Chemical Series.

Vol. V, No. 1T “ Heart Damage ' in Baled Jute, by R. 8. FIxLow, 8.Sc., RLC, RS
Price, R. 1 or 1s. 6.
Vol. ¥V, No. T1L Experiments on the Tmprovement of the Date Palm Sugar Industry i

Bengal, by Haroun E. ANNEIT, B.8C., F.1.C.; Gosra Brsar: Par, wse:
and Ixpy Brusax CHATIERIEE, LAg.  Price, R. 1 or le. 6d.

Vol V, No. 1V, Cholam (4, Sorghwn) as a Substitate for Barley in Malting Operations,
by BV arh, T. Lagsayans Row, ma., and P. A RacHussme
SWAML AvYaxear, Dip. Ag. Prive, As, 120r 1s,

Vol V, No. V. The Phosphate Requirements of some Lower Burma Paddy Soils, by F. 1L
Want, asc., nose., and Mavrse Po Smx. Price, R. 1-12 or 3= 3.
Vol. V,No. Vi Absorption of Lime hy Soils, by F. J. Wavrn, asc. B.sc., and Mioxe P

Saw. Price, R, 1.2 or 8o

Entomological Series.

Vol. V. No. V. The Rice Leaf-hoppers (Nephotettiz bipunctatus, Fabr. and Nephotettis
apiealiz, Motsch.), by € 8. MIsra, p.a. (In the press.)
Vol Vo Ne. VI, Tantana Tnsects in India. Being the Repurt of an Inguiry into he

Efficiency of Ludigenons Insect Pests as a Check on the Syread of

Tantana'in India, by Y. RasscHannua Rao, M4, REs. (Tn fhe prest]

Bacteriological Series.
vel. 1, So. VIIL  Pebrine in India, by €. M. Hurcsissos, sa (In the press.)

vol. 1, No. IX. Studies on the Root Nudule Organism of the TLeguminous Plants, by
N. V. Josn, s.se., ma, toag. ([n the press)






