https://doi.org/10.29321/MAJ.10.A04761

Orchard Efficiency Analysis in Mangoes (Mangifera

Indica Linn.) and Oranges (C. Sinensis Osbeck)
BY K. C. NAIK, B, Ag. (Bom.), M. Sc. (Bristol),
Superintendent, Fruit Research Station, Kodur,

Iatroduction. The Presidency of Madras is reputed to be one of the
leading producing centres of mangoes and sweet oranges. According to
the latest figures (2) the province claims an area of 244,945 acres under
mangoes with a marketable production of 20,000,000 railway maunds of
frosh fruils, of which 400,000 railway maunds are exporled annually to
other parts ol India. Although the sweet oranges compnsing mainly of two
commercial varieties viz,, the Sathgudi and Batavian account to-gether at
present for a production of 195000 railway maunds, about 65% of the
orchards under these tivo varieties are yel young and have nol reached the
bearing stage.

An outstanding feature of the mango production in this part of India is
that, it is not the result of a few standard commercial varieties but of a wvast
number of distinct horticultural entities;, many of which constitute nothing
more than mere local curiosities. In the Ceded districts, although a wvery
large number of varieties are under cultivation, those that are extensively
grown, are Neelum, Bangalora, Mulgoa, Andrews, Baneshan, Khader and
Peter., It is gradually being recognised that efficiency of production and
marketing requires that the orchards should be stocked with a limited num-
. ber of economically profitable varieties instead of the prevailing mulliplicity
of varying forms and types of good or indifferent value. Information on
the commercial value of each of the wvarious varieties is, therelore, being
increasingly sought for, especially for the raising of new plantations.

In the case of sweet orange plantations, however, seed propagation has
been the rule in South India till very recently. Itis in the very nature of
seed propagation, that the planis raised become extremely variable, so much
so that it is found impossible to obiain a standardised ecrop from any single
plantation. The promiscuous crossing that takes place in nature belween
conjugally compatible varieties and species of citrus, have led to the origin
of numercus and varied lypes and forms, so that the efficiency of orange
production is found 1o be fast undergoing a process of quality deterioration.
However, the polyembryonic nature of sweet orange (6) and the conseguent
origin of large number ol apogamic seedlings identical io the seed parent
has possibly served as a check in this down-ward march of the South Indian
orange industry.

Hodgson (3) has pointed out thal the factors governing successful pro-
duction of fruits of any of the varieties depend primarily upon the environ-
ment, cultural practices and inherent characler of the {rees. In a crop like
mango, which hardly receives any cultural attention in the Ceded districta
after the trees attain the bearing slage, and which does not seem lo afford
much scope for Improvement of cullural pratices at the present slage of low
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orchard relurns, the possible improvements that can be effected appear to
' lie primarily in the direction ol stocking lhe orchards with Enherenﬁy hiqh]:i'
productive and choice iruiling trees ol economically thtable ﬂurleiiaﬂ
Such a step will also be obvicusly necessary in the case of swesl" n:}rﬁnge'
plantations, especially in view of the very wide varlation in cmhard refurns
from plantations located under apparently identical conditions

s a means of visualising the relationship between crﬂhard productivity
and inherent bearing capacity of lhe trees and verielies, mpar&ha mvestha-
tions dealing with mangoes and sweel oranges were millﬂted at- l}'iE: Fruit
Research Station, Kodur, during 1936 and 1937, reapecﬂvel:.r_ .Thgar. re.s_ult_s
presenled in this paper relate to the dala collecled * for these inqésﬁgﬂﬁqns-
during the period of four years in the case of mangoes and three years in
lhe case of sweet oranges.

Materials and Methods, A private mango grove at Kodur covering
an area of about 50 acres and containing 1632 bearing trees of 25 different
varieties was selected for one of these investigations. - For the, study with
sweel oranges, two separate sathgudi (syn. chines c-range} r:.-ruharda. close to
the Fruit Ressarch Station, Kodur and located at a distance of ﬂbout 440
vards from each other, and cansishng of 212 and 102 seedhm; trees
respectively of uniform age and in full bearing. condition were selected.
The former orchard has been designated as No, 1 and the latter as No, 2
in this paper.

The performance records of individual trees in these {hree plantations
were estimated according to the lines suggested by Hodgson {3}_'. . Brieily,
for the purpose of recording data and analysis of the resulis the system
adopted consisted of the arbitrary fixing of four classes of tress -according
to relative production, laking the normal full crop for the year as the
standard., The numerals 1, 2, 3, and 4 were used _'Id::-'diaa.ig'naia_';heavw
medium, poor and no crop-production respectively, - In the case ol mangoes
estimates of flower production in the case of each tree were also-made and
recorded similarly.

Since a number of trees in the mango planiation consislea .0l wWedk or
dliseased individuals, it was [eli necessary to include for tha purpose of
analysis only such trees as were of apparently uniform wigour- and- ‘grow-
ing as close together as possible in compact areas. In all; 434 Neelum tress
in 5 separate plots, 630 Bangalora trees also in'5 different plots 41 trees of
Andrews variety in cne plet and 38 Mulgoa trees in yel another plot. were
{inally selected tor the purpose of analysis. The specimen records from a
Bangalora Block plot are given in Fig. I. Such a necessity for seleclive
analysis was not fell in sweet orange plantalions;, as almost .all’ the. trees
were very uniform in vigour and health.

In presenting the data in this paper, the performance of the firel and
the last class of trees have only been taken into account: This réstriction is
expected to reduce the error in estimation of . ptrformanca due to personal
tactor, to the narrowest limits possible.
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Performance Record Chart of Bangalora Bloek-Y-C. R, Garden, Kodur 1936 —39,
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Data and Discussion of Results.
. 14'6 in Andrews #nd 42'1 in Mulgoea.

Manga performance records.
pergentages of poor and heavy {lowering Irees in each of the four va

‘under study during 1936-38.
1t is seen from the above figures thal on the basis of flowering, the per-
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When the data relating to the estimated yield of fruits are similarly ana-
lysed, the low percenlage of heavy bearing trees in the plantation is brought
out more prominently, as is evident from statement No. 2.

The above figures show that the maximum percentage of heavy-yielding :
trees during the {our-year period has been only 9°0 in Neelum and Bangalora,
2'4 in Andrews and 2’6 in Mulgoa, whereas the maximum percentage of
poor-yielding trees has been 84°0 in Neelum, 92'4 in Bangalora and 100. 0
in Andrews and Mulgoa. An amazingly high pfeaentage of unprofitable -
lrees seems, thersfore, a common {eature in these four varieties of commercial
importance in this tract.

The sbove data does not, however, represent an accurate picture of the
relative economic importance of any ot the four varieties, nor does it indicate
the manner in which the varieties react to the popularly believed phenome-
non of biennial or periodic bearing in mangoes. For this purpose the data
have been analysed separately with a view to trace the performance of each
individual tree of all the four varieties during the four-year period. This has
furnished an idea of the proportion of trees in each variety that bear an uni-
form crop of flowers or fruits in two, three or four years during the four-year

period. The summarised data are presented in Statement Nos. 3 and 4.
Statement No. 3. Showing the percentages of consistently heavy and poor flowering
trees in a lwo-year, lhree-yoar and four-year periods,

Meelum = 434 DBangalora = 630

Tot -
1.}[:] nar Gl trvee {Andr&ws = 41 Mulgoa = 38

Consistently heavy-flowering| Consistently poor-flowering

. o -] W

Period E o 4 g B s = =

= = [ .H = = o =Y

E ¥ 3§ g & 3 32

Z = < Z K. < =
Any 2- year period 69 254 40 53 892 659 951 89'5
Any 3-vear period nz 21 24 nil 539 482 854 605
Any 4-vear perind nil 01 nil nil 196 139 414 132

Statement No. 4. Showing the percentages of consistently heavy and poor fruiting
trees in two-year, three-year nnd four-year periods,

Meelum=434. DBangalora=a630,
Total number of frees: { *

Andrews=41, Mulgon = 38
Consistently hem.'\-iru:.h_n.j._m __(_Jnnslﬁ!ently poor-fruiting.
. . . = - .
Period. g g : H E 5 E H
Any‘}sunr period. 39 30 2'4 nil 94'5 987 10000 1000
Any 3-year period. 05 _ nil nil nil 742 800 951 1000

Any d-yvear period, nil nil,  nil nil A55 395 A30 Rq:2
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Th:!. following inferences nre warranted lrom the above ﬁgu;rr_-g -

{i) There iz not n single tree in any of the four varicties that” has producen
consistently heavy or medium crop of flowers cnnsmutwc]y in tlm- qur
vear's period under study)with thé solitary exception of n. quga!urn
‘tree that hos consistently borne henvy crop of [lowers throughout the
four vear period.

fii) On the other hand, the percentage of consistently poor- flovering or
froiting trees during the four-year period has been ns high a3 414 and
830 respectively in Andrews, 132 and Eerespzctwe]y in ‘Mu!aua 139
and 3?5 in Bangalora and 196 and 355 in MNeelum. The existence of
.such a high percentage of consistently non-productive trees is a serious’
idraw-back in the orchard under study,

{iii) The inferences drawn above for the four-year period apply swlmost ina
similor degrec Lo the three-year period nlso except thar in the u_aﬁe'ol'
froiting in Mulgoa and Andrews, the percentages of trees thut hore poor
crop of fruits consistently during three out of four vears have been as
high ns 10070 and 951 respectively. This surprising fact points out the

futter {utility of raising commercinl orchards of these two varieties
in this tract.

{iv) The percentage of consistently heavy-flowering trees in any two out of
the four vears has been the largest in Bangalora, but this ﬂdvnntnze has
not bean maintained till the fruit ripening period. In fact, the. percent.
age of consistently heavy-fruiting trees in any two years out of the four-
vear period has been only 39 in Neelum, 3 0 in' Bangalora 2'4'in Andrews
and nil in Mulgoa, while the percentage of consistently poor-fruiting
trees in any two years has been as high as 94'5 in- Neelum 987 in Banga-
lora and 1000 in Mulgoa and Andrews,

The above facts clearly indicate that, one of the most important lines of
improvement that requires to be effecled in the mango industry in this tract
is to increase the proportion of consistently productive individuals, Whether
this can be brought about by propagation of plants from selected parents of
inherently heavy-yielding capacities or by hybridization are questions that
merit serious consideration in preference to the improvements that can
posaibly be elfected through orchard cullural practices

That Mulgoa and Andrews are not commercially * profitable varietiea
in this tracl has been clearly brought out from these studies.  In-a’ separale
seriee of investigations not reported herein, it has been found that Neelum
and Bangalora possess the longest marketing season and Mulaoa has a
very low percentage’ of perfect llowers in the panicle, which ‘resulls in ila
shy-bearing habil. A study of the prices realised by some ol lhe 'i'r'npcrrlant
varieties during a period of six years (1931—1936) has also revealsd that,
as against an average of Rs: 6 per baskel received for Mulgoa and Hndrews
during the heighl of the season, Neelum commands a price of as: much as
Rs. 10 per basket towards the close of the season, when {ruils of the above
varieties are scarce, even though during the mid-season the price may range
from Rs. 1—B—0 to Rs. 3 per basket. ' The relatively hiq‘ljer_ and regular
bearing tendency of Neslum, its longer marketing season, its ability to com-
mand fancy prices at the fag end of the season and alse its frequent ' pri-
duction of a {air-sized ofl-season crop 'of high marketing . value marks oul
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this variety as the most suitable for commercial planting in this tract, even
though its quality is inferior to that of Mulgoa and Andrews. Between
Bangalora and Neelum, the latter commends itself more to the Qrowers,
bzcause of its better fruit quality and its trequent habit of production of ofi-
season ¢rops. -

With a view to gather some information about the possible effect of a
heavy or poor crop in one season on the yield in the following seasons,
the estimated yield records were further analysed separately for each va-
riety., These revealed that, in the case of Neelum, for every 100 trees thar
bore heavy crops of fruils in 1936, only eight Irees bore heavy yields in
1837, ten trees in 1938 and 13 trees in 1939, This shows that the possible
exhaustion effect caused during 1936, had not been made up during the
following three years. It further shows that, the popular conception of an
off-year following alternately an on-year iz not substantiated. Similarly,
when the performance of the poor-bearing Neelum trees are traced, it is
found that, of the 100 such trees in 1936, 78 in 1937, 87 in 1938 and 81
in 1939 continued to bear poor crops. In the same manner, out of 100
trees that bore heavy crops in 1936 in Bangalora, only ten in 12937 and
1838 and six in 1939 bore heavy crops, while of the 100 trees that bore
poor crops in this variety in 1938, 62 in 1937, 94 in 1938 and 88 in 1939
continued to bear poor yields. All these facts seem to conclusively suppnrt!
the previously recorded inference that, in a given tree an on-year does not
necessarily follow an off-year., [n other words, the bearing in mangoe :
seems to be governed not entirely by the performance of the trees in the:'
previous year nor by the supposedly existing phenomenon of biennial
bearing, but mainly by the inherent character of the individual tree, includ-
ing possibly parts thereof, and also by other environmental fac
including the incidence of pests and diseases and cultural practices.

Orange performance records. It has been stated previously thal
sathgudi orange bears two meain crops in a year in Ceded districts, but it
>ften happens that irregular blooming periods also getl intercalated between
‘hese two main periods, resulting in the availability of fruits practically
hroughout the year. The blooming period for the winter crop, which forms
he largest bulk of the produce varies slightly from season to season, having
securred during the last three weeks of February in 1237 and 1938 and
ast week of January in 1939, - The harvest of this chief crop of the year
vas done during December-January in 1936-37, November-March in 1937-
38 and Nevember-January in 1838-39. For the second crop, flowering has
securred from last week of September to the beginning of December, and
iarvest was done from June to Augusl during lhe peried under study.
’revailing prices in the market offer an inducement to the growers to pick
mmature fruits, while in some years premature harvesi is necessitated by the

ttack ol fruit moth, Ophideres. These faclors are also expecied to affect
1e lree yield nol only during the season bul also in the immediately suc-

geding one.

-

i
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Unlike in lhe casz of studies in mango orchards, it has besn possible
lo take an aclual counl ol the fruits borme on each individual res in the
lwo sulhgudi plantations. DBesides furnishing a more ﬂﬂﬂﬂ[‘ﬂtﬁ ﬂl;auclmd {or
lhe grouping of the lrees into heavy and low bLearers, the ubove m&thc-r:i
has also shown an indicalion of the relation betlween the 1rae~,~y:elds in the
lwo bearing seasons. In the lollowing statemenls are pres&nted iha infm‘-
malion gathered [rom thess two orchards during the first two years viz,
1936-37 and 1937-38 as also a sunmary of the compiled ‘information
collecled during the enlire 3-year period.

Statement No. 5, Summary of information gathered (rom ﬂrnpgﬂ'ﬂr‘c_hm—'d analyais,

Garden No. 1 G.a'u;'-'..].tjl:.'! Nn 2
Particulars e e e e L _ _' '-f'f"
1936—37 1937—38 'l'JSt;r_--.’-‘?-__ 1937 =38

I. Percentage of non=hearing trees _
and trees bearing less thun 50 ‘ .
fruits each. 236 o b 53":? I

L

Average number of [ruits per . ooewty
tree for the year. 1358 55743 GOl - 30077

3, Average number of fruits per . o
bearing tree in 1st season. 15673 5240 9% - o 2BT0

1. Avernge number of fruits per 5 ARSI
bearing tree in 2nd season. 285 2008 357 . &5

5. Avernge number of [ruits per
bearing tree for the whole vear, 154'8 565 63 844 . 3298

. Maximum yield per tree io 1st -
FRAson. Y35 1400 S320 1200

7. Maximum vield per tree in 2nd ' e ‘
sSenson. _ 150 95 Eﬂ{] 40

. T

Statement No. 6. Showing the archoard efficiency nngly:i: duri..ug 1931}-—39.

Garden No, 1 . Gn.rdl:n. Nu
bearers benrers hearers br.-urers
o, :’; . ?; ! " ; . E
1st season 1748 .. 1262 1980 3021
2nd season 1630 59710 3750 s, 39°50

.

The above data make it clear that, from the point of view of gross crop
yield, garden No. 1 has proved to be.a distinctly more valuable asset than
garden No. 2. This difference is . primarily due to the existence. of a larger
percentage of non-bearing or low-producing trees in the first season and
also due to a relatively lower iree yield in that season in ‘the latter' garden
than in the former. Although garden No. 2 has shown during - the 3 year
period to.possess a higher proportion of high yielding ind ividuals, especially
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of the class that bears the second season crop, this advantage has been
offset by the other unfavourable features mentioned above. :

While the size of crop per tree or garden or season is clearly subject to
considerable variation the ratio between the yislds of the two seasons con-
tinues to be very wide, so that the second crop forms but a very small part
of the gross yield in the year. This, however, does not detract the economic
value of the second crop, which usually sells at a rate thrice or four times of
that realised for the fruits of the first crop.

It seems clear from the orchard elfeciency data for the three-year period
that, unlike in mangoes the consistently poor or low-yielding tress in sath-
gudi orange -plantation form a small proportion, not exceeding 30'21% in
the first season and 59'71% in the second season. Garden No. 1, which is
reputed to be one of the most profitable in this tract possesses only 12°62%
of the trees that are consisiently unprofitable on the basis of the yield
records of the first season. The analysed figures of cropping furnished for
three typical sweet orange plantations by Hodgson (3) have shown that the
percentage of unprofitable trees range from 13 to 32, while in the average
orchard the percentage may be over 50. Judged by this standard, it seems
that the best seedling orange groves of the Ceded districts can favourably
compare with the best budded orange plantations in California. On the
other hand, the percentage of profitable or heavy-yielding trees in California
has been found by Hodgson to vary from 26 to 68, while in Philippines, the
percentage of such trees has been found to range between 294 to 51°28 in
the four Batangas mandarin groves (4). Notwithstanding the possible
differences in the grouping of tress according to yields as adopted in Cali-
fornia and Philippines, an inference that seems valid is that, .there is scope
in this tract for increasing the orchard yields by increasing the number of

inherently high yielding irees.

Webber (5) and Batchelor and his co-workers (1) have shown that the
variations in orange tree yield is likely to be considerably influenced by
the variations inherent in the buds due fo heritage. Even if it be true that,
orchard environment may be more potenl than genetic factors in influencing
produﬂl:wit]" (4), the value of selecting only such trees as have been raised
from high-yielding individuals seems well established lor ensuring maximum
productivity. Since seed propagalion in citrus, despite its polyembryonic
character carinot be depended upon lo produce every progeny lrue fo the
parents, such sslection of budlings from high-ylelding parents is only
poseible through vegetative propagation, especially through budding, which
is the most economic of the latler methods.

Vegetative propagation is known to be specially valuable in mangoes,
secause of the mono-embryonic characler of most of the Indian varietier,
The continued and exlensive recourse lo this method through ages has
1owever, not inareased lhe proparlien of inherenlly productva individual
reas, possibly because of the lack of ony seleclive process in ke pareat
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material. Because of the alleged phenomenon ot 'perIOdici‘_L}r;__q;-t__i?_'earingf
in mangoes, it may also be impraclicable to secure as high a pjrquarlion'-:af
consistently productive parent trees in « mango grove as in:c_:iﬁig'g%

Nevertheless, from the economic view-point of the .grower, the. most
important measure that requires to be devised appears to be that, whlc:h has
as its objective a definite increase in the orchard efiemenc}r. Rignmus
selection of parent material, control of the so-called phenomenon’ of
'periodicily of bearing’, or employing suitable rootstocks are some nf the
possible methods that can be adopted towards the realisation of - these
objectives. On the other hand, in the case of sathgudi orange, while _the
value of selection of parents cannot be deniad, the grealer importance of
cultural propagation and rootstock investigations appears to be indicated
to enhance the orchard receipts through better fruit quality, dmease resis-
tance and an increased productivity in the medium or law-crnpmnq
individuals.

It also appears that the simple method ot orchard analysis adopted in
these investigations will be most useful in evaluating the intrinsic’ orchard
value. It would thus furnish a more efficient means to the purc:hasar' of a
bearing orchard of determining the orchard value than any of jhe prevailing
methods.

Summary. 1. An amazmgly high percentage of unpraﬁtable trees

has been found to form a common feature in Neelum, Banaalora,. Andrews
and Mulgoa varieties af mango in the Ceded districts. .

2. Out of 1143 treesof four varieties under study, there iz only a”

single tree of Bangalum variety, which has consistently borne héa'v"y crop -

of flowers during the fuurqre&r period. Not a single tree in any of the four

varieties has produced heavy or medium crop of fruits consistently ‘during
this period.

3. Since over 95 7 of the trees of Mulgoa and Andraw have bame
consistently poor or no crop during the 3 cut of four years . under stud]r,
and since the percentage of heavy fruiting trees in any one YE:ar has not
exceeded 276, it appears lulile to include these varieties' in- ‘eormimarcial
plantations,

4, Neelum has proved to be the most economically “Biofitabla
variety in this region.

5. The popular conception that an off-year is invariably iollowed by
an on-year or vice versa is not substantiated.

6. The orange' garden No. 1l has proved to be a distinctly more
valuable set than No. 2.

7. While the possibilnuy ot increasing the number of heavy-yielding
rees by vegetalive propagalion and selection of parent material is mn:hcaied
increasing of yields of medium and low croppers are found lo be of areater
importance in éranges, unlike in mango orchards.
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8. The simple method of orchard analysis adopted in these investiga-
tions is likely to offer an efficient means to the purchaser of a bearing
plantation of determining the intrinsic value of the iress grown therein.
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