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Some Factors Governing Fruit-bud Formation in
Mangoes (Mangifera indica Linn.)

Il Relation Between Growth and Flowering.
By K. C. NAIEK, M. Se, (Bristol),
Fruit Specialist, Kodur.

and
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Introduction. A correct understanding of the relalionship between
various growth features and productivity was shown in the previous paper*
as essential in successful mango production. Productivity is the ullimate
manifestation of the tres performance, from the grower's point of view. But
a comparison of this ultimate phase with the growth features does not
appear to be valid for the purpose of determining the most useful features
of growth for ensuring high production and regular bearing in mangces.
The correct basis of study in a problem of this nature would be flowers and
not fruits. Flower is undoubtedly a preliminary to ‘fruit, but it does not
follow from this that a heavy crop of flowers is always followed by a heavy
crop of fruits. Itis the universal experience of mango growers that, in
several years flowers shed either due to environmental influences or, as is
very often the case, due to a heavy attack of hoppers. ‘A bumper crop of
blossoms may be entirely lost, turning a prospective good year into one of
extreme scarcity. To study the problem of the so-called periodicity or
biennial bearing solely on the basis of fruit crop records in the face of
these well-known disturbing factors, a good part of which is beyond human
control, is naturally not the proper course. The work reporled in this
paper has therefore been carried out on the above-mentioned basis, viz,
that of blossom.

Material and methods. The material described in the preceding
paper unﬁar this series provided the basis for the study on blossom-bud
formatlion also: The flowering performance of the various classes cf shools
described therein were collected during the various flowering seasons and
the data presented in the following pages relate only to these.

Importance of leader shoots. The flowering records cf the six differ-
ent classes of shoots selecled for study are set forth in Table I. A perusal
of the figures brings out the supreme importance of leader shools in deter-
mining the future crop. There is, however, an exception lo the rule in the
‘current year’s’ shoots. - It is now possible to say thal, in m angces, {lowers
are largely borne on the preceding year's growth which may have emerged
from the leaders that had either {loweied or nol flowered in thel year, [tis
lrue that shoots of several years of age have also been noled lo produce
{lowers in some cases, but rarely the {ruits are carried lo malurily on such

* Madvos Agricvliural Journal 30, 329 (1942).
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shoots. TFor all praclical purposes, therelore, branches over two years ot
age may be considered to play no important parl in directly incrﬁnsinﬂ tha
flower crop. .

Performance of flowered and non-flowerzd leader shoots, The im-
portance of [lowered leaders in any given year for the prc:-du{;!ti-::m __oi flowers
in the following season is also found lo be as agr=al as that of the non-
flowered leader shools of the same year. The genersl belief that shoots
that flower in one year are incapable of producing a crop of flowers in the
subsequent year is erronecus, since such . shools have not been found fo
diller statistically {rom the non-llowered shools originated in the same year.

It must however be admilled that a shoot that flowers need not neces-
sarily carry fruils to maturity. 1t has also been shown in the previous paper
that de-blossomed shoots have different growth fealures and consequenltly
dilferent cropping pectentialities from the shoots which carried fruits to
maturity. It is possible that, apart from the possible influence of sarlier or
later vegetalive growth or of shedding of flowers on the bearing of shoots:
the inability of the Iruiling branches to develop new shools and mature
them sufliciently early so as to produce a crop of blossoms in the next
season is also a limiting factor.

Performance of ‘current year's' shoots. In the case of ‘current year's'
shoots, mention has already been made that no significant difference exists
between leaders and laterals regarding productivity. Much reliance cannot
be placed on these data because of the lower number of shoots selected for
study in Mulgoa. However, in Neelum and Bangalora a very much higher
proportion of leader shoots are noticed to bear flowers in the following
vear, while in Mulgoa though the proportion of cropping shoots is less than
that of laterals, it is nevertheless fairly high. These furnish an indication
that, provided a good crop of leader shoots are produced in the first flush
of any year along with the development of fruits, a good crop - of blossoms
can be predicted during the Iollowing year.

The laterals e xercise generally little influence in determining the extent
of {lower crop in the following year or the year after that. Nntw'ithﬁ’randing
the single exception discussed above, it may be concluded from a general
review of the entire data that, proportionately the laterals are of very much
lesser importance than leaders in producing flower buds.  But their impor-
tance in influencing the gross flower crop cannot be determined on the
above basis, as this would depend not upon the percentage of flowering
laterals but upon the number of laterals produced on a iree.

Performance of shoots that carried fruits to matuvity.  None of the
shoots under observation that carried fruits to maturity in 1939 was seen to
flower in 1940. This leads to the conclusion that tre effects of flowering
on the fulure performance of the shools is not the same as that of
{fruiting. As has been pointed out in the ‘previous paper shoots that
carried ' fruits lo maturity have produced fewer lalerals ocn a smaller
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proportion of shools and registered very much less extension growth than
the shoots that flowered but shed the flowers completely. The development
of the fruit possibly draws more heavily upon the food reserves of the tree
than the formalion of blossoms, and this fact must naturally exert a profound
influence on the future shoot performance.

Dissimilar reaction of varieties to ‘off-' and ‘on-year’ hearing ten-
dencies. Not a single shoot of any of the six classes in Baneshon has borne
any flower during 1940. The year appears to be an 'off’ one for the variely
and presumably a very good one for Mulgoa, Neelum has borne a normal
crop -of flowers, while Bangolora had a crop that almost bordered on the
"poor”. Incidentally, these facts relating to four main commercial varieties
growing together in a plantation indicate that all varieties do not respond
uniformly to the factors, known or unknown, that bring about lean and good
years in a mango tract.

Performance of lateral shoots. (a) Influence of laterals on gross
flower crop and regularity of bearing. Every leader shoot is capeble
of functioning not merely as a single leader but may also produce & number
of laterals. Similarly, every lateral shoot is capable of producing in its
turn numerous lateral growths. In as much as there are a larger number
of laterals than leaders on a tres and that laterals are also found capable
of producing flowers to some extent, it is to be expected that panicles borne
by laterals may be far more numerous than those borne by leaders on a
given tree. From this it may be inferred that, because of their large pre-
ponderance in number the laterals may influence the gross crop yield to
a considerable extent.

The emergence of a high proportion of laterals during the flowering
period ae shown in Teble 11l in the first paper of this series, and the fact
that a large proportion of such shoots produce blossoms in the next season
are points of great interest and economic importance, in that the production
of flowers and of shoots that flcw=r in the succeeding season go hand in
hand every year thus ensuring regularity of bearing, Neelum is known for
its regularity of bearing and this variely has also shown to be capable of
producing s high proportion of lateral shools. Thus, although the import-
ance of leader shoots in determining the crop siz2 has to be recognised,
the equally great importance of lateral shoots, especially in verieties where-
in they are produced in large abundance, in influencing the agross crop-
yield and in ensuring regularity of bearing cannot be under-aslimated.

(b)  Performance of loterals produced in 1938. As in the case of
leaders, reference to Table ] shows that no signilicant dilfarence in pre-
ductivity exists beiween {lowered and non-flowered lateral shoots. Con'rary
to the exisling belief, this fact corroborates the previously drawn inifeience
that the shoots that flower in one year are also cspable of bearing Howers
in the succeeding year, provided no fruils are carried lo maturily on these.

(¢) Performance of lolerol shools originating in 1939 from the
flowered end non-flowered leaders and Joferals, Table Il shows thal a
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fairly high proportion of the fresh lateral shools produced by the flowered
and non-flowered leaders and laterals in any given year are capable of
flowering in the succeeding yesar. It is further observed thﬁt there is no
significant difference in the flowering tendency of the lateral shoots Qriginﬂi-
ing from different classes of shoots.

(1)  Performance of lateral shools produced in 1939 on current
year’s shoots. As is natural, the leaders and laterals produced during the
first flush of 1939, 1. e. the 'current year's’ leaders .and laterals. are not
expected to produce a large number of lateral shoots during the ‘réemaining
part of the year. In Bangolora and Mulgoa such new growths have been
totally absent, while in Baneshan their number is fairly high. But none of
these has produced any crop in 1940. It may, therefore, be concluded
that the laterals emerging in any given year irom the shoots produced in
the same year are valueless for producing a crop of flowers for the
succeeding year.

Period of emergence of laterals in relation to flowering. Owing to
the practical difficulty in cbtaining an adequate number of I_é_terala emerging
every month from April 1939 to January 1940 in each of the six classes of
shoots in these varieties, it has become impossible to ascertdin the relation-

ship between the period of emergence of lateral shoots{from each of the
six classes of shoots and their flowering potentialities. However, the flower-
ing performance of the varying number of new laterals emerging in 1939
during the different months in these three varieties has been studied. The
data are presented in Table III. It is seen that April and May are the most
important months for the production of new laterals from the point of view
of flower production.

Relation between length of shoots and blossom bud formation. Exa-
mination of the data relating to the flowering frequencies of .shoots of
various lengths in two varieties, viz. Neslum and Bangalora, has shown that
the flowering shoots in both leaders and laterals show medium wvariation
with high Irequency of growth in the middle ranges of growth and the non-
flowered groups exhibit either very high or very poor extension growth. In
other words, the modal class is situated at the ends of the range in non-
flowered leaders and laterals. It may, therefore, be concluded that shoots
of medium length ere most fruitful.

Duration and extent of growth and growth cessation in relation to
flowering, Observations extending over four flowering seasons have
shown that increased vegetative growth is immediately followed by low
flower production or vice versa, and that trees which ceased growth early,
s1y by the end of May, are most prolific in bearing, while those in which the
growing period was prolonged up to July or August, or which showed
growth activity in the season immediately preceding the flowering period
failed to produce good crop. An early cessation-of growth during the first
lugh as well ag a definite dormant pericd immediately preceding the
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Howering season are therefore vital for the formation of & good orop of
flower buds.

It will be recognized that all the above mentioned favoursble conditions
for flower-bud farmation are subject to be considerably influenced by the

pre?ui]ing ssasonal conditions and to a certain extent by the orchard cultu-
ral practices

‘Distussion On the basis of independent studies, Singh and Naik
(1£33), Galang and Lazo (1935), Sen (1939) and Singh and Khan (1839)
in mangoes, and Roberts (1929) and Swarbrick and Naik (1932) in apples,
have shown that a number of lactors associated with tree growth are intima-
tely connected with the subseguent performance of those tress. From such
definitely established relationship it has been found possible to predict in
gome instances the future tree performance with some exactitude and also
to shape the growth of the irees in a manner most conducive to optimum
production. A number of workers like Hodgson and Cameron (1935) and
Marseille (1937) have studied the relationship belween cerlain climalic
fictors and tree performance, while Brown (1936) and Bane (1938) have
pointed out the various cultural practices by which the tres-growth can be
regulated in the desired channel. These various investigations serve to liit
the fruit growing industry {rom the empirical to the scientific sphere. Itis
on these lines that the Indian mango industry can hope to tide over the
present uncertainty and ensure reasonable returns to the grower by guaran-
teeing reqular cropping in desired bulk. The underlying objectives of the
present investigations revolve upon this principle of imparting the exactness
to the erstwhile "hit and miss’ method by furnishing & cerfect understand-
ing of the relationship between various growth features and producﬁvily.}(

One of the cutstanding poinls emerging from this study, is that in any
investigation of the problem of blosom-bud formation in relstion to growth
ieatures, grouping of all classes of shools inlo a single category will be
valueless. It has been clearly shown that each of the six classes of shools
in mango included under this study possesses dillerent growlh fealures and
flawering potenlialities. It is, therelore, amply borne out that the conclu-
sicns drawn on the basis of a single cless of shools will not be valid except
in affording broad indicatiors, particularly in regard o the growing season,
and crowth ag influenced by perlormance in the previous season. Some cf
the interesting resulils such as the relalion between {lowering and the difler-
eni classes ¢f shoole, and thal between the exiension growth of shoots and
blcssomr-tud formstion and asgain belween recularily of bearing and the
characteristic growth fealures of the variely can only be cbtained by a study
of the growth fealures of each class of shools separalely.

The daia empheasise thal, despile wide varialion in the nalure, exlent,
and period of growth among the individuals, there is some easily definable
relsiionship belween flewer-bud lormation and grewth {ealures in the pre-
ceding sesson. Since growih in its lurn is influenced by a vaiiety of feclers

uch #8 seasonal condilions,” tree-melebolism and cullural practices, il 1s



370 The Madras Agricultural Journal [Vol.-xzx, No. 11.

necessary to understand the correlations of all these faclors for coinpre-
hending the contributory causes of productivity,

It has been commonly assumed that there is a definite periodicily in
mango production., Hartless (1914) and Burns and Prayag (1921) have
adduced data to show that lean and good yesars alternate with each other
almost without exception. Popenoce (1927), while admitling that biennial
bearing possibly exists in some varieties, has found. that heavy produclion
in Mulgoba occurs on an average once in four years in Florida. Ina
general discussion on bearing in mangoes, Sen (1839) and Singh and Khan
.1939) have maintained that biennial bearing is an establicshed feature,
although no definite evidence has been furnished by them in support of
this assertion. Data collected in a mixed plantation at Kodur (MNaik, 1940)
have shown that goed or bad cropping years cccur at indeterminate and
irreqular intervals and do not conform to any alleged conception of rhyth-
mic or eycliec production. The position al present, therefore, is one of dis-
pute, and this is perhaps altributable mainly to the fact that the dilferent
workers have adopted dissimiler approaches to the study of the problem
and have based lheir inlerences on dissimilar varieties grown under widely
varying conditions. . '

Taking the extent of flowering as the proper basis, the first direction
to which attention is to be properly diverted is towards the growth features
during the seasons preceding the flowering period. It has been shown in
the present paper that flowers are borne on leaders as well as lateral shoots.
The number of shoots of each of these classes varies in a tree to some ex-
tent as does also the proportion of each of these classes of shoots to bear
flowers. If the leader shoots by themselves are more important as a class
for flower production, the lateral shoots, because of their large number are
of equal importance. The former class of shoots occur as extension growths,
while the latter are formed mainly from around the tips of shoots which
have ceased growth previously. A large number of such lateral shoots
also occur around the tips of shoots that have borne flowers. Tt, therelore,
follows that in the case of a tree which heas borne a very heavy crop of
flowers, a large number of lateral shoots develop either during the time of
flowering itself or a little later. Even among that class of shoots which fail
to produce flowers, a number of latera’s originate from the terminal rosette
of such shoots. Data have been adduced to show that some proportions of
all these classes of laterals produce flowers in the next season although the
extent may vary according to varieties, age and genetic make-up of the
trees. Since the production of a very large number of laterals has been
proved to occur in every year all the four varieties under study, and since
a proportion of such laterals has been shown to be capable of producing
flowers in Neelum, Bangalora and Mulgoq, it seems to be clear that these
three varieties at least, are not prone to biennial or periodic bearing. It
must be stated that these three warietlies bore a fair to gooed crop in this
tract during 1939, and the former two varieties again produced almost the
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same size of crop during 1940. Bangalora registered a crop of slightly
lesser size:in 1940 than in 1939. Failure of shoots of Baneshan to {lower
in' 1940 has already been shown to be due: to the longer period of growth
of the shoots in the first flush and its vegetative activity in the season
immediately preceding the flowering period, and cannot therelore be due
to the fact that this variety was in the 'off’ year. 1f the latter be the case,
a similar feature should have been evident in the other three varieties also
either during 1939 or during 1940, both of which years cannot be definite-
ly termed as lean years for these varieties.

[t has to be remembered, )ﬁ:ﬁwever, thdt growth is influenced by a
number of factors, each of which may vitally influence its course and extent,
and through these, ultimately the productivity. It has been stated by s-me
workers that a heavy cropping year is followed up by no crop in the same
tree ora variety. But this is only a halftruth ; for apart from the facl that
the individual trees constituting a variety differ markedly in their productive
capacity ﬂE-WE'i_I a'_s in their ability to bear regularly from year to yzar, the
effects of a heavy crop of flowers are quite dilierent from those of a heavy
crop of fruits. The former, if it does not carry a large number of fiuils to
maturily may result in a good crop of laterals which may, in turn, be res-
ponsible for the production of a good crop in the suceseding year. On
the other hand, in the latter case, imagining an extreme inslance, it is
possible to conceive delay in lateral shoots formalion and poor extension
growth or complete non-appearance of laterals and conseguently of poor
or no crop in the succeeding season. Not only such exitreme instances do
niot occur in the case of every tree of a variely, but there are also numerous
other modifying influences which seem to make it impossible for the regular
occurrence of this so-called biennial or periodicity of bearing in mangces.
Favourable weather or cultural practices at the proper time may force
vegetative growth during the blossoming period or it may extend the growth
too late in the sesson. In the former case the crop is. adversely affecled
for that season, while in the lalter case trees are rendered partly or com.
pletely unfruitful during the succeeding year. Heavy rains during the
blossoming period, insect and fungoid diseases, strong gales, prolonged
dry spells, artificial cultural practices such as ringing, pruning, smudging,
noiching, deep pleughing, grassing, manurial and irrigalional praciices and
also varietal peculiarities such as off-season or second flowering capacities
may all exerl their individual and cumulative influences whkich will ordinerily
render the regularity of biennial or pericdic lendency in mangoes a practical
impossibility. 1l is, however, admiltled that the influences of certain environ-
mental conditions may exert on such a wide scale as to destroy the crops cf
a whole tract in one year with a betler crop prospect for the next year. But
such adverse influences do not naturally occur according to tne szt plan of
the alleged biennial or pericdic bearing phenomenon.

- More than all, the belief in biennial beering does nol teke ir.to account
the extreme variability in the genetic make-up ¢f mango frees. I: has been
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shown by the senior author (1940) from a study of a number 'of varieties
over a four-year'period that, there is 8 wide variation in {ree-yield, end that
the proportion of produclive or regular bearing trees over a given period of
years varies from year to year. That there are as many as 100, 92,84 and
170 per cent consistently poor-cropping individuals in Mulgon, Bangalora,
Neelum and Andrews respectively during a four-year pericd is a definite
testimony against the existence of the so-called biennial or periodic bearing
in mangoes, Itis possible to visualise fairly uniform performance in a
plantation planted to standardized root-stock and scion varieties. But this
is an achievement that can besbut a fond hope at present. Realising the
unstandardised production of mango trees in Indian nurseries, it is essential
to make due allowance for the extremely varying performance. in Indian
mango plantations—a feature that ill-fits the belief in biennial bearing.

Summary and eonclusions. In mangoes, a definite relstionship is
found to exist between various growth features and bIcsspr-bﬁd formation.

No signilicant difference is observed between flowered and non-flowered
shoots with regard to flower production. The generzl belief that; shocets
that flower in one year are incapable of producing & crop in the succeeding
year, is therefore, erronecur, ' '

Mango flowers hava been fcund to be borne largely on the shoots that
originate in the first flush of the previous year.

Although a higher parcentage of leaders than laterals bear flowers, the
latter shoots because c:_lf their great abundance on a tree exert a profound
influence in increasing the gross flower crop.

None of the shoots that carry fruits to maturily seem to bear in the
succeeding year, which means that this class of shoots is less efficient than
that in which the {lowers shed early or in which ﬂc:wers were not produced
in that year.

An early production of lateral shoots during the f:rsl’. flush, an early
cessation of growth during the same flush and complete dormancy in thé
season immediately preceding the flowering period, seem to be conducive
to regular bearing in mangres. -

Heavy flowering is followed by retsrded tree aclivity in the following
growing season.

The available data and the knowledge on the nature of bearing in
mangoes indicate that biennial besring is not an established feature and
that the incidence of lean years 2t unregulaied inlervals is due to factors
other than those asscciated with the natural growih tendencies of the
mango.
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_ TABLE I.
Mean flowering performance of the various classes of shoots in mangoes.
A. MNon-flowered leaders. B. Non-flowered laterals,
C. Flowered leaders. D.  Flowered laterals,
-« CUritical
Signi- .
A B C D G.M. S E. ficant 9differ
- ’ or not, EHE.E‘
. (P =005)

Mean pnumber of
flowering shoots per} 40:33 20067 4367 1767 3058 631 Yes. 1540
100 selected shoots - # - . -

Mean number of

flowering sbootsz asg i ; ; . . .
percentage of gene-; 13309 6810 144°11 5831 10000 20082 b -5 S8z

ral mean .

Cﬂncluﬂinn;—ti. A, B, Dy
tCurrent vear's' shoots,

Varieties. -. Current yvear's leaders. L urrent vear's laternls, Mean,
Nealum 326 19 5
Baugalora 20 9 14°5
Basncshian 49 B0 t4°5

Mesmn 350 36°0 General Mesn 237

Difference between leaders and laternls for P="05—Nol significant,
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TABLE II

Mean performance of the lauteral shoots produced by the different classes of
shoots, -

A. HNon-flowered leaders. B. Non-flowered lu_teré}a'.
C. Flowered leaders. D. Flowered laterals.
. o Critical
General Significant
A B c D mean, S. E. or-not. &Egiﬂiggf‘

Mean perfor-)

mance of the

laterul shoots . o .
produced by 390 370 31'5 90 291 16°07 Yes S 1 L
the different

classes of

shoots

Mean perfor-

muance as per- . ) _ _ . ' o
cent of gengralg 1326 1258 107-1 306 1000 5468 Yes-- 1333

mean

Conclusion A, B, U, D

TABLE III

Flowering performance of the lateral shoots produced during the different
months of 1939 °*

A—April, B—May, C—June, D-—July, E—October,

Signi- Critical
A B C D E General S.E, ficant difference

e or not. (P=0'05)
Mean perfor-}
mance of lateral 600 470 135 1005 75 277 697 Yes 194
shoots 5
Meun perfor- .
mance as percent} <220 1739 499 389 278 10000 2578 Yes 717
of general mean

Conclusion A, B, C. D E

* No shoots were produced in September 1939 and January 1940, while those
produced in August, November and December 1939 failed to flower in 1940.



