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Executive Summary

Project Title Causes of Sporadic Flowering and Fruit Set in Mango (Mangifera
indica L.yand Resolution
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Tel 034-281-084, 034-281085 Fax 034-281-086
E-mail : agrknk@ku.ac.th

2. Lop Phavaphutanon
Department of Horticulture, Faculty of Agriculture
Kasetsart University, Kamphaneng Saen, Nakhon Pathom 73140
Tel 034-281-084, 034-281085 Fax 034-281-086
E-mail : agripv{@ku.ac.th

3. Kanapol Jutamanee
Faculty of Liberal Arts and Sciences
Kasetsart University, KamphanengSaen, Nakhon Pathom 73140
Tel 034-351-402, 034-351-599 Fax 034-351-402
E-mail address : faaskpj@nontri.ku.ac.th

4. Aussanee Pichakum
Department of Plant Sceience, Faculture of Science,
Mahidol University, Bangkok
Tel 02-248-5963 Fax 02-248-5963
E-mail : scaps@mahidol.ac.th

Problem statement and importance

Mango is the most important fruit crops in Thailand. Values for both domestic and
export have significantly increased. By using a plant growth regulator substance, flowering
is controllable independent of season so that mango can be produced all year round

However, sporadic flowering becomes a limiting factor, particularly, when trees have been
chemically forced repeatedly. Even though flowering is committed, the other -serious

problems in mango production are poor fruit set and premature fruit drop that cause low
and unpredictable yield. Causes of these problems may vary in different seasons and

remain unknown. Efficient methods to improve fruit set, development and retention need
to be characterized.

Objectives

1. To study the causes of sporadic flowering in mango and the methods to completely
control flowering all year round.



2. To study the causes of poor fruit set and premature fruit drop in mango and the
methods to improve fruit set and reduce fruit drop.

Methodology (experimental design, measurement, sampling, analysis, etc)

Series of experiments will be conducted on selected mango cultivars under both field and
laboratory conditions. Proper statistical designs will be utilized according to the nature of

experiments. Various forms of carbohydrates and plant growth regulators in different

tissues will be analyzed during a production cycle to establish the correlation between
sporadic flowering and levels of carbohydrate reserves and certain plant growth regulators.

Comparisons will be made among mango trees which flower on season, trees chemically
forced to flower off season, and trees with heavy crop load in the previous year.
Photosynthetic rate, translocation of current photosynthates and carbohydrate reserve
during fruit set and fruit development will be monitored periodically to determine the
carbon requirement and characterize carbon competition between developing fruits and
other organs. Factors that affect pollination and fertilization such as sex ratio of flowers,
anther dehiscence, pollen viability, pollen tube growth, stigma receptivity, and cross
pollination with different cultivars will be evaluated in relation to environmental changes,
levels of plant growth regulators and some essential elements such as calcium (Ca) and
boron (B). Once the causes of problems are clarified, the combination of methods will be

tested with field grown mango trees in each production season to ensure uniform
flowering and improve fruit set, development and retention. These methods include 1) the

application of sugar solution to increase carbohydrate in plant tissues, 2) the application of
selected plant growth regulators to modify sex ratio of flowers, increase fruit growth, and
prevent fruit drop, 3) the application of Ca and B which are necessary for pollination and
fertilization processes and 4) selected cultural practices that modify environmental
conditions and enhance photosynthetic capacity.

Outputs
I Flowering process

Two internal factors namely, endogenous hormones (gibberellins and cytokinins)
and carbohydrates were determined during flowering process. The results are as the
follows.

1. Ewven gibberellins level in the terminal bud decreased during flowering peak, clear
relation between these hormones and flowering could not be found. Meanwhile,
cytokinins also increased a little during flowering but still not possible to draw
their relation together.

2. Application of plant growth retardants like paclobutrazol, which inhibits
gibberellin synthesis, could increase flowering in Mango ‘Nam Dok Mai’
remarkedly whether applied at first year, every one year interval or three years
continuously.

3. Carbohydrates level decreased during flowering and increased a little during fruit
development then decreased again at harvest time.

4. One important source of carbohydrates for flowering shoot were the leaves on the
same shoots since they may be the nearest source.
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During flowering (and fruit set} which need a lot of food reserve, photosynthetic
rate was low which mean that carbohydrate storage inside the trees should be
sufficient for flowering and fruit set process.

Increasing of carbohydrates could be done by exogenous application of sugars
which fructose had highest effect followed by sucrose and glucose. Main
carbohydrates that increased was fructose.

Paclobutrazol induced off season flowering in Mango ‘Nam Dok Mai’ without
causing undesirable characteristics except suppression of shoot growth and if
applied at optimum rate, it could be used continuously.

Paclobutrazol did not increase carbohydrates inside mango trees which was
different from some previous reports. But it hastended carbohydrates accumulation
which resulted to earlier flowering in treated trees.

II Fruit set and fruit development process

1.
2

~
2.

oo

10.

Percentage of fruit set in mango dropped remarkedly 2-3 week after full bloom.
Endogenous hormones were involved in fruit set, fruit retention and fruit
development in mango ‘Nam Dok Mar’

Gibberellins and cytokinins inside fruits especially in the seed part were highest at
week 5 after first flower bloom then dropped sharply followed by in creasing of
fruit size.

Main kinds of polyamines in mango were prutescine, spermidine and spermine
respectively. These polyamines levels especially prutescine were high at 1-2 week
at first flower bloom then decreased sharply. Thus, these polyamines may be used
for fruit growth by increasing of cell numbers.

Ethylene also had high level at 1-2 week after first flower bloom which may
concern to early fruit drop.

During fruit set and fruit development, carbohydrates inside the fruits was high
indicated that fruits were the strong sink while no remarked change inside shoots
and leaves were found.

Pollen tube growth ability varied to mango cultivars but it had no relation with
percentage of fruit set.

Cross pollination did not increase fruit set in mango ‘Nam Dok Mai’.

During flower shoot elongation, calcium inside the shoots was insufficient but
boron level did not change. Thus, application of calcium from outside could help
the lack of this element.

Spraying of calcium-boron together with gibberellic acid increased fruit set at the
early stage remarkedly.
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Abstract

Study on some factors that may involved in flowering and fruit set of mango was
conducted. The experiment was divided into two parts, flowering and fruit set processes
respectively.

In flowering parts, endogenous gibberellins and cytokinins inside terminal buds
from paclobutrazo! treated and untreated trees were determined. Paclobutrazol induced
more flower than untreated trees and treated trees flowered earlier than untreated trees by
induce earlier flower primordia. However, this chemical could not changed gibberellin
levels which may be caused by environment condition that had high humidity.
Gibberellins in both treated and untreated trees had similar patterns that during flowering
peak, gibbereliins level was low. Meanwhile high level of cytokinins was found during
flowering and fruit set, thus cytokinins may involved in flowering and fruit set of mango.

Total nonstructural carbohydrates (TNC) in treated and untreated trees also had
same patterns. It decreased during flowering especially in the leaves of terminal shoots
which may be the important source for TNC. Paclobutrazol did not increase TNC level but
it shifted the accumulation of TNC to occur earlier. Thus, flowering process of mango
should not depend on TNC accumulation only. Sugars like glucose, fructose sucrose counld
be absorbed inside the mango trees via the leaves. Among them, fructose showed best
absorption followed by sucrose and glucose respectively. These sugars increased TNC
especially in fructose from.

In fruit setting process, some factors like photosynthesis rate, endogenous
hormones inside fruits, flower sex ratio, anther dehiscence, pollen viability and pollen tube
growth, as well as effects of some elemements like calcium (Ca) and boron (B) were
determined.

Photosynthesis rate during flowering and fruit set were low. Meanwhile TNC were
accumulated in flower and fruit which were strong sink. Thus, TNC storage inside the
trees must be enough for fruit growth and development.

Mango ‘Khiew Sawoey’ and ‘Nam Dok Mai” had high fruit drop. 2-3 weeks after
full bloom. After that fruit retention remained constant until harvest. Fruit growth in both
pattern were simple sigmoidal curve which active growth occurred during 5-8 weeks after
full bloom whether in size, fruit and seed weight.

Endogenous gibberellins and cytokinins levels inside the flesh and the seed
reached their peaks at 5 weeks after full bloom. Most of the hormones were mainly found
in the seeds. Thus, seeds should be the sources of these hommones inside the fruits.
Changing of these two hormones inside the fruit may concerned with fruit drops since at 4
weeks after full bloom, two types of fruits could be distinguished. Big fruit with seed
contained higher gibberellins and cytokinins than small seedless fruit. The smaller fruits
dropped in few days later. Increasing of these two hormones before fruit size increasing
may induce the following fruit growth.

Major polyamines in mango ‘Nam Dok Mai’ are prutescine, spermidine and
spermine respectively, These three polyamines had similar patterns, they increased
remarkedly at 1-2 week after first flower bloom and sharply decreased and maintained at
the same levels until week 15. Increasing of polyamines may relate to cell increasing in
mango fruit.

Ethylene level inside fruits was also very high at 1-2 week after first flower bloom
and may had relation with fruit drop at this time. After that ethylene gradually decreased
and remained constant until harvest.
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Sex ratio of male flowers and hermap hrodite flowers of mango ‘Nam Dok Mai’ in
and off season were 2.41 : 1 and 3.04 : 1 respectively. Anther dehiscence varied to
cultivars which. ‘Chok Anant’ had highest percentage (74.45%) followed by ‘Nam Dok
Mai® and ‘Khiew Sawoey’ which were 20.06% and 14.95% respectively. Pollen tube
growth of these three cultivars in the agar media were between 24-32% while pollen tube
growth of ‘Nam Dok Mai’ flower in off season was only 4.85% ‘Chok Anant’ need 12 h
for pollen tube growth to reach the ovary while it took 42 and 48 h for ‘Khiew Saweoy’
and ‘Nam Dok Mai’ respectively.

‘Chok Anant’ also had highest fruit set at 15 days after fertilization (72%) followed
by ‘Nam Dok Mai’ (47%) but in ‘Khiew Sawoey’ no fruit set occurred. Meanwhile fruit
set in off season ‘Nam Dok Mai” was very low (10.7%).

Calcium {Ca) level in elongated flower shoot (7-14 days) was low but increased
when inflorescence was fully expended. meanwhile, not much change was found in boron
{B) level during inflorescence development. Using Ca-B both fine and commercial grades
together with sorbitol could increase fruit set at the early stage. They increased Ca level
inside plant tissues especially at elongation stage. Besides, TNC also increased. But Ca-B
had no effect on pollen tube growth. Foliar spray of Ca-B together with gibberellic acid
increased higher fruit set than spray of Ca-B only.
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:u:ﬂuq%&mnntjm:ﬁﬂ?mmqaﬁqﬂ Tufufi 20 nASmou 2542 (142 Tu wdssaas) Faludu

auauaziursinurenenuiu dludunseaisezilugei Sudenasou (mwh 1.2)
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5.2 anvuz Insaadaniolu
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AUYDIMISIAAAIRBA (floral initiation) uaaeliunovamsidaisuds 73 Tu vziesisy
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915199 1.2 wavupse1swl laatmsilaans e lull 2540 uag 2541 AoAUY1INOANEL

imen I navhinisnszdulduanseaesiaaislul 2542

Sui AIMETINAYEA (39.)1 / F-test cv.
Tisaas 127 137l

3/7/42 16.35a 13.78b 13.25b . 24.06
1717142 22.13a 14.3b 14.2b o 19.98
31/7/42 19.35a 13.7b 13.85b - 05.27
14/8142 17.83a 12.95b 12.75b - 29.83
08/8/42 18.252 13.1b 14.9b - 23.42
11/9/42 17.05a 13.950 14.05b . 24.52
18/9/42 15.7 14.3 14.1 ns 28.61
05/9/42 18.7a 15.03b 14.18b - 19.95
2/10/42 17.7a 15.43b 14.8b . 19.38
9/10/42 18.65a 15.05b 14.6b = 23.95
16/10/42 24.03a 18.25b 16.15b - 19.36
2311042 20.35a 16.35b 15.3b o 23.82
30/10/42 03.45a 16.05b 1590 = 22.2
6/11/42 26.95a 17.05b 15.68b = 06.86
13/11/42 28.45a 16.88b 15.95b ** 24.66
20/11/42 29.85a 18.63b 16.05b - 24.35
27/11/42 30.04a 17 53b 16.86b o 20.21
4112142 30.65a 17.93b 16.93b > 24.1

1/_Aunaun 20 oA
-1 1 LT
ns 1UUANBUANAIINIADA
r = 1 = 3 u A ar = 3 £y ey o
*paz o awmanlundazuodnauaednysnanuy lunuteuianuuan 19N aRA AT 1T

ANUUANA14 1AY3T Duncan's New Multiple Range test 152AUAIMT DI 95% 1Az 99 % A

191
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713199 1.3 mavesasw Inatams lsansialuil 2540 uaz 2541 siesuauluvesnsveauziing

¥ '
wen 19 nashimsnszdulduanseaiiasiaesIudl 2542

S $ruamly” F-test cv.
Tasaens §121 5137

37/42 17.05a 13.40b 14.00b > 23.38
1717742 19.05a 16.05b 15.15b * 23.97
31/7/42 16.55 16.50 14,70 ns 25.62
14/8/42 15.10 14.05 12.35 ns 28.26
28/8/42 15.15 15.35 16.10 ns 26.38
11/9/42 17.25 15.90 14.20 ns 27.17
18/9/42 16.05 14,95 13.70 ns 27.6
25/9/42 16.05 14.90 15.55 ns 24.19
2110/42 17.00 18.60 18.20 ns 13.86
9/10/42 19.70 14.25 18.90 ns 16.68
16/10/42 18.85 17.00 17.60 ns 20.86
23/10/42 17.25 16.05 15.10 ns 19.81
30/10/42 16.25 14.70 16.70 ns 22.53
6/11/42 18.05 16.70 17.30 ns 2213
1311142 16.35 16.00 16.40 ns 23.81
20/11/42 17.35 17.7 17.65 ns 24.26
27/11/42 18.05 18.35 18.00 ns 27.21
4/12/42 17.15 16.45 17.40 ns 2422

1/ Aundenn 20 soa

ns LA NUUANA1INIITDA
" . ] td. ~ 3 s P ar = ] s a o
uaz = aumas luuefisudednysiaanu luinusuiinnuuana e 19E6a JnI1zra

uanA13 a3t Duncan's New Multiple Range test N3gaUAMUITBIU 95 % tag 99 % a1

ALY



1135197 14 wavesmsw Inaiims lsaiisialull 2540 uaz 2541 Aetduruguinaries

] : al o 3 1 =y
vzihwen 19 ndeimsnszduldiwnseaiasansluil 2542

i uriguinaafissen (. F-test cv.
laisaes 41271 4137

37742 0.57 0.63 0.62 ns 20.56
1777142 0.62 0.56 0.62 ns 18.7
31/7/42 0.64 0.62 0.62 ns 15.13
14/8/42 0.65 0.59 0.63 ns 20.9
28/8/42 0.67a 0.52b 0.63a * 21.6
11/9/42 0.58ab 0.53b 0.64a * 18.9
18/9/42 0.58ab 0.54b 0.64a * 19.31
25/9/42 0.61ab 0.54b 0.64a * 19.73
2/10/42 0.61a 0.55b 0.64a i 13.42
9/10/42 0.61ab 0.57b 0.65a * 14.6
16/10/42 0.62ab 0.56b 0.64a * 16.47
23/10/42 0.62 0.57 0.64 ns 18.6
30/10/42 0.63 0.58 0.65 ns 20.43
6/11/42 0.62 0.58 0.66 ns 15.06
13/11/42 0.61 0.58 0.66 ns 17.99
20/11/42 0.62 0.58 0.65 ns 20.11
27/11/42 0.62ab 0.59p 0.65a : 14.08
4112142 0.62ab 0.59b 0.65a - 17.54

1/ aundesIn 20 oA
re 1 =y 2y
ns MHANUIANANN DR
1 1:‘ 1:1 @ H ] a 1 oy S o
* uaz * aunasluuoMmudssnysnaasu luluaNe TN UUANA 19N IIFEH IRTIEHAIN

uana 1as3s Duncan's New Multiple Range test isz@uanuiseiu 95 % uag 99 % a1y

8191



= = | = ' ] L4
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¥ v
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1 o
IduruguinaIenIeen (N

e

F-test Cv.
liswmas 4127 137

3/7/42 0.96 0.99 0.98 ns 18.24
17/7/42 0.98 0.89 .96 ns 19.52
317142 0.99 0.92 0.98 ns 16.65
14/8/42 0.92 0.91 0.99 ns 13.21
28/8/42 1.02a 0.92b 0.95b * 10,77
11/9/42 1.04 0.97 1.01 ns 13.23
18/9/42 0.92b 0.91b 1.02a * 12.89
25/9/42 0.92b 0.99ab 1.02a * 11.69
2110442 0.97 1.02 1.07 ns 16.6
9/10/42 0.96 1.0 1.04 ns 17.17
16/10/42 1.06 0.99 1.04 ns 10.97
2310/142 0.97 1.02 1.01 ns 13.18
30/10/42 1.0% 1.03 1.04 ns 12.76
6/11/42 0.97 1.04 1.07 ns 16.47
13/11/42 1.04 1.07 1.08 ns 16.42
20111442 1.05 1.07 1.08 ns 12.13
27/11/42 1.06 1.02 1.09 ns 1.7
4712142 1.07 1.05 1.10 ns 12.3

YAUNAIN 20 oA

ns lulianumanataneana
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M35199 1.6 waveen1s hiaswilnatimi lraludnyusangdelsuiumssanaonvosuziag

thaon'lsd il 2542

@13 paclabutrazol % MIUNITOADN
U 2541
Tismans 65.0 c
519 11 (2540) 75.0abc
1273 (2540, 2541) 77.5ab
1 2542
Tisans 67.5bc
127 @il (2540, 2542) 80.0a
37 (2540, 2541, 2542) 82.5a
F-test *
CV. 10.12

' . ¥
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Duncan’s New Muitiple Range test Hisgaunutsolu 95%



USnnuansARNERLLLAITARY (LLIg/gFW)

18

FUATUANUWNAERABN (67.5%)

vy /l '
s furmansuTanen (80,82.5%)
Uus \
kN
arv’, \\ |’|
\ + !
1]
54 ‘\ l _-*J ' \ "\
k g e g AL Mo
054 AN - * ] A M
"o SRV T SRS
- .-"o . ,' v : 1 'n \
041 N '\ TR .
L
0. i "'. *'
uz.
Qa4
o T T ] T T T T T 1 T H T
[ ] o o~y o ~ o3 i~ [ g o~ (o] o ~
g ¢ ¢ ¢ ¢ g § g § g § § ¢
& [§ S 2 E & & 3 S = = s a9
” = - = & = & ES & B 3 = 3
o~ o~ —
[ 2
11

L]

-- -4+ - quatugn - - Al

Zo
=l

v s
=

A 1.1 YSwnaieniadedvwesaduludiuiadavseavesuziiniwen i lusend 2542

]
ar

»
nSvufvussnihsdumunuuazduntiolfeonasnuenng 2 a¥e Tull 2540 uaz

- 1 ar

] L
2542 azdun s uasd 31 fadofu



Wunuansednglsinlafiu (ng/gFw)

MUAILIANUNITENEN (67.5%)

00
6007

v o
AufiseasunItanan

500- < >

P
4004 |
3004 A
N
”
- -
100* A4 ™ v

0 T T T T T T T T T T T T
o (3] 3] o oy o™ o o o o™ o oy o
=T ) = = =<t " <t by g = i e <t
[=3] (=] (2] <D aJn fo)] o0 o [=3] D Lo [«2] for]
= = = ag = e = = L = = = =
= = = D o & & =] S = = N &
5 = g z 2 = pa c A o

- « ¥ ™ - o & &5 B S ¥ o
o o™ —
. -
AUy .
\
—— L B — Dt 731

1 [ £
A 1.2 PSinaaisadielalslatyludwnalawesavosuziraimen iy

se1l) 2541-2542 nSsuivusznneduniuguuazdunsiaaism laa

1
=]

v ¥
Fanslaa 2 ase WS 2540 uaz 2542 du 1d5uaisd 33 Aanodu

19



20

. ¥ ' ¥
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1.3.1
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1.3.4
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i 14 Snvaizniolumvendise miwquaan:nmﬁuﬁﬁyman"lﬁﬁ'umuau uazduitsm

59127 A3 uaz 3 Jaenaiy Fausidudt 30 Anuiou 2542 fa 11 Moy 2542

1.4.1 uaz 1.4.2 median section vesIassadnmeluvesnmenusssziuimsnilnadms 1 Twe
(30 figuiun 2542) apical meristem (am) 103 YPONATUHWHAUUNTIY Tiuandadunagy
arunu Auisnms il nazduiisnms 3 Ydadedu (2,50

1.4.3 median section o4 Iasaerdumuluvesmaenluduniugy Tuiufl 2 gaiaw 2542 sziive
futansn (floral primordia)(fp) nﬁwffuﬁgmvm scale ATIUTIUAIFIUIDIA0EA (1.2%)

1.4.4 median section vealpsaad1amuluvssmasnludufistasiidnd uaz 37 Andefiu Famu

Madanuuendniu Tasluuii11 fueeu 2542 mdeseens 73 Ju) sxligasuilaaen

. . s J i a
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152
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Tilsasunidie PO, 1.4%, KO 0.8% udz calcium oxine 12.0% udzwansdims
Moltanic® (u.Tngn  d1dm, nyunwa) dszneudlas glucose 20%, fructose 10%,
monosaccharide Suq 30% carrier a2 coenzyme 6% ﬁmﬁwﬂﬁﬂnmu%%mﬁﬁdﬁy
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1. control (ﬁufmf‘i’u)

2. glucose 25 mM

3. glucose 50 mM
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5. fructose 25 mM
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8. sucrose 25 mM

9. sucrose 50 mM

10. sucrose 100 mM
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i=N
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—)
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