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Growth, Development, Biochemical Changes and
Harvesting Index of Mango (Mangifera indicaL..) cv. Tongdum
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ABSTRACT

The study on growth and development, biochemical changes and harvesting index of mango (Mangifera
indica L.) cv. Tongdum grown at Pak Chong, Nakorn Rajsima was carried out at the Laboratory of Horticutlture
Department, Faculty of Agriculture, Kasetsart University during November 1984 to October 1986. The results
showed that the growth pattern of seed and fruit followed the simple sigmoidal curve. The period from 50% bloom
to fruit maturity took 12-15 weeks while the time taken to reach a maximal growth of the seed was 9weeks. The
endocarp started to harden at the ninth week and became fully hard within the fifteenth week after 50% bloom.
The mature fruit weighed 270-343 g. Titratable acidity (TA) was high in the first two weeks and decreased
thereafter. Total soluble solids (TSS) content was very high atthe early stage of fruitdevelopment and decreased
tothe low levelin the tenth week after that period. The TSS contentgradually increased when the fruitapproached
maturity. Vitamin C contentincreased from the first two weeks and reached the maximal level in the fourth week.
Thereafter the content decreased again. Reducing sugars and total nonstructural carbohydrates contents were
high in the first three weeks and the amount increased rapidly after the tenth week till harvest. Reducing sugars
contents increased gradually after the thirteenth week. The mature fruit harvested at about 97-1 06 days hadthe
specific gravity higher than 1.00. Heat unit, fruit firmness and TSS/TA ranged from 778.80-873.65 centigrade
degree days (CDD), 19.21-19.87 kg/cm? and 7.28-8.33 respectively. When the fruit was ripened, fruit firmness
ranged from 1.18-1.32 kg/cm? whereas TSS/TA ratio ranged from 42.79-49.48 [3-carotene content was between
4,935-6,109 ug/100 g fresh weight and the flesh color was grey-orange 163-168 group B-C. Records of fruit age
from 50% bloom to harvest, specific gravity and heat unit can be recommended as harvesting indices of this
Tongdum cultivar. '
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total soluble solids (TSS) Imelld hand refractometer
Wanansafilanmls (itratable acidity, TA) lag
mM3lAIMNAURUANNNATIIY (0.097N NaOH)
wazAuInUSIIunIsAluzlraInIataiIn Uinim
reducing sugars (RS) neABN132a9 Hodge and
Hofreiter (1962) UFnnel total nonstructural carbohy-
drates (TNC) Tnei3BnTaad Smith et al (1962) U%
Wl Audlaeinn52a9 AOAC (1980) USWNtu B-
carotene ?Jml,ﬁla[mﬂ%% column chromatography U8
Davis and Kramer (1973)
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Tpafl base line temperature AINENWNANTIIAU
18°4. (Rao and Srinath, 1967)
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SUaYiInnAITInARNNY RaTntuS TRy
ADENITIAEIIUNTNIRIEUAAA 10 wAzNS
Wanunadillated g Junseriamaun (Figure 1)
WBnasuasiminaataaiatuathegi g ludi e
SUawiusn ndsansudmaRnUSinmsuazimin
AATBINABENITIMSIUN T BT URHR 10 uas
MaulBinasuasiminanasnaidullagntng
wﬁoﬁﬂmﬁﬁ' 10 AuUNTENINALA mimﬁaul,mamf’]
ANAALAZIUIA2AINER (Figure 2) HanwzARNY 9
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Figure 1 Length ( A ), width ( []), thickness (O),
fresh wight ( A ), and volume ( @ ) of fruits
of 'Tongdum' mangoat different periods after
50% bloom.
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Length (7 ), width (¢ 0), thickness (7)), and
fresh wight ( @ ) of seeds of "Tongdum’
mango at different periods after 50% bloom.,

Figure 2

Table 1 Growth and development of the sced and the
endocarp of "Tongdum' mangoes after 50%

bloom.

Weeks after
50% bloom

Growth and development

2-7 The seed was still small and white with
ovule stalk connected to the fruit.

8 The seed was increased in size, while the
endocarp was appeared as soft and thin
membrane and was able to be peeled off.

10 The endocarp became hard with small
amount of fibers. The papyraceous
membrane of seed was tough and dark
white in color.

12-15 The cndocarp was very hard and had more
fibers. The papayraceous membrane of seed

became tougher and light brown in color.

fic

nudiuasuazunningauaina  Maesaiulaes
pawazN iz UENaImAAnw luATetN
uuuLy simple sigmoidal curve WULAINUAUNEH
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gravity

Figure 3 Specific gravity ({0 ) and firmness (/v ) of
fruit of "Tongdum' mango at different peri-
ods after 50% bloom.
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Figure 4 Total soluble solids ( /\ ) and titratable

acidity (O ) of fruit of "Tongdum' mango at
different periods after 50% bloom.

Ascorbic acid

2 4 6 8 10 12

Weeks after 50% bloom

Figure 5 Ascorbic acid (O ), total nonstructural car-
bohydrates ([ 1) and reducingsugars (/\ ) of
seeds of '"Tongdum' mango at different peri-
ods after 50% bloom.

wugunenld (1RT, 2526) uasniana1adu (@3,
2530) WwasWugaw 9 TusaUsznA (Krishnamurthy and
Subramanyam, 1973)
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FedUmiT 3 89 10 pvanferdadlaansaiuns
Wistuathinadiraeaniu (auxin) uuanztaes
(Prakash and Ram, 1984) M3wSpuiulnaenisnGa
283naNzNTINAAINEIENRAAIINDDNTY
\dputheaannnuiadiaidarama wdlunssu
wIaa e pericarp W nsutiswasnsuEn asaRaRN
u (Saini et al, 1971) wasINAUAT 10 HAsEE
fmawsadulathaunssimaud Sdudnming
fudrnmnwdainasaiiulnanauas endocarp
Guudeiunnty Tunauzaneiug Dashehar wui
Yanaeanduanadudronanisadufiwdaiinng
Wigiulath  nMsanUFanaeanduanaazdiuaig
infnathanilafdemanssmufsmaniadulafishas
2p9Kanls (Prakash and Ram, 1984)

nmswldpuunasmemeniwuasdaiad
panzaeny 2-4 dusrvindssanuud
PmEhenstiaen 1.00 e HasznangAg
5-10 A ANNEIINTRLNT 1.00 LazNINNT
1.00 iandagaaunulunneg FUnss aunaeedUan i
10 Asfiamudasdumnzagludasszwing 0.94-1.00
windanndlaia 10 (Jusdly wanzsinedau
GHIUNIENINNTT 1 FuRTEIRAU (Figure 3)
nMafnaszsfianads s st onaiana
WARNTY InzNananfinTazas dry matter ¥N
o {(Kosiyachinda et al, 1984) Namad’mﬁmq 2
Fuawi fauuiudiareutnemie 5.08 nna?
mwiuiiavesmafistustennEuiu 22,65 nn/
gu.? Wananzaisdiangld 5 duad waINTY
auutuL prasHazaR vl uuazanaudnas
aaumilinne 1-3 SUanvinaasaunTTNawn (Figure
3) madRsenuiuiaremaaaiisnnnmsazay
protopectins #uilluasfusznaufidAnguasminged
wazduRBANeHTIad (middie lamella) protopecting
i Wgaddameuazagvinaaiuiiu (Eskin, 1979)
Winaniadadnfilawmanls (TA) Tunaszaing
flany 2 duaiusnmasnantnuiiinis 2.78% nag

nniuBnansssuanandniadluiadmiii 3-6
Finanadatuissanasaduiulidiaunn g e
unsIraLn (Figure 4) ﬂ“smmmm’tumammong
16 fumwalinanamniaSaufisuduSan
naslurafiang 15 dUayi Ananasann 2.28% iy
1.38% AW AsuasSuanIndnsiunayaing
Wugnasmadeiurauzisiugiheenly @ean,
2526) LLazﬁui Alphonso (Lakshminarayana et al.,
1970) USaneuaad TSS mawammoﬁmq 2 dland
fien 20.75% wazBunal TSS ANRIEDE Y FUNTZNY
fUsamangn 4.22% Wdlaii 10 ndaaniu
Banas 7SS SuwdlinAng g nTusaanaunIzm
nawn (Figure 4) U3aey TSS Aanadugiousnaag
masgivlaamanziae pnadasmnandamsld
pmnssmiunsesaiulnealuiausndaead
MAINAINTINGINTN (Lakshminarayana et al., 1970)
dulBm Tss Afunlindnanntuilenausaing
wranny mm{immmmmﬁomamuQmﬂﬁﬂﬂmﬂu
thaa TIRTUBNN TSS Wadu (Popenoe et al,
1958)

HaNzNey 3 dUainaImanuIuEUTIN
TNC 285.0 wn. AnglAd /nSuinminuistFanm TNG
AnIatNITIAS NI ITIEUAYT 7 TutnedUndT
8-10 U3anes TNC WNAUWAZARRY UAIMAIINLY
Banns TNG Winuian 9 QUATETINANEA I (Figure
5) TNC lumfulaw g routluasinma Uswo
TNC apadugaansntaInsRIgiulnunInanNzNg
padflannanuiunia TNG tnsdugnilulily
massaiulnarnasuaiauasrdimnduomyii 10
WBann TNC Buisiudadiugief endocarp Wi
(Table 1) uasTawaR (Figure 2) uaewa (Figure 1)
fmaasaiuladnas Usanm TNG Sgrlition dadu
W TNG SefiasanaganiudisfinanzainaBad
AR FeapardnifumsAnees Saini et
al (1972) AwunwadzaduanzanimIazauul
mn%utﬁm«zraéwqﬂmmmaﬁq wasazanuil RNty
Bou9g aunssrimaud RS dwhmafisuiudmiu
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maasuiulauama wiindinn RS Tunanzaing
flang 3 G Feannfigada 78.80 an. Anglagy
nfhwinan usBane RS Smadtulaaintan
ARDADNELMITIYALIABINANLIN (Figure 5) o
m3ld RS Fariimssmesnanimalssanauan
agluUues RS saudBinn RS Sefimawdsuula
Wandntas fedetuiindlunausahaiugineens
(1977, 2526) WarNuGANUTMA (Singh et al.,
Hulme, 1971)

wanzafiang 2 fumvlhmiudifes 16.50
unahwinga 100 n3n uarhmBudiAniuesine
aFruiAngegaluduavi 4 Aa 115.96 un./
thwidndgn 100 n¥n ndsndulimIuiana
athevaSIaunssndiduania 7 warhanfudi
i uanaImUAFUMWA 7 aunserianaun (Figure
5) mawasuuwlasrashmivdsswinnadydiula
vasmanzugnasAdarufin lusaazseiug
AN9U5znA (Siddappa and Bhatia, 1954; Roa et al.,
1972)

v G - ~ G o

srfinsiuneIwaznsuiiauulamdimsinufion
aNzARRUENaIManY 84 U (12 dumnv)

wasmanUY wudlgaan lunsgn 12 U Naang 84-

2.nsaseand (e 99 25 ativil 4

91 Tugnandlunan 8 Ju uanng 97-103 Tugnandlu
6 u wagng 106 Fu gnadlunm 4 Tu uasais
angwnad 106 U gnanelunan 1-2 U (Table 2)
wafifiangaddnatlunsgndundnnafidangios
padlasnnnuamgannaansaaafiduldiinn
(Yang, 1983) uaz/m3a wNap1gipgnaudUIAe
ftutnIEaagaN

WANEDIERIA 84-106 Ju Lilaudadl
anfigamgiviadladlifddaunta wuimaszaied
anudndadeuiudimiassiun uafadinedd
Geammaaaniua nlinasudinaasuanzsiieiug
namiifudhensiimsfiunnmannuaszaeiug
fu9 wazranduaadiefifvoinalddmiuldly
mafnemaasuulandad (pigment) Lﬁawaﬁjn
NaNza9aNe 84-103 Ju §& grey orange 169 group
C Anusfinanzaegnant 106-109 74 i1 grey orange
163 group B (Table 2) wsiiladneriuiune B-
carotene ‘Lmﬁa‘naawamﬁwqﬂ WUIHANENGN
mesnNNAUTLEII B-carotene AARIAR HANZNIIEN
818 84 4 1 B-carotene 7.355 lalasn3uanmingn
100 N34 NANzAGNANE 91-103 Fu & B-carotene
6,109-6,733 lulasninmmiinds 100 nu wanzai
81 106 T4 § B-carotene 4,935 TulATnTuniviin

Table 2  Ripening time, flesh color, and quality of ripened 'Tongdum' mangoes harvested at different stages of

maturity.
Days after Ripening time Flesh color Quality of ripened mangoes
50% bloom (days)
84 12 grey-orange 169 group C Shrivelled skin, soft flesh, good aroma,
tasting sour sweet :
91 8 grey orange 169 group C Same as above except tasting sweet
94 8 grey-orange 168 group C Same as those harvested at 91 days
97 8 grey-orange 168 group C Same as those harvested at 91 days
100 6 grey-orange 168 group C Same as those harvested at 91 days
103 6 grey-orange 168 group C Same as those harvested at 91 days
106 4 grey-orange 163 group B Same as those harvested at 91 days
109 1-2 grey-orange 163 group B Same as those harvested at 91 days
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dn 100 N3N uaz Wanzagnany 109 Tu § B-
carotene 2,158 lalasnsuainminga 100 N3 (Table
3) WBnamas B-carotene luranzatsiugnasi
gniuanseanranzahsiuinanlifian (e,
2526) vsnansiaRuuanlifanafifiany
mﬂ"fuuaxqﬂﬁﬂ%mm B-carotene kﬁ'u%umwmq
WIBANNLAYEILG

NANZHNWENDNE 84-94 Fuffiadmey wa
Nzanegneneniue 97 Judulufslidendu (Table 2)
199zl ssmnnnaawsiwiidangtadddnalunsg
gnuunimaeIann Anukaaeiaedidnauns
magadsinminannndt uasnanziaangland
M3AEANIA (bloom) TiEneassatasnitHaguIn
(Kosiyachinda et al, 1984) urallusnsiaiiauii
Tnaosaumafifagnuilgasfuwasanansaanntg
meneasiels Taoh 9 T madensuasmanstaegn
Unngiivsnallndifsmanasmansudiuiy e
dadaunndimagaidahanniumannaug
astfignifinaanld

Fm:uLLﬁuLﬁaﬂmmamajwaumq 84-109 U
Liuansnaduwn Aemnawiuisagluzisszning
17.68-20.42 Nn./a.2 TWyuBfeAuNaNza9En
871 84-109 Fu femuuwiudelndiAgeiu Aa 1.17-
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1.42 An/ay.” (Table 3) auwiuiinamanzaag
WugnasmamaRuLagnd e uasLAnsg
mnmammoﬁuﬁﬁ’manlﬁ (A9R31, 2526) WY
nawziugianlifnaiuuazgndamnauiuiia
anssadhariulddauianafiangfiatu uspna
uanssrasAMauu afiulAdaRusIRau
uasagnAaLdanauzingniirnuuiuiaanauda
Wisufeuiusaiu (Table 3) Twiinsanainms
Wasuuasmas protopectin %ﬂﬂg’lugﬂlﬁa:mﬂﬁ’]
Whanagluguasmeilasnssumuduled (pectolytic
enzymes) Ynlnstiaauaiaailivllatnaaiy g
LL@:ﬁ']‘lﬁNadauQNLﬁauaqn (Eskin, 1979)

WBwa TS lunanziapuiuulivdady
Lfiamaﬁmqmn%mwiﬂ‘%mmTss'lumammaqnmq
A9 NuilFnlnalALnuAn 19.18-21.24% (Table 3)
v TSS mawaqnﬁlﬁﬁu‘fmﬁmmmnrm
aanaaraduils (Soule and Harding, 1957) U3nnmu
ﬂmﬁ'lmmﬂlé‘lumaﬁuLLazqnﬁLLuQTﬁuaﬂaOLﬁauaﬁ
218NAy (Table 3) wsznIagrlihilumansls
61U Krebs cycle (Mattoo et al, 1975) uazeignui
WHlumsdamssithmatingae (Lakshminarayana
et al, 1970; Wills et al, 1981) TSS/TA TiluaRAU
Ltazqnﬁﬁwqa‘fut,ﬁamaﬁaﬁqmn’%uuaz TSS/TA 283

Table3 Firmness, TSS, TA, TSS/TA, heat units and B-carotene of 'Tongdum' mangoes harvested at different

stages of maturity.

Days after 50% Firmness (kg/cm?) 9% TSS % TA TSS/TA Heat units B-Carotene

bloom unripe  Ripe unripe  Ripe  unripe  Ripe unripe Ripe (CDD)  (ug/100g

fresh wt.)
84 20.42 1.47 1021  19.61 2.07 0.83 4.93 2374 643.35 7,355
91 17.68 1.27 10.76  20.34 1.98 0.50 5.43 4044 713.71 6,653
94 18.51 1.31 1025 19.18 1.70 0.37 6.03 57.84 746.15 6,109
97 19.87 1.32 9.75 19.79 1.17 0.40 8.33 4948  778.80 6,505
100 19.59 1.17 12.27 21.24 1.45 0.52 8.46 40.85 814.55 6,733
103 48.45 1.32 13.46  19.47 2.28 035 5.90 55.63 843.95 6,298
106 19.26 1.18 11.28  20.11 1.55 0.47 7.28 4279  873.65 4,935
109 20.01 1.42 9.97 19.33 1.38 0.40 7.23 4833  903.20 2,158
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HagndanniaAy TSS/TA ﬁoﬁmwsqzlﬁlauamq
mni’muazuaqnﬁum‘[ﬁmmﬂ%mm TSS Wudy
uazBane TA anas 3o TSS/TA Wiy atls
sy wagnany 84 Fuiitiuna TA Aauthgs 3
A TSSTA faundiwagnangmus 91 utu
salumagnans 84 TRsilsannuaunEmagivs
Tuaufinagnang o1 Audlufisavuiasasadion

wanzshsugnasdafiangnndulmessas
heat unit i (Table 3) dmTunauzaiaRugNae
flgnagiiaanifisunas Wanauruazgninummn
vnanadagluteagmud o1 Rufluaude 106 unds
AANUY §N13ezdal heat unit 713.71-873.65 CDD

dmiumIasadaurnuLirastaNzaiia
Milusinsifiuifsmamomunsarlinane’s wy
U ANNERTIWE BBanm TSS USunaina
Yoty wasgUing (Kosiyachinda et al, 1984)
dmiuNzimugmasty Araasanawiuie
TSS,TA uaz TSS/TA lwiusuiiianafiangiaiy
sotuisluanaaslidamandilusammunaaau
TBINANNWANUTNDIAT B rBINEaNAIABNUIY
ATINANIUNIE UASMTFEN heat unit 1n9z1han
TlutayadmiuimunargmafiuAmawaas
NWRUENaIN  HaNzIangRus 97 Sundinan
wufianagissiwnzannnt 1 dsudiaiwanzang
winaghnh wanzaisezanBIasioiumue dmiu
heat unit WuflFuivau mzmMsIyEulann
durasimiutuagiugangd haumgligamIniey
Bulafish uaedhgamgiishmawiaudulafid sy
szanugnasmgniianiisuuindas 21gn13
A fmaneanmsazagswhe o7 80 106 u
WAIABNUY Uazd] heat unit 32W319 778.80 19 873.65
COD manzwffuAiowy 97 Fu HagNiRNY
Wenguuasiisanmaumanu. dunafiiuAnds
81 106 U waBugninneenia wansiaeTienfiu
\Hentilnutasany 97-106 Tutuaguingusead
a3l pann uaznanfililumaruds atholsfinna
msAnwarimafiuAusmaszahmugna sy
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EH o a & o @ M v A DT
ArsllaviResAsRen dayafiladatvesdilyuiuay
fanhanlimsszddslinsfnwuiRsBaninaua:
anunzasumangniiali lanafuivaulandadals
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