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Executive Summary

Project Title Causes of Sporadic Flowering and Fruit Set in Mango (Mangifera
indica L.y and Resolution
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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. Even 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.

11 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 paclobutrazol 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, gibberellins 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 could
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, endogencus
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 wecks 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 hormones 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 dechiscence 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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) ¥
dednuTaseaiunluvesmoea wodiluszozusng  Snwnzvesmvendisey

[
~

NN LdaNmenafy (WA 1.4.1 uas 1.4.2) uandensideswilaadms Taa73iu

.7 H o ‘!' ~y 3 oy
(11fiueu42) meeavesdui lasumsimafdsulaafiaiude uSnwdmluvesg scale

b

a o ] o a oS ﬂ e = 1 ar — 4 A \‘lyl ‘i‘_’ =
TITUUMITULIHDD URTITYVULUIANUURAADNBU N TR (NN 1.4.3) 4909 la318 HYATY

o

= o c 1 [y s 1 a
FUYDIMIAAMIADA (floral initiation) uaasliiiuiinmendemsdarsuds 73 Yy uziiezsu

afumnen  luvazhmesesasdun i ldseas lWifeuwwlas  wiszSudiounlamdeinm

soaluduisiaasiann lidumeenudrlszanumudilant (2 ganay 2542) (1 1.4.4)

ar = o A a ] ' o é’ =] 4? ° £y
HAWWINNAYANUUAADN Iﬂiﬁ'ﬁi’Nﬂ']UlIu'Hﬂ'liLl‘lNL“]mﬁ'lJ'lﬂﬁlu LLﬂZUﬂU'I'J‘UuYﬂGlHG‘H

D

=y = o = A 'a' Ll ﬂ' 1
pomesgyliu Taumswiguegatuiianen Fuilufwvuiesii 2 (secondary branch) w9y

» ] ] [
aBN MaMINIuIElNTRTyueaLvuegosh 3 (tertiary branch) Mmsdudnsussfiuuadonii 2

(MWH 1.51-155 )

¢ o .

= ar = kY 1 L o 9/ 3 4 ¥ Yar
1N 1.1 dneezamsalasuuasvesduuziiviuiiheen i ludusuaunazduilasy

aswilaationi laa
WA42 | w42 | AR 42 1 a.9.42 | N 42 | an. 42 | W 42 | 5.8 42
FUAILAK | Aausa UWNNTDRAAN 2 A.A.-18 5.5,
} , F —
fila daman lueaw Uszilse
e »
08150 mm%Lmq SIRAIT wnafamang1n.6.-20 W, ,
VT uaza fia 3088 t1eman luaau 1lse
-4 |
)]
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915199 1.2 wavpae1swl laatmsilaans e lull 2540 uag 2541 donug1INweANEL9

imen Il navhinisnszduiduanseaesiaaislul 2542

Fudl ATMENAIEA (1301 / F-test cv.
Tiiswens §127) 137

3/7/42 16.35a 13.78b 13.25b . 24.06
1717142 22 13a 14.3b 14.2b - 19.98
3117142 19.35a 13.7b 13.85b - 05.27
14/8/42 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
2110/42 17.7a 15.43b 14.8b . 19.38
9/10/42 18.65a 15.05b 14.6b = 03.95
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 15.90 = 22.2
6/11/42 26.95a 17.05b 15.68b = 06.86
13/11/42 28.45a 16.88b 15.95b ** 04.66
20/11/42 29.85a 18.63b 16.05b - 24.35
27111142 30.04a 17 53b 16.86b o 20.21
412142 30.65a 17.93b 16.93b = 24.1

1/_Aunapn 20 oA
red 1 o=y Sy
ns JUUANMLUANAIININADR
r P 1 = 5 a A a =y r £ ey o
* paz ** aunaslundazuaIna A nyINa 10U U e I MULARA MR DA AT 1T

AauuAnA191aeds Duncan's New Multiple Range test #iszAun11u&0iiu 95% uag 99 % A

194
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A1517 1.3 mavesaswi laatimii leansalull 2540 uaz 2541 eeswuluvestveanziing

¥ !
men i naskimanszduidueneoaionams luil 2542

Tui st F-test cv.
Tasnens 127 4137

37142 17.05a 13.40b 14.00b e 23.38
17/7/42 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 1515 15.35 16.10 ns 26.38
11/9/42 17.25 15.90 14,20 ns 2717
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/M11/42 18.05 16.70 17.30 ns 2213
1311142 16.35 16.00 16.40 ns 23.81
20/M11/42 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/ AuRdNN 20 4oR

ns lufinnuuandramaaa
* " ' - i k' as P o =4 ¥ oYY 'd
uaz * awndsluuefisudsdnysnaenu luluusulaNuuanA e Naaa Jnszanu

uana191ay3s Duncan's New Multiple Range test higAuauiieiu 95 % waz 99 % au

RGN



= -y | 1 1 o a
MIA L4 wavesmswi lnatimst laafinnull 2540 uaz 2541 deiduruguinaanves

[] :I & 9 4 =1
yzaheen 18 ndnimsnszduldenseamananisuil 2542

Fuii Lﬁ'upimgmﬁﬂmaﬁwaﬁ (.)Y F-test cv.
Taisaans 4127 137

37142 0.57 0.63 0.62 ns 20.56
1717142 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 (.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
18/9142 (.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 o 13.42
9/M0/42 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 0.59 0.66 ns 15.06
13/114/42 0.61 0.58 (.66 ns 17.99
200111/42 0.62 0.58 0.65 ns 20.11
27/11/42 0.62ab 0.59b 0.65a * 14.08
412142 0.62ab 0.59b 0.65a * 17.54

1/ AuRag9In 20 oA
ns lfianuuanaINeana
% 1 ;; :; & [ el or o« = ] Sy = o
waz * aundelusoWaudesnushiaenulusuueulianuuanaaneada Jaszianu

HANA N IagI5 Duncan's New Multiple Range test 152aUa MU 95 % 1ag 99 % Al

3191



< a - ' [} <
M1 1.5 wavesmsm inadma laaiisialull 2540 uaz 2541 aaiduruguinaisniven

3 "
wzahethaen I ndvihinsnszdulduansenies e luil 2542

1 o
AUN lf’f,‘uﬂ']uﬂuﬂﬂﬁ'lﬁﬂ'lﬂﬂﬁ (=53,

)1/

F-test cv.
liswmans 4127 $137)

3/7/42 0.96 0.99 0.98 ns 18.24
1717142 0.98 0.89 0.96 ns 19.52
3147/42 0.99 0.92 0.98 ns 16.65
14/8/42 0.92 0.91 0.99 ns 13.21
2818142 1.02a (0.82b 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
2110/42 0.97 1.02 1.07 ns 16.6
9/10/42 0.96 1.0 1.04 ns 1717
16/10/42 1.06 0.29 1.04 ns 10.97
2310/42 0.97 1.02 1.01 ns 13.18
30/10/42 1.05 1.03 1.04 ns 12.76
B/11/42 0.97 1.04 1.07 ns 16.47
13/11/42 1.04 1.07 1.08 ns 16.42
20/11/42 1.05 1.07 1.09 ns 12.13
27/11/42 1.06 1.02 1.09 ns 11.7
412142 1.07 1.05 1.10 ns 12.3

YAUNRUDIN 20 BOA

ns MUHANNEANAIINNE DR

*
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A15190 1.6 waveems asmlaaiini lsaludnvazagdesuiiamssanaonyoausaing

yaonld Tull 2542

@13 paciobutrazol % ANSHNITOADN
U 2541
laisiaans 65.0
510 1 1) (2540) 75.0abc
#1273 (2540, 2541) 77 5ab
1 2542
Tisaans 67.5bc
4 271 @) (2540, 2542) 80.0a
4137 (2540, 2541, 2542) 82.5a
F-test *
CV. 10.12

¥ H i [ ] Q@ 3 [] e e o ] a0
* Aumaviniudesnysaanu lutuIflaNuuana N and Jnszianuuand1l lae3s

Duncan’s New Multiple Range test A52AUA MY 95%
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AUATLIANUWYNERARA (67.5%)
g fl \
P A FaNIIRaNTUNITaaan (80,82.5%)
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E_C_n arfy. AN ”,
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o oﬁ. ~ J Y
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02.
e
s
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3 S 3 & kS 3 ) 2 3 S 3 3 3
g = S 3 B & & = = = = = &
= = = = S = 8 & & 3 s g 2
o o~ -—
U .
<-4 quatuan - - AT &)
] » »
Mufl 1.1 dSnamsadsivweasaduludufnlavssassaziiathaen s luseuil 2542

]
ar

»
afSruifsusznihsdumuguuazduiitiiuldeonaenuonng 2 ase hufl 2540 uae

= 1 a

] 1
2542 azdun Mdsuasd 33 fadenu
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1

AUAILANUITANEN (67.5%)

Asrmansuvatanan

500 ‘-}.
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Y
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2004 .r A /‘
e
100 n, b 4
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= = & 3 Es & & S = = = | a
o = b 3 & b & & & B & ¥ B
o™ ™ —
Ty _ .
—— i B — Dl el

1 [l »
i 1.2 dsinmesadielalalaiiuludwnslaseoavssusinaiaon iy

Jans11ara 2 a¥e Tudl 2540 iz 2542 du

sevd) 2541-2542 nfSvuidivusznnedunuguuasdunsiaasw na

¥
TAsuasd 33 Annadu



20

) ¥ " td
MU 1.3 dnvaemousnvesnsoaluszuzaiqezitaiuieen W udununy tas duRsmasd

1.3.1

132

1.3.3

1.3.4

¥

L3 [ [ ' L]
T3l AsuaTuf 14 Favnn 2542 Da5uh 11 g 2542 (FuiisnmsiSumayanan)

ar 3 =
an‘Hm:Tﬂsaﬁswmﬂuaﬂ%amﬂaﬂ‘luﬁ’umm}u (28 MRl 2542)
o 4
AR AU
dawaz Tnssadumonenveamoean s asamis 59 3u (28 Faviaw 2542)
o 4 .
(HUMIEBAYUINT Y
anvaz Tnssadunwusnvosmoea Iuduniunu (11 fuiou 2542)
afidnsusyududany uatdshiuansanu
dnuaie Tnsaad1anwuenvewmioeanwndasinms 73 Ju (11 fumeu 2542)

-l o o 1
amanfidnyuzetudiulfsadniias bud scale suilasanuazngasiely
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= o = ] ' o & |
AN 1.4 dnsusnslumveaiisoinguemsisiuiimen lumuny tazduism

a2 A uaz 3 Yasdaiu Fasiudt 30 HQuieu 2542 89 11 fuoou 2542

1.4.1 uaz 1.4.2 median section ¥aalassadunmoluvesnmanluszzsulimsw laaims laa
(30 U1t 2542) apical meristem (am) W3yoanAudsazIUNs Y Tjuane1afuiadu
A Audinines Tt nazduiisems 3 Tdanedu (2,50

1.4.3 median section vo1Iazandanoluvesninenluduninay Tuiud 2 gaian 2542 exdien

3

L . . = J = = ¥
nuuAaan (floral primordia)(fp) INAYUNTINVBS scale ATIVTIUA T INYBIAILEA (1.2%)
. . 3 o = a1 w4
1.4.4 median section vo1Inssadanwluvesmennludufstamsihdud uaz 33 fndeiu Sanu
Dlutianusand v TasTuiui11 fuseu 2542 (ndasmens 73 Su) seliyaduilanen

. . £y J i a
(floral primordia) (fp) mﬂﬁm‘ﬁgmmaa scale mqmnmﬁmgmmaamﬂaﬂ (2.0x)
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13

4 ar = v 1 o o a 3 P
WA 15 dnsaznivlumgeanszesannuesziisiuiiaen 1dluduniuny duhsa

9

Pl =] Vs L] B " W ar ol ar
a3 uazduisems 3 Ydaaenu Tuiuh 2 aaieu uaz 11 Ausiou 2542

1.5.1
152
1.53
1.54
155

awuneyaiianentudumaungy @00l Tuf 2 ameu 2542
nmunyadianonluduiismms (@.0x Fsogsendng bud scale (bs)luuil 11 fugon 2542
pmvoegaduiianentudun gy 20.0x) T 2 aaian 2542
mvegafuiianentuduiisnds 20.0x) Tuuil 11 fuow 2542

median section U84 primary branch (pb) 1La% secondary branch (sb) (4.0x) TuAu

1 Ed v
Aswmessaadasy WU 11 fugieu 2542
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= d
I

1. dnvozmsiyduln

= X ar -1 ar
A1y IRaveI v Inadani1 loaluiln 3 Ae U 2542 Sanafiunavesasddamy
= -y q’ A ) 1 ﬂ),
TaummizlumsaamsnSyauTavesfamadwanues  Fududnyussuvesmsiuozisw
1 ) 3
nunlinaasandealudesiinaonty (Kulkami, 1988; 859y, 2532; U0GA, 2533 LDZIATHI,
a H :” 4 3 ] Aé a 1 H ar
2533) TavfaluduifinsswarmisgemInwudseduniluduniuny Fefand il ld5onann
) A H 2 . v o 4
Ms519a5 11l 2540 drunnuemniluduiisiaasisasans muud Wianuuana1eny F9n15
P S v W e YA Ve a - A a8 PP o YAy oa
AnamsaraanenumIdnziafinnsaau Tamiisunsnnduiilms seamss il

» 3
uaneTamsi i luiaasd hildgaiulidn  uennniimuhdumiuauiimsunneealng

v ] -
-3 o

v w w A o & =l o (=1 i T
BITHAIIUN 16 GRNEY 2542 YUzNAUNITIATITNIEDA mﬂmumx”luumﬂmmaﬂ%u HEr@am

»
o

PnnamshldreudafisanefivzdudimaniydvTafivsnuvensswzingld  damludes
a 1 o a 1 : Al 1 e
yaeinauly idihugudnamsiweauazasen wuimslimstidudl une 51 3 Yhadesu W

1 ' P E o = o > A o ) ¥
Wahiandanduasugy  ilesninarsw Inadmstlwalnadufamsdasvesradusionld
' o o & 1o > 4 . s ow &

Ymovea TaolifvidesiulassenTaoastafivauddi Tidoduns Fadnudeziviudu Faiy

= 1t =4 1 & ] ld‘ o =S o T A 3 1=t
velitesiinadeludiigasuilaluegilaveen suaulufadansliwfouulas sauvislisina

ADANEULDL1OU (Sterrett, 1985)
2. mswanidumeasn

2INNINAAINL NS EDNABNYDINLNIREIRIAN Wellmalimswilnatms iaa

] s

MezBumsiduunildudl wieliandedu Taonms i lumesdnunsilfuziafamnenidiv

¥
Vo 1w a

= v ar & o w | ¥ 3 3/ = [ qy P
‘lJSiJ’lm]liJ’F]'Nﬂu HIAXTHIVEITU Eﬂllﬂﬁ’]f.l\ﬂu? ‘I)'ﬂu'\ch‘lleﬂﬁﬂﬂﬂﬂﬂﬂvlﬂﬁﬁ'!ﬂ‘ﬁuﬂ bYU Gl.uﬁu’il

L'l

=

Wufaeean (qe3n, 2531) lunBouiugyed Fadnh, 2533) dauluuzaing Adssmedumoiing
s
A w8 1 w o . . . H
Tdesfigmil¥ugnieiusg Dashehari uae Bangnapali aenaenld (Kulkarni, 1988) daulu
@ o 1 dy @ o 5y ] @ o 9 1
Yseistlng  dud (2532)  wuhwsiiewnsedmbhlduzsiheiuiidonmeesnaenld  dau
a ¥ 1 ] wr (:’ Y
Phavaphutanon uagamg (1999) lavnismanssldasfiunuzisiufimen ldiienseduld
[ =Y ] B e ¥ r=| =y o e
sonanAoungmMalnd uaswunluduniimsasesinmsazaulSnuns lulawsalufsuag

[T E=1 ] 97 2 1 = ] :lo 3 1 wyed ] =
Ty TRSnhindunivgy Fahalinademsimlduzitsesnaonldtnhund  uaslunts
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3 d" 1 ¥ ! rﬂ o = ] [} 9 o [}

nAapIAsIl  wUduUNzERlnI M IR NI nwualsifnsononnoudun i las1ams

Y ] s o A de ' YR T 97 3 ar
dszmm 21 unie 3 dila Fanlswaunamsnasesluuzitsiuioudlinaaeandoadu
& dw ] ¥ 1 o [ = 1 o ¥
Aamstiasaisalduziseonneniinilng Tasszeznaluniseonasnszuanaienuliuda

T oa o =y 3 . . .

uawuguaslTumvesansilv (Kulkarni, 1988;Burondkar tas Gunjate, 1991; Tongumpai 1tz

A, 1991, Perez-Barraza azaml, 1988:)

dy a’w 1 P ar ei [N} d'l ar - L =
uanunini tunsnaassiifawunmsIdensudludouazn idelosiy  AensIduuydl
3 Gor o 2 Uy 1 v aa 1 ar 1 [V -
Ml Afsinaviidauuzineenaenunanddadetunnilld  deoruthumsizhaiiasan
1 -y -1 L} ‘ @ r A 1 =\ ar ar
degludulslinadeiledalfa ludlildes  delumealszmefiinsnuludnyazidoai
. ) a 1 ] o o .
fiennNuNAaDIves Kulkarni (1988) FaldarsmInadims leauduziiaaiug Dashehari uae
WuR Bangnapali Jusas1 10 nfudedu auisoiumsssnaonveansnlutidaty dau
Burondkar ttazame (1999) laneamndeliaisw lnatimsilsadas 7.5 uaz 10 a3y undu

] w o :’ = a ¥ v = A? =] 5 [
HEUNNUTE Alphonso a1 2 ‘IJ ’s’f'm'l‘iﬂ“nﬂﬂ3J$3J‘N'E]'EJﬂﬂﬂﬂiuﬂ511’1‘%11111ﬂ°t]11!.m$l'53‘lm HOSUINL

1 5 :{

] ' -] T s ar o
Mindedildemduiinsnamsziniesnaen ldaniuaziSiniduniugy  dmsunsaaeda

»
1 =

Yoeesh H5709789 Jackson HaTRRE (1996) Nastannsonseyluau ldnawilitaznuh
san i 18 iyngangd Taefinds#n (T1/2) 7 25 ¢ P 4.5 7 uasdt 60 ¢ dluna 25
3 du Early uaz Martin (1989) wuhmm Inadms lazndeufidureduazezaaioda
otermda luiy ludwiifAsnssumeadszvosity su Lxﬁﬂzﬁaﬂqagiuﬁuﬁﬂgn

st lsfinunnmmaassiinud msmlaadoms Txa Tiansadmhiiveauzamn
voaimu ifumannld deforamvnaumguatedszms 18un silavesiaddinaednas
TuduRerdu W AwSoadmuuy S uaain? dnelidnasdnsuneinmsniymuiag
’chuf:ﬁU?Lmﬂﬂuw:uﬁ"m‘lmyj%"lﬁ'%’uum"lﬂﬁxmﬁwuﬂiwg'n wziimawsgyroudhailumey
wazmsdyAuIalidesd  dduRwdazriadorniitSaemsazemy 53uﬁaﬁ15mugnms
RIYPAL Iartinn 1 unna 19U c?adau“lﬂtluiﬂzwuhﬁaﬁnmﬁ’mnuﬁn Unuziinsesnasnani
uanﬁnnﬁyféaw@af“h'ﬁ"a;j“lum«‘imﬁﬁ"lé’f%’mmq"I.liwhﬁ'uﬁmﬂﬁwaﬁiaﬂwaaﬂﬂﬂﬂﬁ’um}uﬁu v

a:'. r_‘i 1 W nlJ :'- 3 cs‘ 9 =
DIVDINITIDIBLUANANNY IﬂU'YI‘J‘l'L]ﬂQﬁ]ﬂﬁﬂ$ﬁ34ﬂﬂ1h1‘i€lﬂﬂﬂﬂﬂﬂ1ﬂ ﬂzumqﬂizmm 4-5

]
o=

1 w oo oy P o ' )

wou uaNNRTY thaen I fsiillony 2-3 @euAwuihamisaoenaenld (333, 2529) wen

dy ﬁj A ¥ A = [T a 2 ¥ ] wooA ﬂ 5
vinfloilumsizaungdy wu mundounvesms lduanzpaemisiuanaraiy Suflul14
=) PR L1 ] 1 ¥ 1 a e o
hnelanianumunzrylumsadsensnunainzaeuaussdoas 1A5ndwh I imsadan

) 1 ¥ ¥ ¥

avn lanow wennniidsieziinauinlumsnaasinsailfe anwemenfianunlslsauedis

o t dg woa w ) ' o & o
up Iﬂﬂuﬁluﬂﬂﬂﬁﬂﬂluﬂf’}qmﬂ-‘ﬁQuﬂqﬁwmunﬂuﬂ']ﬂﬂﬂ URATLNI¥DADN 53NWQﬁﬂ1Wﬁ3umﬂlﬂu
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J 2 M = = : o 9/ ] =& ‘:' Q) 9 : 4 c:-v
HULINI DY %d&ﬂaiﬂﬂﬁluﬂﬂ Mﬂ?i‘i%“lﬂﬂ‘uflll‘ﬂu 5E)1Jﬂu3J$1I’NTNBll¢I’JV£‘IJﬂ?IUU"I cﬁﬂiﬂﬂ‘ﬂ')ulﬂ

o Y A = 3 e w oa A a ow @ a
uziNIzeanaen lAdlieoImebuns tazauFuduANEM vinamduduiniguiull o9
dhumimgiidide ludou naziinreenaenh bimduaue (Fugni, 2531)

1 4 s L L] é QF arF o)
dluGosvesmsiannamennun druniiendunaldvinanvusmouen Tavmonas

as o u’r’ = o o a -4 o =y
mMstims 73 U awenvssduiisiamisniaesyinuasueSuIY wadnseuSonuiuluves
o ) o =] -4 o ‘3’ c: o L] o o
314 bud scale Imsutsduesniulasiidnuazyuiu luvazhduauguislinudnuuzds

[ 1 a gt a ar k' ar = ] 14 ax

na1 uaszisuny 1dtseum 94 Jundanisl¥ms niwmnidegaduiianen Tnseadrenolumil
' o & - 4 o q 8 a & a o o 4 ﬂ &
matvasaanInIMLastaoty  Mildaveaniyiulasniseigussgaduiaeen  Fauiluns
LYudLash 2 (secondary branch) ¥ae¥ensn Lasln1siesyunwustouh 3 (tertiary branch)
¥y v a P oA & W 1
NIMUTNUINUINERIR 2 FreRndoiudnyMenIToonABNAITNENYBIALNELYe Aaly

1 1 [ o d 3
Aunsmmsssiimawaniiginm
3. madasuudanBnamsaugumsniyfvialuangen

o o o o ey o o ~ H
twweisady  iluges uiviiligamulialunmsdminisconsenlufisinesia iy
N . - ar : G oar = ar g - g =y 1 F
Arbiodopsis wazAsTUdy Tunnndunu Inalumstudimsesnaenlunsdnuaiusiia iy Ay
aa 4 'ly Ilwd ¥ . o o o 1 ¥
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TilsamsBunidie PO, 1.4%, K0 0.8% udz calcium oxine 12.0% udzwansims
Moltanic® (u.Tndn $1fim, nyamwa) ilszpeudis glucose 20%, fructose 10%,
monosaccharide Suq 30% carrier a2 coenzyme 6% ﬁmﬁmmwnﬁ%‘msﬁafj
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1. control (ﬁu&mt‘i’u)

2. glucose 25 mM

3. glucose 50 mM

4, glucose 100 mM

5. fructose 25 mM

6. fructose 50 mM

7. fructose 100 mM

8. sucrose 25 mM

9. sucrose 50 mM

10. sucrose 100 mM

»
a = o o ~ 1 [
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treatment ﬁ‘ﬂ
1. control (Wusinaw)

2. Crop Giant® 1 mi/L

(48]

. Crop Giant® 2 miL

i=N

. Crop Giant® 4 miL
5. Moltanic® 0.5 mirL

6. Mottanic® 1 misL

-

. Moltanic® 2 miL
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i :’ = =) ' v =
A3 2.1 Havesms IFmisozaetinta luenaanyieae aolSuim total non-structural

carbohydrates (TNC), fructose iag sucrose Tuluugiag

Treatment TNC Fructose Sucrose

(mg D-glucose/g dry (mg/g dry weight) (mg/g dry

weight) weight)

Control 104.62 ¢° 2.82b° 3.88 ns'
Glucose 25 mM 103.50 ¢ 2.48 b 3.79
50 mM 106.06 ¢ 3.00 ab 3.84
100 mM 104.81 ¢ 247 b 394
Fructose 25 mM 130.56 a 5.28a 3.41
50 mM 126.81 a 3.62 ab 3.60
100 mM 128.69 a 3.48 ab 4.31
Sucrose 25 mM 110.19b 4.67 ab 3.44
50 mM 113.75b 4.14 ab 3.61
100 mM 118.75 ab 4.80 ab 3.71

1 = - Q (] 1 o “o ey
ns HN1UENF!'ImflUTLIﬂE"J’ﬁHﬂ{'lﬂuﬂ’J‘lmmﬂﬂNﬂuW'Nﬂﬂﬂ

21 a W de 4 o e F=} a 14 1 ar oy = 9/ oy
ﬂ"lmﬂUﬂluﬂBﬁllﬂﬂﬂ‘!ﬂﬂ?ﬂﬂ'mﬂﬂ‘imllﬂuﬂ‘LI "luuﬂ'nmmnmaﬂummnm Lﬂ?UUmUUﬁ‘JU'JE

. o ow i & g 2
Duncan’s new multiple range test #iszAuaNuAoNY 95 1osidud
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non-structural carbohydrates (TNC), fructose URE sucrose Tulungine
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Treatment

TNC Fructose Sucrose
{mg D-glucose/g dry (mg/g dry weight) (mg/g dry
weight) weight)
Control 169.81 a° 3.01b° 4.48 ns'
Crop Giant 1 ml/iL 155.00 ab 283 b 4.38
2 mifL 144.50 ab 3.57 ab 4.46
4 mi/L 149.69 ab 3.58 ab 4.87
Moltanic 0.5 ml/L 13362 b 4.14 a 4.39
1 ml/L 155.44 ab 3.52ab 4.60
2mkL 162.75 ab 4,10 a 4.54

' ns nusianundelunsdud luianuuana et un1ada

2 = o P 3/ W oW = s st 1 ar aa = -
mmnu'luﬂﬂauﬂ‘nmumamaﬂmmuaunu "lunmmumnmmummﬂm Lﬂ?ﬂﬂiﬂﬂﬂﬂ?ﬂ?ﬁ

Duncan’s new multiple range test 1sssiuaTudoiu 95 nlosidud
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Treatment TNC {mg D-glucose/g dry weight)
19U 3 7
54 1y A 1u A T

Control 99.12a' 76.72b° 9458b' 8339a' 127402’ 12164a
Fructose 2 % 67.38e 6843c 71.13e 78.86 bc 94.31 b 94.82 d

5% 8072¢c 7661Db 7843d 7566¢C 11951 b 103.66 C
Sucrose 2% 86.80b 62.80d 8261c 83461 99.40¢c 110.88b

5% 72.20d 9857 a 99.16a 81.668ab 93.84 d 83.88e

1 a o o ¥ ar - ar rey ¥ o aa = ¥ o=
ﬂ’]mﬁﬂﬁluﬂﬂﬁllﬂT]ﬂ'lidﬂ?ﬂﬁ')ﬂﬂﬂﬂﬁhﬂuﬂu v!.ilﬂﬂ')']lllm‘r‘]ﬂ']ﬁﬂuﬂ’lﬂﬁﬂﬂ l‘lﬁﬂﬂlﬂﬂllﬁ?ﬂ')ﬁ

- w q @ o o
Duncan's new muitiple range test fissAuaNNFeNY 95 ilosiFud

) o 1 e a
fMINN 2.4 Hﬁ“lﬂﬁﬂ’iiﬁlﬁﬂ'ﬁﬁzﬁ'lﬂ fructose laL sucrose ol TNC 1uﬂﬂlla3‘l'ﬂﬂﬂﬂ

yosuzrsiugusandalions 1, 3uaz 7 u

Treatment TNC (mg D-glucose/g dry weight}
17U 3 9u 7 U
ol Ty Aq Ty A T
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1 v 1 v w o °y
@191991 3.7 HAYDI NAA, ethephon 18T GA, Aenmtsitfaounlauwanenluuziiteiugiiaenld

NINUUA sunmann Sasgumanen  S1uIuABNTIINING
ADNINAE ABNANYTRINT

N].ﬁJIW'u'GT'Iﬁ {control) 2664.25 2655 10.03:1 29298
NAA 50 ppm 2507.0 214.0 11.71:1 2721.0
NAA 100 ppm 2207.8 179.0 12.32:1 2386.8
NAA 200 ppm 1366.5 2255 6.06:1 1592.0
ethephon 25 ppm 3283.0 250.5 13.11:1 35335
ethephon 50 ppm 1217.1 117.8 10.33:1 13349
GA, 10 ppm 20428 2498 8.18:1 22926
GA, 25 ppm 23483 198.0 11.86:1 2546.3
GA, 50 ppm 1782.5 241.0 7.39:1 2023.8
F-test ns” ns ns

1/ ludanuuand 1 ouneang
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ABAINYS AN 11.08 t 3.72 1520 % 1027 1742 £11.55 14.53
i 8.45 17.29 19.15 14.95
Wug lvaoiug
INFARADA TrgzABNLIU m?;u
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AONINFAR 52451 18.22 6542 2262 79.96 +25.42 63.94
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wi 64.13 76.83 82.41 74.45

F-test 9710 analysis of variance
szumaﬂuwumaqﬁuﬁa{1ﬂaﬂ1ﬁ **
szuzaenUILYesiURsua ez lynodud ns
M regression ‘UENSSEJ&ﬂﬂﬂ‘mu&l‘Hﬁuﬁ;‘li,‘lﬂﬁlﬂulﬁ linear ** quadratic ns
1/ mmgﬂ T standard error
- @ 4

2/ AR HUHUINDURRINA WD NH TANNU BRI NULANA NN IIADANTEAUANNETOIY 95

& = o P .
wosirua 1Wvuifou1ae Duncan’s new multiple range test
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Tw  Cca(w)
conirol 0.64 0.88b 1.08 0.88ab  0.72b 1.09b 1.25
Ca 50 ppm + B 1.5 ppm 0.56 0.82b 0.94 0.81b  0.80ab 1.13ab 1.28
Ca 50 ppm + B 3.0 ppm 0.64 0.86 b 0.99 0.89ab  0.86a 1.16ab 1.27
Ca 50 ppm + B 6.0 ppm 0.61 105a 1.02 0.95a 0.83a 1.221 1.36
F-test ns *x ns * * * ns
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Ca 50 ppm + B 3.0 ppm 0.64 0.60 0.90 0.32b 0.64 0.96 1.02
Ca 50 ppm + B 6.0 ppm 0.60 0.69 0.99 0.95a 0.71 1.10 1.19
F-test ns ns ns * ns ns ns
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Duncan's new multiple range test Aszduanudenu o5 wosrud

3 P & A ar 1 \ ar aa
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d’ ¥ 1 dl e :;
M1919913.19 HAUDINIT IHA15A2A1U Ca-B ma‘lmamssﬂaﬂuuﬂmixﬂu B luluuaznuen

TTHINMTNATDY IAAUIMINTNGY (3.9 N.8) F19000ADN (A.A.) ¥UTY

= ] ar =1 =
ARNED (W.Y) HAZYNRALINTUDIHAT AR VALY {(N.0.- N.AW.)

treatment .7 fLE. f.1a. .. 5.f. .6 N.A.
lv  B(ppm)
control 1590 17.45b  19.86 20.02ab 19.76b  23.01b 28.03b
Ca 30 ppm+ B 1.5 ppm 15.31 19.99ab  19.01 1779 15.58b 24.10b  25.51b
Ca 50 ppm + B 3.0 ppm 1480  17.48b 18.66 1721b  17.4%b 21.51b  23.56b
Ca 50 ppm + B 6.0 ppm 16.02 2231a  22.14 2346a 2474a  27.88a 33.19a
F-test ns * ns Kok % o o
?L‘l B (ppm)
control 1741bc  1444b 1666 16.11ab 16.68b 15.86ab 15.02ab
Ca 50 ppm + B 1.5 ppm 16.79¢ 17.22a 18.07 16.14ab 16.30b 16.12ab  15.25ab
Ca 50 ppm + B 3.0 ppm 18.78b 17.13a 1744 - 15.18b 16.60b 15.32b 14.38b
Ca 50 ppm + B 6.0 ppm 20.25a 17.38a  18.57 16.38a 18.04a 16.5%9a 16.00a
F-test *x * ns * * * *

r ) LY, Py o § @ dd o o w
* k% lWIﬂﬂ'N'f)EJ‘NﬁuUﬂ'lﬂfg‘n‘i\‘lﬁﬂﬂﬁi$ﬂ']Jﬂ'J']IJl‘4]fﬂNu 95 uag 99 nlasidua fuaay

¥ :; d' 1Y o at ,dl 1 ol n’l‘ a 1 s = ey s oot
ﬂ1m’c’lEmﬂ'mﬂ']flﬂ’)ﬂﬂyiﬂﬂﬂﬂuiulmﬁﬂﬂuﬂ']']iJLLﬂﬂﬂNﬂu‘Vl'Nﬂﬂﬂ L‘Lr%ﬂijmﬂlliﬂﬂilﬁ
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Duncan’s new multiple range test N52AUAINUTOIY 95 (oIFUA
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A13N 320 WAYRIMS IR ATALA1Y Ca-B 80319199 aomsilasuuassedy Canas B lu

YoRoNNILes 7 14 21 Uae 28 Jundaiviteasn

syUzYenen
Treatments 8717 8 . 812 15 %l 8717 30 . ﬂﬂﬂ‘ﬂ1ﬂlﬁﬂ‘ﬁ
7 W) (14 1w (21 T1) (28 M)
Ca(%)
Control 0.18b 0.16b 0.19 0.23
Ca 50 ppm + B 1.5 ppm 0.19b 0.22a 0.20 0.24
Ca50ppm+ B 3.0 ppm 0.23a 0.22a 0.20 0.26
Ca 50 ppm + B 6.0 ppm 0.26a 0.22a 0.21 0.25
F-test i " ne ns
B(ppm)
Control 22.81b 24.10 22.95 24.86
Ca 50 ppm+ B 1.5 ppm 23.84ab 25.97 23.28 24.69
Ca 50 ppm + B 3.0 ppm 23.40ab 23.67 23.53 24.60
Ca 50 ppm + B 6.0 ppm 24.38a 25.02 23.50 24.75
F-test ; ns ns ns

T ) o o p e ana 7] A @ o o o

* UANA NI NUUITAYN A DANTSALA TTUFDUU 9stlo3iua
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MI1eA 3.21  Havean1s aTazaie Ca-B nlusontsaffoundasszdy Ca uaz B luwa

UUIDIYA)
Treatments oA (‘3’1«!)
10 40 70 100
Ca (%)
Control 0.34 0.15 0.12 0.09
Ca30ppm+ B 1.5 ppm 0.38 0.15 0.13 0.08
Ca 30 ppm + B 3.0 ppm 0.33 0.16 0.12 0.08
Ca 50 ppm + B 6.0 ppm 0.35 0.16 0.14 0.09
F-test ns ns ns ns
B(ppm)
Control 14.44 15.14b 14.18b 10.55b
Ca 50 ppm + B 1.5 ppm 15.16 14.90b 13.90b 10.55b
Ca 50 ppm + B 3.0 ppm 14.94 15.07b 13.72b 10.35b
Ca 50 ppm + B 6.0 ppm 15.58 16.30a 15.18a 11.54a

F-test

ns

*k

' ' w a e e [y y o ¢ o o e o
* ** IandNed1alisdrgnatanizavamudoiu 95 uaz 99 1o audAy
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M99 3.22  wawaems v asazans Ca-B maludemanlasuitasdsue TNG Tuluuazing

PEATTHTNNITNAGDY ‘ﬁ?ﬁﬁ@lu']ﬂ'li‘ﬂNﬁﬂU (o7.A.- N.08.) FI900NABA (m.9.)

' a = ' w & e
YIWTUAAMR (W.8.) uazmawmmmsmmwaﬁammﬂm (w.b.- NW.)

Treatment a.n. n.b. .. Wl 5.9. u.f. .
TuTINC  (mggdwt)
Control 10391b  131.70b 127 46 136.30¢ 132.44 137.65a 122.3%b
Ca30ppm+ B 1.5 ppm 122.44a 142.20a 130.55 157.44a 132.03 136.24a  140.53a
Ca 50 ppm + B 3.0 ppm 127.95a 141.30a 123.35 146.17b 135.90 139.94a 128.66b
Ca 30 ppm + B 6.0 ppm 119.99a  147.62a 122.78 140.67bc 132.36 115.88b  126.68b
F'tEST * % * ¥ ns Ak ns * ¥ s
?:IQ TNC {(mg/g dwt.)
Control 119446  154.02c  141.25¢ 176.40 184.23b 166.75  157.17
Ca 50 ppm +B 1.5 ppm 152.55a 172.21ab  175.8%a 190.48ab 195.60a 164.99  154.76
Ca 50 ppm + B 3.0 ppm 145.59a  181.22a  175.6%9a 191.47a 194.73ab  174.78  146.93
Ca 50 ppm + B 6.0 ppm 143.37a 16585  158.37b 183.22ab 164.51c 17336 16527

F-test

*ak

ok

*ok

*®

ek

ns

ns

1 L] o o0 ar Ppags ar 4 o o o o o W
* * 1aAA190g 1NN IR MISEIANIZAUANFONY 95 Haz 99 1T amd Ay
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t:; 3 1 d' = ' c;
191491 3.23 Nﬁ‘l}ﬂw‘lﬂﬁiﬁﬁﬁﬂzﬂTﬂ Ca-B nalunemsulasulast/Fum TNC ‘hﬂf@ﬂﬂﬂ"ﬂ

3302 7 14 21 4R 28 TUNAILNIFOADN

SEHzYOnDn
Treatments 8173 8 . B 15 Hu. 8172 30 ¥, ﬂﬂﬂﬂ1ulﬁﬂﬁ
(7 1) (14 ) (21 1) (28 )

TNC {(mg/g dwt.)

Control 225.44b 183.34c¢ 206.37 203.25¢
Ca50ppm+ B L.5 ppm 234.11ab 187.81¢ 200.30 218.61bc
Ca 50 ppm + B 3.0 ppm 234.86ab 204.77b 200.43 227.17b
Ca 50 ppm + B 6.0 ppm 243.40a 221.37a 207.27 243.94a

ok * % %
F-test ns

] ' o o oar aad ar i o ¢ d o o
= anaetiisdngmeadanseaua oy 95 uaz 99 Wosidua audiAu
L 4:1' :;. ) o g :{ 1 w 3 = L] 7] =y =4 o
ﬂ'IlﬂﬁU‘Iflﬂ'lllﬂ'JEW]'JFJﬂH‘.WWI'Nﬂuiullu?ﬂﬁuﬂ?’]uuﬂﬂﬂwﬂuﬂTQﬂﬂﬂ llﬁﬂulﬂﬂﬂiﬂﬂ?ﬁ
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Duncan’s new multiple range test fszAuamuireiii 95 wlosidud
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9190 3.24 HaUDIMT IR msaraty Ca-B naludemsiidouutastSuin T™NG lumaysiiig

DA
agHa (M)
Treatments 10 40 70 100
TNC (mg/g dwt.)
Control 228.58 239.35 198.61b 175.85b
Ca 50 ppm+ B 1.5 ppm 300.69 236.63 226.47a 188.27ab
Ca 350 ppm + B 3.0 ppm 28640 244.36 215.50ab 211.01a
Ca 50 ppm + B 6.0 ppm 285.81 234.37 232.85a 212.20a
ns ns * *

F-test

4 P e g ow aad w A o o
* HANANDYHUUITIAYN T OANIZAUANUITONU 95 lﬂﬂ'ﬁ'l"ﬁu@

J S A 3 v oW At o 5 =1 J s o= =4 =
fﬂm’ﬂU'YWI'IMﬂ?ﬂﬁ‘)ﬂﬂ‘H'iTIFI'Nﬂ'urluLL‘LI’)ﬂﬁﬂﬂﬂmmﬂﬁﬂﬁﬂuﬂﬂﬁﬂﬂ Llﬁﬂllmﬂ‘ljiﬂtl".lﬁ

. & e Ao fd o
Duncan’s new multiple range test N3EAUANVIHDUY 95 nlosiua

1 a ar o ey as 1 1 LY S
ns = ﬂ'lmﬁEﬂ‘Llﬂﬂ’dllf]Lﬂﬂ')ﬂullultﬂﬂﬂ'lﬂﬂu‘ﬂ"lx‘]ﬂﬂﬂ

A151971 3.25 WAUDINTS IHANIAZA Ca-B 895114 9 Aosuiumadote 1u¥anissana

o =
FTUTLINUAS IS USNUINGD

NIAIYA dnnunaniere YononTmana(%)
FEAZNIAN srevfume
Control 203¢c 0.39b 36.7b
Cas50ppm+ B 1.5 ppm 325b 091a 60.8 a
Ca 50 ppm + B 3.0 ppm i5.1a 0.73 a 61.7 a
Ca 50 ppm + B 6.0 ppm 349a 090 a 65.0a

nfSouieunuUAnA19Y0IAURTERITT Duncan’s new multiple range NIzAUNNMHONL 95%
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’ ¥
A13191 3.26 WavesmsInaIsazain Ca-B 931019 9 asthmiinuazvuinvednalussozifiy

e
nIamuA MHRUNTANSU) ATNAIIA(DBI.) AN (V)
Control 316.0b 65b [22Db
Ca 50 ppm + B 1.5 ppm 3819a 7.0a 133a
Ca50 ppm+ B 3.0 ppm 380.8 a 69a 133 a
Ca 50 ppm + B 6.0 ppm 386.6a 70a 135a

N suMeuANUIANA1IYDIRURFIAIWIT Duncan’s new multiple range HITAVAIIMAOIU 95%

= <
AR

d'l. ar e ¥ 1 = = r
ot nde ilinoauanudeems Ca uaz B Tugnszozmsindydulnaie vos
o 1 ;Y
yzie lumsnenesiideliansazens Ca-B A719199 HaWATY ATz zAoUBINABN @B
§ Qs I o | = 1 a ie o ¥ =
Hlesfuaunseiansununemanis aseunquiniannnsiddgforiteenaenuazinng
S i o) s { P a a iy
Tuszozusn anududUYee Ca i 50 ppm uszavfiisrwaunsonumsaanaluiedug
1 s 3 Y] P ar r A as o A = J
auANUdITUYee B AuudsfiszAusenan 1.5 - 6 ppm edlestuanuiiufivieufindy
] ' Y [ 1 ' {19 9. 1 1= 9} or s
weldasraiios dadiusening Ca uaz B lumsazarwlsia ity 101 aeandossuda
@ Ca-B il mirodiumsilugdmsaiinuas
3
=y L & r 1 oy L] L3 1
Ca TuRuduuu Fanuzinduingdulaeg Imsendng 0215 - 0229
= ) ] = @ ar r'd 1 = 3
alesidud FuRnsaworamsdu Invesfiaialy saessd uavans (2542) 51w Tufusuuy
wosgnuzilinisquad Wuandage 1dfumiludSinagmedl uazduislinaanins
=1 ) A o o @ & g A qy
1AFINOIMIT 1A Us2AU Ca mAy 0.162 weditud Fsdnnfasnaeunnlunismaaodl
¥ 3
i =y @ S ’ A ar r =1 1 ar
g9 B lufuduvuvesminaosatils lugig 0.61 - 0.67 ppm Faiaduvanaisuiu sayns
v ar | o @ A 1 =] v =
(2535) T hszdn B Anhudlss Teniluduiislugis 0.38 - 4.67 ppm taaalfidiuinlS
A 4 4 ' = 4 v a 4w &
Ca uaz B Tuiteionaamaslurisrsvesssoemaau e Mo sanumantouiounisiang
aoaluiis luiusennudnanis wnitfannnNsRALIIATIADIMITAINGT)
ar P ' ! o da 5t o e t
89550 unznmz (2542) Mo luvzienugiheen IAvewaELN taz T

=t @ 1 o o3 o ' 1 ar
LAAIDINITVINBINOIMITWY HIzAU Ca Turae 059 - 3.53 wWeiidud daluuziseiug
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. a ' o o ' . c:’
Dashehari 152610 Ca Tu1us21914 1.16 - 2.30 1o siFua (Singh nazamy, 1991) lupisnaasall
o 1 r e g o b ] T o oa ¥ = 9 ar
s2ay Ca Tuluegluei 0.56 - 1.36 ilositun Savnlurridfisiwedemasivln aoandesnu
A T = ar ] W ) i o [ 1
Ui 0619150n7m s2au Ca Tuluugiewugoun Allsteanudiaiszndng 2.0 - 3.5%
' . & e =
(Reuter HAZAMET, 1997) UAZTENTL 2.0 - 5.0% (Mills 1A Jones, 1996) Fadinunninialdlu
¥ 3 ) .
M3NARDALL N5 INA15ALA10 Ca 50 ppm + B 6.0 ppm MIMIedu Ca luiioie lunasziwon
4 4 ' 1 e ' a - o] w ° 3
MuYya AN TA luyNTReeImudy In anziims Inmsazai ca-B AszAy B 41031 6 ppm
9 iyt s d'l = a‘ c‘a 3’ ¥ ) =4 3 ] dilv d': =t
Tanaluauda srotownnimTina B Avkidiudasiumsgadu Ca whgitiono msiz B T
DT}U’ITIﬁW?TﬂJG'IE]ﬂ‘IS fIVUA Y membrane permeability (Blevins il Lukaszewski, 1998)
= ] t [ o aar
TuszusoonaanuazAnnaaey WUNTEALYD Ca Tuluaraudnilou uasduwus
1 3 T [ 3
AUMsILTuYes Ca lusenonuagkapouoly 10 Tu 53AU Ca Tmindiuluvononuaywasou
smdunaninmsliaisazay ca-B drunsndoudy ca mnluuazivealUis aon wazwa
» 1 ] L]
gaury feldansesuduld tiswimind ca wdoui lddovannluvies s (Marschaer,
1986)
ar P ' o o ' e EN
DAY azAae (2542) e nszau B maslulunzuiviwen 10381 22.2 ppm
1 ] o o . as 4 1 as ' .
U1 UuzU19AUS Deshehari Uszau B mavlulumidu 20 ppm (Singh uazan, 1991) Mills
uag Jones (1996) S1UIUTLAVYDI B Muitoanwn I lunguIeszna1e 25 - 150 ppm 52U B Tuly
! N ¥y T 1 1w '
Fanulunsneanadl annhinean ualinw Tdunzmndulugreievesmsinu soie
o 3 or P 3 ] 1 ar 1
lsfmumsdesazany Ca 50 ppm + B 6.0 ppm ¥ 1dszdu B Tuluiviuedunude uaze
luszaviieawadanisiduIa ssizh B Tudasmdnd 6.0 ppm 1inaliis19910 control  §51
v W . 1 ) »
w99 B #lFlunmananssiiifudandufetleadunnuiiuiy wlesnndlumsiasnaeads
1 A'd é a’ d'cu ] ar 9/ = A!'i L] v
aawios Feordludanide lhmnzay lummeaesdu linasiindu 1 almond wuhilnis
Wua3aza1e B ludasigeiie 250 - 500 ppm eudoInsuasg B
= L= c?dl LY = o oA oA
VINHaNSARTIzHaUY lumInaasstisudunudie ca Tuauiissws Jgwinis
= 3 4 A ' a & = ] A4 oA
1 ca dlwidloide Tnummelurnoonaonuaziana 819AaINTINTNMIGATN Ca T1vSolfn
A 3 @ ] Y] ' 1 dy A e a 1 o
nnilant ca wioudeldnluir TiviureanudsimsvoaflodoniimisWauiogasimg?
oo uy o' s =aed & d:{ ] Q'
wazdisnsnTaeiif (Marschner, 1986) m3liaisosate Ca-B lasudluisnileananum
521 Ca lutoaen ullumimeasstl msldasazaiy Ca-B lulinadeszdy B luveaonTlay
o ar M a1 3 [] =1 = ddg 1 o
a3 o1l 198n 71 1 uafgsldusiadins ArkaRiueuda
n1s IesaLany Ca 50 ppm + B 6.0 ppm duesuliiUsuin NG lulunazinaven
3 b [ ¥ [
wntuluunrssmsiule wazin/Sina TNC mivdulugeaen B Tunumd e

'
s

= v o a £ o s A o
unvuodguuens I lamsaluiy dmhldidensazay ™Ne Falumsldnwdinundidy
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_® “i‘_l ] - dy o ar ﬂ 9t @ Ao e
uazdutlumonssurumsvensen-aana  usnaniaslulamseduiluTnssadrandnfid fey
o 4 L a o e d 1 ¥
yosmsilszneumsveunszgmh lladadlumsdunidnduiiudug del Tunsnacosiiny
1 ¥ .
Jiszdu TG InluveswzinfinIndifvsdunaseaeu1dluuzieiufiheen Tdadianu
o ar o ' {
APEAFININTIUVOUNUATAT (129.9 mg /g) (BAVIFE upzaAy, 2542)  Fomeniilu sink #i
o' ] ] o 'd o o ] 5
#oamsas 1o lamsaunua liawssadams lulamsaldmes mflulansef ldsudunile
! - v o o d A ya )
wasunumnluuagfwea daiumsmsazais Ca-B suFaewudSun T~ luye
= ) = =y 1 ;ﬂ L 9 a1 alt = 1
aandenziumnad UsSura TNC Tusorsnainnisneansil dalndifesiuysue TN Tuge
] o o’: 9 [ o 3 . b
aanuenugiInen 1 seozseeidszuna 8 e, inetutn (2540) 110913
NS IRENSAZAIY Ca-B MAoaTIFImumsanna ladiounlsvinheunudy control
1 = 1 . = ] 5 o o []
Taomniz luguspvesmsaana wihdourssiinasaduswuundain Inssiuiuvensn
. = ] 1 o o o =1 o ] ] =
AUNMIAANANA1LINNTT 60 1aTIFud (Frazinume) ugaddilu 5 voeenszlinisfiana lAns 3
r A 1 =y 'd G'J : 1 — r
woaon Fanolutlumsaawana msizlaei21thiu 1 5 Feasnminfinmsaadlunmfies 1 ¥o
= o ] =Y 121 =y 1 1 Qs T =
aenmipNnlimsdanaliandy (e, Aadeaiudl) tasmIIdmIsazaw Ca-B Hagiuiu
FMIUHAN DT DO ITALIY
- d' a -:gI ::. 9 [ al, o [} allu @ o u’:
N1TAANANIANTWIREIVOIALNITIANSLAY Ca IUTIADATEZOSANTAINAILT $2UNI
2 = ] 3 o ' w5 t
msuSua TNC Tuvenen 1 Ca uaz B Sududomssenvesazoounaidg ca vavlums
' o = o ~ ' o [
nusaRvSIAAMINAMINGS M IRraoaazopunds(pollen tube) 1AL TNBH19TIAST AU
ung Ca Sallumumitlu chemotropic factor AMUATIAMIIAITTARIUDS pollen tube Tumad ey
@ v A.l o 9/ o o o el df | A [y s
Auly Wesaanud Ca Hallumumarunueass luwenau leloAlsedu Ca dviiloma
& oy | dy o kY 1 L] o ol a a o
areefidunindutariidnadaele (agns, 2535) ca dadliumnnimuaundaussvsamis
¢ o u‘: ] — = ¥ L[] =
adVSIItING (Ferguson g Drobak, 1988) ¥wlivnsAamanin B Tunumauasuns
] a [ ar o o
18NVYDDTODUNAT FIUTT 1MUY pollen tube URzfidIuAILRUATIFUNITIZY D3 IuudEn
Fu Faiina lnuns oW IMSVoUTadHa (Blevins 11a2 Lukaszewski, 1998) 93UN3 (2536) 510
. Y ' o & 3 ) Y A 9 Yo
U agesunasmadvesuziitiugihaen iz luemisiu senlddiie 185U B 2.5 ppm
¥ ] .
HazNIIWUESasaIE B aAnududuil lvduteaenTussueS uumnironnn $10Run1sAnHauo
Uzl uazilesnnmsldasazals Ca-B Tahusiom lilSuin TNG Tusonenuazig
a =§v = ] =, Wy = ar &43 d‘l -4 [T
HARTH WduasyiunsdssauazAauImsuearanavulonS oo ududy control wUWS
-~ t ] P 1 o =S & o dy I ;
(2524)  $WNUPHANEZUHNATIs IR YU vaes 1o laesa lutouas ludada
1 :;q 1 9/
A lunanansy ULy
kY a @ 9 1 =] :J as - cg A
msMesazme Ca-B yndas i dwauzudivuanauaziiminnainiugle

] v
WSoueuRuAY control (13130 9) Msvia Ca Mlkwauztrsiufibaen lfiWanInsia



179

Unf werwnnera’ldtion fnamsmadadouariunatinid (5@, 2542) B Tdnfien
Y94fulnsead19une primary cell wall c&ﬁaﬁmuﬂﬁqgﬂéwuazﬂumﬂﬂmqmaﬁﬁ'ﬁwﬁmﬁﬂﬂ
(Blevins 118% Lukaszewski, 1998) uenonfimatayTavpsraitiuineiuiiosn ca uaz B a4
HTUMIALETH TNC Tunaﬂlmhaqﬂ'ﬁ'wmmﬁmu1ﬂ13ﬁwamaj'aqﬁ'uﬁﬁyman"lﬂﬁqmﬁé’ﬂﬂms

@y lan (70 Tu) o (AR5, 2526)
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aqil

= A ar ¥ Y ‘; ] i
Anynisnldountadszay Ca uaz B luiladtiovesly fees uazmwalusenineh

[ & = 4 o o [] ar 4 Y
YTUNUMIBONABDN LAZARNEA HEMIANUFURUSIZHINTLAUYOY Ca uaz B luifloony

UAZTEAU Ca Uaz B luAudumsAanausausi  uae Anwinauesmsidaisazat Ca - B

] ) A ar W 1 o e’: 3/ u’: 3 -=;d = = ]
nslusgnaoiosduauuzieiupiiinenld dwaszoziiimaaulantetaly  sunseiails
] =1 n=i ] - ar = " a [ 1
sxtzfounuIngIna Aemsnldsuundsedy Ca uaz B uaz Ysunamslulamsan lueglugd

A ¥ 1
Tn39a314 (total nonstructural carbohydrates; TNC) Tuiilowoduly feven Senon uazwa was
a as o 1 ar o ] & L'

ANUFURNUTIEHMNINaYDINIS IR 1Taza8 Ca tas B AUMIAANAUDINZIN Fateru1ims
98NABNNBNOAAIVETIAT WU

1. Tuvshszdy ca uaz B luAuiifisanedomamy Inunaduusiig 52y Ca

] ¥ ¥ 1 .

waz B I luuazieeamutulusewaiinmimanly ca arnsluseesnaon-aang vuszh

g 9 - ' ar 4 1 “a as a
B anavidntosuaznsnieglussaumie lusisesnaen-Aama s2ay Ca Tuluuazisveauas B

4 o Jo4 . 4 4 Apoed 4
Tulusiuiudnadulferadigssozdufo sash B Tudaludiudy
] b4 1
=, =f - ]

2. 73RV Ca luvoaonimastndl (7-14 Su) Tuud iuasas uazvziiuduiles
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