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. Introduction

As a short term c1trus expert for the - technieal cooperatjon on Citrus and
'Vegetahle Research Progect in Bangladesh I was dLspatched to the CLLIUS and

'Vepetable Seed Research Centre Erom March 3 to Aprll 30, 1983

Because it is the flnal year of the pro;ect accordlng to the Record of
.Dlscussrons, recommendatlon of the good lootstocks and selection of promlsxng
51on varletnes among Jntroduced variecies are. 1ncluded in the duty of the cit-
rus experts.- But the research w01ks in’ the ploject have not shown enough pro—
gress as was expected not only because eltrus research takes long perlod by

nature but also because the pro;ect has some dlfflcultles

In those COndlthHS, my act1v1ty in the prOJect can, be Sald to have been
11mLLed to the restoratlon of deterlorated c1trus trees and 1n1t1atlon of some
exper:ments to solve the technlcal problems. Those works wcre conducted w1th
'Mr Kono, c1trus-expert, Wlth the lntentlon of transfer of the resedrcb tech—
nlques to the local. counLerparts. I hope that 1 could ‘Have a general agreement
among the pereons concerned. on my oplnlon that the research on perenlal c1trus'

trees WLll be pDSSlble after plllng up the series o[ fundamental technlques and

trlals.

"I had ‘a ‘chance. to visir Regionalfhgricultural'Research”Station at Ishurdi
"and to -have a lecture on the’ occaSLOn of training’ programme of locdl eitrus
growers. Qutline of the tralnlng programme and the" lecture manuscrlpt w¢ll ‘be

attached as appendlces at the end

T wish ‘to expreéss iy sificere gratitude to Dr. H. Sakai, Japanese team -
'1eader;ﬁﬂr 'S, Kono;‘cfttns”eXpeft"Hr'.S, Tasaki, vegetahle expert and Mr. T.
-Nakagawa, coordlnaLor'of the team for Lhelr heatted 1nstruct10n, asslstance, .
'-and support not only in the ‘research works. but. also in the prlvate llfe, to
. K. Badruddoza, Dlrector of Bangladesh Agrlcultural Research Instltute,

-Dr. A. Hossaln, and Mr. A. Razzaque'for their support to.my actlvltles. I amr.
also very much grateful to Mr. A' Abdullah, Mr. A. Khan, Mr. A. Hoque, and
..Other research staff and asqtstants eoncerned for thelr cooperation and friend-

'ship during my $tay in Bangladesh.

This report was kindly reviewed by Dr. Sakai,



Actual condition of eitrus growth

(March-April, 1983)

The requlL on observatlon and aneetlgﬂtLon of c1true condltions durlng

the two~month peried. after my arrival at the project on Match 6 is summarized -

in the following.

The growth of all c1trus varletles was quite poor. Vety few.vafieties

such as lo

_ previous v

cal Elach1 and seedlese lemon and Kawano Natsudaidai retéined -some

ear's leaves. Thcre were very few previous year's leavee left on

wase~satsumas and navel orangee Most of introduced varieties showed pPoOOT tree

growth.

Many

varicties were alrewdy in the stage of tlower1ng on Malch 6, énd1

iflowertng was observed gntil mid March. But, because of poor tree growth and

erowth iry

egularlty, flower1ng period of individual variety was not able to be

determined,

{1

Flowering and fruiting

The results of observatibn on seasonal vafiation of_the number
of reproductive structures of méﬁdérin varieties are shown in Table 1.
The obserﬁation was started en February 6 by my request from.Japan.
All reproductive structures on one scafold branch from each tree were
ceunted. Satsuma mandarin tfees which had very few.pfeviOus year's

leaves were selected for the observation.

Reproductive structures which were generated in early bebruary
amoﬁnted to about 100 per scafo]d branch at the maX1mum The number
decreased rapidly, and there were very few fruit left 1n,early April.
New 1eaves wﬁieh:developed simpltaneeusiy with flowers were turning
Lo normal deep green in eafly April without developing their normal
size. Most of reproductive strictures dropped in their bud stage and

only 10 percent of them flowered.

Seasonal variations in the number ol reproductive structures of
citrus varieties are shown in Table 2. This observation was started

after my arrival at the project selecting 5-year-old trees of 2 local



-se9x1 ¢ 30 28BiSAY
§TsEq Udueaq PIOIEOS
1074 § "ON ‘7 "ON PTETA

970 7€ 812 8°9¢ 0°1% 0 0 Te30]
910 7°Z 9°¢ 0 -0 0 0 EREE
0 970 8¢ 0 0 0 0 12407
0 %70 VAR 89¢ 047 0 0 png BMEYTUBY
€0 7'z 9°0T 481 7707 0 0 Te20]
£°0 1870 97 0"t 0 0 0 1TnIg
0 70 z:0 9y 0 0 0 12M0Td
0 - 0°T gL 37T 0T 0 Q. pog - esem-mmESELTH
0 770 yET AFAA 967 v €T 8'%z  Te3ol
0 z°0 8L A gy 0"z 8y ITnag
0 0 9°0 A4 8¢ z°¢ 9°'¢ - 134074
0 20 05 916 06T AL} 7T - png | 9SEM-OUTR
o 0§ 9°6L 70T - TUo8 4T 99T TIE3OL
0 9°¢ AN 0T 08 5L VA . aTnag
0 80 RS 86 0 9z 8z 19M0T4
0 970 0°09 7°Z8 AN z°y 6 prg - @SEA-NSITHD
y L1 & 0 9 g -  eam3onais : |
fEL TUoIEH FSTRELER  saT3onpoidsy SeTIPTIEL

'S9T39TiBA UTIBRDUEN BUNSIES % IO $9INIONIIS
2ar3onpoidel JO I9qUNU FO UOTIBTIRA TRUOSERG T 2TURL



“table 2. Seasonal variation of. number of reproductlve
structures of 5 citrus valietleq

_ B March " April
Varieties 3 B CIRE 9 3 a2 2%
Elachi-lebu . 5220.5 lQGfQ' 31,5, 5,5. 5.0 3.5
Seedless lemon  143.0 52,0 . 24.0  87.0 . 99.5  29.0
Hyuganatsu - 376.0 3635  147.0 345  17.0  14.5
Kawano Natsu ~  269.0 6.0 . 26.0  16.5 3.5 0
Mihotwase 42605 40.5 10.0 1.0 0 0

Field No. 2, No.3 and 5 plots .
Whole trees basis
Average of 2 trees.

and 3 introdiced varieties which had retained comparatively many
previous year's leaves. - All veproductive structures on those trees

were counted.

Although ‘there were many buds énd'flowerS'deveiopedfon introduc-
ed varieties, the number of them decreased rapidly towards early
Aprii. There'were relatively few buds on local ﬁarieties. Elach-
lebu buds showed the same decreasing trend as introduced varieties.
Seedless lemon formed secondary flower buds after mid March. Fruit
beéring percentage of those buds and flowers were not determined
Until-the end of April but it was estimated_that there would be al-

most no fruit except seedless lemon.

(2)  Tree growth

Tree growth observation and measurement were done on April 5 at
No. 5 plot where the trées were planted in 1979. The results on 22
varieties which more than 3 orlplndl planting were affirmed are shown

in Table 3.

Only 4 vardieties viz. loecal Elach-lebu and seedless lemon, and
introduced Benlﬂhassaku and Kawano Natsudaidai showed beLter tree
growth. The tota] number of vigorous and intermediate growth trees
was beyond 50 percent against the number of original planting in

those 4 varieties. Two local varieties were large in tree volume

4=



59913 DIBTPRWARIUT PUB SNOIOZTA FO SBBILBAY
[0 X 248T9Y X -WeIP 31SSM~3SEF X CWEIP YInog-yiloy = SWNTOA B2 (r

NEOM. PUE =23BIPAWIL]U] ‘Snoic8Ta 03UT poTIISSETD Sea UOTITPUOD 9L - (¢
6L6T ‘ATnp UT PBIUETA (g

3nofeT PTITI FO X9PA0 mﬁu.ﬁH (1

207d ¢ *ON-‘Z 'ON PI®Hd

~
o~

10 SNOoICETA

7" T - 07Le 0T 0T 0 I 2SBA-CUTK
89°T . 8Lt < c 0 g1 h 28RA-NSITHO
€90 z°72 z Z 0 5 I . osemn—ensleiTy
8670 Iy K Vi .0 6 i BOUBIIBTTTA

- 0 0 Q 0 6 1 zy2a[
£6°T AR 4 4 0 6 b/ uogSTT
- : 0 0 0 0 Y h UBHUR QT UDE MY
LT 8 LL L 9 T 6 i ns1eN ousMEy
ST°T : 9°6¢ g FA £ 6 1 nyEssey-1uayg
= 0 0 0 0 8 b . T3ABU BPIUSOR

- ) 0 S0 0 8T 3IBTTOFTAL ns1zuRIniY

- 0 0 0 0 6 B | addesuryg

- ¥ 0 0 0 1 g ‘paa Aqny

- ¢ 0 0 0 € d La9vong
Lo L7971 z 7 0 T 4 . T qUIZ SO

- 0 0 0 O 8 | Lraes s, TT=213n9]

- 0 0 0 Qg 8 d BIIEL

8e°0 g-¢e z Z 0 8 d doueq

- 0 0 0 0 6 oTamog AOUUTY
1Ly S 008 & % R T 1 uowaT SSPTPERS

- 0 0 0 0 -l 1 - ngeT-T28Ry

W 06°E %8 LL L € i 6 Zutaafeq | ngeT-TUSETH

: . TE30L I A o
) i : .

m:mawwmw .Mwmwwmwmwwmuw . mm.oz 2313 93BTPSWIUT ANHMMHMMMM Mo035300Y Aﬂmmﬁumﬁum>

£€g6T ‘TTadV nﬂum.ﬁo doaumhammso.susowm 81l "¢ °9TqEL



with high and wide tree-dimenqions but low in leaf: ien 1ty Two

intreduced varieties were hlgh but thn in tree spread and very 1ow
in leaf density. ‘As a whele, tree’ glowth of c1trus varleties WS _
very poor, 50 researeh work. on them was c0n51dered Lo be 1mpossjble

at. this stage except on local varieties.

(3) Analysis of poor tree growth

Some ploblems related to poor’ tree growth are d1scussed in the -
follow1ng lnsect pests observed durlng my duty period were citrus
aphids, lemon buLterflles, scale insects, leaf miner, ete.
Approprlate control measures arc necessary for those 1nsect pests

though it was thought.that_lnsecL pesks were not the major factors

of poor tree growth.

Twig dieback, gummosis, cankey and SOety.moid'are major diseases
in the project.' The férmex fwo diseases'whieh are very difficult to
be controlled were judged to have much responsiﬁility to.fhe poor
tree growth. Twig &ieback was observed from the beginning of March,
New growth died cut 1mmedlate]y after sproutlng and the death was
spreaded to the previous year branches. Flower buds and flowers
dried up and remained on dead.twigs. New leaves also dropped in
early stage witﬁqut reaching=normal“size. The.deeth of.bfanches ex;
tended iﬁ:SOme cases to older branches and the extension had not
ceased at”the:end'bf April. Wase satsumas_which had retained very
few old leaves suffered from.diebaek most serious]y When tree
growth deterlorated due to twig dleback of older branches, gumm0318

occurred on scafold branches and trupks in a high rate.

Moisture stress ét the terminal ef branch may be the primary
cause of twig dieback. Heavy clay soil has hazardous. problems of
excessive waLer and oxygen deficiency in the root zone in rainy
season, It may also cause the wet injury of root and restrict pro-
per development of root system. High temperature and low sotl huf
midity in the succeeding dry_season_further the water stress.
Intensive soil iﬁptovement and proper control of soil moisture

should ba employed t0 so1ve'these problems.

There is an opinioﬁ among local researcherg that the poor tree

growth of current dry season is due to the .crop load of last year but

—6-
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this Qpinion should be denied because the number of harvested fruits
was about 10 per tree at the most. Refore my arrival at the project,

Dr. Sakai and Mr. Tasaki had started to improve the drainage and

3'water intake of a planting hole'making a small ditch conﬁécting each

planting hole with the furrow Physical property of soil and soil

m01sture condltlon of the fleld will be dlscussed later Chemlcal

gproperty of seil and problems on mineral deflclency and’ greening

dlsease w1ll algo be discussed ]ater

Shade trees

Ipilwipil as shade tree in the field has been removed By.digging

oul oY by applying glyphosate. -Ipiiuipii-trees were planted at 20 cwm

~distance from the cltrus trunk in some cases and large root of them

1ntruded under c1trus trees. All 1p11 1p11 trees should be discarded
except when they are of use. as wind breaks Shade trees may have
some reasons of eX1Stence 1n Bangladesh but our conv1ct10n is that

the demerlt of it ‘may outpace the merit.

‘We commenced shade trial on March 17 to investigate the effect
of.sﬁadé on cirfus groﬁth (Table 4). Potted 3-year-old trees of 6
varieties were used. There are 2 plots viz. contfol (under the di-
rect solar ray) and shade (about 80 percent of solar ray was éut with
black cheese-cloth) in 3 repllcatlons. Green color of shaded citrus

tree 1eaves.was deepened on 21 days after treatment and the éoiqr

_difference’between control and shaded tree leaves was”enlarged there—

after. Dark green color of shaded tree leaves is a proof of Shadiug

effect. The trial will be cortinued to investigate the tree growth.



TFable 4.

Effect of the Qhade on the: grade of green

of potLed cltrus varlety leaves

April ?_ .;

. _ApriigZG”

Leaf color was raLed uslng Lhe standard (I

5.1

Varigties.' iSun, Shade Sun e Shade
~ Blachi-lebu 4.7 6.7 401 6.1
Seminole 2.0 3.3 2.7 4.9
: Taﬁhibaﬁa N 3.0 : ':4.7 4.@  6{9j
Béni—hassakﬁ 2.6 3.7 347
Matsuyama 2L2 3.3 3.1 5.4
Tanikawa 3.3 3.6 4.1.

5.6

9: deep green) of Nagasakl Fru1t Tree ExperlmenL statlon

llght green to

:Lhree spang cycle leaves of current ver. pnr plant were measured

and" averaged

Average of 3 reprlcatkons



‘801l and root system observation

Joydebpur 15 on the Mohdhupur plateau in the center of the country It is
flat in topography and has " poor dralnage problem The soil is called Kalma-

chlata soil serlee and soil. texture s heavwy clay

Phy31cal property of the s6il of crtrue fleld in 'the progect has not been_

reported yet.f We conducted soil proflle obserthlon and measurement of actuaI

volume and hardness of the 3011

Selectrng seedless lemon, Mlho—waee and Ada3am1r treee of medtum vrgor,
5011 proflles were made at 40 cm east’ 51de .of the trunk of each tree in Field
No._2{ Surface soil was somewhat loose by p10w1ng but sube011 wasg very compact.,
There was very few dlfference in 5011 compaetnees from 5 cm below the surface
to deeper subsoil. Soil coler was light glay to yellow-brown at the surface

and it changed to red brown w1th vert1cal mottling of iron oxide below 20 cm.

{1) Threée phese of soil

. The results'on three phase of.soil by soil actual volumenometer
3nd a0l hardnees by sail hdrdnees tesLer are” shown in Tig. 1. The

measurement was conducLed on March 14 and 15.

Solid phase was about 50 percent at the soil surface and 50 to
60 percent below 10 cm depth. The results demonstrated high eompaet—

"ness of the soil.

Liquid phase was 21 ro_26:peroent at the soil surface, 27 to 33
.percent_et aBout'lO cm depth aﬁd it went lower again at the deeper
soil layer. It was-the:larter'helf of dry season when the measure—
ment was eondﬁcted_aﬁd the preeipitation Before'measurement'wae_10.6
mm in Januery, 23.4 mm in February, and no rain in March. The last
irrigation in the field was 3 to 11 days before measurement, . Under.
these-conditions, low water content of'surface soil and subsoii, and
higher water content of 10 cm depth by irrigated water were revealed

by the measurement.

Adr phase percentage was 26 to 37 percent at_the_eoil surface

‘and it went.lowar than 20 percent below 10 cm depth.' In some cases,



Seedless lembn

Miho-wase

Fig. 1

2 40 60 8O Z 10
cm( TN aair o
10 | :
,gjl 20 :_ . .. |
- Solid’
1] .
A 30 | }
40 | .
=
4
Q_;
a
[
£
b
£,
Q4
o

Adajamir

(1) Actual volume! : (2)  Soil hafdueSs'z)

Actual volume and hardneés of soil at 3 spots in Field Na.

1}  Soil Actual V0lhmenometer,fModél'iOO
2} So0il Hardness Tester, Yamanaka Type
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(3

't'f+) _

. in proportion to the decrease of water content in the subsoil, per-

centage of air phase increased.

S0il hardness:

8011 hardnees was about 15 at the soil surface and hlgher than

20 below 5 em. The value was 25 to 30 ia the sub301l

Above mentloned phy51cal property of the 5011 is considered to

be the facLor to limit the ‘growth of citrus root.

Root system

Root system o[ three: citrus varletles was obeerved Although
thc density of root was. low, medium and 1arge root were dxqtlwbuLed_-
mostly in the 5 20 cm %011 layer. Root dlstrlbutlno layer c01nc1ded
with the hlgh water eontent layer Very Eew root was found in other
soil depth Horlzontal dlStrlbUtlon of root reached 100 150 cm from
the trunk - in 5 cm depth,  As a whole, flne root d1°tr1but10n was

quite limitted.

Regardlng Lhe Adazamlr root syetem, it was found that horlzontal

dlstrlbutlon was 11m1tted and some mediun roots were found in theé 40 cm

-depth, Adazamlr waa_regarded to have deep—root-charactexlstlc.

Soil improvement

Through the 1nvest1gaL10n of physxcal property of the soil and

”observatlon of root syaLem we found that the soil of Field No. 2 was

not congenlal to C1trus growth Recognlzlng the need for intensive

soil 1mpr0vement, we employed two methads v1a.rcomplete 1mpr0vement

and partlal 1mpr0vement of qo1l condltlon in the root zone.

SchemaLlc dlagram of p0s1t10n oE soil lmprovement is shown in Fig. 2.

Improvement ef physical and chemical property of the a0il was con-

ducted by replac1ng the s0il of root zone by equal mlxture of cowdung,

sand -and soil Partial'improvement was employed as an easier method

Wlth an- aim to ‘facilitate the water movement fTom plaﬂtlng hole to

furrow

.Concerniﬁg to the soil moisture control during the dry period,

regular irrigation was recommended.

~1i-



(5)

(6)

Chewmical property of soil

Analytical data of soil has been répoited by Sakal. The soil of
Field No. 2 is low in total nitrogen; NO3—hitrogén and exchangeable
potassium. The soil is very low in available phoSphate,.éulphur, and

zinc,

Leaf analysis

Anélytidal results of citrus . 1eaf.by Sakai are shown -in Tablé 5.

Nltlogen level is low in mos t cases and qu]phur is in de£1c1ent level.

'De£1c1ency of those element may vesult in deLerloratlon of green in
* the Jdeaves. Sakal has alsa reported the possibility of manganese-
deficiency and zinc deficienmcy and suggested the wet injury of root

system because of high iron content in leaves.

Although we also observed the symptoms of maganese def1c1ency
and zine deflclency, we could not specify the deflclenc1e5 betause
the trgg_gr0wth was generally poor and those def101ency symptoms were
not easily'discriminéted:from the symptom of .greening desease.

Bangladesh citrus is considered to be contaminated with greening

disease which is widely'distribﬁted’in tropical South east Asia.

Delay in the study:of'greening is thoﬁght to be partly responsible
for lack of proper diagnosis and formulation of proper cultural

managements.

Urea, triple superphosphate and muriate of potésh had been used
for citrus fertilizatidn:iﬁ the project.' Annual fertilization of
those ﬁon-sulphéte ferfilizers'may further the sulphﬁr déficiency
because Lhe so0il of thrus fleld in’ the project is low in sulphur
content. Fert11L21ng programme wasg rev1sed adoptlng the fertilizers
containing sulphur viz. ammonium sulphate, superphosphate and potas-

sium sulphate.
'Fertilizer trial was started to determine growth response to

fertilizers containing sulphur in contrast to'the non-sulphate

fertilizers. Foliar application of zinec sulphate was also started.

=12



(1) . Complete change of soil (2) Partisl chénge'of soil

"7"' T - T 5

Wea S ne D\,
LT U a0 Fap- 1Y
' H Cch em 0oL

200 cm—mF -

2;522%; Position of soil improvement

Fig. 2. Schematic diagram of position of soil improvement
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Summary and recommendation

GLOWLh of all the citrus’ varieties 4is qumte poor. Very fem valletjee such
_as local Elachi aud seedleqa lemon, and Kawano Natsudaldal Letalned some prev1;
ous year's léaves. Thera were very few prev1ous year's leaves left on wage-
satsumas and navel oranges Most of 1ntrpduced varieties showed poor tree

growth.

Survey of the seasonal varlatlon in the oumber of reproductive structures
'of some c1tru9 varletles revealed that a few fru1t remained on the tree except

local varieties.

Though we made LHL@HSlVG observatlon and measurement it s dlfflcult to
'reoommend suitable varieties 1n “this country because our 1nformat10n was Just
collected uider ‘a: certaln Eixed cOHdlLlOn ‘such as; rootstock cultural practice, .
5011 cl1mate, age of plant etc. Ve dare to list Hassakuq, Natsudaldale and

Tankans among 1ntroduced varieties as probable candidates for this country.

Scale'inééqts,'twig'dieback-and gummosis were observered to be the maioxn
pests and discases. - Probable cause of twig dieback and gummosis-is related
~with soil and water condltlon. We conducted soil profile observation of the
EBDerlmEHFal flelds and found that the physiéal character of the soil was not
congenial to-fhe expansion of root system. Considering the urgent need for
"soil improvement, we employeé Lwo methods viz. complete 1mprovement and partlal
improveméut of s0il condition in the root zome. . It is hard to believe that no’
step had been taken to improve the soil condition until the end of last growing

season. Regular irrigation during the dry period is recommended.

Analytical dara of soil has been réported By'Sakai. The sOii is. low in
nitfogen, phospﬁaté, exchangeable potassium and sulfur. We have observed séme
manganese and zing deficiencies as Sakai has.repofted.frdm his.anaiytical find-
ingg., But those defiéienc& symptoms are not easily discriminated from the
‘sympfom of greening diséasé, Delay in the study of greening is thoﬁght-to be
partly responsible for lack of proper diagnosis and formulation of proper man-

agement.

Fertilizer tfial t0 determine the plant responses to fertilizers contain-

ing sulphuf in contrast to the non-sulphate fertilizers which are popular in

-15-



this country was stacted, Fertilizing programme was . revised adopting the ferti-

lizers containing sulphur. “Foliar applicat;on-of zine sulphate was also started.

Some trees vere planted too deep in the ‘soll ta. make healthy growth 1t
'waq suggested to move the trees up. -Becauee of-the weak growth of tree35 train~
ing and pruning practices were thought to be 1neffeotive, but, prunlng procedures

were demonstrated

Some' rootstock trials are under way, but to recommend good rootstock'in
this country is next to'imposqible. The potentlal rootQtocks for thisg country

may be lOC81 PomElO, Tlltollate orange, Yu&u, sour orange, rough leinon ete.

We abandoned shade trees except Lhoqc whleh are of use as w1ndbreaks. :Oor
tr1d1 on the éffect of shade on. tree gyowth WLll support out-eonv1ctlon. 'The
recommendatlons for rem0v1ng shade trees will be appreelated when prop81 oare

"of ‘the citrus trees as has heen mentloned here and/or in other places is

fulfllled
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Appendix ~ 1
Training programme of local eirrus growers
”Regional'Agricultﬁréi Research Statiom
' :BaﬁgladeSB'Agficultufal'ResearQh Tnstcitute

Ishurdi, Pabuna

CApril 18, 1983

10,30= __Inaugdfatidn by Dr. K. Badruddoza, Director, BARI.
11,30  Tea break-
12.00 - Scope and_imﬁo;tance of citrus cultivation inhreléfibngto Bangladesh

'Mr.IA, Razzaque

12.36.': Vegeﬁativé.Propagat{on of citrus ' Mr; A; Abdullah
13.30 . Lunch and Prayer
14.30 '-'Propagatioﬁ of'citrus'(Thébretital and ‘practical)

. Mr. I. Twagaki
17.30 Tea break and close
April 19, 1983

9.00 Plénting_amd_other intercultural operations

Mf. A. Hoque

10.30 - Cultivation of citrug in Japan Mr. K. Kono
11.00 ~ Tea break
11.30 . Diseases of citrus piéuts and their control

Mr. A. Khan

1i‘60 ' _inseét—ﬁést and fhéir control Mr. A..Manﬁan
13.66- 'Geperél discussion

13.30 - Lunch and Prayer

15;007 _Prﬁniﬁg ﬁféctiﬁé-in farmef’é.oféﬁard'“ﬁfo_I. Twagaki
181d0 - Tea break and close |
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Appendix‘e 2
PROPAGATION OF CITRUS-

Isao Iwagaki

" There are. many ﬁays of propagatiﬁg citrus trees, Among them, seedllng,

air layerlng and employment of’ rootatocke are bel1eved to be. practlcal for the

productlon of nursery trees in thlS country. At the first place, it- may be

worth~wh11e to dlSCUSS the merits and demerlta ‘of those methods.'

Ny

(2)-

(3

See&ling:

-Though'it'ié an'éaaﬁ method 1t has a lot of problemr £or grow—'

'1ng ceedllng up ‘to frult bearing stage ln the case of m@noembryonlc

varletles such as pomelo, you can not get Lhe same klnd of trees to

.mother plant Each seedllng shows dlffelent character 1nher1ted from

i father plant.- Even in the case of polyembryonlc vdrletles some

varlaL1on may - ex1st among Seedllngs In many cases, root~systema of

seedllngs of cult ivated varletles are less tolerant Lo adverse SOll

:and water condltions. Seedllng root may have unfavourable effect on

productlon and fIUlt quallty ~Beedling is slow to reach the fruit

bearing stage,

Air layering:

Airflayeriﬁgnis widely adapted forrlemon aﬁd'lime'prbpagation

Jin this”éduntry : You can get uniform nurseries which have the same

quality to mother plant by laver1ng. But the problem of defectlve
root system may often arise in such a way as seedling has. Layering
is not practical for mass propagalion.

Rootstogks&'

- Most commerc1ally grown c1trus trees;in the wbrld'are grafted

to seedllng rootstooks of a varlety grown for that purpose. Root-

"~ stocks are chosen on the basis of sc1on compatlblllty, adaptablllty

to 9011 and water condltlons, ultlmate trees size, favorable effect
on productlon, frult srze and quallty,'and dlSEdSE re31stance. ,
Every - c1trus variety . under cultlvatlon should- have the sultable root—

stock. But rootstock trials take so 1ong perlod that even in ad-
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vanced countrics the trials are not yet completed.

Pomelo has been only one ‘rootstock varleLy of ‘citris 1n this
COuntry The seedllng of pomelo shows Very rapi& growth, and redcheq:
'fthe optlmum 51ze for baddlng very qunckly But the root qutem con~-
sists of only tdproot haVLng scantly 1ateral roots. Accordlngly the
_transpldntlng 1e very dlfflcult 1n Lhe nursery bed as well as in the
orchard. Furthermore, CDmpatlblllty between pomelo and other group
" ofF citrus (orange, mandarln etc 3 Seeﬂs to be mot so good as revealed
in’ the prevrous trlals and obeervaLlons. As. pomelo seed is mono—'
enbryony as mentloned abova, efforte to selett unlform SLedllﬂgS

' should be made.

o 1r1follate orange is most extenblvely used as rootstork iw Japan~
.eepec1aliy for mandarlns. The eeedllng of: Lrlfollate orange shows
islow growth. So, more than one year is needed to: pertorm buddlng
operation.on them. The root: system of. trrfollate oranbe con51sts of
'only lateral root havrng no taproot that is to. say, ‘the citrus vari-
eties of trlfollate orange are to]erant agalnst traneplantlng._
'1r1follate orange is a good rootstock for some of loose skln manda—

rlns,'especlally good for satsumas.
Slnce the trlal to flnd the best rootstock is: a long term work,
_1t should be ‘Started 1mmed1ately bour orange, rough lemon Rangpur
11me, Adazamlr and Khattr ‘are some of candldates.
Seed bed preparation.
Sandy qorl needs more frequent waterlng and fertllrzat1on.:-Clay soils
often remaln wet and prevent development of flbroue Toot. N = is usually more

satlsfactory to-use.medlum textured soil, even if 1t has to be prepared

“As the eeedllngs emerge they probably ‘need some sort of ehelter to reduce

the sun’ 11ght 1ntenslty
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Selecting bud wood

- Use buds from the beqt produc1n Lrue-to- type, disease free trees for
ptOpagatlon. Where posslble, bud each block of nursery trees from a single

parent source. This heélps to insure more unlform tree behavior 1n-the orchard,

Grafting technique

(l) Budding:

t’stetthe-shield‘or "T" bad mothod as illustrated. in tﬁé figures,
Proberly done,:it gives excellent results, with a:minimum effort.
A good sharp.knife muét be used to slice buds ftom thé'bu&stickq. Large.
bud for insertion into pencil SJzed ‘and larger stocks should be -cut up to
2 to 3 cm 1ong and deep enough to include a sliver of wood. Smallex buds

may not include wood.

In wrapping buds, start below bud and work up to avoid moving the bud

out of place. Tie buds firmly but mot so tightly as to impede growth.

(2) Grafting:

Grafting can be used in a season when the sap movement is not active
and the rootstock bark is not easily pealed for bu&ding Thorny rootstock
varieties can be e3311y grafted when you cut the rootstock top off. Use

small thin v1nyl bags to protect the scion stick to w1lt

Taking care of nurseries

Usually you may remove the wrap aftet 2 to 3 weeks of good growing condi-

tion. Cut off the top 1 cm above the bud just after new growth starts.

To develop straight trunk c1trus bud shoots usually requlrc some support.
The tle must be’ tlght enough to prevent the budlings from.whlpplng -due to.
strong winds, but the ties must not plnch_the shoot. Remove all suckers by
tobbing off before they'grow'éo big-that they have to be cut with shears. It
is recommended to éncourage the‘bud shoots to grow straightuup-as high as.they

will in one season. This procedure climinates a.certain amount of suckering
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and usually produces trees of larger diaméter._ The trees must be cut back Eo
30. to 40 cm above the ground at the time of transplanting, Tt has good effect

on balancing the growth of top and root.
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Appendix - 3

Monthly weathef'report-
_Meteofdlqgicéi Services Section
"_ Bangladesh Agricultural Research Institute

_ Jéydebpur,'Dhaka

g odgsy L aes3 o

Month' Temperature(?C) - Precipitation (wm) _Temperafnte(fc) Pfecipitatibn(mm)

Max - Min o Max Min

! 27.5  14.5 0 25.8  14.9 1

2 229 162 T o 274 149 23 _;_'
3 a7 ans 160 | 32,7 22.4 :-:  ébe'f
'4':_ féa;o 239, - 222 T ST € WA (7
5 3506 26.1 N _194 | .2 257 335
6 32.2 27.0 k.'.*516' | o
7. 332 2705 153
8 31.9 27;2='? C2Ts
9 33.4 0 26,8 151

10 33.3, 26,1 31

1 2840 :18.3” s

12 27.0 4.8 0

Avg. 31.3° 22.3 1737
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Plateg

A, Outliﬁeé

of Cltrus and Vegetable Research Project and tree conditions.

4

Field No.- 2, Na. 2 plot.
Introduced varieties. Mareh 8

Irrigation. March 8. ' Twig dieback. Wase satsuma.
March 10,

Tree condition in ¥o. 5 plot.
Wase satsumas. April 24.

Dying Lree by twig dieback.
Wase satsuma. March 13.

—25~






'Wase;sétsuma‘tree in better ' - -Seedlings of local pomelo for
condition. April 24. ' rootstock. March 7.

B. Research activities.

Hyuganatsu. March 8. ' Soil profile in No. 5 plot.
' March 14.

Root system of'éeedless lemon, Soil hardness measurement.
same to picture No, 10. March 7. March 15.
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Soil improvement. April 12. . Shade trial! March 17.

€. Others

Foliar application of zinc Seedless lemon orchard at
sulphate. March 24. ' Cittagong University.. March 30.

Kagzi-lebu, 5eedléss lemon éﬁd 'Loéal'cittus fruit'atljoydebpur.
Elachi-lebu from top to bottom _ April 11. o
at Ishurdi. April 18, '
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Diagnostic Aspects of Citrus Diseases in Bangladesh,

- Emphasizing Overwhelming Prevalence of Crecning Disease

Meisaku ~KOTZUML

Senior Research Plant Pathologist
¥uchinotsu Branch, Fruit Tree Research Station,
‘Ministry of Agriculture, Forestry and Fisheries,

Kuchinotsu, Nagasaki 859-25, Japan
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INTRODUCTION

- The author was dispatched to the Citrus and Vegetable Seed Research Center
(CVSRC), Bangladesh Agricultural Resecarch Institute (BARL), Joydebpur, Dhaka
under the auspices of the Japan InLeLnatlonal Coopelatlon Agency (JICA) from
Junp 4 to July 31, 1983, ro 1nvest1gate c1trus d1seases and to provide some
SUggestions to solve the ptoblgm. Citrus productlon in Bangladesh is still
undeveloped. Technical cooﬁeratioﬁ for devélopmént of citrus produﬁtion-was
started by JICA in 1978; howaver, large numbetrs of citrus, treés,-inclgding :
local cultlvars and 1ntr0duced varletles, wvere not vigorously grown. Except
for lemon, sour 11me or pummelo, the treeg have borne few fruit. Poor or low
Fruit production has been attributed to inadequate conditions such as heavy
clay soil, high soil%moisturé during rainy season, high temperature, nutritio-’
nal deficiency and inappropriate rootstock. Howéver, the primary fécto; was not.
determined. Based on the inveétigation in Bangladesh and electronmicroscopy of
samples'brought to Japan, the main causal factor is probably_greeﬁing disease,-

which is widespread‘in southern parts of Asia including India. n addition,
occurrence of another. seiious disease, gumming, is closély related to the in-

fection with greening disease.

During my stay in Béngladesh, field.surveys were carried out in the citrus
fields of CVSRC~Joydebpur maincenter,'CVSRC~Ishurdi subcenter and Agricultural
Research. Subsation (ARS), Jaintiapur, in cobperation witﬁ Mr. S. Kono, Japanese
citrus expert, Mr. M. Bari, S50, plantrpathdlogist, Mr. M. A..Hoque,.SSO,:citf
rus agronomist, ARS-Jaintiapur, and Mr. HE Nagai, Japanese.junior expert for
citrus. Especially, Mr. Kono coworked fully on the research in the country.
Dx. H; Sakai, the Japanese Team leader of CVSRC and Messrs. S5. Tasaki and
T. Nakagawa, collegues'of the project, pTOVLded helpful 5uggest10ns Mr. A.
Razzaque, director'in.charge of CVSRC, and Mr, A, M, Abdullah, PSO, prov1ded
research-work éﬁvirdnmeﬁt. Dr. E. L. Civerolo, Horticultural Science Inst.
Beltsville Agr. Reg. Center, USDA and.Mr C.¥. Roistacher, Départment of PlanL
Pathology, Univ. Callforn1a, Rlverolde, prov1ded useful estorlal Suggestlons.
The author wishes to record here his sincere acknowledgements to those mention-

ed above,
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1.

- RESULTS

Greening

()

Symptoms and distribution

Based on fleld surveys, large numbers of sweeL orange and manda—

" rin budl1nes 1ntroduced from Pak1 tan or India in about 1967 sbowed

severe zine def1c1encyn11ke yellow1ng, vein chIor01ss, leafwblotch

'mottllng, sparse Jleaf, dieback and poor frulL settlng (Flg 1, 2)

The leaf symptoms, “hovever, dlffered from typical zinc- def1c1ency in
that emall green -hlotches occurred between Vc"nletu (Fig. 23}.
Accordlng to observatlons by LLtrUS agronomists, the leaf ch10r0515
was mild on the new shoots: durlng a low temperature season, but the
symptoms became severe with- 1nc1ease of temperatiire, Futhermore,
affected leaves dropped prematurely in high temperatufe seasons.
Those trees were also stunted and dec11n1ng The" symptoms were simi-
lar to Lhose of “greenlng dlsease in South Afrlca described by

Oberholzer et al (19 and "die-back" in Indla (12).

Futher surveys revealed the presence of leaf-blotch mottling on
native lemon (Fig. 3) and Kagzi lime (O, auraniifolia Swing.) trees.
These trees were usually propagated by layering or cuttlng and were
vlgorously grown while young. IHowever, leaf chlorosis dnd severe
defoiiation occurred du?ing high temperature seasons and the'trees

deteriorated with the advance of gumming or dieback. A few 1 to 2

‘year-old séedling trees of pummelo (C. grandis Osb;j, Natsudaidai .

natsudaidat Hay.), rough.lemon (. janbhifi Lush.), and sour orenge
(¢. aurontium L.), which were potted and placed behind the CVSRC

building, also exhibited the symptoms.

Among the introduced cultivars from Japan since 1978, a few trees
of navel ovange (¢. sinensis Osb. var. brasiliensis Tan.), Seminole

tangelo, Iyo (C; iyo Hort. ¢x Tan.), Natsudaidai, Hirade buntan (.

grandis), Yuzu (C. junos Sieb. ex Tan.) and satsuma mandarin (C.

unshiu Marc.), which were planted in. some restricted fields near the
trees with greening-symptoms or near the trees of native lemon and
lime cultivars in CVSRC and ARS-jaintiapur, were also affected (Tig.

4, 5)., Some of the trees developed the.symptoms partially on one or
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(2)

(3)

two twigs. The affected trees observed are shown in Table 1,

Collection of the vector

- South African greening dTSease'agent is7transmitted'by5citrus
psyllid, Triosa erytreae Del GusrCLo (16) In Asia anothér Eitfus
psyllld Dzaphorina ettri Kuwayama, is the effective Vector for green—

ing diseqse (8). Presence of D. cmtwt in Bangladesh was plev1ously

-recognlzed (Shahana Begum, personal communlcation) The author ‘also

aobserved both adults and nymphs of the psylla sucking on the. potted-

Seminole Laugelo, Natsudaidai and pummelo-trees placed behind the
CVSRC bui1ding’in early July (Fig. 6). Thereafter, the psyllid was
found on various citrus plants'not'only in.the'CVSRC main centetr but

also in the Ishurdﬁ'area The psyllid was. also observed on tfées of

_Kam]nl or Orange Jasmin (MHPPaJa pantculata (1..) Jack), whlch is a

popular ornamental tree in the country (Plg 7). The psyllld multi-
plled abundantly on newly developed and 1mmature shoots of thoae
plants. The adultsfwere oc0351ona11y found feeding on African mari—
gold'(i&gﬁtss erecta L.) and Zinnia (Zinnid sp. L )'plants, which were

planted:under the Kamini tree. Those herbaceous plants also éxhibited:

~leaf mottllng and 1rregu1ar leaf shape.

The spec1mens in splrlts were identified as Diaphorina ettrt

Kuvayama by Dr. Y. Mlyatake, Osaka City Museum for Natural Hlstory

_And the ratio of the male to female was’ determlned as one: to one-by

'Mr. K. Takagl, Kuchinotsu Branch Fruit Tree Research Statlon. The

adults and nymphs of D, cttrt‘collected in the OVSRC field are shown

in Figs. 8 and 9.

Electron microscopy

Midveins.or petioles'of immature and fresh leaves-were'collected
from several citrus plants showing typlcal symptoms of greenlng dls—
ease and from Some symptomless plants. -The samples were cut info 1 mm
lengths using a razor blade and immediately pre Tixed with 5 % glutar—
aldehyde (GA) solution.  Some sampleg were 1mmed1ate1y post-fixed w;th
1 % osmium tetraox1de {0s) solution and then embedded into Spur resin
according to standard procedares.' Other samples were brought to Japan
in GA solution, ana.fhén post—fixed w1th.Os solutlon followed by

embedding into Spur resin. An ultrathin section was double stained
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w1th ulanlum acetate solution for 40 mlnutes and with Reynold's lead
nitrate solution f01 15 minutes. 1I-300 electron microscope, Hltachl

Co. Ltd,, was used for an observation.

The presence of “Grac111cute llke bacterium" (GLB) in sieve rubes
i(Flg 10 a) or surrounding ccll of the plants are listed in Table 2
_GLB was characte1lzed by variable sizes ranglng 100 l 000 X 200 2, OOOnm
(Fig. 10 £), lrregular shape such -as 0v01d,_sphe1e or tube (Fig 10 d),
.electroanense flbrll nuclous indicating procaryotlc organlsm (Flg
10-c), and with having. an envelope of about 20 nm in thick (Flg '10-b).
GLB was observed not. only in vacuoles but also in the cytoplasm.

The' GLB structure was ‘not - detccted from the control samples - collected
from a healthy‘eltrUb_plant held in a glasshouse 'in Japan., These
'characteristics 6ﬁ GLB afe.identical with those associated with green-

ing disease agent 'in. South Africa and India (3),b

Typ1ca1 GIB structures vere® also observed in the sieve tubes of
hlachl lemon, seedless lemon,_Kdg41 lime and Sarbat1 sweet llme (Flg
lO“L, s £}, which Were symptomless or ShOWlng mlld symptoms in
-Bangladesh In addltlon, symptomless Kamini trees were shown to con-
tain GLB (Fig. 10-e). Yoshida navel and seedllngs of pummelo and Yuzu
which had:been free of the disease before planting in the field.

contained GLB.

Gumming and dieback

Large numbers of native lemon and lime cultivar tree were affected by

a gummlng problem and dleback in Bangladesh. . Some parts of ‘the maln trunk

and . branches turned dark brown -and' the surface became longltudlnally crack~

ed.. During the. rainy season, the lesions were gumming (Fig, 11).

- ~Digeased trees on which lesions were extremely extended deteriorated and

finally died. ‘If twigs were severely affected, twig dieback occurred.

When the surface of the lesion was scraped with'a'knife; iﬁfccted and
decajedjcissue was ‘observed to be distinctly surrounded_by‘healthy tissues
(Fig.,lz). Symptoms of .scaly bark or extended browinsh staining of the
wood,;which Characterized foot rot disease caused by’Phyiopthora,‘was not

observed.

Inltlal le51ons were found on the surface  of a smaller branch or twig

as a pale brown blotch and pycnidia were formed there (Flg 13) Based on
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microscopic examination of transverse sections: of the lésion,'complete
pyénidia in a subepidermal stroma (Fig.'l4),_and broadly.ellips@id,.rouhded
end, hyaline aﬁd I-cell pycnospores without appendage and with short cbnﬂ
diophore were observed, Thus, the fungus Pothiorella sp. ﬁay have been
present (2), TIn the diseased tissues, tﬁére.wére 2 to 3 layers of protec-
tion tissues each. congisting of lignified.ﬁells and divided cells. _
Internal tissue below the deepest protection-layer was Still'healphy;
howevef, oﬁter parts of the layer collapsed-with penetration éf_abundant

hyphae (Fig. 14).
Sweet.ordnge‘and satsuma mandarin trees plénﬁed in CYSRC showed
another type of gumming, which'initiated'from an injured tissues, i.e.

pruning.(Fig. 15).

Isolation and'identiﬁication of the causal fungus from those lesions,

and confirmation of its pathogenicity are currently being undertaken by the

plant pathologists in Bangladesh.

‘Tristeza and stem pitting disease

(1) Symptoms and distribution.

Field surveys'shéwed“thaﬁ.1érge numbers of citrus trees except
for some budlinés introduced from Japan were. free of stem-pitting (5P).
Budlines exhibiting SP_Symptoms were as folibws: Fukﬁhara orange
(sweet orange, SW), Kin~kunenbo'(sﬂ), Kanton orange (SW), O-mishima
navel (SW); Thornton téngclo, Batangés, All Spice, Tachibana mandarin
and red blush grapefruit. Some trees of Kagzi lime, one of the native

varieties, showed mild symptoms comsisting of a slight vein-clearing.

Several trees of sweet orange aﬁd satsuma mandarin grafted on
pummelo or lemon rootstock were severely stunted and yellow.: The
symptoms differed from those of greening disease. Similar trees
grafted on tiiétezé—rééistant rootstock such as Yuzu and mandarin were
ﬁigoroﬁsly grown. ‘These suggest the presence .of seedling yellows
tristeza virus 1in the scion. However, some trees grafted on pummelo
rootstock were stiil vigorous in ARS—Jéintiapur. These were propagat-
ed from trees which had beeﬁ:previously planted in the.field 1-2 yéars

before,
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Citrus brown -aphid (Towptera eitricida), a primary vector for
CTV, was found in the fields of CVSRC-Dhaka  and ARS~Jaintiapur.

However, it did not seem to_be_very'abundant in the country.

2) _Detecpiom of tristeza virus by ELISA

Citrus trlﬂteza virids (CTV) and its veéctor are widespread in Asia
1nL1ud1ng India (20) Lherefore, a relationship between the citrus

plant disorder and the presence of CTV was investigated.

For detectlon of CTV, enzyme-linked 1mmuno=orbent assay (hLISA)
was first applled for citrus in Bangladesh. The anti~CTV serum used _
for ELISA was prepared in Japan. The antigen used was purified'CTV~SP
particles collected from hassaku dwarf affectéd fruit. Immature |
leaves were collected from 2 trees of each budline or cultivar planted
in CVSRC-Dhaka and ARS-Jaintiapur. Faéh 0.5 g of the sample was mace4
rated in a mortaxr with 5 ml PBS solution added with 0. 05 Tween—ZO
2% polyV1nyl pyrrolldone and 0.05 % thoglycollc acid, and then
centrifuged at 3,000 rpm for 15 minutes. The extract was used for the
ELTSA. Similar extract of tissue collected from a virus-free seedling
was used for the control. The color reaction was determined visually

after 2-hours incubation at room temperature.

Results showed that CIV was widespread in the trees of logal
1emon, ac1d lime and mandarin {Table 3). 1iIn contrast, large numbers
of the trees propagated from introduced budlines from Pakistan or
India were still free of CTV. Those trees were severely éffected with

- greening disease. The large nuﬁbers of trees introduced from Japan -
since 1978 were cdrrying the virus except fof-a few budlines such as
Natéudaidai and pummelo. This finding indicates there is no-relation

between greening-like disorder in Bangladesh and the presence of CTV.

Othet diseases

'Bacterial canker disease was prevalent on lemon, lime, sweet orange,
tangelo and Natsudaidai trees. Fruit' twigs and leaves were qeverely
infected, and this occasionally caused defoliation, fru1t drop and dieback.
Heavy and frequent rainfalls were a major factor for epidemic of the dis-
ease because of a rain-born pathogen. Strong wind, espécially accompanied

by rain, was also importaﬁt, because it not only produces abundant wounds
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on tlie host plant but algo diéperqes'the“caﬁ%al béctefia'from inoculum
sourceq.' “Wounds caused by citrus leaf miner wvere. significant, These’
wounds were easlly infected by the pathogen ' ’

Grcaqy spots, scab and melanose, - whlch are fungu] diseases, vere also

observed; but they d1d not seem Lo be very 1mportanL in the country
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DISGUSSION

_ Creenlng d1sease, fivst called yellow branch, has been known 91nce 1929 in
South Afrlca.' The disease was orlglnelly belleved td be of viris- orrgln.'
Some ev1dence of transmleelon ‘of the. causal agent by graftlng wae reported in
.1955 (7) The citrus psylla (Triozq. erytreae Del GuerC1o) was reported to be
the. vector of greenlng dlsease agcnt ‘in South Afrlca in 1964~ 1965 (16 22).

. Lafleche and Bove (14) demonqtrated the’ presence of mycoplaema llke organlsms

(ﬂLO) in the SlPVE Lubee ‘of greenlng—affected plante. Soon after, the envelope
‘of the organisms was- found to be 15-25 nm wide, too 1arge to be.a 51mple un1t
~membrana, This. 1nd1cated that the organlsm assoelated w1th greening dlsease was
dlfferent from ordlnar} MIO (3 21). Bove ot al (5) proposed a more appropr1~
- ate’ term ”Gracillcuteullke bacteriun” (GIB) for the organism’ ‘associated with
green1ng dlsease._-Moll et ‘al. -(17) deqcrlhed~the transmlssron mechanlce, Lhat.
:ie, the organlsm is’ lngested by ‘the phloem . feedlng adult psylla and penetratee
the'gut during a latent perlod of about 21 days after whlch it multlplle in.
the-hemolymph, penetrates the sallvary glands and is 1n3ected w1th saliva 1nto
the next plant durlng feed1ng This Suggests ‘that once 1nfected . the yector

can transmit the GLB untll it dlee

Fraser and. Singh (12) reported in 1966 that eltrue dleback dlsease in
Indla mlght be caused by the pathogen respon31b1e for greenlng dlseaee in South
Africa, based on the ‘similarity of eymptoms, host range and reaction, .
AfterWdrds, Capoor ‘et al (8) showed theé transmission of greening dreease egent
in India by the pheyllld-veetOr, Diaphioyina’ citri Kuway. 'Similer:dlseesee're¥
cognized in'the'Asian'countries such as citrus leaf mottllnguin7therPhilippines
(15), citrus yellow shoot or yuan lung bing in the southern parts of Ctha (25),
llkubln in - Talwan (23) and tltrus vein phloem degeneratlon (CVPD) 1n lndone31d
(24) were also shown to be tranemltted by D. cztrt Microorganlsms Slﬂllla'r to
tbose ‘associated w1th South Afrlcan greenlng dlseaee were detected in the
affected ‘trees with Indian dieback and Phlllpplﬂe leaf mottllng (215, Ch1nese
yellow ‘shoot. (25), Iikubin (10), and in the sa]lvary glande of D. cttrt (ll)
:lhese diseases are c0n51dered to be a, form of greenlng dlseaee. However,
chardcterletlcs of Asian greenlng dleease dlffer from those of Afrlcan type not’
only in’ the vector ‘but also in the sene1tlv1ty of symptom expressron te tempera—
ture. lrees affected by A81an greenlng dlsease develop severe symptoms at
h1gh temperaturee (27~ 32 C) as well as at low temperatures (22 24 C), whereas

the Afrlcan greening~infected plants remain symptomleeq at’ the hlgher temPEfd"
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tures (4),

Up to the preseat, Asian gfeening disedse and the vector D, qitri have
been also reported from Pakistan, Nepal. Thailand, Malaysia (9j,.Reuﬁion (1),
and Saﬁdi Arablia (6). 1he disease is prevalent in Indla, barticularly'ih'the
Punjab, Northern and Central Lndla, Assam and 0risea, South Indla, Bihar, Weet
‘Bengal, Sikkim and Uttar Paradesh (20). " The present report-describes the pre—

‘valence of the disease and the vector in Bangladesh,

Greening disease in Banglédesh is eommqnfﬁot only on the introduced culti-

vars Irom Pakieten‘op India,_but_also_én‘the native varieties of lemon and
1ime.. Furtheérmaore, sweel orange or maﬁdarih Lrees diéappeér in the country as
a productive crop,:while_lemoﬁ, sour lime or pummelo Erees are commercially:
cropﬁing. This suggests that greening diseaSe—Susceptible plants have been
destroyed, whereas greening~t61erant plaﬁts remain. - Pummelo is susceptible
when young; howevefj it'beCpmes toierant'with maturity:. Kamini (M. paniculata)
is’ also iﬁfected with the pathogen, but it seeme fblerant. Thus, fhESe tole-
rant plants are carriers of fhe causal GLE and ptoﬁide a source of: inoculum.

In addition, the psyllid vector multiplies abﬁndantly on those plents.,

M pan1°ufata Seedllngs can be infected w1th the pathogen by D. citri (24);

however this is the First report of the presence of GLB in this host.

The disease is now spreading into the trees of cultivars introduced From
.Japan'since 1978, particularly into sweet orange, navel orange,  tangor, tangelo
and satsuma mandarin trees. These trees will follow a similar decline as the

formerly introduced cultivars unless effective disease—centrol-measures are

immediately implemented. .

Guimming or dieback is most &estrueﬁive on 1emon or-lime_trees in
Baﬁgladesh. The disease seems to be caused primarily by a fungus, probably by
Dothiorella sp. However, the anatomical study revealed the presence of several
protection layers in thsues w1th1n the leSlOH. The upper layers of the pro-
tection tissue were broken with penetration of hyphae. Tﬁe findings suggest a
NEChaniQN,Of:lESiDH develdpment as Eellowe: Bark tissue 15 1nfected by the
causal fungus, 1mmed1ately followed by the formatlon of a protectlon layer
below the 1n[ect10n sites. However, the layer is penetrated by the hyphae and

broken after a per1od when the tree weakens Thus, the_lnner tissues become

1nfected and another protection layer is formed below the newly infected
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tissues. Continuous repetition of rhose make lesion extend deeply and widely.
Therefore, deterioration oF tree growth is the most promotive factor for
development of gumming disease. Observations. by c1truq dgronomists imply that
lemon ‘or linie trees prow v1gorously durlng the lower tempcratu1e season; -how~
ever, thelr shoots become yellow and moLLled 1l.e, greening dlseabe, and flnal—
1y defollare durlng the higher temperature season, Thelef01e, the presence ‘of
greening dlsease musL be the main factor in weakenlng the tree and permittlng

development of gummlng disease in Bangladebh

Citrug tristezaxvitus'(CTV) and its vector are widespread in Bargladesh.
‘However, seﬁere sympﬁbms'such'ascstem pitting, dwarfihg and decline were ﬁot
observed on native varieties and Pakistan-or India-introduced cﬁltivérs. These
include not oniy'highly susceptible-plénts siich as sour lime but'also highly
.susceptlble scion-rootstock comb1nat1ons such as sweet orange on pumnelo.

In addltlon, large numberq of Lhe treés are free of CIV, even though they are
yellow1ngfand_decl1n1ng. Thus, severe-qtralns of CTV, such as seedling. VELIOWq
CTV, -is inactiVated in the country. This mlght be dué to.the high temperaturES.
Trlsteza vitus seems not go 1mp0rtant as greenlng disease in Bangladesh.
However, Fraser et al. (12) suggest that dieback-is diue to combination factors
in'Indié, especiélly reélated to the ?resence30f severe tristesza isolate.
Therefore, it would be better to use a tristeza-resistant rootstock such as

rough lemon for sweet orange or mandarin scion.

41~



CONCLUSTION

The main Lausa] factor of the C}trus plant disorder 1n Bangladesh, includ—

ing gumming or dieback, “1s. greening dlseaae caused bv grac1L10uLe ltke bacter1~

"

um'. The agent le transmitted by the" citrus psyll1d (Dtaphoptna emtrm Kuway V.

Development of citrus producL10n in the counLry will not be’ p0081b]e unless Lhe

disease is batlsfactorlly controlled Considerlng the Tecommended plograms of

integrated control of the disease in fndla (18), 1n thna (25) and -in ti

Phlllpplnes (13), a program to cnntrol the dlsease in Bangladesh is proposed as

follows:

. Grow nursery plants in=a scféenhouseito prdhibit sucking of the . :
_psyllid Védtor, or.in a disease, ot vector-free area wheve greening-

carrier plants had been erddlcated

Use greening diseage-free budwood obtained by immersing budsticks into
1,000 ug/ml tetracycline hydrochlorlde solution for 3 hours or by in—
cubation of budstlcks in ‘a m018ture—saturated air at 49°C for 50 -

minutes, at 47°C for 4 houts or 45°C for 6 hours.
Use a tolerant yvootstock like sweet lime.

Cdntrél-éitrus psylla By insectiéide, particularly ‘when new flushes

are present. Sprays w1th dlmethoate, methasystox, dimecron or nuva-

cron are effective,

Remove greening affected trees immediately after_sympfom appearance.

All'steps from 1 througﬁ 5 are'necesséry for controlling the disease.
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Table 1. List of citrus cultivars or budlines exhibiting
- greening”symptoms.in-Bangladesh- ' . '

Symptom intensity

Severe

CKasia M ()

Japan ~ cultivars

Ofigin
-.of _
plant - . Non Mild
Nafive... -Kégzi.L-(D} .SeédeSS LM
var. Elachi 1M Kagzi - L. (L)
'  Adajamir - H
‘Introd. Sarbati ST, Valencia SW
Cvar. : e @
Erom q?ff? SW
" Pakistan Washington N
or India -
- ! ?: Dancy TG
Introd. - Large No. of.  Satsuma M (D, J). -
var., . " trees includ: o o
from .- - all introd. . NdLSUdaldal ™, 0y
Hassaku (P)

“Yuzu (D)
Fureka 1M

Fearureless M

Satsuma M

Nagpuri M

Ruby Red SW -

Red Blood SW

Kinnow M

Mosambi SW

' Suckefy.
. Pineapple SW
Decibre SW

Yoshida N (D,
Oomishima N (D, .J)

Tyo {J)

Seminole  (P)
‘Fukuhara sW- (P)

'Jj_

Hirado (D}

Seedlings Kasia M ()]

Pummelo (P)

Natsudaidai (P)

Sour orange '(P)

‘Rongh lemon (P)

Pummelo (D)

L;‘aéid lime; IM, lemon; . SW, sweet orange; M, mandariﬁ; N,-navel_prange;

M, C. histriz; SL,- sweet lime; TG, tangerin.

A letter in the parenthesis means as follows: D, in-a field of CVSRC, Dhaka;

1, Ishurdi area; J, ARS- Jaintiapur; P, potted trees in CVSRC, Dhaka.
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Table 2.

List Qf'plants examined by electron microscopy
for presence of gracilicute-like bacterium (GLB).

Exémined' 'Goileétioﬁ ‘ Syﬁptom" Ppégéﬁce"
_plant ' place . intensity of GLB
Decibre SW N6:'21fiéld, CVSRC $eﬁere ' ) poéitivé‘
YOshida NV A fieid.near'to.CVSRC - seﬁere pbsifiﬁé
Flachi lemon ditto | nor '_pogitiﬁe 
_Séedleéé lemon ditto .ﬁild }poéitive'
Kagzi lime | :di_tté ' " non . p_ésiti\:fé :
Sarbati SL ditto 3n0ni. poéitivé
Pummclo SD ditto - severe positive
Yuzu ~sp ditto, . Bevere ﬁoéitiﬁe
M{_pqniéulafa : Bénaﬁi, Dhaka " non “positive
Gfapefruitj Sh - Kuchinoksu, Japan non ' ﬁﬁegative

SW, sweet orange; NV, navel'orange; SL,

seedling.
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Table 3 .Deétection of ciL1u5 triqleza v1ru3 from various
“eitvus plantb in Bangladesh by FLISA

- Origin . © - (TV-negative plant *-CrV-positive plant
Native Kasia ﬁ:(J)" _ - some Kasla M (J), Elachl Y (D)
var, ' -
o some. Elachi LM (D) : ' . mstm,:c (J), Kagn L (I D ) .
A panzcuﬂata (DB) Seedless LM (I, D)
- Introduced 3 Valenc1a SW (D) _ ' 'jaffé“sw (D, J)
var. from’ . ]
Pékistan :._.some P1neapple SW - (J) ' Pineapple Sw.(d)
: - unknown SW (D) -  Blood Red SV (I}
‘Mosanbi.SW (D, J) - . Multa SW (J) -
- Decibre’ SW'(D) S Satsuma M (D) _
Ruby Red “su (D) B : :Featureless Early M (D)

_ Nagpurl M (D) Suckery (D)
‘Klnnow M (J), Sarbati SL (D)

Introdyced ~‘some Yoshida NV. (J) ' Other trees including @

"wvar. from o L . o o . - s .

Japan - some: Aoshlma SM-(J) o SW?EE.DTHH%EJ navelEOFange,
Tosa Buntan P o lemon, Héssaku, Natsudaidai,

ZShutou SO (D), Banokan P (D)  Pummello or buntan, grapefru1t

1-An§e;kan P (D) . Tach1bana, satsuma mandarin,
Shinkémaﬁéféd;N (D) tangerin, Hyuganatsu, Lyo,
:Kiﬁkéji;(Dl  ': T tangelo, tangor,

-stﬁéHBanpeiyﬁ P (D)
‘some Lisbon 1M (D)

1~ 2:yeérw 5‘ Pummelo (D) SOI(D)
old seedllng N (D) Rough "Temon (D)

L ac1d llme, LM lemon M mdndarln N Natsudaldal, NV, nave] orange,

P, Pummelo, SL ‘sweet lime, SM, satsuma ‘mandarin; SO, sour orange, SW% sweet
orange | o _

A letter in Lhe parenthe515 means ‘the place where a sample was’ collected

D, CVSRC—uoydebpur, DB, Dhaka, Banani; I, CVSRC substatlon Ishurdi J, ARS—

Jaintiapur.
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Fig, 1 _ _
Séﬁeré-yellowing aﬁd*dieback
of ruby red sweet orange/
pummelo tree," dat CVSRC
maincenter, “Joydebpur.

Fig. .4

Greening-symptoms observed on
a Yoshida navel/trifoliate
crange (TRIF) tree which was
introduced from Japan, origi-
nally free of ‘greening disease
when planted in May, 1981, at
ARS, Jaintiapur. This indi-
cates natural infection of the
disease in the field. '

~51-

Fig. 2

Chlorosis and irregular blotch mottling
of ruby red sweet orange leaves, at’
CVSRC maincenter.

Fig. 3

Vein chlorosis and blotch mottling of
seedless lemon leaves, at ARS, Jaintiapur.

rig., 5 ST _
Typical greening'symptomé observed on a
Hirado buntan/TRIF. tree introduced from
Japan, at CVSRC maincenter. This also
indicates natural infection in the field.






Tig. 6

_ . _ . Fig..8 _ o
Sucking of the citrus psylla vector, o The ‘adult of citrus psyllid
Diaphorina ctiri Kuway., on a Natsudaidai : “collected in CYSRC main-
potted tree, at CVSRC maincenter. © . center. '

Fig. 7
The psyllid vecitor on Kamini tree,
Murraya paniculata, at Bamani, Dhaka.

Fig. 9 S
The nymphs of citrus psyllid collected
in CVSRC maincenter.
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Flg'lO .
'Electron mlcrographs show1ng the presence of grac111cuteﬁ

lﬁke bacterlum .(CLB};

'—probably greening causal agent dn various cltrus ‘or c1trus relatlve plants
collected in Bangladesh T

4.

‘symptoms. . :
Enlargement of al lower palt of the plate 4a; 1nd1cat1ng 23 nm in. thick of

GLB ! in a. sleve tube of Dectbre sweet orange show1ng typlcal greenlng

'-;GLB envelope and 10 ‘nm in tthk ‘of the host plant plasmalemma.;

c =

“GLB within’ cytoPlasm of a sieve tube of Elachi. Yemon, a symptomless carrier.

Var ous bhapes of GLB w1th1n a.sieve’ tube of seedless lemon.g"
GLB" within a 51eve “tube of Kamlnl plant M., panteulata, a symptomless
carrier. -

'Varlous shapes of GLB in a sieve tube of Sarbatl sweet llmu, a symptomless
:carrler.

"Gracilicute- llke bacterlum

Bar represénts 1, 000 nm eXcept for the plate b.
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Fig. 13
“An 1n1t131 lesion of Dothaorella gumming
on a Kagzi lime tree.

Fig.11 _
. Dothiorella associated  gum-~
‘ming on a seedless lemon
tree, at CVS5RC maincenter.

F1g 14 _ :
A transvarse section of the initial
gumming lesion developed on a seedless
lemon tree, showing the presence of 3
protection—-layers,

Fig, 12 e # ' . S

Diseased tissue scraped with Fig. 15 N

a knife, showing dark brown Another type of gumming or dieback

and deeply infected tissue developed on a sweet orange tree, show-
distinctly surrounded with ing gum oozing from the wounded part
healthy tissues. _ - due to pruning.
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