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vte] & etAok (MLO) O 2 & Aol MHes] of 3-ubf-ol Oxytetracycline HCI(OTC)& M@ AN
+ W dojvh EEMEEN BLE EBMRGET, JOUMIRGE o GTMEBEE BULS REst d4fstch
BB ol A obi= whel BEs el AR A e M, TYIhel HEATACHTMN B A wsbsle] ele b EUN M
2 g aa sidon HLs Aok U MMEdAE Bt stesiAl g4 slol A dbd, AlY
St dAIEel dgien, polyphenolo]l #Hhi=lel Adceh 2000ppm el OTCEY 500mlE MREAL
T dAFUSe AvolA ABE Witol AAe AL Ao wolo} HTTAHI M BN U
A xEe] vgalA Uden iRl 2HENAALE Biirel HistElel Asdch MLOFRN dxe OTC
BB WA e MMl e ARz Yo dbd, HUEE MLOMRUIFURdlMe Agse MLOMRM
dtel wpAtsldcek ARl A A Al M= Aol AR W ChHIBGol B3 Ele Addod LMK
2 Akl @Ekol SoUe IHHAME A Adx, OTCHel 2L Adx o #a wYAx A
%5 etk vteladetAcks Adae] 45T Aol At Ao OTC MEASL] A Jto] A
t A8 sl gakch '

ABSTRACT

Histopathological changes in the witches’-broom mycoplasma (MLO) infected jujube trees after trunk injec-
tion of oxytetracycline HC]1 (OTC) solution were investigated by using light microscope, fluorescence micro-
scope and electron microscope. In contrast to the healthy leaves, adaxial and abaxial bundle sheath extensions

in the major veins of diseased Jeaves were highly developed, but mesophyll cells were very small, loose and
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necrosed. In the diseased leaves, excessive phloem was formed, xylem differentiation was supressed and poly-

phenols were accumulated. Jujube trees treated with 500ml of 2000ppm solution of OTC showed complete

remission of witches’-broom symptoms above the injection site, but cells in the sheath extention were hyper-

trophied and sieve tube necrosis occurred in the secondary phloem of major veins. M LO-specific fluorescence

was not observed in the samples of diseased jujube trees treated with OTC, while those from non-treated infect-

edstrees distinctly showed a moderate amount of MLO-specific fluorescence. In the observation under the

electron microscope, sieve element of diseased tissues and its associated companion cells were found to have

collapsed. Parenchymas cells contained many large starch filled plastids and most samples of diseased and OTC-

treated tissues showed an abnormal accumulation of starch compared to the healthy controls. Mycoplasma-

like organisms were observed only within mature sieve elements in diseased tissues, but never in OTC+reated

tissues.
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Fig. 1-B. Roots of jujube trees; HR, healthy root;
DR, diseased root infected with witches’-
broom. Adventitious roots were exces-
sively developed.
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Fig. 1-C, D, E. Major lateral veins of healthy (C), witches’broom discased (D) and oxytetracycline treated (E)
jujube leaves. C) Major vein of healthy jujube leaf. D) Adaxial and abaxial sheath externtions were
extended. Cells in the adaxial sheath extention were hypertrophied (h). Dark staining due to accumu-
lation of polyphenols. Excessive phloem was formed. E) Abaxial sheath extension was largely ex-
tended. Cells in abaxial rib were severely hypertrophied (h).
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Fig. 2-A, B, C. Mesophyll cells of the healthy (A), diseased (B) and oxytetracycline treated (C) jujube leaves,
(X200). B) Mesophyll cells were very small in size, palisade parenchyma cells in the adaxial rib
were necrosed and /or lacked developed chloroplasts. C) Mesophyll cells were abnormal. Parenchyma
cells in the abaxial rib were loosed and lacked developed chloroplasts. '
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Fig. 2-D, E, F. Transverse sections of midvein of jujube lcaves stained with DAPI (X125). D) healthy, E)dis-
eased, F) oxytetracycline treated. The fluorescence spots are visible in the phloem of the diseased.

P: phloem, X: xylem.



Fig. 3-D. E. Normal cells of jujube trees. D) Transfer cells (TC) from major vein of healthy jujube; Sg, starch
grain; M, mitochondria; N, nucleus (X5000). E) Cross section of sieve element (SE) and companion
cell (CC); CW, cell wall; PP, phloem protein plug (X5000).

Fig. 3-F. G. Cross sections of secondary phloem in diseased (F) and OTC-treated (G) jujube. F) Sieve element
(SE) and parenchyma cell (P);Parenchyma cell wall was thickened; companion cell was necrosed;
CW, cell wall; N, nucleus; M, mitochondrion; FR, endoplasmic reticulum (X7700). G) Sieve ele-
ment (SE);sieve element wall was thickened; V, vacuole, PP, Pprotein (X6400).
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Fig. 4-A, B, C. Cross section of secondary phloem in diseased (A, B) and OTC-treated (C) jujube. A) Crushed
sieve element (CSE); PP, P-protein (X8800). B) Crushed sieve element (CSE) and companion cell
(CC); protein crystal and starch grain contained in companion cell; Sg, starch grain (X5000). C) Sieve
element containing protein crystal and round-grain of sieve element starch; CW, cell wall; SE, sieve
element; Sg, starch grain; OS, osmiophvliic substance {X6400).

Fig. 4-D, E. Cross section of sieve element in diseased (D) and OTC-treated (E) jujube, D) Mass of MLO in
sieve element showing various forms (X12000). E) Sieve element in OTC-treated jujube; MLO were
not observed; SE, sieve element; CC, companion ceil; CW, cell wall (X6400).
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