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Structural changes in ‘Newhall’ navel oranges infected with Candiatus

Liberibacter Asiaticus

YI Long, YAO Linjian, LI Shuanghua, HUANG Aijun
(National Navel Orange Engineering Research Center, Gannan Normal University, Ganzhou 341000, Jiangxi, China)

Abstract: [Objective] The objective of this study is to determine the effects of an infection of ‘Ne-
whall’ navel oranges by Citrus Huanglongbing on the morphology of microtissues and physiological
and biochemical activities in order to provide insights on how the pathogen causes damage to the host.
The characteristics and mechanism of the damage to the host that is infected would be further analyzed,
which could provide some useful information for the prevention and control research of Citrus Huan-
glongbing. [Methods]Infected leaves and fruit with typical symptoms of Citrus Huanglongbing were
collected from an experimental orchard, the apparent healthy leaves and fruit were used as the control.
After being wiped clean, the blade tissues 1 cm x1 cm from both sides of the central leaf veins of the
leaves were quickly cut. The pedicel was cut into 1-2 mm thickness from the sheet and put on a plat-
form with conductive adhesive for spraying. Then, the FEI-450 type scanning electron microscope was
used to observe and photograph the stomata and pedicel cell the morphology map. After being embed-
ded in paraffin, the leaves and the pedicel were cut into a thickness of 6 pum sized slices by using a Lei-
ca RM2245 slicing machine and the anatomical structure was observed by a Leica DMIL-LED fluores-
cence inverted microscope after being stained with saffron. The thickness of the phloem, xylem and
medullary part, palisade tissue and spongy tissue of the leaves were measured by using the LAS V4.0
and Image- Pro Plus 6.0 software. Contents of the photosynthetic pigments and malondialdehyde
(MDA) were measured, and the activities of peroxidase (POD), catalase (CAT), and superoxide dis-
mutase (SOD) were recorded. The experiment was repeated three times, and results were analyzed us-
ing the SPSS12.0 software. [Results] Observations with a scanning electron microscopy showed that

the surrounding tissues of the stomata of the healthy leaves were explanated and smooth, while the sto-
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mata of the infected leaves were cavated and atrophic, and the surrounding tissues were crinkled, rough
and uneven. Moreover, the phloem, xylem and pulp in the diseased leaves became significantly thinner
than that of the healthy ones, in which the thickness of the phloem in the diseased leaves was 72.3% of
that in the healthy tissue and the thickness of the xylem and pulp in the diseased leaves was 81.2% of
that in the healthy tissue. There was no significant change in the thickness of the palisade tissue and the
sponge tissue. The cells of the palisade tissue in healthy leaves were long striped, regular and closely ar-
ranged, and the intercellular space was small, however, the cells of the palisade tissue in the diseased
leaves were elliptical, loosely arranged and had large spaces between the cells. The cells of the healthy
pedicel were smooth and their sizes were relatively similar, but the cells infected by Citrus Huanglong-
bing were uneven, folded, became distorted, swollen, and loose, leaving large intercellular spaces
among the cells. The vascular bundles of the infected pedicel were blocked. The content of the photo-
synthetic pigments in the infected leaves decreased compared to that of the healthy leaves. The contents
of the chlorophyll a, chlorophyll b and carotenoid were 19.87%, 22.13% and 47.71% of that in the
healthy leaves, respectively. In contrast, the content of the malondialdehyde in the diseased leaves in-
creased significantly, by 120.39%, compared to that of the healthy leaves. The enzymatic activity of
POD, CAT and SOD in the leaves of the infected plants were significantly higher than those of the
healthy plants, among which the activity of POD increased by 8.43 times. [Conclusion] Our results
showed that the infection of leaves and fruit by Citrus Huanglongbing could cause damages to various
tissues in the host, which decreased the content of the photosynthetic pigments while significantly in-
creasing the enzymatic activities, which led to more cells being damaged and also weakened their abili-
ty to resist the invasion and expansion of pathogenic bacteria.

Key words: ‘Newhall” navel oranges; Citrus huanglongbing; Anatomy; Pathological change
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A. The stomatal morphology of a healthy leaf; B. The stomatal morphology of a diseased leaf.
B 1 RRHBRLRBIERM R SALRSBRRRE
Fig. 1 The stomatal morphology of a leaf infected by Citrus Huanglongbing
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Table 1 The thickness of each tissue layer of a leaf infected by Citrus Huanglongbing

pm
IR Phloem A HFIREH Xylem and medullary part #4202 Palisade tissue #4720 4! Spongy tissue

i FE1H- Fr Healthy leaf 101.3£5.1 a 208.6+11.2a 83.4£9.6 a 250.6+15.4 a

BRI F Diseased leaf 73.243.5b 242.5¢12.3b 71.8+8.2a 231.3+12.5a

4 F A S A R NS ERER R ZE 7 R (o= 0.05,SNK-q #5367%) . FIFl.
Note: Values followed by different small letters in the same column are significantly different. (¢ = 0.05, SNK-q test).The same below.
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A. The healthy leaf; B. The diseased leaf; PT. Palisade tissue;

ST. Spongy tissue.
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Fig. 2 The tissue anatomical structure of

a leaf infected by Citrus Huanglongbing

A fi R
A. The healthy pedicel; B. The diseased pedicel.
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Fig. 3 The pedicel cell morphology of infected Citrus Huanglongbing
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A. Vascular bundle of the healthy pedicel; B. Vascular bundle of the diseased pedicel.
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Fig. 4 The vascular bundle morphology of a pedicel infected by Citrus Huanglongbing
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Table 2 The content of photosynthetic pigments. MDA and the changes in activities
of POD, CAT, SOD of a navel orange infected by Citrus Huanglongbing
e otFxRa) o(MHEEKD) oCEHE MR MDAER  PODVEME CATi&EME  SOD#EE
Material Chlorophylla ~ Chlorophyll b Carotenoid MDA content/  POD activity/ CAT activity/ SOD activity/
ateria content/(mg-g") b content/(mg-g") content/(mg-g") (umol-g") (U mg" min™) (U-mg" min") (U mg" - min™)

{i# FEREFE Healthy plant  1.978+0.152a  0.759+0.094 a
GHIFE Infected plant  0.393+£0.031b  0.168+0.011 b

0.677+0.047 a
0.323+0.015b

16.7242.82 a
36.85£3.31b

2120.15+143.33a 11.83+0.88a 1658.24+29.04 a
17881.34+131.38 b 24.32+1.89b 2218.61+40.72 b
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