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Histopathological Response of Giant Cell Induced
by Root-knot N em atode, M eloidogyne javanica,
In Tom ato Roots under Potassium Stress

YUAN Lin, FANG W en-zhen, LUO Dam in’

(School of L ife Sciences, X iamen U niversity, Xianen 361005, China)

Abstract: Camparison of histopathological response and quantitative measurement of giant cell (GC) in-
duced by M eloidogyne javanica in tomato rootw ere studied under potassium -deficient (0. 2mmol/L K" ) and
replete conditions (control, 6 O mmol/L K" ). K -deficient stress did not mpede the fomation and mainte-
nance of GC. Themean nunber of GC per feeding site asw ell as the mean diam eter of GC did not differ be-
w een the treatments However, the thickness of cellwall including canponents resulted fran the accum ulated
polysaccharide and the length of cellw all ingrow th increased 5 - 25 d after inoculation in K" -deficient as com -
pared w ith K -replete conditions A n increase of cellwall ingrow th suggested a kind of compensational re-
sponse to the potassium stress
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Giant cells (GC) induced by root-knot nema- gations of the relationship betveen nematode infec-

todes (M eloidogyne spp. ) in the pericycle and vas-
cular parenchyma of host root tissues are highly spe-
cialized cellsw hich function as transfer cell and pro-
vide nutrients to support the grow th and reproduction
of nematodes . It iswell established that K* defi-
ciency leads to grow th arrest, impairs nitrogen and
sugar balance due to inhibition of protein synthesis,
photosynthesis, and long distance transportm.
ever, know ledge on the fomation and function of
GC under K" -deficient condition is scarce

How -

Investi-
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tion and uptake of K™ by plants have produced con-
tradictory results > . So, study of the development
of GC under stress might help understand the in-
fluence of macro-nutrition on the relationship betv een
host and root-knot nematode The main puipose of
thisw ork w as to campare the changes in GC induced
by M. javanica under different K* levels

1 M aterials and M ethods

M. javanica nematodes were extracted fram
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infested roots of Achyrauthes agpera from canpus of
Xianen U niversity. The nematodes w ere reared on
canpatible tomatoes by inoculating freshly hatched
second-stage juveniles (J2) from a single egg mass
in earthen pots containing autoclaved sandy soil
Seedlings of tomato, Lycopersicon esculentum cv.
z-5, were initially fomed through gem ination of
seeds in fresh sand and later transferred individually
to 20-an -dian. clay pots filled w ith autoclaved fresh
coarse sand;, each plant was inoculated with 2 000
freshly hatched J2 after threew eeks Plantsw ere fer-
tilized with modified Hoagland nutrient solution
N utrient solution low in K™ was used for the gem i-
nation and the initial grow th of seedlings as the K" -
deficient solution treated group. H istopathological
regponse of GCs were assessed by comparing their
development under K -deficient (0. 2mmol/L K*)
with those on K™ -replete (control, 6 O mmol/L
K") conditions

Therewere ten replicated pots for both K -re-
plete and -deficient solutions Root tissues were
sampled at 2, 5, 10, 15 and 25 d after inoculation;
at each sampling day, tWwo root systans were ran-
dam ly selected from each treatment The experiment
w as repeated one time and all plantsw ere kept out-
doors during the experiment from M ay to July in
2005

For histopathological study, five root segments
w ith gallsw ere collected per plant, a vertical section
w as exan ined for one segnent, and the othersw ere
exan ined on cross section of each root segment at its
point of maximum root gall expansion The root
segnentsw ere fixed in fomaldehyde chram o-acetic
solution (FAA) for at least 48 h, dehydrated in a
tertiary butyl alcohol series (40%, 70%, 85%,
90%, and 100%), and embedded in 58°C melting
point paraffin wax Serial sectionsw ere cut on a ro-
tary microtome at 104 m. The periodic acid-Schiff
extraction technique (i e PAS stained) was used
for staining The sections were examined with an
O lympus BX41 light microscope equipped with an
O lympus DD 50 canera

Q uantitative m easuram entsw ere only perfomed
on the cross sections of galls collected at 15 d after

inoculation M icroscopic measuranents were taken
at point of maximum root gall expansion with amii-
cram eter installed in optical microscope The follow -
ing paran eters of GC w ere detem ined: (i) number
of GC per feeding sitg (ii) maximun dianeter of
GC; (iii) maximum thickness of cellwall (primary
wall plus deposited saccharide, excluding the cell-
wall ingrow th); and (iv) maximum length of cell-
wall ingrow th Quantitative data were subjected to
analysis of mean camparison by SPSS 13 0 sofiv are

atd = 0 05
2 Results

Typical arrested grow th of lateral rootsw as ob-
served in tomatoes grown on K -deficient m edium.
How ever, the root systen supported the grow th of
tomatoes during the experiments
by M.
cal observation of galling tissues showed that the

root galls induced
javanica occurred in all tomatoes H istologi-

mean nunber of GC per feeding site aswell as the
mean dianeter of GC made no difference (P =
0 678 and 0. 799, regpectively) betveen treaments
A highly thicker cell wall (P < 0. 01) and longer
cell'wall ingrovth (P < Q 01) occurred under po-
tassium stress as campared w ith the control

A Ithough there were no differences in sane
guantitative parameters, GC exhibited different pat-
terns of development under K" -deficient stress and
K" -replete conditions U nder K" -replete condition,
GCswere induced at 2 d after inoculation (Fig 1-
A). Dewite neither the cell wall thickening nor the
GC hypemlasia hgppened as campared with the sur
rounding vascular cells at this point of time, high
density of cytoplasn and a fev nuclei in GC indica-
ted that those vascular cells adjacent to the head of
nematode had re-differentiated into GC. Observa-
tions taken fran 5 d to 25 d showed the classic hall-
marks of GC,
systamatical thickening of cell wall, and higher den-

including increase of nucleus number,
sity of granular cytoplasn (Fig 18B). However, the
typical cellwall ingrovth of GC was not obvious
(Fig 1B, C), esecially during the fomation of GC
(w ithin 10 d).
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Fig. 1 Profile of giant cells induced by M eloidogyne javanica in tom ato roots under
the K" -replete (A - C) and K" -deficient (D - F) conditions
GC = giantcelt N = M. javanica; VC = vascular cylinder cell
A: Longitudinal section of a gall at 2 d after inoculation, show ing high density of granular cytoplasn in GC w hen campared w ith
surrounding vascular tissue cells but hyperplasia of GC hasn’t occurred yet B: Transverse section of GC at 10 d after inocula-
tion show ed the thickened cell w all and granular starch in cytoplasn, but cell-wall ingrow thw as indistinguishable C: Transverse
section of a gall at 25 d after inoculation, show ing GC and the mature fenale nematode D: L ongitudinal section of agall at2 d
after inoculation, show ing the smilarity of GC as canpared w ith the corresponding period of GC under control, E: Transverse
section of the developed GC at 10 d after inoculation The cell wall w ere irregularly thickened,
both cell wall and cellwall ingrow ths (arrov) were darkly stained, F: Transverse section of GC at
25 d after inoculation The fibrous polysaccharide (arrowv) built up in cytoplasn.
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In contrast to the control, a similar view of GC
cane about in K" -starved condition at 2 d after
inoculation (Fig 1D). Subsequently, the cell-wall
ingrow th in GC sampled from 10 d to 25 d under
stress condition exhibited an obvious increase both in
num ber and size (Fig 1-E), indicating much more
sugar deposited on the cell wall; all these changes
resulted in even more deeper red color and thicker
cellwall as compared w ith control of the correspond-
ing period As a result,
was five to seven fold and o to four point five
folds thicker than that of the surrounding vascular
cells and GC in the control separately. The most
particular feature of GC w as the fibrillar polysaccha-
ride built up in cytoplasm (Fig 1-F).

PAS stained technigue showved that the thic-
kened cell wall and cellwall ingrow th were mainly
resulted from accumulation of polysaccharide,
w hereas, sugar accumulate was uneven Cellwall
ingrow th started from a spot in cellwall (Fig 2-F,
cross star), then it built up gradually in cytoplasn.

the thickness of cell wall

3 Discussion

The potassium trangported in plants correlate
w ith potassium channel and high-affinity trangporter
The mechanisn of high-affinity potassium absomtion
play an important role in uptaking K~ from the soil
at the K level in the soilw ithin 0. 001 - 0. 2mmol/
L. Considering no differences in same quantitative
paraneters of GC under K" -deficient and replete
conditions in present study, itw as easily to canpre-
hend that K " -deficient condition did not obstruct in-
ducenent of GC and probably did not mpact the GC
acting as a pemanent source of nutrient forM. ja-
vanica But, cell wall of GC responded differently
under K" -deficient stress, suggesting a certain kind
of nutrient carrier, such as K" trangporter, existed in
the plaanamen brane of GC.

Giant cells, metabolically active and typical
transfer cells, allov then to produce large anounts
of proteins and funnel a great lot soluble sugar Pre-
vious studies have reported the phenomena of cell-
wall ingrow th'®' or cellwall labyrinth in GC in-

duced by M eloidogyne species It is speculated that
num erous projections facilitate the mport of photo-
synthates, minerals and other metabolites A Ithough
potassium starvation weakens many enzyme actions
of plant, interferesw ith their carbohydrate synthesis
and disturbs sugar translocation, the results in this
study suggested that increasing of cell-w all ingrow th
w as conceivably a kind of compensational response
to the nutrient stress itw as believed that the aggre-
gated polysaccharide might be helpful in keeping the
ognotic potential unchanged,
the loading capacity for sugar, w hereas, function of
thickened cell wall is still unclear PAS demonstra-
ted that the different color of cell wall and cell-wall
ingrow th excluded the possibility that these protu-
berances are invaginated (or extension of) cellwall
W e know that such a clam would require a more
careful electron microscopy project using a rapid fixa-
tion method that better preserves the cellular integrity
to exclude the fixation artifacts |If so, the his-
topathological differences in GC should be attributa-
blemainly to the K™ stress

in return, improving
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