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Abstract: The purpose of the current study was to determine the effect of root-knot nematode infection on the
growth of kenaf. Seeds of sixteen (16) varieties of kenaf, comprising of eight from Australia, three local and five
accessions from Bangladesh were planted under controlled condition and inoculated with four level of 0, 1000,
5000 and 10000 RKN eggs per plant. The growth parameters of height, stalk diameter and number of node of
plants were measured at interval of 30, 60, 90 and 120 days after planting. The results of this investigation
showed that all kenaf plant cultivars studied here, differed in growth parameters (P= 0.05) both in the absence
and presence of nematode infection. M. incognita race 1 was found that can infect all of these cultivars. The
damage due to nematode; however; differed based on cultivar, level of inoculation and month of growth.
Reduction of plant height and stalk diameter was observed in all inoculated varieties. Number of internode,
however; was increased instead. In different growing time, the values for these parameters were shown to be
different as a function of growing age and nematode infection. When infected with RKN, a superiority of
varieties KK60 (M), G4 (AUST) and entry 3740 concerning to others were observed for height, stalk diameter
and internode respectively. The growth parameters of resistant varieties treated with RKN was significantly
better over the time as compared to the susceptible one.
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INTRODUCTION reduced  significantly  at  high  population  densities of

Root knot caused by Meloidogyne spp is one of the symptoms associated with root-knot nematodes are
most significant diseases of Hibiscus cannabinus, which included of yellowing of leaves, defoliation and eventual
is known as a major problem associated with the death of the plants before they reach maturity. There are
successful cultivation of kenaf [1-9]. Earlier researches numerous reports available on annual kenaf yield losses
have  demonstrated that kenaf is susceptible to major attribute to Meloidogyne infection [19, 20]. Based on
root-knot  nematode  species  including M.   incognita, population density of nematode in soil, production of
M. arenaria and M. Javanica [1, 6, 10-13]. Nevertheless kenaf yield could be reduced by 32% to 67% [1]. In
in greenhouse tests, it is susceptible to all host races of addition, however several studies have produced
M. incognita [2, 12], M. javanica and M. arenaria, [1]. Of estimates of RKN effect on kenaf (Smith, 2002; Jones,
all root knot nematode species, M. incognita has been 2003), but there is  still  insufficient  data  on  effect of
reported to reproduce prolifically on kenaf [10, 12, 14-16]. RKN on growth and productivity of kenaf. On the other
The disease affects both seedlings in the nursery and hand, the previous researches had not provided a
matured plants in the field. Seedling death occurs when comprehensive compare among large number of kenaf
population of M. incognita is high [17]. Matured plants in varieties. The objectives of this study was to evaluate the
the field also show severe galling on their roots when are relative growth and some agronomic traits of kenaf
infected by M. incognita [7, 18]. Plant height, stalk (Hibiscus cannabinus) when infected with root knot
diameter, stem and root weight have been reported to be nematode.

M. incognita (5,000/500 cm 3 soil) [11]. Acording to [4]
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MATERIALS AND METHODS

Site Position: A pot experiment was conducted at
greenhouse in University Putra Malaysia. The
experimental site was at the latitude of N 02°59', longitude
of E 101°43' and altitude of 64 m asl. The greenhouse
experiments were carried out with mean temperature of
approximately 25 °C day and 20 °C night.

Plants Material: The plants used in this study were
sixteen kenaf cultivars/genotypes which are shown in
Table 1. They were comprised of eight cultivars of:
113(1050450), Gregg (317665), Everglades71 (58399),
Tainang1 (317665), Everglades 41(61003), G4 (AUST), V36
(AUST) and KK60 (AUST) which were provided from
AusPGRIS - Australian Plant Genetic Resource
Information Service (Australia). Four available local
(Malaysia) germplasm included G4 (Terengganu), G4
(Kelantan), KK60 (M) andV36 (M) and four entries from
Bangladesh included accession numbers 3740, 4637, 4638,
4650 and 4640. Variety 113 and Everglade 71 were used as
susceptible and resistant checks in this study
respectively.

Nematode Inoculums
Proliferation of Meloidogyne incognita on Eggplant:
Meloidogyne incognita race 1, originating from infested
kenaf planted in Telaga Papan, Terenggganu, Malaysia
was cultured on eggplant (Solanum melongena cv.
Blackbeauty). Eggs for inoculums were then extracted
from  eggplant  roots  by  agitating  in  0.05%  NaOCl  for
2  to  3  minutes  [21].  The  eggs  were  collected  and
rinsed with tap water on nested No. 200 mesh  (75µm)  and
No. 500 mesh (25 µm) sieves. The roots and soil particles
were held in the No. 200 sieve while the egg masses
collected in the No. 500 sieve. Eggs were quantified by
serial dilution and counted. The number of eggs in the
original solution was estimated from this count. A portion
of the original egg solution was diluted as desired to
inoculate soil in the pots used in the experiment.

Greenhouse Experiment: A greenhouse screening was
conducted using kenaf cultivars inoculated with a known
population of RKN to determine the response of each
cultivar’s resistance/susceptibility to RKN and evaluate
the effect of RKN on growth and biomass production of
kenaf plants as well.

Soil Sterilizing and Germination Test: Soil consisting of
clay, peat and sandy in ratio of 2:1:1 was prepared and
bulked  on  plastic  bed.  One  week  before application  of

Table 1: Text of specified style in document 1. Plants cultivars/accesion
used in greenhose study

Entry Cultivars Sources
1 113 AusPGRIS
2 Gregg AusPGRIS
3 Everglades71 AusPGRIS
4 Tainang1 AusPGRIS
6 G4 (A) AusPGRIS
7 V36 (A) AusPGRIS
7 KK60 (A) AusPGRIS
8 G4 (Terengganu) LSBM,INTROP,UPM
9 G4 (Kelantan) LSBM,INTROP,UPM
10 KK60 (M) LSBM,INTROP,UPM
11 V36 (M) LSBM,INTROP,UPM
12 3740 Bangladesh
13 4638 Bangladesh
14 4650 Bangladesh
15 4640 Bangladesh
16 4637 Bangladesh
Notes: (A) LSBM, INTROP, UPM: Laboratory of Sustainable Bioresource
Management, Institute Tropical Forestry and Forest Product (INTROP),
UPM. (B) AusPGRIS: Australian Plant Genetic Resource Information
Service (Australia)

BASAMID (Tetrahydro-3, 5,-dimethyl-2H-1, 3, 5-
thiadiazine-2-thione) for sterilizing; soil was kept moist
and covered with plastic. BASAMID granules were mixed
thoroughly at recommended rates (150 to 220 g/m3) and
the soil was blended to obtain uniformity. The soil was
then sealed with plastic sheets and aerated for 5 to 7 days
after treatment. After aeration, the soil was left for 2 weeks
to allow releases of BASAMID gases from the soil before
planting. To ascertain that the soil is free from the gases
and planting can be begined, the germination test was
made on the soil treated with BASAMID. Several random
samples of treated and untreated soil with BASAMID
were selected. Untreated soil was considered as control.
After forty eight (48) hours, the seeds germination was
investigated. If the seeds in untreated soil have been
germinated while the seeds in treated soil not germinated,
it indicated that the toxic gases have not yet escaped and
the soil require re aeration. If the seeds in both treated and
untreated soils have been germinated, it indicated that the
soil is free of BASAMID toxic gases. To check whether
BASAMID has completely sterilised the soil or not, the
plants cultivated in both treated and untreated soils with
BASAMID were checked sixty (60) days after plantation.
The plants cultivated in untreated soil showed gall while
those treated with BASAMID did not show any
infestation with nematode. This indicated that the
sterilization of soil has been successfully done.

Experimental Design: A completely randomized design
with three 3 replications was established for the
greenhouse  experiment. The  experiment   was   a  16x4x3
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factorial arrangement of treatments comprising of sixteen RESULTS
(16) kenaf varietiesnamely: 113(1050450), Gregg (317665),
Everglades 71 (58399), Tainang1(317665), Everglades Agronomic  Traits  of  Hibiscus canabinus Varieties:
41(61003), G4 (A), V36(A), KK60(A), G4 (Terenggganu),
G4 (Kelantan), KK60(M) and V36 (M) and entries from
Bangladesh  including  3740,  4637, 4638, 4650 and 4640.
The four inoculum levels used were 0, 1000, 5000 and
10000 eggs/pot. The seeds were sowed in tray filled with
peat soil. After one week, seedlings were transferred to
the pots (27x 24-cm with 24 cm height) which were filled
with BASAMID fumigated soil. Two holes of 5-cm deep
and 1-cm wide were made in the soil around each of the
two-week-old kenaf seedlings. A desired inoculum
suspension was applied to each hole by using a pipette.
Plants were watered every other day, fertilized with NPK
and protected against insects by spraying with
DIAZINON (Diethyl 4-methyl-6-propanyl pyrimidin
phosphorothioate) insecticide.

Nematode Inoculation: Meloidogyne incognita, race1
which were used as inoculants was extracted from
eggplant (Solanum melongena cv. Blackbeauty) roots.
The number of eggs in the original solution was counted
using counting dish under light microscope. A portion of
the original egg solution was diluted to 1000, 5000 and
10000 egg/ml. The eggs were placed into 2-cm depth hole
in the middle of each pot fourteen (14) days after planting.
The pots were then covered for seven (7) days with layers
of black plastic to allow hatching and dispersal of the
nematode juveniles into the soil.

Data Collection
Growth  Parameters:  In  accordance  to  the literature
[22-24] and as suggested by SPDG (Sustainable Projects
Development Group of the UK), the following traits of
plants were chosen for growth measurement:

Plant height (PH): The height of the whole
plant.
Basal diameter (BD): The diameter of the
base of plant, just above the ground
Internode

Data Analysis: All criteria of yield and screening
measured here were subjected to Analysis of variance
(ANOVA). Duncan’s Multiple Range Test (DMRT) was
used to detect the significant grouping among the
treatments. Effects were considered statistically
significant  when  the  probability  of  Type I error was
0.05 or less.

The data on germination rate, weight of 100 seeds (gram)
and days to flowering (50%) of sixteen (16) cultivars used
in this study are shown in Table 2. The significant
difference in all of these three agronomic traits was
observed among all varieties (Table 1). Rate of
germination  varied  among cultivars with range of 51.72
to 90.01 percent. Varieties V36 (M) and 113 recorded the
significant highest and lowest germination rate
respectively. Based on average weight of 100 seeds,
Everglade 71 seed showed the highest weight of 3.01 gram
while the accession 3740 seed with 0.8 gram were the
lightest.  According to data on flowering (the time when
50 percent of flowering has been occurs) provided in
Table 2. We can grouped all varieties tested here into 3
flowering time of early, intermediate and late with average
of 93, 106 and 115 days to flowering respectively. G4
(Terengganu), G4 (Kelantan), G4 (AUST) and entry 3740
could be considerd as late flowering cultivars. Entry 4637,
V36 (M), Tainung 1, Everglade 41, 113, V36 (AUST),
Everglade71and 4640 showed intermediate while 4650,
4638, KK60 (M), KK60 (AUST) and Gregg showed early
flowering trait.

Effect of RKN on Relative Growth Rate of Kenaf:
According to data obtained on plant height, stalk diameter
and number of node measured at interval of 30, 60, 90 and
120 days after planting with different level of inculation of
nematode (data not shown), rate of these growth
parameters varied greatly depending on variety, level of
infection and time of measurement. It can be clearly seen
that all uninoculated varieties performed different growth
rates throughout the growing period. On the other hand,
the significant differences of height, diameter and number
of node were observed among them (Table 3). The
greatest value of height (244cm), stalk diameter (16.19 mm)
and number of node (55) were observed in KK60 (AUST),
G4(AUST) and Tainang1 while the least value were
recorded  for entry 3740 (116.33 cm), entry 4638 (10.74 cm)

Table 1: Analysis of variance for three agronomic traits of sixteen (16) kenaf

cultivars grown in greenhouse (control plants)

Source df Mean square F value pr>f

Germination (%) 15 2254.615 6.45 <.0001

Weight of seeds (gram) 15 .83435658 616140 <.0001

Days to flowering 15 35.503 4.59 <.0001

P<0.05
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Table 2: Mean values and comparison for three agronomic traits of sixteen (16) kenaf cultivars grown in greenhouse (control plants)

Germination rate Weight of 100 seeds(gram) Days to flowering
-------------------------------------------- ----------------------------------------------- ------------------------------------------------

Rank Cultivar Mean Cultivar Mean Cultivar Mean* * *

1 V36 (M) 90.01a Ever 71 3.01a G4 Terengganue 116.80a
2 KK60 (M) 87.63ab Ever 41 2.86b G4 Kelantan 115.2ab
3 G4 Terengganue 85.34ab Tainung 2.83c G4 (AUST) 113.94ab
4 V36 (AUST) 84.92ab G4 Kelantan 2.74d 3740 113.7abc
5 G4 (AUST) 84.51ab V36 (MAL) 2.74d 4637 112.5bc
6 KK60 (AUST) 83.95ab 4650 2.73e V36 (M) 110.1c
7 G4 Kelantan 82.84ab 4640 2.66f Tainung 109.65cd
8 Everglade 41 82.35ab G4 Terengganue 2.62g Everglade 41 109.01cd
9 Tainung 1 82.37ab Gregg 2.55h 113 108.4d
10 Gregg 63.60c 4638 2.45i V36 (AUST) 102.1e
11 Everglades 71 62.85c 4637 2.44j Everglades 71 99.06ef
12 4638 62.25c KK60 (M) 2.43k 4640 97.19ef
13 4637 61.84c V36 (AUST) 2.24l 4650 94.7g
14 3740 60.79c KK60 (AUST) 2.22m 4638 93.89g
15 4650 58.05c G4 (AUST) 1.98n KK60 (M) 92.5g
16 4640 52.25d 113 1.94o KK60 (AUST) 92.34g
17 113 51.72d 3740 0.80p Gregg 91.4h

Note: means followed by the same letter in the same column did not differ significantly at p<0.05

Table 3: Anova for growth characteristics of inoculated Hibiscus cannabinus varieties with M.Incognita during four times of measurment

Source of variance TIME df Mean square F value Pr>F

Height TIME 1 15 1455.92176 6.54 <.0001
TIME 2 15 3257.06481 5.69 <.0001
TIME 3 15 5009.14074 5.62 <.0001
TIME 4 15 5443.65509 3.78 <.0001

Stalk Diameter TIME 1 15 5.70311069 4.02 <.0001
TIME 2 15 7.3580881 4.28 <.0001
TIME 3 15 6.30237850 1.79 0.0471
TIME 4 15 14.3067411 3.44 0.0001

Number of Node TIME 1 15 29.5958333 4.51 <.0001
TIME 2 15 79.192130 5.36 <.0001
TIME3 15 149.184685 3.49 <.0001
TIME 4 15 226.895833 2.37 0.0060

Notes: Time 1, 2, 3 and 4 reffers to measurement on 30, 60, 90 and 120 day after planting

and variety 113(27.67) respectively. Inoculation with The most decrease of height (24.79) was recorded for
M.incognita showed significant different between variety 113, while the least decrease (0.37%) belonged to
varieties  in  term  of  height,  diameter  and  number of entry 4638.
node as well (Table 3). When infected with RKN, the The reduction of 9.84% and 14.55 % of height were
greatest  value  of  height  (214.44  cm),  stem  diameter recorded for resistant and susceptible varieties
(14.19  mm)  and  number  of  node  (51.44)  were observed respectively.When infested with M. incognita, kenaf stalk
all  for  KK60  (M)  while  the  least height and stem diameter decreased in range of 1.4% to 16.5 (Fig. 2). Kenaf
diameter  belonged  to  entry  3740  (115.89cm,  9.94mm) stalk diameter decrease due to nematode infection was
and least number of node was observed in variety varied among varieties. The most decrease of stalk
113(31.89) respectively (harvest time) (Fig. 1). Inoculation diameter (16.5%) was recorded for KK60 (AUST) while the
with  M.  incognita  decreased  kenaf  height  in  range  of least decrease (1.4%) belonged to entry 4638 (Fig. 2).
0.37 % to 24.79%. Height decrease due to nematode Resistant and susceptible varieties also showed 3.04%
infection, however, was varied among varieties of Kenaf. and   8.46%   of   stalk   diameter    reduction   respectively.
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Fig. 1: Histograms showing height of sixteen kenaf varieties inoculated with M.Incognita (A) 30 day (B) 60 day (C)
90day (D) 120 day after planting
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Fig. 2: Histograms showing stalk diameters of sixteen kenaf varieties inoculated with M.Incognita (A)30 day (B) 60 day
(C) 90day(D)120 day after planting
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Fig. 3: Histograms showing internode number of sixteen kenaf varieties inoculated with M.Incognita (A) 30 day (B) 60
day(C) 90day(D)120 day after planting
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Fig. 4: Histograms comparing (A) height (B) stalk diameter (C) number of node of resistant and susceptible kenaf
varieties inoculated with M.Incognita during different time of growth

Infection with M. incognita showed either decrease or number of internode were affected with RKN differently
increase of number of node in kenaf varieties (Fig. 3). The (Table 3). The most reduction of height has been occurred
most reduction of node number (18.5%) was observed in in third measurement (11.68 %), which followed with
susceptible variety (Everglade 41), while the most increase second measurement (11.51%), last (10.62%) and first
of  internode number (48.64%) belonged to variety 113 measuerement (8.56) respectively. The most reduction of
(Fig. 3). Resistant variety (Gregg) also showed 20.99% stalk diameter has been occurred in first (15.32%), second
increase of interned as well. Over all varieties and levels (14.25), third (11.14%) and last measurement (9.95%). With
of inoculation, in the first, second, third and final exception of third measurement, number of internode has
measurement, kenaf plant height, stalk diameter and been  increased  in  all  measurement  which  ranged  from
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0.62% to 1.79% (Fig. 1). Effect of level of infection was in its height. When infected with RKN, the highest value
also vary on all these traits but as it did not show of height and stalk diameter at harvest time was recorded
reasonable consistency; its effect has not been reported for KK60 (M) and G4 (AUST) respectively. It can thus
and discussed here. indicate of superiority of theses two varieties in term of

Fig. 4 shows height, stalk diameter and number of production of more yield than other varieties. According
internode over 4 measurement time for the most resistant to the results, infection with M. incognita either
and susceptible varieties (Greeg and Everglade 41 decreases or increases the number of internode in range
respectively). As it can be seen, the reduction of hieth of 18.5% reduction to 48.68% increase. This result is
and stalk diameter for susceptible variety has been much different of previous reports of nematode infection in
than resistant one while the increase of internode did not kenaf which have mentioned of reduction of number of
follow a consistent pattern. internode [10]. The most increase of number of internode

DISCUSSION AND CONCLUSION belonged to 3740. Over the time of growth, RKN has

The statistical analysis of the data from germination in first month and forth month of growth in kenaf
rate, seed weight and flowering time revealed the respectively. Hence, RKN has most effect on number of
significant  difference between varieties tested here. internode in forth month aged kenaf. As can bee seen in
These differences can be explained in part by genotypes the result, in all measurements, the resistant cultivar grew
of varieties studied here. The data obtained from considerably taller than susceptible one. It means that
experiment is useful to be considered in agronomic reduction in plant height has been smaller for resistant
purpose where goal is obtaining either seeds, or than susceptible one. Similar findings were also recorded
vegetative part of kenaf plant. Among the genotypes for stem diameter. On the other hand, the result of this
studied here, significant differences were also observed study indicates that plant height has been most affected
for plants height, stalk diameter and number of internode on second month of growth for both of resistant and
in control plants. This variation can reflect the diverse susceptible varieties while the reduction of stalk diameter
geographic origin and distribution of the genotypes. has been most severe on first month for both resistant
Based on our results, plant height, stem diameter and and susceptible varieties. The final average height of
number of internode were significantly affected (P=0.05) control plants for most resistant and susceptible varieties
by RKN infection in all varieties studied here. It indicates were 204.33 cm and 201.67 cm; but when inoculated with
that all of these varieties are invulnerable to RKN M. incognita they were 184.22 cm and 172.33 cm. It is clear
infection. However, the intensity of RKN infection on that RKN has caused much stunting in susceptible variety
these traits has been significantly different based on in compare with resistant one. The number of node,
varieties, time of growth and level of nematode however; showed non consistent pattern. The result of
innoculation.  According  to  the  results, infection with number of internede is different of height and stalk
M. incognita has decreased kenaf height in range of diameter. Although the number of internode in check
0.37% to 24.79% and basal stem diameters infection range plants has followed the linear increase pattern same as
of 1.4% to 16.5%. This reduction in kenaf height and height and diameter, but infection with nematode has
diameter however is less but agree with previous reports increased the number of internode in kenaf plants.
of nematode infection in kenaf [18, 25]. When compared
with control, the most affected varieties in term of heigh REFERENCES
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