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he effects of extracts of Tageres erecta plants cultured on

modified Murashige and Skoog medium (MS+0.1mg/l NAA).
using ethyl or methy! alcohol or petroteum ether or chloroform or
hexane extracts on Meloidogyne incognita second stage juveniles (1)
were measured in vitro. Their mortality at standard (100%)
concentration of the extracts was 100,74,87,34 and 49%. respectively.
Ethanolic extracts of 7. erecta calli were prepared trom seed. Ieafl
stem or root grown on Ms- medium supplemented with three
combinations of the two growth regulatars namely: naphthalene acetic
acid (NAA) and 6-benzylamine purine (BAP) and cultured for
8 weeks under dark or light conditions. The percentage mortality of
M. incognita }- treated with extracts from these tissues was studied
under laboratory conditions., Generally, the net morality was
positively cotrelated with the concentrations of all callus extracts.
Under greenhouse conditions, the application of T erecia (root ~
modified Ms-medium) extract as a seed soaking or soil applications
have significantly (P<0.01) reduced the population of M. incognita in
cowpea root and soil and this reduction was not signiticant in soil
treated at sowing time. Plant growth parameters. in this studs, were
enhanced by all the tested treatments.

Keywords: Biological control, cowpea, Meloidogyne incognita and
tissue culture.

Tageres species {marigolds) belong to family Asteraccae, were used by ancient
civilizations such as the Aztecs for various purposes (Neher, 1968). Uhlenbroek and
Bijloo (1958 and 1959) isolated and described some active principles from Tagetes
plants. These chemicals belong to a group of heterocyclic sulphur-containing
compounds, the thiophenes. Tagefes species contain biocidal compounds of the
thiophene group as non polar products of secondary metabolites (Bohlmann er al..
1973 and Gommers, 1981). Thiophenes were frequently found in Fagetes species
where their accumulation changes according to the physiological state of plants and
during organogenesis (Sutfeld, 1982). Many investigators identified several strong
nematicidal compounds such as o-terthieny! and some unstable derivatives in
marigold plants and these compounds seemed to be activated by illumination. The
photo-toxins, o-terthieny! and other naturally occurring acetylenes seem to have
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potential pesticidal activity (Marchant, 1987). Kyo et al. (1990} reported that
marigeld (7. patula) hairy roots induced by infection with Agrobacterium
rhizogenes produced a-terthienyl when grown in darkness, and an n-hexane extract
of the roots had a nematicidal activity. They added that, depending on the hairy root
line used, the level of w-terthienyl varied from 15 to 1268 ug/g dry weight, a level
that corresponded to 0:15 to 12.7 fold that in intact roots. Poli ef al. (1991) evaluated
thiophene accumulation in leaf calli and callus suspension of T. patula They
reported that the secondary calli showed 4 to 6 fold greater fresh weight in 2 weeks,
while the tertiary ones only doubled their weight in the same period. Moreover, they
investigated the influence of light/dark succession on the production of thiophene.
A considerable increase of thiophene production (about 16.5 fold) was obtained
when growing calli under successive light/dark periods. Repeated sub-culturing of
callus tissues resulted in a slow decline of the thiophene yield. Ekes-Kretevics
et al. {1993) reported that various species of the genus Tagetes are well known for
their insecticidal properties. T minura contains large amounts of thiophenes.
Recently, El-Gengaihi er al. (2001} reported that, the roots of Tagetes erectq,
T. patula and T. minuta, extracted by petroleum ether and chloroform were highly
potent against the reniform nematode, Rogvlenchulus reniformis. The chloroform
extract of Tagetes erecta roots produced a higher mortality rate than the individual
component isolated by column and purified on preparative thin layer plates.
Generally, the nematicidal activity of the isolated materials from T. erecta was
concentration dependent. Spectral analysis of the three potent substances revealed
that they are: 5 (pent-1-ol)-2, 2-bithienyl, stigma-4, 22-dien-3-beta-ol, and
3-(4-acetoxy-1-butenyl)-2, 2-bithienyl. The aim of this study is 10 evaluate the
nematicidal effects of T erecta plants cultured on basal-MS-medium and calli
produced by tissue culture on M. incognita under laboratory and greenhouse
conditions.

Materials and Methods

I Invitro studies:
a- Extraction of Tagetes erecta plants grown on modified MS-medium using
different solvents and evaluation of their nematicidal effects:

Twelve jars each contained three plants of 7. erecta previously grown from seeds
on modified MS-mediurn (MS+0.!mg/l NAA) for four months, to enhancement of
mass value of root production from Tagetes erecta, were collected. Each two jars
containing roots plus residual medium were soaked for 24 hrs in the following
solvents: ethanol or methanol or petroleum ether or chloroform or hexane or distilled
water, then filtered through Whatman No.! filter paper. Each extract was evaporated
under reduced pressure using Rotavapour Equipment. Residues of the extracts were
separately weighed (1mg), collected, and then each residue was emulsified by one
drop of tween 20 and diluted to a final volume of 100 ml. using distilled water
(El-Gengaihi et al., 2001). Each extract was considered as a standard solution,
i.e. S (100%) concentration. Dilutions of $/2(50%) and S/10(10%) were freshly
prepared by dilution with distilled water and bio-assayed for their nematicidal
activity,
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h- Bivassay tests:

Ten ml of the above solutions previvusly described (S (100%), S/2(50%) and
S/10 (10%)) for each extract was added to one ml of nematode suspensions
containing 250 M. incognita second stage juveniles in 30 mi plastic capsule.
A control treatment was made by adding 10 ml of distitled water plus 1 ml of the
nematode suspension. Each treatment was replicated five times. The number of
viable and dead nematodes was counted with the aid of a light microscope after 24.
48 and 72 hrs-at 25£1°C and the nematode mortality was calculated for each
treatment. The nematodes in each concentration after 72 hrs exposure period were
transferred to another plastic -apsule containing distilled water and they were
observed for 48 hrs to make sure that they did not regain activity, Oniy the
nematodes which did not regain motility were considered ~dead”. The mortalits
percentage was calculated according to the Abbott’s formuta:

m-n
—X 100
-n

Mortality (%) = o5

Whereas: m and n stand for the percentages mortality in treated sample and control.
respectively.

o- Extraction of Tagetes erectu calli derived from seed, lecf, stem and root explants
grovwn on MS-medium supplemented with combinations of naphthalene acetic
acid (NAA) & 6-benzylamine purine (BAP) and evaluation of their nematicidal
effects:

Ten grams of fresh calli derived from seed, leaf, stem and root explants of
Tagetes, were tested in the following media: 1-MS+3mg/i NAA+3mg/l BAP.
2-MS+7mg/l NAA+10mg/l BAPand 3-MS+12mg/l NAA+[2mg/LL BAP. Then, they
were coliected after 8 weeks and soaked in 50 ml ethano! 70 % in conical flasks
overnight. Then, filtered through Whatman No.l filter paper, re-soaked again in
70% alcohol and then, the filtrates of each explants were combined separately and
evaporated under vacuum using Rotavapour Equipment and under temperature not
exceeding 40° C. The weighed residue of each callus extract was emulsified and
diluted with distilled water according to El-Gengaihi er a/. (2001}, ie (100%).
$72 (50%) and S/10 (10%) and bio-assayed for its nematicidal activity as mentioned
before. The comparative studies were done under dark or light conditions.

2. Greenhouse studies:

Evaluation of the nematicidal effect of Tagetes erecta cultured on modified 1(S-

medium against Meloidogyne incognita infecting cowpea, Vigna sinensis:
a- Extraction procedures:

Forty jars each contained three plants of 7. erecta cultured from seeds on
modified MS-medium (MS+C.Img/l NAA) for four months, for enhancement of
root mass production, were collected. Then, the plants were uprooted. The root plus
the medium were soaked in 50 ml ethanol 70% for 24 hrs then, filtered. The extracts
of all jars were combined and evaporated under reduced pressure. Two and haif
grams of the residue were dissolved in 100ml distilled water (ie. 2.5%
concentration).
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b- Nematicidal experiment.

Thirty, 10 cm diameter pots were filled with one kg solarised sandy clay soil
(1:1 w/w} and arranged into five groups, each consisted of five replicates. Cowpea
seeds were soaked in 9 mi (2.5%) of the previously mentioned Tagetes extract
solution for 30 and 60 min, separately, then three seeds of each period were sown in
each pot (Group 1 and 2, respectively). The soil of (Group 3) received 9 m! of the
same extract at sowing time of three cowpea seeds in each pot. While each pot of the
(Group 4) was sown with three cowpea seeds, then, 9 ml of the same extract was
added at time of nematode inoculation. The (group 5) was used as inoculated-
untreated control Ten days later, only two healthy plants were kept in each pot. All
groups were inoculated with 1600 newly hatched J, of M. fncognita / pot. The pots
were maintained in a greenhouse bench and watered as needed. Two months later.
the number of root galls, nematode egg masses, females and developmental stages in
roots were recorded. The root gall index was categorized according to Sharma er al.
(1994). The fresh and dry weights and lengths of shoot and root and number of
bacterial nodules were recorded. Data were statistically analyzed using Fisher's
Least Significant Differences (Carmer and Swanson, 1973).

Results

1. Evaluation of the nematicidal effects of different extracts of Tagetes erecta tissue-
cultures on Meloidogyne incognita juveniles under laboratory conditions:

The nematicidal effects of the extracts of T. erecta plants cultured on modified
MS-medium are presented in Table (1). The estimated percentage net mortality of
Meloidogyne incognita juveniles at standard concentration(S) was 100, 74, 87, 34
and 49% for ethy! and methyl alcohol, petroleum ether, chloroform and hexane,
respectively. Tagetes erecta extracted by chloroform or hexane was found to be the
least toxic to M. incognita J, at S/10 concentration after each exposure period as the
percentage net mortality for each of chloroform and hexane extracts was 4%
(Table 1).

2. Screening of the nematicidal effects of the ethanolic extract of calli derived from
different parts of T erecta plant on M. incognita larvae under laboratory
conditions:

Data in Tables (2, 3, 4 and 5) showed the nematicidal effects of ethanolic
extracts of differemt T erecta calli-derived from seed, leaf, stem and root,
respectively grown on MS-medium, supplemented by the three combinations of the
two growth regulators, and cultured for eight weeks under dark or light conditions
on the percentage mortality of M. incognita (I2). Generally, it could be noticed that
the percentage nematode net mortality slightly increased with increasing of the
concentration of all callus extracts. The net mortality increased at “8” followed by
S/2 and S/10 concentrations. Callus tissue cultured under dark produced more
residues after solvent evaporation in the most tissues, However, this was not
absolutely correlated with the nematicidal effect of the extract. For example, in
Table (3) the weight of the residue of leaf explants cultured on 5mg/l NAA + Smg/l
BAP under dark conditions was 0.25g which led to net mortality of 57% at (8)
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Table 1. Evaluation of the nematicidal effects of different extracts of Tugeres
erecta root plus modified medium produced by tissue culture on
Meloidogyne incognita 2" stage larvae under laboratory conditions

1 i
! _— Mortality (%) Recovery | Net mortality !
Sotvent Dilution oy %) _
: 24 hrs I 48 hrs F 72 hrs () ( !
r E (0o* | 100 | 100 o | 100
!Eth)l alcohol | S12 98 98 | 96 2 75
; S0 90 92 | 70 s | 35 !
J B 98 ; 95 ! 74 o | 7
Methyl aleohol | 82 8O 75 70 0 i 70
L S0 | 76 | 63 65 o 1 s
s 99 94 | 87 0 [ 87 ‘
Petroleum ether ( 572 81 86 75 0 75 ‘
| | sno 19 | 30 | 45 | o
| ﬁ; 97 82 7 | 36 , "
[Chloroform | §72 35 15 3, 0 !
: r s | 23 12 4 ' 0 :
! S 90 76 38 9 f.
| Hexane ! $2 10 27 (9 8 |
.‘ S0 27 12 ! 7 !
~ T T
i‘DlstiHed water | - 21 19 % ! - - :
M 1

* Each figure represents the mean of 3 replicates.

concentration. however, the weight of the residue frem similarly treated tissue under
light conditions was 0.18 g which led to net mortality of 71%, Data alse indicated
that. the stem explant cu]tured on 3 mg /i NAA + 3 mg/] BAP under dark conditions
and leaf explant cultured on 7 mg ‘' I NAA + [0 mg /| BAP under dark condition led
to the highest net mortality percentages of 92 and 89 "%, respectively at -§”
concentrations (Table 3 and 4).

3. Evaluation of the nematicidal effects of the ethanolic extract of Tagetes ereciu
tissue- culture on M. incognita infecting cowpea under greenhonse conditions:
The application of T erecta {root plus modified MS-medium) extract as seed
soaking or soil application significantly (P<0.01) reduced the population of the root-
knot nematode M. incognita in roots and soil and insignificantly reduced the number
of juveniles in soil treated at the sowing time of cowpea compared te inoculated-
untreated control plants. When the seeds were soaked for 60 min, the percentages
reduction were 61, 66, 50, 80 and 81 for galls, egg-masses, females, developmental
stages and number of 2" stage juveniles / pot. respectively, while the percentage
reduction in nematode numbers were 5€, 53, 40, 77 and 79%, respectively, for the
above mentioned parameters when the seeds were soaked for 30 min. (Table 6).
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Table 2. Nematicidal effects of the ethanolic extracts of calli derived from seed
explants of 7. ere-ta cultured for 8 weeks on different media and

incubated at 26+1°C under light or dark conditions on M. incognita 2

stage juveniles under laboratory conditions

nd

| g We_i.ght‘j Mortality (%) Recovery Nﬂ. )
Culture = |ofresidues . o mortality
| mediom = (@ | 2ames | 48wrs | 72mes |9 (%)
*[plvipfLipjLip{tL D

NAA{SmE) 100 10079219318 {88130 26 |38 [ 62
+ 0.50{ 100 ] 98 |68 {89 [ 69 |76 | 24 [ 20 | 45 { 36
BAP(Smg/1) 69 [ 57 1331437151351 0 1 9 [ 15[ 24]

| NAA(Tme/l) 9% 100195 196 [88 |89 | 32 | 26 | 56 | 63
| - _ 0.16( 68 [ 99 |37 19169188 )39 ] 32]30] 36
| BAP(10mg/l) | S/10 3 46 127 25 20T 4 70 17115
NAA(2mg/) | S 98 [ 100 {93 195 [88 1891 33 [ 29 | 55 | 60
* $/2 1028030 96 [ 97 (87 [90 [ 78 184 ) 34 | 31 | 44 | 353
BAP(12mg/l) | §/10 63 |59 138 [43{28(357 0 | 3 | 28 | 32 |
Distilled water{ - . 18 N - -

* L: light conditiens, D: dark conditions. Each figure represents the mean of 5 replicates.

Table 3. Nematicidal effects of the ethanolic extracts of calli derived from leaf
explants of 7. erecta cultured for 8 weeks on different media and
incubated at 26+1°C under light or dark conditions on M. incognita 2™
stage juveniles under laboratory conditions

3 (Weight ofl Mortality { %) Net i
J Culture §, residues ; n Recz;:)er_v morﬂtalit}!
medivon 52 (%) 24 hrs rs 72 hrs (%)

' *ID}JL|{D|L|{D|L|D|L{D{L I D
NAAGmZD |S 100 (100 196 | 98 195 [ 81 | 24 | 24 | 71 | 57
! + S22 j0.18(0257 91 1100 [78 189 776 | 351 | 28 [ 27 [ 48 | 24
| BAP(Smg/l) | §/10 43 {45 138 138122118 0 0 |22 ] 18|
iNAA(?‘mgjl) S 100 (100 197 1100{99 [ 96 | 27 | 7 | 72 | 89

+ $/2 10.2810.38! 100 [100 {96 J100{83 194 [ 5 | 64 [ 28 ] 30
| BAP(10mg/) [S710 P sl 8310 1500
INAA(LZmgh | S 100 | 100 799 10085 [94 [ 70 [ 66 | 15 | 30 |

+ S/2 1025029 98 1100183 |85 [57 (73 [ 14 [ 4343|128
BAP(1Zmg/l) | §/10 37 {2 j19lst]21 )24 0l 0] 024
[Distilled water | - - 12 4 7 - -

* As described in footnote of Table (2).
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Table 4. Nematicidal effects of the ethanolic extracts of calli derived from stem
explants of T. erecta cultured for 8 weeks on different media and
incubated at 26+1°C under light or dark conditions on M. incognita 2™
stage juveniles under {aboratory conditions

P Weight Percentages mortality Recovery i Nel.
Culture 2 |ofresidues (%) mortality

medium E (g) 24 hrs 48 hrs 72 hrs (%0
/o LlofilpjL]pjiLlpic]o,
i NAAGBmg) 3 ~ 1 1o {100 J100]100] 97 J100] ¢ | 8 |88 [92 ]
- S/2 {0.19/0.40] 85 [ 100 [ 88 [ 99 [ 89 [ 89 [ 19 | 43 | 30 [46 .
BAP(3mg/l) | S/10 J 38 {91 33139123113 0 20 13|
NAA{(Tmg/ly | S 100 T100 [Too100]100] 91 [ 30 | 48 [ 70 143 |
+ $/2 10321024 100 | 99 [100[84 [92 138 ] 55 | 18 | 37 /20|
LBAP(IOmgjl) S/10 77128771617 110 |57
NAA(I2mg/l) | S 100 [ 100 [100]100] 81 185] 32 155 4930
+ $2 102200211 90 [ 97 [73]78[27 (651713531010
BAP(12mg/l) | $/10 71 {87 [28{29[ s { -] 0o Jrool 5 To!
Distilled water | - - 12 4 7 -

* As described in footnote of Table (2),

Table 5. Nematicidal effects of the ethanolic extracts of calli derived from root
explants of T. erecta cultured for 8 weeks on different media and
incubated at 26+1°C under light or dark conditions on M. incognita

2" stage juveniles under laboratory conditions

- Weight Percentages mortality . Net
g : Recoverv Lo
Culture = [ofresidues (%) mortality
medium 53 (g) 24 hrs 48hrs | 72 hrs %)
L*|pDjLr]plLr|p|lLyD|L|D]|LID
NAAGmg1) | S 90 [ 98 {94 100[87 97 [ 5 [ 338 |64
+ §/2 10.2710.29) 93 {100 |88 |92 |79 65 | 19 ] 10 | 60 ;55
BAP(Smg/L) | §/10 75 [ 80 42 27 384191 o [13 !
NAA{Tmg/L) |8 100 100 T1oo(1ce o8 {82 135 140 [ 63 42
+ $/2 10371027{ 99 [ 74 (96 [ 73 |82 44 [ 45 [ 193725
BAP(10mg/L) | S/10 20 P {4z ot olo 129
NAA(I2mg/L) | S 98 | 100 | 75180 (72! 76 [ 41 ] 0 | 3176 |
+ 2 10070012 80 173 45 (31 (30357 (18|24 [ 12]33 !
BAP(12mg/L) | $/10 60 {71 {213t -1 - Tiwoofiwoi oo ;
Distilled water | - - 14 TR - -
* As described in footnote of Table (2).
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Table 6. Evaluation of the nematicidal effects of the <ih»~>lic extract of
T. erecta cultured on modified MS-medium on M. incognita
population injecting cowpea plants grown under greenhouse

conditions
No. of No. of
remen 71 15 | |5 ) 08
& | mass | °} | grroot

Seed soaking period

-‘SOmin 6 aléj % | ] 3 6l 40 SATW 0 =

L
60 min 6 41J 61 35 ] 1) 51 46 ] 219 81
Soil application

Al T
sowing | 6 | 46 56 46 53 » L4 34 85 451 &2
time
At ‘[
inoculation) 6 32 & 3 Lt 6 2 12 95 8o 0
time _]
T T
Control S 104 - 102 - r 101 - 3 - 1181 -
, LSD. (5 278 185 B 155 go3 J
LLSD.OD! pall) 1697 295 143 ARI8 J

* Each figure represenis the mean of 5 replicates. RGI= Root gall index, Red.= Reduction.
RDS=Root developmental stages.

For soil application, the effect of extracts added at inoculation time of nematedes
was greater than its effect at seed sowing. The percentages reduction for the
treatment at nematode inoculation time were 69, 70, 54, 95 and 80 % for galls, egg
masses, females, developmental stages and 2*stage juveniles, respectively. While,
soil application at sowing time reduced nematode counts by 56, 55, 42, 85 and 62%.
respectively, for the above mentioned parameters. Plant growth parameters were
enhanced by all treatments, (Table 7). A statistically significant increase in shoot
length and root dry weight (seed soaked for 60 min. and at nematode inoculation
time) over inoculated-untreated control was observed. From Tables (6 & 7), it is
clear that the treatment at nematode-inoculation time gave the highest percentage
reduction in nematode counts and the greatest improvement in plant growth.
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Table 7. Influence of the ethanolic extract of T. erectu extract cultured on
modified MS-medium on growth parameters of cowpea infected by
M. incognita under greenhouse conditions

l Length (cm) ]_Fresh weight (g) Dry weight
I'l"nfatml:nt ] z"‘ g z B :; g :zé"‘ = :é 5’*{
cipd e e clegsies 2
SRR A A R A A 29
Seed soaking period
30min | 26 [ 32 [ 57 [ 44 ]1.05] 11 ]5.84] 24 [0.18] 20 17
60 min | 28 | 42 1 65 | 64 |1.22] 28 ]7.12] 51 [0.21] 40 33
I Soil application 1 |
YR T ! ™
Sowing 126.5] 36 [ 44 ¢ 11 {1,300 37 53] 140,19 27 0.9 60 |
time i l_ 1 N
At T [
inocuiation|26.7| 37 | 50 | 27 {138 45 1 6.2 33 |0.23] 53 71
time
["Conwol 119.5] = [39.8] - [0.95| - [4.7| - |o.15] - -
(LSDO005 NS | - J199] - [NS| - INST - [NS[ - -
(LSD.oOLI NS T - ]1837 - INS{ - INsT - INS[ - NST -

N§ = Not significant.

Discussion

The nematicidal effects of the extraction of 7. erecta plants cultured on modified
MS-medium using five different solvents indicated that the nematicidal activity of
T erecta root medium extracts differed according to the solvents used. These
differences may be attributed to the differences in the chemical nature, composition
and concentration of the toxic compounds extracted, which were separated from the
root medium by different solvents and presented in the form of agueous solutions.

Although the nutrition and the light or dark conditions have great effects on the
callus weight and cailus growth rate, it seems that, the dry weight of the residue of
alcoholic extract of the callus did not correlate well with its nematicidal activity on
M. incognita. The same trend was obtained for the different nutritional supplements
of the media. This could be attributed to the differences in the quantity of the active
principies produced. The present data are in line with the observation of Ketel
(1986), who found that the type of nutrient solution exerted no effect on the number
of thiophene like compounds. It seems that the type of explant affects the thiophene
content. In the present data, it was noticed that the leaf explant at 7.0 mg / | NAA +
10.0 mg /1 BAP under dark conditions and stem explant at Smg / | NAA + 5 mg/l
BAP under the same conditions led to the highest net mortality percentage (89%
& 92%), respectively. Ketel (1986) reported that, the number of thiophenes in
primary calli of . minuta decreased when compared with the leaves, but in T. patula
or T erecta, the number of thiophenes in calli was higher than in the corresponding
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leaves. Ketel (1985) reported that callus of Tageres erecia rapidly formed roots and
shoots in cuiture and contained a number of hexane-soluble secondary metabolites,
some of which corresponded with thiophenes in their high performance liquid
chromatography (HPLC) retention times and ultra violet (UV) spectra. However, T.
minuta callus did not differentiate and lacked secondary metabolites. Callus of
Tagetes patula showed intermediate behaviour. Lately, the studies on thiophene
production in vitro cultures were performed with the aim to select the explants
having high thiophene production (Ketel, 1986 and 1987).

The present resulis revealed a powerful nematicidal effect of the alcoholic
extract ©f Tagetes erecta tissue culture grown on modified MS-medium.
The effect was observed in vitro (Table 1) as well as under greenhouse conditions
{Table 6). These results agree with Benavides and Caso (1993) who found four
thiophene metabolites in Tagetes seedlings grown /n vitro. The resulis obtained from
applying Tagetes roots plus MS-medium extracts as a seed soaking or soil
application proved that Tagetes extract provided an early protection to cowpea
plants against M. jncognita. The low multiplication of the root-knot nematode may
be due to low penetration and later retardation in different activation of the
nematode such as feeding and reproduction as suggested by Bunt (i9735).Also, in
case of seed soaking, it is possible that certain chemicals were absorbed by cowpea
seeds or they might have initiated some chain reactions triggered by some activating
factors present in the seeds (Bell, 1981).

From a biotechnological point of view, this study revealed that callus is
a promising starting material for the production of thiophenes. However, many
efforts are still necessary needed.
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