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ABSTRACT

The ailelopathic activity of nightshade, So-
fanum nigrum L. extract and residue on the seed-
ling growth and chlorophyll content of certain
weeds and crops was investigated. Obtained re-
sults indicated that shoot length of London rocket
and root length of sowthistle were the most sensi-
tive plants based on lss and lg values to the aque-
ous extract of nightshade, whereas wheat was the
least sensitive plant. Nightshade residue was more
phytotoxic to dicotyledonous plants than mono-
colyledonous. Moreover, wheat and onion crops
have greater tolerance than londonrocket and sow-
thistle weeds. Addition of 2% (w/w) of dried night-
shade leaves to 500 g soil severely reduced the
seedling length and dry weight of sowthistle seed-
ling by 21.6 and 16.8% of the control, respectively
beside occurrence of complete inhibition {100%)
for sowthistle growth at a higher rates (4 and 8%,
wiw). Also, chlorophyli a and b contents in the di-
cotyledonous plants were decreased with increas-
ing the residue, in contrast to the monocoetyledon-
ous plants which were not affected. Allelochemi-
cals in nightshade leaves were identified as alka-
loids such as atropine, hyoscine and solanine in
addition to capric, myristic, palmitic and oleic fatty
acids. These results suggest that nightshade may
have allelopathic activity and that alkaloids and
fatty acids may be responsible for the growth re-
duction or inhibition in the affected plants.
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INTRODUCTION

Chemical interference with plant growth is
termed allelopathy. Allelopathy is characterized by
inhibition in plant emergence or growth. Chemicals
which have allelopathic activity are called al-
lelochemicals. If present in low encugh concentra-
tions, they may stimulate rather than inhibit growth
(Putnam, 1988). Allelochemicals vary from simple
molecules such as ammonia and ethylene to the
complex compounds such as fatty acids, flavon-
oids and alkaloids. Allelopathic effect of plant ex-
tracts and their residual activity in soil on weeds
and crops was investigated by many workers
(Abdallah et al 2002; El-Mutlaq et af 2002; igbal
et al 2003; Norsworthy, 2003; El-Khatib et a/
2004; Shukla and Singh, 2004; Ali, 2005; Travis
et al 2006; Erin ef al 2007 and Virender et a/
2009). The objective of the present work was to
study the alleiopathic effect of aqueous extract and
residue rates of nightshade Solanum nigrum L. on
the seedling growth and chlorophyll content of five
crops and weed plants in addition to isolate and
identify allelochemicals present in nightshade.

MATERIALS AND METHODS
1- Plant used

Nightshade, S. nigrum L. is a summer annual
broadleaf weed and it is a member of the solana-
ceae family that are known to produce al-
lelochemicals. This weed was obtained from Ex-
perimental station, Faculty of Agriculture, Cairg
University, Giza to study its biological effect on
seedling growth and chlorophyll content of five
plant species as shown in Table (1).
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Table 1. English, scientific and family names of the tested species

English name ( Scientific name Family
Wheat Triticum aestivum L. Gramineae
Onion Allium cepa CV.Giza 20 Alliaceae

Sowthistle Sonchus oleraceus L. Compositae

London rocket Sisymibriun irio L. Cruciferae

Lettuce Lactuca safiva L. 1 Compositae

2. Preparation of crude extract

100g of air-dried leaf of S.nigrum were ground
in a grinder and were extracled with distilled water
at the rate of 2 ml/g plant material as described by
Su and Horvat (1981). After 24 hours, the extract
was fillered through Whatman No. 3 filter paper and
eliminated water to dryness under vacuum at-50°C
using Lioalfa 6-50 Freeze Dryer apparatus. The
crude extract was kept in the refrigerator till it was
assayed.

3. Bioassay technique
3.1. Laboratory tests

Twently five seeds of each tested species
(wheat, onion, sowthistle, London rocket and let-
tuce) were placed on Whatman No. 1 filter paper in
a 10cm diameter glass Petri dish. Four concentra-
tions of crude extract, 25, 50, 100 and 200 ppm
were added to each Petri dish (5mi distilled wa-
ter/Petri dish). In the control only distiled water
was added. Four replicates were made for each
treatment. The seeds of sowthistle, London rocket
and wheat were incubated at 25°C, whereas onion
and iettuce at 20°C. The root and shoot lengths
were measured after ten days of incubation. Inhibi-
tion percentages were calculated as [{control-
treatment)/control] x 100 and were analyzed using
a probit method (Finney, 1971) to estimate the
concentration required to inhibit 50% and 90% (lsp
and ls0) of seedliing growth (root and shoot

lengths).
3.2. Glasshouse tests
Five glasshouse tests were done in plastic pots

{12 cm diameter) at Faculty of Agriculture, Cairo
University during the season of 2007/2008. Ground

black nightshade foliage material was mixed with a
constant weight of soil at the rates of 5, 10, 20 and
40 g per 500 g soil (W/W) per pot, with ratic 1, 2, 4
and 8%. Ten seeds of each tested species were
placed in each pot, 0.5 cm below the soil surface
and then were irrigated with tap waler as needed.
A completely randomized design with four repli-
cates was used. The seedling length was meas-
ured after 35 days of treatment. Seedling samples
were then oven dried at 80°C for 48h and weighed
to estimate their dry weights. The concentration of
chiorophy!l a and b (Mg/g fresh weight) were
determined according to Wetburn and Lichten-
thaler (1984),

4. Isolation and identification of allelochemicals
4.1, Alkaloids

Aqueous exitract of nightshade foliage was
separately chromatographed on Whatman No. 1
paper alongside with the authentic samples using
the solvent system: ethano! (70%): Amonium hy-
droxide (25%), 99:1 (V/V}. Ascending development
technique was used and the chromatogram was air
dried then sprayed with the Dragendorff's as chro-
mogenic agent to help identifying alkaloids accord-
ing to Zweig and Sherma (1972). Rate of flow (Rs
values) for each compound and the authentic
samples were calculated,

4.2, Fatty acids

The methyl esters of the fatty acids were ana-
lyzed by GLC apparatus, using Pye-Unicam col-
umn-PEGA, 10%. Program was: 70°C (Initial
temp.) with a rate of 5°C/min. to 190°C (Final
temp.). Detector temp. 300°C. injection temp.
250°C flow rate of gasses: Nz: 30 ml/min. Ha: 33
mifmin. Air : 330 ml/min,
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The identification of the fatty acids was
achieved by comparing the retention time (R;) of
their peaks with those of the authentic samples
under the same conditions. The refative percent-
age of each compound was determined using tri-
angulation method according tc Nelson et af
(1969).

RESULTS AND DISCUSSION

1. Laboratory tests

Data in Tables (2 and 3) indicate that shoot
length of Londen rocket and root length of sowthis-
tle were the most sensitive plants to the aqueous
extract of nightshade with Isp values of 42.9 ppm
for London rocket shoot length and 32.1 ppm for
sowthistle root length. Whereas, wheat was the
least sensitive pltant with Isq values of 165.3 and
118.6 ppm for shoot and root lengths, respectively.
In general, root length of the tested plants were
more sensitive to the extract than shoot length.
The five fested plants can be arranged descend-
ingly according to their sensitive based on Isg val-
ues to the extract as follows for shoot length: Lon-
don rocket (42.9 ppm), sowthistle, {59.3 ppm), let-
tuce (84.0 ppm), onion (107.6 ppm} and wheat
(165.3 ppm). Also, the lgp values to the extract
gave a similar trend being 93.0, 105.8, 253.4,
304.5 and 381.2 ppm, respectively. In the same
connection, the five tested plants can be arranged
in descending order according to the sensitivity of
their root length based on Isp values as follows
sowthistle (321 ppm), lettuce (37.0 ppm), London
rocket (47.5 ppm), cnion (78.6 ppm) and wheat
(118.6 ppm). Sensitivity to the extract followed the
same order according to the lgp values of 64.2,
75.2, 112.8, 265.4 and 424.6 ppm, respectively.

2. Glasshouse tests
2.1. Seedling growth

Data presented in Table (4) reveal that all the
tested crops and weeds showed inhibition sensitiv-
ity to the nightshade soil residue. Although some
were more sensitive than others, seedling growth
of dicotyledonous plants exhibited greater sensitiv-
ity to the residue than monocotyledonous More-
over, in dicotyledonous plants sowthistfe weed was
more sensitive than lettuce crop. Addition of 2%
(WMW) of dried nightshade leaves to 500 g soil
reduced the seedling length of lettuce, London
rocket and sowthistie by 83.0, 40.4 and 21.6% as
well as decreased the seedling dry weight of the

same plants by 96.2, 35.0 and 16.8% of the con-
trol, respectively. Moreover, nightshade soil resi-
dues exerted complete inhibition (100%) for sow-
thistle growth at a higher rates (4 and 8%, W/W). In
contrast to this, wheat and onion growth were not
affected by residues at 1 to 4% (W/W), in soil
whereas at 8% (W/W), seedling length of wheat
and onion were reduced by 80.6 and 72.1% of the
control, respectively.

interpretation for these results were previously
reported by Fayed et al (1997}, who found that
allelochemicals liberated in soil from weed roots by
physical secretion or exudation and by microbial
decomposition seems to have inhibitory impact on
division and elongation of meristemic cells in de-
veloped roots and consequently reduced growth
parameters of both neighboring and following crop
plants.

2.2. Chlorophyll content

The results given in Table (5) show that chlo-
rophyll "a" and "b" contents in wheat and onicn
leaves after five weeks of planting were not obwvi-
ously affected by nightshade leaves soil residues
at all used rates. '

At 2% (W/W) chlorophyll contents in lettuce,
London rocket and sowthistle leaves were reduced
by 85.0, 61.0 and 47.5% for chlorophyll "a" and by
96.2, 68.7 and 42.0% for chlorophyll "b", respec-
tively. Also, nightshade residue at 4% (W/W) de-
creased chlorophyll "a" and "b" to 75.2 and 93.5%
for lettuce leaves. This decrease was 32.0 and
50.4% for London rocket leaves at the same rate,
It is worthy to notice that the depressing effect of
nightshade -soil residue on chlorophyll content of
leaves of tested plants, was more pronounced in
dicotyledonous plants, than monocotyledonous
ones, With all, chlorophylt "a" and "b" contents in
the dicotyledenous plants were gradually de-
creased with increasing the concentration of night-
shade residue in soil.

in our studies, although a limited number of di-
cotyledonous and monocotyledonous plants were
evaluated, there appeared to be differences in
sensitivity between the two groups. Broadfeaf
weeds such as London rocket and sowthistle were
more sensitive to the nightshade residue than
monocotyledonous crops such as wheat and on-
ion. Such trend gives a competitive advantage to
monocotyledonous crops over dicotyledonous
weeds in addition to possibility broadleaf weeds
control which grow in monocotyledonous crops by
seleclive toxicity of nightshade.

Annals Agric. Sci., §5(1), 2010
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Table 2. Effect of nightshade aqueous extract on shoot length of certain weeds and crops

Conc. {ppm) of nightshade extract % Iso (ppm) oo
Test species Inhibition in shoot length s (PP % (pPm) Siope £ S.E.
25 50 100 200 95% confidence limits
*(38.6) *(81.2)
L. rocket 17.9 62.0 90.3 100 42.9 93.0 3.82+0.34
**(47.3) *(110.9)
*(33.4) *71.2)
Sowthistle 0.0 43.5 83.0 100 59.3 105.8 5.09+0.89
*(103.7) *(471.3)
") o)
Letiuce 0.0 40.6 60.0 79.0 84.0 253.4 2.67+0.75
\hl( _____ ) **(—‘m")
*(32.0) *(137.5)
Onion 0.0 18.1 58.2 70.2 107.6 304.5 2.84:0.66
**(149.0) **(516.2)
) ()
Wheat 0.0 0.0 32.0 56.8 165.3 381.2 3.53+0.90
. o) | )
* Lower limit ** Upper limit

Tabfe 3. Effect of nightshade aqueous extract on root length of certain weeds and crops

Conc. (ppr.n). pf nlighlshade extract % | Iso (ppM) leo (ppM)
Test species Inhibition in root length Slope + S.E.
25 50 100 200 95% confidence limits
*(28.6) *(56.5)
Sowthistle 351 74.0 100 100 321 64.2 4.26+0. 45
o *(35.4) **(76.4)
“(0.46) *(45.9)
Lettuce 286 59.8 100 100 37.0 75.2 4.17+0.93
**(87.2) **(104.3)
“(42.5) *(99.0)
| .Rocket 16.2 57.6 81.3 100 47.5 112.8 3.4110.29
**(52.6) **(136.4)
*(69.0} *(210.3)
Onion 10.7 34.0 60.1 82.5 78.6 265.4 2.43+0.23
*90.1) **(366.5) '
“102.7) *(316.0)
Wheat 47 19.5 49.0 66.0 118.6 4246 2.31:0.24
t(140.7) **(652.0)
* Lower limil ** Upper limit
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Table 4. Effect of nightshade leaves residues on the seedling growth of some weeds and crops

Wheat Onion Lettuce L. rocket Sowthistle
Re:tclue Seedling Se:‘:::ng Seedling Sezcri;ing Seedling Sezc:::ng Seedling Se:ﬁyﬁng Seedling Se:cri:ng
fength weight Iengih-J weight length weight tength | ight length weight |
(%, WIW) % of control
0 100 100 T 100 100 100 100 100 100 100 100
i 94.2 116.0 101.0 105.0 890.4 998.0 66.1 62.7 58.0 49.8
2 91.2 110.0 934 105.2 83.0 96.2 40.4 35.0 218 16.8
4 88.0 103.1 86.5 97.0 74.0 813 ; 197 105 0.0 0.0
g 806 g7.5 721 893 59.0 70.6 Q.0 0.0 0.0 0.0

Table 5. Effect of nightshade leaves residues on chlorophyll a and b contents of some weeds and

crops

Residue Wheat Onicon {_ettuce I L. rocket Sowthistle

rate Chla | ¢hib | chla | Chlb | Chla ] Chl.bJ Chia | Chlb | ChlLa | ChLb
{%, W/W) % of control

0 100 100 100 100 | 100 100 100 100 100 | 100

1 106.3 | 108.2 | 992 | 1120 | 890 | 1021 | 753 | 890 | 700 | 83.0

2 100.7 | 1056 | 1012 | 1043 | 850 ; 962 | 610 | 687 | 475 | 420

4 100.0 | 1020 | 931 | 1040 | 752 | 935 { 320 | 504 0.0 0.0

8 900 | 946 | 885 | 917 | 604 | 820 0.0 0.0 0.0 0.0

The present resuits are in line with those ob-
tained by El-Mutlaq et af (2002) who found that
the dicotyledonous plants (alfalfa and wildradish)
were more sensitive to the alkaloidal extract of
Rhazya stricta than the monocotyledonous plants
(ryegrass and wheat). They added that root length
was more sensitive than shoot length in ali tested
plants. Moreover, Chen et af (1997) reported that
annual wormwood (Artemisia annua) residue was
more phytotoxic to smali-seeded broadleaf weeds
such as pigweed and lambsquarters than large-
seeded crops such as corn and soybean. In the
same connection, Norsowrthy (2003) mentioned
that broadleaf weeds, sicklepod and pricklysida
appeared a higher sensitive to the aqueous extract
and residue of wildradish than monccotyledonous
crops, wheat and corn. He showed that detrimental

Annals Agric. Sc

effect of the wildradish on broadleaf weeds woulid
alter the competitive relationship between crops
and weeds towards crop plants.

3. ldentification of allelochemicals
3.1. Alkaloids

Data in Table (6) reveal that leave extract of
nightshade contained atropine, solanine and hyos-
cine compounds with Ry values of 0.39, 0.86 and
0.94, respectively. These fractions showed positive
reactions when sprayed with the dragendroff's re-
agent to give orange colar on the chromatogram
whereas two spots with R values of 0.10 and 0.52
gave negative reactions using the same reagent
indicating the absence of alkaloids.

i., 55(1), 2010
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Table 6. ldentification of alkaloids present in
foliage extract of nightshade

Ry values Alkaloids Reaction
0.10 Unknown )
0.39 Atropine {+)
0.52 Unknown )
0.86 Solanine (+)
0.94 Hyoscine (+)

(-) = negative reaction
(+) = positive reaction

3.2, Fatty acids

It is clear from Table (7) that leave exiract of
nightshade contained capric, lauric , myristic and
palmitic as saturated fatty acids and also the pres-
ence of oleic and linoleic as unsaturated fatty ac-
ids. The GLC analysis revealed that palmitic acid
represents the higher percentage of fatty acid
(24.19%) followed by iincleic ackd (17.22%) and
then myristic acid (14.03%). Meanwhile, the rela-
tive percentages of oleic, capric and lauric acids
were 13.70, 11.26 and 8.53%, respectively.

Table 7. identification of fafty acids and their
relative percentages present in foli-
age extract of nightshade

No. of Relative
© Fatty acids percentage
carbon atom o
(%)

100 Capric 11.26
12:0 Lauric 8.53
14.0 Myristic 14.03
16:0 Paimitic 2419
18:1 Oleic 13.70
18:2 Linofeic 17.22

- Unknown 6.84

- Unknown 3.92 |

These results are in agreement with those ob-
tained by Rizvi et al (1987}, whom found that the
purine alkaloids (theophylline, paraxanthine and
caffeine)} extracted from Coffee Arabica L. leaves
demonestrated allelopathic activity. They caicu-
lated the litter leaves might release 1 to 2g caf-
feine/m?® each year. Lovett et af (1981) mentioned
that the tropane alkaloids. hyoscyamine and sco-
polamine isolated from leaves Datura stramonium

L. exhibited allelopathic effect on lettuce seedlings
at concentrations of less than 50 ppm. Similarly,
Tsuzuki et af (1987) indicated that rice seediing
growth was inhibited by palmitic, stearic and ara-
chidic acids separated from buckwheat, These
fatty acids also may cause buckwheat to be allelo-
pathic to other plants. In the same trend, Ali (2005)
showed that agueous extract and residue of Cype-
rus rofundus had allelopathic effect on the germi-
nation and growth of Echinochloa crus-gafli and
Phalaris minor. Allelopathic inhibitors identified as
flavonoid and phenolic compounds such as rutin,
kaempferol and quercetin flavonoids as well as
P .hydroxybenzoic, chioregenic and ferulic phenolic
acids.
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