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ABSTRACT

Aqueous extracts from various plant / litter components of Guaicum officinale L. significantly inhibited germination of wheat (Triticum
aestivum L.) except bark which had very mild inhibitory effect. The degree of germination inhibition was proportional to the concentration of the
extracts. Bark extract was the least inhibitory. Suppression of germination under influence of the extracts employed was in the following order of
toxicity as - Pericarp > Flowers > Yellow leaves > Green leaves > Green fruits > Bark.

Seedling growth in terms of plumular elongation, number of seminal roots, average length of seminal root in a seedling, total length of
seminal roots per seedling and the biomass accumulated over three days of growth in seedlings per Petri plate indicated significant reduction in
seedling performance under influence of the extracts of plant components such as abscised yellow leaves, abscised floral parts, pericarp of the
dehisced fruits, and green leaves. The abscised yellow leaves and floral parts were the highly toxic litter components. Bark, on the other hand had
no inhibitory effect on seedling growth — rather it stimulated the plumular growth significantly. Extract of green fruit had very mild inhibitory
effects on wheat seedlings.

Key words: Guaicum officinale L., Aqueous extracts of plant (litter) components; Triticum aestivum L.;
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INTRODUCTION

Guaicum officinale L. (Kamini, lignum vitae) is commonly grown as ornamental tree in Karachi along
roadsides or in gardens for its close growing foliage and showy flowers produced copiously from March to October
(Ghafoor, 1974).

A few Kamini trees were grown along the borders of the lawn in Government National College, Karachi around
1985. It was observed that as a result of copious litter fall from these trees through years the soil underneath these
trees became gradually unsupportive to lawn grass, Cynodon dactylon. The grass disappeared in patches in
correspondence with the canopies of the trees. The growth of other plants (Phyllanthus niruri, Vernonia cinera,
Euphorbia hirta, etc.), which invaded the open spaces created below the canopies of these trees was also
differentially suppressed. It was hypothesized that besides some other unknown reasons, the accumulation of litter
from Guaicum trees should be phytotoxic in nature and leachates from the litter on irrigation should have entered
the soil and inhibited the growth of plants under its canopy. This paper describes the results of a preliminary base
line in vitro investigations undertaken to look for phytotoxicity of various plant parts constituting the litter of G.
officinale against wheat (Triticum aestivum L.) - a common test species employed in growth bioassays.

MATERIALS AND METHODS

The fresh litter from underneath G. officinale trees grown along the borders of the lawn in Government National
College, Karachi was collected in October, 2007 and dried at room temperature in shade. It was sorted in different
components viz., bark, green leaves, green fruits, yellow leaves, floral parts (including, pedicel, petals, ovaries etc.)
and pericarp of the dehisced fruits.

Agqueous extracts of various plant components were prepared by soaking (not crushing) 10 g dry plant material
in 200 ml distilled water for 24 h. The filtrates were taken as stock from which dilutions (25, and 50%) were
prepared. The toxicity of these extracts was tested against Triticum aestivum var. Kiran, supplied by PARC, Karachi.

Twenty surface sterilized (2% sodium hypochlorite for 5 min.) caryopses of wheat were placed on Whatman
No. 1 filter paper in 9 cm diameter sterile petri plates and 5 ml of an extract was added to each. Controls received
glass-distilled water. Treatments and controls were replicated thrice and the petri plates were kept under 14 h
illumination of 4000 Lux. Germination counts were made daily. A seed was considered germinated if its radicle or
plumule protruded out of the seed and attained a length of not less than 1.5 mm (Taylor, 1942). The length of
plumule, number of seminal roots and their length were recorded at 72h of growth. Dry weight data on seedling
biomass was expressed as biomass accumulated by
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seedlings on per plate basis. The biomass included all seminal roots and the plumules of all seedlings in a plate sans
depleted caryopses. The data was analyzed statistically.

RESULTS

A. Germination

Aqueous extracts from various litter components significantly inhibited germination of wheat caryopses except
bark which had very mild inhibitory effect. The degree of germination inhibition was proportional to the
concentration of the extracts. Bark extract was the least inhibitory and pericarp extract was highly inhibitory to the
germinability of wheat caryopses (Fig. 1). Suppression of germination under influence of the extracts employed was
in the following order of toxicity as - Pericarp > Flowers > Yellow leaves > Green leaves > Green fruits > Bark.

B. Seedling Growth

Plumule

The plumular growth was differentially influenced by the extracts of various plant components of Guaicum.
Bark extract had stimulatory effect on plumule which, with slight irregularity, was the direct function of the extract
concentration. Extract of green fruits had no effect on plumule and the extract of the abscised flowers was the most
toxic followed by the extract of the abscised leaves. Extract of green leaves had moderate inhibitory effect. The
extract of pericarp of abscised fruits inhibited plumular growth at 50%S and 100%S of the extract. Extracts of
abscised leaves and floral components were the most highly inhibitory to the plumular growth (Table 1).

Number of seminal roots

The number of seminal roots remained almost unaffected by the extracts of the green leaves and marginally
increased in bark and green fruits extracts. It was significantly reduced in extracts of abscised flowers and leaves.
The number of seminal roots decreased significantly in 25%S and 50%S of the pericarp extract but slightly
increased in 100%S (Table 1).

Average length of seminal roots per seedling (ALSR)

ALSR remained more or less unaffected by the extract of bark but reduced greatly under the influence of
extracts of abscised flowers and leaves. It, moderately but progressively, declined with the concentration of green
leaves extract. ALSR was significantly declined only in higher concentration of green fruit extract (50%S and
100%S). Extracts of the abscised fruits reduced the root length also significantly as a direct function of the extract
concentration. Extract of the floral parts was the most inhibitory to root growth (Table 1).

Total length of seminal roots per seedlings (TLSR)

Like other seedling growth parameters, TLSR was not affected by any concentration of bark extract investigated
and up till 25%S of extract of green fruits. In higher green fruit extract TLSR reduced significantly. TLSR was
highly inhibited by the extracts of abscised floral parts and yellow abscised leaves to the extent that growth of
seminal roots was completely inhibited in stock extract. Extracts of green leaves and pericarps were more or less
equally and significantly inhibitory to TLSR (Table 1).

Taken together the behaviour of various seedling growth parameters under the influence of the extracts, it was
obvious that extracts of abscised floral parts were the most toxic followed by abscised yellow leaves, pericarp of the
dehisced fruits, green leaves and green fruits. Bark had no effect on seedling performance.

Seedling Biomass

Extracts of various plant parts of Guaicum except bark reduced the biomass accumulated over 72 h of seedlings
growth under their influence (Fig. 2). Extracts of the abscised floral parts was highly inhibitory. Green fruits’ extract
was lesser inhibitory than that of other litter components.

ANOVA of the biomass data indicated that both extract concentrations (P < 0.001) and plant litter components
(p < 0.001) had significant negative effects on seedling biomass and interacted significantly (p < 0.039) with each
other (Fig. 2). ANOVA separated the extract sources into two groups. Group | composed of non-inhibitory plant
components such as bark and green fruits and group Il composed of inhibitory components like green leaves and
yellow leaves, floral parts and pericarp. Yellow leaves and the abscised floral parts were highly toxic litter
components.
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Fig. 1. Germination of  Triticum aestivum var. Kiran under the influence of extracts from various plant parts /
litter of Guaicum officinale. C, Control; B, Bark; GF, Green fruits, GL, Green leaves; YL, Yellow
abscised leaves; FL, Flowers, P, Pericarp.

Table 1. Effects of agueous extracts of various morphological parts of Guaicum officinale

on seedling growth of Triticum aestivum var. Kiran.
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GREEN LEAVES
Treatments Control 25%S 50%S 100%S
Plumule (cm) 253 +0.16 1.17 £0.29 1.79£0.36 1.60 £0.24
33.2 71.9* 64.2 43.2
Seminal Roots 3.93+0.16 3.44 £0.32 3.50+0.31 3.71+0.39
22.2 39.7 27.8 29.9
ALSR (cm) 3.76 £0.21 2.77+0.26 2.38+£0.26 1.21+£011
62.7 55.4 64.0 49.5
TLSR / seedling 14.90 + 4.50 8.75+0.76 8.52+1.96 4.24 +0.68
(cm) 161.9 71.2 72.8 45.0
ABSCIZED LEAVES
Plumule (cm) 2.53+0.16 1.64 £0.18 0.51+0.08 1.50
33.2 50.8 47.4
Seminal Roots 3.93+0.16 3.56 +0.31 1.14+0.48 Zero
22.2 40.0 128.4
ALSR (cm) 3.76 £0.21 156 £0.12 0.79+0.16 Zero
62.7 64.8 81.5
TLSR / seedling 14.90 + 4.50 5.60 + 0.82 1.45 +0.65 Zero
(cm) 161.9 67.7 135.4
ABSCIZED FLOWER PARTS
Plumule (cm) 2.53+0.16 1.77+£0.31 153+0.21 Zero
33.2 60.2 20.9
Seminal Roots 3.93+0.16 3.08+£0.43 3.70£0.34 Zero
22.2 48.9 28.6
ALSR (cm) ** 3.76 £0.21 2.08£0.23 1.48+0.20 Zero
62.7 69.2 81.0
TLSR /[ *** 14.90 £4.50 6.78 £1.45 5.46 +1.34 Zero
seedling (cm) 161.9 74.1 77.4
BARK
Plumule (cm) 253+0.16 2.03+0.27 4.66 +1.30 3.50+0.20
33.2 58.6 139.7 28.4
Seminal Roots 3.93+0.16 3.77+0.30 4.33+0.17 4.04 £0.22
22.2 33.4 20.0 27.8
ALSR (cm) 3.76 £0.21 3.22+0.31 351+0.17 3.91+0.33
62.7 82.5 51.1 84.6
TLSR / seedling 14.90 £ 4.50 11.15+2.49 15.35+0.87 1451 +1.32
(cm) 161.9 77.3 27.9 454
GREEN FRUITS
Plumule (cm) 253+0.16 2.74 £0.37 2.76£0.21 2.67 £0.33
33.2 38.5 33.2 50.54
Seminal Roots 3.93+0.16 3.86 £ 0.66 453+0.21 423+0.24
22.2 48.3 19.9 22.9
ALSR (cm) 3.76 £0.21 3.80+0.34 2.74+£0.16 2.34+0.16
62.7 50.2 53.8 46.9
TLSR / seedling 14.90 £ 4.50 15.20 + 2.68 12,44 +1.26 9.95+1.13
(cm) 161.9 49.9 44.3
PERICARP OF DEHISCED FRUITS
Plumule (cm) 2.53+0.16 2.48 £0.32 0.88 +£0.31 1.20£0.70
33.2 50.2 100.5
Seminal Roots 3.93+0.16 3.50 £0.53 2.66 +£0.53 500
22.2 59.0 56.6
ALSR (cm) 3.76 £0.21 244 +£0.17 1.02+£0.22 0.72 £ 0.095
62.7 52.8 86.8
TLSR / seedling 14.90 £ 4.50 9.54 +1.47 2.72 £1.69 3.60
(cm) 161.9 59.7 152.2

*, CV (%); **, Average length of a seminal root; ***, Total length of seminal roots per seedling.
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Fig. 3. Biomass accumulation in seedlings of T. aestivum cv. Kiran grown under influence of various concentrations of aqueous extracts of
different morphological parts of Guaicum Officinale. Key — C, Control; B, Bark; GL, Green Leaves; GF, Green Fruits; YL, Yellow leaves; FL,

Flowers; P, Pericarp of dehisced fruits. Dry weight data expressed on per plate basis (seminal roots + plumule sans depleted caryopsis).

Table 2. ANOVA for biomass accumulation in T. aestivum seedlings as influenced by the extract of

various plant (or litter) components of G. officinale.

Source SS df MS F p
Extract 0.02033 3 0.006776 24.28 0.001
Concentration

Plant 0.01362 5 0.002724 9.828 0.001
component

Interaction 0.011529 15 0.0007686 2.773179 0.039
(Ext. Conc. X

Plant

component

Error 0.0133037 48 0.00027716 | - -
Total 0.0587803 72 - -

DMRT and LSD calculation

Extract concentration

Plant (or litter ) component

Rank Treatment | Mean Rank Treatment Mean

1 Control 0.07721a |1 Bark 0.07453 a

2 25%S 0.05679b | 2 Green fruit 0.06741 a

3 50%S 0.04374c | 3 Green leaves 0.05058 b

4 100%S 0.03192d | 4 Pericarp of abscised fruits | 0.04195b
5 Abscised flowers 0.04004 b

LSDg o5 = 0.01115758 6 Abscised leaves (yellow) 0.03996 b

N (each treatment) =18

LSDg .05 = 0.013666
N (each treatment) = 12
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DISCUSSION

The examination of the influence of the aqueous extracts of various plant / litter components of G. Officinale on
germination of wheat caryopses indicated that extract of pericarp of dehisced fruits was highly inhibitory to the
process of germination. The suppression of germination was in the order - Pericarp of dehisced fruits > abscised
flowers > Yellow leaves > Green leaves > Green fruits > Bark. The aqueous extracts of many species are known to
inhibit seed germination (Naqvi and Muller, 1975; Shaukat et al., 1983, 1985, 2003 a and b; Prati and Bossdorf,
2004, Khan and Shaukat, 2006 a and b). The inhibitory effect on germination of wheat by the extracts of Guaicum
may presumably be due to the presence of phenolic compounds in them. Phenolic compounds are reported to occur
widely in plants and inhibit germination of seeds (Evenari, 1961; Rice, 1974; Lodhi, 1979; Shaukat et al., 2003 a
and b; Chon and Boo, 2005). Besides phenolic compounds, the extracts, owing to their copious persistent froth
forming nature especially those of abscised yellow leaves, pericarp of dehisced fruits, floral parts (petals) and green
fruits, may also be suspected to contain saponin (s) in varying amount or number. Saponins have considerable
impact in agriculture because of their growth inhibiting properties (Khan and Shaukat, 2006 a and b). They are
highly hydrophilic in nature, may leach out easily and interfere with the permeability of seed coat (Mircham et. al.,
1975) and thus the depleted oxygen availability causes inhibition of germination and lag in vegetative growth
(Mirchaim et al. 1974, 1975). They affect the growth of soil microorganisms, especially fungi (Fons et al., 2003).
Saponins thus modify the soil characteristics. ~ The extracts of abscised floral parts, yellow leaves, pericarp and
green leaves significantly inhibited the seedling growth of wheat. In all cases, the degree of inhibition was directly
related to the extracts’ concentration. The instances of inhibitory effects of one plant on the other are numerous
(Karachi and Pieper, 1987; Gilani et. al, 2002; Morgan and Overholt, 2005; Khan and Shaukat., 2006 a and b, 2007).
It appears that phytotoxic principles are, presumably, larger in amount or greater in number in these active plant
parts. Bark and green fruits, on the other hand, have, presumably, no inhibitors in them or in very low
concentration. The stimulation of plumular growth by bark may probably be due to stimulatory action of inhibitors
in low concentrations. Such a non-linear response (hormesis) in allelopathic dose-response data is fairly common
(An et. al., 2005).

From the foregoing discussion G. officinale appears to be a fairly phytotoxic plant and contain highly water-
soluble phytotoxins, which may leach out in moist conditions and enter soil. The effects of aqueous extracts of
Guaicum on germination, growth and development of wheat seedlings indicate to its possible allelopathic potential.
It is known that bioactive concentrations of allelochemicals are determined through their sorption, fixation, leaching,
and chemical and microbial degradation (Blum, 1999; Inderjit et; al., 1999). Chemical, physical and biological
characteristics of the soil are to a great extent the determiner of detoxification or further enhancement of allelopathic
activities of plant leachates (Cheng, 1995; Schmidt and Ley, 1999). It is, however, imperative to undertake further
research and perform bioassays in the presence of soil to demonstrate allelopathy in its ecological relevance. Further
work on allelopathic potential of this plant i.e., characterization of its phytotoxins, their accumulation and
degradation in soil, and their activity against the associate species is underway.
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