G.J.B.A.H.S.,Vol.3(3):166-170 (July-September, 2014) ISSN: 2319 — 5584

GLOBAL JOURNAL OF BIOLOGY, AGRICULTURE & HEALTH SCIENCES
(Published By: Global Institute for Research & Education)

www.gifre.org

ALLELOPATHIC EFFICACY OF ZINGIBER OFFICINALE ROSC AQUEOUS LEAF, STEM
AND RHIZOME EXTRACT ON EARLY SEEDLING GROWTH OF ZEA MAYS L.
N. H. Bharath, N. K. Hemanth kumar* & Shobha Jagannath

Department of Studies in Botany, Manasagangotri, University of Mysore, Mysore, 570006, Karnataka, India
Corresponding author*

Abstract

In the present investigation an attempt was been made to assess the Allelopathic effect of Ginger (Zingiber
officinale) on early seed growth parameters of Maize (Zea mays).The aqueous leaf, stem and rhizome extract of ginger
showed inhibitory effects on seed germination, root length, shoot length, vigour index, percent totoxicity, fresh weight,
dry weight, in maize seedlings. All these parameters were found to be decreased with increasing the aqueous leaf, stem
and rhizome extract of ginger. In all parameters maximum value were recorded at control and the minimum value were
recorded at 100% concentration. The findings of present study showed that inhibitory effect of ginger aqueous leaf, stem
and rhizome extract may be due to the presence of allelochemicals viz. terpinoids, phenols and steroids.
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INTRODUCTION

Allelopathy is a mechanism in which chemicals produced by some plant species may increase or decrease the
associated plant growth (Jabeen and Ahmed, 2009). The earliest writing on allelopathy are attributed to Theophrastus
(300 B.C), who noticed that harmful effect of Cabbage on a Vine and suggested that such effects were caused by
“Odours” from cabbage plant (Willis., 1985). A more appropriate definition for allelopathy includes “The positive and
negative effects of chemical compounds produced mainly from the secondary metabolism of plants, micro-organisms and
fungi that have an influence upon the growth and development of agricultural and biological ecosystems (Kruse et al.,
2001). Such positive or negative effects are due to release of active biomolecules commonly called as “Allelochemicals”
(Albuguerque et al., 2010). The new synthetic chemicals with new target sites are decreasing. Natural compounds pose a
great field for discovery of new environment friendly herbicides, so called “Bioherbicides” which based on compounds
produced by living organisms. Among these bioherbicides allelochemical are significantly more in number. Plant
allelochemicals can be successfully used in integrated weed management. However, not all systems of its application
under field conditions are suitable and profitable enough (Soltys et al., 2013).

Ginger (Zingiber officinale Rosc.) is an important horticultural crop in south east Asia. It is an herbaceous
perennial, grown as an annual crop for its spicy underground rhizome. China is the largest producer of Ginger. Ginger
grows well in Pacific island nations like Fiji, Jamaica, India, Nepal and Korea. Indonesia, Nepal, Sri Lanka, Nigeria,
Brazil and Thailand also cultivate ginger. In India Karnataka, Kerala, Tamilnadu, Gujarat, Tripura, Himachal Pradesh,
Orissa, Sikkim, Madhya Pradesh, Rajasthan grows Ginger. Ginger is used throughout the world as a spice or fresh herb
in cooking, flavouring candies, beverages, baked goods, sauces etc. It also has a traditional medicinal importance, used in
treatment of nausea, motion, sickness, migraine and dyspepsia (Valenzuela, 2008). The Ginger plant shows Autotoxicity,
which is nothing but intraspecific allelopathy, where a plant species inhibits the growth of its own kind through release of
toxic chemicals into environment (Singh et al., 1999).

Maize (Zea mays L.) or Corn belongs to the family Poaceae. It is second most important cereal crop, cultivated
worldwide. The word Zea is derive from Greek word means food grass. USA is the largest producer of maize. Maize
occupies an important place in Indian agriculture. It is the third most cultivated cereal in India after wheat and rice. The
major growing states are Uttar Pradesh, Bihar, Rajasthan, Madhya Pradesh, Punjab, Andhra Pradesh, Himachal Pradesh,
West Bengal, Karnataka, Jammu and Kashmir. These states together produce for over 95% of maize in India. The
estimate of maize production in 2007 was 13-14 million tonnes from an area of 7.2 million hectare with an average
productivity of 2tonnes/hectare. Maize is a basic element of animal feed & raw material for manufacture of many
industrial products, such as corn starch, Malto dextrins, corn oil, corn syrup, products of fermentation and distillation
industries. It is also being recently used as bio fuel (Anonymous, 2010).

The present study was undertaken to study the allelopathic effect of ginger leaves, stem and rhizome aqueous
extracts of different concentrations to determine inhibitory or stimulatory effects on seed germination and seedling
growth of Maize.

Materials and Methods
Collection of seed samples and plant materials

Three cultivar varieties of maize- NAC-6004, NAC-6002 and NAH-6004 were collected from Maize breeding
station, V.C form, Mandya. Ginger plants were collected from growing fields of Channapura village. In order to select
best variety, NAC-6004, NAC-6002 and NAH-6004 varieties were subjected to preliminary germination studies. Among
the three varieties NAC 6004 showed maximum percentage of germination, it showed maximum resistance to fungal
infection and suitable for laboratory experimental condition. Hence NAC 6004 maize variety was selected for further
studies.
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Preparation of Ginger aqueous extracts:

Plants were washed properly with pure water then plants were separated into leaves, stem and rhizome, shade dried
for 30 days. The dried leaves and stems were chopped into 1cm long pieces and rhizomes were chopped into 0.5cm thick
slices. The components were then oven dried at 60° C for 2days. 100g of dried rhizomes, leaves and stems were soaked
in 11t deionised water at 25° C for 24hrs in a shaker to get a concentration of 100g dry tissue/litre. The extracts were taken
out after 24hrs and respectively filtered through filter paper to remove the fibre debris and centrifuged at 3000rpm for
4hour. The supernatant was filtered again. Fresh stock extract were kept in a refrigerator at 3°C until used.

Germination studies:

Stock extracts (rhizome, stem, leaf) were diluted with sterile distilled water to get different concentrations of 20%,
40%, 60%, 80% and 100%. Seed germination tests were conducted for each extracts as follows: As per the ISTA (1985)
standard, Root length, Shoot length and Vigour index determined following method of Abdul Baki and Anderson (1973),
Percentage of phytotoxicity (Chion and Muller, 1972). The fresh weight and dry weight
of seedlings was determined following the method (Agarwal, 1994). Tolerance index (Turner and Marshal, 1972).

Results and Discussion

The seeds of NAC 6004 maize variety were treated with different concentration of aqueous extracts of stem, leaf
and rhizome of ginger to study the effect on germination Table-1, 2 and 3) respectively. The Percentage of germination
was found to be decreased with increased concentration of all three aqueous extracts with respect to control. An analysis
of variance indicates that there was a significant difference in the germination percentage of maize seedlings between
control and all other concentrations of different parts of the ginger extract. The maximum percentage of germination was
recorded in control (89.66%) compared to that of all the concentrations. The maximum percentage of germination in
ginger stem, leaf and rhizome extract recorded in 20% concentration (79.66%, 79.66% and 74.66% respectively).
Whereas the minimum percentage of germination in ginger stem, leaf and rhizome extract was found to be at 100%
concentration (31.66%, 30.25% and 28.66% respectively). Evolution of weeds resistance to herbicides demands new
solutions to cope with the problem since economic losses generated by weeds can be higher than those caused by other
pests. It is necessary to implement new class of natural herbicides with was new mechanism of action and targets which
never exploited before. (soltys et al., 2013).

Effect of different concentration of ginger stem, leaf and rhizome aqueous extracts on vigour index of maize
showed significance decrease when compared with control (Table-1, 2 and 3 respectively). As concentration of aqueous
extracts increased the vigour index significantly decreased. Maximum vigour index recorded in control sets (2330.95)
and minimum value recorded in 100% concentrated aqueous extract of rhizome (293.66). Rhizome extract more
effectively decreased the vigour than stem and leaf extracts. Leaf and stem aqueous extracts showed more or less similar
effect on vigour of seedlings. In ginger stem, leaf and rhizome extract with respect to vigour index the maximum value
was recorded in 20% concentration (1699.83, 1500.50 and 1485.10 respectively) and minimum value was recorded in
100% concentration (407.13, 418.99 and 296.66 respectively). The allelochemicals inhibit the growth of the radicle and
plumule in various crops by blocking hydrolysis of nutrients and cell division (Oyerinde et al., 2009). Previous studies
conducted in China revealed that the aqueous extract of ginger stem, leaf and rhizome inhibit the growth of soybean and
chive seedlings. The results showed that aqueous extracts from different parts of ginger had a phytotoxic influence on
maize. The effect of extracts on seedling germination, vigour index, tolerance index and pytotoxicity was largely
dependent on the concentration of aqueous extracts. Stem, leaf and rhizome extracts of ginger caused maximum
inhibition on germination of chive and soybean at higher concentration except one case, where rhizome extract of ginger
at maximum concentration (100%) didn’t inhibit germination in soybean (Han et al., 2008). Water soluble leachate of
fresh leaves of A.lebbeck reduces the germination as well as suppresses the growth and development of agricultural
crops. The present investigation revealed that stem, leaf and rhizome extracts of ginger inhibits germination in maize but
degree of inhibition was changes with change in concentration. Stem and leaf extracts are mostly similar in action, but
rhizome extract shows significantly high inhibition on germination of maize (Han et al., 2008) concluded that among
stem, leaf and rhizome extracts of ginger, stem extract is more effectively inhibited the germination of soybean and chive
and rhizome extract was least effective on germination.

Different concentrations of ginger stem, leaf and rhizome extracts effects on tolerance index is represented in Table-
1, 2 and 3 respectively. The value with respect to tolerance index was significantly decreased with increase in the
concentration of aqueous extracts. Maximum tolerance index was recorded in control (100.00). Among three aqueous
extracts, rhizome aqueous extract of ginger showed high percentage of inhibition in 100%concentrated extract (33.30)
which is the minimum value with respect to tolerance index. In stem, leaf and rhizome extract of ginger the maximum
value was recorded in 20% concentration (93.10, 79.30 and 71.45 respectively) and minimum value was recorded in
100% concentration (61.39, 45.82 and 33.30 respectively).

The values with respect to phytotoxicity in maize seedlings at different concentration of aqueous extracts of ginger
stem, leaf and rhizome were found to be significantly different (Represented in Table-1, 2 and 3 respectively). In control
phytotoxicity value was 0.00. Phytotoxicity increased with increase in concentration of aqueous extracts. At 100%
concentration of stem, leaf and rhizome extracts the phytotoxicity was highest. Rhizome aqueous extract showed more
phytotoxic effect than stem and leaf extracts. In stem, leaf and rhizome extract the phytoxicity value was higher in 100%
concentration (30.46, 29.32 and 51.48 respectively) and minimum value was recorded in 20% concentration (3.94, 3.25
and 15.86 respectively). Phytotoxic effect of stem extract of ginger is more on soybean and chive and rhizome extract is
least effective (Han et al., 2008). In our investigation rhizome extract showed more phytotoxic effect than stem and leaf
extracts on maize seedlings and stem and leaf extracts show same amount of phytotoxicity on maize. The present study
revealed that extracts of ginger stem, leaf and rhizome significantly reduced the vigour index in maize when compared to
control and rhizome extract more effectively reduces the vigour index than stem and leaf extracts. Our results are in line
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of earlier were recorded by Tanveer et al., 2010 with using extract of Euphorbia heliscopia against wheat, chick pea and
lentil where vigour index decreased with increase in concentration extract. Melkania, (1984) found that Jatropa curcus
stimulate the growth of maize. Ginger extracts suppress the growth of maize in all ways.

Effect of aqueous extracts of ginger stem, leaf and rhizome on root and shoot length of maize seedlings were
represented in the table-1, 2 and 3. The maximum root length was observed in control (11.18 cm). In stem, leaf and
rhizome extract of ginger the maximum root length was recorded in 20% concentration (9.36cm, 9.93cm and 8.54cm
respectively) and minimum root length was recorded in 100% concentration (6.54cm, 5.32 and 4.87cm respectively).
Compared to control (16.23cm) the shoot length decreased in aqueous extracts with increase in concentration of extract.
The maximum shoot length in stem, leaf and rhizome extract of ginger was recorded in 20% concentration (11.96cm,
11.10cm and 11.39cm respectively) and minimum shoot length was observed in 100% concentration (6.10cm, 5.67cm
and 5.35cm respectively). In present study both root and shoot lengths are significantly decreased when treated with
different concentration of ginger stem, leaf and rhizome extracts. The root length was decreased with increase in
concentration of extracts. Shoot length is also decreased with increased concentration of extracts when compared with
control. The results were corroborated with the findings of Turk and Tawaha, 2003 who reported that leaf extract of
black mustard exhibited the greatest inhibition on oat shoot and root growth. The similar results were obtained to Han et
al., in 2008. Aqueous extracts of different parts of ginger inhibits the hypocotyls length of chive compared to control, the
highest concentration (80g I™") of stem extract resulted in no hypocotyl development. Adverse effect of stem extract
on radicle growth in chive was similar to that of hypocotyls. At lower concentrations of rhizome and leaf extracts there is
no such adverse effect was occurred.

Effect of ginger stem, leaf and rhizome aqueous extracts on fresh weight and dry weight of maize seedlings
presented in the table 1, 2 and 3 respectively. In aqueous extracts, fresh weight was decreased with increase in
concentration. In stem, leaf and rhizome extract of ginger the maximum fresh weight was recorded in 20% concentration
(0.71g, 0.74g and 2.60g respectively) and minimum fresh weight was recorded in 100% concentration (0.37g, 0.42g and
0.38g respectively). The dry weight was found to be increased with increase in concentration of ginger aqueous extracts.
In stem, leaf and rhizome extract the maximum dry weigh observed in 100% concentration (0.34g, 0.41g and 0.34g
respectively) and minimum dry weight was recorded in 20% concentration (0.23g, 0.23g and 0.20g respectively). In the
present investigation the fresh weight was highly affected as the concentration of extract increased. It decreased with
increase in concentration and dry weight increased slightly with increase in concentration of aqueous extracts of ginger.
Jabeen and Ahmed, (2009) reported that shoot extract of Fumaria indica enhanced the growth of maize and the fresh
weight of seedling increased with increase in concentration and dry weight decreased with increase in concentration
because of the presence of growth enhancing chemicals in the extract. They also reported that powder of Asphodelus
tenifolius reduced the fresh weight of maize at high concentration. In present study the fresh weight decreased with
increase in concentration which may be because of the presence of growth inhibiting allelochemicals in the ginger
extract. Raoof and Siddiqui, (2012) reported that extract of T.cordifolia significantly decreases the dry weight of green
gram in all concentrations. Chon et al., 2000 reported that phenolic compounds evaluated from alfalfa exhibited various
degree of inhibition on maize, which is the cause for decrease in fresh weight with increase in concentration of extracts.
So the aqueous leaf, stem and rhizome extract of ginger showed inhibitory effects on all seed germination parameters like
germination percentage, root length, shoot length, vigour index, percent totoxicity, fresh weight, dry weight, in maize
seedlings. All these parameters were found to be decreased with increasing the aqueous leaf, stem and rhizome extract of
ginger. In all parameters maximum value were recorded at control and the minimum value were recorded at 100%
concentration. It can be concluded that among the leaf, stem and rhizome, more inhibitory activity were observed in
rhizome extracts due to the presence of allelochemicals.
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TABLE 1: Germination percentage, vigour index, tolerance index and percentage of phytotoxicity of Zea mays L.

(July-September, 2014)

seedlings treated with different concentrations of stem extract of ginger

ISSN: 2319 — 5584

Parameters Different concentrations of Ginger stem extract

Control 20% 40% 60% 80% 100%
Germination 89.66 +0.314° 79.660+0.312" 66.330.881° 54,33+0.821° 44.33+0.614° 31.66+0.66'
percentage
Vigour index 2330.95+44.52° 1699.83+50.70° 1288.58+49.70° 940.65+32.20" 665.54+ 22.26° | 407.13+19.80"
Tolerance 100.00+0.00° 93.10+1.34° 88.17+0.91° 82.4622.40° 76.52+3.57° 61.39+1.77'
index
Phytatoxicity 0.00 0.00° 3.94+1.96° 6.42+ 2.30° 17.74%3.07° 21.30 +4.2195° | 30.46 +4.2121°
%
Root length 9.76+0.39° 9.36+0.32° 8.97+0.56" 8.00+0.37° 7.65+0.01° 6.75+0.03°
(cm)
Shoot length 16.230.36° 11.96+0.26" 10.43+0.25° 9.34+0.88° 7.08+0.30° 6.10+0.48"
(cm)
Freshweight 0.83+0.066° 0.71+0.088° 0.63+0.0041° 0.52+0.012¢ 0.44+0.011° 0.37+0.032
(g/plant)
Dry weight 0.22+0.115° 0.23+0.006" 0.23+0.0021° 0.25+0.008% 0.28+0.003° 0.34+0.002°
(g/plant)

Mean + SE followed by the same superscript are not statistically significant between the concentration when subjected to

SPSS package ver. 14.0 according to Tukey’s mean range test at 5% level.

TABLE 2: Germination percentage, vigour index, tolerance index and percentage of phytotoxicity of Zea mays L.
seedlings treated with different concentrations of leaf extract of ginger

Parameters Different concentrations of Ginger leaf extract

Control 20% 40% 60% 80% 100%
Germination 83.66+0.333° 79.66 +0.143° 66.33+0.821° 54.33+0.3817 44.33+0.666° 31.66+0.742"
percentage
Vigour index 2070.68+19.06° 1500.50+16.48" | 1203.52+9.64° | 758.38+25.09° | 607.98+9.82° 418.99+3.24
Tolerance index 100.00+0.00° 79.30+1.09° 66.73+1.59° 60.67+2.74° 58.88+0.55° 45.82+1.82
Phytotoxicity % 0.00+0.00" 3.94+1.96° 6.42+2.30° 17.74+3.07° 21.30+4.219° 30.46+4.212°
Root length (cm) 11.18+0.37°2 9.93+0.25" 8.88+0.07° 7.66+0.11° 7.1340.13¢ 6.54+0.27"
Shoot length (cm) 13.56+0.43° 11.10+0.25 11.06+0.21° 7.45+0.52° 6.58+0.21° 5.67+0.17"
Fresh weight | 0.86+0.021° 0.75+0.011° 0.62+0.008° 0.53+0.0087 0.50+0.012° 0.42+0.006
(g/plant)
Dry weight 0.23+0.006' 0.23+0.003° 0.28+0.005° 0.320.003° 0.37+0.008° 0.410.015°
(g/plant)

Mean + SE followed by the same superscript are not statistically significant between the concentration when subjected to
SPSS package ver. 14.0 according to Tukey’s mean range test at 5% level.

TABLE 3: Germination percentage, vigour index, tolerance index and percentage

seedlings treated with different concentrations of rhizome extract of ginger.

of phytotoxicity of Zea mays L.

Parameters Different concentrations of Ginger rhizome extract

control 20% 40% 60% 80% 100%
Germination 84.33+ 0.612° 74,66 £0.34° 64.66+ 0.323° 49.33+0.67° 40.3+0.31° 28,66 0.61'
Percentage
Vigour index 2105.2+38.2° 1482.1+15.5° 1074.1+8.49° 741.69+43.9° 487.3+7.56° 293.66+20.0"
Tolerance index 100.00+0.00° 71.4523.74° 59.40+1.37° 51.12+1.33° 39.3+2.57° 33.30+1.06'
Phytotoxiciy % 0.00+0.00" 15.86+2.88° 31.7620.98° 35.98+2.35° 48.8x1.10° 51.48+1.55%
Root length(cm) 10.05+0.08% 8.45+0.27" 6.85+0.09° 6.43+0.28" 5.14+0.07° 4.870.12"
Shoot length (cm) 14.98+0.69* 11.39+0.33" 9.75+0.13° 8.58+0.48" 6.95+0.21° 5.35+0.34
Fresh weight (g/plant) 0.80+0.020° 0.63+0.008" 0.53+0.015° 0.47+0.012° 0.43+0.017° 0.38+0.003
Dry weight 0.18+0.012 0.20+0.005° 0.24+0.006° 0.29+0.012° 0.32+0.010° 0.34+0.006°
(g/plant)

Mean + SE followed by the same superscript are not statistically significant between the concentration when subjected to

SPSS package ver. 14.0 according to Tukey’s mean range test at 5% level.
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