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Abstract. Due to increased risk attached with indiscriminate use of synthetic herbicides, researchers are
looking for alternative weed control strategies. Allelopathy is a natural phenomenon that might be
exploited for biological weed management in field crops. Allelopathic plant water extracts may provide
selective growth inhibition of the weeds. The present studies were conducted to investigate the possible
selective phytotoxic effect of Delonix regia aqueous, ethyl acetate and lyophilized leaf extract against
field bindweed (Convolvulus arvensis L.) and wheat (Triticum aestivum L.). The results revealed that
lower to medium aqueous (2.5 and 5%) and ethyl acetate (50, 500 and 1000 ppm) leaf extract
concentrations inhibited filed bindweed germination, root length, shoot length and seedling dry biomass
by 35-48%, 42-59%, 45-46% and 52-56% respectively, while no significant phytotoxic effect was
observed on wheat at these concentrations. It is concluded that lower to medium concentrations of
Delonix regia leaf extract might be safely utilized for natural control of field bindweed in wheat, reducing
reliance upon synthetic herbicides.
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Introduction

Use of synthetic herbicides is an efficient way to control weeds in horticultural and
agricultural field crops and herbicide use has been increased many folds in the last few
decades. The worldwide consumption of herbicides is about 0.95 million tons per year,
which accounts for 47.5% of the total pesticides used (De et al., 2014). Indiscriminate
use of herbicides is not only creating herbicide resistant weeds but also posing serious
threat to the environment (Polyrakis, 2009). At present, there are 255 herbicide resistant
weed species (148 dicots and 107 monocots) reported in 92 crops and 70 countries
(Heap, 2018). Moreover, herbicides also contaminate air, soil, surface water, ground
water, non-target organisms and herbicide residues in the food has increased risk of
human diseases especially in the workers at farm level and/or in agricultural industries
(Aktar et al., 2009; Polyrakis, 2009). Therefore, there is a growing public and scientific
concern regarding herbicide use and researchers are looking for alternative ways for
weed management worldwide.
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Higher plants produce secondary metabolites, which are known as allelochemicals,
through a phenomenon called allelopathy. The allelochemicals may inhibit growth of
the other plants including weeds (Albuquerque et al., 2011). Many plant species have
been well documented as allelopathic, producing allelochemicals (Cheng and Cheng,
2015). There are different strategies for using allelopathic plants for weed management.
Among the strategies, use of allelopathic plant extracts, as an alternative to synthetic
herbicides, is a viable option for managing weeds (Igbal et al., 2009; Khaliq et al., 2012;
Mushtaq et al., 2010).

For effective weed management, allelopathic plant water extracts are required to be
selectively phytotoxic against weeds and safe on crops (Haq et al., 2010). However,
they might also inhibit germination and growth of crops (Mushtaq et al., 2013).
Therefore, it is pertinent to evaluate selective phytotoxic effect of allelopathic plant
water extracts against weeds in comparison with crops.

Delonix regia (Boj.) Raf. (flamboyant) is a 10-15 m tall tree native to Madagascar
and spread world over in tropical and subtropical regions (Fig. 1). It belongs to
biological nitrogen fixing family (Fabaceae) of plants. It is a decorative tree with
beautiful flowers and used as shade, shelter, timber, fuel and in apiculture (Orwa et al.,
2009). Previously, it has been reported that Delonix regia substantially inhibited weeds
under its canopy. Aqueous extract of Delonix regia inhibited growth of Centella
asiatica and Isachne nipponensis up to 70%. Phytotoxins present in Delonix regia were
identified as chlorogenic acid, 4-hydroxybenzoic, 3,4-dihydroxybenzoic, 3,5-
dinitrobenzoic, L-azetidine-2-carboxylic 3,4-dihydroxybenzaldehyde, 3,4-
dihydroxycinnamic and gallic acid (Chou and Leu, 1992).

Field bindweed (Convolvulus arvensis L.) is a dicot perennial broadleaf weed which
is considered one of the world’s top 10 worst weeds by agriculturists and horticulturists
(Holm et al., 1977; Skinner et al., 2000). It is an invasive species and problematic weed
of many field crops including wheat. Uncontrolled densities of field bindweed may
reduce yield of wheat crop by 56%, and it is very difficult to control even with the
synthetic herbicides (Black et al., 1994). The present study was conducted to compare
phytotoxic protentional and selectivity of Delonix regia aqueous, ethyl acetate and
lyophilized extracts on germination and early seedling growth of field bindweed and
wheat.

Materials and methods
Preparation of extracts

Delonix regia leaves were collected from trees at University of Agriculture,
Faisalabad Pakistan. The extraction procedure was modified from previously described
(Perveen et al., 2014) unless stated otherwise. The leaves were dried under shade and
were ground to fine powder. The aqueous extract was prepared by soaking 10 g leaf
powder in 100 ml distilled water. The suspension was placed in an ultrasonic device for
30 min (Sheng et al., 2012). The extract was filtered through two layers of cheesecloth
to obtain extract concentration of 10% (10 ¢g/100 ml) and was diluted with distilled
water to prepare further aqueous extract dilutions (2.5%, 5% and 7.5%).

For ethyl acetate and lyophilized fractions, 200 ml of acetone was added to 200 ml of
10% Delonix regia aqueous leaf extract. After placing at 4 °C for 24 h and filtration
with Whatman #1 filter paper, the acetone was allowed to evaporate with a rotary
evaporator (BUCHI, Switzerland) under reduced pressure. Aliquots of ethyl acetate
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(600 ml) were used to partition the extract 3 times sequentially. Thereafter, ethyl acetate
layer was separated, and ethyl acetate was evaporated to obtain the residue. The
aqueous phase was lyophilized (freeze-dried) in a Freeze Dryer (Alpha I-5, Cherist).
Thus, ethyl acetate and lyophilized residue fractions were obtained as 400 and 105 mg
respectively. The stock solution of 4000 ppm was prepared by dissolving 100 mg of
each residue in 25 ml methanol. The stock solution (4000 ppm) was diluted to prepare
50, 500, 1000 and 2000 ppm extract.

Figure 1. A young plant of Delonix regia (flamboyant) at University of Agriculture Faisalabad,
Sub Campus Burewala, Pakistan. (Photo by Muhmmad Naeem Mushtaq)

Bioassays

Seeds of field bindweed and wheat were surface sterilized with 2% sodium
hypochlorite for 2 min and were rinsed with distilled water. Each aqueous extract
concentration was added (4 ml) to sterilized petri dishes (9.5 cm) on Whatman #1 filter
paper. While, for ethyl acetate and lyophilized fractions, each methanolic extract (2 ml)
was added to each petri dish (4.5 cm) except control which received 2 ml of pure
methanol. Later, methanol was evaporated and distilled water (2 ml) was added to each
petri dish.

Ten seeds were placed on filter paper in each petri dish and the petri dishes were
covered and put in a germinator at 24 + 2 °C with 10/14 h, light/dark. Germination of
seeds were noted daily. Root and shoot lengths of field bindweed and wheat were
measured 7 days after sowing. The seedlings were dried in an oven at 40°C till constant
weight to measure dry weight. Germination index (GI), mean germination time and time
to start germination were calculated as reviewed and described earlier (Ranal and
Santana, 2006). The GI was calculated as following:
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Number of germinated seeds Number of germinated seeds

Days of first count Days of final count

Statistical analysis

The data were analyzed by analysis of variance and treatment means were
statistically compared using Duncan’s Multiple Range Test. The experiments were
performed as completely randomized design with 5 replications.

Results

Effect of Delonix regia aqueous leaf extract on germination of field bindweed and
wheat

Leaf extract of Delonix regia had more inhibitory effect on final germination and
germination index and increased mean germination time and time to start germination in
field bindweed as compared with wheat (Table 1). At 5% concentration, field bindweed
took significantly double time (3.6 days) to start germination, while there was no
statistically significant effect on time to start germination for wheat crop as compared
with control (Table 1). Germination index and final germination was decreased by 76%
and 35% respectively as compared with control in field bindweed at 5% concentration
of Delonix regia leaf extract. In case of wheat, this medium concentration (5%) did not
significantly affect germination index and final germination. At maximum
concentration (10%) of Delonix regia leaf extract, final germination of field bindweed
and wheat was inhibited by 49% and 9% respectively as compared with control
(Table 1).

Table 1. Effect of Delonix regia aqueous leaf extract on germination of field bindweed and
wheat

L eaf extract Time to start germination| Mean germination time Germination index Final germination (%6)
) (days) (days)
concentration —————— — — —
(%) Flevlvcl:c;nd Wheat F'?’lv(éé)c;nd Wheat F'?’I\iebc;nd Wheat F'?llv(lé)c;nd Wheat
0 1.80+ 0.20c 1.0+ 0.0b | 3.25+0.15¢ | 1.90+0.14b | 7.18+0.3a | 11.0+0.38a | 57.30+1.63a | 86+2.45a
25 1.80+ 0.20c 1.0£0.0b | 3.05£0.02¢c | 1.80=0.13b | 7.1+ 0.31a | 11.8+0.75a |50.60+ 1.67b| 88+ 1.99a
' (0) 0) (-6) (-8) (-1) ()] (-12) (2
50 3.60+0.24b | 1.0£0.0b | 3.72+0.20b | 1.78+0.14b | 1.75£2.3b | 11.2+ 0.35a [37.30+ 1.63¢c| 82+ 1.99a
' (100) (0) (14) (-8) (-76) 1) (-35) (-5
75 4.80+0.20a 1.0£0.0b | 4.80+0.2a | 2.21£0.19b | 0.96+0.04c | 10.5+ 0.58a | 30.60+ 1.63d| 84+2.45a
(167) (0) (48) (14) (-86) (-5 (-47) (-2)
10 4.80+0.20a | 1.8+£0.20a | 4.92+0.08a | 3.13+0.07a | 1.03=0.14c | 6.98+0.80b | 29.33+1.63d | 78+ 3.74b
(167) (80) (51) (61) (-86) (-36.71) (-49) (-9)

Results are presented as mean = SEM. Means having different letters in the same column are significantly different (P < 0.05)
according to Duncan’s Multiple Range Test. % increase/decrease as compared with control (0%) is presented in parenthesis,
rounded off to nearest whole number

Effect of Delonix regia aqueous leaf extract on early seedling growth of field
bindweed and wheat

Aqgueous leaf extract of Delonix regia inhibited root and shoot length and seedling
dry weight of field bindweed more than wheat (Table 2). Delonix regia aqueous leaf
extract at 5% reduced root and shoot length of field bindweed by 42% and 45%
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respectively as compared with control, while root and shoot length of wheat was
decreased by only 4% and 5% respectively as compared with control (Table 2).
Similarly, seedling dry weight was decreased by 52% in field bindweed as compared
with control, while it was statistically at par with control in wheat at 5% leaf extract
concentration (Table 2). Highest concentration (10%) further decreased root and shoot
length and seedling dry weight of field bindweed and wheat; however, it was less
phytotoxic to wheat than field bindweed (Table 2).

Table 2. Effect of Delonix regia aqueous leaf extract on seedling growth of field bindweed
and wheat

Leaf extract Root length (cm) Shoot length (cm) Seedling dry weight (mg)
conce([;ration Field bind Wheat Field bind Wheat Field bind Wheat
0) weed weed weed
0 5.08+0.00a [5.02+0.02a| 5.93+0.43a |5.3£0.07b 100+ 2.23a 194+ 1.88a
25 5.04+0.05a |4.92+0.04a| 5.80+=0.04b 6+£0.05a | 81.80+0.71b |[191+3.73a
' (-1) (-2) (-2) (14) (-18) (-2)
50 2.93£0.03b |4.80+0.04c| 3.29+£0.05¢ 5£0.07cd | 48.20+ 1.65¢ |192+2.56a
' (-42) (-4) (-45) (-5) (-52) (-1)
75 2.20+0.00c [3.83+0.03d| 2.20+0.03d 5£0.03¢c | 44.60+1.96¢c |160+4.09b
' (-57) (-24) (-63) (-4) (-55) (-17)
10 1.86£0.07d |3.09+0.03e| 2.22+0.02d [4.8+0.05d| 33.60+ 1.57d |125+2.06¢
(-63) (-38) (-63) (-8) (-66) (-36)

Results are presented as mean + SEM. Means having different letters in the same column are
significantly different (P < 0.05) according to Duncan’s Multiple Range Test. % increase/decrease as
compared with control (0%) is presented in parenthesis, rounded off to nearest whole number

Effect of Delonix regia aqueous leaf extract methanolic fractions on germination of
field bindweed and wheat

Ethyl acetate and lyophilized methanolic fractions of Delonix regia aqueous leaf
extract significantly affected time to start germination, mean germination time and
germination index in field bindweed, while these germination indices were not
significantly affected in wheat (Table 3). At 1000 ppm ethyl acetate fraction, time to
start germination and mean germination time of filed bindweed was reduced by 30%
and 13% respectively as compared with control, while there was no significant
reduction in the two germination indices of wheat with application of the same
treatment (Table 3). Likewise, germination index and final germination was inhibited by
64% and 48% respectively as compared with control in field bindweed at 1000 ppm
ethyl acetate fraction of Delonix regia, while germination index and final germination
of wheat were not significantly affected at this concentration.

Effect of Delonix regia aqueous leaf extract methanolic fractions on seedling growth
of field bindweed and wheat

All concentrations of ethyl acetate and lyophilized fractions of Delonix regia leaf
extract significantly inhibited root and shoot length and seedling dry weight of field
bindweed, while these parameters were only significantly reduced at higher
concentrations of leaf extract in wheat (Table 4). At 1000 ppm ethyl acetate fraction,
root length, shoot length and seedling dry weight of field bindweed was inhibited by
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59%, 46% and 46% respectively as compared with control. Root and shoot length and
seedling dry weight was not significantly affected in wheat at 1000 ppm ethyl acetate
fraction (Table 4).

Table 3. Effect of Delonix regia leaf extract methanolic fractions on germination of field
bindweed and wheat

. T|_me t'o start Mean germination time Germination index Final germination (%)
Name of |Concentration| germination (days) (days)
fracton. | (opm) [ Fieldbind [y | FedBd [y TR [ T b
Control 0 2.0+ 0.0cd |1£0.0N | 2.97+0.20cd [1.43+0.11N| 6.13£0.60abc | 12.5+ 0.92N | 56.00+ 1.63a | 96+ 2.45a
5 1.60+0.24d | 1+0.0 | 3.04£0.10cd | 1.64=0.20 | 6.52+0.55ab | 12.97+ 1.13 | 54.66+2.49a | 94+2.45ab
(-20) 0) (2 (15) (6) ()] (-2) (-2)
500 1.80+0.20d | 1£0.0 |2.98£0.11cd | 1.44%0.21 |5.70+0.12abcd | 11.67+ 1.16 | 44.00+ 1.63 ¢ | 94+3.20ab
(-10) 0) 0) (1) Q)] -7 (-21) (-2)
2.60£0.24c | 1+0.0 | 3.37+0.1%cd | 1.63£0.19 | 2.20=0.25¢f | 1327+ 1.31 | 29.33% 1.63d | 94+ 2.45ab
Ethylacetate | 1000 (30) © (13) (14) (-64) ®) (48) 2
2000 320£020b | 1400 | 401+021b | 1432020 | 1.832020ef | 11.10£1.19 |25.33+ 1.33de | 88+ 3.74abe
(60) 0) (35) 0) (-17) (-11) (-55) (-8)
4000 4.20+0.20a | 14£0.0 | 457£0.16a | 1.67£0.10 | 1.06£0.17f | 10.57£0.63 | 22.66+ 1.63¢ | 80+ 4.46¢
(110) (0) (54) (17) (-83) (-15) (-60) (-17)
50 1.80£0.20d | 14£0.0 | 3.07£0.12cd | 1.33£0.13 | 6.11 £0.66abc | 11.50+0.89 | 53.33=0.11a | 96+2.45a
(-10) 0) (3) Q)] (-0) (-8) (-5 0)
500 2.00£0.0cd | 140.0 | 3.18+0.03cd | 1.42+0.11 |5.62+0.18abed| 12.40+0.73 |46.66 + 0.10bc| 96+ 2.45a
(0) 0) ()] (-1 (-8) (-0.8) (-17) 0)
. 2.20+0.20cd| 1£0.0 | 3.23+0.20cd | 1.64+£0.10 | 4.83+0.51cd | 12.97+1.03 | 46.7+2.10bc | 92+ 3.74ab
Lyophilized | 1000 (10) © © (15) (21) @ (17 4)
2000 2.20+0.37cd| 1£0.0 | 3.25£0.17cd | 1.56£0.17 | 4.35£0.51d | 10.63+0.90 |46.66+2.10bc | 84+ 2.45bc
(10) 0) (10) ©) (-29) (-15) (-17) (-13)
4000 2.604£0.24c | 1£0.0 | 3.4320.12¢ | 1.8740.22 | 2.8720.72¢ | 11.90+1.03 | 29.33+3.39d | 84+ 2.45dc
(30) 0) (14) (31) (-53) (-5) (-48) (-13)

Results are presented as mean + SEM. Means having different letters in the same column are significantly different (P < 0.05) according to
Duncan’s Multiple Range Test. % increase/decrease as compared with control (0%) is presented in parenthesis, rounded off to nearest whole number

Table 4. Effect of Delonix regia leaf extract methanolic fractions on seedling growth of field
bindweed and wheat

Name of | Concentration Root length (cm) Shoot length (cm) Seedling dry weight (mg)
fraction (ppm) Field bind weed| Wheat |Field bindweed| Wheat |Field bindweed| Wheat
Control 0 5.13+0.02bcd | 4.97+0.06a | 5.90+0.04a | 5.09+0.03ab | 105.2+3.24a | 194+3.29bc
" 5.11£0.04bcd | 4.89+0.05a | 5.85+0.05a | 5.18:0.02a | 85.60+3.17cd |201.4%2.89b
(-0) (-2) (-5) (2 (-19) 4
500 5.09+0.03cde | 4.91+0.02a | 5.79+0.06a | 5.07£0.03ab | 60.0+1.97g | 200+2.37b
(-1) (-1) (-2) (-0) (-43) (3)
220£0.00 | 4.89+0.04a | 3.17:0.03g |5.02+0.04abc| 46.20+2.13h |201.4+2.83b
Ethyl acetate 1000 (-59) -2) (-46) 1) (-56) @)
2000 1.85+0.04) |3.31£0.02b | 229+0.02h | 3.74£0.06f | 49.0+1.14h | 129+ 1.65¢g
(-64) (-33) (-61) (-27) (-53) (-34)
4000 1.19+ 0.02k 2.35+0.02¢ 2.23+0.01h 3.17+£0.03g 32.20+ 1.07i 82.80+ 2.37h
-77) (-53) (-62) (-38) (-69) (-57)
50 533+0.07a |5.01£0.03a| 5.87+0.02a | 5.05+0.03ab | 79.60+0.98de | 140+ 1.39f
4 (1) (-1) (-1) (-24) (-28)
500 5.28+0.09ab | 4.82+0.04a | 5.94+0.05a | 4.96+0.03bc | 71.60+0.20f | 172+ 2.59d
(3) (-3) (€] (-3) (-31) (-11)
Lyophilized 1000 429+£0.02s |4.90£0.02a| 4.16£0.02¢ | 4.99+0.06bc | 71.40+2.06ef | 153+2.80e
(-16) (-1) (-29) (-2) (-32) (-21)
2000 3.18£0.02g | 4.73+0.02a | 4.20+0.0le | 4.89+0.03c | 69.60+0.40f |126.2+2.47g
(-38) (-5) (-29) (-4) (-34) (-35)
4000 2.75£0.07h | 3.30£0.02b | 3.52+0.19f | 4.07+0.02¢ | 50.20+ 1.46h | 152.2+4.06¢
(-46) (-33) (-40) (-20) (-52) (-22)

Results are presented as mean + SEM. Means having different letters in the same column are significantly different (P < 0.05)
according to Duncan’s Multiple Range Test. % increase/decrease as compared with control (0%) is presented in parenthesis,
rounded off to nearest whole number
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Discussion

Aqueous leaf extract and methanolic fractions (ethyl acetate and lyophilized) of
Delonix regia had differential effect on germination and growth of field bindweed and
wheat (Tables 1-4). Lower to medium concentrations of aqueous (2.5 and 5%) and
ethyl acetate and lyophilized methanolic fractions (50, 500 and 1000 ppm) of Delonix
regia significantly inhibited germination and seedling growth of field bindweed, while
these concentrations either did not significantly affect the germination and seedling
growth of wheat or had very little inhibitory effect on it. Moreover, at lower extract
concentrations there was a slight increase in germination and seedling growth of wheat.
The slight increase in wheat growth might be due to plant growth promotive effect of
allelochemicals on other plant species at lower concentrations (Akhtar et al., 2010;
Jamil et al., 2009). Though higher Delonix regia leaf extract concentrations were
phytotoxic for both field bindweed and wheat; nonetheless, phytotoxicity was very less
on wheat as compared with field bindweed. The differential effect of allelopathic plant
extracts on other plant species may be exploited to achieve selective phytotoxicity for
weed management in field crops (Haqg et al., 2010).

In the present study, the inhibitory effect of Delonix regia leaf extract may be
attributed to variety of allelochemicals (chlorogenic acid, 4-hydroxybenzoic, 3,4-
dihydroxybenzoic, 3,5-dinitrobenzoic, L-azetidine-2-carboxylic 3,4-
dihydroxybenzaldehyde, 3,4-dihydroxycinnamic and gallic acid) reported in it (Chou
and Leu, 1992). The inhibitory effect of allelochemicals in plant extracts have been well
documented (Khaliq et al., 2012; Mushtaq et al., 2010, 2013). The phytotoxic effect of
plant extracts is species-specific and concentration-dependent (Hag et al., 2010;
Mushtaq et al., 2013). The presence of variety of allelochemicals in plant extract may
act in synergistic way to inhibit growth of one plant species while their effect might be
neutral or growth promotive on other plant species (Fujita and Kubo, 2003; Inderjit et
al., 2002). Though aqueous extract as well as ethyl acetate and lyophilized methanolic
fractions showed phytotoxicity in the bioassays; however, aqueous extract and ethyl
fraction were more phytotoxic. Aqueous and ethyl acetate allelopathic plant extracts
have been reported to have strong phytotoxic effects (Araniti et al., 2013; Mushtaq et
al., 2010). Extraction of compounds by both aqueous and organic solvent fractions
indicates that Delonix regia leaves contain diverse type of allelochemicals belonging to
different chemical groups which enhance allelopathic potential of the plant.

Conclusion

Lower to moderate concentrations of Delonix regia leaf extract are phytotoxic
against field bindweed, while safe on wheat crop. However, further studies may be
carried out to evaluate the selective phytotoxic action of Delonix regia leaf extract
against field bindweed and other weeds in various crops under field conditions. Delonix
regia is a plant grown in many regions of the world. Its leaves are easily available and
may be used to develop eco-friendly and selective bioherbicides in future especially for
broad leaf weeds.
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