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Abstract 

 
This study contributes to the enhancement of on knowledge about behaviour of cucurbits with 

heavy metal i.e., Pb (NO3)2 and/or their combination with growth hormones (IAA). Effects of Pb 
and IAA were studied on flowering in Cucumis sativus L. and Momordica charantia L. There is 
very little information on the effects of heavy metals on the flowering in plants particularly in 
cucurbits; this in itself makes the issue of interest apart from the interaction of heavy metals with 
hormones. Plant under the stress of heavy metals can be treated with growth hormones to improve 
growth parameters, to avoid delay in flowering and likewise quality of fruit can be improved. 
Applied 400 mg/l IAA caused precocious flowering, increasing the number of flowers in both the 
plants. Lead caused significant delay in flowering, consequently leading to reduction in the number 
of pistillate and staminate flowers. However, when IAA was applied with Pb (NO3)2, there was less 
decrease in staminate and pistillate flowers, revealing the dominant effect of IAA. Current study 
reveals that inhibitory effects of heavy metals on flowering were partially restored by IAA 
applications.  
 
Introduction 
 

Many structural changes in the tissues of green plants in response to Pb have been 
reported (Tomar et al., 2000; Olivares et al., 2002; Neculita et al., 2005; Douchkov et al., 
2005).  Plants in the environment are exposed to a range of abiotic stresses like osmotic, 
salinity, temperature and heavy metal toxicity, which affect their growth and various 
physiological processes (Chaudhry & Khan, 2006; Pinchasov et al., 2006;   Zhang et al., 
2006; Ahluwalia & Goyal, 2007). They affect the growth and vitality of plants reducing cell 
wall metabolism, cell elongation as well as cellular volume (MacFarlane & Burchett, 2000). 
Heavy metals pollution from different sources like industrial or agricultural activities or 
motor vehicles has detrimental impact on surrounding areas (Arun et al., 2005; Douchkov 
et al., 2005; Liu et al., 2007). Plants which adapt to growth in the presence of Pb (NO3)2 
exhibit extensive morphological adaptations. Significant effects are delay in the onset of 
growth and cell division and numerous structural modifications associated with cell wall 
and cytoplasmic membrane synthesis and function (Mor et al., 2002). Higher concentration 
of Pb in plants can interfere with important physiological functions and can cause 
imbalance of nutrients and have detrimental effects on synthesis and functioning of 
enzymes, vitamins and hormones (Luo & Rimmer, 1995). In the root tissues, heavy metals 
are accumulated in the cortex, vascular tissue and parenchyma cells surrounding the 
metaxylem vessels (Seregin et al., 2004). Substitution of the central atom of chlorophyll, 
magnesium, by lead results in the breakdown of photosynthesis (Douchkov et al., 2005; 
Neculita et al., 2005). Furthermore, lead decreases the water translocation to leaves by 
reducing the number and radius of vessels due to partial blockage with cellular debris and 
gums (Chaudhry & Khan, 2006; Khan & Chaudhry, 2006).  
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Plant growth is controlled by numerous hormonal and environmental stimuli that 
interact to regulate cell division and both the direction and rate of cell expansion. IAA 
(indole-3-acetic acid) is major auxin involved in many physiological processes in plants 
and stimulates cell elongation, differentiation of vascular cambium and promotes 
flowering (Achard, 2004; Wang et al., 2007;). Okada et al., 1991 reported similar results 
that in plants treated with IAA inhibitors, flowers developed aberrant architecture having 
long carpel with papillae at tip, suggesting the importance of IAA for normal flower 
development. The present report gives a record of florigenic effects of IAA for improving 
pistillate and staminate flowering in some cucurbits under PB stress. 
    
Materials and Methods  
 

Seeds of the Cucumis sativus L., and M. charantia L., were sown in pots (5-kg soil 
capacity) in the month of March which were earmarked according to their treatments. 
These plants were watered at regular intervals and maintained under the natural 
conditions of light, temperature and humidity. Control plants were cultivated at the same 
time. When cotyledonary leaves were opened, 27 μl of both hormonal treatments was 
applied on the apical meristem of the plant after every 24 hours (Khan & Chaudhry, 
2006). However, heavy metal treatment was applied directly through soil and was 
repeated twice a week (Chaudhry & Khan, 2006 & 2007). 

Different Pb and IAA treatments applied were 100 mg/l Pb(NO3)2, 200 mg/l 
Pb(NO3)2,  200 mg/l IAA, 400 mg/l IAA, 100 mg/l Pb(NO3)2 + 200 mg/l IAA, 100 mg/l 
Pb(NO3)2 + 400 mg/l IAA, 200 mg/l Pb(NO3)2+ 200 mg/l IAA,  200mg/l Pb(NO3)2 + 400 
mg/l IAA till forty five days. There were five replicates for each treatment.  
 
Growth measurements: Growth was expressed relative to control plants, and data given 
is average of at least three independent experiments ± standard error mean (SEM), 
calculated according to the following expression: 
 

(Control – Treatment) Relative growth inhibition (%) = Control ×100 

 
Statistical measurements: All the observations were compared with control and 
subjected to statistical analysis.The data are presented as the means of five replicates. The 
results were analyzed by one way ANOVA. All statistically significant differences were 
tested at the p≤0.05 level using the software of MINITAB v 13.0. 
 
Results 
 
a. Cucumis sativus L.: Flowering in cucurbits normally starts in about 30-40 days after 
sowing depending upon the weather condition. In C. sativus and M. charantia floral buds 
initiated after 30- 35 days of sowing in control plants. There were average of 19- 22 
staminate and 15 -18 pistillate flowers in control plants (Figs. 1 and 2). In cucurbits, there 
are more staminate than pistillate flowers and the ratio can be 6-10 staminate to 1 
pistillate flower produced. However, staminate flowers will never produce fruit. 
Therefore, it is important to realize that an abundance of flowers will not necessarily 
translate into an equivalent number of fruit.  
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Effects of Pb and IAA on flowering in Cucumis sativus
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Fig. 1. Florigenic effects of IAA and Pb(NO3)2 on Cucumis sativus L. (readings are mean of five 
replicates, LSD at 0.05 for staminate flowers = 2.152; LSD at 0.05 for pistillate flowers = 3.140) 
 

Effects of Pb and IAA on flowering in Momordica charantia
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Fig. 2. Florigenic effects of IAA and Pb(NO3)2 on Momordica charantia L. (readings are mean of five 
replicates, LSD at 0.05 for staminate flowers = 4.295, LSD at 0.05 for pistillate flowers =5.032). 
 

Application of Pb(NO3)2 doses caused reduction in the number of pistillate as well as  
staminate flowers, although they were normal in appearance (Fig. 1). However, the 
applied dose of 200 mg/l Pb(NO3)2 showed more inhibition in number of flowers than 
100 mg/l Pb(NO3)2, consequently, reducing the number of both staminate and pistillate 
flowers. Contrarily, exogenous doses of 200 mg/l and 400 mg/l IAA caused 20.55% and 
25.26% increase in pistillate and staminate flowers respectively over the control (Fig. 1). 
However, Pb and IAA when applied in combination showed interesting results as IAA 
promoted both pistillate and staminate flowers as compared to individual doses of 
Pb(NO3)2.  
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b. Momordica charantia L.: The applied dose of 200 mg/l Pb(NO3)2 registered more 
inhibition than 100 mg/l  Pb(NO3)2 i.e., 37.3% in pistillate and 47.2% in staminate 
flowers when compared with control (Fig. 2). However, the 400 mg/l-IAA treated plants 
stimulated the number of both pistillate and staminate flowers (Fig. 2). On the other hand, 
the exogenous doses of 200 mg/l and 400 mg/l IAA caused 26.24% and 27.47% increase 
in pistillate and staminate flowers respectively over the control (Fig. 2). However, the 
combined doses of Pb with IAA showed interesting results as IAA promoted both 
pistillate and staminate flowers as compared to individual doses of Pb(NO3)2. The 
application of IAA partially reversed the effects of Pb(NO3)2 because there was less 
reduction in number of flowers as compared with individual doses of Pb(NO3)2 (Fig. 2). 
 
Discussion 
 

Higher dose of lead caused significant reduction in number of flowers as compared 
with lower dose, showing higher metal concentrations accumulated in the different plant 
parts induced more toxic effects. Accordingly, internal metal concentrations in the plants 
are correlated to toxic effects (Gothberg et al., 2004; Ahluwalia & Goyal, 2007). Heavy 
metals stress caused delay in flowering as flower formation is related to environmental 
conditions (Tooke et al., 2005). Our results support above findings as reduced flowering 
in metals-treated plants can be attributed to initiation of disruption in biological processes 
(Van Assce & Clijsters, 1990). Environmental conditions can also affect flower 
production (Luo & Rimmer 1995; Thangavel et al., 1999; Neculita et al., 2005) in 
cucurbits as reported in current work. In both the treated plants lead treatments caused 
significant delay in flowering consequently leading to reduced number of staminate and 
pistillate flowers.  

Application of IAA significantly enhanced pistillate flowering leading to precocious 
fruit development. Initiation of floral buds started on 21-26 days of treatment in IAA 
treated plants. Flowers were normal in appearance and male flowers produced pollen in 
all treated plants. This might be due to well known effects of IAA on early floral 
initiation (Wolbang et al., 2004) as IAA is mandatory for the shift from vegetative to 
reproductive stage, revealing florigenic effect (Okada et al., 1991). Exogenous doses of 
IAA i.e., 200 mg/l and 400 mg/l played positive role in early flower initiation 
accompanied by increase in number of pistillate flowers as compared with staminate 
flowers in all the treated plant (Wolbang et al., 2004). Okada et al., (1991) reported 
similar results that in plants treated with IAA inhibitors, flowers developed aberrant 
architecture having long carpel with papillae at tip, suggesting the importance of IAA for 
normal flower development. However, M. charantia registered maximum response with 
IAA treatments than C. sativus (Fig. 2). These species studied exhibited differential 
sensitivity to lead which might be due to the difference in the number of diploid 
chromosomes, total length of the diploid complement and the number of metacentric 
chromosomes of plant species as reported by Ma et al., (1995). 

Application of IAA stimulated the formation of pistillate flowers in the treated plants 
which could otherwise produce male flowers. Young plants and those growing in poor 
environment produce staminate flowers, whereas those growing in good environment 
produce carpellate flowers. If fertilization occurs, the carpels develop into large fruits and 
only a healthy, robust plant can afford to this. A young or poorly growing plant cannot 
supply enough carbohydrate and protein for fruit development, but it can supply enough 
to produce pollen (Chaudhry & Khan, 2006). Present study supports above findings as 
there was significant increase in pistillate flowers with applied IAA. 
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The mechanism of auxin perception and action is intriguing; however it is known 
that gibberellins exert their effects by altering gene transcription. Flower development 
involves a complex interaction of molecular, biochemical and structural changes. 
However, little information is available on the physiology of early flower development, 
on the molecular aspects of fruit development in general, and on how flower development 
is coordinated with auxin action. 

Interesting results were seen when heavy metals were applied with IAA. It was 
concluded that IAA partially reversed the inhibitory effects of Pb(NO3)2 in treated plants. 
Mixed dose of 50 mg/l Pb(NO3)2 + 400 mg/l IAA had inhibitory effects on flowering but 
this inhibition was less as compared with plants treated with 50 mg/l Pb(NO3)2 alone. 
High concentration of IAA may have positive role on flower formation during induction 
and initiation period (Wolbang et al., 2004). Application of mixed doses of Pb with IAA 
showed enhancement in the number of pistillate and staminate flowers when compared 
with the individual doses of Pb which might be attributed to the presence of IAA and its 
florigenic effects (Farooqi, et al., 2005).  In present work, increased rate of flowering in 
metal treated plants can be attributed due to florigenic effects of IAA in reducing the 
inhibitory effects of plants under heavy metal stress. 
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