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ABSTRACT 

 
Nulta jute (Corchorus olitorius L.) is one of the most important weeds in southwestern corn and sesame fields in 

Iran. Experiments were conducted in the laboratory to determine the effects of constant temperatures, drought stress 

and salinity on seed germination of nulta jute. Based on three- piece segmented model outputs, the base, the lower 

optimum, the upper optimum, and the maximum temperatures for the germination of nulta jute were estimated to be 

15.57, 25.99, 37.79, and 43.67 °C, respectively. Germination percentage of nulta jute seeds was estimated about 

88.75%. The response of germination to drought stress was described using the hydrotime model. Based on this 

model, the hydrotime constant (θH) and the water potential threshold for the start of germination (ᴪb(0)) were 11.85 

MP h and -1.13 MPa, respectively. Results showed that base water potential distribution (ᴪb(g)) was skewed to the 

right (λ=1.51) indicating the major section of seed population with higher base water potential would germinate 

slowly even in favorable conditions. The response threshold of Nulta jute seeds to inhibit 50% of maximum 

germination for salinity was 217 mM. The results showed nulta jute could colonize in saline conditions. However, 

germination was completely inhibited in very low water potential indicating this species tolerant to drought 

conditions.  
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INTRODUCTION 

 

 Nalta jute is a summer-active, C3 annual broadleaf in Tiliacaea family and native to the 

Mediterranean region (6). It is important and common weed in corn (Zea mays L.) and sesame 

(Sesamum indicum L.) in southwestern Iran.  

Seed germination is a key event in determining the success of a weed in an agro-

ecosystem and it may be regulated by several factors, including temperature, light, soil salinity, 

moisture, and pH. Among these, moisture is the most important driving force influencing seed 

germination (1). Temperature plays a major role in determining the periodicity of seed 

germination and the distribution of species. Knowledge of the effects of moisture and constant 

temperatures on Nalta jute germination can help us understand its emergence pattern and its 

management in different cropping systems. Also, an ability to germinate under conditions of 

high salinity can enable a weed to take advantage of conditions that limit the growth of other 

species.  

 Although some germination data on nalta jute are available for populations in Philippines 

(2), little is known of the influence of environmental factors on germination of nalta jute in Iran. 

Therefore, the objectives of this research were to (1) determine the effect of constant 

temperatures on germination of nalta jute and quantifying the cardinal temperatures (base (Tb), 

optimum (To) and ceiling (Tc)) for this weed species and (2) to determine the effects of salt and 

osmotic stress on germination of nulta jute. 
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MATERIALS & METHODS 

 

 Seed Source. Nalta jute seeds were collected in November 2015 from Safi Abad 

Agricultural and Natural Resources Research and Education Center, Dezful, Iran.  

General Germination Test Protocols. Seed dormancy was broke by placing the dry 

seeds into concentrated H2SO4 (14 M) for 40 min with stirring. Seeds were picked up and rinsed 

thoroughly with distilled water for 5 min. Nalta jute germination were evaluated by placing 50 

seeds evenly in a 9-cm-diam petri dish containing two pieces of Whatman No. 1 filter paper and 

5 ml of distilled water or solutions having different concentrations of salt or osmotic potential. 

Dishes were sealed with Parafilm (to avoid moisture loss) and placed in a germinator at constant 

temperature regimes (20, 25, 30, 35, 40, and 42.5 °C) in light⁄dark (12⁄12 h) periods. 

Germination was determined after 14 d and seeds with a visible radical were considered as 

germinated. 

Solution osmotic potential. Nalta jute seeds were germinated (without pericarp) in a 

cycle of 12 h light ⁄ 12 h dark in aqueous solutions of polyethylene glycol 6000 with osmotic 

potentials of 0, -0.2, -0.4, -0.6, -0.8 and -1.0 MPa, prepared based on equation (1) by dissolving 

appropriate amounts of PEG 6000 in deionised water (3). 

 

                                                                                           (1) 

Where ψ is osmotic potential (MPa), T is the temperature in °C and PEG is required 

polyethylene glycol for a milliliter distilled water. 

Salinity. In this experiment, seeds (without pericarp) were exposed to nine levels of 

increasing salinity using NaCl solutions of 0, 50, 100, 150, 200, 250, 300, 400 and 500 mM. 

Petri dishes were incubated as described in the above general protocol under light ⁄ dark regime. 

Statistical analyses. A randomized compete block design with three replications was 

used in all experiments. Each replicate was arranged on a different bench in the germinator and 

considered as a block. Regression analysis was used to determine and quantify the effect of 

constant temperatures, salinity and osmotic potential on seed germination. The three- piece 

segmented model was used to quantify the response of germination rate (Equation 2) and 

percentage (Equation 3) to constant temperatures.  

 

f (T) = (T-Tb)/(To1-Tb)/ fo, if Tb<T<To1                                                                                        (2) 

f (T) = (Tc-T)/(Tc-To2)/ fo, if To2<T<Tc 

f (T) = 1/fo if To1≤ T ≤To2 

 

Where Tb is the base temperature, To1 and To2 are lower and upper optimum temperatures, 

Tc is the maximum temperature, T is the temperature and fo is the minimum number of hours for 

germination at the optimal temperature. 

 

f (T) = Gmax((T-Tb)/(To1-Tb)), if Tb<T<To1                                                                                    (3) 

f (T) = Gmax((Tc-T)/(Tc-To2)), if To2<T<Tc 

f (T) = Gmax if To1≤ T ≤To2 

Where Gmax is the maximum germination percentage.  

http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjonojxwa3OAhWGHxoKHUosAS4QFggcMAA&url=http%3A%2F%2Fsafiabad.areo.ir%2F&usg=AFQjCNEJ1xJXD7EJvT0PbuXw5y6wUwd2Nw&sig2=K1bvAXBDC_g7kJbgc5keug
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjonojxwa3OAhWGHxoKHUosAS4QFggcMAA&url=http%3A%2F%2Fsafiabad.areo.ir%2F&usg=AFQjCNEJ1xJXD7EJvT0PbuXw5y6wUwd2Nw&sig2=K1bvAXBDC_g7kJbgc5keug
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The hydrotime model (Equation 4) was used to quantify the response of germination rate 

to osmotic potential. 

                                                                                                                                  (4) 

Where ᴪb(g) is the base or threshold water potential for a specific germination fraction g 

(MPa), Ψ is the seed water potential (MPa), θH is the hydrotime constant (MPa h) and tg is the 

time until germination accede to fraction g (h). Inverse cumulative distribution for estimating 

ᴪb(g) (Equation 5) and cumulative distribution function for estimating fraction g (Equation 6) in 

Weibull distribution were described as below: 

 

                                                                                                                     (5) 

                                                                                                      (6)

 

Where  µ and σ are location and scale of curve. λ is the shape parameter that determines 

the skewness and kurtosis of the distribution.  

To describing changes germination percentage at salinity levels three parameter logistic 

equation (7) was used. 

 

)7(                                                                                                                                 

Where G is total germination (%) at concentration x, Gmax is the maximum germination 

(%), x50 is the concentration required for 50% inhibition of the maximum germination and Grate 

indicates the slope.  

Data analysis was carried out by SAS software (SAS Inc, Version 9.2) using PROC 

NLIN and PROC NLMIXED. 

 

RESULTS AND DISCUSSION 

 

 As shown in Fig. 1 constant temperature affected seed germination rate and percent of 

nulta jute (P≤0.01). As shown in Fig. 1, Table 1 and 2. Nulta jute seeds can germinate at 

different rates across a wide range of constant temperatures starting from 15.57 °C and 

increasing to 43.67 °C. Based on three- piece segmented model outputs, the base, the lower 

optimum, the upper optimum, and the maximum temperatures for the germination percentage of 

Nulta jute seeds were estimated to be 18.41, 25.63, 39.34, and 43.07 °C, respectively.  

The development of predictive models for seed germination may provide important information 

about their seasonal dynamics and consequently for the timing of control operations. 

Temperature is maybe the most important factor in the germination of weed seeds.  

 

http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwjr7bmz96rOAhVC0RQKHfGnCxcQFggqMAI&url=http%3A%2F%2Fplants.usda.gov%2Fjava%2Fprofile%3Fsymbol%3DClvi9&usg=AFQjCNFCcBz0671L7OOmXhjnhbYkjMAhlg&sig2=-_-PdBnYyrj9UU8hgNihIA&bvm=bv.129391328,d.bGg


 

4 

 

 
 

Fig 1. Germination rate (--) and percentage (-) in nulta jute at constant temperature using three segmented model 

 
Table 1. Parameter estimates for three-segmented model of nulta jute germination rate  

Species  Tb To1 To2 Tm Fo 

Corchorus olitorius 15.57 (0.65) 25.99 (0.44) 37.79 (0.38) 43.67 (0.27) 19.15 (0.40) 

 
Table 2. Parameter estimates for three-segmented model of nulta jute germination percentage 

Species Gmax Tb To1 To2 Tm 

Corchorus olitorius 88.75 (0.25) 18.41 (0.04) 25.63 (0.04) 39.34 (0.02) 43.07 (0.02) 

 

Effect of osmotic potential on germination 

Estimated parameters of Weibull hydrotime model for nulta jute seed germination in response to 

osmotic potential summarized in Table 3. Furthermore, cumulative germination of nulta jute 

seeds in different osmotic potential and time period predicted by the hydrotime model shown in 

Fig. 2. Data showed germination was initiated in short time after incubation. Total required 

hydrotime (θH) for germination was estimated 11.85 MPa h. Smaller numerical value of 

hydrotime constant indicate if dormancy was broken in these seeds, germination rate is more 

greater than other species in different drought stress levels. The µ parameter indicating possibly 

minimum basic water potential in seed population (ᴪb(0)) was estimated -1.13 MPa. Access to 

water affect not only germination rate but also the fraction of the population that are able 

germinate (1). While, germination was completely inhibited cause no water absorption in very 

low water potential (µ<-1.13). As shown in Fig 2. in more positive potentials both the 

germination rate and percentage were increased. Results showed that base water potential 

distribution (ᴪb(g)) was skewed to the right (λ=1.51) indicating the major section of seed 

population with higher base water potential would germinate slowly even in favorable 

conditions. Whilst the potential distribution of water base is skewed to the right in the most weed 

species (4 and 5), therefore, it could be concluded this phenomenon is a mechanism for 

surviving. Also, standard deviation (SD) values indicated germination was uniform in nulta jute 

(Table 3). 
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Fig 2. Cumulative germination of nulta jute seeds at various water potentials and germination time courses predicted 

by the Weibull hydrotime model 

 

Table 3. Parameter estimates for Weibull distribuion used in hydrotime modelling of nulta jute seed germination 

Species Hydrotime 

constant (θH) 

Location (μ) Scale (δ) Shape (λ) SD RMSE 

Corchorous olitorius 11.85±0.57 -1.13±0.06 0.32±0.06 1.51±0.44 0.20±0.03 0.1091 

 

Effect of salt on germination 

By increasing the salt concentration, final germination percentage of nulta jute decreased baced 

on logistic equation (Fig 3). Germination of nulta jute exceeded up to a concentration of 50 mM 

NaCl, and the maximum germination percentage was estimated 94.96% based on logistic 

equation (Table 4). The concentration of salt which resulted in a 50% reduction in maximum 

germination for nulta jute was 217 mM NaCl (Table 4). Furthermore, germination was 

completely inhibited at 300 mM NaCl. These results show that, in saline conditions, a proportion 

of nulta jute may germinate, which could be a key factor that enabling this species to colonize 

saline area.  

 
Fig 3. Effect of NaCl concentration on seed germination percentage of nulta jute (Corchorus olitorius L.)  

Table 4. Parameter estimates for Logistic model fitted to maximum germination of nulta jute (Corchorus olitorius 

L.) in response to increasing NaCl concentration 
Species Gmax (%) Grate X50 (mM) 

Corchorous olitorius 94.96±2.25 -17.12±2.73 217.00±3.72 
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Conclusion 

 

In soils with moderate salinity and high stress potential, competitive ability of nulta jute is more 

than some summer crops such as sesame that if dose not controlled, sesame yield loss due to 

nulta jute competition will be significant. 
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