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Abstract 
Quinoa (Chenopodium quinoa Willd) is a climate resilient crop, but grain yield is a 

complex trait highly effect by excessive vegetative growth. To overcome problem, study 

was carried out to evaluate the effect of foliar application of sunflower leaf extract as a 

plant growth retardant  of quinoa  observe with  different nitrogen (N2) levels. Experiment 

was carried out in randomize complete block design. Main experimental unit included 

different levels of nitrogen (N1= 50 kg ha-1, N2= 75 kg ha-1 and N3=100 kg ha-1), and sub 

plots included control (without extract spray and water spray) and sunflower water extract 

foliar applications of different four concentrations (3%, 6%, 9%, 12%). Foliar application 

of sunflower leaf water extract and nitrogen application significantly enhanced yield and 

harvest index of quinoa crop. Maximum seed yield and harvest index was recorded by 

foliar application of sunflower water extract  at 9% under higher  dose of nitrogen 100 kg 

ha-1.There was no harmful impact seen of sunflower water extract  on seed quality 

attributes especially under higher nitrogen regimes. It is therefore concluded that foliar 

application of sunflower water extract at 9% under higher nitrogen regime improved 

physiological growth, yield, harvest index and seed quality attributes of quinoa. 
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Introduction 
Changing climate is severely affecting the growth and yield of crops and 

threatening the global food security. Rise in global warming temperature is not suitable 

for plant production as it decreases the soil potential and degrades fertility (Gonzalez et 

al., 2015). Quinoa is the finest instance of unutilized crop that belongs to Andean region. 

It is seeking attention due to its ability to survive under stressful conditions like salinity, 

drought and frost (Gomez-Pando et al., 2010). The low agricultural productivity is due to 

these abiotic stresses causing food losses.  

Quinoa is a C3 facultative halophytic plant and belongs to Amaranthaceae family. 

It is self-pollinated annual herbaceous plant. Its seed has two cotyledons (Jacobsen et al., 

2003). Quinoa has superior nutrition profile than rice, wheat and maize. Protein contents 

of its seeds vary from 14% to 16.5% and fat contents vary from 5.2% to 9.7% (Valcárcel-

Yamani and Lannes, 2012). As it is gluten free so it is safely used by celiac patients (Berti 

et al., 2004). Leaves and stem of quinoa can be used as fodder and grains can be used in 

making breads like multigrain breads, biscuits and beer in food industry. The nutrient 

profile of quinoa leaves is comparable to mustard and spinach which is used as salad 

(Valcarcel-Yamani and Lannes, 2012). Hence Quinoa has many nutritional benefits and 

uses. 

Nitrogen application improve the yield, harvest index, protein contents and amino 

acid profile. Application of nitrogen improve the yield of pseudo cereal (Iqbal et al., 2014). 

Quinoa and amaranth showed significant improvement in protein contents of seed, plant 

height, grain yield per plant, harvest index, kernel weight, amino acid profile by the 

application of nitrogen (Thanapornpoonpong, 2008). Issue in quinoa production in 

Pakistan is that during high temperature it gains more height. Excessive vegetative growth 

further aggravated with the application of nitrogen. Due to this reason yield and harvest 

index is less (Basra et al., 2014). Although, quinoa has been successfully introduced in 

Pakistan, but it grows more vegetatively when day length increases. But some scientists 

manipulated vegetative growth by use of growth retardant paclobutrazol but this is 

synthetic chemical and residual effect of its spray may persist in food crop Quinoa (Desta 

and Amare, 2021). Some organic extracts like sunflower water extract can be utilized as a 

growth retardant.  

Furthermore, quinoa also responds to Nitrogen supplementation, raise in quantity 

of application of nitrogen from 40 to 160 kg N ha-1 grain yield also increase significantly 

(Kaul et al., 2005). But increase in nitrogen also causes lodging due to extra plant height, 

therefore it is suggested to control vegetative growth and increase harvest index, for this 

purpose allelopathy can be utilized. Allelopathy has been suggested as a possible weed 

management tool in agro-ecosystems (Rehman et al., 2018). Sunflower allelochemicals 

have potential to weed control (Anjum and Bajwa, 2005). Sunflower extract prevented 

germination, shoot and root length of wheat and weeds (Shahid et al., 2006). Thus, 

sunflower may also retard extra vegetative growth and increase harvest index. Hence the 

present study was undertaken to see the effects of priming sunflower water extracts and 

nitrogen levels on growth, physiology and yield of quinoa. 
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Materials and Methods 
Sunflower aqueous extract preparation 

The plant material was dipped in distilled water in a 1: 20 ratio and stored for 24 

hours. A muslin cloth was used to filter an aqueous extract of the plant. The filtrate was 

classified as a 100 percent concentration stock solution. Other concentrates of 3, 6, and 9 

percent were produced from this stock solution by diluting it with distilled water, whereas 

the control contained just water. 

Experimental site 

Experiment was conducted at Research Farm of MNS-University of Agriculture, 

Multan. Experiment was carried out in RCB design having split plot arrangement with 4 

replications. Quinoa variety UAF-Q7 was sown on first week of November 2020. 

Crop husbandry 

Seed of quinoa genotype, UAF-Q7 was obtained from University of Agriculture, 

Faisalabad. The seed bed was prepared by tractor driven cultivator 2-3 times followed by 

planking and 2.5 ft apart ridges were made. The crop was sown on one side of the ridges 

through dibbling using seed rate of 10 kg ha-1. Crop was harvested on 27th March 2021. 

Total 2 irrigations were applied. Urea fertilizer (46% N) was the source for addition of 

selected amount of nitrogen. Foliar application of sunflower water extract was done at 

Four different concentrations while one treatment was assigned as control or water spray. 

Before foliar application spraying machine was washed properly then sunflower water 

extract was measured with the help of graduated cylinder. First foliar application of 

sunflower water extract was done at bud initiation stage. Second foliar spray was done at 

fortnight interval. 

Apparatus Used 

Plant height and main panicle length were measured using centimeter scale while 

the main stem diameter was measured by using digital vernier caliper. Chlorophyll content 

was measured using SPAD-502 at physiological maturity stage. Gas exchange parameters 

were measured using CIRAS-3. 

Results and Discussions 
Seed quality parameters 

Seed quality in terms of emergence percentage improved significantly as a result 

of application foliar application of sunflower water extract. Maximum seed emergence 

percentage (86 %) was given by the seeds produced under lower nitrogen regimes (50 kg 

ha-1) and foliar application of sunflower water extract at12% concentration. While 

minimum emergence percentage (71 %) was recorded where nitrogen was applied @ 50 

kg ha-1 and 3% concentration of sunflower water extract application (Fig. 1).  

Seed vigor was assessed by measuring electrical conductivity of seed leachates. 

EC of seed leachates was more for the seeds produced under high nitrogen regimes along 

where no foliar spray of Sunflower water extract. Lowest values of seed leachate’s 

electrical conductivity were recorded in the treatment where nitrogen was applied @ 100 

kg ha-1 and sunflower water extract was applied at 3% concentration (Fig. 2).  

Growth parameters 

Application of nitrogen significantly increased plant height of quinoa. Foliar 

spray of sunflower water extract resulted in decreased plant height. Individual effect of 

nitrogen doses and sunflower water extract foliar spray was significant. Maximum plant 
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height (125 cm) was recorded for the plants where nitrogen was applied @100 kg ha-1 and 

no sunflower water extract was applied (Fig. 3) 

 
 

Figure.1. Influence of nitrogen level and foliar application of sunflower water extract on 

emergence percentage of quinoa 

 
Figure 2. Influence of nitrogen level and foliar application of sunflower water extract on 

seed vigor of quinoa 

 

Minimum plant height (68 cm) was recorded where nitrogen was applied @50 kg ha-1 and 

foliar spray of sunflower water extract was applied at 12% concentration (Fig. 1). Plant 

height was positively linked with increasing doses of nitrogen whereas negatively linked 

with increasing concentration of sunflower water extract.  
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Higher dose of nitrogen application increased stem diameter of quinoa. 

Maximum stem diameter (16.3 mm) was observed where nitrogen was applied @75 kg 

ha-1and foliar spray of sunflower water extract was applied at 9% concentration (Fig. 4). 

Minimum stem diameter (10.6 mm) was measured from the plots where nitrogen was 

applied @100 kg ha-1 and sunflower water extract was applied at 3% concentration. 

Interactive effect of Sunflower water extract foliar spray and nitrogen application was 

significant effect on stem diameter of quinoa.  Application of nitrogen improved the 

panicle length of quinoa. Individual effect of nitrogen doses and sunflower water extract 

foliar spray was significant.  Maximum panicle length (32 cm) was observed where 

nitrogen was applied @ 100 kg ha-1 and sunflower water extract was applied at 6% 

concentration. Minimum main panicle length (19.3 cm) was measured from the plots 

where nitrogen was applied @ 50 kg ha-1 and water spray was applied (Fig. 5). 

 
Figure 3. Influence of nitrogen level and foliar application of sunflower water extract on 

plant height of quinoa 

 
Figure 4. Influence of nitrogen level and foliar application of sunflower water extract on 

stem diameter of quinoa 

 



 

 

 

 

 

 

 

 

 

 

Role of sunflower leaf extract on Quinoa                                                                           

 
Figure 5. Influence of nitrogen level and foliar application of sunflower water extract on 

main panicle length of quinoa 

Application of nitrogen improved the number of sub panicle of quinoa. Individual 

effect of nitrogen doses and sunflower water extract foliar spray was significant. 

Maximum number of sub panicle or inflorescence (33) was observed where nitrogen was 

applied @ 100 kg ha-1 and sunflower water extract was applied at 3% concentration. 

Number of sub panicle is positively linked with increasing doses of nitrogen. Minimum 

number of sub panicle (14) was recorded from the plots where nitrogen was applied @ 50 

kg ha-1 and 12% concentration of sunflower water extract was applied (Fig. 6). 

Nitrogen application enhanced panicle weight of quinoa crop. Interactive effect 

of sunflower water extract foliar spray and nitrogen application was non-significant effect 

on panicle weight of quinoa. Individual effect of sunflower water extract and nitrogen 

doses was significant. Maximum panicle weight (35 g) was observed in the treatment 

where nitrogen was applied @ 100 kg ha-1 and 6% concentration of sunflower water extract 

was applied. Minimum panicle weight (18.3 g) was recorded where nitrogen was applied 

@ 50 kg ha-1 and water spray was applied (Fig. 7). Panicle dry weight was absolutely 

connected with higher level of nitrogen whereas sunflower water extract application 

improved panicle weight up to a certain limit. 

Interactive effect of sunflower water extract foliar spray and nitrogen application 

was non-significant effect on main panicle seed weight of quinoa. Individual effect of 

sunflower water extract and nitrogen doses was significant. Nitrogen application enhanced 

main panicle seed weight of quinoa crop. Maximum main panicle seed weight (24.6 g) 

was observed in the treatment where nitrogen was applied @ 100 kg ha-1 and 6% 

concentration of sunflower water extract was applied. Minimum main panicle seed weight 

(12.4 g) was recorded where nitrogen was applied @ 50 kg ha-1 and water spray was 

applied (Fig. 8). Main panicle seed weight was absolutely connected with higher level of 

nitrogen whereas sunflower water extract application improved main panicle seed weight 

up to a certain limit. 
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Physiological parameters 

Photosynthesis rate  

Interactive effect of sunflower water extract foliar spray and nitrogen application 

was significant effect on photosynthesis rate of quinoa. Individual effects of nitrogen doses 

and different concentrations of sunflower water extract was also significant. Maximum 

photosynthesis rate (15.1μ mol m-2 s-1) was recorded where nitrogen was applied @ 100 

kg ha-1 and sunflower water extract was applied at 3% concentration. Minimum 

photosynthesis rate (5 μ mol m-2 s-1) was recorded where nitrogen was applied @ 100 kg 

ha-1 and 12% concentration of sunflower water extract application (Fig. 9). Increasing dose 

of nitrogen exhibit improved photosynthesis rate of quinoa whereas lower concentration 

of sunflower water extract also improved photosynthesis rate. 

 

 
Figure 6. Influence of nitrogen level and foliar application of sunflower water extract on 

number of sub panicles of quinoa 

 
Figure 7. Influence of nitrogen level and foliar application of sunflower water extract on 

main panicle dry weight of quinoa 
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Figure 8. Influence of nitrogen level and foliar application of sunflower water extract on 

main panicle seed weight of quinoa 

Transpiration rate  

Interactive effect of sunflower water extract foliar spray and nitrogen application 

was non-significant effect on transpiration rate of quinoa. Individual effects of nitrogen 

doses and different concentrations of sunflower water extract was also non-significant. 

Transpiration rate was higher (6.1 m mole m-2 s-1) in plants sprayed with sunflower water 

extract at 3% concentration and nitrogen was applied @ 75 kg ha-1. Minimum transpiration 

rate (4.8 m mole m-2 s-1) was recorded where nitrogen was applied @ 100 kg ha-1 and 3% 

concentration sunflower water extract was applied (Fig. 10). 

 

Water use efficiency  

Application of sunflower water extract significantly affected the water use 

efficiency of quinoa. For different nitrogen doses, highest water use efficiency was 

recorded where nitrogen was applied @100 kg ha-1.  Highest water use efficiency (6 kg m-

3) was recorded in the treatment where sunflower water extract was applied at 9% 

concentration and nitrogen was applied @ 100 kg ha-1. Minimum water use efficiency (2.8 

kg m-3) was measured where sunflower water extract was applied at 12% concentration 

and nitrogen @ 50 kg ha-1 (Fig. 11). 

 

Chlorophyll content  

Nitrogen application increased the chlorophyll content of quinoa. Individual 

effect of sunflower water extract and nitrogen doses was significant. Maximum 

chlorophyll content (90.3) was measured where sunflower water extract was applied at 3% 

concentration and nitrogen @ 100 kg ha-1. Minimum chlorophyll content (57) was 

recorded where nitrogen was applied @ 50 kg ha-1 and 12% concentration of sunflower 

water extract was applied (Fig. 12). 
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Yield parameters 
1000-Seed Weight  

Nitrogen application significantly increased the 1000-seed weight of quinoa. 

Maximum 1000-seed weight was found in the treatment where nitrogen was applied @ 75 

kg ha-1 and sunflower water extract was applied 12% concentration. While where nitrogen 

was applied @ 50 kg ha-1 along with foliar spray of sunflower water extract at 3% 

concentration showed the minimum value of 1000-seed weight (Fig. 13). 

Biological Yield  

Nitrogen application improved the biological yield of quinoa. Highest biological 

yield (8450 kg ha-1) was observed where nitrogen was applied @ 100 kg ha-1 and water 

spray was applied. Lowest plant dry biomass (5059 kg ha-1) was noticed where nitrogen 

was applied @ 50 kg ha-1and sunflower water extract was applied at 12% concentration 

(Fig. 14). Biological yield was positively linked to application of nitrogen fertilizer 

whereas negatively related to sunflower water extract application. 

Grain Yield 

Nitrogen application and foliar spray of sunflower water extract improved the 

grain yield of quinoa. Individual effects of nitrogen doses and different concentrations of 

sunflower water extract was significant. Highest seed yield (3877 kg ha-1) was recorded 

from the experimental units where nitrogen was applied @ 100 kg ha-1and sunflower water 

extract was applied at 9% concentration. While minimum seed yield (966 kg ha-1) was 

observed in the treatment where nitrogen was applied @ 50 kg ha-1 and water spray was 

applied (Fig. 12). Increasing concentration of sunflower water extract beyond 9% 

negatively impacted the grain yield (Fig. 15). 

 

 
Figure 9. Influence of nitrogen level and foliar application of sunflower water extract on 

photosynthetic rate of quinoa 
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Figure 10. Influence of nitrogen level and foliar application of sunflower water extract on 

transpiration rate of quinoa 

 
Figure 11. Influence of nitrogen level and foliar application of sunflower water extract on 

water use efficiency of quinoa 
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Figure 12. Influence of nitrogen level and foliar application of sunflower water extract on 

chlorophyll content of quinoa 

Grain yield  

Harvest Index 

Individual effect of nitrogen doses and sunflower water extract foliar spray was 

significant.  Highest values of harvest index (0.55) were recorded from the experimental 

units where nitrogen was applied @ 100 kg ha-1 and sunflower water extract was applied 

9% concentration. Minimum harvest index (0.12) was observed where nitrogen was 

applied @ 50 kg ha-1 with water spray (Fig. 16). 

 
Figure 13. Influence of nitrogen level and foliar application of sunflower water extract on 

thousand grain weight of quinoa 
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Figure 14. Influence of nitrogen level and foliar application of sunflower water extract on 

biological yield of quinoa 

 
Figure 15. Influence of nitrogen level and foliar application of sunflower water extract on 

seed yield of quinoa 
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Figure 16. Influence of nitrogen level and foliar application of sunflower water extract on 

harvest index of quinoa 

Discussion 
            Nitrogen application increased all growth related traits like plant height, stem 

diameter and biological yield. Increasing concentration of sunflower water extract reduced 

the plant height (Sadeghi et al., 2010). Sunflower water extract application suppresses the 

vegetative growth of the plant and promote to reproductive growth (Sadeghi et al., 2010), 

which resulted in early harvest maturity. In current study higher nitrogen doses increased 

plant height and plants where sunflower water extract was applied at higher concentration 

resulted in prominent reduction in plant height. Difference between treated and controlled 

plants was clear. Interactive effect of sunflower water extract foliar spray and nitrogen 

application was significant effect on photosynthesis rate of quinoa. Individual effects of 

nitrogen doses and different concentrations of sunflower water extract was also significant 

on chlorophyll content and photosynthesis rate of quinoa genotype UAF-Q7. 

Photosynthetic rate and chlorophyll content were higher where sunflower water extract 

was applied at lower concentration (3%).  

Photosynthetic rate and yield have direct association at grain filling stage 

(Gonzalez et al., 2010). Photosynthetic rate also improved because plants exhibit more 

green color which in turn resulted in improved photosynthetic rate in higher dose of 

nitrogen treated plants as compared to non-treated plants (Amaliotis et al., 2004). 

Increased number of chloroplasts linked with high chlorophyll content which ultimately 

resulted in high photosynthetic rate. Because it is the main component in photosynthetic 

reaction that helps plant to capture sun light. Current study results show that combined 

application of sunflower water extract and high level of nitrogen improved seed yield of 

quinoa as compared to control. Nitrogen application and foliar spray of sunflower water 

extract increased the seed weight (Fig. 13). In this experimentation nitrogen fertilization 

especially higher dose of 100 kg ha-1 N and 6% concentration of sunflower water extract 

maximally improved main panicle length, main panicle dry weight and main panicle seed 

weight in quinoa, which ultimately results in increased seed yield of quinoa crop. Plant 
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treated with sunflower water extract showed improved grain yield in wheat (Cheema et 

al., 1997).  

Increased grain yield ultimately resulted in higher values of harvest index. 

Significantly, increase in the panicle length was observed by nitrogen application 

(Muchow, 1988; Bhargava et al., 2006). The increase in seed yield by nitrogen treatments 

might be due to fact that N is a part of Rubisco (Fredeen et al., 1991). Current study results 

show that no negative effect of nitrogen and sunflower water extract application on seed 

quality. In present study seed emergence and vigor was positively influenced by nitrogen 

fertilization and foliar application of sunflower water extract. Seed emergence of quinoa 

crop improved up to some extent in treatment where nitrogen was applied @ 50 kg ha-1 

and sunflower water extract was applied at 12% concentration. Seed vigor was higher for 

the seed harvested from the plots where higher nitrogen dose was applied. Sunflower water 

extract has also been used as priming agent to promote seed germination (Kamal and Bano, 

2008).  

Conclusion 

Foliar application of sunflower water extract and nitrogen application significantly 

enhanced yield and harvest index of quinoa crop. Maximum seed yield and harvest index 

was recorded by foliar application of sunflower water extract at 9% under higher dose of 

nitrogen i.e.100 kg ha-1. There was no harmful impact of sunflower water extract on seed 

quality attributes especially under higher nitrogen regimes. It is therefore concluded that 

foliar application of sunflower water extract at 9% under higher nitrogen regime improved 

physiological growth, yield, harvest index and seed quality attributes of quinoa. 
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