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ABSTRACT 
This research was performed in order to investigate Zn spray application on the yield 

of three varieties of spinach in agronomy year of 2013 in Tehran as factorial 

experiment on the base of complete randomized block design with three replications. 

Factors were included three varieties (Viroflay, Tehrani and Iranian) and Zn 

microelement was in tow levels of spraying and non-spraying. Growth analyzing 

indicated that Zn microelement had no significant effect on each one of PGR, CGR 

and TDM indexes. The difference between varieties was significant for growth 

indexes but the reciprocal effect of variety and Zn microelement wasn’t significant. 

Also, in study the effect of zinc on yield and some related traits, it was indicated that 

Zn microelement was affected on the yield on the base of dry weight and had no 

significant effect on other morphological traits. 
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INTRODUCTION 

 

 Heavy metals are ubiquitous in the environment as a result of both natural and 

anthropogenic activities; humans, plants, and animals are exposed to them through various 

pathways (Wilson and Pyatt, 2007). Wastewater irrigation, solid waste disposal, sludge 

applications, vehicular exhaust and industrial activities are major sources of soil 

contamination by heavy metals, and increased metal uptake by food crops grown on such 

contaminated soils is often observed (Singh et al., 2004; Chen et al., 2005). Excessive 

contents of metal ions in plants can cause various stress responses manifested outwardly with 

visible symptoms such as growth inhibition, root damage, chlorosis, larger stomata, and 

thinning of wax deposition. (Schutzendubel and Polle, 2002; Rai et al., 2005; Casierra- 

Posada et al., 2010). 

 Recent reports (Hambidge et al., 1972) indicate that zinc intake by several groups of 

people may be insufficient for their daily requirements. These reports demonstrate that zinc 

levels in plant foods and dietary factors affecting zinc availability have considerable practi 

cal importance. Availability of zinc from inorganic sources to several animal species has been 

reviewed (Ammerman et al., 1972), but there is little information on the availability of 

naturally occurring forms of zinc in most plant foods. In addition, zinc absorption may be 

affected by a number of dietary variables. Toxic effects of zinc on plant growth have been 

reported for spinach (Pavlikova et al., 2008). However, metal-enriched spinach plants have a 
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detoxification mechanism and grow well on organic matter-enriched soil contaminated with 

toxic metals (Sinha et al., 2007). Acid soils have a larger pool of available Mn than neutral or 

alkaline soils; the addition of municipal solid waste compost to an acidic sandy loam 

increased Mn in blueberry leaves (Warman et al., 2004). 

   

MATERIAL AND METHODS 

 

 This research was performed in agronomy year of 2013 in the farm of the genetic 

engineering and biotechnology center located in 17 kilometers far from Karaj autobahn with 

latitude of 53 degree and 34 northern minutes and longitude of 20 degree and 2 eastern 

minutes and with 1050 meters height from the sea surface.  

 

Statistical characteristic of design: 

 Three varieties of spinach including: 1-Viroflay (without thorn), 2-Tehranian (without 

thorn) and 3-Iranian(with thorn) under effect of two levels of Zn foliar at 8 and 31 –leaf 

stages were investigated as factorial experiment on the base of complete randomized block 

design with three replications. Plantation was performed as plot form and each replicate was 

composed of 6 plots with the length of 2.5  

 Meter and width of 4.5 meters. One square meter of each plot was maintained for yield 

and sampling was performed randomly from each plot and ones every 8 days and the number 

of sampling plant were 5 number of each plot. Plantation was performed at 24Aug.2013, with 

the irrigation cycle of 8 days. Plantation was performed in depth of 2 centimeters and the 

biologic fertilizer of humax-L as the amount of 15 per thousand in 4-leaf stage was used 

instead of urea fertilizer (along with irrigation water). Spraying was performed at two stages 

of 8 and 31- leaf by Zn librel fertilizer as the amount of 1.5 per thousand, with 5 liter- hand 

sprayer. Plantation was performed in 2 centimeters depth. Irrigation was carried out as every 

8 days and weeding control was performed by hand during vegetative period. Convolvilus 

arvensis can be noted as   the most important weeds of spinach during vegetative growth 

duration. It wasn’t observed any disease or pest during the growth duration. 

 

Measuring the growth physiological traits: 

 Measurement of the physiological indexes was performed every 8 days with random 

selection of 5 plants and with considering the marginal effect of each plot, harvest was done. 

One square meter of each sample was maintained for final harvest and calculating the harvest 

index from sampling. Samples were transferred to the laboratory after harvest. To determine 

the changing trend of TDM, CGR and RGR during the growth season, equation coefficient of 

shoot dry weight relative to growth day degree (GDD) and also following equations were 

used. 

 )RGR = dw / Dh*1) (dW) 

CGR = dw/ dH 

 Which GDD is dH change and gm/m
2
 is shoot dry weight at DW. Harvest operation for 

all 3 varieties was performed in 24/Oct/2013. For this purpose, all existed plants of one 

square meter identified for the final harvest from the start of the experiment, were cut and 

transferred to the laboratory and were weighted separately to calculate the final yield. 

 

RESULTS AND DISCUSSION 

Total dry mater (TDM): 

 Total dry mater Changing trend of 3 varieties of spinach is according to the graphs 1 and 

2. Regarding to the curve of total dry mater of all spinach varieties it can be said that this 

curve has the sigmoid form on the base of other researchers reports and have three specific 
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stages of the growth. Generally, on the base of this fact, at the early stages of the growth, the 

plant is inserted in to the rosette stage which the growth day degree reaches to 421.2 unit at 

the start of this stage. The growth is continued slowly in this stage. After passing the plant 

from rosette and the weather being comfortable    for the growth of spinach, ( as it has been 

noted, spinach is a cold season crop and has better growth at low temperatures in relation to 

the high temperatures), collecting of its dry matter will increases and the growth trend will 

start its increasing trend which this increase will be continued to growth day degree of 

680.1unit. In this stage fast increase of plant dry weight is happened. In similar experiments, 

Casierra-Posada et al. (2010) found that broccoli plants exposed to high Zn concentrations 

reduced dry matter allocation to the roots in an inversely proportional relation to Zn soil 

concentration, as this metal principally affects roots. 

 

 
Graph 1: Changing trend of total dry matter of three varieties of spinach in non using of zinc microelement 

condition. 

 

 
 

Graph 2: Changing trend of total dry matter of three varieties of spinach in using of zinc microelement 

condition. 

 

Crop growth rate (CGR): 

 Investigate the CGR changing trend on the base of graphs 3 and 4 indicated that crop 

growth rate in all varieties was less at early stage of experiment and then it was decreasing 

progressive to reaching a specific growth day degree which CGR reached to its maximum 

and then the CGR takes the falling trend to final maturity. Reason of such this increasing can 

be absorption of sun ray along with increasing leaf area at the early growth season and 

therefore increasing the aggregation of dry matter in the plant. 
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Graph 3: Changing trend of crop growth rate in three variety of spinach in condition of not consuming Zn 

micro element. 

 

 
 

Graph 4: Changing trend of crop growth rate in three variety of spinach in condition of consuming Zn micro 

element. 

 

Relative growth rate (RGR): 

 Graphs 5 and 6 indicates PGR changes during growth season on the base of not 

application and application of Zn microelement. Changes trend shows that PGR has the 

maximum amount at the early growth stages and with during passing the time and increasing 

the plant age and progressive heat units, CGR is decreased and at the late growth season, it 

became negative. Decrease in PGR during growth season is due to that the most textures 

added to the plant are structural and active metabolic textures and these textures have no role 

in growth. Investigating graphs indicated that applying Zn microelement results in increasing 

RGR in all three varieties of spinach such that this increase in variety Tehrani was 

considerably more in relation to the other two varieties. This increase of RGR which is 

indicated in graph 6, expresses the role of Zn in increasing the ability of a new dry weight 

production for plant which this increase is due to increasing the plant age and also increasing 

transpiration rate in the late growth season and decreasing the RGR. 
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Graph 5: Changing trend of relative growth rate in three varieties of spinach in condition of not applying Zn 

microelement. 

 

 
 

Graph 6: Changing trend of relative growth rate in three varieties of spinach in condition of applying Zn 

microelement. 

 

Conclusion: 

 It was observed significant difference between growth indexes trend. The maximum 

growth indexes were achieved in condition of applying Zn and the variety of Viroflay had the 

most TDM, RGR and CGR among investigated varieties.  
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