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Abstract: This study was conducted in one of the unheated plastic house at the 

Department of Horticulture and Landscape design, College of Agriculture and Forestry, 

University of Mosul during spring season 2018 to study the impact of two factors, the 

first: Tuber depth , 10 and 15 cm, the second: Zinc sulphate spraying on potato plants 

Actrice variety, 0, 150, 300 and 450 mg. l-1, the experiment was designed in the Split 

Plot system within a Randomized Complete Block Design (RCBD) with three 

replicates. The results could be summarized as: Tuber planted at 15 cm depth and 

spraying with zinc sulphate 450 mg. l-1 increased plant higher, number of stems per 

plant, leaf area per plant, whole dry matter percentage, number of tubers per plant, plant 

yield and total mg. l-1 .  
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Introduction 

Potato (Solanum tuberosum L.) an important 

crop after rice, yellow corn and wheat in 

source of nutrition. one of the world's 

vegetable crops, belonging to Solanaceae 

family (Matlob et al., 1989). Potato tubers 

have a high nutritional value. They contain 

proteins, carbohydrates, vitamins, fiber, fats, 

minerals such as phosphorus, potassium, iron, 

calcium, magnesium ascorbic acid. It provides 

the body with calories, their tubers also rich in 

amino acids. It contains 18 amino acids, 

particularly lysine, which lacks to it grain 

crops, giving them high nutritional value 

(Hassan, 1999).  The production of this crop 

is affected by many factors, including the 

appropriate cultivar, size of the seeds, 

environmental factors and the agricultural 

service operations, which in turn affects the 

photosynthetic products, the quantity and 

quality of the crop (Hassan et al., 2002). Deep 

cultivation of potato tubers causes slow tuber 

germination. While surface cultivars expose 

tubers to light and low or high temperatures 

by season of cultivation.  

    These are the most important problems of 

growing potatoes. The cultivation of tubers 

deep in the soil reduces vegetative growth and 

works on reduce the strength (Vigor) of the 
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tuber and the survival of these seedlings 

(Hawkes, 1990).  

    Alsadon et al. (1993) planted tubers of two 

potato varieties in the spring season at a depth 

12 and 20 cm, found increased the total yield 

of tubers when planting at 20 cm. Al-

Doghachi (2008) observed when cultivating 

the potato tubers in the Basrah plant at the 

depth of 5, 7.5 and 10 cm significantly 

increase the plant height at planting 5 cm 

depth, while planting at depth 7.5 cm caused a 

significant increase in the number of tubers 

per plant, plant yield and the total yield of 

tubers, while significant increase average of 

tuber weight when planting at 10 cm, while 

no significant differences found in the number 

of stems per plant.  

    Chehaibi et al. (2013) explained that the 

planted tubers at 15 cm significantly increase 

dry weight of vegetative growth and total 

tubers yield, compared with 10 cm planted 

depth. Fanos et al. (2015) found that planted 

tubers 12 cm depth  significantly increased 

plant height, number of stems per plant, 

number of tubers per plant, average weight of 

tuber and total yield of tubers and decreased 

green tubers percentage. Kumar et al. (2015) 

observed that planted tubers at 15 cm depth 

caused significant increase in plant height,  

number of stems per plant, number of tubers 

per plant and total yield of tubers compared 

with 10 and 20 cm planted depth.  

`    A study of nutrient behavior such as zinc 

is of no less important than major nutrients 

such as nitrogen, phosphorus and potassium, 

because zinc is a necessary nutrient essential 

to plant growth. As it enters into many vital 

processes in the plant, including the 

stimulation of oxidation processes in plant 

cells and it is necessary for the formation of 

amino acid Tryptophan which is made up of 

oxin (IAA) as it is observed that plants that 

lack zinc suffer from low elongation of the 

stem and low activity of oxin and a few 

contents of the amino acid Tryptophan (Tsui, 

1984).  

    The Iraqi soil has a high content of lime up 

to 30%, and pH diagonal to alkaline and has 

low content organic matter all these factors 

helped to reduce the availability of 

micronutrients including zinc in soil solution, 

leaves nutrition is an effective method for 

addressing micronutrient deficiency, 

including zinc in plants, as it provides the 

nutrients requirements of these nutrients 

during the growth stages, which may be 

unable to provide roots due to the 

determinants of absorption by the roots and 

the soil conditions inappropriate (Martin, 

2002). The reduced of this element leads to 

small leaf size and determines plant growth 

(Alloway, 2004).  

    Mousavi et al. (2007) found zinc spraying 

on potato plants increases vegetative and 

quantitative. Ahmed et al. (2011) found that 

spraying zinc sulphate for potato plants Valor 

variety with the concentration 300 mg.l-1 

caused a significant increase in plant length, 

number of stems per plant, leaf area of plant, 

dry weight of vegetative growth, plant yield 

and total yield of tubers. Mahmoud (2013) 

said spraying zinc sulfate to potato plants 

Argos variety  with a concentration of 60 mg. 

l-1 caused a significant increase plant yield, 

average weight of tuber and total yield of 

tubers. Al-Fadhly ( 2016 ) found that the zinc 

spraying to potato plants a concentration 60 

mg. l-1 caused a significant increase in 

average weight of tuber, plant yield and total 

yield of tubers compared with control 

treatment. Assi (2017) observed that the 

spraying zinc sulphate on potato plants at 50 

ml. l-1 caused a significant increase in plant 

length, leaf area per plant, number of tubers 
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per plant, tuber weight and total yield of 

tubers compared with control treatment. 

Manea et al. (2019) found that spraying zinc 

sulphate for potato plants Sylvana variety at 

400 mg. l-1 concentration caused a significant 

increase in plant length, leaf area per plant, 

number of tubers per plant, plant yield, total 

yield of tubers, compared with control 

treatment.  

     The aims of study to find out the most 

suitable depth for the cultivation of potato 

tubers in the spring season, and the best 

concentration of zinc sulphate to improve the 

growth and the quality, and increase yield.  

Materials & Methods: 

The experiment was conducted in the 

vegetative field, Department of Horticulture 

and Landscape, College of Agriculture and 

Forestry, University of Mosul, during spring 

season 2018. Soil samples were taken from 

the surface layer at a depth of 30 cm to study 

some physical and chemical traits of the soil 

before the cultivation starting as shown in 

Table (1). 

Table (1): Physical and chemical traits of field soil. 

pH 

EC 
 )1-ds.m(

. 

Organic 

matter (%) 

-N (mg.kg

)1 

P  

)1-mg.kg( 

K  

)1-mg.kg( 

Sand 
1-g. kg 

Loam 

1-g. kg 

Clay  

1-g. kg 

Soil 

texture 

7.1 0.75 18.45 23.15 14.75 125.55 648.1 228.8 123.1 Silty loam 

    

The soil was prepared for cultivation by 

plowing with the mound board plough trio by 

plowing it two perpendicular plowing, and 

then the soil was smoothed and settled. A (18- 

46-0) NPK with rate of 400 kg.ha-1 (Al-

Obaydi, 2005) was added to the soil 10 days 

before tubers planting, the compost was 

mixed with soil, and the experiment of ground 

was divided into three sectors. The tubers 

were treated with a fungicide (Pentanol) at a 

concentration of (1 g .l-1 water) to protect the 

tubers from fungal infections before planting. 

Tubers of Sylvana variety were planted on 8th 

February 2018 in the furrows, the distance 

between each furrow is 75 cm and 25 cm 

between tubers. Experimental unit included 3 

furrows with a length of 2 m and a width of 

2.25 m, the experimental unit area was 4.5 

m2. The number of planted tubers in furrows 

each 8 tuber, experimental unit contained 24 

tubers. The agricultural service operations 

were conducted in a similar manner to all the 

experimental units, from fertilizing, weeding 

and, control diseases, insects, grubbing, 

controlling the thicket and incubation, as is 

the case of the commercial fields. Irrigation 

method was Dropping method. The study 

included two factors. Nitrogen fertilizer 

(Urea) added after tubers germination at 100 

kg. ha-1 (Al-Obaydi, 2005) in two times. To 

summarize the research, we include only two 

factors: 

The first factor: planting tubers on two depth:  

1-10 cm, 2- 15 cm          

The second factor: spraying the plants with 

zinc sulphate three concentrations in addition 

of water only: 

2-150 mg. l-1, 2- 300 mg. l-1, 3- 450 mg. l-1. 

All this concentration  sprayed  on vegetative 

whole at three times:  

-After tubers germination is completed at (43 

days of cultivated). 
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-During the formation of the tubers after (15 

days from the first spraying). 

-Tuber growth period after (15 days from the 

second spraying). 

    The number of treatments in each replicate 

were 8 treatments (2×4), the total 

experimental units were 24 experimental 

units. The experiment was conducted within 

the split-plot system according to the 

Randomized Complete Block Design 

(RCBD), with three replicates. The tubers 

planted depth (first factor) were placed in the 

main plots and the spraying zinc sulphate 

(second factor) in the sub plots.  

Experimental measurements: 

First: Vegetative growth traits: vegetative 

growth traits of plants were measured after 10 

days of last spraying of zinc sulphate which 

included: 

1-Plant height (cm) 

2-Number of aerial stems per 

plant.(stem.plant-1) 

3-Plant leaf area(cm2.plant-1) 

4-Whole dry matter percentage.  

Second: Quantitative yield traits : Tubers 

were harvested after 120 days of cultivation, 

which included: 

1-Number of tuber per plant (tuber. plant-1). 

2-Average weight of tuber (g). 

3-Plant yield (g.plant-1). 

4-Total yield of tubers.(t. ha-1). 

5-Green tubers percentage. 

    After the finishing of data collection, 

statistical analysis was conducted using SAS, 

2001 program and Duncan Multiple Range 

test at a probability level 0.05 (Al-Rawi & 

Kallaf Allah, 2000). 

Results & Discussion: 

Vegetative growth traits: 

Table (2) showed that tubers planted at 15 cm 

was significantly increased plant height which 

amounted for 55.50 cm, number of aerial 

stems per plant 3.27 stem.plant-1, leaf area per 

plant 1862 cm2. Plant-1, dry matter percentage 

of whole vegetative 14.00% , while there is 

no significant between tubers planted depth 

on chlorophyll in the leaves.  

Table (2): Effect of planted tuber depth and zinc sulphate spraying on vegetative growth 

traits. 

Chlorophyll 

SPAD 

Whole dry 

matter (%) 

Leaf area 

)1-.plant2cm( 

Nu. of stems 

per plant 

Plant height 

(cm) 
Tuber depth 

61.49  a 12.90  b 1547  b 2.86  b 54.08  b   10 cm 

62.45  a 14.00  a   1862  a 3.27  a 55.50  a 15 cm 

 :)1-sulphate concentrations ( mg. l Zinc 

58.79  c 13.08  b 1897  b 2.98  a 53.00  b 0 

  61.07  bc   13.22  ab  1909  ab       3.04  a   54.85  ab 150 

 62.73  b   13.58  ab  1928  ab 3.05  a    55.30  ab  300 

65.28  a 13.90  a       2130  a 3.18  a    56.05  a  450 
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Averages with same letter for each factor was no-significant according Duncanʼs multiple Range of 0.05 test. 

    Results of zinc sulphate spraying observed 

that sprayed 450 mg. l-1 was significantly 

increased plant height 56.05 cm, leaf area per 

plant 2130 cm2. Plant-1, dry matter percentage 

of the whole vegetative, 13.90% and 

chlorophyll in leaves 65.28 compared with 

control treatment, but there is no significant 

differences between zinc sulphate spraying on 

number of aerial stems per plant. No 

significant differences were observed between 

concentration of zinc sulphate in these 

characteristics. 

    The interaction between planted tubers at 

15 cm and spraying zinc sulphate 150 , 300 

and 450 mg.l-1 gave the highest of plant 

higher, number of aerial stems per plant, leaf 

area per plant, highest dry matter percentage 

of whole vegetative and chlorophyll in the 

leaves which amounted 57.06 cm, 3.37 

stem.plant-1, 1994 cm2. Plant-1, 14.44% and 

65.95 respectively (Table 3). 

Table (3): Effect of interaction between planted tuber depth and zinc sulphate spraying on 

vegetative growth traits. 

Chlorophyll 

SPAD 
Whole dry 

matter (%) 

Leaf area 

)1-.plant2cm( 

Nu. of 

stems per 

plant 

Plant 

higher 

(cm) 

Zinc 

sulphate 

)1-mg. l(  

Tuber 

depth 

58.20  c 
    12.54  c 1358  c 2.75  b 

51.97  b  

   
0 

10 cm 

 

  60.88  bc 12.69  bc 1595  b   2.83  b 54.07  ab 150 

  62.26  ab   13.01  abc  1617  b 2.87  b  55.26  ab 300 

  64.62  ab  13.35 abc    1616  b   2.98  b  55.03  ab 450 

  59.38  bc 13.62  ab  1800  ab 3.20  ab  54.00  ab 0 

 

15 cm 

 61.25  b 13.75  ab 1815  ab 3.25  ab 55.63  ab 150 

  63.20  ab 14.15  ab 1836  ab 3.23  ab 55.33  ab 300 

65.95  a   14.44  a      1994  a    3.37  a 57.06  a   450 

Averages with same letter for each factor was no-significant according Duncanʼs Multiple Range test of 0.05. 

Quantities yield traits:  

Table (4) indicated that tubers planted at 15 

cm was significantly increased tuber number 

12.60 tuber.plant-1, average tuber weight 

127.64 g, plant yield 1143 g, total tubers yield 

58.963 t.h-1, but significantly decreased the 

greening percentage of tubers 5.44%. Results 

of zinc sulphate spraying in same table 

indicate the significant superiority of the 

concentration 450 mg. l-1 in number of tubers 

12.68 tuber. plant-1, average tuber weight 

131.58 g, plant yield 1147 g, total tubers yield 

58.743 t. ha-1 compared with control 

treatment, but no significant found in 

greening percentage of tubers. The interaction 

between the tuber depth planted and zinc 
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sulphate spraying (Table 5) showed that the 

interaction between planted tubers at 15 cm 

and spraying zinc sulphate at a concentrations 

150, 300 and  450 mg. l-1 was significantly 

increased in all studied quantitative traits, 

tuber number per plant 13.75, average weight 

of tuber 136.95 g, plant yield 1205 g and total 

yield of tubers 62.420 t.ha-1, while this 

treatment significantly decreased the greening 

percentage of tubers 3.77% . 

Table (4): Effect of planted tuber depth and zinc sulphate spraying on vegetative growth 

traits. 

Green tubers 

% 

Total yield of 

 ) 1-tubers ( t. ha 

Plant yield  

(g ) 

Average weight 

of tuber (g) 

Nu. of tubers 

per plant 

Tuber depth 

9.22  a 54.020  b 1058  b 118.92  b 11.08  b 10 cm 

5.44  b 58.963  a 1143  a 127.64  a 12.60  a  15 cm 

 :)1-sulphate concentrations ( mg. l Zinc  

7.91  a 54.668  b 1045  b 117.58  b 11.01  b 0 

7.94  a 55.451  b 1092  b 120.89  b 11.40  b 150 

7.47  a  57.071  ab    1116  ab   123.04  ab   12.24  ab   300 

6.48  a      58.743  a 1147  a 131.58  a 12.68  a   450 

Averages with same letter for each factor was no-significant according Duncanʼs Multiple Range of test 0.05. 

Table (5): Effect of interaction between planted tuber depth and zinc sulphate spraying on 

vegetative growth  traits. 

Green 

tubers % Total yield    

 )1-t.ha( 

Plant yield 

   (g) 

Average 

weight of tuber 

(g) 

Nu. of 

tubers per 

plant 

Zinc 

sulphate 

)1-mg. l(  

Tuber 

depth 

9.49  a 52.828 c 1025  c 112.19  c  10.29  c 0 

 

10 cm 

9.84  a   53.872 bc   1050  bc   118.28  bc   10.59  bc 150 

9.35  a   54.311 bc    1067 abc   118.97  bc   11.80  bc 300 

 9.19 ab    55.066 abc    1089 abc     126.21  abc     11.61  bc 450 

 6.34 bc    56.507 abc    1065 abc   122.97  bc 11.73  b 0 

 

15 cm 

   6.04 bc    57.091 abc   1134  ab   123.50  bc   12.21  ab 150 

   5.60 bcd   59.831  ab   1166  ab   127.11  ab   12.68  ab 300 

3.77  d 62.420  a 1205  a 136.95  a 13.75  a 450 

Averages with same letter for each factor was no-significant according Duncanʼs Multiple Range of 0.05. 

 



Al-Bayati & Ali / Basrah J. Agric. Sci., 32 (Special Issue): 90-97, 2019 

96 

 

    The results indicated that tubers planted at 

15 cm depth significantly increased plant 

higher, number of aerial stem per plant, due to 

that in light textured soil planting deeper 

allows the crops to get more food reserves 

and water (McEwan, 2012), encouraging 

development and increasing fresh weight, and 

this indicators reflected to increase the leaf 

area per plants and percentage of dry matter 

of whole.  

    It appears that is considerable interaction 

between the level of release of tubers in the 

soil and yield of the plant. In deed a major 

planting deepest germinates more slowly but 

their roots grow best laterally and at depth 

and make the most of available water and 

nutrients. By contrast, at shallower planting 

depths, plant biomass was relatively lees 

developed leading to a lower tuber yield. 

Tuber weight depends primarily on the 

operating time of the leaf canopy (Snapp & 

Kravchenko, 2010). 

Conclusions  

At the end of this experimental work aimed to 

study the effect of planting depth and zinc 

sulphate spraying on potato plants, it appears 

that planting potatoes at 15 cm and spraying 

zinc sulphate 150, 300 and 450 mg.l-1 

promoted better development of both below 

and above ground plant components.  
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