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abstract
	 Potato	tubers	are	an	important	source	
of	 minerals.	They	 contain	 0.5	 to	 2.0%	 of	 the	
mineral	components,	such	as	nitrogen,	potassi-
um,	phosphorus,	magnesium,	calcium,	sodium,	
chlorine,	copper,	zinc,	 iron,	 iodine	and	others.	
The	problem	of	low	soil	fertility	and	plant	mal-
nutrition	affects	not	only	potato	yields,	but	also	
the	quality	of	potatoes.	This	study	as	a	review	
of	many	refereed	authors	was	conducted	with	
the	aim	of	highlighting	the	effects	of	plant	nu-
trition	 on	 the	 yield	 and	 quality	 of	 potato	 tu-
bers.	Emphasis	was	placed	on	job	clarification	
through	which	the	elements	of	different	nutri-
ents	affect	biochemical	processes	and	eventu-
ally	affect	the	total	quality	of	potato	tubers	and	
their	products.	Nutrients	reviewed	in	this	paper	
included	microelements	such	as	zinc	(Zn),	so-
dium	(Na),	iron	(Fe),	manganese	(Mn),	copper	
(Cu),	 molybdenum	 (Mo),	 chlorine	 (Cl),	 and	
nickel	(Ni).	Moreover,	there	are	some	trace	el-
ements	 such	 as,	 aluminium	 (Al),	 silicon	 (Si),	
vanadium	(V),	cobalt	(Co)	and	others.	The	po-
tato	quality	 characteristics	mostly	 reported	 to	
be	affected	by	plant	nutrition	include	proteins,	
carbohydrate,	sucrose	content	in	tubers	of	po-
tato;	vitamins	like	vitamin	C	content	in	tubers;	
potato	tuber	density;	and	frying	colours.	Also	
application	of	foliar-fertilization	with	fertiliz-
ers	containing	micronutrients	affects	the	nitro-
gen	economy	of	plants.	For	example,	effects	of	
elements	such	as	magnesium,	iron,	and	zinc	are	
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Efekt nawożenia ziemniaka dolistnymi  nawozami 
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streszczenie
	 Bulwy	ziemniaka	są	ważnym	źródłem	
minerałów.	Zawierają	0,5	do	2,0%	składników	
mineralnych,	 takich	 jak	 azot,	 potas,	 fosfor,	
magnez,	wapń,	sód,	chlor,	miedź,	cynk,	żelazo,	
jod	 i	 inne.	 Problem	 niskiej	 żyzności	 gleby	

Key	 words:	 potato	 quality,	 micronutrients,	
nutrition	value,	potato	tubers,	foliar	fertiliza-
tion.

enhanced	by	the	effect	of	photosynthesis,	while	
zinc,	manganese,	copper,	boron,	and	iron	man-
ganese,	increase	the	plant	resistance	to	diseases.	
It	has	been	noted	that	essential	and	beneficial	
nutrient	 elements	 contribute	 to	 potato	 qual-
ity	 through	 functioning	 as	 raw	 materials	 for	
the	synthesis	of	various	plant	components	that	
have	food	value	to	humans	and	animals.	The	el-
ements	like	Zn	and	Fe	are	involved	in	enzyme	
synthesis,	activation	or	as	electron	carriers	and	
hence	affect	quality	of	tubers	greatly.	It	has	been	
noted	that	potato	quality	is	also	greatly	influ-
enced	by	the	synergistic	and	antagonistic	inter-
actions	in	various	nutrients	uptake	and	utiliza-
tion.	Therefore,	balanced	nutrition	is	noted	to	
be	of	paramount	importance.	From	this	review,	
it	can	be	concluded	that	potato	quality	is	a	very	
important	area	to	consider	advancing	and	put-
ting	up	resources	for	research	since	it	has	a	huge	
bearing	 on	 human	 health	 and	 socioeconomic	
effect	on	farmers	through	its	influence	on	the	
marketability	 of	 potato	 tubers	 and	 products.
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i niedożywienie roślin mają wpływ nie tylko na 
plony ziemniaków, ale również na ich jakość. 
Niniejsze badanie jako przegląd wielu recen-
zowanych autorów zostało przeprowadzone w 
celu podkreślenia wpływu odżywiania roślin na 
plon i jakość bulw ziemniaka. Położono nacisk 
na wyjaśnianie działań dzięki którym elementy 
różnych składników odżywczych wpływają na 
procesy biochemiczne i ostatecznie wpływają 
na całkowitą jakość bulw ziemniaka i ich 
produktów. Przegląd składników odżywczych 
w tym artykule obejmuje mikroelementy, takie 
jak: cynk (Zn), sód (Na), żelazo (Fe), man-
gan (Mn), miedź (Cu), molibden (Mo), chlor 
(Cl) i nikiel (Ni). Ponadto istnieją pierwiastki 
śladowe, takie jak aluminium (Al), krzem (Si), 
wanad (V), kobalt (Co) i inne. Cechy jakości 
ziemniaków, o których najczęściej donoszono, 
że mają wpływ na odżywianie roślin obejmują 
białko, węglowodany, sacharozę w bulwach 
ziemniaka; witaminy, takie jak: zawartość 
witaminy C w bulwach; gęstość bulw ziem-
niaka i smażone frytki. Również zastosowanie 
nawożenia dolistnego nawozami zawierającymi 
mikroelementy wpływa na gospodarkę azotową 
roślin. Na przykład efekty działania takich 
pierwiastków, jak: magnez, żelazo i cynk są 
wzmacniane przez efekt fotosyntezy, podczas 
gdy cynk, mangan, miedź, bor, żelazo i man-
gan zwiększają odporność roślin na choroby. 
Zauważono, że niezbędne i korzystne składniki 
odżywcze przyczyniają się do wzrostu jakości 
ziemniaka poprzez funkcjonowanie, jako surow-
iec do syntezy różnych składników roślinnych, 
które mają wartość pokarmową dla ludzi 
i zwierząt. Pierwiastki, takie jak: Zn i Fe biorą 
udział w syntezie enzymów, aktywacji lub jako 
nośniki elektronów, a tym samym w znacznym 
stopniu wpływają na jakość bulw. Zauważono, 
że na jakość ziemniaka duży wpływ mają 
również synergistyczne i antagonistyczne in-
terakcje w pobieraniu i wykorzystaniu różnych 
składników odżywczych. Z tego względu zbi-
lansowane odżywianie ma ogromne znaczenie. 

Ali HulAil NoAemA, BArBArA SAwickA

Z przeglądu można wywnioskować, że jakość 
ziemniaków jest bardzo ważnym obszarem, 
który należy rozważyć w zakresie zwiększania 
środków na badania, ponieważ ma to ogromny 
wpływ na zdrowie ludzi i społeczno-ekonom-
iczny stan rolników poprzez ich wpływ na 
zbywalność bulw ziemniaka i jego produktów.
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Słowa kluczowe: jakość ziemniaka, mik-
roelementy, wartość odżywcza, bulwy ziem-
niaka, nawożenie dolistne.

Introduction
 In general, potato plant requires 17 nu-
trients to complete their life cycle. Basic plant 
nutrients are divided into macro and micronu-
trient groups. The macronutrients are nitrogen 
(N), phosphorus (P), potassium (K), carbon 
(C), hydrogen (H), oxygen (O), calcium (Ca), 
magnesium (Mg) and sulphur (S). Moreover, 
the micronutrients include manganese (Mg), 
boron (B), molybdenum (Mo), zinc (Zn), cop-
per (Cu), iron (Fe), chlorine (Cl), and nickel 
(Ni) (BRADY AND WEIL, 2002). More-
over, there are some trace elements such as 
sodium (Na), aluminium (Al), silicon (Si), va-
nadium (V) and cobalt (Co)) (WADAS AND 
DZIUGIEL, 2013). However, depending on 
essentiality point of view in the plant, all nu-
trients are equally important for plant growth. 
The air and water supply the first three macro-
nutrients (C, H, O) to plants. Thus, their supply 
to plants is not a problem. Thus, the remaining 
14 nutrients must be present to plant growth in 
sufficient quantity and proportion for growth 
(QADRI ET AL., 2015). Deficiency of nutri-
ents during vegetation, caused by various causes, 
such as intensive plant development, drought, 
agricultural errors, etc., lack of element, may 
occur in the case of inadequate quantity in 
the environment or in the inability to absorb 
the component of unfavourable environmen-
tal conditions when roots cannot provide the 
necessary food (SZEWCZUK AND MICH-
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ALOJC, 2003; TRAWCZYNSKI, 2015). In 
addition to deficiency of nutrients during the 
vegetation period, symptoms of nutrient defi-
ciency in potato plants first appear on the up-
per or lower parts of the plant. The older leaves 
are not severely affected due to the fact that the 
immobile ingredients (calcium, boron, copper, 
iron, manganese, molybdenum) are not mov-
ing from the older to younger parts of the plant 
(FERNANDEZ ET AL., 2013).
 The objective of this review is to criti-
cally discuss the effects of some micronutrients 
(Zn, Fe, Mo, Mn, Cu and Na) on in some of 
quantity and quality characteristics of potato 
tubers.

Foliar fertilization
 Foliar fertilization is the spraying of 
liquid fertilizer (a mineral salt solution or a 
chelate with a surface tension reducing agent) 
on plant leaves and stems and the absorption 
of nutrients at these sites. It is a supplying 
complementary dose of minor or major nutri-
ents to plants (FERNANDEZ ET AL., 2013; 
TRAWCZYNSKI, 2015). Using it in the situ-
ation of difficult nutrient uptake of soil repre-
sents an alternative way to supply plants with 
missing macronutrients and micronutrients 
(SAWICKA AND SKIBA, 2009). It is the 
most efficient way to deliver a plant the trace 
elements and micronutrients. The use of tim-
ing of foliar fertilization coincides with specific 
growth periods, using specific fertilizer fittings 
depending on crops and location (FAGERIA 
ET AL., 2009). It has been shown that foliar 
fertilization is an excellent way to supply plant 
requirements for secondary nutrients (magne-
sium, calcium, and sulphur) and micronutrients 
(manganese, zinc, copper, iron, molybdenum, 
and boron) while completing the NPK needs 
for critical periods of growth. Foliar fertiliza-
tion affects the yield, both quantitatively and 
qualitatively (TRAWCZYNSKI, 2015; PAR-

MAR ET AL., 2016).
 Research on foliar fertilization was start-
ed in the last 1940s and early 1950s (GIRMA 
ET AL., 2007). At the beginning of the 1980s, 
studies on the foliar fertilization of fertilizers 
investigated for selected crops, especially to mi-
cronutrients in high-value crops such as potato 
(Solanum L.), began (LEWIS AND KET-
TLEWELL, 1993).

Importance of foliar 
fertilization with 

micronutrients of potato
 Foliar fertilization is essential when 
soil absorption is limited. The shortage or pres-
ence of a nutrient in a frighteningly soluble 
form becomes a cause of stress and affects dis-
turbances in plant metabolism, which prevent 
the full use of the potential yield (FERNAN-
DEZ ET AL., 2013). This is often the case 
with metallic micronutrients (Fe, Cu, and Mn); 
these components are purely ineffectually inoc-
ulated by soil particles and become difficult to 
access by plants. Application of foliar-fertiliza-
tion with fertilizers containing micronutrients 
affects the nitrogen economy of plants. For ex-
ample, effects of elements such as magnesium, 
manganese, iron, and zinc (WADAS AND 
DZIUGIEL, 2013) are enhanced by the effect 
of photosynthesis, while zinc, manganese, cop-
per, boron, and iron manganese, increase the 
plant resistance to diseases. Among plant crops, 
respond best to foliar fertilization. According 
to SZYUKZUK AND MJOLJEK (2003), the 
precise elements used as a foliar treatment are 
10, some of which are 30 times more effective 
than plants compared to soil fertilization. Foliar 
fertilization can also affect the degree of weed 
infestation in potato farms. In addition, foliar 
fertilizers can be used in conjunction with crop 
protection agents to the Colorado beetle and 
late blight, which reduces the cost of fertiliza-
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tion and the overall costs of potato production. 
The foliar fertilization of plants has also ben-
eficial effects on plant resistance to pathogens 
(TRAWCZYNSKI, 2014). BOLIGLOWA 
(2003) recorded an increase in the proportion 
of tubers with the symptoms of normal scab 
under the influence of the application of the 
aqueous solution of urea, but limiting them to 
2-fold by Ekosol K fertilizer did not result in 
Rhizoctonia solani. JABLONSKI (2009A), af-
ter application Yaravita, observed reduction in 
40% of common scab infestation in the number 
of tubers with symptoms of spotted brown. Re-
search by MILLS ET AL. (2006) and MAH-
MOUD ET AL. (2007), has shown that foliar 
inorganic salts are used to reduce tuber infes-
tation by Ralstonia solanacearum and Erwinia 
spp. during storage. CWALINA-AMBRO-
ZIAK ET AL. (2010) also showed that foliar 
fertilizers contribute to a weaker tuber infec-
tion by Rhizoctonia solani and Streptomyces 
scabies.TRAWCZYNSKI (2014), after apply-
ing the foliar fertilizers (type Ekosol) showed 
a reduction in the share of tubers infected with 
common scab. Also, the same author (2015) 
found that foliar fertilizers affect the reduction 
of the share in the total yield of tubers with 
defects appearance (greening, deformations). 
Research by JABLONSKI (2009c) have shown 
that the use of foliar fertilizers reduces paral-
ysis virus diseases, reduces infection with the 
common scab, rust spots. SAWICKA (2003) 
claims that the use of bio-stimulator Asahi SL 
and foliar fertilization allows delaying the ap-
pearance of Phytophthora infection on the po-
tato plantation and extending plant vegetation, 
depending on the variety, by 2-14 days. Stud-
ies by MILLER ET AL. (2005) have shown 
that the combined use of foliar fertilizers and 
fungicides increase the efficiency of potato 
protection against pathogenic agents, thereby 
contributing to an increase in tuber yield, due 
to the reduction of labour costs and thus the 
reduction of production costs.

Important synergistic 
interactions for 
micronutrients

 There are important synergistic inter-
actions where effects of two or more nutrients 
are involved to bring out an effect on yield and 
quality potato tubers. Micronutrients such as 
Zn, Fe, Mo, Cu, Mn and Na are known to be es-
sential for plant growth. For example, zinc (Zn) 
and iron (Fe) are the most important micronu-
trients necessary for plant growth (EPSTEIN 
AND BLOOM, 2005). Iron is involved in 
chemical reactions that are a source of energy; 
it is also a component of many proteins and 
enzymes, it is part of haemoglobin and myo-
globin, which allows the transport of oxygen in 
the body (KURAS ET AL., 2015), hence its 
content in the foods is very important. Zinc is 
one of the main metal components and is an 
active promoter of several enzymes involved in 
metabolic activities and biochemical pathways 
(BRADY AND WEIL, 2002). The average 
zinc content, which regulates normal growth 
and development in the body, influences on 
the activity of the immune system, and is pres-
ent in the active centres of approximately 200 
enzymes (KURAS ET AL., 2015). Also, man-
ganese is an element necessary for the proper 
functioning of the body, activating enzymes in-
volved in the metabolism of proteins, lipids and 
sugars (ZAWADZKI ET AL., 2008). Copper, 
which is responsible in the body for the pro-
duction of energy in cells, removal of free radi-
cals, formation of collagen and elastic, involved 
in the transmission of nerve impulses (KRZ-
EPTOWSKI ET AL., 2014). Molybdenum is 
a component of nitrate reductase enzyme; it is 
known to play an important role in the metabo-
lism of nitrate in the plant (CHAIRIDCHAI, 
2000). In case of, sodium in dry matter of po-
tato tubers, which regulates the body’s water 
balance, is responsible for the hydration status 
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of cells and tissues, and together with potas-
sium, is responsible for maintaining the proper 
osmotic pressure in the blood. 

Effect of foliar 
fertilization with 
micronutrients on 

the yield of potato tubers

 The foliar fertilizers have varied im-
pact on total and commercial yield of tubers, 
its structure, chemical composition and con-
sumption quality of tubers in many stud-
ies. According to many authors (SAWICKA 
AND SKIBA, 2009; JABLONSKI, 2009A; 
TRAWCZYNSKI, 2014), the use of foliar fer-
tilizers causes a significant increase in the yield 
of potato tubers. In many studies of TRAW-
CZYNSKI (2014, 2015), an increase in yield 
by 5-20%, after application of foliar fertilizers, 
depending on the fertilizer used, was reported. 
After applying the foliar fertilizers of manga-
nese in the conditions of Colombia, VILLA 
ET AL. (2011) obtained significant results de-
pending on the cultivar increasing the yield of 
potato tubers. ACCORDING TO JABLON-
SKI (2007), who found an increase in yield 
by only 4%, compared to the standard object 
after applying fertilizers Sonata and Symbol-
Vita, while in JABLONSKI’S studies (2009b), 
the use of Sonata Z and Alkalin PK fertilizers 
10:20 contributed to the increase in the total 
yield by 16.1-19.5%, depending on the culti-
var. Moreover, study by AL-FADHLY (2016) 
examining applying foliar manganese and zinc 
(together or separately), noted significant in-
crease in the tubers yield. MONA ET AL. 
(2012) argued, using the elements supplied to 
the plant in the form of spraying that it affects 
the efficiency of potato plants because it will be 
the cause of more intensive vegetative growth, 

more intensive photosynthesis, and increased 
carbohydrate production.

  Nr 3(21)/2018 Nauki PrzyrodNicze    7

Impact of 
foliar fertilization 

on nutritional 
value of potato tubers

 Quality of potato tubers is associ-
ated primarily with their chemical composi-
tion. The most important feature of chemical 
composition of potato tubers is the content of 
dry matter. The application of foliar micronu-
trients fertilization can have significant impact 
on the content of dry matter in potato tubers. 
MOUSAVI ET AL. (2007), applying zinc and 
manganese in the form foliar fertilization and 
ALJOBORI AND AL-HADITHY (2014) 
using iron, manganese, copper and zinc, also 
observed an increased content of dry matter in 
potato tubers. MONA ET AL. (2012) noted 
that applying foliar fertilization also caused an 
increase in the content of both types of sugars. 
PARMAR ET AL. (2016) have shown that us-
ing foliar zinc has increased the content of total 
sugars in potato tubers. In addition, the appli-
cation of micronutrient fertilizers and Mikro-
chelat Gama fertilizer, in studies by KOZERA 
AND BARCZAK (2007), helped to increase 
the proportion of albumin, and the foliar appli-
cation of copper and zinc solutions to increase 
the participation of albumin and globulins. 
MOUSAVI ET AL. (2007) and PARMAR 
ET AL. (2016) after foliar zinc and manganese 
applications, also observed increased protein in 
potato tubers. In case of starch content in tu-
bers, MOUSAVI ET AL. (2007), after foliar 
application of zinc and manganese, also noted 
an increased content of starch in potato tubers. 
TRAWCZYNSKI (2015), after the use of Eu-
rofertil 33 fertilizer together with foliar fertiliz-
ers Fertiliser Gold and Fertiliser Axis, stated an 
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increase in starch content. According to these 
authors, the increase in the starch content may 
result from the supply of potassium, sulphur 
and magnesium to the plant, which improves 
the process of photosynthesis and affects the 
formation of carbohydrates. Content of vita-
min C in potato tubers is important because of 
its health importance. The use of foliar fertil-
izers, according to many authors (MONA ET 
AL. (2012) and TRAWCZYNSKI (2014), has 
beneficial effect on the content of vitamin C in 
potato tubers, This coincides with the obtained 
by MONA ET AL. (2012), who noted the 
highest content of vitamin C after the appli-
cation of Folifertile fertilizer with higher con-
tent of macro- and micronutrients in its com-
position, may be the result of providing potato 
plants with micronutrients necessary for carry-
ing out enzymatic reactions. 

Conclusions
1. The response of potatoes to foliar fertil-
ization varies with micronutrients depending 
on the environmental conditions, cultivars and 
the type of elements contained in the fertilizers.

2. From this review, it can be con-
cluded that all micronutrients focused in 
this study (Fe, Zn, Mn, Cu, Mo, Na) af-
fect quantity and quality of potato tubers.

3. Several previous studies have in-
dicated an increase in the yield and qual-
ity of potato tubers due to the use of fo-
liar fertilization with micro-nutrients
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