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Abstract

As a result of the changes in climatic conditions, especially in precipitation, the water usage methods
of the producers have changed in parallel and drip irrigation systems started to be used widely. A very
small amount of drip irrigation fertilizers is produced by the Turkish fertilizer industry, and therefore
they are mostly imported from abroad. In this study, fertilizers produced by large fertilizer companies
and imported by these companies are examined. The main purpose of this study is to determine the
conformity of the compound three-nutrients and micronutrient fertilizers used in drip irrigation system,
in accordance to the "Regulation on the Surveillance and Inspection of Fertilizers on the Market” (EC
fertilizers) of the Ministry of Agriculture and Forestry dated 29.03.2014, number 28956. Some physical
and chemical properties as well as heavy metal contents of the fertilizers supplied from the market and
fertilizer factories in their original packaging were investigated. As a result of the examination of 56 three-
nutrient and 13 micro-nutrient-containing fertilizers according to the relevant regulation, it was seen that
35 of the three-nutrient fertilizers and 5 of the fertilizers containing micro-nutrients were determined to
be out of the tolerance values of the regulation, so they were not suitable for the fertigation system.
Therefore, it was determined that 40 out of 69 fertilizers were not in compliance with the regulation.
If the heavy metal contents are examined on the basis of the tolerance values applied by China and
Japan, it can be said that 10 (5xHg, 4xCd and 1xHg) fertilizers do not conform to drip irrigation system.
Fertilizers were examined in terms of radioactivity and #**U and #**Th were not found to be threatening
for human health. It is believed that the samples do not contain *°K and the defined values are natural.
The results of this current study will be useful in making fertigation and fertilization programs to be
prepared based on soil and water analyses or whether to use those fertilizers.
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Uc Besinlive Mikrobesinli Gubrelerin Damla Sulama Sistemine
Uygunlugu Uzerinde Calismalar
Oz
Iklim sartlarinda ve ozellikle yadis durumlarinda meydana gelen degisiklikler nedeni ile Ureticilerin
su kullanim yontemlerindeki dedisikliklere paralel olarak, damla sulama sistemleri yaygin kullaniimaya
paslanmistir. Damla sulama gubrelerinin cok az bir miktar Ulkemiz gubre sektord tarafindan udretilmekte,

genelde Ulkemiz disindan ithal edilmektedir. Bu calismada, bayUk gubre firmalar tarafindan dretilen
gupreler ile bu firmalar tarafindan ithal edilen gubreler incelenmistir. Calismanin ana amaci, damla
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sulama sisteminde kullanilan, U¢ besinli ve mikro besin elementi iceren gubrelerin Tanm ve Orman
Bakanhginin 29.03.2014 tarih ve 28956 sayill “Gubrelerin Piyasaya Gozetimi ve Denetimi Yonetmeligi”
gore (EC fertilizers) degerlendirilerek uygunluk durumlarinin belirlenmesidir. Piyasadan ve gubre
fabrikalarindan orijinal ambalajda saglanan gubre orneklerinin bazi fiziksel, kimyasal ozellikleri yaninda
agir metal icerikleri de incelenmistir. Bulgulanmiz, analizi yapilan 56 adet uc¢ besinli ve 13 adet mikro
besin elementi iceren gubrenin ilgili ydnetmelige gore incelenmesi sonucunda, U¢ besinli gubrelerin
35 adedinin ve mikro besin elementi iceren gubrelerin 5 adedinin yonetmeligin tolerans degerleri
disinda saptanmasi nedeni ile fertigasyon sistemine uygun olmadigini gostermistir. Dolayisiyla, toplam
69 adet gubreden 40 adedinin yonetmelige uygun olmadigi belirlenmistir. Agir metal icerikleri Cin
ve Japonyanin uyguladigi tolerans dederlerine gore incelendiginde, 10 adet (5xHg, 4xCd ve 1xHg)
gubrenin de damla sulama sistemine uygun olmadigi ifade edilebilir. Gubreler, radyoaktivite acisindan
irdelendiginde, #*U ve #?Th'un insan saghdi bakimindan tehlike olusturacak seviyede bulunmadig,
orneklerin *K icermedigi ve belirlenen bu degerlerin de dogal oldugu dustnulmektedir. Calismanin
sonuclari, toprak ve su analizlerine bagl olarak hazirlanacak fertigasyon ile gubreleme programlarinin
yapilmasinda veya o gubrelerin kullanilip kullanilmamasi konusunda yarar saglayacakur.

Anahtar Kelimeler: Gubre, fiziksel 6zellik, kimyasal dzellik, damla sulama

INTRODUCTION

Global warming in the recent years significantly  to find some of their heavy metals (As, Cd, Cr,
changed the precipitation regime of countries. In - Hg, Ni, Pb) and natural radioactivity (*°K, “*U and
this regard, the water consumed in cities, industry ~ 23Th) contents.
and agncultur_e must be used _efﬂoently and m_the MATERIAL AND METHODS
most economical way. In agricultural production,

water harvesting is important, this water is used In this study, 56 NPK compound fertilizers
for irrigation. Studies in this context have shown (Table 1) and 13 single/multi micronutrient
that drip irrigation is the best method. fertilizers (Table 2), in total 69 drip fertilizers which

are either produced in our country or imported

Many  researchers pointed out that drip from abroad were the materials that were

irrigation is a very efficient way of irrigation and

the fertilizers delivered via this system (fertigation) examined.

results in higher quality and high yield, (Bar-Yosef,

1977; Levis et al., 1979). Terble 1. Formulati_orj ar)d number of three nutrient fe_rtilizers

Cizelge 1. Uc besinli gtibrelerin formulasyon ve adedi

Fertilization by drip irrigation provides the Fertilizer Fertilizer

uptake of nutrients via the roots efficienty  Formulation VYTPET e imuation  Ndmber

((,_:olakog_lu, 1990). \)(/he_n chem|ca_l fertilizers 10.5.40 : 153015 6

dissolve in water, they gain an electrical charge 28.14.25 | 18.18.18 10

and may act as a chemical salt. Producers can

check whether they are fertilizing correctly 20.8.20 ] 20.20.20 8

by measuring the EC value of the fertigation 16.8.24 2 15.5.30 5

system. Therefore, Na* and CI are not preferred 3.5.40 1 18.6.24 1

to be included in fertigation fertilizers since they 20.10.20 1 12.5.40 1

increase salinity. It is desirable that the fertilizers 12.5 41 2 12.40.10 1

used .With Fhe d;ip irrigha_ti(;n slyst?m _do not 14830 ! 14717 2

s o m g IV MW 017 sasis

13.40.13 1 14.6.26 1

The obj_ective of this study vvas_to determine 55 40 ! 12.7.40 I

the compllance”of 56 macro-ngtnent (N, P, K 14.40.5 : 16.6.3] |

compound fertilizers) and 13 micro-nutrient (B,

Co, Cu, Fe, Mn, Mo, Zn,) drip irrigation fertilizers 2355 ] 10.30.10 ]

with the Regulations. The other objective was 15.5.35 ] 16.16.16 ]
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Table 2. Formulation and number of microelement fertilizers
Cizelge 2. Mikroelementli gtibrelerin formdilasyon ve adedi

Fertilizer Formulation

13.2% Fe EDTA
6% Fe EDDHA
14% Zn EDTA

3% B 0.4% Cu EDTA 6.5% Fe EDTA 5% Mn EDTA 0.2% Mo 5% Zn EDTA

24% MnSO,4H,O Mn

22% ZnSO,7H,O Zn

0.2% B 0.5% Cu 6% Fe 4% Mn 5% Zn

0.6% B 1% Cu 5% Fe 3.5% Mn 0.3% Mo 2.4% Zn
1.5% B 0.6% Cu 4% Fe 3% Mn 0.05% Mo 4% Zn
0.5% B 1% Cu 6% Fe 4% Mn 8% Zn

1% Cu 4% Fe 2% Mn 3% Zn

After the preliminary preparations were
completed in the examination of the fertilizer
samples taken from the market and fertilizer
factories, for the evaluations the regulation (EC
fertilizers 29.03.2014/28956) and AOAC analysis
methods were used.

Radionuclide contents of the fertiliser samples
were measured by Gamma spectroscopy method
(Yaprak, 1995).

RESULTS AND DISCUSSION
1. pH, EC and insoluble matter

The pH values of the N, P, K compound
fertilizers examined in the study were found
between 3.22 and 6.69; EC between 0.81 and 1.78
mS cm’!, humidity between 0.07 and 6.13% and
the insoluble matter percentage between 0.01
to 5.62. The pH of the 13 micronutrient fertilizers
changed from 3.32 to 8.64; EC values from 0.21
to 1.20 mS cm’!; humidity from 0.13 to 2.46% and
the insolubility from 0.10 to 2.24%.

The EC values of the 20.20.20 and 15.5.30
grade fertilizers were found to be low. Likewise,
the EC values of the chelated fertilizers containing
micronutrients were also found to be low. It
is considered normal to have lower EC values
than fertilizers in the form of mineral salts, since
micronutrients bind to chelates such as EDTA or
EDDHA and do not generate electrical charge
when dissolved in water. The EC values of micro
element fertilizers in the form of mineral salts are
higher than those in the form of chelate (0.47-
1.19 mS cm™). Fertilizers produced with mineral
salts sometimes show low levels of EC as those in
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the form of chelate most probably due to lower
nutrient elements than stated on the label. In
chelated microelement fertilizers, theoretically, the
EC value may be very low or not at all, as in urea
fertilizer.

However, when EDTA group is used as the
chelating material, EC value can be measured
even less

The high moisture content of the three-
nutrient compound fertilizer (6.13%) may be
due to incorrect packaging or unsuitable storage
conditions, as well as the use of chemicals
containing crystal water (such as MgsO,) in the
production of the fertilizer.

The moisture contents of 8 of the microelements
containing fertilizers were determined above the
level specified in the relevant regulation (1.50%).
Two of these 8 fertilizers are in chelate form. Their
moisture contents were found 1.64% and 2.46%,
in other words, above the limits, might be caused
Py inappropriate storage conditions or packaging
or low (10%) chelate content. In 6 of the others,
the moisture content was between 1.58-1.89%
i.e above 1.50%. High humidity in these samples
may be due to unsuitable storage conditions. Of
the other 2, the moisture content varied between
2.15-9.01%. In the production of the compounds,
most probably crystalline water (CusO,, FeSO,,
ZnSO, and MnsSQO,) is used.

In 12 of the three-nutrient fertilizers, the rate
of insoluble matter in water was more than 1%.
The insoluble matter in 8 of these 12 fertilizers
was below 2% and at higher levels in the other
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4 fertilizers. It is not appropriate to use fertilizers
with a high number of water-insoluble matter
in fertigation, as this will cause clogging of drip
irrigation pipes.

Four of the micronutrient fertilizers were in
the form of chelate and their water-insoluble
matter was found more than 1%. Of the fertilizers
containing micronutrients in mineral form, 4 of
them are mono-nutrient and 3 had water-insoluble
matter above 1%. Other 5 multi-micronutrient
fertilizers can be used in drip irrigation since their
water-insoluble matter was found less than 1.1%.
Findings of this study indicated that the amount of
water-insoluble matter is almost non-existent most
of the time.

2. N, P,O, K,O, (%) Contents of Three-
Nutrient Drip Fertilizers

It has been observed that 19 of the 56 drip
irrigation  fertiliser samples were outside the
nitrogen (N) fertilizer tolerance threshold set forth
in the “Regulation on Chemical Fertilisers Used in
Agriculture” (Figure 1).

Fifty-six fertiliser samples were analysed in terms
of their N contents (%). Ten of them had N more
than the data on their labels while 27 of them
were within the tolerance limits (Figure 1).

27
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Figure 1. Tolerance of three nutrient fertilizers with respect
to their N % content

Sekil 1. Uc besinli gubrelerin % N miktarlarinin toleransa
uygunlugu

Results were examined according to their
nitrogen forms and found that NH_-N ratio of the
total N in 4 fertilizer samples was higher than other
N fertilizer types. Such three-nutrient fertilizers
are also used in soilless culture technique and in
this regard may create a problem in terms of N
uptake. Urea-N does not turn into NH, and NO,-N
in soilless environment and since the plant cannot
take N in the form of NH-N, it is recommended
that special care should be taken in the use of
such fertilizers.

When the P,O, contents of 56 drip fertilizers
were examined, 5 of the fertilizers were below
the tolerance limits of 1.1(%) specified in the
relevant regulation. It was determined that 24
fertilizers were within the tolerance limits, and
27 contained more P,O, (%) than the label data
(Figure 2).
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Figure 2. Tolerance of three nutrient fertilizers with respect
to their P,O,% contents

Sekil 1. U¢ besinli gabrelerin % P,O, miktarlarinin toleransa
uygunlugu
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Figure 3. . Tolerance of three nutrient fertilizers with respect
to their K,O % contents

Sekil 3. Ug besinli guibrelerin % K,O miktarlarinin toleransa
uygunlugu

Regulation-compliance status and KO (%)
ranges of the fertilizers are given in Fig.3.
According to the tolerance value (1.1%) for
K,O, 23 of the fertilizers were determined to be
suitable, 18 of them were out of the tolerance
and 15 contained more K,O than the amount
specified on the label.

The results of the compliance status of 56
fertilizers with three nutrients are given in Table
1 shows that 35 fertilizer samples do not comply
with the tolerance values of the regulation.
Among the fertilizer samples that are not within
the tolerances of the relevant regulation, there is
only 1 fertilizer that is not suitable for all three plant
nutrients. Five of the two nutrient compound
fertilizers (NP, NK and PK) are not within the
appropriate tolerance values. The number of
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fertilizers with inappropriate N (%) content was
14, the number of P,O. (%) unsuitable fertilizer
was 2, and the K,O (%) unsuitable fertilizer was
12. It was determined that only 22 fertilizer
samples were in compliance with the tolerance
limits (1.9).

Therefore, it can be said that the non-compliance
with the tolerance values in the chemical fertilizer
inspection regulation in NPK fertilizers is mostly
caused by N and K,O as plant nutrients.

Table 3 shows that 14 of the three-nutrient
(N+P,O.+K,O) fertilizers that do not comply with
the tolerance limits are not suitable in terms of N
and 13 of them in terms of K,O. One reason for
this inconvenience might be the N in the three
nutrient compound fertilizers. In these fertilizers,
a large part of N (13 of them) are in the form of
NH,-N (3.0-11.5% of total N). In terms of K, might
be related to the K source. If the Na, Ca and Mg
results of three-nutrient fertilizers are examined,
it was determined that the sum of these three
elements was between 0.27-0.68%.

Table 3. Number of fertilizers that exceed the tolerance limits
Cizelge 3. Damla sulama sistemi gubrelerinin tolerans sinirlari
disindaki ornek sayilari

Plant nutrients Number of fertilizers out of limits

N, % 14
P.O., % 2
K,O, % 13
N+P,O,, % 1

N+K,0, % 3

P,O.+K,0, % |
N+on5+KzO' % |

Most probably Na, Ca and Mg presence, in
addition to the N, P,O,, K,O, in the three- nutrient
fertiliser could have led these fertilizers to go
beyond the tolerance limits.

3. Micronutrient containing drip fertilizers

Thirteen of the fertilizers (B, Cu, Co, Fe, Mn,
Mo, Se and Zn) containing micronutrients and
used in the drip irrigation system were examined
and analysed. Four of these fertilizers are in the
form of chelates (EDTA and EDDHA) and the other
9 are mineral salts.

Chelates were determined in 4 micronutrient
fertilizers, which are reported as “chelated” on the
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label. It is found that these fertilizers contained SO,
which shows that they are produced from mineral
salts, such as FeSO,, MnSO,, ZnSO, (Table 4). So,
2 of the 4 fertilizers stated to be chelated are not in
compliance with the relevant regulation.

Table 4. Chelate and micro elements in the fertilizers (%)
Cizelge 4. Selatl mikro element gubrelerinin icerikleri (%)

3% B, 0.4% Cu

13.2% 6% 14% EDTA, 6.5% Fe
Elements Fe Fe Zn EDTA, 5% Mn
EDTA EDDHA EDTA EDTA, 0.2% Mo,
5% Zn EDTA
Ca% - - 0.74 0.22
Mg % - - - -
S% 0.56 - - 16.90
Na % 4.41 9.42 8.04 0.33
B % - 0.02 - 0.05
Cu % 0.01 0.14 0.02 0.57
Fe % 13.18  6.04 - 4.84
Mn % - 0.01 - 8.01
n % - - 15.59 5.59
Se % - 0.04 - 0.03
Co% - - - -
Mo % - - - 0.12
Selat%  95.42 100.00 60.90 10.00
(-): Unidentified

Table 5 shows the results of 9 micronutrient
fertilizers which are in the form of mineral salts
according to their label. Results indicated that 3
of the 4 fertilizers containing single microelement
comply with the relevant regulation, and 3 of the 5
fertilizers containing multiple micronutrients do not
comply with the tolerance values specified in the
relevant regulation in terms of total micronutrient
elements.

Findings in relation to 56 fertilizers containing
three nutrients and 13 micronutrients showed
that 35 of the three-nutrient fertilizers and 5 of
the fertilizers containing micronutrients were out
of the tolerance limits of the relevant regulation.
Therefore, it has been determined that these
fertilizers are not suitable for the fertigation
system. It is seen that 39 of the 69 fertilizers are
not in compliance with the regulation and contain
nutrients other than the label information.
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Table 5. Micro element fertilizers in mineral salt form (%)

Cizelge 5. Mineral tuz formundaki mikro element gtibrelerinin icerikleri (%)

Sample Fertilization Formglation Ca Mg S Na B Cu Fe Mn Zn Se Co Mo

(Label Information) % % % % % % % % % % % %

1 24% Mn MnSO,.4H.,0O 0.17 - 1889 0.17 0.01 0.01 - 3033 - 0.09 - -
2 22% Zn ZnSO,.7H,O - - 2272 0.15 - 0.01 - - 2403 0.01 - -
3 22% Zn ZnSO,.7H,O 0.16 - 11.64 1.06 0.01 0.02 - - 2209 - - -
4 22% Zn ZnSO,.7H,O : - 1250 0.14 - 002 1.00 - 2343 - - -
5 02%8B,05%Cu, 6%Fe, 0.100 - 1819 0.29 0.37 0.86 8.77 495 6.89 0.03 - -
6 0.6%B,1%Cu 5%Fe, 032 - 10.27 034 0.03 1.43 473 2.84 298 - - -
7  1.5%B0.6% Cu, 4% Fe, 0.05 - 7.79 3.63 035 086 499 3.60 490 0.01 - 0.04
8 05%8B,1%Cu 6%Fe, 060 - 19.50 0.57 041 1.53 9,55 635 11.95 0.01 - -
9 1%Cu 4%Fe 2% Mn, 032 - 10.27 0.34 0.03 1.43 473 2.84 298 - -

(): Unidentified
4. Heavy Metals compared with previous studies on this subject
There are no heavwy metal limit values and it can be stated that 10 fertilizers out of 69

determined for drip irrigation system fertilizers
in Turkey. In this study, heavy metal contents in
Turkish fertilizers were evaluated according to the
limit values (MEP, 2002) in China and Japan.

Table 6. Heavy metal limit values in fertilizer (MEP, 2002)
Cizelge 6. Glibre agir metal sinir degerleri (MEP, 2002)

Heavy metal Limit values
As <75
Cd <10
Cr <150
Hg <5
Pb <100

Table 7. 69 Minimum and maximum heavy metal contents
of the 69 drip irrigation fertilizers (mg kg' ).

Cizelge 7. 69 Adet damla sulama sistemi gdbresine ait
minimum ve maksimum agir metal icerikleri mg kg-')

Multi-Nutrient

Micro-Nutrient

Heavy

Metal Min. Max. Min. Max.
mg kg

As 0.07 36.34 0.23 29.11
Cd 0.01 1.70 0.05 4962.68
Cr 0.05 27.00 0.21 86.00
Hg 0.01 2.96 0.36 13.75
Ni 0.08 6.77 1.43 110.68
Pb 0.01 7.55 1.62 100.22

Heavy metal contents of the fertilizers are
given in Table 6, as minimum and maximum
values. The data given in Table 4 have been

fertilizers are not particularly suitable for Hg, Cd
and Hg in terms of heavy metal content. Koleli et
al. (2005) stated that the Cd in the raw material
for P fertilizers and P fertilizers vary between 23-
179 mg kg'. According to Rui et al. (2008), the
amount of Hg in fertilizers ranges between 5-10
mg kg™'.

In conclusion, if the heavy metal findings in
this study are compared with the tolerance values
used in China and Japan, results put forth that 10
(5xHg, 4xCd and 1xHg) fertilizers are not suitable
to be used in drip irrigation systems.

5. 238y 232Th
Fertilizers

40K Conditions of the

The levels of 2*8U and 23?Th in three-nutrient
drip irrigation fertilizers were found to be below
ND (not measurable) and it was concluded that
these fertilizers do not contain radionuclide
in terms of #%U and #?Th. Depending on the
potassium (K,O%) levels, some radioactivity
was detected due to the 40K isotope. Indeed,
a high correlation (r=0.89) was found between
K,0% and *K radionuclide content. This result
is important in showing that the level of *K
radionuclide increases as K,O% increases. This
is due to the presence of 0.0118% of the *K
isotope in the K source.

No 23%U, 23?Th and *°K activities have been
observed in the micronutrient fertilizers and
radionuclide has been observed to be below
detectable limits in all samples.
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CONCLUSION

At the end of the research, it was concluded
that the fertilizers did not contain radionuclide in
terms of 2*®U and %*’Th and did not contain *°K
radioactivity that would endanger human health,
and that these amounts were natural.
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