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Abstract

The objective of the investigations was to evaluate changes in concentrations of total
protein (nitrogen x 6.25), phosphorus and potassium in tubers of two potato cultivars: Ry-
wal and Saturna, as dependent on the application of herbicides (Afalon 50 WP, Azogard
50 WP, Sencor 70 WG, and Apyros 75 WG), after harvest and after 3 and 6 months of
storage. Concentrations of total protein, phosphorus and potassium in potato tubers were
strongly conditioned by genetic features of the cultivars. The tubers collected from the
objects sprayed with the herbicides over the vegetation period contained by 3.7%, 8.1%,
and by 3.5% more protein, phosphorus and potassium, respectively, than those nursed exc-
lusively mechanically. The corresponding values in the latter case reached respectively (me-
ans for the objects with the use of herbicides) 24.4 g kgl, 660.5 mg kgl and 5351.3 mg
kgl After 3 and 6 months of storage at 8°C, the content of nitrogen was significantly
lower. Similarly, tubers stored at 4°C contained significantly less nitrogen, but not earlier
than after 6 months. In contrast, concentrations of phosphorus and potassium did not chan-
ge significantly over the storage of tubers in chambers with the lower temperature (4°C).
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ZAWARTOSC WYBRANYCH MAKROELEMENTOW W BULWACH ZIEMNIAKA
PRZECHOWYWANYCH W TEMPERATURZE 4 I 8°C

Abstrakt

Celem badan bylo okreslenie zmian zawartoSci biatka ogélnego (azot x 6,25), fosforu
ipotasu w bulwach ziemniaka odmian Rywal i Saturna w zalezno$ci od zastosowanych her-
bicydow (Afalon 50 WP, Azogard 50 WP, Sencor 70 WG, Apyros 75 WG), po zbiorze i po
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316 miesigcach przechowywania. Zawarto$¢ biatka ogdlnego, fosforu i potasu w bulwach
ziemniaka roéznicowatly istotnie uwarunkowania genetyczne odmian. Bulwy zebrane z obiek-
tow opryskiwanych herbicydami w okresie wegetacji roslin zawieraly o 3,7% wiecej bialka,
o 8,1% fosforu, o 3,5% potasu niz bulwy ro§lin pielegnowanych wylgcznie mechanicznie,
dla ktorych wartosci te wynosily odpowiednio ($rednio dla obiektéw opryskiwanych herbi-
cydami): 24,4 g kg1, 660,5 mg kgl i 5351,3 mg kg'l. Po 3 i po 6 miesigcach przechowywa-
nia w temp. 8°C zawarto$¢ azotu istotnie si¢ zmniejszala. Rowniez w bulwach przechowy-
wanych w temp. 4°C poziom azotu istotnie sie zmniejszyl, lecz dopiero po 6 miesiacach.
Natomiast zawarto$¢ fosforu i potasu nie zmieniata sie istotnie podczas przechowywania
w bulwach sktadowanych w komorach o nizszej temperaturze (4°C).

Stowa kluczowe: ziemniak, biatko, fosfor, potas, herbicydy, przechowywanie.

INTRODUCTION

Despite a wide selection of other raw products and foodstuffs on the
market, potato tubers remain one of the staple elements of the Polish diet.
In Poland, the intake of potatoes reaches about 120 kg per capita annually.
Continues to be the source of many valuable components, such as highly
nutritional protein, rich in exogenic amino acids (Mazurczyk 2005), and min-
eral compounds, including phosphorus and potassium (LeszczyNskr 2000, Ko-
LASA 1993, NIEDERHAUSER 1993). The quality of raw potato is affected by sever-
al factors, such as agronomic practice, including weeding (Kraska 2002).
Weeding is so important because competition with weeds for light and nutri-
ents may cause lower concentration of some components in the tubers. In
contrast, successful eradication of weeds promotes the yield potential of the
cultivar and preserves its quality parameters (Gr.uska 2000). During the stor-
age of tubers, especially at temperatures below 8°C, the content of protein
and mineral compounds should not change considerably. However, in her
investigations RocoziNska (1989) found losses of total protein after storage,
while PoBEREZNY (2005) observed some changes in phosphorus and potassium
concentrations during a 6-month storage of tubers.

The objective of the investigations was to evaluate changes in protein,
phosphorus and potassium concentrations in potato tubers of cv. Rywal and
Saturna after harvest, and 3 and 6 months of storage as affected by herbi-
cides used for weed control.

MATERIAL AND METHODS

Tubers of two potato cultivars from field experiments carried out in 2002-
-2004 at Mochetek Experimental Station of the Bydgoszcz University of Tech-
nology and Life Science, Poland, were used for the investigations. The field
experiments were designed as randomized sub-blocks, where the first exper-
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imental factor was the nursing treatments (plots without herbicides, treated
with Afalon 50 WP, Azogard 50 WP, Sencor 70 WG, and Apyros 75 WG),
while the second factor was the cultivars: the medium late potato cultivars
Rywal and Saturna. Farmyard manure was used in autumn in the dose 25 t
ha'l, while mineral fertilizers were applied in spring before the potato plant-
ing in the amounts calculated according to the needs of the plant and the
soil nutrient resources: nitrogen — 120 kg N-ha'l, phosphorus — 110 kg
P205-ha'1, and potassium — 120 kg K20~ha'1. The samples were taken af-
ter the harvest and than placed in storage chambers at 4°C and 8°C and
relative air humidity of 95%. After the harvest and the two storage periods
the tubers were analyzed for nitrogen (calculated for protein concentration
Nx6,25), phosphorus and potassium. The results were evaluated statistically
using the variance analysis according to the design of the experiment. The
smallest significant difference was calculated with the use of Tukey’s test.

RESULTS AND DISCUSSION

Owing to their nutritional value, potato tubers have an important role
in human nutrition, for example they are a good supply of protein. Protein
from potato tubers is very useful in anabolic processes, which means that
their biological value is very high compared with soybean protein, and only
slightly lower than the nutritional standard accepted for chicken egg protein
(Mazurczyk 2005). The herbicides used in the experiment significantly in-
creased the total crude protein content by 3.7% in tubers of both cultivars
(mean 24 4 g kg fresh weight) in relation to tubers from the control plots
(Figure 1). Similar results were reported by KrosiNska-RyYcERska et al. (1979,
1975), KorpraAk et al. (1987), CEGLAREK et al. (1990), BaNaszkiEwICZ (1993), and
ZARZECKA et al. (2000). The accumulation of proteins is also conditioned by
genetic factors (Wopa- LESNIEWSKA 1993). Out of the two examined cultivars,
cv. Saturna, had significantly more protein than the other one, cv. Rywal
(Figure 1).

The results have shown that the content of the macroelements was
modified by the experimental factors. The tubers from plants sprayed with
the herbicides contained significantly more phosphorus (by 8.1%) than those
harvested from the plots treated mechanically (mean for the objects with
herbicides was 660.5 mg-kgl). A similar tendency was observed as an in-
creased concentration of potassium in the tubers from plants weeded both
mechanically and chemically versus plants treated only mechanically (mean
concentration of potassium in tubers from the objects with herbicides was
5351.3 mg-kgl) — Figure 2. Higher content of macroelements in tubers can
be explained by the fact that the plants free from weeds had better access
to light, water and nutrients. CEGLAREK, KsiEzAK (1992) did not find any sig-



376

35
30 b a a a a B
25 1
20 1
15 1
10 A

(g kg! fr. m.)

H-0 H-1 H2 H-3 HA4 Rywal Saturna

Fig. 1. Content of protein in the fresh weight of tubers (g kg'l) of the potato cultivars
depending on the herbicides used:
A, B, a, b — homogenous groups (no significant difference between the same groups)
H-0 - plots without herbicide, H-1 — herbicide Afalon 50 WP, H-2 — herbicide Sencor 70 WG,
H-3 — herbicide Apyros 75 WG, H-4 — herbicide Azogard 50 WP

HO0 H-1 H-2 H-3 H4 Rywal Saturna

Explanation: H-0, H-1, H-2, H-3, H-4, A, B, a, b — see Fig. 1
Fig. 2. Content of phosphorus in the fresh weight of tubers (g kg'!) of the potato cultivars
depending on the herbicides used

nificant changes in concentrations of phosphorus and potassium in tubers
harvested from objects nursed by the mechanical and chemical method.
Korrak et al. (1987) noted a small tendency of increasing concentrations
of phosphorus and potassium in tubers under such conditions, while ZARzECKA
(1997) reported contrary results. Moreover, concentrations of phosphorus and
potassium were significantly differentiated by genetic features of the culti-
vars (Figure 1), an observation that has also been demonstrated by Mikos-
BIELAK, SawicKa (1999), KoLBE (1997), WoaNnowska Et al. (2000). Significant dif-
ferences among cultivars in concentrations of potassium were also reported
by PoBEREZNY (2005).
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Explanations: H-0, H-1, H-2, H-3, H-4, see Fig. 1

Fig. 3. Content of potassium in the fresh weight of tubers (mg kg!) of the potato cultivars
depending on the herbicides used

The content of the macroelements in tubers stored at 4°C and 8°C was
significantly different for both cultivars (Table 1, 2, and 3). The cultivar
Saturna accumulated more protein and less phosphorus and potassium than
cv. Rywal. Similarly to the findings of RocoziNska (1989), after 3 and 6 months
in storage chambers at 8°C, tubers of both cultivars contained on average
less protein. However, storage in chambers at 4°C significantly decreased
the protein content after 6 months. Concentrations of phosphorus and po-
tassium increased significantly during storage at the higher temperature.
A small increase of concentrations of both elements after storage was ob-
served also by PoBEREZNY (2005). It can be explained as a higher concentra-
tion of dry matter caused by decreasing amount of water used up by more
intense life processes (transpiration, respiration) occurring during storage,
especially at a higher temperature Sowa-NIEDZIALKOWSKA (1999, 2000). In our
study, concentration of phosphorus in potato tubers did not change during
storage at 4°C, although some changes were observed after 6 months. The
results showed significant correlation between the period of storage and
a specific herbicide. The tubers collected from the plots treated with Azogard
50 WP after 3 month of storage contained less phosphorus than after the
harvest, afterwards the concentration of this macroelement increased but
was never higher than the starting value. A possible explanation can be an
individual reaction of a cultivar to the active component of the herbicide
(prometrin), which can be an activator of biochemical changes occurring dur-
ing storage.

According to the Institute of Foodstuffs and Nourishment in Warsaw
(ZiEMLANSKT et al. 1995, Ziemranski (Ed.) 2001, GErTiG, Przystawskr 2006) the
Recommended Daily Allowance for an adult human of about 70 kg equals 56 g
of protein, 800 mg of phosphorus, and 3500 mg of potassium. Assuming that
the losses of those elements during cooking of potato are negligible, consump-
tion of about 300g of potatoes should cover 48.6% of the daily needs of adults
for potassium, 25.1% for phosphorus 12.7% for protein (Nx6.25) (Table 4).
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Table 1

Content of protein in fresh weight of tubers (g kg'1]) of the potato cultivars depending
on the herbicides used and the storage time at the temperature of 8°C and 4°C

Time of storage
Cultivars Hfarbi- After at the temperature of 8°C at the temperature of 4°C
cides harvest 3 6 mean 3 6 mean
months | months | (3,4,5) | months | months | (3,7,8)
1 2 3 4 5 6 7 8 9
H-0 21.1 20.5 20.0 20.5 20.7 20.5 20.8
H-1 22.1 21.7 21.0 21.6 21.9 214 21.8
Rywal H-2 22.2 21.7 21.0 21.6 219 214 21.8
H-3 22.0 21.7 21.0 21.6 21.9 214 21.8
H-4 22.0 21.4 21.0 21.5 21.7 21.4 21.7
Mean 21.9 214 20.7 21.3 21.7 21.2 21.6
H-0 25.9 25.0 24.3 25.1 25.5 25.0 25.5
H-1 26.8 26.0 25.5 26.1 26.4 26.2 26.5
Saturna H-2 26.8 26.2 26.0 26.3 26.4 26.2 26.5
H-3 26.5 26.0 25.7 26.1 26.2 26.0 26.2
H-4 26.8 26.2 25.7 26.2 26.7 26.2 26.6
Mean 24.2 26.0 25.5 25.2 26.2 26.0 25.5
H-0 23.5 22.9 22.1 22.8 23.1 22.6 23.1
Mean H-1 24.5 23.8 23.3 23.9 24.3 23.8 24.2
for H-2 24.5 23.8 23.6 24.0 24.3 23.8 24.2
cultivars ™y g 243 | 238 | 233 | 238 | 240 | 236 | 240
H-4 24.4 23.8 23.3 23.8 24.3 23.8 24.2
Mean 24.2 23.6 23.1 23.6 24.0 23.6 23.9
LSD_y for the storage temperature: 8°C 4°C
herbicides used n.s n.s
cultivars 0.2 0.2
storage time 0.2 0.5
herbicides x cv n.s n.s
cv x herbicides n.s n.s
storage time x cv n.s n.s
cv x storage time n.s n.s
storage time x herbicides n.s n.s
herbicides used x storage time n.s n.s
cultivars x herbicides used x storage time n.s n.s

Explanations: H-0, H-1, H-2, H-3, H-4 — see Fig. 1, n.s. — non-significant difference
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Table 2

Content of phosphorus in the fresh weight of tubers (mg kg™ of the potato cultivars
depending on the herbicides used and the storage time at the temperature of 8°C and 4°C

Time of storage

Cultivars H.erbi- After at the temperature of 8°C at the temperature of 4°C
cides harvest 3 6 mean 3 6 mean
months | months | (3,4,5) | months | months | (3,7,8)
1 2 3 4 5 6 7 8 9
H-0 631 738 749 706 721 718 690
H-1 752 750 755 752 725 737 738
Rywal H-2 683 686 687 685 697 711 697
H-3 640 642 699 660 674 682 665
H-4 707 676 693 692 670 676 684
Mean 683 698 717 699 697 705 695
H-0 583 636 645 621 671 721 658
H-1 594 631 648 624 625 636 618
Saturna H-2 619 633 637 630 606 602 609
H-3 660 668 695 674 631 675 655
H-4 629 602 607 613 612 649 630
Mean 617 634 646 632 629 657 634
H-0 607 687 697 664 696 720 674
H-1 673 691 702 688 675 687 678
Ic\ﬁi‘ﬁ:;’z H-2 651 660 662 658 652 657 653
H-3 650 655 697 667 653 679 660
H-4 668 639 650 652 641 663 657
Mean 650 666 682 666 663 681 665
LSD_y for the storage temperature: 8°C 4°C
herbicides used n.s n.s
cultivars 60 37
storage time 26 n.s
herbicides x cv n.s n.s
cv x herbicides n.s n.s
storage time x cv n.s n.s
cv x storage time n.s n.s
storage time x herbicides 11 27
herbicides used x storage time 12 9
cultivars x herbicides used x storage time n.s n.s

Explanations: H-0, H-1, H-2, H-3, H-4 — see Fig. 1, n.s. — non-significant difference
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Table 3

Content of potassium in the fresh weight of tubers (mg kg™ of the potato cultivars
depending on the herbicides used and the storage time at the temperature of 8°C and 4°C

Time of storage

Cultivars ngbi— After at the temperature of 8°C at the temperature of 4°C

cides harvest 3 6 mean 3 6 mean

months | months | (3,4,5) | months | months | (3,7,8)

1 22 3 4 5 6 7 8 9

H-0 5510 5690 5870 5690 5600 5640 5583

H-1 5640 5870 6200 5903 5650 5810 5700

Rywal H-2 5750 6260 6420 6143 5690 5990 5810

H-3 5600 5690 6100 5797 5830 6010 5813

H-4 5520 6020 6190 5910 6560 6580 6220

Mean 5604 5906 6156 5889 5866 6006 5825

H-0 4820 5100 5500 5140 5440 6070 5443

H-1 4930 5040 5740 5237 5550 5830 5437

Saturna H-2 5090 5400 5550 5347 5180 5520 5263

H-3 5230 5350 5610 5397 6050 5870 5717

H-4 5050 5330 5540 5307 5310 5580 5313

Mean 5024 5244 5588 5285 5506 5774 5435

H-0 5165 5395 5685 5415 5520 5855 5513

H-1 5285 5455 5970 5570 5600 5820 5568

&?Zg:g; H-2 5420 | 5830 | 5985 | 5745 | 5435 | 5755 | 5537

H-3 5415 5520 5855 5597 5940 5940 5765

H-4 5285 5675 5865 5608 5935 6080 5767

Mean 5314 5575 5872 5587 5686 5890 5630
LSD_yy for the storage temperature: 8°C 4°C
herbicides used n.s n.s
cultivars 450 390
storage time 250 n.s
herbicides x cv n.s n.s
cv x herbicides n.s n.s
storage time x cv n.s n.s
cv x storage time n.s n.s
storage time x herbicides n.s n.s
herbicides used x storage time n.s n.s
cultivars x herbicides used x storage time n.s n.s

Explanations: H-0, H-1, H-2, H-3, H-4 — see Fig. 1, n.s. — non-significant difference
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Table 4

Daily covering of the demand of adult man (weighing 70 kg) for proteins, phosphorus,
potassium, assuming consumption of 300 g potatoes and negligible losses
during culinary processing

Daily intake % covering day demand
Date of analysis ; ;
protein phosphorus | potassium . .
hosph
(@) (mg) (mg) protein | phosphorus | potassium
After 3 months 7.08 200 1673 12.6 25.0 478
storage at 8°C
After 3 months 7.20 199 1706 12.9 24.9 48.7
storage at 4°C
After 6 months 6.93 205 1762 124 25.6
50.3
storage at 8°C
After 6 months 7.08 204 1767 12.6 255 50.5
storage at 4°C
CONCLUSIONS

1. Herbicides applied during cultivation of potato significantly increased
concentrations of total protein and phosphorus in the tubers, while a simi-
lar tendency occurred for potassium in tubers collected from the control
plots.

2. Tubers of the cultivar Saturna accumulated more protein and less
phosphorus and potassium than cv. Rywal, both after harvest and storage.

3. Concentration of protein in tubers of both cultivars (mean for the
objects) was significantly lower after 3 and 6 month of storage at 8°C in
relation to the values recorded after harvest, while the contents of phospho-
rus and potassium increased significantly during storage.
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