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The results of a research on specific qualitative features of berries of the
large cranberry cultivars ‘Ben Lear’, ‘Pilgrim’, ‘Searles’ and ‘Stevens’ grown
on the artificially prepared peat solum obtained from highmoor peatbog
in the conditions of north-eastern part of Poland (Olsztyn) are presented.
The following features were examined: the mass of 100 berries, dry mat-
ter content, the content of saccharides, the content of organic acids and
pectins.

The highest mass of berries was found in cv. ‘Stevens’ and the lowest
in cv. ‘Searles’. Application of nitrogen and potassium (10 kg/ha) incre-
ased the mass of berries. The content of dry matter varied depending on
cultivars and nutrition. The highest content of dry matter and sugars was
found in berries of cv. ‘Searles’. Higher doses of fertilizers reduced the
content of dry matter. The highest content of acids was found in berries
of cv. ‘Ben Lear’ and the lowest in berries of cv. ‘Searles’. Higher doses
of N and K increased the content of acids in berries. Berries of cv.
‘Pilgrim’ contained the highest levels of pectins. Higher doses of nitrogen
and potassium fertilizers had a positive effect on pectin accumulation.

Key words: large cranberry, nutrition, cultivars, mass of berries, dry mat-
ter, total sugars, acids, pectins

INTRODUCTION

cretion of bacteria with urine [1, 6, 13, 15]. Bomser
[3] reports that cranberry juice has also an anticar-

Cranberries are regarded as a perfect raw material
for various products, especially juice. An increasing
demand for berries has been observed, particularly
after reports of a team of American physicians sta-
ting that cranberry juice enhances urinary tract cle-
arance and can be used to treat bladder infections
[2, 7]. In 1989, a polymer that adheres to the thin
cilia of bacteria and produces antiadhesive effects
to the mucous connective tissue of the intestines
and urinary bladder was isolated. It causes the ex-

cinogenic effect.

The objective of the current research was to eva-
luate the quality of cranberries grown on artificially
prepared solum with the use of differentiated nitro-
gen and potassium nutrition.

MATERIALS AND METHODS

The detailed methodology related to the research
was described in Part 1 of the paper. In Part 2, the
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methods used for determination of qualitative fea-
tures of berries are presented.

The mass of 100 berries was determined using a
general laboratory balance. The berries were ran-
domly sampled from the whole portion of each repli-
cate of a particular experimental variant. Three tests
of each replicate were performed.

The content of dry matter was determined by
the method of drying. The samples were dried at
105 °C. The content of organic acids was determi-
ned by the Peterburski method. The results were
multiplied by the coefficient of apple acid content.
Total sugars were examined by the Luff-Schoorl
method and pectins by the Moris method.

The figures obtained were statistically analysed
with the use of the analysis of variance. The mean
values were evaluated by the T-Tukey test at a sig-
nificance level p = 0.05.

RESULTS AND DISCUSSION

The mass of the berries varied significantly depen-
ding on cultivars and levels of nitrogen and potas-

sium nutrition (Table 1). The mass of 100 berries in
each cultivar was differentiated in particular years
of the experiment. The value of this feature was by
far the highest in cv. ‘Stevens’ (160.4 g) and the
lowest in cv. ‘Searles’ (121.7 g). Another factor that
significantly affected this value was nitrogen and po-
tassium nutrition. The application of N and K fer-
tilizers at 10 kg of each element resulted in the
highest mass of 100 berries (144.1 g). Higher doses
of nitrogen and potassium had no positive effect on
the increase in the mass of berries. It was even
lower than in control, but the difference was not
significant. As the statistical analysis shows, the he-
aviest berries (154.5 g on average) were obtained in
1999. Significantly lighter berries were obtained in
1998 and 2000.

The content of dry matter varied by cultivar, nu-
trition and year (Table 2). Berries of all the culti-
vars contained the highest levels of dry matter in
1998 and 2000. The content of dry matter amoun-
ted to 11% per berry on average. The lowest con-
tent of dry matter was obtained by application of
the highest doses of fertilizers, i.e. 20 kg per hecta-

Table 1. Effect of nitrogen and potassium nutrition on| |Table 2. Effect of nitrogen and potassium nutrition on
the mass of 100 berries of large cranberry in 1998-| |the content of dry matter in berries of large cranberry
2000 (9g) in 1998-2000 (%)
Cultivar | Years|Control | N, K | N,K, | Mean Cultivar | Years|Control | N, K | N, K, | Mean
Years x cultivars x Years x Years x cultivars x Years x
nutrition cultivars nutrition cultivars
‘Ben Lear’ 1998 130.4c 133.9c 118.1d 127.5d ‘Ben Lear’ 1998 11.29¢ 11.01c 10.99c 11.10b
1999 140.2c 148.2b 148.1b 145.5¢ 1999 10.50d 10.44d 10.64d 10.53c
2000 118.3d 139.2¢c 114.2d 123.9d 2000 11.17c¢ 10.19e 10.39d  10.58c
‘Pilgrim’ 1998 126.3c 134.4c 119.9d 126.9d ‘Pilgrim’ 1998 10.58d 10.60d 10.32e  10.50c
1999 162.4b 168.9a 176.2a 169.2b 1999 10.63d 10.78d 9.78e 10.40c
2000 141.7¢ 157.2b 129.5¢c  142.8d 2000 10.65d 10.21e 10.18e  10.35c
‘Searles’ 1998 112.9d 131.4c 1224c 122.2d ‘Searles’ 1998 11.27¢ 11.10c 11.08c  11.15b
1999 123.7¢c 118d  122.2c  121.3d 1999 11.34c 10.96c 11.20c 11.17b
2000 130.8c 115.3d 118.2d 121.4d 2000 11.99b 12.09a 11.40c 11.83a
‘Stevens’ 1998 150.2b 143.8b 152.5b  148.8c ‘Stevens’ 1998 11.60b 11.32¢c 11.71bv 11.54ab
1999 184.3a 186.2a 1752a 181.9a 1999 10.23e 10.79d 10.02e  10.35c
2000 147.7b 153b 150.7b 150.5¢ 2000 12.53a 12.35a 11.04c 11.97a
LSD, 20.03 11.79 LSD, 0.462 0.281
Cultivars x nutrition  Cultivars Cultivars x nutrition  Cultivars
‘Ben Lear’ 129.6c 140.4b 126.8c 132.3c ‘Ben Lear’ 10.99b 10.55cv  10.67c  10.74b
‘Pilgrim’ 1435b 153.5a 141.9b  146.3b ‘Pilgrim’ 10.62c  10.53c 10.09d 10.41c
‘Searles’ 1225c 121.6c 120.9c 121.7d ‘Searles’ 11.53a 11.38a 11.23b 11.38a
‘Stevens’ 160.7a 161.0a 159.5a 160.4a ‘Stevens’ 11.45a 11.49a 10.92c 11.29a
LSD, . 9.63 5.27 LSD, 0.222
Years x nutrition Years Years x nutrition Years
1998 130.0c 1359b 128.2c  131.4b 1998 11.19b 10.01b 11.03b 11.07a
1999 152.7a 155.3a 155.4a 154.5a 1999 10.68¢c 10.74c 10.41d 10.61b
2000 134.6b 141.2b 128.2c 134.7b 2000 11.59a 11.21b 10.75c 11.18a
LSD, 7.91 5.29 LSD, 0.182 0.115
Nutrition Nutrition
139.1b 144.1a 137.3b 11.15a 10.99b 10.73c
LSD, 3.44 LSD, 0.079
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re each. The highest content of dry matter was ob-
tained from the plots with no fertilizers applied.

Taking into account the factors applied during 3
years of the research, the highest content of dry
matter was found in berries of cv. ‘Stevens’ in 2000
when 10 kg N and K per hectare was applied, and
in control. Similar results were observed in cv. ‘Sear-
les’ in the same year.

A research on six cranberry cultivars conducted
by Elle [4] showed a positive correlation between
the genotype of cultivars and some features of ve-
getative growth such as the number of flowers and
berries per shoot and a negative correlation betwe-
en the genotype and the number of seeds or the
mass of berries.

The mass of berries varied significantly in diffe-
rent cultivars. The highest value of this feature was
found in cv. ‘Stevens’. Prange and DeEll report that
the quality of yield is affected by the following fac-
tors: genotype, climate, mineral nutrition, water sup-
ply, cultivation techniques, diseases and pests and
growth regulators.

It was revealed by the authors of the present
paper that, apart from genotype, the mass of ber-
ries was most significantly affected by N and K nu-
trition at 10 kg. A limited demand of the large cran-
berry for nutrition was observed.

The content of dry matter determined in the ber-
ries of the cultivars was similar to that obtained by
Fellers and Esselen [5]. In an experiment on nutri-
tion of the blackcurrants conducted by Kawecki and
Olszewski [8], an increase in dry matter was obser-
ved only after application of light doses of fertili-
zers, especially nitrogen.

The total content of sugars depended on the cul-
tivar and on nitrogen and potassium nutrition (Tab-
le 3). The highest value of the feature was noted in
cv. ‘Searles’ and the lowest in cv. ‘Pilgrim’ (4.65%
and 3.96%, respectively). Among the nutrition va-
riants applied, the most significant effect was achie-
ved with 10 kg N and 10 kg K per hectare. The
highest content of sugars (4.42% on average) was
found at the same dose. The content of total sugars
in berries was highly differentiated in particular
years. The mean value in 2000 was significantly hig-
her than in previous years and amounted to 4.43%.

The content of organic acids also varied in de-
pendence on the cultivar and on the doses of fer-
tilizers (Table 4). The highest content of acids
(2.96%) was found in berries of cv. ‘Ben Lear’ and
the lowest in cv. ‘Searles’ (2.60%). The heaviest do-
ses of nitrogen and potassium (20 kg per hectare)
increased the content of acids in berries as compa-
red to the control and to the lighter doses. In 2000,
berries accumulated less acids than in the previous
years.

Table 3. Effect of nitrogen and potassium nutrition on
the content of total sugars in berries of large cranberry
in1998-2000 (%)
Cultivar | Years|Control | N, K | N, K, | Mean
Years x cultivars x Years x
nutrition cultivars
‘Ben Lear’ 1998  4.04c 4.16b 4.05¢c 4.08c
1999 3.69c 4.11c 4.33b 4.04c
2000 4.14b 4.35b 3.75¢c 4.08c
‘Pilgrim’ 1998  4.04c 4.27b 3.84c 4.05¢c
1999 3.84c 3.86¢ 3.27d 3.66d
2000 4.04c 4.35b 4.16b 4.18¢c
‘Searles’ 1998 4.32b 4.78a 4.72a 4.61a
1999 4.31b 4.8a 4.19b 4.43b
2000 4.51b 4.97a 5.23a 4.90a
‘Stevens’ 1998 4.5b 4.41b 4.28b 4.40b
1999 4.7a 4.46b 4.03c 4.40b
2000 4.42b 4.54b 4.65b 4.54b
LSD, 0.516 0.256
Cultivars x nutrition  Cultivars
‘Ben Lear’ 3.96b 4.21b 4.04b 4.07c
‘Pilgrim’ 3.97b 4.16b 3.76¢ 3.96¢
‘Searles’ 4.38b 4.85a 4.71a 4.65a
‘Stevens’ 4.54b 4.47b 4.32b 4.44b
LSD, 0.248 0.114
Years x nutrition Years
1998 4.23b 4.41a  4.22b 4.28b
1999 4.14b 4.31b 3.96¢ 4.13c
2000 4.28b 4.55a 4.45a 4.43a
LSD, 0.204 0.130
Nutrition
4.21b 4.42a 4.21b
LSD, 0.089

The content of pectins in berries depended sig-
nificantly on the cultivar and levels of nitrogen and
potassium nutrition (Table 5). Berries of cv. Pilgrim
contained considerably more pectins (0.36%) com-
pared with other cultivars in which the content of
pectins amounted to 0.31-0.32%. N and K nutrition
at 20 kg per hectare had a favourable effect on the
content of pectins. Its mean level amounted to
0.35%. The content of pectins in cultivars grown on
the plots with no nitrogen and potassium nutrition
was significantly lower. The mean value varied from
0.25 to 0.34%.

During the experiment, we found that the culti-
var and nitrogen and potassium nutrition affected
the content of dry matter, total sugars, acids and
pectins in cranberries. Neither of the values related
to the qualitative features and chemical composi-
tion of berries presented in the literature so far are
discussed in relation to mineral nutrition. As Kulka
and Rejowski report [10], mineral nutrition, espe-
cially full, causes an increase not only in the yield
of most fruit plants, but also in the content of su-
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Table 4. Effect of nitrogen and potassium nutrition on|  |Table 5. Effect of nitrogen and potassium nutrition on
the content of acids converted into apple acid in ber- the content of pectins in berries of large cranberry in
ries of large cranberry in 1998-2000 (%) 1998-2000 (%)
Cultivar | Years|Control | N, K | N, K, Mean Cultivar | Years| Control | N, K | N, K, Mean
Years x cultivars x Years X Years x cultivars x Years x
nutrition cultivars nutrition cultivars
‘Ben Lear’ 1998 3.32b 3.18b 3.61a 3.37a ‘Ben Lear’ 1998 0.24b 0.45a 0.28b 0.32a
1999 2.86¢ 3.08¢c 2.94c 2.96b 1999  0.26b 04l1a 0.23b 0.30a
2000 2.36e 2.67d 2.63d 2.55¢ 2000 0.25b 0.36a  0.31b 0.31a
‘Pilgrim’ 1998 2.91c 3.21c 2.7d 2.94b ‘Pilgrim’ 1998 0.34a 0.33b 0.43a 0.37a
1999 2.90c 2.88c 2.86¢ 2.88b 1999  0.32b 0.32b 0.36a 0.33a
2000 2.59d 2.61d 2.67d 2.62¢c 2000 0.37a 0.37a 0.41a 0.38a
‘Searles’ 1998  2.19f 2.01f 3.34b 2.51c ‘Searles’ 1998 0.24b 0.33b 0.35a 0.31a
1999 2.67d 2.86¢ 2.99¢c 2.84b 1999  0.29b 0.31b 0.33b 0.31a
2000 2.83d 2.22f 2.32f 2.46d 2000 0.31b 0.36a  0.32b 0.33a
‘Stevens’ 1998 3.21b 2.76d 2.71d 2.89b ‘Stevens’ 1998 0.27b 0.25b 0.44a 0.32a
1999 2.84cd 2.77d 2.8d 2.80c 1999  0.30b 0.25b 0.41a 0.32a
2000 2.28f 2.25f  2.59de 2.37d 2000 0.26b 0.28b 0.36a 0.30a
LSD, . 0.224 0.101 LSD, 0.106 ns
Cultivars x nutrition  Cultivars Cultivars x nutrition  Cultivars
‘Ben Lear’ 2.85b 2.98a 3.06a 2.96a ‘Ben Lear’ 0.25¢ 0.41a 0.27¢c 0.31b
‘Pilgrim’ 2.8b 2.90b 2.74c 2.81b ‘Pilgrim’ 0.34b 0.34b 0.40a 0.36a
‘Searles’ 2.56d 2.36e 2.88b 2.60d ‘Searles’ 0.28b 0.33b 0.33b 0.32b
‘Stevens’ 2.78b 2.59d 2.70c 2.69c ‘Stevens’ 0.28b 0.26¢ 0.31b 0.31b
LSD, 0.108 0.045 LSD, 0.051 0.027
Years x nutrition Years Years x nutrition Years
1998 2.91b 2.79¢ 3.09a 2.93a 1998 0.27b 0.34a 0.38a 0.33a
1999 2.82b 2.90b 2.90b 2.87a 1999  0.29b 0.32b 0.33a 0.32a
2000 2.52d 2.44e 2.55d 2.50b 2000 0.30b 0.34a 0.35a 0.33a
LSD, . 0.088 0.067 LSD, 0.042 ns
Nutrition Nutrition
2.75b 2.71b 2.85a 0.29¢c 0.34b 0.35a
LSD, . 0.038 LSD, 0.018

gars and a slight decline in acid concentration. The
quality of berries is mainly affected by nitrogen and
potassium nutrition. Potassium increases the content
of sugars. According to Kiossowski [9], nitrogen plays
an important role in the process of fruit growth
and affects the size of fruit. Low or medium con-
tent of potassium in soil has a positive impact on
the accumulation of acids in berries and on the aci-
dity of juice.

The content of total sugars in the cultivars stu-
died varied from 3.96 to 4.65%. Nowifiski [12]
reports cranberries to contain 3-5% of sugars. Ac-
cording to £ojek [11], glucose and fructose prevail
in the composition of saccharides. The concentra-
tion of saccharides in berries of the cultivars stu-
died depended on the cultivar and nitrogen and
potassium nutrition. Lower doses of fertilizers have
favourable effects on the accumulation of saccha-
rides as confirmed by Kiossowski [9]. He states
that moderate doses of potassium affect the accu-
mulation of saccharides in berries of various plant
species.

Means followed by the same letter do not differ signi-

ficantly at p — 0,05.

CONCLUSIONS

1. The mass of 100 berries in the cultivars varied.
The highest value of this feature was found in cv.
‘Stevens’ and the lowest — in cv. ‘Searles’. Light do-
ses of N and K fertilizers increased the mass of 100
berries.

2. The content of dry matter depended on the
cultivar and nutrition. The highest content of dry
matter was observed in berries of cv. ‘Searles’. High-
er doses of nitrogen and potassium decreased the
content of dry matter in berries.

3. The highest concentration of saccharides was
found in berries of cv. ‘Searles’ and the lowest in
cv. ‘Pilgrim’. Lighter doses of nitrogen and potas-
sium fertilizers increased the accumulation of su-
gars.

4. The highest content of acids was observed in
berries of cv. ‘Ben Lear’ and the lowest in cv. ‘Sear-
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les’. Higher doses of N and K fertilizers increased
the content of acids in berries of all the cultivars.

5. The content of pectins varied depending on
the cultivar and nitrogen and potassium doses. Ber-
ries of cv. ‘Pilgrim’ contained the highest levels of
pectins. Higher doses of mineral fertilizers (20 kg
N and 20 kg K per hectare) were most favourable
for accumulation of pectins in berries of the culti-
vars studied.

Received
26 April 2003
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STAMBIAUOGES SPANGUOLES (VACCINIUM
MACROCARPON AIT.) AUGIMAS IR DEREJIMAS,
TREDIANT AZOTO IR KALIO TRADOMIS

2. VAISIZ KOKYBE

Santrauka

Darbe pateikti stambiavaisig spanguolig ‘Ben Lear’, ‘Pilg-
rim’, ‘Searles’ ir ‘Stevens’, auginamg Diaurés Rytg Lenki-
jos salygomis, aukdtapelkig durpig pagrindu parengtoje
dirbtingje dirvoje, vaisig kokybés tyrimo duomenys. Aver-
tinta 100 vaisig masé, nustatytas sausgjg medpiagg, cukrg,
organinig rQgdeig ir pekting kiekis.

Azoto ir kalio (10 kg/ha) trados didino vaisig masg. Pa-
rodyta, kad didpiausiais vaisiais pasipyméjo veislé ‘Stevens’,
o smulkiausiais — ‘Searles’. Sausgjg medpiagg kiekis vaisiuo-
se priklausé nuo veislés savybig ir tredimo. Daugiausiai sau-
sgjg medpiage ir cukrg nustatyta veislés ‘Searles’ vaisiuose.
Gausiau trediant mapéjo sausgjg medpiage Kiekis. Didpiau-
sias organinig r(gdig Kiekis nustatytas veislés ‘Ben Lear’,
mapiausias — veislés ‘Searles’ vaisiuose. Gausiau trediant azo-
to ir kalio tradomis didéjo organinig rlgdeig kiekis. Dau-
giausia pekting nustatyta veislés ‘Pilgrim’ vaisiuose. Dides-
nés kalio ir azoto tradg dozés skatino pekting sintezz.

Raktapodpiai: cukrai, organinés rdgdtys, pektinai, stam-
biavaisé spanguolé, tredimas, derlingumas

Anera CaeuxoBcka, 3muciaaB Kasenkwu,
Buamanrac Cranuc

POCT U YPOXAMHOCTb KJIIOKBbI
KPYITHOILUIOJTHOM (VACCINIUM MACRO-
CARPON AIT.), YIOBPIEMOI A30TOM U
KAJIMEM

2. KAYECTBO IIIIOJ0OB

PeszmowMme

B pabote mpencTaBIeHbl pe3yabTaThl HCCIETOBAHUI He-
KOTOPBIX KaueCTBEHHBIX MPU3HAKOB IUIOJOB KITIOKBBI
KpyIHOTUTOAHOM copToB ‘Ben Lear’, ‘Pilgrim’, ‘ Searles' u
‘Stevens’, BbIpalIMBaeMBIX Ha IOYBE, UCKYCCTBEHHO
MIPUTOTOBJICHHON U3 Topda BepXoBOTO TOpPGSHUKA, B
ycnoBusix Cesepo-Bocrounoii ITonemu (1. OnbIITHIH).
Onpenensnu maccy 100 1utomoB, comepkaHue CyXoro
BEIIECTBA, CAaXapHUIOB, OPTaHMYECKHIX KUCIIOT U IIEKTHHOB.

Koncratuposany, 4to HanbOonbpIe Maccoil II0A0B
oTiuyaics copt ‘Stevens, a HauMmeHblel — copT ‘ Sear-
les'. Aot u kanuii (10 kr/ra) yBeIMYMBAIN MacCy IUIOIOB.
CopnepxaHue CyXOro BeEIeCTBa 3aBHCEIO OT COpTa M
yaoOpeH¥st. BolbIie Bcero cyXoro BellecTBa B CaXxapuIoB
coneprxainu mwioasl copra ‘ Searles . Tlpu yBeanueHuu 103
yI0OpEeHUsT YMEHBIIAIOCH COJCPKAHNE CYXOTO BEIlleCTBA.
Hawubomnsmee conepxkanne OpraHN4YecKUX KHUCIOT ycTa-
HOBJICHO B IUTIOJIax copra ‘Ben Lear’, a HaumeHblee — B
mionax copta ‘Searles’. C yBemudeHreM J03bI a30Ta U
Kalusl yBEIUYMBAIOCH COACP)KAHUE OPTaHMYECKUX KHC-
nmoT. Hamnbompiiee comepxaHre MEKTHHOB YCTAHOBIICHO
B mogax coprta ‘Pilgrim’. Bombiue 10361 a30TO-KaIuii-
HOTO YZOOpEHUs OKa3bIBAIM MOJIOXKUTEIFHOE BIIHMSIHUE
Ha HAKOIUICHHE IeKTHHOB.

KroueBnle cj1oBa: KIIIOKBa KPYITHOIIIOAHAS, YIOOpe-
HUe, copTa, (peHodaspl, Mopdoaorus pacTeHui, ypo-
JKaltHOCTh



