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Abstract. The aim of the present study was to determine the influence of different fertilizer combinations on the
growth, yield, and fruit quality of ‘Duke’ blueberry cultivar and the water quality of growth medium. The experi-
ment was carried out with three year old ‘Duke’ blueberry bushes which were cultivated in containers
(60x80x40 cm) filled with 130 L peat moss and 40 L pearlite (v/v). Sawdust was used as the mulch in growth con-
tainers. Three different fertilizer combinations (FC) i.e., FC-1 consisted with standard solution, FC-2 consisted with
nitrogen reduced by 10% from FC-1, and FC-3 consisted with nitrogen reduced by 20% from FC-1 were tested
while, the ground water used as the control. The effects of different fertilizer combinations on shoot diameter, shoot
length, number of shoots, leaf length, SPAD value (the relative content of chlorophyll), berry weight, soluble solids
content, titratable acidity, and yield per bush in ‘Duke’ blueberry were examined. Also, the effects of different fertil-
izer combinations on pH, EC, NH, and NOj in ‘Duke’ blueberry growth medium were monitored. The highest pH
and lowest EC, NH; and NO; in growth medium was recorded with control treatment during the experiment period.
The maximum shoot diameter (3.7 mm) and shoot length (35.7 cm) was recorded for the FC-1. Highest number of
shoots (47%) were recorded from ‘Duke’ blueberry bushes supplemented with FC-1 compared to other treatments.
The fertilizer combinations supplemented with nitrogen showed significant influence on leaf length and SPAD value
compared to control ‘Duke’ blueberry bushes. However, the fruit quality attributes, i.e., berry weight, soluble solids
content, and titratable acidity were not significant different among fertilizer treatments. The significantly highest
yields per bush were recorded for FC-1, FC-2, and FC-3, as 2.2, 2.9, and 2.7 kg, respectively compared to control
(0.2 kg). Although, the FC-1 was supplemented with highest nitrogen content it resulted low yield per bush while
having high number of shoots and vigorous growth.
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Fig. 1. Effect of different fertilizer combinations on shoot diame-
ter (A) and shoot length (B) of ‘Duke’ blueberry bushes. Verti-
cal bars indicate SE (n = 3) at P< 0.05 according to LSD test
analyzed by statistical analysis software (SAS 9.4). CO: Con-
trol; FC-1: fertilizer combination-1; FC-2: fertilizer combina-
tion-2; FC-3: Fertilizer combination-3.
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Fig. 2. Effect of different fertilizer combinations on number of
shoots of ‘Duke’ blueberry bushes. Vertical bars indicate SE (n
= 3) at P< 0.05 according to LSD test analyzed by statistical
analysis software (SAS 9.4). CO: Control; FC-1: fertilizer com-
bination-1; FC-2: fertilizer combination-2; FC-3: Fertilizer com-
bination-3.
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Fig. 3. Effect of different fertilizer combinations on leaf length
(A) and SPAD value (B) of ‘Duke’ blueberry bushes. Vertical
bars indicate SE (n = 3) at P< 0.05 according to LSD test ana-
lyzed by statistical analysis software (SAS 9.4). CO: Control;
FC-1: fertilizer combination-1; FC-2: fertilizer combination-2;
FC-3: Fertilizer combination-3.
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Fig. 4. Effect of different fertilizer combinations on pH (A) and
EC (B) in ‘Duke’ blueberry growth medium. Vertical bars indi-
cate SE (n = 3) at P< 0.05 according to LSD test analyzed by
statistical analysis software (SAS 9.4). CO: Control; FC-1: fer-
tilizer combination-1; FC-2: fertilizer combination-2; FC-3: Fer-
tilizer combination-3.
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Fig. 5. Effect of different fertilizer combinations on NH, (A) and
NO; (B) in ‘Duke’ blueberry growth medium. Vertical bars
indicate SE (n = 3) at P< 0.05 according to LSD test analyzed
by statistical analysis software (SAS 9.4). CO: Control; FC-1:
fertilizer combination-1; FC-2: fertilizer combination-2; FC-3:
Fertilizer combination-3.
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Table 1. Water quality of growth medium of ‘Duke’ blueberry control (CO) bushes.

EC NO}-N NH4-N K Ca Mg Na Cl SO4 HCO;
Treatment pH
ds/m mg/L
CO 7.4 0.19 1.21 0.48 3.11 21.8 436 14.2 24.5 8.17 47.8

Table 2. Effect of different fertilizer combinations on berry weight, soluble solids content, acidity, and yield per bush in ‘Duke’ blue-
berry. Experimental data represent means according to LSD test (P< 0.05) analyzed by statistical analysis software (SAS 9.4).

Treatment" Berry weight (g) Soluble solids content (°Brix) Acidity (%) Yield per bush (kg)
CcO 2.1a 104a 027a 0.2 b*
FC-1 2.0a 10.5a 0.19a 22a
FC-2 22a 9.7a 0.19a 29a
FC-3 2.0a 94a 023a 2.7a

“Different letters in each column indicate significant difference (P< 0.05) on each parameter.
YCO: Control; FC-1: fertilizer combination-1; FC-2: fertilizer combination-2; FC-3: Fertilizer combination-3.

Eidtia deiA ot ZEe] SR mEiHe dEF

Asr e 22 2AE B8sie Aol ¢ a3

ol A= A= Townsend(1967)y= E-FH|glolA d=Y
P

W] ¥ adpolgtar s, EFHlgl= Aol 2
HEAEATE AYEA] 97) dEel dEEH daE A
hHoz doske Aoz dA o o3 FE
YEUol] 2aE F2 ol&shs EFHlEddl Slo] F71
ZQ A77F o Ao AdHY.

2N HA5ES 2ARE A¥K(Table 2), AAsE
zfolol] whg o] 7HeA ¥ e AR
oAl AtolE HolA| Ut Katakura 5(19955 &5

T AL ofste] a4 HA] e Ao= %
GElon, wt Aol P B x5 AHrt
Az7F 7P Bol st gL oY e
YL ThaEl o] A Ao AdET FA
oA FF o] 0.2keol=dl o= AAA] EFH|
27t 718H oz Sl At JEE(pH 4.005
Esl7] wiiel o= A Aso] 7hsdte] IR 5
Zgo] MEE Aoz FoHEn. 3 gulolo] FEI
‘Hglo|E #5 T ApiA] F FATF gip] A4S
50% S7HAFHS W o] 52% S7FICH, 100%
o F7F AFE wle el 2318 FhAste] AMIE
I} ke AEolAtiKwack 5, 2017). ol E5

HigolM e dafort 7Hd 13e 9= S7F wlgel W2 dAAe 7103 Aes AdEtk(Vargas
ARG BASIAAR, Uhe(1957y= Aaxfg]ell &g 9 Bryla, 2015). oS T8l 7= 5712 ¢

IYFE e 2R Wshs JEhA] eketal 819l
Kwack 5(2017)= F AAT9} 71 AlHIE] 50, 100,
200%Z AEetHs W 1FE FF 9L A T A
7 FrolFel Ajolrt QI Aew Byt old A
e ERulE] F5 ApiEel wie) Bze] g
2 2R Wgle] AjolE fiEshs oz aEr, B
o WISt AP 9ad AoE AlEH
AL F7ret HavIoke] #ATE vElEite B
J19KTownsend, 1973) ©2] Katakura 5(1995)> AA
Tuge] TS HYAY FAVE st s
<), o= £ Al@Aaxe} fAkE Aot gl
o] FYPFL 2.0-22g0F FFMo| 2207 FPF O
o, TS AAE 10% 33 ATt F9 2.9kg0 =
7P Eokar, dF AHErb 2.2kg, BAE 20% Ah
A7 2.7kgoltt. ol AFEERUE AeEy 3+
SEoA FEo] B Ao Kol FEeo] I

Ao -AE25, M2rd M4 20184

AN ARG Azngo] TGN K %
srom, Tpale] fekmt A llME AsEy FsEs
sl Hlsle] S5aIsct.

X o
= i

EFH1Ee] AuAAL S75Aela AEAd FE
F2oA & AP #EQ FS aEske] §71AMIE
2ol slar ok T3k ekgHoZ A 4= Q= A
715 o] @7H 3 itk B AFxe By <
A FAFo] FABST FAFL PIA= F
TS YolRaAl ST Al 3dA w2
5 o= JER~9 dHEo|Ee {8 7M7)
130L, 40L(vv)Z 3} £7](60x80x40cm)ell 2Alakar
Eyrog w3 & 201597 2016300 3F2] FAo]
OE 8945 49 FoHE 7€ k7 353t FA)

323



A - 7

o2

2 BUE

As 2 JAFAS 2ARIY. Aule-L FARIE,
ZAN |(FEZN), ZAY 2FFART 10%D4 A,
ZAN 3(FEFART 20% P4 TS 2Pk B
gl S-S ®HH, 2xFe 239 AE7F 3. 7/mm=
7P ZHon, AxF w3t 357emE 7P 2tk Az
FE XY A7 Z2AE 20% 7% 27 e
47%= 7P worth. ALge] B A |4dH
FFol dAY Holzlew, dEx IF= 7SI
AYd FHEAS HHF, 1HE e A 5o
A2zt 2 Zo7t glor, ke AAE 10% A4S
A7t 3 29%kee® JFY B, ZFN AH7h
22kg, AAE 20% T4 A7} 2.7keST). ol Ai
ghgo] 7P B BFY Art Alxrb 7P gel i
Aate] JIFAFe AT e AL A
o] 93]y #AAg o=z AAELh wEh EFHE
FAAEIA] AL AAHE0] FEANA TP ER
o, o] S FreME Aesey sFEEUt
JEEol| Histe] sl

o T

(o

p

F71 F89] : vgnE, YA, FA, FF
Literature cited

Bray, C.M. 1983. Nitrogen metabolism in plants. Longman,
London, UK.

Ballinger, W.E. and L.J. Kushman. 1966. Factors affecting
mineral-element content of leaves and fruit of Wolcott blue-
berries. Proc. Amer. Soc. Hort. Sci. 88:325-330.

Ballinger, W.E., L.J. Kushman, and J.F. Brooks. 1963. Influ-
ence of crop load and nitrogen applications upon yield and
fruit qualities of Wolcott blueberries. Proc. Amer. Soc. Hort.
Sci. 82:264-276.

Coruzzi, G. and R. Last. 2000. Amino acids. In biochemistry
and molecular biology of plants. Amer. Soc. Plant Biol.
358-410.

Claussen, W. and F. Lenz. 1999. Effect of ammonium or
nitrate nutrition on net photosynthesis, growth, and activity
of the reductase and glutamine synthetase in blueberry, rasp-
berry and strawberry. Plant and Soil, 208:95-102.

Claypool, L.L. 1975. Plant nutrition and deciduous fruit crop
quality. HortScience 10:45-47.

Faust, M. 1989. Physiology of temperate zone trees. John
Wiley & Sons, Inc., NY, USA.

Gao, Y.P, H. Motosugi, and A. Sugiura. 1992. Rootstock
effects on growth and flowering in young apple trees grown
with ammonium and nitrate nitrogen. J. Amer. Soc. Hort.
Sci. 117:446-452.

Im Y.J., J.Y. Jang, S.G. An, S.H. Youn, J.H. Im, J.M. Park, and
B.H. Lee. 2002. Studies on suitable tree growth and stan-

324

sz BrjekelA] - 1R

dard levels of leaf mineral nutrient for the best fruit produc-
tion in high density orchard. Konkuk University (in
Korean).

Kalt, W., A. Howell, J.C. Duy, C.F. Forney, and J.E. Mc Don-
ald. 2001. Horticultural factors affecting antioxidant capac-
ity of blueberries and other small fruit. HortTechnology 11:
523-528.

Katakura, Y. and H. Yokomizo. 1995. Effects of nitrogen form
on nutrient uptake, growth and fruit yield of rabbiteye blue-
berry (Vaccinium ashei). Jap. J. Soil Plant Nutri. 66:506-
512.

Kwack Y.B., W.B. Chae, M.H. Lee, H.W. Jeong, H.C. Rhee,
J.G. Kim, and H.L Kim. 2017. Effect of nitrogen fertigation
on the growth and nutrition uptake of ‘Brightwell’ rabbit-
eye blueberry. Korean J Environ Agric. 36:161-168

Lee. H.S. and K.U. Kim. 2003. Dry matter, nitrogen content,
chlorophyll and yield maps of rice by different rates of
nitrogen application and their correlations. J. Biosyst. Eng.
28(4) p361-368 (in Korean).

Marschner, H. 1995. Mineral nutrition of higher plants. 2nd
ed. Academic Press. Inc., San Diego, CA, USA, p. 436-478.

Mengel, K. and E.A. Kirkby. 1987. Principles of plant nutri-
tion. 4th ed. Int'l. Potash Inst., Bern, Switzerland.

Nascimento, D.C. M.W. Schuch, and R.M.N. Nogueira. 2011.
Growth and mineral nutrient content of blueberry trans-
plants in conventional and semi-hydroponic systems. Rev.
Bras. Frutic. Jaboticabal. 33:1155-1161.

Pior, R.L., G Cao, A. Martin, E. Sofic, J. McEwen, C.
O'Brien, N. Lischner, M. Ehlenfeldt, W. Kalt, G. Krewer,
C.M. Mainland. 1998. Antioxidant capacity is influenced by
total phenolic and anthocyanin content, maturity, and vari-
ety of Vaccinium species. J. Agric. Food Chem. 46:2686-
2693.

Poffley, M. 2004. Raising vegetable seedling in containers.
Northern terriotory government. 384.

Piekielek, W.P., R.H. Fox, J.D. Toth, and K.E. Macneal. 1995.
Use of chlorophyll meter at the early dent stage of corn to
evaluate nitrogen sufficiency. Agronomy J. 87:403-408.

Rural Development Administration (RDA). 2012. Cultivation
of blueberry, Korea.

Raese, J.T. and S.R. Drake. 1997. Nitrogen fertilization and
elemental composition affects fruit quality of ‘Fuji’ apples.
J. Plant Nutr. 20:1797-1809.

Spiers, J.M. 1986. Root distribution of ‘Tifblue’ rabbiteye as
influenced by irrigation, incorporated peat moss and mulch.
J. Am. Soc. Hort. Sci. 111:877-880.

Townsend, L.R. 1973. Effects of N, P, K, and Mg on the
growth and productivity of the highbush blueberry. Can. J.
Plant Sci. 53:161-168.

Townsend, L.R. 1967. Effect of ammonium nitro and nitrate
nitrogen, separately and in combination on the growth of the
highbush blueberry. Can. J. Plant Sci. 47:555-562.

Tadesse, T., M.A. Nichols, and K.J. Fisher. 1999. Nutrient

Protected Horticulture and Plant Factory, Vol. 27, No. 4, 2018



e T FFe] TR ok AlelM danls 2l e Al B AdEE wst

conductivity effects on sweet pepper plants grown using a
nutrient film technique. 2. Blossom-end rot and fruit min-
eral status. J. New Zealand Crop Hort. Sci. 27:239-247.

Tamada, T. 2004. Effects of nitrogen sources on growth and
leaf nutrient concentrations of 'Tifblue' rabbiteye blueberry
under water culture. Food Products Press. 3:149-158.

Uhe, G. 1957. The influence of certain factors on the acidity
and sugar content of the Jersey blueberry. MS Thesis, Ore-
gon State University.

Ao -AE25, M2rd M4 20184

Vargas, O.L. and D.R. Bryla. 2015. Growth and fruit produc-
tion of highbush blueberry fertilized with ammonium sul-
fate and urea applied by fertigation or as granular fertilizer.
HortScience. 50:479-485.

Yun, S.K., LK. Yoon, E.Y. Nam, J.H. Jun, T.H. Kwon, H.J.
Bae, H.C. Kim, and T.C. Kim. 2014. Shoot growth and fruit
characteristics according to bearing branch direction and
thickness in ‘Kawanakajima Hakuto’ peach trees. Kor. J.
Hort Sci. Technol. 32:421-426 (in Korean).

325



