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Effects of potassium nutrition on fruit development and
yield of substrate grown strawberry

Yuichi Yoshida, Toshimasa Ohmori, Tanjuro Goto, Yoshiyuki Tanaka
and Kenji Murakami
(Course of Applied Plant Science)

Effect of K nutrition on sugar and organic acid concentration in fruit and yield of strawberry
cultivars (Fragaria X ananassa Duch.; Nyoho, Toyonoka, Sachinoka, Asukarubi, Akihime, Tochiotome,
and Sagahonoka) was investigated. Nutrient solution (NO; 8, NH, 1, P 1, K 4, Ca 2, Mg 1, SO, 1 ; mM)
was modified to contain 0 to 4mM of K by replacing K with Ca and supplied from the beginning of
flowering. K in the drainage decreased to a trace level 3 weeks after the beginning of treatment except
for 4mM-K solution. Absorption of NO; apparently decreased in plants supplied 0mM-K solution, but
little difference was observed among the other 3 solutions. K concentration in petiole decreased linearly
with decrease in K concentration in solutions, but there was little difference between the concentrations
of leaflet of plants supplied with 4 and 2mM-K solutions. No difference was observed in concentrations
of sugars and organic acids in fruit in primary inflorescence. In the second inflorescence, organic acids
and K concentration in fruit linearly decreased with decrease in K in supplied solutions while sugar
concentration of fruit decreased significantly only in plants supplied 0mM-K solution. When 0.5 to
4mM-K solutions were supplied from 2 weeks after planting, marketable fruit yield was smallest in
plants supplied 0.5mM-K solution followed, by that supplied ImM-K solution, and largest in that
supplied with 2mM-K solution. Almost all K supplied with 2mM-K solution was absorbed by
strawberry plants and no difference was observed in quality and K concentration of fruit, yield and plant
growth between the plants supplied with 2 and 4mM-K solutions. It may be suitable to reduce the
concentration of K in nutrient solution by half for substrate production of strawberry.
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THW, 2P OK% Ca TiEdl L TKIEEDRL S
4ALFEIX (4, 2, 1, OmM, Tablel) #%@%\F, THALEERA

Table 1 Nutrient composition in the modified solutions (mM)
N
Kconc. — P K Ca Mg SO,
N03 NH4

4 (Cont) 8 1 1 4.0 2.0 1 1
2 8 1 1 2.0 3.0 1 1
1 8 1 1 1.0 3.5 1 1
0.5 ) 1 1 0.5 3.75 1 1
0 8 1 1 0 4.0 1 1
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OO H14H 22 5B A FIG L7z, MEERIZOW
T3 Hoagland and Arnon® OALFIZHEY, 1/ 2 DiEE
Tz 7.

20014F11 H13H ISP, EIR (WHI iy 2 R B X
O CO, JEE (HH800~1000 ppm) % BifG L 72, LA
ML 8 CIThiR L, feiEAin28C % BRI AR T4
L7z, #iefs@ L 13T L, Hdbioh 0¥
Ba b5 ~THUCEI L 72, BRI, THERET7TE, E2
BB (1 RIEEE) 5 %L T8 3IERACIAE AL L
7z.

SE 1A g oY SV R BILL, HPLC T
NOs, P, K, Ca, Mgz HtE= L7, AHEEE S
FILEMBOILA0H5E 1 |, &g 09 bEFEE
INHER S & L 7 W AR 2 SRS 3 2 3BT DRI
L, 80C T 1 AMEE X7/, Ty & 3200 TR
L, 1 %IERECHME L TR tEE K ER L.

T 12OV TIRTEERE 2, 3FRAE (2 A OBk
Hami#klL, HoBooiE30HErS 3 H I L I2H4L
HX5REIOHEWMLA RO ES (I 7V 5
CR-200b) %M\ CRERE 4 rFTOREEEZIEL, &
H (H°=tan '(b*/a*)) #HM L7z WER, £FEEI
S L CEEERNEL, —30C THFE L. F72,
FTRTCOMBEIZOWTIEHRFE 1, 5HFEREE2RE 1F
TE% B L 72 Be B CHRI L CRIBR I BT L 72, BPi L7z
RFEIL, BF L VY THRHHEIIOC DZER K20 ml 2Nz
KR T2 MBI L TA v RNy —E 2R SE
2. GEIRI0% T F LY ) a— vk 1 BEEERE S H
ERAEHEN 1 ml% N2 C, HPLC THlvAYERESE, AR
BLOKREZEE L.
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4RRTOEML, 2 BMRIEARLS0%E2=1 % 0o
BUkEE L7z, EBR 1 S FRRICVE L 72 K o B e B8
WA AT % 4 WX (4, 2, 1, 0.5mM, Tablel)
R, 108 1 H2 5032 GG L7z, BEEiR o g
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b 1ERD0% ORETHA L, €0k 2 EHIZ80%,
COJEH ZRG L7 7 HB 22 513100% & L7z, ZDikH
e OIS bR T, WMHEBKEITEE 25 1380%,
COMtE ] % 52 1F L THRS % BiAA L 72258 H 72 51360 % T
WE L7z,

FAPLX 8 7T » & =32k A L, 20fEfKIZD W
NEFAAFITWIEERE 1, 3, 5, 7THE, H2HE1,
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PR L, 4 TIZABRAA TR IR 2 (2 < 2 A IS
bHotz. =7, PHEPOREEREE R IIVF O LE
DXC MBI AR TRm < Z2 A B o 7278, FEEHTP K
REMRNITEZH L <, 0mMX TIZERWIPGEEZ O
T L A EA L7

A 3 ORI P KRB, B o KigEMK
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1 FIDRE - REEKKRE 13

WIZ SR D, 0nMIX & 1 oMK TR BIGIE #2700 &
BT 2O 6N, EYRKEEIZOVWTHITIT
FRETH - 7228, 4mMX & 2mMEDOMIZIEb T H Lz
PROLNT, WFhd 2~3%DW THRE LA 0mM
X& 1oMX CIEEpasG 6 ME L1 % DW LT & 7%

D, 1TmMX & 2mMX & OB IZHEZE 2R ZDFED b7z
(Fig. 2). 0mMXTiZ, % 1 REBEIUGERLGH (LG
5 M) B2 O THNIEOEED—IREE & 25K
RZIERDPHER S N7z, KEZIFERIIHE 2 12 FAEEIC D 5
BeaEo2nh, 82 REAEGEGH (LBEEHG10E
With) G HIELS 3T L RZIERDFEENED S
7= (Fig. 3).
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Changes in K (left) and NOs-N (right) concentration in drainage during 6 weeks after the beginning of treatment (Expt. 1) .
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Fig. 2 Changes in K concentration in petiole (left) and leaflet (right) of the 3rd newly expanded leaf of ‘Nyoho’ strawberry (Expt. 1).
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Symptoms of K deficiency in the 3rd newly expanded leaf. Left to right: 4, 2, 1, 0 mM-K.
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Fig. 4 Changes in hue angle (left) and concentration of total sugars (right) of the secondary (2nd and 3rd) fruits of the primary
inflorescence of ‘Nyoho’ strawberry.
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Fig. 5 Differences in concentrations of K (left), total sugars (middle) and total organic acids (right) in the primary fruit of primary
(P-1) and second (S-1) inflorescences of ‘Nyoho’ strawberry (Expt. 1).
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FEEN7ZKOEENKE L, THREEIZOWTIZUHEOE
BISITE AL SN o7z, T2, 0mMX TIEEE 2
BRI AL IR EZFEIE L. 22 THER2
TITEAEE RG> S Z MG L, 0.5 M~ 4 mMo 4 WL
X& L7z,

WLER BIAGTE P2 I AE R DS/ & { TR EREL D 7
<, SERETR 2 M CREHMHICER L 72K 2L 72720,
WUFRBRAA TR b — B ICEP KA B R Uiy 72 (Fig.
7). LA L, WEERGG 2 M % GEfE 4 8% (I3
BRI ET A L9120, WTNoMHEXTY 3%
I KEEMET L7z, 0.5mMX & 1 aMX TlEZ D
B AT Ukt 7225, 4 aMIX Tl a8 iz 2100
%\ZFED 7 THEBURIEIZRE L, EHHPKIEEIZN2.5%
DW CTHERE L7z, BEMRIRRE & g R % i % &
FEBE1 (Fig. 2) L RBRICEKSEAT (0.5, 1oM) Tl
RO DY X ) {Rh o720, EKEET (4mM)
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Fig. 6 Effect of K concentration in nutrient solutions on the
concentration of total sugars in the 1st fruit of second
inflorescence of strawberry cultivars (Expt. 1) .
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TIXEMOEEDIT ) DEh o7z, A F ITOEFERED
Wric & CHWONDHASE 3 HEY L BHOBRR SIS
ERTCHL T BH 6 0 L 2T 2L, EHTIIKRE
BREIFRD SN H o 72, FEWNTIIRTTOERIETDH
BEIENBALLE6EL VSIS -2, T 72,
556 ZEDIERTIZ0.5mMIX & 2oMX D121 & A E7ED8
RBOLNE o7z (Fig. 8). REOKIEE b EREHK
TEFE DR TP > CHEMANET L (Fig. 9), A RAE
TEAZRLA ETHEOMIZE VA (P <0.00001) A%iE80
Sz, 72720, 2aMIX & 4 nMIX & D FEIF RN S 2
-7z,

REP KRR & WA R, ARERIEE L OMIZIE
HEZIEOMHBBRA RS Sz (Fig. 10). AHEREIC
DWTIHITIZTEROZBERICH Y, KiiGEZET S8
BT e LY, REOEKIMET L CTH/BRILO WS
EEONDLZENWS NIz, HEEEICREI LTI,

BRHEE (P <0.0003) H5F20 572 b DOOHRERE &
BB LTS 22T Y 95K & CHERE (RY) AV
Ehote,

Table2 127 L7z & 912, IWEIZ 2mMX Db & <,
0.5mMX 13 L o 72, 0.5 MX T, 4% R5idfh
D 3MILX X D10% 40 LB TH - 7275, BEAHE
BARBREDE LS, THERED20~30% D 7% 5>
7zo F72, HERORFEEKGHL IS > Tz, —
77, 2mMX T 4mMX & ORIZHE R ZIZFRO 5tk
272b 00, MHROFHRERE ROKEL, £0Z
EDPPERIZRE CEBL Tz, W RO
FIZOWTH, 2 KO MFREYEOPERED 1 ROE
\E L DL PIIRE C, BEETPKEED 2ME DK

bl LE OUEPEEIHDT LT EHL
7% o7z,
6 -
Leaflet =O= 4 mM
5 r =2 mM
4

K concentration (%5DW)

30

Weeks after the beginning of treatment

Changes in K concentration of petiole (left) and leaflet of the 3rd newly expanded leaf of ‘Nyoho’ strawberry (Expt. 2).
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K concentration (%DW)
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Differences in K concentration in petiole (left) and leaflet (right) of the 3rd newly expanded and old 6th leaves of ‘Nyoho’

strawberry (Expt. 2, on 6 May, 2003, 31 weeks after the beginning of treatment) .

K concentration (mg/gFW)

K concentration (mM)

Fig. 9 Differences in K concentration in the 1st and 5th fruits of
primary and second inflorescences of ‘Nyoho’ strawberry
(Expt. 2).
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7 K9 b (7 B & e FETK O SEIRE RN
IZX o CHBBERED LA T2 EAHESIN TV,
A4 F TIZOWTHAE LR, K% - KEYOHE & FH
FRICRFER KR & AHRERRE & OMICTEOMERD %
ZEDEH S 2% o 7 (Fig.10). RFEHFOREHEREIZOW
THKERE L OMIZEE 2R IEOHBE RIS Sz b
DOOFWEREE L TNy X9k E L (Fig.10), HS
UK R ZIEIRDTFED & N MBI BT DA, §HIE
RIET 25RO BNz (Fig. 5, 6). REBRTIE, Mk
DEFFERBIZOVTHEL TR WA, 0mMX &
0.5 mMIX TIIPHE PR IRRESE RIBE L 2B EA L, I

Table 2 Effect of K nutrition on yield components of ‘Nyoho’
strawberry (Expt. 2)
No. of fruits harvesred (/plant)  Marketable fruits
K .
cone Market- Not Yield Fruit wt.
(mM) market-  Total
able (g/plant)  (g)
able
4 33.2 & 0.1a 33.3a 607.0 ab 18.3 a
2 32.9 a 0.1a 33.0a 648.4 a 19.7 a
1 30.1 a 1.1a 31.2ab 545.6 b 18.2 a
0.5 23.9 b 50b 28.9b 390.0c 17.1b
Regression L**,Q*** L*,Q*** L*,Q** L*,Q*** Q**
“Different letters indicate significant differences by LSD test, 5%

level.
*, O P sinificant at 5, 1, 0.19 levels, respectively ; L, linear ;

Q, quadratic.
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P S, EPHHI SN zDTHAH. Lizn-T,
PRI PR E O T IIBE DK R ZIZ L - THAEE
O AR SR ORBHEEIET LR e v
5. GREROSEI12E, REPKIREE L OBIZHER 2
FHRARIAR AR S 72 2 &2 5, M pH D %eE bz &
REPKIREZALOE A EHENICZT722{LTH Y,
O TR 7R EEZ BND.,
BEOARIZOWTAIE, KiEEOITIZME ) A
PR s OB T IR R L b /R I % 3R S 5 720, fK
ELTOHARMIBL LD E VR D, BREREEIMLC,
HEABRV IS L TR S LT 2 i IC D W Tig,
Z DR e WA A ER TIRK BB 12 X B4/ TR
Lo EiddgtEmo s 7200 0 iBL00 1
LN, L2L, ARBOIEIZL 2 S S ik
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Fig. 10 Relationships between fruit K concentration and the concentrations of total soluble sugars (left) or total organic acids (right) .
First, 3rd, 5th, and 7th fruits of the primary inflorescence and 1st and 5th fruits of the second inflorescence were pooled,

n =120 (Expt. 2).

BEEL20, A FITRROEEDNEET L EIEF N
724, E O &) IR E KON v AHDEE R 5
TIZH o T, » 2o TEROFHEZ AT S22 1Retk
BEWEEZOND.

Asaduzzaman 521, KFFEO 1 mMX & FBEICK %
Ca IZHEH L 7255283 C BRI B8 H AT 72K A+
TOAFEERA, ARBEPET T4 LB I AT
TUIEHER S D FEFRML B2 & ) RS hnd 2 2 &
THEL TS, L L, AETIE 2 MXDIE D K
LEPo720IZx LT, 1aMX TR G ZHE D 4 nM
R LD RRWENSY, THAHIEZKRZEROIEEDFE
HHNT =, 2iMXOREPFKIEEIL 4MX & 13T
M5 THY (Fig. 5), THIEIIBWTH KRZERER &
DEBRE MR IN R o7, L ODI/EMTRENS
BEOKZEHETHI LN TEBY, KOt R
FEEOMIZEERBARIRO 5N TWwh, Lieten'”
1%, 47T ‘Elsanta’ 23X L 72 K D70 % AR F2 ML
L2z HmiELTBY, A FITEREIRAKOKD
VY ITHEEVR L, REOKIREEIZOWTIE 2 MK
EAMX EDHIZHOT P RELIBOON o722 &
P, KWL TBIE SN2 RKMH2.5mg- g FW TliZiE
FFIREBIZE L TWwWieeE 2 b, 2 MR TIEALIE
G3EB SR L2 KOIIZIZEE RIS 720k
LTAMXTIIHLUEO KPR & L THit sz 2 &
75 (Fig. 1), KitHESLE,rO T %E% LA - T
BY, BERENEINTW 22 LI THA ).
BIEIZOWTIE, METWICAEERZTIE R o702
DD 2MXA 4mMIX % Elal>THEY (Table2), MjuLe
X&DITH I TEDTELy, TEMTH KRR ZIPER 261 DL
PR E LA RO e o7z, F72, EBETHER

WTEBRERTO N RETH L5656 FEZ RN L CHsk L2k &
2, REZFERDHER SN 1 oMK TIZZE S PR EEA30.52
% DW £ 0.5mMX & D IRWETH - 7225, 2mMX Tl
1.14% DW & 1 iMX D5 33E L ) Eh -7 (Fig. 8).
T/, EIEEIEY, EWELITEELNEL, EO
A THIEER L TWaA Z VR &N IHEITL
BREAT) AL 2 ER RETIE T RIBESHER S L
Tl ehn, BERBEOPSORET KiE o
REEFEIZLEPO TS KPR I Tz E 2T
LWnwtHhHro.

B KR AR 1L ) — 4t CHE L C b MR R HR IR IS
Lo TEHETDECHPRDOLNT VLA, T XY AOFEH
HET1.1~2 % DW¥H 51130.9~3.1% DWY, *+ 5
YF N F — DI TL.5~ 3 DWW THIE R
CAEBTAHEEINTVAS, FEER2%E LT 2mMIXIZBIF
BT 3EEREG R L EHT OKREIZENZENL.5%
DW, 0.8% DW LI ECHRE L7z (Fig. 7). BRI
NLEGTHLZ EPSTL, NS DMEIFIESITIC
LHKEELNVOHEME LTRZYEREE VL.
BEEAREOBRICHRT 2L H A L LTHWRHAIC
X, TEHHT1%DW DR, 3EHHT0.8% DW LT A
LD 2 WRBHIHOIEEMETH L EEZ LN,

REFOKBEIIEEETFOKS 2M % FH L & &
IR L (Fig. 5, 9), 1 FTOKEBEIREL L L
TEAT 52 EAvRa Nz, Ryt KIBE /N 1 F
A= —FETUWETETH Y, BfERATFITOKKES
WriEe LTS 2 Epfge £z 615, £2T,
Brtrh o Kl & B & o BRI DWW TR L 7288 4
% Fig 11l1ZR L7z, KpoFO Y Kz £e120% >~ 7
NEKBEIEICZ SN, 209 bRIEOEETH-723
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Fig. 11 Changes in correlation coefficients between the concen-
tration of K and total soluble sugars in strawberry fruit
along with the increase in the number of pooled samples
in ascending (blue symbols) and descending (red
symbols) sequence of K concentration in each fruit
shown in Fig. 10. Each blue and red symbol indicate
the correlation coefficient calculated with a data set of
fruits having less than and larger than a particular value
of K concentration, respectively, e.g. a blue symbol on
1.099mg-g'FW of K concentration indicate the coeffi-
cient calculated with a data set of 35 fruits having less
than 1.1mg-g'FW of K concentration in Fig. 10. Values
are not plotted when number of samples (n) was less
than 11.
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