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Investigations on the long-term fertilizer trial. I
Nuiritional status of Ralls trees in the long~term NPK fertilizer trial at Kuroishi
KousHRO NaGgal, MORIMASA SEITO, SaTosHi Sakurapa and CHolcHr Kamapa

{Aomori Apple Experiment Station)
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Table 1. Fertilizer ‘treatments of the experimental plot*

P[otl code Fertilizer™ applied g/tree Area of experimental plot
N P.0; K.O
NPK 750 750 750 & a
(8] : 1] 0 0 B
PK 0 7a0 750 8
NK 750 0 750 7
NP 730 750 0 9
* Started in 1931 as long-term N P K fertilizer trial
#+ Applied in spring as ammonium sulfate, superphosphate, potassium sulfate
Table 2. Soil* characters of experimental plot in 1953
P.O Available
Plot ~ Texture | 100 | B Yect K%Ch?\?f%bl%ﬁgseﬁgo Total| CECH éés‘f)zpﬁ‘m{ o
2 1 : oeff,
% me me|
NPK SCL 5.16 4.2 4.0 0.53 1. 0.84 0.23 3.36 21.4 1,400 49,4
0 SCL 5.12 5.8 4.9 .33 2. 3.85 1.22 9.56 21.5 1,500 38.1
PK SCL 6.562 5.3 4.5 0.69 1. 2.80 0.35 5.31 22.6 1.370 701
NK SC 6.45 4.0 4.0 0.44 1. 0.53 0.23 2.54 21.5 1,450 40.9
NP SC 5.83 4.2 4.1 0.36 1. 0.64 0.25 3.06 24,5 1,480 23.4

* Volcanie ash soil, about 30cm in depth, which was under clean cultivation throughout the

season
*# Neutral N-NH,OAc extraction, me/]00g scil
**% | % Na-citrate extraction, mg/100g soil
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the year 1358-1958
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Variation in fruit vield*of experimental plots during

the 10 years period, 1953—1962

Fruit yield kg/tree Fru;tnr;r;beri 7ﬁMean fruit weight 1;

NPK O PK NK NP NPK O TK NK N2 NPK O PK NK NP

YEﬁJrE)E! 99.3 106.6 79.0 84 5 148.4 627 755 498 572 901 158 141 159 148 165
1954 87.3 58.7 60.0 83.0 67.9 529 428 411 578 4D 185 137 146 143 188
1955 110.5 48.5 B4.2 58.0 36.5 715 346 448 394 239 155 140 143 147 152
1956 138.1 115.6 174.0 180.2 133.2 664 682 951 916 802 208 17D 184 197 156
1957 243.0 114.3 182.6 160.5 272.1 1324 831 1201 928 1680 183 136 152 173 162
1858 170.7 111.6 124.3 153.8 104.4 i004 760 736 933 631 170 147 156 165 166
1959 160.3 80.0 147.2 124.1 104.4 1015 526 873 748 530 158 152 169 166 177
1960 178.2 125.7 131.8 158.3 163.8 1146 1007 898 1094 1112 156 124 147 144 148
1961 211.8 144.1 182.1 216.0 204.9 1250 © 851 1003 1097 1087 163 170 182 196 188
1962 147.3.139.5 167.1 i37.5 245.5 896 1032 1070 @868 1528 164 135 156 158 160
Mean | 154.7 104.5 131.3 135.6 {48.1 91T 722 815 813 897 169 145 150 164 185
sSD 49;2 32.2 48.3 48.8 75.5| 276.1 230.0 274.2 234.3 465.1 | 16.21 15.02 14.49 20.0 11.5
Ccv 31./3 31.0 36.8 35.0 51.0 30.1 31.9 33.7 28.8 51.8 9.6 10.3 9.1 12.2 4.9

*Rallg variety, 48-vear—old in 1953

SD : Standard deviation, CV : Coefficient of variation, Mean of 5 trees per plot
Tree spacing for experimental plot was §.3x6.3m since 1931,
in 1955 half of the trees in each plot were removed, leaving

12 trees per 10 a
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. Table 4. 3-year moving average of yield, fruit number and mean fruit weight,
mean of the year 1953—1952

Sig. diff. for
Treatment NPK .0 PK MK NP treatment mean*
: kg /tree L
Yield 158.82 -~ 102.68 131.42 138.73 148.52. 40,22
Fruit number 942 694 | 813 838 388 NS
g/fruit -
Mean fruit weight 167.6 146.9 158.9 164.9 165.1 9.66

* P=0.05



] HREY A THBRERE

2. B2t E

(1) Tl oEMHHE

195344510612 TR B 2 icEEN, P, RE&R
THREL, WEAOAEICEL TIFEBOERY & 1.
CO—BERHFIRIRL e Ti, EehCa, Mg &l
1958440 H18614F E TORARR YR E VT L0
4B RL 120 '

Sz kB k, BERNOEHHERL, BEE®T
S (7T A4 £ Co0iml, THlEHEE 140 24
5 (DAL T, bi¥picETHES b I
WRU VAL RE, 2OBIZOPETHARL (-1,
i, ZEERC s, BEERON <Azl
Ao rBS D 5, RENEEORIILITLASE
HRBRD bR H =

TR PR LUKOSEHMEER, vwInbETase
VAASNEEEHORRLE & HIEITERCETT S
BERFD otz T, HEOPULAEPREDIKE D
EERERELE(RAL VMDY, EHiEEOELFAL
Th=o BRRREKRBED 2ED L ~L-55325 < Sy
#, EHEOMEMOR LEFRL T - .

EEdiCaks X UMD BMitdEN, T TEERL L

dw.%
35

N 34
2.5

2.0

#1258

LB EAVERSD Y, RETHREYERT 3.

ERHESMEFEANCETEROKE E 2 @A
¥, FEERS0HL 5 100 AT TOERMBHRTRTEES
ROLEENTH S,

RN OSMWE RN, P, KO3 TREDAEL
AR ZADFHTHIS THY, WrhPRIUKIELED
12257 A EFHENOE/IZr RV KED -2,
EFRSOESMERICOWT, DOE TR H @0
WA, i, EAHLURIY ok D BN
b %< OWFEEH H 245, ROGERSSH (M i d BC
EHL T2, ZEERL -BERNORER, &S558y
DIETOEE BV 9 H 58, —ResicE it ROGERS
HOEE L L —FTL I

TR P b A EB A BN, Fiok VEd
DEGILD B M, REECIHETNES SEBEENC AT T
EFEHACRAICETHARALR T 5, ZhicHL,
ROGERSHIZk AL, N, Pvw¥h Bl 160 ~1708
BroPLRYBHEETHEREILSNT V5. £,
FEHIIEDNIGK LD SEEfoEE L & icEd T A8
WAV EL Tva, L, JORETH=EHZDD
HTENOERMRENE /AL {, FIAALELiIsL 2
BhAE b0 LB,

11 1 " I L L

Days from full bleom

I
120 140 150 180

Fig, 3. Seazonal change of NP K content of Ralls ieaves,
mean of the year {953—10952




rm

B - {0 - 3 - G SERRROWEERSE G5 1) 7

dw.%
Mg
010 M
Mg oa20F NPK
D:lU o
250 Ca
o
Ca 20f \f
15F
wh k\NPK
0.5
1 ] L 1 1 r 1 1 L ] r Il 1 ! L] ] L N
20 40 60 50 1o 120 110 180 186

Days from full bloom

Fig. 4. Seasonal change of Ca and Mg content of Ralls leaves,
mean of the year 1858—1951

FEREOL, #EVOERIIO>CTIERE L S 19585 1Ed e 0 B NoDJE T 43R S 549, 1053, 1958,
LFEI~4EO L S s sEn TS th 19603 & U196 1 SF 13T EN 2N 28 & b N 5512
FRODFIZDTHBZ EZORIBT LD —E T WAL, BbEROoEEYRLL. dRIBEITNERE
ZOBEREINICOVWTEARICRT L, E5EOL D ORI A b DIL19544E 2 10565 TH 210
ENOETOBRT SERCHEESRED b b, 10004 L

Table 5, Within—season variation®* in leaf nutrient composition
of Ralls trees

Treatment N P K (0] PK NK NP

Leaf
notrient | N P K Ca Mg N P K Ca Mg N K P N K
d.w.%
Mean 3.07 0.17 1.54 1.07 0.14| 2.58 0.17 0.85 14.4 0.27| 2.67 ‘1.66 0.17 3.06 1.02
SD 04;§ 0.056 0.380 0.421 0.024| 0.427 0.047 0.245 0.535 0.023 | 0.303 0.400} 0.048 0.398 0.270.
cv 14.6 32.1 247 39.4 17.2| 16.5 27.5 29.0 37.2 1Z.8| 11.3 24.1 28.2| 13.0 25.5

*18 analysis from mid-June to iate Nov, with 10 day intervals

Leaf blade smples were analysed throughout the experiment
Deviation
frém
mean N
content

N%

-1 1 I ] 1 | 1 ! ] L
20 40 50 ?0 70 80 40 100 110 120
Days from full bloom

Fig, 5. Shematic patterns of seasonal change in N content of
Ralls leaves.
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Table §. Effect of fertilizer treatments on leaf nutrient content

Sampling Leaf nutrient N P
time Treatment NPK O PK NK NP N'K O PK NK NP
oys from - Mean Y 2w 20 4 a4 0w om o021 020 0.2
SD 0105 0173 D.064 0.04 0.1730.023 0.019 0.017 0.018 £.028
s0—10 | SV 29 61 22 2.8 5.1 1.1 85 50 9.2 13.3
restment mean 2.153 s
Mean 398 2.8¢ 283 3.23 3.3 017 0.7 020 0.47 0.18
w1 | P 0.124 0.108 0.146 0.157 &w#wmznﬂm 0.015 C.0I7 0.013
cv 3.8 3.8 52 49 45 68 7.8 7.6 10.0 1.2
brastment mmean 0.176 0.018
Mean 3.6 2,63 2.66 3.04 3.0 0.15 0.16 0.17 0.15 0.15
oo | P 0.283 0.101 0.145 0.155 0.241 0.005 0.0i6 0.141 0.011 0.045
cv 5.0 3.9 55 51 7.9 34 8.9 82 7.0 2.9
tretment mean 0.214 £.012
* P=0.05 N. P, K : mean of the year 1353—1962, Ca, Mg : mean of the year 1958—196!

EANOERORSEI LT B2 2 L,
BOLLARDS (b pfiich & b, T, BRIz
THRABCHEREFED BN, LiL, ZOI0ERMIzD
WTAbHE, BhP, KOEEOMNTLEA LS IR
mLTtb e RENE L, NIZEFOELIFED bk
ofte TOLILBEOROMERE, &% #HiEkED
AN L B o R L BIET A O E Bbh b
B, T OFEMIHL» T,

(2) ERRFOEICLLDER

HiBAES0~T0H, 80~100H 3 LU 110~130H D3HEFc
D TERFDOESE R, N, P, KiZowTi1953
AP 19624 F TOI04EM, Ca, Mg iovyTiE19584
5196514 % T 4 FEific o T, TOEEES L UE
BIEHn E 2B RIIELL. 2@ 3%, 80~1008 (B
ARZHYT2) 2o Tk £ OEMAZE 6 BlcRL 72,
s, 196280 EA | B U RERTL-LOT, 0
OAFIE % IV BHE L 7o

B & YA ERL LR Y OFHNELYTRL, &
HEAD DI EH N T11~16%, K Tli24~20% 5%
T3 (FESFR o LicdioT, FECDl - THRES
DEERTL DB RENY BT A0 ERS 3,
COIBEOEMIFESITEOL S, NTi3~4%, K
ThB~12%IHBEAD T LS E B, Th, FRIEHLE
BioXE ZizowTit, TREPbL Y AT TOE DR

HELTH BHF—THNIAELRA LN P ol
BEBOFSRESONEERL DB E, ERNLEEDL M
L (HMEE, X I ATHIN) Lad TH (GBS0
~TOE#) CHELL L OOERHSL M EWERE S
Bo HERPUENIZRGTAEL (F8%) , O AifsEsy
TARY LB CEBEHE S 5, ERKEZEHEFT
BLREOEPERLL (%) o %72, e Cald
N, P, KL Dh—fIIERPIREERIZED NI,
B DERERMS LI RECI L2V TS
{ DEENH B, BOLLARDL G IHEBIC Hi- 5 (N
BEOESR I OvT, BN, Kb L UMg (Caig s
PLTvvievs) OERERG, S£0Rfo=% 133
BETHDZ L¥WELTvbH. E7, HEENEY (M
th, AN OFEREFNI—RIcH T D RE I, K
PO KRECEIRATY B,
ESTTEOFEREMIE T E T RS MBIc ko TARE
NoE, BoEEEOZVFP VECEEY LoD L
BELFHLNL T2, ZORBETIEER, 1956~
1957TRIC T THE VINEORENSEH b, o
BB oBEPRSIE O THIHELS T D, BE
BPETHACEEY A ST h, BER o
WEREEHOBNAT LREEBDODVEVHENS fodh &
ELLRSOT, FEBOFTIL, Bfics 28805
KIZIEL, BIEBREERESELNE LEDNR S,

s




fa»

B - B BE - 8 EEEERoMERS E1H) g
of Ralls trees at different sampling times
K Ca Mg
NPK O PK NK NP NPK O PK NK NP NPK O PK NK NP
|
1.83 1.02 2.00 1.G0 ].2{]] 0.76 0.98 0.92 0.70 1.00] 0.16 0.28 0.21 0.16 0.20
0.164 0.134 0.216 0.190 0.157[ 0.139 0.211 0.f26 0.116 0.191] 0.030 0.009 0.024 0.021 0.025
8.5 13.1 10.8 10.0 13.1 18.3 21.3 13.7 16.6 19.1] i8.5 3.2 1.7 13,3 12.4
0.158 0.158 NS
1.66 0.86 1.75 1.9 1.06/ 0.99 1.3 t.17 0.87 1.28 0.16 0.30 0.19 G.16 0.2
0.135 0.104 0.210 0.206 0.127| 0.080 0.184 0.105 0.132 0.168 0.023 0.044 0.016 0.022 0.015
8.1 12,2 12.0 12.2 12.00 8.1 11.8 8.9 15,2 13.1] 4.7 14.% 8.4 13.5 7.5
0.147 0.125 0.079
1.4¢ 0.79 1.60 1.54 0.%¢ 1.15 1.51 1.30 1.06 1.58| 0.13 0.29 O0.16 0.14 0.1%
0.120 0.096 0.200 0.133 0.09¢[ 0.085 0.104 0.123 0.130 0.174| 0.053 0.038 0.013 0.010 0.017
8.1 12.2 12.5 8.6 9.4 T.4 5.9 9.5 12,2 11.0] 39.3 13.2 8.4 7.1 8.6
0.125 0.162 ' 0.096°
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Table 7. Effect of fertilizer treatments on leaf weight, leaf area
and leaf N P X content (unit area basis) of Ralls trees
Treatment NPK 0 PK NK NP Sti'gatr;illefit Irfg;n*** _

Dry wt. of leaf blade* 29.7 23.2 76.5 32.6 26.9 4.55
/100 leaves

Dry wt. of petiole® 5.4 4.7 5.2 8.1 5.2 .. 0.85
g/100 leaves P

Leaf area™ 2397 2557 3054 3608 a7 494
cm?/100 leaves ‘

Dry wt. of leaf blade®* 874 885 849 903 831 NS
mg/100 cm? _

N content of leaf blade™* 30.1 23.4 24.3 20.2 25.7 . 4.75
mg/100 cm?

P content of leaf plade** 1.37 1.47 1.60 1.47 1.30 . - NS
mg/100 cm? e

K conteat of leaf blade®™ 13.8 7.9 13.8 14.4 10.8 - 5.25
mg/100 cm?® |

#* Mean of 9 samples taken from July to October, 1959

*% Mean of 3 samples taken from August to October, 1839

Fakk P:UGS

Table 8. Effect of fertilizer treatments on growth of Ralls (zees:

Treatment . NPK 0 K fffyﬁ? NP
- Year cm/shaoot ‘
Growth of 1958 . - 15.0 17.4 18.0
terminal 1959 25.0 5.9 2.5 2.5 24.8
shoot. 1950 23.0 19.5 27.4 25.8 23.9
Mean 22.8 17.7 92.3 22.3 . 22.0
Wt. of pruned kg/tree/10 year
off branch®™ 1953~1962 253.1 115.9 160.7 194.5 974.7
Increment of cm/tree/ 10 year
grunk girth*s 1953~1962 16.4 12.9 15.0 15.0 22.2

* Mean length of 60—390 terminal shoots from 3 tiees of each plot

#t  Mean of 5 trees from each plot
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Table 11. Effect of fertilizer treatments on K concentration*
of fruit juice for various fruit size
Treatment NPK o PK NK NP

g

Fruit wt. 50 — - — — —_ h30

100 1250 ’ 890 1500 - 560

150 1370 . 920 1430 1210 820

. 200 1150 ) 920 1310 1110 . 980"

- 7250 1150 1060 1380 1090 -

300 - - 1130 -

Mean 1230 ) _ 992 1408 1135 723
* ppm
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Table 12. Effect of fertilizer treatments on N/K ratio of Ralls leaves*®

Treatment NPK 0 PK NK NP tsxfcitrﬂfrft fggzz*
Mean** | - 1.08 3.36 1.64 .94 BT -
Range: 1.80—2.93  2.83—4.33 1.33—2.02 1.38—2.98 2.67—3.70 0.28
* Leaf blade samples
** Wean of the year 1953—1967
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Investigations on the long-term fertilizer trial. I.

Nutritional status of Ralls trees in the long-term NPK fertilizer trial

at Kuroishi

KoUSHIRO NAGAI, MORIMASA SEITO, SATOSHI SAKURADA
and CHOICHI KAMADA

(Aomori Apple Experiment Station)

Summary

Effects of fertilizer treatments on nutrient composition of leaf blade, shoot, branch, root znd
fruit samples from 48-year-old Ralls trees were reported for the period of 1953-1952. The experi-
mental plots were established in 193] and continued till 1452 as five plot fertilizer trial including
NPK, NK, NP, K, and no fertilizer (O) treatments, in 1853 the K treatment w:s modified to the
PK treatment by application of superphosphate. ’

There way significant depression in leaf N content of the trees in PK and O treatments and also
significant leaf K depression was observed in the case of NP and O treatments, but NK and O
treatments had no effect on leaf P content. Deapite of the marked increase in yield in the
vear 1956-1938 by the change of tree spacing from §.3x6.3m to 6.3%12.6m in 1955, there was
no appreciable difference in the levels of leaf nutrient conteat bhetween before and after spacing.
A more likely explanation would be that the increased fruit set may he proportional to the increased
tree growth caused by tree spacing, thus nutrient levels of trees are unchanged.

Apparent within- and between-season variations in levels of nutrient elements were obsetved and
the both variations were the least in leaf N compared with that of leaf P and K.

Analysis of N, P, and K content in branches of variou: age showed that there was significant
difference in P content between NPK and NK treatments and that significant difference in K content
wags alzo found between NPK and NP treatments, but with regard to N content of branches there
observed only significant high N level in the case of N2 treatment.

There was no significant difference in N content of middle and ymall root samples taken eleven
times from May 1958 to April 1958 and also no significant differences were obuerved in P content
of large and middle roots, but N content of large raot, P content of small root, and K content of all
type of roots showed significant decrease by PK, NK or NP 'treatment, respectively.

The distinct decrease in N, P, and K content of fruits were ohbserved during the early part of the
growing seagon, but from July to harvest time, no appreciable changes of N, P, and K content were
found in the fruits, The levels of N or K content of harvested fruits showed glight decrease by PK
or NP treatment but P content in fruit showed no 'appreciable difference with P fertilization. The
K concentration of fruit juices from NP and O treatments tended fo decrease as the fruit weight
decreaged, it seems likely that K concentration of fruit may act as a limiting factor for fruit growth
in these plots, '

The growth, vield, and P content in branch and small root of NK trees as compared with NPK
trees implied that the former were below normal level jn P -status, although the level of leaf P
in NK trees was the same as that of NPK trees. This seem to indicate that the response
to P fertilization was much more rapid and definite with branch and small root than with foliage.

The levels of N in the PK and O treatments were consistently lower than that of other
treatments, Despite of the marked differences of tree growth, leaf and fruit color, and
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fruit gualities in the PK and O plots as compared with NPK plot, the leaf N of hoth PK
and O treatments were far above the proposed critical levels,(4.12,13,26,29)

The levels of leaf K in the NP and O treatments reached to proposed critical levels, and slight
K deficiency symptoms developed occasionally, but growth and vield of N2 plot showed no
appreciable differences compared with that of NPK plot, although there observed consistent poorer
fruit color in the NP plot.

The Ca and Mg status of fertilized trees, especially in NPK and NK plots, were markedly lower
than that of the no fertilizer plot, and Mg deficiency symptoms of various severity were developed
in the trees of all treatments except O plot. The results of soil chemical analysis showed
that there was significant difference in pH, exchangeable Ca and Mg content between fertilized
and no fertilized plots. While there were no lime or magnesia application throughout the
experimental period, differences of basic elements in the soil will be due to the leaching losses
accelerated by residual effect of sulfate containing fertilizers,






