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The Reactions of Crops to Plant-density
in a Sand Dune Field

Takeo Nacar®, Hideyasu Fusryama*and Sanae Ocakr*

Summary

Maize and sweet potato were cultivated on a sand dune field with their plant-
density treatments of 1,4 and 16 plants/m® in maize and 1,4 and 8 plants/m® in
sweet potato, respectively. One hundred and fifty kg per ha of N, P20s and
K20, including basal- and top dressing, were applied to both crops. The amounts
of accumulation of dry matter and three primary nutrients by both crops and their
vields were compared among treatments. Simultaneously, the changes in the
concentration of three primary nutrients in the soil, on which both crops were
grown, were measured in each treatment. The results obtained are as follows;

1) The mobility of nitrogen in the sand dune soil was large, and the high
concentration layer moved downwards with time in the soil. The distribution of
the concentration of phosphorus was not changed very much, and the high concent-
ration layer remained near the surface of the soil. Although the change in the
distribution of potassium in the soil was similar with that of nitrogen, it became
clear that potassium was not exhausted in the soil, therefore being different
from nitrogen.

2) In maize, the amounts of the accumulation of dry matter were not sufficient,
and the yields were very low in each treatment, because of the low leaf area
index due to nitrogen deficiency. The lower the plant-density, the more remarkable
was the above tendency. On the other hand in sweet potato, the leaf area
indexes were low in 1 and 4 plants/m® treatments, but in 8 plants/m® treatment,
the leaf area index was suitable and tuber production was favorable.

The differences in the reaction between both crops seemed to be due to the
difference in the optimum leaf area index and the difference in the nutrient which

would be most important in the production of tuber or grain.

* BRI R R B IR
* Department of Plant Nuirition, Faculty of Agriculiure



(49 B R OM-B WL

#

il

W R R b 1 B {5 NTHEKSG D
AN WA, FKLHERERORE I BE
DFWEAE LV, 2D, WEHTIXESROHKEE
2B L, Z2EOIERIDHBEN T 5, Hl2ITRE
HidERE O BEO R 125 T UL 650kg/ha b DEEH
R2EZ T THERTWwE, ZhSDBIEERIE
cRHEhTVwBE EFEZIICL, FA22NIEY
EBROEEINUETHIH» L) PIZIEBEI RS
TW 3, R HEIEDTE L O 2 HI21E, B
M5 & h - ko B 0 288 & R & B FIADIR
MEMHAET L2 PBETH D,

ARIFZE IR B T E3E & IR O RH R %
AHEL by eI Y EHHL, ZASEMORME
B LR ORSONE B K OEYIC & 535 TR
ek, WREICRIFTHELHETL /2

£ B F &

BEURF B AR I R B A e SR ER 35 ¢ 1977
Flzhyruady (fro—Fr ) EHE (52
145) 22N F N 3SBRBEOREFEETEEL 2, #&
WEEEF7EQ IS CIEImX 1m (1kk nf),
50cm X 50cm ( 4 f%/nt ) & & U'25em X 25em (168%/nt)
THY, HHETIIIm X1m, 50cmX50cm¥ £ UF50em
X 25cm ( 84k uf) TH B, WEEHE HIZ1ER1
ARITELEA, PyETITOHAIEE A2THIC
SHTF oML, BEFRIIMEINTIARITEL
H#EDHEAI6H4HIZ, 1mX1mEXKTEESH
25em DEFGIRICEFEEIT L, ZOHLERC, £/
0D X C LB [ 500m 0D 7 B L2 Rk P & 50em ¥ & UM 25em
ELTHEBML 2o FRRXOBAER (nf) & /-
DO¥EE L > CHERRE O E LenT, L
F, %2 I T HEEERE A7 25em X 25em D X 1L 16[X & FiET
LTh b,

BRI E#ELZBEIED 20T, EXZhFH
1#kd 72 0 OFIERITHREEE I L - THET %,
FHEBIZEN (Bi), P.0s (BFA), K0 (M) % %
hFh10kg/10ak- 2 7=, WFEEME b 12, 1K &4
RKizid 1#RD O IER 23658 (BAH) BRIcET (8)
OBET#0emOALBICHES L, HiED XL b

e

B

e

Rk HEH OB O
YETTYDIGRKITIESRML 2, BIBE LT 5ke/
10a DN (%), P.0s (#@4), K:0 () &+
FOTIIF 7 A29H, HE#ICIE8HA 2 HITHES L
Foo MFEMEME H121 K & 4 KX LBk OB A
Kb LA O HIERE S LS, ZomoXiz
5L 72, .
HRECHARR, BBEIGUTAT Y Y77 — TR,
TEMIR SRR, B BB & AREBIC S Y, T0C TR
Wik, WHRERD L, TOBRBRL, 3ERER
BEPEL -, BERELUMEL SEHBLRD 2,
TR R ERERES (- BEmAEIR I 2 WIE U 720

TR iR DFREL & [FiS 2, MffEER: LTy
B 4fEkD O SIS A A EHE LD
JEATEE T O+ 8 % 10emfF 13RI L 720 1B A REZ
%, TiobhETLEPO 7 v THRER, HER
BB, Vo b LUA)DOBELHELEZ, T4b
% 14850 g 1I2INK.S0.100mé 1%, 3053k E 5%
AL, AkhoT v E-TREREI VT
— VT, RYEERBEEA 7 -/ - VERETERL
Fro —H, 18109121 NEEZ(PH7.0)100 m¢ % Al
Z, 0DREIHRABL, ABBDY) Y ENFFET
)T T VERIET, AV ERBETERL I

X B B R

k& = D EhE  HETREREIETIZONT
BXH 022 &, BRI L 513 SiEEIIRE S
ok (B1ELBIIRLMOREDEIKEL
Y, NWHEHICX1IRIZ4RD 328 2> TV 5,
PRI Y HAEMMEBL THIEICE IR 8
MEBERIAELS 52 IR E4AREDETHIEIRY
KEIERL, WHPIZIEIRKIZ4ED 1.9ETH
5. (H2%)

T d 7= VRCE | REEW & L 1Bk S 2 DR
WEDOHA L IFEITEMIIZAEEREL EoTW
5 (1), bYET I TREFEIMERIZONRT
BEMOZEIB WP HE T Z0 &) ZEAIEH
LRTEL, EEOFES, S L 0DZENRDLENI,

HEEETEY  HE#E T 8 X EmEIEM A 4 35 <
FTHLEDN, MORTIE2LTIZEEE - (8
2B0), 41X & 8XCIIHABEI0HE 2 567THDEIZK
Tlio bYETITYTIRIOR T & AEEHITEH



BREGIC B 32 EMOBMEEE RSOV T

(45)

F1R HEOEGSZVEHEL g2k buTuaIOEksL ) idnEE
SEREMHE SEREME
® H R £ B B
wHE - HAhE
N P K N P K
(g AmE) (g4 ) mgARlE) (9 /AR ) (g A ) (mg /%)
1R 198 062 746  0.55 1K 155 455 136 465
7H 14
,(2140)5 4K 212 037 639 048 6)?2?10)5 41K 134 382 106 414
8K 205  0.36 433 036 16X 116 273 61 409
1K 900 121 1500 L34 ] 1X 474 3570 2040 12240
8F 10
)?67)H 41X 504 045 959  0.82 7?5?10)'3 4K 257 1370 95.0  639.0
8X 457 040 638  0.61 16K 125 567 3.7 2250
1R 3328 405 4620  3.68 1K 186.0 2211.0 627.0 2275.0
9A 17F
(ﬁlo;,)ﬂ 41X 1267 119 2133 131 8}(3}8%4)5 4K 988 8930 313.0 13050
8% 985  0.91 1411  0.87 16K 416 306.0 108.0 513.0
of1sg  ME 8380 475 6360 427 () R B R
(i33) 4K 1700 097 2480  1.42
8% 1260 071 1600  0.95
() Bk A
1,200 -
H i
1,000} 01K O
LR
08K
800 }- 0 800 - A e
74
Hy A O1K (]
g0l / # 600 A4K
it A © i 016X
- Y
400 - - g/t 400 A
// o
200 - 0 A / 200 b ] o
A///O ///A////
/ Lo
0 Q : : ) 4] . ,
0 o7 105 133 24 54 89
® R % H WER A

BIX H%&bv%u:z@ﬁ%%tU%WE



46) E o R #H-8 L X F-k E RN
H# FyETaY
O1X O1K
6 6
AR 25 ALK N
I L6 i 016
E nn
m 4T W)
it 0
Boob ~p A 0 2
\ A 4
i A ;454’ o I '
0 O/é L ) 0 é/n J
40 67 105 133 24 54 89
BHE%AR %% A M
%o HIEE MY EOIVIZETZERRBISROEL
01X A4 08K
£ % DR /)
1.40
8.00 - o 8.00- :
&) e //
\ D
6.00 - 1.00 a 6.00
3 o /// N
iﬁ A/ A/
i o}
4.00 - o601 o  4.00F ////// ~
~, ) A
g/ o—7". //D o// D//
2.00 - D/A 2.00F A
A’/ 020 °
o—" o—" o//
- ) ] § 0l t ' 0 L) | 1 1
40 67 105 133 40 67 105 133 g 105 133
B % B K %D ﬁm&aﬁ
EIN HHEOHWEH -V SEREHEE
H#H3Thy, IRCHIIZGELAEYP -7 (B2 WD 7 D 3EKREREE HHOBREHEBIIIX
X)s DU E THEML TV 50120l T, 4RE 8K

Bikd 2y 3 EREER
UTHiREIZ 2 5138 %<, kb2 0ihEOBE
LER, 1R EMOREDEIEEFEIERIZONT
K& Kol (B1H) 1 KOSHEEME IV
ETHINL 222, 4 X & 8K TIHINFEHIIZRA L 2,
M RO CHEFEMEAEL Mz 3R
£<, ZOMEEIIRERD 2 D EWEOSE L EE L
Twiz (FE1E)

CHECHERHMAR

TIXNHEENCZ DD U (8 3), NEHOER
HEEBUISEKIRLZL, FAIXI4K2 EED
Dl VVEHNEZODVTIEWThOX &I
THMLTW2Y, EFHEL2EL T8I RL 2
<,4Eﬁ%hﬁk§,l£#m%@&#otob
vEUWIYTEVTROKS 3 EROEFE TN
HE CMmL 72 (554X, EEHMAEEL TI6XA
BL 2L, AXPFRIIRE, 1IRPHLDED



BEBBI 50 5 EROREEE RIS 5 W T )

01K A4 016
g2 % 1.80( o A
5.00 0 O 10.00 -
1.40} n]
4.00 - 8.00
A
A
#
Bs ool 1.00 6.00 -
B
A
& o
2.00 |- 4.001
0.601 o O
]
A 2,00}~ 2 ©
1.00 - /D ’ ) /
L le) O
0 é 0.20 / D/
0 A=, J 0 ! g 0 & ! |
24 54 89 54 89 24 54 89
%R HHE%AH BHE® AKX
AR rUEOaYOEHES - IERERE

7o

R LUCTEONE  HmEME L IEKS 2D
DWBES 2V TERTHMIIE 51X 8FHVA,
HEL -0 OPRIIEHICEZ3EEEm» 72 (B3
#)o INFETEY (BURE F -3 +5E 2EWE) 1T
HHCREREIIZ2E3EmL, —FrhyEnayT
EHAEIZ S IR S &P o 72 (B3 %)

3% IR & IR

# #
1X 4X 8K
(g /fEix) 459 150 112
WRR (g./nt) 459 600 896

INHERE (BUIBE /S EE) 0.85 0.88  0.89

F7EEIY R 4R 16K

e (9 /BR) 61.9 19.4 7.8
TRE (g,/mt) 61.9 77.6 124.8
IFEtE R (FRE2HHE) 0.33 0.20 0.19

TEh 3 ERBE CHEIRIZOWT, BIEE
DEF50emE T, W0emZ & DFBho7 v TEE
ERLOWEBBEE, VY, V) I FThOBELE

5BUCR L 720 ZIEIZHES L 285 R I3 HE%408 5
WIS MEORSIZIZIEEAEFEAERET, 20k
DENEBTHOTPIRDLNIICTEE Do, B
JEER ISR 8 HE (BiH%6THH) X2
Az 2B IcFELEY, ZOBEEERBITY
WBEIL 2. U VIRERIIL 5B EBEMEINE
<, ZRBIZZL, TR A2 ELED o B
HER L ARRICHICRSIBEB IR T HICEE)
LEWEREOLIHBTAZ 32, #2105
VIBERR> T/, byTuz YR W
TIREWIZED & o 7o 4 flfk D 5 SHBEIC S 5 B
DEEHOIBERBELE IR 2, HI0ES
BUMHEHIZZWThORTHLERREIHLTHTH
ol UVIIHEIZERBIZZL, TAHVEFEOXY
ROz A E 222134 <, K{£20~30 ppm O i B
Wizholo &, HERBIETHEVICHEY A
T AR S S SHBEICH B D 3 EREREOHER
Bz oa v RELBOSALEUL TV DT
BT 5,



{8 B ¢ R O#-% 0 ® -k E R H

B oga® [ 7o EoTHBEER v # Y
o 5 0 5 10 15 {(ppm) 0 10 20 30 (ppm) 0 20 40 60 {ppm)
iR r T T T T r T T T T T T T
[22:06 1 I
H #% 2
3
40 4
5
1 ——— 180 ] 200108
2 ‘rj‘
(687, g ﬁ—“j - L
% _ (— ]
w3 q;“g"* —— : }UZCIIZS
5 3 — : 8
I — e
)

( )th.ﬂfﬂ%ﬁﬂﬁ, a1 :0—10cm, 2 :10—20cm
3 :20—30cm, 4 :30—40cm, 5 :40-—50cm

5 HIE1RICH T ARHIEMERE T O LEHO 3 BRIRE

| RUE VRS [J7ve=rmssx v L
5 0 5 10 15 {ppm) 0 20 40 (ppm) 0 20 40 (ppm)
R gs T . R .
H # 7 H
il =
1K R
N == = S
2 B
1
5 2
4K
g9 1 _ 1 |
2
B ';“;1 — EE%;%?
1 i
16K 3 i — 7
89 —
e}
2 —

( VIBIEE AR, Ex1 0 0—10em, 2 :10—20cm, 3 :20—30cm

56 MY ET T YR REOE VB b o 22 4 k2 5 SRS 20 RO 3 BRIRE

BT, 2 nFhofpc Bl IR ATFET 5

PEThB, L LENE, EEMOIKIZERO

(EMIBEE OV RER 5 Bk 1S 5 20 1Y) IHRREIIKAE T B, BBERIGIE LR 0%

BEMEETRBENIZLARETHE, TR HRICE > CHE SN G, REETMITHIHET
BHESKBT AV F -2 RMUCRMERLTEY 12320, FY R0 Y CRIBINS TR

% =



WBHIZ T 3 B0 BREE IS IZ oW T (9

L4 ~58 LubhTwd, KIFRTOHHIL S
X O RBEHBISHA 3.7 L HBIZHEVWEFERL
REEZLSNGN, 1KE4KIT2UTT, HEHK
DIAPFA5TH b, —F, trETIVIEES
FHL 2K TL RAERREIERE 3 1T &Y, o
Rl & 510wy, ERBOILRIZEIBRINE,
CEREOWRINEIRET 20 by 0 S L
iZoWTH B E, HEIEHES%4E B0 LEhERE
B L RS, BIBATIZIIE LA SRBL TV
LHIEXND, DFD, FYETITOBEIZRY
DX b EBACEDBEHERE A ERBOIERZIHITT
B0, 20RO BEME, THEREERTED
B CELEDoEELILNE, VBN TH 72
X ThhadbZziciBE T 2L 1.2 b v e iy, JE
HIEWETH S, B, BRICE DT EIREEK
PETT 201 VET I YOIV TH %,
) v OBE R LERORES R ERENL LI
THEPTOBEELINE L, HEEITRELLLIE
Z2ohkhwv, BH5 VLB TBTEN) VOB
BARD SNV ERE L TWE, LBROS)E
BUERIc k> TRERZEAEL, HUHBED

BIREREIZ 2 -2 32 6hBVw, ThEDHER
TEh O ZRERID 3 BEREHE (RRITEEL L)
PHLLEEE N, —H, HEDBEIIOVWTAT
HEXDOEM B LU KEIEED 3 BRBE, S,
BEIEBFOHBRFE -2 HBR by ET DY
L ChomeELZENS, LAL, HEOBRA
BRI ARD 2D IZE 2B ) EREL L, £
BERBEEEZIAINETHEI 5, REBROR
BBEE Y RO I OB R SITERBETE S
Sl MfEE NS, BE, SKOMPBEINEIXhadk
DHBEETHIOL Y & B, —BREBOREIIES
B, IFRISMOI BRI 2 B IZ LE TR L 22, W 5Y
B7) 754 ECHRCEmERWAZLTWwS, LA
L, Bol3Y Y77 TREZOERERD s h v
ELTED, RBIL-TREIEITH S,

FERCHBEDE L IIERET IR EEINE S 2
S7DE, 525 NN T CEMEE O FEiE b
0 ESEER L CEROEBBRY VD E ok
DI 24222 ThHY, ZhIEIEEROEE»
SOMEEFGroALZ LIHEERLTWAEEZS
Nz, & 7XCHBEDCEIEMS -V OBED

H ryETIY
01K ~
14.0 . AdR 50.0 C1K =
A 44X
8 X
D8k O 16Kk
40.0 A
B 0.0
LS
00— 30.0 o
—_ D\D
g@f
. AN e
6.0 A\\\\ 920.0 +
A"”’A A
(@]
O~\\“// 10.0
2.0 - ~ © o
o] EJ/
0 { 1 ] ! 0 é i ]
40 67 105 133 24 54 89
Bk AE K ®OE % H B
IR HE:brYTuIadYOHEES - VIRE

* (HEIzowTIEHIBED &)



60 B O R #-E

W ERL 2, HHETIR1XPNHEE CRe 121
MU=zt LT, SEKIIFIDSELMIMERL,
BREBOALIECZ > TAZNRLL TS, 2R
X8R ClE, BUROEENIBHTH > & h 5,
RO ) LBHRICE b AR E D o LD ITR I 5
mebEZOND, —H, bvETITTIREDX
LN S CIRITERMIZEM L 2 20 k22
HEHMORROER S 2 M FhOBRHBE TOREY
REQEMELFEDLTVWADD, H5VITESUE
BOMELITLLDTHEPELRHTH B Y, E
OB E BORINE OBBREE 2 5 L cBk
B,
AEBRTOFEIIEIES 1 BT, WICR, e
WEBILRESELRLOTH- 22 222 b 6T,
HHTHREEEDODRICE > TEIATE S h 3EiE,
BEMTOHBOREF BN AERE TH DI L2 E
HLTHY, Z20-0I—HIIERBEhTE2L0
LEZOENSE, —F, FYEFETIVIIDVTIE, K
ERTCORBECIIZERER, TENE: 123k
WG, ZORBICIABEFIERASLETH
3
WEEETEROBE AL BT LIE > 5 5
XhTWw3 997, Ukd o THRERE T, ST
U b (B Bl R A M TR 5 L) 0%
KIS AITE ) PR ETH S, Vv eAaY
IZDWTIEKES 2B THL COREETEVWE
Bhhd, 2¥, BEESKOEMIZLAMFIAE
H3I12i, BRELZEO KGR EREELD
Bg A2 5 HEk O BB & FREICIEZ, Zhh hgh
DEFOET B L OEWIC L 2 B5BRIICRIET#
BLHETAINENHBLEL D,

= #

BEUK B AR ES T, MY E
uavEHELZhFNRL, 4, 16K/ oL
1, 4, S{AMK/nof OFEMBE CHKEEL 72, WMFEE

* KRR ERHE

ProaFhoXicd 2B LB B % Ah4T 15kg /10adN
P:0s, K:0 % Z 2 hai%, @74, EM s L
7= fEMIO WA ER, 3EREME, NEH LU
BiEtEOLEBO 3 BRIBEOHER & HMH% ERH
THEL 2, BoNERIENT 2L ROBYT
Hb,
tEhoBROBBHMEII AR, BHOLEL
L IEBEEBBUETHIE -/, ) Y OBES
HIIHIBE L AL EDL LT, RBICZRBIIEREFL &
HVITEFELHEML 2B EERLAYN, EEOLD
BT Ao,
QryETIITREDR LD LWERE L T
FEEEIELNE Loz, ZRIZEHRRZICEST
BEBOADI T+ TH 2720 TH BN, 20
R 2 2EEE LD o e —F, HHETIE
EEEEYS L, 4/ of XTEAL - 24, 81H
R/ mME TS THY, ZORXOBRLEEL BIF
Thol, MEBEMIASNZZDOLD BB, &
HERHEER MBS AV FEEE L ELES
DHEEIZ L BLDTH %,

5 A X #®

1. FPFsEA - B 5. 1965, RRALAFHD.
137 1 —131.

2. TanAaKA, A and YamMAGUcCHI, J. 1972
J. Facul. Agric. Hokkaido Univ. 57, Part
1:71—-132.

3. i3k - BIFEME. 1965 BREFE
12(2) . 51—59.

4. FE - 8HE - LIHBIC. 1966, HR SRS
B, BI04 | 64—66.

5. BE®EE - BHRHE - ERE—ER - DAL
1961, BEUCKM PR ERFME. 2 - 1328

6. BEHRHE. 1962, ——. 3 ! 54—64.

7. HREET - BB 1973, BT
19 - 41—46.



