
C r o p M a p s a n d Yi eld M ap s of S u g a r B e et s in th e T o k a c hi

Pl ai n s
,
J ap a n

,
D e v elo p e d fr o m M ultite m p o r al L a n d s a t T M D at a

C hih a ru O k a n o
*

,
K a ts u o O k a m ot o

* *
, M i c hik a z u F u k u h a r a

* *
a n d A ki r a N ishi m u n e

* * *

* C e nt e r f o r E n vi rb n m e n t al R e m ot e S e n si ng ,
C hib a U ni v e r s lty

l -3 3 Y a y oi -

c h o l n ag e -k u C hib a 2 6 3 J ap an

* *
N ati o n al I n stit ut e of A gr o I E n vi r o n m e n t al S ci e n c e s

3 - ト1 K a n n o n d ai Ts u k u b a
-

s hi lb a r aki 30 5 J ap a n

* * * H o kk ai d o N ati o n al A gri c u h r al E x p e ri m e n t St ati o n

l H it s ujig a o k a T o y o hi r a
- k u S ap p o r o

-

s hi ll o k k ai d o 06 2 J ap ? A

A b st r a ct

C r op m a p s w e r e m a d e u s l n g L a n d s a t T M d at a of th e T bk a c hi pl ai n s
,
H o kk aid o

,
J ap an

,
t o

i n v e stig at e th e r el ati o n ship b et w e e n s oil o rg a ni c m att e r c o nt e nt a nd pl a nti ng r ati o . S u g a r c o n t e n t a rid

r o o t w ei gh t of s u g a r b e et s w e r e al s o e s ti m ate d u si n g L a n d s a t T M d at a ob t ai n ed a r o u n d h a r v e s ti ng

ti m e i n 19 8 6 .

T h e s t u d y sit e w a s cl a s sifi ed i nt o 5 -

s tlb cl a s s e s . S u g a r b e ets
, p o t a t o e s a nd w h e at w e r e

di s ti n g ui s h e d wi th 9 5 pe r c e n t a c c u r a cy . S u g ar c o n te n t a Tld r o o t yield al s o c o uld b e e sti m at e d wi th

a c c u r a c y u s in g t his m e th o d ･ Pl a Tlti n g r ati o a n d yield o f s u g a r b e e t s v a d ed a c c o rdi ng t o s oil o rg a ni c

m a tt e r c o n t e n t ･ T h e s e r e s ult s s u g g e st th at L a n d s at m d at a a r e u s e fu l f o r c o n st r u c ti n g c r op m a p s a n d

f o r e sti m ati n g s u g a r c o nt e n t a n d r o o t w ei gh t f o r s u g ar b e e t s ･ A pp li c a ti o n o f t his a p p r o a c h m a y

i n c r e a s e p r od u cti vity of s u g a r b e et s b y i甲Pr O vi n g fe rtili z ati o n .

I .I n t r o d u cti o n

T h e m ai n c r o p of u pl an d fi eld a g n c ultu r e i n H o k k aid o
,
J a p a n i s s u g a r b e e t . T h e p u rc h a s e

sy st e m of s u g a r b e et c h a n g e d i n 19 8 6
,
th e p r od u c e r p a c e of s u g a r b e et s h a s b e e n d et e mi rl e d o n a

q u ality b a sis ･ H o w e v e r , p r l O r t O 1 986 th e p ri c e w a s d et e - i n e d b y w eigh t ･ H e a v y fe 血1i z ati o n

re s ul t e d i n e x c e s si v ely hi gh nit r o g e n l e v el s
,
w hi c h d e c r e a s e d t h e s u g a r c o n te nt a n d th e r o o t w eig ht .

T h e f a r m e r s h a v e b e c o m e c o n c e rn ed ab o ut th e c u r r e n t c r o p m a n ag e m e nt pl an a n d a pplic ati o n of

fe r(ili z e r b e c a u s e of th e p r e s e n t s oil e n vi r o n m e n t .

It i s n e c e s s a ry t o c oll e c t d at a r e g a rdi n g s u g a r c o n t e n t a n d r o o t w ei gh t p e r u nit o r gri d t o a p ply th e

fe rtili z e r p r o pe rly . U n f o rt u n at ely , d a ta f o r pl an t ed a r e a an d yi eld of e a ch p r o d u c e r a r e c o m bi n e d in

J ap a n . N eith e r d ata fわr i n di vid u al 丘eld s n o r g rid d at a i s a v ailable . T h e r e f o r e , L a n d s a t T M d ata Ⅶa s

u s e d t o e sti m at e r o o t w ei gh t a n d s ug a r c o nt e n t of ag rl C ult u r ally g r o w n s u g a r t )e e ls .

A T M s e n s o r h a s b e e n i n st all ed i n th e f o u rth L a n d s a t s at ellit e , w hi c h w a s l a u n c h e d i n 1 9 B 4 . T h e

n u m b e r o f b a n d s a n d r e s ol u ti o n h a v e b e e n i m p r o v e d . T h e T M d at a a r e a v ail a bl e a n d h a v e b e e n pワt

t o p r a cti c al u s e i n th e fi el d s of ag rl C u lt u r e , i n additio n t o o th e r field s i n J a p a n ･

A s th e fi r st st e p l n a p pl yi n g T M d a t a
,

r an d o m s el e c ti o n of a g r l C ult u r al field s i s n e c e s s a r y t o

e sti m at e th e yi eld a n d q u ality of th e obj e ct c r o p s . A c r o p m a p I S r e q ui r e d a s f o u n d ati o n i Jlf o r m a ti o n .

If r o o t w ei ght a n d s u g a r c o n t e n t of s u g a r b e et s c an b e e sti m a t e d
,

c ulti v ati o n m a n a g e m e nt c a n b e

adj u s t e d t o TI O n u nif o r m c o n diti o n s .

I n thi s s t u d y ,
a c r o p m ap w a s m ad e u s l n g m ul dt e m p o r al L a n d s at T M d at a of th e TTok a chi ar e a

,

H ok k ai d o , J a p a r) , t o e sti m at e s u g a r c o n t e nt a n d r o ot w ei gh t of s u g a r b e e ts at th e ti m e o f h a rv e st . I n

a d diti o rL
,

r el a ti o rlS hip s b e t w e e n th e yi eld o f s u g a r b e et s a n d s oil e n vi r o n m e n t w e r e s u r v e y e d .
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2 ･ C o h St n I Cti TLg a C r o p m a p tt Si n g T M d at a

2 . 1 S t tLd y site a n d d at a

T h e st u d y w a s c o n d u ct e d i n th e T o k a c hi pl ai n ･ i n th e w e st e r n p o rti o n of H o k k ai d o I T his i s a n

i m p o rta n t ag n c ult u r al r e g 10 n i n J a p a n ･ T h e L a n d s at T M d ata of th e T o k a chi pl ai r ” e r e a c q uir ed f r o m

1 985( M ay 2 4
,J uly 27 , A u g u st 1 2 a n d O ct ob e r 15) an d 1 98 6(J uly 3 0 ,S ept e m b e r 1 6 a n d O ct o b e r 1 8) ･

T h e s e d a t a a r e c o m p ute r c o m p a tibl e t ap e d a t a ･

H a n d m ad e c r op m a p s o f N is hisik a ri ,Si n s ei a n d H ok o k u i n t h e T o k a c hi pl ai n s w e r e p r o d u c ed

fr o m th e g r o u n d t ru th d a(a ･ M ap s of s oil o rg a ni c m att e r c o nt e n t f o r th e T o k a c hi plai n w e r e u s e d a s

s oil e n vi r o n m e n t al d at a . S oil d at a w e r e re o r g a ni z e d f o r th r e e l e v el s o f o r g a ni c m a tte r c o nt e n t; high ,

mi d dle a n d l o w .

之.2 P r o c e d u r e

T h e i m ag e a tl al ysis f oll o w e d th e

fl o w c h a rt s h o w n i n Figt )r e 1 . M a sk

file s w e r e c r e a t e d t o r e m o v e pi x el s

of th e n o Tl ag n C ult u r al field s u c h a s d i e

u rb an
,
f o r e s t an d g r a s s l a n d . T h e fiel d s

o f s u g a r b e et s , p o ta t o e s
,
w h e a t ,c o m

a n d . l e g u m e s w e r e s el e c t ed b y d ie

s u p e r vi s e d cl a s sific ati o n m e th o d u si Tlg

th e m a xi m u m lik elih o od d e ci si o Tl ru 1 e .

Th e l og i c al o pe r ati o n th e n w a s ap plie d

t o th e s el e c t e d fi eld s . B e c a u s e th e

b o u nd a ry p I X el s of e a c h s el e ct e d c r o p

c o n t ai n s o m e i nf o r m ati o n s u ch a s

a dj oi n i n g C r op s a Tld
.
fa r mi ng r o a d s , th e

cl a s sifi¢d a r e a of c r o p s
.

m a y b e

u n d e r e s ti m a te d ･ I n th e n e x t s t e p , th e

n ei gh b o ri n g p l! e l p r o c e s s w a s

e ･x e c ut e d . F o r e x a m pl e
,
if at l e a st o n e

t a r g et e d c r o p
'

s p l X el i ll ei gh t pi x el s

w e r e i n cl u d e d , a c e Tlt e r P i x el w a s

j tldg e d t o b e a n obj ect c r o p .

Fi D a11y , th e fil e s of e a c h c r o p

w e r e o v e rl aid t o f o r m th e c r o p m a p ･

W h e n o n e p I X el c o n t ai n e d t w o o r

m o r e ki n d s o f c r o p s f oll 叩 I n g th e

o v e rl a y p r o c e s s , th e n th at p l X el w a s

u n cl a s sified .

M Llltit e m p o r al i m a g e d at a

S el e c t a g ri c ult u r al fi eld s

M a sk file s of n o n

a g ri c u lt u r al fi eld s

C o n s t n IC t S u pe r vi s e d cl a s sifi c a ti o n

S el e c t c r o p fi eld s

P r o c e s s n eig h b o ri n g p I X els

C o n s tr a c t o v e rl a y

P r o d u c e c r pp m ap s

Fig u r e 1 T h e p r o c e d u r e f o r c o n st ru c ti n g c r o p m a p ･

2 . 3 R e s u lt5 a n d d i s c tI 由i o t 1

2
. 3 . 1 E v al u atio n of a c r o p m a p m a d e f r o m tl l e T M d at a

T h e cl a s sific ati o n w a s e v al u a te d at th e K a m if u shik o t e st fi eld ･ I n ad diti o n , th e c r o p m a p s an d th e

m ap of s oil o rg a ni c m a tte r c o n te n t w e r e o v e rlai d a n d th e r el ati o n ship of th e pl a nti n g r ati o n a c c o r di n g

to th e s oil o r g an i c m atte r c o n t e n t w e r e s u rv e y e d
.

A n e x a m pl e of a c r o p m ap m a d e u s i n g 1 98 5 m ulti( e m p o r al T M d ata i s s h o w n i n Fig u r e 2
･

T h e

a r e a of c r o p field s w e r e e sti m ate d t o b e 29 ,
35 3 h a i n 19 8 5 . T his v al u e w a s 3 4 . 5 % o f t h e t ot al st u d y

sit e a re a ･ T h a t ar e a c o n tai rLe d s u g a r b e et s , p o t at o e s
, w h e a t , c o r n a n d l e g u m e s a t pl a n ti n g r a (i o s of
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24 13 %
,
2 9 ･ 7 %

,
17 ･2 % , 1 5 ･ 3 % a n d 1 3 . 5 % r e sp e cti v ely ,

T h e bl a ck p o rti o n ■i n Fig t] r e 2 c o n t ai n e d u rb a n a r e a s
,
f o r e st s , g r a s s l a n d , ri v e r b a si n s a n d

u n cl a s sifie d a r e a s ･ U n cl a s sifi e d a re ia S i n cl u d ed b o u n d a ry r e g l O n S Of e a c h c r o p field
,

a n o th e r ki n d of

v eg eta ti o n fi el d s , th e s elf d ef e n s e f o r c e s st ati o n a n d , e s t ablis h e d g r o u n d s f o r h o u s l n g ･

Fig u r e 2 A c r o p m a p in T o k a c hi pl ai rlS
,
H o k k ai d o ,J ap a n

,

d e v el o p e d fr o m 1 9 85 m ul tite m p o r al L A ND S A T T M d at a
.
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S u g a r b e et s
, p o t at o e s a n d w h e at w e r e di sti n g ui s h e d wi t h 9 5 % a c c u r a c y i n b o th 1 9 8 5 a n d 1 98 6

T M i m ag e s C rabl e l) . T h e s e r

?
ult s s h o w th at L a n d s at T M b a n d r ati o s r efl e cti n g di ff e r e n c e s i n th e

p e ri od of v e g et ati o n a r e e ff e c ti v e l n C O n S t ru C t in g c r o p m ap s i n J ap a n .

T h e d e s c ri b ed m et h o d of c o n str u c ti n g a m a p fr o m L a n d s at T M d at a c an b e u s ed i n th e T o k a c hi

pl ai n , J ap a rL , W h e r e a g ri c u lt u r al field s a re wid e r th a n a ny o th e r pla c e i n J a p a n ･ If th e i nf o r m a ti o n of

b o tl n d a ry pI X els c a n b e s ele cte d wi th p re ci si o n th e m ap s c r e at ed w ill hi v e high d e g r e e of a c c u ra c y ･

19 85
T abl e 1 . T h e cl a s sifi c ati o n a c c u r a c y of t e s t fi eld s ( % ) .

s u g a r b e ets P o t at o e s W h e at C o m l eg u m e s u n cl a s sifi e d

s u g a r b e et s l OO ･O

p o t at o e s 0 .0

w h e at 0 .0

c o m 0 .0

l e g u m e s O ho

0 .0 0 .0 0 . 0

95 .6 0 .0 0 . 0

0 .0 96 .9 0 . 0

0 .0 0 . 0 8 1 .3

0 .0 0 .0

0 .0 4 .9

0 .0 3 .1

0 .0 18
.7

0 .0 0 ,0 0 . 0 80 .4 19 .6

1 9 86

S u g a r b e e ts P o t a t o e s W h e at C o m l e g u m e s u n cl a s sifi e d

S u g a r b e e t s 9 6 17

p ot a t o e s 0 .0

Ⅵ也e a t .
0 .0

c o m 0 . 0

l e g u m e s O ･ 0

0 .0 0 . 0 0 .0 0 .0 3 .3

98 .6 0 . 0 0 . 0 0 .0 1 ,4

0 .O 98 . 6 0 .0 0 ,0 1 .
4

0 .0 0 . 0 8 8 .4 0 .0 1 I . 6

0 .0 0 . 0 0 . 0 88 .1 1 1 .9

ヱ13 ･ 2 C h a r a ct e ri stic s of p u n ti n g r ati o a c c o r di n g t o s o il o r g a ni c T n att e r C O n t e n t

T h e pl a nti n g r ati o w a s c al c ul at e d fr o m th e c r o p m a p a 71d -th e m a p of s oil o r g a ni c m atte r c o n te n t

CT a bl e 2) ･ T h e pl a n ti n g r ati o a chi e v e s lO O % w ith th e l e v el s of s oil o r g a ni c m att e r c o n t e n t . T h e

pla nt in g r ati o w a s hi gh e r f o r p ot at o e s a n d s u g a r b e e t s i n s oil s w ith l o w a rid m id dl e o r g an i c m at(e r

c o n t e n t i n 19 8 5 ･ H o w e v er , i n 19 86 , th e a r e a pl a nt e d i n s u g a r b e e ts i n c r e a s e d i n ar e a s w i th high
o rg a ni c T n att e r Cd nt c n t .

T h e s e r e s t]1ts w e r e c o n si st e n t w ith th e firLdi n g s of a n a c t u al in v e stig ati o n o f th e c ulti v ati o n s y s t e m

e x e c ut e d n e a r M e m u r o i n th e T ok a c hi pl ain ･ C Lllti v ati o n o f s u g a r b e e ts h a s c o n ti n u e d in a r e a s of hi gh

s oil o rg a ni c m at(e r c o n t e n t , t o a v oid w at e r d a m ag e a Tld th e d e c r e a s e of s u g ar c o n te n t d u e t o e x c e s si v e

ab s o rp ti o n of nit r o g e n ･ R e c e n tly th e pla ntin g r ati o o f r o o t c r op s h a s i n c r e a s ed d u e t o i m p r o v e d

d r ai n a g e . H o w e v e r
, c ulti v ati o rL Of c r o p s I S n o t S u it d t o th e s oil o r g an i c m atte r c o n t e n t . T h e fa r m e rs

still b eli e v e th ei r e x p e ri e n c e s . T his s a tellite d at a c a n b e u s e d f o r l a rg e a r e a s an d a g ri c ult u r al fields

w hic h c a n b ej u d g ed o bj e c ti vity .

3 ･ E sti m ati o n of s u g a r c o n t e n t a n d r o ot w ei gh t of s u g ar b e et

3 . 1 S t u d y sit e a n d d at a

T h e st u d y sit e f o r th i s an al y s IS i s th e s a m e a r e a d e s cri b e d i n S e cti o n 2 . l .

T h e T M d at a w a s c olle ct e d o n S e pt e m b e r 1 6 a n d O ct ob e r 1 8 i n 1 9 86 f o r th e a n al y s i s .

M e a s u r e d v al u e s of s u g a r c o n t e nt a n d r o ot w eig ht d et e mi n e d at th e ti m e o f h ar v e st r e p r e s e n t a n
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a v e r ag e i n c r e a s e e a c h
.
p r o d u c ti o n a s s o ci ati o n ･ E a c h a s s o ci ati o n i s c o m p o s e d of ei gh t f a r m s . T h e

r e g r e s si o n a n al y s ts W a s b a s e d o n 2 2 d at a p oi nts a n d v e ri fi c ati o n o f e sti m ate d v al u e s w a s b a s e d o n 1 5

由一a p oi nts .

T ab l e 2 ･ P l a n ti n g r a ti o a c c o rd i n g t o s o il o rg a ni c m att e r c o n t e n t ( % ) .

1 98 5

S oil o r g a ni c m att e r c o Tlt e rlt ( %)

C r o p s < 5 5 - 8 > 8

S u g a r b e et s 26 2 7 2 2

P o t a t o e s 3 7 3 4 2 4

Wh e 包t 8 12 2 4

C o r n 1 9 1 6 14

l e g u m e s 1 0 1 1 17

T o t a l 1 00 10 0 1 0 0

1 9 8 6

S oil o r g a tli c r r) att e r c o n t e n t( %)

C r o p s < 5 5 - 8 > 8

S u g a r b e et s 21

P o t at o e s 28

Wh e at 26

C o rTl 19

le g u m e s 6

2 2 28

3 0 25

2 1 16

1 9 1 9

8 1 2

T o t al 1 00 1 00 10 0

3 . 2 P r o c e d u r e

T h e i m ag e an al y s IS i s d e s c ri b e d i n Fig u r e 3 ･ T h e fi el d s o f s u g a r b e et s w e r e s el e cted 丘o m a c r o p
m a p w hi c h w a s m ad e u s l ng m hltil e m p o r d L a n d s at T M d at a .

T h e C C T a v e r a g e f o r s u g a r b e et fi eld s w e r e c al c ul ate d b a s ed o n i n c r e a s ed p r o d u cti o n f o r e a c h

a s s o ci a ti o Tl ･ T h e a n al yti c al d at a o f C C T v al u e
･
s u g ar c o nt e nt a n d r o o t w eig ht w e r e u s e d f o r m t llti pl e

li n e a r r e g r e s si o n ･ m e s tlg a r C O nt e n t a n d r o o t w ei gh t m a p s w e r e b a s e d o n e s ti m ati o n eq u ati o n s . T h e

r elati o n s hip s b et w e e n s u g a r c o Tlt e n t, r o o t W ei gh t a n d s oil e n vir o n m e n t w e r e e v al u a te d .

L a れd s at T M d at a

S ele c tt s u g ar b e et fi eld s

C alc ul at e t h e C C T a y e r ag e o f s u g ar b e et field s

C o n d u ct m ultipl e li n e ar r e g r e s sio n a n aly s is

E v al u at e o f e sti m at e d v al u e

P r o d u c e s e cti o t) al m a p of yi eld

G r o tl n d t ru t h d at a

F ig u r e 3 T h e p r o c tld 口r e f o r c o n st ru cti n g s e cti n al m a p of yi eld .
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3 .3 R e s ults & n d d is c u s si o n

C o r r el ati o n c o effici e nts b et w e e n s u g a r c o n t e n t an d C C T v al u e s of e a c h b an d w e r e hi gh e r i n

O ct ob e r t h a tl i n S e pt e m b e r fT able 3) I C o n v e r s ely ,
c 血

.

el a ti o n c o effi ci e nt s b e t w e e n r o o t w ei gh t a nd

C C T v al u e s of e a c h b an d w e r e hig h e r i n S e pt e m b e r th a n il一O ct ob e r Cr abl e 3) .

T ab le 3 . C o rr el ati o JI C O effi ci e llt S b et w e e n s u g a r c o llt e n t･( S C) ,

r o o t w eigh t( R W ) aJld C C T v al u e s of e a c h b a n d o n

S ep t e m b e r 16 a n d O ct o b e r 1 8 i n 198 6 .

9 .16 1 0 .1 8

_ _ _ _ 旦里
0 ,6 9 * *

0 .44
* *

0 .5 8 * *

-

q .06

0 . l l

a a rid s c

T M l - 0 .0 1

T M 2 10 . 0 7

T M 3 -0 .09

T M 4 -0 .5 2

T M 5 1 0 .45

T M 7 1 0 .3 6

A
0 .6 5 * *

0 .6 0
* *

0 .7 2 * *

_ j 些
_ 0 . 1 2

-0 .28

10 .26

-0 . 2 6 - 0 .25

-0 .10 - 0 .3 6

0 ･20 -o .4 4 1 0 .1 0

* * b di c at e s P < 0 .0 1

T h e follo w l n g eq u a ti o n s w e r e d e ri v e d t o e sti m ate th e s u g ar c o n t e n t an d r o o t w eig ht s u c c e s sf ully :

s u g a r c o n te n t = 0 ･1 7 2 T M l o ＋0 3 4 2 T M 3 o - 3 .0 1 3 (r = 0 .8 3 * *
)

r o o t w ei gh t = 2
,6 6 4 T M I s ＋0 .8 4 9 T M 4 s - 1 .3 9 5 T M 5 s

- 1 98 .8 3 9 (r := 0 .9 1
* *
)

W h e r e T M l o a n d T M 3 o a r e B a nd l a n d B an d3 , r e s pe cti v ely ,
d e ri v e d fr o m T M d at a o n O ct o b e r 1 8 .

T M I s
･
T M 4 s a n d T M 5 s a r e B a n d l , B a n d4 a n d B a n d 5

,
r e sp e c ti v ely , d e ri v e d fr o m T M d at a o n

S e pt e m b e r 1 6 .

T h e fi eld s p r o d u ci n g s u g a r b e e ts wi th 1 o w s u g ar c o n te n t a n d l o w r o o t w ei gh t w e r e d ete c te d

f r e q u eT ltly o n th e s oil ric h in o rg a ni c m a(t e r , w hil e th e field s wi th s oil l o w i n o rg a rli c m a tt e r te n d e d to

p r o 血 c e st )E a r b e e ts wi th hi gh s u g a r c o n te n t a n d high r o ot w ei gh t (Fig u r e 4
,
5) .

4 0

芭3 0

h
O

l∃
○

9

訂20

Lt3

1 0

s o il o rg a ni c m a tte r c o n te n t ( % )

芦;･i

< 1 6,5 1 6 .6 -

1 7 .0 17 .1 - 1 7 .5 1 7 .6 - 1 8 .0 1 8 .1 <
S tlg a r C O n t e n t ( % )

Fj g t] T e 4 T h e f re q u e n c y of s t l
g a r C O n te tlt Of s u g a r b e et c alti v a ted

wi ( h th re e l e v els o f s oil o rg an i c m att e r c o nt erLt .
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Ltj
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s o il o rg a n ic m a tte r c o n t e n t( %)

轡琵
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R o o t yi eld ( 仙 a)
Fig u r e 5 T h e f r e q u eTI C

y
Of r o ot y ield of stl g a r b e e t c al ti v at ed

wi th th r e e l e v el s o f s o il o r g a ni c m att er c o n te nt .

It w a s p o s sible t o e s t h ate th e s u g ar c o n t e n t a n d r o o t w eig ht of s u g a r b e et f o r l a rg e a r e a s u si n g
L a n d s a t i nf o r m a ti o n ･ Th is f a cilitat e d a n u n d e r st左n din g of th e rel ad o n s hip b et w e e n s oil e n vi r o n m e n t

a n d yield ･ H o w e v e r
･ yi eld of s u g a r b e e t s i s a ff e ct e d n o t o n ly b y th e a m o u n t of nit r o g e n s u pp li ed

f r o m s oil b u t al s o b y th e a m o u n t of ch e mi c al f e d li z e r an d c o m p o st a dd e d t o th e s oil .

I n th e f ut u r e ･ it w ill n e c e s s a ry t o c o n sid e r w e a th e r c o n diti o n s
,
n u tri e nt upt ak e a v ailability , pla ntin g

hist o ry a n d t o p o g r ap h y d u ri n g th e an aly s IS P r O C e S S ･
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