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% (5, 1997 ; e, 1994 5 1hish, 1997) .
1970t ~1980F-AFT L& I:, 7 A D
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fET 32 ENEGTRENILARETIEDTH 5.
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& T AHI9624E LA, MURIIC & 2 MRS A s 2% )
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OOJEIEN LD EREE L S572DTH S,
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Sk, EEET A, RIS 70 IR PE RS
HORE 23 v B ARG EHN T A B IS A 5 — T,
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(mm HY) & U TRLZ, KREUKEIZ, 199840 0]
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T 572010, JLmEREGEE (2003) AR L - ilkiEE R
OFNG XM ERHALZ (BVI—1) . ZHhix, A
B0 ORFARREE LMK - T, MRESER (ke
X) AMELRE (0~20cm) A 6§ % R 4 fiw T %
250TH, HDOV—VYNTHIIHAFEIZ10~
20% LT E/NEOH, KED Y — v TiE10~40%, #HE
DV =V TIE30~50%, DV — v TIZ40~60%LL &
M DIHRRREER W5 2 & 2T,

19984 @ TR M (Me-1) & kilitE - GRE@EHRA 2
1) TEML, REAKEI8m H'Th 22 5RVI— 10
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HIRIESE RO R FE 1220~40% &, Me-1~3DH4 &
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APEVEDIA U 7228, SEAECIRIERS R R Lo 7201
AH K2 MELAERB Z ERBHE LTS, F0
OEFBRESRE SR T3, HERET V140
MIBAERRENRLIXLIXZ R L. ZORKIE, Wik
ERNTIERT D Y v 4 TDZ D KD S EEHIH]
% RS U 725 K O Ji FH el 12 & B 1 HEE & RS
Ik BIRERRE, RhDEFELLN TS, Bk
23BN DHY, KRB AHIETH > 72, AFZETIEZOD
IR AMMEICT 5 & & gls, BB ASEROREH
&L,

1. 7oA ICET3MPEBTEZTOREERD
fEEA
1) BEESLVOERT Y1 OMBETEEDH
4 EH
Fehitits & OHARFEG 7 ¥ A OV EFREICOWT
FREFAER VWL D0 OFER AT, ZOFREERK 2L
DEHIZHE ML,
(1) BT v 412k 2¥HERRE L, A%
(FefEmed] © 4 Hpf)~ 5 H b)) ks a<, z
D% 6 ALBKIZ ZKR o FIRD B WIE 2R T EME
WS 2D D - 72, 7277 LRSIz D 5 <, #bib
THEETE ANz, HIET VA IZBT AR
FEEORMIE, REITIZIFL A LB A< (B
4 A ~5 H ER) , 2086 AUIZZER Y MRS
B VIEEG AR, AFE2 ~ 53 - B 5 ~10em T
AH AN, EEARRME, BRI R~ A R
T5, RIEDWLLEET S, &2 L0GAIE AR
FhE5E UG I3 b4 5, Th -7
(2) BT v 94126 2 ERREER AL,
T-3EpH, Cafidfllfg, SERAMNE S IEFHS LD AR
KL, ydARBICE» - 72, A FEROTE L
SO EFERFOREIZ I NS L ERICBER L2 & »
5, BRICI T 2 VINARREEORAEERIL, I
T d B REMED B - 7=,
(3) HIET v o412k 2P ERRER EEIC
WT 8, 1EpH, Cafdflg, SEIEATRIE 23 IR &

7

I

DEEZITKL, yldERIZE» -2, 2720, BHED
A L EpHAS. 7 & iR B OIS AC S VI F R
MRAEL, FBHERFOOIKOIESRIEH A4 2083
3, LIRS -2 AREEE LT, BHIKICE
W WV ERREORERRNIE L ISR ETH
0, RITAESRHBEINC & 2 IRER S/ EMEIC 545 2%
Aoz,

(4) 7434 OYIMAERREESHEE L 28 H e LT,
MR DB AEIT L TV B Z E BT 5 h.

(5) TESMEEIZ X 2 IRERELZZIRLTVEELLN
REIET VA2 OWTIE, 2RISR 5 i 2 & AR PE K
TOEERIEE PRI S S W aEERS AR 0 H &
75 BT HEME DRI X 7

2) ERT UM OMPETICRETEIEERD
HE 1T 8pH, XHWEKREy, FREIEERD
FHERMER DF 5 £ HE R

4O LA TN T, EAET VA OWIEIAEF IS KT
T HBEHER OB O TG L7z, BEERE LT,
T (LEpH, KM Ey) EMESFMIE S -
RO LR IZHH L7,

4 FEOMER T IEAPHS. LSH— L CHid 2 &,
RISy 1 23 E OIS E Ik Eaa L (vo 0 18.0)
TaH b, 2F/HITEWE B IAR L (v 2 6.9)
3FHIZ T Mt (v, 05.3) T, miKiFxaR
Ko+ (yi:2.2) Thotz. LIBEEERNOARH B H
% % HEpHIZNI4. 8T - 724, WEEA s FIZiZTh
DY TEFE ST, TEREDTOANRE & fhod 3 13ELD
KA o7z, —J5, LIEpHIMESMENE X 7253 R O hilflk
LRIz & > TR T L7228, 20 Z L I3EREIK
aEt L oReFEL L, LIEpHIZAMI AL 5 LR
U (4.880F) I2FTIKFL 7.

ZD &S HIERMEIC D B IR L Bk Bt 1
WTTF v H ARG LA2L 25, B HEpHE L O
RSy, O H A EICBERLZ. LALEBLD
LA TES A TOEVICHE T 2L D& 03 H - 72,
—J7, PR EPRERESERER, TEpHE KUK
gy, K0 &7 Y4 OEF (FHEL) &R
L7z, X512, B LgEhasERREE R 813 L EpHB
KOGy, L EREICBR L, FRICKREEEy, O
REHEpHEL D 0 EHETH - 7=,
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PEDZ e, £F59 1 ICBEERIEZT V14D

BN RS RBERTH 5 Z 26, HiEhORRES
FRIZT VA OSEREEREEERL, TV 1 OER
CHEBENEBERE LD EEZ BN, KITHERILR
(HgErhomyigiesRE) 3 HIEORMIRE ks
yi) ICKE SN D, BN R L BRT S
LEZON. TabbEIEEROMBR LSS 1 15
ORI LRI L 67 v A DEB RT3 1
TEELBKAFEOZ EBNHL 2L K57z,

X HIZERIEROMERLR 2 e U, F -2 Eko
TR AL IZPE D pHOIK FIZ &k » THIR X 5 2AIED
VA2 ERNET B S, BIEPHAMK N T & & fik
BT RETHEWT LR N,

2. BEEZOHEBMEKRICEZEZ NMIFITERDOE
i

HART v A 2B W UIMESSEINIC & 2 IRERE S 1)

MAFEED —-REEZN-Z N6, HIET VA4

DERNENE D BEME /R X =0T, ERE%

WET 5 FCEEE AL SNSRI IZ OV TR

BRaqrvy, RALRIZS 2 RIS kIR, SROMM,

+HEpH, HIERBMIEROREIZIOWTHRET L 72,
W22 G AaltE Rt 2 5 BRI L 72 148
AL,y vy iRl 7TV E =Y LR
0, 50, 100, 200, 300mg N kg'® & T-HBEIZHRML,
T4H B U 2245, IO 4 sl s - 72

(1) BREOSRRMIMBEAR ZTH T 5.
(2) MEBIMBRBEOENEME (300mg N kg?) 12
B AWML OWCHIERIE A ik L -2 25, A
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Studies on Effective Soil and Nutrient Management
for Stable Sugar Beet Production

Nobuhiko Fueki

(Hokkaido Prefecturel Tokachi Agricultural Experoment Station)

Summary

Sugar beet is cultivated in approximately 70,000 ha arable field in Hokkaido, and is one of the most important basic crops
because it is essential for crop rotation system of Hokkaido’ s upland farming, consisting of sugar beet, beans, potato and
wheat.

Hokkaido’ s sugar beet productivity has greatly been improved by developing transplanting cultivation (paper-pot), but
recent years labor-saving and costreducing have become tasks of pressing urgency in order to build up global
competitiveness. Therefore, direct-sowing of sugar beet is drawing attention again for the purposes. But recently, growth
disorder often has occurred in the early stage of direct-sowed sugar beet. Causes of the disorder have been thought as the
two followings hypothetically: (1)soil acidity, being ascribed to sabotage of liming to avoid epidemic of soil borne diseases
being widespread in higher soil pH like potato scab,(2)salt injury, being due to band application. But the disorder was
different among soil types, and the countermeasure has been still confused.

The objective of this study is to show the countermeasure and the concrete practice for improvement.

1.Analysis of cause of disorders in early stage of sugar beet growth

1) Cause of disorders in early stage of both transplanted and direct-sowed sugar beet

The results of investigation of farmers’ fields where the growth disorder occurred and of some experiments showed the
cause of disorder as follows:

(1)In transplanted sugar beet, growth disorders did not occur just after transplanting (transplanting: from the middle of
April until early in May)and were first recognized in June, then spread partially or extensively in field. Growth was
apparently delayed but was recovered in figure thereafter in many cases. The dead plant was very rare. In direct-sowed
sugar beet, growth disorders did not occur just after shooting(sowing: from the middle of April until early in May)and
occurred first in June, then spread partially or extensively in field. Typical symptoms of disorder were stagnation of growth
at 2-5 true leaves stage (leaf length was 5-10cm),yellowing of new leaves, reddening of the edge of leaves and shortening
and browning of roots. In severe cases, plants disappeared in wide spaces.

(2)In transplanted sugar beet, soil pH, Ca saturation and base saturation in soils where disorders occurred were
significantly lower than those in normal fields. On the contrary exchangeable acidity (y1) of disordered fields was apparently
higher than that of normal fields. Leaf length in July and final root yield were closely related with these chemical
properties(soil pH, Ca saturation, base saturation and exchangeable acidity (y1)). These results showed that the main cause
of growth disorders in early stage of transplanted sugar beet was derived from soil acidity.

(3)In direct-sowed sugar beet, soil pH, Ca saturation and base saturation in soils where disorders occurred were
significantly lower than those in normal fields. Exchangeable acidity (y:)of disordered fields was significantly higher than
that of normal fields. But in some cases, growth disorders were observed even in reasonable soil pH, 5.7, and were
improved by lime-banding at drilling characteristically. This suggested that the cause of growth disorders in direct-sowed
sugar beet might involve other complicated factors. From the result of analysis, as a comprehensive tendency, firstly the
most predominant cause of disorder might be soil acidity. The second cause might be the salt injury due to band

application, and the negative effect of salt injury seemed to be related to the disorder complicatedly.
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(4)Year by year the soil in upland fields became acidic in Hokkaido. This promoted that growth disorders were actualized
in many fields of sugar beet.

(5)As for direct-sowed sugar beet, this is more susceptible to salt injury by band application than transplanted sugar beet,
it was suggested that fertilizer application technique which could keep nitrogen concentration at rooting zone lower than

all-banding, like broadcast application and split application, might be effective measures.

2)Soil factors affecting early growth of direct-sowed sugar beet — contribution and interaction of soil pH, exchangeable acidity y:
and nitrification of banded fertilizer

The present study was carried out to analyze the factors that affected the growth of sugar beet in four different soil types
by using concrete-framed plots. As the factors, soil acidity (soil pH, exchange acidity y:)and nitrification of banded fertilizer
were focused on.

Comparison of the value of the exchange acidity y: of the four soil types with the pH value adjusted to the same level (pH
5.1)showed that the Humic Gray Upland soil displayed the highest y;: value(y1:18.0) ,followed by the Humic Volcanogenous
Regosol(y1:6.9),Haplic Brown Lowland soil(y::5.3)and Low-humic Andosol(y::2.2). Al release to the soil solution was
considered to occur at soil pH values of 4.8 and lower except in the Low-humic Andosol. Al concentration in the soil
solution of the Low-humic Andosol was substantially lower than that of the other soils. On the other hand, the soil pH
value decreased temporarily by nitrification of the banded fertilizer, especially in the Humic Gray Upland soil. In this case,
the soil pH value became lower than 4.8 for a time. At this pH level, Al release to the soil solution was assumed to occur.
As described above, the soils displayed different properties in terms of soil acidity. In the four soils, although the growth of
sugar beet was significantly related to both soil pH and exchange acidity y: values before sowing, these relations were not
strictly valid.

On the other hand, the linear correlation coefficients of the relationships between the growth of sugar beet(leaf length)and
NOsN content in banded row were higher than those of the soil pH and exchange acidity yi.. No appreciable variation
associated with the differences in the soil types was observed in this relation. Furthermore, the values of both soil pH and
exchange acidity y: were closely related to the NO:-N content in banded row and the relationship between the NO:N
content and y: value appeared to be somewhat closer than that with the soil pH.

These closer relations had two important implications. Firstly, NOsN content reflected the nitrogen nutrient conditions.
NOs-N promoted the growth of sugar beet directly. Secondly, the NOsN content expressing nitrification rate, was affected
by the soil acidity, which is expressed by the value of the exchange acidity y.. Low NO3-N content indicated indirectly the
toxicity of soil acidity to sugar beet growth. It was thus suggested that in the present study, nitrification of the fertilizer
expressed by the NOs-N content was a beneficial factor for the growth of sugar beet regardless of the soil types and soil
acidity.

Finally, to promote the nitrification of fertilizer and to minimize the Al toxicity enhanced by the decrease of the soil pH

associated with nitrification, it is important to avoid low values for the soil pH.

2.Analysis of factors affecting nitrification of fertilizer

Since salt injury due to banded fertilizer was one of the serious causes of growth disorder of direct-sowed sugar beet, it
became necessary to improve nitrogen fertilizer application. Nitrification of fertilizer is important when doing research
about improvement of fertilizer application. So to clarify the factors affecting nitrification with nitrogen applied as high
concentration, incubation experiments were conducted.

Twenty-two soil samples obtained from arable lands in Hokkaido, more than half of which were Andosol, were used for
incubation experiments. Addition of ammonium phosphate to the 22 soils at a rate of 0, 50, 100, 200, 300 mg N kg and
incubation for 14 d showed that;(1)The higher concentration of added-N suppressed relative percent
nitrification. (2) Comparing the 22 soils about nitrification at the highest amount of added nitrogen (300 mgN kg"),in the
higher-organic matter soil(Haplic Andosol, total carbon content was 31.4-82.4 g kg™), percent nitrification was higher, than

in the other lower-organic matter soils(total carbon content was; Haplic Volcanogenous Regosol 13.6-25.8 g kg*, Low-
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humic Andosol 10.1-24.7 g kg-1, Haplic Brown Lowland soil 9.3-12.5 g kg?).(3) Within the Haplic Andosol, nitrification was
significantly associated with soil pH.(4)As for all 22 studied soils, percent nitrification was significantly associated with
total carbon content firstly, and secondly associated with soil pH.

Ammonium sulfate, ammonium phosphate, and urea(all 300 mg kg')added to one soil with relatively higher carbon
content and pH were nitrified completely in 42 d. When added at 500 and 1000 mg N kg*, however, nitrification of these
forms was suppressed; the percent nitrification was the lowest in ammonium sulfate, followed by ammonium phosphate
and urea.

Based on these results, applied nitrogen concentration, soil carbon content, soil pH, form of nitrogen source, and their
interactions are factors that affect nitrification. These findings have implications for improving nitrogen fertilizer

application, comparing the difference between broadcast application, split application and band application.

3.Improvement of nitrogen fertilizer application for direct-sowed sugar beet by broadcast application

1)Analysis of improvement effect of broadcast application on early growth of direct-sowed sugar beet

To analyze the improvement effect of broadcast application on early growth of direct-sowed sugar beet, early growth of
sugar beet and soil chemical factors (electric conductivity (EC),ammonium-N and nitrate-N) in soil around seed were
examined. And then, broadcast application and band application were compared in detail.

In band application, the growth of sugar beet was oppressed through salt injury due to the too much higher ammonium-N
and EC than those in broadcast application, being caused by too much fertilizer around seed. Furthermore, delay of
nitrification due to too much high ammonium-N and EC was observed, and that enabled ammonium-N around seed itself
to remain. This finding also could be thought as a factor fomenting salt injury.

Reversely in broadcast application, the growth of sugar beet was improved through avoidance of salt injury due to the
lower ammonium-N and EC than those in band application, being brought through incorporating fertilizer into soil.
Moreover, promotion of nitrification due to low ammonium-N and EC was observed, and that enabled ammonium-N not to

remain. This finding also could be thought as a factor avoiding salt injury and improving early growth of the sugar beet.

2)Verification experiment of improvement effect of broadcast application for direct-sowed sugar beet

Experiments in cumulative 18 actual fields, including Tokachi agricultural experiment station’ s fields and farmers’ fields,
proved that broadcast application provided less risk of salt injury, better growth, higher sugar content in root, higher root
weight and sugar yield, than band application.

4.Improvement of nitrogen fertilizer application for direct-sowed sugar beet by split application

1)Influence of amount and placement of band-applied nitrogen on germination and early growth of direct-sowed sugar beet
From the result of experiment using concrete-framed plots filled with Low-humic Andosol, it was found out that
approximate 40 kg ha’ of banded nitrogen was necessary, as basal starter, to ensure early growth of direct-sowed sugar
beet. And in addition, it was confirmed that the reasonable fertilizer placement was 2.5 - 5.0cm to the both sides of the

seed, and 6cm below the seed, as having been recommended.

2)Influence of soil pH, temperature and applied-nitrogen forms on ammonia volatilization

As for influence of soil pH, temperature and surface-applied-nitrogen forms on ammonia volatilization from Andosol, the
followings were found out.

Ammonia volatilization rate was higher(8 to 28%)at higher temperature and higher pH(30°C, soil pH 7.0),the highest was
urea(URA, approximate 28%),followed by di-ammonium phosphate(DAP, approximate 24%),ammonium sulfate(ASF,
approximate 13%),the lowest was mono-ammonium phosphate (MAP, approximate 8 %).

And then, at lower temperature and lower pH(15°C, soil pH 5.9),ammonia volatilization rate was entirely low (0 to 3%),the
highest was DAP (approximate 3%),followed by URA (approximate 1%),ASF and MAP were almost 0%. Additionally, at
higher temperature and lower pH(30°C, soil pH 5.9),ammonia volatilization rate was approximate 8% of DAP, though, URA,

82



HARME | 7 v 4 OLEAREIZ AT 72 IR EC B § 2 W%

ASF and MAP were low (approximate 5%,1% and 1%,respectively). These differences of ammonia volatilization among
nitrogen forms were explained significantly by soil pH at 24 hr after adding nitrogen.

From the results, some implications to reduce nitrogen loss through ammonia volatilization at agricultural practice of
surface application were given as follows.

Soil pH should not be too high. However, it is unnecessary to reduce pH in the extreme because in this study ammonia
volatilization rates at soil pH 5.9 were low at several%, except for DAP. That is, at soil pH 5.9 level approximately, URA, ASF
and MAP are thought to be applicable to surface application because all their ammonium volatilization rates were low.

3)Verification experiment of improvement effect of split application for direct-sowed sugar beet

Experiments in cumulative 11 actual fields, including Tokachi agricultural experiment station’ s fields and farmers’ fields,
proved that split application, which consists of approximate 40 kg ha’ basal banded nitrogen at sowing and surface
application of the rest of necessary nitrogen at the timing of from uniformly germination stage to true 2 leaves stage,
provided less risk of salt injury, no loss of surface-applied nitrogen through ammonia volatilization, better growth, higher
nitrogen uptake, higher root weight and sugar yield, than band application.

5.Influence of precipitation condition on effectiveness of broadcast application and split application

Effectiveness of broadcast application and split application for direct-sowed sugar beet might depend on the precipitation
condition. In particular, it was assumed that broadcast application might lose the advantage if heavy rain occurred and
leached away nitrate-N to groundwater. Therefore, to clarify the above assumption, comparison the difference of plant
growth, nitrogen uptake and nitrate leaching among broadcast application, split application and band application was
conducted with setting up two precipitation conditions(dry treatment and wet treatment)by irrigation treatment. The
followings are the obtained results.

In the case of Low-humic Andosol(texture: SL)in Tokachi area, at the dry treatment(redundant water on June was
4mm),both of broadcast application and split application provided better plant growth and higher yields than band
application. On the other hand, at the wet treatment (redundant water on June was 64mm),there were no significant
differences of root yield and sugar yield between broadcast application, split application and band application. However,
nitrate leaching into the subsoil and leaf color value dropping-down were observed, and nitrogen uptake of broadcast
application at harvest time was a little lower than those of split application and band application, without significance,

though. These results showed that nitrate leaching could be different among fertilizer application methods.

6.Conclusions

From the above all results, the four followings were concluded for stable development of direct-sowed sugar beet in
Hokkaido.
(1)Disorder of early growth of direct-sowed sugar beet occurred in spite of not so low pH level, due to suppressing
nitrogen uptake through inhibiting nitrification. This fact suggested that soil pH should be increased more.
(2)Increasing soil pH to 5.7 and banding lime at drilling could make the growth of directly-sowed sugar beet improve.
(3)Both broadcast application and split application are effective to facilitate nitrification and avoid salt injury because
nitrogen concentration near root is kept moderate, and will provide better growth and higher yields of direct-sowed sugar
beet.
(4)If in the area having much redundant water(= precipitation-evapotranspiration),split application should be employed,
whose nitrate leaching was small. However, broadcast application, promoting nitrate leaching, can be employed if in the
area where nitrate leaching rate from topsoil(0-20cm, being authorized by Agriculture Department of Hokkaido
Government, 2003) is less than 30-40%.
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