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Aged Changes of Optical Characteristics and Effects on Growth of Leaf Vegetables in An

Ultraviolet - Red Light Translation Film and An Ultraviolet Absorbing Film
Hiroshi HamamoTo, Keisuke YAMAZAKI, Yuko YosHIDA and Jun-ichiro ABE

Summary

A newly designed film that absorbs ultraviolet radiation and fluoresces red light (UV - R film) , an

ultraviolet absorbing film (UVA film) , and a normal clear film (control film) were tested as rain shel-

ters for the spring cultivation of spinach (Spinacia oleracea L.) and Welsh onion (Allium fistulosum L.) .

The films were continuously used for five spring cultivations. The results and conclusion are as follows.

1)

2)

3)

In new films, transmittances of near ultraviolet radiation of UV - R film and UVA film were smaller
than that of control film. The transmittances of UV - R film became larger since second-year cultiva-
tion but UVA film did so since forth-year cultivation. Transmittance of photosynthetically active
radiation (PAR) was not clearly different between UVA film and control film. In PAR under new
UV - R film, red light percentage was larger and blue light percentage was smaller than PAR under
UVA and control films. However, this characteristic of UV - R film became smaller since second-year
cultivation.

New UV - R film and UVA film promoted growth of spinach and Welsh onion, especially in plant
height, spinach leaf area, and Welsh onion's fresh weight and leaf sheath diameter, compared with
control film. The effect of UV - R film became smaller since then but the effect of UVA film was
found until forth-year cultivation.

Considering the results of the present and earlier studies, effects on light condition and plant
growth of UV - R film would decrease after half-year to one-year use. The effects of UVA film can be
expected to keep for three to four years.

Research Team for Sustainable Vegetable Production
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Application of Serological Techniques
for the Diagnosis of Tomato Yellow Leaf Curl Disease

Hideki Osak1'?, Koji NomiyAMA' and Koichi ISHIKAWA'!
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I Introduction

Tomato yellow leaf curl disease (TYLCD) is a severe viral disease affecting tomato crops in Japan since
19962, Most commercial tomato cultivars are susceptible to the disease. It is one of the most devastating dis-
eases of tomato crops in the world. Infected plants show severe symptoms consisting of yellowing, curling,
and puckering in the top leaves; the plants become stunted, with a reduction in tomato fruits.

The causal agent, Tomato yellow leaf curl virus (TYLCV) is a member of the genus Begomovirus in the
family Geminiviridae”; it is transmitted by the whitefly Bemisia tabaci Genn. and not transmitted by
mechanical inoculation®. The viruliferous whitefly adults are capable of transmitting the virus throughout
their lifespan®.

A sanitation program for greenhouse tomato cultivation has been proposed as follows
(http://vegetea.naro.affrc.go.jp/joho/manual/tomato_yellow_leaf_manual_h21.5.pdf). Entry of whiteflies and
infected tomato plants into greenhouse, propagation of whiteflies and TYLCV in greenhouse, and leakage of
whiteflies from greenhouse have to be avoided in order to control the disease. Diagnostic methods are there-
fore essential and important to promote the sanitation program.

Genetic diagnostic methods such as PCR"® and LAMP?® are now used widely for TYLCD. These diagnos-
tic methods need several specialized expensive equipments, enzymes, and reagents. Moreover, skills and
experiences are required to perform these methods. On the other hand, serological diagnostic methods do
not require expensive reagents and equipments, and specialized skills to perform them. The cost of serologi-
cal diagnoses is therefore generally lower than that of genetic ones.

A serological diagnostic kit for TYLCD is now sold. But it is not widely used because of the cost and the
reliability of the kit. Therefore, in order to establish cheaper and more reliable diagnostic method, in this
study, we purified TYLCV to obtain antiserum, and applied serological techniques, ie. double antibody sand-
wich-enzyme-linked immunosorbent assay? (DAS-ELISA), F(ab’): fragment-based ELISA2? (F(ab’).-ELISA),
immunocapture-PCR®? (IC-PCR) assay, and rapid immunofilter paper assay'® ' (RIPA), to the diagnosis of
TYLCD.

II Materials and Methods

1 Whitefly and Tomato yellow leaf curl virus

A colony of the B biotype of B. tabaci was provided by Dr. T. Watanabe (Plant Protection Office of
Kagawa Prefectural Agricultural Experiment Station), and reared on a cabbage (Brassica oleracea L. var.
capitata) cultivar ‘Harunami’ .

The Tadotsu isolate in the Israeli strain® of TYLCV (TYLCV-IL) obtained from naturally infected tomato
plants in Tadotsu, Kagawa Prefecture was propagated and purified for antiserum preparation. The Nagasaki
and Tokyo isolates in TYLCV-IL were provided by Dr. S. Ueda (National Agricultural Research Center for
Kyushu Okinawa Region), and by Dr. J. Ohnishi (National Institute of Vegetable and Tea Science), respec-
tively. The Aichi isolate in the mild strain® of TYLCV (TYLCV-MId) was provided by Dr. T. Tanaka, Aichi
Agricultural Research Center.

Tobacco leaf curl Japan virus” (TbLCJV), a begomovirus indigenous to Japan, causes tomato yellow
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dwarf. The symptoms are similar to those of TYLCD. TbLC]JV is transmitted by B. tabaci JpL biotype! ™.
The Takamatsu isolate of ThLCJV was obtained from naturally infected tomato plants in Takamatsu,
Kagawa. The Zentsuji isolate of ThLCJV was obtained by inoculating healthy tomato seedlings with B.
tabaci JpL biotype adults, which naturally inhabit honeysuckles (Lonicera japonica) in Zentsuji, Kagawa.
Two isolates of ThbLCJV were used as an indigenous begomovirus.

The viruses were maintained on a susceptible tomato (Solanum Iycopersicum L.) cultivar ‘House

Momotaro’ . In experiments presented in Tables 1, 3 and 4, cv. House Momotaro was used for inoculation.

2 Purification of TYLCV

TYLCV particle was purified by an adaption of methods developed for other geminiviruses*®. Plants
were homogenized in a buffer containing 0.1 M sodium phosphate, pH 7.0, 25 mM EDTA, 10 mM sodium
sulfite, 0.1% 2-mercaptoethanol, and 1% Triton X-100. The extract was filtered through three layers of gauze.
The sap was clarified with 10% chloroform and centrifuged at 8,000 X g for 20 min. Polyethylene glycol (mol.
wt. 7300-9300; 12 g/100 ml) and 0.2 M NaCl were added to the aqueous phase. After 30 min of stirring at 4C,
the precipitate was collected by centrifugation for 15 min at 18,000 X g, and resuspended in 0.1 M phosphate
buffer containing 2 mM EDTA. The suspension was loaded onto 20% sucrose cushions and centrifuged for 2
hr at 180,000 X g. The pellets were resuspended in 0.1 M phosphate buffer containing 2 mM EDTA. Sucrose
gradients (10-40%, 10 ml) were prepared in the resuspension buffer. Virus suspension was layered on top of
each gradient and centrifuged at 240,000 X g for 2.5 hr. Gradients were fractionated (2.5 ml per fraction) from
the top of the gradients by using a Pasteur pipette. The presence of the virus in the sucrose gradient frac-
tions was confirmed by electron microscopic observation and SDS-PAGE analysis. The virus-containing frac-
tions were centrifuged for 2 hr at 190,000 X g. Pellets were resuspended in 0.1 M phosphate buffer containing
2 mM EDTA. The suspension was purified by cesium sulfate density equilibrium centrifugation at 240,000xg
for 20 hr. A light-scattering band was sampled, and centrifuged at 190,000 X g for 2 hr. Pellets were resus-
pended in 0.1 M phosphate buffer containing 2 mM EDTA. Virus concentration was estimated from
absorbance at 260 nm, assuming that 1 mg of the virus corresponded to 7.7 Ao units.

3 Antiserum and western blot analysis

Production of polyclonal antibody by a rabbit was contracted to Takara Bio Inc. Immunoglobulin G (IgG)
was purified from antiserum obtained by using ImmunoPure (Protein A) IgG Purification Kit (PIERCE). Prior
to purification, the antiserum was cross-absorbed with host sap.

Leaf samples were homogenized with 20 volumes (w/v) of sample buffer (50 mM Tris, pH 9.0, 2% SDS, 1%
2-mercaptoethanol, 15% sucrose, and 0.0005% bromophenol blue) for western blot. For whitefly samples, one
adult or three adults were homogenized with 20 ul of sample buffer. After boiling for 3 minutes, each sam-
ple (20 ul) was separated by 12% SDS-polyacrylamide gel electrophoresis, and proteins were transferred to
a PVDF membrane (BIO-RAD). Then, the membrane was treated with 0.25 x4 g/ml anti-TYLCV IgG in
TBST (0.02 M Tris-buffered saline supplemented with 0.05% Tween 20) for 30 min at room temperature, and
then alkaline phosphatase conjugated goat anti-rabbit IgG (Sigma) at a 1:4000 dilution in TBST for 30 min.
Band visualization was carried out as previously described'. Three 5-min washes of the membrane with
TBST were performed between the steps.
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4 DAS-ELISA

IgG was coupled with alkaline phosphatase using the one-step glutaraldehyde method®. For ELISAs, leaf
extracts were prepared by grinding leaves with a mortar and pestle together with PBST (0.01 M phosphate-
buffered saline supplemented with 0.05% Tween 20).

Each well of a microplate was coated with purified IgG diluted to 10 x g/ml in coating buffer (50 mM
Na:COs, pH 9.6), and incubated for 4 hr at 37C. Plates were washed with PBST. Then samples were added,
and incubated for 2-3 hr at 37C. After washing, alkaline phosphatase conjugated IgG diluted to 1:500 with
PBST was added and incubated for 2-3 hr at 37C. Substrate (p-nitrophenylphosphate at 1 mg/ml in 10%
diethanolamine buffer, pH 9.8) was added after washing and hydrolysis time was 1 hr at 37C. The
absorbance of each well was measured at As«ws with a spectrophotometer Corona MTP-32. Absorbance values

above 0.05 were considered as positive.

5 F(ab’)-ELISA

F(ab')--ELISA requires F(ab’): fragments purified from IgG. The F(ab’): fragment was purified by
ImmunoPure F(ab’): Preparation Kit (PIERCE). Each well of a microplate was coated with purified F(ab’).
fragment diluted at 10 x g/ml in coating buffer, and incubated for 4 hr at 37C. Plates were washed with
PBST and then samples were added, and incubated overnight at 4C. After washing, IgG (2 x g/ml) in PBST
was added and microplates were incubated for 2-3 hr at 37C. The wells were washed and re-filled with
alkaline phosphatase-labelled protein A diluted at 2 ux g/ml in PBST and incubated for 2-3 hr at 37C.
Adding substrate, hydrolysis, and measuring the absorbance of wells were performed as described for DAS-
ELISA.

6 IC-PCR

IC-PCR assay was carried out as follows. Sterile polypropylene 0.2-ml and 96-well PCR plates (ABgene)
were precoated with 20 ul of IgG (1 mg/ml diluted 1:200 in carbonate buffer) per well. The plates were
incubated for 2 hr at 37°C. For IC-PCR assay, leaf extracts were prepared by grinding leaves with a mortar
and pestle together with PBST. After each well of the plate was washed three times with PBST, 20- ul
aliquots of extract were added and incubated again for 2 hr at 37°C. Each well was then washed twice with
PBST and once with sterilized distilled water.

PCRs were carried out as follows. Amplifications were performed in 20- 41 reaction mixtures, containing
0.2 uM of each primer, 0.5 unit of Ex Tag DNA polymerase (Takara), a dNTP mixture (containing 200 ¢ M
of each of dNTP), and Ex Taq reaction buffer (containing 2 mM MgCl), in a Takara PCR Thermal Cycler
MP. The primers, TYmultiV and TYmultiC, were used®. The PCR plates were heated at 96C for 3 min fol-
lowed by 40 reaction cycles of 30 sec at 96C for melting, 30 sec at 55C for primer annealing, and 45 sec at
72C for primer extension. A final step at 72C for 5 min was carried out prior to holding the samples at 4C
until removal from the thermal cycler. PCR products were electrophoresed in 0.8% agarose and visualized

by staining with ethidium bromide and UV illumination.

7 RIPA

The coating procedure of IgG to latex was adapted from developed RIPA procedure®. For coating of IgG,
white latex (JSR Co., Cat. No. G24103) and red latex (JSR Co., Cat. No. G0301R) were diluted to 1% and 2%,
respectively, in TBS (0.02M Tris-buffered saline). IgG was diluted to 500 ux g/ml for white latex and 300



Osaki et al: Diagnosis of TYLC by serological techniques

ug/ml for red latex with TBS. The latex solutions were mixed with an equal volume of IgG solution.
Sensitization was performed as described by Tsuda et al .

Leaf extracts were prepared by grinding leaves with a mortar and pestle together with 0.1 M phosphate
buffer, pH 7.0, containing 10 mM EDTA, 0.1% 2-mercaptoethanol, and 0.1% bovine serum albumin as extrac-
tion buffer.

The detection procedure was carried out as previously described for the two-step method of RIPA™.

8 Time-course detection from inoculated tomato seedlings

Adult whiteflies were allowed to feed on infected tomato plants (Tadotsu isolate) for 3 days. Ten adults
were transferred to each cage containing a healthy seedling at the four-leaf stage. The whiteflies were
removed from the cages 3 days later. The seedling inoculated were observed and assayed.

On designated days, leaf tissue (ca. 20 mg) from newly-expanding top leaf of the seedlings was sampled
and homogenized with 50 volumes (w/v) of PBST in experiment of Table 3, whereas, with 50 volumes (w/v)
of extraction buffer for RIPA in experiment of Table 4. The leaf extract was used for F(ab’)--ELISA, IC-PCR
assay, and RIPA.

9 Hammer extraction for RIPA

Small amounts of leaf tissue (ca. 20 mg) from the newly-expanding top leaf of tomato plants were sam-
pled, and placed into plastic bags (70 X 50mm). The tissues in bags were smashed with a couple of strikes by
a hammer. Extraction buffer (ca. 500 ul) were added and mixed with the smashed tissue by fingers, and
then the squeezes were used for RIPA. On experiment of Table 5, tomato leaves were sampled at green-
houses in Tadotsu, Kagawa, and extracted by a hammer for RIPA.

IIT Results and Discussion

1 Purification of TYLCV and antiserum

The virus was purified from infected tomato plant material. Analysis of the purified virus by SDS-PAGE
showed a single band (ca. 30 kDa), presumed to be a coat protein of TYLCV (Fig. 1). Virus of ca. 2 mg was
obtained from about 40 kg of infected tomato plant material. The purified virus was used for production of

antiserum.

98 kDa -
64 kDa -

50 kDa -

36 kDa - <

22 kDa -

Fig. 1. Electrophoresis of purified TYLCV in SDS-polyacrylamide gel.
Lane 1: Molecular weight standards (SeeBlue Plus2 Pre-Stained Standard,
Invitrogen); lane 2: Purified TYLCV. Arrow indicates coat protein of TYLCV.
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In western blot analysis (Fig. 2) with IgG purified from antiserum obtained, bands were formed from sam-
ples of four TYLCV isolate-infected plants, but not from healthy and two TbLCJV isolate-infected plants.
This suggested that the two strains of TYLCV, TYLCV-IL and -Mld are equally reacted with the IgG, and
that the IgG is specific to TYLCV. Moreover, western blot analysis could detect the virus from the extracts
of a single adult whitefly reared on infected tomato plants (Fig. 3). These results indicate that the titer of the
IgG is sufficient to detect TYLCV from viruliferous whiteflies, and that the IgG will be useful in other sero-
logical detection methods for TYLCV.

> B4
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Fig. 2. Detection of TYLCV from extracts of TYLCV- and TbLCJV-infected tomato plants

by western blot.

Three isolates in TYLCV-IL (Tadotsu, Nagasaki, and Tokyo), an isolate in TYLCV-MId (Aichi),
and two ThLC]JV isolates (Takamatsu and Zentsuji) were used. M represents molecular weight
standards (SeeBlue Plus2 Pre-Stained Standard, Invitrogen). In lane of PV, purified virus (20 ng)

was electrophoresed. Arrow indicates coat protein of TYLCV.

Healthy tomato Infected tomato
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Fig. 3. Detection of TYLCV from extracts of adult whiteflies by western blot.
Adult whiteflies were reared for a week on healthy and TYLCV-infected tomato plants
(Tadotsu isolate), respectively. M represents molecular weight standards
(SeeBlue Plus2 Pre-Stained Standard, Invitrogen). In lane of PV, purified virus (20 ng) was

electrophoresed. Arrow indicates coat protein of TYLCV.
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2 ELISA, IC-PCR assay, and RIPA

The IgG was adapted to two ELISAs (DAS- and F(ab’)-ELISA). DAS-ELISA detected TYLCV up to
6,400-fold diluted extract of infected leaves. Meanwhile, in F(ab’)--ELISA, the detection limit of TYLCV was
12,800-fold diluted extract (Fig. 4). Since the absorbance values of F(ab’).-ELISA were higher than those of
DAS-ELISA, it may be possible to evaluate the results by naked eye. Thereafter, F(ab’):-ELISA was particu-

larly examined.
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Dilution of extract
Fig. 4. Detection of TYLCV from dilutions of healthy and infected leaf extracts by DAS- and F(ab’):-ELISA.
Leaf samples were homogenized with PBST. The extracts were serially diluted with PBST.

Tadotsu isolate-infected and healty tomato plants were used.

To evaluate the reliability and practical utility of F(ab')--ELISA, F(ab’)--ELISA should be compared with
PCR assay. Since PCR assays need laborious and time-consuming DNA extraction, to simplify preparation of
DNA, the IgG was adapted to IC-PCR assay. In IC-PCR assay, the dilution end point for detection of TYLCV
in leaf extract was 107 (Fig. 5). IC-PCR assay was 1,000-fold more sensitive than F(ab’):-ELISA.

Furthermore, the IgG was also adapted to RIPA. Within several minutes, the filter paper strips showed a

positive reaction to infected tomato samples, forming a red line by antigen-antibody reaction (Fig. 6). When

Dilution of Extract

10 102 10% 104 105 106 107 108 M

Fig. 5. Detection of TYLCV from dilutions of infected leaf extract by IC-PCR.
Leaf sample (Tadotsu isolate) was homogenized with PBST. The extract was diluted
with PBST. M represents Hind ITI-digested Lambda DNA marker.

Arrow indicates amplified specific products.
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the extracts of infected tomato leaves were used, positive red line was detected up to a 3,200-time dilution
(Fig. 7). This result indicated that RIPA was 4 times less sensitive than F(ab’)--ELISA.

Healthy Infected

Fig. 6. RIPA of healthy and infected leaf extracts.
Leaf samples were homogenized with 50 volumes (w/v) of extraction buffer for RIPA.

Red line (arrow) was formed on filter paper strip dipped into Tadotsu isolate-infected leaf
extract (right strip), but not healthy (left strip).

Dilution of extract

50 100 200 400 800 1600 3200 6400 12800

Fig. 7. Detection of TYLCV from dilutions of infected leaf extract by RIPA.
Leaf samples (Tadotsu isolate) were homogenized with extraction buffer for RIPA.
The extract was diluted with the extraction buffer. Red lines (arrow) were formed

on filter paper strips until 3200-fold dilution of extract by judgment with the naked eye.



Osaki et al: Diagnosis of TYLC by serological techniques

3 Comparison of F(ab’):-ELISA, IC-PCR assay, and RIPA for practical diagnosis
1) Assay for viruliferous whitefly

To evaluate the sensitivity of these assays and to determine whether they can identify the viruliferous
whiteflies, we attempted to detect the virus in whiteflies reared on infected tomato plants.

Table 1 indicates that adult whiteflies reared on infected tomato plants for more than 90 min are consid-
ered to be potential as a vector. On samples of whiteflies reared on infected tomato plants for more than 90
min, the results of F(ab')--ELISA were consistent with those of IC-PCR assay, although F(ab’)--ELISA could
not detect TYLCV from whiteflies reared on infected tomato plants for 45 min (Table 2). We therefore sug-
gest that F(ab’)--ELISA is also capable in assay for viruliferous whiteflies. Meantime, DAS-ELISA and RIPA
were unsuccessful for the detection of TYLCV in whiteflies reared on infected tomato plants for even 2 days
(data not shown). DAS-ELISA and RIPA are not available for viruliferous whiteflies.

Monitoring for the presence of viruliferous whitefly around greenhouses is important in alerting tomato
growers to deal with the threat of infection by spraying insecticides and filling gaps in greenhouses with
whitefly-proof screens. F(ab’).-ELISA will be a crucial tool for identifying viruliferous whitefly at low cost.

Table 1 Transmission of TYLCV by whiteflies

Period of rearing No. of seedlings infected”
on infected tomato plants / No. of seedlings inoculated
20 min 0/5
45 min 0/5
90 min 5/5
3 hr 5/5
6 hr 5/5
12 hr 5/5

1) Adult whiteflies were allowed to feed on infected tomato plants (Tadotsu isolate) for designated time periods. The adults (10 adults/cage) were
transferred to each insect-proof cage containing a healthy tomato seedling at the four-leaf stage. After 3 days, the whiteflies were removed from the
cages. The seedlings inoculated were assayed by IC-PCR on 30 days after inoculation.

Table 2 F(ab')-ELISA and IC-PCR assay of adults of B biotype of Bemisia tabaci reared on infected tomato plants
Period of rearing on

infected tomato No. of adults used” No. of adults PCR-positve No. of adults ELISA-positive
20 min 16 0 0
45 min 16 6 0
90 min 16 8 8
3 hr 16 10 10
6 hr 16 13 13

1) In parallel with the experiment of Table 1, sixteen adult whiteflies on the leaves of infected tomato plants were sampled 20 min, 45 min, 90 min,
3 hr, 6 hr, and 12 hr later, respectively. Each adult whitefly was homogenized with 120 u1 of PBST. The homogenate was used for F(ab’)-ELISA
(100 i 1) and IC-PCR assay (20 u ).
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2) Practical utilities of F(ab’)--ELISA and IC-PCR assay

To compare the practical utility of F(ab')--ELISA with that of IC-PCR assay, time-course detection was
done on tomato seedlings inoculated by whiteflies (Table 3). On two samples (Nos. 2 and 5), IC-PCR assay
could detect the virus earlier than F(ab'):-ELISA could. On the remaining samples, however, F(ab’):-ELISA
and IC-PCR assay detected the virus in the same way. By F(ab’).-ELISA, the virus was detected 2 to 6 days
before the onset of symptoms. Although IC-PCR assay is 1,000 times more sensitive than F(ab’):-ELISA
(Figs. 4 and 5), these results indicate that F(ab’)-ELISA is sensitive enough to practically detect the virus.
Additionally, F(ab’):-ELISA does not require complicated sample preparation and can handle many samples
at the same time. Therefore, we consider F(ab’)--ELISA to be a very practical approach for diagnosis of
TYLCD.

Table 3 Time-course detection by IC-PCR assay and F(ab’)-ELISA of inoculated tomato seedlings

Seedling Days after
No. inoculation 5 7 9 11 13 15 17
No.1 PCR - + + + T+ T n
ELISA - + + + +* + +
NO.2 PCR - — — + + + 4*
ELISA - - - _ —+ + + *
No.3 PCR - - — + L n .
ELISA - - - + 4+ + "
NO.4 PCR — — — + 4 + +
ELISA - - - + +* + n
No.5 PCR - - - + + +* +
ELISA - - — — + + * +
No.6 PCR - - + + 4 i n
ELISA - - + + +* + +

% . The first day of observing symptoms

On the other hand, the sensitivity of IC-PCR assay was superior to those of ELISAs. Compared with con-
ventional PCR, IC-PCR assay does not need the use of organic solvents and centrifugation, because DNA
purification, which is generally a laborious and time-consuming process, is not necessary. Therefore, it is of
great advantage. Moreover, in IC-PCR assay, virion preparation and PCR amplification are both carried out
completely in a single well of a 96-well PCR plate, making the assay very convenient and economical. IC-PCR
assay would be a powerful tool for diagnosing a large number of samples as well as F(ab’)--ELISA.

In practical terms, it is not required to apply such a sensitive but expensive and complicated method, Le.
PCR, for all of the samples to be assayed. It is important to apply first F(ab’)-ELISA to be able to assay a
large number of samples at low cost. Prior to settled planting in greenhouse, tomato seedlings grown in a
nursery should be assayed by F(ab’):-ELISA to prevent infected seedlings from being planted in greenhous-
es. Then further confirmation can be made by using more reliable method such as IC-PCR assay. F(ab').-
ELISA will be very helpful for practical, inexpensive diagnosis of TYLCD in field surveys.

3) Practical utility of RIPA
Furthermore, to evaluate the practical utility and the sensitivity of RIPA, time-course detection was done
on tomato seedlings inoculated by whiteflies; these results are summarized in Table 4. RIPA also showed

positive before inducing symptoms. The virus was detected 2 to 6 days before the onset of symptoms.
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Table 4 Time-course detection by RIPA of inoculated tomato seedlings

Seedling Days after

No. inoculation 5 7 9 11 13 15 17
No.l - - + + +* + +
No.2 - - - + +* + +
No.3 - + + + +* + +
No4 - - + + + +* +
No5 - - - + +* + +
No.6 - + + + ++ + +

% [ The first day of observing symptoms

These results were similar to those of F(ab')-ELISA (Table 3). Although RIPA is four times less sensitive
than F(ab’)-ELISA, these results indicate that RIPA is sensitive enough to practically detect the virus. RIPA
is also considered to be very practical for diagnosis of TYLCD.

In our laboratory, leaf extracts were prepared for RIPA by grinding leaves with a mortar and pestle
together. For field diagnosis, we developed a simple rapid extraction method using a hammer for RIPA.
RIPA with the hammer extraction at tomato greenhouses in Tadotsu showed that the results were consistent
with results of IC-PCR assay (Table 5). Moreover, on sample Nos. 4, 8, and 12 of Table 5, RIPA could detect
TYLCV in infected plants without symptoms at incubative stage. Compared with use of a mortar and pestle,
the hammer extraction could shorten the time of preparing samples. The hammer extraction permitted us
to prepare a sample in about half minute, while extraction with a mortar and pestle needed a couple of min-

utes. Thus, we consider the hammer extraction method to be suitable for preparing samples in the field.

Table 5 Field diagnosis by RIPA with hammer extraction

Sample No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Symptoms - + + - - - + - + - + - - + -
RIPA - + + + - - + + + - + + - + -
PCR® - + + + - - + + + - + + - + -

1) After sampling, IC-PCR assay was carried out in laboratory.

Among serological diagnostic methods, ELISAs have been generally employed. The ELISAs, however,
need a few equipments such as an incubator and a spectrophotometer, and take time to obtain the results,
therefore those are not suitable for virus diseases diagnosis in field. RIPA method can be easily used for
diagnosis of virus diseases without any equipment and in several minutes in field.

Besides, RIPA requires no skill and experience, and the results can be obtained within several minutes
with the naked eyes, so that tomato growers can assay their own tomato plants by themselves. RIPA can be
used as easily and simply as pH test paper.

Extremely rapid and simple diagnosis by RIPA is of great advantage to countermeasure against the
spread of TYLCD. It is important to remove infected tomato plants from greenhouses as soon as possible,
because infected tomato plants serve as a potential source of secondary infection to other healthy plants.
Therefore, it is recommended to diagnose suspected plants using RIPA by tomato growers themselves, and
then remove positive ones from greenhouse promptly. Although the sensitivity of RIPA is lower than PCR
assay and ELISA, the agility of RIPA is superior to PCR assay and ELISA. The agility of RIPA is very use-

ful for rapid removal of infected plants from the greenhouses.
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Summary

To establish cheap and reliable diagnostic method, in this study, we tried to apply three serological tech-
niques, that is, ELISA, RIPA and IC-PCR assay, to the diagnosis of tomato yellow leaf curl disease. First of
all, TYLCV was purified from infected tomato plants to obtain antiserum. Western blot analysis showed that
the IgG purified from obtained antiserum was specific to TYLCV. DAS-ELISA detected TYLCV up to 6,400-
fold diluted extract of infected tomato leaves. Meanwhile, in F(ab’).-ELISA, the detection limit of TYLCV
was 12,800-fold diluted extract. In IC-PCR assay, the dilution end point for detection of TYLCV in leaf
extract was 107. IC-PCR assay was 1,000-fold more sensitive than F(ab')--ELISA. However, F(ab’)--ELISA also
could detect TYLCV from viruliferous whiteflies, and from infected plants 2 to 6 days before the onset of
symptoms. By RIPA, positive red line was detected up to a 3,200-time dilution of the extracts of infected
tomato leaves. RIPA also detected the virus from infected plants without symptoms at incubative stage as
well as F(ab')--ELISA. F(ab’)--ELISA and IC-PCR assay are considered to be very practical for diagnosing a
large number of samples. On the other hand, RIPA is considered to be suitable for diagnosis by tomato
growers, since it is simple and agile as a pH test paper. To hamper the spread of the disease in greenhouse,
RIPA is a powerful tool for rapidly removing infected plants from greenhouses as soon as possible.
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JEfi K} & BRI TDNI90 : 10& L7z, IBF
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ORGF DA %)

CP: Crude protein, ADF: Acid detergent fiber, NDF: Neutral deter-
gent fiber, TDN: Total digestible nutrients
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Yoy, BRI ONE fi o R S EHE NG I E
Fp T DLRE 0 L ) R HE IR S B 2 T S v,
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J3 3 T D ¥z B = A3 A > 7o HR1X ASHEF RS
BWTBHLRIK I DZ L, WTFHY OfFRE—HL
7z, L7zh%o TH BRI M OMEE o5 KX, I
BRI OME R OBINGE B e 5.2 5 L b
5. 1kgDOBWKIZHE$ %5 TDN&E T L 72 fikF 5k
L, WEENM, FRNMEEESNNZ 5L

72RBAMTYH, HRIKALRIKX X ) 2 7R
L72%, AETCIEhhro7:.
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N A E 585+ 46 568 + 48 0.547
EHEH TIRE 760 %72 762+ 58 0.959
HigfkE (kg/day)
B R R 1160100 0.84+0.14> 0.001
I i ) 076=0.14 086+0.08 0.192
v 080+006 089+0.10 0.089
U £ 4 070£0.12 081+0.13 0.160
41 075£0.10 085+0.10 0.102
B il 084+009 085=008 0.850

ab : Ji7e B LB AKETAH RS U . Il + B,
*  RBRAIILE, FHNI 2 Ao A,
BEAATBISLRI X A65, HRIIX A6,

A1 ICBI 2 HREOLILEE 3 RITRT. 57
HoOFRMMIZBWTIE, BEHE %28 L72LR1
X HEEAEDZHRIX X W ARICKE L, BERSG
HEIFLRIXK2HRIK X D HEICKRES o7z B
BRMGHZIE, LRIKICHELTAREETIZV DD
HRIX ® H¥fkEY, LRIK X ) EFHM 28 LT
KELARD, PHEKRTHICIE, WMXOAKEIZEZ
otz BEIEIC B 2 RIEEE O 5K HEA
EWIE EFH R E P OB SEN S 2 & I3E B
ShTEH s HERT THEROERE 2o 7.
JEFE W o fkm L, BE IO &S L
Yity, BHUUH OHLEE ORGGKEAE W 1
RDBKE L @I B2, KRERTHEE
WM OBARIZHRIKALRIK X ) K& W % 7R
L, SNFEFTOHE L IZIZFAMKOBREZR L.

AER 2 128 5 RHEIUE 2 55 4 RITRT. B
WM o R fEHERCE 1X, LR2XATHR2IX & ) A&
2% h o7z BRI, Tills L ORTIE, BE
Hi U CLR2IX 2 f FHE U ATHR2IX & ) A E I
%o 72hs, I E BRI TIEAEAEDED Sk )
o7z, EERTHHICLR2IX 0 5 i BHE IR ATHR2[X
IV %ZHho7-01%, DCLIkgIZLE 2 TDNE % HA
FFEREHE D SR D 727230, HERBAREIK & Wi
] (P<0.1) #/%L72LR2XOTDN# S &AHR2KX

31



32

AP E DU [ SRR gE v 7 — B gE

%43 BRUEOMESRE S BN RENELS T
FHEICE I R GRBR2)
LR2IX HR2[X Pt
2 RHE R (2 kg)
BRI 5340500 167+0.16> >0.001
EE w3 558+0.38 507+020° 0.048
i IN=a R 662+054 675036 0.694
JE %3 687+067 760+104 0242
W EEE (ko)
B R 1.08+0.19° 291+0.36" >0.001
I w4 135015 138+007 0689
EE rR i 145020 161+019 0252
H 4 127013 125022 0911
f Rl BERER  (TDN/BAfAR)
0 41 1 808+042: 7.14+050° 0.016
AR AW 703+050° 633029 0.042

ab @ B 5 TSN KIETHELED V. P + k(.
* L RBREHIENE, ERNE L RE 2N o4F.
BEEREEEIILR2IX A%58H, HR2[X A%45H.

I0ELR0, ZoKR, W5 TDNED8Y% %
DLIZFRHENE DL oz EXONS.
TEEL, FRPE T, LR2E2 1kgTH -
7oy, PRIEEE OEIGE % Hl R L Z2HR2IX 1349 3
kgBH L7z, EEMMIE, WX CizmEREICH
HAIRD SN b o . EF RN R R L 6
HOTDNIL %65 :35& L Tl H 2 lERIWE L7z
RER1 R, K2 CRIEERI D S R AR
LR OTDNIL#85 1 158 L CEADE %2 28 L
72, L7205 THBUIE OMER 05K HED, o
B UM OEOBIR B L 5 2 b o 7o LS
ENb. 1kgDOWRICE T 5 TDNE T L 72k
ZOREE, EHEANE, FEE EEE S 2 &
L2 EMIC B W T, HR2KASLR2IX X 1)
BN TBY)AEEEPBEDO LN, ZofEITHE1
O L FIZFEEETH D, BRI AE R 2 246G
552 LK o TEFEMEOFRZREIYE SR
hrEz bhi-.

RER 2 2B A HREOEALE 5 KITRT. B
WIEICBI 5, LR2ZRKO HEAEHD»HR2KX L D A&
WK E L, EHERIBAREIZILR2XAHR2IX X ) K&
W (P<0.1) Z/;RL7:. EERGEHIE, HR2X

O H#HAED, LR2X L ) EFEHIH 28 CTREL<
%0, EFEHTRIAELE»ED bRz EFE#

T, HR2ZXDOAREDLR2X &L ) K& h o 7.
BRI BT 5 R R O G AKED T EH

%105 (2011)

H5ER BRI Fﬁ@*ﬁﬁwrf A5 EPBEEBAME LSS OMRK
BN T2 GRBR2)
LR2IX HR2[X P
RE (kg)
B AKE 146 +23 142+ 16 0.787
E B AR AR 319+28 281 +24 0.065
AU A TR E 443 +42 416+26 0.287
OEHRU TIRE 573247 565 + 22 0.681
EE T IRE 734+ 20 772 %43 0.123
Higfka (kg
B R R 1.14£0.19° 091+003 0049
E w3 085+0.11 091+006 0313
i IN=a R 084+0.130 094007 0224
E %3 069+012 091017 0.057
N0 41 0.78+0.02¢ 092+0.10> 0.021
AR AW 086+006 092+007 0248

ab @ B 5 LFIISNKIETHELED V. P + k(.
* L RBREHIENE, RN L RE 2N o4F.
BEEREEEIILR2IX A%58H, HR2[X 2345,

I P OBARIMEN S 2 L ZE B I TED
RER 2 THRMOKRE o7z, IEE WM
o kR X, EEYMOMBEEENE CHEE, &
J T ] O MLERE D AG 5K HE AT VW 13 EHERATR &
T BAEIA DS B2z GER 1 & [AARIZEAER 2 C
b EE M OMAKRITHRZX ALR2KX & ) K & W iE]n)
L, WEBHOETEEIARD S 3 F B H O
HEE OG5 KEDSENIT L, E T OBk
NTwb LifEgEs .

]213,]5,16)

2 BERHEOHEEAFHSEES RAREICRIET

0
BB 1 5 X ORI 2 15U 2 I £ 0 6 42
T RBL, B2 L b1C0— XSER, R

A, NFE, BMSH ¥ /8—, BCSH ¥ /3 —,
BFSH >3 —, fiEIRIFIEIC, RER1 & Bk 2 TX
MICHEEE o7z, K TIEHEERE 1 Tk
LRIKAHRIX & W A EICEL, B2 THLR2X
HHR2KX X D E Wiz /R L7z, 10— X Tt
Br1, B2 &b ICHERMBICHER 2 S8 L 7
HR1IX & HR2IX 25K & 2 fili %R L 72 05 B2 13300
SNh oz, BRI OHLETEHE G-k #E AL E
TR OO — 2 NHFIC LT B2 G L2
&, MR O G KEOREIRD LNV ET S
e &, MR O GIRKEREWIZ E T — A
MK E N ETLHE 3b L. KRB TIZX



TP S S oML R G0

56 K HIN M OME RS- B A BT LS OB AR T R

T

Er Al a2
LRIKX HR1IX P LR2IX HR2[X. P1if

HAERE (kg) 459 = 37 462 * 35 0.915 455 = 11 463 + 20 0507
o - A28 (cm?) 486 = 59 513+ 75 0513 493 + 48 545 + 47 0.151
AR AL (%) 716 = 0.8 724 = 10 0.127 725+ 14 733+ 13 0415
N E (cm) 73 =05 71+ 04 0.638 79 =08 74 13 0503
BMSF ¥ — 53 =19 45+ 14 0.399 50 = 1.0 38=15 0.176
BCSFyn— 33=05 32+ 04 0.549 30=07 30=08 1.000
BF SF vn— 22+ 04 23+ 05 0.549 28 =04 28 =05 0.879
W BEREE  (cm) 73+ 15 6.8 = 04 0415 75+ 05 78 £ 1.1 0.582
BT HEREE (cm) 3.7 £ 0.6° 3.0 £ 04 0.026 3312 26 =08 0.352
ab i B B L FIE5%AKHE Tl RBRIN T % D D . ER R
BEEREERUILR1IX A%65E, HR1X4%65H, LR2[X 43558, HR2IX A345H.

WCHEAITRO ST, F oM E RN 5K NEMHENZ B % AT & v & 9 5 Hifyesissie Hig
T — 2N HEICG 2 5B IS wERDbR <, BRI OMER DK 5K HE T R IE 2R

5.

AR AR, BRBR 1 & EBR 2 TIXINCEA e )
o7z, B ORLEEHG G K #E & A SR I B
T 5 N F TOREe0n210 T d — g QMM %
<, MR ORGKEDZEII NS VE Bbh/:.

BMSH v x—id, i1 L2 & HICXHT
HFREAEERP o7, Okab? RKAKRY 5 OFRT
i, AREAERWHABMST ¥ N — I H B I
iR 2 ZAR LXK EWEZ /R L7z, Okab™? 13
BB [ O MRS 5 S ASBMS T 2N — I KT
FTREIZOWT, MBS /M ORETIIE K
M OME R O G KEDSEVE, BMSTF ¥ /N —
HREL Y, —HRELOZH TIEE BB o5
KHEIIBMSF o N8B 52w Lz, F
720 5O TIX, BEMME T4 0RMHK
HoOLGERRENEL D IAMEPREVE VDS
ERA 0 Tk, BRI O O 5K #E DK
EWVWEBMSF U N=2UNES L R AP H A Z L
WRENTWAS, RiErTiE, i1, 2&HI12F
B TIELRIKAHRIX L b, LR2KXAHR2X £ D
BMSTF U N—=2REWliZR L7z, KB THW

TZRBAMII KB O BRI TH Y, RkowEz
ZUF 72D TIE R hEEZONDL. Lo TR#E
DBBMST Y NN —=IZRITTRBEIZOWT, 5% b

WCHRE 2T ) LEND S L b 5.

BEIREIC DWW TiE, Okad@ I3 HY M oHL
SRR X 0 B IR A% < 7 B 2R L7z
ELTWADS, BRI OMEE 05K #1251

RIS 7
BT IRIGE X, Okab'?,
T Y ] DML FL DG 57K HE 3

DL % B RERD

THRIXASLRIX X Y 751

Fe RITS hwnwE b7,
KRG 519

T
W, &THHHEF
bhTWwa., KRBT HER1
2, B2 THAERE

TlE B h o> 7220 HR2IXALR2IX X 0 # <, F R
DOMEIEHE G ED L W E R TRIFE ML 25 & &
bhs.

3 ERHEOHEEHE S ENSERBKRICRITT

=%

RER 1 B L ORER 2 2B ABRATNOMA, TR
BIOBERLZE 7 RIRT. HRER, 2K)HE
w2 TIR:, mRRNG, BN IDE K O R I

DEED, ﬁTﬁ%E%,%W%%ia,mW%
%Eg,wﬂk%ig XM CTHEBEEIRED O NS
#oﬁ.%6%~$?i?~,&T%% Ee=ya
M OREIRHE G ENS W # L o 72hs, TR
HRIAEAIZVOOOHRIKALRIK LY, F
7HR2IXASLR2IX & Y /N&Eh o 7z, FEREIZ, HRI
XALRIX & ) K& 2 fliz/R L, HR2ZKIZLR2X &

DAEBICKREL o7, WFHY RZESHY 1
JEEAR TR E IR W E RN oA, I8,
FHEEICENZVWI LERLTWED, KRBT
B H R ICH B O ML EHR 52 0 BAED b
7-.

RER1 B I ORER2 (2
RITRT. HREAIC

B BAAREREI G 2 5 8
(ZEER 1 EAAER 2 & B ICIXH

33



34

AR DU RS e £ v v — WSS 8107 (2011)

57 % HBMHOME R GRS RENEEI T ORAT OFA, B, FEEICRITSEE

AR 1 B
LR1X HR1X Pf# LR2IX HR2[X PfH
mAERE (kg 1179+ 9.0 1224+ 80 0.379 1173+ 6.1 1239+ 79 0.205
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HEE (%) 114+ 09 123+ 0.7 0.072 113+ 04 128+ 14 0.050
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Effects of the roughage level during the raising periods on the growth performance and
carcass composition of Japanese Black steers

Naoto NAKANISHIY, Tomoya YAMADA? Takayuki MUrRAMOTO?, Shinichi Kawakamr* and Katsuhiro AIKAWA?
Summary

The objective of the present study is to clarify the effect of roughage level during the raising periods on
the growth, meat quality and body composition of Japanese Black steers. In the first experiment, 12 calves
were weaned at 5 months and divided into two groups. The concentrate was restricted to 1% of body
weight and hay (Italian ryegrass) fed ad libitum during the raising period (5 to 10 months old)
(HR1group) .In the LR1 group, steers were fed concentrate and hay ad libitum during the raising period.
Both groups were fed in the same way during the fattening periods (from 11 months until slaughter) .
The ratio of concentrate to hay on total digestible nutrients (TDN) basis was 65 : 35 during the first 5
months, 80 : 20 during the second five months, and 90 : 10 during the last 8 months.

In the second experiment, nine Japanese Black steer calves were weaned at 5 months and divided into two
groups. The feeding method of the LR2 group in the second experiment was almost identical to the LR1
group in the first experiment during the raising periods (5 to 10 months old) . The steers of the HR2
group were fed concentrate at 0.7% of body weight and soybean meal at 0.3% of body weight. Hay was fed
ad libitum to the HR2 group during the raising period. Both groups were fed in the same way during the
fattening period (18 months) . The ratio of concentrate to hay on a TDN basis was 85 : 15 during the first
10 months and 90 : 10 during the last 8 months.

1. Results of the feed intake and growth

The roughage intake of the HR1 group was higher than that of the LR1 group, and the concentrate intake
and daily gain of the HR1 group were lower than those of the LR1 group during the raising period. During
the first stage of fattening (5 months) , the roughage intake of the HR1 group was significantly higher
than that of the LR1 group in the first experiment. There were no differences in the concentrate and
roughage intake between the two groups during the entire fattening period. The daily gain of the entire fat-
tening period in the HR group tended to be higher than that of the LR group in the first and second experi-

ments.

2. Results of the carcass grading

There were no differences in the carcass grading and physico-chemical property of the longissimus dorsi
between the two groups, although the subcutaneous fat thickness of the LR1 group was significantly greater
than that of the HR1 group. The results of the second experiment were similar to those of the first experi-

ment.

3. Results of the body composition

There were no differences in the carcass, meat, and fat weight between the two groups, although the bone
weight of the HR1 group was greater than that of the LR1 group. The bone weight of the HR2 group was
significantly greater than that of the LR2 group. The carcass fat percentage of the HR group tended to be
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lower than that of the LR group, and the bone percentage of the HR group tend to be higher than that of
the LR group in the first and second experiments. There were no differences in the weights of the digestive

tract, omental fat, and mesenteric fat between the two groups of both experiments.

We conclude that dietary roughage level during raising period affects the growth performance and carcass

composition of Japanese Black steers.

! National Agriculture and Food Research Organization
National Agricultural Research Center

2 National Agriculture and Food Research Organization
National Institute of Livestock and Grassland Science

s Faculty of Agriculture, Iwate University

* Graduate School of Biosphere Science, Hiroshima University
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7 A%, BTG HT R ESSpectrAA (ON) T VT
ryuav—) ZHWTHE L7, BRITKEGER
o X g Lz, R, Koy MR
PAL (7% ) TilllgL7.

T MR AT IS L 723 EHE L T o &L 9 12
PRI L 7z, ehiligl 13EEHE, HR Xy FiZown
T, TNENI IO BLZE 1kgxRLL, 33
—IZRAL, JHEE LT 2 mmoOfivICE THREL,
EIRT 4 KEORR 2157, B3n g, &
J& & B 7otk S IX OB 5 ERICOWT, Bt
DFE A AL BLZF 1 kg BRI T TERILL,
oy b ETH—IZREGL, ML T2
mm® i\ IZENT T L, #£IX 5 KEORE 215
7. BREUALE L, MR S HiEE 5 ~10cmDfLiE T,
15cmE TORIE Lz, BEEMHROARE) vk
&, HERE,S V- VAR, £ T
FYTNV—ETER L. MmEEEEIE, 2 Mt
AT AH L, TS EERIC - KEREEE
WX DER L. DA )T L, TRV,
AN aE, 1 MEEET Y E=7 A4 (pH70) T
B, BB TR E TR L 7.

m # X

1 FYMDEBHLIURIENE
ORI, EHIZ, +P - NEKKXT
210cm - 32.8#, +P - pi#E/KIX T197cm - 31.0
¥, —P - NiE/KXT213cm * 32.0/, —P - uifik
X T213cm - 31.6MTH Y, WTFNOMHXHIZH
WTOABEER o7 (F— 7 EW) . RGN
MO EIZONWTH IR L, B TR OR
WX, +P - NiE/KIXT2135g, +P - uift/KIXT
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AP E DU [ SRR gE v 7 — B gE

201.3g, —P - NiE/KIXT2165g, —P - uii/KXT
2064gTH Y, ) VEBHOAROEEIT R, N
HEARXDTH u AKX LY b ENEHID D > 7205
BaERhol (F2FK). T2, AN U
RZIERD BB I N o 7.

B4 RE T TORENE OR#G) &, +P-N
KX T2389g, +P - uiEKIXT238g, —P-N
KX T2455kg, —P - ui#EKIXT2606kgTH V),

HEAIBDOON o7 (5E3K).

B (Brix%) X, WINOXTH REERIC
W2 L EALORPET EREREAMR 7 2 H - 72
A, RO X, +P - NiEKAKX T5.2~
71, +P - ui#EKIXT48~67, —P - NifEKIXT56
~70, —P- uiEKKXT56~70T, WFhouLi
MTOEERETED LN o7z (F— 7 BW).
B, KlBETIE, "M 7Yy FREEHY AT A
ORI 24T - 7225, ZHX 0 4 B idk
F:oWEF25kg/ Pk, BEREDH4.7~6.3 L FEHER 2L
H, MEORENIEOLNTEY, EARESOHEIX
EFEIATbh Tz (F— 740,

%105 (2011)

2 EEHIUOREHROERKIESE

b)) VEEEIL, V) VBREREOZEICX
5T, HEIKTLTW (B25%). 4¥Hotro
KR, TEOQ, XEOD, EFEQD) VEEEEIIHL
T, MK L2 HEPAR THo /2. TEOL
EEOOY YBEREE, HIEKEROREKTIZ
+P>—P T Y BEIEIE S & 2 5B b7,
O, WKGTEEOFEELRZHAEHPRD bR,
HEAKTEOM TS &, +PTIE, uilEA>N
HAKTH o205, —PTIE, NVEK>S uiiRkE, Y
VRGO KNERAE DM 72 o Tz, 3
@0V vEEGEIE, HBEKERORKETIE+P>-P
TY YRR SAC X B350 SN,

) VBUS DI OWTIE, EEOOEHZEE
22V, VU VBRI & 2 BB SN
B, AVTA, ANVIIN, TR ADERIC
L Cid, MEAEAKHE, AR EVTRIZOWTH
BhZ\ T ehrol: (523,

REIZBNTY, V ryBEREOEEICL > T,
) UBERIETLTW B3%). U rkeE
i, FC#EKTEORTRET AL, TXTORE

B2 EEWYEEEEhOMERES e E
+P —P S E AT
R NGEK UK NGEIK U EIK MEREK#E Bk A XEER
BME TED 160 135 13.6 20.4 - - -
TED 506 53.5 56.1 525 ns ns ns
EED 922 773 925 84.9 ns ns ns
EED 546 57.1 543 486 ns ns ns
&t 2135 201.3 2165 206.4 ns ns ns
P,0s TED 58 6.9 39 4.4 - -
TEQ 66 b 82 ¢ 50 ab 45 a Kook ns *
EED 48 b 59 b 27 a 2.5 a Kk ns *
EEDQ 21 ab 27 b 09 a 1.4 ab * ns ns
K, 0 T#FE®D 3386 504 36.2 52.3 - - -
T¥ED 556 61.1 54.6 57.5 ns ns ns
EED 356 37.7 34.7 35.9 ns ns ns
EED 389 424 36.1 40.1 ns ns ns
Ca0 TEOD 711 76.2 69.7 79.5 - - -
TED 471 453 465 452 ns ns ns
EED 342 296 36.3 32.6 ns ns ns
EED 329 30.4 33.3 323 ns ns ns
MgO0 TED 131 116 11.2 11.9 - - -
TE® 111 10.7 116 11.3 ns ns ns
EED 8.2 8.6 7.3 8.1 ns ns ns
EEOQ 8.4 7.8 8.6 8.3 ns ns ns
N TED 252 243 26.3 24.0 - - -
TED 243 23.9 225 22.7 ns ns ns
EEZED 170 b 160 ab 139 a 143 ab *ok ns ns
EEQ 150 13.6 13.6 13.5 ns ns ns

+P AT, —P MY CRRIGNE. N EKIGEEEK, RIS mBEEK. SR O B g,
BRI 53 G ik D EALIZHEY B 72 Y mg/g. Bfildn=5 O FIyMH. X7 LIHE B X O HICH

B L(Tukey 5%). ""1201%KHETHE, "E1%KETHE, * 5%KETHE,

ns ZAETIE R

W, 22l TEOERS A ZE2FLOTHNI LIMEDLORED T =% Lidh o> Tnw.,



&S D b POBHEIRIEICB T YR

BaE IR LRI BN
P —P TR

E5E NEK  pEK  NEK  pEk  HOOE BKGE XAH
g 1:EH 686 490 501 373 ns ns ns
2E% B 609 599 615 547 ns ns ns
3 H 643 605 643 832 ns ns ns
455 B 451 691 696 354 ns ns ns
=i 2385 2385 2455 2606 ns ns ns
P05 188 0.24 ab 033 b 023 a 031 ab ns ok ns
25 B 047 b 0.36 ab 034 a 024 a *ok K *ok ns
3B 053 b 043 ab 046 ab 036 a ns *k na
428 0.4 0.39 045 0.36 ns ns ns
K,0 158 329 ab 183 b 301 ab 357 a ns ns *
2EEH 481 348 347 439 * ns ns
3% H 2.89 287 292 265 ns ns ns
4% H 2.83 276 293 3.00 ns ns hs
Ca0 1EH 003 b 002 =b Q03 ab QD2 a ns Aok ns
28xH 0.03 003 003 0.03 ns ns ns
3% H 003 at 003 = Qo5 b 0.04 ab * ns ns
4E%H 0.03 003 004 0.04 ns ns ns
MzO 1E2H 0.14 a 019 b 014 a 0.15 a * ok *
282 B 0.23 0.20 022 023 ns ns ns
3B 0.19 018 0.20 017 ns ns ns
4EE B 0.18 017 0.18 0.19 Hs ns ns
N 162 H 1.39 1.74 137 1.43 ns ns ns
228 1.68 1.36 145 1.46 s ns ns
3EEH 1.14 .12 1.18 1.05 ns ns ns
455 B 1.02 097 1.15 1.16 ns ns ns

+P BT,

—P Y R, N HERISEEEK, KB, RO BAT

Fg. BRSSO BALIIHEERERERDH 2 Y me/g. BEidn=5 OFIM. XTMLEHHB L

[ — XTI A B A% L(Tukey 5%). **120.1%KETHE, "1Z1%KETHE,

ns IAETIE AWV,

T, +P>-PoOMERICH 7. — )T, [ UK
I ClB L7204, 81 RE T, wilEASNE
KTHo72DIZHL, FE2RE~F4RETIE, N

K> uilERKTHo72. 4BEEDY) VEEEEIZOW
T, WTNOERICEAAELEDBED LN L5
7z

) VDA O BRI LTI, AT O
B, B1IEBEOTA YT L, FE2REDO) VK,
AL, EIREOHINLY T HIZBNT, REK
HWIZLDWENAEE ThoTz (E3E). T2, 6
1 RE~FEIRED) VRERE, B1REOANNV
VUL, ITATTLAGRERIIH LT, #ARTEDE
WORBENHETH-7:. HE1REOHIV T L, <
TA T AEEIIEKHEAERB R O NI, ) T A
GEIEE 1 RET, +P - ui#EKXDI-P - uitK
KL LHBIE»r o7 IV TyaERIE, 61
BB TlE, NEK> uEKOBERZH Y. 5 3 K5
TIEWTFNROEKFTEIZBWTYH, —P>+PORR
Tholz. XT3V I0E, E1REO+P - uik
KX THBEICE - 7.

* 5%KiHETHIE,

3 TEIOEBERIZE

BRSO TEA KT E, PVE—27) Vi
IZOoWTIE, #EHIAY 60.5mgP:05/100g 21725 72
DXL, +P - NiEKTIE 63.2mg /100g 2+,
+P - ui#E/KTIE 637mg /100g iz - TH Y, HEAE
Vs, EBIHMLTwiz, —J, —P - Nifik
Tl 552mg /100g ¥21:, —P - ui#E/KTld 54.7mg
/100g %21+ TH Y, LHICHBRRETHRI LTV
(452, ZZHtEh ) oo, BNV T L,
BEZZTVTRLUIEZh 2D ST LT
7z.

B RO TIEO WA E RIS LT, 58T
AT o T2 RER, MEKEDEENGE L - 72
X, MVE =27 YEROM, SRS ) T A, KR
TANT T A, HREERTHoT. TUVEZTHE
SEBIOWMBREZETIE, EARTEDENIZLS
WENEETHoT2. VU, H) A, REERRE
FE+P>-POMBEAEE SN, ANV T A
—P>+POEBRYH LT,
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B4k FHEENXy FIREFOERKS &=
P,0Os K,0 Ca0 MgO NH,~-N NO,-N
Hisartiz 60.5 a 294 a 308.6 b 334 137 b 525 ¢
+P NJEIK 63.1 a 174 ab 2727 a 344 059 a 0.67 a
U &K 636 a 170 ab 2655 a 419 031 a 0.36 ab
—P NJEIK 552 b 173 ab  289.6 ab 34.9 057 a 0.27 b
1K 547 b 120 b 291.2 ab 37.2 052 a 0.16 b
DEUAHT FEEEKE ek * Hokok ns ns *k
EKAE  ns ns ns ns * *

+P FEATHE, —P 3 CEREIE. N EAKIGEETEK, o EKIIBREEEK. HA21Eme/100g
. Bitiidn=5 OFHME. 72720, FEmLEIcowTg, 400)%%’\/ FASERNL 7280

XM, SO LI H B X O — S ﬁ%é&L(Tukey 5%).
*IE1%KETHE,

FREFICON T o 72, *MR01%KHETH E,

W,

4 TEEEMEDY DERINE

T -EE-RECBIL I NI KBZD)DY
VROV TEE 2 IR L7z, 22Tk, b=
MDY OMRBEDO MVF - VEEORE b
MDY OISR (Ny FICHREL -8
w200/ Ny F=31kg) 2 HEMREL, WEEHIEZT

25
7355 [Hjosse [Z0oses
20 lé ’ _I_OBSbc_I_-1-05°
—094a 0.86a
FF405%b[-F 053
¥
1
g ° BE
& e
N OEE
feié 1 O+iE
= 0 18752 19562 19.72a 17.11b 16.95b
5
0
FLA—5P NEK 1K NIEK 1 EK
CHRREY) B
SRR +P —P
FE2l P MIMHADOIHE-FEFE-RFEITBITAS
Y U ERIE.

+P AT, —P 3y SRR, N EAIGEE K, iR
WEEK, FHHZ LR X FRICHEEEEL (Tukey 5%).
LT —N— 3R (n=5).

DINVF—=7) VBOBLREZRE L. X5
1S 720 O EERY RN CEZELRD T HEQR
EERED, QBIUVREDE 1 ~FA4REFTTOH
3 REE L. F2, ) USRI, BT
TlX, U UEEHEINE © 3550/4k, V) v BRI CIX

SEOHTE, BB O T —
*5%KETHE, ns IAETEL

YuThorz. B, FEEBMTHRE LI
DERAE, TEQOD, REARTE, oY YERIZOWT
HERE L L, B2KICIZEDO Loz, HERIO T
BWho bVvtd—27) YIRIT 1RGS2 D 18758 TH
D, +PEATHME LTSI NZZ) Uik 1%
H7203550THo72. TDH L, FEWARICIILE
N7z YEIE, N#EKD1.86g, uifE/AKkH191gTH
D, BREHZOTEO M- VERIZENZENN
WEKAI19.56g, wiE/AKA19.72g\ ML 7. —,
BREI ) VBT BT — PAA TR
Nz v, TEROAREY VB S S
NNEKA1.53g, uifEKH1.39gTHh -7, HH#
THED MV =27 VERIINIEKTLI7.11g, wiEK
T16.95gIZ A L 7=,

Vv % =

1 UCEREREODEE - E9READHE

P~ b0 YRR ZOFEEE LTI, AFHED
KT, 1Ewafkssiift, EaoZft (Ekktr ok
BEITEWEICRS), REIZDMEL, K#EOEL2
FrFFons. 72, BEPFEO P MIBWT
) UBOHEEZ LT L E, PEROKT AR S
50 LB S TwD, L L, RifETOERT
PEERE O b= MlzBwTi, 3L, B, wWER
oM FEHETRRENREIIOVTIE, Y LBt
SR X BFELVEVIZED SNT, RN ~
ﬁﬁéﬁﬁ%ﬁgéﬂ&#ot._®_k@,$ﬁ
ETHWETED MV — 27 ) YEBROEAPT
60.5mg P:05/100g%z 1+ T, BEfs o HEERFHY ~
W FH L2835 1080 5 ) & BRI s 25T g



&S D b POBHEIRIEICB T YR

BRMVEA—=27) VEBEEREBELTHEVEETH
0, U UBRERESEG T T, P MAEFT AL
OIZLELRY) VIRERPSWINTX72720TH 5
EEZONL. 72, M FOESIIIEEIZOW
T, V) VERIIGEE A ) 7 A OIS IE O]
MERRHYD, AVYTLA, 72V ALITHED
B BRD S 510 LTSN T0ED, KEEICH
Wi, FEHE - RITT ORI D5 O 5T O
MEPOIE, V) VBREREDIIT, O %E -
THBREBIRON o7 E2K, £35).

2 EFELEETO UESEROEL

EREBIVCRERETD) VBERIZ-PTIKRT T3
flmicho7z (25K, F3IK). /2, HF2KI
BWTh, 1HEHAYOY YBBIEIE -PTRT
TAHMINCH - 7205, HEENRARONDF, XEE
WZBWTOATHY), RETIIAEEIRON L)
7z, H2IIBVTRED Y ¥ ERIIIE I Z AN
o2 R E LCIE, RFENE LRI R
L OMICADHMBRS R ON otz (T4
BHE) 2D, REFD) VERERIINT HHEK
HEOREN, 1BHE 2 - 3BRHTHiEL TWwW
TR, RESLORFEPNEDIZLDEVPKREDPS
TRl EEBLLDEEZLNS.

ZZT, B2 LEIMADY) YRR DI
£ (%) (=P +Px100) ZEHLTALL, %
BETIEINEKD67.0%, witEKH504%, FIFIZTIEN
HERDY96.7%, 1iEKD99.7%TH Y, 1) v B
k2 VEREREOKTIE, EETKREL, BE
TN E Dol E5I1C, BREADY) VIO
FOORE CRFE+EFE) xX100) 2RkdDBE, +P
TIIN#EKA9.9%, KD 43.0% T > 7D
FL, —PTIINEKNS9.9%, wuiEKH584% & H
FENOGRIHEEPI0%RE R o T2 Z &A%
oz, COFMEIZABEHETORET—INOH
HLTWwa720, 6BHTF TRELFALZELAICE
EHICEHEDNKREL LLREND 5.

) VEBRZEMET T, WEMO M~ bR
WZBWTY) VBRERMET§ 52 &SI T
Wb, REFRICBITA2EED) Y BEROKTI,
INHO) YBRZFEOISIZEUL TW525, )
VR MERG LRSS L7 b= MICAMBLE ) YRR ZAE

REARSN o7z ths, —PTOEEFDY
VERERIL, BIEREMETH o EZONL. F
72, WHEERTH B RED) VB DM K5
DY VEBRIEOREE ZIFTnRWnT b RFEMN
BOWTH, M) VERIEIIHED 2.

2T, TEMARII) R A REDE TR 5
TEIZEYD, P MRFEIkgHZVEET LD
VERY VEE (P0s) OmZERHLTALE, +P
TIINWEAKA30.77g, u #EKH0.80gTdH > 72 DIk
L, —PTIEN{#EK20.62g, uiE/KA053g& —PT
2 ~3#E AR, BY) VD) OAERE
X, +PTE o722 EZ2EHRLTWE., 2ok
X, +PICBITBEER~DY) VREFPHEHTH
D, FHESY WL TWDE LI, wbWwd “&
R ASELTW2 e ER DI EHNTE S,

3 IO IILA—-T EEDEIL

FE2IIBWT, Y YIS 5, +PXO
R AR R (X, Ni#EK2529% (1.86g/355g), u
HEKD53.8% (191g/3556g) THo7z. ZOEIHIE
Wil GATO WD, RREDICHEDL SR
T35, SHEITHEEE L CHW 2l E Tl 4
HIRREDSREN Y VB E o TRt E R L T
W5,

HHY L, U YBRBIURBOREWTE 7 = VH
BAR T 12 7801 RIS BT, MEWIRIX
BEETbo THIEI N VD) B, ks
BIEDO M VE =) VRIS LB
X, 2EBETHo72WME LTS, ) VR
PR D /NS IR % W e ARFZE T, &
R VRO BIEREHEO PV A=) YEREING I
S B A I, NiEK247.9% (0.81g/1.69g),
wiEAKH59.1% (097g/1.64g) TH-7-.

59 0%, vt =271 YEEH50mg/100g%z 1
Do, i) Yo, TS0
W) VEBRICHRTELS 252 L 2@ELTH
D, Kkt Y BoBREH TS L,
KRE GV TIBICERHL, SO TOEROEET,
TR B ORI T 5 L v ) BIFERICD
L AEREPRIE SN,

Mo T, V) VEEMIEEE CoTIEER Y L EEHHE
MUZWEEORIEZE 2 5 7% 61F, 1EWITIINE
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NGho7ofmF) YOS H HEIZEE S FIZ b
WA= Vgl LTHIBIZERLZY) Y ROS %
TR Y > A SEIRS 5 DA5EY &% 2 Sh, BT
MiME R 2 E~ 3 FHIRICAHY T2 LA TE 5.
—hT, U VR, WA VBRI
WL, BREE RIS AR R TIEO v E— 2
V) UBROWARE LB LTwW, 22T, #HE
MO Mvt — 270 VRIS B ERARIRI)
Bo#lAzitH T L, NEKI?S.2%
(153g/18.75g), wuiEKA7.4% (1.39g/18.75g) T
Holz. TOZENL, KEBD X R (6 B
LR ThhL, FHELE, BXEI12MEXY) VR
MR TREE Z 2 5N b, Lo, KiGcHs
VT % AR ) VR R ARES TUE, BUE TS 2
LT EPMEINTBYY, FEEIIIREMITY ¥
MREHRIMET L, Tt THHRLETF T
LU RN D 5.
CTHLZERD, VU VEBRBIERNES 50 v
MR R RS 2479 7201213, BB IS W
MV =27 YIREOBNZER LSO, WO
PRI TR Y YRR E ONELIZHE D W R
EATH) S EDEE L A, 2, FOREICIE, 13E
BN X2 VBRI OENICHE L R %
/A%

4 BHEEKDRRE

JTTEHEK O AT 2 72 ) OFRHR O W DY
DAEBIZKITTEBEOAMIIAEH LT T 728 T
i, MET Y TREMARRD ) ofiEod
BWHETIENIZL 250 LWI)MELrH L DO
O, b RAHYTTT= (IR BEHHEES)
T, WRISEE 2w EHREIhTEBY, EFIC
ST AREIFHARE LTwiv, KEETIE, &F
B W E VI RERE R 7.

—HT, V) VBEWIRANOEEEKOREL LT
&, ZEE - REOY YERITH L TORHGHT O
REro, RECBWTIE, #AKHTEICL RN E
BThrHrI RO (3K, EEIIBVWT
&, MEARAKHE & KGO HEAER A (52 3%) &
oz, 72720, VU VEBRUSNO R S EEICD
WU, ke LT, EFE - RFEL DI, WEARKE
DEN L BRBIIRD N o7z, T2, RE

%105 (2011)

HOY) YBERNDEKOFRIZOWTIE, H1R
BTl ui#EkTY) YBEENE P 7-DIKL, &
2 BB, #3BETIE, NiEKDOTIE L, #AKIC
X BRIE, REOMEICL - THRES72. 2hb
OHBUTH L TIF, V) VB E ENLS O BERERL 5D
I TOWAE RIS DB E OE Y, I X B0k
U~ D, 5503, EF AT — VRE R
B X B85 DOHE/N Y — v ORI 2L £
DWW, S ALENRD LD, V) VBINEANDR
BIZHLTYMALZEIED T — 5 DAD LI,
THRBENETE R, Sk, WK E IER)
FOMBRZWS T H720021F, Bt X ) %l
WZHER o 72l R GED L EE T H 5.

Vi £

b~ b OB LI BT B ) VR R &

V) VR R T Y BIGI S, FEiEY) g

& HIEFR ) VERDVVERICIRAIE S b ElE %

HH2IZL, V) vERERTESATOY VBRI

Bro#o Rt &R & & B, MR A

HWIZBEOY YEEEIEE O FIZONTHHR

L7, Bt brvtE—27Y Y#60.5mg

/100g%z 1= D R A 4 % H v 7z

D) YBREEOA K, WARTEOE:, wih
WZBWTH, EFE - WEISHT 52378056
Nhroi-.

2) U UVEBERECES) VBEROKTIX, R
FLDLEETHETH - 7. TEWARBILY ~
BBORENOSEILHITY ¥ B EHEERI210%
MESE,Po72. P MRE1kghVAEET S
DIZWE R, BITICHART, U VR
ET 2 H~3EHP%RLBoTBY, EERSR
Do 72,

3) U UBEETHREY H BT RS T,
AR Y ORI 6 ERETHY, T2
KROS5 ~6FB VA =T VERE LTH
BICER L, hohs ) YEBBRIEOW R
HipHz 2 ~ 3F LA L.

4) V) VEREAR RS T, TEWIIN) e &
VA —=70) YBROBAGIE—FHLTEY, F
M) YRIEEEG HEFRO Fvr =27
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VHED T~ 8 URETH o 7.

5)  RMEEKOEEIZOWTIE, EHE - IGE
R 2 AR ST, U VBRI S
LTI 2o 72,

AKIE %2 BT 512D 725 T, IR DAl 3
FORHERICB T, TR E L LRER
2R DI RIIR, FIREK, R, HA
MRS LE L TE#HOZmEZERL Y. 72, &K
DIFH TN, AR
FLELT, SCUEHOEZRLIET.
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Influence of Drip Fertigation using Phosphate-deficient Solution on the Utilization of
Phosphate Accumulated in the Soil and the Distribution of Phosphate in Tomatoes.

Shuichi WATANABE!, Yoshiaki KASAHARA? and Hiroyasu YOSHIKAWA"?
Summary

To prevent phosphorus accumulation in the facilities' soil and effectively use the phosphorus resource, the
influence of drip fertigation using phosphate-deficient solution on the distribution of phosphate between soil
and plant body was examined. The soil used in this study was gray lowland soil. In addition, the synergistic
effect of ultra-micro-drip irrigation under reducing application of phosphorus fertilizer was examined. By
using phosphate-deficient solution, neither the amount of growth nor the fruit yield decreased. The phos-
phate content was decreased more remarkable in a stem and leaf than the fruit, and the distribution ratio of
the fruit to the crop body was 10% higher. The quantity of the phosphoric acid which was necessary to pro-
duce tomato fruit 1kg was lower 20% in the phosphate-deficient solution than the conventional cultivation.
The rate of the absorbed phosphate to the fertilized phosphate was around 60% by the conventional solu-
tion. Then 50-60% of surplus phosphate which was not absorbed by crops was accumulated in the soil as
Truog-P. By using phosphate-deficient solution, the amount of used phosphate absorbed by crops was
around 8% of the total amount of Truog-P in the soil before cultivation. As a result, The amount of phos-
phate which can be reduced from conventional solution application was estimated as 20%. No remarkable

synergistic effect was observed during ultra-micro-drip irrigation.

! Research team for Conservation of Agricultural Watershed

2 Research team for Protected Cultivation in Hilly and Mountainous Areas

51



SR Y R0
53 — 67, (2011)

B AR D < DA D EBHEN % Z WU il
[5SIEDD] DFMR

ANESE - AR - AR - i e -

s - A =2 - WERE - HREZ -
e —

Key words : /&,

H
I ﬁ% %‘ ............................ 53
I BRI oo, 54
il I:'I:I‘Il f@ 5%& A[ﬁ ............................ 54
1 %*ﬁfﬁ:ﬁ@%ﬂﬁﬁ{f .................. 54
2 ﬂi%’éﬂ’ﬂ . %%‘éﬂ"ﬂ%'ﬁ .................. 57
3 mﬁ'ﬁ L Eflﬁ]g .................... 59
4 mﬂ-fﬁ'& . Fﬁ%mﬂ—:ﬁ .................... 59
1 % 8

FEHATIE [BH615] & [ulrtaaFx] i
FEFE L L CHI SN TE D, IS0 MEIX
CHEETIO—RT THY, RRETIv—R" D
F— A MF)TENEFIHASW (F—ZX TV
T RY VT —=F - RTA4 M) RIHEEEHRD A
FFE [R7 vy ] ERTOADEENE S,
7o [RM61S ] ZIRBEEINEDH ), LINTH 5208
Wik - RFEECTHY, #BHEUsSS. [Yaltaln
FIIHRA - BETH L D OORII LRI VIHIC
5 < INEMAIA TG TH 5. EEF R S IUEN T A
PRLTWD [F7rT4 3] 90354 ZILTH
L5 HBUIAtTLSTHLEEDIC KT Iu—
A" THHIOHENEONS. HHAREITDRR
K7Ig—20ffE LT TERwnwsid] » &

anfl, OAM, BB, K FR

R

5 BUBME ceeceeeieeiiiiiiiiiiiiiiil 60

6 INFEBFERL e 60
VR HAR &R EOTER e 62
\Y % gg ............................ 64
VI ;me E ............................ 64
5 H 3'( ﬁk ................................ 65
SUMMATry +vrrerrrrrrmresneennenneenneans 67

(4947574 F ]9 P EERBEY (R - Jul
MRS v ¥ —) TERINZD, [&hn
A IRy gs A LR IEM: &AM
PARTHTHY, (A T4 F54F] BTV TFro
E R EICHERD A7, WIND W LITRER
ThHb. TOL)BRRPS, RRET IT—-AT
DAOEEDEN, BRHESR L, BRFSRIV
WWIZm L, BAETLZNOMEI KD SN TE 7.

Z I T, TN OFEEE iz 72 HARD A /N
Z&E LT [WEI151%] #FKL, 20054FE12H 12/
L1645 [513oR] & LTaaBiksns.
SR TIE20074F 4 H 3 Eh il (REUE mfl) (12HR
Hah, R CTIE20114E B o 325 S AEER LS )L
TRHBGAE L TS T TS, wiho
P BT b B AR 2 JG AT o "R Hi i 5 67,47
WCIBESNTWAS., T ZICEDOF AR & R
FrET 5.

CPI%224:8 H23H 32 4%, “PI%k224:12 ] 13H 52 3)

INEWRTE TV — T

VB U aeb EDY E RS v S —
WEMTEF — A

RE - 372

2Bl AR SR AR 00 Y
Soe HpE RS AR

YBL UM R SERT R v 8 —
SHL hRESERAGIIEE Y 5 —

53



54

AP E DU [ SRR gE v 7 — B gE

B, RMHEOBERIZH:> T, ¥EEHE1HD
F AT PR S S OV Tk R 12 [ 48 B R ot A A
a5y A R AR A AR - Sl 3 53 XV 20 L
HLE, FTBERROZHYE, NEEFRHITI v
ABMEEIC R 572, &0 b STRE L o B REH AT
Wht >y sy —RERZER, REGRELRE Y-
NPT R EMRE AR R R RO A IE %5
BIRDZEB -7z, X512, R R oA —
KB TH 3D ADBMEICE K T 7272
W MR 2R ) CI RSO 4 ICBELIE L BT 5.

I & mlEB

o E SRR (BL - s Y ] R SR
=) IZBWTHAE, LI, BERFH, PRKT 3
O— 2D HARDAHNEAFREAEE LT, 19914
4 HIZ [VHifE168%5 X H125358 1 OFIC [BIH107
5 x H%5385 ] OF & N TR L7z, [THE1687%
O [Ehnsid] T, RRET7IT—-ZATHA
DEEPENLBEERFTH Y, WHOWRBARD IR
CTZNVT 21355 <, BRFITEmOAICEEIE S <
s, [H%5358] IZHALZINOMEE 7 I u— 2%
W, TBHR1075] 37 Iv—2ARHKTHA. [Hh
%5385 (3 [HhIE143% ] (20054E 3 H 14 H Sl
Bk, B8 TH12829%) T, @ET IT—AT
MOPENDL LR TH 5. BRHREZ 1K,
B E 1 RITRT. FLTI34ER], FilFsid
R E L, B4& - FRORKE#K L2, FT
HFETIROE TR B L, 2272 [h%R
7325] ZFLEOAREIHEICHAT 5 & & BITR
fe - AR & ke L 7.

19994F FEF L2 & [ E 1515 ] & L CRLRAT
VLICRAT U T3l e s A LA L, BT 7
RSNz, F 7220044 FEF L HAC C [ g B i A
i, Moy ERE, R, BBoOZEHHR
BrORTEHAMCHEELTWD Z L 2MRL
(%5 2 32) . 20044F 2> & SeJ /NP CRAED IR E 1,
F2BEFIMEICIIRA SN T AR5 72b D05 %
DERDRIAD B Z DS, 20054246855k % Hi
i L, WAEIZHI/NEZRKI6AS [SAL3or] &
L T8k 37z, F 72 [H4E11 H I i f 8 g5 i
L, 20094 9 H28H 2l g fk s /e (B =48

%105 (2011)

1849677) . HHAEHFH 2T RITIRL .

AT [51E00] Lok TEHEL LI
LCWaD, HEFEZKThHLETNE [EEZE]
TV 77Xy MEELE [Fukuhonokal &7 5.

I & &5 H

1 SAESMEORESE

M - B DAL, EE LTHERM (RE
VALK LTl P R I L2 BT AE 3 % o0 3 v [T DY [0 2 T 72
Y v — ORERE ;) O RETIBOEDRERICHED X,
e Tk G Mo T A B S UL & i LU o Sl it A e
FAEORER SR L TR Z R L7, BRibo4k
PENIMOE L, IRESIERE: (5:70cm, #IE20cm,
FEAE R 140~ 150%80/ni) & NV VRIS (SRI21~
25cm, IEMiES5~6.5g/m) O 2 MO PR L THE
B L7z, #ERENZ1IIHIHE 2 B L72as, 4ERE
WCEDI11H10~23H & o/, MlEE (BE-V >
B — 7)) O/ m) IZEFEIZE )D& DEFHH
HBHH, HIIIEA60-77-60, B (2HE3H
D2 OEEHE) 13AR5.0-35-45& L7z, FEHE
(PFAFEMI B M) 1 ZA MR EHBBE I,
R VIR Cld 8 HE % 2g/ m R EEIEH L 7.

S I, B o AR RE R IORER (2 2.
C AL IR & B LU o0 B i A e R AR ORE D 2 kX
L7z, BB E LT, BHKES R
SIMETHEL TV W —Z N5 TENE
P ASW & eI ERN &~ & — 20 b MK T o
LTV W R B IRE [ERAR61 5] 2 kil L 7.
ASW & BERILRE [EK615 | (3 EEO/NEE K
BIOEZHEREMEERL - SR RERESTHY
SBNTV 5 EEILBEENTH 5.

BREEIXT T 7 T IVERGEE, WEIXSKCS4100T
Ww L7z, & o828 (&8FEX570) (LERMN
Mrids, Ko Z600CHRBEECTHIE L, wIhdKky
13.5%ME L. BHEva—5—5F A F3I N
MLU — 202 TATVy, I L7235 T60% 8 & ik
L7z, RS o [NER] 1323 XT60%HTH %.
I v 2aTIEMER 100 ((80—HFH4E) +50
(AL — MBIKG —03)) TR S b 8B E0R
BT, KR E VI EIRG DA 7 { REO/NER A
ZL/BONDLTEERERL, BERTVD. NEHO®



HN=2E V)

NS A [ 5 <E0h] OFK

FhE J

o

i

‘ PEE1205 (e h 2o h%)

B E29%

Al fakd

W1 68 B (Z NS

BAR205

H1X

H Wk 1045

R

} T 1555
PUERT B v b b)) &
o L J
Wi 115 8 (b 24%) I8 /R AETIE Sl
T B L T b
PHHFEL20 b
16575 5 (B 4661 55) i 120
— L0225
SFFE sy
7 h %5358 —
Jessore — TFEY1E F4
RATH56 1 il A 1-15 A 3989 (FPE 111 5) 41728
B 567 Combine = ——
F1
‘ FEYSE (7VA4asy) = —— 1 BEITE
K98
BAReTE [ —— i
1
Btkoes M B65 (70 385D I°1 M 79
M6 A6 — AT I07T Y
Ptk26E —
s —
=2 IR A EAL
632
NESLF %2074 ] NRALI8 — 174624
JEAe15 k585 EHRs1E — M
HHEEA
H ﬁ'\/‘kill\q‘)
EZNIR | #5385 |
(FE1435)
26 R
T A r# 2,7 SR >
I 347 (’gz;%g;%) | vy —
RS Yup AULY
EEYTL-3E LT

I'1

ST D

55



%105 (2011)

AP E DU [ SRR gE v 7 — B gE

56

0f — 0T — 1e 00T
Q — o | 92eL ||
¥k
» ” 1] ] 1 G8ESYE rh /L LOT 2 [
—c . . g S S S S 0 & o x
. A v v . . fi4 I ¥ ¥ 1 8CECY th /£ QOTH il
. . . . . . . M mNMN N m‘% mmw Pz =] =R
. 2 . . . . 2 . Y I I
I— 11— 11— 1 I I I I
L161 (%9 681
=] | | N < M
bl i 1 7 (16 5 [E3 [El3g % ih 4
8 91 02 o4 61 8 W B AR I (3
L W YR AL YT VR
Z Z Z 4 - 9 S Z TR YE A
( (1o ( (1o ( (1o ( (1
FACOA B0 A0 B g mymy gy g Wy
QRLET PP RRPENT RN B raEr
pisA vl L) L
8 8 01 0r G S S S S 2% WIS Woor 116 L8 LS | W)
I I I I I I I I I 4 ¢ AT EEE
I I I I I I I I WK
116 116 L8 Wy
8 01 01 S G S S S Z 153 00T WK i
I I I I 1 I I I TR
nq g | aq LS| o] 5] ] g o] e " e o] ' T Yt
7002 €002 2002 1002 0002 6661 8661 1661 9661 G661 7661 €661 2661 1661 0661 (A
BOEE. ETH



ANS DA [ 5300 ] OFR

g2k [EENE

aie REED BE (cm) HE (cm) M (/) e
S5 CV (%) Ty CV (%) Ty CV(%) k%

1 4H10H 78 3.2 10.2 7.0 12.3 215 35

2 4H10H 80 4.0 10.1 6.1 10.3 30.2 33

3 4H10H 81 4.6 104 8.8 11.1 30.6 29

I 4 4710H 81 44 10.0 6.8 12.1 216 29
é 5 4H10H 79 3.6 104 7.6 12.8 18.8 28
D 6 4H10H 78 4.2 10.3 6.5 115 26.9 27
» 7 4H10H 78 3.8 10.3 79 10.1 29.2 30
8 4H10H 78 35 10.0 8.7 11.7 28.8 34

1y 47100 79 39 10.2 74 115 26.0 31

SARECV (%) 1.7 16 8.3

1 4H16H 86 4.1 8.1 8.0 85 24.1 36

— 2 4H16H 85 39 8.0 71 8.8 238 35
é?; 3 4H16H 84 3.2 79 7.3 84 20.6 36
%ﬁ 4 4H16H 87 34 8.1 7.1 9.9 214 36
5 5 4716H 84 35 79 73 84 22.1 29
Z_ 6 4H16H 88 4.3 8.3 6.9 9.1 28.3 32
* 7 4H16H 90 44 85 8.2 10.1 30.2 27
z 8 4H16H 91 4.6 84 6.5 8.0 19.8 31
¥ S| 4H16H 87 39 8.2 7.3 89 238 33

SARBICV (%) 2.7 238 85
BE S 0 MEE70cm, Zefi12cm, 25T 5 3%

R 20044E11H4H
CV @ ZER% (Bl s/ T1H)

&, BRI B Wk aobliaEt (3 v s
CM-3500d) T#llE L, L*a*b*&@RTHRLA. L*
() 3RWHPEL, a* Rfadk) 1234
MRV 72OV R, b (Ffadk) (&
~RREOVBRWEFFHI SN TN, EFHE (B
&2tk) ZBwTiE, kot —r7L—F—
(74 Y AL —#IVH) CTHEIEL, #5—7L—%
=\ 2— (CGV) T#L7Z. CGVIRWEAR
WEEHMiE NG, T Ty oML TH B
WERELE T L= VT IR 718 E
a7 7 CTHELR. 77 2 WoKkE L EYYED
MEERITNANA)A—F =N 2—FT IRV F—
#7797 777 TR L. ZOMOIEHE OFH
BHFNFLEIIN U THEEOEICRHIRK L 72,
TS THRMEEE R L. 2B, miEsskn

X 20054E 11 H 24T 7278, & O R Gl 3 )5h Ak
PR C, 2Dk b B2 Al g B A A3k fe S
NTW 2 OT, mflE sk S OB b 7.
SRR DR B 72 o THE, HORFIL T b 14
MO\ [RHKR615 |, THHAR TR S (Ef LS
%<, 22 [SL1Eod»] OFRNEHITTH S &
RO TH S [YadrarnF], LA
BRI T B 5 IR OFER) AR > 73 F 3 4 F ]
Lol E AL L, SIS U Tho mid - §6
ED L 7.

2 AR - RS
[5IEO0] 3IRE T OFRUT, #HEeR

EL, HRIZPLRHC GE3R, GH1). M

LB [YudrasF] iAo RAMNT,

57



AR DU RS e £ v v — WSS 8107 (2011)

3k HE-E

B W &S0 DA = A S VI FaLy K61
i e FERk IREE-IX4 BERR IREE-IX RERR OHREE-IXg RERR RRE-X9
1-1  #M 4 R H AL 4 R H AL 4 X R [H AL 4 R R H AL
1-2  HRoOKM 6 | 6 | 6 X2 B 5 th
1-3  #¥Eof 1 b3 1 b3 1 b3 1 Eliz
2-4 RE 5 W 4 53! 6 PR 6 PR
2-5 Rofik 6 K 6 XK 6 K 5 h
2-6 RomF 6 il 6 il 5 R 5 h
2-7 RBoOTvrADEN 4 R 4 R 3 & 4 24
3-8 M 5 i 5 i 4 R R 5 h
3-9 HEEIOT v 7 ADELL 4 R 4 R R 4 R 4 24
3-10 FEWOEOLME - £ 1 I~ A5 1 I~ A5 1 I~ A5 1 I~ A5
3-11 EHOTERE 6 K 6 PR 6 K 5 p
3-12 7Ly sy roflk-%4 2 i 4 R/ 2 iy 3 &
4-13 M 2 LUFIRIN 2 EUFIRIN 2 LUFIRIN 2 LUFIRIN
4-14 HE 6 PR 6 A 4 R 5 h
4-15 kEOHME 4 X2 R 4 h 5 h 5 b
4-16 FEOHHE 6 PR 6 W 6 PR 5 h
4-17 oI v 7 2D%% 3 & 3 & 3 & 3 &
4-18 STOHME 1 1 1 1 1 1 1 El3
4-19 #Hof 1 # 1 # 1 # 1 W
5-21 TR 5 A 5 A 5 A 5 o
6-22 50f 2 # 2 # 2 # 4 %
7-23 WOk 5 A 5 A 5 A 5 o
7-25 RO 4 &) 3 &) 4 3] 5 U]
8-27 NOLEHOKFE - %4 1 I~ A5 A 3 1~ Hii /> 1 I~ 1 1~ fii />
9-28 THiHE 5 A 4 A 6 K 5 i
9-29 #HAEE 5 A 5 RN 5 A 5 i
10—30 EFER O RL2 T oMY 6 el ot 6 Hr 6 el 5 Hr
11-31 HEAEER 4 2R 5 A 5 A 5 i
11-32 k& 4 R 4 2R 4 2R 5 i
12-33 955 - bEDH 1 VR 1 5% 1 5% 1 )5 %
13-34 o 1 I 2 I 2 I 2 I
14-35 %M 5 i 5 i 6 X2 R0 M 5 H
15—-36 4 R R 3 R 5 A 5 H
15—37 B 4 R 3 R 4 R R 5 i
17— 43 Tk 5 A 5 A 5 R 5 i
18—45 T Bk 6 R RhH 7 i 5 A 5 i
19—46 I 7 [ 5 PG 5 h 7 L3
2047 iRk 5 Fh 5 Fh 4 G 5 W
21-48 IEME 7 % 5 h 4 R 5 H
2249 ROk 5 rh 5 h 5 h 5 W
22-50 HiZ 1 WIRE 1 WIRE 1 WIRE 1 WIRE
22-51 BB 6 R0 6 =1 6 R0 5 W
22-52 IYrrRAar 7 = 6 R R 6 R 5 Hh
22-53 60% Ml EIE & ® 4 R/ 5 h 5 h 5 i

22 =54 60%K3 K55G 3 & 4 R 4 R 5 Hh
22-55 60%I7 I 0 — A &R 4 R/ 5 H 5 R 5 W
22-59 OB 5 rh 6 R 5 h 5 W
22-60 O AH 4 R 1K 3 R K 5 H 5 W
22—-61 R OU LA 5 H 5 H 5 i 5 Hh
22-62 WK 5 Fp 4 H 5 el 5 W
22-63 NOY RA—F—)N1) 2 4 R R 4 R R 4 R K 5 W
22-68 IR 8 Y/ A)DN 5 rh 7 X 6 K
22-69 TL—r ¥ 6 XK 4 KR/ 5 W 5 W

) PR BRI AR H O R 12X 5. IRHIKHUEIIAWE (RS,



AG

(ARG ] L% & MBEMAT4 H, B3
HRW (43K, H5%). MILEOIRGRMEE [
SHFaLF] LRSS E, FRM T4
~5 HRWL OOHIHIIFEETH DL (5 4 &,
53 A, MINETIE [¥I9Farx] LK
A5 HE W (515%K). S0 [Yyaltraln
Fl R [¥YoHFar¥] LEHL "] (H5) T,
TRIE ‘P ThHs (3K, BE1). BRI
[YaX+*asF] XD10emeh £, [EMK615 ]
R[¥IHFarFx] L) s5emuigEvy (554K,
B53). WERMEE Yol traax] X05El,
[EM61G ] Loy (F4%K, $55).

3 NEMEEEZERE

[5E0R] OEE, [YudtrasFs] R
[YIHFaaFX] LHRTI0~12%% <, 261
Tl EHRTHA%E (B4, 5. LHE
BICBWTIEEENE [Yadraax] LHRT
F116%, ILEIZBWTIEIERNE [ 99 Faa

Nl [ 530 ] OFK

ZOMDORFIIZB VT D, FNENORFIEO I,
L ARTAZINTH S (55125K).

PR IIIAR 2 B AR b (554
¥, E5 K, H13FK, FI5K). THER [Yar
ATAF] LY REL, [V99FarF] R [B
M615] X XDbIFnhswv (B4, 5%,
133K, #15%).

yUNRTEEARIIKL, IKGEAFRIE [Yuh
x:A#J@F&?ﬁ#ZA#J&ﬁﬁETF%%
6175 ] LD (5545, 555K, HBI3EK, HBI5K).
WERE L, RN ED—IC50~70RETH 5 (7
—Z AW DL, [HEoxr] &k [yabhs
ILF] R [VoHFasy] [Biels] &K%
PHCKRETHL (B4, H5HR).

4 R - EEmW M

M PESF DFFPERUERE R 2 5 6 IR L2, [5
CIEDOH] BT TR IO P
WMoV —2) 128 <, RPQOWERIUEE [RA615

¥ | LHRTHIONZINTH L (135, #155). mRELHEBED h7, 9 A ZHEEIIME (587
4R EEIBRERE OMESTE) ICBUA4EF - e
- IR R ORE RE R ik THEE O MENE AME O TRE  EE EESr BEEK
" (A.H) (BB (m)  (em) k/nd)  #E  (kg/a) (%) (gL () MR S2E%) 5 (%)
ERGELY 414 602 88 88 448 09 499 110 805 377 20 85 159
S ERH 415 602 82 89 403 00 446 98 808 346 16 90 156
Fr T4 X3 415 602 87 87 444 09 513 113 812 405 18 81 157
SUAARILFE 415 602 77 87 448 01 455 100 817 364 20 93 158
YSHFIALF 419 602 93 80 379 09 441 98 807 395 18 93 159
BLFR615 418 605 91 86 463 19 477 106 812 387 25 86 170
) 1998~20084FEEDF-H. BIRFLEL L 0 ~5ik.
W5k EEIBERE (KL ICBUL4EF - =

B WA M BE ME OB B TEE AR ARE TRE EE EESY EEK
it H.H) BH)  (m)  (em) k/md)  #E  (kg/a) K (%) (/L) (2 W S2H%) 5 (%)
ENQELLYN 414 602 8 92 396 04 533 112 817 391 25 90 163
ENG-E T 414 601 82 92 412 01 501 105 824 351 20 97 165
FrI4AI 414 601 87 91 413 04 546 115 820 416 19 87 161
YUFATLF 414 602 74 88 432 00 477 100 827 367 23 99 166
VIHFALF 418 601 93 82 367 06 479 101 814 406 20 100 164
FLpR61 % 418 605 90 91 424 16 515 108 821 400 26 92 167

W) 2001~2005, 20084FEED -8y, HURFRELIE 0f~54E.

59



60

JTE R E DU R BN v 5 — g 85105 (2011)
86 R HEMEHUE B CR
YA & RS OR S AR UY/ONT TS VA XA
BN ELYR I G Hh o iz
S ERHh I i) h rh L%
FrITL 3 I By o8 73 A
YUK ILF I 54 i R RR%
IHFaLF 11 i) Hh L3 %
BLbR61 % 11 th i i 0%
o oos~ T (9% St
KB LHPHERE  GLRPMERE 20000, A e SERPUERE (1998, 1999,
(1998 (2003, 2004,  DUERF (1998,
(4R ) ~2008) 2007) 2001, 2001 1999, (1998~2008) 2004, 2006,
2007 A% P 4 UL 2007)

(1999~2004)

1) BHPEOREMIX 01 VAR BRI A A Ay i ) o2k 2hE o 72,

[ 5 EDOH | TSI ORISR IX 55 & — 30T 575, ZOMo SR SRS 8k E O ERRIX 5 & —3 L Wik did 5.
FREOIHEITH LCIE, 3BT E ARG R (F— 7)) 10X 5 &, ST IR & MBI Z R T, HHARTIE [51E0N0]

1358 < Z .

Thb. 7Vyrry (EZOREMRN) XI3EA
EIREL R, [AIE0r] oK AR T
B HIEHPEHITIC BV TIE, IORZBRVWTH &
A TIRIEFEE L T (B i Al g R A 2R,
T — 5 AN . R M TUE AR R (77— 5 )
PHRT, [A1EZ0H] O S ORI X%
AR E I BV TRV AY, HARD L — X ITH L
T AV EEbN b, WEHKE, [HLI1ED
2] LEEME-IEWFELIE L o 2720, Kb
PRENAHTH 5.

5 S
HEROWEWHARDWBFEDO T TIE [V FHFarx)
DI S B R E o 7288, [51F0h] 138

WA (Vo9 Fass] Ihmd, ASWISHE
V. [ S LEOD ] ZANERIKGDSASW & D 7z
W, IV Y TZAATIFASWE ) EW (7R, B
105, #15%%).

6 IEHRE

TIO—AGARI [YaltrarF] [V
PFIAF], [BEM61G] X)RREST [F7T
AZX3I] XDRREL, ASWERBED “RRK
TIU—R" THb (E8K). €07 IOy
FSLDREHEL T L= U REW (S
). INEBMEDADOMEIT TEMK61T] T VENRS
OO [Yuftrasx] L0ss (FE8EK, H9
%, H10%, H11H5). Bt oikiEch b 0

BT R OELE LR

ni Rl 44 5 287 8 (%) K55 (%) (73} 3 BB AR (%) SN SV
BN EI2XA 84 1.60 20 715 85.7
S ERn 9.0 1.56 16 70.5 83.6
Fr I X3 8.1 1.58 18 67.9 83.0
yugrany 9.2 1.59 20 68.7 81.9
YIYFaLsF 9.2 1.59 18 71.0 84.1
JRRR61 5 8.6 1.71 25 67.5 80.3
ASW 10.2 1.26 47 715 83.0

TE) 1999~20084F F£ P34,
ASWRSHIAREIIBOE OXIESeHE) DIHEY).



ANS DA [ 5300 ] OFR 61

H 8K ANEHaE

Y v2 LAV BN %fﬁ ﬁi“%& WA TIT—R ERE TL—s¥ 7?’")/11& NaYRA—=F
(%) (%) L a b* (%) BU) T¥®BU)  KE(%) —NY)a—
BN EI2XA 74 0.39 89.1 -1.79 15.9 221 1066 342 53.6 35
S ERn 738 041 894 -1.98 15.9 235 836 131 52.2 31
Fr T4 X3 7.0 0.38 88.9 -2.00 16.5 20.3 1155 521 52.0 36
Yustrany 7.8 041 894 -1.84 15.2 238 835 124 534 33
VI FaLF 8.1 041 89.2 -1.69 149 23.6 927 163 544 34
iR615 7.6 042 38.9 -1.65 15.3 236 327 165 53.7 37
ASW 9.2 0.44 8394 -1.83 153 221 3438 238 55.5 55

W) 1999~ 200845 BE -3,
ASWUDSMIAEETIME (RTESHE) OIHEDY.

FOK ) AR R

RS, ! HHE ﬁ & : R a0

(20) (15) i < (10) R (25) 5 & (15) (15) (100)
S EFoR 15.0 10.8 7.5 19.2 12.1 109 754
S ERn 16.9 10.9 74 18.3 11.1 10.7 754
YuAFrany 15.9 11.2 7.2 17.9 11.0 104 73.6
VIHEFaLF 14.8 10.6 7.2 17.1 11.3 10.3 712
JRHR61 %5 13.8 10.2 6.8 17.1 10.3 10.2 68.3
ASW 17.9 12.0 7.8 19.3 11.8 11.2 80.1

H) () NOBMEIXELS.  2001~20054F B 0.
ASWUDSMEAEETIME (RTRSGHE) OIHED.
FEA T U R O R B 10~ 1844
ik AL, 20014F13 Y Y F 2 4K, 20024E 13 EAK6L Y, 2003~20054E 135 K X T, BEHE RO R E & B O7E & L 22 A S,

#1032 EBEIC X HNEMEE (Fo1)

JE 2% B AN
ni i 4 Koy v uoNy BEERE 70 BRIV Vs RKG v vy mEl 0 mERE
(%) B (%) (g/L) FunT- (%) 237 (%) B (%) CGV (BU)
5 E0H 1.56 9.0 814 352 67.1 84.4 0.34 76 13 985
ENG-E 1.56 95 815 358 65.4 82.8 034 7.8 17 873
YISHFAAF 155 100 818 379 66.8 83.2 0.36 83 13 900
k614 1.70 89 832 349 64.2 806 0.36 75 04 760
ASW 121 105 845 414 69.3 84.3 0.40 9.2 17 715

1) 1999~20024F B D F-1.
ASW & Bepk6177 ML REIHOE () V) DI
JRARE L (SRS UL RE (AL mpE )
BMEE 74— 27 F YN EPURDFTHE L, £ Ofiid H i EB MRSk R 1L T35 T L 72,

113 EBEEHEICX WY (Fo2)
9 & AERERHI

B4 O IR ft A8 \ £k ‘ AR &l

(47) (20) (15) X (100  HiBEE(25) 52X (15) (15) (100)

BN EIYN 18 14.8 11.2 7.2 189 11.2 10.7 74.0
HERh 18 16.2 11.2 7.3 180 10.8 10.7 742
IR FALF 18 15.0 104 6.9 16.7 10.3 104 69.7
BAR615 19 14.0 105 7.0 175 105 105 70.0
ASW 19 184 119 8.0 20.8 12.2 115 82.7

) () NOBEIZELE.  1999~20024F K 0 F-1.
ASW & BB IR RE ARG 15 IS AR BE I ME (R ) V) I,
FARG LG IR (G S m AR ) .
H SR SR B 1D T35 CRE L 7.
THEJG L DE ARG 1 5 2 ASE  (FEai o 73H)) & L 7z A FFAM.



62

AP E DU [ SRR gE v 7 — B gE

JA—F—nNJa—iF [YartrasF] L)
VD ODOKRETRL, "7 THD (FE-8HK).
W THADERENE, EEKOFEHAE L, Aatm
MR [RMR615 | L HA_TR 7 5, BB
P [EMK61E | & IRT4~548m (B9 K, #
11%, #16%).

V ERRAAEBELOFES

Tl e A ORIR (BB12%) 2HsL, M
WS IUNE TOIREH - BEHOIZE A EDORFIIZ
BWTENERT. Lzdio TilbE - BE o
W2 & Bb b s, /8RR G RE R 3

%105 (2011)

WHET I — AW, BIRRNMZ SR 5
I o7 L b L, IR & RILIE DA
BV TIE20074F B £ CITHEphMAligue i 2 FT 5 1)
o7z, BUE, FEEREEILNREICB VTS R RA T
nNTwa,

TCEIC BT % B & 5513 & 5143, Rl
BAZ BT 2B & 15K & F16RITR L. »
TNORIZBWTYH [SHI3on] ZHEH LK
KOBHIIZINTH 52, NIz CTEAGME L
O ABMESEN, FRILBICBWTX [ 73F
TIAF] IVRATHLZ L EEH SN R
BT [A1EBox] B TyoarFassx] XY5H
MERATH D E2BRITIE, &ML OR

B5123¢  BEEVEPCERAIC B AR (%) & HYE
B AR 19994E  20004F  20014F  20024F  20034F  20044F  20054E  20064F  20074F
3 JLFR61 75 1374 106 %
Wik JLFR61 %5 1084 1102 1134 1194 3%
TR DLUMY 95 x
PR k615 99
BiE EiR61 1044 1062 1104 3%
e L6175 1134 714 1144 1233
Ml B Ei61 1154
A JLFR61 %5 1084 10904 1163
=% JLFR61 %5 1162 124 86 %
W LFR61 7 1144 1104 1063%
WAL A6l 1430 89A 98 1054 1213%
R JLFR61 %5 1042 1104 1150 97A 1243%
JLJE TOHATLE 1034 1140 1010 1034 1140 980 1174%
=R ER AR Y B 91 x A
BT RG] 1144 98 108
=% Eik61 1034 98 A 97 1060 923
li 11 VOHFaLF 13220 11220 1200 11020 11520 1260 1130 1080
IN=) VIHFaLsF| 111240 12080  1323%
i]=] FrIL X3 93A 980 101
I F7 34 X3 1404 1014 115 %
(e Fr T4 X3 1100 1144 1074 99A 1003%
= Fr T4 X3 924 93A 91 x
FI% Fr T4 X3 99A 10204 980 1020 10004 10004 1053
T MA=E b e A o 1424 1034 1273%
1 ) ARG 115 %
1 TOFRITALE 108 x
E YuAFasF 1074 1384 107 x
fi& TOAFALFE 1154 1054 1074 1130 1113%
Koy 615 93A 116 %
IR —YH¥arF 11740 10320 1024 15940 11880 138
BIRE  T7AI53LF 1134 1014 1043%
) OSBRI O SKAE O H¥ AEHE x DI % BPHURICO XK T

20084F- LA & [ [LVR Tl Ak e v C & 2 ASit il g L 7.

BN BE (T2 L 2T L £,

EMAREE NV HAYEE, ThoDTPgEz il



ANS DA [ 5300 ] OFR 63

5135 JRRILIC BT 2 BEEh RO E B A s & OV an ERTART (2 1)

Fehs bR R % SR INEERY
Yo Ed WS TEE RS o5y BRE TRE OBBEE IvLry RS FuRy ki
(H.H)  (kg/a) (%) H %) (g/L) ) %) a7y (%)  EH®%  (BU)
ENEET 6.05 534 141 94 815 350 709 889 034 79 988
suFFALE 604 462 142 11.0 815 332 67.0 843 035 9.1 793

W15 2002~20054F FE P34,
JRRRILRSERAN & > & — N TR AR e A R SR L, & OIUHEY) & b ELRFAT 12 ERR L 72,
AT CRE L, 2 DM § 23 ST BB 1 2 T 40T L 7.
WAE SIS B 3 ERH B (20 2)
> & AE R

B WCHE %! £ % £k &%
(43) (20) (15) WX (100  KEmEME(25) oA E(15) (15) (100)
ENGEIY 16.8 14.8 8.0 5.6 178 11.1 110 68.3
DAY = NS 18.0 14.1 9.6 6.0 159 9.7 10.3 65.5

) () NOBEIZELE.  2002~20054F FE 0 -1,
JLRE IR B v 7 — SRR e A O IHE & R U, SRR IR B & TR L 72,
20024 3T 15 L JE k615 2 e (RS o7E) & L, 2003~20054E 13 ASW % 45 (Bl o8HE]) & L 72 %) 5FAi.
TEG IR RE ARG 15 & ASW IR 4 [l JEMA e T i 72 £, JLREIR B AR L5 2 v 7.

155 I 350 & B2 an il v s s AL ERBR B & OV F an ERFli R (20 1)

A B JR % SR /NZERy
LSS BN TEE R yyy BRI TRE 740y BEER VY7 RS sy

AR ke ) EHO) (@l (@ 7P 0 237 (%) EK%)
S Eoh 6.04 49.2 1.56 8.3 822 35.5 351 67.2 84.9 0.34 7.1
VIHFaLsF 6.09 449 1.59 9.1 812 35.9 366 66.2 82.8 0.35 7.6
BHRG1 5 - -1 85 838 368 347 621 787 037 73
KoYy - - 158 112 86 375 406 686 826 040 95
ASW - - 1.26 10.2 850 39.2 407 68.9 83.8 0.39 9.2

{£) 2002~20084EFE D). 7272 LA 27 ¥ »132005~20084E FE D -3,
SNIOHE T T F T 2031511 SE ) A g AR BLM ERER (BT PE RS o).
ARG IR (EEHGEERRE), R 2 bl (H G RBIRa) .
HREL 74— 07 F =R EDFClE L, Z oMo i3 H i 8p kN M L T8 ¢ o L.

163k REINIHIC BT B A E Rl (20 2)

N 5 & AERERH
Sl @M RERIE I B MR 2B kAR

CGV  (BU) () (20) (15) s AR WEAE (5 (100
ENGEL2¥A -14 1126 19.3 15.6 10.9 7.2 19.3 11.7 10.8 754
YoHEALE 16 99 197 147 111 72 177 106 105 718
FLbR61% 09 87 197 140 105 70 175 105 105 700
rx7 v 0.2 1021 19.8 12.1 10.9 75 199 11.6 10.8 72.7
ASW -1.9 761 19.6 17.2 12.1 79 20.9 124 11.6 82.0

) ) EAEREO () NOEMEIXE L.
2002~20084EFE DYy, 7272 LA 27 ¥ »132005~20084E FE 0 -3,
SNIOHE T T F 3 203111 SE ) A g AR BLM ERER (BT VE RS o).
RS IR E (SEILEEEE ), K7 ¥ iddbimEE (B RRR L) .
H i SR bk s 2 B 1 T35 C G L 7.
9 & AE BRI G UL B AR6 175 2 ARt (Lo 78)) & L 7oAt 3R



64

AR DU RS e £ v v — WSS 8107 (2011)

BRIGRE VT S B30T % S BREGHRT & (2R CER
H5.

[ — 3RS F oMb e 35 L UE L 7 V%
JEHEARIIIBIL, 5HLIZ0ONILINTH 57
DY NI EEEEIMEL OB TH DL, ¥ X
TEERARMEVE, T IO — AHEHERRRE
CEEBLME ST, D TOADKS L D RF .,
HBCHEL728 YN HEARIIRD L), BEIZ
IS UCTEE (HRI0HHoERBE) Z2iEH3T 52
ENEFE Lw. WEEI0H#Z (FAEW) ([C@2RIER %
5y T2~25kg/10alis & FHED Y YN HER
KO 1% E 5.

vV £ £

P H A TR OEMEEAZ W [ uFf a2 LF]
FHAE - ERETH A, WEKEEE L R, 1
L [5SEor] & [Fra4 X3l [vad
AIAF] XD 1HPEZINTHY, [E615 ]
EHRTHRRLZWTH S, ZWTHDH L, 3
R OB KOERE 2> Tnb. [5HLI1ED
Ml [F27a4 23] INEEOETIZX LB
WM THY, EH0HSHEEIEN, FRESR
LR, MPWERPIKREVE V)R H L. ZO4F
WOZWOEREE Z2 5N bh, Fh & FEHCER
LRd VeI HELEZTWAE. BRIBOEET
BRETIE [YarraaF] dERLZWDS, (5
CWEDOHN] & [F27 T4 R3] 1% [EM615] 1ZE
TIEZB Wb ODR 2 BIRT 5. FCEEIE & R IR O %%
iR E R AEIC BT EMERETIE 1 () #
FEOBURD SN S, JLH I & [ 11U o) /N 22 e i 2
BOWTIETERM DA EIBE & R THEFRI/NS
CHEHMRDERBRYEAMR A% 720 [ 5 L LE D20
OBEMRIZBEIZ R > T RWS, SH%OGMFEE KIS
BuLTIEEE &b B REomLz s 2 &
BUETH 5.

[51EDOH] O/RERE S EADMIE, [EMK
615] XVIZENLLOD [HLERh] 2 [V
HAILAFX] X0%E. —F [ALSeh] L [V
oA AT AF] 1L, BREFEED [H1EZor] ®
[Eatk6ls] XV B THD. 50T H, NNEkE
) EADMD [5L R0 WITEN, ORI

s AL IEox] 2 [EHR6ls ] dEiC#ov HA
M ORFEIEERTE TRV, [HLSeh] iF
WMEN, [5IEor] WICHIEEEIHEO M
TEOBFEWPGHROBETH 5.

[5ED0] OivE ik L SRR 5 72
> T, EERNSHTOMRY)MANKERTI L5
72, AN TIE TALIE0D] DBk S b
Mo, WD ABEENEL LN THSZ LIZEHLT,
NPT R EM R E MR R R AP LE R ST [S
ClEoHh] (URE [HEI1515]) ORIEICH DM
ATE7z, TOWY MANEE)) & % - T, FEEhih
FEERH & 0 A Av 44 8 8% & S SR I 2 17 - 72
WAL, L& D) W T 5 L I FEE Mk
TEEBHAICE VS 7 ZL L7225 130h ]
o/l x o @, EEE/NEZMHE LRINT
MEZ 9 D AR, FRIEGES IO 9 &
Ao, BB 5 AE 022 M L2zl — v,
R AT BAE S FO2r2 ML) E AL
L, BHMTHEAOE Y A TbRIZ. ZDX) %
LD HLADFEE SR & % AR DRI L & 7 o
722,

VI & =

MNmtE [ 5 < Eor]) (R4 THEL515])
&, PEESEREY; (Bl s D E R ER T
Y F =) IZBWTI9914E 4 A2 [VWEiFE168% /1%
5358 OF & ’EE, [BIR107%5/H%5385] OF %
KL T HREEIT, TOBRMADN S IRERKH
FICX D EREN, 2005412712/ 21645
[51For] ELTaisisni. Thl ks
AR FE SR L, 20094 9 H28HIZE &S iz
(B k7551849675 ) .

(5 EOH ] 3B T oFFNC©, B &%
B [PulAansx] BAICHEL, [EAK615 ]
EHANRD MBS 4 H, K23 HR W, BRI
[va#srasF] X010emAY £, [EK615 ]
R[yIg¥Fass] X scmuiftEvy. BREFE
EREVYE GO ERIgO L — ) 12 L, K
OREPLE L TRM615] EFBED “H”, 5 &
A TIHEIEPUE 58T TH D, Ty sy (EHO
WHEPE) BIFEAERELR Y. IR Yo



ANS /M [5SLIEZ00] OFK

AARALF] R [YIFFInF] TR
%\,

[SE0N] FEBERE I V72 aT7HE
{, RRET7IT—ADWYE - W HOMFETH 5.
WNERO®IE [RK61T | XDENLA [T aht
ILAF] X)RRHED. 5 EADOEREIT KD
FPRNE K, AR RS TRMR615 | X D 4~T7RiE .

(5 ED0H | OB EHITRER - BEH ol
W, R EENECEMFTPEE > Twb.
[5IEDOH] BEWRD0 7 V87 EH R
LY HLTHD., Lieho TEROMHLE, H&
W L7z YR AEHERII: B XD IR EHN
VETH 5.

51 A X #

D AJliE=E - Rk - APy - ®ilfioz - |
wE= - WM - TREE - fElkE— - MR

R (B3¥) 551 1-4.

3) ALEIENRMOKERM ERT 2 1998, P94
P VR I o B A e . AR IR N RAROK
Hofrfgain s, ®al. 4-26.

4) Takayama, T. N. Ishikawa and S. Taya 2006.
The effect to the protein concentration and
flour quality of nitrogen fertilization at 10 days
after heading in wheat. JARQ 40 : 291 —297.

5) HAA= - B EE - BET - FIFA - R
i - KIEAIN - 4k 2 KRBT - F)158 - 0 1
- AFFEHD - BOFIA 2003, MNEaEE [ 4 74
J ¥ AT OB Ul RS 420 1-18.

6) ICEAIA - BEHHEW - 5158 - A1 FEH) 1995.
INEE [F27 T4 X 3] OFR. JUNERER
28 1195-217.

7) WEAIA - B - EEHUHED - H)I5E - HA
A= OB - AOFEH - AR - HrARsE
1995. /Ninfl [EhavAid] OFB. JuME

ZREL - AEHPTH 2005, BHHE OB L FAE - A 28 1 279—296.
RN R AR [ 5 E2Rh] oFK. Ll
P 40 25-37.
2) EEHERE - =02 2007. Ao [ 5<IE0
] ORFEERAZ BT %3855 - LR, ok
2 HHREHEH
FEFFAE | 1900 1601 1992 1993 (094 1995 1996 1967 1998 1999 2000 2001 2002 2003 2001
itk | =R [ N T K, T R T O T S
C mur mon TR ki 4B R RRE 4 dR
®w% Y o EE gg A iﬁ B R OMHR R ORI PR
=7 =" TR LA LEER LEvn AbE i Ly
Al = Q
w1 I i
HHEHET O
i g D
EINE ) C
Hird = - O
Fi2Em =
RiEEE ) ]
s O—=0

) RAAEIEE, YHAEOIOA»HBEDOIAETE L.
FRioM, SEHE 1 ARE AR L.

65



%105 (2011)

He
=

L P LU [ S TE & > & —WF T

S

66

FvokHgns

19

=

FTCLELEA

(L5 =8 (T 8 () ¥

L3S

CQOE YT F 7o kkn s

H19%

e
HH

FICOFLEA

NAGIDA S




ANS /M [5SLIEZ00] OFK

New Wheat Cultivar “Fukuhonoka” with High Yield, High Milling Performance and
Excellent Noodle Texture

Naoyuki IsHikAwWA, Kanenori TAKATA, Mikiko YANAKA,
Takashi NAGAMINE!, Toshiyuki TAKAYAMA?, Shozo TAYA?, Yumi KAr,
Masahiko TANIO® and Jun-ichi SATO?

Key words: wheat, cultivar, milling performance, noodle texture, breeding
Summary

New soft red wheat cultivar “Fukuhonoka” was selected from the cross Saikai 168 / Chukei 5358 //
Kanto 107 / Chukei 5385 which was made in 1991 at Chugoku National Agricultural Experiment Station
(present National Agricultural Research Center for Western Region) . “Fukuhonoka” was registered as
“Wheat Norin 164" in December 2005 and registered under the Seeds and Seedlings Act in September 2009
by the Ministry of Agriculture, Forestry and Fisheries.

“Fukuhonoka” is spring type, maturing as early as “Shiroganekomugi”, three days earlier than “Norin
61”. Culm length is 10 cm longer than “Shiroganekomugi”, 5 ¢m shorter than “Norin 61" and
“Shirasagikomugi”. “Fukuhonoka” is resistant to pre-harvest sprouting and leaf rust, moderately resistant
to scab as “Norin 61", susceptible to powdery mildew. Leaf flecking is very rare. Its yield is about 10 per-
cent higher than “Shiroganekomugi” and “Shirasagikomugi”.

Flour yield and milling score are very high, amylose content is moderately low, dough strength is medi-
um, and flour color is brighter than “Norin 61" but not as good as “Shiroganekomugi”. Noodle texture is
excellent and sensory score of noodle is higher than “Norin 61”.

“Fukuhonoka” is adapted well to flatlands of western Japan, and now cultivated in Hyogo and Okayama
Prefectures. Protein content of “Fukuhonoka” tends to be low because of its high yield, so manuring prac-

tice to adjust protein content is important.

Wheat Research Group

! Barley Research Team

2 Tochigi Prefectural Agricultural Experiment Station

3 Ex-Chugoku National Agricultural Experiment Station

* National Agricultural Research Center for Kyushu Okinawa Region

> National Agricultural Research Center
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B1IX [HRIOA] DR

%105 (2011)

BT & LTHELERERBIETTHDH Z LD
HLTWwaY, wxmqx FHORMICBWT, %
30 H M P& 2 X, HimX, sSimx e LT
ENENERBIEGEOT IU—-AEAFEOE
LIE 5 ~12%OHFPAIZINFE D, ZOMOET I v —
ABIEFICLBEH LY /NE oz ESI T
B9, BHRIMOFIZ L 2EH2, TIU—AEH
RICKE BT L L3P EMETHY, TE
LIEZFT IV AGAERNP IR D L) RT3
D—X§E¥%ﬁwﬁ&5_t#%iwa

wx-mq

D DEDEAEW S IR0 T, KlEE%

%m@# WK 7 S O — 2 EIET %2 S OB E
BIREELTCELDLDTH 5.

2 EROZFE

[T DA] OREFEZHE1FE, FBRRHKNZ
%2 BIZ/RT. 19994F (i [ s kR sy (Bl srh
| DU ] B mf g2~ 7 —) I2B W, Aiim%ﬁ

Wy, STRL DR T % 1572, [FAEAWIZIRE N TF,
%%&L,mmﬁuﬁ%fmﬁﬁ,mmiu 5]

SR MOKEEN e v & — Bl - BIRBFZELE (1H
MWHECHT) CFs~F. . #RDER 2175 72, 20024F
(Fs) 113 @ R ss c MRk 2 17, )
BRHHEE T20034F (Fo) ICRMEHZ ATV, DIRE
LB AT I L D EE - BEEK > T 7.
20044F (F7) 13R85 1047 0-27], 20054F (Fs)
R TES [HR2855]) % fF L CAmEume il -
SR AR TR R LT & 72, 20064 (Fo)
DB R4 [HE19275 | % 4AF L CBIARIFIRICHAL
fFL, SEphiREde e A LT & 72, 20094F
ORI MRS 1210 TH B

I HEOBE

1 — i

B BT 2 Bl AR R X T D F
TRRANLEE 2 K, JFRERARRIESE 3 Ko@) TH
L. BRXIZEBT A IMEENIE [F/Nr] X 7 HE
<, TezeAhn ]| LHEEFETHS. KA [Fh
7] XD 8HFEL, [e2eAaV] LFE%ETHA.
AT Ao 1ChHb. BER
[FAHT] XD 5emB L, T/ eAh )] EFEE%T



SR S ¢ BRI X AT I 0 — AKX [0 R ] OB

1R TIHIToOR] ORPGEEE
4f: b/ 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
AR L F. F. F:-F. Fs Fs F- Fs Fo Fuo Fu Fu
H R 7 4 1 1 1 1
PR 33 21 20 5 5 5 5
M e | 87RD 5 3000 3000 2700 k16 %32 %32 %32 %32 %32 %32
ORI 4 2 1 1 1 1
PR 7 4 2 1 1 1 1
o ms 33 %3 %5 %5 5 5 5 5
ED & 1R OEAEE. 20054 A PE191 S, A PEL92 WS DHAR) O2RMAEY S /23, 20064F (Fo) BLBRICOWTIE,
[E19175 DFL#Z Hws L 72.
YR 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
| zF Fi F: FsFs Fs Fe Fr Fs B Fuo Fu Fie
A8 — r B176 H171 H106 Hl121 H184
NE2nZ BT H107 H122 | B
X F. —B— B~ B—B - H381 H178 B173 [&10g] [F123 4 [&18d
1695 H174 5109 Bl24 | B18T
—B382 - HI0 H175 H110 H125 H188
rE383 [ E18l
FRiE16 .
“[E38y - H185
~ 386
FigE19
- H388
- AH275
%30
— EE2TT
r B374
g4 ~ H186
- H376
rB377 |- B190
ESl — 4126 [ 4156
~ B3
r EE2T8 .
(E1915) H
R0 T AE280 — AE130 — AHE160
55 2855 FEI2Es @ —m

52 X

DR OBFRLZKX

71



72

AP E DU [ SRR gE v 7 — B gE

Hb. BEIZX TR LFE%ET, Te2eh) ]
XD 18cmE\. BB [F/NT] LFSET, T
LAY Xy, B hEiT Th b
(B 1), RoMABLOMFIZESIZ [ e
U Ak T BXO RRM” THY, B
X Te2eh) ] EreRss "Rl Thh.
TOL/NLMEE, W THH, ToORESIT
Thb. Skmid A", »EE wH", KEHEE
& i, BUREE CHET oMIRETH B.

2 ZTKROHEBFE S LONREM

B BT 5 Fm RS T, TS oA
DTk, EX, BEBIZ [ eAhY ] LE%T
HbH (BHE2FEAR). [IHRTDA] ORE/ AT

%105 (2011)

(e eAh )] LFA%ETHY, WEXKIFE €/
eh) | LFE%ETHL. WEB LR KIZ, The
o, RN G E NG [HRZOA] ©
TR EIZ21.0efEET, [k 2 h )] LAI%THB.
SRR (e 2eh )] X0bFIcEL, 5
ANIT] LHSETH S (5 K. ZoRMMBLME A
WA 20 6 RICR LA, K7 I u—2od,
[EZDH] OZRONBITDT2LICHET S (B
H2). [lZoa]l & Tesreny ], [F/Nr]
WDHEDPBIZ I N DITR LT "I F 721 Mg
THY, A, FH, AHORENDLL, ZKkD
BB Te 2 e )], [FRAT] XIS H
WL, EBLHIEIC L B ERHE T, RSB
B L) [e/2eh )] OZKRMEMETLAE

8528 BRI B B A E IR
RS, K HiAEI] WA BMREEIE ORI DE 20 R LSS R
(HH) (HH) (0-5) (0-5) (0-5) (cm) (cm) (A/m)

i =D A 2004 8.22 10.1 0.5 1.0 - 90 19.8 354
2005 8.20 10.2 0.0 - - 86 217 331

2006 8.22 10.3 0.3 1.0 3.0 89 204 341

2007 8.23 9.29 0.3 0.0 3.0 83 20.2 335

2008 8.16 9.27 0.0 0.0 3.0 81 20.7 338

2009 8.23 104 0.0 0.5 2.0 85 19.8 356

] 8.21 10.1 0.2 0.5 2.8 86 204 343
2005,06,09*F-# 8.22 10.3 0.1 0.8 25 87 20.6 343
v/eay 2004 8.22 10.1 0.0 1.0 - 85 18.2 365
2005 8.20 10.1 0.1 - - 86 194 348

2006 8.23 10.2 0.0 1.0 3.0 90 18.3 351

2007 8.24 9.30 0.0 0.0 2.0 88 18.2 351

2008 8.17 9.27 0.0 0.0 2.0 82 19.0 362

2009 8.23 10.3 0.0 0.8 2.0 86 18.5 383

Ea ) 8.22 10.1 0.0 0.6 2.3 86 18.6 360
2005,06,09°F-# 8.22 10.2 0.0 0.9 25 87 18.7 361
Fe/NAT 2005 8.27 10.10 0.0 - - 90 20.6 312
2006 8.27 10.8 0.0 1.0 25 95 214 345

2009 8.29 10.9 0.0 0.5 2.0 87 19.2 373

¥ 8.28 10.9 0.0 0.8 2.3 91 204 343

1) JoiE L CEERSTO56kg/a, BILE L CEEH L IME A CTK017kg/a% i L7-.

2) BIRFEEEIR0 () ~5 (GEABIR) 6Bl
3) WO, TEERNIZ0 () ~5 (&) D6B:REEHil.

8533 TEIRRERE BT A P B A

L e = A - -
S P e PR e BN ek BN i) WARE DAY  BEoR
I Z o A rh R R fifl] i iyl =] S| rh [ i
v/ ehy i X2 R [l 4t - H sl i L5 i
F/NHT XK sdand ] i k5 H #H R L3 i

W) [EZoH], [t eh) ] (ZEERLIX 020044 B~ 20094 B 0 A ) B il

WfE

FOF-YME. /NI ] 132005,2006,20094F 5 0 2 11K 3 ER D -

&
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BHEH]1 [EIoOA] OFELE ELSEIOHR, €/ Hh), F/NT

HE2 [IOAR] OZR(E)EH(T) ErbMIOHR, v/ en), /NI
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AP E DU [ SRR gE v 7 — B gE

HbN 520054, 20074E12D, [HHITOA] OZK
mE 177U EERSTBY, ZOZERNDHH
MEIXZE L TR TH S EHE SNz, IR
WA DWTUE, 7 RITRL. FRHIZBIT A
WBEPBARRETO [HZoA] OZKIEIZ [k
Je )] H104% LR R LN TH > 72, FoHEH

B4 TORORIE AR

%105 (2011)

HICE D [HZoA] OIEIF [e2eh )] &
DEZWTHY, ZoRMEER, [FAET], [ e
V] X 0o (B8 K. AE BRI
DYk < & 0 2 [ I RSFEHR IR <l [ 77
R LI R T B, HHEERERR o
WAL LT [T R ] IO THiEzFENE L

ni Rl 44 fike (mm) Kol (mm) RE (mm) RCR/ADN R ORIE LN LIUN THE (g
I & A 5.09 2.76 1.96 1.85 14.0 H R/ 21.0
/e 5.05 277 1.95 1.83 14.0 H R/ 212
H A<Hi§ 5.19 2.81 1.98 1.85 145 ol EE 229
e 4.83 277 1.94 1.74 134 H R/ 210
H1) MEZoR], Te /e )], [AARR] 1320084 5 ~20094 KD T
HE R IX O P2, [ /AT 13200948 B 0 B EAE.
2) KB X ORIIRIZ 10004 % 3 & & S ZCHI BIZRRGQIZ0A Tl E L 7-.
B 5K ZORDRIE A P AL AR
AL 1.8mm ;e
e HEE () Bmm gy
L6 16 17 18 19 20 21 22WE (g  (mm)
I 20 A 0.3 038 1.9 103 18.6 67.5 30.6 0.2 97.1 1.99
v/ehn 0.7 12 3.6 15.8 212 428 14.2 0.6 94.5 1.95
ESAN 0.6 0.6 15 59 115 480 30.8 11 97.3 1.98
W) ESoHR], [t ) ] 120084 B~ 200948 B 0 A ) RE B O P 3 fi.
[ /I | 13200948 FE 00 2 i ) e Sk o Y S k.
2) FR100 g % BfifivTHo M L7z, dR .
3) PRI LTmm EOR O S OFHMEE R L. Ty —F 4 YiEE— FERT.
%5064 ZORYMBLm B AR AT
i o 4 R iR BRI DH L HH FLH FAK i EE I TV
W Z D A 2004 ol H - ik A - s T 40
2005 T T - (i i - ik £ 40
2006 H H Tig £.3 £.3 R {8 i 30
2007 H H - i 4 - R i3 35
2008 H PRR i3 i3 i i i Fx 38
2009 ik i RS b b g b i 35
Ea ) H H 3 ik A A A B3 36
2005,06,09*F-#) H H A i3 123 AL AL i 38
v/en) 2004 h T fs (X T i R ik 43
2005 H H v v & b R i 55
2006 Rk H L e 3 i R i3 44
2007 R Reh: T » & & & g3 5.6
2008 R RRR T £.3 i R i El3 5.0
2009 R H L2 tig il Fid AL fid 48
) RRR H v ik i % % i3 49
2005,06,09°F3 Rk T 2 LR i Hfk AL fiad 5.1
/N7 2005 H H - » & - R i 53
2006 GR H H v I Hh (4 I 5.6
2009 T T T AL i3 A i i 55
R T i aM % RS a LS i 55

L) LR, 1 (B8 ~9 BRR) OOBRF.



SR S ¢ BRI X AT I 0 — AKX [0 R ] OB

7208 [RZOR] OIEIE [T R/ L)X
Folzhs, mBERE-7 (58 FK). HKEIFRE:
&2 [IREZCoA] ONEIZ T /A ] LR
%L, TRMEE [FNT], [e2er)] &)
HOPICES 72 (559 35).

W EERE CIRBERIER SR (E8K),
KREFHE ICBNTH, RSO [ eh )]
EASEOBRBENIITH-72 BEIK). Thb
DT EMND, [HRITOAR] ZHZHEFHR:, #HKE
Febs & e D 5 b o LRI S .

7R AR (Fi)
Ry R 4H (kg/a) KXRKE (kg/a) HWEIE (%) PHERR (%) ZKTHE (g)
I Z D A 2004 173 50.0 97 29.0 20.8
2005 179 61.1 101 34.1 20.2
2006 173 57.7 104 334 21.7
2007 166 51.4 107 31.1 20.5
2008 189 65.8 114 34.7 215
2009 178 58.2 111 32.7 21.0
e ) 176 57.4 104 32.6 21.0
2005,06,09°F-3% 177 59.0 104 333 21.0
v/ehy 2004 169 51.3 100 30.3 20.9
2005 181 60.3 100 33.3 20.8
2006 173 55.5 100 32.1 214
2007 170 52.8 100 28.2 20.9
2008 187 55.5 100 30.8 21.3
2009 181 54.9 100 30.3 21.7
Eaas) 177 55.1 100 31.1 21.2
2005,06,09° 3% 178 56.9 100 32.0 21.3
EN 2005 170 58.9 98 34.6 20.6
2006 172 52.9 95 30.8 21.2
2009 165 62.1 115 37.6 21.2
¥y 169 58.0 102 34.3 21.0
W) R e s ) OREAREEZ100E Lz & E 0,
2) DHESERUE, WX REOEEI LD L H4.
3) JoE L CEHEMST056ke/a, BIE L CEEHE L INE %2 M50 T#%0.17kg/a% Jitifl L 7.
883K WAHMEREREINE B X OV B AR
o . A FIOoK®E R PUER# ZOoRTRE ZORWE .
Al R Gw) el ) (%) (g) g  PIRHEE
I Z D A 2006 186 59.1 111 31.8 19.8 38 0.0
2008 199 64.2 124 323 21.6 4.1 0.0
2009 175 52.1 113 29.8 21.0 40 0.0
Ea o] 187 585 116 31.3 20.8 40 0.0
2008,09F-3% 187 58.2 119 31.1 21.3 4.1 0.0
v/ehy 2006 174 53.0 100 30.5 21.2 38 0.0
2008 192 51.6 100 26.9 214 5.0 0.0
2009 176 46.1 100 26.2 20.9 5.7 0.0
K as] 181 50.2 100 279 21.2 438 0.0
2008,09°F-3 184 489 100 26.6 21.2 54 0.0
F/NT 2006 179 55.3 104 30.9 20.1 55 0.0
TR/ 2008 220 64.6 125 29.4 23.0 4.3 0.0
2009 193 59.1 128 30.6 23.1 5.5 0.0
Py 207 61.9 127 30.0 23.1 49 0.0
W) TORMEE, 1 (W) ~9 (BRR) O REEHIG
2) BIMRARREIE, 0 () ~5 (E@BIR) DEBLREEHI.
3) HEREe 2 e ) OREKREL100E Lizk Dk,
4) PREERBIE, RXKEOLEISED 2 EE.

Tl & U CEEHN T084kg/a% i L, BIRZATH Lho 72,

75
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AP E DU [ SRR gE v 7 — B gE

%105 (2011)

893 KEREREINE B X OB AR
. B FEok®E MRk PUERE R TRE ZORaE .
A AR 2 B 2 B () %) (g) (o) FIREE
I Z D A 2006 185 57.9 108 31.3 20.1 45 35
2007 200 57.8 102 29.0 20.2 35 0.8
2008 200 60.4 102 30.2 21.1 38 0.0
2009 215 70.2 111 327 21.0 2.8 1.0
Eoe ) 200 61.2 106 30.8 20.6 37 13
2006,09°F-34 200 59.6 102 29.8 20.6 3.7 2.3
v/ehy 2006 172 53.2 100 30.9 21.2 45 35
2007 211 56.5 100 26.8 204 55 0.3
2008 217 59.0 100 27.2 21.0 4.8 0.0
2009 212 63.1 100 29.8 222 4.3 0.5
) 203 58.0 100 287 21.2 4.8 11
2006,09°F3%) 192 58.2 100 30.3 21.7 44 2.0
EIN 2006 155 41.6 78 26.9 20.0 55 40
2009 198 67.4 107 34.0 20.6 55 0.0
Ty 177 54.5 94 30.5 20.3 55 20
W) ZKRWEE, 1 (BR) ~9 (BAR) OBREEHI
2) BIREIEE, 0 () ~5 (SE@BIR) D6ELREHIL.
3) W= 2 ) OREKELZ100E Lizk & Dk,

PSRBT, MR EOREIT 0 5H4.

3 EHSEREERFAERE

20064F- BE 7> & 20084 B 0 $2 [l iy il e s B AT AR D
MFEICE DL [MHTDOAR] F300FER DD Y, *f
A (243 Te 2 e h Y ], 4 RKEHIX
[INF—T 4 =], 2R BHIZZOM) 1255
PR IE82~ 114125045 L, 31 100% Txit HE i
TG DN D Sz (GF 3 IX).  BEphhh i 2&
KRB BIT S [HZOA] OFFIMN, ARHEE
10FIRT. PEEICOWTIE, A E T 5 REHIZ
8 MATITH LT, AFl L 2 BHE 5 A TH D,
HRE T LRI RE o7z, Tz, SMBIE
WZOWTITARM L T 2R BEMIE 7 AFTTH Y, AF)
&5 BRI 6 AFTTH D ML L7228, KT 3
O — A RD7=DRRHE T 5 IEAF] & H S
B L b oL Bbh. BHRICOWTI,
AR LT 2 WEHIE 1 AT LT, ARET 5
B3 5 i Ch o7z BURICOWTARI L § 55
%ﬂ@ﬁﬁ%ﬁéa #Nf%%@ﬁ’mﬁtt
I, R, RIgE, # , BERERTHY,
y<iﬂMﬂﬁf@ﬁ%@@o% 20064E1%,
IR B THEUS X 5 BURBE AL HPICHE L
TETHY, TORERD-T-DDOEEDNS.

Tl & U CaE KNS T0.84kg/a, BMLE L CEF &M E I TH0.17kg/a% i L 72.

20064FFEIZ B\ THIR 2 A F 22 ji & L7218 62007
EFEICBWTIIBRAEE X 0 THIEIX 2 L, I
] U [ 8 D Z DAL D ELIZ BV TUE, 20074EE B X
O20084FBE & D ICEMRFEEEIZIZ L AL 0 ThH o 72,
BFRMIZBT S [T DA ] omE RO
[Reeufh | & L7225, JuM <2 o5l 2 355
LA, BURICIEE T A LENH 5 LIk S,

4 1BREEER, K99 E SURKEER

[ECoH] o@IEHEEIE, T2 ehY ],
[IVF—IA4—2] LR RL, BHEEARTY
%S TH L. BWIRBFICBITS [TRZoA] OH
KOHER, Te/2eh)] X)ReReEl, [IvF
— 74 =] LT ReReEn (F11E). HED [k
e A ] XDEVOIMET I u— 2RO A%
NdbHIzbEEZbN7z. EIEREICBIT 2 IEFRE
gk Teser )] XoReReEd, [IvF—
74 =] LASETHD.

(DA OF 287 BEHRIZ56%RET,
[/, Te2es )], TIVF—o4—2] &k
M Thsb (H1255). 73I0—2AH&HFIIFEY
84% T [/ eh ) | LHRDEHL MK,
[F/NHT] XD R, [INVF—F4A—2] &



S S ¢ IR PG S AR T I v — AKARGAE [ DA ] OFK 77

12

R

75~ 80~ 85~ 90~ 95~ 100~ 105~ 110~ 115~
IR E (%)

53 B AR R E AR AN BT B [T DA Ox G052 PO L OBE A (2006~20084F)

5102 SRR E BRI B S [T OA] OFFIE, AFHMOER (2006~20084)

28 A A ASFI 3
A 3 1
LR 1 1
HE 0 1
I 8 5
#fn 1 0
mE (UMD 7 6
AN E| 1 0
AR 2 1
e 1 0
PR 0 1
LN 1 5

25 21

F%Tdhsb (125%). 7I0—AH5HAERPE N
DIRBCKIE [ 2 eh U] XDFESHL, Kb H5m
, BRoBRAEHEIZ T2 s )] BrBFETHD
(%135). 72, U7 Ig—2Kko [IvF—
g4 =] R [F/hN]] LR LTORAMIIE -
THBY, BEFHZ Te 2 eAh )] L% “Eo
7 b L7z, 20084E P ot I M I T X 7z
(R oi] ZHEERMBIED [2>eh) ] &
50% K L CTBICE DI Lo &KL, [2
e AN ] 10020 BIZED L HTHRR, MY,
FoNE, BAEMIZBWTHL N IE - 72 (B1455).
(DR OTNVFRNOREKEBIZEDIZL

BURAAH & L 723 Bt o PER & BIRFERE

. BIRFERE
AL I & A v /e
1L TR 15 05
P I 238 1.3
Felley UL 35 1.0
READL 20 1.0

JEE D I U 2.0 2.0

) BRAF L U722 B 13 42 C20064E DR R CTH 5.

BAOBIBHEICOWTIE, ZOHAEEDOREIZ T T
EHIEIXTE WD, AETHD LRI L7,

5 REZOMIEmM

WH BIHHRICHT B E05AT, [HRITDA]
& TEaE] & F Ut “Pia” 2oL
s nsd (F15K). FEnd b oMGIRGUEIERE
HOWHEERF2FE> [FHE] L)L,
[l o “p” LHEShie (516%K). Hw
DO AEMHEYMEE e 2 eh )] e
s R EHE S (BE17FR). v BIEY
YU E AR T PhIICE T A DNA~ — % —RM201,
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AP E DU [ SRR gE v 7 — B gE

%105 (2011)

W11k [IRZoA] &GO E, BERAAEB L ORRAE

o , ISR (B)

B R Lok 30 10 50 60

T RS (%) - 92.3 914 906 89.9
E1 196 365 380 395 1407
WEERAFAL (%) - 28.2 147 73 39
Pkt (%) - 02 08 15 21
K5 (%) 144 - - - -

voeay BREA (%) - 9123 906 90.1 -
E1 18.1 355 37.0 37.9 -
WEFRAAES (%) - 95 22 09 -
kARG (%) - 0.7 0.7 08 -
K5 (%) 139 - - - -

INVF—U A=V RS () - 90.9 90.0 89.3 -
E1 202 390 411 42,0 -
RS (%) - 183 6.1 18 -
Pkt (%) - 04 11 13 -

Ko (%) 144

1) 20094F BLRE DL RE I HOERIR DM E 2 e, 11150 g 2, 2 AR THEM L7z, WESFFRAF ARG 35000 2 fAE. IRSFERA& b B, ok

BREEERILTRL.

2) BKEICIEKettd T P - 2 8, P Kettd FIBEER (C-300) % ).

3) T ¥ F =T A VIGEIRRI QWG B R

Fl2k [HZOAR] OF 7 ERPT I 0—AEHK
il HAS U0 EERE (D) HE7 Iu—RAEHE (%)

2007 2008 2009 1y 2007 2008 2009 Ty
D H 58 55 5.6 5.6 86 82 85 84
EIN) - - 5.6 5.6 - - 11.9 11.9
v/eh) 58 5.6 5.7 5.7 15.2 14.9 164 155
IVF— 4=V 6.0 5.6 59 58 8.7 8.6 8.0 84

) 7 vy g R ZelementarftrapidNIT (B5542%5.95) 12X A&, 7TI o —AGREMY I vERERILEEICX HHE.

AERDOM 2 7.

RM2112 X 2 \In T RIMET, [T DA] iEposi-
tive& I S, vy HIPUEBEE T Phl1% D
b LI INI (F—F W), HIEMBIKIuE X
FAERMBEICL 2HE T, “h” g3 n
(5518%). FuIEARItPIMEX, BERBEMICL 2%
HkUOE T “HPUET LHE I N (F19%R). M

iR P & (= T Stvbhillo # 3 A DNA~ —  —
RM2091C £ 2 #E T, [MZTDA] dpositive &
SN, fREMBFEIEER T Stvbik FEO b D &
s hs (F—rug). BERSREEMBREG L
¥ —ITBIT R RESIEROE BT, R
557 LI N (BB20%%). BEFEIFMEEL, v /e
)] XOREFLRTL, THRE] K)o “%
R THhDH (215, mOREREREE, Te

B 0 A ) HOE

e AN ] WTHhHhot (5225).

6 HWESZICHTIETATHER

VAT P M 3SR B B e LR S T i N
THIRELAFE B X ORIk B 2 @i oo % F
PEERIDRRECIX, [HRZoA] o#l»S, £
NENOHIBTOEF TR D 5 L E 2, BN
D R B AR Y 2 5 L7z (55232, &
243%). WP NTHHIBEOK KBS ICB VT, [0
AL, Te2eh) ] I TEST S
A5, WEE (e /2 eh Y] -7 HKEY T
T R N E TR S BB OIS L ot
BT A2, PRI Te2esy] X [HEZD
Al HEo7. YIRS Tk TR oA ] BRI
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FI13R [HZToA] LRGN HO LS X OB
. y ) 4 & % 0 S5hs  HBH
R il mise 500 30 () (Bl oy Eil% ivm
2004 I Z D M 92.6 0.10 0.00 -0.20 -0.10 -0.10 0.30 2005.2.9
H A 90.1 —170%%x —100%%  0.30 —160%% —1.10%%x —127%k  (I0N)
(GL#) INF—r 44— 89.9 0.00 0.00 0.00 0.00 0.00 0.00
2005 I =D M 915 042 -0.25 0.08 0.50 % 0.25 042 2005.12.14
EN) 90.6 0.08 0.25 0.00 042 0.17 0.33 (12.0)
(GE#) INF—r 4 —> 89.8 0.00 0.00 0.00 0.00 0.00 0.00
2006 RPN 92.3 0.60%%  0.33% 047 * 0.27 053%%  033%  2007.25
v/ ehy 91.7 -0.13 -0.07 0.13 -0.60 0.00 -0.07 (151)
H AHS 90.6 —127%% —107%% —027 —153%%k —080%%k —1.00%%
(F&HE) Fe N7 91.9 0.00 0.00 0.00 0.00 0.00 0.00
2006 I A 925 208 %%k 177 %% - 246%%  169%%k  185%% 2007.2.26
v/ en) 919 138k 146 %% - 146%%  108%%k  115%%  (13A)
Z/NHT 915 1.46 %% 1.38 sk - 1.85 % 1.31 %% 1.69 sk
(F&HE) H AN 919 0.00 0.00 - 0.00 0.00 0.00
2007 WA (FEIE) 91.7 1.23 sk 1.08 sk - 1.46 sk 1.46 %% 1.23%%  2008.2.29
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2009 I =D M 90.7 0.65%% 018 0.12 1.06%%  053%%  047%  2009.18
INF—rA—v 91.0 -0.12 -0.12 -0.29 0.76%% —0.29 0.24 a7N)
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H213 RIS BRRT ()

e 2004 2005 2006 2007 2008 2009 wa
3 REMRE CHE RERE O CHE RERE O CHE O RERE O HE O RFERE O WE RFRE wE  HE
D A 05 L3 35 ¥ 43 L3 35 R 35 R 65 L R
H 7RI 90 %Y 93 i 98 XY 60 H 45 h 95 2 i
EntTo - B - - - - 7.0 H 38 i 10.0 2 i
v/ eh) 0.0 i 1.0 L3 038 #fE 1.0 L3 05 #E 12 L3 13
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) AR OB IZ0~ 100 11 BEFFALL.
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Sl 2006 2007 2008 2009
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F/NY 0.96=0.16 ns 0.84+0.21 ns 0.59+0.08 =* 0.46*0.08 ns
BIRPLI12 1.59+0.20 =k 178 £0.23 =k 090=0.11 =% 095%0.13 =%
(i) v 2 ehY 0.83+0.15 0.81+0.10 0.51+0.07 0.44 +0.07
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{1

ELENGEES

2008 MEZoAH 821 ] 10.7 8 217 2713 . 00 531 40 218
2009 MToH 824 10. 9 89 213 287 0.0 520 34 215
vy 828 10.18 94 19.7 379 0.0 556 40 225

A1) 20084E DR HIZ5H9H, 20094E O H (X5 14H.
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v/ vhy 8.23 10.10 84 19.3 298 0.0 41.8 48 22.7
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New low-amylose rice cultivar ‘Himegonomi’ with good eating quality and good quality
of appearance for the western region of Japan

Shuichi IipA, Osamu IDETA, Kei MATSUSHITA, Yoshihiro SUNOHARA !,
Hiroshi NEMoTo0!, Hideo MAEDA!, Takuro Isuir and Yasuaki TAMURA?

Summary

‘Himegonomi’, a new low-amylose rice cultivar developed at the National Agriculture Research Center
for Western Region, has good eating quality and grain appearance. ‘Himegonomi’ was bred from the prog-
eny of a cross performed in 1999 between ‘Milky-Queen’ and ‘Chugoku No. 169’ to add the low-amylose
trait to the paternal cultivar. The crossed line was bred using a bulk breeding method. The promising prog-
eny line was named ‘Chukei 2855"; investigations into its productivity and adaptability test of strains began
in 2005. In 2006, the line was redesignated ‘Chugoku 192°. It entered into adaptability testing. In 2010, it
was added to the registry of breeds and named ‘Himegonomi . The following results were obtained from
analyses of this cultivar.

1. Heading date of ‘Himegonomi’', which is equivalent to that of ‘Hinohikari’, is 7 days earlier than that of
‘Yawarakomachi’. Its maturity date is equivalent to that of ‘Hinohikari’, but is 8 days earlier than that of
‘Yawarakomachi’. Its maturity is classified as medium-late in flatlands along the Seto Inland Sea. Its culm
length is 86 cm, equivalent to that of ‘Hinohikari’, but 5 cm shorter than that of ‘Yawarakomachi'. Its
panicle is 1.8 ¢m longer than that of ‘Hinohikari’, but is equivalent to that of ‘Yawarakomachi’. Its pani-
cle number per unit area, which is equivalent to that of ‘Yawarakomachi’, is less than that of
‘Hinohikari’. The plant type of this cultivar is medium type. Its tolerance for lodging, being weaker than
or equivalent to that of ‘Hinohikari’, is somewhat strong.

2. The thousand-kernel weight of ‘Himegonomi’ is about 21 g, which is equivalent to that of ‘Hinohikari’.
The quality of appearance of brown rice is superior to that of both ‘Hinohikari’ and ‘Yawarakomachi’.
Its low amylose traits create a slightly dull white appearance. The yield of ‘Himegonomi' in standard fer-
tilized plots at breeding sites was superior to that of ‘Hinohikari’.

3. The average amylose content is 8.4%, which is equivalent to that of ‘Milky-Queen’, is much lower than
that of ‘Hinohikari’. Because of its low amylose content, boiled rice is softer than ‘Hinohikari’ and its
stickiness is strong. The evaluated taste is ‘upper-middle’, as equivalent to that of ‘Hinohikari’.

4. ‘Himegonomi' apparently possesses a true resistance gene (Pia) against rice blast, but its field resistance
against leaf blast is moderate; that against panicle blast is moderate. Its resistance against bacterial leaf
blast is moderate. Its resistance against stripe disease is resistibility. Its viviparity is slightly hard.

5. Judging from its maturation characteristics, ‘Himegonomi’ can be grown in regions from the Kanto

region to western Japan.

Rice Breeding Research Subteam(Western Region)
National Agriculture Research Center for Western Region
! National Institute of Crop Science

2 National Agriculture Research Center for Kyushu Okinawa Region
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Macromineral Content of Wild Plant Species Grown on
Abandoned Cultivated Lands in the Chugoku Region of
Western Japan

Michio Tsutsumi, Yoshitaka TAkKAHASHI, Shigeki EMOTO!, Naoya IT0!, Shigeyuki SAHARA?
Tomoko YosHIMURA? and Takayuki WATANABE®
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I Introduction

The area of abandoned cultivated land in Japan has been increasing every year. In 2010, it increased to
4,000 km?, while the area of land still under cultivation was 45,930 km The national and local governments
of Japan are promoting the re-utilization of abandoned lands. For example, the use of such land for cattle
(mainly beef cows) grazing is promoted, and this practice has become widespread, mainly in western Japan.

To ensure that grazing animals are given nutritious fodder, it is important to understand the herbage
mass and feeding values of plants grown on grazing land. Previously, we had proposed that herbage mass
on abandoned lands should be estimated using community height¥. Further, we determined the feeding
value in terms of total digestible nutrients (TDN) and crude protein (CP) in wild plant communities, includ-
ing those grown on abandoned lands". Minerals are the main elements contained in the bone and teeth of
animals, and are involved in functions such the synthesis of proteins and lipids, and the activation of
enzymes; therefore, they are considered to be key nutrients after carbohydrates and proteins®. The species
composition of vegetation grown on abandoned lands varies considerably according to land use history,
length of time since abandonment, and geographical location*"*%, Hence, plant nutritional value parameters,
including the mineral content of grazing herbage may vary greatly from place to place. Data for the mineral
contents of wild plant species growing in Japan is scarce. The Standard Tables of Feed Composition in
Japan” contains data for the mineral contents of only 12 wild plant species; the data on macrominerals is also
insufficient. In addition, several major species found on abandoned lands, such as the tall goldenrod (Solidago
altissima L., Asteraceae), kudzu [Pueraria lobata (Willd.) Ohwi, Fabaceae], and cogongrass [Imperata cylindri-
cal (L.) Beauv. var. koenigii (Retz.) Derand et Schinz., Gramineae] are not listed.

We analyzed the content of 4 macrominerals (calcium, phosphorus, magnesium and potassium) in wild
plants grown on abandoned cultivated lands with various dominant species. Thereafter, we determined the
content of the minerals in the major dominant species and in the total vegetation.

I Materials and Methods

We studied 23 areas of abandoned cultivated lands throughout the Chugoku region of western Japan
where we conducted 51 field surveys and samplings from May to October, 2006 —2008. The length of time
since abandonment of the study areas ranged between 1 and 15 years. In most of the study areas, the land
was used for paddy cultivation before abandonment. We established between two to six 1 or 4 m*quadrats
during each survey. The herbage growing within each quadrat was harvested at the ground level. Samples
were classified as dominant species or a compound sample comprised of other species. Plant material was
dried, weighed, and subjected wet digestion. Then, the material was analyzed by atomic absorption spec-
trometry to evaluate the calcium (Ca), magnesium (Mg) and potassium (K) contents, and analyzed by the
molybdenum blue method to evaluate the phosphorus (P) content as a percent dry matter (% DM).

Firstly we evaluated the mineral content of each of the major dominant species. Secondly, we evaluated
the mineral contents of the compound samples comprising the vegetation within each quadrat computed
from the analyzed values and weight of the samples. The suggested range and maximum tolerable levels for
each of the 4 minerals are listed by the National Agriculture and Food Research Organization®. By compar-

ing the value that we obtained with the listed values, we estimated whether or not the content of certain
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minerals present in the dominant species or total vegetation was appropriate for cattle grazing. Ca and P
requirements vary with the variety, growth stage, and sex of the animal. We adopted the values for mainte-
nance of mature beef cows that are generally grazed on abandoned cultivated lands in Japan, and assumed a
body weight of 500 kg. The ratio of Ca to P (Ca/P ratio) is also a key indicator mainly for P absorption. For
example, the absorption rate of P in the animal body decreases when Ca is oversupplied. A Ca/P ratio
between 1.5 and 2 is desirable, while a Ca/P ratio between 1 and 7 is also acceptable, if the P content satis-

fies the requirement?. We evaluated the Ca/P ratio based on these criteria.

M Results

1 Contents of 4 macrominerals and Ca/P ratio of the major dominant species

The major dominant species in the study sites were the tall goldenrod, silvergrass (Miscanthus sinensis
Anderss., Gramineae), mugwort (Artemisia princeps Pampan., Asteraceae), cogongrass, barnyardgrass
[Echinochloa crus-galli (L.) Beauv., Gramineae] and kudzu (listed in order of frequency). The contents of the 4
macrominerals and the Ca/P ratio of these species are listed in Tables 1—5.

The Ca content was in the suggested range (0.24% — 2.00% DM) for most samples of tall goldenrod, mug-
wort and kudzu, although 2 samples of kudzu exceeded the maximum tolerable level (2.00% DM; Table 1).
Low Ca content was found in the 3 Gramineae species. Particularly in silvergrass, 17 of 21 samples had a Ca

content lower than the suggested range; the average value was also below the requirement.

Table 1 The calcium content of the 6 major dominant species and the total vegetation. The total number of samples per
species; average Ca content, the numbers of samples with Ca content below the requirement (<0.24% of the
DM), with Ca content within the suggested range (0.24% — 2.00%), and with Ca content exceeding the maximum
tolerable level (>2.00%) are listed.

Species | " Average = SD Les.s than Within suggested Qreater than
(% DM) requirement range ¥ maximum tolerable
Tall goldenrod 46 074 = 0.13 0 46 0
Mugwort 32 072 £ 0.23 0 32 0
Kudzu 21 1.28 = 0.51 1 18 2
Silvergrass 21 0.20 = 0.07 17 4 0
Cogongrass 16 0.26 = 0.06 6 10 0
Barnyardgrass 15 0.36 = 0.13 4 11 0
Total vegetation 165 059 = 0.24 19 146 0

 Scientific names: Solidago altissima L., Artemisia princeps Pampan., Pueraria lobata (Willd) Ohwi, Miscanthus sinensis Anderss., Imperata cylin-
drical (L) Beauv. var. koenigii (Retz) Derand et Schinz., and Echinochloa crus-galli (L) Beauv. % These values are for the maintenance of mature
beef cows with a body weight of 500 kg.

Most of the values for P content in mugwort and barnyardgrass were in the suggested range (0.25% —
1.00% DM). However, the P content, as well as the average P content values of many samples of other
species were less than the suggested range (Table 2). None of the dominant species samples exceeded the
maximum tolerable level for P content (1.00% DM).
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Table 2 The phosphorus content of the 6 major dominant species and the total vegetation. The total number of samples
per species; average P content, the numbers of samples with Ca content below the requirement (<0.25% of the
DM), with P content within the suggested range (0.25% — 1.00%), and with P content exceeding the maximum
tolerable level (>1.00%) are listed.

Species 1 n Average = SD Les.s than Within suggested Qreater than
(% DM) requirement range & maximum tolerable
Tall goldenrod 46 0.25 = 0.07 29 17 0
Mugwort 32 0.35 = 0.09 2 30 0
Kudzu 21 0.20 = 0.05 15 6 0
Silvergrass 21 021 £ 0.05 16 5 0
Cogongrass 16 0.23 = 0.05 10 6 0
Barnyardgrass 15 0.35 = 0.09 2 13 0
Total vegetation 165 0.29 = 0.08 65 100 0

T See Table 1 for the scientific names. ¥ These values are for the maintenance of mature beef cows with a body weight of 500 kg.

The Ca/P ratio was above the suggested range in many samples of tall goldenrod and kudzu, and below
the suggested range in many samples of the 3 Gramineae species (Table 3). Most of the values for the Ca/P

ratio in mugwort were in the suggested range.

Table 3 The ratio of calcium and phosphorus (Ca/P ratio) in the 6 major dominant species and the total vegetation. The
total number of samples per species; average Ca/P ratio; and the number of samples with a Ca/P ratio below,
within, and above the suggested range.

Species 1 n Average * SD Less than suggested Within suggested Greater than
range & range & suggested range
Tall goldenrod 46 329 = 1.15 0 18 28
Mugwort 32 221 = 1.04 0 30 2
Kudzu 21 6.30 + 3.84 0 5 16
Silvergrass 21 1.05 = 048 18 2 1
Cogongrass 16 116 = 0.29 12 4 0
Barnyardgrass 15 1.06 = 0.35 7 8 0
Total vegetation 165 215 = 1.05 40 87 38

T See Table 1 for the scientific names. ¥ 1.5—2.0 and 1.0 —7.0 (when P content meets the requirement).

The Mg content of most samples of all species, except barnyardgrass, was in the suggested range
(0.05% — 0.25% DM; Table 4). The Mg content of most barnyardgrass samples exceeded the suggested range;
while it exceeded even the maximum tolerable level (0.40% DM) in 5 of the 15 samples. Low Mg content was

not found in any sample of the dominant species.
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Table 4 The magnesium content of the 6 major dominant species and the total vegetation. The total number of samples
per species; the average Mg content; the numbers of samples with Mg content below the suggested range
(<0.05% of the DM), within the suggested range(0.05% — 0.25%), above the suggested range but below the maxi-
mum tolerable level (0.25% —0.40%), and exceeding the maximum tolerable level (>0.40%) are listed.

Greater than suggested Greater than

Speci Average = SD Less than Within suggested .
pecies T (% DM) suggested range range range and less than maximum
maximum tolerable tolerable
Tall goldenrod 46 0.16 = 0.04 0 46 0 0
Mugwort 32 0.18 = 0.05 0 31 1 0
Kudzu 21 0.22 = 0.07 0 17 4 0
Silvergrass 21 0.12 = 0.03 0 21 0 0
Cogongrass 16 0.09 £ 0.02 0 16 0 0
Barnyardgrass 15 037 = 0.11 0 3 7 5
Total vegetation 165 0.18 = 0.05 0 141 23 1

 See Table 1 for the scientific names.

The K content of all the samples other than those of silvergrass exceeded the suggested range (0.50% —
0.70% DM; Table 5). The K content of most of the samples of silvergrass also exceeded the suggested range.
Moreover, the K content of many samples of tall goldenrod, mugwort and barnyardgrass exceeded even the
maximum tolerable level (3.00% DM).

Table 5 The potassium content of the 6 major dominant species and the total vegetation. The total number of samples
per species; the average K content; the numbers of samples with K content below the suggested range (<0.50%
of the DM), within the suggested range (0.50% —0.70%), above the suggested range but below the maximum tol-
erable level (0.70% — 3.00%), and exceeding the maximum tolerable level (>3.00%) are listed.

Greater than suggested Greater than

Speci Average * SD Less than Within suggested .
pecies | (% DM) suggested range range range and less than maximum
maximum tolerable tolerable
Tall goldenrod 46 2.31 = 0.66 0 0 39 7
Mugwort 32 297 £ 0.66 0 0 20 12
Kudzu 21 168 + 044 0 0 21 0
Silvergrass 21 144 + 0.68 1 2 17 1
Cogongrass 16 1.16 = 0.28 0 0 16 0
Barnyardgrass 15 262 £ 097 0 0 9 6
Total vegetation 165 193 £ 0.56 1 2 152 10

T See Table 1 for the scientific names.

2 Contents of 4 macrominerals and the Ca/P ratio of total vegetation

Figure 1 shows the relationships between the content of each of the 4 macrominerals in the total vegeta-
tion and its dominant species. All the relationships were significant (P < 0.001), and the coefficients of corre-
lation (R) were 0.795 (Ca), 0.888 (P), 0.893 (Mg) and 0.861 (K).

Tables 1-5 list the contents of the 4 macrominerals and the Ca/P ratio of the total vegetation.

Ca content of the total vegetation in 88% of the quadrats was in the suggested range, while in the other
quadrats it was less than the suggested range (Table 1). Of the 19 quadrats where the Ca content was less

than the suggested range, 13 quadrats were dominated by silvergrass, and 5 quadrats by other Gramineae
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Fig. 1 Relationships in contents of 4 minerals between the total vegetation and the dominant species: (a) calcium (R =

0.795, P < 0.001), (b) phosphorus (R = 0.888, P < 0.001), (c) magnesium (R = 0.893, P < 0.001) and (d) potassium (R =
0.861, P < 0.001). The same symbol indicates the same dominant species as follows (see Table 1 for the scientific
names).

@: Tall goldenrod

A: Mugwort

W Kudzu

O: Silvergrass

A Cogongrass

[ Barnyardgrass

X: Other species
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species.

The P content of total vegetation in 61% of the quadrats was within the suggested range, and in the
other quadrats was less than the suggested range (Table 2). The P content was higher than the requirement
in most quadrats dominated by mugwort and barnyardgrass, while it was lower than the requirement in
many quadrats dominated by other species.

The Ca/P ratio was lower than the suggested range in 24% of the quadrats, and higher in 23% of the
quadrats (Table 3). Of the 40 quadrats with a Ca/P ratio lower than the suggested range, 37 were dominated
by silvergrass (17 quadrats), barnyardgrass (10 quadrats) or other plants of Gramineae family (10 quadrats).
Of the 38 quadrats with a Ca/P ratio above the suggested range, 33 were dominated by tall goldenrod (27
quadrats) or other dicotyledonous species (6 quadrats).

The Mg content of the total vegetation in 85% of the quadrats was within the suggested range, while the
other quadrats were above the suggested range (Table 4). The quadrats where the Mg content was greater
than the suggested range were dominated most frequently by barnyardgrass (5 of 21 quadrats) but also by
other various plants. The Mg content of the total vegetation in only 1 quadrat exceeded the maximum toler-
able level, dominated by Polygonum thunbergii (Siebold et Zucc.) H.Gross var. thunbergii (Polygonaceae).

The K content of the total vegetation in 98% of the quadrats was more than the suggested range and in
6% of the quadrats was more than the maximum tolerable level (Table 5). In the quadrats where K content
exceeded the maximum tolerable level they were dominated by various plants belonging to different taxo-

nomic groups.

IV Discussion

The contents of macrominerals may differ with land-use history, parent materials of soils, and growing
stage or season, even among samples from the same species. It is difficult to determine how each of these
factors affects the macromineral contents on the basis of our data. Much more data is required for this pur-
pose; our aim is to collect considerable data in the future. On the other hand, the composition of wild plants
grown on an abandoned cultivated land reflects land use history and soil properties®. Additionally, the con-
tents of the 4 macrominerals in the total vegetation could be largely accounted for by plants of the dominant
species (Fig. 1). These findings suggest that the mineral content of total vegetation can be estimated on the
basis of the dominant species, and that a strategy for managing an excess or deficiency of these minerals
can be developed.

The Ca content of the total vegetation was mostly in the suggested range, and it never exceeded the
maximum tolerable level (Table 1). However, silvergrass and its dominant vegetation were often found to
have insufficient Ca. Generally, Ca content of Gramineae species was less than that of other taxa”. The
National Agriculture and Food Research Organization” reported that the Ca content of silvergrass in Japan
was 0.23% DM (0.20% DM was the average value according to our data), having the lowest Ca value of all
wild plant species. Ca deficiency leads to failure to form new bone and retarded growth in young animals,
and osteoporosis and osteomalacia in older animals®. Therefore, for cattle grazing on vegetation dominated
by silvergrass and other Gramineae species, Ca should be added with mineral salt or herbage legumes such
as alfalfa instead of grains, which also have low Ca content?.

The P content was low in 39% of the total vegetation samples that were dominated by various species,

especially tall goldenrod, kudzu, silvergrass and cogongrass (Table 2). This may have been because of the
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low availability of phosphoric acid, which is a characteristics of Japanese soil’. The National Agriculture and
Food Research Organization” reported that the P content of silvergrass was 0.10% DM, which was less than
our estimation of the average value. P deficiency leads to inappetence, poor lactating performance, and low
fertility in adults, and unthriftiness and poor growth in younger animals®. Hence, P supplements such as
wheat bran and rice bran® are required for cattle grazing on vegetation dominated by tall goldenrod, kudzu,
silvergrass and cogongrass.

A balance of Ca and P is important for the efficient absorption of these minerals. The Ca/P ratio of the
total vegetation was less than the suggested range in 24% of the quadrats, and greater than the suggested
range in 23% of the quadrats (Table 3). Since this was caused by either a low level of Ca or P, as mentioned
above, supplements should be added to the animal's diet.

The Mg content of the total vegetation in 85% of the quadrats was in the suggested range (Table 4). On
the other hand, most of the values for the total vegetation indicated an excess of K content (Table 5). While
a deficiency of Mg leads to grass tetany, an excess of K prevents the absorption of Mg in the animal body?.
In an experiment by Newton et al', it was found that lambs fed on a high K diet (4.90% DM) had a 50%
reduction in apparent Mg absorption as compared to lambs fed on a low K diet (0.60% DM). The Mg content
of the total vegetation was more than 0.10% DM (double the value of the minimum tolerable level of Mg con-
tent) for most data. Although the Mg content of the vegetation dominated by cogongrass had a value lower
than 0.10% DM, its K content did not exceed the maximum tolerable level (3.00% DM). Therefore it was con-
cluded that the incidence of grass tetany may be low in cattle grazing on abandoned cultivated lands.

An excess of K causes cardiac insufficiency®. The K content of the total vegetation in 6% of the quadrats
was more than the maximum tolerable level (Table 5). It is difficult to determine from the dominant species
whether the K content exceeded the maximum tolerable level; hence, this should be deduced from the land-
use history of the area in question.
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Summary

While cattle (mainly beef cows) grazing on abandoned cultivated land has become widespread in Japan,
there is insufficient data on the mineral content of the wild plant species growing there. We analyzed the
content of 4 macrominerals, namely calcium (Ca), phosphorus (P), magnesium (Mg) and potassium (K) in the
wild plant species grown on abandoned cultivated lands with various dominant species. Further, we deter-
mined the content of these minerals in the major dominant species and total vegetation. The major domi-
nant species in the study sites were the tall goldenrod (Solidago altissima L.), silvergrass (Miscanthus sinen-
sis Anderss.), mugwort (Artemisia princeps Pampan.), cogongrass [Imperata cylindrical (L) Beauv. var.
koenigii (Retz.) Derand et Schinz.], barnyardgrass [Echinochloa crus-galli (L.) Beauv.] and kudzu [Pueraria
lobata (Willd) Ohwi] (listed in order of frequency). The content of the macrominerals in the total vegetation
could mostly be accounted for by the dominant species. The Ca content of the total vegetation was mostly in
the suggested range, and it never exceeded the maximum tolerable level. However, silvergrass and its domi-
nant vegetation were often Ca deficient. Low P content was found in 39% of the total vegetation that was
dominated by various species, especially tall goldenrod, kudzu, silvergrass and cogongrass. The Ca/P ratio of
the total vegetation was less than the suggested range in 24% of the quadrats, and greater than the suggest-
ed range in 23% of the quadrats. The Mg content of the total vegetation was within the suggested range in
85% of the quadrats. It was concluded that the incidence of grass tetany was low in cattle grazing on aban-
doned cultivated lands. However, most of the data on the total vegetation indicated an excess of K; in 6% of
the quadrats the value exceeded the maximum tolerable level. It is difficult to determine whether the K con-
tent is appropriate for grazing on the basis of the dominant species.
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Development of an open/closed hybrid hydroponic culture system
Yoshiaki KASAHARA, Shuichi WATANABE!, Hiroyasu YOSHIKAWA and Shohei SHIBATA
Summary

We devised an apparatus of run to waste type (open type) hydroponic culture system, which is available
to control amounts of nutrient solution supply in entire greenhouse reflecting crop growth and solar radia-
tion, using closed circuit hydroponic system partly. We named the apparatus as Open/closed hybrid hydro-
ponic culture system. We applied this for tomato cultivation in greenhouse, and demonstrated that this could
control drainage/supply ratio of nutrient solution below 20 %. We verified that this apparatus is able to con-
trol adequate amounts of nutrient solution for crops reflecting the growth stage of crop and solar radiation.

Research team for Protected Cultivation in Hilly and Mountainous Areas
National Agricultural Research Center
! Research team for Conservation of Agricultural Watershed
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