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BV— 2 Weather conditions and changen in a-amylase activity (O) and germination per-

centage (&) under wetting treatment.

The wetting treatments were carried out

twice before maturity (¥) and 3 times after maturity on ears grown under natural
field at Tokachi Agricultural Experiment Station in 1993. Bar: precipitation, line

. mean temperature.
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$IW—1 Variation of germination percentage in late harvested wheat grain in 5 cultivers grown at different locations from 1988 to 1995.

Year Agricultural Chihoku- Horoshiri- Kitakei- Lancer Satanta
Experiment Station komugi komugi 1354
1988 Tokachi 16.5 04 - 0.0 0.0 0.0
Kitami 0.0 0.0 0.2 04 0.0
1989 Tokachi 04 0.0 0.0 0.0 0.0
Kitami 286 3.8 0.1 6.6 2.5
1990 Tokachi 93.8 10.9 7.1 4.7 1.6
Kitami 96.0 434 5.6 6.2 5.6
Central 0.0 0.0 0.0 0.0 0.0
1991 Central 2.0 1.9 0.3 0.7 05
1992 Central 183 10.8 04 1.1 1.9
1993 Central 5.7 0.2 0.5 0.6 04
1994 Central 12.7 2.6 0.0
1995 Central 476 37.8 1.3 185
Mean 26.8 9.3 1.3 3.5 1.3
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#]N—2 Variation of « -amylase activity in late harvested wheat grain in 5 cultivers grown at different locations from 1988 to 1995.

Vear Agricultural Chihoku- Horoshiri- Kitakei- Lancer Satanta
Experiment Station komugi komugi 1354 ) i
1988 Tokachi 1,675 179 84 521 159
Kitami 118 97 81 125 97
1989 Tokachi 132 100 83 114 206
Kitami 2,779 846 87 930 251
1990 Tokachi 12,174 1,961 134 384 337
Kitami 20,366 7,973 413 3,070 1,253
Central 106 113 97 172 103
1991 Central 510 582 144 422 227
1992 Central 4,071 4,173 500 610 588
1993 Central 33 243 159 851 233
1994 Central 2,393 314 144
1995 Central 38,808 4,071 321 3,565
Mean 4,497 1,721 187 979 345
10000 900 ¢
I, =
i S
» 600
el b
£ z
’.E 1000 §
2 >
=
E g 300
E g
]
5 g
. . " 0
e 5 10 15 20 0 5 10 15 20

Germination (%)

900

600

r=0.726"

300 f

Amylograph viscosity (B.T.)

° Qg

0

100 1000 10000

a-Amylase activity (m0/g)

270 TERIFMMERBED o-7 35 —HiEROEE

1992 DEFIHEHHEF OREFROSNTF, «-
T 3T —EiEHOFHITI8ImU/ g & EHE D - 7= 7,
EHEAB00mU/ gL EDOREA1LT%ED s (FENV—
3). 193ETHRAMKH THREE/BOLN, BE
FRBOFHIZO0% TH o7, T2, «-T 35 — Y&

Germination (%)

RV —3 Relationships among germination percentage, amy-
lograph viscosity and « -amylase activity in late har-
vested wheat grain in several wheat cultivers at
Central Agricultural Experiment Station from 1992
10 1994. ** : Significant at 1% level,

HEDOFHF490mU/g b & ¢, 300mU/gbl F4%64.6% % &
DT/ 194 E M CHEFORE IITD 5T,
a~7 37— BEEOFEZ1656mU/g & B <, {EPEATI00
mU/gl EORF LB ONLh o7, D& 121993
FIZEAD o« -7 35— ¥ FERI BP0 BEE LT,
A OKE» OBELRELUNEEL T,



LiEEICBILET IUAEOBEL ZOERICHET A5

=
— B

BRI RS N Ea-T I T —EHEOERER
IZDWTEET S L, 1993 FEDRIESIRENGT TRESF
bl a7 37— EEHER L @B RIS D
Wi, PrMS (Pre-maturity sprouting « -amylase) (2
SEEND.

L L, HEENT - (RDOLNLZVIZEDDD
TEa-7 I 7 —¥EGER LGB RLREIIOV TR
FOERIGHZE L, WEgEEO—2E LTI, BIZ
BARBFILEEo TRV, TERNSTIHEICKIER

FEHBEEN, «-TIF—EFEHRLTWDLILNFEZ
N5, ZOBE. BREEFFTDLNEVITLEOPIMSE

SETAIENRREYTH S, —F. PMAA (Pre-matu-
rity « -amylase) OWEEMELEZ 615, FHIZ, 19924

37
B a-T7T 39— EE®EERLAERZRKICOWTIE, B
BHORS LGP REBRBIE T, BEFIFT (D

LENTVRWI 25, PMAADOTEEEAS RS NS,
KIZ, BBBD o-7 35— ViFEL, mAHERICE
L - ENMAEEOEREFIER L OMBE e RE L.
FOFEE, 199241 r =0.197* (n =120, IV — 4 —©),
1993412 r =0.213* (n =113, IV —4 —@) &R
&<, 19944 r =0.084 (n=119) L{&»o/z. ZO
B, WFRoERICBWTHHEFEr -2 L0 b,
R D o -7 I 5 —BiEHE & AR LR ORESEF 4
LR AREEEZONS. LXK T, K7 IO
HREDOBEOOICEIRARD -7 I 7 —¥iFH L
BERFMEOTMELRET DLENH 5.

#£V—3 o-Amylase activity in grains and germination percentage at maturity in 120 lines
and varieties at Tokachi Agricultural Experiment Station from 1992 to 1994.
a-Amylase activity (mU/g) Germination (%)
1992 1993 1994 1992 1993 1994
Average 181 490 165 0.0 3.0 0.0
Maximum 711 1,085 322 0.0 39.3 0.0
Minimum 78 110 112 0.0 0.0 0.0
SE 115 303 33 0.0 4.5 0.0
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EV—4 Relationships between germination percentages by a wetting treatment about 2
weeks post maturity and « -amylase activity in grains at maturity at Tokachi Agri-

cultural Experiment Station in 1992 and 1993.  * : Significant at 5% level.
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BNV —5 Weather conditions at Central Agricultural Experiment Station in 1995.

precipitation, line : mean temperature.
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BIV—6 Changes in moisture content, «-amylase activity and percentage of greminat-
ed grain in Harunoakebono and Haruyutaka at Central Agricaltural Experiment
Station in 1995. 4 ; Mointure content, O ; « -amylase activity and ¥ : maturity.
The numbers show germination percentages.
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BNV —7 Electrophoresis pattern on isozymes of « -amylase in Kitakeiharu-617 and Haru-
yutaka grown in field and harvested at 2 weeks before maturity (B), at maturity
(M) and at 2 weeks post maturity (P) at Hokkaido Central Agricultural Experi-

ment Station in 1995.

%NV —4 Percentage of germination and « -amylase activity in grain harvested at ripening stage,

maturity and late stage.

Germination

a-Amylase activity (mU/g)

Variety I I I I o~ m
Harunoakebono 0.0 0.0 5.0 2,712 268 930
Haruyutaka 0.0 2.6 175 1,322 834 7,749
Zennkoujikomugi 0.0 0.0 6.9 3,380 324 896
Nishikazekomugi 0.0 0.0 7.8 991 149 1,440
Kitakeiharu-617 0.0 0.0 3.1 1,637 174 748
0S8-21 0.0 0.0 52 3,140 181 737

* T : Ripening stage at 20-July, II : maturity at 7-August, and II: late stage at 21-August.
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BV —8 Changes in a -amylase activity (@) and percentage of germinated grain (&) by
wetting treatment for wheat ears. Ears were harvested at 4 days and 11 days
post maturity and subjected to wetting treatments. As [or Zenkojikomugi and
Kitakeiharu-617, Wetting treatments were carried out only once at 4 days post
maturity. With respect to wetting treatment, ears were irrigated by overhead
sprinkler at 9 and 17 o'clock everyday and were incubated under high humidity.
Parts of ears were sampled at 2, 4, 6, days after treatment, and « -amylase activity
and percentages of germinated grain were evaluated.
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]|V —1 Treatment of nitrogen fertilizer application.

Nitrogen application stage

No Nltl’Ogt:.‘n supply and rates (N kg/ha)
(N kg/ha) Basal” Top-dressing 1*  Top-dressing 2*
1 40 40 0 0
5 20 40 40 0
3 120 40 80 0
1 160 40 80 =

¥ . Basal : at sowing time in September, Top-dressing 1 : at rising stage in April and Top-

dressing 2 : at heading stage in Middle June.
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V-1
itation, line : mean temperature.

Weather conditions at Central Agricultural Experiment Station in 1995. Bar : precip-

FV—2 Effects of nitrogen supply on stem number, yield, and grain weight.

Treatment Stem number Total weight Grain yield One grain weight
(/m?) (Mg/ha) (Mg/ha) (mg)
40N 720 9.4a 4.0a 38.8
30N 710 10.4ab 4.5ab 39.6
120N 797 10.7ab 4.7abc 38.5
160N 843 12.6b 5.5¢ 39.8

Means with different alphabets are significantly different at 5% level by t-test.
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V—2 Effects of rainfall on wheat grain quality. B : Chihokukomugi grown under natural
conditions, (] : Chihokukomugi grown under vinyl house, @ : Hokushin grown
under natural conditions, and O : Hokushin grown under vinyl house.
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2V —3 Elfects of nitrogen supply on grain quality at four days after maturity (26-July) and an occurrence of lodging at late

harvest stage (2-August).

Germination Protein content a-Amylase Maximum Brightness
K . . s . N Occurrence
Treatment Percentage m grain activity in grain  viscosity of flour of flour of lodgin

) (mg/g) (mU/g) (B.U.) L) cems
40N 0 92a" 170 740 83.7a Non
SON 0 93a 172 720 83.6a Non
120N 0 93a 147 720 83.0b Observed
160N 0 103b 152 745 83.0b Observed

Means with different alphabets are significantly different at 5% level by t-test.

£V —4 Effects of lodging on grain quality at late harvest.

Occurrence Cermination a -Al}l)-flase Maximum Bn‘ghtness
of lodging %) activity viscosity of flour
(mU/g) (B.U.) (L*)
Non 11.0 781a 140a 82.6
Observed 17.6 1,284b 70b 81.9

Means with different alphabets are significantly different at 5% level by t-test.
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(o]
~

BAIE127me/e T, FHIX108me/gTH - 72, HFHIFEH o ) ] QS
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-7 37 —¥EEORIZ128mU/g, ®ARIZ670mU/g g g L (o)
T, FHE204mU/gTH o7z, 7 I DEDOR/NILISB. %81 o]
U.. BHiE1115B.U. T, FHIS60BU. ThH o7 M ES [ r=0.608"(0=43) ® O
OL*OR/NITI9, BAIISIST, THIIS25TH o7z, 580 F e ©
KIREHEOMREMET AL, BAGERLHA = 19 —
DL ORIt r =—0.608"* (n=43) T, HELA 70 8 % 100 110 120 130
OHEFBO LN (AYV—3). Thbb, 2HE Protein content(ng/g)
BV —3 Relationship between protein content in grain and

HEHEFSTILELPERTT2EEIBOON.
CEBEERHNF1I0me/gll E LSS UZET L7z,
FREMBEYL -7 3 5 —EHEHEE r =0.930"* D7 W

flour brightness (L*). (O : Samples with under 2%
of germinated grains and @ : Samples with over 2%
of germinated grains. ** : Significant at 1 level.

%V —5 Correlation among characteristics of grain quality in 43 Hokushin wheat samples.

One grain Protein content Germination a-Amylase Maximum Brightness
weight in grain percentage activity in grain  viscosity of flour of flour
(mg) (mg/g) K mU/g) (B.U.) (L*)
Minimum 34.2 80 0.0 128 195 79.9
Maximum 46.2 127 55 670 1,115 83.8
Average 40.1 108 0.5 204 868 824
S.D. 2.5 12 1.1 128 277 1.0
Protein —0.137
Germination —0.261 0.360*
« -Amylase —0.243 0417** 0.930**
Viscosity 0.446** —0.488** —0.765** —0.823**
Brightness 0.272 —0.608** —0.806%* —0.796** 0.811**

* . ** : Significant at 5% and 1% level, respectively.
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BV —4 Effect of nitrogen application and post-maturity
rainfall on grain yield, lodging and grain quality of
wheat.
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High « -Amylase Activity in Wheat (Triticum aestivum L.)
Grain from Hokkaido

Satoshi NAKATSU

Summary

High « -amylase activity in grain degrades the flour quality because « -amylase resolves the starch in flour and lowers
flour viscosity which is usually measured by a Brabender Amylograph. Wheat with high « ~amylase activity is often observed
in Hokkaido because of the weather conditions from maturity to harvest of the wheat. In some wheat varieties in Hokkai-
do, pre-harvest sprouting is induced under cool and rainy conditions and then « ~amylase is activated by germination. To
reduce the damage by high « -amylase activity, the cause of high « -amylase and factors affecting activation of « ~amylase

were investigated.

1. Incidence of high « -~amylase wheat in Hokkaido and classification of « ~amylase activation

A survey of amylograph viscosity in samples of Chihokukomugi grown in Hokkaido was conducted from 1989 to 1991.
Mean viscosities were high in 1989 and 1990, 877B.U. and 825B.U. respectively, but relatively low in 1991, 465B.U.. Wheat
from Tokachi district, in particular, was severely damaged, with a mean viscosity of 288B.U.. However, wheat from Ishika-
1i district, Kamikawa district and Sorachi district was fairly high. In this year, some wheat samples showed high « -amy-
lase activity and low amylograph viscosity but little or no germination at maturity.

Changes in « -amylase were greatly affected by weather conditions and genotype, but the various profiles could be
classified into 3 distinct patterns.  In pattern 1, «-amylase activity before maturity was high at endosperm due to low pl
isozymes (Amy-2, green « —amylase), but then declined, and remained low. There was no germinated grain detected.

In pattern 2, a-amylase activities near maturity were similar to pattern 1. However, post maturity rainfall induced
sprouting and « —amylase synthesis of high pl isozymes (Amy-1, molt « ~amylase) mainly at embryo in non-dormant geno-
types. Pattern 2 which was greatly influenced by rainfall after maturity and levels of dormancy, corresponded to the well
established pattern of pre-harvest sprouting (PoMS : post maturity sprouting « -amylase).

In pattern 3, high levels of « ~amylase are ohserved at maturity despite little or no germination. Thereafter, «-amy-
lase remained high or increased still further. In this pattern 3, there are three possible pathways of « -amylase formation.
Pathway 1 : wheat that were exposed to cool and wet conditions at the early and middle stages of ripening exhibited rela-
tively high « -amylase activity, due to Amy-2 isozymes, in the absence of germination (RPA : retention of pericarp « -amy-
lase). Pathway 2 : under cool and wet conditions in the late stage of ripening, grains germinated before maturity and high
pl isozymes of Amy-1 were activated (PrMS : pre-maturity sprouting ¢ -amylase). Pathway 3 : Amy-1 was activated in
the absence of germination (PMAA : pre-maturity « -amylase) under not only cool and wet conditions but also hot and dry

conditions.

2. Selection methods and evaluation of « ~amylase activity in varieties.

Accordingly, three pathways (RPA, PrMS and PMAA) of « -amylase formation at maturity were observed in Hokkaido.
Certain varieties like Lancer often exhibited high «-amylase activity at maturity despite high tolerance to pre-harvest
sprouting. The relationship between « -amylase activities at maturity and dormancy (susceptibility of sprouting) is very
low and not significant, Estimation of dormancy or determination of tolerance to sprouting through the use of wetting treat-
ments will not eliminate all lines with high « -amylase. Therefore « ~amylase activity at maturity was an important criteri-

on along with dormancy.
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An efficient selection method for lines and varieties with high « ~amylase involves weather treatment of pot plants at the
ripening stage using artificial environment cabinets. An alternative way is field selection in Tokachi district where wheat
is often exposed to cool and wet conditions at the ripening stage. Because weather conditions in natural fields vary over
the years, several years are needed to precisely estimate the varietal characteristics of « -amylase.

In terms of @ -amylase at maturity and dormancy, tolerance in some winter wheat varieties was evaluated. Chihoku-
komugi exhibits high « -amylase when it matured under cool and humid ripening conditions, and was also susceptible to
pre-harvest sprouting. Horoshirikomugi and Hokushin are more tolerant than it. The tolerance of Horoshirikomugi is
attributable to the low water uptake rate of grain in the ear under wet conditions. Kitakei-1354 commonly shows hoth low
« -amylase and high levels of dormancy. Tolerance of Kitami-72 that was derived from Kitakei-1354 is close to that of
Kitakei-1354. Similarly, Satanta has a high level of tolerance, while Lancer often shows high «-amylase, even in good
weather conditions despite having high levels of dormancy. So it would be better to avoid using this as breeding material.

In spring wheat, Haruyutaka is the variety most susceptible to pre-harvest sprouting and often shows PrMS under rainy
ripening condition. Levels of tolerance in Kitakeiharu-617, Harunoakehono, Zenkoujikomugi and 0S21-5 are estimated
high and are ranked in a class similar to Kitakei-1354. These varieties appear to be a good source of tolerance to pre-har-

vest sprouting for cultivar improvement in Hokkaido.

3. Agronomic ways of reducing the problem by high « -amylase

Early harvesting is important to avoid activation of « -amylase in grains, because the possibility of rain will be higher
with time after maturity and grain dormancy will be broken easily. A method of predicting the risk of « -amylase activa-
tion involves determining the degree of dormancy and forecasting wet weather to assist farmers with organizing the har-
vesting and drying of the wheat. Lodging often enhances activation of « -amylase because water content in grain remains
high in lodging ears. Therefore, application of nitrogen fertilizer and seeding rate are important techniques to prevent
lodging.

If grain with high « ~amylase activity contaminates sound grain, flour viscosity of the whole sample is lowered by
a-amylase. So separation of high « -amylase grain from sound grain during harvesting and drying is important to main-
tain wheat quality. A rapid and convenient method of measuring « -amylase activity at the wheat recieval point is neces-
sary. The auto-analyzer developed in this study could he available for this purpose. Separation and grading of high «-

amylase grain by measuring activity using the auto-analyzer may contribute to producing high quality wheat.
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