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Meteorological Constraints and Countermeasures in
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ABSTRACT

Yield loss of wheat and barley due to meteorological constraints has been analyzed in order to get the
basic information, which will lead to the counter-measures for dissemination of agricultural technology and
administration. These meteorological damages were analyzed on the results of percentage yield loss and

mechanism of damage and the aspects of constraints were explained.

The annual yield loss of wheat and bardey were 21.7% by meteorological stress :

Cold damage, 5.9% ;

excessive soil moisture, 5.6% ; lodging, 2.9% ; drought, 3.0% ; disease, 4.3% etc.
Those damages by the stresses mentioned above and rain damage were analyzed in relation to the growth
stages and the degrees of damage. The predispositions and the growth of wheat and barley to those metearo-

logical stress are also discussed.

Varietal resistances of wheat and barley to those stresses were indexed and the physiological and morpho-
logical characteristics of these resistant cultivars are described. Cultural practices to minimize the damages

were also reviewed.
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Table §. Average barley and wheat productions

and decrement due to cold damage and
heavy rainfall on the selected years,
(MAF, AFS Year book)

o]

Production Amount .
Reduction
Item |Year|Average*|Disasted] of
rate
year year [decrement
: %
Cold ¥ ¥ ¥
damege 1977 L6021 862057 823177 4
Heavy
rain /1963 1,313,879 901,681 412,198 31

# Average year: Averaged 5 years prior to
disaster year.

RER KEilsto 249 BRilgEo] 9% sidox
WEES 823,177 %l ZEshgch

19634Fdl= 4,56 A9 2EH FHBRHFES ud
B 325.9mmdl] Hsld 709.3mm7t e B
BEE B4 2980 Hisbe 1963452 492 B
Tedaitkel @R o & FMHY KBLroe FE
o] Hsled 31 2 412,198 Wo| REE= o ot

fevtebl Ao H REKER 54 BE) RER
o] ol BEUNE ot AL - LBEAT et
f9al FEHEFE glol o) Bl EEl B Ak A
et A HEY SEERE FRH £HpE
HHE, BKE 4 HiKEL BE e 822 /X
o RERKE® HEY HEs) v £ 264 n&
o} o,

BHol RREXEE RE, HE, HRE BEEH
& Solv 19804 FEHETEY 4EGe B8
o2 5o HEEY ¥ HFHMo] 453,245ha2 &
B i 135% EfEol= BERS 196762% o2
REERY 21.7%=2 M H AT HEo] £ol o}
A @A vehda A o] & BARe 1974~1977489]
HRe HEsto] 2 B AL HEEHE 126%,

Table 2. _ aged acreage and yield reduction due to natural disasters on wheat and barley in
Korea and Japan.
. . Damaged Amount of Damaged Reduction
Nation Acreage Production acreage reduction acreage rate rate
Korea (1980) 360,410 ha 905,877 Mt 453,245 ha 196,762 ¥% 135 % 2.7 %
Japan(1974-'77) 165,250 450,500 209,000 70,300 126 15.7

Table 3. Estimation of yield reduction per year due to weather damages on wheat and barley.

Freezing Excess soil

Item PRt moisture Lodging Drought Disease Total

Damaged acreage (ha) 133,352 110,643 54,062 44,001 144,164 486,222
Reduction rate of yield per 10a(%) 15 17 18 23 -
Decreased yield per ha (kg) 404 457 484 619 -
Total yield reduction (%) 53,874 50,564 26,166 21,234 38924 196,762
Reduction rate (%)

Korea 5.9 5.6 2.9 3.0 43 217

Japa_n 3.7 5.2 3.6 - 3.2 156.7

1) Acreage of wheat and barley cultivated : 360,410 ha
Total production of wheat and barley : 905,877%
2) Rate of damaged acreage due to cold winter.: 37%

Yield per ha: 2694

3) Damaged acreage rate due to excess soil moisture: 60% of paddy field acreage 184,405ha

4) Rate of lodging acreage: 15% of total acreage

5) Damaged acreage rate due to drought : 14% of upland field acreage

6) Damaged acreage rate due to disease : 40 %

7) Total yield reduction in Japan was averaged from 1974-'77
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CHILLXN.‘- TEMPERATURE
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%ﬁ transition
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Return to streaming
normal \
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supply
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return to 20°C ‘Accumulation of toxic Solute leakage and
metabolities disrupted ion balance
acetaidehyde, ethonal,

etc.

Prolonged
exposure

INJURY AND DEATH OF
CELLS AND TISSUES

Fig. 1. Schematic pathway of the events leading
to chilling injury in sensitive plant tissues.

(Singer, 1971).
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High moisture of soil

Elevation of soil temp.

O, from soil to root
(Upland plant)

/ Shortage of soil air \
b Reduction of /\ Decline of root'| %
€ ™| Eh of soil : respiration W ;g
w | i
;’ : Formation of reducing products (Fe™, Acceleration or declination of redox | | E
‘= "4 §) insoil and their intrusion in the enzymes (for example : Peroxydase, -~ &
¥ root Catalase) .
Decline of metabolic activity of root
(Lowering of Ehof root cells)
e
Root rot Necrosis Lignification of
cell walls of root

—_ =7 =

Stop. of root growth, decay bdf
absorbing power of nutrients

Fig. 2. Mechanism of Excess Moisture Injury of upland crops(Yamazaki, 1952)
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Hight of center of gravity
[ a | (in which culm length is
concerned)

l' Fresh weight of top

Affect bending
moment by whole
culm added at the
base

External force(wind,
L rainfall, etc,)

Culm stiffness (in which

Lodging occurs
when A is larger
than B and it is
sometimes accompa-
nied by breaking of

N\

d the shape of cross section culm
of culm materials, etc.
are concerned) Resist to the above
B moment
Culm supporting strength
e | (in which soils and roots
are concerned)
Fig. 3. Schema on lodging phenomenon (Oda, 1966)
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g . .
m]a)trt}t; - 3] | Quality of culm materials Young’s Bending rigidity
o (in which state of accumuw modulus ~*|| (shows resistance
lation of dry matter to cuim to hending)
tissue, arrangement of
vascular bundles, differen
tiation and development
of culm tissue, state of Bendin Bending moment at
individual cells, etc. are tressg —=-|| breaking(shows re- |}
concerned) s sistance to breaking)
Fig. 4. Schema on analysis of culm stiffness(Oda, 1966)
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Inductor

Growth inhibitor

Initiation of
growth stimulator|

Low temp.
Light treat.

/ Radicle
Growth rest Growth Kreb’scycle
{Dormancy) kGermination]
Open
Growth stimulator Protease / /[Endosperm
Starch
Amylase Protein Seed coat pe-
ctin, cellulose

Initiation of
growth stimulator

Dormancy mechanism

I W
Internal cytokinin

. - Cellulase
Gibberellin Germination

Dormancy breaking mechanism

Fig. 5. Model of dormancy and its breaking mechanism(Amen, 1968)
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Table 4. Generalized sensitivity to water strees of plant processes or parameters2)

Sensitivity to strees

Very Relatively
Process or Parameter Sensitive Insensitive
Affected Reduction in Tissue & Required to Affect Proces®’ Remarks
Obar __10bars 20 bars
Cell growth @ — ... Fast - growing tissue

Wall synthesis

Protein synthesis
Protochlorophyll formation
Nitrate reductase level
ABA accumulation
Cytokinin level

Fast —growing tissue
Etiolated leaves

Stomatal opening
CO, assimilation

Depends on species

Respiration
Proline accumulation
Sugar accumulation

Depends on species

a) From Hsiao 1973

b) Length of the horizontallines represents the range of stress levels within which a process
first becomes affected dashed lines signify deductions based on more tenuous data
¢) With ¥ of well - watered plants under mild evaporative demand as the reference point
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Table 5. Rate of yield deérement due to cold
damage at the different growth stage
of barley.

Rates of damages on foliage, young

Stages panicle and spike (%)
10 30 50 70 90
Seedling 1) — - 10 20 30
Tillering 1) ~— 10 20 30 40
it

1) Chukoku Agri. Exp. Station (1947)
2) Norin Agri. Stat. Off. Report (1948)
3) Nakano Agri. Stat. Off. Report (1951-'57)
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Table 6. Critical temperatures of winter killing at the different stages of spike development

on wheat and barley. (WBR1, 1982)

Degree of Young tcegticalatme
Growing stage panicle Date panicle of ﬁuer Remark
development length kil ling
mm °C
Leaf primordia developing and I-II 30 days after - -
spike differentiation seeding
Early hull formation mo-v Early and -~ -17(-21)
late winter -
Late hull formation \'4 3.1 0.5-0.7 ~17 21
Early spikelet formation Vi 3.6 0.7—-09 -12
Middle of spikelet formation i 316 0.9—-10 -11
Late spikelot formation i 326 1.8-117 —4 ~—6 Treat. time 5~7.
5hrs. stem length
over 5cm
Early flower formation X 3. 30(40days 1.7~18 —3 ~—5 Treat. time 3~4
before head- hrs. stem length
ing aver 5S5cm
Late flower formation X 4, 10(30days 25~28 —2~—4 "

before heading

( ) Wheat killing temperature.

AMEREHR 80 ®EH) /A% Bt EH
LV g R Mol #ES e BEE:
E&e] oX gu FREHST 5-THY Wt RE
o 7 Avimg ojsfel #W& & AlAk 5o FHAML
BT ol HEBABEE @2 T 1 A HE
—17C, /ME —21C BE/ 8ok =8 8%% 4
BAMeE 2 el B85 BRAA B
oo Az Riflol 2 Kiffels] otz LR
7} el trEsly dene HFEBRABEE —12
~—11"CEE~7 "tk

2% go] g RBel LRASIHA @Y MR
BRtaslo) i) kel EERW % B AL A
ol Wimz EB] st LR HEHA T AR
Bt =slo] & HEES U oY BRE LFEKHE

o] ol BRIt HBE £ WESL e K

Ewe] HEEHS ERe 1o BEY ERS K,
Mol AEHRRE Sol me oA #Re Rt &
Wines v MY £H BEY BY B 3ATY
2E 4A LAl 24 RESE HREEDI DHR
BRes KSIg 4 Ak

gEsisEe) A9 38 FAE Sk s
of —4~~-6°C BEEl KiBel 5~T7.58MH MEstd
GRETES A BRA BEY Bkd: HEe
BEHME KERel o8l 2-38 KiBstd &R
HEE REVG AAES HEhie] BT EY

4 ek B P ojstd EBERERA ASA
BRRAEER2 24 BECl Scm BE Dlo HA4
el BES MEKYel EXsZ 2 UTAAE &
7 et A ghetha gk

thgoll BAKREH A= 30 TA¥H 4H L
B8 BD SIEAMLATE o ®fidl —2~—5°C B
ERo 3-4AKA] #R=T o o LR EBES
uholA B4} RER0]l UoldthP P o| Listel 53] B
FEG YolAE +2°C EEEel EiRolA FrgiRI
wel oS ¥ Kol vebdeh RipRel  HEF
Hite A% HBRY £FRYR A BT, TR
Mise) Tk, SHY £+ ERE 1BESRE Folz
3 gk

3) e £HHA RE

Rifge] EZe st TS| Yo HES ¥
ok el FE B s oy MY Rk, &
ol o MfEel BNy BES 29 1Y Eg=
griRe] sl€7) YRS B Ealo] BB sle § 2
Xe) gES UA Rk

Miael HEol Hsloe MEA BHe A M
shxIt MHfEt BERESES) olER WER sl Eoe
7t WEEE 2A =l e Bihatn g9 Bkl
MEsl: RALEAE K, ¥, BHH %L £ F
Aor o] F 4ol MREY RE, ME, BEHHF
HEr, pH 5ol #8e slo MEE-S BRI Aot

- 418~



Tysdal 2ol o5l e MR kost B
{kste] Alolo] —0.7950+ 0.0766 2] &2 B2 858
o| Atk &t= Newton %P2 KAl A A
Kko)l BE REL B RE Kt kool A
I Fhda R ojste] MiMEA g kS S @
fad #akst WEEA &S Aok shgdch Met-

calf P& A N HWRYBE cte HES
ksl FRASE B RELFRES BHY 4
2 6ol By wiel o] KEFe AAA FHK
Safe) 63% ANY W RE £FEES GolA o
i o] F¢ Dictoov —17°C, MWRie] H
Wong € —14TC, Hudson& —13C7t BE4LEFR

Barley Wheat
-9 —e-- Wong / |~~~ Redcoat
" ~—— Hudson / Genesee
~ N T === Dlinois /]
S
T -12
2
5 N /
& . J/
§ -15F  \. /-
a \~\‘\ ”/‘
—_ 1& 1 1 1 1 o
55 59 63 67 71 75 55 59 63 67 71 75

Moisture content ()

Fig. 6. Minimum survival curves as a function of temperature and crown moisture. (Metcalf : 1970)

28 28
L~ N
24 ( 24 AN
20 '/ Dry weight 0
16 16 t
—-18° —10° Dry weight
18°C 19°C
12 i/ ~15C l { 12
o] | —> 8 i
4 /‘/"/ Su!crose s - E‘E:ose
Glucose ucose
TS PA 7 0 P L S0 ===
10 20 30 40 50 60 1 2 3 4 5 6 7 8

Hardening period(day)
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Table 7. Effect of sowing date on rates of
killed tiller of barley. )
(Kyonggi PORD :1977)
" Rates of killed tiller (%)

Sowing date

Olbori Suweon 18
Oct. 7 14 19
Oct 16 40 24
Oct. 21 76 30

Table 8. Effect of fertilizer on survival tiller
rate of wheat and barley.

(WBRI : 1981)

Classifi- Non - Non - Non -

cation Control Nitrogen Phosphate Calcium

Covered

Barley 80 71 65 67

Wheat 94 85 69 78
Controt : Plot applied nitrogen, phosphate

and calcium.

BE it KRR MBS KA Heto
RBFQBLAA K3 PR REE #Hsled 10a
E 2% 12kg, #& Okg, ME Tkg, #MPE 1,000ke
< KR 3ERE, BAHE, BNEEY] AREX
& BET 9 £ 8NA B uiet go] 3 EFE
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Table 9. Relationship of covered materials for
wintering barley yield.
(WBRI : 1981)

Amount
Item of covgred Yield 23:(
material
(kg 10a) (kg,10a) (%)
No cover 373 100
Vinyl cover 458 123
Rice straw cover 500 492 132
Rice hull cover 1,000 418 112
Compost cover 1,000 410 110
Compost cover 1,500 563 151

RE 3o Fa Aok FBHFABLA ostd £ 99
A B dpe} o] RES BEh HETY ‘e
aEate] MRS o WA, #E, S RETE
= 12~51%9 Wi 2ME 13z g&h #de
#HET Bt £ MEFER vehvx] ggkes Ui
BE 23% BKEn2 kg R A ¥id
v 2dE dd-e 0l EAshe HES BAR Y
W el o9 ZEfyoltm Azl

2.8
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Fig. 8. Changes of level of ground water
during the barley growing period
in paddy field (Semi - wet soil).

Table 10. Rate of yield reduction due to
based on the ground water level.

(CES:1965)
Jtem Ground water level (cm)**
50 30 15 -
Yield per plant(%* 22.98 1381 5.41
Yield index (%) 100 60 24

* Mean value of nine varieties,
** The ground water maintained with the dis-
cribed levels from April 1 to maturity

Lo Fobal M= BES doluedl M F5V
o st A& FERE YRGS MTRAS BILE 2
o 8ol M wdd s met RS lovt BERH
10~11 7= &} 5~6 A7tA= #TKALZF S50cm=
th xobd ®BEY et o o stges 8
vetel glolAd s HES RS oy f£EEe o
Az e el gdel

REA A Bilts K %% FERAA BB B
£ U0l #MTAKA(15 30, 50 em)E AEHstL #k
sty KE 108HEE #itsld ERA PR X 99
A 2E vhet o] HIT KA 50cmEE Hfgow &
o WTKE 30cmE 40%, MTKAE 15emE 76
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Table 11. Rate of yield reduction due to degree

of excess soil moisture on wheat.
(WBRI. 1980)

Degree of excess soil 10 20 30 40 50 60 70 80
moisture injury (%)

Rate of yield
reduction(%)

3 71016 17 20 24 27

2) BES £F

Lio| ERsHA S LEEE, tHksS, T
ol £ ¥W-e AL o2t iG] TiE & H
£ 9 ol BEUh H FP AETL HKRE L
d LEEEE TR 50emEe) Hsted MTAA
7t 224§ el Hotzos £HKET #ES
of ahel WITkfzzt d B RE Lol  EobA
ER Y ¥R eMnd 2EE T BT LMK
S W e BT £ 1244 BE diel o] £
BEE shAl % 3A 2589 44 18 #KE
% 5A 25H° AE SFC ERE 29 254
BAkAANE pHE 4 EobAa kel kol 3
Zobxn Mgat Kol ®A+ 2oy Fe &= #ket
Tk -2 ol wmsle fEmeld s Ak

Table 12. Physicochemical characteristics of paddy soil based on the ground water levels at

March 25 and May 25. (CE S, 1965)

Date lef:lm pH P, 0, Mg* K. Fe*  Porosity*  Eh*
o ppm me,/100g me, 100g % % mV
50cm 543 1075 0.92 0.26 132
March 25 30cm 5.54 108.6 0.82 0.24 1.38
_______ 15em 541 1072 092 0.24 1.34
50cm 6.0 8.1 079 021 146 569 501
May 25 30cm 6.Q 95.9 0.61 0.17 1.54 43.7 474
15¢m 6.0 86.5 112 0.19 1.42 245 394
48 14Bol £HEES MEC o EWERL HTA 150+
7l 245 Aon EhE MT/AEA 2S48 3 120
ot kKol £HE BENAT AR 0 KEH ot
ol 21014 Ehe} Fe'* ol s MR Rtel PR % 100l
T %R o Ehot lRAE E9 we Mol e F
o WY Pt mfel oAtk stk z Or
3) MENE = 8
AN BEHES 57 9t ALY RER 0r
tre oo} ek, HENY HESSAL EF A 60}
£ RRe &iEshe Aotk el ZME Kimets sl

28] BREMBo] glon Pojot THMhe BRI B
malo e FRE she fEYeln2 Btk AEC ¢
E Ao yojn S HTo BERE £R
7t At Aeg BRERINA UaEAS BEA o
L BE At fBS AKA BERY, BR, A2
2, B, BEIRY, SR, HEue §
2313, §ug 2%, WI2%, Mil6k, BE
A Axsickr), fatne, K519, MRAA Bt
I, 4Y, Uy, 3AY o2 BERENAE

Dr soil Normal Wet soil

No till [
Tillering 1]

Tillering with ridge
(9~12em) 2

illering with hi
U -
Fig. 9. Eiffect of tillering and ridge on grain
yvield under paddy field condifion(Oda,
1956).
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Table 13. Effect of tillage on paddy soil to
wheat yield (Hurukawa, 1963)

Table 14. Effect of urea solution spray on the
leaves at the flag leaf —-stage on
‘wheat yield (WBRI, 1978)

Treatment Yield Yield Index
kg 10a %
No spray 373 100
Urea spray (2times) 423 113
Urea spray (3times) 470 126
Urea spray (4times) 424 114

Yield . Air
Item index Porosity capacity
No till 100 % 87 % 6.3 %
Till 113 54.5 12.3
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on every two days.
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Table 16. Rates of yield reduction based on time and severities of lodging.

Time of loding(days after heading)

Crop Degree of lodging Reference 5 T T 0 25 30 P
Barley Half bent WBRI (1981) 10 - - 9 - 4 0.4

Kyushu (1956) - 3 15 - - 00

All bent WBRI (1981) 11 - - 12 - 6 2

Kyushu (1956) 45 30 10 -— 5 2

Kakuchi (1958) - 34 37 30 19 7 -

Day (1957) 37 55, - 38 - - -

Broken WBRI (1981) 13 - = 15 - 8 2

Kando (1951) 45 35 25 15 5 -
____________________ Average =~ 18 42 29 20 17 _ 5_ _2 _
W heat Half bent WBRI(1981) 02 6 - 6 - 1 0.2

Kyushu (1957) 40 30 25 15 10 5

All bent WBRI(1981) 7 15 - 15 - 5 2

Kyushu (1957) - 50 45 40 30 20 10

Broken WBRI (1981) 20 25 - 18 - 12 3

Kando (1951) - 50 40 30 20 10 5

Laude (1956) 22 3 33 18 12 7 3

Average 12 32 37 22 19 9 4

WBRI: Wheat and Barley Research Institute.
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Table 16. Relationships between wind speed
and lodging in wheat (Udagawa and

Oda, 1967)
W(lrrf/ss‘:id Degree of lodging and lodging angle
3 Plants were resisted from wind
7 Laid down about 45° degree and
weak straws started to break
12—14 Laid down about 90° degree
15~16 Laid down about 90° degree with

broken straw

Ak E=q kA Tm/sec BES BEAA B
g Be BIFERS 92057 KBEsY 156~16m/
sec d) BEAAE 90% BlL KBl ol 28 &
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o zZA sckx skgch FHEJ, DB st &
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Table 17. Amounts of rainfall and frequencies
of lodging for 77 years on wheat
and barley (Udagawa and Oda: 1967)

Amounts of rain Frequency(days)
fall (mm) Lodging Non-lodging
Below 5 2 43
___More than5 8______ 9 ___
Total frequency 25 59

* Amount of minimum rainfall for lodging
was 3-—5mm.
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Haganemugi (stiff straw)

Spike
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49 4.23 430 5.7 5.14 528

42 49 423 430 5.7 514 528

Dates during barley growth(Mon. Day)

Fig. 10. Changes of dry matter of stiff and weak straw barley cult:wars (Oda. 1965),

& Bikshsl fsted: Bl HEE BEE Folmz
A AFrel et EHide AHAA ¥ KBS Aok el
E]ﬂ- @Jﬁ(ﬁﬁﬁ‘% gﬁﬁﬁiﬂa} ﬁq.10,11,12.13,14,15)
bk, AEO6 o5k 23 10014 BE vpe} 3
of BiEAEC oA BEHLEN BRUELEY B
Me v BREMELS B £HHol HSEEN K
Ste] g #t ohvsl Bol dolA Yo &
o W BEY BhRe RRUEERD BRYEL
Bo|l =2 M-S vtebia ek ER 97414
ERERTEQ Ao FRESEL ER H#HRs)
o B YEALHEE HEL & 18914 ne uis}
Zo| WIMAY BIFAESD BRI Frest o

Table 18. Characteristics related to stiffness of
stem on barley varieties.(CES: 1974)

Third internode

Cultivar of ‘b Stem  Break. Thidk ?fﬁd
lodging diame- ing ggsno moment
ter weight wall
mm g mm g
Suweon18 0—-3 452 335 052 102
Buheung 3—-5 4.03 332 045 101
Kangbori 0 5.84 405 072 207

Proportional ratios of dry matter :
Sekitorisai #1 Stem 22 : Ear g0
Hakanemugi  Stem 32 : Ear 52
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Fig. 11. Relationships between growt}i angle
of roots and degree of lodging.
(Pinthus, 1967)

1: M- 652, 6: M- 501,
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Table 19, Effect of fertilizer application and
seeding rate on the growth and
yield of wheat. (Gyeongnam PORD,
1978)

Fertilizer
Characteristics amount
(kg710a) 11 15 19 23

Seeding rate(kg710a)

Degree of 11-8-7 0 0 0 0
lodging 15-8-7 20 0 60 60
restance (%) 20-12-10 60 60 100 100
No, of tillers 11-8-7 673 707 703 1705
per m? 15-8-7 663 695 728 745

20~12-10 633 712 898 802
Yield(kg/10a) 11-8-7 584 615 621 615
16-8-7 615 697 636 648
20-12-10 590 630 576 546

Table 20. Realationship between lodging and row
space in wheat. (WBRI, 1981)

* Row space(cm) 60x18 40x18 20x5

Lodged index(%) 130 110 100

HEEE 3 BER) H—slda= RS RY
ZEREL sl Bo] &FHBsHA "ol BRG] A =
w o} 2] % FEA-2 Percival (1921)c] Y Welton %(Q9
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Table 21. Relationship between top dressing and
lodging index in wheat. (Cho, 1973)

Date of top Feb. Mar. Mar. Mar.
dressing 20 10 20 30
Lodging

index (%) 6.5 3.1 2.2 2.8
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Fig. 12. Water consumption of barley and
soybean, and monthly precipitation
from 1971 to 1977 (IAS: 1978).

___ Moisture Soil : Sandy loam
40T — content (10cm depth)

— Precipitation Crop: Barley,
Soybean
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30}

Soil moisture content (%)
Irrigatiors
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Fig. 13. Changes of soil moisture content and
days of drought(CAS : 1977).
» Drought was occured for about 5(days
during barley and soybean cropping.
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Table 22. Drought damages of wheat and barley yield at the different growing stages. (WBRI, 1978)

Soil moisture

Yield Index

Rate of yield reduction

Drought period (%) (%) (%) Average
Barley Wheat Barley Wheat Barley Wheat
Normal 31.4 28.8 100 100 0 0 0
May 14—Apr 19 124 7.9 65 90 35 10 23
May 14—-Apr 24 9.0 7.3 47 89 53 11 32
May 16—May 1 7.0 5.2 41 76 59 24 41
Apr. 1-—-May 1 7.7 5.5 49 74 51 26 39
Apr 10—Apr. 30 8.0 9.8 64 85 36 15 26
May 1-May 15 8.2 7.3 45 29 55 71 63
May 10—May 30 5.0 5.5 34 27 66 72 69
May 16—May 30 5.7 6.0 49 53 51 47 49
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Table 23. Varietal differences to water stress
of wheat. (WBRI, 1978)

Ratio of strees “control (%)

First in- 2nd in- 1000

Variety

ft;nﬂgr-tnh ternqde ternode grgin Yield

shacting length weight
SW 214 63 95 76 116 31
Geurumil 71 0 80 56 36
Chokwang 77 0 75 47 32
Wonkwang 98 0 95 27 29

Milyang10 55 20 61 36 33
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Table 24. Effect of irrigation on grain yield in
wheat and barley (CES: 1972)

Treatment Yield(kg“10a) Index (%)
Barley Wheat Barley Wheat
Non irrigation 369 346 100 100
A 428 384 116 111
A+B 480 401 130 116
A+B +C 458 387 124 112

A: Stem elongation stage
B : Booting stage
C : Heading stage
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Table 25. Effect of mulching and improvement
of soil texture for barley IAS:1977)

Treatment Yield index
‘Standard (check) 100 %
Mulching 119
Mulching and improvement of 131

soil texture

Table 26. Effect of soil stepping after barley

seeding. (CES)

Treatment Yield index
Non - stepping 100 %
Soil stepping 115
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Table 27. Changes in grain and flour quality of matured wheat due to heavy rainfall.

(Mitaku, e¢f o/, 1950)

. Degree Head 1000- oy Gulten Milling Bread quality
Variety of damage  sprouting grain weight  content rate Volum Color
weight € of bread
% g g % % cC

Qoishi No damage 0 39.2 367 32.7 77.9 548 A
*¥*Severe damage 44.4 37.5 328 27.6 75.3 430 CD

Hokuryuku No damage 0 39.1 371 34.7 75.1 515 AB
13 **Severe damage 194 37.4 347 35.5 73.2 473 B
Ezima No damage 0 324 349 28.2 71.6 525 B
~ sinriki = Slight damage 2.7 32.8 343 21.6 70.0 518 B
**Severe damage  12.2 33.1 320 26.7 69.2 405 D

* . Slight damage : Grains harvested at the day after 3 days rainfall.

*%

A : Best B: Good C: Poor D : Worst

Table 28. Infection rate of scab disease on
wheat and barley spikes in 1963,

. Severe damage : Grains harvested at the day after 8 days rainfall.

Table 29. Rate of yield reduction of wheat and
barley due to heavy rainfall during

Average :
Item 1963 Lo maturity. (Kyushu ASO, 1953)
Precipitation of April to June  790.3 3259 Condition of crop  Crop Rained days
(mm) 4 7 12 15
Days of rainfall of April to 49 29 Before cutting Wheat 5 10 20 25
iune (D?Y_S)f o o _____(Stand)  Barley 10 25 35 50
ates ol iniec spike (%) Cut and laid for What 25 50 70 100
Wheat 35 - dry in the field Barley 40 70 90 100
Barley 37.9 —
fiEeol 790.3mmel Y BB B/ 49824 REA o IERO BES 23 BEEHA 248 HEA

BRERe| KE 379%, ME 435% BFE= I
EFI} slo] 31%el WEel sk

2) ERet BirE

ME gt gERE R £ QoA 2e Vst
ol SLMBEFEHM(1953)N - HE vt L EA
BREEREY g HERE pd UEDiE RE

wokedl 4~158/9 BEWAE whet k&2 10
~50% . MEE 5~25%9 HEERS udch X/EK
# @i 2ot Fbg W VERKRRD gEs) 3
HEMEEL TERG GUsH 4~15 aigel @iEs
g0l adteb EgERLS RE 40~100 %, /EE 25~100
%9 HgHERE YL

Table 30. Rate of yield reduction due to submerged plant based on the different growth stage.

(CES, 1969—1970)

ate ofG rowth stage Tillering isrfiltl;fion ig:rléleopment Heading I;/Iolrlri;xation
treatment Nov. 24 May 30 Apr. 15 May 1 May 23

Water temperature (°C) 4.5 13.5 16.5 19.5 22.3
Submerged 1 day 26 51 70 81 88
whole plant 3 31 58 72 94 96

6 52 75 92 100 100

e o _______ 88 ___ __ 88 ___ ___ 100 __ 100 _____ 100_ _ __

Submerged 1 day 15 17 22 29 27
top of the 3 19 33 27 53 35
ridge 6 22 44 53 59 47

9 53 58 77 73 53
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Table 31. Effect of desicative agent on moisture
decrement of barley plant.

(WBRI, 1979)
Grain moist. Decreased
Date of  Harvest content (%) ratio of
treatment time m moisture
25 DAH? 7DAT? 50.4 56.9 2.4 %
28 7 55.1 54.1 1.0
31 7 51.1 435 11.6
34 7 44.2 182  26.0

1) Days after heading.
2) Days after treatment.

Table 32. Relationship between water content and
drying temperature of malting barley
germination. (Masuda, 1969)

Moisture content Drying temperature (%)

of grain(%) 40 50 60
50.5 100 88 22
42,5 100 91 71
35.2 100 92 80
314 100 98 100
25.0 100 100 100
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