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Studies on the Physiclogical and Biochemical

Mechanisms of the Drought Resistance
in Winter Barley

Choi, W. Y. and Y. H. Kim*

ABSTRACT

This study was conducted to estimate the effect of the drought on the changes of chlorophyll, protein and
proline content of upper three leaves, and the grain yield components of barley plant (CV. baegdong) subjected
to water stress at four stages: late vegetative, boot, anthesis .and early grain filling.

1. In comparison with leaf posititions in water stress, the first leaf below flag leaf maintained the highest
relative turgidity, chlorophyll and protein content and showed the least proline accumulation. And, in terms of
growth stages in water stress, chlorophyll was shown to be highest at anthesis stage, protein being highest at
boot stage and proline being least at boot stage.

2. In boot stages, culm and spike length, and Number of grains per spike were remarkably decreased. And the
weight of 1000 grains was at least level in the early grain filling stage, and also the grain size was comparatively
decreased at boot and two following stages.

3. The protein content of grain by water stress, apart from early grain filling stage, was not significantly
affected by water stress at different growth stages.

4. The rate of sterility was particularly increased at boot and anthesis stages.

5. It was eventually concluded that the boot stage among four growth stages, and the flag leaf in 3 leaf posi-

tions were mostly damaged by water stress at reproductive growth stage.
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Table 1.
stress at different growth stages
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The changes of chlorophyll content in upper three leaves of barley plant subjected to water

(mg/g dry weight)

Flag leaf Second leaf Third leaf
Treatment stage Decreased Decreased Decreased
control stress rate(%) control stress rate®) control stress rate(%)

« late vegetative

stage 6.3 3.7 70 9.8 5.7 42 9.7 4.7 49
+ boot stage 9.6 5.6 71 9.8 6.3 36 7.1 5.5 23
» anthesis 10.7 6.2 42 9.2 6.6 28 7.0 6.4 9
«grain filling stage 83 " 5.2 60 8.9 6.1 46 6.7 4.5 33

control — stress
control

Decreased rate : x 100(%)
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Table 2.
stress at different growth stages.
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The changes of soluble protein content in upper three leaves of barley plant subjected to water

(mg /g dry weight)

Flag leaf Second leaf Third leaf
Treatment stages decreased decreased decreased
control stress rate(%) control stress rate(%) control stress rate (%)
Gt q30 88 32 139 92 34 135 85 &7
boot stage 140 122 16 136 128 6 126 108 14
anthesis 10.2 8.8 14 1.3 100 12 9.8 7.9 19
grain filling stage 9.5 8.9 6 88 85 3 7.9 7.2 9
control — stress
Decreased rate :m_x 100(%)
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Fig. 1. The accumulation of free proline in upper
three leaves of barley plant subjected to
water stress at different growth stages
Treatment stage : . late vegetative stage.
I: boot stage I[: anthesis stage. [V: grain
filling stage, Veritical lines around points
indicate S. E.

REE: EMI22d B> FETM2E= X
Thr1 3o JHor A jRIEo] HEES wgoH £FH
HAZ R BRARKE>BROP>OEENY IR
o2 Eoed &3 BEPAE £33 Gk

Lemna Minor?9} 824 A3FEL ERE
3 ofal ol L IA RLAINT BIEVG B
g 15190} 4] Proline& zZAl Y ta i3 ok Pro
line o] FH-L EAH 4R THEE S5 04
Bj-#o} o' = 4§ Bermuda grassel] A= Proline?] %
fEIER ol HES 7 gFojzt Yo?

- 453—



Singh%(1972)'92 #& Rkl A Proline ¥t
He REiEtids EAER B e 85 B
BAAE HEHY e OB Bl L3
< BEr gAY ARSIz & 4 Aok o2#6 K
ZPAA =g T A H3| Proline¥igo] 23

L Y RS K48 Ao oMy FREl o
Aol Bk HE T oz #RY & U
st o

4) ERHERE

#3AA nivtet o] HEENEEE: KRR

Table 3. The changes of relative turgidity in upper three leaves of barley plant subjected to water

stress at different growth stages.(%)

Flag leaf Second leaf Third leaf
Treatment stages decreased decreased decreased
control stress rate(%) control stress rate(%) control stress rate(%)

late vegetative 56, 39
stage 93.7 61.6 34 94.1 66.8 29 93.3 8

boot stage 82.0 52.5 36 79.2 61.5 22 79.5 50.8 36
anthesis 82.7 44.4 46 84.7 52.0 39 82.6 44.6 46
grain filling stage 789  46.1 42 829 510 39 80.2 42.8 47

Decreased rate : SoRTOL = SHESS 1o ian

control
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Fig. 2. The effect of water stress on culm and
length of barley plant subjected to water
stress at different growth stages. Horizontal
lines indicate the control level of culm and
spike lenght, respectively. Continuous line
indicates the control level of culm length
and dashed line indicates that of spike
length. Treatment stages as in figure 1.
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Fig. 3. The effect of water stress on number of
grains per spike of barley plant subjected
to water stress at different growth stages.
Continious horizontal line indicates the con-
trol level of no. of grains per spike and
vertical lines around points indicate S. E.
Treatment stages as in figure 1.
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Fig. 4. The effect of water stress on 1000 grain
weight of barley plant subjected to water
stress at different gtowth stages.
Continuous horizontal line indicates the con-
trol level of 1000 grain weight and vertical
lines around points indicate S.E. Treatment
stages as in figure 1.
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Table 4. The changes of grain size and protein content of bariey plant subjected to water stress at

different growth stages.

Treatment stages grain size . Protein
lengtm=* widthme thickness™» volumetric inde content (%)
control 6.04°* 3.3p* 2.41°%* 48.20% 8.6
late vegetative stage 5.83% 3.20° 2.42° 45.1° 85
boot stage 5.50¢ 3.01% 2.32% 384 89
anthesis 5.75% 3.01° 2.26° 39,1 95
grain filling stage 5.77%¢ 2.99 2.23 38.5 76

= : The same letters within a column are not significantly different at the 5% level of probability

according to DMRT.
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Table 5. The sterility of barley plant subjected to water stress at different growth stages.
late vegetative

control stage boot stage anthesis  grain filling stage
Total kernel(per spike) 44.5 31.4 25.5 30.9 43.4
Sterile kernel 23 22 32 4.9 2.4
Sterilty(%) 5.2¢ 7.0 12.5° 15.8¢ 5.5¢
The same letters within a row are not significantly different at the 5% level of probability according

to DMRT.

g %£83got Husain & Aspinali(1970)7¢ =8

Bel A ASREO NEBERS EFHREL B BR X R
A] 713 Bingham (1966 )¢ /N A HEET F
RS KSRRE EMEHE EEs M7 A
¥ SR Bty s9oh 22w Sandhu & Hor-
ton (19772 Aol KRR o8 AR B
BTESe] MAEERS RBEEES 2A ot
3z Hycoh

1. Asana, R.D., Saini, A.D., and D. Ray(1958)
Studies in physiological analysis of yield. 3.
The rate of grain development in wheat in
relation to photometric surface and soil
moisture. Physiol. plant 11; 655-65.

2. Barnett, N.T., and AW, and AW. Naylor
(1966) Amino Acid and protein metabolism

e ® in burmuda grass during water stress. Plant

Physiol. 41; 1222-30.

s { : , B3
RREERAM, BBH, LREALE, 252 3. Bingham, J (1966). Varietal responses in

ome M AN TEG ABHY RET KSREC]
bfy 3] TH%E, EOEHE Prolinen HEERE
Bl kel 2 X KEERERY ¢ gBE
REHS) Y5l BEREU ARE #R BFSY
Ry KEE EMSE oL 2o

L KARREEANA BHHNE 29 TR
ol MY ot HHERES Hiee BERY B
e afo] ¥tm, BMProlines] LKL A A
gtk EY AEHMAE 2w EERE HETEL,
BEOES BRHS BEAA AY wwos, B
Proline& RZfe] BEAAH o T AF 4

wheat to water supply in the glasshouse ex-
periment. Ann. Appl. Biol. 57; 365-77.

4. Cooke, R.J., Oliver, H., and D.D. Davies (1979)
stress and protein turnover in lemna minor.
Plant Physioll. 64; 1109-1113.

5. Eck, HV., and J.T. Musick (1979). Plant
water stress effects on irrigated grain sorghum
1. Effects on yield. Crop sci. 19; 5§89-592.

6. Hsio, T.C. (1973). Plant response to water
stress. Ann Rev. Plant Physiol. 24; 519-570.

7. Husain, I, and D. Aspinall (1970). Water

3’}‘;}'_ stress and apical morphogenesis in barley.
2 BE, ER, HEABE BRIy KO9FRRE Ann. Bot. 34; 393407,
oA RLEREC S ey FRELS BROP 8. Jonsonand, R.R., and D.N. Moss (1976).
oA, 2z EHES arl€ BFEH 21Uk BB Effect of water stress on 14CO, fixation and
AA 7% %ol ®WDE translocation in wheat during grain filling.
3. EE—O“ EEE%E% ﬂ(ﬁKEﬂl ﬂ(‘fﬂ/"] ﬁﬁ Crop Scinece’ 16)697-70]
¢ WILE JERIX gstoud BROMANA %2 B 9. Lowry, L.H., Rosebrough, N.S., Farr, A.L.,
4% Emol gl ok, and R.J. Randall (1951). Protein measurement
4 RREe =% HEH HREATEHEY A9K with the folin-pheno! reagent. J. Biol. Chem.
Boll A E{t #mBR< vieby ek 193,265-275.
5 2fimo e ¥ o £EREIZE BRENA, 10. McMichael, B.L., and CD. Eimore (1977).
aele RUBIEE BESEETHIESEETAH?2 Proline accumulation in water stressed cotton
%o o= KRR FEe) zth leaves. Crop Sci. 17; 905-908.

— 456~



11,

12.

13.

14.

15.

16.

17.

Nasser Sinoit, 1.D. Teare, and P.J. Kramer
(1980). Effects of repeated application of
water stress on water status and growth of
wheat. Physiol. Plant. 50; 11-15.

Micholls, P.B., and L.H. May (1963). Studies
on the growth of barley apex. 1. Interrela-
tionships between Primordium formation, apex
length and spikelet formation. Aust. J. Biol.
Sci., 16, 561-571. ’
Sandhu, B.S., and M.L. Horton (1976). Re-
sponse of oats to Water deficit. 1. Physiologi-
cal characteristics. Argon J. 69.

Sandhu, B.S., and M.L. Horton, (1977). Re-
sponse of oat to water deficit. 2. Grwoth and
yield characteristics. Agron. J. 69; 361-364.
Singh, T.N, Paleg, L.G., and D. Aspinall, (1973)
Stress metabolism 1. Nitrogen metabolism and
growth in the barley plant during water stress.
Aust. J. Biol. Sci. 26; 45-56.

Singh, T.N., Aspinall, D., and L.G. paleg
(1972). Proline accumnulation and varietal
adaptibility to drought in barley; a potential
metabolic measure of drought resistance.
Nature New phytol 236, 188-190.

Stweart, C.R., Morries, C.J., and J.F. Thompson.
(1966). Changes in amino acid content of ex-
cied leaves during incubation. 2. Role of sugar

18.

19.

20.

21.

22.

23.

24.

in the accumulation of proline in wilted leaves.
Plant Physiol. 41; 1585-1590.

Troll, W., and J. Lindsley (1955). A photo-
metric method for the determination of proline.
J. Biol. chem. 215, 655-660.

Tully, R.E., and A.D. Hanson (1979). Amino
acids translocated from turgid and water
stressed barley leaves. 1. Phleom exudation
studies. Plant Physiol. 64; 460-466.

Virgin, H.I. (1965). Chlorophyll formation and
water deficit. Physiol. plant. 18; 994-1000.
Wardlaw, LF. (1971). The early stages of grain
development in wheat: Response to water stress
in a single variety. Aust. J. Biol. Sci., 24;
1047-1055.

Wardlaw, LF. (1974).
physical, chemical or impossible Annu. Rev.
Plant Physiol. 25: 515-539.

Weatherley, P.E. (1950). Studies in the water
relations of the cotton plan{ 1. The field

Phloem transport:

measurement of water deficits in leaves. New
phytol. 49; 81-97.

Wittenbach, V.A. (1979). Ribulose bisphospate
carbosylxase and proteloytic activity in wheat
leaves from anthesis through senescence. Plant
Physiol. 64; 884-887.



