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Studies on the Drought-Resistance of Major Food Crops
II. Effect of Water Stress on the Activity of Nitrate Reductase
and Protease, and the Accumulation of Free Proline in Barley

and Wheat at Seedling Stage |

Choi, W. Y. and K. S. Min*

ABSTRACT

In order to observe the degree and response of drought-resistance and its physiological mechanism
in barley and wheat seedling stage, 5 species (16 cultivars) were tested for the changes of nitrate reductase
and protease activity and the accumulation of free proline, by being subjected to water stress by withholding
watering for 8 days at 10 days (at the 3rd leaf stage) after emergence and by imposing water stress to the
excised first leaf by polyethyleneglycol solution (osmotic potential, -20 bars) for 48 hours.

The average rate of decrease of all cultivars was 42% in nitrate reductase activity and 73% in protease
activity. But proline content in water stress was increased 10 folds more than that of control.

The decreased rate of nitrate reductase activity in 5 species was in the order of wheat { rye ¢ covered
barley ¢ naked barley ¢ two-row barley: wheat being the lowest.

The decreased rate of protease activity in § species was in the order of wheat ) rye > two-row barley
> covered barley ) naked barley: wheat being the heighest.

The accumulated amount of free proline in 5 species by water stress was in the order of wheat ) covered
barley > rye > naked barley)two-row barley. And the increased ratio (folds) of free proline of water stress
to control was in the order of rye(13) > wheat. covered barley(11) > naked barleyfd) > two-row barley(7):
rye being the highest.

In terms of the enzymatic activity and the physiolically adaptive metabolism during the processing leading
to drought-resistance, the degree of drought-resistance of § species to water stress at seedling stage was

shown to be in the order of wheat > rye > covered barley ) naked barley > two-row barey.
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Table 1. Properties of soil used.

Soil oM Total | e lj‘\;{:i' Exchangeable

tex- pH (%)‘ -N. (pom)|P, 0 cation

ture (% (;pr;) (me,~1008)
|

Sandy K | Ca | Mg

loam | 6.2 2.5|0.05/11.58| 157 L.IS 2.65{3.00

#HEe A L ol BERFAA XE 2HF
o 4ol H—% A¥ driz A58t AFAZS
BB 7 A & B ka2 Hoagland Fige = 6t
93 BkEE L% HREE BHBRKC ohd #
TkE Bk

EEARS BFk 108E £BT kaFRA &
Ba A% 3B @ 88R A& ERT AHRER
@ 8B A4 BKT ABKE & LErstdeh

HBEE NEELE 331 osmoticum<l polye-
thyleneglycol KiE®ol AT BHURFA 4L 5@
REstg

Nitrate reductase(NR) 43472 Eck & Hageman %
B oz 4l SHBES A5 24 O BEd
W mbAEE 1:6(w/v)eR sigsl @ 01 M
tris buffer(pH 8.2)& Al83ls BBE 17,000894A4
30 £ E L8, @ LB#& 1mloj phosphate bu-
ffer iml, NADH 05ml, KNO; 05ml 22z §%
4+ 05mlE BAak 304 ZRNA FLE Zincac
etate 08ml FHmste 3600804 304z LAESY
stdel, @ 2 A5 Ze#H(15N HCld 1%
Sulfanilamide # 0.02% N-(1-napthyl) ethylene-
amine dihydrochloride & S 8B4)E 2ml H{M 10
2 # ® 540nmoi A FisEstadct

Protease(PT) 4 #7-& @ sodium diethyldithiocar-
bamate(10mM)o] E gt 0.1M Tris buffer(pH8.0)
2 8K @ BSA (Bovine Serum Albumin, Img/ml.)
ot EDTA(1mM) >} ¥ &% Tris buffer(0.IM)el 30
T 1A ¥8 @ 8% (wv)TCARZ RES A= ¥
o 3tate] 276nmell M RIE S}

Proline 43472 Troll & Lindsley 5% o2 34
Z AEEF 2L 80°C AR 24412 ARAFE

BIKRE & 18ksE BESIAE v gERB
A BHEEE 191%332, BkBe 51%2A4 HE
Bel Yy gtol =2 ekt Hifs BER Ase B
1 R AH-&std ol

Bk & Kt BEEB BieRES B (19
81)9 el o & g BHEsl F27] vigde}
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Nitrate reductase activity(NRA) 2 HRE 75.1
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2 o r £FRMEAY £ REGHGANAH NREYE

Table 2. Changes in Nitrate reductase activity and Protease activity of 16 cultivars subjected
10 water stress by withholding watering for 8 days at 10 days after emergence.

B:

*

Micromoles tyrosine, /g leaf dry weight ~hour.

: In tables 2 to 3, the same letters are not significantly different at the 5%

level according to DMRT between species for the same main plot.

control — stress

Decreased rate (%) : control

x 100 (%)

- 62—

Items Nitrate reductase activity(A) Protease activity (B)
Species Cultivars Control Stress ?:;reza;e)d Control Stress lri)::er(z;e)d
rye - Rye 84.0%* 52.7°* 38 72.0°% 19.3%* 74
Chogwang 95.3 61.7 36 69.0 17.3 75
Geurumil 96.7 51.7 41 74.0 19.0 75
wheat Olmil 88.7 571.7 35 78.0 19.3 76
Cheonggaemil 87.7 573 35 75.0 183 76
Submean 92.1° 58.6% 36 74.0° 18.5¢ 75
Durubori 731 433 34 80.0 233 71
Dongbori #1 72.7 46.7 36 84.3 20.7 76
barley Gangbori 69.3 28.7 59 91.3 37.0 60
Otlbori 62.7 383 39 101.0 29.0 72
Milyang #12 66.0 39.0 41 64.3 18.0 73
Submean 68.9° 40.4° 41 84.2¢ 25.6° 70
Baegdong 56.3 23.7 58 94.3 344 64 .
naked Mokpo #55 66.0 27.3 59 120.0 33.7 72
barley Bangsa #6 78.0 41.7 47 117.0 42.0 65
Submean 66.8° 29,7¢ 56 110.4° 36.7° 67
Hyangmaeg 59.3 36.0 40 78.0 23.17 70
tworow Goldenmelan 817 42.7 48 101.0 28.7 72
barley Sacheon #4 63.3 20.7 68 81.0 233 72
Submean 68.1° 33.1¢ 51 86.7° 25.2 71
Total average 75.1 43.9 42 86.4 239 73
LSD(5%) between main plot. 1.946 3.591
LSD(5%) between subplot. 2.473 3.394
LSD(5%) ge;meirlloi?bplot for same 3497 4,800
LSD(5%) rb;e;v;e;x'llofubplot for different 3774 5,590
Notes; A: Micromoles N0; formed /g leaf dry weight ~hour.
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Protease(PT) ol EiEs#tE & 294 2d HE
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Proline o} #{k& 28 % 33 ol HEEE 108
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Table 3. Changes in free proline content of the first leaf subjected to water stress by with-
holding watering for 8 days(A), and of the excised first leaf exposed to P. E. G.
solution (osmotic potential- 20bars) for 48 hours(B), at 10days after emergence in

16 cultivars, respectively.

Items Free proline(A) Free proline(B)
Species Cultivars Control Stress Folds (P.Sér.eés. ) Folds
rye Rye 0.87°* 11.70°* 134 14.95* 16.1
Chogwang 1.67 13.50 8.0 15.5 9.3
Geurumil 1.40 14.80 105 16.8 12.0
wheat Olmil 0.77 13.20 17.1 154 20.0
Cheonggaemil 1.37 13.60 9.9 15.1 11.0
Submean 1.30° 13.78° 10.6 15.7° 12.1
Durubori 0.77 14.00 18.1 14.9 194
Dongbori #1 1.27 12.70 10.0 138 109
Gangbori 1.17 11.93 101 138 118
barley Olbori 1.47 12.40 8.4 14.0 95
Milyang #12 0.87 11.30 129 130 14.9
Submean 1.11# 12.45° 11.2 13.9¢ 12.5
Baegdong 0.87 8.98 10.3 9.3 10.7
naked Mokpo #55 1.37 9.87 7.2 117 8.5
barley Bangsa #6 0.87 813 9.3 10.3 118
Submean 1.04° 8.99 8.6 10.4¢ 10.0
Hyangmaeg 0.93 8.00 8.6 9.7 10.4
two-row  Goldenmelon 0.77 470 6.1 71 92
barley Sacheon #4 0.83 3.97 4.7 6.7 8.1
Submean 0.84° 5.56 6.6 7.8 93
Total average 1.08 10.80 10,0 127 11.8
LSD(5%) between main plot. 0.560 0.561
between subplot. 0.760 0.501
n subpl
LSD(5%) Dotween subpiot for 1.075 0.708
LSD(5%) Cetween subplot for 1.145 0.840

different main plot.

Notes ; Folds : A: stress/control.
B : stress/control in A.

P. E. G.: polyethyleneglycol.

_63_



o 10 f£o] FEHEME o F32 Aot

BkEe SEHNE 23 #HENE 28 FR3
27 Eaol Wtm THEAEe] Wakch. Prolines)
Huj g2 2qd HEORBEINEIBRBO_BGAE K
olu BikEe #EEoR vy JEOABOHEH
B> R Melalsh

Eg HRES Kol #YHE M3se PE.G
sk ¥ w(osmotic potential - 20bars)ell 48 2] 2t B A
A AT BEC EHBY BEHEMGR s A
YeEtga glch o2 RefEHBREcE BRiEN
Ho| REE 57 dEo2 A4, 28 ¥
< pot HikEet YINE ST @EAEdl = —%E e
e 4 Ak

KAFRRTAA Bl SAstns 6122 2uiE
ik te EAMP ol MitEe BEMAAAR® £
oz E o FRY FAELs AYHL ¢ 4+ Urh
g kHBES KE2AY AFAHLHD & Boln
22 Fmgd prolined AghAE 71 o Foll B
#BEe QARG s =4 Stewart 59 (19
74)& BERE BmAZ L BEES w09 B
o] ot MHFFUS E4& z3 Aok sl pro-
line& B % KFHARKA o =2} EERos Fi
AXte BatP 7 9o Singh £M(1972)2 &
il A o) REBISKER2EHS FEproline &
Bidl= AHEMRG=089)F Zx HE FHsHe
5o REiEhilt BERREAA BRERELR
AT ¢ Aotz 44 @aEgAe] 1%
3 48 FR, B % dJ% FERES A3
4 =3& £ue 2a% U

£E EEREREREA dodA B e BEARY
EZR/ BRY KkAXFREY kSRBAGEHS ER
29 & 4 ged o AL Kk B Sl wEtA
MR RBEMAY VRS 2802 & 4 Sle
B2 F3 dFEUe R BRERE Y 2
fthm& fEEt e Eo18x e %8 A »2ol A
2Rt}

] 3

BEe RERERE RES BE 293 EHRAR
By BRfES RSV ¢t #F& 108 HEWD
(RZE 3IMFDA 88K BKkEEE sty EHATH
o ERESWEBERS Fi®r 2122 prolineE i
2 AEIAFE v 2 £REE oS3 Zoh

1. 2589 F15 BLEe =MBIERY &Y
o] 2% ERHESBELY FHe 73% do
=, ool W&ted prolineL HWRES Lslel BKE
7t 8 10454 @imstadch

2 EEBEEY EHEsEE FENE 24
INBCERBCRECHRRE - B89 JHo g o] 5}
A wgtcl

3 BAESRERY RIS FENEZ g
NESHED ZBERE KB B Hoz NHEol &
I B el A @ate

4. BKES] proline o] EREHES FEHE B
"N RED§E) B8 ZhAEd Hez R
Ao woton, WREC ¢ BkEY Bhhke
HEQ3 )/ - KRBT BEOO W) > ZHFX
B(TH) 9 He 2 %l AR Ech

5 BEiEhits BEdAAM BRe 4 £FEN KBE
A BEAA ¥ o AP AR BB AR
o] oz BEEREC] %Y o HEsch

3B X ®

1. Bardzik, J. M. et al.(1971) Effects of water
stress on the activities of three enzymes in
maize seedlings. Plant Physiol, 47 : 828-83].

2. Barnett, N. M., and A. W, Naylor(1966) Amino
acid and protein metabolism in Bermudagrass
during water stress. Plant Physiol. 41:1222-
1230.

3. Beevers, L., and R. H. Hageman(1969) Nitrate
reduction in higher plants. Annu, Plant Physiol,
20 : 495-522.

4. Blum, A., and Adelina Ebercon(1976) Genoty-
pic responses in sorghum to drought stress.
111, Free proline accumulation and drought
resistance. Crop Sci. 16 : 428-431.

5. Brown, L. M., and J. A. Hellebust(1978)
Sorbitol and proline as intracellular osmotic
solutes in the green alga stichococcus bacil-
laris. Can. J. Bat. 51 : 676-679.

6. Chu, T. M., D. Aspinall, and L. D. Paleg(1974)
Stress metabolism. VI. Temperature stress and
the accumulation of proline in barley and
redish. Aust. J. Plant Physiol. 1 : 87-97.

7. Eck, H. V,, and R. H. Hageman(1974) Nitrate

- 64—



reductase activity in Sudangrass cultivars. Crop
Sci. 14 : 283-287.

. Eilrich, G. L.(1968) Nitrate reductase activity
in wheat and its relationship to grain protein
production as affected by genotype and spring
application of calcuim Nitrate. Ph.D. thesis,
University of illinois, Urbana-Campaign. Diss.
Abstr. No. 69-11691,

. Eilrich, G. L., and R. H. Hageman(1973)
Nitrate reductase activity and its relationship
to accumulation of vegetative and grain nitrog-

en in wheat (Triticum aestivum L.). Crop

- 65~

10.

12.
" Nitrogen metabolism of wilting ryegrass.

Sci. 13 59-66.

Harper, J. E., and G. M. Paulsen(1967) Changes
in reduction and assimilation of Nitrogen during
the growth cycle of winter wheat. Crop Sci.
7 : 205-209.

. Huffaker, R. C., and L. W. Peterson(1974)

Protein turnover in plants and possible means
of its regulation. Ann. Rev. Plant Physiol.
25 @ 363-392.

Kemble, A. R., and H. T. MacPherson(1954)

Biochem. J. 58 : 46-49.



