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Relationship between Glutamine Synthetase Activity and
Nitrogen Content and Grain Yield in Wheat
Sang Mok Sohn* and Eberhard Przemeck**

ABSTRACT : To find out the basic data for the possibility of agricultural utilization for GSA (Glutamine
Synthetase Activity), the effect of nitrogen on the GSA in wheat leaf discs, the variation of GSA after light
treatment and the comparative activity of GS during preservation were studied. The result of this study
suggested that GSA could play an important and direct regulatory role in the nitrogen assimilation by wheat.
During the growth stage of wheat its integral activity was found to closely match the organic nitrogen
content. GS may therefore be the rate limiting enzyme in inorganic N assimilation. Moreover, integral GSA
was closely correlated with grain yield and grain nitrogen. GSA could be suitable to utilize as a parameter
for super type selection and an indicator for optimum nitrogen fertilization. Throughout the experiment, the
contents of NO; were increased by N fertilization so that the NO; content was not attributable to change in
the level of GSA. At investigation during dark-light transition of culture, no change in the level of GSA was
observed until after 8-14 hours in the light treatment. And the level of GSA in wheat leaf discs during
preservation at refrigerated storage(-20°C) was stable until 12 weeks, when its leaf discs were sampled with

liquid nitrogen.
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Table 1. Basal fertilization at sowing in Mitscherlich pot.

Elements g/pot Chemical form Elements mg/pot Chemical form
K 1.00 KCl1 35 H.BO,
Mg 0.12 MgS0, TH,O Cu 0.5 CuSO, 5H.0
Fe 10.3 FeCl, 6H,0 Zn 0.2 ZnS0O, 7TH,0
Mn 4.5 MnSO, H,0 Mo 1.1 (HH,) Mo,0., 4H,0
68.9 EDTA

Table 2. Growth and Development stage at sampling time of wheat.

Sampling time

Growth and develpoment stage

Zadok’s scale®”

1 Main shoot and 2 tillers 22
I lst node detectable 31
i Flag leaf just visible 37
v 1st spikelet of inflorescence just visible 51
v Anthesis half-way 64/65
Vi Caryopsis water ripe 71/72
Vil Medium milk 75/76
Vit Early dough 83
IX Hard dough 87

— 546 —



drying Ovenoll 4 ##Aj7] & NO; -N gz
E.coli® o]83% Kiickes} Przemeck® J#kol
e}, HEE 2ESES Indophenol Blue
Reaction® ©]|-&-3 Schrader’? Fiko| wa}, &
HESE e Kieldahl®*?ol we} 272 24
35t et.

R A EER

1. GS EMpre] AAMME % GS EME A
29 REN REHE
R glolde GS TEMERES] HASLE
FA Axd A F 304 BE wie} Fo] AF
ZodF 8-1447bo) BEZL A Sl EFEE K
ol HE-E RS Aol ¥iEA Aoz
ek 9l o mEA/EE B/RE A
Chlamydomonasol| A FRBEAFIEA GS HHE7}
Eorhrt a3 8E AR EHE KES FAS
9t} Cullimores} Sims¥e] 3w} < x gct,
=3 GS AHFH e I 4ol I e
ulo} o] ABEKE ol Edlo] BE BUEAA
AR T -20CY) KR wEEAN BHH RED
A 12Z7A oF 4% iEHE ETHE XYe
2A S REe) B ENE T TER
gl A7 s dR ez e, GS RS
{RiFiEo] ol Zokch: Streitol Feller™®s] 2
ae} AXsE Aege vebdoh oo v NR
EHEES BESMp: MREIFC) MBItk 5-1241%F
ol 57%, 8-12A17koll= 24%vk o' F— #E
yasol A e AlEx RIGEFREHIZ AR ER
s} Z#ma) obel, {KEMKEE st FHBRE
oA A g Ao A YoM E
B Rine kel =2 WMREE NRel 34%4
s ¥e GS: BRIRC] 2-7%°lol A Filkel
pue WA %E 38 AR FHEE +A
sz gleh. v+ waka BEERELIEAS enzyme
system & NH,*- assimilation ¢ key enzyme Sl
GS7} NO, -Reductiono} Biftst= NR=th H
AEMLl A3 Rilflel ohE WRIB] I3 RT

ol &

Table 4. Variation of comparative activity of
glutamine synthetase during preservation
at refrigerated storage(-207C) .

Preservation time (weeks)
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Fig. 1. Relationship between content of NO,;~ and
specific activity of glutamine synthetase in
all leaves of 12 N fertilizer treatments at 8§
days after N-fertilization at active tillering
stage.

Table 3. Variation of activity of glutamine synthetase by different artificial light duration.

Artificial light duration (hrs)

5

8 1 14

GSA (mU10-?/g FM) 72.1+1.3

67.7+2.0 68.3%1.8 67.5+2.5
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Table 5. Relation between contents of organic nitrogen and integral GS capacity.

Nitrogen Sampling time
treatment
(A-B-C) I I 1 v A\ Vi Vil i IX
0.5-0-0 1250 2606 4656 6712 9702 10374 1018 10942 10996
3.3 (12.5) (19.0) (14.2) (15.0) (21.5) (21.9) (28.4) (24.9)
0.5-0.5-0 2682 5052 8356 13690 14760 15672 16806 16994
(14.1) (26.9) (21.7) (26.6) (35.7) (42.5) (56.1) (36.8)
0.5-1.0-0 2368 4488 7512 12686 14492 16428 17982 18718
(12.3) (23.3) (27.6) (28.2) (29.4) (36.3) (68.6) (62.1)
0.5-0-0.5 10678 12518 14238 15400 15912
(22.2) (25.2) (31.4) (40.8) (55.9)
0.5-0.5-0.5 14808 17108 19100 20934 22054
(35.2) (32.6) (39.8) (64.8) (69.0)
0.5-1.0-0.5 12816 14476 16340 18574 19324
(27.0) (32.6) (39.8) (50.8) (57.1)
0.5-0-0 1228 2300 4020 7276 13296 15046 16614 18246 19352
(3.3 (13.9) (20.7) (24.3) (28.6) (30.3) (36.8) (58.0) (53.9)
0.5-0.5-0 2098 3538 6482 11942 13364 14564 16226 18242
(13.5) (21.8) (20.7) (31.1) (39.9) (31.9) (55.1) (59.0)
0.5-1.5-0 1970 3060 4862 8674 10250 11786 13348 14678
(8.4 (13.3) (15.9) (23.4) (28.1) (23.2) (44.7) (52.7)
0.5-0-0.5 12866 14252 15940 18412 20386
(29.3) (45.1) (42.0) (55.7) (57.6)
0.5-0.5-0.5 11410 12524 13852 15820 17466
(26.4) (41.4) (33.9) (48.5) (60.4)
0.5-1.0-0.5 8024 9026 10170 11802 12866
(18.8) (18.8) (23.3) (33.9) (40.8)
r 0.60 0.77* 0.61 0.82*** 0.52** 0.84**" 0.89***  0.83**"

A N-fertilization at sowing{(g N/pot as Ca(NQ,),).

B : N-fertilization berfore active tillering stage(g N/pot as Ca(NQs)),.

C : N-fertilization berfore panicle initiation stage(g N/pot as Ca(NQ,),) .

Value without parentheses . integral GS capacity [U107! X time/plant]
Value with parenthese : contents of organic nitrogen{mg N,../plant).
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Table 6. Yield, grain nitrogen and integral GS capacity of wheat under different levels of nitrogen applica-

tion.

Treatment N content of grain Grain yield/plant Integral GS capacity

(A-B-C) (%) 3] (U10~! X time/plant)
0.5-0-0 1.535 26.2 10996
0.5-0.5-0 2.575 37.1 16994
0.5-1.0-0 2.840 39.3 18718
0.5-0-0.5 2.395 33.0 15912
0.5-0.5-0.5 2.830 42.0 22054
0.5-1.0-0.5 3.320 39.3 19352
1.5-0-0 2.925 39.1 19352
1.5-0.5-0 2.970 35.6 18242
1.5-1.5-0 3.315 30.3 14678
1.5-0-0.5 2.910 41.1 20386
1.5-0.5-0.5 3.280 36.1 17466
1.5-1.0-0.5 3.200 27.3 12866

r 0.89° 0.97**

fertilization at sowing (g N/pot as Ca(NOs),).

A N-
B ! N-fertilization before active tillering stage(g N/pot as Ca (NO,),).
C  N-fertilization before panicle initiation stage(g N/pot as Ca(NOQ,),) .
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Table 7. Relationship between integral GS capacity (X) and leaf dry matter (Y) from sampling time II to IX.

Sampling time

Regression equation(Y=

Correlation coefficient (r=

)

0.7204 (n= 6)
0.8337* (n= 6)
0.7977*  (n= 6)
0.8321** (n=12)
0.9383*** (n=12)
0.9003*** (n=12)
0.8964*** (n=12)

0.8908*** (n=12)

fett 0.0544+1.25 X
§30 0.166 +1.45 X
§ Tt 0.009 +1.35 X
I 0.474 +0.9 X
{35 0.75940.95 X
§ &1 0.6323+0.1.1 X

S 1.0576+0.95 X

REN 1.3583+1.0 X
Total 0.03362+1.6 X

0.9580*** (n=78)
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