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Summary. Four cultivars of spring barley differing by nitrate reductase (NR) activ-
ity were crossed in a complete diallel fashion. The NR activity was studied in the leaves
and roots of seedlings of F, and F, hybrids and their parental forms growing under
controlled conditions. From the performed studies it follows that the NR activity is
determined by both additive nonadditive gene action. It has been found that there occurs
domination towards a low activity of the studied enzyme. Besides that, a statistical
analysis showed the occurrence of maternal effects in the both studied generations.

Nitrate reductase (NR) is the main enzyme in nitrogen metabolism in plants and
is directly asscciatcd with protein bicsynthesis. Despite many studies performed
on NR in higher plants, the genetic control of that enzyme is still little known. The
inheritance of NR activity was studied chiefly in maize (Schrader et al. 1966, War-
neret al. 1969) and wheat (Sherrad et al. 1976, Deckard, Busch 1978, Gallagher
et al. 1980, Gadié et al. 1981, Kraljevié-Balalié et al. 1983). Investigation con-
cerning genetic control of NR activity in barley are few and are dealing first of all
with mutants (Tokarev, Shumny 1981).

The purpose of the present paper was to know the inheritance mcde of NR
activity in spring barley secdlings.

MATERIAL AND METHODS

The studying material consistcd of four cultivars of spring barley: Diva, Lubuski,
Menuet and Union, d:ffuring by nitrate reductase activity in leaves and roots (Lu-
buski and Union — high activity, Diva and Menuet — low activity). These cultivars
were crosscd in a complete diallel design. During 1984-85 parental forms and F, and
Fg hybrids were studicd.
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The NR activity was determined in the leaves and roots of 6-day-old seedlings
growing in water cultures, under controlled conditions. From the moment of grain
sterilization until the obtaining of seedlings the procedure followed Smith and
Thompson (1971), with some mcdifications. The details are given in an carlier
paper (Krzywanski, Skoczek 1985). ‘ '

The NR activity was determined by in vivo method on the basis of the procedure
applied by Buczek (1976, 1979), which was slightly mcdified (Krzywanski,
Skoezek 1985). After incubation, a certain amount of the solution was taken to
analyse it for the contents of nitrite on the basis of methed given by Sanderson
and Cocking (1964). The enzyme activity was expressed in nmoles of NO, — releas-
ed through 100 mg of fresh tissue during 1 hour.

The NR activity was determined in 3-4 experiments for each variety or hybrid.
Each experiment had 4-5 replications for both leaves and roots. The experiments
were carried out each time from late January till late May.

Statistic calculations of diallel crosses wete performed by the method of Griffing
(1956) and Dobek et al. (1977, 1978).

RESULTS

Results showing the NR activity in the leaves and roots of the parental forms and
F, and F: hybrids are summarized in Table 1. A comparison of the cultivars and
their hybrids in respect of the studied enzyme activity is presented by Tables 2 and 3.
From that comparison it follows that the cultivars Union and Lubuski distinguished
by significantly higher NR activity than Menuet and Diva in both leaves and roots.
The F, hybrids displayed a lower activity of the studied enzyme as compared to
the parents, in both leaves and roots. However, not all the differences were statisti-

Table 1. Nitrate reductase (NR) activity in the leaves and roots of barley

seedlings
N Cultivars NR activity (nmole NO,/100 mg of fresh matter/h)
and leaves roots o
hybrids Fl l Fe F. ‘ ¥,

Union (U) 181.4 181.9 149.4 145.1
Lubuski (L) 179.3 143.1 142.9 145.8
Menuet (M) 115.3 106.0 773 73.0
Diva (D) 123.1 116.1 88.8 105.1
UxL 174.6 179.4 134.9 135.5
UxM 142.6 185.7 100.7 140.3
UxD 106.4 132.8 98.0 145.0
LxU 161.2 162.3 99.0 142.8
LxM 130.5 121.9 94.7 138.2
LxD 148.1 i 141.0 84.8 i 124.1
MxU 120.8 X 170.7 97.7 | 134.2
MXxL 142.3 156.3 98.9 i 119.9
MxD 113.1 118.5 77.8 i 99.6
DxU 143.6 176.0 110.6 123.%
DxL 146.7 141.1 111.8 122.1
DxM 100.3 116.3 7.7 111.5
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Table 2. A comparison of barley cultivars and hybrids in respect of nitrate
reductase activity in the seedling leaves

Contrast valuo ¥ caloulated
Contrast
F, | F, F | F,

Union — Lubuski 2.1 38.8 0.05 16.03

Union — Menuet 66.1 76.9 47.16 66.69

Union — Diva 58.3 5.8 36.68 48,76

Lubuski — Menuet 84.0 38.2 44.14 16.41

Lubuski — Diva 56.2 27.0 34.03 8.23

Menuet — Diva —7.8 —11.2 0.66 1.40
U+L

UxL — T —2.9 84 0.47 3.49
U+M i

UxM — —2—— —2.9 21.1 0.48 21.92
U+D

UxD — - —23.0 —8.1 30.35 3.21
L+U

LxU ~ —2— —-9.6 —0.1 5.26 0.00
L+M ' X

LxM — -~ —84 —11 4.06 0.06
L+D :

LxD — —2—— —11.6 5.7 7.70 1.58
M+U

MxU — ——2—— —9.3 13.7 4.98 9.16
M+L

MxL — ——-2— —2.6 16.1 0.36 12.76
M+D

MxD — —;'— —3.1 3.9 0.55 0.78
D+U

DxU - ——2— —4.3 13.5 1.08 8.04
D+L

DxL ~ — —2.3 5.8 0.30 1.63
D+M

DXM — % —68.5 2.9 2.42 0.41

Foos 4.04 4.15

Fon 7.19 7.50

cally significant. A significant reduction of the NR activity in the leaves was de-
tected for five hybrids, whereas that in the roots was detected for nine hybrids. The
activity of the studied enzyme in the leaves and roots of F', hybrids was in most cases
on the level of the parental mean. A significantly higher NR activity in both leaves
and roots was revealed only in hybrids of Unicn X Menuet and Menuet X Union,
whereas that in root — in hybrids of Union X Diva, Lubuski X Menuet and Menuet X
Union, and that only in leaves — in hybrids ¢f Menuet X Lubuski and Diva X Union.
Thus, the F, hybrids as ccmpared to the F, hybrids distinguished by a higher NR.
activity in relaticn to the parental forms.

A diallelic analysis of variance (Table 4) for the F, and F. generations showed
the significance of variance of the general specific and combining ability and the
significance of the maternal ¢ff cts for the NR activity in both leaves and roots.
The portion of the general combining ability variance in the NR activity variation
for leaves and roots was several fold higher than that of the specific combining ability



Table 3. A comparison of barley cultivars and hybrids in respect of nitrate
reductase activity in the seedling roots

Contrast Contrast value F calculated
ongiras
F, ' P, F, ' F,
Union — Lubuski 6.5 —0.7 2.41 0.01
Union — Menuet 72.1 72.1 299.51 85.69
Union — Diva 60.7 40.0 211,79 26.44
Lubuski — Menuet 85.7 72.8 248.15 87.44
Lubuski — Diva 54,2 40.8 168.98 27.42
Menuet — Diva —-11.5 —32.0 7.568 16.93
U+L
UxL — — —5.7 —4.9 9.82 2,10
U+M
UxM — e ~6.3 15.6 12.26 21.51
D
uxp - 2P —~10.6 9.9 34.18 8.76
2
LxU — L+u —23.6 -1.3 171.12 0.16
2
M
LxM — LM —7.7 14.4 18.32 18.18
2
L+D
LxD — —;— —15.5 —0.7 74.07 0.04
MxU — M+U —17.8 12.6 18.71 13.86
2
L
MxT — F L —5.6 5.3 9.72 2.43
2
MxD — M+D —2.8 5.3 2.09 2.45
2
bpxy 2tV —43 0.7 5.55 0.04
2
DxL — D+L —2.1 17 1.39 0.25
2
D
DxM — DM —-2.7 11.3 2.19 11.12
2
Fons 4.04 4.15
Fo,00 7.19 7.50

Table 4. A diallel analysis of variance of nitrate reductase activity in
the leaves and roots of barley seedlings

Mean square
. G i Degrees
Variation source enecration of freedom leaves roots
General combining F, 3 2383.738%* 1875.257%%
ability (GCA) F, 3 2555.0,7** 1427.696**
Specific combining F, 6 149.808+* 666.446 %>
ability (SC4) Fy 6 237.993 ** 221.795%*
F. 3 186.420* 1036.228**
Maternal effect 1
F, 3 205.898%* 108.508**
Effects of interaction of
maternal cy toplasm with Fy 3 190.027 1023.148
father’s genes F, 3 389.413 61.086
Error F, 48 46.326 8.684
F, 32 44.393 22,729

* gignificance at a=0.05
** gignificance at a=0.01
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variance. This indicates the predominance of the additive gene action over the non-
additive.

From the estimates of the general combining ability (GCA4) effects presented in
Table 5 it follows that the cultivars Menuet and Diva with a low NR activity showed
negative GC A effects for the activity of the studied enzyme in both roots and leaves.
The cultivars Union and Lubuski characterizing by a high NR activity in the leaves
and roots distinguished by high positive effvets of the general combining ability.

Table 5. Effects of the general combining ability for nitrate reductase
activity in the leaves and roots of barley cultivars seedlings

Effects of general combining ability
Cultivars leaves roots
Fl Fl Fl Fl

Union 13.61 24,58 9.10 13.62
Lubuski 16.23 1.77 16.48 8.01
Menuet —14.62 —11.83 — 9.48 —14.18
Diva —15.22 —14.52 —16.10 — 8.35
Standard error of

parameter 2,084 2.040 0.902 1.460
Standard error of

difference 3.403 3.331 1.473 2.384

Effects of the specific combining ability (SCA4) are presented in Table 6. Hybrids
obtained from crosses of varieties with a high NR activity (Union X Lubuski) showed
negative SCA effects in the F, and F, generations, particularly in the case of NR
activity in the roots. Significantly negative effects of the specific combining ability
were noted also for the F, hybrids of Union X Diva, whereas effects significantly
higher than zero were noted for the F, hybrids of Union X Menuet. The SCA effects
of hybrids with a low NR activity did not differ significantly from zero, except the
NR activity in the roots of the F, hybrids.

Table 6. Effects of the specific combining ability for nitrate reductase
activity in the leaves and roots of barley seedlings

Effects of specific combining ability
Hybrlds leaves roots
¥, | Fy F, Fy

Unlon X Lubuski —0.98 —2.26 —5.86 —8.66
Union X Menuet -1.81 18.69 2,34 12.43
Union X Dlva —12.41 —2.42 —30.44 3.75
Lubuski x Menuet —4.23 2.41 —7.44 8.93
Lubuskl x Diva —2.63 7.04 0.59 —2.85
Menuet X Diva 0.52 —3.01 6.09 2.69
Standard error of i

parameter 3.805 3.725 1.647 2.665
Standard error of

difference for

half-siblings 5.804 5,770 2,552 4,120
Standard error of

difference for not 4.813 4,711 2.084 3.371

related progenies
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Estimates of the maternal effects, the occurrence of which was detected on the
basis of the analysis of variance, are presented in Table 7. Significantly positive
maternal effects for the NR activity in the leaves were detected in the both gencra-
tions for Diva, while significantly negative effects — for the variety Lubuski. In the
case of the cultivars Union and Menuet these effects did not differ significantly from

Table 7. Estimates of maternal effects for nitrate reductase activity in
the leaves and roots of barley cultivars seedlings

Maternal effect
Cultivars leaves roots
F, ] F, F, F,
Union —1.38 —1.39 —~7.84 2.53
Lubuski —5.48 —8.45 ! -8.36 3.43
" Menuet 0.73 2.70 0.16 —4.54

Diva 6.13 5.14 16.04 —1.41
Standard error of

parameter 2.084 2.040 0.902 1.460
Standard error of

difference 3.403 3.331 i 1.473 2.384

zero. For the NR activity in the roots of the F, hybrids, the maternal effects were
positive for the ¢v. Diva and negative for the cv. Unicn and Lubuski. In the F,
generation, however, other results were obtained: the cv. Lubuski displayed signi-
ficantly positive maternal effects, whereas the ¢v. Menuet — significantly negative.
In view of the fact that the maternal effect estimates were not clear, particularly
in the case of roots, the pursuit of further studies in this direction seems reasonable.

DISCUSSION

From the performed studies it follows that the NR activity in the leaves and roots
of barley seedlings is determined by both additive and nonadditive gene action,
with the predominance of the additive action. Similar results were obtained by
Gadié et al. (1981) as well as by Kraljevié et al. (1983) for wheat.

Hybrids of the ¥ generation were characterized by a lower NR activity in the
lcaves and roots in comparison with the parental mean. This suggest the occurrence
of domination towards a low activity of that enzyme. Though the statistic analysis
has not provided a direct estimate of variance and parameters associated with
domination, the significance cf the specific ccmbining ability variance supports in an
indirect way the cecurrence f dcminance. Schrader ct al. (1966), when studying
the inheritance of the NR activity in maize, also found that the F; hybrids distin-
guished by a lower activity as ccmpared to the parental forms. Hybiids cf the F,
generaticn compared to the F, hybrids distinguishcd by a higher NR activity in
relation to the parental mean. Therefore, the dcminaticn towaids a low activity of
the studied enzyme, visible in the F'; generaticn, was reduccd in the F, generation,
which is in agreement with the theoretically half-smaller portion of the domination
effects in the mean of the F, generation (Mather, Jinks 1971).
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Frcm the estimates of the specific ccmbining ability effects presented in this
paper it fcllows that the SCA cffects calculated cn the basis of F, and F, hybrids are
not always similar. As kncwn (Griffing 1956, Dobek et al. 1978) the specific
combining ability is a result of the ncnadditive gene acticn, i.e. dcminaticn and
nonallelic interaction. The porticn of both dcminaticn and ncnallelic interaction
in the mean for the succeeding generaticns arisen due to self-pcllination decreases.
(Mather, Jinks 1971, Kaczmarek et al. 1984), which may cause changes in the
estimates of SCA effects. : ‘

The statistico-genetic analysis showed the occurrence of maternal effects, which
made impossible a thorough genetic analysis. These ¢ flects were significant for both
F, and F, generaticn for the NR activity in the leaves and roots. The estimates of
the maternal cffects for NR activity in the leaves were similar in the both analysed
generaticns. In the case of roots no repeatable results were obtained in the F, and
F; generaticns. For that reason, too, it scems necessary to conduct further studies in
this respect.

From the performed studies it follows that the cv. Union would be a good com-
ponent for crossing, as it possesses high positive effects of the general combining
ability for NR activity in the leaves and roots of barley.

REF¥FERENCES

1. Buczek J. (1976). The role of light in the induction of nitrate and nitrite reductase in.
cucumber seedlings. Acta Soc. Bot. Pol., 45: 77 - 92,

2. Buczek J., Burzynski M., Kubik-Dobosz G., Suder-Moraw A. (1979). Wplyw
stosunku wapnia do magnezu w pozywece na metabolizm azotowy i aktywnosé niektérych
enzyméw w siewkach pszenicy. Acte Univ. Wrat., 354: 3 - 14,

3. Deckard E. L., Busch R. H. (1978). Nitrate reductase assays as a prediction test for
crosses and lines in spring wheat. Crop. Sci., 18: 289 - 293. '

4. Dobek A., Kaczmarek Z., Kielczewska H., Luczkiewicz T. (1977). Podstawy i zalo-
Zenia analizy statystyczne] krzyzéwek diallelicznych. I. Analize wariancji. Siédme Col-
loquiurn Metodologiczne z Agro-biometrii, 332 - 353.

6. Dobek A., Kaczmarek Z., Kielczewska H., Luczkiewicz T. (1978). Podstawy i zalo-
zenia analizy statystycznej krzyzéwek diallelicznych. II. Analiza genetyczna. Osme Col-
loquium Metodologiczne z Agro-biometrii, 146 - 168.

6. Gallagher L. W.,Soliman K. M., Qualset C. O., Huffaker R. C., Rains D. W. (1980).
Major gene control of nitrate reductase activity in common wheat. Crop. Sei., 20: 717 - 721.

7. Gasdié O., Kraljevié-Balalié M., Popovié M., Popovié J. (1981). Nitrate reductase
activity and soluble leaf protein content in wheat crosses. Z. Pflanzenziichtung, 87: 25 - 32.

8. Griffing B. (1956). Concept of general and specific combining ability in relation to diallel
crossing system. Austral. Journ. of Biolog. Sci., 9: 463 - 492.

9. Kaczmarek Z., Surma M., Adamski T. (1984). Parametry genetyczne — ich interpreta-
cja i sposoby wyznaczania. Listy Biometryczne, XXI, 1: 3 - 20.

10. Kraljevié-Balali¢ M., Popovié M., Gaéié O. (1983). Nitrate reductase activity and
soluble protein content in leaf of wheat. Period. Biol., 85: 31 - 36.

11. Krzywanski Z., Skoczek H. (1985). Aktywnoéé reduktazy azotanowej w lidciach i ko--
rzeniach siewek joczmienia jarego. PTPN, Prace Kom. Nauk Roln. i Kom. Nauk Lesn.,
T. 59 (w druku).



42 H. Skoczek et al. [8]

12. Mather K., Jinks J. (1971). Biometrical Genetics. London.

13. Sanderson G. W., Cocking E. C. (1964). Enzymic assimilation of nitrate in tomato
plants. I. Reduction of nitrate to nitrite. Plant Physiol., 39: 416 - 422.

14. Schrader L. E., Peterson D. M., Leng E. R., Hageman R. H. (1966). Nitrate reductase
activity of maize hybrids and their parental inbred. Crop. Seci., 6: 169 - 173.

15. Sherrard J. H., Green D. L., Swinden L. B., Dalling M. J. (1976). Identification of
wheat (T'riticum aestivum L.) chromosomes with genes controlling the level of nitrate
reductase, nitrite reductase and acid proteinase using the Chinese Spring — Hope sub-
stitution lines. Biochem. Genet., 14: 905 - 912,

16. Smith F. W., Thompson J. F. (1971). Regulation of nitrate reductase in excised barley
roots. Plant Physiol., 48: 219 - 223.

17. Tokarev B. J., Shumny V. K. (1981). Two loci for nitrate reductase activity control in
barley. Genetica, 17 (No. 5): 852 - 857.

18. Warner R. L., Hageman R. H., Dudley J. W., Lambert R. J. (1969). Inheritance of
nitrate reductase activity in Zea mays L. Genetics, 62: 785 - 792.

DZIEDZICZENIE AKTYWNOSCI REDUKTAZY AZOTANOWEJ W SIEWKACH JECZ-
MIENIA JAREGO (HORDEUM VULGARE L.)

Streszeczenie

Cztery odmiany jeczmienia jarego rézniace sie aktywnoécia reduktazy azotanowej (NR)
skrzyzowano w pelnym ukladzie diallelicznym. Aktywnoéé NR badano w lidciach i korzeniach
siewek form rodzicielskich oraz mieszaricéw pokolenia F, i F,, rosnacych w kontrolowanych
warunkach. Z przeprowadzonych badan wynika, ze aktywnos$é NR jest uwarunkowana zar6wno
addytywnym, jak i nieaddytywnym dzialaniem genéw. Stwierdzono wystepowanie domino-
wania w kierunku niskiej aktywnos$ci badanego enzymu. Ponadto analiza statystyczno-genetycz-
na wykazala wystepowanie efektéw matecznych w obu badanych pokoleniach.

HACJIEJOBAHUE AKTHMBHOCTHU HUTPATHOW PEAYKTA3bBI B CESHIIAX SPOBOI'O
SAYMEHS (HORDEUM VULGARE L.)

Pe3oMme

YeTripe cOpTa APOBOTO TIMEHA, OTIMYAFOLINECS AKTHBHOCTHIO HUTPATHOM PEAYyKTa3bl, Db CKPEINEHEL
IO TOJTHOM MHAJUIETMICCKOM CXeMe, AKTUBHOCTh HUTPATHOU PEIYKTa3bl HCCIEAOBANACh B IMCTBAX H KOP-
HSIX ceARLEB TUOPHIOB HokoneHudt Fy u Iy, a Takxe pOMUTENLCKUX (OPM, PACTYILMX B KOHTPOIAPYEMBIX
yenopusx. U3 TIpoBeIé HHEIX HCCIIEOBARMIL CIICIYET, YTO aKTHBHOCTb HUTPATHOM PEYKTA3BI 0GyCIoBNeHa
KaK aJJMTUBHBIM, TaK M HEAJJIATHBHBIM pelicTeHeM rsHoB. OOHapyX€HO BBICTYIUIEHHE JOMHHHpPOBAHHS
B HANPaBJICHHW HH3KOH aKTPBHOCTH HCCJIENYEMOro 3H3MMa. KpoMe TOro, CTaTHCTHYECKO-TEHETHHECKHMH
AHAIM3 TOKa3ajl BHICTYIUIEHME MATEpHHCKHX 3(dexkT0oB B 000MX HCCNENOBAHHBIX IOKOJCHHSX.



