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Fig. 1

under aluminum stress

EBTHRMNO BEEHHMERKSE

Effects of exogenous NO addition on the growth characteristics of ryegrass seedlings
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Fig. 2 Effects of exogenous NO addition on the chlorophyll content of two ryegrass seedlings

under aluminum stress
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Fig.3 Effects of exogenous NO addition on OJIP fluorescence

transient curves of the seedlings of two ryegrass cultivars

under aluminum stress
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Table 1 Chlorophyll fluorescence intensity data extracted from OJIP curve

CK T1 T2 T3 T4 T5
F0(0.02 ms)  Nagahahikari ~ 0.3740.01°  0.3740.01*  0.3640.01* 0.3340.02°* 0.3540.01"** 0.3740.01°
LR 0.2240.01*  0.2140.01*  0.2240.01*  0.22+0.01* 0.2040.01** 0.20+0.01"""
Fj(2 ms) Nagahahikari ~ 1.05+0.02*  1.06%+0.01*  1.0640.02* 0.95+0.03°* 0.9840.01** 1.0440.03**
i 0.6240.02" 0.6240.02"  0.6440.01* 0.574+0.02" 0.5940.03* 0.6040.02"""
Fi(30 ms) Nagahahikari 1.5+0.01° 1.50+£0.03*  1.504+0.04* 1.3240.02°"* 1.394+0.01°*" 1.46-+0.03""
LE A 0.8940.02"  0.894+0.01"  0.9240.01* 0.822£0.02""" 0.854+0.03** 0.8540.03"""
Fm(max) Nagahahikari  1.66+0.02° 1.67+0.02¢ 1.69+0.05* 1.4640.02°"" 1.55+0.03""" 1.63%+0.03""
Fivm 1.0140.02" 1.024+0.01" 1.0540.00* 0.9340.02""" 0.9640.03" " 0.9740, 02"
Fio0 Nagahahikari ~ 1.1240.01° 1.11+0.02° 1.114£0.01*  1.022£0.04"* 1.07£0.01""* 1.0540.02"*
Fi 0.6240.03*  0.6340.02*  0.6140.04* 0.5740.02"" 0.59+0.02"" 0.5940.01"

A R/NG FRFRR R AR BEANR Y Z B CK 5 T3 Z [\ T1 55 T4 Z T2 5 T5 Z [0 f7 75 .3 1 2% 57 (P<<0. 05) % » 7
FoR TR A A SR A Z I CK 5 T3 Z [\ T1 5 T4 Z 8 T3 15 T5 Z A 475 3% P 22 5 (P<C0. 05) . 73R8 T4 M 3a
A A Z M B CK 5 T3 28\ T1 45 T4 Z [0 T3 15 T5 ZHIfF M 2% 2 5% (P<<0.01) . FId
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Table 2 Effects of exogenous NO addition on the quantum yield and efficiency of the seedlings

of two ryegrass cultivars under aluminum stress

CK T1 T2 T3 T4 T5
@po Nagahahikari ~ 0.784+0.00°  0.7840.00°  0.7840.01* 0.7720.01**  0.7740.01* 0.7740.01*
i 0.78+0.01" 0.79+0.01" 0.792£0.01* 0.7740.00"** 0.80%£0.01" 0.80+0.01"
¢Eo Nagahahikari ~ 0.374-0.00"  0.3640.00"  0.3740.01* 0.3540.01""* 0.36£0.01* 0.364-0.01"""
Fivm 0.394+0.01° 0.39+0.02° 0.39+0.01° 0.28%+0.01° 0.39%+0.01° 0.394+0.01°
dRo Nagahahikari ~ 0.2740.03"*  0.2840.04®  0.30£0.03*  0.2840.01*  0.284+0.02*  0.2940. 00"
b= 0.3140.02°  0.3240.04*  0.31£0.01"  0.31+£0.01"  0.2940.03*  0.3140.03"
¢Eo Nagahahikari ~ 0.4740.00"  0.4740.01"  0.48+0.01* 0.4540.01""" 0.4740.00°  0.4740.01"
e 0.5040.02°  0.4940.02*°  0.4940.02°  0.50£0.01"  0.4840.01>  0.4840.01"
RC/ABS Nagahahikari ~ 0.18+0.00" 0.18%£0.00"  0.18%+0.01" 0.17£0.01"  0.1740.01"*  0.19240.00*"
HrEn 0.2040.01"  0.2040.01>  0.2240.01*  0.204£0.01°>  0.2040.01" 0.2040.01*
YRC Nagahahikari ~ 0.1540.00"  0.1540.00>  0.1640.01*  0.154£0.00° 0.152£0.002** 0.16+0.00*"
i 0.1640.01>  0.16+0.01>  0.1840.01*  0.1640.01>  0.16=£0.00" 0.1740.00*"
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Table 3 Effects of exogenous NO addition on specific energy flux of the seedlings of two
ryegrass cultivars under aluminum stress
CK T1 T2 T3 T4 TS
ABS/RC Nagahahikari 5. 644-0. 05" 5.50+0. 08" 5.46+0, 23" 5.734+0.20" 5.89+0.23"" " 5.2740.12""
e 5.11£0.22"  5.14%+0.22°  4.60£0.28"  5.1540.25"  5.09+0.15" 4.8940.13"
TPo/RC Nagahahikari 4. 404-0. 05° 4.2940.07" 4.2840.13" 4.4240.14" 4.56+0.12*""  4.0840.07°
o 5 3.9940.13° 4,06+0. 16° 3.6540.27" 3.9540.21"  4.0440.11%" 3.9140.12°
ETo/RC Nagahahikari 2. 0640, 03" 2.00£0.04"  2.03£0.09" 1.984+0.06"° 2.1540.04*"" 1.90£0.07°
kR 1.99=+0. 10 1.99+0. 15° 1.78+0.08"  1.98+0.13"" 1.9640.09" 1.8940.10""
REo/RC Nagahahikari ~ 0.5540.05*  0.56+0.07® 0.61+0.05" 0.5540.03" 0.60+0.03""* 0.5540.02""
e 0.6140.03"  0.63£0.03" 0.5640.01"  0.6140.04"  0.57£0.04"  0.5940.05°
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Fig. 4 Effects of exogenous NO addition on the performance indexes of the seedlings of two
ryegrass cultivars under aluminum stress
2.4 FEEHETHEMIMNENO N BEZEHYHARMERE  <0.0D. MAFm LR EELA. 5 T3 40401, T4 41H

MARAEERSENTN
WIAMNE NO ) T1 2081 T2 A CK 4,2 Fpkd
Z2 HUAL VR

AR A L 430 41, 55200 90. 42% (B 5) . 5 CK AR, My mmaEERSERES T CK4
CK 4HAHLEL, T3 2H 2 Fr BB F Wy nl Bz S B . & (P<C0.05), T4 ¢4 H1 T5 H Nagahahikari i 0] 75 {455
1 Nagahahikari (0] 3% P & SR 2 & & T CK 41(P F o 4 R I T B S SRR AR
35 T a
14 a ;
T 3 ta a a % b ’
12 . 2 a b m b T %
Hl\ 10 R © 25 ¢ a {»
<5 8 ** l) a a ﬂ 2 b
% 6 | o a <§ 15
2 ﬁ § 05
0 o
CK TI T2 T3 T4 T5|CK T1 T2 T3 T4 T5 CK T1 T2 T3 T4 T5|CK T1 T2 T3 T4 T5
Nagahahikari i Nagahahikari b=
BS5 HBMETHRMNOZEZEYHNVTAEBEMTIEEASE

T5 21 2 Fb B2 B0 (%) ] Y5 Pk B
hikari [ 7] 75 PR &
it 15 . T2 41 Nagahahikari £l 4§ =5 1)

30, T5 4 Nagaha-
HEFEET T3 41(P<0.05).,
T3 2] Nagahahikari B AI M E A S EMHK T
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seedlings of two ryegrass cultivars under aluminum stress
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Fig. 6 Effects of exogenous NO addition on peroxidation indexes of the seedlings of two

ryegrass cultivars under aluminum stress
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Fig.7 Effects of exogenous NO addition on antioxidant enzyme activities of the seedlings of two

ryegrass cultivars under aluminum stress
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Fig. 8 Effects of exogenous NO addition on the aluminum content in different parts of the

seedlings of two ryegrass cultivars under aluminum stress
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Effects of exogenous nitric oxide on the growth and

physiology of ryegrass seedlings under

aluminum stress

ZHANG Han-lin' , WANG Lin*,WU Ya!

(1. College o f Animal Science and Technology ,Yangzhou University ,Yangzhou 225009, China;

» WANG Dong-lin', LIU Da-lin'

2. Institutes of Agricultural Science and Technology Development ,Yangzhou University ,
Yangzhou 225009, China)

Abstract: The objective of this study was to investigate the alleviative effects of exogenous nitric oxide(NO)

on aluminum(AD toxicity in ryegrass seedlings. Ryegrass cv. Te Gao, Al-tolerant and cv. Nagahahikari, Al-sensi-

tive were grown in sand to investigate the effects of two different concentrations(100,200 pmol/L)of sodium ni-

troprusside(SNP)on the growth and physiological parameters of ryegrass under 20 mmol/L AI*".

The results
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showed that exogenous NO treatment increased chlorophyll fluorescence parameters,soluble sugar content,sol-
uble protein content, chlorophyll a content, total chlorophyll content,SOD activity, POD activity and CAT activi-
ty(p<<0. 05) , while significantly reduced MDA content and electrical conductivity,and the accumulation of AI**
in ryegrass(p<C0. 05). Compared with Al stress only., the application of 200 ymol/LL SNP under Al stress re-
duced the relative electricity conductivity by 34. 85% and 27. 35%, increased SOD activity by 28. 66% and
37.18% and SOD activity by 52.41% and 50. 30% sreduced AI’*" enrichment in shoots by 34. 95% and 29.33%
and in roots by 26. 02% and 17. 37% in Nagahahikari and Te Gao,respectively. The results indicated that the al-
leviative effects of NO treatment on the growth of ryegrass exposed to Al stress was more significant in the Al-
sensitive ryegrass cv. Nagahahikari than that of Al-tolerant cv. Te Gao.

Key words: aluminum stress;nitric oxide;ryegrass;growth characteristics; physiological parameters
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Geneticanalysis on the mixed model of major gene plus
polygenes for the panicle related traits in triticale

CHANG Dan-dan,JIN Xing-na, TTAN Xin-hui,DU Wen-hua

(Collegeo f Grassland Science ,Gansu Agricultural University/Key Laboratory of Grassland Ecosystem ,
Gansu Agricultural University ,Ministry of Education/Sino-U. S. Centers for Grazingland

Ecosystem Sustainability ,Lanzhou 730070,China)

Abstract ; Panicle traits are important for seed yield, therefore the improvement of panicle traits is the key to
increase seed yield of triticale. Analyzing panicle traits of triticale has important significance to improve the
breeding efficiency and seed yield of triticale. The recombinant inbred lines (RILs) constructed by Shida No. 1
(P,)and triticale strain C18(P,) were used as the material,and the major gene plus polygene mixed inheritance
model were used to perform genetic analysis of panicle related traits. The results found 4MG-AI as the best ge-
netic model for awn length, which showed that the inheritance was controlled by incorporating four major genes
additive-epistasis genetic model. The heritability of the main gene was 85. 06%. The optimal genetic model for
panicle length and spikelet number were MX2-CE-A, which was consistent with two pairs of complementary
main genes + additive polygene genetic model. The heritability of main genes controlling panicle length and
spikelet number were 20. 35% and 31. 77% respectively, and the heritability of polygenes was 62. 93% and
32.48% srespectively. The optimal genetic model for spike density and grains per spike were PG-Al, which was
the additive-superordinate multi-gene genetic model,and the polygenes heritability was 35. 34 % and 86. 96 % ,re-
spectively. The awn length has the genetic characteristics of the main gene. The main gene had high heritability
(86. 96 %)and was affected by the environment. The awn length could be selected in early selections in breed-
ing,achieving single plant directional selection and improving breeding efficiency.

Key words: triticale; panicle traits; genetic model; genetic effect



