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Abstract: [Objective] Male sterile characteristic plays an important role in the utilization of heterosis. The purpose of this
study was to investigate the root traits and nitrogen uptake and utilization rule of cytoplasmic male sterile (CMS) lines. [ Method] In
soil column experiment, two inbred lines, cytoplasmic male sterility (478CMS and Q319CMS) and homotypic fertile lines(478 and
Q319) were used to analyze the difference among root traits, nitrogen uptake and utilization efficiency between two inbred lines.

[Result] Grain yield and 1000-kernel weight of CMS lines were higher than those of homotypic lines (P<<0.05), no difference in
biomass (P>0.05) was found, whereas harvest index was significantly higher in CMS lines under nitrogen deficiency (P<<0.05).
The root weight, root volume and total root activity of CMS lines overweighed those of homotypic lines during grain filling period (P
<0.05), furthermore advantages in depth soil layer was obvious, which could prolong root functional period effectively and promote
root absorption in water and nutrient. Total nitrogen accumulation amount of CMS lines was distinctly higher than their homotypic
lines (P<<0.05), with more nitrogen distributed to stalk and grain in CMS lines. Both N transportation efficiency and N contribution
rate of CMS lines were higher in contrast to the homotypic lines under nitrogen deficiency (P<<0.05). Compared with homotypic
lines, CMS lines maintained higher individual nitrogen utilization efficiency than their homotypic lines, but the response to N
fertilizer was relatively lower. [Conclusion] The higher grain yield and higher nitrogen efficiency of CMS lines were closely
correlated with more root weight distributed in deeper layer and stronger root physiological activity.
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Table 1 Grain yield and its components of cytoplasmic male sterile line and its maintainer

HHEL Lb 3 FARRRF R R TR LilvRER Y/ LVEIS R
Material Treatment Grain yield (g/plant) 1000-kernel weight (g) Biomass (g/plant) Harvest index
478 +N 116.66¢ 257.45b 262.21b 0.44c

-N 106.50d 235.73c 241.82c 0.44c
478CMS +N 128.78a 273.28a 275.14a 0.47b

-N 122.82b 270.58a 235.70c 0.52a
Q319 +N 117.04b 327.74b 295.64a 0.40c

-N 105.07¢c 316.80c 264.57b 0.40c
Q319CMS +N 128.45a 343.14a 302.19a 0.43b

-N 116.44b 336.26b 258.67b 0.45a

[FF) 5B R RoR 2 R IE BE A (P>0.05) , F-RERF#HRRZRIERFEKF (P<0.05) . [
The same alphabets in right side of the same column show no significance (P>0.05), on the contrary, having significance (P<<0.05). The same as below

2.2 REFHE (P<0.05) o AN 4 J23Hid SR AR BB AN 43 A Le g1l 34 15

MR 2 B, EWHEEMET, 5 CMS fok  HMREEHA B, H CMS T KIEZo i LBl
RN AR LT ERE & THRATER(P<0.05), Ko HEZRRE T RAR ARG TR R B (A, AR
ANHZESM N, 478CMS MIRRTEBZFm FHEL KRB0, v UL R VAR R ARG T . A
nH & (P<0.05) , M55 319CMS FIHLFAA N HE R E  BHKEXWRADEIEZESTHITEFR (P<
FAREF (P>0.05) . A LZHRAERMMLE  0.05) , HFEHBEMARE S T 2935 9.4%
WIRI A CMS T 2KAE 0~20 cm 121 20~40 cm +- A1 9.1% 0 ANJA) - 2R RS 1870 A7 L5l 7E 0~20 cm
A AR, 40~80 cm LERER THFAMER M 20~40 cm 2% 58BN, 40~80 cm 12U B

F 2 WRAREERE RZRTRMIRE. RIKR. RREFH GERID
Table 2 Root weight, root volume and root activity of cytoplasmic male sterile line and its maintainer (filling stage)

g ose! T # Root dry weight (g/plant) HAAHL Root volume (cm®/plant) HEZ3% ) Total root activity(mg TTC-g plant-h™)
Material = Treatment pijgdi RIS 06) BB REEZOMGILE 6)  SiF) I 2 193 A L 491 (0%)
Total Percent of different soil layer ~ Total  Percent of different soil layer ~ Total Percent of different soil layer
root 0~20 20~40 40~80 root 0~20 20~40 40~80 root 0~20 20~40 40~80
weight ~ cm cm cm volume  cm cm cm activity cm cm cm
478 +N 33.41c 83.2 11.7 5.1 271.79c¢  80.1 14.9 51 32.57a 75.1 17.1 7.8
-N 26.91d 76.2 18.8 51 243.39d 728 221 51 21.50c 741 17.9 8.0
478CMS  +N 44.02a 79.1 13.6 7.3 391.73a  76.7 15.1 8.2 33.63a 77.1 15.1 7.9
-N 39.22b 80.8 141 5.2 34547 736 18.8 7.6 24.17b 72.7 159 115
Q319 +N 30.29b 80.1 13.0 6.9 280.94b 79.1 13.1 7.9 20.77b 78.9 16.1 51
-N 26.64c 75.1 17.0 7.9 265.96c  75.2 15.9 8.9 20.32c 72.8 19.8 7.4
Q319CMS +N 38.34a 78.7 11.0 10.3 329.62a 76.8 11.8 114 24.00a 77.1 15.8 7.1

-N 26.71c 70.1 134 16.5 268.68c  68.2 13.8 18.0 21.50b 72.1 14.1 13.8
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Table 3 Nitrogen accumulation amount (NAA) in organs of cytoplasmic male sterile line and its maintainer (maturity)

Rk hbE AR R 2% Stalk M- Leaf ¥FRL Grain
Material Treatment N accumulation amount NAA(g) Percent (%) NAA(g) Percent (%) NAA(g) Percent (%)
of per plant (g/plant)
478 +N 3.09b 1.00b 324 0.53c 17.2 1.56a 50.5
-N 2.19d 0.83c 37.9 0.41d 18.7 0.95¢c 434
478CMS +N 3.48a 1.18a 33.9 0.71a 20.4 1.59a 45.7
-N 2.34c 0.68d 29.1 0.65b 27.8 1.01b 43.2
Q319 +N 2.63b 0.66¢ 25.1 0.51b 19.4 1.46b 55.5
-N 2.31d 0.60c 26.0 0.45d 19.5 1.26d 54.5
Q319CMS  +N 3.37a 1.22a 36.2 0.55a 16.3 1.60a 475
-N 2.71c 0.90b 33.2 0.48c 17.7 1.33c 49.1
x4 PHEREMTERNRERNEREE
Table 4 Nitrogen translation of cytoplasmic male sterile line and its maintainer
R b3 LRI Pz Tie A DT Eriipyes TR
Material Treatment Absorption before Absorption after Transportation Contribution N utilization N harvest
flower (g/plant) flower (g/plant) efficiency (%) rate (%) efficiency (NUE) index (NHI)
478 +N 1.58b 1.51b 4.52 2.89 0.38¢ 0.51a
-N 1.15d 1.04c 9.50 9.95 0.53b 0.48b
478CMS +N 1.80a 1.68a 6.93 4.44 0.40c 0.48b
-N 1.26¢ 1.08¢c 14.24 14.13 0.59a 0.48b
Q319 +N 1.36¢ 1.27b 6.69 3.45 0.36¢ 0.61a
-N 1.17d 1.14c 2.50 1.98 0.44b 0.53b
Q319CMS +N 1.99a 1.38a 31.15 20.65 0.45b 0.52b
-N 1.69b 1.02d 39.71 29.81 0.50a 0.57a




114 PNEESE: AT ORI R M BRI 3577

FAREZE S THRMATHER (P<005) , “F¥&E
10.1%. CMS T KHRREMINE B ZE LT HE R (P
<0.05) , FBIE 23.2%, Ui G MR E A
~, B AR .

b
=
1

(=
Ln
T
w

i T

in
T
r
=
T
o

(=) in
T T

=
L
T
=
Lh
T

M3 Nitrogen efficiency (g/plant)
5
T

%W [ Nitrogen responsive (g-g”)

=
=

i H Fertile AH Sterile
¥l Material

W f Fertile AT Sterile

HARFF B 27 8% (P=0.05)
Bars with different letters are significant at 0.05 level

B RAEREETERARER B RRMEMANLNE LR
Fig. Comparison of nitrogen efficiency and nitrogen
responsiveness of cytoplasmic male sterile line and its

maintainer

3 itit

TR SRR A ) DR R, HLRg
AR B A P R R I, B R, B
-/ G O N N = T 0 7 NS /s =w/ L o VA E 1 (T
THRAMTE R, BAERGRSHERBT R,
R, ORISR B, RN R
R HORPR = 2 1 T 28 I B e R 2 a0
R, HEMER A TR AR L i 22 B B 2 1
T2, 50 S0 - 43P 26 O MR P A0 T e

I}

WAL TRER B LS, RN ER
(RIS SORIR P AT 2 . AR, BERIA B
PRI AT E . FIIHRR ABINIR AR S T 4]
BRTHWHER, HFZRAMNZ, WRARED
Sie WL, HEVEANE TOKRIMRARAN AL, Xl fE
TIPS S AT B e AR BRTO R AO e,
FAR AR KR B b N 3 20 B R R IR 45 21
o By AR RS PR DL, AFITIRAR
RIS SR RERT . BORIIAR R AW
] DASRAHE A T, R IR, MR

AR, A THRARBBOK MR, IR R KR
FEE e e M 2 At AN F R AT R 1
WRARFFL, AT ROE KARR DI REN, R R A
PEREE . MR, MLHFEMTE R, 5F
319CMS (KR AAEBINIAR T HEARI LS, HIL
WIZRE AW, HARRT B T AR
AR, AR MRS R R B, AT
AT BRAFEL i 1R

AR, AFRARNEERR SRR
B ARERKCERERREZFIALE, H
A RE P IS IR IR R W A s AR T A
B RTRR AT B R i R AARDO B R R S ek
o YLHIAE M EATAN L AR R BRI R
(AR ARFAE, XA et TR R kL P IRE
MR, AR SEATAE— E R BRI T A E AR
FREFRIBCRGE . X R AR R
[l A0 PR S 0 3o ISP A 25 AT P 1) T A R 22
TR EOY, T S 4 PR R T e E e TR KNI SR
BRI LS () R 1 2 DB AR RV EA B A
HREH AR R RRER L, AR R
PP A LA AT, 0 A 2T
e TP, Y RN IE Gt AR g,
A7 R AR E T WL S 70 SN R RS B T E AR
M.

Cy FMHDEAHRI IR Co fE R, HE)
SR A2 2 2P, Moll S, R EUK
FR PR R R RO T 5, AEATER AT T
RRCR N 2252 3 2L T A R B A R A R B 8
IMAEESARE N SRR NS 3= 24 1 At
L ANE R EGR I BOFAR RIS, 1M
AR ARG, AR T3S W s
BRI SR B, RN AR . BN AR R
AH B R IR RIS R, A A R
W, HARMOS R R RN ANBU, XA TR
FORE R FIE T P I EE SRR

TR R ALREA ] R B, O PR
() 50962524, 1 e K 1 USRI 2 M minRlb b
[ N S Kk i o = S Ui < A P A = =
e R8N P P e o2 A i IR I8 . B i &
(A RS AR MEPEAS B ARHIC ) T R A4 A i ik 6
NTEMERAD, BRI AAE T 00 R 2Rl 18 7 3
J1, FRIRRFEIN AT ZIRE L . IRARTE R, 5%
H IR i, XA AR B B AR P U R R



3578

doOE kW R %

41 %

W HANHENEASE T A SR T A S 00 8 B

4 ZEig

AN R LESC )Y m] A MR- P 209 11.5%, 7
RN P TR AR . e R AN B PRSI
HATHA BRI R T HE ., IRRARBRAR RS ),
HRZR AR IR L, AR IBR, ARGEK
THRARKDIREN, AR TIR ol 5isk . AEHE
PRIVEE AR BB EA RS, kPRI Fe
YIRS ARGAAT N RARGRE S A R ok
FMEEMAR, PR, RNy AR,
AHHEMF R . FRR RS HREREZ . R
ARG A VI OG .

References

[1] BRie%e, KA, skfEst, £, ximd, & 5o B
FRARITII RS . KB, 2003, (1): 78-82.

Chen FJ, Mi G H, Zhang F S, Wang Y, Liu X S, Chun L. Nitrogen use
efficiency in some of main hybrids grown in North China. Journal of
Maize Science, 2003, (1): 78-82. (in Chinese)

[21 CKE%e, xldidz, AR, SRR PR FA IR R st e i Rt
&, EKREE, 1997, (2): 9-13.

Mi G H, LiuJ A, Zhang F S. Development of the bases in physiology
and biochemistry on nitrogen efficiency and heredity improved of
maize. Journal of Maize Science, 1997, (2): 9-13. (in Chinese)

[3] Kaul M L H. Male Sterility in Higher Plants. Berlin: Springer-Verlag,
1988.

[4] Rogers J S, Edwardson J R. The utilization of cytoplasm male-sterile
inbreeds in the production of corn hybrid. Agronomy Journal, 1952,
44: 8-13.

[5] Sanford J O, Grogan C O, Jordan H V. Influence of male-sterility on
nitrogen utilization of corn, Zea mays L. Agronomy Journal, 1965,
575: 80-583.

[6] Printer L. Effect of rough detasseling on some agronomic traits of
maize (Zea mays L.) progenies. Acta Agronomica Academiae
Scientiarum Hungaricae, 1986, 35: 276-289.

[7] Duvik D N. Cytoplasmic pollen sterility in corn. Advances in Genetics,
1965, 13: 51-56.

[8] Chinwuba P M, Grogan C O, Zuber M S. Interaction of detasseling,
sterility, and spacing on yields of maize hybrids. Crop Science, 1961,
1: 279-280.

[0 £ H, KEME, FRIEK, KA. FOREEWMBCIRHE R R 7
HEWATEAR MM AEA244R, 2003, 23(2): 297-302.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Wang Y, Mi G H, Chen F J, Zhang F S. Genotypic differences in
nitrogen uptake by maize inbred lines its relation to root morphology.
Acta Ecologica Sinica, 2003, 23(2): 297-302. (in Chinese)

TR, EE, XFEE, FREL MRRS A S YR RN R
FUHERE. A ARNERE, 1997, (4): 48-51.

Wang F H, Wang X Q, Liu S'Y, Wang X L. The latest progress on the
relation between root distribution and crop yield. Journal of Shandong
Agricultural Science, 1997, (4): 48-51. (in Chinese)

EE, YT, P, SORRAR SRR, Ak
Al FLE, 1999, 24(4): 6-8.

Wang Y Z, Li WY, Yin Z R. The relation between root distribution
and crop yield. Journal of Jilin Agricultural Science, 1999, 24(4): 6-8.
(in Chinese)

SREVL, R I, BURE. FORMARM A RIS R RN
WL T . TR RE ) 5 BRI R, AEPI2R,
1988, 14(2): 149-154.

E Y J, Dai JY, Gu W L. Study on the relationship between root
growth and yield in maize (Zea Mays L.) I . Relationships between
the growth and absorption ability of the roots and the growth and
development of the above-ground parts of maize. Acta Agronomica
Sinica, 1988, 14(2): 149-154. (in Chinese)

KA R, A SRR 2. bt @55 8E kAL, 1992: 88-93.
Zhang Z L. Laboratory Guilds of Plant Physiology. Beijing: Higher
Education Press, 1992: 88-93. (in Chinese)

Moll R H, Kamprath E J, Jackson W A. Analysis and interpretation of
factor which contribute to efficiency of nitrogen utilization. Agronomy
Journal, 1982, 74: 562-564.

Stamp P, Chowchong S, Menzy M. Increase in the yield cytoplasm
male-sterile maize revisited. Crop Science, 2000, 40: 1586-1587.
ZENEE, X WG, EAE, SRR, FERE. O 40 T AN

AR RADCSHPERISE . /E9)774), 2008, 34(4): 684-689.

Li C F, Liu P, Wang K J, Zhang J W, Dong S T. Effect of nitrogen
deficiency on yield and photosynthetic traits of cytoplasmic male
sterility maize. Acta Agronomica Sinica, 2008, 34(4): 684-689. (in
Chinese)

Macky A D, Barber S A. Effect of nitrogen on growth of two
genotypes in the field. Agronomy Journal, 1986, 77: 699-703.

R YE, TEETT, BUENE. ORMAR MK RIS R R
WIFLIL. FORMRAR R AR RIS R R R AFDR,
1988, 14(4): 310-314.

Dai J Y, E Y J, Gu W L. Study on the relationship between root
growth and yield in maize (Zea mays L.)II. The interaction of root

system and leaves of maize and its relation with yield. Acta



11 1

PNEESE: AT ORI R M BRI

3579

[19]

[20]

[21]

[22]

[23]

Agronomica Sinica, 1988, 14(4): 310-314. (in Chinese)

Bahman E, Jerry W. Maranville root development and nitrogen influx
of corn genotypes grown under combined drought and N stress.
Agronomy Journal, 1993, 85: 147-152.

Rajcan I, Tollenaar M. Source-sink ratio and leaf senescence in maize.
I. Dry matter accumulation and partitioning during the grain-filling
period. Field Crops Research, 1999, 60: 245-253.

Borrds L, Curd J A, Otegui M E. Maize kernel composition and
post-flowering source-sink ratio. Crop Science, 2002, 42: 781-790.
Young K J, Long S P. Crop ecosystem responses to climatic change:
maize and sorghum. In: Reddy K R & Hodges H F. (eds.) Climate
Change and Global Crop Productivity. Wallingford: CABI Publishing.
2000: 107-131.

Eiede, sl TR RS, R, 2008, 12(2):
192-197.

Ju X T, Zhang F S. Thinking about nitrogen recovery rate. Ecology
and Environment, 2003, 12(2): 192-197. (in Chinese)

[24]

MR, w8, RKEH, B, FERHESREERITHE
FUL SRR TS, AAE 77 S IR RL 4R, 2008, 9(3): 373-376.

Yang X Q, Feng F, Sun C Q, Leng S Y. Fateand efficient use of
nitrogen fertilizer in main agroecesystems. Plant Nutrition and

Fertilizer Science, 2003, 9(3): 373-376. (in Chinese)

[25] gz, AKEE, FRARGL AN HE B 1R B 22 73 10 BT 7¢.

[26]

FN A DA =], 1999, 7(3): 248-254.

Liu J A, Mi G H, Zhang F S. Diference in nitrogen eficiency among
maize genotypes. Journal of Agriculture Biotechnology, 1999, 7(3):
248-254. (in Chinese)

FoooE, BRIEHR, RS, KEE. AREBCEERATIIIR AR
AR WRERBICE P RIE . HYE IR 5 ILEAR, 2005, 11(5):
615-619.

Chun L, Chen F J, Zhang F S, Mi G H. Root growth, nitrogen uptake
and yield formation of hybrid maize with diferent N eficiency. Plant
Nutrition and Fertilizer Science, 2005, 11(5): 615-619. (in Chinese)

(DPfEgmi FOL)



