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BN IR B0 2 T R 3, BEBTAH AR L A i
4514 R AT DL BEAR /N 22 1 1R F5 2. X 5 Kovacs
AL ) ) AR B 5 2R L, 1 B 4H L = 1) A S
AFFE IS LY T AR 1GR9 [, (H 2245 B 3 RS o 0y 8
Bl b e — 2B 5E . Liu 2600 058 00 Bk 50 08 B
BAPETT  TF BB ) e il 3 ‘L 356350 1 R) J R A A
TZEFFPUBEIMR . BRAY AR B 5 DR AT 6 2 BH 2R e 2
T ERAERKBIA/NE LS RY R R,
NI G A ol i e T S 1T
3.2 $AEEMEXT & /N ZE B AR R

ZEFFHT B 7 AT LA BB I W ZE AT IR B, ZE AT O
o A AT HUER . AR, X 2 AN
Zok A, TEME A K F N 120 kg/hm® I, AN it 20 4 15
0N BT BT AR A oK, i AE il &K R 210 kg/hm?
Bk, 7 U 25 4 T B o B e R G K . X R B A I
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22 5% AN [ it A 0B L SRR ) 7 AR it R A
B RT3 Aok it B ok 14 i  FE 2K AT LA B . S A
FHN GG T ZEFF A il AR RN R A L X 5 R R
MO 45 R — 80, AW 5T R BT, G & Pl & /N 22 Bl
PR UC e FH S R X /N 22 4R i AR Bl 97003 3k
U o fe A )T R A0 AR 8 50 B S0 I FH 2o - K
- 300 kg/hm?*, it i 40 1.5 kg/hm?® ; %F F /) 22 411K
B FR 97014 KUk, B A A F RRAR R B8 £ B A
e it 1 B o A K SF 210 kg/hm?, BC i 4H 1.5
kg/hm®, X 2 NEUKF FHaHH i o o 28 25 FF 71 2
SR G INZEAT Sl N B RIS R A T AR 4 B
X % W il 5 B 0% i B vo 06 2R FF ) 2 1k 1 1 1 55 4F
FH SR ZEFFHLMGR L . i FAEMRAESM T N E ™
TR BT LU LR A BB AT AR 38 7 A (R s 4
w /N BUEIR BE T . b A R A T /N 22 R
A BE S P R AR T /N 22 ZE R I B L, E T R i 25
FF iR BE AT AR
3.3 HHAREMEXE BT B RK LS E G

ZF Y 252 M Y0 AN B RE 1Y FE B A AR 43, Wl DL
21 6 R A R R RS AL SRS R T R R A A
LB 11 =2 R 4y o HL A AR LB R LA R A 4 £ AR
fifpaE 2os0) RS R AR A B 5T A L O R A it A
A FE 2E 9 JBR 2R FF A 5 2 A B AH 56 il 0 1 39 i 25 FF
AKFEES RS ZFPEREE . RilBgRE
B FEAT AT it K T o /0N 22 Z5 1 3 TR 40 i 3E 25 4
PERR K A A 114 5 2k B it 461 £ %) 385 00 17 284 0 5 o it
A K 210 kg/hm? Fljiti & /K F 300 kg/hm? it , fig
JitiH 1.5 kg/hm® /N2 L FF AR 45 M9 Mk K 1k &
T K, XN SRS R 97003 SR, 7E it
HIKF 300 kg/hm?, Biti 46 1.5 kg/hm® B, K i &
CEE S o BN D0 I S ok i TR
97014 U, ME A TN AR R SLF 4 R 1 & &
A0 25 B R B L UK P A B it /UK = F 210
kg/hm®) , §HRE AT LA /)N 22 51 5 280 A 97003 38 1o
FEAREFF ARG e KL B I RIR T R AR
AR NS R (E D AN - R (A T
97003 7E A K F & B i & K F & T 210
kg/hm®) o 4H XF JH HE 35 25 745 HH 20 At BE 41 43 52 i R B
X R R AL /N AR — B UK L X
BB IR ) A A 22 5 /N B R RO Rl 97003
RIS R B T 4N M RE G R M AR K AL A B B
T T /N B AR ARGl 97014 X6 4 G mE R S SRR, 31X
FREL G 0] BE 2 A R ) ) 25 5 r S 80y, T B AN
FZEAR S 5% 45 SR W, AS [R) i b /DN 22 ik 01 1

Xt G A I 2T BT 22 S 0K T R R AR I v P
FR/INFE 9 ZE AT A0 B 3 1 AN TR B RO 2% 1R T A
25 A

2 % X ik References

(1] e AR E R AR . o B AR g8 i+ PR (M e st oh
FE 400kt WAL, 2018 123. Ministry of Agriculture and Rural
Affairs of the people’s Republic of China. China agricultural
statistics [ M]. Beijing: China Agriculture Press,2018;123 (in
Chinese).

[2] BRME, THRSC FE/NEAE = BUR 5 K TR /INAE A 7 fig 01 1 28
1], R FALBFSE . 2005,26(5) : 344-348.ZHAO ] Y. YU
Z W. Production status and development of productive capacity
of wheat in China [ J]. Agricultural modernization research,
2005,26(5) :344-348(in Chinese with English abstract).

[3] W SR MR, . /N B ™ &0 5 i K 70 By 5
ftLI]. LA R, 2017(1) :123-124.CAO L Z,ZHANG Y
M,CHEN X Q,et al. Effect of wheat lodging on yield and pre-
ventive measures[ ] ]. Shanghai agricultural science and tech-
nology,2017(1):123-124(in Chinese).

C4]  XURPP B, S 56 B0 42 XN &2 AR A D B B x5 v
FrLID. R ARk B2, 2012,44(2) :55-56.L1U H P,CHENG D
G,WU E, et al. Analysis on causes and countermeasures of
wheat lodging in HuangHuai wheat region[]J]. Shandong agri-
cultural sciences,2012,44 (2):55-56 (in Chinese with English
abstract).

(5] W, Sl ki A, 48 ANZHE RSt R L], Wi
98 24 . 2013, 14(2) :208-213.YAO ] B.MA H X, YAO G
C, et al. Research progress on lodging resistance in wheat
(Triticum aestivum 1.) [J].Acta phytogenetica sinica, 2013,
14(2) :208-213(in Chinese with English abstract).

(6] EFHFR Fi LA, fh4e, 55, K RE 25 FF o B 0 a2 Y B 5%
[J7. deJr 7k #5,2008(2) : 16-23. WANG X F,DANG L H,DU
H.et al. Study on the components of lodging resistance of rice
stem[ ] ]. Northern rice,2008(2):16-23(in Chinese with Eng-
lish abstract).

(7] WK, Lidte e, 5. /N R A A By B 8 i W Wi Fi
BUR[T]. ferhll k2 2 4, 2001,20(4) : 350-353. HU C X,
WANG Y H,PANG J,et al. Absorption and accumulation of
molybdenum in different growth stages of winter wheat[]].
Journal of Huazhong Agricultural University, 2001, 20 (4)
350-353(in Chinese with English abstract).

[8] KOVACS B, PUSKAS-PRESZNER A, HUZSVAI L, et al.
Effect of molybdenum treatment on molybdenum concentratio-
nand nitrate reduction in maize seedlings[J]. Plant physiology
and biochemistry,2015,96:38-44.

Lo H o5 25 il FH 65 4% /N 22 B il Atk Q35 A OC I 255 T 40 Jfd B 2 4 1
D], B A RAE K%, 2005.GAN Q Q. Effects of mo-
lybdenum application on molybdenum enzymes,carbon metab-
olism related enzymesand cell wall components of winter wheat
[DJ]. Wuhan: Huazhong Agricultural University, 2005 (in Chi-

nese with English abstract).



% 3

X B A SR X A /N A2 (B AR 48 B0 S 28 AT T 24 18 A 19 52 T

175

[10] E 55, 2R, 242 K, 45 /N2 i B BT 48] 1 9 3 o a7 480 1 AR
AR 5C5 30 4% 20 7 [0 0. 94 B A 9 2% 4f% . 2000, 20 (1) : 79-85.
WANG Y,LI S S,LI A F,et al. Evaluation of lodging resist-
ance of wheat germ plasm and correlation and pathanalysis of
lodging resistance traits [J].Acta botanica sinica,2000,20(1) .
79-85(in Chinese with English abstract).

(117 SR ARZE, S0 X MR T 48] R 1 % 5% i B G AR BEAL I (D], 7 e
LR K2, 2015.ZHANG W J. Effect of nitrogen on lodg-
ing resistance of japonica rice and its physiological mechanism
[D]. Nanjing: Nanjing Agricultural University, 2015 (in Chi-
nese with English abstract).

[12] Z=EE  phoa e, /. i 00 KRS 22 FF B4R 58 7 19 52 ) 3% K
AR, B E AR BL 2, 2013.46(7) : 1323-1334,
LI G H,ZHONG X H,TIAN K. Effect of nitrogen application
on lodging resistance of rice stem and its morphological and
mechanical mechanism[J]. Chinese agricultural sciences, 2013,
46(7):1323-1334(in Chinese with English abstract).

[13] 27 sk ub R, 28 4 e, 45 O [R) A A 5 22X X 8 200 e Al e o £ 4K
REJT I SZ ML) ], oh Ol A%, 2011,44(11) £ 2234-2243. L1 ],
ZHANG H C,GONG ] L,et al. Effects of different planting
methods on lodging resistance of super rice [J]. Chinese agri-
cultural sciences, 2011,44 (11):2234-2243 (in Chinese with
English abstract).

[14] REZHE, 7675 R ARG L 55 e eF 28 R e B MR T
MM L1, KA 5 R Tk, 2005 (8) : 40-41XIONG S M,
ZUO X F,ZHU Y L,et al. Determination of cellulose, hemicel-
lulose and lignin in rice husk [J]. Cereal and feed industry,
2005 (8):40-41(in Chinese with English abstract).

L1570 Pepridse X HAEY AW A2 2 b5 s (M. db st B i
#1,1981.POCHINOK X H.Methods of plant biochemicalanaly-
sis{ M. Beijing: Science Press,1981(in Chinese).

[16] “Rsp, BHEAS. A4 2R R S0 48 S LML b st ROl R
#1,2000.Z0U Q,ZHAO S J. Experimental guidance of plant
physiology [ M ]. Beijing: China Agricultural Press, 2000 (in
Chinese).

[17] 2 B EJ7 g 55, R AR BB R0 5 & /D Z R 1Y
KR MPE I SR 24,2018, 24 (3):187-193.AN Z
C,HUANG Y F,ZHAO Y N, et al. Relationship between
plant nitrogen status and lodging of winter wheat [ J]. Acta
phytonutrition and fertilizer,2018,24(3):187-193 (in Chinese
with English abstract).

(187 myfifr. 4 /N3 A [R) DR 20 9 AR R RO AR B Al [ DL i . 4
gl K2 .2000. YU M. molybdenum efficiency and its phys-
iological basis of different winter wheat genotypes [ D]. Wu-
han:Huazhong Agricultural University, 2000 (in Chinese with
English abstract).

L1970 #BXBKIS . PGS 4 /I A2 i DR B AR 2 A= B3RS AIE X 40 78 3% 208 19 5% i)
[D]. &I Al K4, 2012.ZHAO Q F. Effects of root
physiological characteristics of two winter wheat genotypes on
molybdenum nutrition efficiency [ D]. Wuhan: Huazhong Agri-
cultural University,2006(in Chinese with English abstract).

(207 PR, BHFR R 4 /0N 22 HUJE T i A BBl % 43 F UL L D] iR
LA AR K 2%, 2006.SUN X C. Physiological basis and mo-

lecular mechanism of molybdenum improving cold resistance of
winter wheat[ D]. Wuhan: Huazhong Agricultural University,
2006 (in Chinese with English abstract).

(217 MBI X & /N L PR g J) BB B 5 S S iz [D]. &
B AR K22, 2018. WU S W. Regulation of molybdenum
on drought resistance of winter wheat and its signal transduc-
tion [D]. Wuhan: Huazhong Agricultural University, 2018 (in
Chinese with English abstract).

[22] PENG D,CHEN X,YIN Y,et al. Lodging resistance of winter
wheat (Triticumaestivum 1..) : lignin accumulation and its re-
lated enzymes activities due to the application of paclobutrazol
or gibberellin acid[]J]. Field crops research,2014,157:1-7.

(23] ZRIETHE. WAL /N SR WOOR) T - 48 50 9 22 53 B Lo s L o)
[D]. &3 el K2, 2014.NIE Z ]. Differences in soil
molybdenum uptakeand utilization between two winter wheat
varietiesand their regulation mechanism [ D]. Wuhan: Hua-
zhong Agricultural University, 2014 (in Chinese with English
abstract).

[24] KOVACS B, PUSKAS-PRESZNERA, HUZSVAI L, et al.
Effect of molybdenum treatment on molybdenum concentratio-
nand nitrate reduction in maize seedlings[J]. Plant physiology
and biochemistry,2015,96:38-44.

(250 H L 5REE By, 5. W T W6 i 5F N Xob 4 4 i 2 1 38 O i il
W5 ~ (15) N IR, 43 B0 B R R s o ()], A4 Ak B2 4R
2016,52(7):1035-1044. LIU L,ZHANG R, YANG C,et al.
Effects of foliar application of molybdenum fertilizer on activi-
ties of key enzymes of nitrogen metabolism and uptake, distri-
bution and utilization of ~ (15) N in strawberry seedlings[ ] ].
Acta phytologica sinica, 2016, 52 (7):1035-1044 (in Chinese
with English abstract).

[26] LIU X,LIU C,ZHENG S, et al. Shortened basal internodes en-
codesa gibberellin 2-oxidaseand contributes to lodging resist-
ance in rice[ J]. Molecular plant,2018,11(2) ;288-299.

[27] Rpesk. B3 HIREHUE R J7 Lo 48 S = A # pma i [ D], g
e R AR K24, 2015. WU X R. Comparison of lodging re-
sistance of super hybrid indica rice and its response to itrogen
[D]. Nanjing: Nanjing Agricultural University, 2015 (in Chi-
nese with English abstract).

[28] WANG J,ZHU J,LIN Q.,et al. Effects of stem structureand
cell wall components on bending strength in wheat[]J]. Chinese
science bulletin,2006,51(7) :815-823.

[29]JCHEN X G.SHIC Y,YIN Y P,et al. Relationship between lig-
nin metabolismand lodging resistance in wheat[]J]. Acta agro-
nomica sinica,2011,37(9):1616-1622.

[30] WANG C,RUAN R,YUAN X,et al. Relationship between lig-
nin metabolism and lodging resistance of culm in buckwheat
[J]. Journal of agricultural science,2014,6(9) :29.

[31] A0, SFmiBK , A5, &5, FUIEXT ) R 25 FF A BT R & nig it 0% 1
B HAGTEER 2w L], b B OR 22 41, 2014, 36 (5) : 610-
615.GAO ZN,GUO L Z,LI L,et al. Effect of nitrogen fertiliz-
er on lignin synthase activity and lodging resistance of flax
stem [J]. Chinese journal of oil crops sciences,2014,36(5):

610-615(in Chinese with English abstract).



176 LE AP N e 40 B

Effects of combined application of molybdenum and nitrogen on lodging

index and stalk mechanics indexes of winter wheat

LIU Zhichen',HE Lingzhi' , WANG Peng'?, HU Chengxiao',
WU Songwei' , TAN Qiling' , SUN Xuecheng'

1.Hubei Engineering Laboratory of New Fertilizer of Huazhong Agricultural University/
Microelements Research Center sWuhan 430070,China ;
2.Hubei Province Zaoyang City Soil Fertilizer Station ,Zaoyang 441200,China

Abstract In order to study the effect mechanism of molybdenum(Mo) and nitrogen(N) on lodging
resistance of wheat,a randomized block design was used, two varieties winter wheat 97003 and 97014
were applied as materials,four N levels (N 0,120,210,300 kg/hm?) and 3 Mo levels (NH4), MoO,0,
0.75,1.50 kg/hm®) were set to compare and analyze the changes of stem morphological characteristics,
basal stem node thick cell wall components and stem mechanical characteristics of wheat under different
Mo and N ratios. The results indicated that: (1) Under the same N and Mo levels, the distance from
break to top and bending moment of Mo low-efficiency variety 97014 were higher than Mo high-efficien-
cy variety 97003; compared with no N application, the fresh weight and bending moment of above-
ground parts of two wheat varieties could be improved at three N levels, especially 210 kg/hm* N was
obvious,and N application has a significant effect on the section coefficient and bending stress. At N 0
and 210 kg/hm?®,the breaking moment will increase with the increase of Mo application; (2) The basal
node length of wheat variety 97003 was higher than that of wheat variety 97014 under all Mo and N fer-
tilization levels, while the upper node length and ear length were lower than that of wheat variety 97014
the outer diameter of long axis and the inner diameter of longaxis and ear length of wheat Mo efficient
variety 97003 increased with the increase of N application level in addition,the outer diameter and inner
diameter of long axis,basal stem length and ear length of wheat variety 97014 increased with the increase
of N application level; (3) With the increase of N application rate, the nonstructural carbohydrate of
wheat stem decreased significantly, and the application of (NH,), Mo0,0.75 kg/hm? in efficient wheat
variety 97003 can reduce the amount of nonstructural carbohydrate in wheat stem; (4) The cellulose and
lignin content in the base of two wheat varieties were different. The cellulose and lignin contents of
97003 wheat variety with high Mo efficiency were basically unchanged under different treatment. The
cellulose content of wheat variety 97003 with low Mo efficiency was increased by applying (NH,),MoO,
1.5 kg/hm? under four N levels. The lignin content of basal internode decreased when 0.75 kg/hm?’
(NH,),MoO, was applied at 210 kg/hm* N and 120 kg/hm? N. The optimal combination of the main
physical properties of the two winter wheat lines under different Mo and N application rates were differ-
ent. The short and thick basal internode,large stem wall thickness,increased total amount of structural
carbohydrates and good stalk plumpness were the direct reasons for the high bending resistance, small
lodging index and enhanced lodging resistance of winter wheat.

Keywords winter wheat; lodging index; morphological characteristics of stem; combined applica-
tion of molybdenum and nitrogen; mechanical characteristics of stem; nitrogen fertilizer efficiency;

lodging resistance; molybdenum efficient varieties
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