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MG, ERIREH, IR
(LBEHCEBEAR B, L8 R 233100)

7 FE. USRS CEE 6 5. 2 18, BN 3366) . HEUR/INE SRR A 13, A 22 Ak 240
BEE, REMAEA 180 kg/hm*(N180), 240 kg/hm*(N240)2 NRZEKNE, HFFEAIR/INZE SRR R ES A R PR 5
oEURBE IR RAE IR RN 25 5 . S455RKW: 55 N180 ALY, BEBEMEENIN, S EIREDNE ShFrHLEIR TS
P BIREAR 35.98%, HUEIRAL/ N SR HUEN RIS BOF IR 1.12%, S EIR AL/ N (T 1R ) fEAS Rt 20K -7
] 22 5 KT HUER B NE (5 S BRI N240 Kb FIAEMRIEES 1R AR | SRR i SRS KEY
5 R SUR LT N180 A, 5 ANSEUNREIE ST RN 12.60% . 16.36%. 19.04%. 34.59%. 27.48%; i
BIR/NAZ N240 A BRRIAR SR I A% | SRR & . SRR K XA AR SRR N180 AbFHfF
%, FEIETHIHR 5.13%. 7.97%. 3.74%. 26.73%. 15.70%; ShfEIR/INE N240 AbBAEMREESRA M 7 . 61
T RIFER G S RS R AUL T N180 b3, MHTEIR/NAZLL I 4 DNSEHE 2 MRV 8% 22 5
5 N180 AFAH LLAL , Zy IR/ INEE il N240 AbFIAE MR FEAT 1T [/ NEE R, HUEIR/ N AT ar s 5He
R SRR, S BIR SRR R 1 A1 R B i ZUK P R U . 2545 LA BBl i, B /U1 8
ST T G RN RR BRI . BRI R R S . KRR SRR SN AR, T 15
TRANZEBUEIEFEAR

X OB O NE; AR SERTEMER, SUEkae
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Effects of nitrogen on basal internode traits and lodging resistance
of different wheat plant

WEI Peng, SHAO Qinggin, YAN Suhui”

(College of Agronomy, Anhui Science and Technology University, Fengyang, Anhui 233100, China)

Abstract: To explore the regulation effect of internode traits and lodging resistance on nitrogen fertilizer of different
types of wheat plants, two types of wheat varieties, the lodging resistance type and the lodging prone type, were used as
materials to study the differences of basal internode traits and lodging resistance on the regulatory changes of nitrogen
fertilizer with two treatments, pure nitrogen 180 kg/hm*(N180) and 240 kg/hm*(N240). The results showed that the
lodging resistance index of lodging prone wheat varieties average decreased by 35.98%, and that of lodging resistance
wheat varieties average decreased by 1.12%, for the two nitrogen treatment, 180 kg/hm®and 240 kg/hm® respectively.
The difference of lodging resistance of lodging prone wheat was greater than that of lodging resistant wheat at different
nitrogen levels. The internode diameter, hemicellulose content, cellulose content, K element content and parenchyma
thickness of the plant treated with lodging prone wheat N240 were significantly lower than those treated with N180,

ks HER: 2020-09-07 i&E HEA: 2020-11-14

EEE T BMS(1995—), 5B, Z#imMA, BWLotE, FEMNF/NER R HR IR A #IT, 1324723352@qq.com; <@EFEIEE, =HE
¥, i, 2R, FENFEYRIE SPHEZADIF, yansh@ahstu.edu.cn
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the decline of the 5 parameters were 12.60%, 16.36%, 19.04%, 34.59%, 27.48%; Compared with the N180 treatment,
the basal internode diameter, hemicellulose content, cellulose content, K element content and parenchyma thickness of
the lodging resistance wheat N240 decreased by 5.13%, 7.97%, 3.74%, 26.73% and 15.70%, respectively. The internode
flexural strength, acupuncture power, lignin content and large vascular bundle area of the plant treated with easy
lodging wheat N240 were significantly lower than those of N180 treatment, while the above 4 parameters of lodging
resistant wheat showed no significant difference between the two nitrogen application levels. Compared with N180
treatment, the number of small vascular bundles at the basal of the plants was significantly reduced, and the number of
lodging resistance wheat varieties was significantly increased under N240 treatment. Compared with N180 treatment,
the number of small vascular bundles at the basal internode of the lodging prone wheat variety N240 treatment plant
decreased significantly, and the lodging resistance type wheat variety significantly increased. Compared with lodging
resistant cultivars, lodging prone cultivars were sensitive to N application. It could conclude that increasing nitrogen
fertilizer application changed the influence of lodging prone wheat plant basal internode resistance, needling force,
lignin content, area of large vascular bundle and number of small vascular bundles, thus reduced lodging resistance of

the lodging prone type wheat.

Keywords: wheat; nitrogen application level; basal internode traits; lodging resistance

m /N AR IR I L H AR, ER
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BRI /N A PR MR BETEA R IX R, KT
H R iR X A, SR A, R
INGE Gy IR . TR R RN A b R
Btz —, WEEm/NEERNEERNEZ —,
T I b DX /N A 7 A A A PR it 2R o o 22 T
SEUNEEURAG RS R, #F5E/ N R
PERE I ML AR AT WA B,

INFZZERTIEERAT LA RRAE . HLBRERE | fh2E
ST LA K Sl gk S i v s A el gt
T, FUERMUEZEF IR RR . R DT
BN EZER T2 —, REESCRAVNEEIL
B EABRZES ., AEE I T AR
INFZ SRR RIE A | R AR A N e i
FE TR RE , AR/ N B T A T A 5T 4
o AR, BT 2 FORRIZEALE N SR
WE 2 MiEEUKF, WFREANEINEE SRR R R
[Pk S PRI RE Sy X EAE I R 225, B /N
PLEIE RS RS

1 #MR5REE
1.1 #8t
I T 2018 4F 10 H % 2019 4 9 AELHF

Bt BB b T, L 6 AN/INE iAo iR ge b
Hh, $542 13, ¥ 22, %7 24 R EUR G,
TR 6 5. A 18, HERL 3366 NHENR LA,
1.2 Rt

BE 2 Mt E K, HI 180 kg/hm*(N180)F1 240
kg/hm® (N240), REGHIRTHEVEY) ]9 Bk iRE/ X
AN 9 m*(3 mx 3 m), F7HE 25 cm, FhHEZE R
450 Jikk/mm’, 3 REE . A B BIIE B IR R
(N 46%) . i BEHRES(P,0s 12%) . SEALHI(K,0 60%).
. PR ANEH RSB 11,
B AEFEAR T AL A BRIt o HCAth FE B8 ) R
KHIA =
1.3 MEMBSRHE
1L.3.1 BRI AE

(BRI LUENR U GEFT S HuTi e )37, 0
24 J>75° ~ 90°, 1 44 Jg>45° ~ 75°,2 9% Jg>15° ~ 45°,
3900 0° ~ 15°, FFAEIE A /N2 EIARAE IL o ZEEIIR
X3Pk 5 AMEVR I AT /NXK S, A e 22 v
sERA R, THRCFIE, R SCPR AR AR,
BURFEECH BEUR O 5 EVR T AR

1.3.2 #E. Tug. FREKE. FRAERZ. F
Ja] BE 284 )

TIAEIATE HRIBEH 15 BRI IEA—F Y5
PR, AR5 bk . S0 FHEY T4 5]
BY R HAS AT, RIBRZEES, HERRiERR < R
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1.3.3 HURIRE. BIRIE A IuE R 454009 ) 2

FTIFAE e T AR E 25 AR K HIEA—3 8
BR, ] YDD-1 ZEFFR B e (T e
RRZS R Al e Horodir o &y, Hod 15 #R(EE
3 RR—EM, IS5 A TFMBT S, 10 ST E
K77, BrEURAEECHTT 5O E W U E.
1.3.4 ¥9%4%E5. 4% ERAREATHNE

DA TR ZINAZ it o ) 66350 — 4 [|] 25T Ry BT 5 %o
%, 105 CA7 30 min, 80 CHLTEHEE, LM
HURYTE . 30 (FLAR 420 ~ 250 pm)., 2 JE kT i a0
BT, IERag4E R AR MARENSE,
1.3.5 NEfRKEL4WHNLT

BO/INAZ FETR e — 5 0] 25 FF, FHH 7 RFEFREL
0.200 0 g, MMA 5 mL KGR 1 h 5 TIH&
(250 ‘CZ& 1.0 h J5 I A& SR KR, 350 °C
# 1.5 h), BEIHIEER . 2005 CEETHRK
WOCEENE N, K ZS5H,
E AR 2| 4E M G R

2 KAACK 25N 75 B 5 25 AT 454 .
AT 3 DEE /MR PR T 8 Bid: KA —
BN AL RS JIAEREERES — A5 ) G
2y 3 ~ 4 cm B/NEE, BEEARE LR RN AY [E
WOOGK CBES VKBS FRERAARFIE A 3 - D), 10 h

1.3.6

JebE B E AR, Al 0% B, PR . BREAR
VIRGH R I 2R 0L, Pl B S i
M 1% R LGS | 70065 i 45 (Olympus, BX53
REC, HA)FWE, SitdEadisl: it OPTPro
B G IRA  Dr AEE oRR IS | WL ZE R B R
BEHAVRE

S=nab/4,

Kb S/REE R a. b 7rillohgh. iy
[ (1) Fe K ELAR o

1.4 HESHSLE

K H Excel 2003 fil DPS 5.0 #4748 H04r; %
A LSD it f7 257 W g R g .

2 GBR5EPH
2.1 AERIENZLRIFHERIFR

VR AFITE N180 AbBE R X BB R B,
FEURFEEIA N 0, {H7E N240 LFE R Sy Bk S Rh &
A TAFREEEIRING , 2 13, 454 22, %
24 EURFEEY 0 18,9, 11.05 1 5.6; PrlAlR S F
7E N180, N240 AbHE R ¥y & A FHK .

2.2 ANERIB/NE MR SYFIELL R

MK TR L, ZEURFI IR,
HAR . PREEEIEAR UK T2 EZER, T

®1 AREENEEREIFSHHE

Table 1 Morphological characteristics of wheat plants under different treatments

PR ARyl it K R /em O R /em 7 [E]4 /em WA EA/mm A EEE /mm
SRS %% 13 N180 (82.22+0.29)c  (42.03£0.39)c  (8.03+0.11)c  (4.67+0.12)a  (0.74+0.02)b
N240 (85.1241.06)b  (43.90£0.26)b  (8.0240.13)c  (4.08+0.10)b  (0.80+0.01)a
W3 22 N180 (78.67+1.81)d  (38.88£0.65)  (9.17#021)a  (3.77£0.06)c  (0.60+0.03)c
N240 (81.23£0.95)c  (43.80£0.57)b  (9.154#0.31)a  (3.54+0.26)cd  (0.73+0.03)b
% 24 N180 (87.25+0.63)ab  (40.32+0.24)d  (8.72+0.21)b  (4.09+0.17)b  (0.76+0.02)b
N240 (89.55+0.48)a  (44.95+0.28)a  (9.474#0.34)a  (3.31x0.11)d  (0.63+0.03)c
F % 56.64%* 36.60%* 55.76%* 53.17% 26.53%%
N 1.02 235.68%** 5.90% 70.14%%* 201.99%*
PR SF Aik e N180 (77.95£0.51)c  (37.58£0.23)b  (7.88+0.09)d  (4.15£0.05)b  (0.80+0.01)b
N240 (77.75£020)c  (39.00£0.26)a  (8.1240.15)c  (3.9120.07)c  (0.84+0.02)b
7 18 N180 (83.98+0.58)a  (38.65+0.31)a (7.08+0.15)e (3.59+0.08)d (0.79+0.02)b
N240 (79.32+0.89)b  (38.63£0.64)b  (8.23+0.18)c  (3.48+0.07)e  (0.72+0.02)c
11 3366  N180 (82.58+0.89)b  (33.48+0.63)c  (8.67+0.18)a  (4.28+0.03)a  (0.52+0.03)d
N240 (86.10+1.52)a  (37.20+0.51)b  (8.4740.18)b  (4.00+0.08)c  (1.06+0.06)a
F \Y% 43.09%* 63.44%% 125.66%* 203.59%* 4.09*
N 0.60 32.45%%* 69.66%* 65.33%* 84.99%+

SR NG FREFIR R 2R A 22 57 135 (P<0.05); “*"7RTE 0.05 /KPR RE; “*7RTE 0.01 KFEERRE; “NIRIEEK

s VIR
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[ERAEARRIZUKT T 2825, PrEfR S E
O I R AR R RE R AR R AUKE
TR B EMEES, 5 NI180 ZLFA i, N240 4t
PR BRSO m i E T, BUER SR Y
T TR A SR SR (8] ELAR B R
1%, FEARIERE /390 12.63%. 6.10%. 19.07%, F-
PIREARMR B 12.60% , BUAEMER St Ff iy 1 ) A% k2
FEAR, FRARIRIE 290 5.78%. 3.06%. 6.54%, -
BIREARIREE N 5.13% . Gy E1R SRR i BRI 2 5 T
BrEVR &b B AR IR
2.3 T REIAE/NZSMEIHINEE LR

MR 2 aTLVE, GRS FRPT. EHl

THEAFRZOK R AR & 225 5 PUBR Ay
Y1 STRITEA R R R 2R AR . HEL

T N180 7KF-, G EIRSFITE N240 T dHtdr 1.
R RRAR, PUEMREF BB . Bl A T
Bio SRR EFIE N240 F AP RS B A R
%, ERIRARIE R 35.98%; 3 ANPUEIR A1
eI A 1.12%, Hrhdg 22 18 btERFEEs A
FHE (IR 4.78%), HAh 2 A-shFh A EIRFE 2L
AR, ARG R AN T, ARG
T, R, S SR TR LR
REAIS, BUEMR S A LR AR B3 . TRl
PERE LKA, it XU B SR P aE

AR, =0 ISR A G2 18) BB
AT, ARG it S i 25 R B AR (B AR i b bt
A

®2 AEENEEREERTERIEE

Table 2 Mechanical strength of base internodes of wheat plants treated with different treatments

AR T Jti K A SN EFHIFI/N LB RS %
AN %7 13 N180 (11.64+1.71)ab (17.18+1.62)a 27.72
N240 (9.85+0.76)bc (12.66+1.45)be 22.44
W3 2 N180 (13.61+1.58)a (13.24£1.07)ab 35.06
N240 (8.830.26)bc (8.36+1.56)d 2021
W% 24 N180 (14.08+1.32)a (10.92+1.84)bed 34.97
N240 (7.4720.75)c (8.46+0.72)cd 18.70
F \% 0.09 7.18%*
N 18.90%* 11.08%*
NN Ak 6 NI180 12.07+0.93 10.32:0.85 32.14
N240 12.08+0.35 11.62+0.75 30.97
% 18 N180 12.68+0.64 10.92:£0.65 32.86
N240 13.31+2.68 11.98+1.27 34.43
13366 N180 13.43£1.76 9.66+1.49 40.11
N240 14.26+2.41 11.86+0.61 38.31
F \% 1.23 0.22
N 027 0.55

12 S b RIS AN ) /NE T B R 22 5 B35 (P<0.05); “** /RAE 0.01 K225 B35 “NRBEEUK 5 VR il

2.4 AR4ENESZFHEWFRDELE
LMY AR KA A I 6 g

MWF 3 ATLIEH, SER SRR 4R S
o ARG EMARRE S EEARZKE T 259
W8 PUBRUR SRR e R S g RS =
EARRIEKFE T ERWEE  ARESEERAL
. 5 NI180 AbHIAHEL, BRAERL 3366 #b, HiAth 5
ANFZ R N240 AP AT ge RSB AR

2.4.1

FEFRAL, B RS AR TR A B RAL, P
RAFIAR R & 0 3 225 5 Zh R S R £ 4
Row., AH%ET8E. KAEESERR TR
16.36% . 19.04%F01 34.10%, Hifalk5FD 3 A 5kR
SRR E N 7.97% ., 3.74%H1 0.47%, H1gA]
D, 38 it 2 e 2 S AR AT ST ST ) 5 4 e
KACE Y 2, Gy EVR SR B R AR B o TP R
IO
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Table 3 The content of structural carbohydrates in the base internodes of wheat plants under different treatments %
R AY wn A Jiti FKF- ARG E R OT= KR
GyEIR T %% 13 N180 (46.270.61)a (59.02+£0.71)a (9.210.64)a
N240 (39.97+1.22)b (44.78+1.13)c (5.92+0.16)d
W 22 N180 (32.65+0.73)c (37.10£0.92)d (8.37+0.45)b
N240 (30.21+1.32)c (35.02+0.22)e (4.74+0.16)e
7 24 N180 (39.84+0.83)b (51.21£1.18)b (7.15+0.22)c
N240 (28.67+0.44)d (37.18+0.59)d (5.49+£0.33)d
F A 186.42%* 361.50%* 37.44%%
N 165.45%* 442 23%* 75.16%*
i LNT Y H3E 6 N180 (36.56+0.88)c (46.51+1.15)d 8.19+0.22
N240 (30.32+1.26)d (42.05+0.22)e 8.06:£0.02
" 18 N180 (50.310.34)a (57.46+1.04)a 8.48+0.50
N240 (41.88+0.66)b (49.18+1.00)c 8.49+0.16
1E% 3366 N180 (31.79+0.99)d (46.38+0.29)d 7.900.40
N240 (34.94+0.76)c (52.31£0.53)b 7.83+0.24
F A 267.40%* 135.16%* 432%
N 55.03%* 25.49%% 0.13

[ 28 i il [E) 5 AN ) /N 5 B 3R 25 57 i 35 (P<0.05) 5 %
W VIR

2.4.2 N&. KELE0i

MR 4 TLLE W, BB K ZEEER
FEKFEFFREEENEEZR NESEEREARE;
PLEUR AR N Z 58 K RS EENFEEKFET
EEN T . 5 NI180 AbHAH AL, N240 ZbHI R A

F4 TEABNZEHREDPTHENZSENMKEZSE
Table 4 The content of N and K in the base internodes of
wheat plants under different treatments %
AP A MEKF  NREE K Z&i
SRR 572 13 NI180 (5.87+0.43)a  (13.87+4.36)b
N240 (5.41£0.29)ab  (10.28+1.12)c
% 22 NI80 (6.23+1.06)a  (20.46+1.88)a
N240 (6.04+0.56)a  (10.52+0.01)c
¥ 24 NI180 (5.56+0.38)ab  (19.66+0.45)a
N240 (4.95+0.69)b  (13.90+1.77)b
F \Y 1.71 4.73%
N 1.15 4.03*

BER A EE 6 NI180 (4.81£1.08)ab  (28.67<1.12)a
N240 (2.82+0.75)c  (20.64£0.22)c

¥ 18 NI180 (5.56£0.37)a  (24.79+3.72)b

N240 (2.8240.50)c  (18.750.05)c

121 3366 N180 (5.53£0.57)a  (20.14+3.49)c

N240 (3.96+£0.34)b  (14.54+0.94)d
F A% 493 13.30%*
N 43.58%* 31.55%*

[RIZE PRI BIAN R NG PR 3R 25 53 B 35 (P<0.05) 5
R, URTE 0.01 KFEEFEE; “NIRIER K

*UREE 0.05 7K
VIR

UARAE 0.05 JKFZSBE ; HFURAE 0.01 KVZERRE; “N

PIRIERIK

[Fl/NZZ P N2 TG, 2 (IR P-4
FEARIR B R 7.29% , BUEMR &R SF- BRI 2
39.80%; K R &R ERL, ZEKGSFEHRER
W R 34.59% , BT AE] AR b T 35 % AIK R B Oy
26.73% o BEIMANC it H £ 2 i 25 500 ) N &=
K ZTEEM, £ N Z5E ESERSF R
IR AR THUEIR SRR, 28 K Z5 5 E S IR R
F14) 2R AV 3 B 8 s T B BRAR e

25 MREIZERIEER

M S ITLAE L, SRR AP I R 8
ANAERE IR . RAERES AR . /NAEAS SRR R RE
HAVEFELEAFE AT T 25002 BBk
MIRAEAT R RELSUE B IEA R KT~ 225%
W, NMEERBEAFRZKRE N ERRE. M
BT NI80 A, ARI/NEGFNTE N240 AL 1Y
RYLE FRIEAL, Forh SR RS- 2 B AR
6.38%, PLENRMFTHRARIRE R 9.94%; Z Bk
A APAE N240 AbFER A/ NAE RS SRERR AT, PR
FIER/NARAS SRR TH 7 s N240 ALFE R B R 4EA8 o
FRREAR, Z) BUR S A REARIR A 15.96%, Hif
IR AR REARIRBE N 3.81%; N240 ZbBH T (1) BE
AR FE W 2 AR, Sy IR S AT A B AR B Ry
27.48% , PrEIR FF-E- B AKIR BN 15.70%. B4
Rt FH 2B AR AR A R A A T BURN
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Table 5 Anatomical structure in the basal internodes of wheat plants under different treatments

e e WEKT ‘ fﬁ%ﬁ%&% ?fﬁ%&ﬁﬁﬂj\/m‘mz HIREL] 41 MBI
KYPEHR  IYEER REASHR g JEE/mm JEEZ/mm
ZEREM B 13 N180 35.33b 20.44a 0.270 0b 0.076 9a 1.358 3b 0.205 9bc
N240 31.78¢ 20.11a 0.231 5¢ 0.059 1b 1.130 Oc 0.202 5be
7 22 N180 33.78bc 19.67ab 0.208 6¢cd  0.069 6ab 1.653 5a 0.167 6d
N240 32.89¢ 15.44¢ 0.2051d  0.067 9ab 0.866 1d 0.177 led
¥ 24 N180 38.00a 18.67b 0.319 3a 0.069 2ab 1.337 0b 0.240 9a
N240 35.56b 16.33¢ 0.2173cd  0.056 2b 1.096 1c 0.215 4ab
F v 14.19%%  22.4]** 24.27%% 0.79 0.53 12.33%*
N 15.10%* 35.15%* 37.44%% 5.84%% 138.32%%* 0.49
SN LNy E 87 N180 34.78b 19.67¢ 0.228 5bc  0.058 6ab 1.020 1c 0.203 5ab
N240 32.78¢ 20.11¢c 0.2209bc  0.072 0a 1.015 4¢ 0.183 7be
%7 18 N180 41.11a 25.11b 0.208 9¢ 0.064 0ab 1.509 la 0.210 3a
N240 35.11b 27.67a 0.207 9¢ 0.068 3ab 1.057 Oc 0.211 9a
1ERY 3366 N180 36.33b 19.89¢ 0.261 3a 0.073 2a 1.527 0a 0.179 8¢
N240 32.89¢ 20.67¢ 0.241 4ab  0.054 5b 1.2722b 0.211 0a
F v 3232%% 9747k 14.12%* 0.04 44.50%+ 3.45%
N 66.72%* 2.03 0.01 44.61%* 0.80

)28 S AN R SR NG F-E R R 22 57 13 (P<0.05); “7R7E 0.05 AP 28R 3 " /RAE 0.01 /K253 BE,; “NRIGEK

¥ VR
3 Hit5ie

Jite ) M s 52 Wi /N 22 30 AR R 0 A = o g
FITAE R — o ANTRIP/INZE S oo U A3 P AN
6], N[t e/ INEE A KB B VR IR
AR At R, PrERFEROT LU
Mo/ N BUEURBE F1 RN B DB TS 3
B, ANZEtkeEr . EEO . TECRE . N R
R LR ST ERFE 5 R BE A T
A e 2 I v 1= 2 v 1 3 =8 I
PoEURFE B B IEARSE ;. EFHER s R WIT
PR SRS KRS REREIE
i T B Y TS AN 2 R i VN IEWA DN N L)
HEHER, F MR SN2 7 i 0 2
Jite, AR A 2 AR T 2R HZCR, A
WK TR K A AT RERER 2, G aFse e,
Bt 1 SR NP ER e B, AWFTR g R
B, BB PRI, BUEIR TN SR
PRAGECTHIAR T 1.12%, 1 5 BIRINAZ S e
FEURFE B IIREAR T 35.98%, T BH 38 it 420 e 25 5%
R/NZEBUBEUREE S, BASFBUEIERE R /INEE S Fp L
PRI 1% UL B by RR FEAF A — B 25 575 ShifEl

REVFIAA L, S IR AR RS T o2 e %t
Jite LK ST i o7 SRR o

AN IR TS FE bR . HUBRIE . fhAk
SRR EE R S /NAE OB RIR ) o R T
TEI AR L, EREZ R R, Bt A
2 E AR R AR RS . ARFIE 4R R,
N240 AbFE S EVR G A FIBEOR S AR R 1) ELAR
PR E KT N180 AL, S BIR SR A AR
BH 5 PSR SR BRI . MAHLARSR B ok
H, SRBAFREEPS A ZE AT B U R EE i 25 UM it
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