| T T

——

(T

rhE ISR 2024 (3)

doi: 10.11838/sfsc.1673-6257.23200

AREIEREXNEREEEE R P EFIR RFFIER 0T

PUEAS: iR N TR GRS S

(1. BBt S5Aaklrdbe, = B 650214; 2. =l RAG IS R4 bt
=~ B 650201; 3. mEgIFRSE S MIRXNEF A, ~r B 650101)

B OE. i aailes, DUNE (Trcum aestivum ) FEE. (Vicia faba ) AW S, Sl BR RS [ JE b
(MB) . BB (PB) . Jo/FE (NB) ] 3FFME T, REHDITESRMGT, ARMEER/NE . BOMRIEEA
FRHE, DB R R AE RS LR S bR . 45 RR . BRI N, AN, mOMRRE
7. FmAERGm, IREELMF (N2) T, 5%80F (PB) AUEIERE (MB) Hitk, Josrka (NB) /MR S5
N 0.66% F1 2.61%, AR ZRFFLT N 56.14% F1 52.75%, AR MG AN 18.55% F1 64.92%, LT A3 54
i 64.04% F11 82.98%; JC/rBE (NB) #x & p= 45 MBI 26.29% 1 34.84%, #Z T H /3 M40 35.19% F1 454%, 1R
RN 72.66% F129.12%, HFR EALSBIBAN 66.67% F1 14.82% , MR AR 538 9.55% F1 5.91%, Lt
TR AN 165.62% F1 134.76%, /N7 i S AR R R MALR IEADG, M- SRR A, 51
RURMZIEASC, ARIBERR, EWZ IR RIS AR a7, AR E T, R

RIEVERERE RS, ORI

KGR N ImU; A WAE; TR REES

ARV WE”, EYE i HZ R
W AR, i TR E B BN, KR
ARG A, K R A SO
FERAS, B4 SRR R ROl m IR s, A
e, 7 ALV EY) P A A A A
AR 2 e TR E L Gl Ak, BA
FEOPRI R IR SR A AR A L BRER
ABHAWERGEH, PR ERA AT LA SE o AR KRS
PR G RME AT A R A S AR,
XL R S A MR AR 1 5 2 AR AR AR E e
B, s kAR HEMAIT T, RARHEY
MR TES AR, Sk TRHEY R E 2 b
A, FEme e A AR A ), BRRENL R
/\% [6]0

/WA ( Tricum aestivum ) 5455 (Vicia faba ) A1/

KRB 2023-04-01; FABH: 2023-05-18

EE&TH: 2A i ARSI 54 L5 H [ 2021
01BA070001-235, 2019FHO01- (056 )]; = B4 FHE B IR 02 100 H
(ZX20210083 ) ; = g4 4ME L &K 518 W H (202305AP350003 ) ;
ELHIZEBE AA 5 RIS 835 H - (YJL2005 ),

EEEA: NP (1988-), MIBFGE O, FEAt, FRZNFEEK
SIS FR 00 6 Z2FFTE . E-mail : liuyingehao_1988@163.com,
EifESE: %, E-mail: yzheng@ynau.edu.cn,

SR SRR ARHE R ER R, dRIkE =
FI8 T VY L X ) —Fh e A7t U A
FERWY, NS &R G RVE I TR R T
HUTEE LRI, AR HE T /N R 2 AR R AE AR 2
WS, AT YRR B 3 0
(H T ARFINVEFLE T B/ 1 OB %R
MR IARE . AR, R S
WK, RRERIRRRERGREIBE, L5k
SRR 0 B [ U RS IR YRR R
(/NG ) TR BIB A R AR, B, AHF
FELI/INE 5 G EAR R N4, il ki,
BOTR RI R T /N 5 %8 5 VR IR AR RIS Y
5, I AR TE 278 A 14 R 38 HE— 2B AT AR 3%
[ VERHA AL IVER, BTE AR/ N A A
PR AT WSR2 Bt P U LB S0P

| RS

1.1 AR

PR/ SR =2 -52, RN BB KK
0, P B s B A AR 2R BE AR B AR P oY T 4
fit, R AR, P AR R 240 mm, JEHD
B A2 195 mm, F%E 4 10 kg, BHRAEK. EAE
FIRE (N 46% ) . BENE ML BEIRES (P,0514% ) |
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BRAE MR ER AR (K0 50% ). itk + 388 = ma 4l
KEFSF LT, AR MR AL 28.07
g kgfl, pH {H 6.08, Bl f# A 68 mg * kgfl, G w0
16 mg - kg™, HELEH 137 mg - ke
1.2 it

TR [RIVEAR 22 43 =R 0 K it FH i P g A
B, Hh VR R Nz 1 TG ARR e ey
B (MB, JEERIFLEEN 005 mm, 4. KAl IEH
W, YEURRBIICEHEAER] ) . /N 11 B AR R
Borbs (PB, YEYIMRARZIBITICASHAEH ) . /NZZ 1) %%
TR (NB, fEURREREE) (K1), A
FtFHRARE N2 CHEIEE RN —F ) . F A
N. A 3N2 CHEHMEAER 154%), Ho-4bi,
R 3 RES, IR AT AR BELHES

L v Jete sy

B1 MEERZEERRESBREE

Jesrka

1.3 F 5458
RIGFPFAeH AR IFRE BRIERL, T 51
IR, AR5 AT TRRIEIEAC |, A
MRS, 7EfEIR (20°C) FRCE R ZE. FFigk
OB, RSB PEEGE, RZK/ NG
VeI MEYIEIR S IRTr =r A TRE. (/N2
—fl, SRR — IR A ), R FME A T 6 BR.
VAN VX 7/ S a1 i S B 7 P <M P
FHEN 150 mg « ke', 12 AFEAR, 12 FBAE, JETF/0
ARTIENE, B TRV EAR R N,
A FHINEFEIE, BEHIEHES 100 mg - ke, FFAEH
R 100mg - kg, B B ERE A AR — kPt
Ao Rt , P /N R G R e — ) B
i, PIRBEK L HEK IR B H K & 1) 70%, H:
TSR E R RK, N TBRASEIRRA 155,
L4 SRR E
INEERKBNEEN . AR RN (5
60 d) I, ZrnllsREE /N il S ) b A 4,
BRAE SN d B E R ok, B
FIAERR N - b oy I, AR R . ZE . 0,
K s BT, 250 A 110 CHEFR R 7 30
min, JFRZE 75CHZRMEE, /RHTE, EY

B (5 150 d) YO oRPRLIN s H =5

TR R 2B AT ( Epson Expression
1600 pro. Model EU-35, HZS) FIRSEI0HER N
720 dpi 89 & K, & H] WINRHIZO ( Version 4.0b,
Rengent Instruments Inc., Il & K ) X R &K
(RL) . AR (RV) . AR (SA) APFHIR R
(RAD) SEEFRIF T AT, BHRE AR RN
e, Mdmd, &1 S0CHARMMLT21HE (48h),
FIFHHF R ORERE 00001 ) FREHR AR AT
(RDM ),

FEARY S LEAR R AT

AR (SRL, em - ¢') =RL/RDM ' (1)

[ EF (SRA, em® - g') = SA/RDM " (2)

N3 25 (LER ) M st e Ve = 2 i
EJ0E (1 T

LERi:YI\B\X /YMB\X’+YI\BF/YMBF ( 3 )
LERii:YI\'BW/YPBW+YNBF/YPBF ( 4 )

A rf: LER, 375 TC 50 B A2 I8 43 B 1+ b Y
[, LER; 2R JCorFRAH XS S 53 B i) 1t > f L
Yoy RonJe e sy a/N e, Yopw 27N SRRy B
INZE TR, Yy 2R TCAT B /INZE AL Y e R
JeJe oy W B, Yo RN IR B A S
Y g BN TG AL T LER>1 B R7R o4 B A
XfJe e o iR B RS, LER>1 B RR T4 MR
AEXT AL o3 b ELA T
L5 Hdnkbrg

IRIGHE R A Origin 2021, SPSS 19.0 #Ef T4 B
T

2 ERESH

2.1 EEEAURFERIVE =206 INE | A s

HE 2 /LA S, MRESR T, B
B, NAE RN, SI0A (N2) AL, w
HUtiA (N) SE%EUKF (3N2) TRk (PB)
e JesrbE (MB) /N2 = wr B . i1 2 i
ATLVEH, KA (N2) KET, 58806 (PB)
MUErkE (MB) ML, Trka (NB) &&= &
A3 15 0 26.29% F1 34.84%; i B A (N) /KF
T, Heesrkm (MB) MLk, ¥R (PB) FIJt
3B (NB) #7053 34 i 30.16% Fl 32.54%.

M 3 FTLIE N, Josrka e w s Te e
SyBRAISRL IR, Bl AEEN, Toar R
B
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# s
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R FKP

B2 ARAKERSEAXNTNE, BETE
TE: AR/ NG FRZFORFEFMEY A R BN 22 558 5% BFKF. K 4 [,

201 20
1.6 1.6 +
A . A
12+ A L
B 1.2 A A
e e
8a) s8]
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0.8 |- 0.8
04+ 04
0.0 1 0.0 L
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BT BT

B3 AREKFERSBAXNTLMZEL
T ARG TR AN R AR 25 5705 5 5% 85K

22 JEREMAFERE AHEDIR A TERZE 0k (NB) MJE ke (MB) M, R )k
HIE 4 RTLUE Y, BERE R, /EWR AR (PB) Z&MFT, MRE (N2) S F/NERAR T HEY
THEBEAMZEM, MEZKFZMET, 5K IN127.59% ~ 177.57%, HMiER (N) Z00F T

0.6r a 0.71
a a
0.5} l 0.6
a | i
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N 145.16% ~ 273.77%, =5 & (3N2) 24 T 14
i 83.83% ~ 89.49%. 5 Z AH Iz, A [ A K F
T, 55k (NB) AHLE, KA (N2) &4 T
Je e 4rFE (MB) F¥E 53R (PB) R EAMARRT
I 35% ~ 45%, H O A (N) 250 T W
>39.58% ~ 2291%, & A (3N2) Z& 440 F b
41.07% ~ 28.57%.

2.3 it A A [F] RE 5 X EAR R R MIE S
) ]

MR LATLUE 1, SRA (N2) FH i &
(N) #Lk, &% (3N2) &M T, Josrhs (NB) /A
MRRK RGN, ABIG; Jelesrbs (MB) /INERAR
KRG, BRI, (RBUEN. R 1E6ERY, 5/
Jerbs (MB) F¥krBE (PB) AHEL, KA (N/2)
MR, JoorBE (NB) /NZZ AR 4353 i 0.66% il

261%, HRFRFHFHIHGIN 56.14% F1 52.75%; 5 Fi
JA (N) & T, Joorka (NB) /NEZAR R R
in 48.28% 1 42.35%

& 2R N, S5MA (N2) FE B A
(N) M, &AE (3N2) &4, JEksrkE (MB)
AR RREBIE N, WREBED; R
(PB) 7 AR AR MBI N, EHAWE M, Tk
(NB) ZEEARRZ BN, AREUD,

F2IRW], HE/HE (MB) Fl¥EE 51 b
(PB) #itt, Joorka (NB) ZEARA (N2) &M F
M RS BN 72.66% F1 29.12%, EL7243 4
i 66.67% F1 14.82%, PR3N 9.55% F115.91%;
HREA (N) &AT, ARSI 18.86%
1 31.14%, RFL43 5138 i 27.23% F1341.81%; =4

(T

SRR, BRI A

®1 TEERESHEAXTNENRERS

1EH) AAKF AR KJE (em) RIEA (em®) FHER (mm) AR (em’)
N/2 NB 425.22 + 14.50¢ 96.44 +2.80a 0.72 £ 0.0051a 1.65 + 0.0666d
MB 42241 £11.87¢ 4230+ 1.57e 0.34+£0.0117e 1.42 +£0.0463de
PB 414.10 £ 6.09¢ 45.57 £2.49¢ 0.36 + 0.0094e 3.05 +0.0224a
N NB 410.09 £ 12.25¢ 78.00 + 2.15b 0.60 + 0.0076b 1.24 + 0.0363ef
INEE MB 382.70 +21.07¢ 40.34 £ 131e 0.34 +0.0022e 0.90 + 0.0091f
PB 557.06 + 12.37a 4497 £ 1.61e 0.31 +0.0043f 2.87 +0.2203ab
3N/2 NB 478.59 £ 11.54h 67.37 +4.50c 0.52 + 0.0028¢ 2.04 + 0.2900¢
MB 589.80 + 13.33a 59.25 +0.70d 0.41 +0.0036d 1.43 + 0.0093de
PB 560.47 + 9.49a 72.44 + 0.50be 0.52 + 0.0060¢ 2.55 +0.0467b
M
FKFE (T) ns * ns ns
PPt (P) * ns ns ns
TxP * ok ns ns

0 ANFEVNG FRFOREWTERETE R F 25 BE (P < 0.05); * FR8 P<0.05; ** /5 P<0.01; ns FHRARE,
K2 AEAHEEESHEARTEENREES

2,

&7 FUKF R KJ#E (em)

FHA (em®)

S EAE (mm)

AR (em’)

95.39 + 0.49ab

EE

N2 NB 306.36 = 10.16e
MB 572.83 +10.01a
PB 445.63 + 18.69¢
352 N NB 351.02 +9.00d
MB 478.26 + 8.89h
PB 435.46 £ 6.53¢
3N/2 NB 607.00 + 18.73a
MB 409.90 + 5.49¢
PB 489.99 +9.03b
FAKF(T) ns
FtER (P) ns
TxP ns

ns

ns

0.86 + 0.0246a

ok

96.81 +4.51a 0.90 + 0.0086a 2.41 +0.0361a
56.07 + 1.56d 0.54 +0.0242d 2.20 £ 0.0463b
7240 +0.37¢ 0.62 +0.0016¢ 2.07 £ 0.0076¢
100.14 + 1.38a 0.54 +0.0034d 2.43 + 0.0464a
76.36 +2.07¢ 0.69 + 0.0146b 1.91 +0.0468d
90.76 + 0.90b 0.65 +0.0043bc 0.55+0.0151g
98.75 +3.29a 0.92 + 0.0469a 1.84 £ 0.0013d
91.58 = 1.25b 0.66 + 0.0033bc 1.31 + 0.0053f

1.73 + 0.0050e

ns

ns




| T T

rhE ISR 2024 (3)

——

2.4 it A S R AR D7 AR AR . ek
[apAEsEA!

HR3ATLIEL, SEaA (3N2) Mk, el
4ybE (MB) Fi¥ERlsrRa (PB) R, {RA (N2)
N AR K A R I A8 S5 A (3N2) A
I, A (N2) FIE AR (N) &5 )8 k77
(MB) Jr=UF AR 433G 48.38% F1 1.13%, Lt
FFV G0 34.17% 1 12.77%.

MERIAEALIEH, Selksaba (MB) f13
By (PB) AHLL, JoirBE (NB) /NEZRA (N2)
ZME R HOAR KA 88 N 18.55% H1 64.92%, H 2% 1
TR 91 389 11 64.04% F11 82.98%; Mt A (N) &
AL LRI . 2RIy, S5Je ek (MB)
YRS FBa (PB) M EL, JC4rB (NB) # 5K
A OONR) A AMF T Ee 2 AL 43 51 34 0 165.62% F
13.15%.

®3 HREMMETXMEMILRK, LLRERAFIT

- FiE AR (em + g') FeEmMA (em® - g")
(L5 N/2 N 3N/2 N/2 N 3N/2
NB 238441+ 6592CDE  2645.74 + 74.22B 2208.88 + 50.18CD 540.79 + 12.72b 503.23 + 13.02a 310.94 + 19.55d
/NEE MB 194211 + 60.88C 3764.26 + 200.67A  2640.90 + 42.66DE 194.48 + 8.07ef 396.79 = 12.48¢ 265.30 = 2.25f
PB 836.57 + 16.13F 1465.95 + 26.98F 1365.15 + 30.44E 92.06 +6.61g 118.34 +3.50g 176.44 + 1.59%
2
FUKF (T) ns ns
A (P) * ns
T xP * ns
ey FhiE K (em + g7) e mA (em® - g7)
[iZ5aN N/2 N 3N/2 N/2 N 3N2
NB 765.90 = 25.40E 731.29 = 18.74E 731.96 = 9.81E 372.35 £ 17.35a 312.97 +3.10b 277.52 3.78¢
# MB  2203.19 +38.48A 1501.59 +22.51C 1484.82 +27.38C 140.18 + 3.89f 159.08 + 4.32¢f 176.34 + 5.87¢
PB  2025.59 + 84.96B 1292.59 + 24.02D 1517.50 + 46.83C 329.09 + 1.70b 270.65 = 3.73¢ 238.48 + 1.23d
2
BIKF (T) ns *
PR (P) ns *
TxP ns ok

e ARKEFRERFEMEDHRK 2ZR B2 E (P < 0.05), AR/NGFEIIRFEMEY ILRHRZSBE (P < 0.05); * &R P<0.05; **

IR P<0.01; ns FRANTE

2.5 WA MM BRI

HIE S AT LAE ), AN RS AR
URIEMISCE R . UEIARERE /N R R ARSI/ N AR
FRMBUER, /NEIROR RN, S imi g

1.00

_— / ' ' 0.80

e ' / / ’ 0.60
sk (@ # @ [
iz /"/ \ ‘ 000
L QW o
K N @
wxit (1) 49 0 Q@ Q@ g gl Byt

SRR S
SR IF SR

B 5 NERREESSEHDFERXE
T * P < 0.05; % P < 001; ¥ P < 0001, F[.

e &, i 6 iTLUR Y, &E" R SRKER
MG, SRR R EMNSS, SRR A
T sgn, WA AR R AR, AR TR
FRoPWMCHI I, RGeSy

1.0
it @) @ = [os
k| @ . I @~

R FHR - ‘ . ® 22
fife CION "

0.2

R 0o
s LN X ) =X
—0.8
weit | @ @ @ o ® ‘ o
¥ ﬁ/@‘ ¢
)%‘ Y

Bo ®ERRESSENFTERXERY

S
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3 it

3.1 A EMAFEBEE X /INE . BER =

W s R, AR BT T, Bt 2
o, AN e, JUIE R (PB) 58
Jerbm (MB) el R B3, SR (N2) 4
FIAHEE, HOHUGA (N) SEaEKF (3N2) Mg
PRGN T 335% ~ 40.16%. {H % A S 5 A
FHEE, FRRIEIORI ., iU R RO A e
INFE R, XS RT ARG SR8 5ANER
A, B &I, BRJE ke (MB) % 6= &
sk, ARrRE (PB) FIJCHkE (NB) J5at#
SR AR . 3k — T AT R RO AR
BEAN T AR X SR B S R R L, T
R se 4t 71, e m e 5
— i, RN R G RIVER R, AR P
EEERAE RS R A T M, mEH A
HA A B RS RE M A SRk, T
B A SR T A 5 Z AR /N2 R
IV, SRR (PB) 5G40 (NB) 7l R
R R A SE s AR R, XK. 745
W CR LA SE i, e R 4rka (MB) R &
mF, MR EA R EAE-, K. FR0 LIS
iR AR S, MR R A 5 A
PRI, /N2 2 [l e sk g B
32 A E MR EE TN . RENRAR
A

TR R, R RIEAE YT
BHEHREMEH Y, R R E 4%
FEAR I AT SR AR R B s R e ) 0, ]
[ VA AT 3 3k AR VE AR 3R T AR AR X 5%
SRR T AR A BRI, RA (N2)
MHE R (N) %00 T, 5k (MB) #
SR rBE (PB) AHEL, AT /HHE (NB) /N
K. RALWA ., BRI B, e E %K
FF, ek (MB) 5K 73k (PB) /N
K SRR R EFLIC RS (NB) 3R 5 B
. FREEEML, fRA (N2) ML A (N) &0
T, 5 srkm (MB) F¥EE s (PB) ML,
Joor (NB) mEARREMmMB ., HAE. WARER
B3, UERARAL (N2) R LA (N) &0
T, R R SR g Y, TR
FROTHSR AT R, RAT AW A KL, HAR

JEHIARBOK Iy . IR0 4850 0R, e EAR R A HARH]
B, AR ARG R BRI AT LA, ]
PERTRERE i /N A ARG, S IR R AR,
MG AARE IR 5 Z BN, FR0EdEE
T8 T/NE, VEEIAR R A EAR IR, 370058
SR, RN, AR AR EAR ALt R Bt ]
8 PO g AT R /N — A A AR T AR A
HEFR WS AR 22 00 2 ML B (AT ) 3R
3.3 /N BRI SRR AR A R
ARTTEERM, R K HSR IS BAR R A
PEFIAT AR m R R RO, M s /)
PR AR IR R, N I S R
AEHMBEEML (FS), ML~ 5REKE
TR, SRR LRMBLEIEMARS (E6). [
T SEIE IR | W/ AR R 2 E AR 45
HOR ) Al LUEGF i BAR AR A5 T, [ R]
UG HE/NAE S SR BN s T i S A (AR 26 1R T 2
FREI AR TEIRR,, R A B e 1 R W
JEH . N, RAFRRAEOR, 5k
fil e AR 32 L XK L 3R M R
MR, SEEEFEIMIG R T/ N ISR RE ST, FEE R
RIS AR - &2, HTAS
[ ARE, BRI, S m A oK
I RIBR AN A E TR, SN, HIs4rae
J355 000, ARIFEASEE W Rl R A BRI (85
B hE > BRI ).

4 L5t

VAN - W = i) s o S | T(TR: ) | P T A
5 i U Z A JC 25 5

AT, BVERASSEAR IO, /NER
Ko RARER, R, &EHEE, RAK
L R TIAUOR

INE PR SRR AR R R AL IEANSE, Tidt
ErrE SRR EAMIE, SRAR R R IEA
Ko VEMIRIVEIR R, MEYZ AR R IE AL A2 R
PR R IR N T, RAEE T, RARMN
VERRBE S, SO,

SR

(1] EE%, kiEZ, 2R, % AREEEEKEFER/ KE
[EER R TP AR SAAE S [T]. PEARR
AR (R3S ), 2019, 27 (9): 1354-1363.

(2] T, sk, MEAE, % KaPkamEIEX AR R IE

S

(T
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Effects of nitrogen application rates on yield and root characteristics in wheat and faba bean intercropping system

LIU Ying-chao"

>, WAN Shan-ping’, HUANG Min', ZHENG Yi> * (1. College of Aronomy and Biology Science,

Kunming University, Kunming Yunnan 650214; 2. College of Resources and Environmental Science, Yunnan Agricultural

University, Kunming Yunnan 650201; 3. Yunnan Rural Revitalization Institution, Yunnan Open University, Kunming

Yunnan 650101 )

Abstract: Through pot experiment of wheat // faba bean root nylon separation (MB ), wheat // faba bean root plastic

separation ( PB ), wheat // faba bean root no separation ( NB ), the root morphological characteristics of wheat and faba

bean were systematically explored under different nitrogen application levels and intercropping conditions to provide a basis

for further exploring the mechanism of crop yield in the intercropping system. The results showed that the yield of wheat, the

diameter and surface area of faba bean root were all increased with the increase of nitrogen application rate. Under deficient

nitrogen ( N/2 ) condition, compared with PB and MB, the wheat root length of NB were increased by 0.66% and 2.61%,

root surface area of wheat were increased by 56.14% and 52.75%, and specific root length of wheat were increased by 18.55%

and 64.92%, specific root surface area of wheat were increased by 64.04% and 82.98%, respectively; the faba bean yield of
NB were increased by 26.29% and 34.84%, root dry weight were increased by 35.1% and 45.4%, root surface area of faba
bean were increased by 72.66% and 29.12%, root diameter of faba bean were increased by 66.67% and 14.82%, root volume

of faba bean were increased by 9.55% and 5.91%, specific root surface area of faba bean were increased by 165.62% and

134.76%, respectively. The yield of wheat was positively correlated with root length and root surface area, while the yield

of faba bean was negatively correlated with root length and positively correlated with specific root surface area. In different

intercropping system, root morphological changes between crops were the surface driving factors affecting yield changes.

Under low nitrogen environment, the higher the degree of root intercropping, the more obvious the effect.

Key words: Tricum aestivum; Vicia faba; root barriers; nitrogen application; yield; root morphology




