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Effect of Nitrogen Application Rates on Quercetin and Hesperetin
Exuded by Roots in Wheat and Faba Bean Intercropping System
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Abstract: [Objective] The dynamic changes and accumulation characteristics of quercetin and hesperetin at different nitrogen
levels and different growth stages of wheat and faba bean intercropping system in order to provide a basis for further investigation of
the mechanism of increasing yield and controlling diseases. [Method] In a pot experiment, mesh barrier (MB) and, polythene
barrier (PB) were used to determine the secretion amount of quercetin and hesperetin exuded by roots of wheat and faba bean at
different nitrogen levels (1/2N : Half of the normal application rate; N: Conventional application rate; 3/2N: 1.5 times rate of the
normal application rate) in intercropping system.[ Result]N levels and root separations affected biomass and root-shoot ratio of crops
in wheat and faba bean intercropping system. With the increase of nitrogen application, the biomass of wheat and faba bean increased
by 45%-62.5% and 3.2%-18.9%, and the root-shoot ratio decreased by 33.8%-47.3% and 11.8%-26.9%, respectively; Compared with
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the plastic separation, the biomass of nylon separated wheat and faba bean increased by 4.2%-25% and 19%-38.6% at the same
nitrogen levels at 60 d. With the growth stages, the differences were not significant. Root separation and nitrogen levels affected
quercetin and hesperetin exuded by roots of wheat and faba bean in intercropping system. With the increase of nitrogen application,
the secretion amount of quercetin and hesperetin were decreased, compared with low nitrogen conditions, under conventional
nitrogen application rate and high nitrogen application rate, quercetin exuded by wheat root decreased by 23.4% and 62.3%,
hesperetin decreased by 32.2% and 64.5%, quercetin exuded by faba bean root decreased by 35.4% and 44.1%, hesperetin decreased
by 11.9% and 23.9%. At the same nitrogen level, quercetin and hesperetin exuded by nylon separated roots of wheat and faba bean
were higher than that of plastic partition. Under the condition of low nitrogen and conventional nitrogen application rates, the
secretion of quercetin in nylon-separated wheat root were higher 15.3% and 27.1% than that in plastic, the secretion of hesperetin in
nylon-separated wheat root were higher 21% and13.7% than that in plastic; the quercetin secreted by nylon-separated faba bean were
higher 34.6% and 56.6% than that of plastic, hesperetin was higher than plastic separated by 16.9% and 5.1%; there was no
significant difference between the two root systems under high nitrogen condition. [ Conclusion] Root separation affected quercetin
and hesperetin secretion amount exuded by wheat and faba bean roots, but this effect was controlled by nitrogen application levels,
under the conditions of low nitrogen and conventional nitrogen application rates, quercetin and hesperetin that exuded by

nylon-separated root in wheat and faba bean intercropping were higher than that of plastic partition, the difference was not significant

under high nitrogen condition.

Key words: common wheat; faba bean; intercropping; nitrogen application; quercetin; hesperetin

0 3l3

CF7EE LY R R AR IR B A4G
WA E R T ANRIREE A SN U, B
TR, AT R BREPIR R S o)
WAIHEAE R B AR A= BAT Ty AR

ANWPFUHERE Y ALK, ARAR WAL R 1)
PRSP RLIR R P IR 4 32 i . BESAR R 7 W8 W)
TR BRI RN I a (5, e RME SR
PR R E M. S0 T SRHE IR 3R 430 B 254
B, EWANELITE TR, IXLEREST I 2 AR
FERAERE. HE . BIARG B, Jf BAEIXEeGR
TEVIR R W h e 5 A TR 38 265, PR
ENE Uy iy TN 8 R e ) N TREPS
A GARR I H SIS I WP IR AL, fe
AR A GARZR I B AL T e s AR B 355
TSR AEIX S ) 511 R B R A
FAE NIIBEAAR, AR AN R 50T 5
ISR W AN . ATV K]
/N FE A LI A 2 P Y 2 08 e DX EE S ] AR P A
X, HEABFORI2L it R R
FERRI T By — M Ji A RIS D4 W
T/NEE B GLRME R GE IR 43 (KR P10
FRAMANT, W E S SR RAE, H2
AFERACTF S AR /N ZE A SRR 2 3 B 3
PRI AN 2 . (AU R 1 DG B i FBL ] At

FULA/INZE B AR AT 5, Tl I A 7 RGBT
W (HPLC) PMrHeAR, &iaan AAENZ & HARAR 7
WAL R, RERTAHEKPELT,
AN A U] /N 2 e S B 3 MRS B R 1) B 257
MR R BURFAE, W B AR B = AL T A R e P I
TERL, Dot DRI = HLA R A A

1SS

1.1 iy
AR T 2014 4E 10 H & 201545 HfEn MR
KR IR R = A S R, Fik LI = R AR
KEFJaarse, SR AL 28.07 gkg's B
fil A 68 mgkg, MM 16 mgkg™, WA 137 mgkg,
pH 6.08. % T HZ5# K /N 238 mm X 320 mm. 1
BEEERERL S mm 07, VRS, WA 10 kg, FEAN
FENES IR AT AR R S A /N3 =3 42 (Tricum
aestivum L.cv. Yunmai 42) ; #5574 EiE KK (Vicia
faba L. cv. yuxi bean) , M7y = B4 AN RHERFIT
BEAR EVEMIIT ST o
1.2 Rt
/N G AR R - BB e . ARG it
PR R, A AR, wNER S B ESRR
(mesh barrier, MB, JEEMLIEN 300 H) , /I3
7 5 9k BE (Polythene Barrier, PB) Pl 5 3K
B AN, WARE (12N, BRI i 20
—) , HEFEMEAL (ND A%l (3/2N, BN %
I 1.5 £5) 3 PR SN KT . 2R K B RV 5



3094 H /SO A = 50 &

RO IR ZE, IEHHEIEAE N 150 mgkg! 5 BEAE S Al
i WERES, WEFHE R 100 mgkg™! s BRIE AR RN,
JiFH L 100 mg kg o BEEAE A A A SRR — P it
AN R 12 FEERE, 12 MIBAE, T/ NEREE
it o SENEIE B I AU5E F T TR BRI /N — ), e
BIARHEFEIE . RS 6 MAbEE, FEANLEE 4 KE
2, SRR3R, k72 F

1.3 #HEEFSHERKE

b8 A ZE T 1 SR AR TR I 22 BRIEh, BRIE RN
YL RE— 30, MR N R TRT, H 10%(1)
H,0, #3211 30 min, FH 232 F/KiE0E T4 A CaSO,
VEWRIEE 30 cm X 20 cm JE4L, KiRFT ONRD 4046 T
HAEPEAC E QORACE AR, HANE G Bk A
WG, 1E20—25C FIEKS . RFET 2014 4F 10
H 18 HHTHH, B4 6 M. 12 i/ E, 2k
PHAT A o

SyAT 2014 4E 12 A 20 H, 201541 A 24 H,
20154F3 H 1 H (S HEG 60 95, 131 d) it
R CRESRYEERE) , ME A, 4
TIERRE . RPN TTE: AR R 2
W, SEH BROK O BEREARAR, 5 P 28 TR K sk
3G MRUESETION 5% S F LA R 3 min,
B R NS 500 mL CaCl, W MRS, B8
TIRNFAE AR s AR B AR WO T T 45 v I
WCARIS A 2 h, 2 h JE ¥R, 7R B i i
2—3 AN, N -20 CUKFE A R TR
AEARFII200 e i, VKA B BB i . b
(0.22 pm) FEACF o REAEARAT i 20 R A 2R AR O S
M RE, BT ERRE,

1.4 #HRLESNE

BB IAR R W Ja e 4RIt g, 43 H
200~ 100+ 50 mL ZPR LPRARGLIEW 3 X, 3 IRAE
HUBOR S JE B N T i 28 AP 28 BR AR, WA
REM I E A 2 10 mL 5 H o B HERIF 1) 10 mL Ff
it 0.45 um JEMEJF N HPLC ", SR AR i Hi
B RS Je 22 1) A i ChdtEdh Il B b = 25900 53T
FEHCAEEED .

i Bz 2% 55 06 1 22 5 P R R €80 2% Ok 4 0 AT
Synergi 4u Hydro-RP 80A (250X4.6 mm ID) , ll5E
WENH: 30%—40% 5 min; 40%—60% 5 min; 60%—
90% 15 min; 90% 4 min; 90%—30% 5 min; 30% 3 min.
WE S WK 0.9 mL-min + A 30°C . Kyl K
270 nm, HEFEEN 10 uL, - #7HE 37 min. fEEE

IO E4AF T, 132 2 (10 pgmL ™)« B2 (10
ngmL™) (R AR UE S B RRIRE S R e (B D
Wiz 22 550z 2 (A PR 35 0.01 pgrmL s
1.5 HUEIBS S

K Microsoft Excel 2003 445 B g b4 T AL PR AN
2P, R SPSS 17.0 Goit 3 R et b AT 2 57
BEVERS (LSD %, 0=0.05) .

2 &
2.1 RESEHRNREEKTEMENENIRG
LEBY 520

MR 1 LA, /N33 1) A 4 i B it L
BEhmfisgn, BEAE I HER R I BN . EY
A 60 d IS, SARESAEARLL, H R A B A AT
NANEAYE 45%—62.5%, &HAYERIN 3.2%—
18.9%. X F B M T IR LN 78 IR B N, EWE
KA, PR MEYI A KRR, AR N2 .
ANV R 7 X ED AR AR A B R . AR R
HKFEAETN, R BRIEY R L TSR B
X 22 S B A KB T AR A B AN B3 . AEAE K 60 d
B, AR R JE e 2 B /N2 A G AR iR ol L S )
IYBETE 4.2%—25% 19%—38.6%. Xiit IR R A
[FAZ HREE /IN e G AR A i

/N RV TR gk L B it R R I ek, X
S EWER A K G NGB B2 . TEWAK 60 d B, %
R R 4% A T /D 2 AR L 43 o) L v R
47.3%5K1 33.8%, At 173 ) L s A HE = 26.9% K1 11.8%
A — A F AR EACEEETY, 53Rk,
R BEI (60 d) JE A BR/NEE AL GE gt 12%51,
oAt A B IABAT B 25 5o 1K U WA Le T UIE it 7K
o AR T SO AR e LU R S R
2.2 RESBARMAREKET/NEDIDLWER

g KRB0

2 W T AR AR FR /N B 25 R R B
Ak WK 2 WLLEH, BEE AT INHER, & (8
T AR B iz 2% SR S 1 S R
FEYIEAC 95 d InF, M R b B A B K(E . X FE
PR TN RS A K, WA . EYE
IR, ARARM I RE S Bt FEBEAE N R R
M FPRIIR, AR AR B 35 Wb i R e
M 2 BN LA H, ORIt FH R 2R 20 By 20/
R ZM Y R W R . WA E W, B
FHEECE G, NF R = b, 5



16 1) KGR il U 18] 1 /) 22 e SR 2R 0 WANG B 3 MRS B2 3R IR 3095

5 K% Maximum intensity: 30.845

1 #UEM Standards
S 50-
g
8 Hit iz %
g- Quercetin
= 254
b RSBz 3%
-?é Hesperetin
0- A P e AN .
T T T T T T T
0 5 10 15 20 25 30 35
SR Maximum intensity: 3.752
157 5mees Sample
S ]
E 10
= ]
8 4
£ 5] Hape % i e 2
=2 ] Hesperetin Quercetin
m ] J’L 7 A
B 0T et ITICY —
=]
5
r ——— ————————————————————r——
0 5 10 15 20 25 30 35

{5 B4 11} 1] Retention (min)

Bl1 WRESERZCIEE

Fig. 1 Chromatograms of quercetin and hesperetin
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Table 1 Biomass and root-shoot ratio of wheat and faba bean

li&7] LD FKF 60 d 95d 131d
Plant fndex  Nitrogenlevel =/ PB F¥) Mean  MB PB F¥) Mean  MB PB P4 Mean
N G5y 12N 0.20a 0.16a 0.18A I.11a 1.07a 1.09A 6.44a 7.95a 7.2A
Wheat Biomass N 0.25b 0.24b 0.25B 131b 1.24b 128B  8.55b 8.21b 8.38B
(g/plant)
32N 0.29b 0.26b 0.28B 1.32b 1.14b 1.23B 9.02¢ 8.58¢ 8.8B
SEH) Mean  0.25A 0.22B 1.25A 1.15B 8.0A 8.25A
Rk bt 1/2N 0.47a 0.51a 0.49A 0.42a 0.42a 0.42A 0.3% 0.5% 0.49A
Root-shoot ratio N 0.43a 0.46a 0.45A 0.39ab 0.41a 0.40A 0.40a 0.34b 0.37B
32N 0.30b 0.37b 0.34B 0.37b 0.30b 0.34B 0.22b 0.28b 0.25C
FH) Mean  0.4A 0.45B 0.39A 0.38A 0.34A 0.40A
AT G5y 1/2N 0.51a 0.37a 0.44A 1.65a 1.52a 1.59A 6.31a 7.10a 6.71A
Fababean  Biomass N 0.58b 0.46b 0.52B 1.96b 1.57ab 1.77B 6.66a 799ab  7.33B
(g/plant) 3/2N 0.59b 0.49b 0.54B 1.83b 1.63b 1.73B 826+b  8.20b 8.23C
3 Mean 0.56A 0.44B 1.81A 1.57B 7.08A 7.76A
R L 12N 0.43a 0.42a 0.43A 0.45a 0.45a 0.45A 0.3% 0.28a 0.34A
Root-shoot ratio N 0.34b 0.41a 0.38B 0.46a 0.44a 0.45A 0.38a 03la  035A
32N 0.33b 0.34b 0.34C 0.38b 0.49 0.44A 0.30a 033  032B
SEH) Mean  0.37A 0.39A 0.43A 0.46A 0.36A 031A

Mean 75 A 7 5K TS R RIELAS 2 PR ST 30 SSAH (R R R AR SO TR RUK P RTS8 BRI A, AR BEOR R — A B IR — 20 B 07 20 R AR &UK
FAZEREE. TH

Mean means the average value of same nitrogen levels in different cropping patterns or the average nitrogen levels of the same cropping patterns; different
letters means significant differences in the same separation manner at the same growth stages expect mean values. The same as below
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Table 2 Contents of quercetin and hesperetin secreted by nylon and plastic separated root of wheat
el FKF 60 d 95d 131d
Type Nitrogen level MB PB F#J Mean  MB PB F Mean  MB PB T4 Mean
it e 2% 1/2N 114.6a 106.4a 110.5A 130.3a 116.3a 123.3A 104a 82.4a 93.2A
Quercetin N 102.6b 86.4b 94.5B 112.6b 105.1b 108.9B 84.9b 54.6b 69.8B
(ngplant™-h™)
32N 96b 79.2¢ 87.6C 114.4b 92.2¢ 103.3C 62.8¢ 48.3b 55.6B
P34 Mean 104.4A 90.7A 119.1A 104.5A 83.9B 61.8B
R % 12N 135.3a 110.6a 123A 119.8a 105.8a 112.8A 108.7a 85.3a 97A
Hesperetin N 106.4b 103.1a 104.8B 99.2a 84b 91.6B 71.9b 60b 66B
(ngplant-h™)
32N 82.8¢ 76.3b 79.6C 71.5b 71.4b 71.5C 71.7b 59.4¢ 65.6B
SE44) Mean 108.2A 96.7B 91.8A 92.1A 84.1A 68.2A
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Different letters mean significance (P<<0.05). The same as below

B2 REMENSREIRAMRESDE

Fig. 2 Quercetin secreted by nylon and plastic separated root of faba bean
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Fig. 3 Hesperetin secreted by nylon and plastic separated root of faba bean
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