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WE: [ BR ] a0 /N2 /7R Sl Ve LR & E A, BT R RN EUKSE /N2 /77 B AR R J L
SHUHE, fdrifE N EME G AE TR X R, [ ] B R H P Z R 48030,
3AFIRIA S (BAFE/NE, BE AR E RN /A G RE) B 4 ASEUKE (NO, NI, N2, N3), HA/hEZry 4 it
R 0, 90, 180, 270 kg/hm®, #ELAY 4 MBEEKICH 0. 45, 90, 135 kg/hm’, PE T Bl VE/NE Fiidie
T M R R A, R Logistic AR/ N A O AMIBOCHES SO AW BhAS , 43 T TRIE
INERMBOMAR R LR, [ R ] D/ &G RV & /N 7 i 33.4% (BR N3 4b) . BRI & 7 a
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Dynamics of N acquisition and accumulation and its interspecific N competition
in a wheat-faba bean intercropping system

LIU Zhen-yang', WU Xin-yu', TANG Li', ZHENG Yi'?, LI Hai-ye', PAN Hao-nan', ZHU Dong-yu',
WANG Jing-jing', HUANG Shao-xin', QIN Xiao-min', XIAO Jing-xiu'*
( 1 College of Resources and Environmental Science, Yunnan Agricultural University, Kunming 650201, China;

2 Yunnan Open University, Kunming 650599, China )

Abstract: [ Objectives ] We studied the nitrogen (N) content and N uptake of intercropping wheat and faba bean
to clarify the relationship in nitrogen competition and accumulation between wheat and faba bean under different
N application levels, so to propose a scientific nitrogen management for the intercropping system. [ Methods ] A
field experiment of two factors with randomized block design was conducted under wheat monocropped, faba
bean monocropped and wheat and faba bean intercropping conditions, and the four N levels were 0, 90, 180 and
270 kg/hm’ for wheat and 0, 45, 90, 135 kg/hm’ for faba bean. Both grain yield and above-ground N accumulation
of wheat and faba bean were measured, and Logistic model was used to simulate the key N uptake parameters and

N uptake dynamics. The N competition capacity between intercropping wheat and fababean was analyzed.
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[ Results ] The yield of wheat was increased by 33.4%, but faba bean yield was decreased by 20.7% in the
intercropping system, as compared to corresponding mono-cropping. However, the intercropped wheat and faba
bean had a yield advantage under NO and N1 levels (LER > 1). Through Logistic model analysis, the peak N
uptake of wheat was 12—-19 days later than that of faba bean. Intercropping increased the maximum N
accumulation (4), the maximum N uptake rate (R,..) and the initial N uptake rate () of wheat, but decreased the

A, the time needed to reach the maximum N uptake rate (7,,.,) and R, of faba bean under the four N levels.

During the vegetative growth stage, intercropping tended to decrease N uptake and accumulation of wheat, and the
N competitiveness of wheat was lower than that of faba bean in intercropping, but N application could improve
the N competitiveness of wheat. Intercropping increased R, of wheat by 34.1%, 44.6%, 21.0% under NO, N1
and N2 levels due to the interaction between N level and planting pattern, respectively. Thus, when wheat
reached its N uptake peak, intercropping increased the N uptake rate and N accumulation of wheat by
15.1%-48.4% and 9.2%-28.9%, but decreased those values of faba bean by 7.3%—28.4% and 7.9%—14.0%,
respectively. During reproductive growth stage, the N competitiveness of wheat was greater than that of faba
bean, and the strongest N competitiveness of wheat was under N1 level. [ Conclusions ] The yield advantage of
intercropping is due to the increased initial and maximum N uptake rate of wheat (» and R,,.,), and the increased
wheat N uptake rate and N accumulation in the reproductive stage. Reasonable N input could relieve the
competition and increase the synergistic role for the N nutrition of wheat and faba bean, to achieve high yield and
high nitrogen efficiency.

Key words: wheat and faba bean intercropping; yield advantage; Logistic models; key parameters of N absorption;

N competitiveness
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Fig.1 Monthly average temperature and precipitation during the field experiment period in 2017 and 2018 and available
nitrogen content before sowing in field trials in 2018
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74 XPRTE, 55 /DA AR RER R AR W R RN S KRR AR e R R 1287

TE/INFE A G B R B FF D 7= X = 4 /N
A2 A% b AR R R ECE A P A
1.5 HEHHH
1.5.1 AEWNShA LR B (Logistic)
HE AR TR 3 1o 400 B T DUAR G B M A K
e Y BB £ PR 2729, SR Origin 8.0 B4R i
Logistic B HLMIME/NE 8 O A MIS . R BRI
POYS @ T eT B2 SIS = i (1l

A

T Trexplrx (T —0)]

i

r,=rxy(l-y/A)

Horr, y, FR/INE R G HEA TIPS ¢ RIWH_EFRA
ERUR, L. kg/hm?®; 4 Fon/NER G B EK
RAEME, Bf. kg/hm’; r H/NEETHVHAR
W R, RN E R E WO Ty, A
kg/(hm?>-d); T, F/n/NAE 2 03k Bl i KA AL 6
T, BN . d; ¢ RoR/NE R EAE K
], AL d; r, RoR/DNEETEANEFTHPE X
AW, B kg/(hm*d),

1.5.2 /NZ 2 SR e AHFFE L 4 12 5 L
(LER) fEARIVERFSE R, Az Feo,

LER= YIW YIF

we Yur
e Yo A0 Y, 50500 D TR /N2 ] A g /N X
X7 s Yy A1 Y U505 00 B /INZE MR e /)
X=X 748 . LER > 1 FoR AR HL AR A P B4
#¢; LER < 1 F/R VR HE AR B P
RS, LAFAXTSE4 F1 (RC) 1 A i ) Mk &R v

6000

OM mlI

5000

4000

3000

Yield (kg/hm?)

2000

g

1000 H

0

(R EPEN=E S iPIE L /A v (A

NIW NII"
RC= % _
NMW NMF

K Ny BN, 50 SIS i AR (a1 /N 22 AR
INFEHE EIRR R N, BN, o3 RS AR
[ VE 78 G AR fR Bk A B . RC > 0 /R
[ /INZ S 4 e 1o FIEVE R 5 RC = 0 FRon (]
YE/NZE RN S se g 146 W) RC < 0 RoR [BIVE/NEE 1)
S5 T E A G,
1.5.3 FEM Bl KA Excel 2010 #FE 1AL
P, KA SPSS 20.0 4%} =& . LER I RC #4784
2 TJ7 22500, R DRI 3R O 22 43 i /N2 4 0 A R T
W RFSH, SRS REA T K30 X AN 7 ZUK -8
[Fi] — Ao 30 1) 2R 28 R o B SRR A R A T 25 S M
Mr, A/ 2255 (Duncan) #6545 40 B 22 5
WEYE (P=0.05),
2 R
21 ARIFKETEMESS NEMETFEMR

PIAE = e 45 % (181 2) R WY, Bl i 2 5 1 3
fn, EHSE L (LER) BEFEK. BR N3 K46, /)
Z#mGEAMER LER ¥ KT 1, NO. N1, N2 KF
T, LER PR4EF350 5000 1.31, 113, 1.04, SH4E
HE, NOFIN1 AKFE R, [EEEA =R

L EAVE /N (MW), NO. N1, N2 7K F[jfE
AR -S4 2/ INAE P i 54.7% . 28.7% . 16.8% (18] 2).
[l & B, TRIVE /N2 RUIE G 5 90 kg/hm? A738% RE4E
R 5 AR/ IE R AR (180 kg/hm?) — 3™ it

1.6 ¢

—e

ab

NO NI N2 N3 NO NI N2 N3
2017 2018

2 FAEEKETREENERENFERE~EN LS
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Table 1 Key parameters of N absorption by inter- and mono-cropped wheat at different nitrogen levels from 2017 to 2018

FUKT- LITEN 2017 2018
N level Cropping pattern  Adjust-R2 A4 T r R.. AdjustR> A4 T, r R
NO M 09778 82.5a 85a 0.054d 1.1g 09719" 73.0a 87a 0.046d 08f
I 0.9676™ 922a 89a 0.057cd 13f 09665 84.7a 9la  0.058¢c 12e
N1 M 0.9875™ 1169a 90a 0.057cd 1.7e¢ 09326™ 983a 79a 0.055¢ 13e
I 0.9631™ 1393a 92a 0.066ab 23d 09756™ 1247a 82a 0.065ab 2.0d
N2 M 0.9751™ 166.6a 83a 0.059c¢ 2.5d 09667 1643a 8la 0.055c 23d
I 0.9772"" 1839a 85a  0.064b 29c 09938 180.5a 80a 0.063b 29c¢
N3 M 0.9761™ 201.3a 90a 0.068a 3.4b  09740" 1989a 80a 0.064ab 32D
I 0.9751™ 226.6a 91a 0.067ab 3.8a 09759 2199a 82a 0.068a 3.7a
-3 Average
NO 873d 87b  0.056c¢ 1.2d 789d 8a  0.052c¢ 1.0d
N1 128.1c¢  9la  0.062b 2.0c I11.5¢  81b  0.060b 1.7c
N2 1752b  84b  0.062b 2.7b 172.4b 81b  0.059b 2.6b
N3 2139a 90a 0.068a 3.6a 2094a 8lb  0.066a 35a
2 Linear sk ns Hkok sk Hk ns Hkok Hokok
-3 Average
M 142 b 87a  0.060b 22D 134b 82a 0055b 19b
I 160 a 89a 0064a 26a 152a 84a 0.063a 25a
AIKF N level N) sk sesksk sk sk sk ek sesksk seskk
Tl AR Cropping pattern (C) *okk ns Hkk *okx Hokk ns *okk Hokk
UK x FiEfE N x C ns ns wk * ns ns * *

7 (Note) : M—HL{E Mono-cropping; I—IA]{f Intercropping; A—¥ K% 2 2 E The maximum nitrogen accumulation; r—#)ZE K
i The initial nitrogen uptake rate; T,k ZH KA ISGE R Ir T AKX The days needed to reach the maximum nitrogen uptake rate; R, —
I RAWNGHEZE The maximum nitrogen uptake rate; [R50 5 AR 7RIS A [ AL B[R] i 3 22 55 UH 7 224381, P< 0.05) Values

followed by different letters in the same column mean significant difference among treatments (two-way ANOVA, P<0.05). ***— P <0.001; **—

P<0.01; *—P<0.05; ns—A 3% Not significant.
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Table 2 Key parameters of N absorption by inter- and mono-cropped faba bean under different nitrogen
levels from 2017 to 2018
A AR 2017 2018
N level Cropping pattern  Adjust-R2 4 T, r R.. AdjustR® A4 T, r R
NO M 09894 1653a 8la  0.079a 33a 09867 1734a 78a 0.073a 3.2a
I 0.9718" 143.4a 75a 0.079 a 2.8a 0.9559" 152.5a 74 a 0.073 a 2.8a
N1 M 0.9873" 183.3a 79 a 0.076 a 35a 0.9948 188.2a 71a 0.076 a 36a
I 09923 161.0a 77a  0.077a 3.1a  0.9824™ 1700a 69a 0075a 3.2a
N2 M 0.9857" 221.9a 74 a 0.078 a 43a 0.9882™ 2299a 71a 0.075 a 43a
1 0.9805"" 204.1a 73 a 0.077 a 39a 0.9780™ 2029 a 67a 0.075 a 38a
N3 M 0.9538" 2083 a 72 a 0.076 a 4.0a 0.9506™ 197.9a 69 a 0.076 a 37a
I 0.9762" 1853 a 72 a 0.081 a 37a 0.9293" 1703 a 68 a 0.074 a 32a
-3 Average
NO 154.4d 78 a 0.079 a 3.1d 1629 ¢ 76 a 0.073 a 30c
N1 172.1¢ 78 a 0.076 a 33c¢c 179.1b 70D 0.076 a 340
N2 213.0a 73b 0.077 a 4.1a 216.4a  69b 0.075 a 41a
N3 196.8b 720 0.078 a 39b 184.1b 69D 0.075 a 35b
21 Linear ns - ns ns ns ok ns ns
SEF) Average
M 195a 77 a 0.079 a 37a 197 a 72 a 0.075 a 37a
1 173 b 74 b 0.079 a 34D 174 b 70 b 0.074 a 320
AIKF N level N) sk sk ns sk sk sk ns sk
el A Cropping pattern (C) sk * ns sk *kk *% ns Hokk
AR < i N x C ns ns ns ns ns ns ns ns
¥ (Note) : M—Fiff Mono-cropping; I—[H{f Intercropping; A—#x KA E R The maximum nitrogen accumulation; r—# )5 UL

3K The initial nitrogen uptake rate; T, —i% )5 KR IGHE I 1R EX The days needed to reach the maximum nitrogen uptake rate; R, —H
KAMIGHE 2R The maximum nitrogen uptake rate; [F) 51 5355 A R 7 2R AN R AL BE] 2 3 22 5% URZETTZ5047,  P<0.05) Values followed
by different letters in the same column mean significant difference among treatments (two-way ANOVA, P < 0.05). ***—pP < (0.001; **—P < 0.01;

* P < 0.05; ns—A~ 2 % Not significant.
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Fig. 3 Nitrogen absorption rates of wheat and faba bean under different nitrogen levels
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[ (Note) : AR RAREIMEISA [EfERGZEREHE (P<0.05) ; *FaMFEINEHE BfENEZRRF (P<0.05) A indicates that

there are significant difference between inter- and mono-cropped faba bean at the same time ( P < 0.05) . * indicates that there is significant

difference in inter- and mono-cropped wheat at the same time ( P<0.05) .]
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