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Effects of nutrient uptake and utilization on yield of
intercropping systems in Northwest China

TANG Ming-ming'*, DONG Nan', BAO Xing-guo®, LU Bing-lin?,
ZHANG Wei-ping', ZHANG Mei-jun®*, ZHANG Fang-fang', LI Long'"
(1. Beijing key Laboratory of biodiversity and Organic Farming/College of Resources and Environmental Sciences,
China Agricultural University, Beijing 100193, China;
2. Soil and Fertilizer and Water-saving Institute, Gansu Academy of Agriculture Sciences, Lanzhou 730030, China;

3. College of Agriculture, Shanxi Agriculture University, Taigu 030801, China)

Abstract Nutrient uptake and utilization play an important role in yield advantage of intercropping, however, effects of
nutrient and utilization on yield advantage of new intercropping systems are rarely explored in Northwest China.a field
experiment was carried out to investigate effects of nutrient uptake and utilization on yield advantage of maize/potato,
maize/rapeseed, soybean/potato, soybean/rapeseed and potato/rapeseed in Northwest China. The results showed that
maize/potato, maize/rapeseed, soybean/potato and soybean/rapeseed intercropping systems had yield advantages
with a land equivalent ratio (LER)>>1,and economic benefits was higher than those in the corresponding sole cropping

systems. potato/rapeseed intercropping systems had a yield disadvantage with a land equivalent ratio (LER) <1.
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Nitrogen (N), phosphorus (P) and potassium (K) uptake of maize/potato, maize/rapeseed. soybean/potato and
soybean/rapeseed intercropping systems was increased by 10% —41% ,8% —21% and 11% —34% compared to the
weighted means of corresponding sole cropping systems. In contrast, potato/rapeseed intercropping systems decreased
N,P and K uptake by 35% ,42% and 63 % ,compared with corresponding weighted mean of sole cropping systems. N,
P and K utilization efficiency by maize/rapeseed and soybean/ rapeseed intercropping systems were 10% —21% .,
5% —7% and 15% — 17% higher than the weighted means of sole cropping systems. N and K utilization efficiency in
intercropping systems of maize/potato was 3% and 4% lower than those in the corresponding sole cropping systems.
P utilization efficiency in maize/potato intercropping was 21% higher than that in the corresponding sole cropping
systems. The N,P and K utilization efficiency in soybean/potato intercropping systems was reduced by 15% .3% and
14% ,compared to the weighted means of the sole cropping systems. N and P utilization efficiency in potato/rapeseed
intercropping was 18% and 4% lower than that in the corresponding sole cropping systems. K utilization efficiency in
maize/potato intercropping was 20% higher than that in the corresponding sole cropping systems. Not all intercropping

systems have yield advantage.and yield advantage of intercropping was mainly attributed to enhanced nutrient uptake

efficiency.
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2.1 FERBREFHESH

FoKE DR E REAE, RE S B4 R
B/ Bsf o LAAF L 7 f R0 A ) o 7 i oy BEAITT A +
244 (LER) 430 %) 1,091, 76, 1. 36, 1. 95 Al
1.29.1.32.1.42.1. 55, ¥ K F 1(3E 1), i 4 FplafE
BB MR L3 S8 5 5 s MRS » O
Ly AR W) A O SRR R Y
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B9 bE B
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HE ] FE HE A7 AT 3 W Ak 40 %6 (P=0. 047) 47 %
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TR 5 A B E S RIE R E S R
S ARG | A 2R G0 AR W e 3 L 5 B
TIASUS- 357 Wi o 25 5% oA 38 3] 8 3% 7K F- (P =0. 256,
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Table 1 Grain yields, biological yields of intercropping and sole cropping and land equivalent ratios of intercropping

Hihr il f [ T
Index Intercropping pattern Intercrops Sole crops Land equivalent ratio
KPRL" o/ FR/ A E 15 435 a 13 656 a 1.09
(kg/hm®) Tk /M 12 012 a 9 569 b 1.76
Grain yields .
KE /G 9134 a 7 659 a 1. 36
PNGNAIE S 3294 a 1698 b 1. 95
IR 3R 2373 b 7367 a 0.87
Y/ FR/ R E 26 560 a 19 683 b 1.29
(kg/hm®) EFLIE < 23 016 a 18 958 a 1.32
Biological .
A UNCYT 2 13 341 a 10 105 b 1.42
yields
INGNAIES 9796 a 6 387 b 1.55
L AA B 9 32 5784 b 10 425 a 0.76

T ARG 528 R ] — AR A R Bl AR R GETE 0. 05 KPR,

Note: Values followed by different small letters are significantly different between intercropping and sole cropping at 0. 05

level in LSD test.
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Table 2 Economic benefits of intercropping and sole cropping J6/hm?
[ VA3 fib 3 RE TARA LA
Intercropping pattern Treatment Total output value Input costs Economic benefits
EoK/ D44 % Maize/Potato fe 30 703 7188 23 515
AR 25 385 6 743 18 642
F K /3% Maize/Rapeseed 5K 28 111 3 876 24 235
A 22 115 3179 18 936
K& /4% Soybean/Potato [EIR4E 19 364 6 469 12 895
B R 15 002 6 386 8616
KT /i3 Soybean/Rapeseed i /5 16 469 3 136 13 333
AR 8 488 2711 5777
LA 3% Potato/Rapeseed EEGE 5609 6 853 —1 244
BfE 12 379 6 340 6 039

T SR 2 PR AR RN 2 A SR AE B 45 (80 LU AA) T 53 60 I AT 2448

Note: Values are weighted means of corresponding sole cropping systems of economic benefits of sole crops.

R3 EMEMBEERPENRNTSRIE

Table 3 Nutrients uptake (NU) of crops at harvest in intercropping and sole cropping system

Yo S l‘tﬂﬁ:‘/‘ ﬁ?ﬁbufl%’—i’aﬂkg/hmz) eI B R %%E%ﬁ
Nutrient Intercropping pattern (ke/hm?) Welghted mean of Changes in NU Significant
Intercrops sole crops difference (P)
A B VTS 394 a 281 b 40 0. 047
Nitrogen ER JEIE S 277 a 253 a 10 0. 360
Ko/ B 324 a 221 b 47 0. 044
P NENEE2 307 a 218 b 41 0.022
TS S/ 3 133 b 204 a —35 0.043
1773 B VTS 63 a 56 a 12 0. 256
Phosphorus K/ 59 a 48 a 21 0.214
K/ BB 48 a 38 a 28 0. 067
KE /i3 39 a 33 a 20 0.252
TS S/ 3 25 b 44 a —42 0.023
B B VTS 381 a 309 a 23 0.193
Potassium EX B 200 a 180 a 11 0. 604
K/ B 357 a 254 b 41 0.042
G NENE 180 a 134 b 34 0. 024
T S/ 3 91 b 247 a —63 <20.010

T ARG 5 R[] — [ AR R B ) £ R GEAE 0. 05 KPR B .

Note: Values followed by different small letters are significantly different between intercropping and sole cropping at 0. 05 level in LSD test.



R BT AE . PG b Hb DA [a] 18] 5 4 A5 57 20 WSO P B HE T 7 i I 34 149 5 iy 53

K/ T A MR R 5/ 9l S8 AR 1R 2 v 4 i
g A X B ISP X 43 ) 3 i 41 060 34 %%,
KRFN R EKFE(P=0.042,P=0.024); k5%
B SRERAE K SRR, RER R P EY
W B 5 LA AT S E F AR I8 B K (P =
0.193,P=0.604,P=0.241) ; Th 4% 25 53 3 A /€ 5
Z 40 0 T A A X PR Jin A 34 (B B AR 63 %0

(P<<0.010), 54 HZ LA TR (36 3).
2.3 EMESREFRSMALERNLILE

T oK 5l S [E]AE R R SRR RSO T S
FOEE 21% (P=0.016); k5 544 E G
B8 1) 35 3 1) 2803 L S 4 ) b A A 2 484
21% (P=0.016) ; HAx 45 20 35 23 A FH 250 3 A0 X+
PAERA B E LR D,

R4 HEEMAEERPEDHTS A ARE

Table 4 Nutrient use efficiency (NUE) of crops at harvest in intercropping and sole cropping system

o &) 1 / HAE A/ X .. Z5REN
Iy [i] FE A5 2K F2 57 R ARCR B 3808/ Y o
(kg/kg) (kg/kg) Significant
Nutrient Intercropping pattern Changes in NUE
Intercrops Mean of sole corps difference(P)
A ok /DA 68 a 71 a —4 0.794
Nitro
rosen EX B 83 a 68 b 21 0.016
K/ A E 42 a 48 a —13 0.571
SNGNAE 2 12 a 39 a 10 0.331
LR YAlE S 43 a 53 a —18 0. 357
W Tk A 423 a 349 b 21 0.016
Phosphorus
sphotus e B E S 392 a 366 a 7 0.348
PNCHAET S 277 a 295 a —6 0.563
KE /MR 308 a 295 a 5 0.745
LA B S 3% 229 a 239 a —4 0.778
il K/ Tk 71 a 73 a —3 0. 869
Potassium "
FOK /R 116 a 101 a 15 0.347
N L 37 a 43 a —13 0.161
NSNA(IE 72 a 62 a 17 0.107
g YAl P 63 a 53 a 20 0.079

TE AR/ 52 8 R[] — [ AR AR Bl R GEAE 0. 05 KPR R

Note: Values followed by different small letters are significantly different between intercropping and sole cropping at 0. 05 level in LSD test.
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Table 5 Contribution of nutrient uptake, utilization and their interaction to the land
equivalent ratio (LER) in different intercropping systems
By Ji] A =X T A E fﬂﬂ?lﬂ% ﬁﬂ:lﬂ%
Nutrient Intercropping pattern LER Uptake factor Utilization factor Interaction factor
(1+actac)) (ectecy) (acXectac, Xec,)
A FR/ D E 1.29 1. 94 —1.06 —0.6
Nitrogen Tk /i3 1.32 1. 44 —0.87 —0.25
KR/ G4 1.42 2.24 —1.04 —0.77
KT /s 1.55 2.52 —1.13 —0. 84
S VAP 0.76 0. 86 —1.06 —0. 04
W FR/ D E 1.29 1.29 —0.82 —0.19
Phosphorus K/ 1.32 1.64 —0.97 —0.36
KR/ G4 1.42 2.09 —1.01 —0. 66
R/ 1.55 2.58 —1.11 —0.93
LA /ol 3 0.76 0.77 —0.90 —0.11
o FR/DEE 1.29 1. 46 —0.94 —0.24
Potassium Tk /i3 1.32 1.68 —0.89 —0.47
Ko/ G 1.42 2.27 —1.09 —0.76
R/ 1.55 2.26 —1.06 —0.65
A ol 3 0.76 0.48 —0.83 —0.11

3 Fiv5itie

3.1 EEFERE

AW R R K/ DR E R/ K
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3.2 [EEXHEN I 5 IR E 2

TETEAE R GE 37 73 WSO pIE 4 32 200k I8 e
{14 TR R 40 % 9 90 A 2 i) B TR) L 3 AR R
AWEFEL R AW L T/ B % A B AT RS R
H (K 3. EREEC. SR SFEY. D% %H
JE B U T T 4 T A 7 R 4 T A e ST



55 5 ]

BB AE . PG b M DA (5] 18] 5 1 A5 3R o0 WA SO B HE 0T 7 i 10 34 1) 52 i) 55

o3 A B TR E R BEUR fe i T IR AE Y B AR R
ARG W A8 R /3 25 ] A A o ) AR R R
Ml WA HE S S N . i N AT 5T AR A /N 22/ A AR
LN R RIS R R B R A s e ST, —
7 Al /INAE 3R AT FE 70 ) ROR B AR BT B35 i
YERT s 55— 07 T » 3 R 3R Y IR e ik 1 Ak B
(1) 22 T F1 ZR0E 20T DA T fef 4 A 28 8 W 2 ) 344
T 3 R R AR U B A 2 s R ER S R
SRHE AR R AR AN AT EEEHLH . KR/
SR Hh o 3508 T R R ARL AR TR LA AT
4 B R 5 4 BE 7 - S A BT 3R AT B 2205 R L (R R 9
DR 2235988 18T S0 DA TR 7 %8 A ] £ 2 8 57 0 TR A o 8
e RE/ Sy 3 a1 1R J BAT 08 SR IR 3 (3R
3BT B AR FIADR I BB A 20 B4 R E
WRZR I Wb W) RE . 35 02 0E 0 % 5 B 2K W 2 4 i AR
KPR A B4R (R DL X TR R KR/
L% B AR AR CRA IR 2 W 3 1 55 — A A
BRI (WA R G AR o e R AN SR O
MW 5 AR A OB B 22 5 (BR 1.3) . Wl RERE
H T 3 oK A i 2 Sy i HE AR A AR 3 A i A
THSRAT B0 7 43 52 S BE T REAR TR T 278 JR W 2 A
B A KR B [l I K A Rl SRR )
FRAERGRKE . XA PR AT L] 52 4k 42 ) 2
R AN /TR AR AR R oL /N2 A SR R 3 A
To AR R RE D W R T KL e R A A
TE/INAE WS 5 45T T 0K 9 AR 1 B8 37 IR Wi 32 3
TR S A N2 WO R R A R AL T 55 B
(Y TR B AT — > B 9 8 3R O A A KA R R i
it BRAIE T B K B i (B A AR AR R R0 1 DA
BRI o A HUH B T % 4 5 oK A 25 A6 A8 I ]
IR ES L REAR T A WX IR0 B 8 A DT £
T IR AR . T 8% /i =i ] A A5 X8 ) AR
PR HAE SR Wl BN B GR 13D,
A SR % TR S R) O R AT AR S, AR VR Y
T 498 X D' PR U 5 A B B
3.3 HoRIF AR EMEH STH
GEUR A AT ROR) i T S A = i A 3 9 A Wy o d
Bl TRDAE 7 A A AR AR 43 MR O 3k o A
Bl 9 o AR AR 8 3R T3 LAY R Al O T SR Wl
P FH A A B B A LR e . AR BF 5T
SRS AL N B SR NP NI RA TP i D N
B A FpIA) A AR S B AT RV O 3, 5 4% 58/l 3 1)
PR TCRAEIL S . Bk / B3 LK /= R /il

SRR S/ A4 5 4 Fh A VA 2 b (] MR AR AR 1 T
PAVERR R TR A R IR (R 3D, AH 37 43 I 8508 Bk
A RS R 2B B R (R D L A
FHRLCRR B2 5%k [R] VR DIt #5157 ik o AH X/ (3R 5)
EF% 53 WMSCR) FH D7 T 18] VR O 38 i) 3 28 Dt ]2 537 40
W B N (R 5) . X SET AW A RARRL. 2
G S R ANE /R G R T RO & BRI AE MR AR B
TR 35 43 W AT 43 1) s s A O BRLYE 2406 ~39 0%,
626 ~27 Y0 M 24 %6 ~64 %6 5 i [B) 1 14 22 0 B R 1)
B R0 ) L BRI 596 ~ 2026 .52 ~ 7% Fl
620~320, Xk BB (A 4 O 3 32 2 R AR 5%
53 WS B 3G A0 S T AN J2 7 40 R TR B 38 . 58
INHEAE AR R SR AE N AE A PR D ) R
13BN RE AL SR AE PR 20 3 [R]E R 3R 08 B0 02 1
BN LER 1 STk 48 510 0. 41 ~0. 82,0, 25~
1.04 F1 0. 15~ 0. 59, 1 | FH 4 % 19 53 ik 5 3 Ky
—0.35~—0.04,0.03~0. 14 #1—0.16~0. 01, %%
SRR ARAE S HAAE Y 0 T AR D045 8 57 5 T Y
FEAl F2 Rk [ T ) AR AR X T B U R A 1
TS 2 A1 R s

Z2 £ x W

[1] Amosse C,Jeuffroy M H, Mary B, et al. Contribution of relay
intercropping with legume cover crops on nitrogen dynamics in
organic grain systems[ ] |. Nutr Cycl Agroecosys,2014,98.1-14

(2] FH Bz HE , XUAH 5%, 45 H] /E i As A58 =00 K A K ST 9 i
ML= iy sem [T]. o B AR 258 it 2009, 25(2) : 214~
221

[3] Ghosh P K. Growth, yield, competition and economics of
groundnut/cereal fodder intercropping systems in the semi-arid
tropics of India[ J]. Field Crops Res,2004,88.227-237

[4] LiQZ,Sun] H,Wei X J,et al. Overyielding and interspecific
interactions mediated by nitrogen fertilization in strip
intercropping of maize with faba bean, wheat and barley[]].
Plant Soil,2011,339:147-161

[5] Thierfelder C, Cheesman S, Rusinamhodzi L. A comparative
analysis of conservation agriculture systems: Benefits and
challenges of rotations and intercropping in Zimbabwe [ ]].
Field Crops Res,2012,137:237-250

(6] A fs, INEELS 2 B A ) AH T AE FH XA 0 28 R T 37 43 I i
S [J]. A 3R 5 AR AR . 2009, 15(1) < 1-8

[7] Mariotti M, Masoni A, Ercoli L, et al. Optimizing forage yield
of durum wheat/field bean intercropping through N
fertilization and row ratio[ ] ]. Grass Forage Sci, 2012,67(2)
243-254

[8] LiL,Sun] H,Zhang F S,et al. Diversity enhances agricultural



56

OE R R

EE 4 2015 4F 55 20 &

9]

[10]

[11]

[12]

productivity via rhizosphere phosphorus facilitation on
phosphorus-deficient soils[J]. PNAS,2007,104:11192-11196
ZERE R bR L BRARAT, A5 /N /K MR Z 4 T A 3% 43 il
IR K ) A £ 4 ST ik LD ). A 78 55 5 A0 2 41 . 2000, 6 (2)
140-146

Geijersstam L. A, Martensson A. Nitrogen fixation and residual
effects of field pea intercropped with oats[ J]. Acta Agr Scand
B-S P,2006,56:186-196

Lithourgidis A S, Vlachostergios D N, Dordas C A, et al. Dry
matter yield, nitrogen content, and competition in pea-cereal
intercropping systems[ ] ]. Eur ] Agron,2011,34(4);287-294
AP BB R AL N/ B AR G 2 R R L R
AR L], AR ROl 2= 4, 2010, 18(4) - 742-747

[13] Chowdhury M K, Rosario E L. Comparison of nitrogen,

[14]

[15]

[16]

(171

(18]

[19]

phosphorus and potassium utilization efficiency in maize/
mungbean intercropping[J]. ] Agr Sci»1994,122:193-199

Fo /N faw N L AR R SE AN IR A B )4 =X R W 3 43 IR
AR X ) O i STk LT 0. b B A 35 o0l 4R, 2012, 20
(5):513-519

Willey R W. Intercropping-its importance and research needs.
Partl. Competition and yield advantages [ ] ]. Field Crop
Abstract,1979,32.1-10

Morris R A, Garrity D P. Resource capture and utilization in
intercropping: Non-nitrogen nutrients [ J ]. Field Crops Res,
1993,33(3/4):319-334

Trenbath B R. Resource use by intercrops[ C]//Francis C A.
Multiple Cropping Systems. New York: Macmillan Publishing
Co.1986,57-81

Li CY,He X H,Zhu S S,et al. Crop diversity for yield increase
[J]. Plos One,2009,4(11) :e8049

Chai Q,Qin A Z,Gan Y T,et al. Higher yield and lower carbon

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

emission by intercropping maize with rape, pea, and wheat in
arid irrigation areas[J]. Agron Sustain Dev,2014,34(2):535-
543

M5 75 TR AR AU xS || & SNIE R G
Bz oy 2w L], A 48 9% 50 R4 4R, 2011, 17(6) .
1468-1473

Ayisi K K,Putman D H, Vance C P, et al. Strip intercropping
and nitrogen effects on seed, oil, and protein yields of canola
and soybean[J]. Agron J,1997,89(1):23-29

Okonkwo J C. Effect of time of introducing soybean into potato
on the performance of potato/soybean intercrop in Jos Plateau,
Nigeria[ J]. ] Sustain Agr,2002,4(2):185-191

2R AR P R il 42 38 A1 55 AR AR S LD et Al
Fe 22,1999

XA AR AR R E/ EOKAAER A i 1 AR
B D) 2R 4 AR ST R S LT . I ROl B, 2005, 38(9) 1 1789~
1795

Li L, Sun J H, Zhang F S, etal. Root distribution and
interactions between intercropped species[ J]. Oecologia, 2006,
147.280-290

Xiao Y B, Li L, Zhang F S. Effect of root contact on
interspecific competition and N transfer between wheat and
faba bean using direct and indirect "N techniques[]]. Plant
Soil ,2004,262:45-54

R TR K AR FR I % T A B R W R AN 2E A K
B Al B L) ] 9T g Al B 2, 2014,43(9) :31-34

Li L, Sun ] H, Zhang F S, et al. Wheat/maize or wheat/
soybean strip intercropping II Recovery or Compensation of
maize and soybean after wheat harvesting[ J . Field Crop Res,

2001,71:173-181

WAL E L



