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AERKFETEWF S WIS FIH
XMERSREBEEFEMEHITTE

LR REM BOIE SER EEER F A

(LRI ST B 2B, BB 650201)

B E FAREDAREZREREFENREAEER, AARRENREAA=ELS,E
I - B A xR 4 PR E A B 8 ST Rk R K R TT ER A RE B e R AL R R L AR R
FEXEE ZAZRERE RS LAEREIMMEHER, 2 81%E N(0 kg - hm™) N,
(125 kg - hm™) \N,(250 kg - hm™) #2 N, (375 kg « hm™>)4 > &K F, # 3 2 4 W 7 /) X 3R
B AR FERAKTETREFERS N T REM ERLW. MEBALEN N, 8.8 A0
AR A A T 35 Ol B e B VR U 46 3 A B L BIAE AR N KCF BB E B g RO A
B, o B 5 AR A AT B A BB 14.9% 3 R U 38.6% 4 R UK 27.8% ; 1Bl B N, 7 N,
B ELH EE A Sk R R R R AR R E AR R 3.5% ~14.3% B A BE 3.5% ~
18.5% 4 Al H % % 10.6%~31.6%.N,fn NI EKk S5 LA EZRELAREFEMS , LErt
BAENNFTERRS TEDRIFIARE, T N, BUZERHERSPBRGER. T2 LERE
RHFPBRBEAERELRFREFERDNTR, FEGE G QLI

KW FRELZRFRE,; FoR¥G oA AERS

Contribution of nutrient uptake and utilization on yield advantage in maize and potato inter-
cropping under different nitrogen application rates. MA Xin-ling, ZHU Qi-lin, GENG Chuan-
xiong, LU Ze-gang, LONG Guang-qiang”“ , TANG Li ( College of Resources and Environment ,Yun-
nan Agricultural University, Kunming 650201, China).

Abstract; Intercropping of maize and potato, as an important intercropping planting pattern, has a
prominent advantage of resource utilization and yield. However, contribution of nutrient uptake and
utilization to crop yield advantage and its response to N application rates remain unclear. Through a
2-year plot experiment, including maize monoculture, potato monoculture and maize intercropping
with potato at 4 N-fertilized levels of N, (0 kg - hm™) | N, (125 kg + hm™), N, (250 kg + hm™)
and N, (375 kg + hm™) , nutritional contribution of yield advantage of intercropping was studied.
The results showed that weighted average uptake of nitrogen, phosphorus and potassium was gradu-
ally increased with N application rate in monocultures, but increase followed by a decrease in inter-
cropping. Compared with monoculture at the same N level, nutrient uptake advantage of intercrop-
ping was the highest at N,, which increased nitrogen, phosphorus and potassium uptake by 14.9% ,
38.6% and 27.8%, respectively. However, the nutrient use efficiencies were highest in intercrop-
ping at N, and N, with increment of 3.5% —14.3% for nitrogen, 3.5%-18.5% for phosphorus and
10.6%-31.6% for potassium. Maize and potato intercropping had a significant yield advantage at N,
and N,. Yield advantage in intercropping attributed to improvement of nutrient use efficiency at N,
while to increase of nutrient uptake at N,. To utilize the yield advantage from nutrient uptake, con-
trolling input of nitrogen fertilizer is necessary in intercropping.

Key words: maize and potato intercropping; nutrient uptake; nutrient utilization; intercropping ad-
vantage.
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T, A VT P 20 T R A A 0 IR AR A .
FURIT, oK A5 T % 8 1]/ 0 A A B R BT 5
Lal 45120 261 FOK 5 T 48 SR A X AU 750K
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1 #R5E7EE

1.1 DR i A

RET 2014 4EH1 2015 4F7E RO K2E R )
TG FeHh (230327 N, 102°2" E, 74K 1953.5 m) JFJE.
AL T = F A BRI AR, J8 b P 2 X
S H IR 2617.4 h, TEFE N 301 d.
2014 4EH1 2015 AEAE IR 5101 16.7 F116.8 °C  4F
WK 543 )2 862 Al 1150 mm, FE/K FEE T E
Z(7—9 H) 5 T i 2T 3% A HLRT 10.53
g ke R A 34.7 mg - kg, HALHE 5.8
mg - kg™, A 51.29 mg - kg™',pH K 7.75.

1.2 #ES5IE

Htp Rk FH R B L X )32 B FH 9 B 2K (Zea
mays , FFIR 5.7 5 ) A58 5 ( Solanum tuberosum ,
S 25 NEMEY) AR 3R 4 S RUKEF 3 Fp
T 5% X %) Bt AL DX 0 /0N DX 3. A Ak B 3
WHEE AR 3 A4 X AL R AR 2 51 2 T ok B
1B ERE R AR D R4 At A KT
3y NN, (b N, W 50%) N, N, (kb N, &
50% ). EAREANI AR Ny(0 kg - hm™) N (125
kg - hm™) N,(250 kg - hm™) N,(375 kg - hm™),
A3 FEAE /INBRIU T 38 BE A mh W ET BB AT 3 Vit
AL R R Y 40% \25% 35% ; 45 b H R
KW IR X DAL AR i A, 23 Bl i @ AR (P, 04) 75
kg « hm™ H1E(K,0)75 kg - hm ™. T4 1Y 4 /Nt
AR Ny(0 kg - hm™) N, (62.5 kg » hm™) |
N,(125 kg + hm™) N, (187.5 kg - hm™) , 43 3L/t
60% PR ] 409% W UitE A H48 AL (P,0,) 75
kg - hm™ 8 AE (K,0) 125 kg - hm™, B AP AE LA
SRR A

IRI/NX AR 32.5 m*(5 m x 6.5 m). FAKPREE
25 cm, A ERREE 35 cm, AT 50 em, [B]/E R 2
17K 2 47 Eh 4% 25 10 45 T FR R AR RIAR O =X, AR EE
ATHE 5 BAE— S /AN IX RS AP 1 m 58/ BRI
117
1.3 REESME %

VE 4 L B 356 U/ DX e ) PR A S5 R A 7 77
AR E . TR B RS /N XRS5 bR B OK (FFFRL
2Rt AR 5 PREDES S (FR 2R 2Ry fEARAE S, T
105 “C 47 30 min, 70 CHETZfH i, FRi 5 s H
TFRITMNE . I AR i 5 R I I /Ui
TR U U Lk, S ER AR T
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A—B,1E N T Sk BB AT P A 3, 7240
[ AT T R 527 7 e T PR R AR A
RS SEZN i
2.2 A B SR TR

AR R BHE SR F , [RIAE b 25 52 ma VR ) R )
Wi, L3 A ) PR it 2R AN R A S (T 1, 3R ).
N AN, KOS, TR AR X S AR 00 i e 42 v 17
5% ~15% , HLA N, T A M oe 3t 338 R B v 5 N, 1 TR
TolE 5, Ny T B AR RO RS T VR AR,
PR R I8 9% ~ 19% . Al — R AT, N ~ N, ST
Wit 2 s 1, TAD A R0 B 9 I A 1 R Wi 4
BRI N, 5 N, B AR 45 AN ]

—E B, A ELA B Al R A
A PLFA AR T AR A3, BAELE Ny N, N, T
B WSARS e N AKOF- ] VR 3G i 5 K, PRARF
PI34im 17.8 kg « hm™ 34 38.5% , 1 N, 7K [1]
VEBRER S TC I F4EE 2= BEAI (BT 1) R BF, A) A |
VE AT 35l W A 5t 30 52 it R K T 1Y) J 2 52 ), 7



1268 Mo OE R ¥ O 28 £
lm 240 2014NA 280
s so00 g 200 As popa "-gz‘“’
sy g 10 e
Lo 6000, B =< 160
A g 5000 §§u0 gg
7% 2 4000 g 251200
g %Eso %g )
g 2000 E g™
§1m Z 40 Z. 40
0 ] 0

N, N, N, N, N, N, N, N,

same below.

®1 A HERGEN ARG

0
N, N,N, N, N, N, N, N, N, N, N, N,

M=K F- Nitrogen application level

1 [AEAIEAE R GR35 i LA B A
Fig.1 Economic yield and N, P and K uptake in intercropping and monoculture systems.
I . [8]4E Intercropping; I : H.4F Monoculture. A [F/ING FEEA R Fl—FAEAR T B9AS 7 Z /KT 1] 22 5 1.3 ( P<0.05) Different lowercase letters
meant significant difference among different N levels at 0.05 level in the same planting pattern. A~ [7] K5 TR 3 [F]—its KT (B /R R A 2 7] 22
5t 2.3 (P<0.05) Different capital letters meant significant difference between monoculture and intercropping at 0.05 level at the same N level. T [A] The

Table 1 Changes of nutrient uptake and N, P and K use efficiency

N, N,N, N, N, N, N, N; N, N, N, N,

oy Ak 2 Fr o WAL AR 4 Dk AWy SR R AR R A3 0 SRV IR AR B 1
Nutrient Treatment Change of nutrient uptakes by Change of nutrient use Change of nutrient use
intercrops relative to efficiency of biological yield efficiency of economic yield
monoculture (%) (ANUEB, APUEB, AKUEB, %) (ANUEY, APUEY, AKUEY, %)
2014 2015 2014 2015 2014 2015
N Ny 7 5 0 7 26 12
N, 14 15 -1 -1 2 6
N, 1 3 4 6 9 -2
N; -19 -9 23 6 28 10
P Ny 9 16 -1 -3 24 1
N, 40 37 -19 -17 -16 -11
N, 8 12 -2 -2 2 -10
N; ~-11 -10 11 7 17 4
K No 8 -2 -1 10 24 19
N, 28 28 -13 -11 -8 -5
N, -11 14 19 -4 24 -11
N; =31 -19 44 19 51 15

AREE IR — 2 Mt A AR T N Bl it 2 3G
TR TS SE RV E W I AT A 2R 3 s #E N LAt R
it 28U S TRVE XS B 1 R LA A - S B . g
X TR IACT- X5 SF 156, 799 7o 475 400 ol WA S 79 m A
SR — B e 20 B AT N, DA N SR

AN )it 6 A A TR VE S IS i 7R N O N, T B
I, N, BN, T R R R 5 B AT 24 40 R o i i it
RN, 78 N, Pk i, N, 5 N, o i
2250 (B 1) AK THE SRR AT B EIBCE,
[ VERRIRIC AR N, T30 IA 28% N, FA4FRE 25,
M No AN, B TCR S e a2 R B AR A IR A

SR T TGS R R WA R, PR R 45 R Y
BN FE NANELT (B AVE AT T 5A A Y WS o 114 34
AR B, o i A VR R Wl BSOS B A
PN VR 0 25 35 it &K P-4 N B (/R

AR ER B BRI S B IE 14% ~40%.
2.3 (RS REEDA B AR
2. 3.1 AW A ARCE K 2 FoR, A
X T A R A AT 24 A 2 7= e RR SR TE A
HEFE .4 AEKSE T, AR ) BAE AT 35 A= 4 2
FEEAMAHCR T B E 25, 2 N, T HIRE
AV T EAAE RS- 47 O i it 22 ek 14 222 32 8 - ik e
B AR A, TE N AR BRR 25 5 B2 AR 1 A
FI R B B 23% (2014) F1 6% (2015) .
AR R Bt U3, 6T AR A
S TR BRI FH SR AE R RN AR AT 38 R 340
25 25 S5 SR BRLVE RN BIVE R AT A R B, FE N,
N, ARBE | [RIVERS A= 127 7 B R RORAC T B0, 3%
PURRIVES ;M AE N, N REBS A AR B2 5 T
HVET% ~ 11% AR B BRI B9 R #.20144F
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Fig.2 N, P and K use efficiency for dry matter and grain yield in intercropping and monoculture systems.

TRy i ) 2R R FH SR A T A v B R
HEIniT R R, R LR v ) 3R B R S 1A N S AR, LA
N, M K.2015 4, i F ANl A= 580K, R AW
7 e R PSR AE TR R B v B804 g gl B TR
WETH 76 N, K, A/ER FHRCR I AL T 54E 7
AEERIREAIC 12% ;76 N, W (RIAE i B0 AR
AR ) (B VR 2 R AR
2.3.2 P A HIROR it 6T R R R A
TNAF- 34 26036 ) 80R 5 i AS I 2, {UFE 2015 4F
N, M (B 2) AR —RKF T, 78 Ny Fl N, R ]
YEA 3 SR R AR a3 ThifE N AN, R )
5 RAEMBCEE 5320k

BR T 2014 AFEAESL it 20 X R VEATARL ™= 1
F AR B A AH R AT ¥ JC S 2 56 ). 7€ [+
—R KT, o MEZ R ZES AR 55 A
[F], KL R FH AR AR RE LA BT 3) F #)3%
PR I it 2 e 4 i T A R B X L TR
N, T VERRRLER R RO B3 & T 50AE, AR
SER T 37.5% , T HAEKFE PG ERARE.
2.4 1EWVA B FRFR O WORIEEL

e 2 fros, B AR 22 8] I3 48 BBk 2014
AEAE Ng/KF T B0 T IEAE AN, a0 i 2=
S it 2 X TR VR ZSCRFE ESOR i AN J 2015 4R B
Y ZMCER R 5 457 it 20t 1) 485 o i R A1, N, A B R
TRIARAEL, 17T 2014 47 BVE RO 032 it 28U 1) 5%

M AN 1 25

WRCRFREAE N FI N, AR BN, )4 8 T B
PI4ES> 517 0.03~0.08 (N, ) 1 0.06 (N, Bi4E—%).
TAE N, AN AR 8 0 USR8 BRI VR IR T 504
2015 4722 S 2 FRAEARLRIVE 535155 0.07 (N ) FiI
0.08 (N, ) .Jiff 280 F2t A4 28 T %oF B 11 A i WAL 3K i B0 Wil
AN, TRIVERA SR 4 B3 it 20k ) 184 Jan T 2 T BRI

®2 HEESREFGTIEMNR. B RKIRIEH
Table 2 Harvest indices of N, P and K in intercropping
and monoculture systems

Ei szl El4E

Nutrient Treatment Intercropping

AN A2
Weighted mean
f()r m()n()Culture

2014 2015 2014 2015
N Ny 0.54Aa  0.47Aa 0.44Ba  0.49Aa
N, 0.49Aa  0.46Aa 0.52Aa  0.43Aab
N, 0.48Aa  0.44Aa 0.52Aa  0.45Aab
N, 0.50Aa  0.42Aa 0.48Aa  0.41Ab
P Ny 0.51Aa  0.46Aa 0.43Aa  0.43Aa
N, 0.51Aa  0.45Aa 0.45Aa  0.39Aa
N, 0.49Aa  0.40Ba 0.54Aa  0.48Aa
N; 0.47Aa  0.36Bb 0.49Aa  0.43Aa
K Ny 0.35Aa  0.33Aa 0.27Bb  0.21Ba
N, 0.31Ab  0.29Ab 0.31Aa  0.26Aa
N, 0.32Ab  0.25Ab 0.34Aa  0.28Aa
N; 0.37Aa  0.30Aa 0.31Ba  0.22Ba

ANFNE F AR R — 44y AN [R) K- 7] 22 57 i 2 ( P<0.05) Dif-
ferent lowercase letters meant significant difference under different N le-
vels at 0.05 level in the same year. R [RIKE F AR E R —Hi &K F T
WI4E[E] 2 5+ 18 3 (P <0.05) Different capital letters meant significant
difference between 2014 and 2015 at 0.05 level at the same N level.
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Table 3 Contribution of N, P and K uptake, utilization and interaction factors to the land equivalent ratio ( LER)

Fror Qb3 R =44 TSRS FIHIA T 2L HHF
Nutrient Treatment LER Uptake factor Utilization factor Interaction factor
2014 2015 2014 2015 2014 2015 2014 2015
N Ny 1.29 1.12 0.20 0.07 0.37 0.10 -0.28 -0.05
N, 1.10 1.19 0.15 0.31 -0.09 -0.08 0.04 -0.04
N, 0.95 1.01 0.01 0.05 -0.16 -0.08 0.10 0.04
N, 0.91 0.94 -0.15 -0.07 0.17 0.05 -0.01 -0.03
P Ny 1.29 1.12 0.04 0.20 0.50 -0.05 -0.25 -0.03
N, 1.10 1.19 0.31 0.34 -0.29 -0.02 0.08 0.05
N, 0.95 1.01 -0.02 0.12 -0.09 -0.02 0.06 0.09
N, 0.91 0.94 -0.23 -0.08 0.32 0.06 -0.18 -0.04
K Ny 1.29 1.12 0.07 0.04 0.41 0.24 -0.19 -0.17
N, 1.10 1.19 0.30 0.29 -0.27 -0.15 0.07 -0.05
N, 0.95 1.01 -0.12 0.19 0.12 -0.29 -0.05 0.10
N, 0.91 0.94 -0.29 -0.18 0.63 0.30 -0.43 -0.18

PIAFESA7E N AR HE R ik f /M.

FE Ny NGB BER W AF ] VR B 1 WOR 48 £ &
FEAMEAE N FI N ACHE N 5 [PERR A OERHE 2
S AN 0 B B ISOR e B it 2R ) 38 n 2 S
S FEEE 78 N AT N, A B2 51 oA d5 /)N i e A {EL
[ VA S FIO it SR 178 i) o7 265 K, i 5 it 2
R 2 S R JS A B E N SRR b B it 0 &
N FI N, B VRSSO R £ B AIK N, N, ] 25 55
ARG, Yt I & N R VEEOR 48 4k 3
ZHAN 2014 4F 5 R
2.5 B BRI ISORR A AR TR LA BTk

e 3 Frs, 76 N, N, i & K FE R, LER> 1, [i]
VERA P EALH N, N RE & 5 P R N, T
LER< 1, [HfER I A 7= i 4 5 MAR IR g0 25 1 4
N, B it N, R T AR P i A A
WAL, L Z AR AR E SIS

A TR B R MR R R T 1 7 e A
(DR & B0, X TR R UL, Y VR RAT P A
(Ny N, B F R IE A ; 76 N, KE T R /ESR
WA AR T AR TR AR R T
TE N A1 N, FOMIEMH N, FI N, 8/ T2 2%
WO A 58 B R A 4 W K 24238 %, AR
UKV T 2 R/ ik b AR PR it L i
AR A, /NS LER 8 [ 35 [R]j |, 748 4k i 34
—3.

25 ANt KR B RTER A W Ui R R R
SREZEM. Y LER KT 1(N, N, ) B0l A7 1F
{E, 24 LER /T TONy) I S S e [RIRE | XS T #i A4
R T N, FEN, FRZRTFE,N, N, F/h

T WA A I 55 ) R A8 B PR 7 I A
TR/, 7E N, N, F 24Xl 43238 T% 578 N, FI
N, FIE SR H BT, B8 1A
3 i it
3.1 [EXHVERA B B RSORR FE Y 52 0

)1 T dib 25 5 e VE ) 5 43 MR WAL A I & B, A
LT BAAE TR P 4 vR U RI 1% ~ 13.2% , B T K
7.3% ~28.6% , S 7.8% ~ 21.8%. Fij it % HiAth 1]
YERGEMIFFE R I, F oK 5 K G MR d oK i A A
TR 20 A LS B8 0 37 % , T K W Ml e 184
14% ~ 169%™, /N 55 7% 5 [l 4 /N 22 S Wi - 2
LR 16% " X BEHFIE A AU R TASIF ST A0 N 7K
R NLKOE H I S AR5 N, N, B BT R 3L
s — 2 [FRE  ZEARBIFE N, N, AKCE R, VR R X
TR INACE- 24 5 A 1 Bl A0 W RN, X 5
ZRTATF A e —8C 0 O T IR AR 5% 43 W i
PR BT T VR A A K S B K A R ME
SENEMLT] , A /N A2 TN K R H AR 3] T e sE
X—FEE AR, St T B R L S mT e S AR R
HASRAF T 2 b R UR FHL  F% 40 B IR 25 (8], 1%
YEMISR G 3 —VED G 2 A 5 T LSRR A
HEE AL K IR AT, 1 TR T4
[ VEIR 2R P 350 WS A BN 35 2% T, i ke =
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