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Abstract: To investigate the mechanism of high planting density in cereal-legume intercropping system, a pot experiment of
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barley-pea intercropping system was carried out and the effects of nitrogen (N) application and root barrier on nitrogen and
fertilizer use efficiency under high planting density of barley were determined. In the experiment, three factors, each with two
treatment levels — N fertilizer application [no N application and N application with 100 mg(N)-kg™'], root barrier [no barrier
with root interaction and root barrier without root interaction) and planting density (low density with 15 barley plants per pot
and high density with 25 barley plants per pot) were set up. The results showed that: 1) N application, plant root interaction
and high barley planting density improved N uptake of barley-pea intercropping system. Compared with no N application
treatment, N uptake increased by 33.8% in N application treatment. There was also 81.1% increase in N uptake under no root
barrier treatment over root barrier treatment. N uptake under high planting density treatment increased by 4.2% compared with
low planting density treatment. Plant root interaction improved N uptake by 92.4% and 11.0%, respectively, under no N
application and N application treatments. Increasing planting density with root interaction significantly increased N uptake of
the intercropping system. 2) Barely plant performed better for N competition, and its’ N competition ratio significantly
increased under high planting density. However, N application reduced barley N competition ratio. Compared with pea, barley
was highest in competitive advantage at heading stage. 3) Root interaction improved grain N content of barley and pea,
respectively, by 126.7% and 26.9% under N application treatment. Also barley and pea kernel N content increased, respectively,
by 188.5% and 46.5% under no N treatment. There was a significant interaction between N application and root interaction for
kernel N content. 4) High barley planting density significantly improved N use efficiency by 59.8% under root interaction
treatment of the intercropping system. N competition between barley and pea was positively correlated with N use efficiency in
the intercropping plant population. In conclusion, interactions of N application, root barrier and barley planting density
enhanced crop productivity of barley-pea intercropping system. Proper N application and sufficient root interaction made
feasible high planting density intercropping system, optimized competition between barley and pea, and improved N uptake
and use efficiency.

Keywords: Barley-pea intercropping; Root interaction; Nitrogen application amount; Nitrogen uptake; Nitrogen use efficiency;

Nitrogen competition ratio

[1-2] [14]
[3-4] ( [13,15]
[ )
[5-7]
(2] , (Hordeum vulgare
) L) (Pisum sativum L.)
[10-11] (1] 80%
[12-13] [11] [6]
, (Zea mays L.) [ , ,
(Arachis hypogaea L.) s

[1,16-17]
b

[12]

0 1 MRS

1.1
2012 3—7 2013 3—7
(36°03'N, 103°40E) ,
(13], ( 45 cm, 30 cm)

http://www.ecoagri.ac.cn



202 2017 25
s R , 17.0 ) Duncan’s
12.9 gkg™ 2.9 mgkg™! ,
5.0 mg-kg™' 0.4 gkg™ 0.1 gkg™ P<0.05
2 mm
2 HR59H
, , 15 kg
0.1 g(P,0s)kg'( ), KH,PO, 2.1
: ( N 46%)
3 4 9’ 3 1 7’ 1’ s
|| s [N03
0 mg(N)ykg'( )] [Ny, 100 mg(N)kg™'( )]2 83.7%~175.8% 85.4%~146.2% 63.4%~109.6%
N (P, 0.025 mm 46.3%~88.2%;
)2 : 15 , , 4
Dy, ) 25 (D), )2 ; 16.4%~44.9% 46.1%~
15 8 , 3 60.9% 56.1%~65.9%  82.95%~128.14%,
; 33 4 1 27.8%(2012 ) 18.9%(2013 ) ,
, 7 14 7 15 , ,
7 2 71
1.2 21.0%(2012 ) 14.0%(2013 )
20 d
, 4, 3 20 d
( ), 4
3 105 € C o 4.79%~38.42%; 4
80 C [16]
’ ’ 4.4%~45.4%  37.7%~57.0%
| 37.2%~52.8%  46.76%~104.23%,
- * 1 1 36.3%(2012 )
(NCRBP)[]:
NCRgp=(Nigs/Nag)~(Nip/ Nep) @)  69%@013 :
N.B NP BP iB/4{VsB iP/4LVSP 26%(2012 )
Ny N 9.3%(2013 )
NCRpp>0
. NCRyp<0 20.3%~52.4% 61.16%~108.21%;
NHI= / (3) 42.2%, ,
“”(NUE) 61.16%~81.92%,
NUE=( -
)/ 4) ’
[18]
1.3 ,
Microsoft Excel 2013 , SPSS

http://www.ecoagri.ac.cn



203

TOAD] SO0 > Yo JUBDILJIUSIS 4 ([OAJ] [0 > o I8 JURDIJIUSBIS 1y 4 [OA] 1000 > o Y& JUBDIJIUSIS 4 44 JURDIJIUSIS JOU (SN [OAJ] GO0 > J 1B SOOUAIDIJIP JUBDIJIUSIS BIIPUI UWN[OI WES Y} UTYIM SIONI[ JUAIJJI(] JLIA AIOAD
Ul JuouIear) duo Jo sajedrdii oaIy) Jo sueour e senjeA "Ansudp sunue(d Kopreq ysiy 2 Ansusp Sunue(d Kopieq mof i1 ‘1otireq 1001 1 ‘parjdde | SY-(N)Sw o[ :'N ‘porjdde usSonu ou ON° LT S0'0>d M« “HET 10°0>d

S e ST 10005 % wan HINAF SN R T L I 60 WH LT GrAGI T € HPRh B Ty ° 205 B ) 77 Y 2 0 1Y ' SE SRR o BT BT M S TN 1 ON

*% SN * *% SN * *% SN * SN SN SN grxdxN
B0 M Al %

ek SN ok sk SN ok sk SN sk SN * * o x A B0 3 < i

wk * sk sk * Y Y SN sk * sk % o x N L0 S o 1 WY

4k * * * SN * Y SN P SN SN * A x N Kl xR m
(g) 1o111eq 100y

Hhx Kk Hhx Kk Hhx Hhx Hhx Kk Kk Hhx Kk Kk L0 S 3y

*%% SN *x *x SN *%% *%% SN *x *%% *x *x @ %u_mM@ .“mEEw_n_
(N) uoneorjdde N

*kk SN *kk Kxk SN wxk wxk SN Kxk wxk Kxk Kxk Y

SN SN SN SN SN SN * % % % ) *% Ted X M4y

103 anp 2ouedIjIusIg I

PELIFS8LL PI'6IF8 1LY P9O'LFL90E PESTFE 6TE QE8FYYSI PS'LIFOVLI 96'SF8 6T 9T 9F6'801 PIL'TIFO6 OV 990 1F9°96 Y 0F1 6% WIFY LY ‘ad'N

PT8IFLSOL PSTTFOLSY PE6FC80¢ PL'SFR9T¢E 0'8F6'€91 P6'LF6'TI1 9C6FL'EYT  O6°01F6'SO1 PI6TIFSLEL A9 IFETOl  PII'IF8LS ISTFS VY 'ad'N
BO'TEFL'8OE 1 BEBIFSEVL BV IFT SS9 BITTFOCEL 48 TIF1'69C B6OTFY €OV BOCIFSECS  QREBFY861  BI'GIFISTE PBOIFCLIL 9P6TFY IS BO'[F8°S9 a'N

qTOIFY'66C | QY 6TFS ¥TL qQT'8TFOVLS q99'v1¥9'C€9 q96'LFT'19C Qe LIFVILE 48°LF8'697 A6'8IFI'681 QO CIFLO8T ©BOSFBBIL 9L EFS SO qQ6'SFEES 'a'N
S SIFITIS L'TFTOVE SI'VIFSILL 98'6FL'IYT O6'8FLLST 99 LFI'V8 JOSFSIST G TFE 68 S SFT'T9 9T 9F6' 61 8y'9FL'TE JLIFTLI “{Ad°N
SLITFYTOS Y 11F9'8¢€ S YITFS €91 98 ¥F0'9€T 09 TIFE8SI 98 0IFLLL JLOFO6ST  OETIFOE0I 9 VF09S  PEVFISS I8YFO' 1Y JS0FTII1 'dd’N

QETEFE0SO T D0'ITFLELY 08'8TF99LE G 8IFH'8SS B6'TIFO'8TE S0°'LFY'0ET  OS°0TF6'09¢ qes'€TFYLOT SQI'6FL'EST  dLPFO'16  d9EvF8'6S POTFT 1€ ‘a’N
26°9CF6'SY0 I 998'8TFS 169 T 0TFS ¥S¢E 98'8IFESHS BEOTFLSEE 90°LEFI 60T PSIFSIVE BV OIFCT0OTT PI'6FE1TL 990°SF9'16 BETFE 69 Y EFEST 'a’N €10T
PSITFICOL PS'LIFY'LLY POSFLSIE PO'0IFE96C qQO'0IF9°CEL  APO'9IFL €9 PO'8FE 10T 98°CCFOC8 dQL'6IFY' 611 dL0FL'E9 PV 1F1°0€ IS IF8CE ‘{ad'N
PI'IEF918L PSLTFOOLY P6'TSFOLIE PS'SFT80¢E qQS'9F6'LY 1 P8 LFE 091 Py SFLI8I qQT€EFET8 99'8F 66 ¢ EF8'E9 T IF8'9¢ PV ¥F0°LT 'ad'N
BYOVFLTYPY | BSTESFYYSL BLOYTFE 889 By pEFS8YL B8'9YF0'89C B6'99F908Y  BEIIFCTILY B6'6F90LI BO'LFOS0E  qlI'TFI'l6 qI'1F¥6'cy BOTFE 8y {a'N
QI'9eFL'6ST 1 96'STFI 069 QS 1EFI'69¢ q9°'St¥1'8CT9 BOL1F8°LST 4S9PFE0LE 99 IE€FE08€E BESFOVOL  Q6°6TFISIT  BSEFTLO BOPFILS qQI'8F1'0F 'a'N
99 TEFTYLS T EEFI€6E F'6F9°081 e TIFTETT qQeEF0ETL  JIYEIFT 001 99'CFB Y  ASVIFLEO P6'OIFI'SS CEFLEE 96°€FS 81 J6'0FTSI ‘ad’N
9G'9TF6'L8S 96'11F8°66€ S1'9IF1'881 91'LTF8YTT q6'91F0°Cel J6'LIFLTO G SFEEYI qL'SFL'68 PI'vF9°€S A EFO'LE 90'SFTET JOTFLYI 'ad’N
TIEFTOV0 I D9 €TFT¥E9 99'6£F0CLY 26’ TFF1'€0S BLOSFS0€T Y 9PFITLT P EFSCST BEPFYOST dCLFI'SOL  PTOFSES PL1FL6T 9p6’1F8°€C “{a’N

26'8TF6OV0 1 96'SFA0'8S9 d6'7EF6'88¢ STLTFOE9Y  BELIFIOPT  POYPBEF6TICT  O1'TTFT09T  BYOIFLO9L  O9°€IFS66 PO IFO6LS 9L IFV'8¢E IS EFS 61 'a’N cloc
wajsAs B3 Kaj1e waysAs ©d Kajie wajsAs B, Aaj1e wysAs ) Adj1e
Surddoroidiug ﬂw 1ed Surddoioiajug “m Hed Surddoroidiug ﬂ_w 1ed Surddoioidyug ﬂw 1ied JuaeRI 1Ra%
N G ¥ ot L -2 N L ? - L E
WU o o WY 3 i WU ‘ Y wwyw BW Y Ew uw
age1s AN - [ e a38e)s SuipeoH [ff T it a3e)s SuLIdIIL, [ a8es Sulpads [fif Il
g Hf Sl LRIILL [fif3S 1Pds [fif FiL

,Jod-(N)Swr  Aysuop Sunuepd Adjreq pue torueq jool ‘uonesijdde N Jo sjuowean) JUSIRFIIP Jopun saBels Nmoid Kofreq JuaIdfyip je wolsks Surddosssour ead-Aopieq oy Jo oyepdn N 1 ojqe,
BEEMUBHME FEY YV YY Y B EMIZY | FWE R W Ry 12

//[www.ecoagri.ac.cn

http



204 2017 25
29.0% 47.8%;
2.2 7.1%  23.0%,
1’ b
09 b b
86.3%, 99.7%  90.10%;
70.9% 73.2%

>

8 _
£ M7 o NoDI 2012 2013
o 08| - NOD2
£ 6l " NIDI
20 N2 S
£ 04}
S . N
Z 02+ o N
B o
2 0 ﬁ/ — ! L ' :
=02t 04-28 -7 05-17 06-06 07-14 | ofs 05-17 06-06 07-14
"; —04 L el L
- H (J1-H) Date (month-day)

1 RERIEAERETRLETAZEN FRINARTZSILE

Fig. 1 Dynamics on N competitive ratios of barley to pea in the barley-pea intercropping system under different treatments
No: no nitrogen applied; N;: 100 mg(N)-kg™" applied; D: low
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Table 2 Grain N contents and N harvest indexes of barley and pea in the barley-pea intercropping system under different treatments

Grain N content (mg-pot™")

N harvest index (NHI)

Year Treatment
Barley Pea Intercropping Barley Pea Intercropping
2012 NoD; 300.2+19.7b 407.5+6.0ab 707.7+14.1b 0.775+0.04a 0.619+0.01b 0.676+0.05a
No¢D> 318.9+15.7b 352.0+9.4bc 670.9+16.8b 0.781+0.08a 0.555+0.02b 0.642+0.09a
N¢PD; 117.1£17.9d 247.2+6.1d 364.3+£23.3¢ 0.620+0.06ab 0.618+0.02b 0.620+0.04a
N¢PD, 98.0+7.5d 277.7+46.4cd 375.6+45.3¢ 0.542+0.07b 0.702+0.06ab 0.653+0.04a
N,D, 450.8+86.2a 475.1+87.5a 926.0+59.2a 0.800+0.04a 0.690+0.14ab 0.738+0.13a
N,D, 513.9+53.9a 473.6+£97.3a 987.5+43.6a 0.752+0.06ab 0.625+0.09b 0.685+0.08a
N,PD; 219.4+8.0c 385.1+38.4ab 604.4+45.2b 0.721£0.02ab 0.817+0.03a 0.775+0.02a
N,PD, 227.5+28.3¢ 372.8+53.3abc 600.4+73.0b 0.722+0.05ab 0.784+0.14a 0.759+0.16a
2013 NoD; 260.5+23.2bc 411.0+39.4b 672.1£26.3b 0.734+0.04bc 0.595+0.05de 0.643+0.04¢
No¢D, 294.2+3.1b 357.5+21.3¢ 651.7+18.5b 0.785+0.08abc 0.531+0.00e 0.621+0.08¢
NoPD; 113.6+10.2¢ 251.6+10.1d 365.2+7.3d 0.697+0.06¢ 0.743+0.06ab 0.728+0.11bcd
NoPD, 85.9+5.1e 273.7+23.8d 359.5+18.7d 0.504+0.07d 0.803+0.07a 0.701+0.00d
N.D, 511.3+46.2a 506.6+27.0a 1017.9+23.9a 0.888+0.04a 0.699+0.02bc 0.783+0.04ab
ND, 527.5+13.3a 466.1+24.8a 993.7+14.2a 0.806+0.06ab 0.627+0.05¢d 0.711£0.04cd
N,PD; 212.2+35.9d 369.3+45.8bc 581.5+11.3¢ 0.688+0.02¢ 0.807+0.03a 0.759+0.01abc
N,PD, 224.9+11.4cd 388.1+23.3bc 612.9+£29.6¢ 0.734+0.05bc 0.823+0.04a 0.788+0.09a
Significance due to:
Year NS NS NS NS NS NS
N application (N) sk ke Hokok sk stk Hokok
Planting density (D) NS NS NS NS NS NS
Root barrier (B) ek ek $eokok $eokok ko *
x NxD NS NS NS NS NS NS
x NxB Hkk NS * NS NS NS
x D xB * * NS NS * NS
XN § DXX 5 NS NS NS * NS NS
No N, ;P ;D Dy 5
3 NS j Rk P<0.001 j RE P<0.01 ;¥ P<0.05

No: no N applied; N;: 100 mg(N)-kg™" applied; P: root barrier; D,: low barley planting density; D,: high barley planting density. The test of
significance was performed on the same plant and year; Values are means of three triplicates of one treatment in every year. Different letters within the
same column indicate significant differences at P < 0.05 level. NS: not significant; ***: significant at P < 0.001 level; **: significant at P < 0.01 level;
*: significant at P < 0.05 level.
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Table 3 Degrees of association between seasonal N competitive ratio and grain nitrogen content of the barly-pea intercropping
system at different barley growth stages under different treatments

N competitive ratio

Grain nitrogen content of

Treatment barly-pea intercropping
(mg-pot™") Seeding stage Tillering stage Heading stage Maturity stage
NoD; 689.90 -0.22 0.05 0.58 0.27
NoD, 661.29 -0.03 0.22 0.75 0.44
N,D; 971.93 0.00 0.21 0.62 0.32
N,D, 990.58 0.20 0.49 0.91 0.58
Degree of association 0.611 2 0.961 1 0.987 4 0.978 1
Ranking 4 3 1 2
No N, ;D Dy No: no nitrogen applied; N;: 100 mg(N)-kg’1 applied; D;: low barley

planting density; D,: high barley planting density.

x4 KREVREHERTFRAZEENREZRZHILXETNEASENHEXRY
Table 4 Correlation coefficients between seasonal N competitive ratio and grain nitrogen content in barly-pea intercropping systems
under different barley growth stages

Growth stage Grain nitrogen content
Seeding Tillering Heading Maturity Barley Pea Intercropping
Seeding 1 0.649™ 0.5317 0.502" 0.371 ~0.059 0.224
Tillering 1 0.360 0.525" 0.499" -0.062 0.310
Heading 1 0.635 0.091 -0.052
Maturity 1 0.250 —-0.189 0.090

NUE 28.6%,
NUE 59.8%,

2.5 I
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V) *% *%
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Fig. 2 Response of N use efficiency of barly-pea intercropping
to different treatments of barley planting densities and >
nitrogen application R [20] R
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N;: 100 mg(N)-kg™" applied; P: root barrier; D;: low barley
planting density; D,: high barley planting density.
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