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Dry matter accumulation.yield and nitrogen use efficiency
of crops rotation and intercropping systems in Sichuan
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Abstract Crop intercropping or relay-cropping is very popular and there are dozens of planting patterns in Sichuan
province. The wheat/maize/sweet potato and wheat/maize/soybean relay-cropping systems are two main intercropping
systems. To assess the effect of different planting patterns on crops grain yield, dry matter accumulation, output value
and nitrogen use efficiency, two field experiments were conducted in 2011 and 2012 at SCAU experimental base in
Sichuan, the experiment treatments included two triple-harvest intercropping systems as “wheat/maize/soybean” and
“wheat/maize/sweet potato” and three double-harvest crop rotation systems as “wheat-soybean”, * wheat-sweet
potato” and *faba bean-maize”. The results showed that. Dry matter accumulation of intercropping wheat was
significantly higher than that of monoculture wheat after the jointing stage, while dry matter accumulation of relay-
cropping maize slightly decreased comparing to monoculture maize but with no significant difference during the whole
growth period. The wheat/maize, maize/soybean and maize/sweet potato intercropping systems in the wheat/maize/
soybean and wheat/maize/sweet potato relay-cropping systems had obvious production advantages with a LER (Land
equivalent ratio) > 1. Comparing to the relevant sole cropping, nitrogen use efficiency of the maize/soybean
intercropping system increased ( ANUE,s >0) by 38. 5% but nitrogen use efficiency of the maize/sweet potato
intercropping system decreased (ANUEs<C0) by 46.0% . The highest average annual revenue for 2011 and 2012 was
obtained from wheat/maize/sweet potato triple-harvest intercropping system. Comparing to the other four systems

(wheat/maize/soybean triple-harvest intercropping system. and the wheat-sweet potato, wheat-soybean, faba bean-maize

Wi B0 . 2013-04-11

HEHH: BEEHNRRLEXRZWHEARKZRZRIHE (CARS02); EF ARFFFESE REK X)) GEFRIHE
(31210103906) 3 PUJI| 44 Bk 345 11 %) i H (2012RZ0018)

B—AEE . BRI M W EENF R HEIE  R B 5E R BRI 5T . E-mail: cyxue2002@aliyun. com

WIRVE R ARIF AR B 2082 L 2 S AR W [ R0 3% 43 3 SR BF Y, E-mail : xkwei@ 126, com



% 6 39

WRa 245 . PR AR IR R B T4 AR B % i 30RO 69

double-harvest rotation systems) , it added values by 13. 1%,

14.7%,2.4% and 41.2% respectively. In conclusion,

triple-harvest intercropping systems was much better than double-harvest rotation systems since it could improve yield

and output value,and intercropping system with soybean could enhance nitrogen absorption and use efficiency.

Key words wheat; maize; rotation; intercropping; yield; dry matter accumulation; N use efficiency
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Fig.1 Diagram showing the arrangement of the crops in the relay-cropping plots
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Table 1 Dates of the crops sowing and harvest
% H ¥ (month/day) Sowing date Y #k H # (month/day) Harvest date
i o A ” 5 A :
Treatment Iziba hE . /K RE jvﬁt P{iba % T /K RE S-lj‘vi‘t
Wheat Maize  Soybean Wheat Maize Soybean
bean potato bean potato
T1 11/12 4/29 5/08 8/10
11/10 4/05 5/06 8/05
T2 — 11/12 — — 6/25 — 5/25 — — 10/19
11/10 6/12 5/28 10/31
T3 — 11/12 — 6/15 — — 5/25 — 10/19 —
11/10 6/12 5/28 10/31
T4 — 11/12 4/06 6/15 — — 5/25 8/10 10/19 —
11/10 4/05 6/12 5/28 8/05 10/31
TS5 — 11/12 4/06 — 6/25 — 5/25 8/10 — 10/19
11/10 4/05 6/12 5/28 8/05 10/31

T BAT I8 2010—2011 4E 12, R AT H #18 2011—2012 4E &,

Note: The date at the previous line are for 2010—2011 year, the date at the next line are for 2011—2012 year.
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Fig. 2 Dry matter accumulating dynamic and distribution of wheat in different growth stage

under various cropping systems
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Fig. 4 Dry matter accumulating distribution ratio of wheat and maize in different growth stage

under various cropping systems
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Wh 69.8% .32.7 kg/kg 1 3. 29 kg, /NERARINE
T A2 7= 3 P AN 4E B 3 O B AR AL B CF- 40 59,7
kg/ke) & T HA/E AL F CF- 2k 45. 8 kg/kg) ,
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RN H B DR NE R R PR B A R R

oy R R AR F K S AE B i A AT AR A
S0 H S A O TR R O AU R R R %
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T5 & 10.0%,
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Table 2 Grain yield and nitrogen use efficiency of wheat under different cropping systems
X Hb b X REFRDAA AN A kg ¥AL
MR RRRER AR L
i E 4t 2 , At/ ) &Y A5/ A/
(kg/hm?*) ) (kg/hm?*) HE/ %
Year Treatment o (kg/hm*) ) (kg/kg) (kg/kg) (kg)
Grain yield GNU NHI
TNU NUE PFP-N NR
2010—2011 T2 4729 ¢ 210.78 b 109. 80 b 52.03 a 22.59 b 39.42 ¢ 4,48 a
T3 5383 b 216.58 b 129.91 b 60.01 a 25.00 ab 44,86 ¢ 4,03 ab
T4 6 499 a 277.24 a 156.59 a 56.62 a 23.44 b 54.16 b 4,26 ab
T5 7 524 a 276.30 a 162. 24 a 58.75 a 27.22 a 62.70 a 3.68 b
2011—2012 T2 5799 b 140.00 b 116.87 b 83. 44 ab 41.53 ab 48.32 d 2.41 ab
T3 6 089 b 141.12 b 119.11 b 84.41 a 43.22 a 50.74 ¢ 2.32b
T4 7676 a 191.21 a 158.32 a 82.80 ab 40. 15 ab 63.96 a 2.49 ab
T5 6 978 a 183.08 a 148.15 a 80.88 b 38.16 b 58.15 b 2.62 a
S AVG T2 5264 b 175.39 b 113.34 b 67.73 a 32.06 a 43.87 ¢ 3.45 a
T3 5736 b 178.85 b 124.51 b 72.21 a 34.11 a 47.80 b 3.17 a
T4 7088 a 234.23 a 157.45 a 69.71 a 31.80 a 59.06 a 3.38 a
T5 7116 a 229.69 a 155.20 a 69.82 a 32.69 a 60.43 a 3.15a

7 : TNU, Total nitrogen uptake of aboveground wheat; GNU, Grain nitrogen uptake; NHI, Nitrogen harvest index; NUE, Nitrogen

utilization efficiency ; PFP-N, Partial factor productivity of Nitrogen; NR, Nitrogen requirement per 100 kg grain; AVG, Average; f~

] /NG B RN R — AR A B ) 22 5 18 2% (P<<0. 05) . FRIR. /NZZ P= il /N2 S o il BT 5

Note: Different small letters meant significant difference among treatments at 0. 05 level for the same year. The same below. Wheat

yield was counted according to its actual land area.

2.2.2 ERHFEZFRAERSANE

M 3 Frm,2010—2011 FEE E K= H & T
BAECA T, KREHEDETHEHR D, L T4 4
MRS, WL (TR 8. 0%, ki ®H O
(T5) & 7.2% ;20112012 4F BF KRR RS
EAEF K8 AR £ K 1A TR, B1F £ oK
PR REHE A (TO mEm T HEHE D (TS {H 2
EERTFEAGHEEY TR E R, FH ™8R
6 702 kg/hm® . 2 45735 My I A A W L RRF L
MR A oK | T B oK EOR AR Ik
TR R EAE R T HAE AR5 2 4R R OK 28 Fh i

Ji AR 36 1 i » (HL AL B R) 25 S A3k B 3, BOKR AR
ZUAAE B h 69. 0% ., KA % 340 Rk
FWEEEP R KT HAE T4 TS 4050 T1 &
16.9%.7. 1%, T4 5 T1 [A] 22 53k B % £k
REF A HRCF N 50, 4 kg/kg, FKRA
B AR A= 77 ) 6 & AL B JE B S 25 55, P 3 0k 34. 6
kg/kg. LG 2 FEHRKRE . E KR E QTR A
HAEEFRNFRAECGLE kS Hph R
SAEOUNFHE R O TR E A TR A R
¥k 2.07 kg, GiEUHIEAE ORI AR R SR
PR AR CRRAED oK
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Table 3 Grain yield and nitrogen use efficiency of maize under different cropping systems

) by | FR % . ) REFLSHFH B H kg FFhL
Fer g, D FERORA S REWE - e
i 4 B , Ak , B &S s/ i A/
(kg/hm*) X (kg/hm*) B/ %
Year Treatment (kg/hm*) (kg/kg) (kg/kg) (kg)
Grain yield GNU NHI
TNU NUE PFP-N NR
2010—2011 T1 6 626 a 183.55 a 111.80 a 60. 85 a 35.32 b 33.26 a 2.83 a
T4 7 157 a 139.37 a 93.50 a 66.31 a 52.22 a 38.00 a 1.95 b
TS5 6 676 a 173.56 a 120. 25 a 68.92 a 41.58 b 37.21 a 2.42 a
2011—2012 T1 6 907 a 126.18 a 90.53 a 71.74 a 58.01 a 37.47 a 1.73 a
T4 6 514 a 105.53 a 78.42 a 74,21 a 56.90 a 30. 86 a 1.76 a
TS5 6 329 a 103. 24 a 73.99 a 71.80 a 58. 36 a 30.91 a 1.71 a
S AVG T1 6 767 a 154.87 a 101.16 a 66.29 a 46.67 b 35.37 a 2.28 a
T4 6 836 a 124.44 b 85.96 a 70. 26 a 54.56 a 34.43 a 1.85b
TS5 6 503 a 138. 40ab 97.12 a 70. 36 a 49.97ab 34.06 a 2.07ab

P S i €1 N TR AR S

Note: Maize yield are counted according to the field plot area.

2.3 AEMERXHNEELB . FHMNARMEE FNE/ EKRKEEMEMN LER2 FF-H8) 5T
FEFRALE 63. 7%, KoK/ KRG EMEHRE T 49. 5%, EK/H
N A T DA B A FE R EER S O FRIEERE T 47. 5%, A R & n A %
ROFIHMTEFRE N AMIE . NEERFERE.2  EF.2 HEERN AR A YRR B /N E/
FEER R MR RRAET 5 X RM BB WEEMR  EREER R0 R R A X5 1F T 845 5
PO RED A EVEL A SAFAE— 8 22 5 AR T FOK /R EEEXN AR ARG T4 R &

T4 2HEFFRNLTHESL HERBEENESEN AN AREMNENEFESILE
Table 4 Land equivalent ratio(LLER) ,aggressiveness,nitrogen use efficiency and

nutrition competition ratio of two intercropping systems

AFJE Year & % System LER,. LER.. ANUE,. ANUE,, A A NCR,. NCR,.
2010—2011 /NE/EXK/KE 1.67 1.61 0.07 0.36 —0.44  0.60 1.69 0.76
Wheat/Maize/Soybean
INEE S ER/HE 1.79 1.59 0.05 —0.44 —0.43  0.59 1.39 0. 80
Wheat/Maize/Sweet potato
2011—2012  /NFE/EKR/ KT 1.57 1.38  —0.03 0.41 —0.19  0.39 1.62 1.02
Wheat/Maize/Soybean
INE/F K/ H 1.52 1.36  —0.02 —0.48 —0.22  0.37 1. 60 0.82

Wheat/Maize/Sweet potato

{E: LERm JLER : 43 B 3R IR/NZE / K FOK /R CH D BAER R L 24 4 1 ANUE,.,, \ANUE,, : 435 R/ 32/ E oK E K /R
GOHEDEEERAR TS RINECE ; Aw /DEAN T ERBITEF T3 Awm - FRAN T KRG B H E 0955 7 s NCRuw - /N A X
TR KB EE IR 7 A H R NCRun « FRAHAS TR G 80H 8 19 508 97 52 4 LU A & 98 AR 155 I it 03 289 4% /0 DX g AR i 45

Note: LERym . LER,, : Land equivalent ratio of wheat/maize and maize/soybean(sweet potato) in the relay strip intercropping system;

ANUE,, « ANUE,,: Nitrogen utilization efficiency of wheat/maize and maize/soybean ( sweet potato) in the relay strip
intercropping system; Ay, : The aggressivity of wheat relative to maize; Ay, : The aggressivity of maize relative to soybean or
sweet potato; NCR,., : Nutrition competition ratio of wheat relative to maize; NCR,, : Nutrition competition ratio of maize

relative to soybean or sweet potato; The data needed for calculating each index are counted according to the field plot area.
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T 38500 KK/ AR X R R BB A T
FEAERRAR T 4600, M E) 2 U555 S RE IR A LA/
/RN ) KR FR AN ORI BT
Al 712 B KA E /N Z2 A7 T i Y BT R ST 4 e
T35 10 K R T H (]2 TR AT B 11 S
1o BANERE TP LHRRE DEMIILEARE
B 260 060 19 3R T A I A T B OK AR R LA
XU B A AR LE P A AR R BN — 2, 2010 —
2011 AFE FORAM L R G MH H R AR L H . H
15 20112012 AR JE FORM L R EA T/ R 58 F1
BB ARMEHERARER LS H.
2.4 AEAMERANEAFFEREFAEIN
MF 5.3 6 Al LI L IR 45 B B A
SN R B TR AR R R 5 1 W ke L™ 42 P A 4F
JE TR A7 W S 2 G5l B /0N 22 R R ROK Y 7 R

2011—2012 4E i Ik 2010—2011 4F A — & B K
Ah HAREY (S EBEE Ok VKRG CH ) I 7= 24
2 2011—2012 4EFF I 2010—2011 4E BF 45 B & %
%X &l F 2011—2012 4E FEAH EE 2010—2011 4F
EAEERERKGEHMKE HEERH B ™4 TE
Z W R L 35 BT AHOCAE Y W sl . A2
AER AR A A, L= 3EAE TS Ab# e s (O
30 687.07/hm*) , KKk & T2>T4>T1>T3,
T5 b T4 4bF R 10, 8% . Lk #EE/E T1.T2 A1 T3
Ab B4y i 16, 3% .4, 6 %0 F1 34. 200, MY A
WAFE . “AEEH E T WAGAE BN 24E B
K HG EEAR A — B DL =B AE TS b3
“F)E/ER RS Ch 18 045.5 55/hm?) , b = 8
BAEF/ B/ GRER T4 b H e 13, 1%, e e 1k
IRZ T1.T2 F1 T3 40500 14. 7% 2. 4% F1 41. 2%,

RS FRAMEEXTEEREEREENTE

Table 5 Annual fertilizer rate and crop yield under different cropping systems kg/hm?
Ji 4B it IE & Total fertilizer rates ¥oki F= & Grain yield
i i - —
Year Treatment N P, O; K,O & hE X RE &
Vicia faba Wheat Maize Soybean  Sweet potato
2011 T1 195 75 105 4 500 — 6 626 — —
T2 120 90 90 — 4729 — — 36 403
T3 120 90 90 — 5 383 — 3674 —
T4 255 120 150 — 3 250 7 157 1997 —
T5 255 120 150 — 3762 6 676 — 19 073
2012 T1 195 75 105 3 683 6 907
T2 120 90 90 — 5799 — — 23 610
T3 120 90 90 — 6 089 — 1372 —
T4 255 120 150 — 3 838 6 514 597 —
T5 255 120 150 — 3489 6 329 — 10 651
T A P RN K BU 4 . Note: All data of yield are counted according to the field plot area.
6 TEMERXBELFUFLR
Table 6 Annual economic efficiency under different cropping systems JG/hm?*
i wm M Bt il
Year Treatment Total sl BH HEER £ Total revenue
output Seed Fertilizer Field management Total
2010—2011 T1 26 515 1 050 2 046 7 270 10 366 16 149
T2 31 282 2 750 1599 6 950 11 299 19 983
T3 26 049 2 600 1599 5 850 10 049 16 000
T4 29 885 1650 2 342 7620 11 612 18 273
T5 33171 1725 2 342 8 170 12 237 20 934




55 6 1 PRit 2% IR EFEERN TYRBR -5 AR A SRR 7
¥ wam W P Tt e
Year Treatment Fotal T BH HEER i Total revenue

output Seed Fertilizer Field management Total

2011—1012 T1 26 245 1095 2099 7 740 10 934 15 311

T2 27 396 2525 1704 7 920 12 149 15 247
T3 19 693 2 410 1704 6 020 10 134 9 560
T4 25 515 1 580 2423 7 885 11 888 13 627
TS5 28 203 1638 2423 8 985 13 046 15 157
S AVG T1 26 380 1072.5 2072.5 7 505.0 10 650.0 15 730.0
T2 29 339 2 637.5 1651.5 7 435.0 11 724.0 17 615.0
T3 22 871 2 505.0 1651.5 5 935.0 10 091.5 12 780.0
T4 27 700 1615.0 2 382.5 7 752.5 11 750.0 15 950.0
TS5 30 687 1 681.5 2 382.5 8 577.5 12 641.5 18 045.5

TE < H A SR S0 Bl L RRA LF AE A L R R A L

ifie

Note: Field management including plough,soil preparation, planting, breeding, transplanting, weed and plant diseases and insect pests

control.
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