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Interspecies Competition and Compensation Response in Potato-Soybean Relay-
Cropping System Under Different Soybean Varieties
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tem in Southwest China, Ministry of Agriculture, Chengdu 611130, China; 3. China Gansu Central Keya Green Agriculture Technology Ltd, Lanzhou
730070, China)

Abstract ;. Taking the potato and soybean relay-cropping system as study object, two years experiment was carried out in Gan-
su irrigation districts. The study was aiming at investigating the characteristics of crop growth and nutrient absorption, determi-
ning dry matter accumulation, nutrient accumulation characteristics, interspecific competition dynamics and niche differentia-
tion characteristics, clarifying the resources saving mechanism of intercropping. The results showed that there was no signifi-
cant difference of dry matter and nutrient accumulation between intercropped potato and sole potato, but there was significant
difference between intercropped soybean and sole soybean. Dry matter accumulation of inter-soybean relative to sole soybean
was decreased by 43. 74% at 60 d after soybean sowing, but there was no significant difference between different soybean vari-
eties. Dry matter accumulation of late maturing variety was 35. 54% —59.22% and 65.56% —-70.81% higher than those un-
der medium maturing and early maturing varieties at 80 — 100 d after soybean sowing, respectively. When the potato had been
harvested, the dry matter accumulation of soybean in all intercropping systems increased, especially late maturing varieties,
which became much closer to sole cropping, and there was significant difference between different soybean varieties. During
the co-growth period, there was significant difference of Nutrient N, P and K accumulation between late maturing variety and
medium and early maturing variety. Nutrient N, P and K accumulation of inter-soybean relative to sole soybean was decreased
by 31.43% -41.44% ,21. 17% -25.36% and 23.23% -35.6% , respectively. After potato harvest, Nutrient N, P and K
accumulation of soybean in all intercropping systems increased, especially late maturing varieties, which became much closer
to sole cropping, and there was significant difference between different soybean varieties. Therefore, in potato-soybean relay-
cropping system, the values of A and CR indicated that the potato was more competitive than soybean, late maturing variety
was better than early maturing and medium maturing varieties to intercrop with potato, the interspecific competition in using
resources was been weaken during the co-growth period, and it was beneficial to the compensation effect of soybean during the
period after potato harvest.

Keywords: Potato-Soybean relay-cropping; Interspecies competition; Compensation effect; Northwest irrigation districts
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Table 1 Soil physic-chemical (0 —20 cm depth) properties before the experiment

i A B 2H e i A A 55 LB

oM/ Total N/ Total P/ Total K/ Available N/ Olsen P/ Available K/ pH
tear gkg ! gkg ! grkg ! grkg ™! mg-kg ! mg-kg ! mg-kg !
2012 11.17 1.43 1.24 12.47 59.54 13.79 149. 24 7.96
2013 14. 04 1.13 1.42 62. 47 19. 82 164. 27 7. 84
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1.4.3 L3 % %k (Land equivalent ratio, LER)
S 2Y4 [¥ LER £ 08 Saddam Aref Al-Dalain {5

%[IMSZﬁ‘%‘m
1.4.4 k) 38 548 X 45 4%
(1) BRI AERT 354 T3 (A)

Aps =Y/ (Yyp X Fip) =Y/ (Yys X Fig)
o Aps R R AT T RGBT 4 7,
F oM F 53 3R EAE b S48 R G o5 i T AR L
B1(% ) 3 Yip Ml Y 73 5 R B DR EMEERE
PR EE Y R (mg-hm ™) Y, F1 Y\ 43 51 3R SR
TS SRRV S P B i (mg-hm %) O
(2) [AIEEP IR 34 LR (CR)
CRys_p = (PU/PUy,) XFIp/(PUIS/PUMS) X Fig
PA P ICE 0, CRys _p o9 S 4% AR TR A
Ru4r )1, PUR A PU o350 08 S AR AR B AR
WAL (g 8k ~") P B F 3 BB T Eh AL
FIRELFT 5 R AR LB (% ) 3 PU FI PUL 53 50378 B

YRR GAE R B RS (g Bk 7)o
L5 ¥Rz

R HHE 4 ] Excel 2007 i1 DPS 7. 05 Giit4k
Pt TR B S 55 .

2 HR5SH

2.1 EH A< X T iE) 35 S A E RO I L

2,11 temAEdEHEM mE2H,2FEEL
BB R WSS AR T B AR L, BAE R T T
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Table 2 Components of growth period in potato/soybean intercropping systems

- pham %l@](}ﬁ—ﬂ) WO -H) ﬁﬁ‘.ﬁc}%ﬂ](ﬁ—ﬂ) EE??&%’](.H—EI)
Year Treatment Sowing date Emergence date Beginning bloom date Maturity date
( Month-day ) ( Month-day ) ( Month-day ) (Month-day)
2012 SP 03 -20 04 -24 05 -19 08 -04
IP(Z) 03 -20 04 -25 05 -20 08 -02
IP(J) 03 -20 04 -24 05 -18 08 -03
IP(Q) 03 -20 04 -25 05 -19 08 -02
IPZ 04 -18 05 -05 06 -21 09 -15
1PJ 04 -18 05 -03 06 -27 09 -27
1PQ 04 -18 05 -07 07 -21 10 - 16
SPZ 04 -18 05 -02 06 -17 09 -14
SPJ 04 -18 05 -01 06 -22 09 -25
SPQ 04 -18 05 -04 07 -11 10 - 15
2013 SP 03 -20 04 -21 05 -14 07 -28
1P(Z) 03 -20 04 -22 05 -12 07 -27
IP()) 03 -20 04 -21 05-13 07 -28
1P(Q) 03 -20 04 -23 05 -14 07 -27
IPZ 04 -15 05 - 04 06 -17 09 -13
1PJ 04 -15 05 -05 06 -23 09 -25
1IPQ 04 -15 05 -08 07 -16 10 -21
SPZ 04 - 15 05 -03 06 -13 09 -12
SPJ 04 -15 05 -04 06 -17 09 -21
SPQ 04 - 15 05 - 06 07 -11 10 -16

SP. /R AT TP(Z) . 5l 30 BAER DL TP()) « 535 17 BAER B TP(Q) « 5571 36 EAEAY 445 SPZ. i 30 FfE;
SPJ: LT 17 B4 ;SPQ . 573 34 HAAEIPZ: P 30 4 ;1P 3LE 17 B4E;1PQ 578 34 £, T,
SP . Sole potato cropping;IP(Z) : Potato of intercropping Zhonghuang 30 ;IP(J) : Potato of intercropping Jidou 17 ;IP( Q) : Potato of intercropping Qi-

huang 34 ; SPZ . Sole cropping Zhonghuang 30 ; SPJ: Sole cropping Jidou 17 ;SPQ: Sole cropping Qihuang 34 ;IPZ . Intercropping Zhonghuang 30 ; IPJ ; Inter-

cropping Jidou 17 ;1PQ: Intercropping Qihuang 34. The same below.
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Table 3 Characteristics of crops height under sole cropping and intercropping (cm)
ViR ARy b3 H BT 5 REX Days after emergency
Crop Year Treatment 20 d 40 d 60 d 80 d 100 d 120 d 140 d
A 2012 SP 34.9 a 54.7 b 62.5 a 65.6 a 54.8 a
Potato 1IP(Z) 33.7 a 55.9 a 63.6 a 67.8 a 56.2 a
IP(J) 35.2 a 56.2 a 64.8 a 64.2 a 53.1a
IP(Q) 34.1a 53.8b 62.1 a 65.9 a 54.9 a
2013 SP 31.7 a 57.9 a 64.2 b 68.3 a 58.2 a
1P(Z) 33.5a 60.1 a 67.8 a 69.2 a 60.3 a
IP()) 32.1a 56.8 a 63.2 b 70.2 a 61.8 a
IP(Q) 33.7 a 59.3 a 63.1b 67.3 a 63.5 a
K 2012 IPZ 14.2 b 23.5 ¢ 33.5b 45.2 b 58.4 b 63.1 ¢ 68.5 ¢
Soybean 1PJ 12.9 ¢ 25.3b 35.1b 47.3 b 57.3 b 67.4 b 77.4 a
1PQ 12.6 ¢ 26.1b 36.4 b 52.3b 59.4 b 69.7 b 78.2 a
SPZ 21.4 a 36.4 a 51.3 a 64.1 a 67.4 a 70.2 b 72.9 b
SPJ 19.8 a 34.7 a 56.7 a 64.3 a 73.5 a 81.5 a 82.6 a
SPQ 19.2 a 35.2 a 59.4 a 67.2 a 75.2 a 78.4 a 80.2 a
2013 1PZ 14.5b 21.6 b 30.6 ¢ 43.7 ¢ 54.7 ¢ 61.3 ¢ 65.8 d
1PJ 13.7 ¢ 19.6 b 29.7 ¢ 47.9 be 56.7 ¢ 64.2 be 72.5 b
1PQ 12.4 ¢ 20.8 b 32.4b 50.2 b 57.9 be 65.9 be 72.7 b
SPZ 18.4 a 34.6 a 54.9 a 63.1 ab 64.8 b 67.3 b 68.5 ¢
SPJ 17.1 a 33.8 a 53.1a 62.9 ab 70.2 a 73.6 a 75.1 ab
SPQ 17.9 a 32.7 a 55.6 a 64.8 a 73.2 a 75.6 a 77.4 a

[FIFIA R ING R A B ] 22 52 .35 (P <0.05) o T I,

Different lowercase in the same column are significantly different at P <0. 05 level. The same below.
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Table 4 Characteristics of LAI of crops under sole cropping and intercropping
(=27 Ay Ak 3 H I JE KX Days after emergency
Crop Year Treatment 20 d 40 d 60 d 80 d 100 d 120 d 140 d
LA 2012 SP 1.16 a 2.75 a 3.86 a 4.14 a 1.05 b
Potato 1P(Z) 1.37 a 3.01 a 4.04 a 4.26 a 1.19 a
IP(J) 1.28 a 2.94 a 4.11 a 4.23 a 1.07 b
IP(Q) 1.21 a 2.83 a 3.99 a 4.24 a 1.15 a
2013 SP 0.85 a 2.17b 3.49 a 4.02 a 1.21 a
1P(Z) 0.93 a 2.25 ab 3.62 a 4.16 a 1.11 ab
IP(J) 0.81 a 2.35a 3.38a 4.2 a 1.07 b
IP(Q) 0.87 a 2.41 a 3.62 a 4.19 a 1.17 a
K= 2012 1PZ 0.86 a 2.10 be 3.76 c 5.16 b 5.06 be 3.64 ¢ 1.16 ¢
Soybean 1PJ 0.89 a 2.20 b 4.10 b 5.53 a 5.37b 4.52 ¢ 2.61 b
IPQ 0.72 b 1.95 ¢ 3.72 ¢ 5.03 b 5.55 ab 5.22b 4.67 a
SPZ 0.87 a 2.27b 4.40 a 5.24 ab 4.89 ¢ 3.25f 0.87 d
SPJ 0.87 a 2.45 a 4.23 ab 5.54 a 5.28 b 4.06 d 2.28 b
SPQ 0.73 b 2.13 be 4.05b 5.31 ab 5.64 a 5.52 a 4.44 a
2013 174 0.76 a 2.04 ¢ 3.55 cd 4.96 ¢ 4.75 ¢ 3.49 d 1.39 ¢
1PJ 0.75 a 2.13 be 3.77 ¢ 5.37 ab 5.12b 4.32 b 2.71 b
IPQ 0.66 b 1.90 d 3.42d 5.11b 5.12 b 5.18 a 4.27 a
SPZ 0.71 ab 2.26 b 4.14 b 4.93 ¢ 4.64 ¢ 3.17 e 1.12 ¢
SPJ 0.78 a 2.34 a 4.30 a 5.43 a 5.13 b 3.95 ¢ 2.50 b
SPQ 0.67 b 2.10 be 4.13 b 5.25 ab 5.30 a 5.23 a 4.23 a
x5 BEREETEVTURREDNTHEL
Table 5 Characteristics of dry matter accumulation of crops under sole cropping and intercropping (g)
e G b3 i/ KA Days afer emergency
Crop Year Treatment 20 d 40 d 60 d 80 d 100 d 120 d 140 d
LA T 2012 SP 23.18 a 68.02 a 229.73 a 259.48 a 274.26 a
Potato 1P(Z) 19.32 a 65.49 a 218.17 a 251.22 a 269.15 a
IP(J) 21.18 a 73.07 a 224.85 a 269.28 a 284.04 a
IP(Q) 20.09 a 69.26 a 217.45 a 248.46 a 271.92 a
2013 SP 22.74 a 69.44 a 231.79 a 263.74 a 275.58 a
1IP(Z) 19.94 a 69.38 a 219.54 a 257.94 a 280.72 a
IP(J) 20.22 a 70.21 a 220.09 a 270.33 a 279.93 a
IP(Q) 17.49 a 63.66 a 208.31 a 239.99 b 264.26 a
K 2012 177 1.39 ¢ 6.47 ¢ 10.65 b 15.12d 25.60 ¢ 30.66 e 25.92 ¢
Soybean 1P] 1.59 be 5.43 d 9.48 b 17.46 d 28.65 ¢ 38.32 d 39.99 b
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ZRS
ey AES b )5 KEL Days after emergency
Crop Year Treatment 20 d 40 d 60 d 80 d 100 d 120 d 140 d
IPQ 2.06 b 7.04 be 11.70 b 24.77 ¢ 43.73 b 69.77 b 88.18 a
SPZ 2.93 a 10.38 a 26.08 a 31.36 b 40.38 b 45.24 cd 40.23 b
SPJ 2.84 a 8.64 b 24.31 a 28.55 be 37.56 b 50.01 ¢ 44.38 b
SPQ 3.07 a 9.91 ab 26.65 a 39.60 a 60.20 a 81.99 a 89.93 a
2013 1PZ 1.29 ¢ 5.95b 9.88 e 14.08 e 23.36 d 28. 66 f 26.89 d
1PJ 1.58 ¢ 5.73 b 11.89 d 18.21 d 24.20 d 35.52 e 39.41 ¢
1PQ 1.44 ¢ 6.59 b 10.75 de 23.57 ¢ 39.89 ¢ 65.54 b 78.17 a
SPZ 2.26 b 10. 60 a 23.66 ¢ 31.05 b 37.98 ¢ 41.65 d 38.54 ¢
SPJ 2.71 a 9.41 a 26.03 b 33.25 b 43.49 b 46.48 ¢ 43.58 b
SPQ 2.93 a 10.31 a 28.21 a 42.04 a 55.04 a 75.65 a 80.31 a
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2.3 E-STHABHHEESERSF £ 17,2012 4E A1 2013 4F A5G, B R A LB
2.3.1 LAFEMFTRENEEH K6 IR, TG A I A 27. 65% i1 34. 54% . ) i T 4%
ANRIBPIHR GRS D EH A, AN DA E BT REWSES IBEEY A & 0 2 e

HIXE T REHIZES ) Apsfe 2 AR EIRT 0, 15
WTE - SRR, DR EEMAEY, A&
BRI IRSE P RE T o T AR B IR R T
A, REAS 2 5 WA 55 B8 AN T R LA BT IS

W E Y s, KRG 60 ~80 d N (RTAEM) 38
G 1o, BE IS PR FEAR, KT 100 d (445
A ) SRS AR TR G A LR 60 ~
80 d F&AK T 31.13% ~46.18% .,

*6 E-THAHOREENTARARXERMHRIFEZSEE
Table 6 Aggressivity of potato relative to different soybean varieties during co-growth period

A0y b P K 3G 7 KEL Days after emergency of soybean SEHE

Year Treatment 20 d 40 d 60 d 80 d 100 d Mean

2012 IPZ 0.62 a 0.55 a 0.98 a 0.86 a 0.57 a 0.71 a
1PJ 0.59 a 0.76 a 1.07 a 0.72 a 0.40 b 0.71 a
1PQ 0.27 b 0.48 a 0.91 a 0.54 b 0.39 b 0.52 b

2013 1PZ 0.50 a 0.75 a 0.95 a 0.94 a 0.68 a 0.76 a
1PJ 0.50 a 0.68 a 0.87 a 0.83 a 0.79 a 0.73 a
1PQ 0.23 b 0.50 a 0.94 a 0.58 b 0.24 b 0.50 b

FA4{H Mean 0.45 ¢ 0.62 be 0.95 a 0.74 b 0.51 ¢
2.3.2 BEFAMAMTREMERESFILE AR FHR, DREMX T RTH CRy_ 2 TR G

L I NISRTIY L PO RE DO Ry NI (O 2 I o
FE3R CRys M52 5550 01 A 500, T A A B 2%
PE TR S AN T R E A CRys (KT 1, B
S/ IR D S B AR w IR (R T) .
FFEE B A F IR KM KRG M S D8 EEE
CRys_ fiE 2 35 FEAIX, 2012, 2013 4F H 24 5 F 19
CRys_y HL B2 I BEAIG 6. 33% F1 19. 14% , B
YEYIAE B IR, DA A T R E e $ ) 25
SRR KT 60 d I, 4 S B, e S
TFURREAR, R 100 d (AR R 2ul) D44
FHXTTF R A LR G H 1 60 d FEAIE T 44.07%

TERR IR AK T S Fh 5 T B AERT, TR A
X TR G 5 97 58 4 R Ry B BOK 9
FAE FREA S HF & 22 2R 8. BEEY A

POER T 100 d J5 (B ERE) , CRys_ ol
T 1, UL AT S AT, KRG B A R w g
M. AR YR 55 Ao S48 AT T RS
PEFRTEG LR CRy (WIS CRy (R, BT
ANERZEAE TR B S8 AT T R G CRys_ (KT
1, UL/ G AR ) T A8 s LA R A s e
MR AE TR R G MM S SR EEE
CRys_ BE W 2 & 1K, 2012, 2013 4F M 24 b A 1Y)
CRps_ y LU F 20 5 i 43 331 [ AR 10. 88% F11 13.50%
KGHT 40 d J5, DR EMHX T REM CRy_( i
58, B S5 T AR AR, R 100 d (S48 R dh)
LA BT T R T A BE KT 1 40 d AR
T 16.98% .
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Table 7 Competitive ratio for N, P and K of potato relative to different soybean varieties during co-growth period

A AN Lb 3 H# 5 RKEL Days after emergency of soybean 4
Nutrition Year Treatment 20 d 40 d 60 d 80 d 100 d Mean
N 2012 177 1.39 a 1.81 a 1.97 a 1.38 b 1.20 a 1.55 a
1PJ 1.10 b 1.38 b 1.65 b 1.41 a 1.19 a 1.35 a

1PQ 1.35 a 1.76 a 1.79 b 1.24 b 1.13 a 1.45 a

2013 12/4 1.45 a 1.82 a 2.49 a 1.31b 1. 11 ab 1.64 a

1PJ 1.33 a 1.73 a 2.65 a 1.58 a 1.29 a 1.72 a

1PQ 1.09 b 1.32 b 1.93 b 1.22 ¢ 1.05 b 1.32 b

SEH{H Mean 1.28 ¢ 1.64 b 2.08 a 1.36 be 1.16 ¢

P, 05 2012 177 1.39 a 1.05 a 1.20 a 1.12 b 0.95b 1.14 a
1PJ 1.16 b 1.11 a 1.19 a 1.24 a 0.92 b 1.12 a

1PQ 1.25 a 0.98 a 1.13 a 1.14 b 0.92 b 1.08 a
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&R
il TE b E 1 )5 KEX Days after emergency of soybean 14
Nutrition Year Treatment 20 d 40 d 60 d 80 d 100 d Mean
2013 12/4 1.26 a 1.21 a 1.27 a 1.14 a 1.00 a 1.18 a
1P] 1.38 a .02 a 1.11b 1.19 a 0.91b 1.12 a
1PQ 1.39 a .22 a 1.11 b 1.09 a 0.95b 1.15 a
SEH4{EH Mean .30 a 1.10 ¢ 1.17 b 1.15b 0.94 ¢
K,0 2012 17 1.28 a .55 a 1.37 a 1.19b 1.33 a 1.34 a
1PJ 1.31 a .38 a 1.23 b 1.05 ¢ 1.27 a 1.25 a
1PQ 1.05 b .29 b 1.35 a 1.08 ¢ 1.22 b 1.20 b
2013 17 1.14 a .82 a 1.44 a 1.31 a 1.30 a 1.40 a
1PJ 1.20 a .62 a 1.34 a 1.03 b 1.18 b 1.28 b
1PQ 1.03 a .40 b 1.37 a 1.05 b 1.21b 1.21b
SEH4{EH Mean 17 ¢ 1.51 a 1.35 ab 1.12 ¢ 1.25b
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Table 8 Effect of potato-soybean intercropping on yield and equivalent rations ( LER)

74 Yield/ (kg+hm %)

TR LER

AEY Qb
Year Treatment i KRE. i K& L + KE
Potato Soybean Potato Soybean Potato + Soybean

2012 Sp 8761.37 +461 a - 1. 00 - 1. 00

IPZ 8072.31 £255 b 1355.56 £136 d 0.92 0. 60 1.52

SPZ - 2247.65 247 ¢ - 1. 00 1. 00

IP] 8282. 17 £364 ab 2607. 47 +174 be 0.95 0. 86 1. 81

SPJ - 3031.26 £249 b - 1. 00 1.00

1PQ 8302.25 £473 ab 3570.79 +297 a 0.95 0. 89 1. 84

SPQ - 4020. 39 +317 a - 1.00 1. 00
2013 Sp 8439.87 £519 a - 1.00 - 1. 00

1PZ 7697.35 £492 b 1416. 60 +364 e 0.91 0.57 1. 48

SPZ - 2497.25 377 d - 1.00 1. 00

14 7862.12 +547 b 2378.20 £302 d 0.93 0. 80 1.73

SPJ - 2987.00 £329 ¢ - 1. 00 1.00

1PQ 7628.64 +459 b 3223.20 £301 b 0.90 0.91 1.82

SPQ - 3526.45 +321 a - 1.00 1. 00

TR S kg SFEL IR A | kg AR, RP SR RN SR . AR R PR R AL R 22 57 B35 (P <0.05) ¢

The potato yield was calculated as one fifth fresh tuber yield, which is equivalent to grain yield. Values within a column followed by different letters

are significantly different at P <0. 05.
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