55 34 45 5 1] FEHEXRLHFR Vol.34 No.5
2016 4 09 H Agricultural Research in the Arid Areas Sept. 2016

XE SRS :1000-7601(2016)05-0129-09 doi: 10.7606/] . issn. 1000-7601.2016.05.20

ERDRBEFHENZBENZRBURAR
HAM, R GG AR, R

(BHRAMRFRE S YRR, Z/ BB 650201)

1 E: U EK(Zea mays L.) 0 B % F (Solanum tuberosum L.) EIfE A HF A &, & & K WA & £ iR T, B A
MWABAR LEESKEMENEEE, 2 AT WK 2 57 486 R R0 = B A0 % 9 & 8 31 4 A2 LA 8y
VR ESNE, ABRREREXN.OQ EXE5LAFAR —HBNABEZ R PR TRHEDHEERZ AN
THEAEKREERQ FFNABE4424.07 v hm P EFRTEET R EELREEABE W IACEHE 3 612.27
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petitive abilty) > 1(P <0.001), % EXKEMEA K> EEF GERBHAAL;D ERHRBERRS5.38 gkg ' EFAT
LAEN3.68 g kg ' (P<0.001);® FIEWHABRE4.82gke ' BERATEEEREEL R ERBREN M
T8 4.53 gokg™ /(P <0.001);© [FAfEM LA Y% B LER> 1(P=0.001), % A FfE £ AT ¥ = h¥bh, s
ARV EXRMBREAR -—HANEBEZRFTUSRCNAERRZ AN LELSKEZF ATEFEEE
L —REDT U R R ERENR S LA, T ET ARG ENHFREBE; EXREARE
MAEBHE XEMARZET EREHBHC, AR ERTRERNETURGEDHEEBRE ;X BEMLE
BEWHEREG R ZEAERAE - RENEERE,

KEW: M TR DREEABE ABYE

MESES: $34.2 XEIRER: A

Study on transpiration and transpiration efficiency of intercropped
maize and potato population

FAN Zhi-wei, WU Kai-xian, AN Tong-xin, YANG Yuan-man, ZHOU Feng, WU Bo-zhi
( College of Agronomy and Biotechnology, Yunnan Agricultural University , Kunming, Yunnan 650201, China)

Abstract: It has been suggested that the over-yielding of intercropping is highly correlated to its efficient use of wa-
ter resource. However, the efficiently water usage of intercropping has not been comprehensively studied from the aspect
of transpiration (the major form of crop water usage) . In this study, using intercropped maize ( Zea mays L.) and potato
( Solanum tuberosum 1..) as the study object, we combined the field and pot experiments to observe the soil evaporation,
soil moisture content and crop transpiration. We also analyzed the competitive ability of intercropped crops and the yield
advantage of intercropping, and investigated the water usage feature and mechanism in intercropping. The field experi-
ment result showed that the transpiration difference between maize and potato during the same period could lead to the soil
moisture content difference. In addition, the transpiration in intercropping of 4 424 .07 t+hm~? was significantly higher
than the weighted average of that in sole maize and sole potato of 3 612.27 t-hm~2( P <0.01) . Futhermore, the land e-
quivalent ratio (LER) of intercropping was > 1, indicating that the intercropping had the yield advantage. The pot exper-
iment result showed that the transpiration of maize and potato was different during the same period. Namely, the transpi-
ration of maize was smaller than that of potato before the tuber initiation stage of potato and seedling stage of maize ( P <

0.05), and higher than that of potato after that period ( P < 0.05). Additionally, the transpiration in intercropping of
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51.79 kg*pot ™! was significantly higher than the weighted average of that in sole maize and sole potato of 48.36 kg:
pot™'(P =0.011). Moreover, the relative competitive ability (RC) between the intercropped crops was > 1, indicating
that maize had water competitive advantage. Also, the transpiration efficiency of maize (5.38 g-kg™') was significantly
higher than that of potato (3.68 g-kg™') (P <0.001). The transpiration efficiency in intercropping of 4.82 g-kg™'
was significantly higher than the weighted average of that in sole maize and sole potato of 3.68 g-kg™'( P <0.001). The
land equivalent ratio (LER) of intercropping was > 1, indicating that the intercropping had the yield advantage. Overall,
our results suggested that the transpiration of maize is different from that of potato during the same period. Thereby the
intercropping can improve the crop transpiration. Maize has the higher transpiration efficiency than potato, and maize has
the water competitive advantage in intercropping, allowing improvement of the crop transpiration efficiency. The improve-

ment of both crop transpiration and transpiration efficiency in intercropping is an important reason for over-yielding in in-

tercropping.

Keywords: intercropping; transpiration; transpiration efficiency; Maize; Potato

(B VF S8 7 [ — e 3ty 5] Bsf b AL 195 bl 9
DL EAE R 7 30 %Ry A 3 AR
HA BRI 52 e iz v T e B
Bt REES! BT e AR X, K
PV , Bl2= 56 RAE S = HLs 64T T KSR,
R IR AR A3 7= O 355 AT DU SRR 0] PR3 93 U
B R ORI A 5% . — T T, [B) VR T ASR = VR 1) 9% T
R, I3 —J7 T, R ERRAEEE ARV C 3RS 5
A IR, B L s R s e Ak g A e 8 0

IR RS A A R0 1 SR Y
— o A R A A T R T R AR R
SCPRREE  E R, IR AR BE T A
BUAE B T7 T, — AR 90 10 K o Wl il TR i
99 % FIHEI MK o 28 th 25 S Bk, 26 I — E 7R
A T VR K 3 W e 100 s — AR i i Wi
IKATHIEEARRR BRI R . H AT, T FEXH 4k
A3 R AR 2 2 AT, (H 2 22 B0F 9 J& A H ] 2%
2% % K B # BE HEA T T B 2 1 A
SEZE R YRSy, A REA U BRI G 2 T (54
NG A DE T = NAEY 25 05 7K 53 A BE 4T, (1
S, T O RIF 5 B I T AR R A4k 4 T Al sz T B2
B I TN B AR i RN A A
BRIEAT LI 5 T EL, 3 SeBiF 5 45 o ) ) % e 26 i
BAZEMERCR , A RE 4 T S M [V %) 7R 9 7K 40 1 A
FRSEI . AT O T4 B 75 A 0 1 40 v 28 ) PR K 4
s E it —20 R G5 .

Tk T 4% ] 2 T A ) 2 R e e
i, EAERERIFZHIX 2 B, HATIZ /R
LN e 78 AN TSl S = oy A VARRE SIE (2 8
PR I AE 100 A5 T AR B T B IR AR B
T2, BRI, IAIERE IR 7K 20 I VAR S AL AR % R DL
it o R, AW ST 4 Ak AR 6, 3 1o L

T KR R R R e T R K
O3 3E rRE ST ANTRIAE ) = B U3, BRI 0K By % 1)
VEVR 2R M T AR IS RO, D 48 s AT W) 2 R ol
LA AR B8 7K 23 PR AE 5 HILBE B Sl

LB i

1.1 XKHEiXE
1.1.1 R KT 2013 FEELAIK

SRR SR FE AT (AR 4R 102°45738”, b4 250187
03", 14K 1 930 m) ; iR 14.7°C, F L&
2 384 mm, 4F H FRIEL 2 617 h, TR 240 d, H4EF
BIRE R 0 960 mm, FEAEHE 5—9 H 5 A5 1
eI 2T, pH H 5.7, HIEAMLR S 24.14 o
ke ', 2R 1.4 grkg™, 20 3.21 g- kg !, 24 4.47
o kg™ /EHE 4.34 mgo kg™ A A 5.38 mg-
kg ™! A 17.0 gokg ™!, BALA 113.6 mgrkg ™',
1.1.2 RKEEZF L EK( Zea mays L. ) A1 Eh R
2 ( Solanum tuberosum L. ) A A TE 2 B SE PR Ak = v
TN S5 88 2 - 25 I EE
K AVED R 417 FORMIE 4 TT 2% 3 44
HL3WEE, WAL 440 JRo (8] E R F 8 n 7
ZELI8T D R OR E  BAE—ER(53 333 Kk hm2),
BRANIR /N T B 32 11 S5 4% 28 (PR R ) 4 S 48
BRI 51 948 Bk - hm™2F1 37 037 #k-hm=2),
S PRAVE D RRATBE 430 4, B4R £ K 25 em x 75
cm, BAAE AR 2 35 em x 55 em, [A]/E E K 20 cm x 50
(220) cm, [AIVE 5452 35 cm x 40(250) cmo

1.1.3 ##E DS RRERN, 18 58 FIA TR 5
A 25 em F1 20 em A2 A, & A AR B[R] 43 531 Ry
2013454 A 2 HA8 A 27 H BRI H, 1858
FEGSS 9 15 em F110 em Zo 4 , & Fh AT AR T 7]
3515 H 20 HFI 10 H 12 H. S8 E 5% At



55 1

TERAEAF TR TR 38 TR A A A 1) 2 I o R 2 S R 5 131

A4S 350 kg hm =2 JRZ 95 kg hm > FIHTER AT 65
kg hm ™2 JEEHE , 5 HAAS P8 8 6 K35 s e A 5
5 560 kg*hm™2 JRZ 150 kg hm 2FIFHERER 100 kg-
hm ™2 JEEAE , 76 B A RI4R 1 0143 BB R 2 120 kg-
hm ™21 240 kg hm™?, FREL g HF B I6 5 RO 1o
XA S — 3
1.1.4 MmIsics FEk W EHFRFE%: F Sunscan
MY IZ 30T R G0 (Y Delta - T) I, AR Ty 1%
g, = IS R g BF3 K FCE TYEY R 2
I, FHF Sunscan M A (K 1 m) FAEY TR L3
FMMALIEATIRIX o) o 7E Bfi /N X R N
DX F KA TN LR AT, 43 e+ 2 AT IR BT
(ORI P U, JT 45 0 (L 43 ) B X (0 Ay G ot o PR A
B o3 E 6 A i) (S EIAEI , F oK /N
WU BF I 5 0 09 o 4 S A e SRR, E TR 1 Aol ]
S PR AT ) A 8 H R A (4R A A
ZE, TR RTESR LA 1) EOR A R BRSO,
TEIRME R AR )58 4 vh o5 H8 00 S A7) 4700

3R AR L PVC A A R 2% 98
i, HN R ASME AR 205124 10 em A1 12 em, N AE
TRIREEHS ] 15 emo {8 FH 5 15 0, 4 9 1T 2 BLE A
8 O A RS A JECR AR I G
PR 2R 138, ARSI 3 B A1 AT (8 T P e B
ZAb, B BT R AT HL T RF X P fRT AR
i, PR AN, &5 2 H AE [R5 3
FEICRE T I LI 2 &z, BIF LA 19 K 14 P4 R o 4 224
B H A 3825 S (12021 ) W % (6 R LA PR 67 78 T T
LR H 32 R 3, 2898 SO A 7 (8] [w) i
FEREHOULINA 78], 5 WA A 7 [B] B 2 288485 W
DU [ AR B0 F A

TIEE K G K 43 O TDR100 (3£ [
SPECTRUM) Ml 20 em #fJZ #9138 &5 /K it (e AE
20 cm B2 WL+ 58 5 7K 32 2R RS, AR
HA AR Z — A 20 em, FEPIR & 3 ZAE X2 105
A MR TEIZZ T Z T AR Z /i) s B3 K
SN A T ] [ - T R BOWI A7 8], A5 A4 7 [R1 3
AIVEFE 5 A A5 LI H 5 ) e RS BOW I H
.

VEV P i« BB BN S ROER I, 754/ X Bl AL

VPR 16 BRRERE , THEASE 80°C &1 Rt T R 1H =, AR
FHIBCE- 515 B R ™ 5 AAE Y R T Y i E
THE5 G 45 AL PR AE D0 0 AR 25 B, 115345 A B 1
Y- i MAE Y
1.2 i

1.2.1 RIEmN M55 KR A, 2

S H OB AT
1.2.2 R¥EHH USRS AN S KM
IS AH ] s AR B A e o B0 HAS 32 em, T H EHAE 30
em, (5 28 cm [ HRFE 5 k35 BRI R S h 3% +
(20 em) KL 08 A FURE A HLIE (NLPLK & 5%,
AHLT 40% , BEHETR 15% ) F R 1:1:1:0.5 1R
AL
1.2.3 Rz E AR EAE ROk (N EAE 2 #R
oK) AR EL RS (RNARAT 2 BRI (R (4
PR oK TR A — ) = AN b B, B4 16 4.

VIR /IN—B01) R SRR, 1.25% WO
BIHTE 5 mins, Z8MR/KIEVESS, T 2013 4E 4 ] 28 H
FEVP IRHEATH 1 ; DAS(Day after seeding, 48 S5 F
JEREO10 H ¥ 12 kg Fo50 T 15 01 55 56 50236 A 4
A R /IN— B0 T A R SR 2
THFEAL P (7 i [F) S48 S R 35 1 oK, B ARk
FEFN T 2509 5 N PR35 7 B X R 43 A T 2 RO
AN LR 85 25 80 10 emo FFA 2500 = AT180, 17
] gL, 2 a3 50 em, 471E)EE 1.5 m, PAV/NE
FHIEEHY , S AT R PR A5 25 225 AR RO B 5t — 3
DAS20 H %45 s A (1E 7 TR , K K T4
OB R B AR N 3 em O RITE A AE AL LA R
PR 3 ) (8 437K 43 RS2 VE 25 I 52 0, LAGE % 2%
il K A EATIESE 22 0 AR F R IB RIS (IR T4 B R
B A5 AL P A TR K 6 g 5 AT BEERES 20 -
BV BRERAN S g A5 FE ORI WU ) (4L
FI PR XA B R R 5 g %5

PREERE AR If 3 B K s S i A
S KR 1 50% (R 77312500 52 B b B T i 2
KA 64.8% ; WA IR R W], 158 5K K
TFAEAE & 5 K &Y 40% I, A Ak 23 PR Bk T B
T2); A DAS20 Hie, 5 8 H h— i, A A
8:00 A% 1E A5 7 TIE S /K BN EK E 1 50% , B
TR, B ST AR 45 A B A K R A R K
50% I 28 (W), W1 = 12 k(A se o> TR IS
Fi) + 12 kg x 64.8% (5 I IR ANE & 5 K &)
% 50% + W2 (FE bR 5 3, g J 01 g A BB ) R 4
—BREERR T VR T PR i 6 ) , P X 2% AR EL A 2
W3, Z G & mA W1 - W3 Bk, AW 2 H
8:00 T4 A By H /K &, FLAR by, %t 4% AL Ak
FEFE AL B2 5 15 51 W4, 85 hb BEAYS W1 - W4 B
FAEFR H K&, JASE 2 -8 HAY 8:00 % W1
— W [ 7 X 45 b BEEA T 2K 43 40 72 LA 3K 43
PRIZZE 50% o PRI 2y 45 7 55 K (1% 28 1 4 B Pk T A b
KIAFIRACROL, BT L W1 — W4 B K B RE 756 4



132 T2 X AR A5

5 34 45

W5 2 -8 HI LIRS /K EIKE 2 50% , Bk T )5
W H B S S RAIR O RE B AR A ISR 2 -
8 H 3 )45 nT LA i YA AR I AR AS R, (H:
JAIA N B R AR 2 A7 22 Ak HOYE AR, 2 30K
SASERT , W1 - Wa (R K &2 7T BE AN e £ 3855 7K
HAC 50% , PR S By 38 K R ISR 50% 0% )
B —A~ 3 B

1.2.4 HERE HKHAWHYZEBE=[WI-W3
CF—XEIJE ) +7 x (W1 - W4)1/8,

B AR R = R B 2R R E
x KA S R E (80 H ) .

APt : DAS100 H (S48 ISR, 1K Ay
LR ) R BFISOIR K A T 5 2, F LA 80°C 4%
PR 2 EE SR
1.3 HEHHF

YEMIZE NS &t R FEY) A i 5 25 0 R 40 ofe
OB R P45 A B R s 124 AR

WU = B, x TC,, + B, x TC,

X, WU FoR#EE R B, FRBAH T K EY R,
B, FIREA I LA Y5 TC,, 3R EAKZES R
B, TC, Fon R E M R A, AR5 15 2 i
TR AN B4 AR ORI B T A EZR I i
H ANAHREAER 1 25 5 22 BORT B A InF AR W 15 3158
A 72 05 I, o A9 o ) 1) 28 I 2 50 0% 1) A i
AR

BN IR 24 28 1 < R ] Morris 24 203
SRR AT Y 28 1 1, 0 SOh 5 VRS A
[] (14 RN S48 A AR A5 T 22 K &=, &4
KA

WU, = R, x WU,, + R, x WU,
K, WU TR & &, ThR as R BRAE BT
B, ms RARPAMET K, ps BRPMELEE R, =
M/(M + P),R, = P/(M + P),HH, R, FR, 535
R KNSR A AR L g, M TRl oK%
JE 55 A TR SE B LU, P R IR th R e i
B A R LU AR

BAAERY B2 2815 50K R FH Morris 24
TR AR R AT Y 28 8 580% , I SO 5 RS
A [F] ) KR S 88 SR AR S5 1 T 2R I R0,
N

WUE,, = R, x WUE,, + R, x WUE,
K, WUE FoR7EB50%, ARF R E R R AL 3
YERTIBCE Y75 7
FfTRIAH XS 55 4 7 < SR P AR 55 4 g 1 280 (RC,

relative competitive ability)' ) PEA% T K F1 4% 2 %}
KA BEIRI 5a e T, A
Bmi x B s

Blm X Bpi

KX, B ERRAEYIEY &, T s s R HAE, § oK
P, m FREAR, p FORBFE Y RC > 11, TR
HIAHRS 56 RE ) b Eh 8% 20, e 2 ) Eh 44 B T £ oK
AT

[ 7= i OGP Al R 2 & LE (LER,
land equivalent ratio) 1 [H] - A
H

RC =

B, B,
_ DPmi | Dpi
LER = B, + B]Js

NS TR R R A X 5 4 TR A S 2
LER > 1B, [EA I

BG4 R SPSS19.0 Xt A5 45 A 47 4b
ME 8] () £ HO# (LSD #6), W& K Pl P <
0.05, %F Jy ZEANFF A s HEA T H ARG BG4, (RS0
TR IIE R SAE s X RC A1 LER #E47 BARE A XL
BT 5 AN 1.

2 EERSH

2.1 KHRKE

2.1.1 XA KE HESKEZZWIEYZE S
HHREERN K, 6 HPan, Mgy, £k
S KR B T AR, 8 H Ay
RZ(F 1) o 78 H ] BT B A 498 o S A — 3% (O
TR H R 45 R Z B I 5 A — 20 B IS G0 R, H )
AN DXy 1 48 K i 2 e R 2R 2R I 25 SR
TR R . SRR, oA
B 3 BRI s, AE R 7 0 25 0 1 5 A S T
FAEBORIE FE 27 B LA, 6 A rh) i, 4% 5 i i R
FEE T K, UL S R I OR T 8 T
AR Z (£ 1), BRZE RN, 6 H hAaE, £K
P DX R R R W T AR, 8
AN Z (% 1) ATLAE L MEY Z [ 25 11 22
SRR 2RI, X BERE BT 5
FOKEZEF G AW o HE, SLPR Ay £ 5
Tk, 57EB Rl -3 X,
YEYIZ B LI Bk i 22 5 R B2 B Z 2
2R

2.1.2 AME MNE 1 ATLIEH, EERZEREE
4 42407 t~hm™ 2B KT HAE FORFIAE D44 52K
o B B A 2941 3 612.27 t-hm™2( P < 0.001) , 3%
Ui [R5 1) TEOK B % S 7E R A s RE A A X B4



55 1

TEAABAE : TR RSB TR AR A ) 2 S 1 AN 2 BRI 5 133

WMz R BEAT RN TR 5 A AR ] — I Y
SIS KEREAR (R DA L, BITERE 1, 5K

R DRI MK A, RS M4 0 b T /K B0
AT BT A

®1 AEAMEAXHLRESKE HERBEENLRERERLE (HE « fREIR)

Table 1  Comparisons among soil moisture content, leaf area index and soil evaporation

rate with different planting patterns (means + S.E. )

TIEE KA v LIRS FIFERHFE/ (grem ™2+ d7T)
Qb3 Soil moisture content Leaf area index Soil evaporation rate
Treatment 6 At 8 A 6 At 8 A 6 A 8 bty
Mid — June Mid — August Mid - June Mid - August Mid - June Mid - August
$ﬂ:£7k 33.94+0.5b 43.43+1.81 a 1.25£0.22 b 6.3+0.31 a 34.8£3.3 a 18.85+2.05 ¢
Sole maize
$ﬂ5%%\% 25.41+0.32 ¢ 46+2.31 a 7.03+0.46 a — 11.6+0.1b 47.85+0.95 a
Sole potato
IHH/EJIL# . 37.03+0.8 a 47.95+£2.75 a 1.52+0.19b 6.57+0.66 a 33.94+1.53 a 16.54+1.31 ¢
Intercropping maize
IH”/FEE%% . 26.56+1.54 ¢ 52.69+0.66 a 6.47£0.24 a — 13.87+2.33 b 30.62+1b
Intercropping maize
F 38.103 3.706 112.182 0.143 33.589 103.728
P <0.001 0.061 <0.001 0.725 <0.001 <0.001

I RIS RNG PR R A BRI 22 5 235 (P < 0.05, 15D ) 58 H ARy, Eha it i C S AR 3R, BT AR WL G - TR R 2

Note: Different lowercase letters indicate significant differences among treatments ( P <0.05, 1SD tests); In mid-August, the LAI of potato was not ob-

served because the leaf of potato had withered.
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Fig.1 Comparisons of crop transpiration among
different planting patterns (Means = SE)
T :SM = BAE TR, SP = R4S, AS = BUEF-1, 1C = [11E;
B HOR /NG 8 s A B 22 5 B3 (P < 0.05,1SD %), T Il
Note: SM = Sole Maize, SP = Sole Potato, AS= Average of Sole Crop,
IC = Intercropping. Different lowercase letters indicate significant differences

among treatments( P < 0.05, LSD tests), and hereinafter.
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TEVIZEIS A G (B 3)  BRICZ A0, WA REE 3 R R R BRI IR 0 S5 B M A 6

x2 AEMEARNEDFTENEDER BMEI LS (HE « i7EIR)
Table 2 The yield and biomass by different planting patterns and the LER of intercropping (means + S.E. )

T2k Maize AR Potato LER
QbR
Treatment /) R b ) R e ) RS (hn ) i i
Yield Biomass Yield Biomass Yield Biomass

AR Sole cropping 14.04+£0.10 a 21.45+0.26 a 9.51£0.05 a 11.04+0.12 a
[A1f Intercropping 10.31+0.12 b 15.84+£0.12 b 3.90+0.06 b 5.36+0.03 b 1.145+£0.016 1.225+0.012
F 62.779 40.711 94.675 135.542
P <0.001 <0.001 <0.001 <0.001 =0.003 <0.001

T RFAN R NG FBEFR A FRIR] 26 5 25 (P < 0.05,1SD 3% , R P i FAE W LA ) T it
Note: Different lowercase letters indicate significant differences among treatments ( P < 0.05, LSD tests) ; In the table, both yield and biomass are based on
dry mass weight.
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Fig.2 Comparisons of crop transpiration among different planting patterns ( Means + SE)
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Note: * indicate significant differences among treatments( P < 0.05, LSD tests) .
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