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The effects of intercropping oat and wheat on growth and manganese nutrition of

wheat

HE Chun-E' , ZHAO Xiu-Fen]'z , LIU Xue-Jun] *, ZHANG Fu—Suo' (1. Department of Plant Nutrition , China Agricultural University ,
Key Laboratory of Plant- Soil Interaction, MOE , Begjing 100094, China ;2. Department of Agronomy, Shandong Laiyang Agricultural College, Laiyang 265200,
China ) . Acta Ecologica Sinica ,2006,26(2) :357 ~ 363.

Abstract: Manganese (Mn) deficiency in wheat is a typical nutritional problem on calcareous soils, especially under rice-wheat
rotation system. However, wheat yield loss induced by Mn deficiency may be reduced through interactions between two crops with
different Mn utilization potentials. In 2003, a pol experiment was conducted at a greenhouse of China Agricultural University to
evaluate the effects of oat/wheat intercropping on growth and Mn nutrition of wheat grown in a Mn-deficient soil. The pot
experiment included two factors: root-isolation (including solid barrier, mesh barrier and no barrier) and intercropping
combination. Two wheat cultivars { Chuanmai28 and 9023) and three oat cultivars { Bayou 1, Bayou 3 and Jizhangyou 4) were
used in this experiment. Each of the 18 treatments (3 x 2 x 3) was replicated three times, All treatments received the same rates
of Ca(NO;),(0.3 g N kg™'), Ca(H,P0,),(0.2 g P,Os kg™') and K,50, (0.3 g K,0 kg~!) as NPK fertilizers before
planting. The ratios of N:P;05:K,0 were 1.5:1:1.5. All plants were harvested after 2 months of growth. Shoot dry weight and
Mn concentration were measured and shoot Mn uptake was calculated by multiplying biomass by Mn concentration. The original

soil was an alluvial paddy soil with pH 7.69, O.M. 34.9 g-kg ', exchangeable Mn 1.0 mg- kg™ ', and active Mn 19.0
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' Wheat Mn-deficient symptoms were initially observed at the fourth-extended leaf stage of wheat, and the most serious
symptoms of Mn deficiency appeared at the sixth-extended leaf stage. But the symptoms gradually diminished as air temperature
increased, providing evidence that low temperature is a primary cause for wheat Mn-deficiency. The symptoms of Chuanmai 28
were more serious than those of 9023 and no Mn-deficient symptoms of oat were observed, suggesting that Chuanmai 28 was more
sensitive to Mn deficiency than 9023 and both of these two wheat cultivars were more sensitive to Mn deficiency than three oat
cultivars,

Compared with the solid barrier and mesh barrier treatments, complete root interaction (no barrier treatment) led to
significantly higher shoot dry weight and Mn uptake of the two wheat cultivars. The shoot Mn concentrations of the two wheat
cultivars, however, were higher in the solid barrier treatment than in the other two treatments ( mesh barrier and no barrier) . The
DTPA-Mn in soil grown oat was higher than grown wheat across barrier treatments and Mn concentration and Mn uptake of oat
genotypes were much higher than those of wheat genotypes. Consequently, we speculate that oat may facilitate the growth and
improve the manganese nutrition of wheat under intercropping by activating the insoluble soil Mn oxides with root secretion.
Observed increased growth and higher Mn uptake of wheat intercropped with oat (no barrier) provide initial support for this
hypothesis .

Key words: oat/wheat intercropping; root barriers; Mn nutrition; Mn-deficient soil

INEBERSRE KT SN RKBRERG FHAN —ITRBMNEFREWENAE, A 204705
RAFEN FEPE %R I/ EBREFRE, EEENEERE B 289 K808 E 60 R E e Rk 4
FRHAEENTEFRIRE, RN ERRE RBEERE RNBIR/NESEN TR . R, %
F—E KIE RS S R LR LAEY ARG B AR MER”BHBA, A, B LEHY
B 5 o S 2 ) B0 AR TV R SR B SRR W BRAT I AR M AT 6 RS Y, BLFE 1958 4F, Bromfield ® 315
M AR 40 (AR VR VR ) 3 JRIE AL MnO, BRIV IESR . A M AT, AT M 548 & KK % B & Mno,
BB R AR HEHEY . RS/ ERE, A WH SRR ST R + 8 ALY KT RIS LR
RHEBE T /N EXHE R, TTH S5 SEMER A, MEM EHERESEY

R4 g /NEEBEEFTEANUFANRENER, BB RERZI WYL FEL L EPINT
Wit B R RN E TR RN, BN EREE T, R T ARR LKA, BAXHERRAR
SRy EE HRTHREV/NERRAELEANIMEAREREGEERWEHE.

1 HH55HZF
1.1 R HAEY &

kit -+ HEE A 00 R BRI E K R EF M BEZ L5 (0 ~ 15 em) , B WP R & s R KR8 £ (7]
IR +), AR K pH 7.69( 47Kt R 1:2.5) ,HHUR 3.49% , 34 1.0 mg-kg™' FEHEH
19.0 mg-kg ' B FHEE™E L, K/ FE R E 28.9023, i 191 4 R B e M 37 42 48 ki 3 O ik
—B MK =5 HEikks, fmde g kR O ERF A R4,

1.2 KBt :

MR EAE 2SS kg AT HWEHE, RA3HEMN R OR 4R, ARHIREPMERHRE S 250
. FAEYRERTHETER QR EMARE, H 30um B RBMS I  REWSIT,ERRBAHFSLH;
QOFRNR BHEANFARAED

RERANEEZRT, HE—ARRMBN ARG, AR A RFEKEER S (6 WES),18 T4
H|EE 3K, 54 8L LR,

AR b EUIE R BR A, B AR S SR B AR AT, MR N B BR AN TR AL I N 0.3 g/kg T+ .P,0, 0.2

g/kgt 1 .K,0 0.3 g/kg Fr. 5rEAFIROEEEA.
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R T 200342 A 25 B4 A 22 BWH/NE JEE# B3, vk A& B R L4047
+3¥$ DIPA-Mn BB, RBHMAETERLAXFEYEREANE,
1.3 W& s ,

43¢ pH IR A VLFCR A ESBREMINAE , ST A A Imol/L ik NH,0Ac FE IR HL, IG5 R
A 1mol/L 4 NH, 0Ac-0.2 % H B8 SR B, DTPA-Mn S Hi 0.005 mol/L DTPA(pH 7.3) 1R & MR HL k25
ERAARER-HRNL, ALSENS BYARE FRIES AOEEHNE, U E&EFR(ERRMASH .
BB A SAS A S H KR,
2 BREHW
2.1 RN /INE 2 B AR A R 89

HEMRELZR(R 1),/ MEES 4 AT LBANITRH L HRBEIER, UFERAWIME,EH 6 &
HELBEFHEG A 7H ~12 B)RAURE,HEEREHREZE. HPLUIZ 2B8BHE, £ . HA
HEEA P TEA S ERTE, ENREERIN AR R ZBA AR, BT EES
RE, SMARTRIRPURLIBLEERENE, A oWMABLTEFE I, REREN M b 844E B
B FBR SRR 3 FEEAGRSEERICHEER, 9023 BIEFREHF)IZ 28, HEERE, BER
WAL S, Wi/ 2E R i TR R A, BRI Ok . AR AN R IIE] 3 A M EIRA R BB R

%1 RATASRARLBETAENAZREERER

Table 1 Mn-deficient symptoms of wheat and oat cultivars as affected by root barriers

/INE Wheat M Ot
A O]
Date Treatment N 28 9023 Mk 15 W% 3 HEKW 45
: Chuanmai28 9023 Bayou 1 Bayou 3 Jizhangyou 4
3 B 31 H Mar.31 52443 W Solid barrier + o+ + 0 0 0
& 1 ] 7> B Mesh barrier + + 0 0 0
A 53 H& No barrier 0 0 0 0 0
4 810 A Apr.10 5E4- 53 P8 Solid barrier 4+ + 4 0 0 0
JE 1t ™ 43 B Mesh barrier + 4+ + 0 0 0
4y B No barrier + 0 0 0 0
48 228 Apr.22 52 & 5+ W Solid barrier + o+ + 0 0 0
2.4 % 53 & Mesh barrier 0 0 0 0
A543 No barrier 0 0 0 0

0 H£RIEHR, XMW R R4 R Represent no Mn-deficient symptom; + 2 JF Bt 5 Slight Mu-deficient symptom; + + P E B Medium Man-
deficient symptom; + + + S HE 4 Serious Mn-deficient symptom
2.2 AR /NE FeEi L EEETERNE R

ME2THMBEARSBARMS WXL EFTEMNEEHENEELEET KT, HPIE 28
MTE, AORAEMBIEMARBAENEER TR0, /7518 1 41% M 28% ;9023 T E, A 77K
NEEEETEEYRLIE,XF34%, REAFRSTBFRAMELZ TENEZWMERBETNEEER, HE/)
FRRIBITFMI, M 1 EHHEKL 4 ST LRAHEHNEER TR NG RBAMAAR MR, KT
10%ER, MNEIEGWTE,UZLTREEMEEM RO EDER FTASRAE, 2505 W 25.3%
10.4% ., R, MEAFRSBIAGRAGE EHRETENZ W, WUARSRALEBEES T 8 BN 43R4
AL, A HEL 6.8%HM8.1%,

MAFEEH AT /NE FE LM TEMARE (X3RS, E)IE 28 K3 MEEASGH, 5% 28 ith
LETE, UNZE 283014 3 5 (A 89 B 3 8 F I 2 28/804K 1 B 11 % 28/ AR 4 STRIMER IK ] 11.3% 5T
HEFHETIM 3 S LM TEREMTNIE 283048 1 5 1 F 28/B5K M 4 S8 Ve 4 & 4b P04 T 5 i 3t
EERTE, MK 15.4% , {578 9023 (9 3 FrRIVEA A, B 1L 9023/3E5K 4 4 S FE BT, 9023 FIEE KL 4 S M
FHTESS,
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2.3 AREAENEE NEH L IEEKRE SR W

F2PHIHTHRAERR SR XX PE L EMERETERNEH, MIEBETRME,RAR
SRLHEEER TR M WOBEMASRAE, 2 HIRH 10.8% M 6.7% ;T AT 9023 R, MR %2 23H
MEMASRLEEYBERTREMARAE, XD 14.9% 10.4% ;8 3 MRE S0 ERAKE S EN

UREMGRAERE, AR BLRZNEREES,

MAREBEH G /NE HEM FHFEGESBNER(EI)RE AN E 28 W=FE{EAEGF, B
2 28/ 1 S EAERS, I 28 ALK 1 S BTG S B EEZE TN F 28/ 7Kk 4 B lal4Eat )1 & 28
MBEHRK4EH, 0B 6.4%F 14.4% , X 0023 # FEESBER, 53 MERMAENLTHE

Eu;EIAK I SHERESREER TR 1 SAEKK4 5, BB H)E10.1%.13.7%,

%2 BETHAMRAANRZD EBAK TR ESREMRERGKIH
Table 2 Shoot dry weight, Mn concentration and Mn uptake of wheat and oat crops as affected by root barriers

mA L TS Iy ACE PNy
Ttem Treatment Solid barrier Mesh barrier No barrier

T H Dry weight(g+pot™") INE Wheat  JI| Z# 28 Chuanmai28 2. 76¢ 3.52b 3.90a
9023 5023 3.04b 3.23b 4.11a
#EF Oa Mk 1 5 Bayou 1 4.19a 3.85b 3.81b
%% 3 % Bayou 3 3.96a 3.49b 3.16¢
MK 4 5 Jizhangyou 4 4.17a 3.86b 3.79b
BT E Total dry weight (g-pot™") 7.01b 7.10b 7.58a
4 & B Mn concentration (mg* kg * INFE Wheat JI| % 28 Chuanmai28 14.4a 13.0b 13.5b
9023 9023 15.4a 13.4b 14.8a
& Ont % 1 8 Bayou 1 19.1a 17.4b 19.0a
#1735 Bayou 3 19.7ab 19.1b 21.1a
B KTK 4 8 Jizhangyou 4 17.0ab 16.2b 17.8a
W45 B Mn uptake {pg-pot™") & Wheat  HjZ 28 Chuanmai28 39.7¢ 45.7b 52.5a
9023 9023 46.5b 43.3b 60.8a
HEFE Oat M7 1 5 Bayou | 79.9a 66.4c 72.9b
H1#% 3 2 Bayou 3 78.0a 66.7b 66.7b
KK TE 4 5 Jizhangyou 4 70.5a 62.4b 67.4a

B4 Total uptake(pg pot™"') 119.2b 109.5¢ 125.52

F—GAAFFERTAFEEERN R EFIE 5% FFEKTE Values within one row followed by different letters were significantly different at 5%

level

combination

®3

FREFEEN Rk LHE% TEEEE. . BRERN L DTPA-Mn & R KA
Table 3 Dry weight, Mn concentration, Mn uptake in the shoots of system crops and soil DTPA-Mn content as affected by different intercropping

[Bl#E 40 & Intercropping combination

N3 28/ %% 3 ) 3 28/ 33k 4

fE#) Crop Jil#E 28/M% 1 : : 923/MFE 1 902MMIEE 3 9023/ KK 4
] Chuanmai28/ Chuanmai28/ .
Chuanmai28/ Bayoul . 9023/ Bayoul 9023/ Bayou3 9023/ Jizhangyo4
Bayou3 Jizhangyoud
FH Diy weight(g+pot™") /NE Wheat  3.27b 3.64a 3.27b 3.10¢ 3.50b 3.78a
#FE Oat 4.11a 3.50b 4.04a 3.79a 3.57b 3.84a
4 2 B Mn concentration INE Wheat 14.15a 13.434b 13.30b 14.79a 14.77a 13.94a
(mgekg™") FE Oat 19.12a 20.29a 16.71b 17.86b 19.66a 17.29b
4% B Mn uptake(pgepot ™) /E Wheat  46.31a 48.51a 43.10b 46.06b 51.79a 52.73a
FE Oat 78.52a 71.10b 67.23b 67.60a 69.86a 66.30a
+ 5 DTPA-Mn & % Soil DTPA-Mn /pFE Wheat 2.3a 2.2a 2.2a 2.4a 2.5a 2.5a
content{mg-kg ") FFE Oa 3.2a 3.%a 3,2a 3.1a 3.1a 3.1a

FA— A RER TR R FERMTLZERE 5% BEKE Values within one row followed by different letters were significantly different at 5%

level

BA EREY S, ERERERRBM AR (E )RR RFEIELALE (R 3,3 ITRERM(R)
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W HEENESBRYBEER TR ESAH (RN, RSN AT MEREA REFEEH 1
BB WA -
2.4 AFALBEIHRZE /) M TR IR A B R

MNR2ALUEH,3 MR ZE)IEZE 28 EREAEY AR EERER R ASRLHEEERT
REMSBABNER2IBAE, BE>HEHE 6.8 pg A1 12.8 pg; 9023 Hi b &5 4K T 4R 8 W LUK 4 FR 4k
BEBTRL2ARAEENIE, BESMEWH 14.3 pg F117.5 pgo BHKE, MEH F WEKRER DU
REABEBEERTREM AR, X5 8.1~13.5 pg. EREBZEREREE (X 2),3 MBI
EPRB B ENER, AR BRI 5ERAL H 4y B bR Je M 4 BRAL B Y 16.0pg A1 9. Tpg.

MFEIFUEH 78117 28 By 3 Rl fEA &, BB BXI £ 28 R ME N F HRE R, KU E
283 1 SRR B, BERTIE 28/EHKM 4 SEIEN, EE2SHEH 3.21 pg M 11.29 g, T5HEBE
BIEE R — B, Wi 9023 Y 3 FPIEI/E4H A oh, A 9023/344 3 5 0 9023/# 7K it 4 S 1 1ERT 9023 1 LR B
BEBT 9023/ 1 SEIER, BE2PEE 5.730.6.67ug; 5 9023 RIfEXT 3 N RFE S EHRE EH
REMERERER.
2.5 AFE4LIEXT + HE DTPA-Mn & 8 598 1

ME 4 715 B ERERE SR AN 28 435 DTPA-Mn & 8 095 W A4 K ; T 9023 MW LA 58 4 4 B 4b
BREEETREMSRLEMARSEHLE, SHED 16.7%.21.7%;3 MEE R ERMHBBE, LT L
SHRABHEENSRBLEEER TASRLE, FHBL 6.7%24 4,

EIERERW, FRMIEHL G NE HFE L DTPA-Mn & B YT B EF LW,

SRS MREME N L, L DTPA-Mn SR EER THAE/NEN LA, FHEH 34% (K 3.K 4)

£4 RBRFFH WA X7 LM DTPA-Mn KK 0
Table 4 DTPA-Mn contents in the soils as affected by root barriers (mg-kg ')

hh /N # Wheat # F Oat
Treatment JIIZ£ 28 Chuanmai 28 9023 M 1 5 Bayou 1 W 38 Bayou3 MK 4 F Jizhangyou 4
&4 5B Solid barrier 2.2a 2.8a 3.2a 3.2ab 3.2a
J2 1. R 4 B Mesh basrier 2.3a 2.4b 3.24 3.3 3.2a
AW No barrier 2.3a 2.3b 3.0b 3.1b 3.0b

[ 3 FEFEREERAFREEBRRTRER L 5% EHKTE Values within one column followed by different letters were significantly different at
5% level
3 it

WEMNDERBENEFTERBBROEY, FEREERERELREU5~20 mg kg™ ), KRB HRE
& EEAMRENE S BT 20 mg-kg ' LT BN BAEERME LI, BB P UNEEEFHE G B
THERAER , °T BB By Tzt 48 SR A 3 R B R A T B4R BB T B/ 3 R AR R B Rl 11 R 28 Y BRER
REAR EE 9023 B & T H WM SR RE N A NEE .

BEHRERT O NERESSEARAER KBRE L ASHE BNYRABEXG T NERREL,
W B R, HEME N EHNEE R EERE, BaAERTd, NEEEBGE 6 At BT
Y B B ) SE AR T K L AT RE R R B TS IR T L N R R AL R WUER B4 BE 7 LA R B A ST O R B S
MR FTEL

REAARSRIT RS LB TERR, THRDEZRME SHARELER. FREEFRB(F2),
M DNERME LR THE APRAMBER TR MOE, A —BHBENA DR > BRERAR >
SRR T SMHEERMALELSBAERER TA R, BE W 5 /03 K4 R, 55 % 55 T
FAER (E A PR AR & SRR AR B, X5 Gardner A1 Boundy™ 72 F1 T B S/ £ IR AE
MIEBER -8, TREEDEZ/RTREME PE/ERAFES G RESEM EIE/FEDRERNS R


http://www.cqvip.com

pooo http://www.cqvip.comﬁ

362 = A % M 26 %

FHEUNENEHEREERRS, DERFBRTFEN MY TEREEYTURBESHRITR. £
RRZEROEA, ERERATRRENEN/DZRASZEAENRERERBFL, BEHBEENE, R
EFRRANBAAMBEASEPENERCEE ) BUATRLEBER T AR LE, WHARRERIRA,
REFEH/NE BEZENESEM, BERAOERZ MY KT —F, BTR#ETESRENES A,

B HMERI, ) E 28 WEEEREREE 9023 FIHM 3 M MESKMBEEHKE, ML FFERES
BRE EZRAHD, MM FEEKNETRBERRE ERE LRBBEKNEE TR, BAEERRE
NE RGN O EEERY . R2ERERMM, M E EREREAESRUTSSRARE TR
SBAMERFS WAL, 5 ERTHEROSEREFHEE, XTS5 AERENEERBEGERIIRENG
WEMAXN BB EX. b ERRERETENGE S BUEAEANGR  EARXRHR (R 2) TERED
TEAAFIERBYURIRLEBEER TR0 RAH RENERENENHER BREERERY
TENSERME B

Bromfield'® {1 B & B 2 i 1R U S ¥ 7T LA 38 5 48 AR AR 16 MinO), ; Gardner /N BB T ZS R, B
PR ERRMMHVEBIER M0, WBELELEREEHHF A HBRE/NZRERG T, OPRLEIH
ROWYERFEC L EEBELYRERLT AEMEHN R, MBEAPREBEMHEB K, /NEM EHE S B
B SGEMANRLHREGR, A RRPE/REFM T INEERNEERWBFTESHEEIR
ROWRELLEEEENEEAAYD RE L RARE T BEATURER, AN, REF TS AL/ ETH
BT EEAEK ZR TS LRk, Bk PN RER M UREAR N RLEEERTTHRA
ARG R, XTHREZWNMAEAIRRA D BYREAL L EREADNNHEHFTHE - BHR,
Gardner 1 Boundy & 3", B TE/NE A FL EDRFH, NEw ERESBHUARAR G/ /NERER
ERTAESRE, TUEZRRAALBRFETHABERAERAAIERERNLERNERABRRTLETH,

MRS £ DTPA-Mn S BRE (£ 3. R 4)  MEAR AR X0 B85 8 H K KW, EEMHEH
G TEKN DTPA-Mn SRERER THEDEEMW L R(EHBH 34%) , 25 L BEKE S BAIRER
MERAW G, HE— PR T ZR B R THREEL R AR AL ER, R RTEMEE/ D
ZRERFRTREEYRNBNDELEFNEM. FEEHN,BXME, R HK 3 ik MR
MNEER BRER LR SHEAMAENEREFRNENTEEREER,
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