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root efficiency, vield and water use efficiency ( WUE) of winter wheat. The experiment was carried out from October 2005
to June 2006 in the dry tableland on Loess Plateau. Plants were subjected to four treatments: (1) the secondary lateral
roots at one side were partially cut off during over-wintering stage (WS), (2) the secondary lateral roots at both sides were
partially cut off during over-wintering stage (WB) , (3) the secondary lateral roots at one side were partially cut off during
jointing stage (GS), (4) the secondary lateral toots at both sides were partially cut off during jointing stage (GB). The
intact plants without any cutting were taken as the control (CK). Results showed that all root pruning treatments had
significantly less total root biomass than CK in 0 —120cm soil layer at flowering stage. Root pruning reduced significantly
root biomass of winter wheat in the upper soil layer (0 —20cm). Both WS and GS treatments had more root biomass than
CK in the middle-layer (40 —80cm). All toot pruning treatments had significantly higher stomatal conductance ( Gs) and
transpiration rate (7r) than CK after anthesis, which suggested that root pruning weaken the effects on gas exchange by
drought signal from roots in the top soil through reducing root biomass. At flowering stage, all root pruning treatments had
significantly higher photosynthesis and significantly lower root respiration rate compared to CK. Therefore, root pruning
improved root efficiency, ensured more photosynthate allocation into grain and increased the harvest index of winter wheat.
WUE in WS, WB and GS treatments were significantly higher compared to CK. But WUE in GB treatment was not
significantly improved compared to CK. The current study approved the speculation from different wheat cultivars that by
optimizing root system distribution soil water consumption in the early growing stage is reduced. Further, negative effects on
growth by root drought signal from the top soil after anthesis are weakened, and reduced root respiration favours yield and

WUE improvement of winter wheat in arid and semi-arid area.

Key Words: winter wheat; root pruning; root efficiency; water use efficiency ( WUE) ; dryland

AT RmFRL X, KFHEES, MY MRS BRI EREE LIRS, ZKHBAEEY
B, T R — R A ERRAR. — IR RR ARG AT EREEZHKSMZES 3
ABEREE EHERBR A KRR, EXRRERNEFRFHTELZR, BAER/MERNRRE NE
FRl IR R B R A SR R R R D RR AT S X RIS P AU AR e A TR —Th
BESSE A LR FBUT HEER TN AR . E—EA&HTHMBE, BBHEN™, B3k
BRBEBIT, AP EHATRAN, ST LARB D,

75k, 1R RTER BRI B]_E R T ARG E TR KA KB XK 4 fl 55 0 R R RR 7, AT B
B LR ERRANFRBKT., FERERLX , Fh=2& K2R HRE(WUE) MiE&sER1T
F%EEZN B, ATHE T WUE Z2/EZPm, 7£5#E#EREY WUE B EERAMEREMR, EnET
B WUE B8R B R, Siddique 2™ 724047 T/hEBREN B A A £ 2R FR A BV, B
AR ORI BRI K A AR RSN REENERRBD T HEREPREI M. EILEA SRR
REKSFARBEHAR BRI, MNEEN BRI ABERECSEPBDTRE, 85 T KSR AR
O EE U ESXHRR SR KRR X R SRR B TR R BRI, X &

B T BE A AR BEE 7, B4, B8 KR ASERENE S REEE SR ETES TREA,
T IRFES M, B RMFRIA RN EERER? AR B 788 HERRE, £ AR F & /N E i
TR BRI, H B RNWAERKZETHEMEERRER/D 26, EF—REETR TITHRBRERDIHFE=E
TR KRR R R, VR T 2 RAEYIK A A AL R B M S 1R A3 B B o

1 HR5FZ

1.1 EBh s B AEN

RIEHN T 5% L &R PR E KR ERE S EAMN P ER K RAERE Y, A F 107°40
30"E,35°14'30"N, ik 1200m , A2 [X J& B MR 1181 5 R RUREX, FHFEK 584mm SRR 9. 1C, =10CH)
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FRR 3029°C , LFEHH 171d, KA BAERAITEBRMN 2R L. KB PR REE, 8§ LHREE, 1§
HERERE L,
1.2 BBAE 5T

R SR BAELE AR 135 5,86 T 2005 ~2006 4EHE4T, /MK AR 9m® , /)5 X 6] ] B 60cm,3 ¥
HE BIX AR, Bl _% (S N 818 %, P,0s8 46 % ) 40kg, IR IERHERFEMEAIRIE 1 K
Ao Z/PNETEEI H 20 HIER, BHF A LEE, §8/DXE9 17,178 20em, H174% 220 ki, HH )5
ETH 180 AW,

BEBT A FRAH(12 A 15 H) GEHEH(3 A 2 B) #17, RE5TEEFEZAR 3em &b, K 25em, 5
3em G ZIEFMCHBRE J] ,EEH T 10cm, ZHEEFRSUAER, &E 4 MREBTALHE . A/ (WS) B
ZHARBIW(WB) B FH/NBIR(GS) B HF IR (GB) , KRB /NELE AT (CK) o /NBTARFERIE—M
E AR AR ; KB ME 5 3R AR,

1.3 WEHE

HEFENERE , RAERA Tem L45BUE, B/ XAT BT 2 45,17 004T 2 44, 459 20 cm 47 JZBURE,
Z 120 cm FAL, FRBUR THEAT 400 BB I Mt i ik, B 28 1R A SRS LA FE KRG, (F AR 55
W24, 78 105C FHUEAFE 0. 5h, ZE1HIR 75CF T 120, FRE . BORAHES /MK FRIEL 1.0 m* ) 52 A7 T
TR B S FPRL = B AR, B/ E 20 ZENEE N ES, IR EBREREEG

RIPIR R E JEAH R R B R R RENE FREFH IRV LB 10.00 ~ 1100, H
Licor-6400 YA E/NETEM A B SIL 2 E BB E R FRARFRERS, TS 11:00 AL
FENEEMAIA RO RN, EEELRITE

BHE(D) =E—MHAEROCES / EHA A ROLES x 100%

KRG FI R RITE

KRR (kg bm *mm ™) = BATEIBURR = &/ FEK B

K, KR W IBR S ERAT 0 ~200em KR MEM FAET BIEFR S
2 ZERS54H
2.1 REEYEWSAG

AR ARG BY AL X/ N AR R TE 1 SR T 40 A B 2 A R Y, £3ERZ 0 ~20em Y, XTI E &K,
BERTABEIAE, MREH AT GB BB ER/N(FKL) . 7£20 ~40cm 2K WS LHEIRE &
K HK A WB fil CK,GB AbHIE /N 7E 40 ~60cm )2 WS B R 25 K, HK A GS 43 ; 7E 60 ~80cm
T2, GS AR ANRE, 7EXT 80cm i+ )2, GB AL B MR E R/, BEF/NT CK 1 WS 4b3, 720 ~
120cm +2H SR &, %R BRE R K, HWK 8 WS WB 1 GS 4b3, GB A3 &/l , ZAREBY ALY BAR
BENFXR,

£1 BFREEFALEHHRE(zm™?)
Tablel Root biomass (g m~2) of different treatments in different soil layers

+ BEHE (em) Soil depth CK WS WB GS GB
0~20 199.58a 169.52b 156.65¢ 166.87b 144.26d
20 ~40 49.38a 50.14a 49.96a 46.530b 43.57¢
40 ~60 28.11b 30.94a 27.20b 30.54a 28.29b
60 ~80 21.99¢ 23.49b 24.08ab 24.65a 23.75b
80 ~ 120 20.32a 20.62a 19.48ab 19.73ab 18.45b
BB Total 320.40a 294.70b 277.38b 288.32b 258.32¢

Fl—fFHhARRKAKNEFRSNEREPp=0.01 F1p=0.05 KFLZFHBF Different uppercase and lowercase letters in the same row imply
that there is a significant difference at p =0.01 and p =0.05
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2.2 BARIIAEEENELE

HEBLIAFLR B HHITRERE , FET B/ RGE- AN BER T, W H T34 BN, Bk
SR ERE /N EN B E N BE DT IR, RE5tA FRE s> T 807 m AR R
B B FAREBTH T Mk S EERTE B, FRM TR AR SR, I B E /A T ERBR(FE2), REH
AHRHE TR RN RAN, FEEPHE R, ERIRS-5 BT AFH/NE B8 — - Fnfel = -7 1958
RHBER/TRE L), Hik, RIEBI/NE TEM BRI RES , WE THERYRAE =&, hi-g
MG RPRRAIE T 4548

£2 FRLBMZHEEHERBLEE
Table 2 Population dynamics and spike-formed rate of different treatments

I H Item Ck WS WB GS GB
SR8 Jointing stage( x 10* hm ~2) 1665a 1453b 1354¢ 1384bo 1272d
763 Flowering stage( x 10* hm 2) 949a 832b 9% 782¢ 692d
BB 3K Spike number( x 10* hm ?) 684a 664ab 655b 645b 566¢
Ji R Spike-formed rate( % ) 41.08¢ 45.70b 48.38a 46.60b 44.50b
Fl— TP ARMFEREREPp=0.05 K ELHFELRBFE Different letters in the same row imply that there is a significant difference p =0.05
2.3 %}L—%E*ﬂ?é%ﬁﬁ 100 1~ B 31 The third leaf from top
Eﬁ%_;ﬂi"ﬁ%ﬁ WS ﬁtﬂm%}bﬁ‘g*ﬂ%%%ﬁﬁ wl kY {8121} The second leaf from top :
Fifi, OB A9 AL F A ARG, GS.6B ¢ N N
BHMKT CK \WS.WB 4%, CK. WS WB WS HLRE 2 © N Q
MRBLHRBE(£3). BRBEHFPREWNDN 23 4 % N\
E R A R T N S A, TIRA © N N N
RSB RN AR INCERA NG, & || N [N IR
M A DAL TR 7L A M B L N, BN N
KTXHR
2.4 WAMEFAIRIEE Bl FER A A TR T

Fig. 1 PAR penetration rate of different treatments at the flowering

FACFE /N E AL b BB RIN:GS >
GB >WS >WB > CK, HA& R &5 4334 B8 KT 38
TE BB E AL RO ARIE IR S 2R K : CK > WS > WB > GS > GB, it B /)N 9 R IR o 2R 228 K F -1 B
W (E 2) o XEYAETT S, BRI TR RBBOK 73R T 7 1A 7= 1 88 ) [FI AR 2 3 R 4L 7= 4 i
HFEZ o DIGA IR A LB (Pr/R ) VP AL BLIIR RACR . TEHIR S0 B AR R B0R
FB K :GB > GS >WB > WS > CK, Xt R HIR R R/, GB AL BR RMR R A,

R3 ELNEHSILSEMEEESR
Table 3 Stomatal conductance ( Gs) and transpiration (7r) of different treatments

ST B F-RT7H] Retumning green-Jointing stage FE38 - 3 Flowering-Filling stage
reatments
SIRE G FEREHEE Tr SARE G B Tr
CK 232a 4.7a 181b 3.62b
WS 247a 4.7a 232a 5.17a
WB 229a 4.2a 221a 5.02a
GS 192b 3.2b 245a 6.61a
GB 165¢ 2.9b 234a 5.76a

[Fl— P AR FER T RTEP=0.05 KFE LZEFFEFE Different letters in the same row implies that there is a significant difference p =0.05

2.5 EMRBERISE IR F AR
HRAB DY XA 7] 72 38 gD ) B8 TR AR B RORBAC, 4R T BORLEE, R UM 1L GB AR BA B/ MBI S &
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HE s ®eos =

4o é& = 5

R oLEH B BN BABR S o L BN o B, BRI, R o L o BB B R B
CK WS WB GS GB = CK WS WB GS GB CK WS WB GS GB

B2 AALIREEE IR AR R IR AR R R

Fig. 2 Leaf photosynthesis( P, ) , root respiration rate( R, ) and root efficiency of different treatments

MBEEKNERE, W WS AHENFEEER, BERXTXHEM GB 43, GB A i T Hf mARBEER A E,
BATRBETH, WSAMMKRIEHEERE RN 0.46, BERXTXE(0.42), i FAEYENBAIRE R
FE KT WB.GS.GB bHI(F 4) . SALBMAFR =R K FKFFHEZEHR R, WS >GS >WB >GB >CK, WS,
WB.GS A B HI/K AR R BE KT, GB MBS RMNEMHEL, BEARBEAEE,

F4 HHEHFEHRBIRIER
Table 4 Harvest index and yield traits of different treatments

PEAR Traits CK WS WB GS GB
B SN (10 hm2) 684a 664ab 655b 645b 566¢
ORI E KWS (g) 0.92b 1.02a 0.98a 1.00a 1.04a
Fo& Yield (kg hm2) 6266b 6800a 6600ab 6400ab 5917¢
#i - SDW (kg hm~2) 14799a 14800a 14433ab 14100b 13217¢
Weak4s % HI 0. 42be 0.46a 0.45ab 0.46a 0.45ab
K4y F FI3L% WUE (kg hm™? mm™!) 22.26¢ 25.3a 24.6ab 24.1ab 23.82bec

Fl— TP ARNER I INEREPp=0.05 KELEREFE Different letters in the same row implies that there is a significant difference p =
0.05; KWS: Kernel weight per spike;SDW; Shoot dry weight;SN: Spike number

3 itig

VEIR R KRR R RWENSL, FZAFENESFSEZNHA", B, FENEHEE
SRTFREMER , 7L TEHBR , REASHENREEHEEHRRERK EHEEYR RSN, RIEH
YEYI =B FK M ARE - ER M KR AR N EENE ., HREW, #EaA MK e 5 X
VEYR AR A K R E AR R AT AT, EBARCLATRE KO FAMEM= R B,
T8 55 H A RIS B o R R I &R TP R s L EAR & i T R AR E , AT R
RITAR R AN, R REE " . AP 38§18 R 7E 13305 476 vEAT 02 R B, AR5
BT LIERENRE , WS F1 GS AR T HENRE,BEXNTERERAE BEZWH, HY
FHh b 3T 3807 B B E RO A BE R R RS B ST R 1B BY 5 4 A 1) PO AR B A R T,
WEFMAYNAERK . NSILFEMZEBER, R F-RKTH,GS 1 GB LB IL T E 2R B AXT B
BETRE. HAREHMEE FRABERRED, FA RS AT, B/ 22 4 30 2 2 & ; W
AR RIEEY WS 1 WB AL/ E B FARE B BHK R , SILF B R TEXGR B -3 T TR B i
ABEXS. REFNEEAMNBNSILFETREYIRE, BETRERENRRBZM T RAKMEKEF
7, FERILFE TR HIREA B CTK MZBHRM S8, BT CTK MBI EER TRAR , R E
BRBEWA, A B CTK f1 Z BAEmR 8 & /0, X @i i CTK F Z BLAEmHk B T B, CTK 1 Z BEAE s
SATFHAEBESIER , CTK M ZBHERK ERRG , X FA SR LR TR . Bob, BBEUXHE RN E
2R HE ABA A, ABA BRFESFSILEMWEER™  RENESLIE O TRERTEK. REOTBRIIES
FLIEPRFIZR RS R T [, (5 DA A A R L TR W S AL T B R 2 s R A2 B IR KR 22 BRI, A3
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WREEY WS WB AbBE)/INE , 73R T - T 1 AL AN RE R B 2% K o

RMFUSFE T HIRHRIRTE H , TPt R AL BT SRON 2 xh /N R bk 2 BEA H RV A, S sk 2
AR FEHA IR E K, BRA R BN R, it BT R0 E B AR A
REMBERSE, R REREAR™ , WKIRBAER, £ HIKPRERE, BORARBHIK
e R IEH T ZA, MR EFRREAEXERK, Bulbsg o EREEUKRREMMUKE, REm 2
PR, MK RERR. FHHRE IR —ERAN T, ERFKE 2 B FEAERE 1B, A
FRAFABRA=BERR . M, WA EZHKS BRI, WA TR, YA
AT, AR RIRAE R, R TE R A KBTS BEME R, B SR B ALK, ORI
SHHFEEE 2K o BT BRI BEXHES = BEIR B R AR . ARPTFE R /5 AN P H TRk R
YT, NEEBE SR AERR T AWM, ST E/N BB ERN 2 BER T, il 7 E BN
TR, B, KT R R AR B T M, MRMAKE KD, fEE WEL R R AR EECE , BHAERMER) X
ARE UM, RS E NS, SRR YR M REEERLE T &4

RARTETRNELRAE, YEYRAZ RN , RATLUFE—MLEFES, 2R EHREERH B
5 RIS RS, IR . Jensen %35 1, M B (Lupinus luteus L. ) S ILTERET HE
BB TR, RAHBBOREERL™, EHERBORET, HETEN LT B8, -
BEPRARRN ABA BRSR T TRELEVHRAR, LERAIDHSARKER ABA BEM 5 @A
B3R, Blum SHI5RRY LR T RREH RAX 18T R ARAAE S BREES M EERE .,
TERDE R NREHBEREERE S EURE, AL E B E R, R0 TOEA/ER, RS T YL
5, BAFREBEMRTHET . Hit, ARELEFERBFLTHARAKOER T, RERRROES 2
EE I, EELBRBR, &NEETEAERBVEINETENTREOW, LR HREEATEN T2
RS, TR 2 L WA B2 B T B E YA R AR BK 7o ABRSEAE H R AR 1 T BT IRIB BT AL B, 3 AN Y
EREERIEFHRA, XENEERBRR LT ERF TIRUEFESHT-EFEZMNGIER. EER
BRBOERE - ERUAFE SRS, Y TEAT ABA KRB IR, BT R R M A
4 ABA BME , ESALBE . B, ZESE 2R BY AR TR EK AL 5 B 2 S 3 W80 T X B T X B AL 2L oy
FTRERBEKR, FETRESEE, EILTEY B, 20 TR ERET.

PBERBANWERERBIEAT Y, AR X LB RANBTEEZHRAT=Y . ERAWERL™
Yrit) 3 AAerh (PR A EEFA LRI 202 , IRIPFR 2 BN AL IEFR S, /Y HObA E RS
BRI 50% A B RIPRIE R El, WMAMEY TR MRS RRE Y RN EERRER
— BT ARBRSTrRAEE B TR B AR R S 2R 5 ot IR b 36 T R , AR PRI BB A R B 2 B[Rk 7 0 43
BoEd sy, 1 BT E B RE L , L, AR B BT AL B R ACRIEROE N, H WS 4bEE
FRBBEEM, T WB.GS.GB AbM i TARBIREB K B, BEEW T HELE, ¥ EHRAR
ERH

FEETRFEFTREMBX, 20K EEZREM N EEEMR, TRKERE R, AR RNE TR RR
K, SEEFRPROUE H BRI B8 s, X R K LR T mR TR XA B R A R EZRE,
MRESHAESE, i TREHXATERIRELRTR, AN TRESWH TEYRAE R, ERE -
WA T EMEERFTEM KK R B, FAEMAREE L2 EKE (100 ~200 cm 3EZER)
RERDZEFHINERRRE, EXMEH TELRETHIRAARRZHEMRDREMR AR &L mHE
BRA, BB AR LT RERESIMEYERETHMEER , R EOE BN ERE ) AT
AIlSEs &SI = GUE T
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