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Effects of different irrigation regimes on spatial-temporal distribution of roots,

soil water use and yield in winter wheat
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Abstract: Root systems play an important role in uptake of water and nutrients by winter wheat from soil. The
spatiotemporal distribution of roots can be influenced by irrigation strategies. In this study, the influence of three irrigation
treatments on spatiotemporal root distribution of late-sowing winter wheat and soil water consumption was investigated in
seriously water-deficit North China Plain. The winter wheat cultivar Shimail5 was used as test material. The three irrigation
treatments were no irrigation after sowing ( W,), 75-mm irrigation at jointing stage ( W, ), three 75-mm irrigations
respectively at double ridge stage, booting stage, and grain-filling stage (W, ). Spatiotemporal distribution of roots, soil
water consumption in 0 —200cm soil depth and winter wheat yield were measured under field condition. The investigated
root parameters include dry root weight density ( DRWD), root length density ( RLD), root volume density, and root
branch numbers. The results showed that with decreasing irrigation, the dry root weight density ( DRWD), root length
density (RLD), root volume density, and root branch numbers decreased after flowering above 80cm soil depth, but
increased significantly within 80 — 200cm soil depth. Soil water consumption beneath 100cm soil depth increased
significantly during grain filling period. Total water consumption of W, and W, were respectively 70. 9mm and 115. Imm
less than W, , but soil water consumptions of W, and W, were respectively 79. 1mm and 108. 9mm more than W3. Grain

yield of W, and W, were 653. 3kg/hm” and 1470 kg/hm’ less than W, respectively. Water use efficiency (WUE) of W, and
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W, were 0. 09kg/m’ and 0. 06kg/m’ higher than W, respectively. One time irrigation at jointing stage for late-sowing winter
wheat could promote root penetration, increase root density and utilization of water in deep soil, and help to realize the unity

of water saving and high yield.

Key Words: regulated deficit irrigation ; winter wheat; root system; vertical distribution; soil water content
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BT 2008 4 10 H—2009 4E 6 H , 7 b4 R B o B ROk K22 RAF LI ulh (b4 37°41°02", K&
116°37'23" | ¥4k 14—22 m) 1T, SAFEHR 2724.8 h, VS IE 12.9°C, TR 201d, 5% H 8RR
B+ MR KRR Tm DA b, $ERT 0—20cm HIEAMUR 1% ,£%80.79g-ke ™' AR 43. Img-kg ™', BA4P
84.0 mg-kg ™", HRLHE 25. 8 mg-kg ™', 2008 4F 10 A 17 HIFR, AW 570 x 10* 4k -hm 2, F AL A PLAE
15m™hm = BER — %% 225kg-hm ~*, JREK 225kg-hm ~  HBRHH 150kg-hm ~* P H B) B FRAE ft 2 HR/NEE 457K 8
FERIEHAR . MART IR B S KB LR 1, 2008—2009 4E/NFE A= K3 8] ) B A T Bl 148, Smm,
K2,

®1 BEWMESYLHEAEMNEKE %

Table 1 Water content of relative of soil before overwintering

+J2 Soil layers/cm 0—20 >20—40 >40—60 >60—80 >80—100
#A W Before overwintering 15.6 16.2 17.6 19.3 21.1
F2 B3 Double ridge 10.1 11.74 14.4 15.7 19.3
+JZ Soil layers/cm >100—120 >120—140 >140—160 >160—180 >180—200
#A T Before overwintering 25.1 24.3 19.1 20.7 20.1
#L & Double ridge 19.3 19.1 21.7 24.2 24.5

R RBEFEAEK(W,) ,FZEHE 1K) (W,) ,FRHE3 KGEFK + 228K + EHK) (W,)3 4
AbFER AR K ERR 750m’. hm 7, K A0FREE 3 RER, AH B EK TN 2m x 10m MFRE X .. DMXK x
Fi >k 22m x 10m, A 220m? , 4785 15em,
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F£2 2008—2009 F£E&/NELKEREFHH T/ mm
Table 2 Precipitation distribution during winter wheat growth period from 2008 to 2009
H 4y Month
H: K Z= Growing season it Total
10 11 12 1 2 3 4 5

2008—2009 25.7 0 0.1 0 11.2 18.4 19.3 73.8 148.5

1.3 WETE
1.3.1 HRE/KENE

S HIERE B S T AR B 20d RS 1 6% /N X 0—200em 25 R EURE , 4 20cm
—J2 B E SRR AR & L0 C T RIEE M 1S K&, R 3 K. K H B L AL LIS,

TEEKE =[(IHE - THTE)/IHETE] x100%

1.3.2 WEESHERNE

I3 HITERE B IR T AER FEJS 20d (20 DAF) FSEAMATE &/ DX Z AT R 40 AR AARAE . L ikd%
0—20cm., >20—40cm. >40—80cm. >80—120cm. >120—160cm. > 160—200cm 432 , & Z B H R m N
20cm x 15em, H& 2 IR, K2R EHERAE R LEK P B WG, F B R K ik T8, AT KR4
FRAZAR . WARKHE MEHE REREEARR SR ERER

WRERK) BELRBEAMTIRERMRTERRK) . R TERE RKEE AR E S H X
(1) 3 (2) F1X(3) Bi5E «

DRWD =M/V (1)

RLD =L/V (2)

TRFR B = iRV (3)

XA, DRWD JiR TEHE (g/m’) ,RLD AR KHERE (m/m’ ) , M FARRTE(g) ,L IR K (m), V RE

B EEB (),
R BB E AR RSO, Im KARFNE SR AEE3K). ELERIEHE =812
BAE(m) xf0.1
1.3.3 =EHUKAFI RS
B 2 A A B B R R, /R SR Sm?, DL 3 RE R B0, R TR E A FIA
KAFIHRE = a5 '/ £ KFELFEKE
Hrp BFKE =AFTH 2m HIEFKHFER + BWE + EHE
KR AR = a5 '/ £ KFEKE

1.4 BARGIH5Hr
BHEAL B R F Excel2003 k{4 .SAS8. 0 K SPSS15.0 G54kt o
2 GR5HH

2.1 RFEIGEKLIE 0—200 em + 2 15K E AL
AREKGEEE LR EKERESMHELM,, WE 1, K58 0—140em H)ZEKBERIN W, (0—
20cm,5.9% ) Fl W, (0—20em,6.9% ) B2 F W, (0—20cm,11.6% ) , X 2T W, TR S KR, >
140—200cm + 27K BIEAFAIEZ BTG B2 5, UK T ATR R FEK 2 0—140em +)2, EFFTE
B, T W, O RS B KRRk, W, R 157K ,0—140em 45 )2 HIREKERI R W,(0—20cm,11.2% )
<W,(0—20cm,9.0% ) < W, (0—20cm,6.2% ), kb3 7] £ 5 B 2 120—200cm &+ E &K BHEH R W,
( >120—140cm,23.4% ) F1 W, ( >120—140cm,22. 7% ) Kb FE/NF W, ( > 120—140cm,24.9% ) kb3, (HEH
HARBE, 6)520d, W,( >60—80cm,11.7% ) Fl W, ( >60—80cm,14.3% ) khFf 0—200cm £+ |2 57K By
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Fig.1 Vertical distribution of soil water content in different soil layers

2.2 RN[FREKAEFEXT 0—200 cm +EHRR ST E L THEEEE M0

AFEHEKLIET 0—200em HERMASTEHLHEL LK 3, FLHORR B TEHE S5 dE g
I FEFFAEIAR BB KA, WG 218 TR, BEE TR, &A= TR AR L TEE D, E5H4t
HERRASTEEZRARE; BRVE  AREKEHEZEARRSTEZRVE, BTHEH &L HEA 275 R
ZIKF, B Wo Rl W R BT E 7510 W, 76.6% F1 89. 0% o JFIEE A FRIHEK AL B Z MR AR G T E 2R

BIENES
%®3 ZMERRBTEHSTN/ (gm™?)
Table 3 The dynamics of total dry weight of root of winter wheat

A3 ﬂﬁ% W,/ % ﬁﬁﬂf% W3/ % }Fﬂﬁ%ﬂ W,/ % #J5 20d W,/ % ﬁi%% W3/ %
Treatments Double ridge Jointing Flowering 20 DAF Maturity

Wo 41.7a 100. 4 52.3Bb 81.7 57.2Cc 76.6 50.1Bb 82.7 40.2Bb 89.6

W, 41.2a 99.2 61.4Aa 95.9 66.5Bb 89.0 54.5ABb 89.9 41.4Bb 92.5

W, 41.5a 100.0 64.0Aa 100.0 74.6Aa 100.0 60.6Aa 100.0 44.8Aa 100.0

RPARFIKR INEFRRR 1% 5% K VP25 BEHM

WMTERERRADMMNERRRZ —. FHEKECHEERETPMRAR TERZHEE LZHREZRNY
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P> ,0—40cm EAR T H % B 24010 X (B 2) o Ab3EE] e, ZE3K 77 W, 0—40em + )2 THEE
BEKRKT W, M Wy, ZEFEH, AL 0—40em L Z2MR A TERE XK/ NMEF R W, <W, <W,, kb3 6]
EZRBE; >40—80cm L EWTEFELAHEEEZRAEBE; >80—160cm LEZMTEHKEZFEE, KX/
HeF R W, >W, >W,, f6)5 20d FSE SR R TE% ERE M EFIMEEL, >80—200cm + /2 MR
RTEBERNMEFHIW, >W, >W, 2R EE, HILA L. HEEEEKREED RRSTEBDE
ERRERTERD, KRR L EIRTEE NG M,

T %) DRWD/(gm™)
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Fig.2 The vertical distribution of dry root weight density of winter wheat in soil layer of 0—200cm

2.3 ARIEKAEFERT 0—200 cm + 2R R G B AR K B B 3 B 200 1R
BEE A B IR, AR KB T A/NERR B RKRERZEAS S TERZMEAMP(RS) . HAH
WRAREBREEIEH R, FFEEEEBUN, APRE K, 5K GBS R KL 3 Z ER R B
B2 RBBE KT, HR/ANHEF g Wo < W, <W,, a8, InaE R in T &/ D E#EFRHIR R SR E,
WRRKEEREAMARELERN LD RIS E HE3 TR RREEEES L ESSRT
RS 8] A AR E AR . ZEIRTTH W, 9 0—40em IR KFFE B FERT W, Ml W, 7EIFIER,0—
40cm F >40—80cm + 2 MR K EAL I Z [HHERBRIHN W, <W, <W,, T >80—120cm Fi > 120—
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160cm +Z2HRKEFH RN W, >W, >W,, ZF ¥ EBE, 1£)5 20d AEZW, >80—200cm + )2 HIR K
FEEREE HANEFHRI W, >W, >W,, HIEER JRCESEKRBEERE, B> TRARSKERM
0—80cm +JZ MR KB, (HE B E N 80cm LU FIRLEMRKEE

x4 ENERREKEDSEN( x10°m m™?)
Table 4 The dynamics of total root length of winter wheat( x 10°m-m~2)

LH R g, WEB g, THEM g, R4 . R g,

Treatments Double ridge Jointing Flowering 20 DAF Maturity
Wo 1.15a 100.9 1.58Cc 83.6 3.45Cc 85.8 2.22Cc 80.1 2.04Cc 87.6
W, 1.14a 100 1.70Bb 89.9 3.75Bb 93.3 2.45Bb 88.4 2.13Bb 91.4
W, 1.14a 100 1.89Aa 100 4.02Aa 100 2.77Aa 100 2.33Aa 100

RPARFIKR INEFRRR 1% 5% K VP25 BEHM

MK B RLD/(X 10°m-m™)
6 0 2 4 6 8
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e
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Fig.3 The vertical distribution of root length density of winter wheat in soil layer 0—200cm
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ANTRIVE K AL 3 4 B B BOAR R AR FH B8 BEAE 0—200 em + 2 EHE IS LA 4, 7ER TR, W, iy 0—
20 cm Fl >20—40cm RIAFRHE BERT W, Hl Wo; ZEFF1EH],0—80em + )2 MR AT BE 45 b P 2 ] 22 57

L HKNEF R W, < W, <W,, >80—160cm + 2 AR 1A A2 B 78 40 3 18]t 35 5 32 7K F , ER/NHERR
Wo >W, > W, ;16)5 20d FEGH 5 FF AL AR (R R 2% B T L A0 AR s AL, > 80—200em + 2 AR (A %% i
ZRBE HINMNEFER W, > W, >W,, Uil HEERE KRB, 8 T 8RR AT B, Y
T 80em DA IR+ JERIARETRERE .,
2.5 REEARLIEXF 0—200 cm + 248 R 4R 5EE B4 B0

0—200cm + 2 HIH_E AR R B/ AR S5 RE (£ S5) , EFF R B B RME, IE TR, Pl
ERTRKKBID , &/ E 5T IR R B EB0E/> . FFIE WA W, AR B B8 51k W, i
66.7% 75.4% .
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Fig.4 The vertical distribution of root volume density of winter wheat in soil layer 0—200cm
=5 ZNERRBRSBEBHEETL
Table 5 The dynamics of total branches numbers of winter wheat root( x10*4 -m~2)
B #LE 3 Double ridge WA Jointing JFAE] Flowering
Growth stages W, W, W, W, W, W, W, W, W,
B8 Total branches 15.6a 15.0a 15.7a 24.8Cc 30.7Bb 41.6Aa 70.2Cc 79.4Bb 105.2Aa
W3 % 99.4 95.5 100 59.6 73.8 100 66.7 75.4 100
- 7EJ5 20d 20 DAF JY) Maturity
Growth stages Wo W, W, Wo W, W,
B8 Total branches 45.6Cc 56.2Bb 75.2Aa 19.5Cc 22.2Bb 23.7Aa
W3 % 60.6 74.7 100 82.3 93.7 100

RPRFEK NEFEERR 1% 5% K P22 5 8. E5

WA EBEEREE MR (F6) , FAF Jy 0—20 ecm + 240K B0 £, b+ 2 MG, R R B8
o AEFRA] AL, KT WL 7E 0—40em +EMR A REURE KT W, F Wy ; FFEH 0—80cem + )2 MR 738
IR W, <W, <W,, >80—120cm + 2K HEEKIN T W, >W, > W, ;165 20d FIEH] >20—80cm +
EWEERIN W, <W, <W,, >80—200cm LZHAHEERAR W BELZT W, M W,, RH . BOEFEZE
MR Z KT8, BEBRIZREEGEEE N T 80em DITFHE L Z MR HEL
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®6 ZNERRADSBEMTEE0—200cm tEMEESH (x10°4 m™?)
Table 6 The vertical distribution of branches density of root of winter wheat in soil layer 0—200cm

HF I Growth stages AbBH Treatments  0—20 cm >20—40 cm >40—80 cm  >80—120cm  >120—160cm  >160—200cm

F#2E 3 Double ridge W 64.6a 8.3a 2.2a 0.3a - —
\'A 61.7a 8.6a 2.3a 0.2a - -
W, 64.9a 8.4a 2.3a 0.2a - -
AT Jointing Wo 63.2Cc 49.3Cc 3.8Bb 1.4Bb 0.6Bb -
\'A 80.0Bb 57.3Bb 5.1Aa 2.6Aa 0.6Bb -
W, 105.2Aa 85.3Aa 4.2Bb 3.2Aa 1.2Aa -
FFAE] Flowering Wo 127.2Cc 103.8Bb 32.2Cc 15.6Aa 5.9Aa 1.0Aa
\'A 151.3Bb 114.5Bb 42.2Bb 13.2Bb 6.3Aa 0.6Bb
W, 209.4Aa 138.9Aa 68.3Aa 13.9Bb 6.2Aa 0.5Bb
1EJ5 20d 20 DAF Wo 111.3Bb 34.0Cc 5.9Bb 19.4Aa 9.2Bb 1.8Aa
W, 123.9Bb 91.1Bb 7.8Bb 13.9Bb 10.2Aa 1.0Bb
W, 190.7Aa 113.4Aa 14.3Aa 13.2Cc 7.6Bb 0.7Bb
JAGH Maturity Wo 39.0Bb 20.8Bb 3.4Bb 8.8Aa 5.8Aa 1.0Aa
\'A 53.8Aa 23.3Bb 3.9Bb 7.3Bb 5.2Aa 0.6Bb
W, 50.5Aa 35.8Aa 4.5Aa 7.3Bb 3.9Bb 0.5Bb

RFRFR NG FRRIR 1% 5% KT )2 57 8

2.6 N[EFEKIFESTZ/NEFEE R KA F) FH IR

AR AL B/ NFE 7 e R B BRI FIFIRCR LR 7 BEdE K B, /N2 SAe/K 2 B B3 hn, i +
HOPOKFERD . AEBITRPRTRERHIN W, > W, > Wy, MRS HEENRIN W, >W, > W, M
ARIFPRCRIE W, BT WS, 750 38 250 DM, S0 T LK R, 3670468 = RSk
SRR

RT FREKLELENEFBRKSFIALE

Table 7 The yield and water use of f winter wheat in different irrigation treatments

B WK 7 3
PO BIAR  DMERWER  n,  WRKATRE
Treaments Yield/ (kg hm~?2) otal water o1 water WUE/ (kg/m®) o trmgahion
consumption/mm consumption/mm /(kg/m*)
Wo 5775.3¢ 380.8¢ 231.3 a 1.52a
W, 6592. 5b 425.0b 201.5b 1.55a 8.79
W, 7245.8a 495.9a 122.4 ¢ 1.46b 3.22

RFRFR NG FRRIR 1% 5% KT )2 57 8

3 itig

RAREVBEM TREMNEBEN S, REEK S5 T HKIREEENRR . £/PERRNEEM
FERARRE L Z B AR M LK, LRGP EFREFG T  REEVEBFEEPERLE,
HIETRERRIEFZHOMHBEE Y R REY AEEFL/NETHRTE KRB (SRR AR
i) O HFEFEKKRE, SER AL TE BKE BEE B BEE D, 8 2 5 E /2 0—80cm +
BEHRTERE KR RS E, H 80em UL R IR+ 2R T E % ARK B E RF% M4
ARSI N o X HE— 25 B, FEWE W] AR AR R 28 (B 4 A, 5 B R T (R AR R IR Lo

BRI EE S EYXT LIRS R £NEEFRH, BRI EZH T 2&M0T, lE
FEMKEER 12 BIAR RIOR AR, 2 MK, PLgERR A K = B8 s K k. Ik, IR+ )2
HIR R BIERRERE FikeE &L/ NEE TR HI R KR . AR EN, L/NEFHAELE
KA R TR AR BRI BBk RER R E T BRI EE R, MEZR A H
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FRRITHELH BN, RSB E , T R EAG, T AL 45 2 1 Wk RL o 3% B D REAR
RUOP AR R AR, YRR B E K, AR RE R R 2K AR, T A F RS b
J2 T BT AR T IR ERZK 5y SRR K AR . AR¥E Blum 1 Johnson Xf/INEHR R
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