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Abstract; The spatiotemporal distribution of roots affects a plant’ s ability to uptake soil resources, which ultimately
influences grain yield. A rhizobox experiment was conducted with or without water stress using four winter wheat ( Triticum
aestivum L..) cultivars with differing drought tolerance ( drought tolerant: Changwu 134 and Changhan 58 ; drought sensitive
Xiaoyan 22 and Xinong 979 ). Plants were grown in soil —filled rhizoboxes under moderate drought (MD, 55% of field
capacity) and well-watered (WW, 85% of field capacity) conditions. When exposed to drought stress, the yield of the
drought tolerant cultivars were greater than that of the drought sensitive cultivars. Changhan 58 had the highest grain yield
and Xinong 979 had the lowest. When well —watered, the highest grain yield was from Xinong 979, while the lowest was

from Changwu 134, and the yields from Changhan 58 and Xiaoyan 22 were similar. A correlation analysis showed that root
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traits at different growth stages was significantly correlated with grain yield. A multiple stepwise regression analysis showed
that the subsoil root biomass at stem elongation had a significant positive effect on grain yield, while total RLD (root length
density) had a negative effect on grain yield regardless of water supply. A path analysis showed that the order of direct
contribution to grain yield was that of total RLD at anthesis ( 10.541) >subsoil root biomass at stem elongation ( 10.361) >
total RLD at maturity ( | =0.311) when under moderate drought. When under well-watered condition, the higher direct
contribution to grain yield was that of total RLD at maturity ( 1 =1.561) and then subsoil root biomass at stem elongation
(10.831). We conclude that reducing total RLD at maturity and increasing subsoil root biomass at stem elongation
contributed to the high yield. The cultivars with increased total RLD at anthesis may increase grain yield in rain-fed dryland

agricultural regions.
Key Words: winter wheat ( Triticum aestivum L.) ; root biomass; root length density; grain yield; drought stress
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BT 2016 4F 10 H % 2017 4F 6 A FEPTALAMBIHE K2 1 i H R i 5 Bl B K i si e =
BHFNAN R 2EAT . B A B E A K A B 53590 R T 52 3 ( Moderate Drought : FH [H] 57K i 50%—55% )
IS HEK (Well-Watered : [ [R5 7K i 809%—85% ) . 1# F F = 5231119 78 BH AR A 15 7725 B (KW 5 40 emx3
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Table 1 The dynamics of total root biomass and total root length density of winter wheat at different treatments

SRR Total RB /g B K% )F Total RLD/ (em/cm?)
elongation Anthesis Maturity elongation Anthesis Maturity
T 538 MD Kk 134 (CW134) 2.04a 4.96a 3.57a 0.69b 3.54a 0.93a
K5 58( CH58) 1.88b 4.23b 3.00b 0.81a 3.39a 0.84ab
/MIE 22(XY22) 1.71c 2.52¢ 2.26¢ 0.75ab 2.13b 0.83b
P4 979 (XN979) 1.41d 2.51¢ 2.26¢ 0.66b 1.74¢ 0.64c¢
Atk ww Kt 134 (CW134) 5.06b 8.32a 6.76b 1.72a 4.64a 1.64a
K2 58(CHS8) 5.97a 7.45h 7.01a 1.75a 4.52a 1.48b
/M 22(XY22) 3.07¢ 4.02¢ 3.51¢ 1.36¢ 2.62b 0.88b
Pi4 979 (XN979) 3.22¢ 3.75¢ 2.97d 1.52b 2.03¢ 0.31c
Zk% Water ok ok ok * ok * ok e sk
i Cultivar o o o o *
KA x AP Cultivarx Water o o o o ns ns

[RIBIA /NG 55 32 m Ab BR 0] 22 53 .35 (P<0.05) , * R (P<0.05), * * RARHWIWLE (P<0.01),ns F/RARFH; MD: Moderate
drought; WW . Well-watered; RB: Root biomass; RLD: Root length density

FeATBEOKET RTS8 HERIZFRIZMR R B e, AR AR R 134 RZRAEY R
AR 58, iR B E K, K 58 WL EMRK W W m TR 134(& 1, 2), T RHus: & Fh/ME 22
FIPEA 979 TEFFAE IR 4+ 2 MRAEY B A 22 57 B /IME 22 ZE A 1 2 PR % B B 3 5 Tk
979(K 1, 2),

PR TR R FR R A EARKEEN2Z R ETRATRZLE, TieE TR R
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2.3 KA AL RO R A 1 s b 5 )

PATIART 7K 53 b G w2 B A 52 , (EUR S ZE 5 i T RRURI b 3508 £ k1) 5% ik B I 37K OF- (P<O.
O1) 5 177 it Ffr b R AR A T AR K S M ( P<0.05) 5 $515 101 45 b b R SR i i i s BAE T, BT A4E
SUTRSE, 7K 43 0 it o Ak BT 45 b RS A DR P 552 e 2058 A B 25 7K - (P<0.01 ), (ELK 3 L o 119 28 B A4 SR ASU % i
AR B &5 (P<0.05) S H e b RGN B35 (£ 2) .
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Table 2 Effects of water and cultivar on plant heights, tiller number, leaf area and aboveground biomass at stem elongation

s i B R o Lk i
Treatment Plant height/cm Tiller Leaf area/cm? Ab'ovegmund
/No. biomass/g
F5ia MD K 134 (CW134) 14.27¢ 12.22a 1484b 2.62b
K5 58( CH58) 16.22b 11.78ab 1663a 3.26a
/M 22(XY22) 16.91b 11.89ab 1505b 3.39a
P4 979 (XN979) 23.36a 10.44b 1130¢ 2.23¢
FEAMIK WW KX 134 (CW134) 14.53¢ 13.78a 2042h 3.87¢
£ 5 58(CHS8) 17.71b 13.89a 2625a 5.69a
/ME 22(XY22) 18.34b 14.00a 2500a 5.29a
P44 979 (XN979) 26.24a 13.89a 2001b 4.77b
K5 Water ns ok o .
SR Cultivar ns ns * ns
KA i A Waterx Cultivar ns ns ns ns

[FRIFIANF/ING F R R A B IE] 25 57 B35 (P<0.05) , * FR B3 (P<0.05) , * * R 3E (P<0.01) ,ns FRARE
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Fig.1 The dynamics on spatiotemporal root biomass distribution of different treatments at different growth stage
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Table 3 Effects of water and cultivar on plant heights, tiller number, leaf area and aboveground biomass at anthesis

. ] =
s i B WL LA i
. Tiller N Aboveground
Treatment Plant Height/cm Leaf area/cm .
/No. biomass/g
T 58 MD Kt 134 (CW134) 48.89h 6.40¢ 1916b 5.62¢
5 58( CH58) 52.38a 8.90b 1920b 7.98a
/IMIE 22(XY22) 41.69¢ 9.60a 2638a 6.40b
7G4 979 (XN979) 36.40d 8.00b 2186b 5.32¢
Tk Ww K3t 134 (CW134) 56.73a 11.20b 2835h 12.25a
5 58( CH58) 59.86a 9.60b 2608h 12.07a
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e s Bai T b LA
Treatment Plant Height/cm Piller Leaf area/cm’ Aboveground
/No. biomass/g
/IME 22(XY22) 48.33b 10.60b 2634h 9.60b
P4 979 (XN979) 43.26¢ 14.00a 3128a 12.75a
KA Water . s .
fiFh Cultivar
IKAr XA Waterx Cultivar ns ns ns
[EFIA [l /NG ) 3 /R AR A 22 5 8 25 (P<0.05) , * FR B3 (P<0.05) , * * FRW B3 (P<0.01) ,ns F/RATE
F4 KoymEBELNErFENES RN
Table 4 Effects of water and cultivar on grain yield and yield traits
s W . L o
b f"% R Spike per AR TRLE AW it WAL
Treatment Yield/g SN/No. illers/ % GN/No. TKW/g  Aboveground HI
biomass/g
T2 e MD K 134 (CW134) 2.24h 4.29h 33.23b 66.4b 34.2a 9.91b 0.23b
K5 58( CH58) 2.40a 4.80a 37.09a 73.7a 33.7a 10.6a 0.23b
/M 22(XY22) 1.93¢ 4.44b 28.33¢ 65.8b 29.6¢ 8.80c 0.22b
P4 979 (XN979) 1.50d 3.56¢ 27.78d 57.8¢ 28.4¢ 5.74d 0.27a
KWW KK 134 (CW134) 3.53¢ 6.22bc 42.68¢ 109h 36.8¢ 14.3b 0.23b
K5 58(CHS8) 3.69h 5.33¢ 45.71b 116a 36.8¢ 16.1a 0.23b
/IME 22(XY22) 3.67b 7.33a 48.46a 108b 39.1b 15.4ab 0.24b
TG4 979 (XN979) 4.09a 6.67b 49.66a 110b 41.0a 15.9a 0.28a
KA Water . .
SR Cultivar ns * ns ns ns
IK > i A Waterx Cultivar ns o o ns o * ns

[FFA R /ING b R A HIR] 22 57 8 3 (P<0.05) , * FoR 3 (P<0.05) , * * a3 (P<0.01) ,ns F/RAEE; SN. Spike number;
GN: Grains number; TKW: Thousand kernel weight; HI: Harvest index.
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Yy SR K % A A T e 3, T RIS Bk 43 FE R T, T R AR R A A SR A
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i AT AR B A5 [E A T A

TEBA T, Y (7 )= -0.93+1.25 X12(JFAEH B KB E) +0.15 X2 (KW HIRZR AP =) -0.18
X18 (A BAR K% ) (R*=0.97,F=126.4,P<0.001) ;
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10 JAE = 39 %

FOHIKTE Y (7 i) = 4.02-1.13 XI8(MAUH SR K% B ) +0.54 X2 (31 IR )IZR A ) (R?=0.93,
F=74.43,P<0.001) ,

SR Won , ZIClAS Nk B K, A iE— 0 Z o0 R TG E 1 LA BRSO P a i B
FERON 5 AR, W A Tl AR AT, e B0 S 3 = AR R RO 7= s ) A ( B E AR R ) K
SRR A SR B B (10.54 1) >3 1 IR )ZARAE Wi (10.361) > AU SR K % 8 (1-0.311) , st
KR, I AR K B A4 A HE (1 -1.56 1) KT IR EAR Y& (10.831) (% 7)

VERH TGS 2 1E T R Ml i 2 s oK S5 082 B 1 SR K 35 5 (X18) |, 3k 1 IR ZAR A )
H(X2) XA RSN, T RPREE T B AE I SR B 4 AN

x7 ZNEFERERTFHEESN
Table 7 Path analysis of grain yield

5Y s HEREE R
L . 2 % -
it Toa o saltion it R
variable coefficient between coefficient Indirect path coefficient (Indirect action)
Y and other traits ( Direct action)
TR MD
X12 X2 X18
X12 0.91"" 0.54 0.14 0.23
X2 0.69 " 0.36 0.21 0.12
X18 -0.73"* -0.31 -0.47 0.05
FEA K WW
X18 X2 —
X18 -0.87"" -1.56 0.69 —
X2 0.61" 0.83 -0.22 —
# R (P<0.05) , = FoRie i (P<0.01)
3 itig
PIASIR I 26T BT R/ N RO R D ik, AR A e AR O B 1 8 25 v T T R U i Ao

B RBFIES R —B 2 TR IR X A A AR R R O A AR R A A R R AL AR
SER AR RI LR, RAR Z SR O A/ N A T A M T R b, (H R SRR IE W], 1 KR ok
REZA LA B0 BT R S B P . AT BRAK 0 25 0F T M3 e JE A R AR AR AR 4 i A s 4 g EL
BT R TR i i ARG USRS S W T RR TR . AT E R, N2
BE™ i i MR AR SRR NS AR AR T S A SRS P AU AR, 2O6 G ) e e — R E 0 TR A 4
TR 6 2R 2 A HAB D e B A 0 BLwsib . RO G =4y 1 AR 2 1) 20 B HG 1) B i 2 AR 2 0 [ A 7= ) ) 7
I R RN BRSO ) ARBRSE IR R I, R A AR R 58 KR 134 AR AR H /N {1
PR,

P PUR AR 58 LR B E T A BRI R AR R 1 AR A R RIAR I R B
TR 134, 2K En, K5 58 BRI AW RERZEIRZEMEE & TRK 134, R, K58 g A4
PIAEPIA K A F R R R 2w TR 134, WHFERM, 70 B W9 A 5 i i T ARURL sl 2R e ok o i B 3
HER S (early vigour) SRIGFEY > [ AN JE HEPEAR R T JU 3 ) S R R AR KB 1
W 22 FLAAEAeh 338 o SRR LA v (AR ) e AR A 2 ) T AP I R S B SR R IR AR
FUHACRP AW, 5VEAR 979 FHLL RIS T 500 S 4F T /IME 22 (AR st b3 A4 4 AR & |
JEHIEGZ ML Y AR B 0wy A R . o0 0 A FNiE A 7 R W, 459 0 O TR 2 AR A
Wyt xh = i A 8 BRSOV, A/ N TR IR AR A R TG AR Y X AR 3 SR Bl SRS A AR
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8 Tide A AP A/ NIRRT 2 AT 5 PR R AT 11

KR SR A K AR (1 R A 22 1 I TR M A ) R RE A 7 T R AR ER I b R 2 K gy
R W E LK AT AR, A BT oA TSN T2 Ea >, Hi, 576k 979 i, /ME 22
AT RPE TSR 2 AT AR R R A A K OE, Botwright 5512 (R FY R WY, FRLI0 A K Ha 1 /N A2
PP B R, RO /N ORI ST A 3, S AR A iR 1) /N 22 i P RE A 7 I Z R AR, AR R
18 AN e /N2 R IR TR AR, 3 5 AR AR B RUIIR LB P m AR B A G

PIANIK G 56T ARG KK 134 AR ZAR Y AR K A R 2 & T K5 58, REHK
3 AR 2R 531 R 8 WO 22 1 36 LK G R 43 o (H7E T 530 R, 382 80 e 9 AR 2R 412 e 6l P 52 4 i
Ji O I S BOREE S W ABA BN, 2E W BEARAE Y 9 AL R RO & 3R L 5l & SR L, 3R
PR/ NG SRR T RHR Ry, R R ER AR TY AP R, TR T RZ R R R
FIFEY AR = A ™ . MIr] L, R EYAR R A« AR RIUR” FE R AEFERLZE D, HEIEXFh AR
FRICAR” WAFTE G AR 35 S50 A BRI RIZMR R R UREIAR) B ZN 0 b 5 449 2 G2 gk, i 7 12 A1 K
SIFIFRCRAG RS TRAEIIT , AR 134 R R 58 T S R I TR AR A W i VA 2200 (R S8 1Y
TRJZ AR A 2 B2 E T AL IR S A 28 T 134, TRHA T MR R m i 1 2 R BTG ) T R Y 4E
Ko BRI MBI A2 AR R S A A ORI FE o BGR BIRWRAE Y . B R, /N2
TEAEIG ERAANRAS 1 mm AOTR 2K, FE BRI 62 kg/hm®®) . Lynch Fl Wojciechowski 2 H SCD ( Steep,
cheap, and deep) #R RIS A 1% AR AU AT LUJE HE 8 22 -+ 3K 43 1) W SRR P 2 575 b A A 1) BERRELAR R34
P, FHAETRIZR R R R TUAR” MR JZ L ZR AN, ) 5 A A R A o 100 7 o B 7™ i 0
HAIRH EEAER

PR R AR RS A B AR, AR AR W o L, AR 2 T B A BAR R AWK TG T AR RS
R, TR0 I BN BRI B SR R R 5 R BB R R, SMERMET , MG
ORI 3K T R AE Y 7 R R AR R AR, IR B iR KB A A T T B AT Rkl
0 TR 2 e K Sy AR R T 8 32 R RE T s AR R R AR R S R
B Al B AR K 7K 40 1) AR T B BEL 7 sl /N0 K o A SO R R e A R TR A
L E Z K S L B FR AR TR RO R i Gl ARG 2T R R AR A AT, SR T R
U0 O AT AR A 8 R0 7 i ) B SRR A, X AT IR RN, (HAR R R OK AL S ) EE I R
L AERRPE R AR AR W) A 23 B AR T S AE R DG B 1™ TN IS 3 i, B B AR
KA BETE MK 23 2500 TR 7 i Y EHE DUk (i AR R 80 Yo S, JUHAE K 20 FE R W 25T, U 5
FRA 2 B P Y R TR IR R . /M 22 MG, PR 979 AESE GG =W kR g f R X T g
HAB R IR KB B RAA O, BV ES B AR R A RAIE—E AR/, 853 HEK I | il v 4
979 HY RS B U /IMIE 22 19 35% , 3o IR A4 A6 S5 MR 28 T2 AT RE R PHAC 979 MELAZERF S I ot Difig X
AT RE S HAL S T R SR i AT /M 2204 (i = 2

ABFFERM, A NEMR R AR ITUR” BA B 25 ) S B, iR R U E 2R AR AR )2 b b
WLJEMNF 2R A BT X E 5 A BOK 2 958 73, A R T p =it B, =&
7 /N SRR ZR AR SRR IRT A AR /NR IX A3 & A T AR R A AR A i B AR
VIS A /N2 A i 1 T | X K G RN 4 e R A v 3 DRI F S B e RS R 1 R ) 7 B0 A L
AIEROV . [RIE FFAEWI AR R 0 A KR B XV A el i F ) R 5 52 T 5 il ) 3t X, TR A6 1 5
o R 3 B A A T i 4R T, A, AT A 45 2ok o O AR R 85 B U 5 T A BE 2 i B K AL B 1, 0 77
TEBEA TN . A A/ N R BT N R Z 09 R RITCR”, [FN S A B AR R A K
F L B AT T R RIR AT R A A I % W AT S 2 TRE AR AR T AR 3] I A 050 ey AR 8 i 8 i
AR BT RSP B A )T R AN S . X SCIR S RAE T B4 AN T S ol i AR 7 52
A JE i T R ) SE B A T i — 2D B
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BT SRR ORI R 5 Tk A5 4H 2L (CSIRO) Jairo Palta BIFFY 53 FTBR N D 2043 X6 S5 96 4 5 R4k 2231
QLT ORI Bl s s e DX A A W B 5 o 502 T 2 i T g B DX AR ) PO R AR SIE B 19 K D S35, it
ﬁiﬂjo
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