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Abstract: [Objective] Response of crops to partial water resupply has attracted more attention. It is necessary to investigate
soil moisture condition previous partial root-zone irrigation when the technology of partial root-zone irrigation is applied. This study
was aimed to identify the dynamics of maize growth and water absorption capacity under partial water resupply and the physiological
mechanism of compensation effect. [Method] With the split-root technology, a hydroponic experiment was conducted to analyze
non-stressed and stressed sub-root under partial water resupply, where the water stress was simulated by the osmotic potential of a
nutrient solution (PEG-6000). There were three water stress levels, i.e., -0.2 MPa, -0.4 MPa, -0.6 MPa and a control treatment (no
PEG). The maize growth, root hydraulic conductance and leaf water potential were measured on the 0, 0.25, 0.5, 1, 3, 5, 7 and 9 day
after partial water resupply (DAT). [Result] Root growth rate and hydraulic conductance in non-stressed sub-root were higher than
that in stressed sub-root under partial water resupply. Compared to control treatment, root dry weight growth rate in non-stressed
sub-root was significantly enhanced during 0-5 DAT, 0.25-0.5 DAT and 0.5-1 DAT in -0.2, -0.4 and -0.6 MPa treatments, respectively.
Average increase rate of root hydraulic conductance in non-stressed had no significant difference at 5 DAT in -0.2 MPa treatment if
compared to control treatment, whereas it was significantly reduced in the whole treatment period in -0.4 and -0.6 MPa treatments,
indicating that the threshold of water stress previous partial water resupply for the compensatory effect of water uptake in
non-stressed sub-root system was =-0.2 MPa. Moreover, root diameter and vessel diameter in non-stressed sub-root was
significantly reduced at 5 DAT compared with that of 1 DAT in -0.2 MPa treatment, but it was maintained or higher than the level of
control treatment. There was no significant difference in root cortex thickness/diameter ratio in non-stressed sub-root at 5 DAT
between -0.2 MPa and control treatments. At 9 DAT, compared to control treatment, root diameter and vessel diameter in
non-stressed sub-root was significantly decreased by 19%, but cortex thickness/diameter ratio showed a reverse trend. [ Conclusion]
The compensatory effects of root growth and water uptake in non-stressed sub-root under partial water resupply were closely related
to water stress severity and water resupply duration, which depended on root anatomical structure in non-stressed sub-root. Thus, the
above conclusion provides theoretical support for regulating the interaction between plants and soil environment and making use of
the potential plant response to soil water stress.
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I}, SPWoe AbHEK K 5] SPW, /K ¥, Al Ab BN fa] 44
HZ/NT SPW, (P<<0.05) o UiHIRTIAZK > 5 615 =
TSP S A A AT B S O 52 A K DR R AR TR A M
N, BT ERFRSE, AEIRAMERONV R A .
2.4.2 MEHTHRAREL K 6-A KW, Ko
T 6 d URFERIKAE MK 0 d) WM T & (P
<0.05) , HoofEfgeR, s b rEsh, EK
JRFB K BEKINTA], SPWo, ARBEAE 0.25—1 d 15 SPW,
P, 1d a8 e g S/ T SPW, (P<<0.05) , 3L
ZAoHME R SPW, 2 k/N (P<0.05) ; SPW,4 il
SPW ¢ AbHEIEINME A/, i BT A& BN T
SPW, (P<<0.05) o UiBHHTHHZK 4 75 )5 Jay il e 52 AL
KA S B AR, L BT E KRR S
SRR DA R SRS (RS ) K

K 7 %W, 9 dif, SPWg,. SPWo,fl SPWo 44k
FR) WS AL K AR E 3 2 25/ T SPW, (P<<0.05) ,
LR/ R B 5 R FE T R R e X AR
F/NT SPW AR /KX (P<0.05)

AR PR e LU A I () 254k (B 6-B) R WY, /K4
T 6d (R E ALK 0d) B, SPWo4 1 SPWo,
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Table 2 Relative root dry weight increase rate in each sub-root for all treatments under partial water resupply

AL F I ) SPW, SPW, SPWy 4 SPWy 6
Treatment period SPW,., SPW.., SPWo s SPWys.02 SPW 4. SPWo4.04 SPWy 6. SPWy6.06
0-0.25 1.000a 1.000a 0.797a 0.568¢ 0.273d 0.260d 0.156e 0.094f
0.25-0.5 1.000f 1.000f 1.342d 0.996f 1.125¢ 0.919g 0.232h 0.083i
0.5-1 1.000c 1.000c 1.634a 1.071c 0.724d 0.538¢ 1.233¢ 1.097¢
1-3 1.000c 1.000c 0.985¢ 0.874d 0.277f 0.220g 0.162h 0.143i
3-5 1.000c 1.000c 1.47b 0.197h 0.561f 0.142i 0.279g 0.099j
5-7 1.000b 1.000b 0.632d 0.251i 0.571e 0.497f 0.423g 0.346h
7-9 1.000b 1.000b 0.303¢ 0.159fg 0.177f 0.134g 0.072g 0.131g
.51 0.16
A B

~ 1.2

&

5 g

= =

o 0.9 %

s £

g 3

£ 3

172} 4

B 0.6 3

- 2

o 0.04 |

=03

0oLy . . . . . L L L L 0.00 L . . . . . . . . L

ALFLE ] Days after treatment (d)

0 1 2 3 4 5 6 7 8 9
QLB 1] Days after treatment (d)

E6 FEREMKTELE EEHTYE (A) MRFELL (B) BIZESTL
Fig. 6 Changes in shoot dry weight (A) and root/shoot ratio (B) for all treatments under partial water resupply

A PEAR L LA SPW, 38K 15.8%K1 39.7%, WE KT
SPW, (P<<0.05) ; SPW, 43ty SPW, W] B 2 5+,
YLK 435 SRR SR IL-0.2 MPa ), VEIZR I H X 7K
Gy RGN, ARSET YRR R . B R
TR ALK T P ZEAS, 1—3 d i, SPW,, AbFEAR &
LL4ERF SPW K Y, 3 d RGN, 5d B KT
SPW, FIHABALFE (P<<0.05) , ZJEAFHE/N, 7d
5 SPW 71, 9d B2 /NT SPW, (P<0.05) ; 1d
J5, SPWo, B 5 SPW, G 2 5R (P>0.05) , 3d
Ja i SPW, B K (P<<0.05) , 5—7d HAXHEE
KT SPW, (P<0.05) , 9 d I} XKk E 5| SPW, /KF;
0—5 d i}, SPW¢bBH 23 KT SPW, (P<<0.05) ,

{EL B Ak 3 B ) S AR el LG R TN, 7 d R #
SPW. KV, 9d i3/ SPW, (P<<0.05) . UiH]

~ 0.10
? O % HE LM [X Non-stressed sub-root
2 O F8: X Stressed sub-root
2. 0.08 a T
& T
=}
<1 b
AR
£ 006
Z s
x 8
E L
= . 0.04 c
9= d T
= — e
‘D - ef g
= i = =
Z 002
o
kS)
]
&0
SPW. SPW., SPWj 4 SPWe

KB Treatment

7 439 d FELERAN 1/2 IRRRTE
Fig. 7 Root dry weight in each sub-root system for all
treatments at 9 DAT
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Ky 7 AT TP R iR R P G 2, R TR A
KGRI MR, ARl b ) e EE 2 /N K, H
557K G35 R LRI R AR /K i R I 1) 5K
2.5 [FEBIRE MK E KR ZIRXIR RRFIFHER R0
3 HE 8 KW, SPWo, ALHRA AR HR S it 45
P 5 R A G RIS TR G K35tk 6 d J5 (JR)
KRN 0 d) , IRAERE SPW IR/ 10%, B35
/NFSPW, (P<<0.05) , J% 2R ERIL SR REAM
B SPW, W 1k (P<<0.05) , B9 KMEE> 518 7.5%
A 22%, WRSFEELNYE SPW, LHEZER (P>
0.05) o ST AKIE, P AL X 2R A5 45 1)
KIMM B 1 d MRREAS PEHA LS
KT 0d (P<0.05) , IR AHA 23.8%F1 51%,
A SPW, W K 12%F1 54% (P<<0.05) , KZE
JEE 0d B 2R (P>0.05) , {HEE KT SPW,
(P<<0.05) , TMRJZEEE SR EAR LI 0 d 1
Wi 18.9% (P<<0.05) , H&5 SPW, LM% (P
>0.05); Sdif, AL SFEAREENT 1dP
<0.05) , 3 HIEAN 19%F1 23%, (B4 YEFF el SPW,
KV REEES 1 d EWEZER (P>0.05) 5 K2
JEJE R HARM LB 1 d BBk 8% (P<<0.05) ,

o ’ ! '-/ Epea I
wt IS vt DL v, ALY %
;-';;ﬁ?‘r_ 0.3 ﬁ;ﬁ B Ty 3

PR - A TGRS
g A " r‘-f‘* M k
(e 108 1 R

AL T
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i

ol O TR 3 RCY " y
SR | _':'U‘é\ & r ' I IS AE
S I ] _-__..'..!' L $319

5 SPW, LW #FHZER; 9 di, MAARLS SEHAEW
BN (P<0.05) , # SPW I/ 19%, RRELZEE
[EL SPW, LI BZR (P>0.05) , KEEEEHRZR
HAR I B3 KT SPW, (P<<0.05) . %5 LAnk,
— 8 MK A5 R MR R BAR IO 2 R AR R
HARMILLE], AR R B OKRE ST s iR ALK 1 d B,
WA KX AR R BRI B, B2 R AR R EHAA
(1) LA 5 0 TG B S5 22 e, AR AR VK A R RE T 5, Bt
FWSE PG I T ARG, AR R A S 48 R AR, AR
REATE HRWERN, )2 ERE SR, I
AR R BRI LS R E R, BRI R 7K R

FRE P AR R 2RI (R 3 FIE 8)
FRELa X iR R AT 2 /D TR E AKX (P<<0.05),
FLI /NI B B AL BRI T T 980/ s 55 SPW . AH LE 2 25 ik
/N (P<<0.05) 5 9Nl FS2 D i A BER S T TG 1SR o k)
HMAIHEK 1 d Ab, FREERMNAAR R S A B
ANTAR ALK IR SPW, (P<<0.05) o $REEMEIX 7
J2 PR RN AR R AR LA 3 B K TR K X
ASPWo HI ., AR AR 45 5 /K o3 IR %5 1)
KER, KOy 2 8 e )2 )R BE RN L A R AR )
Lefil, BMR R EAR R A EAR

o Rty e
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5d N, SPWop AbBRIFI S MK XORIFF S E X AR R . Ep: % 5%: Co: FZE: Xlv: ARFHSTE: St HAE

Ay, Ay: Root cross-section for SPW, treatment; B, C indicated that root cross-section in non-stressed and stressed sub-roots at 1 d after SPW, treatment; D, E
indicated that root cross-section in non-stressed and stressed sub-roots at 5 d after SPW, treatment. Ep: Epidermis, Co: Cortex, Xlv: Xylem vessel, St: Stele

& 8

BIHA-0.2 MPa SHRGRERREMK 1 d F15 d R RIRXIRAEEE

Fig. 8 Root cross-section on the 1 d and 5 d after partial water resupply under previous -0.2 MPa water stress
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Table 3 Relative root anatomical parameters in each sub-root under previous -0.2 MPa water stress

SPW... 0d 1d 5d 9d
SPW . SPWo.2.02 SPWo2c SPWy.2.02 SPWo . SPWo.2.0.2 SPW . SPWy.2.0.2
(ISR 1.00¢ 0.90e 0.91e 1.12a 0.96d 1.02b 0.90e 0.81f 0.72¢g
Root diameter
AR R 1.00¢ 1.09b 1.06b 1.11b 1.11b 1.10b 1.22a 1.01c 1.12b
Root cortex thickness
WEFENHRL 1.00bc 1.01b 1.03b 1.54a 0.97bc 0.92cd 0.85d 0.77¢ 0.75¢
Root vessel diameter
Fe 2R RE AR R EAR T ) 1.00ef 1.21cd 1.23cd 0.99f 1.16d 1.08¢ 1.36b 1.25¢ 1.54a

Root cortex thickness/diameter ratio

3 itig

R TR IR RAEAR A K RS RIS Hin e 7 11
FERRR, 5 IR VIR, AW
K, SRR KA, RReihn X R K
B ENTFIRE AKX (P<<0.05) , J/NEEEREK 2>
GERLEME A (K1, K4 . X5 YANG %P
A P TR T B A IR R — 8. A
WEFCH AR I, FFEMIE XA 2R AR K e i 52 LK X
WHEFE (G 2) o FREiia XR R AT L)
BEJRZE AL X 7K 2375 B —Fh 1 RS L iR
WEFCIA K, MR R SRR MR S 5 R S R T BT Y.
PPN E L1 . AW A D) MR, N
PRIRAIPEK 1. 5 A9 d I, FFEEfhia KRR EAR LK
S AR K IR 2, H BRI B R 4
SRR IR)S,  HLRFS a0 XA 2R R )2 B R 5 AR
ZREATLHIN 1 d FFHETEZ KT SPW, (K 3) &
R A FE BN & T 50 R A K AR s
WS B AP, R R Y E BRI IR AR E
LGRS, MR R K il R, )2
T RAR R K is iy — 2 O PHAG 0N, PRk, AR AR
B LN 7K A3 At (R BEL T IR oK, 7K 43 W %
@/J\DO»SB] .

HEABIFFUFR ey DX E I m A 250 S W X
R AWK AR 27280 AHIFSY R B, 24-0.2 MPa
ARG R BOK S d I, IR BOKIXHRGR B
SR PPEE B R 2] SPW, K, PR R
WK AR (B 4D, [, 0—5 d i, Pkt
TR DXART HE P K A B B I SPW, K, 7=
AR R AR P AME RN, I 28 2 B ] kM2 K 3 AR 345
HERIRrREm,  MTEERE KR (Bl 3, 5) o HEK
PN TR]) (U9 d i), #MERNV T REN K (K1 4) .

R R0 5 AL REAE ()28 A T BEAE AR 28 AR B mT 9 5 T
Prs E A P, ARWTRIL, SR E K 5 d
i, WEMKXARREREE KT SPW,, HEZE
B IR R EARI S SPW, LW B 25, 9d i, 1k
AKX R BARE SPW, BRI, 522 R AR
REATIE] BE KT SPW, (£ 3) , XA gk
5 d ML = AR HL 9 d I AR I — AN A E AL, B
WRASBA, HEERATHLEBD, RRTK
AE R, AR UGN . NEWMANPRL y, HARM
KM FEERARERLK, WAMNEEAZRREN
PRI KL J7, RIEGER BT 5 &), HARMIK
MFEERREGRULRAMN L ZEEGK, T
BB Ay, AR R KR B AN A T — 2
A b, KB R AT 2 P S, KIS
JERSN, B ERR FRAK T B R AR . ARBF
PSP K AR R AR AR B2, RO 2
JEFEFNR R /K ZE AT LUK U B M 5N K A 1 AR
PEHUHR, SR FH R )28 )5 BEAT AR 28 1) B B 5T R 1 )
B s R E .

RN AP S T KA RS R I, AKX
7= AR AR ZR IR K B T AN 20N R 1 S 7K 4 P S R Ay
=-0.4 MPa, MJaif/K 7 6FE % N-0.2 MPa i, 1
0.5 d BRI HAL R R ACGE T AMERN ;s 75
JE45-0.4 MPa /K-, AEFRFEEIME 9 d IR I A
BN o ARFFTRIL, -0.2 MPa 585 SRl 2 ALK 5 d
AR TIEAAK DX = AERR R RK g D) A M2 30N,
BT AR TCAMEIR SR (B 4) o WL, SR
TERTRLI A P K o RGN ], IR DX R AR AR 2R IR 7K b
PRV RN B A [ o BTIK 2y 7 ig AR
I RABRA. RIS, Y1 RS 17K
EHE AT IS, ARABUR S = RIS, XL
oA R SRR, B s m Ak ALK S
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MR K BE T e R ECS O, JT Ky 56k 6 d )5
AL R O d I)) B 7K3ABE SRR 5 s 1 4l ik
N CEL3D KA AR — 2D T IAK 25k 6 d
S T AR A 7K IR o

Je s P ST LA i b SRR 2 2 8] T4 5 43 T
et o AHETURM, Ko7 SRR IS -0.2 MPa I,
M7 Lb 5 2 K SPW, (K 6-B) o« BRZ T4 i
PR AR BT A SPW, W2/ (B 6-A)
DU Z5*UF1 ZHOU 5™ R W, T ~, AR
ERER L3 =i B i 5 a1 1T I L w4 B SO 1 )
GHFE AR R RN GG E, A T R
N, AT AR SR, AR KRS (B 6-B) .
T I G AR RE G, ] AR 42 % U5 23 TG MR i
AR, DA 45K B E R WROBCK 43 A1 5% 43 430,
JR ALK 9 d B, SPWo 4 T SPW 6 &b 2R IR 7k L
WA B LR /N T SPW K (B 6-B) , BEHH JR Pk
SR by b3 4 0 ) AR R A3 BOIR LA B 28, 1R
L5 Je i 0 ST K S RN TR A %, LA BPL R 5 3 — 20
W5,

4 ZEig

4.1 KAy R 5 Jed M S ALK RTA AOR I AR K
AR A KRR A RS AMEE BN, AR B2 7K 495 kAR
JEE I ST AR K S R RS20 o P 52 /K X AR 2 7
ARG WA MEE IO (1) i S5 R RS =-0.2 MPa, Tk
ALK R 5 d, FMERNTE R SPWooy SPWo4
F1 SPWo ¢ Ak B P 52 A /K X AR - FE - 2 18 K3k 6 43 il
T 0—0.25d,0.25—0.5 d f10.5—1 d A BB 1L SPW,
ACF (P<0.05) , FRAEMRAERKMAMEN, HES
SRRSO, HIAMERONY PR TR EIR . T 0L, 7EK
A5 T REAS SR ) S VR I O 75 25 R ) s e iy 1 4
7K AR o

4.2 Kok 6 dJE, MAKAEENT SPW,, 9/
i J3E B R S T G K R K S, -0.2 MPa
AR, HokSAPGER K, 1d )5S SPW, W] 825
(P>0.05) ; SPWo4 Fll SPW, ¢ AbFI7E IR 45 RN 1)
LA E] SPW, /K, BF b TR K (P<
0.05) , H.IH /KGR F/K AR B3 A DG
# (P<0.05) , SPWy, Al SPW, ALK &2 I /K X HE
FRFIK I KA AR O R ES B3 K TR X
(P<<0.05) , Xt /KA TTHREE K, SPWo 6 AbFK
ALK DXCRHRE SR B8 X AR 2 5 K 28565 7K B ) DT kA
Mo EARE T K AR R SEBRAE DI K 2R

DUAR G55 4 REHE T FH ) ) 0

4.3 KAk 6 d Rk 2K 0 d) B Shyd /i F
HHE (P<0.05) , HgBuFiEEEoR, Hi b B
AN, RGELGEOR, TR R P EIE 2, Rk
RAK GBI ZR, MOE T 4eRE 2N T SPW, /K
S, AR 7K G5 R S R 52 S AR 7K S PR B T 7
4.4 FiH-0.2 MPa /K53 75 k5 R K 5 d I,
WEMOKXRAER S FEERRENT 1 d (P<
0.05) , {HANHERF ok SPW, K, 2R HH R
HAMH S SPW, LR 257 (P>0.05) , IGH,
KA AWK AN 9 d i, MAHRL SEH
BRI (P<0.05) , % SPW. ik 19%, 1% 2E
B AR R EAR LA 2 25 KT SPW, (P<<0.05)
R ZR K PR ARG N 2K o MK ZR MR 71 465 P 0L T
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