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Abstract; Effects of partial root-zone irrigation on growth and development of maize root system from different root zones
were studied using pot experiment. The pot was divided into two equal parts by a piece of plastic fixed in the central , which
could prevent water penetration between two compartments , and maize was planted above the plastic so as to the root system
to stretch into two compartments equally. Plants were irrigated on both halves of the container ( conventional irrigation, C) ,
on one side only (fixed partial root-zone imrigation, F), or alternatively on both sides ( alternative partial root-zone
irrigation, A). The results showed that after 40 d of treating, the ratios of root length to dry root weight and to root area

increased markedly for the non-irrigated root zone of F treatment when compared to the ratios of the other root zones,
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suggesting that the root diameter becomes small in drought soil. The increase rates of root length, root area and dry weight
were significantly enhanced for irrigated zones of A and F during 0 —35 d of treating when compared to those of non-irrigated
zones and C treatment. During 10 — 15 d of treating, the increase rates for the irrigated zone of A were significantly higher
than those of any other zone while there was no significant difference between irrigated zones of F and C. For F treatment,
both the values and increase rates of root length, root area and dry weight in the irrigated zone were always significantly
higher than those of the non-irrigated zone. For A treatment, the increase rates changed alternately and the values became
equal at the end of the experiment. Our results suggest that for A treatment, significant compensation mechanisms of root
growth in irrigated root zone occurred both when water were localized in part of the root system, and during the subsequent

recovery from drought stress. Moreover, A treatment was beneficial for root system to grow evenly in different soil zones.

Key Words: partial root-zone irrigation ; maize; growth and development of root system; compensation effect
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1 #RE5HA=*
1.1 #5408

BRAEY A E R (BT 9 5) o RN E L RIS, HEAMEHR N, BHLR 16.88g kg ' 24,
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BB ER KL, BT R O, B plte e
EHTANMATFEK, BEEFENF FHEMFTHRA
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BEAAHEM R RS X B (A) JEE 172 B XFEK(F) BRI SHEK(C)3 T (ST 53 BIFHRIL
BEK B EEKMESHENK) . Hi  FRSIHEAKRAA 172 3 X FEEK ;3 TS X EEEK, (%
G—RRXAEK, 75 —PREXRIF TR N TRAS XK, 408 10d J57, 388 % 7 —F IR XK, 7R
HEOKB IR FF TR . WOMEKER 2 K, A RHEKTAEELR 4 K, ABFFEE40d, HIESKEEH
e HIBHK B 65% ~95% . RIEHITIA B BT HE G T BRI HE K AR X B 8 HE /K i [4] , 2540 35 7 /K i TR A
[, RAEREREEKE, ERETEEKEFRRAARN:

HAKE(L) = FIRER (kg) - ELRRHRE (kg)

R K R = T4E + KE + T8 x0.24 x0.95 + T KA ER; B EEKFZSEKY
FR=FFTFE+HZE+T+E x0.5%0.24 x0.95 + T+ x0.5 x0.24 x0.65 + EXfHitHEE.

403 40d, 5 SITEKAELE, B E K SER K HITEK B & 43 A 32.99% #129. 54%
1.3 WEWME Rk

A0F 5.10,15.20.,40d B, kst EEZJE R R A EAR X/ A T b iR i R . EHCR R
BIRR BRARE S, /ND AT PR PR — KB A |, R OGET 2 G, i C1-400 2UR R B & 4017
RERERANKESEHH, F,MERAEMSEMBRANTE, BEBEETEZL, REZRBRNEK
E5REH.
1.4 Zita

Fi SPSS Geit ot X SR RBER AT 2T S 2 E W, HE T one-way ANOVA, ZF ILEH
Duncan ¥ (a =0.05) #£47,
2 HREWm
2.1 FRAFERXBEREIGKIE
2.1.1 REHAEKER

£ 1FRM,3 MHEAFTXTERN 172 BRBEORBKERGBURERIAR, HIEKEHGT, W
M2 RXBIRA TR EZ 7. 1 20d I, B2 HKEEK K IEA BE R TIEREKX, EE KPR E
SN, J520d BFEBHER, B EEAKPRE KRB ZAEE AKX BER K, SSEEKHA 1/2 R X 5
TREZR, TR, EA—RAMARRKX, HRERERELSEEEKCRED, BEKTHBRERAE
EREKE s HHR , WK A5 WP Sl AR T ARG 0, TS 3R X218 5 A [F], ERA [F R X R E R A
BlROEHBER.

£1 TELEERRRERETELEKEE (om® d ' pot ')

Table 1 The average increase rate of root area in each root zone for all treatments

HEEERYEE(d) WK (C) B (F) REHEAK(A)

Treatment periods cl Q2 ks Fd K Fw Gk Ab S K Aa
0~5 14.91 £0.25b 14.83 £0.33b 9.60 £0.23¢c 16.52 £0.34a 9.60 £0.23c 16.52 £0.34a
5~10 10.47 £0.43a 9.86 £0.28a 6.39 £0.16b 10.01 £0.29a 6.39 £0.16b 10.01 £0.29a

10 ~15 16.60 £0.42b 16.01 £0.38b 9.09 £0.22d 16.25 £0.38b 18.40 £0.04a 11.45 £0.29¢

15 ~20 13.17 £0.22a 12.87 £0.29a 5.75+0.17d 10.36 +£0.25b 10.08 £0.19b 8.20 £0. 18¢
0~20 13.79 £0.28a 13.39£0.31a 7.71 £0.21c 13.29 +£0.33a 11.12 £0.24b 11.54 £0.28b

20 ~40 4.6310.13a 4.71 £0.09a 0.99 £0.02d 1.85 £0.07c 2.61+0.11b 2.60+£0.13b

C, AT 4pBREIM K 32 M K AT E = K Codes C, A and F respectively represent conventional irrigation, alternate partial root-zone
irrigation and fixed partial root-zone irrigation; C1.C2 4323535577 /K BB X Codes G1, C2 represent two root zones of C., respectively; Fd . Fw 43
S48 E R K B JE# A2 K31 Codes Fd, Fw indicate the non-irrigated and irrigated root zone of F, respectively; Aa Ab 4351|3532 27 7K i 267 K
RIS MK Codes Aa, Ab represent the first and secondly irrigated root zone of A, respectively. ; 3{iR/5H a.b.c EFEBERA—FTLELELER
35 5% B 552 7K - Within each line, values followed by different letters are significantly different ( P <0.035) ; F[F] the same below
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10 ~15d P, SR /K BOTEE /K R 22 3 SITE /K R B 3 K, BT e VR /K OB K (X S5 3 ST KA . T L, S5V K
PRE ALK XN E E K RO K KB BT 5 K938 8 20 B2 187.95% ,62.34% ,HiE tWEEHEB KRB L, [
i, PR K X 3 B G, BB K R IR R ALBE 15 ~20d P, PR R K r AR X 2
B S RS, LI /K X R (R 38 SE A, R e DA B S K B R TR KR IR R o AL 20 ~40d AR ARKY
W RF I, B SRR B MR > SR PR X > B E K B K X > B E KR K
Ko ATIL, i R R T A FE #0813 T AR K AR T AR & B O ARMERRIOAE 5 5 [T e JEE /K A b, SR B KR T LA
FEA (AR X SR M AR 5 — 5 B TR AL B — ORI R A K AR T AR B A A K o (B w3 R S B
FK TBI R B S T OB 55 TR Ok o TR, S5 7 T (o5 L 367K IR TR AR R Y PR (E W B D
2.1.2 REMRKSHEZEL

B2 =8 ,3 MK AP 172 MIXZBIR AR ENBE AR, BSIEAREET, B 12 R
WA, EEEKANT KX BERTIERKX, =% B 2EREN TR R, KB
AN 172 IRIXRIH 220, 7403 0 ~ 10d FEA RIER I A, 10d 5 & R 2 BE 2 W48 /) ,20d LUR —F 8k, 4t
B 40d B, ST 7K AR XA I TR K TR K X AR T AR 2 T e B 7K ) I A X 2 0 K, T b3 ST K
HE—RX BB/ RS IR, R R XIS HEK RS 4ERE A R AR X B9 AR T AR A Bk, T [
TEBE KA T ARRXREARKIELT

&l 3 3280, P R AR K O SR AR B R AR 3 S KA R 2, Lo (R P I e T S T, B
FHEALER 40d By M5 K EA BREAR, BEBAZELL 10d Sy B K [H] FR N , S HE /K R R K 4l 7 K
REHRKWET.
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Fig.2 Time course of root area in each root zone for all treatments Fig. 3 Time course of combined root area for all treatments
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A 172 RX B RDR AR, BRI E KK X > B K EIREK X = B EEAKE KX >
VBl 2 T K ) JETE K X AR AL AR o AR — B B [ K AR T AR AR T B IR R B AR T AR B9 P R
BER, MRAZAET , KEEAKEFKIIARE oK —Ent Bl , Ok KRR TYRRREHE
HAMERO , HARK KR TE G K E R RIE R EE AR/, BT, 518 < KA b, R AR K3
KSR R T 0 o T R B R AR P B/ , AT W6 KR R TR SE A B I TB] N S R ) T I R AR R R
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Table 2 The average increase rate of dry root weight in each root zone for all treatments

LIBBTEL(d) Wk (C) B #A(F) REHEA(A)
Treatment periods cl ) ek Fd FEK5H Fw JEHEAK3A Ab SEHEKA Aa
0~5 0.20 £0.004b 0.19 +0.003b 0. 14 £0.002¢ 0.26 £0.003a 0.14 £0.002¢ 0.26 £0.003a
5~10 0.14 £0.004a 0.16 £0.002a 0.10 £0.001b 0.14 £0.002a 0.10 £0.001b 0.14 £0.002a
10 ~15 0.27 +0.004b 0.27 £0.004b 0.15 £0.002d 0.26 £0.003b 0.31 +0.006a 0.19 +0.003¢
15 ~20 0.22 £0.006a 0.20 +0.003a 0.090£0.001d  0.13 £0.002¢ 0.16 +0.002b 0.14 £0.002¢
0~20 0.21 £0.004a 0.20 £0.003a 0.1220.001¢ 0.20 £0.002a 0.18 £0.003b 0.18 £0.003b
20 ~40 0.027 £0.0005a  0.028 £0.0004a  0.0096 £0.0001d  0.016 £0.0002¢c  0.023 £0.0004b  0.023 +0.0003b
2.2.2 WRTEMIISZEN 7. ——Cl —8B—(C ——Fd
M 4 LR BT ESRERIA R ZAAE —E—Fw ¥ Ab oeAa

T, ALEE 40d B, SR K PSR XA B R B K RO K
REHSEKE—REEITLREZSRT . MRATERE
AL BR8] ) 3 2528 4L 5 AR T AR AR ), B I 52 WK AR A
TEKRBRATYRRRERZFEKX BEHK,
HX P BRAR REAL TR A 3245 SE A 2 s SRk 5395
HAEL, AT ARARKRAIERT . LB
i 3 A KT BIR R B (8 5) EEMHMEY T

12 XA
Dry root weight in each root zone (g pot™)

e R BT T T
3EMk T R ESTE(EG6) 5RERE LS ] Dgs aftr ratrnent (@)

AR I AE, 2 PAEAL T 40d i), 5H5EK M,

REE KB R BT EHBRRE, BB EEEKDL B4 AREATTRERXREHHEEL

% ig j(o ﬁﬁfﬂa J%%B 'f#\:ﬂ( ?ﬂ] ﬁlj ES * *& ?R :F‘ % Ei_ E‘J %*R ) ﬁ: Fig.4 Time course of dry root weight in each root zone for all treatments
SRR XHR & TR BRI /N T B E K
2.3 FORAFMR KR HIE R AR
2.3.1 RKRKER

73 KM, 3 KT, BEAS 172 R KAR I3 R EEAL B 8] 5928 S AR AR FIAR T E A
[Flo FF—UULBIMR AR 2 X 3SR K A R R X AR RGO, T B E K K SRR XK AR R KT
TRAFAE

M3 WTLIE 3 KT A R KRR R E RS RERE A FZAET , 408 20 ~ 404, B E
KA K X B W S K BB AR, T K X MK E—RX SH5EKTH B 2R, BRG]
TK 53O B I TR S AR B, S AR I R BRI B . HAB LR L SR AR . RSB EKRGT,ER
FRBL KPS K K BUR IREAOK B —E R R Y, (K AR 3K 398 B B B A0, FEAEK AR
B AR I AR IR R B K/ , DT VT TR AR R 7R SE A 4 B ) P s R I SR AR KB R
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Fig. 5 Photo of root systems from each root zone for all treatments at Fig. 6 Time course of combined dry root weight for all treatments

40th day of treating

£3 TRLEEL2 BRBERKENTHEKERE(nd ! p )
Table 3 The average increase rate of root length in each root zone for all treatments

HEEERYEE(d) WK (C) B (F) REHEAK(A)

Treatment periods cl Q2 ks Fd K Fw Gk Ab S K Aa
0~5 6.50 £0.10b 6.64 £0.12b 4.96 £0.09¢ 7.29 £0.22a 4.96 £0.09¢ 7.29 £0.22a
5~10 5.98 £0.28a 5.59£0.10a 4.9510.11b 6.03 £0.20a 4.9510.11b 6.03 £0.20a
10 ~15 7.48 £0.34b 6.80 +0.13b 4.05£0.10d 6.89 +£0.20b 8.15+0.27a 4.67 £0.19¢
15 ~20 6.49 £0.31a 5.85+0.11a 3.29+0.09d 4.30 £0.10b 4.9510.11b 3.63 £0.09c
0~20 6.61 £0.28a 6.22 £0.23a 4.3110.11c 6.13 £0.21a 5.75+0.13b 5.411£0.22b

20 ~40 0.24 £0.009a 0.23 £0.003a 0.17 £0.002b 0.22 £0.003a 0.22 £0.002a 0.22 £0.005a

2.3.2 WRRESIZEWL

ME 7 LA, RKSRERARERA R ZAET, 403 40d B, 539578 KM b, B KB
KRBT, K BT MR XA B/, — 3 B [ R T K RO FE K X B3 R AR REAL BRI 8] 9
A SR T AR E AR, B EE KRG T KRR KB KX BER A, HXR R B
RJSE S AN B 5 SO K 53 SR, A AT AR KR KB . H— PR FE—RARERF
RIREAE RO Z AR KB T ERAR K.

3 PRI T ] BARK BB (B 8) SRERMR TER AR, RIELL L 40d LLE , B R H
FoK T BRI, BS5HS9EKTHBER . HARKRIMOKIEDBEIMRAN B RETEEE M,
2.4 BEKBREHBRRAETHRER

[l R FEE K IR K R AR AR R B AR K B3 K R K K3 E a8 & 4. W&k 4 WTLUFE
H, EEEK PR KR REE RN Z R WARE ARE R BN L, KA 24 20d LUGRAERH
]I, ARIX K 7RG AR RO RN/ TR E AR AR T2, T HL, BEE - MR X [R] K 70 22 57 PR i TR FE S 9
WK, XSG EMA R, BB E/K BREMXTRI B H R R R o ARTH 40d it 3 Ak 7 R AIAR
AMEAERANETEZR BEMARKITBEZESR , WIEL T X — &,
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Fig.7 Time course of root length in each root zone for all treatments Fig. 8 Time course of combined root length for all treatments

T4 EEEANEKXBRRIEFROEKERS 2K BEMIEE(%)
Table 4 The proportional increase of average increase rate for three root attributes of irrigated root zone compared with that of non-irrigated

root zone under F treatment

AbFEBYBX Treatment periods(d) M R Root area T E Root dry weight #RE Root length
0~20 72.38 £2.84a 65.93 £2.21a 42.11 £1.98b
20 ~40 86.26 £2.63a 69.95 +£2.75b 30.31x1.92¢

B9 =W, B b, FORAR R AT AR IR BE I AL E S 28/ ME S, (B &AL BE A [F] B Be i 2R AR
BARIAR . SZEHEAKFMT A3 0 ~10d, SeHK X H8/NEE K T /a K X 5 78 10 ~20d, 5K X H I8
/NBER R TS IX . ALBH 10d LUG , B R HE /K JETE K X B4 08/ 8 BEAR /DS , T HAG U BA 2 080/ AR 20d LA
Ja , B EE KRR R HAR R BER K, A3 40d B, REIR R RN, B & AR IEK X > E e
TKEGTEK KA K BB MR X > B SRR MRX . B 10 ATLLA 3 PR T XA FRXAR &
B AR (AR BRI ) B3h DR R B TR . BRI, 403 40d i, B E K R K X AR
AR R KR HMRX BEER, GE RN BER . SHKRNERRFETRSERRERZ/), REH,

) 80r —e—Cl —8—C2 —o—Fd
80 ——Cl —8—C2 ——Td 25| —A—Fw —%—Ab —%—Aa
& —A—TFw —¥— Ab —X— Aa ™
£S5k 2l
§ 70 g 65 B
Rs st 5, 60
=B X5
B2 ol B2 55
== 5
&S 5 50 |-
g5 35 =
: g r
B 50 - 5]
g ié 40
E 45 n% 35 L
40 ! ! ! ! ! I 30 ‘ L ‘ ‘ ‘ L
0 5 10 15 20 40 0 5 10 15 20 40
AbPRES ] Days after treatment (d) AbPRES ] Days after treatment (d)
B9 ANEHEAKERERX BN EFRKRSIEEN B 10 AEEATREBXBR BRI EL

Fig.9 Time course of root length per unit area in each root zone for all Fig. 10  Time course of root length per unit dry weight in each root zone

treatments for all treatments
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TVE KR YR AR R P ERH R,
3 itig

BRI K DI REX BT EH/K 2 8 SRR ALK R A B MERN . AFR RN, YR REd — &
FERIK BRI RAG , HAMESRLE TREZK M MEBELN R A BN R IE KA K
X3 K , T EL LR K ROk R A R AR KR R s Y B R B, IR R K 7E 0 ~ 5d T
PURIBEE K X AR R AR AR K B R MERL , S5 KR W A R R X A2 B K 2 JG 5d WAE— KR
ok KR REHMEEK . T, B RE K AR hRER e B R YE RS EENA" . LYY
ZTREM8)E , RS = — G S YR BERER AT ALK BAKSERE, B AR
Hh— e fF S YRREHR RAE KR ERTE, AR K 28R, R B 4ME . BAR RXFPXIK 5 HE
B AME ELA B RSO FRaE BE RN , AT R BE, 25 B Be AL 3 5d LU X FAMERN B E ZIH R . JRE T RETE
TFREE B AP T RREME , A7 T8 XAR R A A K MRS 68 BT 32 50l /8 BT ns& , A B B s 2>
STYEMIRIK 53 FrR MR , FERL I T ARV B 7 W H) B U I AR R BL,

AHRRW, SHSEARLER, B KB A A FIR X AR RO KR TEEEAKEET, EAX
HIEEKXARRZBTRAE, EKXBRNYTE VBRKAREREZIEEKX BERN, 5 AKNHFRES
FH, B AME T R R KRB >, MBI R R K BB A R B K,
B AR YRR 4 Be S R RSB, DA FBAREHRBUK 5> 557 BB AKX R L 7=
AFIF LRI SRR T A SR, AR T K FEAFHBENER

(FHRAXBRES LT EHMTIEER, R0 £G4 THYR AN B RS, ARELE™ . L1
R RAETOBRA W, 55 — W A R AR AEBR A M P I, B IR R AR Rt R, AR 2288/, Forde Al
Lorenzo 1A , 1R 9 & B W] LABAMR REEWE SR IrF ENRIRRA, B X ER RE LR 7Y
B, EXFAMENREK T R BRETHERRREEED, AN EELFERE REH
B RER RARMERSAESE ', X ESEKAGTRESRZ TP MR LIRE. 2HER
B, £ KRR B R/ TR E AR B, 3RS K B TR M w e A TN, B ERE
IR, AR K X AR 2R B4 ELAR R A T AR K B2 KT K XS B K R S A E— R, K
At RS TR X AR E R /N B4, BN, YR8 2 BB &8P 4 IR RIF BRI AR 4L, IF 3 HT MHEAR
HARAEKETHH AR, RAHBERFERSZRIKWHIER . REABSEFKSMMENEE S5F S
KA L, HIRE TR T, —FH , K FFE SR RBEHEKN A REYEREF, KA REESREEF
SRR RIRRE T B — AR R BRI S R SR 43, AT AR B K 3 R 5 %5 43 B R L
A—ER I,
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