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Effects of partial root-zone irrigation at different water-control duration
on physiology and water use efficiency of maize

FU Feng-bei, LU Wen-juan, LI Fu-sheng®
(College of Agriculture, Guangxi University, Nanning 530005, China)

Abstract; [ Objectives]Partial root-zone irrigation ( PRI) is a water-saving irrigation method, including alternate
PRI (AI) and fixed PRI (FI) or partial root-zone drying irrigation (PRD). With PRD, half of root-zone is fully
irrigated while the other not irrigated during the growth stage of crop. With AI, the both sides of root-zone are
alternatively irrigated depending on the growth stage and soil water condition. The effects of PRI at different water-
control durations during the early jointing to tasseling stages on the physiological indices, dry matter accumulation
and water use efficiency (WUE) of maize were investigated under different fertilization conditions, so as to provide

scientific basis for rational irrigation and fertilization of maize. [ Methods] A pot experiment was conducted. Three
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irrigation methods with two irrigation levels each and two fertilization treatments were designed. The three irrigation
methods include ; conventional irrigation ( soil was evenly watered) , alternate PRI (the two halves of a pot soil was
alternately watered) and fixed PRI (only half of the soil in the pot was watered) ; two irrigation levels include ;
conventional irrigation (70%—-80% 0;, 0; is field capacity) and mild water deficit (60%-70% 0;) ; two fertilization
treatments were 100% chemical N and 80% chemical N + 20% organic N. The three water-control durations were
12, 24 and 36 days from the jointing stage to tasseling stage. The leaf photosynthetic rate, stomatal conductance,
the contents of chlorophyll, carotenoid, soluble sugar and proline, total dry mass, water consumption and WUE of
maize were measured. [Results] Different irrigation methods, irrigation levels and ratios of inorganic to organic N
do not significantly affect leaf photosynthetic rate, stomatal conductance, contents of chlorophyll, carotenoid and
soluble sugar of maize at the early and middle jointing stages and tasseling stage, and irrigation level does not
significantly affect proline content of maize at the tasseling stage either, indicating that PRI, mild water deficit and
combined application of inorganic and organic N do not significantly affect physiological indices. Compared to
conventional irrigation, PRI at different water-control duration does not significantly affect total dry mass and WUE,
but significantly reduces water consumption at the early jointing to tasseling stages in most cases. However, under
normal irrigation (70%—-80% 0,) and only chemical N treatment, PRI increases the WUE by 24.4% and 16. 3%
at 24 d (later jointing stage) and 36 d (tasseling stage) after water control, respectively. Moreover, mild water
deficit (60% -70%0;) and combined application of inorganic and organic N (80% chemical N + 20% organic
N) does not significantly affect physiological indices, total dry mass and WUE. [ Conclusions] Partial root-zone
irrigation at the jointing to tasseling stages significantly reduces water consumption, while it has limited effect on
physiological indices and total dry mass, thus it enhanced water use efficiency significantly under normal irrigation
with only chemical N.

Key words: partial root-zone irrigation; mild water deficit; ratio of inorganic to organic N; maize;

physiological index; water use efficiency
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Table 1 The leaf photosynthetic rate and stomatal conductance of maize under different treatments
o SARE
E=p: %rfg(:::f BT R Photosynthetic rate [ pmol/ (m’s) ] Stomatal conductance [ mmol/ (m* s) ]
N oo Immston ST SRS RS WERH O RERE
treatment (% 6,) method Middle Later Tasseling Middle Later Tasseling
' jointing jointing stage jointing jointing stage
100%4LJEE, 70 —80 Al 25.47£0.61 ab 27.72£0.96 25.20 £0.73 0.29 +0.02 ab 0.35 £0.00 ab 0.18 £0.00
100% chem.N (W) FI 24.34£1.63 ab 28.45+0.95 25.15+1.05 0.22£0.03 b 0.19 £0.01 be 0.18 £0.02
F
(F.) CI 22.30+1.07b 24.28+0.86 25.03 +2.23 0.26 +0.06 ab 0.27 +0.07 abc 0.21 +0.(4
60 —70 Al 24.62+0.17 ab 26.77 +2.97 24.96 £0.80 0.27 £0.01 ab0.17 £0.02 ¢ 0.18 £0.01
(W,) FI. 25.76+1.22 ab 24.93 £2.42 24.98 +0.96 0.27 £0.06 ab0.22 +0.03 be 0.18 £0.02
CI 22.17+1.08b 28.28+1.45 26.09+1.10 0.18+0.02b 0.40+0.06 a 0.24 +0.(4
80%{LIEE 70 —80 Al  25.41+1.18 ab 28.96+0.75 25.31+£1.26 0.38+0.09a 0.23 £0.04 be 0.19 £0.02
+20% HHIR (W) FI 28.19:0.56a 25.98+0.70 26.31+2.40 0.29 +0.06 ab 0.34 £0.08 ab 0.24 +0.04
80% chem. N
CI 27.59+0.48a 24.96+2.40 25.40+1.65 0.28 +0.04 ab 0.32 £0.06 abc 0.20 +0.01
+20% org. N
(F,) 60 — 70 Al 17.86+2.28¢ 27.96+2.05 23.03+1.69 0.17+0.04b 0.27 £0.04 abc 0.16 £0.01
(W) FI. 25.49+1.10 ab 24.37 £0.62 25.35+0.51 0.29 £0.05 ab 0.25 +0.022 be0.19 +0.02
CI 26.63+1.34a 25.33+0.87 26.32+0.76 0.21+0.01 b 0.32 +0.00 abc 0.20 +0.00

T (Note) : FRAPHUE Y FHE + AR Values are means = standard ervors. [F—FUE B/ NEFHAR EFRREREE(P<0.05) 4L
Bl MR REE IR F RN EFAEE (P >0.05) Different letters in the same column indicate significant difference (P <0.05) , and the same
letters or no letter labeled indicate no significant difference (P >0.05). AT—43 4R X 33 % Alternate partial root zone irrigation; FI—EE #/MR X
V% Fixed partial root zone irrigation; CI—¥# 47 #i§ Conventional irrigation.
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Table 2 The leaf chlorophyll and carotenoid contents of maize under different treatments
HRER EHB bR
HAKF Chlorophyll (mg/g) Carotenoid (mg/g)
RAE  Imiguion st
Nament  lovel  Imgion  BPFH HERE WM WEEE RWAM S
(% 0,) method Middle Later Tasseling Middle Later Tasseling
jointing jointing stage jointing jointing stage

100%4LIEE, 70 —80 Al 2.78+0.05ab 3.04£0.15 2.26+0.05bc 0.34+0.01 ab 0.40+0.02 0.32+0.01
100% chem.N (W) FI 2.68+0.08ab 2.98+0.11 2.22+0.01 ¢ 0.31+0.01 be 0.40+0.02 0.32+0.01
(F) Cc 2.63+0.07ab 2.87+0.07 2.57+0.04a 0.33%0.01 abe 0.38+0.00 0.35+0.01
60 — 70 Al 2.82+0.4 a 2.90+0.13 2.52+0.17 ab 0.35x0.00 a 0.38+£0.02 0.35+0.02
(W,) FI 2.57+0.11 b 2.85+0.06 2.19+0.08c¢ 0.30+0.01 ¢ 0.39 £0.01 0.31+£0.01
Cc 2.85+0.07 a 2.95+0.05 2.48 +0.07 abc 0.35+0.02 ab  0.40 £0.01 0.34 +0.01
0%4LIER  70—80 Al 2.63+0.10 ab 3.03+£0.04 2.42 +0.11 abc 0.32£0.01 abe 0.40£0.00  0.33+0.01
+20%HHE (W) FI 2.85+0.07 a 3.00+£0.13  2.383 +£0.09 abc 0.33 £0.01 abe 0.41 £0.02  0.33 +0.01
80% chem. N Cc 2.64+£0.06 ab 2.85+0.07 2.32+0.02 abc 0.33+£0.01 ab 0.39 £0.01 0.32+0.01
+20% org. N 60— 70 Al 2.74+0.08 ab 3.03+£0.02 2.24+0.04 be 0.33+0.01 abe 0.40+0.00 0.32+0.01
(F,) (W,) FI 2.73+0.01 ab 2.94+£0.13 2.25+0.09be 0.32+0.01 be 0.40+0.02  0.32+0.01
Cc 2.70£0.05ab 2.86+£0.02 2.27+0.08 be 0.33 £0.01 abe 0.39 £0.01 0.32+0.01

1 (Note) : RPN FIE + iR, F—FILER/NEFHEARERREFBE (P <0.05) B A FHHERRBEF IR FHFRER
ERAEFE(P>0.05) Values are means + standard errors. Different letters in the same column indicate significant difference (P <0.05), and the
same letters or no letter labeled indicate no significant difference (P >0.05). AI—4#R X 33 % Alternate partial root zone irrigation; FI— &£ B
53 AR X % Fixed partial root zone irrigation; CI—% 3% E Conventional irrigation.
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Table 3 The leaf soluble sugar and proline contents of maize under different treatments

g PR W AT HBE Solublo sugar (% ) BREAR Proline (ug/s)
o ol BEEMRERE REN RN RRRE
treatment Middle Later Tasseling Middle Later Tasseling
(% 8;)  method jointing jointing stage jointing jointing stage
100%4LER,  0—80 Al 1.11£0.06 3.61+0.60ab 3.09£0.13bc 9.21+1.10b 13.82:0.88a 13.40x0.11b
100% chem.N (W) FI 0.92+0.26 3.37+0.32abc 3.57+0.35b 13.25+0.97b 11.96+0.19 abc 12.24 0.2 b
(F,) a 0.63+0.14 2.06+0.21d 547+0.51a 9.17+x0.2b 10.84+1.68bc 13.82%1.33Db
0~ Al 1.2+0.11 2.16+0.4lcd 2.92+0.06 bc 10.14+1.43b 11.68+0.70 abc 17.41 +0.% a
(W,) M 1.06+0.46 2.75+0.14 abed 3.07 £0.52 be 11.39+2.51b 13.12+0.40 ab 12.90+0.71b
a 1.02£0.28 2.14+0.11ed 3.70x0.35b 9.54+2.51b 11.57+0.55 abc 13.85+0.67 b
0%ILIER O~ Al 0.09+£0.08 3.90x+02a 264:0.30bc 7.46x1.9b 12.52+0.87ab 12.33:0.33 b
+20%HIE (W) M 0.82+0.21 2.57+0.28bed 3.41+0.18b 13.43+3.46b 12.02+0.30 abc 12.30+2.03 b
80% chem. N a 0.64+0.03 2.76+0.48 abed 4.89£0.06 2 10.22+0.33b 10.90+0.41 be 12.02x1.06b
+20% org. N g0 —70 Al 0.86+0.17 3.57+0.37ab 2.13:x0.05¢ 9.33+3.28b 13.19:0.56ab 11.55+0.9 b
(F,) (W,) FI 0.9+0.21 3.24+0.69 abed 3.00£0.33 bc 20.68 £3.18 a2 12.82+1.38ab 12.95x1.%4 Db
a 0.63+£0.15 2.24+023cd 3.15:0.10bc 8.98+1.18b 10.00+0.41 ¢ 11.45x0.41 b

1 (Note) : RPN FIE + iR, F—FILER/NEFHEARERREFBE (P <0.05) B A FHHERRBEF IR FHFRER
ERAEFE(P>0.05) Values are means + standard errors. Different letters in the same column indicate significant difference (P <0.05), and the
same letters or no letter labeled indicate no significant difference (P >0.05). AI—4#R X 33 % Alternate partial root zone irrigation; FI— &£ B
53 AR X % Fixed partial root zone irrigation; CI—% 3% E Conventional irrigation.
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HIBIEN . TERE % BIILR, AT 55 C1 2]

18 &1 Middle jointing stage

~ PRATA Y Later jointing stage

60 [abcabe ab e

abc bed o

cd g

Total dry mass &4 (g/pot)
~
3

F1 F2

140 ¢ THHERT Tasseling stage

120 ab

100
80
60
40
201

_de be

AbFE Treatment

BH1 FRALETEXBTHURE
Fig.1 The total dry mass of maize under different treatments
[ (Note) : B H 43 A N P IME + AFHEIR 2 Data points are
means + standard error. AERE EARRNEFE, W FRALEZH
ERBE(P<0.05)  AEEFHMEAREERFEHRSES
ABFE (P >0.05) Different letters on the bar indicate significant
difference (P <0.05), the same letters or no letter labeled indicate
no significant difference (P > 0.05). F,—100% 4k At %, 100%

chemical N; F,—80% {LRE& +20% HHL# 80% chemical N and
20% organic N; W, —70% — 80% 8,; W,—60% — 70% 0;; Al—

SrAR X AR Alternate partial root zone irrigation; FI—E E &5 %
R IX # B Fixed partial root zone irrigation; CI—% L ¥ ¥

Conventional irrigation.

IR IR GER A BT, Tang 0 351, 5H
B b, R REE B M A R AL R
R, G R A B, KBRS RE AT THM
o ABIFRIEFRY, BE T /KAA YL R BCHESS
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ERAEBIERNEMOABE, PREE HR
R, BB MHAABE T, EXM A ERS
MR EBEEIKR, AR SIE S ERKE

WS —3, SARMEG R SRR, A
PLTHL N BEMGIR B G AR SRS A EeAT ™, 54
FERA AR

x4 FTRLETEXRFEAERASHRANE

Table 4 Water consumption and water use efficiency of maize under different treatments

Fokm KARIFRE
BAKF Water consumption (kg/pot) Water use efficiency (kg/m’)
Habw Irrigation
N treatment level  Irrigation WA R HHERH WA WAITARH HRES
(% 0,) method Middle Later Tasseling Middle Later Tasseling
jointing jointing stage jointing jointing stage
100%4VEE 70—~90 Al 3.16£0.07d 9.45+0.283 bc 17.03 £0.85c  4.92 +0.07 5.45+£0.20a  5.52+0.07 a
100% chem. N (W,) FI 3.0+0.50d 9.46:0.9bc 16.9120.97¢ 4.12+0.06 5.25:0.16abc 5.53:0.17a
F,
(F.) CI 4.01 +0.24 ab 11.68+0.50 a 21.%4 +0.68a 3.37+0.20 430+£0.19d 4.75:0.20¢
@0 —~70 Al 3.71 £0.14 abed 8.37£0.12 ¢  14.96+0.47d 4.01 +0.04 5.35£0.43ab 5.37+0.22 ab
(W2) FI 3.53+£0.21 bed 8.63£0.25¢ 14.73+0.40d 3.730.15 5.12+0.18 abc 5.53+0.10 a
CI 4.00 £0.05 abc 10.10+0.19b 19.27 +0.67b 3.98 +0.12 4.82 +£0.17 abed 5.11 £0.09 abe
80% 4IRS 70— 80 Al 3.43£0.20bed 9.92+0.66b 17.27+0.34 ¢ 4.32 £0.51 5.31£0.15ab 5.55+0.08 a
+20%FHE (W) FI 3.32+0.2ecd 9.74x0.37b 17.3320.35¢ 4.36:0.49  4.83+0.00 abed 5.08 +0.19 abe
80% chem. N
CI 4.04+0.45ab 12.07+0.68a 22.77+0.93a 3.76+1.03 4,70 +£0.00 bed 4.88 £0.13 be
+20% org.N
(F,) @~ 70 Al 3.56£0.09 bed 8.53£0.19c¢ 14.25+0.37d 4.05 +0.57 5.02+0.10 abe  5.37 £0.05 ab
(W2) FI 3.56£0.18 bed 8.46+0.19c¢ 14.25+0.37d 3.67 £0.37 5.14 £0.29 abc  5.26 £0.13 abc
CI 4.25+0.23a 10.383+0.2b 18.07 £0.64 be 3.78 £0.25 4.63+£0.05cd 5.15+0.36 abc

I (Note) : RKAPHUEFIGE £ FFHEIR Values are means + standard errors. [F—FIALEE/NEFRHAREFRRERBE (P <0.05) 403
B ZRHEAREEIRTFHRERERAREE (P >0.05) Different letters in the same column indicate significant difference (P <0.05), the same
letters or no letter labeled indicate no significant difference (P >0.05). AT—43 4R X 33 % Alternate partial root zone irrigation; FI—EE #/MR X
V% Fixed partial root zone irrigation; CI—¥# 47 #i§ Conventional irrigation.

AHREW, 5HREW(CL) M M, R AT
FHEPR X REERAFEAKEEG T ERLT
VIR E K FI AR (WUE) EmEADE,H
=B ERERERFEKE, W FW, B, 3R R AT
HESIMR X R AR E B8 & WUE 43325 24.4%
16.3% , 5 CLAHL, 3K H1 (10 KAL) F3k T A
~ R (49 RALHL) AT 53 B BEARFEK & 10.6% ~
12.9% 1 31. 7% ~ 32. 4% ,{B 2/ HA 5 A% 4 4
TYEE, Ao A8 & EK WUE 10.4% —
13.6% F141.2% ~ 41. 8% ") | 5ARB T 45 B AL,
Li ™ gt 1 e MR M MEK AT, 5 CLH
H, 20 AR X R FE R T K 29. 1% , T 7K 23 B s
15 24.3% . WA BETKAAVICH N BLiEXT
EXETFYHREM WUE WEREAEE, RIKIT
& PIpror i, YA 5 AL E K [ IE # K Ry

25.24% , Fi K 15.41%, KA A AR RES
45.05% ., TOLE BRI HEE LBk H B
R, B YLTHUE R EE /N E . B, KE 3
FRRIEEY =8 5K 2R R M N 1R 5, X 54
WREGRA AR,

b, 72 IE B EAOK ER ARG E R AT &
R AE IS TR R RS B E MR R kA
K&, Mk B RABIRR A T4 R BB T B,
T B2 1= Rk R SE,
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