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Effect of irrigation method on dry mass and nitrogen and potassium utilization of

maize under different water and nitrogen conditions

LIU Shui, LI Fusheng”
College of Agriculture, Guangxi University, Nanning 530005, China

Abstract; Crop water requirement varies with the growth stage, so water-saving effect of alternate partial root zone irrigation
(AI) also varies with the growth stage. Understanding the effect of alternate partial root-zone irrigation at different growth
stages on maize growth and water and nutrient utilization can provide the theoretical foundation for the implement of alternate
partial root zone irrigation and fully exerting its effect of saving water and fertilizer. Taking conventional irrigation (CI) as
the control, this study has investigated the effects of Al respectively at seedling- early grain filling, seedling-jointing and
jointing-tasselling stages on dry mass, nitrogen and potassium contents and uptakes of maize and available N and K contents
in soil using a pot experiment under two irrigation levels ( normal irrigation and mild water deficit) and two ratios of
inorganic to organic N (100% inorganic N and 70% inorganic N + 30% organic N ). Results indicate that under mild water
deficit and combined application of organic and inorganic N fertilizer condition, Al at the jointing-tasselling stage increased
shoot and total dry masses by 29.6% and 27.4% , and shoot and total N uptakes by 50.7% and 50.4%, respectively, if
compared to CI. Combined application of organic and inorganic N increased shoot and total N uptakes to some extent, but
generally reduced soil available N and K contents when compared to only inorganic N. Thus alternate partial root-zone

irrigation at the jointing- | tasselling stage could increase total dry mass and N uptakes under mild water deficit and combined
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application of organic and inorganic N fertilizer.

Key Words: ratio of inorganic to organic N; irrigation method; dry mass; NK utilization; maize
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Table 1 Effect of irrigation method on maize dry mass under different water and nitrogen conditions

AHLTEHL N L

Hio b ER T AT Y Bkt ST TR

Ratio of org. h'r‘(iszfi(o?l(iiel lrri-ftii%niho d Shoot dry mass/ Root dry mass/ Total dry mass/
to inorg. N ° (/) (g/#) (g/th)
F, W, CI 77.8+6.5abcde 6.0+0.8abed 83.8+5.7abcde
Al 61.2+3.2¢fg 5.4£0.4bcd 66.6+3.4efg
Al 70.3+4.2cdef 7.4+0.6ab 77.7£4.3cdef
Aly 73.2+7.8bcdef 6.3x1.1abed 79.6+8.8bcdef
W, CI 65.8+1.9def 7.1x1.1ab 72.9+1.8def
Al 59.5£1.91¢ 4.8+0.5¢d 64.2+1.4{g
Al 66.9+2.9def 5.9+0.3abed 72.8+3.1def
Al 82.1+5.1abed 7.8+0.5a 89.8+5.6abed
F, W, CI 88.2+5.7ab 6.9+0.5abc 95.1+5.4ab
Al 59.4£2.1fg 5.4£0.5bed 64.8+2.6fg
Al, 84.2+6.3abc 6.6+0.2abed 90.8+6.6abc
Al 78.7+2.6abcd 6.4+0.5abcd 85.1+3.1abed
W, CI 69.6+6.7cdef 6.6+0.5abed 76.3+7.1cdef
Al 49.3£5.9¢ 4.6+0.3d 53.9+5.6g
Al, 74.9+2.7abcdef 5.7+0.8abed 80.6+2.7abcdef
Al 90.2+5.0a 7.0+0.4abc 97.2+4.8a

R I E bR | B — b BR 8 7R AN R 2 3R 225 B (P<5%) AR ER A P REMIRE B RR 25 A B3 (P>5%) o Fy:100%J6HL
N;F, :70%JEHL N+30% A HL N; W, : IEH#EK (70%—80% 6,) Fl W, : FRELHUK (60%—70% 6,) , 6,0 HIIRRFK A ; CL2H HUHEIE ; AL JE MR IX 22
UL, AL ALy AL 73302 A5 v 1S A0 R0 — T S AN BT ) — R A T AT

Values are means + standard errors; Different letters in the same column indicate significant difference (P<0.05), the same letters indicate no
significant difference (P> 0.05). F;: 100% inorganic N; F,: 70%inorganic N + 30% organic N; W, is normal irrigation (70%— 80% 6, 6, is field
capacity) and W, is mild water deficit (60%—70% 6,); Cl is conventional irrigation; Al is alternate partial root-none irrigation, Al,, Al, and Al

represent that Al was respectively carried out at seedling-early grain filling, seedling-jointing and jointing-tasselling stages; The same symbols were used for

the following tables
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Table 2 Effect of irrigation method on N content and uptake of maize under different water and nitrogen conditions

BHUEHUN el HAKT MR ST HE N content/% S N uptake/ (mg/B)
Ratio of org. Irrigation Irrigation 5
o o N - me LI A WL Shoot  HLZ Root $40 Total
F, W, CI 1.51+0.03¢d 1.28+0.17ab 1178.2+117.3cde 77.6+16.6ab 1255.8+102.5¢cde
Al 1.54+0.08cd 1.45+0.02ab 937.5+29.0def 78.1+9.5ab 1015.7+30.5def
Al 1.33+0.19d 1.02+0.18b 929.1+44 .2def 73.4+13.1ab 1032.0+33.4def
Al 1.31+0.08d 1.47+0.05ab 939.3+57.5def 102.5+13.8a 995.2+75.8ef
W, CI 1.35+0.09d 1.02+0.07b 890.9+76.9ef 72.4+12.8ab 963.3+74.9ef
Al 1.85+0.17be 1.53+£0.16a 1099.8+19.0de 71.1+2.5ab 1170.9+17.3de
Al 1.58+0.20cd 1.28+0.10ab 1064.7+138.8def 74.0+7.2ab 1138.7+145.7def
Al 1.54+0.10cd 1.25+0.17ab 1257.9+28.9¢cd 97.3+10.0ab 1355.1+38.9¢d
F, W, CI 1.64+0.12bced 1.01+0.09b 1458.6+154.6bc 71.4+15.0ab 1529.9+139.7bc
Al 1.48+0.09¢d 1.09+0.19ab 882.3+129.7ef 59.4+8.0b 941.7+137.7ef
Al 2.05+0.17ab 1.17+0.05ab 1738.3+142.4ab 76.8+5.6ab 1815.1+144.5ab
Al 1.51+0.13¢d 1.21+0.14ab 1199.9+150.9¢cde 78.1+7.8ab 1277.9+156.5¢cde
W, CI 1.52+0.17¢d 1.01+0.13b 956.8+36.1def 66.5+4.8ab 1018.5+35.4def
Al 1.52+0.06¢d 1.43+0.05ab 733.8+36.2f 66.5+11.3ab 800.2+25.2f
Al 2.41+0.16a 1.35+0.03ab 1802.1+86.1a 74.6+3.5ab 1876.7+83.5a
Al 1.61+0.13c¢d 1.27+0.13ab 1442.3+52.2bc 89.5+13.6ab 1531.8+49.2bc

FRBAE N I AR, (6] — S AL BRI SRR [R5 FROR 225+ B35 (P<5%) AL BRIBI AR #8225 A B35 (P>5%)
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Table 3 Effect of irrigation method on K content and uptake of maize under different water and nitrogen conditions
FAHLEHLN W] AT s B AL K content/ % B K uptake/ (mg/P)
Ratio of org. Irrigation Irrigation |3 3
to inorg. l\? legvel mihod l%}t(fﬁ *]Eo/i b 16 Shoot M Root BHE Total
F, W, CI 1.95+0.05abcde 2.27+0.07abe 1526.2+100.6ab ~ 135.0+17.2abed ~ 1661.2+140.2ab
Al 2.21£0.03a 2.53+0.14a 1396.8+13.2ab 135.3£12.8abed  1521.5+23.4abc
Al 2.02+0.01abed 2.03+0.11bcdef  1417.7+31.1ab 150.1£15.7abc 1567.8+35.8ab
Aly 1.95+0.05abcde 2.36+0.10ab 1425.9+151.7ab  147.2+13.7abc 1573.1+176.3ab
W, CI 2.15+0.08ab 2.32+0.05abc 1413.9+58.5ab 164.8+15.7ab 1578.8+70.8ab
Al 2.17£0.19a 2.41+0.08ab 1291.4+94.9bc 113.9£8.9¢d 1405.4+88.6bc
Al 2.14+0.07ab 2.22+0.10abed ~ 1433.6+£149.7ab  129.9+8.9abcd 1563.6+152.6ab
Aly 2.08+0.05abc 2.17£0.08abcde  1724.5+130.0a 168.9+16.3a 1893.4+199.3a
F, W, CI 1.81+0.10cde 1.88+0.14def 1502.6+70.4ab 131.8+17.7abed  1648.9+84.5ab
Al 1.74+0.10de 2.18+0.07abede  1032.9+43.5¢d 117.3£6.3cd 1150.2+£49.9¢d
Al 1.97+0.01abcde 1.88+0.08def 1535.9+33.5ab 122.9£2 .9bed 1660.7+36.7ab
Al 1.69+0.06e 1.72+0.18f 1332.5+67.0bc 109.4+1.3cd 1441.9+65.7bc
W, CI 2.01+0.05abed 2.16+0.14abcde  1265.8+10.1bc 142.4+7.4abe 1406.6+20.3bc
Al 1.83+0.19bcde 2.07£0.07bcdef  894.7+82.5d 96.2x15.1d 990.9+70.0d
Al, 1.89+0.03abcde 1.96+0.15cdef ~ 1419.2+17.5ab 111.1£13.1cd 1530.4+20.0abc
Al 1.76+0.05de 1.83+0.09ef 1595.1£129.9ab  127.0+2.1abcd 1722.2+131.4ab

P EUE I AR R | R — AL PR /NG BN ) 35 3R 22 5 B35 (P<5% ) AL BRIE]AR R 20K 22 52 .3 (P>5%)

5 CIAHE,F, i) AT, AbFE L 3R K R A&
Iy B /D 30.3% 1 29.9% , W, B} AL AbBEAR & K W
Wi 2 b 31.7% , AR HABKIE S F T AL b3
TR T ER AR R FLE K WS AN B3, R
TEAPLTCHL N AEFCHE A5 1, v 30— S0 91 43 AR
IX AR ASH] T EoK K Rt s m (R 3) . 1
AATRIEWE 7 XA S 251 5, W, b3 138 AR &R

LK S W, B 2R A RE, 5§
AEBRAH LAY W AL F WAL K F, ZbBRHb F 35 A
K W 2 BRI, T At /K 23 S5 14 F BRI AS (8 2%
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2.4 T HERR AR A S
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ALPE A S N A7 B 43 i 3 n22.2% ,16.1% Al
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Table 4 Effect of irrigation method on soil available N and K contents under different water and nitrogen conditions

APLTEHL N LA HE KR W)y Bl AR
Ratio of org. to inorg. N Irrigation level Irrigation method Available N/ (mg/kg) Available K/ (mg/kg)
F, W, CI 86.9+6.8ab 139.2+2.9ab
Al 82.7+5.2abed 118.7+4.3cde
Al 81.0+4.1abed 139.1+2.7abe
Al 77.7+1.5abed 127.8+3.6bcde
W, CI 72.5£6.8bcd 121.0+7.9bcde
Al 88.6+4.3a 140.4+7.4ab
Al, 84.2+3.9abc 122.7+9.1 bede
Al 81.7+2.2abced 153.5+4.4 a
F, W, CI 68.1+1.3d 121.3+7.6bcde
Al 70.8+5.1cd 123.6+4.5bcde
Al, 69.7+0.9¢d 117.2+4.2de
Aly 72.5£2.6bcd 122.6+1.2bcde
W, CI 67.9+3.6d 129.1+4.4bcde
Al 70.0+4.5¢d 137.4+6.2abed
Al, 67.5+£7.7d 111.7+7.1e
Al 70.2+1.7cd 132.5+5.1bed

R BAE N I AR, (6] — 2 A BRR) N SRR [R5 ROR 225 35 (P<5%) AL BRIBIAR R #8225 A B35 (P>5% )
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THESIAR X R i e 358 N S BEA B R, AR
T AR BB AR R AT A B,
TERBEBOK (W,) T, AL (AL FT AL &b 3R I 7E AN [A]
FEEE 3G B30 N &t HA T AL Ab3H
EERALS N R B, XS AL R E
KT Bt i JE AL, B BE Bk B AL Ab
PRA )T i B AR N Wi, AL Ab R

ok B EALE K Wi [ C AR BRI REAIG, 5k
AEFLAE B R — B, AT S TR Il e B AR
X 8 T T 2 A MK T K KA IR A e, 0 Y 30—
I 0] 22 B EE (AT A H T & B oKX K )
The

XUZINKIAEE S IR A 3 T, T K R X T KA AR R
Wi A SE AN B 2 AR B 98 45 SR B R — 3 (HAE Al
ALBREE W, KM EEBALE AR R B E T W,
VA ALy Ab R 45 B Kk A R T4 8 oK i LR
MR, AN K AT, A HLEHLAENE
B it A1) T Kt b3 N A A A R A B
Z, FORAERE K & A AT Pk

ATTAAE B9 R W, 76 M )it AL 7K S R, AT
A BRSO N L CT M5, T A W R
ORI R N 5 CT AL FEAR T, AR R,
F,W, T AL Fl AL Zb2E A+ Ef Al N FH AL K & &
W 5 T C1 A3 150 B 7 B i T AL Z8UNE R e B2 filok
T, IR T (AL, AR SH—Hh S (ATL)
Oy FRIX A BRI A A T R N Rl N K
UEAh AR 50T, F, AR PR A+ 3R g N AL K
SRBBERT F, A, FoAA LA — L
A AR R TEHL RS A RE#E KM, {H 2 X A
R B A B[] R O A A 1 A A 5 it A
HL N XS R ff N B3 AR X 2202, (02 5 4R )5
A MBS HLICHLAL Bt Ah R 308 N & K7
A4 oL N OJE AL B0 SR A AT 6y
EAR VTS hErE SUNA NS

4 #ig

(1) FER B Sk FA ML ML AL FCHt T, 475
SO — S AR XSS E BE (AL A AT B KB
Yy AR NI AC e A 38 T i v 90— 2 0 9] o
MRS HEBA AT E oK K e $m

(2) AL, 5 oK Fra AL IEHLE IS B i A A
T IR U S R Y B e, DA T R I S A N
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