F31% 1 P I D Vol.31 No.11
144 2015 4 6 H Transactions of the Chinese Society of Agricultural Engineering Jun. 2015

~

EHEKERARATERRRERKRS =

BRE, HEEY, 2 F, FBEW
(PHICARMBH R KPS 0 TR e, M 7121000

O WIFUAFERE KT SR 27 2O TR B A RS8N, 2011 SR K H S TR ZBRIVARERR, WA
BEAK S WEREK SIS REAKAIASCR S e 2. SIS 2 3R 3 AP IRBENLE 2 ik r 5. 2 filiiEsy).
WA SIS 0~100 em SR IRIFERIE T 75 AR IE M DR AR IE B U AR AR AERORDL . 5 5RRWT, KT 206 %-Ar
B MR AR B BRI B K R OO R R AR AR A T RS 2 2, 3 (A AR AR Rk
ABDUARACA AR A S S35 o A /A ST A M I 0 N 2 T OB RG, IF A ESR IR AN A7 ARG L i
M CRMRT BRI KR, 23R & (11 524 kg/hm®) o i [ 5 HEAK [ i B0 AR Kl N, 77 i
Ko AFAEET 0~40 cm L JZHACHT AT HEAS LR MRS EE B, A% LA DS K S ST S e K R EORCEL, RAREK
Gy A RE K T A INRRUR, 38 I AN R HE A Tt A 7 TR AR A A A AR P 0~40 em H R, AZEHE/KIY S) i A doe AT
A TARAR QAT BAPE R, 2B RVARE N B KT e BT U AN [ A 27 SO R R AR K

FERAT A T B .

KRR EBE; MR edh; ARRF X RERAKSA, FE; EK

doi: 10.11975/j.issn.1002-6819.2015.11.021
HFESES: S274.1 XRAFRESAD: A

XE/HRS: 1002-6819(2015)-11-0144-06

RHR, HHA, R E, & EEEKEZRARNANTFERRRERKESFEJ]. RULITEZFWR, 2015, 31(11):

144—149. doi: 10.11975/j.issn.1002-6819.2015.11.021

http://www.tcsae.org

Qi Dongliang, Hu Tiantian, Wu Xue, et al. Rational irrigation and nitrogen supply methods improving root growth and yield of
maize[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2015, 31(11): 144—149.

(in Chinese with English abstract) doi: 10.11975/j.issn.1002-6819.2015.11.021

0 31 &

WRARLAFYPIK 7> FIFR I 10 SRR T, R
KEBA “rpkane” w2 Bk FRSu ey
WRARKFTIN, Ky FRPAELIRA A MR AR 1
R G A AR o I K NS AR R PR &
MR, FEMZIAEY B SRy TR SEIEA T
(RIE R T, SEBUA AR B R ™« 3 KBRS
Ueridl T RFER I, CL S TR I 2 .

ZEREVAREBORAEARN A 2 N - JT4EK
[l A AR B SR BORIEAT T KA 10 9% T K A5 T
(RIS, AR 3243 DX A WML F AR Y B R T — M,
IR SRR AR AT AR RIERR A B, &L
P BB K A BE S (AR SR IR T R
“ERARE” FAE MR, IS RO AR
PIERKIXA . RIS N AT AR, R B
(K o3 SR 3 BT R AR L 5 o XAk, KX

MR H3A: 2015-04-06 &7 HIA: 2015-05-10

EEWH: HRHRREEESTH (51079124)

PEFfRIA: BRI, 53, HONEREA, Wk, FZASETOKREMII 51
Wi R R B Mg VEIRARBHE R SR A 5 dl 30 TR A% e,
712100. Email: qd1198799@126.com

MOBEMER: I, &, BgAURN, ARSI, FEMAGRIIK ;%
PR S e VEICRMBHS KK R S @5 CRABE, 7121000

Email: hutiantian@tom.com

http://www.tcsae.org

SRAT T8 AL AR O PR U, T A HE K IX ) S A
D™ o B VAES A N, AT 2R TR A K 4
WHELARIL . IXAE R EANE B AR BRI 3%
i H ol RE sy RIS 3. Bk, iz BRI L& 3dE 1
KR 7 X B L2 AR, BE AL
KA 2 BI0TTT T AN 27 A FIRE K T3 200
FORMEFR KA (Km0, HRW K R R K
MACHARR]. BP0, ASCHR —FH R &I P 0K
WAL R A, DA AR RN T 50
PR AR BRI - R e B KAl

1 #Rl5F%E
1.1 A5t

R W EFREK 2 NMRE, SRR 3 FAFETS
A, JL9ANAHEE, WA 1.

F1 Wit
Table 1 Experimental design
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FAIES 3 K, FLRE 27 ANNX . BT A
BISTHEAR AR SRR, e 2 NN
Al HEATRE B, e BRI e 1 AN ERAE.
1.2 RIEITE

G T 2011 4F 4—9 HAEAMBAED m R K gk
REEEURLGEE (37°5720"N L 102°50'50"E) #E47. k46
HOMESL UL SCRR[10]. HERAEYD A AR R oK, b
At 4 5. RAKHZEREEERA, VAFZERWH A
. VAR 30 cm, VAJETE 20 cm, ZBTH%E 20 cm, ZEJ
P& 35 cm, VWAIEEN 55 cm, VWK 8 m. /PXHARTEE
), DOJEIFRE, TR 27 m*, ANXZ I 0.5 m 5E2E0a T,
9 ANNXA T AL, 9 AMEEAEX AL N REHLHES ], X 4L
ZIAHBE 1.5 m SR E, 3L 3 ML BN L 7 47K
8 ANMEKIA 6

HL2ETT, FEZEIIN B LA B RAS (45 kg/hm?, LA P,Os
) PEARNESI AR 25, THEEZE. 04 ] 13 HIR

BH-PEE L, 04 H 15 HEMT/DXATE, 04 H 17 HEZ
VkEZE, 04 71 21 HZE ERidk, 05 74 HHE, 05 110
Hiew, 06 H 2 HEEASTTI, 07 H 15 HEEA KB\
FH1, 07 H 26 HEEAShEERT, 8 H 25 HEEAFERKM,
09 A 25 Hsk,

FAOFRHE KRGS A ], HEREE A 3 750 mP/hm?,
Jiti B 200 kg/hm? o #E 7K B T4 H /K AR RS A 7K 2
o HEKI AR AEY 25 A B BL AR 2 5 Sk, Sk
WEK S U, A AERR G« PO KW\ I ek
FEI, %HEK 750 mP/hm?. BB N AR 173 mm.
FMGEARZ, 4> 3 Wi, it 50%, KM\ A
HHEEIA % 25%. RERMELEVAF (2B EAND , JFHARGAE,
it i 7 e NIy, ] it RN RS it A FE A
FLJA [ 58 MmN A, AR AT ik
17s WIS EGETEr ~ AL A ] A 40, LV it 2
HARSE, HARMEE 2.

R2 BEKERANMEESME
Table 2 Time and location of irrigation and nitrogen supply

24 1) IR ISR, i SR BysTHE A K
Applied date Alt;;r;l;lt; N Convsir;t;)(l)}rllal N Fixed N supply  Alternate irrigation ~ Conventional irrigation Fixed irrigation

04-21 FUA P FA

04-26 P P P
06-05 A P [EeX bt}
07-13 Jetuia I 2Rl Jefu I 7
07-31 Eapliba) P A A I Eapliba)
08-28 Jeta P r A

1.3 MEMBSAHZ

D WESEbR: HhEl (7 A28 HY  #ERIM (8 A
25 H) FREI 09 A 22 HY , EFALFE/NX EH ]
—ATHIAARATRENIEE 9 MREKBHMTIR RME, KH L
YRR TS . BKFE 14 om. #KJE 14 cm, DUHERE FZETICN
FEUE VSRR 10 R ARG 20 cm 34T EEORE . BURE DTV
FAR RS [F] SCHR[10] 4R )5, 76 105°C AT 30 min,
T0°CHER R, PR, REGRT R

2) LIRS R AN FER, SREE)Z T
HERES, T A KRN NOy-N Er&iilE. +
He e S KM 105 CRETEIE « 13 NOs-N ik
FARCTRENE, £ 1 mol/L KCLiZ4R ), A4 6t
FEvk RS, 751-GW) BllE .

3) FPRipER: AR /NXCHE], RN 2 47 FOKEE T
7 R Bk, BRI, SRR
1.4 HuEikiE

PRI HHE F Excel 2010 # /418, SPSS12.0 4eit 4y
MR AT T i S 2 e, 5220 One-way
ANOVA, Z LI SSR 7k,

2 GHR5HH
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Fig.1 Changes in total root length of maize during growth periods

at 0-100 cm for different treatments
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W1 3 MK 5 2R ANt Se0AE 2R ] AR K 2 S B 2R B 0
BN, HEAKTT AR N, BB A0 0t AT R T4
AR SR K
2.1.2 MRAWZE S

TR0 5 e Ut U A KRR, 220k 5
DREKW AT T 4 s RNy, 8 BESR I AEY) ™
BRI GBI YT, 0T SCRARE S Ik 491 43 A AN ] E K
T AR R A 5T o X AFK S RN T R
0~100 cm kAl BREAIER N AR e 5 3R )
(3D« BRI &AL BRI 22 (P<0.05) ,
FLAE R NI B 2.2 K1 (P<<0.01) 5 Jti %y 0%
R B MAR A 5 52 (P<<0.05) , LA B A B3
WE 7K 7 2O BT SO FLRR B AR K 5w 2% (P <
0.05) , JAMALEARZE . B RHE, BIEREK 3 Fh
Tt 30 AN BR R AR LK RRAE (P<<0.05) , 22MH
£ FF FIEEIR K. AC 1ERRR . PRAGMIBR T 4ESF T8
KIS, AA HAR ARG AC A, AEBRAEIIA X T
AC, T HABALEE . FARACOARERR T, %07 AR TR
I, [ E AN TR SRR AR K (P<<0.05) o 7T
W, HEZK T SO AR B AR A ke B4R . ACH
FIT YR A BRI, AA IR, BRI T oA b 2R
F3 HBAETERAEMKAREAME 0~100 cm TR ERRIK

& PR
Table 3 Length of maize roots under different positions with

different treatments in soil layer of 0-100 cm at filling stage and
results of F test

R Root length/cm
Treatments 2l Pt L
South of plant ~ North of plant Under plant
AA 438+14ab 410+11ab 618+28a
AC 453+27a 431+12a 630+39a
AF 415+14bc 420+19ab 589+23abc
CA 418+19bc 439+19a 595+34abc
CC 412+34bc 403+16b 576+33abc
CF 394+24bc 415+20ab 564+39abc
FA 368+15¢ 405+23b 519+29¢
FC 359+l11c¢ 399+15b 544+31bc
FF 347+14c¢ 413+20ab 499+27¢
F K13 % Probability of F-test
) E7 KI5 0.0195" 0.0087" 0.0195"
Irrigation method (1)
PESEN *
Nitrogen supply 0.1328 0.0243 0.8573
method (N)
7@’Ik:?\?g“ 0.0145" 0.1423 0.4540

e FFVECT AN FRER R 22 5 PRI 0.05 S K+, ** 3 5 RIR7E0.05
MOOUKETF =R BE: TH.

Note: Different letters after data in same column mean significant difference at
0.05 levels; * and ** represents significant differences at 0.05 and 0.01 level,
respectively; Same as below.

ANFEAKEE T R & ER K 0~100 cm 2
EARK LG (R 4) R 0~40 cm 1)Z4 69.71%~
74.75%, AC # K, CA /s >60~100 cm 12K
14.69%~18.81%, AC I/)N, CC ¢ K. 23 )21 55 0~20 cm
)2 7 42.54%~47.27%, AC #: K, FA #¢/N; >20~40 cm
+J2d 25.65%~30.39%; 40~60 cm )2 A 10.57%~
12.42%; >60~80 cm )2/ 8.86%~10.58%; >80~
100 cm + 2T 7 LUBIERAR, 0 5.64%~7.89%. 5-AbBE ]
AR EEAE 0~40 em T2 HK, 15 5.04%, Al +)2Y
INT2.30%. AT, FSARFE 0~40 em 2R KT A
T JEARK e B iy HAS AR R X — P 25 K, AC A
4 0~40 cm HJEZHR KNS 0~100 cm 2K LB K.

R4 EXRERRAZLERKEE 0~100 cm £ ERKELHG]
Table 4 Root length ratio at each layer in 0-100 cm soil layer for

different treatments at filling stage of maize
%

g TRRIE Soil depth/em
Treatments  0~20  >20~40 >40~60 >60~80 >80~100

AA 4285 30.39 11.18 8.86 6.72
AC 47.27 27.48 10.57 9.05 5.64
AF 4422 28.35 11.34 9.27 6.81
CA 44.06 25.65 123 10.09 7.89
cC 4327 27.12 11.49 10.58 7.53
CF 4373 26.95 12.42 9.6 7.29
FA 4254 28.73 11.62 9.64 7.47
FC 42.71 29.63 11.35 8.79 7.52
FF 43.54 28.91 11.39 8.66 75

2.2 AREEKERARNTERERPIRE RUKIEH
Lo a1

ERMMABEKE Z 280D, WK (ERKHRAE
R AR TR R 2 AR S SR A i s 4 37 kR
ANEK BHEN TR T 0~100 em )2 FFAER &7 B FE
ABREK, BARTEMSREmARNSRERY (X5,
FEZK 7 A ARG . RV o 2 R AR R T AR 5 )
#, HET 2 BUAN R K (P<0.01) 5 A7 200 &
MR s 2, 3 A AR A SR K 1 52 e
# (P<0.05) , HAHNAEZE. WHKRRLEIERZ
AT AR B2, M0 o8 A TR R BT,
A MIAS HAE T O BARKAY BT R . AN [ E K A
T AR R = B 1 S T R WEAK T S0, i T
O A B RS T AR FH 35 R 7 5 (1 52 i IA 21 I8 25 K
Fo HERW, AC FEARK. RARERMBEKA, HRET
KRR 8 (11 524 kg/hm?®) o FF N EARKSH/D,
FER= /. CC B RAR T E R, MW IRE
BOKPRL . U B SR SRR = B R IR
AC A AR R A KRN =& .
2.3 ERBATEEKERARNTHLIEAKRSFALIE
NO;-N &%

HEII 0~40 om 1 2 RRAN [R5 1) - 38 i 15 K
FOCHESKE) M1 NO,-N & (13 NOs-N) #£
MA (F 6> BEAKTAL MR T & A8 HAER X
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AR T O 338 25 /K SR AR B 0 12358 NOs-N 1 52 st
FKT RERRACIN 5 5 KR A2 RE K T A, PR
P I -3 NOs-N A2t 07 s . RbR R a5 KR
S REIK T RS2 2, R R 13 NOs-N A2 e
IKMEE T 5. 40~100 em FJ2H, Hikkeg. db 2 ml
LIS REARREKTT M, L4 NOs-N (Uit =7
A, AR T 2K SRR A ZREKIE R T X5
W O IR, BRI o B0 RIS K E 1
ZREK TG, 4 NOs-N & i Z A2 it s U,
FAEEHE K T7 30 387K 93 AR 70 A S0 IR

x5 ERBAARRLET 0~100 cm LR EKEBIRE RUIRAT

R ER FRIER
Table 5 Total root volume of maize in the soil layer of 0-100 cm
at filling stage and grain yield at harvest and results of F test

BIRE wmem R
AARK Jit g e
s T o Total root Fr
otal root Total root P
Treatments length/cm dry weight/ sulrface2 Grain yu_azld/
me area/cm (kg-hm™)
AA 1469+51b 967+17abc 1921+83b 10145+421ab
AC 1520+61a 1150+21ab  2364+93a 115244+225a
AF 1418+50bc 1143+15ab 1826+92b 9625+368bc
CA 1456+86b 822+11cd 2018+82b 9846:+400b
CcC 1472+54b 1196+15a 1924+104b 9725+213b
CF 1372+70bcd  1165+18ab  2031+94b 9524+358¢
FA 13114£58cd 814+18cd 1983+£92b 9365+411d
FC 1301+72c¢d 767+18d 2030+105b 9306+439d
FF 1269+82d 862+14bc 1919+84b 9021+227e
F K15 Probability of F-test
AT . . . .
Irrigation 0.0003 <0.0001 0.0329 0.0235
method (1)
WU ) )
Nitrogen supply 0.1512 0.0120 0.2741 0.0341
method (N)
‘gﬁxff’\ 0.0121° 0.1310 0.6718 0.0356"

F6 EKERE0~40cm TEHEZLEMTIEKSINILIE
NO;-N ZEXK F i8R
Table 6 Soil water content and soil NOs-N under different
treatments in soil layer of 0-40 cm at filling stage of maize and
results of F test

L A e 22 -
RBL KA 18 NOs-N-
Mass fraction of soil Soil NOs-N content/(mg'kg™)
Qb B moisture/% 3 eKe
Treatment NG| 7| 7 i b 7
South of North of Under South of North of Under

plant plant  ofplant  plant plant  of plant
AA 13.1¢c 14.5a 14.8a 21.4b 20.0b 26.5a
AC 12.8¢ 14.0a 14.2a 22.7b 21.4b 24.5a
AF 14.5b 12.6b 12.8b 33.0a 17.3¢ 23.2a
CA 14.2b 14.0a 12.5b 24.5b 21.4b 24.1a
CcC 14.3b 14.1a 13.0b 23.5b 21.6b 25.2a
CF 14.8ab 13.0a 12.4b 35.0a 16.7¢ 21.5a
FA 14.7ab 11.4b 12.1¢c 20.2b 24.8a 22.6a
FC 15.1ab 11.3b 12.0¢c 22.4b 25.6a 23.0a
FF 16.7a 11.5b 11.3d 34.0a 16.2¢ 22.4a
F KI5 Probability of F-test
K TT . . . .
Irrigation 0.0021 0.0247° 0.0214° 0.2145 0.0124  0.1542
method (D)

Nitrogensupply ~ 0.0325"  0.1231  0.6325 0.0241" 0.0356" 0.2587
method (N)
HEZRKx it 2L

IxN 0.0412° 02174 0.6741  0.4561 0.0325" 0.3095

3 W e
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FoHZ M JRN A REAE T, A HEK AN [R] X dak
AL AR RAS R 252 — 2 R (0T B0, 120 it
RO EA S) A EAEYR R R . =& dsian, —
Dy, 1] 22 YR AN [R) AR [X A2 5 HE K R AR 3R AR KMk
MR T, S — 5T, 3950 A (0 IR R R AEAL
BAFRIK LN, AR TAERE 2 MR R A AR KDY, B
BER TR K. ZRE &N, AC RN
BN YERE T BRI IR 0~40 em )2 4R
K% (£4) Wil ACHHRRAE KB NHH. B,
AA FEFE IR AC HHF), w2 mWAURT AC, i
T A AR ER, T LA it gt A i S R TR R AR
KPPl i FAL FC RUFF N, ROAK RGO 1 138 5 At bt
FRIEM 130%24° 47 (% 6) , AF. CF FI FF |, kR
()14 NOs-N Fr S AR IL I 2 5264 (R 6) « X
FE—K, — 8K, ROV FEAL, —MHBARAE L
ML, BEHE T HEARMIAR R ALK, E6 T oA 2%
TRy R FE T, AR R KAR . S5,
RANSGEEEE B T2 s, ARy -gE
FRAC 5 8 25 A o o RIS IR Y T A8 R b VA RE T B
IR R SR R I S 2 IR0, %6 &1
NRPRL RS BRKEBR R (K5, BARRBRKE
Ko PR . X5 UK R0 &7 2K
R R h A — 8,

AR LA, FE N HERMAR K KM 119%,
X5 Skinner [RF 5T ——EHE K I AL HEKTAAR R AW =11
126%AH & 1, JE R AT REAE T, ARE T+, FF KSR X A
B ONFARREARM, —J7TH, AR IX 2 AP K R
164.4 mm, FRZERE 2000 mm, KA AEE AT,



148 Ak TREZAR Chttp://www.tcsae.org) 2015 4¢
NI LA I o A AR AR K 2 B ] B2 pE Y 1999, 5(3): 206—213.
Li Yunzhu, Wang Fengxian, Liu Laihua, Used and

S Jr i, ANHEEN S AR B, gk HA R
PRE R E T, ARG TIZ R R M A 0 T
KM, BT, K. RPN TEAL, MR KR,
PRIL T AR AR “ G AE” #EU2)0 1 Skinner (K56
B IZREN 2 52, KX AL, B
JAEZE b, AREAA T LIS S R R R LY, R
BOK, AR Ky 2 SOl IR, A A
R, il TR ALK

AR, BAEFER 0~40 cm - ZARKT AN LER
KR (R 4) , Uil 0~40 em 202 TR
FEMEPP, Gi4h, KA X — LA AR 1% 2 AR
BOR, XAG%ALJR N EHOK A8 NOs-N&5 AR 21
=50 Gk 6) . Farre PRIV, TR
FRIBI R/ 7K A H T 0~50 em 12, ik 1%
LML AT, 2Ol I R K A RO
FAARKAR I P45 0~40 em 200 13K RN N 3=

4 % it

E K 7 AR i 7 2 I 5 e L 3K o AR R
NEsZu T AR R AR . Bk b, FRRRAEK
IR AT R RE K 7 Bt 7 S —#H A HAE R . &
BHEME T B AL B oK AR KR K, R R
(11 524 kg/hm®) T ] 2 00 1 5 ot 2 Ak AR K A
N, PREERAG. A ERREWE I AT i A R IR T AT
BEIF 3 At A HE, (0B AL T A AR . Gl REK S
JERE PR R A A AT AR TP AE 0~40 em )2

AL, FORMRARM KT Ko BRI AR
BRA A DA, HATIRGRIA P . ZBRVARESR I R
A HRE K S8 S e A R T KR R AR IS ™
KA R B LA AN B AT R AR, AR sebrr,
FHECAL G35 51 HE K R U AT AN B B KX A
AR ME K T A% P hIE K I TR), RAIE B 4 W IR 9
K RSO U T8 P9 U L RCRERT . 2776

(& % x #

(11 xipeil, FB2er, AR=5, & NI BREEAOT &/

AMAR A K IR RS [T]. ZE244, 2003,
23(11): 2342—2352.
Liu Gengshan, Guo Aanhong, Ren Sanxue, et al. The effect of
limited water supply on root growth and soil water use of
winter wheat[J]. Acta Ecologica Science, 2003, 23(11): 2342—
2352. (in Chinese with English abstract )

[2] North G B, Nobel P S. Changes in hydraulic conductivity and
anatomy caused by drying and rewetting roots of Agave
desert (Agavaceae)[J]. American Journal of Botany, 1991,
78(7): 906—915.

[3] ALLLEE, HHh, SRR, AE K. RN E ORI AR
PERISEMI]. T RHBCRNATE, 2013, 1(31): 189—100.
Du Hongxia, Feng Hao, Wu Pute, et al. Influence of water
and N fertilization regulation on root growth characteristics
of summer maize[J]. Agricultural Research in the Arid Areas,
2013, 1(31): 189—100. (in Chinese with English abstract)

[4] ZEEk, ERAL, Xkt gk g s A 5
— T HOKES M SR AEK]. RS0,

[10]

[11]

[12]

[13]

[14]

management of soil water and nitrogen resources I: Soil
water and nitrogen conditions and root development[J]. Plant
Nutrition and Fertilizer Science, 1999, 5(3): 206—213. (in
Chinese with English abstract)

FHA, T, INET, S KRR /NS L
AR a3 R T 283 (S ik 2 (0], o AR I A 2 2 4l
2013, 21(3): 282—2809.

Wang Yanzhe, Liu Xiuwei, Sun Hongyun, et al. Effects of
water and nitrogen on root/shoot ratio and water use

efficiency of winter wheat[J]. Chinese Journal of
Eco-Agriculture, 2013, 21(3): 282—289. (in Chinese with
English abstract)

Kang Shaozhong, Zhang Jianhua. Controlled alternate partial
root zone irrigation: its physiological consequences and
impact on water use efficiency[J]. Journal of Experimental
Botany, 2004, 55(407): 2437—2446.

Hu Tiantian, Kang Shaozhong, Li Fusheng, et al. Effects of
partial root-zone irrigation on the nitrogen absorption and
utilization of maize[J]. Agricultural Water Management,
2009, 96(2): 208—214.

Benjamin J G, Porter L K, Duke H R, et al. Corn growth and
nitro-gen uptake with furrow irrigation and fertilizer bands[J].
Agronomy Journal, 1997, 89(4): 609—612.

BRI, RE, BIEE. EEO7 A R AR A oA
REFHM W], T ERIR, 2014, 47(14): 2804 —2813
Qi Dongliang, Wu Xue, Hu Tiantian. Effects of nitrogen supply
methods on root growth, yield and nitrogen use efficiency[J].
Scientia Agriculture Sinica, 2014, 47(14): 2804 —2813. (in
Chinese with English abstract)

BHRR, IR, I, A8 SRR MR ORI
FAERAIAG[T]. HEREDLBR TR, 2014, 32(11): 990—996.
Qi Dongliang, Hu Yangguang, Hu Tiantian, et al. Root
growth and distribution of spring maize under different
irrigation methods[J]. Journal of Drainage and Irrigation
Machinery Engineering, 2014, 32(11): 990—996. (in Chinese
with English abstract)

2, WX, x5, % M. HEAERTERKEIARN N
e 7 R 25 R0V 1R S i 0], ARk TR 2 4R
2011, 27(2): 57—64.

Du Jun, Yang Peiling, Li Yunkai, et al. Influence of the
irrigation, fertilization and groundwater depth on wheat yield
and nitrate nitrogen leaching[J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of CSAE),
2011, 27(2): 57—64. (in Chinese with English abstract)
Hodge C A, Popovid, N N. Pollution control in Fertilizer
Production[M]. New York: CRC Press, 1994.

ETHE, ARBE, ARSI, . RHEKO R A A KRE &
PER R B SE D], PEAERAEAR, 2005, 14(4): 69—72.
Gao Fangsheng, Xu Kun, Xu Ligong, et al. Effect of soil
water on growth, development, yield and quality of tomato[J].
Acta Agriculturae Boreali-occidentalis Sinica, 2005, 14(4):
69—72. (in Chinese with English abstract)

AUNR, WALEL, ARRAD, A BERVAREK R SR E
5 AR R 23 A1 A K 23 R 8 2 e 0], DHAE AR AR RN
KR BOREMARR, 2013, 41(2): 89—93

Shi Xiaohu, Cao Hongxia, Du Taisheng, et al. Effect of water
and nitrogen coupling on root distribution and water use
efficiency of tomato[J]. Journal of Northwest A&F
University: Natural Science Edition, 2013, 41(2): 89—93,
100. (in Chinese with English abstract)

Woete,  HEAIG. SRRV K 20 NS L S SO
KRR R TSR, 2000, 16(1): 39—43.
Pan Yinghua, Kang Shaozhong. Irrigation water infiltration
in furrows and crop water use of alternative furrow
irrigation[J]. Transactions of the Chinese Society of



/a%—

11

BRMR RSl E A R T S OR T FORMRR AR K ™

149

Agricultural Engineering (Transactions of the CSAE), 2000,
16(1): 39—43. (in Chinese with English abstract)

efficiency of controlled alternate irrigation on root-divided maize
plants[J]. Agricultural Water Management, 1998, 38(1): 69—76.

[16] Mingo D M, Theobald J C, Bacon M A, et al. Biomass [21] Skinner R H, Hanson J D, Benjamin J G. Root distribution
allocation in tomato (Lycopersicon esculentum) plants grown following spatial separation of water and nitrogen supply infurrow
under partial root zone drying: Enhancement of root growth[J]. irrigated corn[J]. Plant and Soil, 1998, 199(2): 187—194.
Functional Plant Biology, 2004, 31(10): 971—978. [22] North G B, Nobel P S. Changes in root hydraulic

[17] Buttar G S, Thind H S, Aujla M S. Methods of planting and conductivity for two tropical epiphytic cacti as soil moisture
irrigation at various levels of nitrogen affect the seed yield and varies[J]. American Journal of Botany, 1994, 81(1): 46—53.
water use efficiency in transplanted oilseed rape (Brassica napus. [23] Burke J J, Upchurch M J. Cotton rooting patterns in relation
L)[J]. Agricultural Water Management, 2006, 85(3): 253 —260. to soil temperature and the thermal kinetic window[J].

[18] xith4r, #eh, REH, % ANFEKEMES /N TR Agronomy Journal, 1995, 87, 1210—1216.

AR MK E A B B I]. o E AR,
2014, 47(7): 1362—1371.

Liu Shiquan, Cao Hongxia, Zhang Jianqing, et al. Effects of
different water and nitrogen supplies on root growth, yield
and water nitrogen use efficiency of small pumpkin[J].
Scientia Agricultura Sinica, 2014, 47(7): 1362—1371. (in
Chinese with English abstract)

2, ATHIME, s, & KSR S B R R 5
=R M) AL TR, 2007, 23(9): 39—44.
Li Bo, Ren Shumei, Yang Peiling, et al. Impacts of water

PPk, EERFERHM]. F—R B RIERER
AHfAL, 2004: 167—202.

E W, Bk, M, S5 JEZE AR G AR AR R
PP FORMER A KA ™ R [0]. AL TRES A4, 2015,
31(7): 109—117.

Zhou Changming, Li Yuannong, Yin Minhua, et al.
Ridge-furrow planting with biodegradable film mulching
over ridges for rain harvesting improving root growth and
yield of maize[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2015,

supply on root distribution and yield of tomato in
greenhouse[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2007,
23(9): 39—44. (in Chinese with English abstract)

[20] Kang Shaozhong, Liang Zongsuo, Hu Wei, et al. Water use

31(7): 109—117. (in Chinese with English abstract)

Farre I, Faci ] M. Comparative response of maize and
sorghum to deficit irrigation in a Mediterranean
environment[J]. Agricultural Water Management, 2006,
83(1): 135—143.

Rational irrigation and nitrogen supply methods improving root growth
and yield of maize

Qi Dongliang, Hu Tiantian™, Wu Xue, Niu Xiaoli
(College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling 712100, China)

Abstract: Ridge-furrow irrigation is wildly used in crop production. Few studies focus on the interaction effect of furrow
irrigation methods and nitrogen supply method on crops, especially for root distribution. In this study, the coupling effects of
different furrow irrigation and nitrogen supply methods on growth and distribution of root and yield for maize were
investigated. Ridge-furrow irrigation was conducted in field in 2011 with spring maize of Jinsui4. Three furrow irrigation and
N-fertilizer supply methods were designed including alternate, fixed and conventional furrow irrigation, and alternate, fixed
and conventional nitrogen supply. Each treatment was replicated three times and the plot was layout by complete randomized
design. The root length and weight beneath the plant canopy, south and north of the plant in the soil layers of 0-100 cm were
measured at the growth stages of tasseling, filling and maturity with sampling at 20 cm as an interval. Grain yield was also
measured at the harvest. The results showed that only root length and the total dry weight of the plant in the south were
significantly influenced by nitrogen supply methods. The total root length and root length of the plant in north was influenced
by the interaction of irrigation and nitrogen supply methods. The total root length of plants under the alternate furrow irrigation
was kept larger in the growth period. Meanwhile, under the alternative furrow irrigation and conventional N-supply, the root
length of the plant in north, south and beneath the canopy in the soil layer of 0-100 cm, as well as total root length and total
root surface area at the filling stage were larger, thereby resulted in highest yield of 11 524 kg/ hm®. In contrast, total root
length as well as yield of fixed furrow irrigation with fixed nitrogen supply was smallest. The root length under the plant in the
soil layer of 0-100 cm of the alternate furrow irrigation with alternate nitrogen supply was as large as the alternate furrow
irrigation with conventional nitrogen supply. The root length ratio in the soil layer of 0-40 cm to 0-100 cm was larger under
different treatments and the largest one was found in the treatment of alternate furrow irrigation combined with conventional
nitrogen supply. The results suggested that root growth and distribution are more susceptible to irrigation methods. Regulation
for root growth and distribution of maize through different irrigation and nitrogen supply methods should be mainly in the soil
layer of 0-40 cm. Yield and root growth of maize can improved by alternate furrow irrigation with conventional nitrogen
supply but inhibited by fixed furrow irrigation with fixed nitrogen supply. Alternate furrow irrigation with alternate nitrogen
supply is only inferior to alternate furrow irrigation with conventional nitrogen supply in improving the yield and root growth
of maize, but superior to the other treatments. Thus, alternate furrow irrigation combined with conventional nitrogen supply is
considered an optimum coupling pattern of irrigation and nitrogen supply method under the ridge-furrow irrigation.

Key words: irrigation; crops; fertilizer; nitrogen supply method; root growth and distribution; yield; maize



