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Effects of tillage and nitrogen on water consumption and dry matter
accumulation for arid region grain and forage maize
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Lanzhou, Gansu 730070, China; 2. Yan’ an Institute of Agricultural Sciences , Yan’ an, Shaanxi 716000, China)

Abstract: Field experiments were conducted to study and compare the effects of four tillage methods combined with
two nitrogen levels on water consumption characteristics and dry matter accumulation on maize. The treatments were: T1
( conventional tillage) s TZ(rotary tillage) R T3(sub—soiling) and T4(no tillage) with two nitrogen levels (N2: 200 kg*
hm~2 mineral nitrogen, N3: 300 kg*hm 2 mineral nitrogen, arranged in a randomized complete block design. The re-
sults showed that compared with the nitrogen, tillage methods had a great effect on water consumption amounts and water
reduction amounts. Sub-soiling treatment was beneficial to reduce water consumption from sowing to jointing stage and in-
crease water consumption and water consumption percentage from jointing to grain filling stage. Sub-soiling compared with
conventional tillage at O ~ 30 cm soil layer reduced water by 35.3% from sowing to jointing stages. Similarly, at 30 ~
110 cm soil layer the amount of water reduced increased by 54.2% and 20.5% from jointing to flowering and flowering
to grain filling stage. Maize dry matter accumulation at different development stages, biological yield and grain yield were
highest under treatment of sub-soiling + 300 kg*hm~? mineralnitrogen. Sub-soiling + 300 kg*hm~2 mineral nitrogen had
no significant difference compared with sub-soiling + 200 kg*hm~? mineral nitrogen. Water use efficiency (WUE) was
highest in no tillage + 200 kg*hm~* mineral nitrogen, however, there were no significant difference between no tillage +
200 kg*hm ™ mineral nitrogen and sub-soiling + 300 kg*hm~2 mineral nitrogen. Therefore, considering improved yield,

water use efficiency and the use of fertilizer, sub-soiling + 200 kg*hm ™2 mineral nitrogen under Complete Film Surface
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Plastic Mulching and Double Ridge — Furrow technology may be considered as suitable in the Western Loess Plateau.

Keywords: tillage method; Whole Field Surface Plastic Mulching and Double Ridge — Furrow planting; sub — soil-

ing tillage; water consumption amounts; dry matter amounts
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Table 1  Effect of tillage, nitrogen and their interaction in the global analyses of variance of water consumption amounts,

dry matter accumulation amounts, yield, soil water storage and water use efficiency

[ 2 Factors ET, ET,/ET ET, ET,/ET ET; ET;/ET ET, ET,/ET DM,
HHEH 2 Tillage <0.001 <0.001 0.001 0.028 <0.001 <0.001 0.048 n.s. 0.001
Jifi = Nitrogen n.s. n.s. n.s. n.s. n.s. n.s. 0.048 n.s. n.s.

L B2
ﬁﬁzzijgi;i%fﬁ <0.001 <0.001 0.014 <0.001 0.001 <0.001 <0.001 0.001 0.024
K Z& Factors DM, DM DM, Biomass Yield SW, SW, ET WUE
HEHE X Tillage 0.049 <0.001 <0.001 0.001 0.004 0.018 0.005 n.s. n.s.
%= Nitrogen n.s. n.s. n.s. n.s. n.s. 0.022 n.s. n.s. n.s.

: .
BT x fls AUt n.s. <0.001 <0.001 0.018 n.s. 0.003 <0.001 0.024 0.014

Tillage x nitrogen

e BT, 38R ~ S IHRE K &5 BT,/ ET 38Rl ~ BTHREK B S b s BT, 30 ~ FEAERE K s BT,/ ET 4171 ~ FFAEMRE K E 43 L 5 BT FFAE
W ~ HESREK &R 5 ETs/ ET AL ~ WESBARE K 43 L 5 BTy HES ~ BUAIRE /K i 5 BT,/ BT WES) ~ BUBAREK B 43 L DM, AR AT
YRR R i ; DMy JT AR T Y BB R DM, - BRI T Y BB A 5 DM JREJY T4 B R 2 ; Biomass: ZE 724 ; Yield : FPRL ™ 6
SW,  HEHT K i 5 SWy: US B3R K i ET: A4 T ARG K it s WUE KAy RIS  n. s 0 B35 H

Note: ET): sowing ~ jointing water consumption amounts; ET,/ET: sowing ~ jointing water consumption percentage; ET,: jointing ~ flowering water con-

sumption amounts; ET,/ ET: jointing ~ flowering water consumption percentage; ET5: flowering ~ grain filling water consumption amounts; ET5/ET': flowering ~
grain filling water consumption percentage; ETy: grain filling ~ maturity water consumption amounts; ET,/ET': grain filling ~ maturity water consumption percent-
age; DM : jointing dry matter amounts; DM, : flowering dry matter amounts; DM3: grain filling dry matter amounts; DM, : maturity dry matter amounts; SW, : soil
water storage before sowing; SW,: soil water storage after harvesting; E7: water consumption in the whole stages; WUE : water use efficiency; n.s,no signifi-

cance .
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Table 2 Effect of different tillage and nitrogen treatments to water consumption amounts in different periods of maize growth

FEFD ~ R BT ~ AL TFAEW] ~ WS TSI ~ )
Ab B Sowing ~ jointing Jointing ~ flowering Flowering ~ grain filling Grain filling ~ maturity
Treatment
ET\/mm ET\/ET/ % ET>/mm ET,/ET/ % ET3/mm ETy/ET/ % ET,/mm ET./ET/ %
TIN2 71.8ab 22.2a 116.5bc 36.0a 88.5b 27.4b 46.5b 14.4cd
T2N2 78.9a 20.2ab 115.5be 29.5¢ 97.4b 24.9b 67.5a 17.3a
T3N2 67.2b 18.3be 120.5b 32.9b 115.8a 31.7a 62.3a 17.0ab
T4N2 53.9d 16.1d 121.9ab 36.5a 111.9a 33.5a 45.9b 13.8cd
TIN3 79 .4a 24 .0a 109.3c¢ 33.0b 90.8b 27.5b 51.1b 15.4be
T2N3 80.6a 23.8a 115.6bc 34.1ab 95.1b 28.1b 46.9b 14.3cd
T3N3 65.5be 18.6bc 122.6ab 34.8ab 113.1a 32.2a 50.3b 14.4cd
T4N3 60.3cd 17.1ed 128.9a 36.6a 115.9a 32.9a 47.3b 13.4d

AR/ NS TR R B A 0.05 KF E2E5R B3, TR,

Note: different lowercase letters indicate significant differences among treatments at 0.05 level, the same below.
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Fig.2  Water reduction amounts in 0 ~ 200 cm soil layers in different periods of maize growth
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g.3 Effect of different tillage and nitrogen treatments on dry matter amounts in different periods of maize growth



184 TRH XA AT 36 &
x3 AEBERIELETERNS=EFKSF ARE
Table 3 Yield and water use efficiency of maize under different tillage and nitrogen treatments
- -5 RS 2R
fhg C7/ T Crain KR 8%/ =2+ 8%/ S8 FeK A WUE
Biomass R Rainfall Soil water Soil water Water . C |
Treatment s yield X /(kg*hm™2-mm™")
/(kg=hm™?) (ke hm=2) /mm storage before storage after consumption
grhm sowing/mm harvesting/mm /mm
TIN2 18260.6¢ 6936.3¢ 269.3 324.4d 270.4b 323.3b 21.6abc
T2N2 19855 . 8be 7425 .4ab 269.3 346.4cd 284.7b 330.9b 20.3be
T3N2 22342 .9ab 8298.8a 269.3 381.4ab 260.7b 390.2a 18. 9¢
TAN2 18799.8¢ 7261 .4be 269.3 386.0ab 326.5a 327.8b 24 .6a
TIN3 18612.9¢ 6731.9¢ 269.3 373.8abe 277.8b 365.4ab 22.7ab
T2N3 18465 .8¢ 8057.7ab 269.3 359.3be 277.7b 351.2ab 24 . 1a
T3N3 23186.9a 8491 .4a 269.3 385.1ab 320.1a 333.1ab 21.8abe
T4N3 19855 . 8be 7159.5be 269.3 39. la 313.2a 352.6ab 20.2be
N A%, 1A VR B+ 64 300
> b

— N, B R AN A TR v R
KRS AT IR ST S W, Sk A G BB i +
HEFE K& 10% , /0 T 3R R 2 40% , #E K =D
15% , KA FITRCR S m 109% 20, WA BF98 R ITE
SN ZE T 5 AT, RSB S B RE A R
0~30 em MK &, 88 E K B BBE R n T
50.0% F143.7%"" . ASWFTE 45 T2 W, TRAN A Al 6
PO PR S5 1L GERIBEAE B, D T KRG Rl 41
)RR AR, EZRBEILT 0~ 30 em HJZAINT
IKIHFE R, 32 B URRABE AT A B TR Z 1
A AL, 4R e K Y A AT K 4y
HIRZE LIEAS, EEHT LMK, Mafhbiz
1 T T HEZ R P S, M T K S
R o BRI RSN TR R S b A R K
A0 ~ 200 em + 2K AR AR W2 m T T AL
B, 3P A B R AR K R, X K o 1 5
SRABURR, Sy T IR 2 197K 45,30 ~ 110 em 2 TR
JZ KBRS FH o

WAFFTNR, SRR BEA T T 42 ks
P K o PR A R 22120 2 e A 280 i i g
W, 14 PG 5~ G b R R A Ak B/ 22 R 7= 4331 B
FUERALFH S 21.1% 1 29.4% , /K23 F &k 3543 5142
15.0% F1 10. 9% , (B A5 B 52 Al % 25 22 4 SC it
D, BHER SRR A IS K, R AR
RAERKEERAE AR ABL RE R
PABES B HHE I 2 e, A R AR 3 ok
T AR, AT A 25 v AR R DL R OR T
BT AR BTG . Ak, it 300 kee hm 2%
200 kg hm ™ > ZAEXT KA W 7™ it FORF L™ S 5 1)

ke hm ™A FRARAT T fie g 9 A2 ) 7 B FORERL ™ A
HSTEAH R R BEVE D7 2R 200 kg hm > S AE AL 2R
L ZESEA R . TRIABFRIR A BAT 2K PR A
FAEABIESE N2 Jii BE A, 3600 1 47 A - ok
i, SAF AL B K o M IR 3 T AR B (H
TRAAHFAL BEK 73 A AR N B 1, 3 R O o4 2
B IAMFEK B K (ALE N3 A AT T W #E S
IR I AR 3R i o ) BRERIE AL P ) 22 5 AN (3 o St
Ab B SR AE B R AR A 3 M FIRICR  (H th 2 i 247

O
4 %5

TELEE 25 BT 7 L St 7K 43 R A v 255 ) R
ISR T A HE + MEZE4 200 kg hm b HFEAL T
FORIE P BRI DB BLFE K &, BB AT
0~30 em HJZMKIEFER, $ i TR BRI
FRE K H B H: (5 R /K R A9 EL B, 3 TR 2 1
B T A, 5 H e A HAR EE, A B + it 4l 4
200 kg hm ™20 BRAT F) T H2 = A4 3 A B K 19 AT 43
R BT A B8 AR o AR, IR T
B RPRL 7 . BRI TEASIR IR S5 T T4
WZEREEA  TRARHBE + iE2E4 200 kg hm ™ & B
A S WA = )5

S & X #h:

(1] Z=fgoc, Fubhs, R e, 55 . R R HUIR 3 A 280 FOK Al 5e ) 1
[J]. HE M e 2004, (9) :55.

(2] Wl DEM, GRS . TR KR AL R L 4544
PEELT]. FRRHFE 2004, 12(5FI)) : 122-124.

(3] HEZ, T #. =tE e KRR E )] S EmR,
2003,23(5) :1003-1011.



5 13

SKEAAE 2 AFVE D7 305 it AE X A DORRUARI e T K AR K AR PR AN T SRR 3R A 52

185

(4] ZERURS, TRE 5 88 4 B T 5 XA K B AR 2SRl 43 B [15] Blanco-Canqui H, Lal R. Meclianisms of carbon sequestration insoil
[J]. RSO 42,2002, 10(1) : 101-103. aggregates[ J]. Critical Reviews in Plant Science, 2004, (23):481-
[5] XU~ Al Bt 4, 45 . H i A e 5l 4 IR X281 R B R 504.
1 EZRA )] A LTS, 2008,29(5) :629-632. [16] EZLmH, sREE L, R A T 5 X A R B FH A %
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