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Effects of conservation tillage measures on soil water and NO, -N leaching in dryland maize
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Abstract: Based on a field experiment on conservation tillage over 15 years in Weibei Highland
maize cropland six conservation tillage patterns i.e. conventional tillage ( CT) no-tillage ( NT)

no-illage plus biochar ( NB) no-illage and straw mulching ( NS)  no-illage and plastic film
mulching ( NF) and no-tillage and straw-plastic film mulching ( NSF)  were investigated for their
effects on soil water and nitrate nitrogen( NO;”N) leaching to seek sustainable agricultural culti-
vation measures suitable for the region. Results showed that compared with NT treatment in the first
water recharge period CT had no effect on water recharge in 0—100 cm soil layer and NS NB

NSF and NF significantly reduced soil water recharge. In 100-300 cm soil layer NS NB NF and
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NSF significantly increased soil water recharge but CT significantly reduced soil water recharge.
During the second water recharge period water recharge depth was mainly concentrated in
0-100 cm soil layer and there was no significant difference between each treatment and NT. Dur—
ing the water depletion period compared with NT treatment other treatments had no significant
effect on water depletion in 0—100 cm soil layer but NF and NSF increased soil water depletion by
33.9% and 59.9% in 100-300 cm soil layer respectively. In 0—200 cm soil layer compared to
NT CT significantly increased the accumulation of NO; N by 2.2 fold NS NB NF and NSF
reduced soil NO, N accumulation by 44.6% 61.5% 69.2% and 69.8% respectively. In 200-
300 cm soil layer NS significantly reduced the accumulation amount of NO;”-N  but CT had no
significant effect on the accumulation amount of NO;"-N and NS NB and NSF all had negative
effects on NO;”-N accumulation. Soil water movement had significant effect on the distribution of
NO; N in soil profile. Soil NO;”-N was mainly distributed in 0—40 c¢m soil layer for NB  NF and
NSF treatments in 0—100 cm and 200—300 cm soil layers for NS treatment and over the entire
profile for NT and CT and NS NT and CT treatments had two NO;”-N accumulation peaks in soil
profile. Different agricultural cultivation measures could reduce soil NO, N leaching by regulating
soil water content and subsequently improve nitrogen utilization efficiency. Among those measures
NSF could effectively control soil water movement to reduce the NO; N leaching and accumulation
and thus is a feasible measure to improve soil water and fertility conditions and increase dryland
maize yields.

Key words: NO, -N; soil water movement; no-illage; biochar; plastic film mulching; straw
mulching.
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Fig.1 Monthly precipitation in 2016—2017 growing year.
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426.8 mm 2016—2017
( N
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9.1 C =0 C 3688 C =10 C  16%)75 kg * hm”’
3029 C. 2226 h
171 d 50~ 80 m.
1.3
1.3.1 2017 9
1 2008—2017 2
Table 1 Rainfall in summer fallow periods and growth Table 2 Experiment treatment
periods of maize from 2008 to 2017
Code Treatment Tillage management
Year Summer fallow Growth Growing CT
period period year Conventional tillage 20 cm
2007—2008 125.1 423.3 548.4 NT
. No tillage
2008—2009 85.7 384.7 470.4 NB R NT 2016 2017
2009—2010 139.9 436.9 576.8 No tillage-+biochar
2010—2011 55.6 517.7 573.3 141 hm™
2011—2012 198.6 287.8 486.4 NS * NT
No tillage+straw mulching
20122013 31.9 506.5 538.4 (7000 kg * hm)
2013—2014 197.3 446.0 643.3
2014—2015 119.7 384.7 504.4 NF + N N
No tillage + plastic film
2015—2016 146.8 454.6 601.4 mulching
20162017 175.1 426.0 601.1 NSF oo NT NF

No tillage + straw + plastic
Average 127.6 426.8 554.4 film mulching
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Microsoft Excel 2013
SPSS 18.0
( one-way ANOVA)  Duncan
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9
( 2):
«g”
0~160 cm
CT
0~ 100 c¢m NT 0~
200 cm NB.NS.NF  NSF 100 ~
300 ¢cm NT X
0~100 cm
200 c¢m
.CT 220
240 em
260 c¢m NS.NF  NSF



1192 30
+ 3557k it Soil water content (%)
05 10 30 5 10 15 20 25 30 5
e ' . : .
40t Lt:%:j' L L
80} |-‘&-L-| - +
120+ = 2
160L L L
200 L L
z 240| L L
= 280| | L
:s% 320 €T L
4:}1( 0
K g0t
it
H 8o}
120}
160
200
240
280|
320|. i i
2
Fig.2 Soil profile water content in different treatments.
NSF
300 cm. ( 4). CT NT
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65.1%.101. 8% 115.3%; 100 ~ 200 200 ~
. 300 ¢m CT NT
0~200 c¢m NB.NS.NF NSF 75.1% 78.8% NS.NF NSF NT
NT NT 1.2
40~100 em CT NT 2.8.1.3 4.2.1.7 5.6 NB 100 ~
NF NSF NT 200 em NT 1.5
40 cm NT 200~300 cm NT .
( 3). NT 0~100 cm
2.2 100~200  200~300 cm
NT 0~100 cm
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Table 3 Depths of soil water recharge and depletion in dif—
ferent treatments 22.5%  25.2%
200~300 cm NB.NF.NS  NSF
Treatment Recharge depth ( cm) Depletion depth ( cm) NT 1.7.2.6.3.3 54
Maximum Main Maximum Main
CT 220 80 240 140
NT 260 100 260 140 CT 0~ 100 em
NB 260 140 260 160
NF >300 180 300 180 82.2%  84.8% NS.NSF NF
NSF >300 200 >300 180 100~300 em 73.99 .
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Table 4 Soil water recharge and depletion in different treatments

Treatment Water recharge before Water depletion Water recharge after Water depletion in the
depletion ( mm) (' mm) depletion (' mm) growing year ( mm)
0~ 100~ 200~ 0~ 100~ 200~ 0~ 100~ 200~ 0~ 100~ 200~
100 cm 200 cm 300 cm 100 cm 200 cm 300 cm 100 cm 200 cm 300 cm 100 em 200 cm 300 cm
ot 29.3+ 6.9+ 2.1+ 173.6+ 104.2+ 10.6+ 168.0+ 2.0+ 3.0+ 237+ -95.2+ -5.5¢
2.5a 4.1e 0.4e 12.2a 14.0b 0.8e 10.8a 0.8e 0.9b 3.8¢ 3.3¢ 0.7¢
NT 27.5+ 27.7+ 9.9+ 163.0+ 114.5+ 10.4+ 165.5+ 7.7+ -5.7% 30.0+ -79.0+ -6.2+
3.2a 6.6d 0.7d 12.2ab 10.0b 0.6e 17.0a 1.2¢ 0.3e 2.8ab 5.1b 0.4d
NB 9.6 40.9+ 10.9+ 159.6+ 120.3+ 17.5+ 168.4+ 3.8+ 6.8+ 18.4+ =755+ 0.2+
1.3¢ 2.1b 0.3d 10.5ab 17.6b 2.3d 19.7a 0.4d 0.8a 2.3d 9.9bh 0.1a
NS 22.0+ 34.5+ 27.7+ 162.4+ 109.3+ 34.6+ 168.1+ 12.7+ 0.1+ 27.8+ -62.1+ -6.8+
1.1b 43¢ 3.3¢ 12.7ab 8.5b 2.6b 10.4a 1.1b 0.4c 3.0b 9.7a 0.7d
NF 4.2+ 36.2+ 41.8+ 146.9+ 140.3+ 27.3+ 182.3+ 11.7+ 0.6+ 31.3+ -95.6+ -5.5¢
0.2e 2.3¢ 4.7b 11.4b 20.6a 3.6¢c 19.4a 1.4b 9.2¢ 4.1a 9.3¢ 0.7¢
NSF -0.5+ 48.3+ 55.7+ 153.4+ 143.4+ 56.3+ 171.9+ 17.8+ 2.1+ 18.8+ =743+ -2.8+
0.1d 6.6a 5.2a 11.2ab 12.4a 5.1a 19.5a 1.7a 0.9d 2.3d 10.3b 0.6b

The amount of recharge in the first stage was called water recharge before depletion and the second stage was called water recharge after the

depletion the amount of depletion in water depletion stage was called water depletion. ( P<0.05) Different
small letters meant significant difference among treatments at 0.05 level. The same below.
100.5% 105.4% 0~40 cm NB
; 150 cm
90% 0~100 cm 200 cm 1.0 mg * kg™’
100 c¢cm
. 2.4
0~200 cm (
NT.CT NB 95% 5) .CT 0~100 100~200 cm
0~200 cm NF.NS NSF 0~200 cm NT NT 1.3 4.0
90% 207
0~100 e¢m 15
100 ~ 200 c¢m
200~300 ¢m v
2.3 2
g s
|5
Is
Pt 0
0~300 cm o 25
Z
( 3) CT.NT NS ‘»
CT =
60 160 cm 11.2 B 15
-1.
20.6 mg * kg '} NT 70 180 cm 1
7.6 6.4 mg -+ kg'; NS 90
280 cm 3.0 5.5mg-keg!.CT ’
2. 7 ~ 0 L ! 1 L L 1 1 )y
0 40 80 120 160 200 240 280 320
3.7 NS CT + 2 Soil depth (cm)
NT 100 cm 3
. -1
1.0 mg * kg -NB. Fig.3  Distribution of NO, N in soil profile under different

NSF NF treatments.
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NT 0~40 cm 29.4%  40.7% NS NT .NB.
NS.NB.NF NSF NT NF NSF NT
19.1.23.9.28.8 30.8 25.1% 16.1%+29.6%
kg * hm™: 0~100 100~200 e¢m 21.7% 39.4% 29.4% CT NS
0~40 cm NT NT
NS<NT<CT.
41.5% 50.7%-53.9%  76.9%.59.6%  88.7%- 3
65.2% 79.0%; 200 ~ 300 cm NB. NF
NSF  NT Ns 31
NT .NB.NF 15
NSF 0~40 cm
40% NB NT
CT
200~300 cm 29.1%
i NS 0~100 200 ~
300 cm 38.5%
45.6% NT CT o
100 ~ 300 cm
49.4% 65.9%. - NT
2.5
CT
6 C\T NB.NF  NSF “ 0% M 0~
. C 6. T | 152 100 ¢m 50.6%
N 8.0%18.2% CT 34.1% CT
5
Table 5 Soil NO; -N accumulation in different treatments
(kg * hm™)
Soil layer ( cm) 21 :
Treat—
memt 0~40 40~ 100 100~200 200~300
CT 51.9+7.1a 76.2+5.4a 189.1+20.3a 58.0+6.7ab 22
NT 54.7+£6.3a 41.4+4.3h 47.1+5.8b  46.9+5.4b
NB 30.8+2.2b¢  13.5+3.0cd  10.9+7.2¢  22.7+3.0c
NS 35.6+2.0b 20.6x4.1c 23.2+3.3¢c  66.5+7.5a
NF 25.9+2.1bc  12.9+2.2¢d 5.3x1.8¢ 10.4+2.5d
NSF 23.9+2.4c 9.5+0.8d 9.9+1.2¢ 13.3+1.1cd
2 NB
6 N NT
Table 6 Grain yield biomass yield and water use efficiency
of maize in different treatments 41.0%.
Treat— Grain yield Biomass yield WUE NS NT
ment (kg * hm™2) (kg * hm™2) (kg*hm™
mm™") 0~200 cm
CT 8933+600b 22862+3771b 18.6+1.5bc NF NSF
NT 7569+785¢ 20683+2091b 18.0+1.2¢
NB 8946+523b 25865+3510a 20.9+2.1ab ”
NS 7004 +£666¢ 20064+936b 16.9+1.0c
NF 9797 +530ab 26800+£2250a 21.9+2.3a » )
NSF 10649+709a 28835+£2568a 23.3+1.4a
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