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Residual subsoil nitrogen utilization under water-saving cultivation in winter

wheat
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Abstract:In order to identify the subsoil nitrogen capture ability of winter wheat under water saving cultivation, experiments
were conducted in the field and undisturbed soil columns respectively with '"N-labeled nitrogen placement in deep soil layer.
The field site was divided into plots at 5X 6 m” size. Fertilizers including 157. 5kgN/hm?*,138. 5kg P,O;/hm*,113kg K,O/hm?*
and 30kg ZnSO,/hm’ were applied as basal fertilizer before sowing. Three irrigation treatments in spring season (w0: no-
irrigation, w2: two times irrigation , and w4: four times irrigation) were established and replicated three times in a randomized
block design. In field , '"N-labeled nitrogen fertilizer was injected into different soil layer through polyvinyl chloride (PVC)
tubes with a 2-cm diameter before sowing for w2 treatment and 5 days before anthesis for w0 treatment respectively, and in soil
column, ""N-labeled nitrogen fertilizer was injected into the soil at 100~110cm or 120~130cm or 140~150cm depth 48 days
after sowing. Roots samples were obtained from all field plots at 3 growth stages [seedling before winter, anthesis and
harvest ] in 20cm increments to a depth of 200cm. Plant samples of winter wheat in field and soil column were taken at harvest
stage. The atom of "N abundance in wheat grain was analyzed by mass spectrometry. In the field, significant difference existed
in spatial root distribution between winter wheat and summer maize. The root depth of winter wheat could reach 1. Om at
seedling stage and exceed 2. Om at anthesis stage. Compared with traditional cultivation(w4 treatment)in winter wheat, water-
saving cultivation (w0 or w2 treatment ) significantly increased the weight percentage of root weight at deep soil, which could

explain why ""N-labeled nitrogen placed in deep soil could be absorbed under w2 treatment or w0 treatment condition. In the
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undisturbed soil column, wheat could also capture "N-labeled nitrogen in deep soil. Recovery rates of '"N-labeled nitrogen in
100~110cm,120~130cm,and 140~ 150cm soil layers were 16.26%.7. 33% and 4. 38% respectively. The results suggested
that under water-saving cultivation rooting depth of winter wheat was increased, and more roots in subsoil could improved the
ability of capturing and using soil nutrient (especially subsoil residual nitrogen from fertilizer of summer maize) ,which is very
important for the improvement of nitrogen fertilizer use efficiency in winter wheat-summer maize production system.

Key words : wheat; roots; water-saving cultivation; nitrogen utilization

( ) . )
UNTLO [1.6] s _ s s
’ :6]0
“ 7l } , ,
[810 N s [710 B _
o , s YN s
1
2003~2004 o s s
14~22m, 562mm , 6~8 o s s 7~9m,
2m 420m”*, pH 8.12, 11. 2g/kg, 0.8g/kg, 18. 2mg/kg, 76. 8mg/kg .,
. 5a - , 180kg/hm*( Do
8 ( 75mm ) s 3 s 2
. 2« + , 75mm/ ) : 4« + + + )
75mm/ ), w0, w2, wi ( Do ¢ 225kg/hm?, 300kg/hm?,
225kg/hm?, 22. 5kg/hm?* 7500kg/hm?*) . 109. 50mm( 1),
1.1
. , _ 25 -
8cm ¢ 20cm 1 , 2m) ) :.Ev 20
6 1 )3 o E 15
N 60~80C o é ¢
15 E
1.2 N *
2 R Menezes 3 . 20 - 92 - 105126165 176190]97206210211220
PN N : ¥ i K& Days after sowing (d)
2 ( 1
100,120,140,160,180 200cm) , 2cm PVC Fig.1 Rainfall in winter wheat growth period
YN Ca(NO3),( 17.07%,"N 5.42%) s o s 5d
4 25 ) N Ca(NO;y),, "N 2 s 3
. , ( 20cm 1, 2m) s % 3,
(PN . ), N .
, PN . PN ZHT-03 o
1.3 PN
( 20cm s 2m) ,
36cm s s s o
3 PN JA : 100~110cm;B : 120~130cm;C : 140~150cm, 3 o
( 48d) 2cm PVC , 1.2g (NH),SO, ( 21.2%,"N 24.0%)
( 11.44L/ O, 2 ( +

) o



8 : 1871

s 10. 8L/ ), o
N Rfr KBUE A
20, 3~5cm , 15 / .5 15N-isotope placement point
29 . /h3 Wheat
2 N\ AERBET
Row of wheat sowing
2.1
b . F_scm _4
1. Om, 2. 0m,
2 PN
’ ° Fig. 2 Sketch map of " N-isotope placement in deep soil layer of
’ field
C 4,
&K E Soil water content (34)
4] 10 20 El 0 10 20 30 V] 10 20 30
0 T T ] T T ] T T y
20 |- - -
a0 - -
§ e[ - -
2 80+ — o
B
S 100 [ - -
& 120 - = -
o140 - 2 =
5
® 160 | - -
H 180 - - =
200 = =
200 L #9 Jionting L ¥ 1 Flowering L WY 2k Harvest
—— w0 —— w2 —h— wd
3 w0, ,w2 w4
Fig. 3 Field soil water content of wO,w2 and w4 treatments at different growth stage in wheat
b 2
# KRTE Root dry weight (g/m?)
Zm 4 ' 0 10 20 30 40 S50 60 70 80
80cm s s 0~20 '
. 2 4 1. 0m o 2040
) . U g 4060
I [~ | -
11.57%.11.05%.6.05% , , §, 6080
2 50100 [5g
) ) £ 100~120
W 120~140 [z
. BN » >
2.2 ! T} 140-160 §
“N , 160180 owd mwl @wd
180~200
2 b
15 15
N ° N 4 w0.,w2 w4 2m
UN ¢ AYUNE ’ Ve Fig. 4 Spatial distribution of root dry weight of winter wheat under
A% NE ’ PN (120~ wo0,w2and w4 treatments in 2m soil body at harvest stage
200cm) C 5,
2.3 15N
’ "N C D, BN
PN R 100~110cm,120~130cm.140~150cm PN ¢79)
16.26%.7-33%  4.387%, ,UN o
3
. :8.](1.][0 s 2.01'11 s
( . 2 ),1.0m %) ( 4 ), s



wl

1872 2

[12,13] ,
’ N ‘748‘9 ( )
. . 2 (100~200cm) N
. , . Menezes s
1. 0~1. 2m R\ fel, , 0~80cm
C 3. 1m PN, N
0.07 025 -
g 0.6 |- 020 |
¢ 005 L ’
_? 0.04 |- ¢15 -
E
g 003 - 010 |
; 0.02 |
0.05 |-
jm 0 1 ! 1 1 1 1 0 1 1 L 1 1 ) ILI )
500 120 140 160 180 200 100 120 140 160 130 200
WE L MEE Soil depth of N placement {cm)
5 w0 (A) w2 (B N N (AY%NE)

Fig. 5 Atom % "N excess of wheat grain under the field treatment of w0 (A) and w2 (B) deep soil '°N fertilizer placement at harvest

stage
1 15N
Table 1 Wheat growth in soil column absorb '*N-labeled nitrogen fertilizer placed in deep soil layer
N N (mg) N 9%
Treatment Plant organs Atom % "N excess 5N accumulation 5N recovery rate
A(100~110cm deep soil deposited "N) Leaf 0.3274+0.020 0.4174+0.062 0. 81
Glume 0.36040.018 0.58540. 085 1.13
Stem 0. 38040. 026 0.91540. 064 1.77
Grain 0.45940. 031 6.495+0. 756 12.55
Total 8.41040.710 16. 26
B(120~130cm deep soil deposited "N) Leaf 0.173£0.013 0.29540. 087 0.57
Glume 0.201£0.011 0.287£0.015 0.55
Stem 0.201£0. 009 0.47240.038 0.91
Grain 0.24440.013 2.738+0.567 5.29
Total 3.79040. 672 7.33
C(140~150cm deep soil deposited "N) Leaf 0. 08440. 006 0. 08740. 005 0.17
Glume 0.10940. 005 0.13040. 007 0. 25
Stem 0.07840. 003 0.14540.011 0.28
Grain 0.13240.003 1. 904+ 0.073 3. 68
Total 2.27040.088 4. 38
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