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Effects of nitrogen application methodologies on yield and nitrogen use
efficiencies in a summer maize (Zea mays)-winter wheat (7Triticum aestivum)
rotation system

LI Lantao, REN Li, YIN Huanli, GUO Ya, WANG Haibiao, ZHANG Qian, WANG Yilun™

(College of Resources and Environment, Henan Agricultural University, Zhengzhou 450002, China)

Abstract: This research was conducted to explore an appropriate nitrogen (N) management pattern for a summer maize (Zea

mays)-winter wheat (Triticum aestivum) rotation system (SM-WW) and to study the effects of N application methodologies on
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crop yields and N use efficiencies in a SM-WW in high and medium yield areas of Henan Province, North China. An appro-
priate N management strategy was analyzed and established in this study. The detailed N application strategies for the SM-WW
were as follows: (i) no N application (T1); (ii) one-off application of urea with the rate of 210 kg(N)-hm 2 (T2); (iii) fractional
application of urea with the rate of 210 kg(N)-hm ? (T3); (iv) combined application of controlled-release N fertilizer with urea
at the rate of 180 kg (N)-hm ? for wheat and 195 kg (N)-hm 2 for maize (T4); (v) combined application of controlled-release N
fertilizer with urea at the rate of 210 kg(N)-hm ™ for wheat and maize (T5). The Soil-Plant Analyses Development (SPAD)
chlorophyll meter (Minolta Camera Co., Japan) was used to determine SPAD values. Plant and/or grain N content and biomass
were measured at different growth stages for the SM-WW and used to calculate different N indicators. Results showed that N
fertilization methodologies could significantly affect the yield, yield components, and N indicators among the five treatments,
with the overall trend being TS5 > T4 > T3 > T2 > T1. Moreover, the yield and N parameters in high-yield area were signifi-
cantly higher than those in medium-yield area. Compared with the medium-yield condition, the average values among the five
treatments for yield, plant N content, and accumulation increased by 58.0%, 19.2%, and 47.1% for maize and 34.7%, 33.3%,
and 85.9% for wheat, respectively, under high-yield conditions. Regarding the N use efficiencies, from T1 to T5, apparent N
use efficiency, agronomic N use efficiency, and N absorption amount for producing 100 kg of grain were increased both in the
high- and medium-yield areas. However, the opposite trend was found for N harvest index. The results showed that an optimal
N fertilization treatment, such as T4 or T5, had great potential in improving N use efficiency without adversely affecting grain

yield and could be an appropriate model of N nutrient application during the SM-WW in Henan Province, China.

Keywords: Summer maize-winter wheat rotation system; High- and medium-yield area; Urea; Slow-release nitrogen fertilizer;

Nitrogen use efficiency
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( ) (113°56'E, 35°6'N,
- , - ) -
’ ) 14.5 650 mm
0~20 cm 1
1 M5 Z% ., PH C ) «C .
1.1 5 ,
2016 6 —2017 10 49.4%
(114°18'E, 35°40'N, ) 53.7% 20.6% 94.7% 56.9%
Fz1 ikt IEERBUMER
Table 1  Soil physical-chemical properties of the experimental sites
Site pH Organic matter Total N Available N Available P Available K
(gkg) (gkg’) (mgkg™") (mgkg™") (mg-kg ™)
High-yield condition 7.3 23.0 1.26 87.9 36.8 166.3
Medium-yield condition 7.8 15.4 0.82 72.9 18.9 106.0
1.2 (N 46%) ESN
5 (N 44%) ( P,0s12%) (
) 2 K0 60%)
, T3 =1
1 , =l 1 5
; T4 =3 1 , ¢ 3
, N 26% ‘ 29’ 67500 hm™;
750 kg-hm™ ; TS ‘ 33, ‘ 999°,
31 210 kghm™ 180 kg-hm™
R N28% 2016 6 17 ,9 29 s
750 kg-hm ™ 11 4 ,2017 68
3 R 36.0 mz( X = 2016 10 16 ,2017 6 2 ;
3.6 mx10.0 m) , P,0;s 6 7 ,9 28

90 kg'hm™?  K,0 75 kg-hm™

#2 AEZLEAEMKER

Table 2 Detailed information of different treatments in the experiment

Detail information

Treatment

T1 No N application

T2 210 kg(N)-hm™? One-off application of urea with the rate of 210 kg(N)-hm

T3 210 kg(N)-hm ™ Fractional application of urea with the rate of 210 kg(N)-hm

T4 , 180 kg(N)'hm™ 210 kg(N)-hm™
Combined application of controlled-release N fertilizer and urea with the rate of 180 kg(N)-hm™ for winter wheat and 195 kg(N)~hm’2 for
summer maize

TS5 210 kg(N)-hm™

Combined application of controlled-release N fertilizer and urea with the rate of 210 kg(N)'hm’2 for winter wheat and summer maize

http://www.ecoagri.ac.cn
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(NH,0AC Yy (D)
1.3.2
27 d( ) 46 d(
) 61d( ) 70 d( ) 76 d( )
91 d( ) 104 d( ),
33d 54d 69d 76d 85d 101d 113d(
); 105 d(
) 137 d( ) 160 d( ) 182 d( )
216 d( ), 94d 146 d
156d 178 d 201 d( ) 229 d(
), 20
10:00—
12:00, SPAD
SPAD
SPAD ,
4 1 m 1,
105 30 min,
65 , H,SO,-
H,0, , AA3
(gkg™), :
(kg'hm™) (gkg™
1.3.3
108 m*( x =3.6 mx3.0 m),
, ; PM-
8188-A
, 14.0%
1.4
[23] [24]

(apparent use effi-
ciency of nitrogen, AUN, %)
(agronomic efficiency of nitrogen, AEN, kg-kg™") 100
kg [nitrogen amount for producing 100 kg

grains, NAPG, kg-(100)kg™'] (nitrogen

harvest index, NHI):

AUN(%)=( —~
) x100 (1)
AEN(kg-kg ")=( -
)/ (2)
NAPG[kg-(100kg) ']= /
x100 (3)
NHI= / x100  (4)
Microsoft Excel 2010
; SPSS 20.0
(LSD ),
P<0.05 P<0.01 P<0.001; Origin 8.5
2 FEREHH
2.1 -
( 1 , 2016—
2017 T5 (
) T1( )
, 37.2%  34.3%,
, T5 , T4 , Tl
, 58.0%
34.7% , (S)
(T) (P<0.001)
3 ,
(P<0.05),
; (SxT)
2.2 -
SPAD
SPAD
, 2
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Fig. 1 Effects of nitrogen application methods on crop yields of the summer maize-winter wheat rotation system in high- and me-
dium-yield areas
2 0.05 NS #** 0.001
Detailed information of treatments was shown in Table 2. Different letters above columns mean significant difference among treatments
(P <0.05). NS and *** represent not significant effect, significant effect at 0.001 probability levels, respectively, of experimental sites, treatments and
theirs interactions.

x3 AREARXMSEEAFEREER-ZNEAFRIEARIEY~EMHEFHIFM
Table 3  Effects of nitrogen application methods on yield components of crops of the summer maize-winter wheat rotation system in
high- and medium-yield areas

Summer maize Winter wheat
Site Treatment
Grains per spike 1000-grain weight (g) Pike number (10°hm™) Grain per spike 1000-grain weight (g)
T1 542.1b 320.4a 4.6¢ 46.1c 48.6a
High-yield T2 569.1ab 319.0a 5.3bc 49.6b 48.0a
area T3 572.7a 318.3a 5.4ab 50.6ab 46.4a
T4 578.1a 321.1a 5.5ab 51.1ab 46.6a
T5 586.3a 319.9a 6.0a 52.9a 45.7a
T1 413.7b 267.6b 4.3b 38.2b 51.3a
Medium- T2 442.7a 301.3a 5.0b 43.8a 50.7a
yield area T3 437.0ab 292.0ab 5.1a 44.1a 49.7a
T4 446.0a 291.8ab 5.2a 45.4a 50.5a
T5 460.0a 295.4ab 5.4a 47.7a 49.1a
ANOVA
Site (S) skokok * s,k seskok sk
Treatment (T) ** NS Hkx Hkx NS
SxT NS NS NS NS NS
2 005 NS * ok s sk ok
0.05 0.01  0.001 Detailed information of treatments is shown in Table 2. Values followed by different

lowercase letters in the same column of the same site are significantly different (P < 0.05). NS, *, ** and *** represent not significant effect, signifi-
cant effect at 0.05, 0.01 and 0.001 probability levels, respectively, of experimental sites, treatments and theirs interactions.
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SPAD , centration, PNC, g~kg’1) ,
, 2016—2017 SPAD SPAD
T1<T2<T3<T4<T5, S SPAD R -
(T2-T4) PNC
SPAD , T1 TI<T2<T3<T4<T5( 3) ,
, 12.7% 14.3%, 6.4% T1( ) T2( ) ,
7.0%( 2) , , T5 PNC
SPAD , 30.9%  20.1%, 28.1%
, , 16.2%; T1 T2 , TS
; SPAD PNC 24.5%  16.3%,
, SPAD (6 mmd), 35.1%  22.7%, , 3
s (grain nitrogen
, SPAD s concentration, GNC, g-kg"l) S s
(2 ,
2.3 - , PNC ,
GNC TS5 , T4 T3 T2 TI1
) , Tl , T5
, (plant nitrogen con- 28.0% 29.9%, 15.7%

O Tl 0T2 AT3 OT4 *T5

I 52 A .
[a 20164 P X E 1K ANOVA | b 20174 XL O
56 - Summer maize in high-yield area in 2016 Q: wkE Summer maize in medium-yield area in 2017
52 _ T ks 48 - "
[ x N SXT: NS i N i ?
a8t I % aar
- 1 - i
44 I 40
o § I A b
36} L
“g T 27d 46d 61d 70d 76d  91d T 334 54d  69d76d 85d  101d
5 O I 1 I 1 I 1 1 1 I 1 I 1 I 1 1 1 0 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
< 20 30 40 50 60 70 8 90 100 20 30 40 50 60 70 80 90 100
I - 60
e %vg?m—hzotl 7fr1:1~1..ﬁ,;1 JZ?;/J\?E ANOVA Ld 201620174 K &/NE
% 56 Winter wheat n high-yield area Ny 56 L Winter wheat in medium-yield area in 2016-2017
= |in2016-2017 S:NS I
72 r T: ** 5ol
2k l SXT: NS [
48} %
48 44 i ‘l'
40}
44} -
1 36}
T 105d 1374 160d 1824 T 94d 146d156d 178d  201d
0700 110 120 130 140 150 160 170 180 190 " 90 100 110 120 130 140 150 160 170 180 190 200 210

FF 5 KEL Days after sowing (d)
2 ARHEAERMESEFRMPEREER-LNZAFRERZSLEEHEYI F SPAD ErF M

Fig. 2 Effects of nitrogen application methods on SPAD values at different growth stages of crops of the summer maize-winter
wheat rotation system in high- and medium-yield areas
2 NS % kxk 0.01 0.001
of treatments is shown in Table 2. NS, ** and *** represent not significant effect, significant effect at 0.01 and 0.001 probability levels, respectively,
of experimental sites, treatments and theirs interactions.

Detailed information
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20+
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5 27d 46 d 61d 70d 76d 91d 104d 76 d 91d 104 d
C 1 1 1 1 1 1 1 1 1 9 1 1 1 1 1 1 1
20 30 40 50 60 70 80 90 100 110 75 80 85 90 95 100 105
b 2017 K HEK 14L
20 + Summer maize in medium-yield area in 2017 b
. 13+
12+
o 2 g
2 No I
E) g 10r
20 g I
= 2 9L
Q
E 2
° 33d  54d  69d76d 85d 101d 113d @ 8rgsq 101d 113d
[ & L
on 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 n 1 I 1 ‘: 7 1 I 1 I 1 I 1 I 1 1 1 I 1
.é 30 40 50 60 70 80 90 100 110 120 ; 85 90 95 100 105 110 115
= &R REL Days after sowing (d) g $&FE KB Days after sowing (d)
<
> . -
i ¢ 2016—20174EH = K& /N = AN Mature stage
® 60 I Winter wheat in high-yield area in 20162017 ® 24\
® S0f 5
= 3
40+
30+
20
10+
105d 137d 160d 182d 216d |
105 120 135 150 165 180 195 210 225 T1 T2 T3 T4 TS
d 20162017477 X & /NF 26
50 | Winter wheat in medium-yield area in 2016-2017 JREAH] Mature stage
40}
30+
20 +
10 %
94 d 146 d156d178d  201d  229d .
90 105 120 135 150 165 180 195 210 225 240 T1 T2 T3 T4 T5
&P 5 REL Days after sowing (d) Ab#E Treatment

3 AREAEAMSFRMAFXEER-ZNERAFREAFIEVERIITFRNRA S 2T
Fig. 3 Effects of nitrogen application methods on plant and grain nitrogen contents of crops of the summer maize-winter wheat
rotation system in high- and medium-yield areas
2 3a-d
(P<0.05) Detailed information of treatments is shown in Table 2. The right side charts in figure 3a-d show the grain nitrogen contents of
summer maize and winter wheat at reproduction stage. In two column figures, different lowercase letters mean significant differences among
treatments at P < 0.05.
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19.4%  7.3%, -
33.3% -5.9% )
2.4 -
4 ’ ’ [25-26]
(plant (7 )
nitrogen accumulation, PNA, kg-hm™) )
, 70 d 9.1%~26.3%
76 d , 182d 201d ( ),
, PNA (
, 47.0% 85.9% ) - .
PNA T1<T2<T3<T4<T5 PNA
, T1 T2 , T5 ’
89.2% 61.5%, 83.8% ’
51.0%; TS TI T2 - SPAD
87.5% 52.1%, 112.4% 68.9%,
(grain nitrogen accumulation, GNA, kg-hm™) - ’
PNA , ’ ; ,
Py GNA . ’ ’
[28-29]
2.5 - ’
[30-31] ’
2016—2017 4 ,
(AUN) ’ ’
(AEN) 100 kg (NAPG)
, T1-T5 ,
[32-33] [34]
(NHI) ,
AUN AEN NAPG
113 bR 113 NO:;'N Py
”? , NHI ’
(4 6.9%~88.6%  3.4%~90.3%,
(S) 4 8.1%~67.3%  6.2%~54.1%,
1351
(P<0.01 P<0.001) , (T) ’
NHI S . 156.8 kg-hm™>( =3 1
AUN NAPG (P<0.01),
( 4 6.6% 13.6% 2.3 kgkg,
Ay \/\
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= S
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o & 240
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L g S
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200]. Winter wheat in medium yield area in 2016-2017 200 L Y] Mature stage a
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H94d _ 146d156d178d  201d 229d 100
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FFh )5 KA Days after sowing (d) Lb 3 Treatment

4 AREAEAMSFRMAFREER-ZNEAFREAFZIEVERIITHN AR REN N
Fig. 4 Effects of nitrogen application methods on plant and grain nitrogen accumulation of crops of the summer maize-winter wheat
rotation system in high- and medium-yield areas
2 4a_d NS * ok sk ok
0.05 0.01 0.001 (P<0.05) Detailed information of treatments is

shown in Table 2. The right side charts in figure 4a-d show the grain nitrogen accumulation of summer maize and winter wheat at reproduction stage.
In two column figures, different lowercase letters mean significant differences among treatments at P < 0.05. NS, *, ** and *** represent not signifi-
cant effect, significant effect at 0.05, 0.01 and 0.001 probability levels, respectively, of experimental sites, treatments and theirs interactions.
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x4 REEARANSEEAPFREER-ENEZFEREAREVRZFARMZI
Table 4 Effects of nitrogen application methods on nitrogen use efficiencies of crops of the summer maize-winter wheat
rotation system in high- and medium-yield areas

Summer maize Winter wheat
100 kg 100 kg
Site  Treatment Agronomic Agronomic
Apparent USe efficiency of N N ampunt for N harvest Apparent USe  efficiency of N N ampunt for N harvest
efficiency of N (kegk -1 producing 100 kg . efficiency of N Lol producing 100 kg .
o gkg ) . index o (kg'kg™) . index
(%) grains (g) (%) grains (g)
Tl — — 1.61e 0.65¢ — — 2.77¢ 0.67b
‘;:;o’l}zi T2 18.9d 73c 1.75d 0.64bc 2426 9 1c 275¢ 071a
area T3 34.8¢ 11.9b 1.88¢ 0.63ab 38.9b 9.7bc 3.02b 0.69ab
T4 61.0b 16.6a 2.09b 0.60a 55.3a 11.9ab 3.16a 0.68b
TS 74.5a 17.3a 2.34a 0.59a 60.4a 13.8a 3.20a 0.67b
‘ Tl - - 1.26¢ 0.74ab - - 2.58d 0.76a
M;?e‘;‘dm' T2 18.7d 3.1c 1.70b 0.75a 19.7d 5.8¢ 2.71c 0.78a
area T3 25.1c 7.1b 1.70b 0.73ab 26.9¢c 7.1bc 2.82bc 0.77a
T4 35.4b 8.6ab 1.82a 0.71bc 37.8b 8.1ab 2.89bc 0.76a
T5 39.2a 10.4a 1.90a 0.69¢ 44.52 9.1a 3.13a 0.75a
ANOVA
Treatment (T) 3k ok 3k ok 3k ok sk ok 3k ok ok sk ok NS
SxT *k NS *k NS NS NS NS NS
2 0.05 NS k% dokok
0.01  0.001 Detailed information of treatments is shown in Table 2. Values followed by different

lowercase letters in the same column of the same site are significantly different (P < 0.05). NS, ** and *** represent not significant effect, significant
effect at 0.01 and 0.001 probability levels, respectively, of experimental sites, treatments and theirs interactions.

[36]
50% [37-38] ’
(T4 T5 ) [42-43] ,
60%~75%, 40% R -
30% , 100 kg ,
o 1) ,
s 30~40 cm,
5 2) ,
;3 3) ,
[39-40] ( ) .
0~20 cm ) ’

49.4% 53.7% 20.6% 94.7%
56.9%,

[41]
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- , 2013, 19(2): 259-273
ZHU Z L, JIN J Y. Fertilizer use and food security in China[J].
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