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Abstract: [ Objectives ] To identify the variation in N status indicators with different yield levels for winter
wheat after rice in the middle and lower reaches of the Yangtze River, and provide a theoretical basis for the real-
time diagnosis of N status in field. [ Methods ] In this study, the big data of wheat with different yield levels
were collected based on the field experiments of different N rates, sowing dates, densities and varieties in Jiangsu
Province during past years. The dynamic changes of dry matter accumulation (DMA), plant N accumulation
(PNA), and plant N concentration (PNC) of wheat with different yield levels at different growth stages were
analyzed. The plant critical N concentration, the accumulated N deficit (N,,,) and N nutrition index (NNI) were
calculated, and then the characteristics of N status indicators of high-yield wheat were clarified. [ Results ] With
the development of wheat growth, the trends of DMA and PNA were consistent, which showed gradually
increasing trends. The PNC decreased gradually while the N,,, and NNI were fluctuated. During the whole growth
stages, there was no significant difference in DMA and PNA between high and middle yield wheat. The high yield
and middle yield wheat had significantly higher PNA than the low-middle yield wheat, and the low-middle yield
wheat had significantly higher PNA than the low yield wheat. The high yield and middle yield wheat
had significantly higher DMA than the low-middle yield wheat, while the low-middle yield wheat had
significantly higher DMA than the low yield wheat. Judging the N nutrition status based on the N,,,, the N,,, trend
of high and middle yield wheat was consistent. During the rising stage, the N,,, of high yield wheat decreased from
0.3 kg/hm’ to —23.0 kg/hm’, and the middle yield wheat decreased from 7.0 kg/hm’ to —14.6 kg/hm’, and the
booting-heading stage showed a increase trend again, the high yield wheat increased from —23.0 kg/hm’ to —11.4
kg/hm?, and the middle yield wheat increased from —14.6 kg/hm® to 2.4 kg/hm’, and the fluctuation was small
during the flowering-filling stage. It was showed that the N nutrition of high yield wheat was surplus except the
rising stage, and the N nutrition of middle yield wheat at the jointing-booting stage was less than 0, which was
greater than 0 at the rest stages, but the N,,, of this yield level wheat had always been within the appropriate range
fluctuation. During the rising-jointing stage, the N,,, of low-middle yield level wheat decreased from 14.2 kg/hm’
t0 9.5 kg/hm’, and then gradually increased, and the highest value was 43.9 kg/hm’ in filling stage. The N,,, of low
yield level wheat increased from 17.3 kg/hm’ to 71.1 kg/hm’ in the rising-filling stage. It showed that the nitrogen
nutrition of low-middle and low yield level wheat gradually decreased and it was in a deficit state throughout the
whole growth stage (N,,, > 0). In the jointing, booting, heading and filling stages, the actual PNC of high yield
level wheat was higher than the critical PNC, and the actual PNC of middle yield at the booting stage was higher
than the critical PNC, while the actual PNC of low-middle and low yield levels wheat was lower than the critical
PNC throughout the whole growth stage. The NNI of high yield and middle yield wheat fluctuated around 1.
Among them, the NNI of high yield increased from 0.9 to 1.1 during the rising-booting stage. In heading-filling
stage, the NNI decreased first and then increased, and the values were 1.0, 0.9 and 1.0, respectively. The change
trend of the middle yield and high yield wheat was consistent. The NNI at the rising-booting stage increased from
0.8 to 1.0, and then gradually decreased. The values were both less than 1, and in the heading-filling stage were
0.9, 0.9 and 0.9, respectively. The NNI of low-middle and low yield wheat was always lower than 1, and among
them, the NNI of low-middle yield wheat was increased from 0.7 to 0.8 during the rising-jointing stage, and then
gradually decreased. The NNI of low yield wheat was gradually decreased from the rising-flowering stage, and the
NNI of the two yield level wheat showed a slight upward trend during the filling stage. [ Conclusions ] With the
increase of yield level, DMA, PNA, PNC, NNI increase correspondingly, while the N,,,decreases. Higher DMA

and PNA are the main reasons for the increase of wheat yield. In the process of wheat growth, both NNI and N,



1422 R R R L S 26 4

can be used for diagnosing N status accurately, which can provide theoretical support for precision N management

in fields.

Key words: wheat; yield level; nitrogen nutrition; critical nitrogen concentration; nitrogen nutrition index;

accumulated nitrogen deficiency
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Table 1 Date sources

FRo it = . | L
ik HEAE ) L ) Nutrient application rate W MR gl [ (i
Experimental . Sowing date (ke/hm?) Density Plot area . Yield rang
Location Cultivar 8 P , Repetition N
year (month/day) (* 10%hm?) (m?) (t/hm?)
N P K
YAET 2010—2011 4% 16 10/15, 10/25, 225 120 135 135, 180, 24 2 5.1~8.3
Yizheng Yangmail6 11/14. 11/24 270, 315
AAE T 20102011 4% 16 10/15., 10/25, 225 120 135 210 24 3 6.7~8.3
Yizheng Yangmail6 11/4, 11/14,
11/24
T 2012—2013 T 13, B 30 10/28 0, 75. 150, 115 135 225 30 3 2.9~9.1
Rugao Ningmail3, 225, 300
Xumai30
T 2013—2014 T 13, HhrEF 30 10/26 0,90, 180, 120 120 225 30 3 3.2~9.1
Rugao Ningmail3, 225, 300
Xumai30
W2 2014—2015 T 13, #4E 10/27 0. 120, 225, 105 135 225 30 3 2.7~17.7
Huai'an F 4. WEF 20 300
Ningmail3,
Yangfumai4,
Huaimai20
MR 2015—2016 437 30, HE# 20 10/23 0, 90, 180, 105 135 225 42 3 3.0~8.9
Sihong Xumai30, 270, 360
Huaimai20
MR 20162017 437 30, HE# 20 11/17 0. 90, 180, 105 135 225 40 3 1.9~9.3
Sihong Xumai30, 270, 360
Huaimai20
MAkTT 2018—2019 HF 12, T 11/1 0. 90, 180, 105 120 225 18 3 2.8~7.4
Xinghua # 13, $# 23 270, 360
Zhenmail2,
Ningmail3,
Yangmai23
MAkTT 2018—2019 #%5# 23 11/4, 11/24 0, 180, 240, 105 120 180, 270. 30 3 2.9~8.5
Xinghua Yangmai23 300 360

*2 REFEHNEEEHEMEMREMEF TR
Table 2 Rainfall during wheat growth stage and chemical properties of soil from 2010 to 2019

A et SRR A 5 =

i SRR £ @Mﬂﬁh @W& gaﬂz%ﬁi i Wﬁ I‘%ﬂig
. . Total N Available N Auvailable P Available K Organic matter Rainfall

Location Experimental year

(g/kg) (mg/kg) (mg/kg) (mg/kg) (g/kg) (mm)
{XAETT Yizheng 2010—2011 1.27 112.48 45.63 89.39 20.50 786.30
5T Rugao 2012—2013 1.87 150.41 57.84 96.32 24.60 1291.20
L5 Rugao 2013—2014 2.49 170.48 52.63 93.48 30.50 1203.80
HEZ T Huai'an 2014—2015 2.07 158.62 56.45 94.66 26.80 718.10
Wt E Sihong 2015—2016 2.07 159.45 52.54 93.66 26.50 1051.50
B Sihong 2016—2017 2.07 120.14 52.45 93.66 26.50 1471.00
24k TT Xinghua 2018—2019 1.37 102.86 28.89 120.59 18.68 1795.40

NNI'=N./N. TRABRZS; NNI<1, ZHAEFHMRAL; NNI

AP N, WERREIREE, 5 NNI=1, fURAEFRL  >1, KPREFRMIN AL,
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P IR RV AR SR T T R R
3R 14,6, 13.6. 11.4 F19.0 t/hm?, & A4 & dEfE
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kg/hm?, FF HERR KNS, 55 3 A ik
N B T A W g, T KN E
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Table 3 Statistical description of winter wheat with different yield levels

e i o 7= Yield (t/hm?)
Yieldrange o @ lesize T BREE  HuME 25% 4 i 75% 4Hi oS
(thm?) Mean SD Min. 25% Quarter Median 75% Quarter Max.
<45 43 3.4 0.6 1.9 29 35 3.9 45
45~6.0 52 53 0.4 4.5 49 53 5.7 6.0
6.0~7.5 96 6.8 0.4 6.0 6.5 6.8 7.2 7.5
>75 74 8.1 0.5 75 7.7 8.0 8.5 93
ST Total 265 6.3 1.7 1.9 52 6.7 7.6 9.3
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Fig. 1 Changes of dry matter accumulation of winter
wheat with different yield levels
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Fig. 3 Variation trend of accumulated nitrogen deficiency
of winter wheat with different yield levels
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Fig. 4 Variation trend of plant critical nitrogen concentration and actual nitrogen concentration of winter wheat
with different yield levels
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winter wheat with different yield levels
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