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Abstract: It is necessary to clarify the nitrogen (N) demand characteristics with yield levels for wheat after rice in the middle and
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down reaches of the Yangtze River, which could provide theoretical basis for N fertilizer management. Based-on the multi-years
and multi-sites wheat experiments in Jiangsu province, this study constructed the datasets of different yield levels derived from
different varieties, N rates, densities, and sowing date experiments. N indicators including N requirement per ton grain (Ny.), dry
matter accumulation (DMA), plant N accumulation (PNA), plant N concentration (PNC), straw N concentration (SNC), grain N
concentration (GNC), harvest index (HI), N harvest index (NHI) and N nutrition index (NNI) were analyzed. The results showed
that there were not significant differences in N,., among the different yield levels, and the highest N, was middle-low yield with
27.8 kg t”', while the lowest value was 24.8 kg t™' for low yield level. With the increase of yield levels, DMA, PNA and PNC all
showed a gradually increasing trend during maturity stage, and there were significant differences among the different yield levels.
There was a significant positive correlation between grain yield and PNA, the DMA and PNA increased with the increase of yield
in the sowing—jointing stage, jointing—flowering stage and flowering—maturing stage, but the DMA and PNA proportion in differ-
ent growth stages showed different trends. The SNC and GNC increased with the increase of yield levels. For SNC, there was no
significant difference between the high yield and middle yield level, but it was significantly higher than the low-middle and low
yield level. For GNC, there were significant differences among different yield levels except for the middle and low-middle yield
level. The HI increased gradually with the increase of the yield levels, and its range was 0.39-0.49. The HI for low-middle and
low yields were significantly lower than that of middle and high yield levels, while there were not significant differences in NHI
among different yield levels. Its variation range was 0.60—-0.96. The NNI gradually increased with the increase of the yield levels,
and there was significant difference between different yield levels. The NNI of the high-yield level was higher, and some of the
values were greater than 1 which indicating that some experiments had excessive nitrogen fertilizer supply. With the increase of
the yield level, the N, increased first and then decreased, while the DMA, PNA, PNC, SNC, and GNC were gradual increased.
The increase of SNC was higher than the GNC, therefore, the extravagant absorption of N by wheat should be avoided in field
management. The variation ranges of the HI and NHI were consistent with previous studies. The higher DMA and PNA in the late
growth stages were the main reasons for the high yield of wheat. The NNI could be a promising indictor in the field N manage-
ment of wheat.
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Table 1 Experiment design and yield range of wheat

7))
. . Sowing date Nitrogen rate Density Range of yield
Location Year Cultivar N i I
(month/day) (kg hm™) (x10" hm ™) (thm™)
20102011 16 10/15, 10/25, 11/4, 25 135, 180, 270, 51.83
Yizheng Yangmai 16 11/14, 11/24 315 o
2013-2014 30, 22 0, 90, 180, 270,
. L. 10/15 240 3.4-8.9
Xuzhou Xumai 30, Jimai 22 375
2013-2014 13, 30 0, 75, 150, 225,
. . . 10/28 225 2.9-9.1
Rugao Ningmai 13, Xumai 30 300
2018-2019 12, 13, 23 0, 90, 180, 270,
. . . . . 11/1 225 2.8-7.4
Xinghua Zhenmai 12, Ningmai 13, Yangmai 23 360
2018-2019 23
. . 11/4, 11/24, 12/1 0, 180,270,360 180,270, 360 2.9-8.5
Xinghua Yangmai 23

x2 PMELEEHAERSFING AR EEMIBLIER

Table 2 Rainfall during growth period of wheat and soil properties of experimental fields

Location Year Total N Available N Available P Available K Organic matter P rate K rate Rainfall (mm)
(gkg') (mgkg") (mgkg!) (mgkg") (gkgh (kghm?)  (kghm?)
. 2010-2011 1.27 112.48 45.63 89.39 20.50 120 135 1172.4
Yizheng
Rugao 2013-2014 2.49 170.48 52.63 93.48 30.50 120 120 1387.0
u
2013-2014 1.55 122.53 45.83 80.72 35.50 135 135 695.6
Xuzhou
X 2018-2019 1.37 102.86 28.89 120.59 18.68 105 120 492.4
Xinghua
1.2 hm )+ (thm™)]
, N-measured ,
, 0.1L
20 ,
, 105 30 min, 80
(t hm?) = (8)/ X (kg hm?) = (%0)x (t
(m2)/100 hm %)x10
(thm?) = (t hm )+ (kg hm?) = (kg
(t hm )+ (t hm?) hm %)+ (kg hm %)+ (kg hm™)
0.1500 g,
= (t hm?)/
(thm™?)
(%) = N-measuredx /0.1500 :
gx100 = (kg hm™) /
(%) = [( (t hm?)x (kg hm™?)
(%)+ (t hm?)x (%)+ (t : 1t ,

hm™)x (W)VI( (t hm™?)+ (t
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(kg t) = (kg 6.0t hm’< <7.5 t hm?, =75t
hm?) / (thm™?) hm Origin 2018 , IBM
: SPSS Statistic 25

A (18]

! : 2 FRE5SH

N¢ = 4.33xPDM 4

[19]

Nc , PDM 2.1
(NNT) (Na) 2.7~9.1 t
(Nc) , Lemair 17! hm?2, 6.4thm=>( 3) 2017
: (5.5t hm?) 16.4%, 2017
NNI = Na/Nc¢ (3.5thm?) 82.9%
NNI=1 , NNI<1 2.2
, NNI>1 ,
y=26.60x—7.44 69%
1.3 ( 1-A) ,
4 . 248 278 255
<4.5 t hm?, 45 t hm?’< <6.0 t hm?, 257kgt!' ( 1-B),

£3 FREFEKTHEABRERIT S0

Table 3 Descriptive statistical analysis of samples at different yield levels

25% 75%
Yield level (t hm™?) Sample size ~ Mean SD Min. 25% Q Median 75% Q Max.
<4.5 Low yield <4.5 26 3.5 0.5 2.7 3.0 3.5 4.0 45
4.5< <6.0 4.5<low-middle yield <6.0 33 53 0.4 45 5.0 5.4 5.7 6.0
6.0<  <7.5 6.0< middle yield <7.5 64 6.9 0.4 6.1 6.6 6.9 7.2 7.5
>7.5 High yield >7.5 48 8.1 0.4 7.5 7.8 8.1 8.5 9.1
Total 171 6.4 1.6 2.7 5.4 6.7 7.6 9.1
300 - ~ 60
o (A) o<45thm® o 4560thm” - (B) ns ns ns ns
E 860-7.5thm™ v >75thm”  wg¥ 2 .
o 230r £ 48}
é ]
2 & .
£ 200 g .
h Z 36} .
f=1
£ 1s0f z
g 5
s E 24t
g 100} 8
E o S .
E b 26.60x—7.44 = ’ :
= L o o Y=20.00%=7. 5 B o
E 50 R=0.60"" %
= £
0 1 1 1 1 Z 0 1 1 1 1
0 2 4 6 8 10 <45 4560 60-7.5 >15
Yield (t hm™) Yield levels (t hm™)

1 HHRFE5EKENEENXRAONAE~EKFRAFREREB)
Fig. 1 Relationship between grain yield and plant nitrogen accumulation (A) and nitrogen requirement per ton grain with different
yield levels (B)

(A) T P<0.001; (B) , , 75% 25% ,

90 10 s , ns (P<0.05)

The solid lines in Fig. A represent the fitting curve, = indicates significantly difference at P < 0.001; the solid and dashed lines indicate mean
and median, respectively in Fig. B. The box boundaries indicate the 75% and 25% quartiles, the whisker caps indicate 90th and 10th percen-
tiles, and the dots indicate the maximum and minimum, and the ns represents that there was no significant difference among different yield
levels (P < 0.05).
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Fig. 2 Variation of dry matter accumulation (A), plant nitrogen accumulation (B), and plant nitrogen concentration (C) at maturity
at different yield levels in wheat

\O
S

Plant nitrogen concentration (%)

Dry matter accumulation (t hm™)
S )
Plant nitrogen accumulation (kg hm™)
— (3]
e} ~
S S

s s 75%  25% R 90 10
, (a, b, c, d) (P <0.05)
The solid and dashed lines indicate mean and median, respectively. The box boundaries indicate the 75% and 25% quartiles, the whisker caps
indicate 90th and 10th percentiles, and the dots indicate the maximum and minimum, different small letters (a, b, ¢, d) in the same figure
represent that there was significant difference in different yield levels (P < 0.05).
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3 FRFEKFEFREENRTFORREEWNARNEEG)HAAAALREENES I
Fig. 3 Dry matter accumulation (A) and plant nitrogen accumulation (B) of different period as a percentage of the total at maturity
with different yield levels
GSO , GS31 , GS65 , GS100
GSO0 indicates sowing stage, GS31 indicates jointing stage, GS65 indicates flowering stage, and GS100 indicates maturity stage.



1785

(A) ns ns

08

0.7

Nitrogen harvest index

062

o

ns

<45 4.5-6.0
1.0

1
6.0-7.5

(©) c b

0.8

04

02

ab

Straw nitrogen concentration (%)

1L

1.0
B) b a a
0.8 .
. .
S 0.6f
g .
g gl
s 04F E;E%
jani .

0.2}
O 1 1 1 1
<4.5 45-6.0 6.0-7.5 >7.5
3.0
D) c b a

24}

0.6

<45 45-6.0 6.0-75
Yield levels (t hm™)

>7.5

Grain nitrogen concentration (%)
S}
T
.

<45 4560 6.0-75 >75
Yield levels (t hm™)

El 4 TRZ2BKRFTABRERA). WREH®B). BHRDUREOMITRERED) R ELRE
Fig. 4 Variation of nitrogen harvest index (A), harvest index (B), straw nitrogen concentration (C), and grain nitrogen concentration
(D) with different yield levels

R R 75%  25% R 90 10 R

R (a, b, c, d) , ns 4 (P<0.05)

The solid and dashed lines indicate mean and median, respectively. The box boundaries indicate the 75% and 25% quartiles, the whisker caps
indicate 90th and 10th percentiles, and the dots indicate the maximum and minimum, different small letters (a, b, ¢, d) in the same figure
represent that there was significant difference in different yield levels, and the ns represent that there was no significant difference among
different yield levels (P < 0.05).
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Fig. 5 Nitrogen nutrition index with different yield levels (A) and its correlation with wheat yield (B)
(A) s , 75% 25% s 90 10 s
, (a, b, c, d) (P<0.05); (B) VT P <0.001

The solid and dashed lines in Fig. A indicate mean and median, respectively. The box boundaries indicate the 75% and 25% quartiles, the
whisker caps indicate 90th and 10th percentiles, and the dots indicate the maximum and minimum, and different small letters (a, b, c, d) rep-
resent that there was significant difference in different yield levels (P < 0.05); the solid line in Fig. B represents the relationship, " indicates
significantly difference at P < 0.001.
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