1E¥Z4R  ACTA AGRONOMICA SINICA 2020, 46(8): 1225-1237 http://zwxb.chinacrops.org/
ISSN 0496-3490; CN 11-1809/S; CODEN TSHPA9 E-mail: zwxb301@caas.cn

DOI: 10.3724/SP.J.1006.2020.03007

AREMAXA T B EMSEEKRIGR A GRS T ZEFRFICH
XA WL 7 F OE #m ENA F OFT

/ s 712100
, NNI ,
958 8806 , 5 , 2016—2017
5 0 75 150 270 360 kg hm2,2018—2019 0 90 180 270 360 kg hm™,
NO NI N2 N3 N4 2016 2018 , ;2017
2019 , , 4 2
(1) ,
2 ) (a.
: N=35.98DM *%; b. : N:=35.04DM %) ,
RMSE  n-RMSE 1.03  5.75%, 1.53  6.78%, )
, NNI ,
150~180 kg hm™, 45~75 kg hm™ (3) NNI
(RN, (RDW) (RY) , NNI  1.02 ,RY , 095
NNI  1.08 ,RY , 092 ,

Critical nitrogen dilution curves and nitrogen nutrition diagnosis of spring
maize under different precipitation patterns in Weibei dryland
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Abstract: The excessive nitrogen (N) applications, large rainfall variations and poor water-nitrogen couplings are main problems
to efficient nitrogen fertilizer uses in spring maize production of Weibei dryland. Critical nitrogen dilution curves under different
rainfall scenarios in Weibei dryland were constructed in this study to analyze the feasibilities of diagnosing and evaluating nitro-
gen nutritional conditions in terms of nitrogen nutrition index (NNI), which would provide a theoretical basis for reasonable ni-
trogen fertilizations application of dryland maize in response to different rainfalls. The experiment design using Zhengdan 958
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(ZD958) and Shaandan 8806 (SD8806) as tested materials was five treatments level, N applied at O(NO), 75(N1), 150(N2),
270(N3), and 360(N4) kg hm™ in 2016 and 2017, and at O(NO), 90(NO), 180(N2), 270(N3), and 360(N4) kg hm™ in 2018 and
2019, respectively. It was rainy at the ear stage and dry at the grain stage in 2016 and 2018, whereas dry at the ear stage and rainy
at the grain stage in 2017 and 2019. Critical nitrogen dilution curve models for spring maize with two precipitation patterns were
constructed and verified using the data collected in the four-year position nitrogen fertilization experiment. The results showed
that: (1) increased nitrogen fertilizer application significantly increased aboveground biomass and plant N concentrations, and
there were significantly different among different treatments. Both critical nitrogen concentrations (N,) and aboveground biomass
conformed the exponential relations with the two precipitation patterns, but there were differences between the parameters of the
models for these relations (a. Rainy at the ear stage: N,= 35.98DM *; b. Dry at the ear stage: N, = 35.04DM ***). The relatively
stable model had a linear correlation between the fitted and actual plant N concentrations, which shown that the RMSE and
n—RMSE were 1.03 and 5.75% at the ear stage over the rainy years and 1.53 and 6.78% at the ear stage in the dry years, respec-
tively. (2) at the different growth stages, NNI were increased with the increased application, and there were differences in the op-
timal nitrogen application under different precipitation conditions. The optimum N rate in the form of basal fertilizers was
150-180 kg hm™, and in the form of top dressing fertilizers was 45—75 kg hm™ at the ear stage in the rainy years. The nitrogen
nutrition index (NNI) was significantly correlated with relative nitrogen uptake (RN,,), as were relative aboveground biomass
(RDW) and relative yield (RY). When the NNI was 1.02 at the ear stage in the rainy years, the maximum RY was 0.95; and when
the NNI was 1.08 at the ear stage in the dry years, the maximum RY was 0.92. The critical nitrogen dilution curve model and ni-
trogen nutrition index model constructed in this study were able to accurately predict nitrogen nutrition conditions from jointing
stage to maturity stage under the two precipitation patterns of spring maize. They would provide an important guidance for nitro-
gen diagnosis and fertilization application in maize growing stage.
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Fig.1 Precipitation distributions at the different growth stages from 2016 to 2019

VE-V3: — ; V3-Vé6: - ; V6-VT: — ; VT-R3: - ; R3-R6: -

VE-V3: from emergence stage to third leaf stage; V3—V6: from third leaf stage to jointing stage; V6—VT: from jointing stage to tasseling
stage; VT-R3: from tasseling stage to milk stage; R3—R6: from milk stage to maturity stage.
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Table 1 Aboveground biomass at the different growth stages and grain yield of dryland spring maize at the different N rates

Aboveground biomass (t hm?)

Year Varieties N rates V6 VT R3 R6 Grain yield (t hm 2)
2016 958 NO 2.17d 478 ¢ 9.67 d 18.22d 9.98 ¢
7ZD958 N75 3.13¢ 5.68d 1139 ¢ 20.13 ¢ 10.89 b
N150 3.39b 6.18 ¢ 1336 b 21.4b 11.87a
N270 3.46a 7.02b 1491 a 2193 a 1222 a
N360 331b 7.85a 1525a 2222 a 11.89 a
8806 NO 2.07 ¢ 4.94 ¢ 10.47 ¢ 18.17d 9.77 b
SD8806 N75 2.41b 5.46d 12.39d 19.42 ¢ 10.14 b
N150 2.46b 6.11 ¢ 13.36 ¢ 20.58 b 10.68 a
N270 2.67a 7.11b 14.61 b 20.97 b 10.97 a
N360 2.86a 7.55a 1725 a 22.64 a 10.99 a
2017 958 NO 2.10d 3.78 d 4.97d 10.22d 222
ZD958 N75 2.13d 4.68 ¢ 6.98 ¢ 12.13 ¢ 2.78d
N150 239¢ 520b 8.96 b 13.40 b 4.47a
N270 2.86b 6.35a 9.03 b 1493 a 4.12b
N360 331a 6.78 a 9242 1522a 343 ¢
8806 NO 223 ¢ 3.78 d 4.87d 9.17 ¢ 231e
SD8806 N75 231¢c 4.68 ¢ 598 ¢ 10.42 d 3.02d
N150 2.49b 513 b 8.98 b 12.59 ¢ 4.17b
N270 2.43b 6.35a 9.01b 13.97 b 429a
N360 3.08a 6.71 a 9.14a 14.64 a 3.80 ¢
2018 958 NO 2.23d 511d 9.97 e 13.45d 6.72d
ZD958 N90O 2.8l ¢ 6.16 ¢ 12.39d 17.42 ¢ 9.68 be
N180 3.09 ¢ 6.90 b 13.36 ¢ 22.29b 9.82 ab
N270 333b 7.22a 14.61 b 23.03a 10.12a
N360 3.48a 7.65a 1525a 23.14a 9.42 ¢
8806 NO 191¢ 4.62d 8.93d 15.06 d 5.67d
SD8806 N90 2.69b 511¢ 12.72d 18.02 ¢ 7.64 ¢
N180 3.1a 6.86 b 1351 ¢ 20.80 b 9.75 b
N270 3.22a 7.10 a 15.99 b 21.90 a 10.26 a
N360 3.24a 7.22a 1629 a 21.3a 9.83 ab
2019 958 NO 2.08d 3.78 ¢ 4.57d 9.87d 3.21d
ZD958 N90 241c¢ 4.68d 598 ¢ 10.02 ¢ 3.85¢
N180 2.85b 583 ¢ 9.76 a 13.98 a 5.05a
N270 2.86b 7.35a 9.62a 1397 a 4.61b
N360 2.96 a 6.80 b 9.24b 13.64 b 4.44b
8806 NO 2.0l ¢ 3.48d 497d 9.87 ¢ 2.85d
SD8806 N90 2.69b 458 ¢ 6.98 ¢ 10.42 d 3.75¢
N180 2.81a 6.23b 8.76 b 12.58 ¢ 4320
N270 291a 6.35b 8.83b 14.07 a 491a
N360 2.84a 6.61 a 9.03 a 13.84 b 4.03 be
ZD958: 958; SD8806: 8806 NO: 0 kg hm2; N75: 75 kg hm%; N90: 90 kg hm™2; N150:
150 kg hm™; N180: 180 kg hm™; N270: 270 kg hm%; N360: 360 kg hm™ Vé: s VT: ;R3:
; R6: (P<0.05)

ZD958: Zhengdan 958; SD8806: Shaandan 8806. NO: 0 kg hm?; N75: N 75 kg hm%; N90: N 90 kg hm2; N150: N 150 kg hm%; N180: N 180
kg hm™; N270: N 270 kg hm™>; N360: N 360 kg hm™. V6: jointing stage; VT: tasseling stage; R3: milk stage; R6: maturity stage. Values

followed by different letters in the same column mean significantly different among different treatments at P < 0.05.
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Fig. 2 Plant N concentrations at different stages of dryland spring maize under the different precipitation patterns
a: ;b Vé: ; VT: ; R3: ; R6: NO NI N2 N3 N4 :2016-2017

0 75 150 270 360 kg hm2, 2018-2019 0 90 180 270 360 kghm™
a: rainy at the ear stage; b: dry at the ear stage. V6: jointing stage; VT: tasseling stage; R3: milk stage; R6: maturity stage. Nitrogen was
applied at NO, N1, N2, N3, and N4, that is, 0, 75, 150, 270, and 360 kg hm™ from 2016 to 2017, and at 0, 90, 180, 270, and 360 kg hm™ from
2018 to 2019.
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Table 2 Variance analysis of aboveground biomass, nitrogen uptake, and grain yield at different stages of dryland maize

V6 VT R3 R6
Factors DM N, DM N, DM N, DM N, Grain yield (t hm™?)
958 ZD958 2.82 23.50 6.11 18.49 10.43 15.56 16.53 12.49 7.04
8806 SD8806 2.71 23.78 5.78 18.05 10.52 15.67 16.02 11.98 6.66
2016 2.79 23.43 6.27 16.87 13.27 12.67 20.57 10.16 10.94
2017 2.53 23.56 772 20.11 7.72 18.45 12.67 16.81 3.46
2018 291 23.63 6.41 17.27 13.31 12.07 19.64 10.36 8.89
2019 2.64 23.48 6.57  20.51 7.78 18.85 12.23 16.41 4.10
NO 2.10 20.11 428 15.43 7.30 12.55 13.01 9.59 5.34
N1 2.57 22.13 5.13 17.04 9.35 14.05 14.75 10.73 6.47
N2 2.82 23.19 6.06 18.57 11.26 16.02 17.20 12.94 7.52
N3 2.97 25.63 6.86  20.35 12.08 17.12 18.11 14.02 7.69
N4 3.14 26.45 7.15  21.06 12.59 18.05 18.33 15.15 7.23
F-value
Year(Y) 6.107  0.22™ 164™  219™ 4938 831" 5133 885" 11735™"
Variety(V) 0.59%  0.85™ L1IN  0.96™ 1.31% 0.37"8 0.72N8 0.38"8 143"
Nitrogen(N) 33" 1675 714™ 278" 1947 335™ 1110™ 414™ 654"
x YxV 0.29% .28 0.71%  0.32M8 0.45N8 0.12N8 0.81N 0.13"8 34"
x YXN 1.74% 35" 9317 461" 35" 14" 58" 11.217 44"
x VXN 0.08  2.39™ 3.32° 1.03M 13.72"  0.04™ 11.217 0.11M 8.92"
x x 0.058  1.13M 3.71° 0.34N8 15217 0.01™ 8.917 0.04™8 17.127
YxVxN
Veé: ; VT ; R3: ; R6: DM: 5 Nt 5 ZD958: 958; SD8806: 8806
NO NI N2 N3 N4 :2016-2017 0 75 150 270 360 kg hm™, 2018-2019 0 90 180 270
360 kg hm> NS T 0.05 7 0.01 7 0.001

V6: jointing stage; VT: tasseling stage; R3: milk stage; R6: maturity stage. DM: aboveground biomass; N,: actual nitrogen uptake; ZD958:
Zhengdan958; SD8806: Shaandan8806. Nitrogen was applied at NO, N1, N2, N3, and N4, that is, 0, 75, 150, 270, and 360 kg hm™ from 2016
to 2017, and at 0, 90, 180, 270, and 360 kg hm™ from 2018 to 2019. N5, not significant; " indicates significant at P< 0.05; " indicates signifi-
cant at P < 0.01; ™" indicates significant at P < 0.001.
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Fig. 4 Validations of critical nitrogen dilution curve with independent data under different precipitation patterns in dryland spring

maize
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Fig. 5 Dynamic changes of nitrogen nutrition index (NNI) under different precipitation patterns in dryland spring maize
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a: rainy at the ear stage; b: drought at the ear stage. Abbreviations are the same as those given in Fig. 2.
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Fig. 6 Relationships between nitrogen nutrition index (NNI) and relative nitrogen uptake (RN, under different precipitation pat-
terns in dryland spring maize
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a: rainy at the ear stage; b: drought at the ear stage. Abbreviations are the same as those given in Fig. 2. ™" indicates significant at P < 0.001.
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Fig. 7 Relationships between nitrogen nutrition index (NNI) and relative aboveground dry biomass (RDW) under different precipi-
tation patterns in dryland spring maize
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a: rainy at the ear stage; b: drought at the ear stage. Abbreviations are the same as those given in Fig. 2. " indicates significant at P < 0.01;
" indicates significant at P < 0.001.
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