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Characteristics of yield components and population quality in high-nitrogen-
utilization wheat cultivars
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Abstract: In the rice-wheat rotation system, 24 and 23 wheat cultivars were separately planted in Yangzhou and Suining of
Jiangsu province in 2016-2017 and 2017-2018. According to nitrogen utilization rate (NUR), these cultivars were clustered into
three groups, i.e., NUR-H (NUR > 50%), NUR-M (NUR 40%-50%), and NUR-L (NUR < 40%), to identify the differences in
grain yield, yield components, and population quality, which would provide a reference for cultivar selection for high-yield and
high-efficiency in wheat production. Yangmai 25 and Ningmai 21 in Yangzhou and Huaimai 35 in Suining showed NUR-H phe-
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notypes in consecutive two years. Grain yield of the NUR-H cultivars was more than 6500 kg hm™ in Yangzhou and 7000 kg hm™
in Suining, which were significantly higher than those of NUR-M and NUR-L groups. NUR-H group had more spikes, and it
grains per spike and 1000-grain weight were not significantly different from those of the other groups. Grain yield and spikes
number were significantly positively correlated with NUR among different cultivars. More stem and tiller number, higher per-
centage of fertile tillers and higher leaf area index (LAI) at the milk-ripening stage were shown in the NUR-H group. A higher dry
matter accumulation at stages of booting, anthesis, and maturity, after anthesis, and in the vegetative organs at maturity were
found in the NUR-H group. However, there were no differences in dry matter remobilization and harvest index among different
cultivars. Number of stems and tillers at booting and anthesis, LAI at the milk-ripe stage, and dry matter accumulation at each
stage after anthesis, and in the vegetative organs at maturity were significantly positively correlated with NUR in the all cultivar in
two sites. A vigorous tillering capacity at the early growing phase and a higher LAI and photosynthetic production at the late
growth stages could be observed in NUR-H cultivars, resulting in more photosynthate for grain-filling. Furthermore, the critical
parameters of cultivar screening for high-yield and high-efficiency in wheat following rice were proposed, that is 16,000-20,000
kg hm™ dry matter accumulation at maturity and 4100-6700 kg hm™ dry matter accumulation after anthesis.

Keywords: wheat following rice; varieties; nitrogen utilization rate; yield components; population quality characteristics
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Table 1 Different types of wheat varieties in the test

. Variety .
Year Site NUR Number Cultivars
type
range (%)
2016-2017 >50 8 22 Ningmai 22, * 25 Yangmai 25, * 21 Ningmai 21,
Yangzhou  NUR-H 21 Yangmai 21, 23 Yangmai 23, 4 Yangfumai 4,
1025 Yangfumai 1025, 7 Huamai 7
40-50 8 # 13 Yangmai 13, 12 Zhenmai 12, 6 Huamai 6,
NUR-M 1124 Annong 1124, 188 Sumai 188, 11 Zhenmai 11,
20 Yangmai 20, 22 Yangmai 22
<40 8 1 Haomai 1, * 2054 Yangfumai 2054, * 6
NUR-L Shengxuan 6, * 23 Ningmai 23, * 13 Ningmai 13, 11
Sumai 11, 16 Yangmai 16, * 10 Sumai 10
>50 4 # 35 Huaimai 35, 520 Ruihua 520, 1 Guanmai 1,
NUR-H 919 Jiangmai 919
40-50 13 1211 Zhongyumai 1211, * 5 Baomai 5, 19
Suining NUR-M Yannong 19, 999 Yannong 999, * 33 Huaimai 33, 6
Baomai 6, 9158 Xumai 9158, * 20 Shannong 20,
26 Xinmai 26, 596 Emai 596, 7 Lianmai 7, 32
Huaimai 32, 33 Xumai 33
<40 6 1 Mingmail, 22 Jimai 22, * 2 Baomai2,”
NUR-L 580 Emai 580, 9023 Zhengmai 9023, 0711 Annong 0711
2017-2018 >50 2 # 25 Yangmai 25, * 21 Ningmai 21
Yangzhou  NUR-H
40-50 6 11 Sumai 11, 7 Huamai 7, 1 Haomai 1,
NUR-M 16 Yangmai 16, * 13 Yangmai 13, 1025 Yangfumai 1025
<40 16 # 13 Ningmai 13, 22 Ningmai 22, 1124 Annong 1124,
NUR-L 188 Sumai 188, * 2054 Yangfumai 2054, 11
Zhenmai 11, * 6 Shengxuan 6, # 23 Ningmai 23, # 10
Sumai 10, 20 Yangmai 20, 6 Huamai 6, 22
Yangmai 22, 21 Yangmai 21, 23 Yangmai 23, 4
Yangfumai 4, 12 Zhenmai 12
>50 2 # 35 Huaimai 35, 9023 Zhengmai 9023
Suining NUR-H
40-50 7 0711 Annong 0711, 33 Xumai 33, * 5 Baomai 5,
NUR-M 1 Mingmai 1, 22 Jimai 22, " 20 Shannong 20, *
33 Huaimai 33
<40 14 # 2 Baomai 2, 19 Yannong 19, 9158 Xumai 9158,
NUR-L 1 Guanmai 1, 520 Ruihua 520, 919 Jiangmai 919,
32 Huaimai 32, 6 Baomai 6, 1211 Zhongyumai
1211, 596 Emai 596, * 580 Emai 580, 999 Yannong
999, 26 Xinmai 26, 7  Lianmai 7

#.

NUR-H: nitrogen utilization rate with high-efficiency; NUR-M: nitrogen utilization rate with middle-efficiency; NUR-L: nitrogen utilization
rate with low-efficiency. *: The cultivars have the same NUR in the two years. The tested varieties were ranked from high to low according to
NUR.
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Table 2 Differences in yield and its components among different NUR groups

Year Site Variety type NUR (%) Grain yiild Spike Anurr{lzer Grains per spike IOQO-grain
(kg hm™) (x10" hm ) weight (g)
2016-2017 NUR-H 52.4+19a 7439+321 a 362423 a 448452 a 48.6+4.3 a
Yangzhou NUR-M 432+1.7b 6530+425 b 330429 a 43.7+6.1 a 47.4+4.5a
NUR-L 349423 ¢ 54104662 ¢ 294425 b 423442 a 45.743.6 a
Range 31.4-55.8 4158-7949 253-400 38.2-50.3 41.1-57.3
Mean 43.55 6470 331 43.0 47.3
NUR-H 52.4+1.4a 9064+230 a 513440 a 40.0+1.8 a 46.6+2.6 a
Suining NUR-M 46.242.4 b 8564+425 a 500436 ab 40.144.3 a 4524192
NUR-L 36.6+2.1 ¢ 7084+767 b 434453 b 374433 a 47.142.1a
Range 33.5-53.5 6186-9370 373-563 33.1-48.8 41.6-50.5
Mean 44.44 8252 485 39.4 46.0
2017-2018 NUR-H 50.8+0.7 a 6964578 a 433429 a 41.6+0.9 a 39.9+1.7 a
Yangzhou NUR-M 42.8+2.2 b 6397+462 ab 40220 ab 43.5£3.3a 39.2+3.1 a
NUR-L 37.1423 ¢ 5806+478 b 383+24 b 42.6+3.2a 38.042.7 a
Range 38.9-53.6 48787373 324-454 36-47.5 34.2-44.4
Mean 39.7 6070 393 42.8 38.5
NUR-H 51.3+0.8 a 7097+101 a 505+2.8 a 37.6£0.7 a 413+0.6 a
Suining NUR-M 417+1.6b  7114+373a 495425 a 36.643.7 a 42.0+3.5a
NUR-L 31.944.1 ¢ 6249+473 b 444438 b 36.9+1.5a 39.7+3.2 a.
Range 5237-7860 33.5-53.5 394-545 32.8-43.9 35.4-46.5
Mean 6533 36.27 463 37.0 40.8
0.05 1

Values within a column followed by different letters are significantly different among different NUR groups at P < 0.05. Abbreviations are

the same as those given in Table 1.

4878~7373 kg hm™?, 6070 kg hm?; 1% (2018), 37% 25% (2017)
38.9%~53.6%, 39.7% 21% 15% (2018) ,
5237~7860 kg hm™, ,

6533 kg hm?; , 23%  21%
33.5%~53.5%, 36.27% 15%  17%
2.2 ,

2 ,

(1 2) ,

16% 9% (2017) 13% )
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Bars labelled with different letters are significantly different among different NUR groups at P < 0.05. AS: anthesis stage; Other abbreviations
are the same as those given in Fig. 1 and Table 1.
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Table 3 Correlation analysis between NUR and the parameters of population quality in different wheat cultivars

2016-2017 2017-2018
Growth stage Parameter
Yangzhou Suining Yangzhou Suining
EL Stem and tiller number (x10* hm?) 0.781" 0.605" 0.166 0.223
BS LAI 0.765" 0.803" 0.350 0.353
DMA (kg hm?) 0.862" 0.701" 0.632" 0.609"
Stem and tiller number (x10* hm?) 0.779" 0.625" 0.799" 0.637"
AS LAI 0.749" 0.886" 0.568 0.171
DMA (kg hm?) 0.903" 0.717" 0.697" 0.801"
Stem and tiller number (x10* hm™?) 0.760" 0.619" 0.637" 0.708"
MR LAI 0.554° 0.800" 0.536" 0.684"
MS DMA (kg hm?) 0.916™ 0.802° 0.727" 0.785"
+ DMA in stem and leaf sheath (kg hm™) 0.746" 0.497" 0.753" 0.546
DMA in leaf blade (kg hm™?) 0.834" 0.610" 0.572" 0.739"
+ DMA in rachis and glumes (kg hm™?) 0.842" 0.610" 0.303 0.575"
Post-anthesis dry matter (kg hm?) 0.708" 0.743" 0.739" 0.858"
Dry matter remobilization (kg hm ) 0.223 0.475 0.529" 0.317
Harvest index —0.145 0.222 0.156 —-0.093
o (P <0.05) (P<0.01)

*x

EL: elongation; BT: booting stage; AS: anthesis stage; MR: milk-ripe stage; MS: maturity stage; DMA: dry matter accumulation. “and

indicate significant correlation at the 0.05 and 0.01 probability levels, respectively.
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Table 4 Differences in dry matter accumulation at main stages among different NUR groups

Dry matter accumulation (kg hm™)

Year Site Variety type Booting Anthesis Maturity
2016-2017 NUR-H 62534430 a 12728+289 a 18664+617 a
Yangzhou NUR-M 4741+£566 b 11041+853 b 16121+1566 b
NUR-L 4183+636 b 928441028 ¢ 13301+1360 ¢
NUR-H 8958+418 a 13037+1015 a 18954+1087 a
Suining NUR-M 8547+582 a 11683+1092 a 175051293 a
NUR-L 7488+478 b 10104+868 b 14859+1201 b
2017-2018 NUR-H 9134+£328 a 12372+664 a 16498+790 a
Yangzhou NUR-M 86554278 ab 11279+861 ab 14981+693 b
NUR-L 8099+494 b 10335810 b 13794+941 b
NUR-H 79844526 a 11704+604 a 16342+332 a
Suining NUR-M 7235+752 ab 10295+966 b 14581+1147 b
NUR-L 6625+744 b 9195+976 b 13260+1425 b
0.05

Values within a column followed by different letters are significantly different among different NUR groups at P < 0.05.
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Table 5 Differences in dry matter remobilization, post-anthesis dry matter accumulation and harvest index among different NUR
groups

Year Site Variety type Dry matter remf)zbilization Post-anthe‘sis dry mat}zer Harvest index
(kg hm ) accumulation (kg hm )
2016-2017 NUR-H 14484299 a 6038+539 a 0.35+0.01 a
Yangzhou NUR-M 1660+220 a 4889+554 b 0.36+0.02 a
NUR-L 1369+366 a 4478+849 b 0.35+0.01 a
NUR-H 31474213 a 5916+269 a 0.42+0.02 a
Suining NUR-M 27434539 a 5821+528 a 0.44+0.02 a
NUR-L 24314490 a 4778+496 b 0.42+0.02 a
2017-2018 NUR-H 20104251 a 4126+155 a 0.37+0.01 a
Yangzhou NUR-M 1719£360 a 3701£348 ab 0.36+0.01 a
NUR-L 1604+437 a 3459+386 b 0.37+£0.02 a
NUR-H 17684290 a 45584391 a 0.38+0.01 a
Suining NUR-M 1464+370 a 42434417 ab 0.39+0.01 a
NUR-L 1260+184 a 39234379 b 0.39+0.01 a
0.05 1

Values within a column followed by different letters are significantly different among different NUR groups at P < 0.05. Abbreviations are

the same as those given in Table 1.
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Table 6 Differences in dry matter accumulation of vegetative organs at maturity among different NUR groups

Dry matter accumulation (kg hm™)

Year Site Variety type * *
Stem and leaf sheath Leaf blade Rachis and glumes

2016-2017 NUR-H 5421+£276 a 1185+169 a 2268+234 a
Yangzhou NUR-M 45984520 b 1051169 ab 1980+302 ab

NUR-L 4001+629 b 895176 b 17424281 b

NUR-H 5787+794 a 22964453 a 29844410 a

Suining NUR-M 5262+518 ab 2086+411 a 2704+423 a

NUR-L 4682+427 b 1487+264 b 2496+327 a

20172018 NUR-H 6405+275 a 1574+183 a 1770£217 a

Yangzhou NUR-M 5872+708 a 1425+295 a 17224527 a

NUR-L 5679+592 a 1338+146 a 1374+243 b

NUR-H 6171+754 a 1612+183 a 1632+201 a
Suining NUR-M 5615£716 ab 15284237 ab 1571£190 ab

NUR-L 49264735 b 1266+195 b 1430+£221 b

0.05 1

Values within a column followed by different letters are significantly different among different NUR groups at P < 0.05. Abbreviations are
the same as those given in Table 1.
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