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Research progress on the synergistic effects of nitrogen nutrition and cultivation
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Abstract: Both nitrogen nutrition and cultivation density regulate rice population composition, synchronized N
nutrition and density could improve rice population productivity and nitrogen use efficiency greatly. We reviewed
the main achievements of the researches, especially those under nitrogen reduction and dense planting conditions.
Nitrogen reduction and dense planting help the formation of satisfactory population structure of rice, thus
promoting rice population productivity and fertilizer use efficiency, and N reduction and dense planting have
positive synergistic interaction. We verified the effect of “extremely dense planting” technique through field
experiments in multiple sites for many years, with a target rice yield 9000 kg/hm* under a moderate soil fertility

condition. The main core of the technology package for the “extremely dense planting” included increasing
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seedling transplanting density as high as 400x10* hm’ (rice cultivar ‘Nanjing 46’), reducing nitrogen application
rate to 90 kg/hmv’, no tillering fertilizer but heavy heading fertilizer. Companied with the conventional planting, the
“extreme dense planting” mode limited tillering, coordinated rice population growth and main stem panicle
formation, the rice yield therefrom were significantly increased and nitrogen fertilizer use efficiency was improved.
The tillering number under the extremely dense planting mode were only 1.2 per plant on average, but the unit
effective number of panicles, 1000-grain weight and the grain setting rate were increased significantly, thus the
rice yield were increased by 27.4%, and the agronomy efficiency of nitrogen fertilizer by 120%. For the widely
population of the “extremely dense planting” technology, the suitable N rate and planting dense combination
need approaching under different rice cultivars, cultivation modes, nitrogen reduction rates, and soil type and
fertility levels. The emerging rice drone aerial seeding technology is accepted because of high-density and precise
seeding, that may affect the nitrogen-density interactions. In spite of the success in practice, the specific
physiological and molecular regulatory mechanisms as affected by extremely dense planting are not very clear,

more studies needed to ensure the stable and sustainable widespread application of “extremely dense planting”

technology of rice.
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Note: CK—Cytokinin, IAA—Auxin, GA—Gibberellin acid, SL—Strigolactone, Gln-Glutamine, GS—Glutamine synthetase, Asn-Asparagine,
AS—Asparagine synthetase. Arrows and T-arrows indicate positive and negative effect, respectively. Glutamine serves as a substrate for purine
synthesis and enhances the synthesis of allantoin. The urea permease gene OsUPS1 regulates the transport of allantoin from roots to shoots, affecting

12681 0sASNI affects asparagine levels and the growth of tiller buds™®”). In rice, GS and AS can enhance tiller bud growth by

the number of tillers
modulating the biosynthesis of nitrogen-dependent cytokinins**l, Os44P 1" affects tiller growth. Os4AP3"" and Os4AP5" may influence the
cytokinin content in rice plants, thereby affecting tiller growth. OsDNRI inhibits auxin synthesis and regulates tiller growth in rice by affecting the
auxin signaling process via OsARF!''"!, OsPIN9 regulates the growth of rice tiller buds®™”. OsNR2 affects NR activity, influences nitrate transport, and
promotes the expression of OsNRT1. 1B, thereby regulating tiller growth™). NGRS is a target gene of the GA receptor GID1. The abundance of NGRS
is negatively correlated with GA levels, and NGRS inhibits the expression of the bud branching inhibitor genes D/4 (Dwarf14) and OsSPL14
(Squamosa Promoter Binding Protein Like-14), affecting rice tillering™*!. High concentrations of nitrogen nutrition can also regulate tillering by
inhibiting the synthesis of SL and TAA in rice®®®. The OsLBDs-OsTCP19-DLT module is closely related to the brassinosteroid signaling response
induced by nitrogen in rice, regulating tillering growth"”.,
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R - TR IRR P PR A B s AR AR =X PHAE A PR A PR o AR AR =X
ATHRIE 30 cmx10 cm, BN 4 Bk: 47HKEE 25 cmx5 em, F570 5 #k;  ATHEEE 5 cmx5 em, ¢ 1 #k;
AR 133x10% Ff/hm? FEAEE 400x10* Hi/hm? FEAE R 400x10* Ff/hm?
Conventional cultivation: Experimentally dense planting: Desirably dense planting:

rowxplant spacing 30 cmx10 cm,  rowxplant spacing 25 cmx5 ¢cm,  rowxplant spacing 5 cmx5 cm,
4 seedlings/hole; basic density 5 seedlings/hole; basic density 1 seedling/hole; basic density
133%10%hm? 400x10*hm? 400%10%/hm?

B2 KEEABRBEMRREERE S HREE

Fig. 2 Distribution sketch of rice seedlings in conventional and extremely dense planting

®1 BHRBSRREEKE~EREMEE T

Table 1 Grain yield and yield components of rice under conventional and extremely dense planting

st TMEERL HE% HURIEL TR 4 FrhE AR
Mod Tiller number  Panicles Grains 1000-grain weight Seed settingrate  Yield  Agronomy efficiency of N
ode
(No./plant) ~ (No./hm?)  (No./panicle) (2) (%) (kg/hm?) (kg/kg)
A 35a 472.5x10°b 1133 a 243b 91.4b 8118.0b 13.6b

Conventional cultivation

DG 12b 483.0x10°a  102.2b 274a 952a 10809.0 a 299a
Extremely dense planting

T FIFVBURSE AR IR/ING TR R i i 22 53 B3 (P<0.05),

Note: Different lowercase letters after data in a column indicate significant difference between the two cultivation modes (P<0.05).

R X L
Conventipnal density  fertilization ,

D

A AT

B3 KIEEABIEFRREEFEHE S
Fig. 3 Image of conventional and extremely dense planting of rice fields
T WL R A —ATAREE 3010 cm, 45T 4 Bk; N 270 kg/hm?, P,0O; 75 kg/hm?, K,0 105 kg/hm®, H BR % B < (AL AR —F Tk BE
25x5 cm, FEC5 #Kk; N 90 kg/hm®, P,0; 45 kg/hm®, K,0 75 kg/hm?,
Note: Conventional density and fertilization—Row x plant spacing 30 cm x 10 cm, 4 plants per hole; N 270 kg/hm’, P,O, 75 kg/hm®, K,O 105 kg/hm’.
Extreme density x optimized fertilization—Row x plant spacing 25 cm x 5 cm, 5 plants per hole; N 90 kg/hm?, P,O, 45 kg/hm®, K,0 75 kg/hm’.
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