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Abstract: To find out the effect of nitrogen(N) application on dry matter accumulation, distribution and N utilization in
foxtail millet, in this study, in the northwest semi—arid rainfed agricultural area, the conventional variety LLonggu 13 and the
hybrid Zhangzagu 13 were used as materials, four nitrogen concentration gradients(N: 0 kg/ha, N,,,: 45 kg/ha, N, .um: 90 kg/ha,
Nyt 135 kg/ha) were set, The yield,dry matter accumulation, distribution, and nitrogen use efficiency of the two varieties were
measured at different levels of nitrogen application. The results showed that the contribution of post-flowering dry matter to the
seeds of Longgu 13 under the Ny, treatment increased by 32.5% than that under N, the grain weight per spike increased by
30.0%, the plant height increased by 14.5%, the seed dry matter accumulation increased by 20.5% , and finally the yield
increased by 11.1% . The post-flowering dry matter contribution to the seeds of Zhangzagul3 increased by 21.0% than that under
N, the grain weight per spike increased by 20.7%, the seed dry matter accumulation increased by 21.5%, the final yield
increased by 11.6%. L.onggu 13 had the highest agronomic efficiency under N, it was 3.75 kg/kg, and Zhangzagu 13 had the
highest efficiency of 9.57 kg/kg under N, treatment. Under different nitrogen levels, the yield of Longgu 13 was the highest
when the nitrogen application rate was 135 kg/ha, and that of Zhangzagu 13 was the highest when the nitrogen application rate
was 90 kg/ha, indicating that hybrid foxtail millet varieties were more tolerant to low nitrogen environment and were an
advantageous type of variety in the production of chemical fertilizer reduction.
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Tab.1 Statistical analysis of agronomic traits in foxtail millet at different nitrogen fertilizer levels
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. . (kg/hm?*) Grain weight ~ Thousand . . . . . .
Variety I'reatment . . . . . Plant height Nitrogen use effi- Nitrogen agro-  Nitrogen partial
Seed yield pre spike grain weight . . . ..
ciency nomic efficiency factor productivity
B 4+ 1345 Nk 3909.53b 24.03c 2.89%a 145.81c 5.52b
Longgu 13 N 4 025.53ab 24.05¢ 2.90a 152.67bc 5.42h 2.57h 89.46a
N 4 246.88ab 27.31b 2.88a 155.25b 7.33a 3.75a 47.19b
Ny 4 344.22a 31.23a 2.93a 166.89a 6.33a 3.22a 32.18c
EAA 135 Nk 7 168.36b 21.83c 3.16a 131.06b 18.39a
Zhangzagu 13\ 7 599.05ab 24.90b 3.19a 132.94ab 14.78b 9.57a 168.87a
N 7 996.40a 26.35a 3.21a 134.50a 19.15a 9.20a 88.85b
N 7 764.39a 21.00¢ 3.18a 125.67¢ 20.35a 4.42b 57.51c
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Note: Different lowercase letters indicated significant difference at 0.05 level among treatments. The same as below.
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Fig.2 Paired analysis of nitrogen use efficiency between Longgu 13 and Zhangzagu 13
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Tab.2 Analysis of dry matter accumulation of Longgu 13 and Zhangzhaogu 13 under different nitrogen levels g/#%

hi B fib B Hi AT T AEI AN
Variety Treatment Seeding stage Jointing stage Flowering stage Mature stage

B4 135 Ny 0.12a 1.91d 7.06¢ 56.31a

Longgu 13 N 0.09b 2.17¢ 9.72b 56.54a

N 0.11a 2.87b 11.10a 59.80a

N 0.11a 3.25a 9.97b 60.12a

WA 135 N, 0.22a 4.16b 10.25b 39.13b

Zhangzagu 13 N 0.20ab 3.91b 10.56bc 42.39a

N 0.21bc 4.73a 14.17a 42.75a

Ny 0.23c 2.78c 9.48¢ 35.86¢
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Tab.3 Analysis of proportion of dry matter allocated to each organ at flowering and

mature stages in Longgu 13 and Zhangzagu 13 %
T AWy 52 73 T 1L 49 S W 5 23 T L4
o " Proportion of dry matter allocated at flowering stage Proportion of dry matter allocated at mature stage
21a] EE
Variety Treatment N i i T 45t Bl il - Rl + 5% ok
Stems+ Leaf Spike rachis+  Stems—Leaf Spike rachis+ )
Leaves . Leaves . Seeds
sheaths Glumes sheaths Glumes
B4 1345 Nk 54.25b 30.03a 15.72b 39.53a 10.66a 8.91a 40.90b
Longgu 13 N 58.44a 28.50b 13.07d 39.44a 11.11a 6.92b 42.54b
N 52.88c 25.86¢ 21.17a 39.63a 10.01a 4.67¢ 45.67a
N 55.87b 29.39a 14.74c¢ 38.44h 9.20b 6.22b 46.14a
KA 1345 N 46.24a 30.24b 23.51b 27.96a 8.33a 10.48b 53.23c
Zhangzagu 13 47 44a 33.33a 19.22d 26.53a 7.34b 9.74c 56.38b
N 44.39b 27.81c 27.81a 23.00c 6.57¢ 11.20a 59.20a
N, 44.09b 34.70a 21.20¢ 24.46b 7.84h 11.68a 56.02b
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Fig.5 Paired analysis of the proportion of dry matter allocated between stems+leaf sheaths at
mature stage between Longgu 13 and Zhangzagu 13
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Tab.4 Analysis of distribution of dry matter in vegetative organs after flowering between
Longgu 13 and Zhangzagu 13 at different levels of nitrogen fertilizer
TETT IR 0% B IHY R 1L s T
SR b 3R Assimilates stored in vegetaive organs before flowering Post-flowering dry matter
Variety Treatment i it/ (g/tR) XRFRL TTRR R/ Vo TERFRL P o T B/ (g/ ) X HFRL TR/ 6
Transit volume Contribution to the seeds Distribution in the seeds Contribution to the seeds
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Fig.7 Paired analysis of the contribution of pre—flowering dry matter to seeds between Longgu 13 and Zhangzagu 13

56



I Sl FRK XA T W BB R TC b R R A A4 B 5 el

Nex N
P <0.01 P<0.01
80 —

[~}
)
1

AN

o>
>
T
Contribution to seeds

XL TR A%

[\
(=)
T

DN

%,
S3‘\%“\
%0, 27
&% S
%
€

N. N,
P<001

40F [

Contribution to seeds

TR TR A%

20F -

)
MANNN

Varlety

B8 BE& 135 fMKkFEE 135G T ¥ REXT 75 53 ok 2 8 B X3 4 47

Fig.8 Paired analysis of the contribution of post—flowering dry matter to seeds between Longgu 13 and Zhanzagu 13

3 b5tk

31 AEABELENBEFTFYRREZZNI

FEA A 7 o T A R SRR TR B 7 I
B, 3 i A IR X AE D T B AR BR R R
A s T X #E R g R L 4R
BT W o B B AT 1A B A T R
ARAFFTAE TR, 5 Ny A, BE 4 13578 N, 4b
TLAEE T YRR R o0 IR R E R
ar B RUR 09 T W BT ) RFORL A 32 43 TE Y L A A X
HEOHH 8 38 5 5K 22 4% 13 54 N A HL R 45 AR F W+
Wy SRR R o N) R S AR v, O LT O ) F L
iz 43 BE A L 51 K o ik S 04 (A B B B (HAE Ny
Aob 3 HR B BH S T R, 3 I A e A9 it R K P T
AR AT T TR R [RS8 0 8 B B 4y
e L, X A B A R, X S RIS
S5 M
32 AEAEEBLENSFREMNAERTEN
A

RRVEY TR & B RS IR0 &R, ALt
AA BUBCE R T AR AR T R
PR R ES F A b — Rt S R A T
SR 1R 7 AU R Y A g0 A5 SRR it
M AN REHE & 4 F I ZUIE R &CR I A 71
FUNE I 253 B 25 0 IE vk B 34 525 B TR R
R (a3, B 4% 13 5t FH 90 kg/hm?® &UIE B () &0 &
I 2 f5 v, ik 22 4% 13 5 it 135 kg/hm”® &8 Bif
(E SRS 4

BFFE 0, Y RUIE o i, R AR P i SR R
A T BOOTE WA B A 2

BRIV, 2Rk B S o 2 WA, 4% 1 7= il it I o 11
Bom RTINS AR R A
135 Bl 4 it IS 2k 1) 38 i 4% 7 7= R IR BRAIG, it e
It 135 kg/hm” B 7™ dk g o, 76 M 22 S5 7 fin R 3 56
(18 it 28 2, DA A B A 0 EUIE K O 5 ik 2 45 13 5 7
e it S A 2 2 B AT ) e A IR
oM 90 kg/hm* i, Bl FAE A F T W A B, [ i
] R i) B 32 43 G S AR L B AR ol
IS

RN AT 3G n & 2542 8 T B4 135784k 1y
W T AR R R T R R /B K
90 kg/hm” i} i & 46 & T 9K 24 4% 13 5 784810 ) JF
AR A ) T B R S T B R
rh ] Ak B 1] 2 B B R IS oy BE o IR A Al
BEZ 380 . BE AN, AS [R) 35 PR 70 23 i oo 220N ) 4
AT B A 135 e B A it 2 135 kg/hm?,
k2 4 135 e A /I A 28 90 kg/hm”, 306 2 5
Hb AR 1R 7R AR R R A B GBS K i D B A
X

S E Lk

(1] 220k, ok TS 100, 55 . A HLICHLIE BC it 52 e 3 IE 0 5 4
He PR BT A 0F T B R (7], 3 AR B2, 2022, 51(3) < 1-11.
LIANG L,ZAHNG W J,XU B H, et al. Research progress on
effects of combined application of organic and inorganic fertiliz-
ers on soil fertility and soil environment[J]. Journal of Henan Ag-
ricultural Sciences,2022,51(3):1-11.

GONG X W,DANG K, LIU L, et al. Intercropping combined

with nitrogen input promotes proso millet ( Panicum miliaceum

Do
[

L.) growth and resource use efficiency to increase grain yield on
the Loess Plateau of China[J]. Agricultural Water Management,
2021,243:106434.

«57-



PG 4l Bl 2 2024 4R 55 52 445 3 1

[3]

[4]

[5]

[6]

[7]

—
[o9)

[9]

[10]

[11]

[12]

[13]

*5

BV MBS e 5 AU X XN —F
KA AR MR 7 A R R SR MR B S i (7). R ARl R
2023,52(11):21-32.
LILY,HE AL,YANG H H,et al. Effect of reduction of nitro-
gen fertilizer rate on yield and nitrogen utilization of wheat-maize
rotation system in yellow-cinnamon soil area[J]. Journal of
Henan Agricultural Sciences, 2023,52(11):21-32.
LADHA J K,PATHAK H,KRUPNIK T J, et al. Efficiency of
fertilizer nitrogen in cereal production: retrospects and prospects
[J]. Advances in Agronomy, 2005,87:85-156.
HIREL B, ANDRIEU B, VALADIER M H, et al. Physiology
of maize I1:identification of physiological markers representative
of the nitrogen status of maize (Zea mays) leaves during grain
filling[J]. Physiologia Plantarum, 2005,124(2) : 178-188.
RE I, LT84 A T D AR AL PR A R SR B B[], 1
P R 2724 CA SR BEAA D L 2022,42(4) £ 1-10.
HE L, YANG Y, WANG Y K, et al. The current situation and
perspective of functional gene discovery in foxtail millet[J]. Jour-
nal of Shanxi Agricultural University (Natural Science Edition) ,
2022,42(4):1-10.
LR RRM L B, S AT B —— AR B E
AT WG ML R, 2023,51(10) : 1121-1126.
WANG S S,XU C Y, CHEN J, et al. High yield foxtail millet
breeding: designing from the perspective of plant type optimiza-
tion of major cereal crops[J]. Journal of Shanxi Agricultural Sci-
ences, 2023,51(10):1121-1126.
ZENGT IR 0 VA, A5 P A L AR I R B S ROk
JEET]. A E Al B, 2021, 54(3) :459-470.
LIS G,LIU F,LIU M, et al. Current status and future prospec-
tive of foxtail millet production and seed industry in China[J].
Scientia Agricultura Sinica, 2021,54(3) :459-470.
BUE W, AR . v E A ROl 81RO 5 R ok B [T]. p
Al B2, 2022, 55(4) : 653-665.
JIA G Q,DIAO X M. Current status and perspectives of innova-
tion studies related to foxtail millet seed industry in China[J].
Scientia Agricultura Sinica, 2022,55(4) : 653-665.
BB R 2 Z MUAE Wy b 30 AR B HORBIF 5 kR (T, R
e Al BE 32, 2019, 52(22) : 3943-3949.
DIAO X M. Progresses in stress tolerance and field cultivation
studies of orphan cereals in ChinalJ]. Scientia Agricultura Si-
nica, 2019,52(22) : 3943-3949.
RN NN i 3 1] e o B B T LB e
BT B BC S 7 R RO S AR A ] AR B 2Rk, 2018
(5):150-155.
WANG X L,JI X L,ZHANG P P, et al. Correlation analysis
between aboveground biomass allocation and grain yield in dif-
ferent varieties of foxtail millet in the dry land of Loess Plateau
[J]. Crops,2018(5) : 150-155.
WATTS D B,RUNION G B,BALKCOM K

tilizer sources and tillage effects on cotton growth, yield, and fi-

S. Nitrogen fer-

ber quality in a coastal plain soil[J]. Field Crops Research,
2017,201:184-191.

SRRLL, B4 T7, 2 F IR, 55 . AUILIE 2 %] 75 4T 58 B st oK g
N A R 5 [T]. R R i, 2020, 34(8) £ 1796-
1804.

8-

[14]

[16]

[19]

GUO X H,JIANG H F,LAN Y C, et al. Effects of nitrogen
fertilizer management on rice yield and nitrogen use efficiency
in soda saline-alkali land[J]. Journal of Nuclear Agricultural Sci-
ences, 2020, 34(8):1796-1804.

T AR BR T SR R S AN [ K a3 3 xR T
A A R A A AR PR S i [T] I AR ROk B2, 2022, 54(1)
61-67.

YU X,NIU JH,CHEN E Y, et al. Effects of nitrogen applica-
tion and water stress at different stages on growth and physi-
ological and biochemical characteristics of foxtail millet[J].
Shandong Agricultural Sciences,2022,54(1) :61-67.

AL, TH BRSO A SRS TR A T A
I R A B AR AR R R B S i [T ] 1l AR Al B2 2023, 55(6)
110-118.

NIU JH,YU X,CHEN E Y, et al. Effects of nitrogen applica-
tion and drought stress after heading on millet growth and
physiological and biochemical characteristics[J]. Shandong Ag-
ricultural Sciences,2023,55(6) : 110-118.

HOU, 255, EEN S A HUIL XA 777 8 &
ety €A LI J.mfﬁizikﬂ%,zozaal(z);278-284.
XIA F,LIC F,WANG Z G, et al. Effects of organic fertilizer
application on yield, quality and economic benefit of foxtail mil-
let[J]. Journal of Shanxi Agricultural Sciences, 2023, 51(3) :
278-284.

ZEU AR A AR B, A5 AU X A T R R AR
FHAR B R[T]. A 2222412, 2023, 28(1) :67-78.
QIN N,ZHU C C,DAI S T,et al. Effects of nitrogen fertilizer
application stage on the grain yield and quality and nitrogen use
efficiency of foxtail millet[J]. Journal of China Agricultural Uni-
versity,2023,28(1) :67-78.

EF B, ok, AR 55 L IREUI 0 X R TR G 48 bR K
A BRVERE B9 A [T]. 1P B2, 2021,49(12) £ 1483-1490.
WANG Y K,ZAHNG M, MENG X W, et al. Effects of low
nitrogen stress on photosynthesis indexes and physiological per-
formance of foxtail millet at seedling stage[J]. Journal of Shanxi
Agricultural Sciences,2021,49(12) : 1483-1490.

ZERIMG AT 5E A A AR X ROV T i KA
IR A[T]. Al 5 HAR , 2022,42(12) : 23-26.
LIXP,LIF H,JI HF,etal. Effect of nitrogen application rate
on yield and water consumption of millet in Heilongjiang prov-
ince[J]. Agriculture and Technology,2022,42(12):23-26.

[ A i S e A N i RS R U =8 9 ks D
25T [T]. ARALAO B, 2021,46(1) : 13-16, 124,
ZHANG L Y,QIM Y,LIZ G, et al. Study on the difference
of nitrogen uptake and utilization in different millet varieties[J].
Journal of Northeast Agricultural Sciences, 2021, 46 (1) : 13-
16,124.

XU, E A5G, £/ FUILHE XA 785 R A K
T35 S & AL Wy by I6C B i LT]. B DY AR B 27, 2020, 66
(2):26-30.

LIUL L,WANG Q Y, WANG X L, et al. Effect of nitrogen
fertilizer application on morphological development and bio-
mass allocation during nutrition growing stage of foxtail millet
[J]. Shaanxi Journal of Agricultural Sciences, 2020, 66 (2) :
26-30.



BT SCAE i RK X 4% 7 4 I BR 2R 40 TS B A A R ) 3 )

[22]

[23

—

[26]

[27]

W B e 4 L R A 9 R RN UK T A
SR AR R LT]. gl AR, 2023, 51(3) : 264-270.
WANG Y H,FAN Y Q,HAN Y L, et al. Effects of planting
density and nitrogen application level on the yield and agro-
nomic traits of millet[J]. Journal of Shanxi Agricultural Sci-
ences, 2023,51(3) :264-270.

ZE0, S ARl AN, A A T SR A PR A O o R AR G
PESIHTLI]. T R A B2, 2019, 48(5) - 22-29.

QIN N,MA C Y,ZHU C C, et al. Screening of foxtail millet
genotype with high nitrogen use efficiency and analysis of re-
lated characters[J]. Journal of Henan Agricultural Sciences,
2019,48(5) :22-29.

X%, BB, E RS, S I AR T T R A
R[], P Al B4, 2020,48(9) : 1461-1463,1519.

LIU X, TIAN G, WANG Y W, et al. Effect of fertilizer appli-
cation on accumulation and distribution of mill dry matter[J].
Journal of Shanxi Agricultural Sciences, 2020, 48 (9) : 1461-
1463,1519.

SR E B, AR SE A A R AR A T AR RO A K
SRRETERETELT] pi gl B2, 2013,41(9) : 911-913.
ZHANG L N,LIY,GUO Z L, et al. Growth and photosyn-
thetic water characteristics of foxtail millet varieties[J]. Journal
of Shanxi Agricultural Sciences,2013,41(9):911-913.

FEVBUAR 587 3, JaE ) BH L & L e T e 600 X R 2 A 10506
G R R B2 R [T, L0V Aol KA A e CA AR BRE D
2018,38(2):37-41.

YAN ZD,GUO P Y,YUAN X Y,et al. Effect of foliar appli-
cation of nitrogen fertilizer on photosynthetic characteristics
and yield of foxtail millet cultivar "Zhangzagu 10" Setaria italic
(1..)Beauv[J]. Journal of Shanxi Agricultural University (Natu-
ral Science Edition) ,2018,38(2) :37-41.

X, B, FLEF A TR S EAMERE TY
AR LRI R 225241, 2017, 7(1) £ 5-11.

LIU X,WANG Z H,LI H X, et al. Characteristics comparison

[}

[28

[29]

of dry matter in various organs between hybrid and conven-
tional millet[J]. Journal of Agriculture,2017,7(1) :5-11.
TRRE R 2RI, Aok s BB - W - AL 0 X A 1 B
SR [T]. 2Rl B2, 2016,44(13) :51-55.
HAO K X,LIN N,HOU F E. Effect of N, P, K fertilizer man-
agement on the quality and yield of millet[J]. Journal of Anhui
Agricultural Sciences, 2016,44(13):51-55.
LT WAL A i U0 B AL A T A PR T R
M2 [T]. 1L PG A0l B2, 2020, 48(3) : 335-338, 386.
YUAN R,HAO X Y,HU T H, et al. Effects of nitrogen appli-
cation on physiological characteristics and quality of yellowing
millet[J]. Journal of Shanxi Agricultural Sciences, 2020,48(3) :
335-338, 386.
S, ik B B F L A PR UL — oM i R A T
AR A AR ] R E RS AR 2 4, 2019, 25(4) -
639-646.
GUAN R,ZHANG M,ZHUGE Y P, et al. Single basal appli-
cation of controlled release nitrogen fertilizer improve yield and
nitrogen use efficiency of foxtail millet[J]. Journal of Plant Nu-
trition and Fertilizers,2019,25(4) : 639-646.
K BRI LR A AR AR KX TR Z AR
AFF BB ], 1340k BL2# , 2022, 50(1) :66-71.
ZHANG S,CHAI X J,SHEN Y N, et al. Influences of differ-
ent nitrogen levels on agronomic traits and nitrogen utilization
efficiency of millet[J]. Jiangsu Agricultural Sciences, 2022, 50
(1):66-71.
i o - EI N O LR VATNY) T LR U S
T R ez A i s (1], o ROk R4 L 2019, 52
(22):4177-4190.
LIY H,CAO M L,DU H L, et al. Effect of fertilization loca~
tion and amount on dry matter accumulation, translocation and
yield of hybrid millet[J]. Scientia Agricultura Sinica, 2019, 52
(22):4177-4190.

+590.



