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Effects of Reduced-staged Nitrogen Application and Nitrification Inhibitors
on the Nitrogen Use Efficiency of Forage Oats

XU Han-yu', XU Zhen-peng®, LI Jia-xing', SUN Wen-long', HU Mei-ting', GAO Kai'"", AN Hai-bo"
(1. College of Grassland Science, University of Inner Mongolia Mizu University, Tongliao, Inner Mongolia 028000, China;

2. Ulanqab Agricultural and Forestry Science Institute, Ulangab, Inner Mongolia 012000, China)

Abstract: To investigate the effects of staged nitrogen (N) application combined with the nitrification inhibitor
3, 4-dimethylpyrazole phosphate (DMPP) on nitrogen uptake, utilization, and yield of forage oat (Awvena
sativa L. ), a field experiment was conducted with seven N fertilizer treatments: no N application (CK) , con-
ventional N application (105 kg=hm™*, Nyy;; 210 kg-hm™*, N,;0; 300 kg-hm™*, Ny,) , reduced-staged opti-
mized N application (168 kg+hm *, O,4) , and reduced-staged optimized N application combined with DMPP
(Ot D, O +D) The results showed that compared with conventional N application, the O+ D treatment
achieved the highest yield of 7412. 13 kg-hm *, which was significantly higher than that of under conventional
N application (P<C0.05). Compared to the Ny, treatment, the oat plant nitrogen uptake, nitrogen agronomic
efficiency, and nitrogen use efficiency increased by 4.90%, 48.51%, and 6.44% in O+ D treatment,
respectively. Therefore, under the condition of Horqin aeolian sandy soil, the optimized treatment-combining
reduced-staged application of N with DMPP can increase the yield and improve the N use efficiency of forage
oat. These findings provide a theoretical basis for enhancing the yield of forage oat and optimizing N fertilizer
application in the Horgin Sandy Land.
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Table 1  The application time and amount of nitrogen fertilizer in each treatment

Jib ¥ N JBAE Topdressing/ (kg-hm %) i
Treatment Base fertilizer/ (kg+hm ™ ?) S¥BEH) Tillering stage  #°17#] Jointing stage  Total nitrogen application rates/ (kg-hm™?)

CK 0 0 0 0
Ny 315 0 73.5 105.0
Noio 63.0 0 147.0 210.0
Nagy 90.0 0 210.0 300.0
O, 21.0 84.0 63.0 168.0

O+ D 21.0 84.0 63.0 168.0

0,+D 18.0 72.0 54.0 144.0

TE b B R NARER 3006 AL 47026 459 I8 N8 1ty WG 2805 3K, O AR 3 12. 506 FEAE +50 %0 73 BEIISE AL +37. 506 485 W15B L i 1 1k
il %475 3K, D G Ak 7 il 57 DMPP

Note: In the treatment, the letter N represents the conventional fertilization method of30 % base fertilizer + 70% topdressing, O represents
the optimized fertilization method of 12.5% base fertilizer + 50% is applied during the tillering stage + 37.5% is applied during the jointing

stage, and D represents DMPP
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Fig. 1 Effects of different treatments on oat yield
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Fig. 2 Effects of different treatments on leaf area of oats
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Table 2 Effects of different nitrogen treatments on nitrogen absorption and utilization of oats

fh *E%%?%WE A ’EHEZ??"%(? A A ?EHEE"JTH%‘SA A ’E?”ﬂ%&?&?
Treatment (Plant nitrogen uptake, (Nitrogen agronomic efficiency, (Nitrogen use efficiency, (Nitrogen uptake efficiency,
Nuptake) / (kg+hm™?) NAE)/ (kg kg™ ") NUE) /% NUpE) / (kg-kg™")
CK 18.22+1.33¢
Nios 50.37+5.29 15.134-3.82" 18.7+1.84" 0.4840.05"
Nao 79.554+14.9* 17.13+4.02" 15.21+3.76° 0.38+0.07°
N0 98.7848.05" 15.02+£1.71° 14.51+£1.26° 0.33+0.03"
Oqgs 94.11+4.15° 24.0741.56™ 16.3140.68" 0.45+0.02°
O tD 98.724+11.22° 25.44+3.41° 17.36+3.46° 0.4740.05
Oy +D 86.9948.05" 25.094+2.63" 17.594+2.40° 0.48+0.04"

1 SR [ /NG 7 36 7R A B ) A7 76 4 35 25 5+ (P<<0. 05)

Note: Different lowercase letters in same column indicate significant differences between treatments (P<20. 05)

2.5 AEHELEMARAREHIERSEN
A

WS Bi7s , 4384 A% 8 7E N Al CK Ab 2
AR T H A it U4 BE(P<Z0. 05) 6

"‘;n 071

on

g 0.6
EWBH g 0.5
,m >
® 2 0.4
803
%2
HE 02

g 0.1

= 0.0
195

CK N N N O

105 210 300 168

0168+D 0144+D
QT Treatment

5 AESAENTEERFENHIN
Fig. 5 Effects of different treatments on soil total nitrogen
content
e 6 Fr , - SRR A A B AE O 11 N oo A0 B
B, 8 T Nuw, O tD, Nuy, O+ D Al CK 4k
HL(P<20. 05) , fiFf 45 58 & fEAE Noos 20 LR 350 T oAt
AbFE(P<C0. 05) ,7E Ny, O65, Ny LA O+ D AL FHTE]

TR ELER MHEEET O+DHCKP<0.05),

2.6 HAKEFE.REMNARSELIEREE
KRS
UnTEL 7 Fr 7 e Y HE 2 7 e R PR SRR IR

Rt NO,~-N [l NH, N
w16+ a
b

S 14t i be b
<;g 512 be I I
"ot : c
=9 A T
= L ¢ AB
RZ 2 I a B D

5]

£ 2r

Z 0

3 CK N, N N 0,, 0,+D O, +D

105 210 300 168

AL Treatment
6 AEAEINTELNEASENZM

Fig. 6 Effects of different treatments on soil inorganic nitro-

gen content

HEHARASTEMIMOLE OGRS EE D EIFEMX
KR, PSR GES SR A A R A
R 3RO B R B AE B E IEA R, 1R
BEARGRSHEEAGTREEEMIELR,

N8 Fr /i, b it 60 Ak B 4] M A2 R e R
S HGIEAT B B, 25 SR R W5 — R s —
HE 7 3 5 B T AR S50 39, 196 AT 20. 1%, BTk
RN 59.2% o A EUIE b PR T E A A A A — HE
Bl b AR A A A B R A A v i R R
5 R 7 AU A 3R A O S, R i )
HTEIENARRBENEY . Ot D H O b 3
BB i i R i DL SR AR 2 AR
AR LA S =



2726 S -
AR
STN
we 00LO0000O
NOLN | 037 055 ‘
JEE . /
vl 062 044 -015 ",’,/
020
i ke A A L
HBRAEN | 77 077 037 057 .""
™
-0.00
Lu|;w1rﬂ 055 046 -0.094 0.66 040 ""
eaf area --0.20
AR | 065 053 0063 074 054 0.56
Chlo a
MERED | g5) 045 0082 062 040 046
Chlo b
ME PN 061 051 -0072 071 050 053
Carotene
RRERIIGE | o 65 052 _0.074 097 072 062
N uptake
-1.00
> o ¢
S 7 7S %;/@ & &
S I SRC VS S
Sl R e S N
e v
S G\ LR N R gff\
s
3@%

7 ARKAETHAAREFE AEMNARSIERSEXRSN
Fig. 7 The analysis of the relationship between forage oat yield, nitrogen utilization, and soil nitrogen content under different treatments
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Fig. 8 Principal component analysis (PCA) ordination of oat yield, nitrogen use efficiency, and soil nitrogen under different
treatments
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Leaf area is leaf area, Chlo a is chlorophyll a.Chlo b is chlorophyll b, carotene is carotene, Nuptake is plant nitrogen uptake, NAE is nitrogen

agronomic efficiency, NUE is nitrogen use efficiency, NUpE is nitrogen uptake efficiency
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