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Effect of Postponing Nitrogen Application on Grain Yield and
Nitrogen Accumulation and Translocation in Oats
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Abstract: To investigate the effects of different postponing nitrogen application treatments on oat grain
yield and nitrogen accumulation and translocation, a randomized block design was adopted using two
oat varieties Bayou 1 and Dingyou 8 as the experimental materials. Field trial were conducted in 2021
and 2022, and four nitrogen application treatments were set up under a total nitrogen rate of 100 kg
hm™%: all basal application(CK), 1/2 basal application + 1/2 tillering stage fertiliser(N1), 1/2 basal
application + 1/2 jointing stage fertiliser(N2), 1/3 basal application + 1/3 tillering stage fertiliser +
1/3 jointing stage fertiliser(N3). The effects of different postponing nitrogen application treatments
on yield of oats, dry matter accumulation and translocation in each organ, and nitrogen accumulation
and translocation in each organ were determined and analysed. The results indicated that different
postponing nitrogen application treatments had an extremely significant impact on oat yield. Com-
pared with CK, the yield of both Bayou 1 and Dingyou 8 significantly increased in N3 treatment, with
an average increase rate of 7. 96% —8. 82% over the two years. However, the yield of oats were re-
duced by 9.64% —4.50% and 4.12% —6.59% in N1 and N2 treatments respectively, N3 treatment

enhanced the pre-anthesis dry matter and nitrogen translocation, post-anthesis dry matter, and nitro-
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gen accumulation, with the increase rate of 21. 83% —37.79%, 23.59%—30.19%, 7.58% —12.35%, and
8.48% —11.54%, respectively. Therefore, under a total nitrogen rate of 100 kg * hm *, applying 1/

3 basal application + 1/3 tillering stage fertiliser + 1/3 jointing stage fertiliser better coordinated the

nitrogen accumulation and transport of oats, and improved the yield.

Keywords: Postponing nitrogen application; Grain yield; Dry matter accumulation and translocation;

Nitrogen accumulation and translocation

M RARARR ML & 0 — A A 2
oo ] e SRl DI PR R Y AR AR
TE A = S L A B RE I £ T SURE A Ak
AR A R TR B R R R
RN JG R R A R A b AP A R 5
DR 3 i B PR P i . MRS DN EF B
Bext /R @ R A A AR -2 i AR L
oo TEPBEM], MR A KRG8 W AR I OREL
A s PO AR R b BT IR R L AR
SRR FEIE 2 s AN L e 0 R A 75 R B R
P T Y RIS 38 i L ) X S T
PR VR R WM e K= 1 2 B 25 5
5 A B 70 A R) e 20 1 o A 7% Al 103 441 10t
R PR T b R A A AU L
LA YRR R 5 e is , £
#HE BT R B L TR TE i 4 AR R L 2
WE G AN R B FORE L AR E
Je R AE A R AN L 2 5| I R s A A
W, i B

PRt , A BF 5 16 /i 300 8 52 59 100 kg + hm
T U AR R R A g — Uk i AL A2
2N [ AN 300 0 U S il (0 BE B0 3 AT A3 T
O BEM 4T B D 23 M A [R) S IS B8 A B0
M P AV E TR AR R R s 9,
A A 72 e 3 22 ZRURE ) A0 | B AR 3R K 4
BERLIRAR 3

1 ##E &

1.1 Rt

AW T 2021 F1 2022 FFA4E N5 AR X AL
Skl A BRRR A VA T4 P 58y Rl R 2 BRARR
150 PR B b (110°33. 3'EL, 40°29. 5" ND #E4T, %
b Je T A KB PR 2 KU X, IR e L AR H
M RO K, TR 132~150 d,2021 1 2022 4F
SRS MK R W E 1, 5 i T2 2 v
+.,2021 A1 2022 4F 0~20 cm #HF 2 HIEAE VLR &

WA 28,6 F125.4 g« kg LB A SR
133 Al 141 mg « kg ' A RBE S RN 6.0
9.6 mg « kg ', A E =40k 83 A 85
mg * kg ' pHAEZ IR 7. 47 1 7. 28,
1.2 RWiEit

TR IR FH B AL X2 18 3 DA e S R 3 1
5 EAE 8 5 N M ORL, #E B Al i 100 kg + hm™®
ZMFF L BEE AT (CK) \1/2 06 +1/2 4> BE
WHEAE (N1 (1/2 i +1/2 &1 8138 A8 (N2) |
1/3 Hejii + 1/3 43 BE 1368 jf + 1/3 & 1 138 1
(N34 DR B, £ b FE T 3 I, /N X TH R
16 m*,/NX (A 1 m. 2% 40 209 B B IE Y45 8
T — kPt A Hoils i — 3% 4 0 Ca
(H,PO,), 345 kg » hm * fl K,SO, 82.5 kg -
hm ™7, 7EMEE B FP G AR 4 45 42 B0 H JR) S bR
TEOLIEAT IR ME . M T 2021 4F 4 H 8 H I 2022
fE4 A 19 B AT 44,2021 4 7 A 20 H Hi1 2022
7 H 11 HYOR, # & 150 kg « hm * 4758
A 25 cm.,

O 20214E R K & 2021 Precipitation
O3 20224 7K B 2022 Precipitation
- 20214551 2021 Air temperature
-+ 20224E5 1 2022 Air temperature

300 30
e ¥ 4125

g 250F AR, %)
g r AN 20 <
E 200 "J "“ g
.% /,;'/ \‘ 15 =
= £/ 2
& 150 e \" 10 g
8 ! 4 ! 2
~ £/ 3 Jl5 B
w100 ,:{’ 1 % é
‘%6 » l'l ‘:'\ 0 Jl]”
g [ 7

50 ¢ ! W

Ao .
ol I—L—. ”ﬂ Lk ” |-|.|-| nllo 2 -10

W §F (B S S P
PR PRR R DI
MY R Mg ATl gP OV STy

H 4 Month
1 2021—2022 FiRBWHMSBEFIEKRETH
Fig.1 Variations of air temperature and

precipitation in 2021 —2022 experimetal plot



55 10

X 98 4 NS % o JHE S b 7 ek T R0 B R 12 1 S . 1405 -

1.3 MEMBEA%
1.3.1 HHREBETHARAERIALSERESH
B

TE HE A7 T A R A 43 I A B/ IS X B B
B 10 MR IG5 — R M AR 4% BRZE i R ER
SRE, T 105 CATF 30 min, 5T 80 C FHT &
HEEHRE TR TR RSz, KT
s R R HL SO, -H, O, 87, R LK E & ik
W A A
1.3.2 FEAEHMREENE

e WUAUIAE H [R] /N X BEHLIE B 3 m”
SEMERZ PR FEAL L LR A . [ AN IXCHL
20 MR N R, 0 FORL R, TR FE TR R
FEAL
1.3.3 AXFEARTHEAK

AEHT T W) i i 32 1 = JF AL AR AR T 22 — Al
WEFRGETE

AR T B i8R =T T Y i f% s &/
FEAE WA R T 8 X 100 %

AL T W) 1 3 0 WP R PR £ BT R 3 = AE 1
T B iz /R R T <100 20

G T W R Bt = BRI bR T 8 — T4k
Wit T &

A5 T 0 FR B a WP FF A 7 i BT R R = A S
T AR B A/ R R T <100 20

TR R s =Mk A Z R a —
WA ERGE AR R

AL R B e 18 RO = JE T A R e iz 1 /1 4k
W R R R B E X100%

AEHT R TR X AR A ST Bk R = fE T A R f iz
i/ B FRL R R LR X100 %

WERBZHERE =AWk AZH R —
TR A R B

WERREMN AT E=EAEHER
i/ AR A R LR X100 %

WOAR F8 B = F7bL = i/ i LA A
1.4 Zitoth

% M Excel 2019 #E478048 % 2, H SPSS 27. 0,
Origin 2024 FEATHETF 43 B A 14

2 HERERM

2.1 AEREL4AEMEEFEREMREEZN
=41
i A AR X8 A% R A 1 5 E k8

S R HM R EEGE D . ARG 6
BN, A 1 5 E L 8 S PRAR I & RERLEL
T H S ORI 2 ek S T B, B HE N3
SbBER R IR G s PIAR O BRI FE N1UN3 Ak 2 [E]
2R AR 0N 4B & T CKUN2 Zh B,
5 CK.N1.N2 & #AH LG, 3k 1 5 &K 8 5 W
AR YEAE N3 Ab P B0 4 51 R 8. 8200 ~
17.63% M 7.96% ~21.42% ., 5 CK.N2,N3 4t
LA L 3004 15 FIE MK 8 5 BEA M 4R Y (B 7E N1
AEFRR B8 43 5 0. 98 % ~6. 00 % Fl 1. 20 % ~
12.77% , Wi 1 5 R A TR0 s 7 i
WAk £ P AF S E 5 e 8 5 A Al 7. 5400,
40.05% .14.26% ,18.59% F1 11. 82% .,
2.2 AEABAENKESRETYRRAERERE
15 1Y % i

st o 0 A i 3 AW i T R ) T A JHE 7 i e
TEAE B0 A0 3 (B 2021 M4 & 28 B T 9 i
O 2, ARS8, AR rh g 1
5B AL 8 5 T AR TR B A Y SRR T A Y
TP K e Ja TS, H 7 N1 A3 I8 N3
W R . 5 CKUNLTUN2 Ab#AH . ik 15
FEAC S RN B SRR T ) BT E N3 AR BN AR
X3 0 R 12,60 % ~33. 32 % H1 2. 14 % ~
25.40% , 5E MK 8 21 IE 43 Wi Ry 12, 27 % ~26. 84 %
M 5.10%~16.91% . HAZ 1“5 FF 46 W1 A1 B2
BARR T R P AR P BE MK 8 543 il 24. 9106
A115.59%

st o 0 A i 2 AW i S R ) R A JHE 7 e
AR FAL IS T ) B 2 B 538 308 kL™= i
TUHRR (£ 3) ., WA 5 B L6 i 3 im L 300 1% 1
5 E N 8 5 AR AL BT T W) B iz i MR IS T
YR R R R A B, BITE N1 43
T HEAR N3 AT ., 5 CKUNLUN2 4b 3
AL, WG 1 S AEHT T L iz s AL Js T
AR A N3 A BT B AR 3 (8 R 4 0
19.07%~50.28% Fl1 2. 79 % ~24. 45% , 5EHik 8
SHEE A R 21.83% ~42.99% A 1. 60 % ~
12.69% . W4 1 5 M AEHT T4 B % is it fE s
T AR R WA S B ik 8 5 38, 18 %0 A
10.61% . AFEAMELEE T 1% EK 851
TR T 0t e 3z d X AT b 7= £ STk R IR AR S
T BB B X R R Y TTRR



« 1406 - Z X W ¥ 55 45 &
F1 AEALEBETHREZESEREMBEEZR
Table 1 Yield and its components of oat under different treatments
- — S — —
E B by Glameper  lowmsn Vi) et
(X10* « hm ?) spike weight/g (kg *» hm %) index
2021 Wik 1 CK 113.23+5.99b  77.17+3.46ab  20.40+1.37b 2 223.56-£36.94b  0.3140.01b
Bayou 1 N1 429.5257.12a  65.67+3.51c  15.90-0.30d 1 985.88-55.36c 0.2540.02cd
N2 102.93+3.55b  75.674+4.16b  19.44+1.01b 2 195.43+25.59b 0.30=0.03b
N3 128.0845. 11a  83.3344.04a  22.03+0.45a 2 415.56+28.36a 0. 38-£0.02a
ik s B CK 367.2345.04c  43.2742.52¢  17.47+0.50c 1 848.704+122.11d 0.27-+0.02¢
Dingyou 8 N1 411.3146.94b  34.3343.21f  13.17+0.25¢ 1 676.00+55.54e 0. 23-+0.01d
N2 357.9643.86c 46.334.5le  15.7340.80d 1 709.324100.88e 0.28+0.02bc
N3 408.10+8.36b  56.00+4.58d  19.60-0.26b 2 054.43--23.90c 0.31--0.02b
F (i % 176. 43" * 384,497 * 98.87" " 203.30" * 23.59"
F value N 67.75%* 26.81" " 79,42 40. 03" * 30,73
VXN 9.85" " 0.82 0. 85 1.91 1.48
o022 WE e cK 397.90+6.92bc  73.7343.66a  18.0040.44b 2 073.15479.67b 0.31-0.01b
Bayou 1 N1 421.3946.91a  58.33£2.52b  14.6740.47d 1 894.88426.99¢ 0.23+0.01d
N2 396.8948.83¢  73.00+4.58a  17.2540.35b 1 928.35--71.55¢ 0.3040.01b
N3 414.53+5.05ab  79.00-55.57a  19.3240.67a 2 295.86474.39a 0.3440.02a
Eik 8 CK 361.67+6.67d  40.30%1.40c  16.10£0.20c 1 724.0184.42de 0.25%0.01cd
Dingyou 8 N1 404.314+8. 48bc  33.3354.16d  10.9240.73¢ 1 384.79461.03f  0.2340.01d
N2 353.51417.65d  44.00+4.00c  15.0340.23d 1 626.78--43.28¢ 0.2640.01c
N3 391.3246.93¢  53.67+4.04b  18.0320.45b 1 832.08-£48.33¢d 0.3140.02b
F fi % 63.91" 309. 34" " 139. 67 241.47% " 40,25 >
F value N 23.32* " 27.77% 164.18* % 47,56 " 54,597~
VXN 2.55 1.51 7.31" " 3.45" 4.48"
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Different lowercase letters after data within the same columns and years indicate significant differences among different treatments at
0. 05 level. CK, N1, N2, and N3 represent all basal application, 1/2 basal application + 1/2 tillering stage fertiliser, 1/2 basal applica-
tion + 1/2 jointing stage fertiliser, and 1/3 basal application + 1/3 tillering stage fertiliser + 1/3 jointing stage fertiliser, respectively.
V. Variety; N: Nitrogen fertiliser treatment; V X N. Variety and nitrogen fertiliser treatment interactions, * ;P <(0.05; % % . P
<20.01. The same in tables 2 and 3.
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Fig.2 Dry matter weight of oat organs at anthesis and maturity stages under different treatments
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Table 2 Effects of different treatments on pre-anthesis and post-anthesis dry matter accumulation and translocation in oat
W H] T ¥ i Pre-anthesis dry matter 15 T W i Post-anthesis dry matter
N V‘fﬁy o Tenonion | TEACK R HERLP Bt TR R Accnmlasion RfHERLP™ B TR
amount/ Iranslocnatlon Lontrlbutlpn raute amount/ (,fontrllbutl.on raDte
(g + plant 1) rate/ % to grain yield/ % (g plant—1) to grain yield/ %
2021 HlfE1E CK 0.45+0. 04b 32.47+2. 36bc 11.17+1.05b 3.61-0. 06ab 88.8341.05b
Bayou 1 N1 0.3540.03¢  29.1142.0lbe  10.71-1.70b 2.9840. 32¢ 89.2941. 70b
N2 0.6940.08a 41.4142. 56a 14.98+1. 49 3.90=+0. 08a 85.02+1. 49¢
N3 0.7640.08a 43.22+2.47a 15.97+1. 06a 3.9740. 10a 84.03+1. 06¢
i 8 B CK 0.3540. 03¢ 34.3441.89b 10.6+1. 24b 2.9940. 30¢ 89.40=+1. 24b
Dingyou 8 N1 0.2440.03d  27.5344. 65¢ 7.5140. 26¢ 2.96-0. 30¢ 92.49+0. 26a
N2 0.21+0.01d 20.88+2.49d 5.69-40. 60¢ 3.43-0.19b 94.3140. 60a
N3 0.4140.06bc  34.25+4.71b 10.83+1.25b 3.3440. 16be 89.17+1. 25b
F{f \% 31.20% 12. 31 14,44 14,38 14.44% "
F value N 153. 69" * 33.73 91.78" " 24,417 " 91.78" "
VXN 19.52** 15.53" 14,95 2.68 14. 95"
o022 MfE1E® K 0.5940.06bc 40,2842 7lbed  14.32+1.53bc  3.50-0.09abc  85.68+1.53cd
Bayou 1 N1 0.4840.03cd  42.47-+1.19bc  13.2041.06bede 3. 16-0. 28¢ 86. 804 1. 06abed
N2 0.64+0.14b  42.55+4. 63bc 13.81+2.26bed  4.0040. 15ab 86.19+2. 26bed
N3 0.91+0. 08a 51.33+4. 81a 17.9941. 90a 4.16+0. 16a 82.01+1. 90e
E 8 CK 0.44+0.02d 37.40+1. 85¢d 11. 57+ 1. 64cde 3.417+0. 53be 88.43+1. 64abe
Dingyou 8 N1 0.3620.03d  37.56-3.15cd  10.58-+1. lde 3.08-£0. 64c 89.42+1. 14a
N2 0.40+0.04d  35.58+2.58d 10. 7942, 18de 3.3840. 50be 89.21+2. 18ab
N3 0.63+0.06b  46.07+2.77ab 15.02+1.01b 3.58+0. 16abe 84.98+1.01d
F{f \% 30.41% 13.21 9.71* 454" 9.71%"
F value N 51.60" 14. 86 17. 66 5.15" 1766
VXN 1.93 0.42 0.02 0.98 0.02
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Fig. 3 Nitrogen content in oat organs at the anthesis and maturity stages under different treatments
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Table 3 Effects of different treatments on pre-anthesis and post-anthesis nitrogen accumulation and translocation in oat

R A #E Pre-anthesis nitrogen

1EJ5 A & Post-anthesis nitrogen

N o G I N o
f‘;ﬁj" Vznr i*j]ty Trﬁtﬁiem TI;ESE%? on Tfnjﬁgﬁf on Coryn_‘; rf{ffion ACSEI;E?OH Corﬁ r#i]jl(jion
(g(° plant™ 1) rate/ % rate/ %5 (g(- plant 1) rate/ )3
2021 Mgk 1B CK 17.554+1.08b  69.330.21bc  17.26-2. 57b 84.03%+11.16a  81.70-3. 65bc
Bayou 1 N1 12.60-£0.89¢  71.4742.29bc  17.99+1.02b 57. 5945, 67bc 82.0141. 02b
N2 18.183.31b  70.05%2.41bc  16.33%3.39bc  93.5646.92a 83. 6743, 39ab
N3 25.91+1.35a  73.43%1.92abc  22.43%1.56a 89.7044. 25a 77.57+1. 56¢
s B CK 13.8451.20c  68.54-5. 03¢ 19.3142.86ab  58.508.54bc  80. 692, 86be
Dingyou 8 N1 7.7141.29d  57.71+3.17d 12. 76 £2. 42¢ 53.1648. 25¢ 87,2442, 42a
N2 13.6240.67c  77.75+2. 30a 16.6740. 31b 68. 12-£3. 75b 83.33-0. 31ab
N3 18.85-50.76b  74.35%1.90ab  22.57+0.50a 64. 7444, 40be 77.4320. 50¢
F v 65. 04 * 1.79 0.61 148.79" * 0.98
F value N 63.55" * 16.36" - 13.09" - 15.30" * 11.16" -
VXN 1.28 16.35" * 3.32° 3.30 2. 35
o021 MlgE1E CK 20.0740.45b  83.5540.20abc  20.29+1.17ab  79.10-6.66ab  79.71+1.17ab
Bayou 1 N1 14.931.65¢d  86.20+1. 82a 19. 73+ 4. 66ab 62.15410.64b  80.27+4. 66ab
N2 19.96--3.00b  84.0041.66abc  17.66-1.62b 92. 643, 42a 82.3441. 62a
N3 27.9240.30a  87.0040. 90a 24.08%1. 82a 88.5049. 02a 75.92+1. 82b
s CK 17.0540.51c  82.26=1.18bc  20.35%2.89ab  67.68-10.41b  79.6542. 89ab
Dingyou 8 NI 12.834+1.45d  83.54--3. 54abe  17.1-1.9b 63.06+13.26b  82.90+1.90a
N2 15.4341.30cd  81.17+1.52¢ 18. 5143, 791 69.28+11.57b  81.49+3.79%
N3 21,4642 11b  84.9242.10ab  21.5842.25ab  78.19-56. 14ab  78.42-2. 25ab
F i v 38.04 " * 8.52" " 0. 89 8.29" 0.89
F value N 47,01 " 4.50" 3,77 5.92% " 3.77"
VXN 2.13 0.21 0.63 1.67 0.63
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