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Effects of nitrogen reduction under rapeseed straw return on sesame yield and nitrogen use efficiency in
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Abstract: To determine the optimal nitrogen application rate for achieving high sesame yield under full rape-
seed straw return in rapeseed—sesame rotation system of red soil upland, a field experiment was conducted from

2020 to 2023 in typical red soil upland in Jiangxi Province. Six nitrogen treatments under full rapeseed straw return
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were established, including conventional nitrogen application (NO, 105 kg N/ha), 10% reduction (N1, 94.5 kg N/ha),
20% reduction (N2, 84.0 kg N/ha), 30% reduction (N3, 73.5 kg N/ha), 40% reduction (N4, 63.0 kg N/ha), and no ni-
trogen (N5). A treatment with straw removal but conventional nitrogen application (105 kg N/ha) served as control
(CK). The effects of these treatments were analyzed on soil physicochemical properties, dry matter accumulation and
partitioning, nitrogen use efficiency, agronomic traits and sesame yield. Results indicated that the improvement ef-
fect of straw return on soil physicochemical properties was regulated by N application rate and enhanced with the ex-
tension of return period. Compared with CK, N2 exhibited optimal improvement effect in the second year of straw re-
turn, in which soil bulk density decreased by 9.77%, while the contents of soil organic matter, available phosphorus
and available potassium increased by 17.93%, 13.62% and 36.21%, respectively, while the available nitrogen con-
tent remained stable comparable to CK, and the C/N ratio was optimized to 11.34. In terms of crop response, N2
treatment achieved the highest sesame yield, with a two—year yield increase of 12.12% and 10.01% compared with
CK. Meanwhile, nitrogen harvest index, nitrogen contribution rate, nitrogen partial factor productivity, and nitrogen
agronomic efficiency showed no significant difference from NO. Moreover, nitrogen accumulation and dry matter
weight in both vegetative organs and grains remained stable. However, when nitrogen reduction exceeded 30% (N4,
N5), the nitrogen recovery efficiency and nitrogen agronomic efficiency decreased significantly by 41.74% and
45.53% (compared to NO), respectively, leading to a significant reduction in dry matter accumulation and sesame
yield. Based on parabolic model, the optimal nitrogen application rate for achieving the maximum sesame yield un-
der straw return was determined to be 90.93-92.34 kg N/ha. It is evident that a 20% nitrogen reduction (84.0 kg N/
ha) could synergistically enhance both high yield and nitrogen efficiency. Accordingly, the recommended nitrogen
application rate for sesame under full rapeseed straw return in red soil upland is 84.0 to 92.34 kg N/ha.
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Table 1 Monthly mean temperature and total precipitation during sesame growth in 2021 and 2023

2021 2023
6 1 7H 8 H 9H 61 7H 8 A 9H
June July August September June July August September
H #4J3 Monthly mean temperature /°C 27.1 30.0 28.4 28.1 26.7 30.1 28.7 26.7
H BB /K Total monthly precipitation /mm — 145.4 38.4 195.1 18.6 409.4 244.2 149.2 89.5
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Table 2  Soil bulk density, porosity and moisture content for 2021 to 2022 under rapeseed straw return and nitrogen reduction

PN e foxin LB TESLBRE WAL TR E 7K BE KR
Year Treatments Bulk density ~ Total porosity Capillary Ventilation Saturated water Capillary mois-
/(g/em?) 1% porosity /% porosity /% content /% ture content /%
CK 1.223ab 53.85ab 40.08ab 13.77ab 44.22abh 32.80ab
NO 1.209h 54.43ab 41.31a 14.35a 44.51ab 34.03a
N1 1.175¢ 55.66a 40.31ab 15.34a 47.27a 34.40a
2021 N2 1.191be 55.11a 41.41a 14.38a 47.56a 34.94a
N3 1.202b 54.65ab 40.76ab 13.88ab 45.6ab 33.97a
N4 1.221ab 53.92ab 40.19ab 13.73ab 44.16ab 33.74a
N5 1.264a 52.08b 39.29h 13.07b 42.15h 31.31b
CK 1.238a 53.28a 39.75b 13.53a 43.04b 32.45h
NO 1.142b 56.91b 42.02a 14.89a 49.83a 37.11a
N1 1.128b 57.45h 44.17a 13.29a 50.96a 39.15a
2022 N2 1.117b 57.87b 45.27a 12.60a 51.84a 40.52a
N3 1.138b 57.07b 43.15a 13.92a 50.17a 37.92a
N4 1.142b 56.90b 42.05a 14.85a 49.84a 38.40a
N5 1.155h 56.41b 41.39 15.01a 48.83a 35.81a

I R PR — ST R /NS RN AR R — 403 0.05 /KF B 225 B35 T A

Note: Within a column, means followed by the same letter are not significantly different according to LSD

0.05

in each separate year; Same as below
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Table 3 Soil chemical properties under rapeseed straw return and nitrogen reduction (2021-2022)

AFERR

JOEL]

AL

AR

A

Year Treatments pH SOM /(g/kg) TN /(g/kg) AN /(mg/kg) AP /(mg/kg) AK /(mg/kg) N
CK 4.76¢ 18.67b 1.11a 120.59a 221.11ab 221.86b 9.76h
NO 4.87h 19.39a 1.15a 121.97a 230.66a 241.67a 9.78b
N1 4.92h 20.03a 1.06a 117.70ab 233.02a 252.97a 10.96a

2021 N2 4.90b 19.85a 1.04a 110.78be 232.09a 253.00a 11.07a
N3 4.95b 19.31a 1.10a 109.12bed 216.11b 245.51a 10.18ab
N4 4.94h 18.81b 1.13a 105.06¢d 218.55b 242.28a 9.66b
NS 5.00ab 17.83¢ 1.04a 98.15d 214.75b 242.74a 9.94ab
CK 4.72b 17.74¢ 1.12a 107.08ab 187.54b 186.65¢ 9.19b
NO 4.90ab 19.48ab 1.14a 119.68a 209.31a 258.17a 9.91ab
N1 4.95ab 20.55a 1.08a 111.29ab 211.33a 252.61a 11.04a

2022 N2 4.95ab 20.92a 1.07a 105.20ab 213.09a 254.23a 11.34a
N3 5.01ab 20.05ab 1.10a 93.22b 206.56a 242 .89ab 10.57a
N4 5.09a 19.77ab 1.03a 83.95bc 191.13b 237.83b 11.13a
NS 5.04ab 18.86b 1.06a 76.48¢ 186.52b 221.82b 10.32ab




B 4R 5F MSAE AT T 2080 X £ 038 5 b 2R 7 e S R R R R 52 167

5000 2

THA L

a a g Kf Seeds|
b 1% Shell
*\ b % i Leaf
H 2% Stem
2 O N . N ot
= \ = \% = \ =
2 \&
= = 3000
5 E : N
=g a a a
Nl b
£ 2000 ¢
z &
s ¢ 2
= 1000H
oLl

Qb FR Treatments‘

E1 SlSEREFEER LB AL E TR

CK NO N1 N2 N3 N4 N5

100

80

60

40

Proportion of dry matter /%

20

CK NO N1 N2 N3 N4 N5
AbFE Treatments

FHRA D EE(2022)

Fig.1 Dry matter partitioning in sesame under rapeseed straw return and nitrogen reduction (2022)
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Fig. 2 Nitrogen accumulation in sesame under rapeseed straw return and nitrogen reduction
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Table 4 Nitrogen use efficiency in sesame under rapeseed straw return and nitrogen reduction (2022)

Qb3 RNEMBCR = B8 5L HE DTk RN A= =) RNEA R R
Treatment NRE /% NHI /% NCR /% NPFP /(kg/kg) NAE /(kg/kg)
CK 26.38¢ 10.52¢ 47.05b 2.28b 24.80b
NO 41.13a 12.26b 46.96b 4.02a 45.73a
N1 36.96ab 12.13b 48.30ab 3.89a 44.13a
N2 34.91b 12.18b 49.43ab 3.94a 44.76a
N3 24.26¢ 15.03a 49.48ab 3.26a 24.91b
N4 9.68d 15.04a 50.22a 1.52¢ 8.91¢

KRR T ZEF BRI 34 (2023 4F ), 128
FF 3 T i it 0 f B AN, 22 RR bR SR Al 38 0
THE B H, H AL N AL B R g, (B bk 5
NO N2 JG 8 & 2= 5 5 1 SR il < ) 4 38 K 1 L Ath &b
PR 5 NOAHEL , N4 N5 4b B S B0 FRER i 2 B AR
4.19% .6. 25% , FHlH 730 AL 6. 32% . 11. 49% .,
2.5 MERBRFTATRIEBRENZHR~EREN
Al

2021 4%, 5 FF 8 T PEC il 280 A AS00T B R 35 SR 50
PARR PR A B . 2023 4F, BR B BRI SR RS
Ry AN Rise ot & A i ARk (R 6) o HoAA i
T, 2021 4F 2R HRR 39 R LL NO S i, H SN,
N2 FIN3 JC i & 22 5, {H i 3 % T CK N4 NS Ab B
BRI DA NT A e, 5 CKUNO N2 N3 TG i 3
Z5 B EET N4 NSKFE, 2023 42 Jpk bk o SR
BUAN2 N E, S5SNI R FEERS MR ES T Hib
Ab 3R/ DA NT S d ey, 5 CKUNOLN2 N3 T
FESE, BT N4 NS ALHE Bk = 50 DL N2
e, 5 CK.NON1 N3 LR H25, B35 T N4,
NSAbBE . #EA b 0 SRS AR IR T B 0 R AR

ZRREAR T i BT E G, 5 NOA L, N2 4k
P2 PR AR = WA e, N3 A2 PR AR P i
AR RAR 13. 82% 3. 32% , {H 25 F R 3% .

5 CKAH L,y = f5 AR 8 B i i I8 mT L4
B 2 RERAR R (R 7), DL N2 A B R e i, 2021 4F |
2023 4F 2 JFR i 4 A = 12, 129%.10. 01% , {H Fififit
RAKFREAL, 2 0= B i T B, A ANt /U
(NS)TE LT, P AR 2 8K 7™ 1 4 ) B AR 27. 03% .
24.76% . AI UL, 5ASIE H LR 8 R0 S0 A L, A
FRE IR 5 S0 A A B T2 w48

FI I AL R = 5 2R R R R,
P3N PO AR BE 22 R e At U (81 3) 0 2021 4F
2023 4F: fe A it U= 43 9014 92. 34 kg/hm?®,90. 93 kg/
hm?, 5 % it 0 & (105 kg/hm?®) A1 L, 23 51 B A
12.06% .13. 40%.

3 i

3.1 HMEHTTHTRIEREXTTEENVERY
HRIR

ESUFAE S SN PSR SINELIVETE S e

F5 HEXBEHEHRELRELETERNEEZERZHER
Table 5 Main agronomic traits of sesame under rapeseed straw return and nitrogen reduction /em
2021 2023
AbE . WAL Al BRIESS . UL PSRN L TESS
Treatment Beginning of Fruit branch Plant top Beginning of Fruit branch Plant top
Plant height Plant height
capsule part length length capsule part length length
CK 127.58a 60.28a 57.01b 10.30a 154.12be 46.55a 105.55b¢ 2.02a
NO 130.68a 57.15ab 63.98a 9.55a 157.21ab 47.67a 107.29b 2.26a
N1 129.95a 59.63a 60.68ab 9.65a 164.00a 46.86a 114.97a 2.17a
N2 128.23a 58.75ab 59.53ab 9.95a 157.30ab 47.03a 108.31b 1.96a
N3 128.23a 59.32ab 58.98ab 9.93a 151.32bc 45.40a 103.75be 2.17a
N4 127.77a 59.98a 57.30b 10.50a 150.62bc 47.29a 100.51¢ 2.82a
N5 121.58b 54.17b 57.99h 9.40a 147.38¢ 50.36a 94.97d 2.06a
F 2.40 ns 1.78 ns 1.75 ns 0.49 ns 3.63%* 0.64 ns 13.30%* 1.04 ns

Y RTNG TR TE 0.05 KT 22 57 3, F, ,=2.996, F,  =4.821; T [l

Note: Within a column, means followed by the same letter are not significantly different according to LSD

Fo 5= 2.996,F

0.05° 7 0.05

0.01

=4.821; Same as below
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Table 6 Yield components of sesame under rapeseed straw return and nitrogen reduction
2021 2023
Ab PR POBREAEL SRR TR RISEIL BB OBRREC BRI THRIE BL/5e Ll kit
Treatment Capsules Seeds per 1000 seed  Seed to cap- Yield per Capsules Seeds 1000 seed Seed to Yield per
per plant capsule weight /g sule /% plant /g per plant  per capsule weight/g  capsule /% plant /g
CK 59.75be 71.37a 2.593a 1.098a 5.00ab 65.23b 80.03a 2.729a 1.418ab 8.09a
NO 67.08a 74.86a 2.510a 1.156a 5.79a 67.70b 81.32a 2.824a 1.480ab 8.12a
N1 67.05a 74.37a 2.501a 1.226a 5.96a 75.92a 84.23a 2.835a 1.568a 8.19a
N2 63.47ab 75.20a 2.658a 1.232a 5.82a 76.31a 82.37a 2.777a 1.507ab 8.30a
N3 64.10ab 73.53a 2.574a 1.248a 4.99ab 62.57h 83.51a 2.770a 1.422ab 7.85ab
N4 56.53cd 72.81a 2.575a 1.119a 4.40b 64.73h 81.27a 2.739a 1.323be 7.08b
N5 53.75d 67.80a 2.515a 1.062a 3.98b 63.90h 81.17a 2.702a 1.198¢ 6.07¢
F 11.28%* 1.26ns 1.01ns 1.60ns 3.86%* 11.15%* 0.83ns 1.47ns 3.97* 17.86%*
®7 HRBEFTARRIERMELIE TERNTE A BT, R BN 19 pH A L& =T

Table 7 Sesame yield under rapeseed straw return and ni-

trogen reduction

2021 2023
b3 P AR PR AR
Treatment Yield Variation Yield Variation
/(kg/hm?) 1% /(kg/hm?) 1%
CK 771.83be — 1483.49¢ —
NO 833.68a 8.01 1559.11ab 5.10
N1 845.01a 9.48 1597.67a 7.70
N2 865.38a 12.12 1632.05a 10.01
N3 784.79b 1.68 1501.77be 1.23
N4 738.10¢ -4.37 1362.14d -8.18
N5 563.23d -27.03 1116.22¢ -24.76

T R P — V5 /NG PR FORTE R — 43 0.05 /K- 12257 1 3%
Note: Within a column, means followed by the same letter are not signif-

icantly different according to LSD < in each separate year
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