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Effects of sowing and fertilizing methods on yield and fertilizer use efficiency in
red-soil dryland rapeseed (Brassica napus L.)
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Abstract: In order to explicit proper sowing and fertilizing methods of rapeseed production in red-soil dryland, a two-year field
experiment covering two rapeseed seasons (2017-2018 and 2018-2019) was conducted with four treatments of sowing and fertil-
izing methods to analyze the impact on yield formation and fertilizer use efficiency of rapeseed, including conventional sowing
and fertilizing method (T1), sowing in row with surface broadcast fertilizing (T2), synchronous sowing in uniform row with side
deep fertilizing (T3) and synchronous sowing in wide-narrow row with side deep fertilizing (T4). The results were as follows: The
yield and fertilizer use efficiency of rapeseed in red-soil dryland were significantly affected by sowing and fertilizing methods.
Besides, these differences were more significant in poor soil condition and drought season (2017-2018) than those in nutrient-rich
soil condition and rainy season (2018-2019). Compared with T1 and T2, T3 and T4 promoted the yield formation and increased
its fertilizer use efficiency significantly, whereas there was no significant difference between T3 and T4. Specifically, the tech-
nique of synchronous drilling sowing with side deep fertilizing could improve dry matter production during the whole growth
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period of rapeseed, especially from anthesis to maturity, with a corresponding rise of dry matter accumulation of both under-
ground and aboveground after anthesis. Meanwhile, compared with the conventional cultivation, the technique of synchronous

drilling sowing with side deep fertilizing increased the uptake of nutrients (N, P and K), effective plant density and maintained
sufficient pod number, and thus improved the yield and fertilizer use efficiency of rapeseed. This study indicated that the tech-
nique of synchronous drilling sowing with side deep fertilizing had the potential of improving rapeseed productivity in red-soil
dryland of southern China. Therefore, it should be suggested to promote the application according to local condition.

Keywords: rapeseed (Brassica napus L.); red-soil dryland; planting pattern; seed yield; fertilizer use efficiency
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Fig.1 Monthly temperature and rainfall during oilseed rape growth season in each year of 2017-2019 at experimental site
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Table 1 Effect of different planting patterns on seed yield of oilseed rape

Yield (kg hm™)

Fertilizer application Planting pattern 2017-2018 2018-2019 Average
FO T1 678.3 a 11333 a 905.8 a
T2 7233 a 1196.7 a 960.0 a
T3 747.5 a 1226.7 a 987.1a
T4 732.5a 12183 a 9754 a
Fl1 T1 19242 ¢ 2111.7b 20179 ¢
T2 2111.7b 2288.3 ab 2200.0b
T3 23883 a 2398.4 a 23933 a
T4 2346.7 a 2426.7 a 2386.7 a
ANOVA
Fertilizer application (F) *x
Planting pattern (P) **
Year (Y) *
X FxP *
X FxY ok
X PxY ns
x x FxPxY ns
ns: J R OkX 0.05 0.01 (P<0.05) Fo: ;
Fl: ; T1: ; T2: ; T3: ; T4:

ns: not significant; *, ** indicate significant difference at the 0.05 and 0.01 probability levels, respectively. Different lowercase letters within
a growing season indicate significant difference at the 0.05 probability level. FO: no fertilizer application; F1: fertilizer application; T1: con-
ventional sowing and fertilizing method; T2: sowing in row with surface broadcast fertilizing; T3: synchronous sowing in uniform row with

side deep fertilizing; T4: synchronous sowing in wide-narrow row with side deep fertilizing.
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Table 2 Effect of different planting patterns on yield components of oilseed rape

T1
, T3 T4

Plant density

1000-seed weight

Year Planting pattern (x10* hm?) Pod number Seed number @
2017-2018 T1 33.7b 959 b 199 a 3.63a
T2 37.9 ab 94.1b 20.1a 3.78 a
T3 403 a 106.9 a 19.8 a 372 a
T4 40.0 a 107.5a 19.1a 375 a
2018-2019 T1 41.4b 93.2b 189 a 338a
T2 48.1a 91.1b 19.0 a 3.54a
T3 46.8 a 104.6 a 18.8 a 329a
T4 47.0 a 106.5 a 183 a 3.52a

ANOVA

Planting pattern (P) *k *k ns ns

Year (Y) * ns ns *

X PxYy ns ns ns ns

ns: J R KX 0.05 0.01 (P <0.05) 1

ns: not significant; *, ** indicate significant difference at the 0.05 and 0.01 probability levels, respectively. Different lowercase letters within

a growing season indicate significant difference at the 0.05 probability level. Treatments are the same as those given in Table 1.
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Table 3 Correlation coefficients and path coefficients between grain yield and yield components of oilseed rape

Y
Correlation coefficient among yield components Direct path coefficient
Yield component

X, X; X, Yield (Y) toY

Plant density (X)) 0.119 —-0.691 —-0.587 0.746 0.944
Pod number (X;) -0.292 0.102 0.702" 0.621

Seed number (X3) 0.635 —0.504 0.287
1000-seed weight (X3) —0.168 0.198

0.05 (n=8)

*: Significant at the 0.05 probability level (n = 8).
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Table 4 Effect of different planting patterns on plant density of oilseed rape

Plant density (x10* hm™?)

Emergence rate  Seedling rate Mature plant rate

Year Planting pattern
Emergence stage Five-leaf stage Maturity stage (%) (%) (%)
2017-2018 T1 92.6a 62.0b 33.7b 772 a 67.1a 36.2b
T2 96.3 a 66.7 ab 37.9 ab 80.3 a 69.2a 39.5a
T3 100.0 a 69.4 a 40.3 a 833 a 69.5a 40.4 a
T4 99.1a 713 a 40.0 a 82.6a 72.1a 40.5a
2018-2019 T1 96.3 a 63.9b 414b 803 a 66.6 a 429b
T2 103.7 a 722 a 48.1a 86.4a 69.4a 46.5a
T3 1019 a 713 a 46.8 a 849a 70.0 a 46.0 ab
T4 102.8 a 722 a 47.0a 85.7 a 70.3 a 45.8 ab
ANOVA
Planting pattern (P) ns * *ok ns ns *
Year (Y) * ns * * ns *
X PxY ns ns ns ns ns ns
ns: ;R kX 0.05 0.01 (P <0.05) 1

ns: not significant; *, ** indicate significant difference at the 0.05 and 0.01 probability levels, respectively. Different lowercase letters within

a growing season indicate significant difference at the 0.05 probability level. Treatments are the same as those given in Table 1.
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Fig. 2 Effects of different planting patterns on root and shoot dry weight of oilseed rape

(P<0.05) 1

Different lowercase letters on the columns indicate significant difference at the 0.05 probability level. Treatments are the same as those given

in Table 1.
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Fig. 3 Effects of different planting patterns on N, P, K uptake of the oilseed rape shoot
(P <0.05) 1
Different lowercase letters on the columns indicate significant difference at the 0.05 probability level. Treatments are the same as those given
in Table 1.

2.6 . 53.4% 59.2% 59.7%,
, 10.8% 11.7% , 2017—2018
2017—2018 ( 5) 3 it
(T3 T4)
, 2 3.1 ,
(T3 T4) (T2)
, (T1) Tl T2 ;
(T ,
(T3 T4)2 3.6 2
kg kg™ 46 kg kg' 4.8 kg kg, 18.9% 18.5% 9.1%,
27.3%  27.8%; 6.7 kg kg”! 8.0 . (1o
kgkg' 79kgkg’, 18.6% 18.3%;

£S5 TRFEA XA MRELF AR

Table 5 Effect of different planting patterns on fertilizer utilization rates of oilseed rape

Fertilizer agronomic utilization Fertilizer partial factor productivity Fertilizer contribution rate
Planting pattern rate (kg kg™") (kgkgh (%)
2017-2018 2018-2019 2017-2018 2018-2019 2017-2018 2018-2019
T1 4.11b 3260 6.41 c 7.04b 61.4b 454 b
T2 4.63b 3.64 ab 7.04b 7.63 ab 63.8b 47.7 ab
T3 547a 391a 7.96 a 7.99 a 68.7a 49.7 a
T4 5.38a 4.03 a 7.82a 8.09 a 68.8 a 50.6 a
ANOVA
Planting pattern (P) Hk ok *
Year (Y) * ns *k
X Pxy ns ns ns
ns: J R KX 0.05 0.01 (P<0.05) 1

ns: not significant; *, ** indicate significant difference at the 0.05 and 0.01 probability levels, respectively. Different lowercase letters within

a growing season indicate significant difference at the 0.05 probability level. Treatments are the same as those given in Table 1.
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