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Effects of boron application rate on double-low rapeseed yield and quality
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Abstract: [ Objectives ] The main winter oilseed rape production areas in China are generally deficient in boron
(B), which seriously affects rapeseed yield and quality. This study analyzed the effects of different borax
application rates on the yield and quality of rapeseed. [ Methods ] Field experiments were conducted in Chizhou
of Anhui, Wanzhou of Chongqing, and Nanchang of Jiangxi from 2020 to 2021. The soil in the three experimental
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sites was B-deficient, and the tested rapeseed cultivars were low in erucic acid and sulfur glycosides. Four borax
(B 10%) application rates were set up, including 0, 4.5, 9.0, and 13.5 kg/hm’, and denoted as B0, B4.5, B9.0, and
B13.5. The yield, seed boron concentration, main quality indexes, and fatty acid fractions of rapeseed were
determined, and the correlations among the factors were analyzed. [ Results ] Compared with B0, B13.5 recorded
the highest yields in Chizhou, Wanzhou, and Nanchang, with 296, 818, and 715 kg/hm’ increase, corresponding to
20.7%, 42.6% and 38.3%, respectively. However, the yields among the three B treatments were not (P>0.05)
different. The yield increase was attributed to the increased pod number per plant and the seed number per pod.
Compared with B0, B4.5, B9.0, and B13.5 (P<0.05) increased the pod number by 20.0%, 20.4%, and 35.0%;
increased seed number per pod by 7.3%, 13.1%, and 11.1%, respectively. B13.5 treatment was recorded 30.5%
higher harvest density in Nanchang, and B9.0 treatment was recorded 7.4% higher 1000-seed-weight in Wanzhou.
All the B treatments (P<0.05) increased the oil, oleic, and linolenic acid contents in rapeseed, with a maximum
increase of 10.3%, 15.8%, and 22.7%, respectively. Similarly, a maximum reduction of 19.4%, 36.1% and 14.1%
in linoleic, palmitic, and stearic acid contents were recorded. The rapeseed protein content was increased by
19.1% in Nanchang, but the oil and protein yield (P<0.05) increased significantly, reaching a maximum of 53.4%
and 53.2%, respectively. B application showed the risk of increasing erucic acid and sulfur glycosides. Compared
to B0, B4.5 increased erucic acid and sulfur glycosides by 19.1% and —3.0% on average, while the increase by
B13.5 were 57.3% and 35.8%. Nevertheless, the contents were within the designated thresholds by the national
standards for edible rapeseed oil and forage cake meal for double-low rapeseed (13.5 kg/hm?®). Boron application
increased rapeseed B content, with the highest increase of 56.9%, 26.3%, and 33.8% in Wanzhou, Chizhou, and
Nanchang, respectively. Rapeseed B content was (P<0.05) positively correlated with oil, protein, oleic, and
linolenic acid and negatively correlated with linoleic and palmitic contents. Rapeseed B content indirectly
increases the oil or protein yield by increasing yield and oil content. [ Coneclusions ] Boron application
effectively enhances the yield of double-low oilseed rape by increasing the plant’s productivity. Further, it
improves the quality and quantity of oilseed derived from the plant, which enhances protein yield. Considering the
linoleic and palmitic acid risk, the recommended boron application rate is 4.5-9.0 kg/hm’.

Key words: rapeseed; yield; boron application rate; seed boron content; quality; fatty acid fraction
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F1 i TEEME MR (0—20 cm)
Table 1 Basic physiochemical properties of the test soil (0-20 cm)

Y HHLE (g/ke) 2R (gkg) AW (mgkeg)  HEBET (mg/kg) AR (mg/kg)
Experimental site Organic matter Total N Available P Available K Available B
LM Chizhou, Anhui 5.22 23.92 1.33 13.05 56.0 0.29
R J7 M Wanzhou, Chongging 6.51 10.69 1.61 17.55 64.0 0.48
TP £ Nanchang, Jiangxi 485 16.91 1.91 23.73 98.0 0.22

2 B S KR EEIEREE HE (year/month/day)

Table 2 Dates for the critical field management practices at each experimental site

j5% 1 Experimental site %l Sowing  WHK Harvest  FEHE Base fertilizer  #2HiHE Seedling fertilizer ~ ZEAE Shooting fertilizer
LGN Chizhou, Anhui 2020/10/22 2021/05/13 2020/10/22 2020/11/20 2021/01/20
T PJT M Wanzhou, Chongqing 2020/10/09 2021/05/12 2020/10/09 2020/11/04 2021/01/13
VL.VG R4 5 Nanchang, Jiangxi 2020/09/30 2021/05/04 2020/09/30 2020/11/23 2021/02/14
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WIAEALEE Borax treatment

1 AR A 2 Xt hsedF = 2 RS20
Fig. 1 Yield of rapeseed relative to boron application rate
e EARING SRR A R b s A (R AL BRI 22 57 . 35 (P<0.05),
Note: Different lowercase letters above the bars indicate significant difference among treatments at the same experimental site (P<0.05).
xR 3 TEIREA & T h3edt = S M E Fmetk~2
Table 3 Yield composition and yield per plant of directly sown rapeseed relative to boron application rate

P AR F Yield composition

TR A A 3 FhE (g/plant)
Experimental site ~ Borax treatment AR (plant/m?) SRR Rk THLE (2) Yield
Harvest density Pod number per plant ~ Seeds per pod ~ 1000-seed weight
M B0 227a 153.7b 19.8b 424 a 11.65¢
Chizhou B4.5 23.7a 189.8 ab 2.1a 431a 14520
B9.0 267a 1957a 25a 423a 14.86 ab
B13.5 240a 2100a 225a 447a 16.17a
JiM B0 35.8a 1353 ¢ 213 ¢ 3.26 ab 8.73b
Wanzhou B4.5 389a 145.9 be 22.6b 3.15b 10.25 ab
B9.0 39.0a 151.2 ab 242a 3.50a 11.64a
B13.5 41.0a 160.8 a 233 ab 3.33 ab 12.02 a
ME BO 48.6b 335¢ 192b 334a 496 ¢
Nanchang B4.5 57.4 ab 43.1ab 20.0 ab 3.50a 5.65 be
B9.0 60.2 ab 40.9 be 215a 357a 6.09b
B13.5 634a 50.1a 212a 3.53a 6.98 a

T [RFVEE G ARG PR s AR [ AN (R 2 B 6] 22 53 12 35 (P<0.05).
Note: Values followed by different lowercase letters in a column indicate significan differences among treatments at the same experimental site
(P<0.05).
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2 TEIMAERAE TS E
Fig.2 Boron content in rapeseed at different borax application rates
T B PRy 3 EE M, AE EARR/ING TR AR R 0 AN [ b 21 E 22 57 3% (P<0.05).

Note: Data are of the mean of three replicate. Different lowercase letters above the bars indicate significant difference among treatments at the same

experimental site (P<0.05).
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Table 4 Quality of rapeseed and cakes under different borax application rates

FPRLEL BT Seed quality DERA BT Rapeseed cakes quality
IR TN Ak 2 o N —
Experimental site Borax treatment Pl (%) 7 (kg/hm?) EATE (%) HF i (kg/hm?) B (umol/g)
Oil content Oil yield Protein content Protein yield Thioside content

M BO 41.76 b 597 b 26.53a 380 b 30.99b

Chizhou B4.5 44542 728 a 25.74a 420 ab 33.72 ab
B9.0 46.08 a 789 a 2636 a 453a 36.34a
B13.5 45.88a 792 a 26.89 a 465a 36.76 a

T BO 43.35b 833 b 2596 a 499 b 18.62 b

Wanzhou B4.5 4570 a 1092 a 2622a 626 a 21.44b
B9.0 46.47 a 1163 a 2635a 659 a 23.53 ab
B13.5 46.73 a 1278 a 2729 a 748 a 2797 a

ME B0 42.62b 798 b 25.86 ¢ 483 ¢ 16.11b

Nanchang B4.5 44.35 ab 875 b 26.95b 532¢ 21.50 b
B9.0 4598 a 1059 a 28.07 a 645 b 28.06 a
B13.5 45.92a 1187 a 28.69 a 740 a 3270 a

T [RFVEE G ARG PR s AR R A R 2 BRI 22 53 B 3 (P<0.05),
Note: Values followed by different lowercase letters in a column indicate significan differences among treatments at the same experimental site
(P<0.05).

x5 TEREHE T HATiEMIRED 2E (%)

Table 5 Contents of fatty acid fractions of rapeseed at different borax application rates

AN AR Unsaturated fatty acids T AINEMIEA Saturated fatty acidst
g TN Ak 2
Experimental site ~ Borax treatment i NG IR I TR Frm
Oleic acid  Linoleic acid  Linolenic acid  Erucic acid Stearic acid Palmitic acid
M BO 6231 ¢ 19.64 a 739a 1.00 a 2.67a 483a
Chizhou B4.5 65.60 b 17.84 ab 833a 1.07a 233b 4470
B9.0 68.47 a 16.35b 837a 1.63a 2.15be 425¢
B13.5 68.89 a 15.83b 8.75a 1.44a 1.85¢ 415¢
Ji BO 57.41b 18.56 a 7.29b 1.10b 2.08a 4.66a
Wanzhou B4.5 60.31b 17.67 ab 7.94 ab 1.15b 1.76 ab 448 a
B9.0 64.80 a 17.17b 8.09 ab 1.51b 151b 43la
B13.5 66.06 a 16.91 b 8.47a 230a 133b 41l1a
1! BO 60.17 b 1849 a 6.88b 3.06a 279 a 482a
Nanchang B4.5 64.36 ab 18.04 a 8.17 ab 2.43 ab 2.18b 4.69 ab
B9.0 67.26 a 17.75a 8.22 ab 1.84 ab 1.92b 4.43 ab
B13.5 69.65 a 17.88 a 8.44a 1.66 b 2.10b 427b

T [RFVEE G ARG PR s AR R A R 2 BRI 22 53 B 3 (P<0.05).
Note: Values followed by different lowercase letters in a column indicate significan differences among treatments at the same experimental site
(P<0.05).
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data used for correlation analysis are all nutrient, quality and fatty acid data of all the experiments. *, ** and *** indicate significant correlations at

the 0.05, 0.01 and 0.001 probability levels, respectively.
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Table 6 The path coefficients of effects of rapeseed quality indicators on oil and protein yield

LIPS

[A] 4223 4% 224X Indirect effect

WiH Fie HF Relative RS UREE Y . o - o —

Item Factor ) Direct effect KR A ik PR Rl PUEFREL
coefficient Water content ~ Boron content ~ Yield  Oil content R?
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P Yield 0.991%* 0.894%* 0.007 0.004 <0.01 0.086 0.973

4l Oil content 0.660%* 0.155%* 0.004 0.004 0496  <0.01 0.181
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Proteinyield oy o 5 Boroncontent  0.558% 0.014 <0.01 <0.01 0467 0077 0.015

P Yield 0.980%* 0.911%* -0.007 0.007 <0.01 0.069 0.956

i Oil content 0.518%** 0.202%* -0.001 0.005 0312  <0.01 0.168

T IR RUNR0.01 K-
Note: ** indicates the effect reaches 0.01 probability level.
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