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Abstract: [ Objective ] The red soil region, known as a prominent rapeseed growing area in China, normally coincides with low
soil pH and light texture, and hence susceptibility of leaching loss of available boron, thus resulting in boron deficiency in the
soil . Rapeseed, being a high boron demanding crop, is very sensitive to boron (B) deficiency. With rapid development of the
society and changes in structure of the rural labor, direct sowing of rapeseed is developing and expanding in scale and area rapidly.
However, almost nothing has been done on effects of direct sowing on sensitivity of the rapeseed to boron deficiency and their
mechanisms. therefore large-scaled field experiments was laid and carried out in this region in an attempt to explore effects of
boron fertilizer application on yield, seed quality and economic benefits of the crop and then to provide a reasonable guidance for
B management in the production of rapeseed in the red region. [ Method ] During the 2017—2018 growing season, seven field
experiments designed to have four treatments each in B application rate: (1) B, (without boron fertilizer) ; (2) By s (4.5 kg boron
fertilizer hm’z) ; (3) By (9.0 kg boron fertilizer hm’z) ; (4) Bi3s(13.5 kg boron fertilizer hm™ ) , were carried out in Jiangxi,
Hunan, South Hubei and North Guangxi. The boron fertilizer used is a specialized slow release boron fertilizer pelletized the size
of a seed and containing 10% of B. The boron fertilizer was mixed with seeds and sown together (6 kghm™?) .  Result Boron
application significantly increased rapeseed yield at all the experimental sites, and the increment decreased with rising soil
available boron content, and peaked in Treatment Bg,, which wasl 021 kg-hm ™ or 110.6 % higher in yield and 4 938 yuan-hm >
higher in economic profit than Treatment B,. However, the application of boron fertilizer at a higher rate did not have much effect
on yield or biomass of the crop. A similar pattern, but lower in magnitude, was observed with shoot biomass. It was also found
that boron application significantly improved economic indices of the crop, such as harvest intensity, number of grains per pod,
number of pods per plant, and contents of oil, oleic acid and linoleic acid of the seed, except for the indices of thousand grain
weight and protein content in the seeds. So it is quite obvious that boron application increases oil yield and improves quality of
the harvest of the direct seeding crop. Boron application increased boron content in all the parts of the plant at the manuring stage,
especially in pod shell and stem. Boron accumulation in the stem, pod shell and seed could reach up to 79.5%, 244.2% and
125.6% in the treatments applied with boron than in the treatment applied with no boron. Treatment By, was the highest in seed
yield, but its boron fertilizer recovery rate was only 9.4%, which suggests that utilization efficiency of the applied boron fertilizer
was still very low and a large proportion of lost via leaching and surface runoff owing to low soil pH and light texture.
[ Conclusion ] As the soil in the red soil region is very low in soil available boron content, boron application shows a significant
yield increasing effect on direct sown rapeseed Boron application increases seed yield by increasing its per-plant productivity and
harvest density of direct sown rapeseed, which is more sensitive to boron deficiency than transplanted rapeseed. Boron
application also improves quality of the seeds and increases contents of oil, oleic acid and linoleic acid. Though the practice of
boron application is still quite low in apparent utilization efficiency, it does promote boron adsorption and accumulation of the
direct sown rapeseed crops. Considering seed yield and quality, economic profit and boron fertilizer utilization efficiency in all,
the boron application rate of 9.0 kg-hm ™ is recommended as the optimal practice of boron fertilization in the red soil region.

Key words: Direct sown rapeseed; Yield; Appropriate boron application rate; Quality; Boron use efficiency
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Table 1 Physical and chemical properties of the top soil (0-20 cm) of the experiment fields

L HHLB KA A A BT A A
pH Organic matter/ Total N/ Available P/ Available K/ Available B/
Experimental site
(gkg™) (gkeg!) (mgkg!) (mgkg!) (mgkg™)
JLVG4%{" Chongren, Jiangxi 5.57 32.35 1.91 92.7 98.0 0.11
JLPG Y Jinxian, Jiangxi 5.04 23.40 1.28 11.4 135.5 0.16
YLVGJULYT. Jivjiang, Jiangxi 5.05 14.50 0.86 17.5 99.6 0.39
I EEBZ Liling, Hunan 5.12 37.46 2.03 28.5 118.0 0.27
IR B Liuyang, Hunan 5.33 28.58 1.37 16.4 79.7 0.30
WILE T Wuxue, Hubei 5.44 36.67 2.11 13.6 62.6 0.32
JUPERlK Rongshui, Guangxi 6.94 32.30 2.01 17.4 121.5 0.30
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Fig. 1 Seed yield and shoot biomass of direct sown rapeseed relative to boron application rate
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Table 2 Yield composition of direct sown rapeseed relative to boron application rate

e B W gk FARR AR RAL SR AL ToRLE
- Boron application rate/ ~ Harvest density/ Pod number/ Seed per pod/ 1000-seed weight/
Experimental site
(kg'hm™?) ( plant-m?) ( No.-plant™) (No.-pod™) g

FANLEFi gy 0 41.0b 17.3¢ 12.7b 4.10a
Jinxian, Jiangxi 4.5 56.9a 85.0b 21.1a 4.04a
9.0 62.4a 96.5ab 23.2a 3.46b
13.5 58.9a 105.0a 20.0a 3.68b
T i T s 0 37.0c 78.8¢ 16.8b 3.68a
Liling, Hunan 4.5 44.0b 152.0b 18.8ab 3.55a
9.0 57.0a 169.0a 22.7a 3.66a
13.5 48.0b 166.9a 22.2a 3.52a

i | AwWae 0 30.6¢ 85.3¢ 19.5b 4.38b

Wuxue, Hubei 4.5 41.7b 132.7b 20.6ab 4.14ab
9.0 55.7a 147.0a 21.7a 4.27a
13.5 43.2b 153.7a 22.3a 4.18a

T ARG 5 B 278 O [ BT 4 18] 22 576 0.05 JK-F B 3.

differences between B treatments ( P<<0.05 ) . The same below.

ERMERIAR EE, SRR 9.0 kg-hm 23800 72.3%~
457.8%, SHIAE T 9.0 kg-hm 2 5 B R A
B B B AR RO 2 b, (HIAE
it 4.5 kg-hm ? JF IR B3
23 WIEAEAEXNHXEKBSESTRRE

R Al AR = S F) A 2R 1) 82 M

Jit 0 4005 1 o vty =5 B % AL A 0 kRN I
SR (I 2), #0005 i e BRI O ot
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FPRL, TERIAE & 13.5 kg-hm 2 S FI N, & 307 1 T
o R R SRR 4 It B S A BE i Eg . A 5200
P A SRR AEBIAC FH R 9.0 kg-hm > b ik 1) %
FEIKOF, dRSEIG G A &, B0 B R SRR a1 in
RORAN G2 5 ZEFFRURERL A B0 1 R A A e
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PRI A R B R AN TR R, ERE, 25T
F1 A b B B B B 5 AS AR B R T B
110.5%7F1 224.6% , ¥ B0 & &2 5 Ml AH LR
N 45.3%, Tt BIRT A SE AN ZE AT TRl B R 0
W 3 K T AR

AR SRR SRR AR KR 22 5, ik
T 755 WIS 2 AR P 2 B o it 0 P 348 om g 3R A1

TR, Note: Different lowercase letters indicate significant

MR 4.5 kg-hm > B, B9 AC Z 00 R R34
12.2%, F&: 13.5 kg-hm 2 BF A1 AE 22 00 0] R
7.4%. BIAE A 9.0 kg-hm 2 Il 32 7= 5 1k B e Ha K
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i, SRR L it FAAE 4.5 kg-hm 2 .9.0 kg-hm
A 13.5 kg-hm 2, P24 B3I 92.5% . 136.1%F1
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TS Rapeseed organs BIAE T+ Boron application rate/(kg-hm 2)

e BRI B A (E B ARHEZE (n=T7)o Bo. Bas. Boo. Biss 4 BMCEATE . MEAIAC 4.5 kg-hm™, 9.0 kg-hm™,
13.5 kg-hm > PUASRHE . R [R]/ING ZZRE R 7R R R0 ) 22 5 7E 0.05 /K7 LB 3 (M BB RRBEMESR ), T, Note: Dataare
of means = SD of all the test sites. By, Bas, Boo, and Byss represents no B applied, boron fertilizer applied at 4.5 kg~hm’2, boron fertilizer

applied at 9.0 kg-hm?, and boron fertilizer applied at 13.5 kg-hm % Different lowercase letters indicate significant differences between

treatments ( P<<0.05 ) . The same below.

P2 ASTRIBIAE T dih e 3 (0 5 e R SR AR

Fig. 2 Content and accumulation B in different organs of the plant relative to boron application rate

*3 AEWEHETEBBRAMR

Table 3 Seed quality of the direct sown rapeseed relative to boron application rate

BIAC 4 ERIES il ca=pis RIATH 7 aens EHEEE
Boron Oil content/% Oleic acid content/% Linoleic acid content/% Protein content/%

application rate/ L 2y 7 2y 7 2y T S
(kg-hm™) Range Mean Range Mean Range Mean Range Mean

0 32.10~44.43  38.1+4.4c 30.06~68.83 53.4+14.1b 8.48~19.65 12.7+4.0b  20.84~35.13  28.3%5.1a

4.5 39.06~49.82  42.8+3.4bc  55.90~75.60 62.3+9.6a 14.07~21.69 17.9+2.7a  22.33~30.49  26.4+2.9a

9.0 45.52~5595 48.44+3.8a  65.64~78.30 72.4+3.9a 16.46~25.29 21.9+3.1a 22.38~32.17 25.1+£3.6a

13.5 41.60~50.95 45.9+3.4ab  70.75~80.33  75.4+4.0a 16.94~26.61 21.5+3.3a 19.49~28.24  23.5+2.6a

e TSR BTG B ORI BT A (NYDL-3000 ) I , 28 Bt S 43l A F- Y (A AR ME2E (n=7 ), Note: Seed quality
was determined with NYDL-3000. Data are of means + SD of all the test sites ( n=7) .

AL RN RS e (B 1), B H R
SN SR 4y B = 5 B0 585 kgthm T, R R
20.9%" A WF 58 OB b SR B S B0
1021 kg-'hm™2, JHIE K 52.5% (& 1), EREMSE
WP AR A o LA TR SR BIIE BT kRT3 N
45.5%, R T BRI 22%" .+ Hen &
i, XFAI KB (% AR A it , e B 344 7= S 0 i A
DB, OO AR R, B
SEWIRE AR AR K, YRR, H g
TMSERTIN T A 2, IR HE 0 AN 5 B B N T
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BN B A AL R T RE ZE ALY, DT o i 2
A, IR RRL P BRI R,
AR, RN TR IEEY, TEIR A SRR ISR A
KR, TR M 20, 02 N R
o ORAS T AL MR B A, R O
3X A 2 LK I SRR Gl B SRR, B RCR T
FEAR =R (14 B B
3.2 EEMEEME TN XERE T

LA RS AR A S i A R R R TR, Tt Al
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