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Table 1 Effects of PV at different concentrations on rapeseed germination

Ab 3 R/ % TR SRR E i /d LGV ¢ 0| L iE AR R
Treatments Emergence rate Emergence index Average emergence time Seedling vitality index [ Seedling vitality index [[
CK 79.3+1.3a 13.040.7b 6.30+0.11a 995.423.4b 785.82£26.1b
HP 82.0£1.2a 16.1£0.6a 6.10£0.05b 1016.6+29.3ab 816.2+10.7ab
PV200 76.7+£3.7ab 14.341.1ab 6.15£0.07b 994.7446.7b 791.94-2.5ab
PV400 70.0+3.5b 13.140.5b 6.12£0.05b 1065.8+21.7ab 821.0+13.8ab
PV600 76.7+1.2ab 16.1£0.3a 6.05£0.04b 1054.6+£21.7ab 826.2+£16.7ab
PV800 84.0£1.3a 16.240.7a 6.03£0.06b 1100.3£11.9a 839.8+24.6ab
PV1000 83.3+t1.3a 16.340.5a 6.09-£0.06b 1095.0£27.4a 843.94+15.4a
PV1200 82.7t1.3a 15.141.2ab 6.16£0.13b 1050.5+12.6ab 842.14+5.1a

H BESVEAR G R RNG FREROR AR PR 25 5 B 2 (P << 0.05) . CK:ARAFERI 7 HP K51 & ; PV G IR TR T 51 £ PV i
BUIE (n/ V), T, Note: According to the LSD test, different lower case letters after each column of figures in the table represent signifi-

cant differences (P<<0.05) among treatments. CK: Untreated seeds, HP: Water induced. The number after PV represents the concentration of

PV induced by seeds.The same as below.
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Table 2 Effects of PV at different concentrations on the quality of rapeseed seedlings

sl Wit /cm A/ em Mo FFB T it/ (mg/plant) HRHBT Bt/ (mg/plant) BT it/ (mg/plant)
Treatments Height Root length Above ground dry weight Underground dry weight Total dry weight

CK 1.41£0.13a 9.38+0.37ab 5.95+0.21a 2.34=+0.06¢ 8.30+0.14bc

HP 1.1740.03a 9.39+0.87ab 6.13£0.18a 2.414+0.07bc 8.54+0.03abc
PV200 1.2140.09a 9.01+0.79a 6.01-£0.03a 2.132£0.04d 8.14=+0.15¢
PV400 1.2740.04a 9.83+0.13ab 6.09£0.24a 2.47+0.10bc 8.55+0.17abc
PV600 1.1940.08a 9.72+0.43ab 6.13£0.12a 2.41+0.17bc 8.550.13abc
PV800 1.31£0.11a 10.00+0.24b 6.05£0.41a 2.5740.09ab 8.63£0.23ab
PV1000 1.31+0.06a 10.10+0.23b 6.14£0.14a 2.65-£0.06a 8.790.10a
PV1200 1.29+0.12a 9.50+0.33ab 6.121+0.23a 2.5340.07ab 8.6540.11ab

a %\

PV200 PV400

WL

PV600 PV800 PV1000 PV1200

Bl EFEHEEGT ARREREPVAABAMFEHEES 7 XRNEKER
Fig.1 Growth of rapeseed seedlings treated with different concentrations of PV under

incubator conditions on the seventh day
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Table 3 Effects of different content of biochar (BC) coating on seed germination and emergence of rapeseed

SEE N E] /d

Average emergence time

4SS L
Seedling vitality index |

EUERLPIE L4l

Seedling vitality index I

bR MR/ % TR
Treatments Emergence rate Emergence index
CK 89.310.7a 25.940.2a
BC20 88.042.3ab 25.540.4ab 5.7
BC30 86.7+0.7abc 25.4+0.4ab 5.74
BC40 84.0+1.2bed 23.340.4abc
BC50 82.741.8cd 23.1+1.2bc
BC60 80.7+1.8d 21.3+1.5¢

5.77%0.01a

1334.31+87.1b 645.72£20.0b

1513.0£47.2a 705.724.8ab

1 506.3£40.6a 746.7£8.3a
0.04a 1329.31+30.5b 715.32£29.1ab
0.04a 1342.04+15.8b 629.331.4b
0.05a 1 335.7£25.5b 637.7£21.9b

I 4t 480 2 sl 17 12.9%.15.6 %, R
20%~30%0 A= 9y FUki A X L S @A B
PSR o 40%6~60%0 A= 9 5 e AU AL T 538 35 AT
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55X A EE, BC30 A9 1 Ry ARG H T I HE
TR T BT AR e b A R T 11.0%0.20.6 %6
12.7%.61.1%.50.0% . It , ¥4 BC30 #H 17 Ji5 4L
IR
23 AEERSEYRERERESHBRLEMFI
RHELER

XA R 1 000 185 RS 51 & (PV) (309 A= ¥ I
FURIAE (BC) (DL R —FBRAH (PV+BC) 45 3705



28 SR AN 5 44

x4 FAEEEEWRBC)AMLITMFELHE R TN ZIG
Table 4 Effects of biochar (BC) coating with different contents on the quality of rapeseed seedlings

b3 Wi /em RE/em M T B /(mg/plant) MR #T Bt/ (mg/plant) ST it/ (mg/plant)
Treatments Height Root length Above ground dry weight Underground dry weight Total dry weight
CK 8.65+£0.59b 6.76+1.11b 6.332£0.30b 0.90£0.27d 7.23+0.23a
BC20 9.13+0.15a 8.27+0.61a 7.02£0.17a 1.004-0.20cd 8.020.59ab
BC30 9.15+0.41a 7.93+0.83a 7.14+0.24a 1.4840.24a 8.62+0.21a
BC40 8.28+0.31b 7.5540.44ab 7.1940.83a 1.2240.21b 8.41+0.33a
BC50 8.66+0.31ab 7.58£0.66ab 6.44£0.37b 1.1740.24bc 7.6140.10ab
BC60 8.31+£0.81b 8.23+0.62a 6.7040.13ab 1.21£0.24bc 7.9140.04ab

R Horh R A9 2 PVHBC A3, Hk PV LB,
PV-+BC XM & B E =4 T & InE G300, HH
R R 5 SVI- T SVI- 1T 439145 CK 2T+ T
16.1% .39.0% .35.2% .58.2% , V-4 H 1y ik 1] ) &4 4
T28%.,

AR Fp A P72 2 i R R AR (R 6) B,
3PP AT A Ty AR A TSR & PV BC AR B, vk
N BCANRE, SXFEEAH G, PV4BC 18 & AR Hb
B = G Nt T O S R i s 1 B =i
63.8%0.33.2% .52.1% .82.3% .60.6 % , H FE 7E b &

HZ RFRREGTARSRENREOAMME ) ) RO T30 K EH A Rk
MEHEELE 7 ROEKER KBRS

Fig.2 Growth of rapeseed seedlings with different D) R A TS 2 7 A W, L 7 F ] Rk 4%

contents of biochar (BC) pellets under incubator R PV HIPV+BC 5 W] 5 AR HE T IhSEfh F g %
conditions on the seventh day B A L BC MR PR B 2 s . 1’

AT R BRSNS, ALV SR r Py BC R R CR BEAE , 5 CK R HH 5 B
FAL B RIS 015 h 29 P BLAFR R 5 B RE  FCRE  SVIAMHIRS T 22.1%.16.2%
RS ANEFTF IR TT AN T K H &R0

Table 5 Effects of different seed treatment methods on germination and emergence of rapeseed seeds

Ak Bt R/ HEREE e SR E]/d RSPk g AETE JHE R
Treatments Emergence rate Emergence index Average emergence time  Seedling vitality index [ Seedling vitality index I
CK 85.342.3b 15.940.6¢ 6.1740.04a 899.246.4c 353.5417.6¢
12% 94.0£3.5a 21.3%1.1a 5.97£0.07¢ 1026.0£4.5b 434.5£12.3b

BC 83.7£5.1b 18.31.8b 6.1040.03ab 1024.7£7.4b 528.743.9a
PV+BC 96.7+1.2a 22.140.9a 6.00=£0.08bc 1215.9+2.4a 559.446.8a

F6 AEFFAEFTAI IS ERRAZ M
Table 6 Effects of different seed treatment methods on the quality of rapeseed seedlings

sl Hif/cm ML /em Hhi b & B/ (mg/plant) T #B T B (mg/plant) ST Bid /(mg/plant)
Treatments Height Root length Above ground dry weight Underground dry weight Total dry weight

CK 1.16+0.02b 7.9540.02d 2.63+0.20c 0.96+0.13¢ 3.58+0.21c

PV 1.1740.01b 9.234+0.02b 2.98+0.14b 1.43+0.08b 4.40+0.07b

BC 1.8940.04a 8.714+0.07¢ 3.944+0.11a 1.53+0.09b 5.4740.07a

PV+BC 1.9040.02a 10.59+0.18a 4.00+0.18a 1.7540.14a 5.75+0.33a
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Growth of rapeseed seedlings under

different seed treatment methods on the seventh
day under incubator conditions

Fig. 3
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Table 7 Seedling emergence characteristics of rapeseed under different seed treatments

under field live broadcasting conditions

Qb HE B (BR/m?®) T /cm BURREE BT/ (mg/plant)  BAER T B4t/ (mg/plant) VTR DAL 8
Treatments Emergence rate Height Fresh weight Dry weight Seedling vitality index
CK 99.247.7b 3.74+0.2¢ 79.6+4.1c 5.1%0.4c 276.9d
1Y% 112.1+3.1a 3.940.2bc 91.742.8b 5.8420.3bc 321.7b
BC 95.4=%6.1b 4.20.2ab 102.7+4.8b 6.220.5ab 321.7¢
PV+BC 119.24.7a 4.3x0.1a 111.7x4 4a 6.940.4a 420.6a
8 AELETHRHENRT
Table 8 Rapeseed plant height and root neck thickness under different seed treatments
¥k /cm Plant height HRFHL/mm Root collar diameter
b7 — —
Treatments i ) T FaSm i1 e T F LI
Seedling stage  Bolting stage  Flowering stage Pod stage Seedling stage  Bolting stage  Flowering stage  Pod stage
CK 14.0+t1.2a 20.6+2.4a 152.84+9.8a 173.0£8.5b 8.3+0.4b 11.14+0.3a 14.14+1.2a 11.8+0.2d
PV 14.6+0.5a 22.0+1.3a 166.14+9.3a 187.8+1.8a 8.94+0.2b 12.54+0.5a 14.2+0.7a 14.9+0.6b
BC 15.9+1.8a 24.012.5a 158.3+4.6a 178.8+5.6ab 8.8+0.5b 11.6+0.8a 14.540.6a 13.9+0.1c
PV+BC 14.2+2.2a 22.845.0a 157.6+7.3a 177.247.9ab 10.1+0.2a 12.740 .3a 15.5+1.2a 15.940.8a

I TR0 A 0 A B T LA 9k Sie 2 - J50RT

11.4% 17.4% . PV Fil BC %] £ i 50Fn s - %5 il 42 i

SRR (R 9) o UHIEAEAEWIRA R, KB RIS . AR ABEAE AL IR SR 2 HAT 3 S i

BIFEPVHBC, 5 CKAHMEL,PV+HBC A W2 mae gt BUa /e

GO R T 11.7% 10,15, i B0y i 1 T

R AREALE TSR

Table 9 The total number of leaves and green leaves in rapeseed under different seed treatments

%L Total leaves

2% Green leaves

i
Trﬁiims ity ) 1 I i A 1 i
Seedling stage  Bolting stage  flowering stage Pod stage Seedling stage  Bolting stage  Flowering stage Pod stage
CK 9.7+0.6a 11.540.9b 19.7+1.4a 25.7+1.3b 5.540.5b 3.740.8¢c 10.541.5a 9.240.8b
PV 10.0+0.5a 12.8+1.3ab 19.8+1.4a 27.740.6a 5.340.3b 4.2+0.3ab 9.710.8a 10.0+0.3a
BC 9.70.3a 14.0+0.5a 20.3+1.2a 26.8+0.8ab 5.740.3b 3.9+0.3bc 10.5+0.9a 10.0+1.3ab
PV+BC 10.240.6a 12.340.8ab 22.0£1.0a 28.3+0.8a 6.7+0.8a 4.340.3a 11.741.0a 10.840.5ab
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2% 10 0] WL, RS 51 & AR ) e AUk Ak 3 8
EREINT ISR AR R A S e
Jo e R T, H b B TR AR B B A PV A+
BC., 5 CKAHiI,PV+BCALBESE ] 35 2 JF
A6 3 0 A SR e BT 0 o0 B v T 24.406.34.04 %%
27.8%0.72.2% , Forb £y S o et 4G 0 AOR 55
o PV+BC ALBE 57 76 0 5 1 ] A8 AR T4k
R0 A S 1 4y 0 B X BRI T 31.0%0, 19.5%
9.7% .65.3%, [FIRE & A R I ISR i I 5. L
B PV 5 BC, PV X 15t it FHEE T 5 0 35 s R
LT BC, LHAEAET .

e 11 0] 0L, KRS 5 & A e JUki b B — 3
I (1 FH 3R] 2 3 T S A A5 A AR B R kR, OF
BAEA B sl B, Hp PV+BC A 4b B
RO IR AP A, 5 CK M H 7R 45 B3 2 S48 T
33.0%.35.6%0.27.8% . TEAEWIA LI SPAD Y
CKAH 3 A B & 25 5 (7R 015 35 22 30) 3 -4k 2
() SPAD {HZE 8] i &5 F CK, I HfF 35 2 1 F2 90 i
H2R, HpRME PVHBC, 5 CKAH LT
T 13.1%. Uil PV-+BC 154 5 A o] A 85 ik -
SGEMAERMBE  FEAT R IEZE T i
B

®10 FENETHIXEREMTRE
Table 10 Fresh and dry weight per plant of rapeseed under different treatments

fitf Jii & /(g /plant) Fresh weight

Tt /(g/plant) Dry weight

pLEL
rentments ) ) 1M fas i ) 1 4
Seedling stage  Bolting stage  Flowering stage Pod stage Seedling stage  Bolting stage  Flowering stage  Pod stage
CK 46.7£7.0b 99.0£7.3b 216.0+8.3b 202.54+21.1c 5.8£0.5a 8.740.7a 22.6£0.9b 33.7£3.1b
PV 56.8+4.1a 127.94£8.9a  235.24+9.3ab  322.2+35.1ab 7.4+0.6a 11.04+1.0a 25.94£3.0a 51.7+4.7a
BC 53.3£5.1ab  115.8+£6.5ab  238.6£22.0ab  291.6+=14.4b 6.4+0.7a 9.4+0.7a 26.6+£0.8a 50.5£2.1a
PV+BC 58.14+2.9a 132.7£9.5a  276.2+17.8a  348.8423.0a 7.6£0.5a 10.4+1.1a 24.8+£0.8ab  55.7£5.2a
F11 FAELETHEMHERESPADE
Table 11 Leaf area and SPAD value of rapeseed under different treatments
1A/ (em?/plant) Leaf area SPAD
Ab3 — —
Trestments i A 1 FALI i A
Seedling stage Bolting stage Flowering stage Pod stage Seedling stage Bolting stage
CK 70.9+£4.3b 90.9+5.2b 216.046.2b 49.1+£2.8a 51.84+3.2b 51.7+2.1a
PV 90.7-+£8.6a 111.1£9.5ab 235.2410.7ab 50.741.0a 56.541.6a 50.3+2.6a
BC 77.0+5.4b 102.946.3ab 238.64-5.2ab 51.040.9a 56.24+0.4a 51.6+£3.2a
PV+BC 94.3+5.8a 123.3£7.9a 276.248.8a 51.340.9a 58.612.0a 50.843.1a

3) 7 M A e TR E Tl SN R
Qb B R AL R MR (R 12) S R R,
PV .BC.PV-+BC 4k 3 5 CK A [t ™= &t 43 51 42 Tt
14.4%.13.6% .17.0% , PV+BC 4b 3 7 & 48 7R 51
SRR L PR AL B R R e A5 R, 3 AR

(53K TR R AR RO A 2 5 T PRk
i SRR G, e PV BC AR HRE R £ ik
F T 66.2%. Hitt, PV HIBC b BRI 13 38 2k
FRBORSET =, H A RO T I 5

F12 ARLETHE“ERTEMMER

Table 12 Rapeseed yield and yield components under different treatments

—UOMRR EEAREC R

. ) St SR
Ab 3 Branch Pods number  Branch pods HEHRARM THRiHE/g SRR PARRFE R /g %B/TFE%/
. . Pods number . . Seeds number . (kg/hm?)
Treatments number on the main number Seed weight Yield per plant .
per plant per pod Actual yield
per plant stem per plant
CK 6.7£0.4a 74.54+3.2b 81.143.5b 168.5411.2¢ 3.5%0.1a 12.440.4b 7.3+0.2b 1814.2£34.6¢
PV 6.40.8a 97.54+7.7a 176.0-£17.2a  268.0411.6ab ~ 3.4:0.2a 13.6£0.8ab 12.4+1.0a 2075.24+119.6b
BC 6.340.6a 78.242.8b 164.2410.0a  242.7+13.1b 3.3+0.1a 14.60.9a 11.6£0.6a 2060.7£119.5b
PV+BC 6.8£0.3a 97.4+7.2a 190.521.8a  280.1£19.0a 3.440.1a 13.72£0.7ab 13.2x1.7a 2122.24+94.7a
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F13 AREFHFAET X0 ST f R
Table 13 Effects of different seed treatments on rapeseed quality

Qb3 i/ % B AR/ % finH/(umol/g) SRR/ %6 Wi/ % R/ %
Treatments Oil content Protein content Glucosinolate Linolenic acid Linoleic acid Oleic acid
CK 44.5+0.9a 19.540.5a 30.5+1.2a 6.1£0.8a 16.042.0a 59.3+2.0b
PV 45.8+2.0a 18.242.0a 29.0+3.0ab 6.5+0.9a 17.740.5a 65.6+5.5ab
BC 45.5+1.7a 18.6+1.5a 30.5+1.6a 6.5+0.7a 17.540.8a 64.6+5.4ab
PV-+BC 45.3+0.4a 18.840.4a 26.8+1.1b 6.0+£0.1b 17.34+0.7a 67.5+2.0a
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Effects of treating seeds compositely with wood vinegar and biochar
on germination, growth,yield and quality of rapeseed

QU Zhaojie',ZHU Kunmiao®, HU Liiliang’,ZHOU Yu', YUAN Baozhong',HU Liyong'

1.Ministry of Agriculture and Rural Affairs Key Laboratory of Crop Ecophysiology and Farming
System in the Middle Reaches of the Yangtze River/College of Plant Science and Technology,
Huazhong Agricultural University, Wuhan 430070, China;
2.Hubei Province Key Laboratory of Nutritional Quality and Safety of Agro-Products/
Institute of Quality Standard and Testing Technology for Agro-Products,
Hubei Academy of Agricultural Sciences, Wuhan 430064, China;
3.Hubei Province Extension Station of Agricultural Technology, Wuhan 430072, China

Abstract Seeds of Huayouza 50 rapeseed were used to conduct laboratory screening and field exper-
iments to evaluate the effects of wood vinegar priming (PV) and rice straw biochar (BC) coating on the
germination and seedling , the growth of seedling, the yield and quality of rapeseed to improve the rate of
seedling and vigor seedling in rapeseed with direct-seeding. 7 treatments of wood vinegar priming includ-
ing 0 (pure distilled water, HP ), 1: 200 (PV200),1:00 (PV400),1:600 (PV600),1:800 (PV800),
1:1 000 (PV1000),and 1:1 200 (PV1200) and 5 treatments of rice straw biochar (BC) including 20%
(BC20) , 30% (BC30) , 40% (BC40) , 50% (BC50) and 60% (BC60, m/m ) were set up. The results
showed that the optimal ratio for promoting the germination and the growth of seedling was triggered by di-
luting the wood vinegar solution 1 000 times (PV1000) and using a seed coating agent with BC30 for gran-
ulation. The treatment of PV1000 and PV1000+BC30 significantly increased the rate of seedling in rape-
seed by 20.2% and 22.1%, respectively. The biomass of PV, BC, and PV+BC treatment increased by
13.7%,21.6% , and 35.3% respectively compared to that of the control. PV, BC, and PV+BC treatment
increased yield of rapeseed by 14.4%,13.6% ,and 17.0% , respectively. PV+BC treatment significantly in-
creased the content of oleic acid and reduced the content of glucosinolate. It is indicated that PV and PV -+
BC are effective methods for treating seeds of rapeseed.

Keywords wood vinegar; biochar; seed treatment; rapeseed ; germination of seed ; growth; yield
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