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Research on root morphology characteristics and drought resistance of winter
rapeseed ( Brassica campestris L. ) at bud stage under PEG simulated drought

MI Chao, ZHAO Yan-ning, LIU Zi-gang, SUN Wan-cang, LIU Hai-qing,
FANG Yan, LI Xue-cai, WU Jun-yan
( Improvement and Key Laboratory of Crop Genetics and Germplasm Enhancement/ Gansu Provincial Key Laboratory of
Arid Land Crop Sciences , Rapeseed Engineering Research Center of Gansu Province, Lanzhou, Gansu 730070, China)

Abstract: This study use(d) sand culture, with 18% (w/V) polyethylene glycol (PEG6000) to simulate water
stress on root morphology characteristic of 18 germinating winter rapeseed, combined with pot experiment studied the root
characteristics and drought resistance. The results showed that water stress had a significant inhibitory effect on root num-
ber, root weight and root/shoot ratio of winter rapeseed, and had little effect on root length. The correlation analysis
demonstrated that there was a significant positive correlation between the relative root number, the relative root length and
the relative vigor index, and the results could be used as an assistant index for drought resistance evaluation of winter
rapeseed. Drought resistance of materials cluster analysis showed that 18 materials can be divided into five groups at a
distance of 10, where are the strongest drought resistance class A, the average relative lateral root number, average rela-
tive root length, average relative root weight, the average relative shoot ratio, and the average relative vigor index is
72.90% , 100.37% , 79.60% , 119.93 and 0.64. Depending on the relative vigor index and cluster analysis, the 3

winter rapeseed (which are Ningyou 2, Longyou 7 and Pingyou 1) were identified as drought resistance. The results of
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the pot experiment showed that there was a significant positive correlation between the dry weight of total biomass and

root/shoot ratio, root dry weight, dry weight and root length of shoots at bud stage under PEG simulated drought resis-

tance, and the higher the early growth vigor, the stronger the growth potential. Therefore, the PEG simulated drought

method can be uesed to filter the drought-resistant materials.

Keywords: winter rapeseed( Brassica campestris L. ); PEG; drought resistance; root characteristic
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Table 1 Name and source of materials tested

%5 Al e 95 AR U
Code Cultivar Source Code Cultivar Source
1 Kih 2 5 FAK T AFH 10 Bl 12 52 Hofr gl R
Tianyou 2 Tianshui institute of agriculture Longyou 12 Gansu agricultural university
5 Kl 45+ KK TAE I 1 Bl 14 52 Hr Aol R
Tianyou 4 Tianshui institute of agriculture Longyou 14 Gansu agricultural university
. Fisge ek AR L 25 AR
Tianyou 5 Tianshui institute of agriculture Yanyou 2 Luochuan institute of agriculture
4 Kl 752 PNNTTESZEI 13 T250 TEAHL L
Tianyou 7 Tianshui institute of agriculture Ningyou 2 Ningxian agricultural technique center
5 Kl 8 5 PNNTE SR 14 Tl 35 TEANL L
Tianyou 8 Tianshui institute of agriculture Ningyou 3 Ningxian agricultural technique center
6 Bzl 6 52 HoAr Al Ry 5 Tl 1= St AR T
Longyou 6 Gansu agricultural university Pingyou 1 Pingliang institute of agriculture
Bl 7 5 ol ke , .
- onb 11 Be
7 Longyou 7 Gansu agricultural university 16 Largo PRI Belgium
B3 8 5 gk R b -
i rme
8 Longyou 8 Gansu agricultural university 17 Nieb T8I Germany
B 0 520 il K , .
b i .
? Longyou 9 Gansu agricultural university 18 Lenox B8 Germany

Tz a, B A AT AR b, EAMEL

Note:a, hybrids from domestic units; b, hybrids from foreign country.
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Table 2 Effects of PEG simulated drought resistance on roots characteristics of winter rapessd ( Brassica campestris L.) seeding

kS ARXHAR L % AR/ %
Materials code Relative laeral roots Relative root length
1 58.00 90.00
2 77.50 97.00
3 55.20 73.10
4 49.20 93.40
5 60.70 87.20
6 56.50 89.80
7 64.70 99.10
8 49.30 88.60
9 65.40 89.00
10 61.80 94.10
11 70.80 96.20
12 63.40 93.00
13 79.20 95.80
14 69.10 100.00
15 74.80 106.20
16 66.90 97.40
17 63.00 97.10
18 89.00 89.00
SEYIE Average 65.25 93.11
R ME Max 89.00 106.20
B/ME Min 49.20 73.10
FrifE2E SD 10.38 7.00
A RE CV/ % 15.91 7.51

AHRARTE /% HAXARIE LE /% iEDORCIPAE R ¢
Relative root weight Relative root-shoot ratio Relative vigor index
65.10 115.20 0.47
48.00 65.00 0.60
46.20 86.90 0.36
63.10 89.00 0.62
59.10 110.50 0.43
57.20 98.60 0.50
76.50 114.10 0.62
62.00 104.30 0.33
24.00 43.90 0.56
56.00 61.90 0.58
66.40 119.80 0.53
75.40 126.60 0.45
86.80 129.20 0.66
68.00 113.60 0.50
75.50 116.50 0.63
86.30 123.90 0.56
83.50 124.80 0.55
57.00 95.10 0.52
64.23 102.16 0.53
86.80 129.20 0.66
24.00 43.90 0.33
15.72 24.51 0.09
24.47 23.99 17.45

R3 ARERIERRELHTRAFFEN K EZ M BE D

Table 3 Significance analysis of different sources of winter rapeseed seeding ( Brassica campestris L. )

root characteristics of drought resistance

HIR AHX AR %
Source Relative laeral roots
N4 PR E A1 Hybrids from domestic units 63.71a
E 44 %L Hybrids from foreign country 72.97b

HARAR AR AL AR ARG L/ %
Relative root length  Relative root weight  Relative root-shoot ratio
92.83a 61.95a 99.67a
94.50a 75.60b 114.60b

T AF/NG FRRIR 0.05 K28 5 1L

Note: Different lowercase letters in the column show significant difference at 0.05 levels respectively.
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Fig.1 Clustering of 18 winter rapeseed( Brassica campestris 1..)

root characteristics under simulated drought resistance

2.4 BFRBLHMEREELSESNEENEXEST

DAAERTE SR8 B0V i = i & BT v iy
FERRE 0 T PR R S 6 %), Ak hia
IS E SIS B Y e S S EDO R DA =F i
WAH AT, S5 3 B, SRR SR A A X
TIHEECS AR AR B e 2 IE ARG (r = 0.4827 ), 5
AR KA B IEAE (r=0.701" "), KA
T, FISE B A MR B 22 AR B AT RBHHET
AR RS , BRI, S B AP AR R B
AT LME T 5% i B br
2.5 BREUHTEHRELHEYEYRRAEKT

%

mE s Pros, AR TEWE T, 18 i H A&
TSR IR R T8 (57 R 80:27.60% ) 22 7

KH A B 75 (7) 725 (13) T35
(14) Pl 1%5-(15) Nieb(I) R R T HE K, KA
K5 9.09 g, MR 5 5 G)IRATEE/N3.68 g)o
VLA T8 T, 9 AR R B AR B 1 S B A&
TMSEARP U BE R A2, W) B AR SR A A AR e e 42
BT, FEOREE A B E AR I RE I IE Z SR
SRR R YRR B8 2, 5550 F M EHTR 29
TR R B, MG b (28 5 R4 23.88% ) 25 IR
Z LB 7 5(7) B 14 5 (11) B 2 5 (12) . T
25 (13) 779 3 5 (14) 9 15 (15) \Nieb(17)
W SEE M B A, e AR A 1255 3 85 ), AB Rk o E 35 4=
K R A AR 5 2 B . SRR, Ok
AAE RSB0, = AR R R ARz 24
K, TP RA I, M ZEE R AL T A AR
ZEPIH] SRR T SRR B e N A
FYIR R AR OC R IR B E A
Bi it RS AR T B B A B ) BRI 5 . 4t
SR SRR K (T 25 T 35 O
M55 BEPTR MR R A Y R T E R (K S
5 Lenox %) o FEARE 5T, 18 13 111 3% 1Y 25 S 48 /)N
(25 ZE0:11.20% ) , ANFER B EARKAZEANF,
MRPEE 1 RIS, 3 5 ARG R AR K
LY U EE N (EP =30 Ny N L R R IS RO N S BivE S
TS FAARA AN, FUAR TR B 32 21 - 52 B30 52 1)
BN
2.6 BFIEZHFHBARREREROBEXES T
F AR A5 FXT 2 AL A AR R PR R AR 5%
PEOAT, RN 6 in. BAEYETESHRIEL.
MRATE M EHTE, FRK SR E T,
] SR B AR E R AR Kb W R R B2 i R
AR IR, Ml B A R P PR R, ik
AR Z A AT R IOK 53, B0 B e Y 4 4%
IKRBARAE  PRFFAR R IR A TE S0 5 A Kk
W ara |l i T TR AT S N = I 1 S 7 e w7/ 5
HhEE YRR, T, T R B E AR T

R4 BRBLHFRAFHESEXEHERNEXESH

Table 4 Correlation analysis of winter rapeseed ( Brassica campestris 1..) root characteristics and relative vigor index

PR AR AR £ FARIHRAC AR AL AHXIARE L/ %
Trait Relative laeral roots Relative root length Relative root weight Relative root/shoot ratio
HMIXHR K Relative root length 0.400
HMIXIHLE Relative root weight 0.137 0.551"
FHXTAR 7 L Relative root — shoot ratio 0.075 0.324 0.885" "
AT 145X Relative vigor index 0.482" 0.701" " 0.269 0.052

Ho: % Fll % % FIRTE 0.05 A1 0.01 K- LAY 25 55 0 354

Note: * and * * indicate significances at 0.05 and 0.01 levels respectively.
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Table 5 Changes of oot traits index in pot experiment of winter rapeseed( Brassica campestris L.) in seedling stage

W E S MEYRTHE/ g HE WETH/g o EAT /g FHK/em
Materials code Total biomass Root/shoot ratio Root dry weight Shoot dry weight Root length
1 11.81 0.79 5.22 6.59 16.22
2 12.04 0.75 5.16 6.88 17.46
3 9.11 0.68 3.68 5.43 13.16
4 12.57 0.89 5.92 6.65 16.81
5 10.81 0.84 4.94 5.88 15.70
6 12.61 0.91 6.01 6.60 16.16
7 15.71 1.25 8.73 6.98 17.84
8 8.25 1.05 4.23 4.02 15.95
9 11.17 0.55 3.96 7.21 16.02
10 14.51 0.63 5.60 8.91 16.94
11 13.35 1.18 7.23 6.12 17.32
12 11.25 1.15 6.03 5.22 16.74
13 16.65 1.20 9.09 7.56 17.24
14 14.45 1.15 7.72 6.73 18.00
15 15.78 1.18 8.52 7.26 19.12
16 14.11 0.98 6.98 7.13 17.53
17 13.75 1.16 7.38 6.37 17.48
18 10.09 0.71 4.19 5.90 11.02
H{H Average 12.67 0.95 6.14 6.52 16.48
IRAKAE Max 16.65 1.25 9.09 8.91 19.12
#/]MH Min 8.25 0.55 3.68 4.02 11.02
FrifEZE SD 2.34 0.23 1.70 1.05 1.85
AR CV/ % 18.44 23.88 27.60 16.08 11.20
Fo BXRBEEZEMIXHPARAREROBEX LS
Table 6  Correlation analysis of root traits index of winter rapeseed ( Brassica campestris 1..) in seedling stage
PR RAYRTE HE L BT WRTHE
Traits Total biomass Root/shoot ratio Shoot dry weight Root dry weight
H5eE HE Root-shoot ratio 0.592" "
HRARTHE Root dry weight 0.913" " 0.824" "
i1 EFBFH Shoot dry weight 0.751" " -0.155 0.416
FEME Root length 0.705" * 0.579" 0.718" " 0.409

TE: = Bl % x FRIRTE 0.05 F10.01 /K F 25 B8,

Note: * and * * indicate significances at 0.05 and 0.01 levels respectively.
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