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Resistance identification and evaluation of sunflower
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Abstract: [ Aim] Sunflower white rust (Albugo tragopogonis) and black stem ( Phoma macdonaldii) are two new quarantine disea-
ses. We surveyed Xinyuan and Tekes in Yili Region, Xinjiang, to identify the level of resistance against these new diseases in cur-
rently planted sunflower cultivars. [ Method] Field trail of 16 cultivars of sunflower planted widely in Yili was carried out for survey-
ing the number of diseased leaves at Xinyuan County and Tekes County from May to September, 2015. Disease index and average
yield of sample trails were integrated for analysis of resistance to white rust and black stem. [ Result] We found differences in resist-
ance: cv. Xinyuan NX19012 ( Xiyuzhaoyang) , the disease indices were 7.83 and 25.62, cv. KWS204 had values of 21.04 and
39.50; The same cultivar in different places showed consistent levels of resistance: cv. Xinyin S31 in Xinyuan, the sunflower white
rust disease index was 9.41, while in Tekes, it was 9.38. Not all cultivars were consistent: cv. G101 had sunflower white rust dis-
ease indices of 9.16 in Xinyuan, while 11.78 in Tekes, and the same for sunflower black stem were 31.05 and 37.79, respectively.

[ Conclusion] Cv. NX19012 ( Xiyuzhaoyang) was the most suitable to plant in Yili Region through the comprehensive analysis of
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disease index, production, and locally meteorological data. Cv. S606, TO12244, NX01025 ( Xibuluotuo) may also be considered as

alternative cultivars and Xinkuiza No. 5 of Xinkuiza series was possibly a useful cv. for future breeding efforts.

Key words: oil cultivars; sunflower; white blister rust; black stem disease; invaded quarantine disease; disease index; Xinjiang
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Table 1 Temperature and rainfall in Xinyuan and Tekes during the sunflower growing season in 2015
BB Xinyuan FESE T B Tekes
L A E] Beginning and ending time ELEE R T 2 (1A [E] Beginning and ending time L [

Tenperature/ °C - Rainfall/ mm

Temperature/ °C- Rainfall/ mm

5H 13 H—6 H 19 H 13 May—-19 June 692.9 144.4 5H 15 H—6 H 21 H 15 May-21 June 608.0 102.8
6 420 H—7 A 1 H 20 June—1 July 262.2 33.5 6 H22 H—7 A 1 H 22 June—1 July 190.8 58.8
7H2H—7H9H 2 July-9 July 179.0 6.5 7H2H—7H9 H 2 July-9 July 156.0 15.3
7 H 10 H—7 A 20 H 10 July—20 July 280.0 0.5 7H 10 H—7 A 19 H 10 July—19 July 223.0 5.5
7H 21 H—8 J 5 H 21 July-5 August 410.0 12.7 7 H 20 H—8 A 5 H 20 July-5 August 387.0 57.6
8J16 H—8 H 19 H 6 August—19 August 304.0 16.1 8 6 H—8 H 18 H 6 August—18 August 242.0 26.2
8 H20 H—8 A 31 H 20 August-31 August 233.0 36.9 8 H 19 H—8 A 31 H 19 August—-31 August 226.0 20.7
9H 1 H—9H 7 H 1 September—7 September 117.0 4.5 9H 1 H—9H 8 H 1 September—8 September 115.0 5.9
9 H 8 H—9 H 24 H 8 September—24 September 268.0 39.6 9 H 9 H—9 A 28 H 9 September—28 September 245.0 49.5
A1t Total 2746.1 294.7 A1 Total 2392.8 342.3
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Table 2 Disease index of sunflower white blister rust in Xinyuan, 2015

VLRI
sl Cultivar 619 7H1H 7H9H 7H20H 8HSH B R
9 June 1 July 9 July 20 July 5 August Mean+SD
TO12244 3.45 8.52 8.27 9.38 12.10 8.9717+3.3954Ccd
NX01025( PE#B5%5E) Xibuluotuo 2.47 7.41 10.00 10.37 12.59 9.2463+4.3542Ccd
BrFE4 4 5 Xinkuiza No.4 4.07 7.53 12.34 16.54 18.64 12.0782+6.3281BChed
B0 S31 XinyinS31 3.58 8.89 10.62 11.60 12.34 9.8444+3.7137BCcd
KWS204 5.93 16.29 17.28 25.93 39.75 22.9749+14.1325Aa
BrFE4 6 5 Xinkuiza No.6 3.95 8.52 15.56 15.80 26.17 14.9970+9.0556Bb
K3k 567DW AidatouS67DW 4.69 7.98 8.77 9.88 10.49 9.1189+2.4440Ccd
NX19012( PE3#IFH) Xiyuzhaoyang 1.23 6.67 9.75 10.12 11.36 8.2272+4.6273Cd
Br¥EZ% 10 5 Xinkuiza No.10 3.58 8.03 12.47 13.21 16.30 11.7994+5.4888BChcd
S606 3.21 7.90 10.62 11.85 13.82 9.8349+4.4329BCcd
5% Kk 1003 Aidatou1003 3.08 5.70 9.92 11.26 17.89 9.9033+6.1886BCcd
Br¥EZe 55 Xinkuiza No.5 3.44 4.69 10.12 9.26 14.81 8.9380+4.7321Ccd
T8221 3.21 9.01 10.00 10.74 12.59 9.5401+3.8905BCcd
#5711 Xinyin711 3.58 8.40 11.11 11.11 12.84 9.7540+3.9299BCcd
AL Aoyou 3.70 9.75 12.35 17.53 19.75 13.2585+6.2128BChc
G101 3.95 8.15 9.14 10.49 14.07 9.5288+3.7750BCcd

[RIF B85 AN E R NG b E 40 2R TE 0.01.,0.05 K F2EFBE, M MEE 3 K,

Different lowercase and capital letters in the same column indicate significant difference at 0.05 and 0.01 level in statistical analysis with three replicates.
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Table 3 Disease index of sunflower white blister rust at Tekes, 2015

VLRI
il Cultivar 6H20H 7H1H 7H9H 7HI19H 8HSH B i 2
21 June 1 July 9 July 19 July 5 August Mean+SD
TO12244 0.00 7.29 12.22 13.83 19.01 11.5216+7.4026BChe
NX01025( PE#B5%5E) Xibuluotuo 0.12 5.81 11.48 12.84 18.27 9.5347%6.5933CDed
BSR4 5 Xinkuiza No.4 0.12 9.01 13.70 17.03 20.12 12.3896+7.9386ABCh
B0 S31 XinyinS31 0.62 7.78 11.85 12.71 13.95 9.7490+5.4411CDed
KWS204 0.49 11.97 15.31 21.11 23.46 15.6760+9.0041Aa
B4R 6 5 Xinkuiza No.6 0.00 7.28 15.55 17.78 18.77 12.2616+8.0423ABCh
&Kk 567DW Aidatou567DW 0.12 8.77 10.86 13.70 20.99 11.3126+7.7260BChc
NX19012( PE3ARH) Xiyuzhaoyang 0.00 6.05 11.48 12.22 15.53 9.4071+6.6176CDcd
Br¥EZ% 10 5 Xinkuiza No.10 0.37 9.63 14.57 16.30 21.48 12.5930+8.6371ABab
S606 0.25 8.40 11.11 12.59 14.81 9.5630+6.0206CDcd
SRR 3K 1003 Aidatou1003 0.00 4.94 8.27 10.00 14.45 7.6752+5.5497Dd
B2k 55 Xinkuiza No.5 0.49 10.62 12.59 16.05 16.42 12.0231+6.4988BChc
T8221 0.62 7.66 11.11 15.31 22.22 11.1695+8.1665BChe
#5711 Xinyin711 0.12 6.92 12.84 13.08 13.95 9.6221+6.0578BCDed
WAL Aoyou 0.37 7.41 12.10 15.06 19.64 11.3168+7.5333BChe
G101 0.25 8.15 14.07 16.42 20.00 12.2048+8.2978 ABCh
[RI BB 5 AR TR K NG B3 IR FE 0.01,0.05 /K- F22 5 2 RGBSR 3K,

Different lowercase and capital letters in the same column indicate significant difference at 0.05 and 0.01 level in statistical analysis with three replicates.
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Table 4 Disease index of sunflower black stem rot in Xinyuan, 2015
AR R
il Cultivar 74200 8HS5H 8A19H 8HA3H 9A7H 9Hd24H P bR 2
20 July 5 August 19 August 31 August 7 September 24 September Mean+SD

TO12244 0.37 8.89 14.81 31.85 36.30 69.63 28.9451+25.5181Ccd
NXO01025( P§#B%%5E) Xibuluotuo 3.41 12.22 12.59 28.15 37.04 74.81 29.1449+27.0162Ccd
Fr2EZ% 4 5 Xinkuiza No.4 1.85 6.67 15.19 31.85 42.96 88.15 33.6129+32.5217ABCbed
51 S31 XinyinS31 2.15 8.89 16.30 29.63 37.04 65.19 28.3861+25.0588Ccd
KWS204 9.59 17.78 47.41 28.15 38.52 95.56 39.8760+31.3136ABa
FrEZ% 6 5 Xinkuiza No.6 3.70 9.63 14.44 40.74 42.22 88.89 35.6649+33.4644 ABCabc
ARk 567DW Aidatou567DW 2.74 25.93 34.81 43.71 45.93 87.41 44.0571+28.3830Aa
NX19012( FgIaiIFH ) Xiyuzhaoyang 5.93 7.78 11.85 26.67 30.37 71.11 27.5164+27.5402Ccd
H%2% 10 5 Xinkuiza No.10 4.67 8.15 14.82 32.59 37.04 74.82 30.6163+27.1236Cbed
S606 6.26 12.22 14.82 20.74 32.59 71.11 27.6453+21.6312Cd
&Kk 1003 Aidatou1003 5.74 25.18 31.11 38.52 39.26 73.33 37.4419+22.5948 ABCab
B2 55 Xinkuiza No.5 4.44 11.48 14.07 28.15 36.30 82.22 29.9256+29.9958BChed
T8221 5.78 11.85 13.33 23.70 29.63 77.04 28.0899+26.2894Ccd
#r51 711 Xinyin711 6.15 12.59 13.33 25.18 30.37 71.85 29.1510+25.3369Ccd
A Aoyou 4.07 12.22 16.30 33.34 36.30 94.82 34.6919+35.0525ABCabed
G101 3.70 10.74 14.07 31.11 36.30 90.37 32.4982+34.7725ABCbed

[RIZVEHR S A RIR NG FRE5 53 5IFRTE 0.01,0.05 K P 2R R,

BAAHEESR 3K,

Different lowercase and capital letters in the same column indicate significant difference at 0.05 and 0.01 level in statistical analysis with three replicates.

232 HrfiEmBEELRAEHRE HMES
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88U B, 3k 5.77, TO12244 9k 175 F6 B e A%, M
0.12;9 7 29 H I8 A i, £5 &b B 18 15 %5 L+ 0 B
R, A RIE IR 70 DL L, Hod Bis] S31
I 48 B B, I8 93.33, TO12244 95 15 46 K4 %

%, 70.74, 6 WA A5 S B - B 15 F 5T
FEA L 567DW >G101 >KWS204 > M4 > Hi % 4% 6
FSHEELR 10 T AR 5 T >Rk 1003 > 585
71> H2E 2% 4 5 > NX01025 ( 74 3 3% 5% ) > S606 >
NX19012( PEIREAFH ) >T8221 > 5| S31>T012244
05 2500 Bk ERGK 567DW RIS TE RS G101 22
FAERE(P>0.01) 15 HAb 14 4> 5 2 50 2
F(P<0.01),

RS 2015 FHEHERNHEREERFHEEHN

Table 5 Disease index of sunflower black stem rot at Tekes, 2015

R0
il Cultivar 7H20H 8Hs5H 8H18H 8H31H 9A8H 9H2H P e 2
20 July 5 August 18 August 31 August 8 September 29 September Mean+SD

TO12244 0.12 7.41 15.93 33.33 46.67 70.74 29.5345+26.4908Cc
NX01025( PE#3%5¢) Xibuluotuo 0.98 1.85 8.52 32.59 41.48 88.15 31.2739+34.0955Cc
B4 4 5 Xinkuiza No.4 1.03 2.96 13.33 40.00 44 .45 87.41 31.3215+35.8346BCc
#r91 S31 XinyinS31 0.68 1.85 13.33 34.07 37.78 93.33 30.1859+34.4905Cc
KWS204 4.39 12.22 20.74 44.44 45.19 85.18 35.0789+29.5052BChe
B4 6 5 Xinkuiza No.6 5.77 10.74 12.22 36.30 42.22 92.59 33.5738+35.4192BChe
ARk 567DW Aidatou567DW 5.56 16.67 41.48 46.67 51.85 89.63 45.6023+32.3293Aa
NX19012( PEIsEARH) Xiyuzhaoyang 1.35 2.96 11.11 25.11 45.93 85.56 31.2212+35.3907Cc
BiPEZ% 10 5 Xinkuiza No.10 3.89 8.52 16.30 30.37 46.67 87.41 32.6785+32.3700BCc
S606 0.21 1.11 11.85 28.52 43.71 89.63 31.2712+35.8067Cc
FEH K 1003 Aidatoul003 1.69 5.19 20.74 38.52 48.15 72.59 32.1176+29.5895BCc
BiPEZ% 5 5 Xinkuiza No.5 0.67 1.85 12.22 30.37 48.89 89.63 32.4919+37.9238BCc
T8221 0.89 2.96 14.07 31.11 43.70 92.59 31.1926+35.6172BCc
#r51 711 Xinyin711 1.23 4.07 16.59 24.44 45.92 82.22 31.8857+30.7488Cc
AL Aoyou 0.65 5.18 14.45 31.11 45.93 90.37 33.7290+36.1184BCc
G101 2.67 10.00 27.41 42.22 51.85 92.59 42.0558+34.4135ABab

BB 5 AN TR /NS A 43 3R TE 0.01,0.05 /KF E25 B, B MEMER 3K,

Different lowercase and capital letters in the same column indicate significant difference at 0.05 and 0.01 level in statistical analysis with three replicates.
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24 MAREBEMRN~E

F6 o, B E m H I m TN
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SIHTEAE R ETHL, NX19012 (PG 3 B ) 7 i 58 Kk
1003 %% K3k 567DW  KWS204 25 ik b 2% (P <
0.01) , 1 5 HAth 12 4~ A 22 A 2 (P>0.01)

Five i B ) H 38737 i HE P 4 NX19012 (74
B ) >H# 51 711>8606>T012244> NX01025 (74
TREIE ) SHTT| S31>HEEL 545> GLOI>MIE>HE R
3k 567DW > BT 25 4% 10 5> T8221 > %44 4 5 >
KWS204>8725 2% 6 5 >8& K3k 1003, 7 2504
5T, NX19012 ( PH SR FH ) 5 85 Kk 1003 87
IR 6 TR EF(P<0.05) 15 HAl 13 45
EZRAREE(P>0.05),

AR, BR KWS204 | %% K 3k 567DW | B K =k
1003 ROLAE, HAx i A 28 B I8 2L 00 7 o 5 T4 o
Wr B X 54 s B A ) H 2 S | PR 2SR A
TR TR ELA G,

F6 2015 EFEEME R BEMBETE

Table 6 Sunflower yield of the different cultivars in Xinyuan and Tekes, Xinjiang, 2015

SRR (M bR EZS) Average yield (meanSD)/ (kg + hm™2)

fhAP Cultivar

HrE: Xinyuan

FETL T B Tekes

TO12244

NX01025( P4EBS%5E) Xibuluotuo
HiFEdR 4 5 Xinkuiza No.4

#51 S31 XinyinS31

KWS204

Hr2€4% 6 5 Xinkuiza No.6

BB Kk 567DW Aidatou567DW
NX19012( P§IsEAFH) Xiyuzhaoyang
Hr¥E4% 10 5 Xinkuiza No.10

K3k 1003 Aidatou1003
Hi¥Z 55 Xinkuiza No.5

20.355+1.2395Aa
18.4467+2.5448Aa
17.4898+1.6764Aab
17.6667+2.4239 Aab
10.4589+1.3053BCb
17.3923+2.1039ABab
8.1728+1.4115Cc
20.3422+0.7338Aa
16.8051+3.4371ABab
5606 20.2759+1.4912Aa
8.2021+1.411Cc
19.1589+6.7589Aa

18.1356+£2.9378 Aabc
17.9571+4.129Aabc
15.5008+2.2894 Aabc
17.4682+2.2131Aabc
15.167+1.536Aabc
12.9778+0.3946Abc
16.5042+4.4765Aabe
19.895+2.0274Aa
17.4867+3.5821Aabc
17.7911+1.8143Aabc
12.7699+1.3459Ac
16.8542+2.2907 Aabe

T8221 17.8333+1.4434Aab 16.5268+5.4271 Aabc
#5171 Xinyin711 18.6066+2.5093 Aab 18.9917+1.0887Aab
AL Aoyou 12.8797+4.0127ABChc 17.9167+4.2395Aabc
G101 18.36+4.4616Aa 16.793622.2217 Aabe

[ FBE 5 AN TR K /NG PR 43 I 3R FE 0.01,0.05 /KF E25 B, B MEMER 3K,

Different lowercase and capital letters in the same column indicate significant difference at 0.05 and 0.01 level in statistical analysis with three replicates.

25 MAREBEMRNRELEE

HE 7 AP X B2 S, Bk 6
FEHTIR B2 B0y gk, 78 4 v 0 B3R I e JE
TO12244 NX01025 ( PY #4658 ) Hrl S31 &Kk
567DW NX19012 ( P4 35} FH ) . S606  Hr 265 5 = |
T8221 JHi5| 711 MR 10 AR e B B3R Bh
P, ERF T LRI Ry g B 95 2k 4 5 BigE R 10
5 G101 FEHTIE B BN e, 74 sa it B AR BN

R KWS204 ERT I EL RV S 007 S LA RO RR
SEACSk 1003 5 FhZE 17 R EL R4 52 307 BL 3 22 B
i,

K1) H 35 B 2596 | T012244  NX01025 ( 74 3
WL BT 2L 4 5 B El S31,NX19012 ( 75 Ik ]
BH) JBTE78 10 5 S606 B 56 2% 5 %5\ T8221 i 5l
UL IR EL IR S 4T EL 3 2 B U KWS204
Rk S6TDW BB 5 B 2k 6 5 Bk
1003 WRACTEB I 2 B0 A i 2%, 74 v i B3R 3
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FAITR A b Y ) H SR BT RTINS 2 Pl AR 90 Pk 2 5T - 93 .

iRk G101 e IR ELR BN R e R s i B3R
B
LKA AR AL AR T E 8 BT AN TR

TEH IR 388 B A PP URRAIE , 7 R v S 0 2 B
DAy HR IR 2 R TR 5 AN [ R A 2 A M X R T R
2 BUIEAS — B, 38 0y S g TR

x7 FEBEEMFRHESEMAMEESER (18,2015 F)

Table 7 Evaluation of resistance levels of different sunflower cultivars in Xinyuan and Tekes, Xinjiang, 2015

145 White blister rust

AP Cultivar

A9 Black stem disease

HriFE Xinyuan i B Tekes FriFE Xinyuan Fr i i B Tekes
TO12244 MR MS MS MS
NX01025 ( PE#5%5%) Xibuluotuo MR MS MS MS
B4R 4 5 Xinkuiza No.4 MR HS MS MS
B51 S31 XinyinS31 MR MS MS MS
KWS204 HS HS HS HS
B¥E2 6 5 Xinkuiza No.6 MS HS HS MS
Rk 567DW Aidatou567DW MR MS HS HS
NX19012( PHI#IFH) Xiyuzhaoyang MR MS MS MS
Br¥Z% 10 5 Xinkuiza No.10 MR HS MS MS
S606 MR MS MS MS
BBk 1003 Aidatou1003 MR MR HS MS
Bi¥EZe 5 5 Xinkuiza No.5 MR MS MS MS
T8221 MR MS MS MS
B51 711 Xinyin711 MR MS MS MS
AL Aoyou MR MS HS MS
G101 MR HS MS HS

HR: =¥ ; MR L HS =08 MS gk,

HR: High resistant; MR : Moderate resistant; HS: High susceptible; MS; Moderate susceptible.

3 #Fit5itie

AFFEAE ] H 55 15 BB 2590 [ AR R 1)
A FIREAE 2 A B H sz M 16 4>
TS H 2E SR 2 B E PR AKOE 4
S 1) H 2SR I B R EER BT R 2%
FEB A db PR B IR EL X 1] F 28 A R B R,
AR 5 305 D) Ay v s s 222880 P e B L B F
R v T B0 1) H 25 BRI R U, TR
r PP A R s B AR AT I M S 22 5, B B0 v ] Rk
S F B R IS ] (BRI 55,2001 ) o AN[R] ] H 25 4
FRAE [ — 32 25 48 5 X5 11 85 0 P08 2506 2 A2 A6
P 2E R, IAERT IR B SRR NX19012 ( PH 8 H)]
FH) 19 9% 1% $8 B0 5 31 7.83 AN 25. 62, 11 b A
KWS204 5156500 21.04 F1 39.50, 3% 5 A [a] it Fih
HIEA% 1 e 25 S A O BV [R]— & A e ] — (i
S 2 Bl BB A AR — i 22 5 (K
BRA,2012) o BEAM, F 53 S AN FEAS [R] 0 f 3l A5
T — BB, an s A s S31 Y 1
W S TERT IR B A e B T8 5k 9.41  TEFF s iir B Ry
9.38, I B HT T 43 1) H 28 5 Bl ) 0 1 02 LA 2 3
PR AT A (B R, 2014) 5 S5 A B 4 1) H 245

FEAN ) b S AEAE AN R A B K7, an G101 2% 1
95 J A TR EL AR v i B B 1 18 B0 5 9. 16
FI11.78 , 1B Y FE 2R J5 0 U5 L AR v B 2L 9
TEFER A 31.05 F1 37.79 , 16 B FEAS [] M o5 g 1]
H 38 1155 A1 2 2505 993 I 7 19 B0 71 ] REAF 7 —
FEMAEILG ( M T4E,2014) , B, 51 1 H
2 B R D 2 0 i TR B0 0 A ) D PR RS
A3 1) H 5 5L A P ILEE 5 2 P v R S A 1
RASE (EHESE,2014) .

G3AN EEA AT HT ) H 25 590 R A 2R 114 5 17
FRE ) H 2577 i SO R8s, B NX19012
(PH IR B ) S5 35 B A I e P AL e DX A, X 1 5
o R 2 i o EL A A5 B, LU S R
D825 AR S A AR T IR B AR S B 2 Rl
FRER KRR FR & &, &R S606 .,
TO12244 NX01025 ( P§#5% 58 ) ] LUFE Ry Z 44k
TR PP VS A A0 32 ot Pl 9 I T A AT X 4 o |
B AEN L i AT /N, B SR A R B
Fiep B4 5 S Il TR %524 4 % 6 5 .10
SR HAE B R, T Ok I R R R
B 5 B kL, B 5RO R B, KWS204 | & K Sk
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