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The evaluation system of strength of winterness in wheat

WANG Peng, ZHANG Chunqging* , CHEN Huabang, WU Chenglai
State Key Laboratory of Crop Biology, Shandong Agricultural University, Shangdong Taian 271018 , China

Abstract: Winter wheat varieties require an extended low temperature period to initiate or accelerate the flowering process
(vernalization). Spring wheat varieties do not have the vernalization requirement, and they would be exposed to a high risk
of cold injury if sowed in low temperature. Correct evaluation of the winterness is the prerequisite to study and utilization of
wheat germplasm, wheat production, and minimizing the cold injury. It also has certain theoretical significance when
explaining the ecotype of wheat. Therefore, it’s of great importance to build an accurate method to evaluate vernalization
characteristic of different wheat varieties. To address this issue, we investigated the growth characters of 12 wheat varieties
under natural or artificial vernalization conditions, and proposed two reliable standards to evaluate the winterness of wheat.

Twelve varieties, including Shannong8355, Jimai20, Jimai22, Shangnongl4, Shannongl5, Taishan008, Shannong664,
Jimail9, Shannongl6, Zimail2, Yannongl9 and Shannong2413, were sowed every month from October to the following
February. They experienced the winter and acquired vernalization naturally. For comparison, these twelve varieties were
sowed every month from March to May after an artificial low temperature treatment was appllied from March to May next
year. The temperature of artificial vernalization was set to 3°C , and the durations were 0d, 10d, 20d, 30d, 40d, 50d, and
60d, respectively. The experiment was repeated twice in two years.

The characters related to vernalization, such as number of spikes, spikelets and stem tillers, and thousand seed
weight, were investigated. The datasets obtained from wheat that have been naturally or artificially vernalized were

statistically compared. In addition, the growth cones of vernalized wheat planted in May were dissected and checked on the
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20th day after emergence.

The data was normalized first, followed by variance test and cluster analysis. The results showed, that the character of
number of stem tillers, spikelets and thousand seed weight, were overlapping among different kinds of cultivars under
natural and artificial vernalization, therefore the indexes above are not suitable to evaluate the strength of winterness of
wheat. Neither can the number of wheat spikes under condition of natural vernalization, because it was affected by many
factors, such as planting time and seeding rate. By contrast, the number of wheat spikes, under artificial vernalization that
the effect of natural low temperature was eliminated, can serve as a good indicator to evaluate the strength of winterness. In
addition, the shape of growth cone, which grows up about 20 days after emergence, is another indicator as good as the
numbers of spikes.

Based on the cluster analysis of the numbers of spikes under the conditions of artificial vernalization, the twelve wheat
varieties surveyed here were divided into three categories, namely weak winterness, winterness and strong winterness.
Shannong8355, Jimai20, Jimai22 and Shangnongl4 belonged to weak winterness cultivars. Shannongl5, Taishan00S8,
Shannongbt64 and Jimail9 were winterness cultivars, and the strong winterness cultivars included Shannongl6, Zimail2,
Yannongl9 and Shannong2413. This result is largely consistent with that obtained from observation of morphology
characteristics, but the former gives more accurate evaluation for some varieties.

As a conclusion, the number of spikes and shape of growth cone under artificial vernalization are two indicators of
wheat winterness. When using this method, to avoid influence of natural low temperature, the daily maximum temperature
should be higher than 12°C at sowing stage. Meanwhile, the days of daily minimum temperature below 3°C should be less
than 4 days after planting. For evaluating vernalization characteristic of wheat in Shandong province, the temperature in
April is suitable to sow after different time of artificial low temperature treatment. In other area, optimum planting date can

be determined to satisfy the above temperature requirements.

Key Words: wheat; artificial vernalization; ecological ; winterness; evaluation system
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Table 1 Variance analysis on spikes of varieties in different sowing date and vernalization days

b P e T HyJy . F IR
Treatment . df Quadratic sum  Mean square Critical value of F
variance

Ep A % 1 5 1.74 0.35 1.89 Fy.05(5,55)=2.54

Natural vernalization AR 11 99.50 9.05 49.32 Fog (11, 55)=2.60
R 55 10.09 0.18

NIk FILRE 20 4.45 0.22 3.64 Fy (20, 220)=2.48

Artificial vernalization Y 11 100. 44 9.13 149.45 Fy o (11, 220)=3.66
R 220 13.44 0.06
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Table 2 Significance test of different wheat in natural vernalization
& Sowing date

2k Category

09-08 10-08 11-08 12-08 01-08 02-08
B AN Weak winterness 4.7+0.1a 4.620.1a 4.6+0. 1a 3.540. 1a 2.9+0. la 2.6+0. la
M Winterness 4.7+0.1a 4.8+0. la 4.4+0.1a 3.5+0.1a 2.2+0.2b 1.8+0.2b
FRAE AP Strong winterness 5.1£0.1b 5.4x0.1b 4.2+0.1b 2.8+0.2b 2.0+0.2b 1.5+0.1b
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Table 3  Significance test of different wheat in artificial vernalization

7 20 FALREL Vernalization days
Sowing date Category 0d 10 d 20 d 30 d 40 d 50 d 60 d
03-08 554 i il 1.1+0. 1a 1.3+0. 1a 1.520. 1a 1.5+0. 1a 1.6+0.0a 1.7+0. 1a 1.8+0.0a
S i 1.3+0.1b 1.4+0.0b 1.620.1b 1.6+0.0b 1.8+0.0a 1.8+0.0a 2.0%0.0a
SRAME S D 0.0=0.0b 0.0+0.0b 0.9+0.1b 1.5+0. 1b 1.7+0. 1b 1.920. 1b 2.0+0.1b
04-08  FH&PLshFh 0.0+0.0a 0.0+0.0a 0.4+0.0a 0.7+0. 1a 1.0+0. 1a 1.120. 1a 1.320. 1a
Qe 0.0=0.0a 0.0+0.0a 0.0+0.0b 0.2+0.2b 0.9+0.1b 0.9+0.1a 1.4+0.1a
SRAVE S AR 0.0+0.0a 0.0+0.0a 0.0+0.0b 0.0+0.0c 0.1x0. 1c 1.1£0. 1b 1.5+0.1b
05-08 & PEshFh 0.0+0.0a 0.0+0.0a 0.3+0.1a 0.7+0.1a 1.0£0. la 1.0+0.0a 1.0£0.0a
A 0.0+0.0a 0.0+0.0a 0.0+0.0b 0.2+0.1b 0.8+0.1b 1.0%0.0a 1.0+0.0a
SRATE LD 0.00.0a 0.020.0a 0.0+0.0b 0.0+0.0c 0.2+0. 1¢ 0.8+0.1b 0.9+0.0b
FPE VB e AR R R 25 5
F4 MNEEKERSEEURHZENXR
Table 4 The relationship between the growth cone of wheat and the days of vernalization
FALAL IR Vernalization 5541 Weak winterness &N Winteness 844 Strong winterness
0d SR SR SR
10d SR SR SR
20 d DR SR SR
30 d DR DR SR
40 d DR DR DR
50 d DR DR DR
60 d DR DR DR

SR FtE]; DR 83
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FARF LSRR, 559 2k R 1) B R R BRI — il
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Z(E5), 5 AW, SR ATE 1 A F 22K : 2§ 7 3
(E5), H;;q Date
HAREA AT A TRIHRE 0 P8 1Y 55 4 PR L A b ofE Ak
J5 B ZEBERC 24l 0. 729—0. 774 ( SZi{E Ky 4. 333—
4.867) , 2&ANEELFI R 0. 717—0. 738 (5L {H Ky 4. 700—
5.033) 3B ANE SR 0.699—0. 712 (SZIMME N 5. 167—5. 667 ) AnEAL G FOZEBER R /NN . 55 4 P> & 1 >0
ZNE ORI R SRR AL 5 SEME I AEAE RS X B N TSR N An i E i T 1 5, R 3 Ay
FEANET |, 55 4Pk i R bR ME AL S (25 BE B0 0. 321—0. 328 ( SZI{E 2 2. 033—2. 100) , &Pk 5l -k 0. 317—
0. 324 ( SZIE K 2. 100—2.367) , #RAPEM A A 0. 312—0. 321 (SLIE Hy 2. 400—2. 567 ) ;4 H A& Fhmt, 554
P SRR ELL 5 2R BRI 0. 286—0. 297 (SEIAE A 1. 533—1.733) , &M i Fh R 0. 252—0. 266 ( SEE N
1.767—1.967) , &M AP A 0. 249—0. 265 (SEI{E R 3. 133—3.367) ;5 A (& Fhist, 55 1k S AbrEfb J5
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Fig.4 The temperature of farm in March, April and May 2010
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HYZEBEECA 0. 156—0. 179 (SLMA{E K 1. 000) , Z&PE S Fi A 0. 139—0. 152 (SZMAE A 1. 000) , 55 214 & A iy

0. 139—0. 147 (SEMAE N 1. 000) , FrifEfl e B ZEBERHEF O - S5 41> &AMk S TR A, AR HL S Al bR HEALAEAT
TESS R SHEASE X

RS NEHMEEREEURBZENXER

Table 5 The relationship between the heading of wheat and the days for vernalization

gl A #/d 54 XAk SRAME

Sowing date Vernalization Weak winterness Winterness Strong winterness

3 H March 0 HD HD N
10 HD HD N
20 HD HD HD
30 HD HD HD
40 HD HD HD
50 HD HD HD
60 HD HD HD

4 H April 0 N N N
10 N N N
20 HD N N
30 HD HD N
40 HD HD HD
50 HD HD HD
60 HD HD HD

5 H May 0 N N N
10 N N N
20 HD N N
30 HD HD N
40 HD HD HD
50 HD HD HD
60 HD HD HD

HD . fil1 78 ; N R Al 7

ZXEEH Stem tillers

—_

/

09-08 10-08 11-08 [ 03-08/0d 03-08/10d 03-08/20d & 03-08/30d
@ 12-08 01-08 B 0208 ©03-08/40d 5 03-08/50d @ 03-08/60d
0 4
8 = b i & 3
6 5 o o omon R B W N
o i i i i i Y 0
1 2 3 4 5 6 7 8 9 10 11 12
/ /
04-08/0d 04-08/10d @ 04-08/20d @ 04-08/30d 05-08/0d 05-08/10d & 05-08/20d & 05-08/30d
04-08/40d B 04-08/50d @ 04-08/60d 05-08/40d B 05-08/50d @ 05-08/60d
4 2
2
0

0
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
fnFh Varieties

B5 ATREEPMELRERN/NEZERNTE

Fig.5 The diversification of stem tillers in different sowing date and vernalization days
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2 ErHEdE(E ),

HARBA LA , ARG P9 0 55 4 S A bR AL 5 )/ NSO 351 0. 941—0. 962 (SR Sk 15. 133—
15.967) , &NEMA A 0. 918—0. 943 (SZM{E N 15. 433—15. 767 ) , 5 & 5 Fl kg 0. 877—0. 906 ( SZiMAE Ky
15. 633—15.967) , /INEEUK /N Ry - 554 M > ZANES TR A £ A N AR EAL (S S0 E I A e X, AN TH
FEALEET 3 A AR RERIET , 554 M S AP bR fE AL 19/ INEEEICH 0. 790—0. 825 (SEI{E 4 12.733—13.500) , 41k
A FPA 0. 754—0. 788 (SEPAE A 12. 400—13. 033 ) , 58 & P 5 Bl ol 0. 741—0. 775 (SEIAE A 10. 933—
11.517) ;4 A&, 5540k AR AL IS 0/ INEECH 0. 789—0. 867 (SEIME A 12.733—12.940) , &1
Ak 0. 691—0. 812 (SZMIMEH 11.650—12. 867 ) , 5 A S Fi ok 0. 643—0. 757 (SZMIMEH 12.167—12.933) ;5
F BRI 55 4 1 5 R AR HE AL S /N BCR 0. 770—0. 792 (Sl K 12. 520—13. 120) , & 1 & Fl ok
0. 679—0. 776 (SLIMUE K 13.075—13. 444 ) |G APE AR 0. 753—0. 781 (LA A 12. 500—13. 267 ) , /Ml
BRI/ Ry 5944 ST AN R RIS B/ N AR AL (5 MBI AR RS LI

/

B 09-08 & 11-08 B 03-08/0d § 03-08/10d B 03-08/20d & 03-08/30d
12-08 02-08 7 03-08/40d B 03-08/50d § 03-08/60d
20
10
2 R : i
2 71 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
4
) / /
= B 04-08/0d [ 04-08/10d B 04-08/20d 7 04-08/30d
1%2 04-08/40d @ 04-08/50d 04-08/60d
-

fmfh Varieties

Ee6 AREFBHMEURBERNNENIBHEL
Fig.6 The diversification of spikelets in different sowing date and vernalization days
L. 1l14€ 835532 353 20,3 . 753 2254 . LR 14,5 1148 15;6: 25111 0087 : L4 6648 5532 19,9 14 16510 32 12,11 484 1912 1L
4 2413

2.2.5 /NETREMEMAS LM ZE R

ARSI R A A TR EI7E 10 A8 11 A KM, SRR I AR | TR S P T R
P T), NTHEMSKMT, M HE N, Tk 5 0 ke (& 7) .

FARE AL AT, A TR 309 A 1 55 4 M i b A o Ak 1) -2 B2 P-4 0. 914—0. 956 (SETNE Sy 44. 442—
54.700) , &S FI A 0. 918—0. 956 ( SZi{E 4 47. 225—50. 058 ) , 58 2 P 5 Fl kg 0. 888—0. 927 ( SZili{E Ky
47.542—49.391) AN [RIZE A Fh TR0 5 KN A L i A > A > 55 4, R ) AP 43 28 T 7 0 A9 s o 1 1 I 52
ME 2 (B EAFAERAR S X G, N THEASKMHT 3 A GR35 40 5 Rk vE LS 59 TR 8 R 0. 693—
0. 813 (SZIME A 36. 075—44. 050 ) , &1k FFf N 0. 654—0. 687 ( SZIMAE N 33. 933—40. 467 ) , 5 &M 5 Fh ol
0. 542—0. 673 (S 34. 040—35. 830) ;4 H AR #E RS, 55 4 M b B bR 1AL J5 19 TR 84 0. 639—0. 762
(SEINE A 32. 860—40. 520 ) , 2 S A A 0609—0. 673 ( SZH{E A 31.250—33. 683 ) , 3 &M i Ff ol 0. 494—
0. 608 ( SZMME A 31.550—33.683) ;5 H M #EFh T, 55 &M M AR MEAL 5 19 TR 4 0. 609—0. 687 ( SEIAE A
31.300—37.480) , &M i Fl ok 0. 537—0. 599 ( SZl{E Ry 28. 083—32. 663 ) , 5 AP S A 0. 414—0. 494 (5
DIE A 29. 175—30. 700) , N TR NS4 TR EINE Y 554> > & v, N & 25T
7 T AR A 1 B8 SB[ R A7 A E s 2e U
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Fig.7 The diversification of thousand seed weight in different sowing date and vernalization days
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