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Analysis of high and stable yield characteristics of “Kn199” winter wheat cultivar

ZHAO Hui'?, ZHANG Wei'?, WANG Jing', JI Jun"?, WANG Zhi-Guo', LI Jun-Ming"*

(1. Center for Agricultural Resources Research, Institute of Genetics and Developmental Biology, Chinese Academy of Sciences,
Shijiazhuang 050022, China; 2. State Key Laboratory of Plant Cell and Chromosome Engineering, Beijing 100101, China; 3. Col-
lege of Biological Science and Engineering, Hebei University of Science and Technology, Shijiazhuang 050018, China)

Abstract “Kn199” winter wheat cultivar is 1RS/1BL translocation line and derivative of octoploid synthetic Triticum aestivum and
Elytrigia elongata species. It has excellent frost hardiness, winter survival, drought tolerance, hot/dry wind resistance, onsite adapta-
bility and yield stability. Its robust root system facilitates high water absorption and nutrient uptake at the depth of soils especially
under drought stress conditions. In this study, nitrogen and phosphorus use efficiency (NUE, PUE) of “Kn199” under reduced and
optimum nutrient supplies were investigated in relation to yield potential under limited irrigation conditions. A field experiment was
set up in 2008 where wheat yield traits such as pre-winter tiller number, post greening plant number, filling spike number were inves-
tigated. Wheat plant tissues were also taken at different growth stages and the 1000-grain weight, per spike grain, per plant spike,
yield index and sterile spikelet measured after harvest. The results showed that “Kn199” accumulated more dry matter with a greater
distribution in kernels than the other genotypes under both low [120 kg(N)-hm ] and normal [180 kg(N)-hm 2] nitrogen inputs. Par-
tial factor productivity of applied N (PFPy) in the nitrogen-saving trial was 54.4 kg-kg™ for “Kn199”, yielding 6 532.5 kg-hm™ un-
der 120 kg'hm™ N supply. It was 40.6 kg-kg™', yielding 7 312.5 kg-hm™ under 180 kg-hm™ N supply. Under lower phosphorous
input of 60 kg(P,0s)-hm™ in long-term nurseries, “Kn199” exhibited the most desirable PUE attributes such as high tillering capacity,
spike formation and harvest population. With sufficient soil water prior to winter, one or two times of irrigation in spring was enough
for “Kn199” to yield 7 500 kg-hm™ in North Huang-Huai winter wheat cultivation region. Under the adverse and severe climatic

conditions such as extreme frosts, droughts and hot winds, “Kn199” cultivation benefits stable grain yield and food security in the
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1.2.2 F2 BEREAFEALEMEMERE
« 199” Table 2  Application rates of different fertilizers of phosphorous
input treatments of nutrition-pool test kg-hm™
, 12 gkg™, 68
mgkg™!, 53 mgkg™!, 86 mg-kg™! Treatment  (NH,HPO;  (NH;),CO KCl
NI[60 ke(N)yhm™2], N2[120 kg(N)hm], N3[180 o 230 1210 720
[ R & md & m ; P2 169.0 102.2 72.0
kg(N)-hm™]; N4[225 kg(N)-hm™]; P3 267.0 834 72.0
N5[270 kg(N)-hm™]( 1)
1.4
RIS N E S N Hi A2
%% 1 Xﬂﬂﬂir“ﬁﬂmz_ﬂzkﬂlﬂﬂfimﬁﬁlﬂﬂg 113 199” 113 4399” 113 6172”
Table 1 Application rates of different fertilizers of nitrogen
input treatments of the production test ~ kg-hm™ « 187« 157« 41857, “ 4185”7
Basic fertilizer Top dressing fertilizer 2009 10 5 12
Treatment ’
(NH,CO (NH.),HPO, (NH,CO 10 mx1.8 m 10 m, 15 cm, R
NO — — — 300 hm?, , 3
N1 — 300.0 — 1 m R
N2 150.0 300.0 — 1 ,
N3 150.0 300.0 130.5
N4 150.0 300.0 228.0 ’ ’
NS 150.0 300.0 325.5 ;
, 10 il
2008 10 6 4 s
1 , 15 cm, 255~270
hm™ , , (%)=4 /
~ ~ 2 ( *4) ()
, 5 > 1 (%)= / x100% (3)
m’ . 10 , (%)= / (4)
, 33x107° hm? 225 kg-hm™ 300 kg-hm ™,
B; 225 kg-hm™, 22.5 kg-hm™
(kg'kg )= (kg-hm™)/ 150 kg-hm™>, 1 G 22 )
(kg'hm™) (1 (3 22 5 2 )+
1.3 6 2 ) , 50 m’
“ 1997 “  4185” 4 3
(P,0s5)  : PO(0), P1(60 kg-hm™), P2(180 kg-hm™), P3
T2 x3 KO EHIRLE R E A8 ER B H
(360 kg-hm™)
’ Table 3 Dates of irrigation of different treatments of water test
, 2 mx2 m 8 25 —
(- ) Irrigation date (month-day)
cm, 180 ‘hm™?, 4
Treatment
2008 10 13 Re-greening stage Booting stage Filling stage
, wo — — —
Wi 03-22 — —
w2 03-22 05-02 —
’ ’ W3 03-22 05-02 06-02
R 3 1.5
2 1.5.1 2008~2009

13 4185” 13
199”5

61727 *“ 52657

13 828” 113
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“ 41857 <« 61727 ¢ 828” ,
« 19974 10 6 ,
22009 11 2
“ 199”
, , 1 ,
3 23 )
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Microsoft Excel 2003 5 , ( 60 kg-hm™)
2 ERESH 19’9,, Coerg
2.1 “ 1997 54.29% ( 180 kgthm™) ,« 199”7
2.1.1 (8.40 g- B
4 ’ ’ ) )
(NT) ; , 180 kg-hm™ 60 kg-hm™, « 1997 «
« 547>¢ 41857>¢  4117> 9204” < 418573
1997>< 92047; s 547>« 199”> ,
“ 41857 411> 92047; o , , g
547> 199> 4117>¢ 41857>“  9204”; 199”
D 1997>%  41857>% 9204”>« 411>
4

Table 4 Dynamic changes of dry matter accumulation of different wheat varieties under two nitrogen levels  g'm

-2

Nitrogen level

[kg(N)hm™] Variety Jointing stage Flagging stage Flowering stage Mature stage

60 199 Kn199 217.85 648.72 884.59 1 847.86
(N1) 4185 Shi4185 223.35 633.58 863.27 1836.26
411 Jing411 218.83 612.56 880.36 1522.83

54 Xiaoyan54 237.66 684.42 892.48 1 482.60

9204 Kn9204 208.91 596.73 845.64 1773.69

180 199 Kn199 371.75 980.62 1384.83 3206.95
(N2) 4185 Shi4185 368.06 975.68 1360.55 3187.60
411 Jing411 328.44 984.38 1280.75 2841.87

54 Xiaoyan54 373.27 991.35 1332.88 2952.16

9204 Kn9204 308.94 946.73 1320.46 3 046.50
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2.1.3 (NO) 6 390 kg-hm™?,
( 6) , (N1 N2) (NO)
, ( 60 kg-hm™) D« (N3)
9204”> « 1997>«  41857>%  4117> 547, , (N4 N5)
( 180 kg-hm™?) D 9204”> 7 (N2)“ 199”
“41857> « 199>« 547>« 4117, 6 532.5 kg'hm™, 54.4 kgkg™;
, “ 199~ (N3)« 1997 7 312.5 kg-hm?,
40.6 kg'kg 225
, el kg'hm?(N4 N5) ,
6 , 60 kg-hm™ ,
Do« 92047><  4117>“ 2.2 « 199”
1997« 41857>« 54”; 180 kg-hm™ 8 , 1997 «
S 02047>¢ 41857> 1997>“  4117>  4185” ,
« 547 , « 180 kg'hm™2(P2) ,
199” , (60 kg-hm™) 1997
, (180 kg-hm™) “ 4185
60 kg'hm(P1) 180 kg'hm%(P2) 360 kg-hm*(P3)
( 7, « 199> , 59.49% 36.86% 31.41%
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Table 5 Dry matter accumulation and distribution of different wheat varieties during maturity stage under two nitrogen levels

Stem and leaf Glume Grain
Nitrogen level . Accumulation
[kg(N)-hm 2] Variety Distribution ~ Distribution Distribution amount Distribution Distribution amount Distribution per plant
amount (gplant™)  ratio (%) (g-plant™) ratio (%) (g-plant™) ratio (%) (®
60 199 Kn199 4.37 35.36 1.28 10.35 6.71 54.29 12.36
(N1) 4185 Shi4185 4.56 37.44 1.30 10.67 6.32 51.88 12.18
411 Jing411 3.65 35.61 1.44 14.05 5.16 50.34 10.25
54 Xiaoyan54 3.46 35.97 1.18 12.27 4.98 51.76 9.62
9204 Kn9204 4.17 35.19 1.15 9.70 6.53 55.11 11.85
180 199 Kn199 10.15 46.43 3.31 15.14 8.40 38.43 21.86
(N2) 4185 Shi4185 10.11 45.79 3.58 16.21 8.39 38.00 22.08
411 Jing411 9.07 46.87 2.92 15.09 7.36 38.04 19.35
54 Xiaoyan54 8.90 43.76 3.54 17.40 7.90 38.84 20.34
9204 Kn9204 10.03 46.24 3.18 14.66 8.48 39.10 21.69
*6 AREABKETAREmIFLK~ER=EMHER
Table 6 Yield and yield components of different wheat varieties under different nitrogen levels
T}i(tgr?Ng%rl?z? Variety 1000-grain weight (g)  Grains per spike  Spikes per plant ~ Grain weight per plant (g) ~ Harvest index (%)

60 199 Kn199 38.00 34.28 4.00 5.20 49.38

(N1) 4185 Shi4185 37.88 32.05 4.10 4.96 48.78

411 Jing411 38.66 3237 3.20 4.46 50.05

54 Xiaoyan54 35.60 31.22 3.70 4.12 48.38

9204 Kn9204 38.34 34.45 4.00 5.25 50.60

180 199 Kn199 38.65 30.60 6.60 7.85 39.43

(N2) 4185 Shi4185 38.80 30.85 6.40 7.90 39.67

411 Jing411 38.90 30.80 5.80 6.70 38.74

54 Xiaoyan54 36.55 28.40 7.20 6.95 38.67

9204 Kn9204 38.70 30.80 6.70 8.10 40.50
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199”7« 4185” 187> 41857>% 1997>  6172”( 9)
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180 kg-hm *(P2) 2009 11 ,
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, , 3.39%( 10),
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131.6%( PO PI1) 42.5%( PI  P2) 12.0%( 10*hm, 9 199”7
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, 180 kg-hm™*(P2) 2010 3 25
, , 163.5~241.5 hm™
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Table 7 Effects of nitrogen input on yield and yield components of “Kn199” in the production test

Nitrogen leyzel S[likesi2 Grains per spike 1000-grain weight Yieldﬁ2 Partial factor productivj]ty from applied N
[kg(N)-hm™] (x10"-hm™) (& (kg'hm™) (kg'kg™)
0 (NO) 609.0 33.2 38.8 6390.0 —
60 (N1) 621.0 33.5 38.5 6487.5 —
120 (N2) 618.0 33.7 38.5 6532.5 54.4
180 (N3) 657.0 34.4 39.0 7312.5 40.6
225 (N4) 678.0 34.8 39.1 7 725.0 343
270 (N5) 697.5 34.5 39.0 7 837.5 29.6

RE  AREIHABAK T X «FE K 1997 7= 2 1K HY 2 1
Table 8 Yield traits of “Kn199” under different phosphorus levels

Phosphorus level [kg(P20s)-hm™] Variety Tillers before winter (x10* -hm™) Spikes (x10* -hm™?) Yield (kg'hm™)

0 (P0) 199 Kn199 0 100.7 2417.5

4185 Shi4185 0 97.0 2530.0

60 (P1) 199 Kn199 126.0 161.3 5 600.0

4185 Shi4185 79.0 167.7 5425.0

180 (P2) 199 Kn199 177.0 2283 7982.5

4185 Shi4185 129.3 2383 8 145.0

360 (P3) 199 Kn199 189.7 256.7 8942.5

4185 Shi4185 144.3 254.7 9105.0

#z9 TREKSULEFR M EHER
Table 9 Number of emerged seedlings of different wheat varieties under different irrigation treatments ~ 10*hm™
Variety W W1 w2 W3 Average
4185 Shi4185 295.5 295.5 297.0 297.0 296.3
15 Shimail5 295.5 298.5 298.5 298.5 297.8
199 Kn199 295.5 295.5 295.5 295.5 295.5
18 Shimail8 295.5 297.0 298.5 297.0 296.6
4399 Heng4399 295.5 301.5 300.0 298.5 298.9
6172 Han6172 294.0 295.5 295.5 295.5 295.1
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2.3.4 (W3) 1 (W1) R
2010 3 27, R ;
12 R 376.5~ R WO W2 R
676.5 'hmfz, 499.5~730.5 “ 199~ , W3 “ 4185”7
‘hm™ “ 41857 “ 1997 ; 4 ,
32.6%, «“ 157« 199~ “ 157 199~ ,
8%, )
, 30%~40%
, 286.5~457.5 ‘hm™>, 1
, (W1) 316.5~525.0 ‘hm™, 2
w2) 3 (W3) 390.0~529.5
2.3.5 hm? 6 1 (W1)
, 2009~2010 10% ,2 (W2)
5 6 2 2010 ,
6 8 13 ) ,
( ) 10% , 6
( ) 2 (W2) 3 Bl 6
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Table 10  Tiller number before winter of different wheat varieties under different irrigation treatments
Tiller number before winter (10*hm™>)
Variety WO Wi W2 w3 Average tillering rate (%)
4185 Shi4185 1015.5 1 008.0 982.5 987.0 3.33
15 Shimail5 958.5 961.5 979.5 967.5 3.22
199 Kn199 1018.5 1021.5 1 009.5 1015.5 3.39
18 Shimail8 940.5 967.5 955.5 946.5 3.18
4399 Heng4399 937.5 951.0 940.5 958.5 3.16
6172 Han6172 924.0 921.0 916.5 937.5 3.08

F 11 BEKIIARENE MG EEA RN
Table 11  Effect of spring irrigation on winter survival of different wheat varieties
WO Wi
Variety Plant number after re-greening Winter survival rate Plant number after re-greening Winter survival rate
(x10*hm™) (%) (x10*hm™) (%)
4185 Shi4185 163.5 553 189.0 64.0
15 Shimail5 228.0 77.2 241.5 80.9
199 Kn199 198.0 67.0 216.0 73.1
18 Shimail8 187.5 63.5 210.0 70.7
4399 Heng4399 199.5 67.5 214.5 71.4
6172 Han6172 199.5 67.9 210.0 71.1

F12 BEKMARENERMBEEFHEKBZIE

Table 12 Effect of spring irrigation on tiller number of different wheat varieties during re-greening stage

Variety

W0

Wi

Tiller number (x10*hm™?)

Tillering rate (%)

Tiller number (x10*hm™)

Tillering rate (%)

4185 Shi4185
15 Shimail5
199 Kn199
18 Shimail8

4399 Heng4399

6172 Han6172

376.5
676.5
598.5
481.5
580.5
541.5

2.30
2.97
3.02
2.57
291
2.71

499.5
730.5
645.0
597.0
631.5
603.0

2.64
3.03
2.99
2.84
2.94
2.87
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Table 13 Effect of different water treatments on the yield components of different wheat varieties
4185 15 199 18 4399 6172
Yield component Irrigation treatment Shi4185 Shimail5 Kn199 Shimail8 Heng4399 Han6172
Wwo 286.5 457.5 414.0 331.5 351.0 3435
Spikes wi 316.5 525.0 474.0 385.5 409.5 402.0
(x 10* .hm*2) w2 390.0 529.5 490.5 438.0 463.5 456.0
w3 393.0 526.5 478.5 445.5 468.0 457.5
Wwo 19.4 18.9 19.0 19.8 19.2 19.3
Spikelets per plant Wi 205 19.9 19.3 20.3 19.5 19.5
w2 20.4 20.1 19.2 20.4 19.5 19.6
W3 20.7 20.0 19.6 20.6 19.3 19.9
WO 29 4.1 2.8 3.6 2.8 3.1
Sterile spikelets per Wi 22 3.7 2.2 3.1 2.4 2.8
plant w2 1.9 3.8 1.8 2.7 2.1 2.5
w3 1.8 35 1.9 2.4 2.1 2.5
Wwo 36.2 35.5 35.8 36.1 35.7 35.8
Grains per spike Wi 37.2 36.5 37.2 37.4 373 37.2
w2 37.5 36.6 37.2 37.9 37.6 37.4
W3 37.8 36.5 37.3 38.1 37.7 37.5
F 14 ARREKSLEFRAE/NEZMITFR A BN~
Table 14 Effect of different water treatments on grain weight and yield of different wheat varieties
4185 15 199 18 4399 6172
Item Irrigation treatment Shi4185 Shimail5 Kn199 Shimail8 Heng4399 Han6172
Wwo 38.0 37.1 37.2 37.5 37.2 37.3
1000-grain Wi 39.6 39.2 39.4 39.5 39.4 39.5
weight (g) w2 41.0 40.1 40.2 40.9 40.4 40.5
w3 423 40.5 40.8 42.4 40.9 41.2
) 3432.0 5539.5 4815.0 3792.0 3930.0 3766.5
Yield W1 4429.5 7 506.0 6751.5 5338.5 5 658.0 5448.0
(kg'hm™) w2 5416.5 7 647.0 71535 6 649.5 6 667.5 6573.0
w3 6 094.5 7 654.5 7152.0 6 880.5 6 993.0 6 766.5
F 15 2008~2010 FERE/NERMH=EHRN
Table 15 Yield potentials of different wheat varieties in different years
2008~2009 2009~2010

Variety

Yield potential (kg-hm™)

Increase rate (%)

Yield potential (kg-hm™)

Increase rate (%)

4185 Shi4185 (CK)
6172 Han6172
5265 Ji5265
828 Shixin828
199 Kn199

8397.0
8517.0
8 646.0
7 449.0
8 628.0

— 6153.0
1.4 6705.0
3.0 —

-11.3 6904.5
2.8 7 069.5

9.0

12.2
14.9
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