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Effects of Foliar Application of Chelated Titanium on Dry Matter
Accumulation and Yield of Late-Sown Winter Wheat

Hu Meilin' , Wang Xuehui' , Guo Fei*, Zhang Zhilin' , Cheng Fan', Tian Wengqiang',
Yang Weijun', Chen Guangzhou', Wang Jianhua®, Zhang Jinshan'
(1. College of Agriculture, Xinjiang Agricultural University, Urumqi, Xinjiang 830052, China; 2. Agricultural Technology Extension
Center, Tacheng Prefecture, Xinjiang 834700, China; 3. College of Agriculture, China Agricultural University, Beijing 100193, China)

Abstract: To investigate the effects of foliar application of chelated titanium on dry matter accumula-
tion and yield formation in late-sown winter wheat in Xinjiang. as well as to determine the optimal ap-
plication timing and concentration, the study used Xindong 18, a winter wheat cultivar cultivated in
the Ta’er Basin of Xinjiang. A two-factor split-plot field experiment was conducted at the demonstra-
tion base of the Tacheng Agricultural Science Research Institute in the Ta’er Basin from 2023 to 2025.
The main plots were set up with two foliar application stages: the booting stage(D1) and the flowering
stage(D2). The subplots were set up with four application concentrations: 0 pmol « L™'(CO, distilled
water control), 376 pmol « L™'(C1), 501 pmol «+ L7'(C2), and 626 pmol « L™'(C3). We measured
and analyzed the characteristics of wheat agronomic traits, dry matter, grain filling progress, yield,

and yield components under different treatments. The results showed that under D1 conditions, com-
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pared with CO, C2 exhibited the greatest increases in wheat plant height, average stem diameter, and
spike length in both years. In 2023—2024 and 2024 —2025, dry matter accumulation of C2 increased
by 25.57% and 14. 20% , yield increased by 5

port efficiency, grain filling rate, grain filling duration. and number of grains per spike all increased

.06% and 9. 45% , respectively, while dry matter trans-

significantly. Under D2 conditions, the application of chelated titanium had no significant effect on
wheat plant height, average stem diameter, or spike length; compared to CO, dry matter accumula-
tion in C2 increased by 20.99% and 15. 35% , yeid increased by 4. 65% and 6. 54 % for the two consec-
utive years, respectively, while dry matter transport rate, grain filling rate, grain filling duration,
Overall, the DIC2 treatment had the best

effect on promoting the growth and increasing the yield of late-sown winter wheat, which can address

and thousand-kernel weight all increased significantly.

the yield reduction issues caused by reduced dry matter accumulation and shortened grain-filling dura-

tion in late-sown winter wheat.

Keywords: Late-sown winter wheat; Chelated titanium; Dry matter; Yield
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Fig.1 Temperature and precipitation throughout the growth period of winter wheat over the two years
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Table 1 Soil basic fertility indicators at 0—20 cm depth
. A B Alkaline A A A £ i
AEA)y Organic hvdrolyzable Available Available Total Total Total o
Year matter/ ydrolyzable phosphorus/ potassium/ nitrogen/ phosphorus/ potassium/ b
nitrogen/ 1 1 1 ) 1 1
(g kg™ (mg + kg~ 1) (mge+kg ') (mgekg ') (gekg D) (g kg V) (g kg )
2023 24. 46 46 15.4 143 0.27 1.16 14. 06 8.21
2024 24. 26 41 38.9 193 1.62 1. 30 7.37 8.69
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Fig.2 Changes in agronomic traits of late-sown winter wheat under different treatments
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Fig.3 Changes in dry matter accumulation per plant of late-sown winter wheat under different treatments
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Table 2 Dry matter allocation at maturity stage of late-sown winter wheat under different treatments

¥rki Grain T4k 45 5% Spike axis+glume M Leaf ZE4- 145 Stem + leaf sheath
VO e R i b cilatiy i SEE i Gl it
< < Allocation Ratio Allocation Ratio Allocation Ratio Allocation Ratio
amount/g amount/g amount/g amount/g
2023— D1CO 1. 49e 0. 45 0. 54a 0.17 0. 14d 0. 04 1.11d 0. 34
2024 DI1C1 1.89b 0. 56 0.21f 0.06 0. 15¢ 0. 04 1.12d 0.33
D1C2 2.02a 0. 56 0. 18f 0.05 0. 16a 0. 04 1. 26a 0. 35
D1C3 1.77¢ 0.51 0.41c¢ 0.12 0.15b 0. 04 1. 18¢ 0. 34
D2Co 1. 48e 0. 46 0.50b 0.16 0. 14d 0. 04 1.11d 0. 34
D2C1 1.67d 0. 50 0.42¢ 0.12 0. 14d 0. 04 1.12d 0.33
D2C2 1.90b 0.53 0. 30e 0.08 0. 15a 0. 04 1. 24b 0. 35
D2C3 1.76¢ 0.51 0. 35d 0.10 0. l4c 0. 04 1.19¢ 0. 34
2024— DICO 1.60g 0.44 0.56b 0.15  0.29e 0.08 L17ed 0.32
2025 DI1C1 1.81d 0.49 0. 38e 0. 10 0.29d 0.08 1.17cd 0.32
D1C2 1.91b 0.49 0.45d 0.11 0. 33a 0.08 1.23a 0. 31
D1C3 1. 66f 0. 44 0. 62a 0.16 0. 30c¢ 0.08 1. 20b 0.32
D2Co 1. 60g 0. 45 0. 55bc 0.15 0. 28e 0.08 1. 15e 0.32
D2C1 1. 74e 0. 46 0. 58ab 0.15 0. 29 0.08 1. 16de 0. 31
D2C2 1. 96a 0.49 0. 50cd 0.13 0.31b 0.08 1.23a 0. 31
D2C3 1. 85¢ 0. 47 0. 60ab 0.15 0.29d 0.07 1.21b 0. 31

[ 3] B3 5 R[] /N 7 B 3 73 () I it B 300 P A [ e B 22 1 2% 5 W 3 (P <<0..05) . T &[],
Different letters indicate significant differences among different concentration levels within the same application stages at 0. 05 level.

The same in tables 3 and 5.
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Table 3 Characteristics of dry matter transport before and after anthesis of late-sown winter wheat under different treatments

AL W T 9 BT G T YR
R b 7 Dry matter before anthesis Dry matter after anthesis
Year  Treatment i iz AR ik S Tk
Transfer amount/g Transfer rate Contribution rate Accumulation/g Contribution rate

2023— D1Co 0. 70e 0. 36¢d 0.47b 0.78e 0.53d
2024 Di1C1 0.81c 0. 39a 0. 43de 1.08b 0.57ab
D1C2 0. 90a 0. 39a 0. 44cd 1.13a 0. 56bc

D1C3 0.87b 0. 40a 0. 50a 0.90d 0.51e

D2Co 0. 70e 0.36d 0.47b 0.78e 0.53d

D2C1 0.75d 0.37b 0.45¢ 0.92d 0.55¢

D2C2 0. 81c 0. 37bc 0. 43e 1.08b 0.57a

D2C3 0.75d 0. 36¢d 0.43e 1.01c 0.57a

2024~  DICO 0.64d o3t 0.40c 0.96d 0.60c

2025 DiC1 0.69b 0.32cd 0.38d 1.13b 0.62b
Di1C2 0.77a 0. 33ab 0. 40bc 1. 14b 0. 60cd

D1C3 0. 76a 0. 34a 0. 46a 0. 90e 0. 54e

D2Co 0.67c 0. 32de 0.42b 0.93d 0.58d
D2C1 0.71b 0. 33bc 0. 41bc 1. 03¢ 0.59cd

D2C2 0. 70b 0.31le 0. 36e 1. 26a 0. 64a

D2C3 0. 70b 0. 32de 0.38d 1. 14b 0.62b

Y D .82 Logm 6.29© 245" 6.29©

F value C 14.83" 7 1. 27m 3.947 40,7477 3.947
DXC 3.29" 0. 83" 7.63" " 12.46" 7 7.63""

DI CoBkiR s » . P<<0. 055 x x ; P<{0.01;ns:P>0.05, T,
D: Stage; C: Titanium concentration; * ; P <(0.05; % % . P <(0.01; ns: P=>0.05. The same in tables 5.
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Table 4 Grain filling related parameters of late-sown winter wheat under different treatments

= ) =

gczﬂ; Tr(f’ftfnﬁcnt %{ﬁaﬁjﬁ tm/d Ac/d T/d (g"/nc‘l/71) R

2023— D1Co y=51.553 3/(1+ e 7611017830200 21.09 14.77 33. 20 2. 30 0.99

2024 D1C1 y=053.478 5/(1+ e 677801756790 ) 20.93 14.99 33.57 2.35 0.99
Di1C2 y=55.653 3/(1+ e 6683701730460 ) 21.09 15. 14 33. 89 2.42 0.99
D1C3 y=054.999 3/(1+ e 6543701782250 ) 21.10 15.21 34.01 2.38 0.99
D2Co y=052.727 4/(1+ e 7584701756610 21.37 14. 99 33.69 2.32 0.99
D2C1 y=056.192 6/ (14368770 17120100 ) 21.17 15.12 33. 87 2.45 0.99
D2C2 1/(1+ (385350, 17247500y 21.18 15.27 34.15 2.48 0.99
D2C3 2/ (14 (3680970, 1735600 21.21 15.18 33.98 2.47 0.99

2024—  DICO  y—55.43 55/(1+ et w02y 15.96 1259 27.73 290 0.99

2025 DiC1 y=056.555 2/(1+ e 8167702068290 ) 16. 04 12.73 28.01 2.92 0.99
D1C2 y=58.121 5/ (14 e 2486020078200 ) 16.18 13.12 28.75 2.92 0.99
D1C3 y=56.718 0/(1+e3-805270.2063670) ) 16.02 12.76 28.06 2.93 0.99
D2Co y=55.033 0/(1+ 3 368070. 21214700 ) 15. 88 12.42 27.38 2.92 0.99
D2C1 y=057.464 3/(1+ 3285702037440 ) 16.12 12.93 28.39 2.93 0.99
D2C2 y=058.364 8/(1+ e 2447-0.20071300 ) 16.17 13.12 28.76 2.93 0.99
D2C3 y=57.461 0/(1+ e 2811702014060 ) 16. 05 12. 89 28.29 2.94 0.99

o FORHESR AR BN ] 5 A s POHE IR EE T A] 5 Vi T RHER R, T MR G KRB

tm:

Time of maximum grain-filling rate; Az: Duration of rapid growth period; Vi, :

grain-filling stage.

RS FRLBTHRBELSNEFEREMA

Table 5 Yield and its components of late-sown winter wheat under different treatments

Maximum grain-filling rate; T: Duration of total

AEfy POl ik TR L TR ;e

Year Treatment  Spike number/(X10* « hm™?) Grains per spike 1 000-grain weight/g Yield/(kg « hm™?)

2023— D1Co 746.3947.52a 38.53740.31d 40, 1140. 71cd 8 298. 71479, 06de

2024 D1C1 732.50+6.51b 39.6740.50bc 41.0340. 63abce 8 450. 93488. 02bed
D1C2 746.39+8. 83a 41.6740. 31a 41.2140. 21ab 8 718.32496.01a
D1C3 755.004+12. 33a 40, 2740. 42b 41.1540. 67ab 8 623.134190. 55ab
D2Co 751. 6745, 20a 38.80+0.53d 38.9740. 60e 8 214. 62455, 27e
D2C1 744, 44+3. 76ab 36.4040. 60e 39.7140. 63de 8 287.434105. 77bde
D2C2 748.33+8.21a 37.0040. 40e 41.3340.47a 8 596. 60+81. 90abc
D2C3 746.3943. 85a 38.93740. 70cd 40, 2740. 57bced 8 412.574+114.97cd

S 2024—  DICO 561.04+8.03abe 37.3540.57c 16.6640.68b 6571164121, 71

2025 D1C1 569. 1745, 40a 39.00+0.71b 47.5740. 58ab 6 606.284+108. 08de
D1C2 554.3849. 21c 40.9540. 66a 47.7740. 60a 7 191.89498. 00a
D1C3 556.67+6. 45bc 39.3040.76b 47.8240.50a 6 853.00+121. 56bc
D2Co 558. 9248, 95abc 37.3040. 53¢ 45,3040. 79¢ 6 569.914143. 66e
D2C1 566. 25+ 8. 28ab 37.1540. 30c 46, 5540.033b 6 738.18463.57cd
D2C2 558. 9614, 23abc 37.4540.72¢ 47.7840. 95a 6 933.914+99.01b
D2C3 555.58+7. 80bc 38.0040. 59¢ 46,5540, 43b 6 873.01474. 82bc

F®8 D o001  orsac 0.8 0.105%
F value C 0.002ns 12.56" " 0.61m 0. 694"

DXC 0. 005" 19. 89"~ 0. 10 0.034n
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B AR 23 AR/ IN 22 ks 2R M R T Ak
PBAEY KBS R (I AR EE . CBEEH
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SHARDS L BRI R B, 7R K Ay 7 B e R
T TR 6 6 05 24 VR B2 0 THO, 34 3 ik s /N R
PR ARG 2 B Al 2 B L i T i B A K
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FEIAWEAE 501 pmol « L0 B A EKAUR e £, T i
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FETTAE i 25 A Bkt . B/ 22 8 AR S8 U &
AL AR SR B
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W% /N2 T 4 o AR R 0D O TR
300 57 388 v U T 30, DA R 0 R R R . AR A
AR XN T Y R R 5 K s A
EVATTERT L Flh AN T A 3 e i
L4 2 2 AT W 35 0 it T 40 ot FR 8 B G ) RS 11 43
JC 200 s 30 05 ol 38 T e K A 19 R 4R D 3 T 4R
INFEHUOE AR T BT A R R
SO W e VS R 0 A /N 22 I TR A o
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BRI R IR R AN T R BRI AE A R T
4 J5T 1) A 3 B . HL v 2 R i 501 pemol .
L B ARG B T B 3R AR 43 4
25.57% F 14. 20 % , I 42 #F 9y 5 [a] HF Rr 1Y 43
B, BESE PR AL AT S5 2 ML S W R B R R, R
MR 45 /N 22 1 7 B4 ) o il
3.3 EAUMBBLNEZEREERNZIE

I T e A 420 A K R R B9 4 BB B A /N A2
VU T 3 B . A 0D I 8 R e it
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RS L T A S S Y S W T % il /N 22 0
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pmol « L1 ZE G Bk 34 T $& T /N 22 A7 R0 4 R N
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ARSI T it 25 5 B AR F TAPRLE A G,
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fntsd, B 6-BA B IR E/NE R L]
Ji PR 3 R R H5ORT T ok R Y R AE
W5 it 48 R 2R RS B T K o i RN AR RE T
BRI A L K BN FE K A AR L
b I N SR T ) - S =7
1o M A /N 22 R R e i, H b R 0 B 501
pmol « L1 ZEE B0 /N 22 7 5 W 4F 1 e ey o B0
FEAy BB 7= 5. 06 % F1 9. 45%
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