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Abstract

[ Objective] As an important staple crop in Xinjiang, wheat plays a crucial role in the region’s food
security and agricultural production system. In recent years, with the application of technologies such as
integrated water and fertilizer management, winter wheat yields in Xinjiang have frequently reached 12000
kg-ha. In 2023, the winter wheat yield at Qitai Farm, Sixth Division, Xinjiang Production and Construction
Corps reached 13472.85 kg-ha!, setting a new record for winter wheat yield in Xinjiang. In 2025, at the same
farm, the average yield reached 12747 kg-ha™ in 100-mu fields, 11898 kg-ha in 1000-mu blocks, 11311.5
kg-ha' in 10000-mu sections, and 10123.5 kg-ha! in a 100,000-mu demonstration area. All these
achievements broke national records for winter wheat yield, marking a leap from small-scale high-yield
demonstrations to large-scale popularization and application. Therefore, a systematic study on the yield
formation characteristics and population traits of super-high-yield winter wheat in Xinjiang will provide a
practical basis for further optimizing wheat cultivation techniques and boosting wheat yields over large areas.

[ Methods ] The experiment was conducted from September 2023 to August 2025 in Lian 22, Qitai
Farm, the 6th Division of Xinjiang Production and Construction Corps. The experiment was carried out in
two annual cycles. For the 2023 - 2024 growing season, four high-yielding winter wheat varieties (lines)—
Xin Dong 52, Ken Dong Mai 1576, Ken Dong 13154, and Ken Dong 161 — were selected. Under the
condition of integrated water and fertilizer management, a total of 4 treatments were set with a uniform row
spacing of 12.8 cm and a sowing rate of 7.5x10° seeds-ha'. In the 2024-2025 growing season, on the basis
of the experimental design of the previous year, the experiment was optimized and improved: Shidong 0358,
a high-yield variety widely promoted in Xinjiang in 2023-2024, was added, along with a narrow uniform row
spacing of 7.5 cm and a sowing rate of 6.0x10° seeds-ha™!, resulting in a total of 20 experimental treatments.
Through the combined treatments of variety, row spacing and sowing rate, different yield-level populations
were constructed in the experiment. The yield and its components of populations with different yield levels
were analyzed, and the yield components, population characteristics, as well as photosynthetic and material
accumulation characteristics of super high-yield winter wheat populations with a yield of more than 12000
kg-ha! were explored.

[ Results] (1) The number of grains per spike in the super-high-yield group was significantly higher



than that in the high-yield group in both growing seasons, with average increases of 20.00% and 3.15%,
respectively. The 1000-grain weight was also significantly higher in the super-high-yield group than in the
high-yield group, with average increases of 5.64% and 4.50%, respectively. In contrast, the effective panicle
number in the high-yield group was significantly higher than that in the super-high-yield group across the
two years, with average increases of 9.17% and 4.07%, respectively. Analysis of the contribution rate of yield
components revealed that the 1000-grain weight made the largest contribution to yield in the super-high-
yield group, followed by the effective panicle number. For the high-yield group, the number of grains per
spike exhibited the greatest contribution, followed by the 1000-grain weight.

(2) During the two-year experiment, the change in leaf area index (LAI) across the entire growth period
exhibited a single-peak curve, reaching the maximum value at the booting stage. The LAI of the high-yield
group decreased significantly faster than that of the super-high-yield group after anthesis. In the 2023-2024
growing season, the LAI of the super-high-yield group was 9.22%, 21.34%, and 16.14% higher than that of
the high-yield group at 10 d, 20 d, and 30 d after anthesis, respectively, with significant differences. In 2024-
2025, the LAI of the super-high-yield group was also higher than that of the high-yield group at all stages,
but the differences were not significant. The total leaf area duration (LAD) of the super-high-yield group was
6.32% and 3.22% higher than that of the high-yield group in the two years, with significant differences. The
net assimilation rate (NAR) and total net assimilation rate of the super-high-yield group were significantly
higher than those of the high-yield group at all growth stages, with the total net assimilation rate being 15.77%
and 21.65% higher, respectively. The SPAD value of the super-high-yield group was higher than that of the
high-yield group at all stages. In 2023-2024, the SPAD values of the super-high-yield group were 3.43%,
3.13%, and 1.64% higher than those of the high-yield group at 10 d, 20 d, and 30 d after anthesis, respectively;
in 2024-2025, the corresponding increases were 4.16%, 2.88%, and 3.37%. The grain number per leaf area
ratio of the super-high-yield group was 0.433 grains-cm™? and 0.404 grains-cm™, which were 1.96% and
0.32% higher than those of the high-yield group. The grain weight per leaf area ratio was 19.83 mg-cm™ and
20.84 mg-cm?, which were 12.99% and 15.78% higher than those of the high-yield group, with all
differences being significant.

(3) During the two-year experiment, the dry matter accumulation rate in the super-high-yield group was
higher than that in the high-yield group. The average dry matter accumulation rates were 0.315 t-ha*-d* and

0.304 t-ha'-d! for the super-high-yield group, compared with 0.300 t-ha!-d! and 0.285 t-ha!-d™! for the high-
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yield group. Total dry matter accumulation in the super-high-yield group was significantly higher than that
in the high-yield group at all growth stages, with increases of 5.83% and 6.83% compared with the high-
yield group, respectively. Among them, post-anthesis dry matter accumulation amounted to 10065.57 and
12257.72 kg-ha™ in the super-high-yield group, which were higher than 8903.48 and 11624.01 kg-ha™ in the
high-yield group.

(4) During the two-year experiment, the post-anthesis net photosynthetic rate of flag leaves, canopy
photosynthetic rate, activities of Rubisco and FBPase, as well as light use efficiency in the super-high-yield
group were all significantly higher than those in the high-yield group. In the 2023-2024 growing season, the
Rubisco activity in flag leaves of the super-high-yield group was 4.50%, 2.06%, and 3.99% higher than that
of the high-yield group at 10 d, 20 d, and 30 d after anthesis, respectively; FBPase activity was 4.08%, 2.73%,
and 3.13% higher; and light use efficiency was 17.4%, 9.1%, and 10.5% higher. In the 2024-2025 growing
season, the Rubisco activity in flag leaves of the super-high-yield group was 4.64%, 2.57%, and 2.37% higher
than that of the high-yield group at 10 d, 20 d, and 30 d after anthesis, respectively; FBPase activity was
5.10%, 3.99%, and 4.08% higher; and light use efficiency was 19.2%, 18.2%, and 21.1% higher.

[ Conclusion] The yield components for ultra-high-yielding winter wheat (over 12,000 kg-ha™") include
an effective spike number ranging from 526x10* ha'! to 626x10* ha'!, a grain number per spike of 48.0, and
a thousand-grain weight of 50.0 g or higher, with thousand-grain weight being the most critical factor for
achieving ultra-high yields. In ultra-high-yielding winter wheat stands, the number of tillers at the jointing
stage is 1.5 to 2.2 times the final number of spikes. The optimal leaf area index during the spike initiation
stage is approximately 6.5, and approximately 6 during flowering. The total photosynthetic potential is
around 300-350, the net assimilation rate of the stand is approximately 11 g:m?2-d-!, and the SPAD value 30
days after flowering is around 54. the population photosynthetic rate is around 18 pmol CO> m?s’!, and dry
matter accumulation exceeding 10,000 kg-ha'! after flowering constitutes the dry matter foundation for
achieving ultra-high yields. When using integrated water and fertilizer management technology, selecting
high-yielding varieties, applying a seeding rate of 7.5 x 10° seeds-ha™!, and maintaining a row spacing of 7.5
cm, while implementing high-yield cultivation management practices throughout the entire growth cycle, it
is easy to achieve an ultra-high yield level of 12,000 kg-ha™.

Key words: Winter wheat; Ultra-high-yielding population; Photosynthetic characteristics; Dry matter

accumulation and allocation; Yield
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1.1 RE=

MR 22 At w2 FR 0 F [ R 5 AT 2k R I A, (HIT Ak, RBRAURARIE ™ &
s TAEMIAEK (BSOS, 2025) o SHtFEERHAAN O SR 80 {4(ZFEM, 2022),
HARE TR R, SRR B Eihad 90 SRR LK, SEREY = B KR
&%, EEREZMX OHIUFHATTIIS . ST, RERRH TR T,
R T-H2 )Rk, B R AN R R . g . AR TR . 2 Tth
PR GRWIRSE, 2025) .

INE MRS — KRR, 4Bk 35%~40% N D Z IR, ARGt 7
ik 20% M RE R AE (IkEE, 2022) o PR, /DNERIEFREN TR AR IR E R & %
2, Rttt et kREAEER X (BILHTE, 2025) o /N2 M IHARE T F
TR B9 KA 2 3 s SRT, JE T4k, RER/NEFE AR E N, JE2H
FtEEORB/NE A, PR SRS ER) 17%. (IR, fERE, DM i
FACHEARTE GRS, 2018) , HANEEMIMU L SE5 1 CERE, RE
T RANBIG R I RN MR AR IR S /N2 B B AR A IR, PR R:
TR, BN/ 22 AL AR B OO IR B 2 4 RS I, R IR THIR & e
&, FIRIRER 2 e E R,

1.2 RBMNSEENX

AR R E AR AR, 7R XRG4 5 AR A =k R 5 4 S AL
(HIISE, 2022) o TR, BEEKIE—RGSEEORNH, #ramr Nz =K P Regde
&1, 12000 kg-ha! (77 /N2 AR A (A5, 2024) , 2023 AR FT R4 77 X
SN IR IR T A 6 R I /NFE Bk 13472.85 kg-ha'!, Wl B 88 /N 22 o 7 40 5%
(PELE, 2024) 5 2023 FFLEFTRA = W S 3 — BT R R BN E LN B R T
13053 kg-ha!, [F4ESS M7 117 143 B 16 # K /NE PR FZIEE] 13414.5 kg ha
L AL ET A G RIGE/NE 13472.85 kg-hal; 2025 765 58 A 77 g 5 e [ Y i ]
T T PS4 N 22 R PR 12034.5 kgeha! s TR 5 PRI 11779.5
kgha!, FEHRALHLIX mread sk, RAESE NIRRT A 643 A w 1P s 12747
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kg-hals TH TV E ™ 11898 kg-hals JiE T35 5 ™ 11311.5kg-ha!. T HERTEX
P E P 10123.5 kgrha!, SRIGHT 4 B &N B AR, SKIL T NTAR S R Y8 R R
AR N SR (22388, 2026) o [RItk, RGUHTFCHTSEEE == /N B R o
WA S N 22 BRI REAE,  WIRA/NZE AL, b — A AN RS R, SRR/ N
KA E =S OB A HE, 03 B i ) 2 4 /N2 s DL R = o F R

1.3 ERSMARIVRSER

1.3. 1 BRIMNEFERNTLAIE

AR EENREEN . —, B8 FEHERRIIHIREZE 5 % H
RMNAETERIE . WNARIRAET & RRE, /NZE R B /N2 B R AR L R
Mz R, 3B M EAR R /N S A o, B B AL R RR, ARk
Z A T AV AR RO TAEE A RS, IR IR sk meda i, 1o BEE Ak R
B D | RS E B DAL R B HE R, 5N Bk SRR SRR P G K
BEMHESN R BRNZE B - B R RFEL IR Ry, Hodb, . B, R W, RE
TE RN EFSHE RO ER (PN, 2024) , fEHF/NEPE R G
F AL, AL, PR KRR R AN AL TP A L. DLSE
N2 AE = ], 7 i 5 A AR AR BT AR B B =5 = R s R o A SR B B
2008 -3 [l /N i AR 2064.3 J3-ha!, G/ NE SRR 53603 Fit, HTET
BIHEN 2597 kg-ha! (B E, 2011) o T #] 2022 4F, 32 E/NE MR AR AR 1792.8
Ji-ha'l, EMIEEAGRT FREME ST, DNELSEIRTHE 5988.0 /5 t, % 2008 1
T 11.71%, “FHEP KIERE % 3340kg-ha!, % 2008 SEH N T 743 kg-ha!, Hp7 i
MEIE 28.6%,  (XIBEEE, 2022) PTG AR+ 5% .. HE 2024 4, EH
/NZZFRTE AN 1840.6 J5-ha'!, % 2008 98/ 12.2%, &8N 5430 Ji t (2008 -1
I 1.3%) 18505 56 FEAS [R] i B/ N 22 A2 = 3R 1 R e Al DLBH R, R R i AR
SLINBN T RS, (EAREE B K R B T, A AR 1 AR AR 98T SR IR AN R i
A3 /NS g SE AR K AR 0Bl T

FRIE /N 7= O J R 5 Ak S 3 [ /N 22 AR a3 BT v FEARBU: TR 230t T
B sh#ars . B RIERTT . SO R KIRE GR 1-D o ik 50 2HEH K R
FEr, FRE/NE S TSR R, B KSR ) KR BdE BN, 1949 R
/NP2 645 kgrha!, T3] 2024 4F D42 5939.6 kg-ha!, L™= BTN 5294.6
kg-ha'l, JMEEIE 820.9%; [FIHAAE/NZREF AR 1949 4F 1) 2152 J5-ha! #GN%] 2024
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I 2359 J5hatl, [HARSEHRARXS A IR, BRI N S K R 40 S Ay
(B, 20115 EZRESE, 2025) o BIEATRE, FRE/NZPE TR CHEAR R 1
BT, DNEHEREAR 54 EAR BV BRI AR M) 20% 75 45, 2025 S5/ B e w A 3|
1401 12 t, HABRNZ LT R M) 17%, EF= A JE AR FT8, AR TRE (PGB S,
2024; ERAREEE, 2025) o WKHI=ERMRE, FRE /N FHE A BEAELE /MR
{HAEJE S EIR AR IFROPIG NS, N B 5 M 2000 1] 9963.6 /3 t H N E] 2025
SR 14007.2 Jit, MM T 4043.6 Jit, HGUE 40.58%, 74y EUERE N w T E R
A E B T 5 2 AP A T3 i

ST BRA KRS, RN RENZ G T B R T, T I
NPT RTHRIENEBAR T BT RA WO EE ISR . SIER, B
WEN DS B RS K DL RARE T R A A B AT 2, % ok J 5287
FE 0 B TR FREE I, XN = W T SR AE AW T o (H A ER B M 5 5 5L
5 #H R BORKE S /N Z2 P AR O JE RS K2 8], KSR R i AR e -
FERERARIEAN IS . R, EME AR TR e /MBI = N, RAAEE A
FREL TR /N BRI, AT R BRI AR R B KT, A RRRRE SEE/ N L B AR
ISR B E RN b eh e A SR e 4.

1.3. 2 NEBEHENX

NZE R A /N R 5 B R U I AZ O ST, OB S LA R T S
ANFAES I LA RANF A B AR AN AFAE € 2257 U S5 BUERAE, MR e 4
gt — Wb HEAL 2 Lo (B MAED™ B B L BN 5 PUs ¥ o BOUEER A, /NS
PR IA BUZ A P 4 B moGRE FIHRCR . G AT AR R e« AR AR
& VIRFHERCRIE R Bt BRI R M /NS (RS SE, 2011 o #E/b
AR TR R, AN 5N R AR R VIR, BT RS AR, BT
A S EOREAE R R X BN IR RO R E TR L 7 A=,
T E R E IR S IRANE . AR BORS R ST R ik S AR S m e S R 2R
EERIGNZE A, FAZ O T i RIS 7 77 AOF2 308 55 58 /22 v 9F 72 DU S A
VEE AR SEER SR T 7 RS AR, BERAEG R v 1 AR T /N2 R R SRR L
LG AN A X B RARAAT HIRACTIRBL S BEAE B LR A = KT, i e B AE i
DS AT (i R P BB T R, T B AR RIERER RS 5 RIS, mORIREER
BRI R T, A SN R R T, RN AR R R R BRI
JRIE R B B B SRR (FEAK, 2007)

KIPLOK, FE AN S8/ 0l m s 17 B E fa b T e T RERGEMEWTTT, A
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ZMAFET RIS ZES . FRERE DL A X, AH4ket T
& T RFE AR /N e e B hsdE Ok, 2007; 5%, 2016) , HiZfehnik RBE
F AN AT SF ARG L WA T AR SRR BRI B RS S R T R R
2000 FH 5 » 52 241 /NG SRR P B L AR SRR Rt A% 1 R B B KT B SR 4,
5] P 2 R F 8 30 7= 5 IA E1) 9000 kgrha! J BB /N BEAR L 8 it s e KPR (F
PR30, 2002; #AHK, 2001) , AR, BEEESRZ HUNER I HET L RS TE
AREL A AN W5 AT DA S AR AR = A B R AR AL T ), FRE /N2 AR A P K P45
FIRERTE, EHE ST, YA IR Ok 12000 kg-ha! K UL (17 & KF
VER/INZE I = A% O E AR, IX—FR AR B N2 & I B R /N2 m =i S5 = &
IR SEbR R IR GRIRGIESE, 2025, 2%, 2023; %%, 2025) .

1.3. 3 /NEFEMMR M MR

TE/NZZ - = T AL (I AL AR R, AN FIB AT SR 258 S HR T 1a R I &
IR B ARFAE o FE/NZEEE s = AT R , A OCIE A A, M7 2 H & R
RFEE LS, 2SI B KT A R D AT S B B AT . AR 2 223 i X /N2 e v
PR RLS = R S M R A T JE4a Y, 7R A I ARARA . AR S Tk B iX
SR EM RS, AR BRI kS SRR, B BEES
REAE=REPET A, SRR MRIOIRE ZE IR KRR, A R/
W B BRI AT 51 R = Bk (R 3 A8 Ak, 2 R e /N2 7= B v IR ) o R i IR 1 O R 5%,
2012; THRUE, 2013) , pHUEETOL, SEEL/NEE RS BAR, B R R R AR A
& B 7L A AR, DA AR 9 = B AL R I Bl 2 1, CERE AR ARSI 21
BORMATHE T, 30 ESE S AR 2 SR TR, AR iS50 N & 250k s Hh SR
mre Bhs CHHIRASE, 2009) o AHOCHFFLBHRARSE H, /NP2 &K1 s 72 [l v 7
FRIAZ O IR ), ORI T B ARG RO S B (E&ESF, 200D

AW S ZAFERH RN RS, MO RGEREH, £ MR =HET,
XNz i R A I IR RO, TS SRR A, A RN T IR
fro BT ALE R, RS RIE R AR RESAE b, NAERIE H IR B R5HE B A 2%
FEEL A b, E AU S R SR S SR AR AR RO T Oy, TR R D RS R TR
TR, @i =FERAE, RAEINERE DR (BARESE, 2007) .

AR, B R E RN IR AT (3R 85 T, N EEREEH AR RA WA T2,
RHVK Z AT IZ DN, HYEFRREE AR S A K5 7 S AR PO K R,
BARAO A= B 1S B BB IETE, /N A BRI B8 T 5 W 5 A P KT Bl 2 KT 2
o AR RN, AR OAF R A/NE BRI OIREIR R (TR, 2024).
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