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Effects of sowing date on the utilization efficiency of light and temperature
resources and yield in Brassica napus in the middle reaches of the Yangtze
River
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Abstract: Delaying the sowing date of winter rapeseed can help alleviate the cropping conflict between rice and rapeseed in the
Middle Yangtze River region; However, late sowing significantly reduce yield. To investigate the mechanisms underlying yield
reduction associated with early and late sowing and to explore strategies for improving yield, a three-year field experiment was
conducted from 2018 to 2021 with three sowing dates: early sowing (S1, September 20), optimal sowing (S2, October 1), and late
sowing (S3, October 10). This study systematically analyzed yield performance, light and temperature resource use efficiency, and
physiological responses related to carbon metabolism. The results showed that: (1) S2 improved the utilization efficiency of light
and temperature resources, leading to higher yield and oil production. (2) Compared with S1, S2 exhibited a shorter growth period
and a gradual reduction in effective accumulated temperature, yet significantly enhanced the efficiency of light and temperature
resource use. Compared with both S1 and S3, S2 also showed higher activities of key carbon metabolism enzymes in leaves
(Rubisco, fructose-1,6-bisphosphatase, and sucrose synthase), which promoted soluble sugar accumulation. (3) At the flowering
stage, S2 had a higher canopy light interception rate and single-leaf photosynthetic capacity than S1 and S3, along with signifi-
cantly increased soluble sugar and amino acid contents in bleeding sap, facilitating the efficient transport of photosynthates to
siliques. In conclusion, sowing rapeseed at an optimal date enables more efficient use of light and temperature resources,
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improves accumulated temperature productivity and light energy utilization, and synergistically enhances both yield and seed

quality. Insufficient utilization of light and temperature resources is a major limiting factor for yield in late-sown rapeseed, and

these findings provide theoretical and practical guidance for variety selection and cultivation strategies under late sowing condi-

tions.
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Effects of different sowing dates on seed yield and oil content in rapeseed

ARy i yL3L PR i Frimat iR
Year Variety Treatment Yield per plant (g) Yield (kg hm ?) Seed oil content (%)  Oil yield (kg hm ?)
2018-2019 HYZ62 S1 571D 2510.6 b 4591d 1152.62 ¢
S2 7.03 a 2957.0 a 4533 ¢ 1340.41 a
S3 5.55¢ 1823.4 ¢ 44.80 f 816.88 f
HYZ158 S1 422f 2210.0 ¢ 47.08 a 1040.47 d
S2 5.47d 2522.0b 46.62 b 1175.76 b
S3 493 ¢ 2075.5d 46.29 ¢ 960.75 ¢
2019-2020 HYZ62 S1 9.22¢ 3149.1 be 44.75 b 1409.22 ¢
S2 11.63 a 34453 a 43.61 ¢ 1502.50 a
S3 8.64 ¢ 2991.0 cd 41.55¢ 1242.76 ¢
HYZ158 S1 8.91d 2875.3 de 4571 a 1314.30 d
S2 10.71 b 3364.5 ab 42.68d 143597 b
S3 7.97 f 2670.2 ¢ 41.30 f 1102.79 f
2020-2021 HYZ62 S1 10.62 d 3127.2a 46.54 a 1369.08 b
S2 15.64 b 3138.6a 42.58 ¢ 1456.85 a
S3 938 ¢ 2826.7b 40.49 f 1174.61 ¢
HYZ158 S1 11.51¢ 29254 b 44.80 b 1292.63 d
S2 18.13 a 3119.2 ab 41.40d 1311.77 ¢
S3 8.91f 2532.5¢ 40.89 ¢ 1036.50 f
J5 2257 ANOVA
Y 62,950.7" 206.0” 27,015.6™ 19,649.5"
A% 345.17 431" 122.0" 6554.2"
S 22,001.5" 121.17 24,230.6™ 28,762.6"
YxV 1696.7" 0.5 2672.3" 432.7"
YxS 5598.7" 6.17 3591.9" 346.2"
VxS 114.6" 23N 375.2" 464.8"
YxVxS 505.3" 8.1" 622.9" 1172.6™

HYZ62 Fl HYZ158 43522 /R b Fh 48 iM 2% 62 FIAEMZ% 158, S1. S2. S3 /M RE&F WMo H20H ., 10 H 1 H., 10 H 10 H. A
TR AL BRI H] LSD BT £ WA 22 78 K (P < 0.05). Y., V., S il R4 Dy | WA FIRER, YXV, YxS, VxS
N YxVxS ARRNE R EAERR . . TR NS4yl R 22 R (F )ik P<0.05, P<0.01 il P>0.05 KF,

HYZ62 and HYZ158 represent the varieties Huayouza 62 and Huayouza 158, respectively. S1, S2, and S3 refer to sowing on September 20,

October 1, and October 10, respectively. Different letters indicate significant differences among treatments within the same year at P < 0.05,

based on the LSD multiple comparison test. Y, V, and S represent year, variety, and sowing date, respectively; YxV, YxS, VxS, and YXVxS

indicate interaction effects between factors. *, ™, and ™ indicate significance levels of P < 0.05, P < 0.01, and P > 0.05, respectively.
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Table 2 Effects of different sowing dates on light energy and accumulated temperature use efficiency in rapeseed

JEfE R 2% A ABUR . ; N
AER AR Ab 3R il Light use efﬁciencf(g M) Effective frﬁﬁ s ;/E}‘(El PR R
Year Variety Treatment pSrriZ:t(}:i) WA 2R e L EFHMH accumulate(gi AiIJJFRH /:f;)) (ke hmTZP gEC,l ah
GS-SS BS-FS WS temperature ('C)
2018— HYZ62 Sl 215 1.79b 2.78 ¢ 248 ¢ 2074.7 82.20 121d
2019 S2 208 1.38d 353a 2.98a 1867.5 80.62 1.58 a
S3 202 lille 241¢ 221d 1712.3 79.22 1.06 f
HYZ158 Sl 211 1.83a 2.84b 2.67b 2010.2 81.74 1.10e
S2 205 1.54 ¢ 2.44d 249 ¢ 1803.0 80.06 1.39b
S3 200 0.92 f 231f 217 ¢ 1647.8 78.58 1.25¢
2019- HYZ62 Sl 216 1.66 a 23lc¢ 2.15d 1919.5 78.31 1.64 ¢
2020 S2 210 1.26 ¢ 3.03a 2.49a 1706.3 76.24 2.02b
S3 203 0.94d 2.01e 191¢ 1587.3 74.91 1.88 ¢
HYZ158 Sl 212 1.64 b 2.28d 222b 1855.0 77.72 1.55f
S2 207 127 ¢ 2.441b 2.16 ¢ 1641.8 75.54 2.04a
S3 201 0.82¢ 1.99 f 1.86 f 1522.8 74.12 1.75d
2020- HYZ62 Sl 213 1.53a 1.83 ¢ 1.82 ¢ 2098.2 79.00 1.49d
2021 S2 206 .14 ¢ 2.53a 2.00 a 1939.3 77.70 1.61b
S3 200 0.77 ¢ 1.61f 1.60 ¢ 1833.4 76.70 1.54¢
HYZ158 Sl 209 1.45b 1.72d 1.76 d 2019.2 78.40 144 e
S2 203 1.00 d 243b 1.83 b 1860.3 77.00 1.67 a
S3 198 0.71 f 1.66 ¢ 1.55f 1754.4 75.90 144 ¢
Ji 2243 Bt ANOVA
Y — 5554" 19,7317 63,974 — — 17,702"
\Y — 306 4792" 3742" — — 343"
S — 30,8317 18,942" 23,816" — — 6215™
YxV — 118" 904" n — — 23"
YxS — 56" 818" 468" — — 524"
VxS — 260" 37417 4862" — — 72"
YxVxS — 198" 1035 797" — — 481"

HYZ62 Fl HYZ158 435I 375 S AE M 24 62 RfEahZs 158, S1. S2. S3ArAlF/pm Mo A20H . 10 A 1H, 10H 10 H, AF
TR ERAF AL PR F) B LSD ¥ EAT 2 M HURR I 22 S 0k B K P (P < 0.05). Y VL S ZRSIFORAEGY L AR R, YX V. YxS.| VxS
Y xVxS fRR R EAERNL . H S 5p 1 R0R 22 5 (F fH)3% P<0.05, P<0.01 #1 P>0.05 K-,

HYZ62 and HYZ158 represent the varieties Huayouza 62 and Huayouza 158, respectively. S1, S2, and S3 refer to sowing on September 20,

October 1, and October 10, respectively. GS, SS, BS, FS, and WS represent the germination stage, seedling stage, bolting stage, flowering

stage, and whole growth period, respectively. Different letters indicate significant differences among treatments within the same year at P <

0.05, based on the LSD multiple comparison test. Y, V, and S represent year, variety, and sowing date, respectively; YxV, YxS, VxS, and

YxVxS indicate interaction effects between factors. *, ", and ™ indicate significance levels of P < 0.05, P < 0.01, and P > 0.05, respectively.

Fh—11 I LUE 3% F R, 1M HYZ62 221 —FE 1 A4
A B W LUE MISEHE 5 R, 78 S2 ik KAH; SR &2
S2 W, ZEHA—fEHH LUE #4983k 21.2%~27.7%, 1fi S2
HEIRZE S3 W HFEIR 5 14.0%~31.6% (3 2). BEAEF
WIHER, SR FWgE, £ A AR,
ABERAHR T, mAUR A 7= 3R e 5 %, 78
S2 ik f KMH, M S1HER 2= S2 i, HYZ62 1 HYZ158
BRI PR R R I T 18.8% A1 20.8%, 1 S2 #E

R S3IF, HAM R 16.5%F1 15.9% (% 2). FI,
T 75 (S2) AT A B e T SR A Ol T B R R P ARk
(= v S

2.3 EMEXAMME-BEE SR

23.1 "tHRERAFE AR MOGHREFIFH Y
AR R B, S2 MyEW—EH] LUE BT S1
1S3 (& 2), XATRES AV EROCEIEN D]
FHOG o R B TEAS [A] B S A AR R (9O G ek, 7
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W R HH A Bt P (P <0.01) (B 1-A, B), P, TR 13.0%~26.8%, TEAEI R 03 (4 & WAt f5
Rt A B W E, P, BAEREEE R, FEMIKR i P, LT 4.1%~13.0% (&l 1-A, B).
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al n§ A
154 154
TV S TxV™ TxS™ Vx§™ TxvVxS™
10 10 . . . . : :
€100 D100
— _ bg ag
S S CcHYy, di,
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904 £ 901
f=1 (=
S S
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8 8
€ 80 2 804
) %
- —
70 70
E Fog
b,
% “ C% % “
% 3
E E
S 3 8 3
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= . 3
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B 1 REEME RS R SRR I

Fig. 1 Effects of different sowing dates on photosynthetic characteristics of individual plants and canopy in rapeseed

TEHTI(SS) . W BS)FIALI (FS) M E 8] =5t & AR (P, A FIB), 5&)Z2BOEZE(LIR, CHl D)FI [ FEE(LAL E # F). HYZ62
HIHYZ158 435 378 R A 4 62 FIAEIM A% 158; ST, 82, S3 4r IR #EFMIH 9 H 20 B, 10 4 1 B, 10 J 10 A, ARFHER
Jb R LSD 117 2 8 L 22 5 ik B E KT (P <0.05); T, V. S AR mi . MAFHERI, TV, TxS. VxS il TxVxS ft 3%
R BRSNS AR 22 5 (F {H)ik P <0.05. P <0.01 Fl P>0.05 /K

Net photosynthetic rate (P,, A and B), canopy light interception rate (LIR, C and D), and leaf area index (LAL E and F) of the third leaf from
the top were measured at the seedling stage (SS), bolting stage (BS), and flowering stage (FS). HYZ62 and HYZ158 represent the varieties
Huayouza 62 and Huayouza 158; S1, S2, and S3 represent sowing on September 20, October 1, and October 10, respectively. Different letters
indicate significant differences at P < 0.05 based on LSD multiple comparisons. T, V, and S represent stage, variety, and sowing date, respec-

tively; TxV, TXS, VxS, and TxVxS indicate interaction effects. Y7, and M represent significance at P < 0.05, P < 0.01, and P > 0.05, re-
spectively.

INHER A BE 53 B, 5 22 5 e R W40 Lt il Waash, fEEWR U ME, BEAOLRERIAS L . AR
T PO 2 L H AR 25 i O R (LIR) AT 1 AR E A6 S1 49 LIR A LAIL = F S2, {HE|ZEHARIE
B(LAT) (P <0.05) (K 1-C~F), BE&ELEFYMEDE, £ S2 BF ST S1, 2 ANMFEEW AL IA LIR 4513
S1 M1 S2 i LIR Fll LATL 35 FAIG, 10 S3 BB I 3.7%M1 3.9%, LA 253 2.2%1 1.3% (& 1-



55 2 3]

AEULAEAE: BRI UL A e T 3 2 9 SO IR BT IR 28 ™ bk 5 1

545

C~F). ik, FHR(SREIRBESR T A= 7 R RO
HRES), (ERZWAEDIHAE IR T HERR(S2).

232 it Aotk

M T AR Ak B

T AR 225w, ME T EWDES VR IR %
Bl e A OCBE S P . D7 220 AT R L, AL %

A 100

2019-2020

80 1

60 4

40

204

Rubisco activity (U g”' FW)

V'S VxS CIHYZ62

EHYZ158

FBPase activity (U g FW) O

V'S Vxs”

m
—_
(=

SPS activity (U g”' FW)

VST VxS”

Q

2.5

2.0
b

SS activity (U g™ FW)

V'S VxS~

e
Sll SI2

a
|—;‘ i—I.
3 Sl S22 S3

2 FEMEFE XM R R AR KBS M A R0
Fig. 2 Effects of different sowing dates on the activities of carbon metabolism-related enzymes in leaves
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The activities of Rubisco (A and B), FBPase (C and D), SPS (E and F), and SS (G and H) were measured in leaves at the flowering stage over
two years. HYZ62 and HYZ158 represent Huayouza 62 and Huayouza 158; S1, S2, and S3 indicate sowing on September 20, October 1, and
October 10, respectively. Different letters indicate significant differences at P < 0.05 based on LSD multiple comparisons. V and S represent
variety and sowing date, and VxS represents their interaction. *, ™"

tively.

and ™ represent significance at P < 0.05, P <0.01, and P > 0.05, respec-
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Fig. 3 Effects of different sowing dates on root bleeding exudation and its composition

1E 2 AR AR R 1 A (A 1 B) . D R Al i P A i (C A D) RN R AR & (B L F). HYZ62 Fil HYZ 158 43 3l 27 i Fh A 2%
62 FI4ETHZ: 158; S1, S2., S34FHIR/ARIEMIIH 9 A 20 H, 10 A 1 H. 10 A 10 H, RJEFHEFR AR HH LSD % ik17 £ & g
£ R B EKF(P<0.05); V. S 4IRS A TG R, VxS ARRE R M IAERY . * " N 552K 22 5 (F )ik P<0.05, P<0.01

P> 0.057KF,

At the flowering stage over two years, root bleeding exudation volume (A and B), soluble sugar content (C and D), and amino acid content (E
and F) in the exudation were measured. HYZ62 and HYZ158 represent Huayouza 62 and Huayouza 158; S1, S2, and S3 represent sowing on
September 20, October 1, and October 10, respectively. Different letters indicate significant differences at P < 0.05 based on LSD multiple
comparisons. V and S represent variety and sowing date, and VxS represents their interaction. *, =", and ™ represent significance at P < 0.05,

P <0.01, and P> 0.05, respectively.
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Fig. 4 Effects of different sowing dates on non-structural carbohydrates in roots
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The contents of soluble sugars (A and B), sucrose (C and D), fructose (E and F), and glucose (G and H) in leaves and roots were measured at
the flowering stage over two years. HYZ62 and HYZ158 represent Huayouza 62 and Huayouza 158; S1, S2, and S3 represent sowing on
September 20, October 1, and October 10, respectively. Different letters indicate significant differences at P < 0.05 based on LSD multiple

comparisons. V and S represent variety and sowing date, and VxS represents their interaction.

P <0.01, and P > 0.05, respectively.
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Fig. 5 Relationship between light and temperature resource utilization and yield under different sowing dates

XFFABIEAEAROR 2 4E 2 A S Al 3 AN S EDFEFT T80 20471 (PCA), 43 53K 45 3 4043 B (A) N R4 2T (B) o 45 SCBEFE AR FAE 1 |
TR BRI (VB A 7 ) [m] 77 4 0 25 i 4 HEAT 45 4 7 RS B (SEM) 43T (C),  4RA5 T 22 A PR JBE (4755 v A 50 5% ) R B 32 52 W) i [ D1 AN (5
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Principal component analysis (PCA) was conducted for all indicators (from the last two years, two varieties, and three treatments), and the
principal component scores (A) and loadings (B) were obtained. Structural equation modeling (SEM) was used to analyze the relationship
between key indicators representing light and temperature resource utilization (latent variables) and yield and oil content (C). Numbers in
parentheses represent the explained variance, and numbers next to arrows represent regression weights of direct effects. *, ", and ™" indicate
significance at P < 0.05, P < 0.01, and P < 0.001, respectively. YPP: yield per plant; SOC: seed oil content; LUE-W: light use efficiency
during the whole growth period; ATUR: annual temperature utilization rate; TPE: temperature production efficiency; AT: effective accumu-
lated temperature during the whole growth period; P,-F, LIR-F, and LAI-F: net photosynthetic rate, light interception rate, and leaf area index
at the flowering stage, respectively; Sugar/enzyme-L and -R: sugar content and enzyme activity in leaves and roots at the flowering stage;
BEV: bleeding exudation volume; Sugar-BE and AA-BE: soluble sugar and amino acid contents in the exudation, respectively; LSU and TSU:
light and temperature resource utilization, respectively.
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