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Dry matter and nutrient accumulation characteristics of the short—growth—duration rapeseed cultivar
Zhongyouzao 1
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yang 421000, China; 4. Ji' an Academy of Agricultural Sciences, Ji' an 343000, China )

Abstract: To establish a targeted and efficient fertilization technology system and improve rapeseed yield in
winter fallow fields under triple cropping system, field experiments were conducted at 3 triple—cropping sites (Gui-
lin, Guangxi; Hengyang, Hunan; and Ji'an, Jiangxi) to quantify dry matter and nutrient (N, P, K, Mg and B) accumu-
lation dynamics of the early—maturing rapeseed cultivar Zhongyouzao 1, and to provide fertilization guidance for ex-
panding rapeseed cultivation within rice-rice—rapeseed cropping system. Across sites, the growth duration of

Zhongyouzao 1 ranged from 171 d to 182 d and seed yield ranged from 2125 to 2317 kg-hm™. Whole—plant dry mat-
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ter accumulation followed an S—shaped curve pattern: plants entered the stem elongation stage at approximately 60
d after sowing, and thereafter experienced a rapid dry matter accumulation phase lasting approximately 20 d. This
rapid phase contributed 31.3%-40.7% of total dry matter. Total dry matter reached its maximum at the pod filling
stage. Accumulation patterns of N, K, Mg, and B were consistent with dry matter dynamics. N and K exhibited simi-
lar accumulation patterns, peaking at the end of early pod filling stage. Their rapid accumulation phase extended
from the late seedling stage to the mid stem elongation stage (about 22 d), contributing 24.0%~32.0% and 16.9%~
28.0% of total uptake, respectively. P accumulation increased continuously throughout the entire growth period,
with its rapid accumulation phase occurring from the late stem elongation stage to the early flowering stage (approxi-
mately 25 d), contributing 15.2%-25.8% of total P. Mg and B accumulated rapidly during stem elongation (approxi-
mately 26 d and 23 d, respectively), contributing 24.0%-29.3% and 32.2%-34.7% of their total accumulation, re-
spectively. At physiological maturity, nutrient partitioning among organs displayed distinct characteristics: N, P,
and B were preferentially concentrated in seeds; K was primarily retained in stems, while Mg showed relatively equi-
table distribution between stems and seeds. For a target yield level of 2250 kg+hm™, production of 100 kg seed re-
quired 10.62 kg N, 2.59 kg P,0,, 16.53 kg K,0, 1.19 kg Mg, and 0.024 kg B, corresponding to a nutrient ratio of 1:
0.24: 1.56: 0.11: 0.0023. Overall, Zhongyouzao 1 attained high and stable yields at all 3 sites without a pronounced
winter stagnation period. Nutrient requirements (N, P, K, B) per 100 kg of seeds were higher than typical winter
rapeseed varieties. Given the more severe nutrient deficiencies in the regional soil, enhancing nutrient input is es-
sential, with fertilizer allocation strategically during early growth stages.

Key words: short—growth—duration rapeseed ; Zhongyouzao 1; dry matter accumulation; macronutrients; sec-

ondary and micronutrients

K E MY A S RN =2 —A 4, #H
M FE J v AN TR T SREAE S 1 N A S TR
Wz — PP A 25 2 4 Ty Th 2o 2
A5 s AT, BT S B R A PR R I RS e e 4
() B AT S G S B JE AR 4 = B R
PR R T AR BRI AR S A B A A Y A R L
FEAT R R it , o O BTk = e 1 F A . A
KA R VLI AT 4 TR 24 430 T3 /31, Ol
PRGE RIS B SR A K O B R SRR A T B R
TN R X IHE ) R - e - — R SR R o
FHAC IR H S IR o e 3 0 S il 4 o (HZ B
B 25 ISR AN B3 1Y 160~180 d, S48 5 W1
K A= B B8 e i AU 2R 1 AR AR, R — 3
il DX S R A AZ O S AR RES T TR 2R
SRy Y PR SR LR NE T Y A
B s R D A B S B, R S SR B A
A E O ECRHIE , B R v K S 3R 4 R
BRI, SR A WIS R A ORI 4, T
W5 B AR A WO T 25 i B R e R AR ek AR
OB R AR 5 8 R0 2 15 A A 25 5 0 R
o N2 B A e o e 200, HLBEE 26
REAG, U R e Jr 20 B 18 X, 448 pH Bl 22 A,
RGP EE A TR A RUERRAR, = S AL

T A 2 XA R Ak TR AR R AR
A&, WK ] LM SRR A e M SR AR R Y
[ RE 1, T 4 R S 5y SR B A A g 1k 22
BITC AR T R, SRR AR B I SR A
PRI T B SR AR R R, R = i D S
PR R B

CA TR, 5 LB AR 1 T4 5 K
TR R R L M8 -G " Zh AL, 35 EE I AR
Ty R AR Y S B B, R R B B IR 2
WA 14 e DT, 1R IR AT i JRE 5 ) T B R e S
PR AR R TR P B AR R B A ST
il 2, BRSP4 R 0 bR, A SRV
B RAA™ . A IRER BT A = 20l XA AR DG BIF 52 36
BR 32 DX Sl SO0 ok S T o 5 e A )
e RAR Yt BEAE T A9, B8 A% vh i T R A AR
R R L T e, BT e B R SR
S TGS SR A T SR
THERFERA A W NI B i, R
5350 BURE R 15 5 0 HLAAU] e P — 20 AN 1
B, 5 H R Il S A R S AE 5 56, mT g
TCHEFE KA W 1 . DR, AT T 2024~
2025 4 JE£ A A — e~ = 2 DX AR PR A8ty B o 22
MBI T 18]35 , LA BOBUIE o i3 35 i ol v 3l



146 v EHRHED AR

2026,48(5)

S REPSL SO E SIS P e R R P iR a7
JRRCR B BT B IR B R, AR R B A
J3E ) LA 7 S S ) P SRR R S R o SR
DEESL B X Y R RO AE FORAR R T =GR A&
PR FE 3l 2™ RE $ (R B A Al 5 B SH5 W HE B vy
T e S Al rTHpLk & e HAT BB

1 ##57*

L1 REHEREER

I T 2024-2025 4 AL VA FEM T AL R
24 BE(25°03755"N, 110°18'27"E ) 51 45 i BH 7 Al
Rl B (26°52'26"N, 112°30"5"E) FIVLPE 45 i 22 T 4R
W RFEBFSE R (27°02744"N, 114°54'23"E ) #E4T , 3%
FIFEAEY 4 R KRG o i BE RN+ 22 [ g < Y v it b
X, AR BR VLI R, 3 N 50 b 32 A S By 2 XU
i o FEAR A PH L LK R R SRR S R
2784.9.2451. 4 .2447. 7°C ; 3R B0 19 32 2 B
KA S35 517. 4.400. 1,306. 5 mm. 85 2 0~20
em BFZE HIHERRE IR IR W 1,
1.2 Rt

Bt =2 A v O B B R B
FEFTHE R IR 1S AR AEF I R R
PR . R RIE T ATIE N 20 em, BREE R
2 cm, &R 5. 25 kg hm 2 ($ 44 TR 8 R 3. 55
g T A 5 B 29 9 1. 48X 10° 4K - hm™) , JRB T RS
K FMLER IR A WOk . #5150 A5 T 346 0 S A B

173 W2 2. N.P,0,.K,0.MgO . B jiti F & 73 51 Jy
150.67.5.90.37.5.2. 25 kg-hm™, JERHG 43 51 K
Ak Al IE 42 B A B 2 W AR 7 1 5 i 45% (15-15-
15) MR A JRE (N 46%) AL (7 K,0
60%) . JC K F AL B (& MgCL 99%) . Wi &b (& B
11%) . FHELL70% Hjiti .20% 4548 | 10% 2853
3YtEH  BPIE LA 75% Heiti \25% Z2AE 53 2 Uit I CH:
W A2 A B AR 3 B — kPR i ) 5 H: At AE R} 42 35
Foiti

1.3 NEERSFE

131 E3EAS KRR IS 5% Fh ok A
“STTEEURE L, RAE 0~20 em BF)ZE 5, FH AT 1%

W5 HE pH A HLIT A2 R ROl R A A
e
1.3.2 AGTHHAES HEMSEE15 dBR—

UCHEARFE | B 5 BORE 12 9, BORE R Bl HL o8 B 3 AN R
B mx1 m) o BUFERRRE AN E R AR IS, Vi,
Ay JpHb BB MR T 105°C A7 30 min, 60°CHH
WET S FRICT 5 . SR AR PR ALRE AR 5 B A 22 T
BES B EAR N 0. 5 mm (0 M 5, 3508 F [ 348,
1.3.3 R MHAS SHXIFRE SNk,
BCAIABCGR T , 7845000 s e B 3 A [E B FE 7, PR A
THSRICR S B, 7E/NX PN B AL R 5 — 300y 10 Bk
T VA A R A A, R S R 204
1SR TR B A R, R X4 P R XU R IS 43
WG ZEAT T KPRLRY AR W ar BG4 AT A RE

F1 AHLER T EER SRR
Table 1 Chemical properties of the top soil (0—20 cm)

A AHLBT A U oy gl ARk A
S'm‘ pH Organic matter Total N Available P Available K Available Mg Available B
ite
/(g-kg™) /(g-kg™) /(mg-kg™") /(mg-kg™") /(mg-kg™") /(mg-kg™")
HEAR Guilin 6.56 41.26 2.50 15.88 262.0 151.4 0.25
5 /H Hengyang 5.08 28.04 2.10 12.87 117.9 161.1 0.41
T4 Ji'an 4.97 23.22 1.70 18.29 103.5 56.9 0.70
x2 BHEREFHUS
Table 2 Sowing date and growth stage divisions /(yy.mm.dd)
- 2HW
Hh s ] Hi ] A 1E3] R S ey
Whole growth
Site  Sowing date Seeding Stem elongation Flowering period Pod filling Maturity
duration /d
N
Cuili 2024.10.27 2024.10.31-2025.1.1 2025.1.2-2025.2.3 2025.2.4-2025.3.14  2025.3.15-2025.4.15 2025.4.16 171
suilin
I
2024.10.25 2024.10.30-2025.1.3  2025.1.4-2025.2.7 2025.2.8-2025.3.12  2025.3.13-2025.4.20 2025.4.21 178
Hengyang
E7S
2024.10.25 2024.10.30-2025.1.4  2025.1.5-2025.2.9  2025.2.10-2025.3.13  2025.3.14-2025.4.24  2025.4.25 182

Ji'an
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Table 3 Dry matter allocation among organs of Zhongyouzao 1 at maturity

T AL L
b Dry matter accumulation /(kg+hm™) Proportion in different organs /%
Site ZEFF faic AR A b5 R Mt ZUERE ZEF ST KPR R
Stem Pod wall Seed Aboveground Root All Harvest index Stem  Pod wall  Seed  Root
M Guilin 4344+58 a  1625+70a 2125445 a 8094 a 2016+23a 10110 a 0.26 43.0 16.1 21.0 19.9
fifBH Hengyang 4440468 a  1455+86a 229671 a 8191 a 1675£37b 9866 a 0.28 45.0 14.7 233 17.0
L Ji'an 4029+109b  1441+£77a 2317+153 a 7787 b 1871+41 ab 9658 a 0.30 41.7 14.9 24.0 19.4
YI(H Average 4271 1507 2246 8024 1854 9878 0.28 432 15.2 22.8 18.8

I AN F)/ING RN N 28 57 3% (P< 0.05)

Note: Different lowercase letters in the same column indicate significant differences at 0.05 level
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Fig. 1 Dynamics of dry matter accumulation in Zhongyouzao 1
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Fig.2 N uptake dynamics in Zhongyouzao 1
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Table 4 N distributions among organs of Zhongyouzao 1 at maturity

BN AR 5 LY

A N accumulation /(kg-hm™) Proportion in different organs /%
Site 2FF fi5c KPR M Bt 25T bilon AL R
Stem Pod wall Seed Root All Stem  Pod wall  Seed Root
FEAK Guilin 20.2+0.8 b 31.2+0.9 b 122.71.6 b 13.1+0.4 ab 1872 a 10.8 16.7 65.5 7.0
#iBH Hengyang 20.6+1.3 b 37.0¢1.2 a 123.4+0.5 ab 14.8+0.8 a 195.7 a 10.8 18.9 63.0 7.6
T4 Ji'an 25342.6 a 31729 b 125412 a 12.240.6 b 194.6 a 13.0 16.3 64.3 6.3
I Average 22.0 333 123.8 13.4 192.5 11.4 17.3 64.3 6.9
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Fig. 3 P uptake dynamics in Zhongyouzao 1
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Table 5 P distributions among organs of Zhongyouzao 1 at maturity

BERUR AL H
AR P accumulation /(kg-hm™) Proportion in different organs /%
Site EVil 5t FERL R Mt ZEFT fioe FPRL HRFR
Stem Pod wall Seed Root All Stem Pod wall Seed Root
HEM Guilin 11.9+0.8 a 11.40.3 a 29.30.5 b 5.4+0.4 a 57.9a 20.6 19.6 50.5 9.3
5 PH Hengyang 13.1+0.4 a 12.2+0.5 a 33.5+1.6a 3.7¢0.3 a 62.5a 21.0 19.5 53.6 5.9
% Ji'an 8.4+0.8 b 11.3+0.9 a 30.8+1.4 b 3.9+0.1 a 54.4 a 15.4 20.8 56.6 7.2
YA Average 11.1 11.3 31.2 4.3 58.3 19.0 20.0 53.6 7.5
xo6 HiMP1ISHAYPEIMAMRREE S
Table 6 K distributions among organs of Zhongyouzao 1 at maturity
PR R HABAL L
HiLA K accumulation /(kg+hm™) Proportion in different organs /%
Site ZEFF fi5t KPR FRAR St 25T 5t KPR FRAR
Stem Pod wall Seed Root All Stem Pod wall Seed Root
HERR Guilin 172.1£3.2 b 63.5£2.7 a 53.9+0.5 b 35.1+4.6 a 324.6 a 53.0 19.6 16.6 10.8
i BH Hengyang 160.7£2.5 ¢ 54.0£5.6 b 54.3+£2.7b 25.3x1.6 b 2943 b 54.6 18.3 18.5 8.6
P4 Ji'an 175.8+4.0 a 63.8+4.2 a 58.5t1.6 a 25.8+1.0 b 3238 a 54.3 19.7 18.1 8.0

PIE Average 169.5 60.4 55.6 28.7 314.3 54.0 19.2 17.7 9.1
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27.28.25 kg-hm?, F1 4 27 kg-hm?, B )5 H A
IR T, SR ENS B M e S
60~90 d N I BEFR R L 7R B R T T AR & L
B, Z R A et T AR R AT
5T Wi RAEHEAR R, RSP R BIR
PRAEE 23 (R4 26 d) , Wl [a] S 2 B B s R oy
0.27~0.34 kg-hm™-d™", B Bl & 7 & & 1 24. 0%~
29.3%. MR EPEEAR BIRAE R ST R AR f il £k
B BE 2R B R 43 i oy 22,25 .24 kg-hm ™,
WA 23 0 R % 17. 8% . 10. 7% 4. 8% , MM 3655 &

S3TC H 29 R Z5FF < A 70  F PR AR BB =31, 6:18. 7:
36.2:13.5(% 7).
2.7 MERE=EHET

Hh S A B 34 S R BN “S”
I (E 6), F H el AR A SRk 3 ik
18, 53 314 566,484 .603 g-hm™>, ¥4 551 g-hm?,
W5 B B R R . AR R, B b AR 2R o B )
FE IR AETE 258 (B2 2 23 d) , W] - 24 7R Bl R
H5.8~7.8 g-hm?-d™', RF & 5 & &8 32. 2%~
34. 7%, T Rahm S B —2, TARM

[ TMgU: y=25.84/1+¢ 00540847 7 R*=0.977 | [ TMgU: y=26.82/1+¢ 0109559, R2=0,963 [ TMgU: y=22.52/1+¢ 005008380 | R2-0 962
AMgU: y=22.64/1+¢ 0050 W" R>=0.972 ; . AMgU: y=22.43/14¢ 003909507 R2=0 955 AMgU: y=19.31/1+¢ 005008410 1 R2-0 954
o~ 251 UMgU: y=3.55/1+e907769) | 2= 893 T2 251 UMgU: y=437/14e 05309710 | R2-0 927 251 UMgU: y=3.21/1+¢0070:8246) R2—0 958
E | : E
. otal o .
23 0T o b LR ; | w0 =2
B \: Aboveground Mg uptake ! | B =0 | B
K Z IS| - - T SRR RiES = st T ERELS F 9
e Underground Mg upt; ) Pod filling W E ! - s Pod fillin
% \-“E ((”Hg | ?‘3 = Pod filling X = T g
o —% 10 Flowering period @ ‘z 10 - F]owermg perlod o _% 10+ Flowering period
z =l ] EE Y Z i EEW
E:n sk R \A i i‘ 5 . Stem elongzil’ot_lé _ ’& -~ A s én Stk Seeding Stem c:-)rigrioil sy
" = LA Pring " AT
ok ol A A ok Ta- A
0 2‘0 4‘0 6‘0 8‘0 l(I)O 120 14I10 léO léO 0 2‘0 4‘0 6‘0 l(l)() 120 1“10 léO IéO 0 2‘0 4‘0 6‘0 8‘0 l(I)O IEO Illl() léO léO
NS KEL Days after sowing /d
1 TMgU - SVBEF St ; AMgU : i b FREEF SR i ; UMgU « i T AR AR SR i
Note: TMgU: Total Mg uptake; AMgU: Aboveground Mg uptake; UMgU: Underground Mg uptake
Es5s HhmRE1SERESITE
Fig. 5 Mg uptake dynamics in Zhongyouzao 1
xR7T PHBEISHAPEMAFERREE LI
Table 7 Mg distributions among organs of Zhongyouzao 1 at maturity
B AR AL L
b Mg accumulation /( kg' hm™) Proportion in different organs /%
Site ZEFF fa7e KPR FRAR Bt s fiie AR A R
Stem Pod wall Seed Root All Stem Pod wall Seed Root
FEFK Guilin 7.3+0.2 a 4.1+0.2 a 8.0+0.3 a 2.8+0.2 a 22.2b 329 18.5 36.0 12.6
fiiifH Hengyang 7.8+0.3 a 4.7+0.2 a 8.6+0.2 a 3.9+0.1a 250a 31.2 18.8 34.4 15.6
% Ji'an 7.3+0.4 a 4.5+03 a 9.1+0.7 a 2.9+0.1 a 23.8 ab 30.7 18.9 38.2 12.2
Y Average 7.5 44 8.6 3.2 23.7 31.6 18.7 36.2 13.5
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Fig. 6 B uptake dynamics in Zhongyouzao 1
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Table 8 B distributions among organs of Zhongyouzao 1 at maturity

TR 2 4 AARAL N E

i o5 B accumulation /(g-hm™) Proportion in different organs /%
Site ZEFF fic KPR RS §s8aN ZEFF faie KPR R
Stem Pod wall Seed Root All Stem  Pod wall  Seed Root
Hebk Guilin 91.0+5.1 b 125.742.7 b 216.7+1.8 b 67.5+3.0a 500.9 b 18.2 25.1 433 13.5
#BH Hengyang 772445 ¢ 122.626.0 ¢ 211.4235¢ 39.9+1.9b 451.1 ¢ 17.1 272 46.9 8.8
2 Ji'an 107.8+5.4 a 135.9+4.4 a 255.74#3.3 a 39.8+1.9b 5393 a 20.0 252 47.4 7.4
HIME Average 92.0 128.1 228.0 49.1 497.1 18.4 25.8 45.9 9.9
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Table 9 Critical growth parameters of dry matter and nutrient accumulation and distribution
PREE R R PRIl Rpk N A
Hes i . BURSERHE A BT
Average accumulation  F[H] Dura-
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