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Abstract: [Objective] Rapeseed (Brassica napus L.), one of the most important oilseed crops in China, is sensitive to
magnesium (Mg) deficiency. The Yangtze River Basin is the main planting area for winter oilseed rape in China, and the
climatic characteristics of the region with simultaneous rain and heat, high-intensity planting patterns and long-term
unbalanced fertilization have led to serious depletion of soil magnesium. It provides a theoretical basis for the rational
application of Mg fertilizers in rapeseed cultivation to investigate the impact of different Mg fertilizers on seed yield and
quality of rapeseed in China’s main winter oilseed rape production areas. [ Method] Between 2019 and 2020, 56 field trials
were conducted in the main rapeseed-growing regions in China. The trials followed a one-way experimental design, with
three distinct Mg fertilizer treatments: no Mg fertilizer (CK), magnesium sulfate at the rate of 45 kg-hm™ (Calculated as MgO,
the same as below) (MgSO,-H,0, referred to as MgS0,), and magnesium chloride, also at the rate of 45 kg-hm™ (MgCl,,
referred to as MgCl,). The response of rapeseed to the two Mg fertilizers was evaluated by analyzing the rapeseed yield, yield
components, oil, protein, sulfide content and fatty acid fractions. [Result] The results revealed that the application of both
MgSO, and MgClI, significantly increased rapeseed yield by 14.1% and 11.8%, respectively. The increase was primarily
attributed to an increase in pod number per plant and seeds per pod. MgSO, and MgClI, increased the pod number per plant
by 10.2% and 8.2%, and the seeds per pod by 3.9% and 2.4%, respectively. Analyzing the relationship between soil Mg
content, sulfur content and yield increase resulting from Mg application indicated that the increase in seed yield was mainly
associated with soil Mg content but not soil sulfur. The addition of MgSO, and MgCl, resulted in an 11.8% and 8.7%
increase in seed Mg content (relative to no Mg application treatment), respectively. However, Mg accumulation was similar
in both Mg application treatments. Additionally, the application of Mg fertilizer significantly improved rapeseed quality by
increasing oil, oleic acid, and linoleic acid content by 5.5% and 4.8%, 8.3% and 7.7%, 7.8% and 11.4% for MgSO, and
MgCl,, respectively. Meanwhile, stearic acid, palmitic acid, and erucic acid contents were decreased by 4.60% and 26.1%,
7.5% and 13.9%, and 33.2% and 24.1% for MgSO, and MgCl,, respectively. Although the application of MgSO, resulted in a
significant increase in sulfide, it remained below the national limits for edible rape oil and feed cake meal for double-low
oilseed rape. [Conclusion] In the main winter oilseed rape production areas in China, the application of MgSO, and MgCl,
can significantly increase rapeseed yield, with MgSO, having a slightly greater effect compared to MgCl,. Magnesium
application also increases the Mg content and improves the oil quality of rapeseed by increasing the content of oleic acid and
linoleic acid while reducing stearic acid and palmitic acid contents. These synergistic improvements contribute to both yield
and quality enhancement.

Key words: Magnesium-fertilized varieties; Rapeseed; Yield; Quality indicators; Fatty acid fractions
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2019—2020 ‘EAERE LML T =X 13 M (7. X)) WE 56 ARG, 2 R5 H7E 4 B 140 A
THHWNER 1R OEHEEZD . AKX KZ B TR FRSE, MR Z hlse—KRERlE, sl
—EPA . BRI ST F PRI SR SR A D b AR BHE T T HERE SR (2 RS R, AR
61 IR D, SRRy OR F B, BRI RGP LE 2019 4F 9 H NAUE 10 A Ay, YIRS [A]
HHfE 2020 4E 4 A FRIE 5 A BAg. iR 5 i IR AL MR 3R 20 o, ZR%% (1 mol-L™ NH,0AC)
RN E AT e A S BB 20.7~534.2 mg-kg™, P34 194.6 mg-kg™.
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Table 1 Distribution of pilot sites by province (municipalities, autonomous region)

A (. KO
Province PN oy
(municipalities, Co%nty n Perév?;ce Coﬁty n Prfvﬁce Coﬁty n
autonomous
region)
ZH 247 Dangtu 2 E S Jingzhou 1 N % Jian 1
Anhui Hubei Jiangxi
4% Jin’an 1 Vb i Shashi 1 i3t 5% Jinxian 4
#F3 Shucheng 1 Vb Shayang 1 JULYL Jiujiang 1
EBE. #4511 Nanchuan 1 [#1JA Tuanfeng 1 Ji%¢ Wan’an 1
Chongging ) ) i
‘H 7 Ganning 1 L Wuxue 2 =M Yuanzhou 1
Grﬁ _ #)1| Lingchuan 2 $2BH Xiangyang 1 76 Shaanxi JPH Xianyang 1
uangxi
JeRE Longsheng 2 BHBr Yangxin 2 _Pﬂ}ll £&J11 Chongzhou 1
4 . . Sichuan o
fil7K Rongshui 1 Hﬁﬂ@ 24~ Anren 2 &% Peng’an 1
unan
JE L Yanshan 1 778 Hengnan 1 = £ Santai 1
GE J:l %M Bozhou 1 #7FH Hengyang 1 /YT Zhongjiang 1
uizhou .
4:¥b Jinsha 2 R Liling 1 = Z'SF Luoping 1
. . Yunnan '
JEE Meitan 1 B Wuling 1 &3 Tengchong 1
) &l 4 Gushi 1 {#FH Yueyang 1 S+ Xundian 1
Henan 3T NN, SR .
Jt1l1 Guangshan 1 L5 1% Gaochun 1 HiiT JHE Kaihua 1
Jiangsu Zhejiang
“F#+ Pinggiao 1 ] B Guangling 1 3 Wuxing 1
ST Wujiang 1

VE: n FRiA S 4. Note: n indicates the number of trials.
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F 256 MR AFHELTIE (0~20 cm) EREIBLIMER
Table 2 Base physical and chemical properties of tillage soil (0-20 cm) at 56 trials

N )| N )| =y
R SRR am g o SRR ERER 5 2
Al trials pH g Total N/ Available P/  Available K/ Xchangeahle xchangeable - Available S/ Available B/
(n=56) mater’ (gkg®  (mgkg)  (mg-kg?) cal Mg/ (mg-kg?)  (mg-kg?)
(kg (g-kg™") (mg-kg™)
Vil Range  4.72-7.92  84~77.0  010-495  3.5-69.0 32.0~562.0 0.1-53 20.7~534.2 9.85-94.24 01-11
“FH51H Mean 5.81 28.2 1.65 17.5 166.8 1.9 194.6 31.61 0.4

1.2 Rt

I B 3 AN AL B, 43 ) e A AL B CCKO L it B B B A B (— /KB R B , 7 9 MgSO,)
it E A BB K& S, FoR MgCLy) . R KA e A RENLIX it B3 3 IRER . /DX
[iAR 20 m? (10 mx2 m), FFAEBRES H R B %E 1 m % R AT.

FAFEL B AAITRAC FHEIARE, 425008 180 kg-hm? (BA N ). 75 kg-hm? (LA P,Os ). 120
kg-hm? (UL K,0 i) 1 1.24 kg-hm? (LA B i), JiBEabFREEAL A &30 45 kg-hm? (LL MgO ). &R
KPR Z AR 4k, WEAE SRR 4 (52% P,0s), #FAENEILAT (60% K,0), WAL NI (11% B),
BERE N T K &AL EE (FHELL MgO i, MgO & 42%) fl—/KiifesE (FHE LI MgO i, MgO & 25%).
HAEES 3 Wi, 600%/FAHEAE (BFRE — B A /ERE L), 20% B4 AE, 20% AEEAE, . 21, ol
FBEAE AL o K BB R 3, A EN 45 kg-hm?, AL E WA E RN . EiR56
AR, FTA I R, ARERREIEH . R R E RIS, SRS R B HE T T VAT
1.3 MEMBSRHE

AR S SRR S R« T SERE AT 1~2 d SRS R EURE ) 7 R4 0~20 em BEVEJZ -4 I 5E pH.
AHUR R AR EAA . SRS SRS, A BRI RO, AR bR SR A A 9 e
2. Horb, R BER A ZREA T (L mol- L™ 4R, IR IO E{X (AAS, Agilent 204Duo, Santa Clara,
CA, D WwE; AR FABR —S8Em TR SEMEER (AT AKELE B,
SR Y6 (ICP-OES, Agilent 5110VDV, Santa Clara, CA, Z£E) 5.

TSRS SRS R AR S I - ROk 1~2 d AES/NX RIE A AR M RIRE T 0.36 m? (0.6 mx0.6 m)
O, 2 /N X RIS RE T R B A T, AR . R A A RO T RLE, RRE
T 38 ARG SR T P AT TS SRR R S, BCE T AS R X SRR AR Y KL, SR ZEFT,
M BT AR B/ NP B AT ks, LT RS2, FPREM RS KR 8%t 513 H 1,
AR e A AR AR B SRR T N ZE AT e AR =38 0 T o B LU AT B AR . 5
PFEMZE 105 CRAEJE, 60 ClEEM T B, KA HNOs-HCIO, (HNOs:HCIO,=4:1, g4l &
— R IR A E A AR

JS SR T ST it 5 R B R P R AL PR 52+ UACEE T 27 ANAS RIS AT SR S (K S RF CHREEIA T
YR TR PR, BEALIEE T 27 ANMREG A, o5 I A 48.2%), K55 AL ER (1R T 40 Ah O
1% (NYDL—3 000, R\ EHEFe i RMEYRT BT, 50 WEH R, SRamE, EamaE.
Bk A B W R AR AR R G . TR . URRER . WARIR. ARHIIR. JFRRSERR TR S EUCY, K 40 g MT
TSRO B RE 3, A 28I 5 P K T FEL 28 1.100~2 300 nm, S6iE 735y 2 nm, T84 E 3hil &
FEAMRES A 3 UK, BURAE A B RS (NYDL—3000) HrAbBE, $RBEA T RIEIRIN & & .

1.4 HiEALIE

BT BRI (kg-hm?) =% 30T (kg-hm™?) X & B4y 455 &/% -+ 10008

TG P 2 %= CHEEE= B (kg-hm™®) ~ASiidEr= &/ (kg-hm?)) + RifisEr= &/ (kg-hm™?) X100

TSGR/ %= CiliBEALBRFR RN EEAL B TR A7)+ AL HE 4R b X 100

PRI P FR Y= R 4 G T ARG 55 3 77 5 2 F Yo 6F B 43 AR i AN $ X 100

RIGHE A Excel 2021 HA/F#EAT 4, K] SPSS 26.0 ¥ A B AF AT it 9 S8 i ir, R
Origin 2021 #AF1E K
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2.1 WRERSRAI SRR ST S B A0S

Jiti i} MgSO,4 Al MgCl, 34 5 3 3 m i Sk 8 (& 1. P FMEENE AL PR () Jh Sk 7 B 25 AR L35, At
FEEM H > MgSO, Fl MgCly AL BRI~ 334 77 2R 43 7 14.1%F1 11.8% . X bt CK Ab 38Rt 858 4b 22 (177 & (R
3), GRF UGG R KT 5% AR AP 61.6%, b MgSO, A & EE ol 67.9%, “FH1Y
FEEON 23.2%; JitiF MgCl, AbEE Y (5 EE ol 55.4%, T8 RON 22.9%. Jiti il MgSO, Fl1 MgCl, 3672 5k
T 20%01 158 5 E 430 25.0%F1 21.4%. 197 FEAE-5% 1 5% 2 18] (156 A1 A P37 26.8%, MgSO,

AbFE 5 17.9%, 1 MgCl, A3 (5 35.7%. JiBE1E 77 /N F--5% ) o5 LUK 11.6%.

50000 P a a

2000

P& Yield/(kg-hm™)

1 000F

CK MgSO, MeCl,
HbFE Treatment

7: CK. MgSO4 Hil MgCl, 7 B RAMBEALTE . MgSO, ALEEA MgCly ZFE . RIS AL n=56, AFEVNG 7 REL IR ABE ] 2 57 5 3%
(P<0.05) , #EITHIRHRR 95%I BAE XA, JEIMFR 5% BAE X, M MR&F R, THRFRFHME, B 6 Wi 2k
THRMIESSMG. FE. Note: CK, MgSO, and MgCl, indicate treatment without Mg, MgSO, treatment and MgCl, treatment, respectively. The
number of trials is 56. Different lowercase letters indicate significant differences (P < 0.05) among treatments. Both box plots and dot plots are shown
in the figure. The top of each box in the boxplots indicates the 95% percentile, the bottom is the 5% percentile, the thick bar inside the box is the

median, and the square indicates the mean. The curve describes the normal distribution of production. The same as below.
Bl 1 RIS AR A B Sk 7

Fig. 1 Yield of rapeseed under different magnesium treatments

3 MERSEMS LRI BT = E T SRR
Table 3 Effect of MgSO, and MgCl, on the distribution of yield increase rate in rapeseed

T
W A i o L 1 _
e No. of trials Percentage/% Mean yield incresse
Yield increase rate/%
MgSO, MgCl, MgSO, MgCl, MgSO, MgCl,
<-10% 3 4 54 7.1 -15.7 -12.8
-10%~-5% 5 1 8.9 1.8 -6.9 -5.8
-5%~0% 6 7 10.7 12,5 -2.3 -2.6
0%~5% 4 13 7.1 232 13 2.9
5%~10% 9 5 16.1 8.9 7.1 7.1
10%~20% 15 14 26.8 25.0 14.6 154
>20% 14 12 25.0 214 42.7 37.3
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2.2 FRBRSETNS LI HSE S AL EF RIS
Jiti F MgSO,4 Al MgCl, ¥ 5l 25 $ 5y 17 IS 1) bk A SRR B Aok CJ8 20, o, Bk SRR 38 n
MR i K, MgSO, Al MgCl, b5 CK ALEE-FI43 0 11.0%H1 8.1%; & Mki%k, MgSO, il MgCl,
AbFRES CK ALFEFIHG I 4.3%F1 2.8%. #AKIMN S, MEBEXHH RIS FEA TR E 1) 52 EL/N . MgSO,
F1 MgCl, Aab PR % 7= 848 J R 1 1R 22 e AN B 35
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Fig. 2 Yield components of rapeseed under different magnesium treatments

2.3 TESEIRE L IBE, MAIHNXR

TSR = SR A b R A B i & R PR %A, MgSO, Fll MgCl, A A {4 AL (1] 3a). 4
TIEBE S R/NT 221 mg-kg ™ B, MgSO, AbEE (K135 72 3 T MgCl, 40 HE, 7 24 iR =R T 221 mg-kg™!
i, MQCl, AL BRIN LI B 3 = 2 . PR BRAE I3 7= 2 5 e & B3 B R EM R (K3, #t
B R O B R R R (N B AR I P R N . IR TS E GBS RN KRN S, Bk
TE PP EERE SR S v Sk 7 B 5 TR 35 T F TR

= 120 ’a) ® MgSO, £ 120 ’b) ® MgSO,
:g 100 @ o MgCl, ?g 100 o MgCl, ®
% 807 * — =174 In(x)+ 101.6 R?=0.390%** % 807 *
2 60L ©00 )= 109MI(x)+665 R=0.246%+* 2 60t eC © O
k- k- e o
) 40 = 40 Og o
2 I
= 20+ = 20t 055.5 o
o 0f ot e T o
i L o 0
e 200 . . ‘ : . ‘ . 20F . . ‘ .
0 100 200 300 400 500 600 0 20 40 60 80 100
TR LS R A A &
Soil exchangeable Mg content/(mg-kg™) Soil available sulfur content/(mg-kg™")

1E: R8I E KT P<0.001. Note: *** indicates the significant differences at the P <0.001 level.
3 LSS R (@ AIFIEIEE (b 5SS RKKR

Fig. 3 Relationship between soil exchangeable Mg concentration (a) and available sulfur (b) concentration with the yield increase rate with
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Mg application

2.4 MERBFMSNENEESEMERAENFM

SO B S B R IUFRL. f5e . ZEATIRUCT RIS, B R E RIUFPRR T2 M52, it
BERFE R TS AT BN RME (R 4. WBEEINMAZHESENIERRK, MgSO, 1 MgCl,
ARPEEE CK ALZE 1R 73 73108 19.3%M1 20.8%, AR HH 865 B TN BEARXT AL/, MgSO, A1 MgCl,
ALFRFIEIE 7539 11.8%A1 8.7%. Bt RARE ARG GBS AL, MiBesE mfh sk R IR %
1, MgSO, Al MgCl, ZbEE57 3y 241901 23.8%, BEALSE iR S FEAVFF R RAL B HIEZARIL, 4904 20%,
SRR IRy 20.9%. PR IEALBE 2 [R5 % AL B S BB RINE I R AR

® 4 MERHEFMBILEITMRA R B E S BRZRAENEM
Table 4 Effects of MgSO, and MgCl, on Mg content and accumulation in different parts of rapeseed

szl i Mg content/(g-kg™) B 2R Mg accumulation/(kg-hm)
Treatments ZXHF Stem 5% Pod FFHL Seed Z4FT Stem 5% Pod FFHL Seed & Total
CK 1.71£0.10b 2.51+0.18b 3.73+0.09b 6.94+0.50b 6.94+0.50b 7.91+0.45b 19.51+1.21b
MgSO, 1.92+0.10a 3.00£0.17a 4.17+0.17a 8.20+0.51a 8.14+0.50a 9.54+0.47a 23.47+1.14a
MgCl, 1.97+0.10a 3.04+0.16a 4.06+£0.10a 8.51+0.49a 8.46+0.55a 9.38+0.42a 23.61+1.10a

v R AN n=38, FFIAFEK/NG FRERRA RSO R 2 7 23 (P<0.05). Note: The number of trials is 38. Different

lowercase letters in the same column indicate significant differences (P <0.05) between different Mg fertilizer treatments.

25 WMERFMSMNEINMTSHE,. EERMBHK S SN

Jiti Ff MgSO, 1 MgCl, ¥ 3 2 S b i Fe b (] 4) . MgSO, Fll MgCl, &b 34E CK Ah B i =K F 15 v
IR ERIN, BR300 5.51%F0 4.83% . Jiti B Ab B AT B 1 & A PRI A, MoCl, A ERfF B
M 4.2%, T MgSO, AL 2.7%. K 825 BAE N THRAS 2™ i &M E E 57 &, MgSO, abHifi
T P RO (e CK AR 43747 1 18.3% A1 8.2%) B B AL T MgCl, AbHE (42 CK ACHE 4373 & T 13.9%
F 2.8%). MgSO, AP E & & & =T CK AR MgCl, 43, 5 CK 4bHAHEL, MgSO, kb 1)1
TN 1A 37.9%, 1M MgCly AR BE k& & R 52 i AN 55 3

60, b a a 407 a ab b

g%%

b

oy
>

o

jav]

I
W
~
O

303. "
IR

U
o
[9%]
<

4l Oil content/%

wh

10

—_
L

5 [ #i % & Protein content/%
Wil & Sulfide content/(umol-g™)

CK MgSCI)4 MgCll2 0 CK MngA MgC‘l2 CK MgS(jA Mg(‘,‘l2

AbEL Treatment AbHE Treatment AP Treatment

e RN n=27, FPREE RN R G S R I AL A6 (NYDL—3 000) ELIEMAFHIE 7> & & . Note: The
number of trials is 27. The content of seed oil and protein was measured directly as a percentage by near-infrared reflectance spectroscopy
(NYDL—3 000).
4 AN[ABENEALBE A S . A B S &

Fig. 4 Oil, protein, and sulfide content of rapeseed under different magnesium treatments
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2.6 WRERSEFNSLIEXTAERAERLE 5 ORI
MgSO, 1 MgCl, b B R & 2 AR A A AR — 35, (H P FPEE AE XTI TR & & 1 B VR P AP AE 22 57
(E15). Jiti i MgSO, F1 MgCl, 351 FJ I 25 42 i S il vh i B A R 1) 2 8, [ B PR AER AR I e o R R A
TFERII S . MgSO, Kb B M BRI UR. (3¢ CK AL FE = 8.3%) 5 MgCl, AbFE (4 CK AbFE R 7.7%) #H
. 5 CK ALFEAHLL, MgCl, AbEE IV EL 418 Ay 11.4%, MgSO, ZbFE (KRN 7.8%. i BE &K AR IR
(RCR et , H MgSO, IR 3 i 248 T MgCly, MgSO, A FE AT MgCl, AbF4: CK AL B (1) A1 23 5% 46.0%
1 26.9% . Jiti 5 FEARTF IR & & IR IR 2, MgSO, 4b BRI MgCl, A 38145 CK AR 7373 FEAIK T 33.2% 11 24.1%.
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Fig. 5 Fatty acid fractions of rapeseed under different magnesium treatments
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