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Abstract: [ Objective JRapeseed (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’2 (Calculated as MgO, the same as below) (MgSO4H,0, referred to as MgSQ,), 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 MgCl, 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 MgCl, 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

TSR O 3 B AR Y, W=
U RV TR S A X, X
SRR AL, L 2R — 4 0 2 B = 2 Y e i o
HT7 I, SRR SR T I S A I A R
A A Tt HEATS LR A O 2, I g ok 2
SEARERRE . RIWIH , Rl T R, Br
B R BRI S 7 b R AR s i R L A
Pt 8 IS 5 B 0 77 A o Jo R ) 4 e ) A 2K
Wit BALIIRN I Z, KIS TEBENE AR PSR,
2 it AR i ) EA A5 (1 1 R TG %32 7 R
Forr, DIBRIR BE M ALBE RN I e o Tz, I Y 22
STE TR R B A R AL B IR A B 3R 23 FL & TR o

2257 o ISR BRI R AR B m , (HR TR
O T [ B 4 o A 8 4 XU, PR ke A e 5 A
XIS R B A R P BB E 25 R0 W R
| A9 33 T2 7= DXCBRE R B AN Sl AR Bk A i TR, A7 B T
AN B, S BURFRL ™ 5 A0 it BT 74 B3 ) 2 7

CANITRY, MiEERE R #E M R EEY R
FEAE, HAS R BEAEAEAS R A A RS R 26 2
V) 85 1 BURER FE A7 A 35 22 5000 i AR e 4
H it P B R B R AR P Bk B2 e 9 AL A Al T 14 2K
AR T A BE AR e AR e et P A R
B 10 14 7 SR U X e /N e i 6 A A 4R i/
A MUK = B[R, 38 1ok RE oML AR 1 R

http://pedologica.issas.ac.cn



474 +

T 62%

e eI R, it A T R
TSRS R 1.3%~9.5%, FEIRE AR A&
6.2%~8.9%, i FH 5% A SE UK A 98 & B, it FF A IR
0 AR g g b A LN R ER: V) I TiOF <E- I ENi i}
O T R 6 R S AR B A T ST v 1) it FH R 2 0
T B s /INT PR 2 ® ) ot L 7 i I A 4 ke
ZRGEMIEL, SNBSS S0 s A
FAVER R 14 5 s R M i e — s ™ s Hegs
B R EE N SR AR TR B8 e T =8 = i Rl 5 L VR B 2%
5, ARITREMEBENERISE, e A se s N RN
Bidpmser skt F = S m iU R . ZE T, A
WFFRAEATERE 7 X 13 T AL T 56 AR Al
SACBERT HAY F RS, U A 3 [ 43 =8 3 7= XA ]
BERE A3 = B TSR, AT AE B T 488 o ST
F R R TP AR

1 MRSk

1.1 R ER

2019—2020 FAEFKRELMFEFE X 13 A
(. X)) & 56 ANHENAL, A% e E
S AEBLANZE 1R R E R % ). IFRX KL R
R T RS, AR 2 i S — K R R 1
B A — A P A o A0 T FH A T S R 3
kY M AR AL )R T THERE SRR (22 BRI S R
IXERI 61 A R AT R S Pl ), TSR ARy Ok FH B %
Rt ] 4E TR AE 2019 45 9 A FAIZE 10 A 4],
WeFRm A 4E R AE 2020 4F 4 A NAJZE 5 A BA) ik
56 s Y AR R L 2 P, 2R 8( 1 mol-L!
NH,OAC )i I 7 (1) + g PR BE & i Rl oy 20,7~
5342 mgkg ', F 194.6 mgkg .

z1 84 (F. B RESHSHER
Table 1 Distribution of pilot sites by province (municipalities, autonomous region)
Ay (. X)
Province B B 8 Bh £
( municipalities, County Province County Province County
autonomous region )
LR 241k Dangtu tiild H#1JH Jingzhou bANii) % Ji’an
Anhui 4% Jin’an Hubei ¥b1li Shashi Jiangxi HEWE Jinxian
#FIk Shucheng V> Shayang JUIT. Jivjiang
EDN #5)1] Nanchuan [#1 )X Tuanfeng Ji% Wan’an
Chongqing H*T* Ganning #H7¢ Wuxue =M Yuanzhou
it} 2 )1] Lingchuan FEFH Xiangyang B 76 Shaanxi J# FH Xianyang
Guangxi JEfE Longsheng FH3#T Yangxin Pyl £ Chongzhou
7K Rongshui i) (" Anren Sichuan Y4 Peng’an
JELL Yanshan Hunan 47 Hengnan =4 Santai
il #% M Bozhou i FH Hengyang fYI. Zhongjiang
Guizhou 4 Jinsha % Liling payE7] % 3F- Luoping
VBT Meitan #H % Wuling Yunnan J¥& uf Tengchong
MaNEa) [ Gushi 5 BH Yueyang 58 Xundian
Henan Y61l Guangshan LA % Gaochun FiRAR JF 4k Kaihua
SE#F Pinggiao Jiangsu J" % Guangling Zhejiang % Wuxing
ST Wujiang

e on FaRik A%, Note: n indicates the number of trials.
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£2 56 MREAHELIE (0~20cm) HEEEIELER

Table 2 Base physical and chemical properties of tillage soil (0-20 cm) at 56 trials

AR

SEARERS SRR

I 2R AR B A R sl
Organic Exchangeable  Exchangeable
All trials pH Total N/ Available P/ Available K/ Available S/ Available B/
matter/ Ca/ Mg/
(n=56) (gkg') (mgkg') (mgkg') (mgkg') (mgkg"')
(gkg") (gkg") (mgkg™)
JulH Range 4.72~7.92 8.4~77.0 0.10~4.95 3.5~69.0 32.0~562.0 0.1~5.3 20.7~5342  9.85~94.24 0.1~1.1
¥ Mean  5.81 28.2 1.65 17.5 166.8 1.9 194.6 31.61 0.4

1.2 Rwigit

ARG S UEE 3 A HEAE AL, 435 R ANt B Ak
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JEFEBEE 1 m SERE AT

FACFEA . B SRR AR AEE, 0k
180 kg'hm 2 ( A N it ). 75 kgshm 2 ( L) P,Os53f ).
120 kg-hm > ( L K,0 31 ) 1 1.24 kg-hm > ( 2L B i),
JitE B b PR AL FH R34 R 45 kg-hm * (LA MgO it ).
RAER AR E B IR e, BRI M mEie — 8 (52%
P,05 ), 4B A S AL B ( 60% K,0 ), BIAE A A ( 11%
B), BEALMICAKELEE (HELL MgO i, MgO &
it 42% ) Fl—skEmReE (&L MgO it, MgO &%
i 25% ). H AN AT 3 K, 60%AE S HEE
R AR A TBAEIEAR ), 20% MilA AR, 20% N 22AE,
B BRI AR A RO MR G . R LR 1 A R
L, FEFE N 4.5 kg-hm™2, BN B A 6] 1 F0
A RIS R T, T Y A R, R
Ui | g BUE BTG, PIARE Y MR B )
TR TR AT
1.3 MEmMHESAHZX

- HERE S RS E . IHSERERT 1~2d R
F“S” BUBURERY 7 AR AR 0~20 em BEE)Z 3.
WIE pH. AHLT . 2. ARHE . A . scHtt
BGOSR . A RO SO, AR bR R
BRI . Ho, SR HeMEBER T R BT TR
(1mol-L") 242, JETRIOLIEIL (AAS, Agilent
204Duo, Santa Clara, CA, ZEH ) ME; ARMmK
FABEMR — AU (TRt 3 ) sie S5 i
(AT A KELE) B, S8 7L GEN

(ICP-OES, Agilent 5110VDV, Santa Clara, CA,
FKH) ME.

TSR WCRIIRE R E S IE . IRk RT 1~
2 d e /NX KA AR FRMEAFE T 0.36 m® (0.6 mx
0.6 m )M A 45 /IN X K 2 FE D Hp G R R R
AR | PR AR B R ARLECR TR,
FERET 38 A RIS SRRy v A IS b AR
FEG, HCE TSR . THERARR S SRR . A
SERIZEFF, W AR AR . 45 /N DORPRL ™ A
FIE, DARCT Bt ™, FRid: Y i 5 7K 5% 8%
THAAF I U, Z5FE R 72 A W i HDRFRL A 90 1 R
7 NZEFF | A 5e RURER =504 50T 9 i E kA 7
BB . B Z 105 CRAE G, 60 ClH
ML A0 %, SR A HNOs-HClO4 ( HNO;
HC10,=4 = 1, Phgkal) 1 Z—JR RSOt iEA0om &
KB A

SCA I TH SR 5 ST B I R 4 4 P D
WA T 27 AR RIS SOBCIR 5 A8 SRk ( 5 TR R
J1o WAt BR ], BEALEET 27 AR A
7 BRI R 48.2% ), KA AL B P T TR L1400
FHEREAL (NYDL—3 000, HE 4V RLE B oeHE
PIargE T, sRO0) M H R BT, AR A
Bt B B S B R R RR . R .
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W 40 g RUT I SRAFIAALERFE S 2, IR AER T
WARFEHE ZE 1 100~2 300 nm, YEi%sr#E% K 2 nm,
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1.4 HiELIE
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JH MgSO, Fl MgCly 24 1 25 4 e il SRk 7=
(B 1)o PR EERE b S (B I S AT = R 22 AN B3,
R PEHM S, MgSO, Al MgCl, b 3 i1 - 4748 7= 2%
S3R 14.1%H1 11.8%. X H CK Ak 3 A1t 856 4k B (1)
it (3R 03), ZERFUMBER ™R KT 5%A%
ROFH A 61.6%, bt MgSO, AbHEAY 5 el
67.9%, X8 =E Ny 23.2%; i MgCl, kbR AY
mitb R 55.4%, P88 %R0 22.9%. it MgSO,
I MgCly 377 KT 20% A3 56 5 & b4 3 Ky
25.0%F1 21.4% . 3477 BAE-5%F 5% [H] i 150w

d Y 26.8%, MgSO4 A3 5 17.9%, 1if MgCl,
AEEE S 35.7%. i BE BE ;R RN F-5%09 & AR
11.6%.

5000 P a a

4000 |

3000+

2000

7= Yield/(kg-hm™)

1000 |

CK MgSO, MgCl,
AbFR Treatment

H: CK. MgSO, Al MgCl, 4> IR AN AL B . MgSO0,
JEFEA MgClL AL 3 . RIS 2B n=56, ANRI/INE Fh:FRR b3
] 22 5 2% (P<0.05), FARITHARER R 95%M B A5 X [], R
N 5% EAR DX, AR P R R T AR, D7 PRSI,
B S A e R T R IEAS 4 o F Al o 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[1<[10.05 )
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.

1 AR B AL A B Sk 7 fik

Fig. 1 Yield of rapeseed under different magnesium treatments

R3 MEREMSAEN BT =EZUL TN

Table 3 Effect of MgSO, and MgCl, on the distribution of yield increase rate in rapeseed

IR L J i L A SR A
B
No. of trials Percentage/% Mean yield increase rate/%
Yield increase rate/%
MgSO, MgCl, MgSO, MgCl, MgSO4 MgCl,
<-10% 3 4 5.4 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 -23 -2.6
0%~5% 4 13 7.1 23.2 1.3 2.9
5%~10% 9 5 16.1 8.9 7.1 7.1
10%~20% 15 14 26.8 25.0 14.6 15.4
>20% 14 12 25.0 21.4 42.7 373

2.2 MEREMSAEIHEFEMEREFREMD
it F MgSO, Fl MgCl, 2 I 25 1 5 1 98 2% 1Y) PR bk

FARECR BRI (18 2), Horr, BbR A R A 3
I B2 e R, MgSO, Hl MgCly AbHH# CK Ak #H-F-1
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Fig.2 Yield components of rapeseed under different magnesium treatments
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Fig. 3 Relationship between soil exchangeable Mg concentration ( a ) and available sulfur( b ) concentration with the yield increase rate with Mg

application
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20.8% , AT H B 5 o A 14 0 i RE A G AN

MgSO, F1 MgCl, &b 3 i B i 435 K 11.8%F1 8.7%
RN SEES AL, RS AT
B BAE IR E e, MgSO, Fil MgCly, 2 H73-51 Ky
24.1%F1 23.8% , BEALHE = ZE AT FOFFRLEE B R 1Y
FERHIT, 2900 20%, S ERFUEFIETE N 20.9%.
A JIE Ak 3 2 ] i 3 45 67 6 5 1 AN R AR 1Y
P SR NTE

F4 MEREMSAENHRAEBLESEMZERRENTM

Table 4 Effects of MgSO, and MgCl, on Mg content and accumulation in different parts of rapeseed

b 5 Mg content/ (gkg™!) £ 2B Mg accumulation/ ( kg-hm?)
Treatments ZEFF Stem ffi15%¢ Pod FFHL Seed ZEFF Stem ffi 5% Pod FAL 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

e R A =38, IR /NG PR LR RN FEBEIEA #2257 83 ( P<0.05). Note: The number of trials is 38. Different

lowercase letters in the same column indicate significant differences ( PL1<[10.05) between different Mg fertilizer treatments.
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(& 4), MgSO, fil MgCl, 4bHi4F CK AbBRIh Sk
TR E RN, SR 5.51%F 4.83%. it
BEAb R ST BT A A R R, MeCl, b

7 2 AR N T AT B R R
MgSO, &b Bl i M 2% O RICR (0 CK A B 5 B2 v
T 18.3%F1 8.2% ) Wl WAL T MgClL AL (4 CK 4k
IR T 13.9%F1 2.8% ). MgSO, Ab 3B
R R T CK AR MgCL 4b3H, 5 CK 4b3Y
ML, MgSO, b BB IRE ik 37.9%, i MgCl,

YRR 4.2%, T MgSO LB 2.7%, #06  ALF B E S YA B
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57 &
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TE AR N =27, FPRL M R AR 10T & ol e i 2 AP R A6 RSO NYDL—3 000 ) 3% 45 9 7 43 & # . 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) .

Bl 4 ATRBENL AR B SR S 8 BRI i

Fig. 4 Oil, protein, and sulfide content of rapeseed under different magnesium treatments
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