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Fig.1 NCA),Ca(B) and Mg(C) nutrient content in leaves of different rootstock lemon under different treatments
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Fig.2 Content of Fe(A ),Mn(B),Cu(C) and Zn(D) in leaves of different rootstocks lemon under different treatments
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Table I Taproot nutrient elements content of lemon saplings

38.02% , i i AL BLJS , 2 ARl AR Mg & G . 3% 22
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B Mg 1EH 5558 T C35 BB Al AT A5 AR XS Fe W tRk
i, BTN Mn W IS8R . Mg 1E 23y
C35 HR kAT AR Cu & 1t 4y 18.86 mg/kg, i E 1K
FH A AL, 1M Mg 8= 1 TR Cu & 5 5 B A7
TR EZES . FEARM Ca i Zn & B A [ b 7
[AESFRTE S =S, 8
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F#43I0% Nutrient elements 71 Cl Co

N/(g/kg) 2.28+0.36ab 2.3840.30a 1.75+0.23b 2.554+0.27a
Ca/(mg/kg) 5.87+0.54b 12.354-2.18ab 10.1040.42ab 18.13+1.21a
Mg/(mg/kg) 2.46+0.10a 0.79+0.08¢c 1.78+0.23b 0.78+0.02¢
Fe/(mg/kg) 0.12+0.003b 0.14+0.0b 0.21+0.03a 0.114+0.01b
Mn/(mg/kg) 44.45+2.69a 17.33+1.28b 17.4941.48b 16.49+0.24b
Cu/(mg/kg) 44.83+3.98a 43.92+3.00 a 18.86+0.51b 44.56+3.04a
Zn/(mg/kg) 30.43+8.64a 34.234+5.52a 26.29+3.55a 27.04+1.44a

AL BE R AR A N Ca . Fe Cu.Zn & ¥
2R (3£ 2) . Mg H= B AR Mg & & i
FAR T AR a0 kb B, B Mg i C35 BUB AR Mg & &
PR TFATE . i Mg 23 3 R AP R LA 250 AR ) Min
L, AR M Fr i 3 TR AR B, HL.C35 41

PERGFTEE A Mn & 5 i 2 5 T ARG
24 HREMENARMATERDW TS ER R
A
BRI AL BN F2 0 56 78 R B T 0 — 1B AL B
o 2 B2 (K 3) , ZEAURG A5 (181 3A) i Fe  Zn
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Table 2 Fibrous root nutrient content in lemon saplings
Nutiz\ Zlntflents = 20 ¢l 0

N/(g/kg) 5.43+1.46a 5.52+0.54a 5.73+0.16a 6.07+0.32a
Ca/(mg/kg) 26.57+1.46a 31.63+7.13a 19.22+13.64a 23.697+16.79a
Mg/(mg/kg) 5.40+0.50a 1.34+0.19¢ 3.0140.10b 1.00+0.0 ¢
Fe/(mg/kg) 0.63+0.17ab 0.46+0.07b 0.83=0.10a 0.634+0.10ab
Mn/(mg/kg) 380.29490.30c 596.29+81.49b 522.85+54.67b 777.40+67.95a
Cu/(mg/kg) 18.87+1.65a 12.94+5.92a 17.91410.39a 13.86+8.00a
Zn/(mg/kg) 69.62+12.70a 61.15+11.08a 83.10£17.10a 87.62+30.77a
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BUEIIAE 0.5 LA E;Ca MnH —28 Mg IE WA HT
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BFEOS5 AR o 75 Mg il Z 6040 T, ARG A B
Fe.Zn FE00 568 R B0, M H R0 HB R BT
BB o5, Her N Mg Cu Z A s k. C35 47
P Tl A7 A Kb B 3% 00 T B R BB 2R 45 R 5 AR AN )
(F3B), RAELEGH Mg 568 2808 R s — 2%, 2
AN b LR R A T 0.5, B Mg b 2 i T 1E kb

B Fe Cu.Zn AN, Ca . Mn #IH K 75 225, A& Mg
B

Bz A BRI EER R BGR T 0.5 3F KR FIEH AL PR, N
Ca Mn &5 SR A1 I, Bl Mg b B 5 56 5% 2 50K T 0.5 9F:
/NTFIE B AR B s Mg i 2 () C35 BB Rl b 5 1 3 Ab
X Mg e ¥ ZECE MBI, N Ca Mn 8 ZECT
s R .

Mg Bt = S50 Bt A 5 R0 C35 AR Al Ay A5 77
I3RS FZ B0 I B 22 5 (K] 3C) , R 45 6 Mg . Cu
Fh—2, 2 b PR R 2R B2 7K, C35 AR Al Ay
B (>0.5) 8 AR RS (<20.5) s 2N R A AP B 1 N
H5E 7 2B T 0.5, C35 AR Rl A A2 s 5 T AR Al
i ; Ca Fe Mn . ZnH R —28  BURG R 1 76 7 228K

AZOM ZL AL BRI He 8% ZRBCRISIANAB-CO R CLALBRAY IR 7356 8% R HCRISIMIEL:C.Z0 A1 CO AL FRAY IR 53 e B R BOCR IS s D:Z1 I CLAR T
1750056 7 R BOR ISl . A:Cluster heat map of nutrient  translocation coefficient of Z0,Z1;B:Cluster heat map of nutrient translocation coefficient of

CO0, C1L;C:Cluster heat map of nutrient translocation coefficient of Z0, CO;D:Cluster heat map of nutrient translocation coefficient of Z1,C1.
B3 GREEAMB AR T ARBEARITRG T AR RYRERE
Fig.3 Cluster heat map of nutrient translocation coefficient of young lemon rootstocks



o5 2 1A

FIUT AR 45 SRERMIME XA [l AT R A AR 37 730 W HSOR A 32 ) 169

# i T C35 AR il ; i Mg 19 C35 AR kA A5 114
Mg.Cu W% 2B F R BT Ca Fe.
Mn . Zn 555 ZEU0 T C35 BB REATE , 2 D RE A
15 N 5 78 RBIRAAR . Mg 1E 5 Ak HRAR R #7456
C35 R AT A5 2 0 B 78RBS 5oyl 32
(F3D), Hith Fe Zn .Cul3 R —2 5 82 R ECYML T
0.5;N.Ca Mnh—2, 8 250345 F 0.5, Mg Hh
i —25, C35 ARSIl A7 I 54 4% R B0 T ARG iy
1, UL IE B A KRR, C35 SR AL #7468 X Mg 1)
R T AU AT
3 W i

Z BT AR 22 v 10 O SRR % | il R
4% HE 5 Hh 1S A A X 3R 43 Y I ISR B
E3 AR B S M e R T I NG TP N LD 5
W I 32 Y i AR [0 AR B 5 v LR R g i A
FARM Mg & 5 T C35 BB RN A, LA 7 IE
B A IR AR A X Mg G W ORI >R A 1 1
T C35 MURS Bl By 5 1 A 52 X R TR Rl R 4 5
AT RS, S B0 A A Bl A K st ) AR S R 400
JE R A Mg &t i T C35 AR s A3 22 AR AR
AR e % 28757 R HERE A IS A 2 T AR
GEUL i Mg 23 b 255 ) AL A AR A 6T Mg 18 W R
R AR 5 C35 B Rb Ay ol i g - Y
Mg & &2 0% 5 T AT, C35 ARG 1) Mg ¥
B R B AR F ARG AT, 3X 5 1E 5 Mg A3 1350
SEILAR KL, Ui B ARG RS Mg 1 255 W AL ) 2 A
T 78 B Mg L B 5 Xu 25120 % Bk Mg it 25412
HEAFTE A Mg 7N ARG D A R L83 5 hiE e,
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Effects of magnesium deficiency on uptake and utilization of nutrients
in young lemon trees with different rootstocks

BAI Xinchen'*, DONG Jianmei', LI Jing', FU Xiaomeng',
LLIU Hongming',HU Chengxiao®*,DU Yuxia'’

LInstitute of Tropical and Subtropical Economic Crops, Yunnan Academy of Agricultural
Sciences, Baoshan 678000, China;
2.College of Resources and Environment/Hubei Provincial Engineering
Laboratory for New-Type Fertilizer/Microelement Research Center,
Huazhong Agricultural University, Wuhan 430070, China;
3.National Key Laboratory for Germplasm Innovation & Utilization of Horticultural Crops,
Wuhan 430070, China

Abstract Low content of available magnesium (Mg) in soils is prevalent across the main lemon-pro-
ducing regions in China, leading to the frequent symptoms of Mg deficiency in lemon trees and compromis-
ing the yield and quality of fruits. A hydroponic sand culture experiment was conducted on lemon saplings
grafted onto rootstocks of P. trifoliata and C35 citrange to study the differences in the uptake of nutrients in
young lemon trees with different rootstocks under Mg-deficient stress and screen out rootstocks of lemons
resistant to magnesium deficiency.Four treatments including P. #rifoliata-grafted lemon-normal magnesium
(Z1), P. trifoliata-grafted lemon-magnesium deficiency (Z0), C35 citrange-grafted lemon-normal magne-
sium (C1), and C35 citrange-grafted lemon-magnesium deficiency (CO), were set up, with two levels of
magnesium including normal magnesium (1 mmol/L. MgSO, - 7H,O) and magnesium deficiency (0 mmol/
. MgSO,+7H,0). The content and transportation coefficient of nutrients in different tissues and organs
were measured after 180 days of cultivation. Results showed that the uptake and utilization efficiency of Mg
in P.trifoliata-grafted saplings was high under the normal Mg treatment. The content of Mg in the old and
new leaves of P. trifoliata-grafted saplings was 26.08% and 15.91% higher than that of C35 citrange-graft-
ed saplings respectively, with stronger capacity for enriching Mn and Cu.Mg deficiency resulted in transpor-
tation coefficient of N in both rootstock rootstocks being below 0.5.C35 citrange-grafted saplings had higher
utilization efficiency of Mg and poorer ability to transport Ca, Fe, Mn, and Zn under Mg deficiency.Mg de-
ficiency significantly increased the absorption of Mn in P. trifoliata-grafted saplings, with a risk of Mn tox-
icity. The results of comprehensive analyses showed that C35 citrange rootstock offers distinct advantages
for Yunning No.1 under the cultivation condition of Mg deficiency but sufficient supply of other nutrients,
whereas traditional P. #rifoliata rootstock is more suitable in environments where multiple nutrients are gen-
erally scarce.

Keywords lemon ( Citrus limon L. Burm. F) ; rootstock ; magnesium deficiency ; uptake and utiliza-

tion of nutrients ; nutrient translocation coefficient
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