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Effect of low magnesium stress on mineral element contents in various or-

gans, yield and fruit quality in different lemon varieties

DU Yuxia, LI Jing, CUN Daize, ZHU Chunhua, LIU Hangxiu, LI Danping, LI Jinxue

(Institute of Tropical and Subtropical Cash Crops, Yunnan Academy of Agricultural Sciences, Baoshan 678000, Yunnan, China)
Abstract: [Objective]The soil type in the south of China is mainly red soil, and magnesium (Mg) defi-
ciency is a common problem in citrus production. Mg deficiency leads to the decrease of fruit yield and
quality in lemon-producing areas of Yunnan province. Different lemon varieties have various character-
istics of tolerance to Mg deficiency. In this study, the variety that could tolerate Mg deficiency was
screened out by comparing the response of mineral nutrient contents in various organs, yield, and fruit
quality to low Mg supply in different lemon varieties. Hopefully, the study will provide a theoretical ba-
sis for the proper lemon cultivar regionization and fertilization management. [Methods] The grafted
seedlings were selected from three main lemon varieties, Femminello, Yunning No.1 and Tahiti, which
were relatively uniform in stem thickness and height, and grew well. After the attached soil was washed
out and main roots were pruned, the grafted lemon seedlings were transplanted into a plastic pot filled
with 28 kg of silver sand, and cultivated in a greenhouse. And then, the seedlings were supplied with

distilled water only, and watered with 1/2 concentration of Hoagland's nutrient solution and Mg- free
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Aron’ s full concentration nutrient solution at the stage of shoot growing. Mg nutrient gradient stress
was carried out when 7-8 new leaves emerged, and the treated period was one year. Three Mg concentra-
tion gradients were set for each lemon variety, which were deficient magnesium (Mg0: 0 mg- L"), insuf-
ficient magnesium (Mg6: 6 mg- L") and normal magnesium level (Mg24: 24 mg - L™"). There were three
biological repetitions for each treatment with five plants in each repetition. At the end of the pot trial ex-
periment, the mineral nutrient contents including nitrogen, phosphorus, potassium, zinc, iron, manga-
nese, copper, calcium, and magnesium in root, stem, leaf and fruit were determined, and the fruit quality
including fruit size, TSS, total acid content, and vitamin C contents was determined. [Results] Under
low magnesium stress, the highest declines of Mg contents presented in the leaves and roots of Femmi-
nello, the fruits of Yunning No.l and the stems of Tahiti, which were 29.96%, 43.97%, 21.13%, and
26.87%, respectively. With the same Mg concentration treatment, the Mg content in the leaves of Yun-
ning No.l was significantly higher than that of two other varieties, while the Mg content in the stem of
Tahiti was significantly higher than that of two other varieties, and the Mg content of the fruit was as
follows: Yunning No.l > Femminello > Tahiti. Under low magnesium stress, the trend of mineral nutri-
ent changed in a similar way as underground parts of different lemon varieties, but there were differenc-
es in the aboveground parts. The contents of P, K, Ca, Mn in various parts of the lemon plants increased
under the low magnesium stress conditions, and the contents of Zn in fruit, stem and root decreased sig-
nificantly. The contents of copper and iron varied in various parts of different lemon varieties. The exter-
nal fruit quality was almost unaltered, but the juice yield, total soluble solid, total acid and vitamin C
contents decreased significantly under low magnesium stress conditions. The effect of low magnesium
stress on different varieties was as follows: Tahiti > Yunning No.1 > Femminello. The total soluble sol-
id, total acid, and vitamin C contents in the fruit were significantly correlated with Mg content, which
were significantly negatively correlated with K, Ca and Mn contents. Under low magnesium stress con-
ditions, the fruit number and the yield per plant decreased significantly, with Yunning No.1 decreasing
the most, the treatments of Mg deficiency and Mg insufficiency decreasing by 67.62% and 44.14% re-
garding fruit number, respectively, and decreasing by 67.07% and 46.17% regarding yield, respectively,
while Tahiti declined the least. Difference in magnesium content and individual plant yield between
treatments resulted in significant difference in the amount of magnesium contained in the fruit. Under
the condition of normal magnesium content, the fruit yield, Mg content, and Mg load of Yunning No.1
were significantly higher than two other varieties, and it required more Mg to maintain normal growth
of lemon, resulting in greater sensitivity to Mg deficiency. Under low Mg conditions, there was no sig-
nificant difference in yield between Tahiti and two other varieties, but its Mg content and fruit’s Mg
load were significantly lower than those of two other varieties, As a result, magnesium- requiring
amount was less than two other varieties, showing certain tolerance to Mg deficiency. [Conclusion]In
summary, low magnesium stress displayed the least decrease of magnesium content and yield reduction
and influence on other elements in Tahiti. These results suggested that Tahiti was the most resistant to
magnesium deficiency among the three varieties. Thus lemon varieties like Tahiti should be chosen to
plant in areas with severe Mg deficiency. It is also important to make reasonable Mg fertilizer supply in
each growing area with different varieties.
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Different small letters indicated that different magnesium concentrations of the same varieties were significantly different (p << 0.05). The same below.
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Fig. 1 Mg content in different parts of different lemon varieties under low magnesium stress
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Table1 N, P content in different parts of different lemon varieties under low magnesium stress

wND/(g-kg")

w(P)/(g-kg")

= Eh N
|\l/)zlifileties %eiiments s Rk = s Rk = iR
Leaves Fruits Stems Roots Leaves Fruits Stems Roots
PR ST Mg0 24.70£0.05a 12.70£0.25a 6.59+0.10a 19.20£0.87a  2.08£0.05a 1.550.04a 0.52+£0.01a 1.77£7.52a
Femminello Mg6 23.32+0.06c 12.18+0.29a 6.00+0.11b  19.00+0.34a  1.64+0.05b  1.45+0.03b  0.47+0.05a 1.64+0.04b
Mg24 24.17£0.07b 12.13+0.56 a 6.08+0.08 b  19.11+£0.50 a 1.49+£0.02¢c  1.35+0.02c¢  0.45+0.02a 1.57+0.02b
=k Mg0 23.73+0.12b  9.8140.39b 5.79+0.15b 19.94+0.86a  1.59+0.02a  1.54+0.02a 0.80+0.03a 1.96+0.04 a
Yunning No.1 Mg6 23.94+0.10b 10.97+0.61 ab 5.38+0.08 ¢  20.95+0.35a  1.37+0.01b  1.49+0.04ab 0.59+0.02b 1.72+0.02 b
Mg24 24.64+0.09a 11.63+0.75a 6.80+0.09a 20.42+1.10a  1.47£0.04a  1.32+0.01b  0.58+0.03b 1.50+0.02 ¢
Be Yt Mg0 23.90+0.10a 11.20+0.35a 6.09+0.08 a 21.68+0.47a  1.52+0.03a  1.32+0.02a 0.69+0.04a 1.75+0.02 a
Tahiti Mg6 20.30+0.05¢ 10.96+0.95a 5.55+0.11b 20.80+0.65a  1.38+0.05a  1.23+0.02b 0.51+0.01b 1.63+0.03 b
Mg24 22.48+0.07b 10.30+0.30a 5.97+0.09a 19.61+1.0la  1.42+0.02a  1.28+0.04ab 0.34+0.04c 1.53+0.02¢c

W = [FISUAN ) ING - BARER A — A EAS A B BT R B AR B T 22 5 i 2 (p << 0.05) . Rl

Note: Different small letters in the same column indicated that different magnesium concentrations of the same varieties were significantly differ-

ent were significantly different (p << 0.05). The same below.
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Table2 K, Ga content in different parts of different lemon varieties under low magnesium stress
e e w(K)/(g-kg") ‘ w(Ca)/(g-kg" ‘
Varieties Treatments Y AR £ i e AR £ i
Leaves Fruits Stems Roots Leaves Fruits Stems Roots
PRI Mg0 30.58+0.08 a 15.53+0.10a 4.97x0.10a 15.77+0.09a 24.65+0.18a 3.69+0.04a 9.45+0.02a 11.25+0.87 a
Femminello Mg6 28.5940.15b 14.46+0.18b 4.68+0.05b 15.6740.27a 24.48+0.25a 3.35£0.09b 7.81+0.12b  9.56+0.02 b
Mg24 23.54+0.14 ¢ 13.35+0.11 ¢ 4.19+£0.05¢ 15.47+0.22a 22.55£0.39b 2.70+0.05¢  7.42+0.05b  7.22+0.07 ¢
=ir—%5 Mg0 27.54+0.18a 15.3240.23a 4.93+0.02a 17.48+0.21a 30.75£0.13a 3.42+0.08a 8.31+0.08a  8.79+0.03 a
Yunning No.1 g6 24.16+0.12b 14.53+044b  4.5120.05b 15.79£0.09 ab 30.26£0.27 ab 3.23£0.08ab 7.61£0.04b  8.29£0.04 ab
Mg24 21.38+0.13 ¢ 13.3840.20b 4.53+0.02b 14.3240.30b  29.87+0.18 b 2.75+0.03b  6.38+0.05¢  7.82+0.03 b
e Mg0 28.19+0.17a 14.30+0.27a  5.36+0.09a 17.66+0.40a 29.18t0.29a 2.98+0.04a 9.79+0.13a  9.09+0.05 a
Tahiti Mg6 2747£0.10b 14.54+0.13a 4.53+0.05b 13.83+1.21b 25.71£0.17b 2.72+0.03b  7.8240.07b  8.56+0.04 b
Mg24 25.67£0.14 ¢ 13.63+0.07a 4.65+0.09b 13.04£1.29b 2635026 b 2.41+£0.07b  7.14+£0.04 ¢  8.23+0.01 b
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Table 3 Zn, Mn content in different parts of different lemon varieties under low magnesium stress
o e w(Zn)/(mg-kg") w(Mn)/(mg-kg")
Varieties Treatments MY Rk = iR Y Rk = iR
Leaves Fruits Stems Roots Leaves Fruits Stems Roots

PKIMHT7  Mg0 12.6740.30a  9.42+0.08c  6.830.48c 14.43x0.17¢  35.030.52a 3.74+0.12a 3.762036b 115.80+2.87 a
Femminello Mg6 11.89+0.32b 11.11£0.12b  11.00+£0.25b 17.42+0.21b  26.78+0.39b 2.60+0.15b 5.73+£0.23a 80.22+1.45b

Mg24 11.98+0.08 b 12.40+0.31a 16.96+0.18a 18.42+0.31a 24.80+0.30c 2.15+0.16¢c  5.96+0.33a 54.80+2.29 ¢
=ir—% Mg0 12.02+0.14 ¢ 10.24+£0.28 b  5.73+0.06b 14.56£0.23 ¢  43.09+0.58 a 5.22+0.18a 4.06+£0.51a 124.50+1.14 a
Yunning N0~1Mg6 13.19£0.23 b 10.58£0.22b  6.75+0.19a 16.40+£0.15b  41.10£0.27b 1.96£0.05b 4.04+0.53a 88.73+1.02b

Mg24 14.30+0.11a 12.38+0.32 a 7.544£0.29a 18.33+0.28a 38.01£0.50c 1.13+£0.09c 5.10£0.62a 40.46+1.08 ¢
B Mg0 13.2040.15a 13.15£0.09b  6.53+£027c¢ 17.93£0.62b  30.0940.39a 225+0.11a 5.41+0.37a 119.40+0.81 a
Tahiti Mg6 12.7540.08a 14.79+023a 11.08:028b 17.94+0.34b  28.09:027b 1.61+0.05b 6.07+0.20a 79.35:0.82b

Mg24 12.82+0.13 a 14.45+0.12a 13.02+0.30a 19.27+0.24a 27.07+0.59b 0.56+£0.18 ¢ 5.97+0.29a 65.33t1.16¢
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Table4 Cu, Fe contentin different parts of different lemon varieties under low magnesium stress
SRl s w(Cw)/(mg-kg™" w(Fe)/(mg-kg")
Varieties Treatments i |4 Leaves 5% Fruits 2% Stems 2 Roots I F Leaves 5 Fruits 2% Stems 2 Roots
PKMHT  Mg0 2.99+0.15a 12.52+0.52a 4.18+021c 12.60£0.62a 92.86:0.90a 28.43£0.79c 48.86+0.55¢c 55.71+1.58a
Femminello \jo6 2.6340.18ab 10.87+0.34b 4.65£020b  7.88+038b 90.18£0.25b 44.51+0.91b 65.33£0.78 b 49.51+1.09 a
Mg24 2.52+0.03 b 7.02+0.18 ¢ 8.86+0.15a 7.21+£0.18 b  73.59+0.43 ¢ 88.01£3.22a 75.41+1.12a 32.50+0.87 b
=5 Mgo 2.79+0.34a 13.18+0.46a 4.38+0.05a 16.09+0.45a 96.80+0.31a 31.02+1.82b 48.66+0.22a 55.02+1.08 a
g&ning Mg6 2.47£0.06 ab 11.85+0.66b 4.22+0.12a  8.74+0.43b 96.60+0.54a 41.88+0.70a 43.33+0.63 ¢ 35.51x1.11b
Mg24 2.25+0.10 b 9.47+0.23 ¢ 3.66+0.20 b 9.49+0.21b 80.20+0.47b 34.08+0.54b 46.73+0.03 b 23.14+1.83 ¢
YU Mg0 2.55+0.10b  12.24+0.71a 2.80£0.03c 15.96£0.56a 119.10+0.72a 38.39+1.20c 43.29+0.53c 66.28+4.43 a
Tahiti Mg6 31440212 11760702 8.85¢0.18a  6.124020b 92.0940.10b 45.50+0.92b 54.15£020b 47.66+2.77b
Mg24 2.53+0.05b 12.33+0.026 a 8.02+0.06 b 5.68+0.26b 81.61+0.41 ¢ 71.36£0.60a 73.02+0.60 a 38.09+0.74 ¢
5 HEMETAREBMITZENREMRR
Table 5 Fruit quality of different lemon varieties under low magnesium stress
i e B e g gk SOTEE gy pEERO
Lemon st %*Dﬁi Vertical Horizontal Peel thickness/ Lemon juice 14 Total acids Vitamin C
varieties Treatments Fruit weight/g diameter/mm diameter/mm mm content/% Tot.al soluble content/% content/ o
solid content/% (mg-100 mL™)
K 57 Mg0 133.1449.24a 77.76x1.98 a 57.58+0.85b 4.73£0.21b  27.71£0.34b 9.47+0.07b  7.50+0.02 ¢ 38.36+£0.27 b
Femminello Mg6 133.08£9.23 a 83.88+1.90a 66.15£3.26a 5.61£0.45a 28.49+0.29b 9.90+0.02a 8.35+0.02a 42.19+0.35a
Mg24 144.17£14.01 a 82.34+3.84a 58.55+1.48b 4.46+0.3b 36.85£0.28 a 9.93+0.03a 7.80+0.02b 43.48+0.28 a
o —5 Mg0 148.98+25.23 b 83.85+2.87a 60.42+3.68a 5.67+0.60a 27.78£0.16b 9.63+0.07b  8.40+0.01 b 42.20+0.65 b
Yunning No.1 Mg6 170.63£25.23 a 81.12+3.02 ab 65.80+4.52 ab 5.47+0.72a  34.30+0.41a 9.70£0.06b 8.45+0.02b 44.75+0.34 ab
Mg24 115.70+6.44 ¢ 74.52+0.89b 56.04+0.82b 3.68+0.37b  35.05+0.24 a 10.3+0.06 a 8.80+0.01 a 45.86+0.60 a
prieE Mg0 97.78+11.02 b 60.23+2.10 ab 52.59+2.26 b 2.55+0.33 ab 34.92+0.42b 10.0+0.03 b 6.25+0.01 b 36.40+0.46 ¢
Tahiti Mg6 86.13+10.23b 59.64+3.09b 48.13+3.01b 2.93+046a 36.49+0.66b 9.80+0.06c  6.05:0.02b 39.53+0.39 b
Mg24 112.55+16.24 a 65.70£3.52a 56.44+2.12a 2.20+£0.30b 43.71+0.56 a 10.7+0.03 a 6.65£0.02 a 42.13+0.56 a
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Table 6 Correlation analysis between lemon fruit quality and content of mineral elements

M Varieties  $847 Index Mg N P K Ca Zn Mn Cu Fe
K 55 AL E ) 0.684* -0.485 -0.761*%  —0.779* -0.700%* 0.830%* —0.908** -0.624  0.634
Femminello Total soluble solid

S Total acids 0.296 -0.305 -0.277 -0.336 -0.163 0.38 -0.526  —0.118  0.094

H4e/E % C Vitamin C - 0.832%%  —0.550 —0.922%%  —0.928%*  —0.864%*  0.934%* —0.984%* —(.842%* (.842%*
=i —%5 Al yEEE T -0.513 -0.628 0.588 0.711%* 0.606 -0.523 0.920%*  0.616 -0.716*
Yunning No.1 Total soluble solid

ST Total acids 0.939%* 0.666 -0.926%%  -0.830%%  -0.922%%  (0.898** -0.713% —0.893%* —(.142

H:/E % C Vitamin C - 0.734% 0.897*%  —0.787*  —0.894**  -0.824%*  (.758%  —0.866** -0.825%* 0.405
e AL E ) 0.846%* -0.410 0.319 -0.928*%*  —0.700* 0.032 -0.780%  0.357  0.875%*
Tahiti Total soluble solid

S Total acids 0.820%*  -0.492 0.341 -0.936%* 0.665 0 -0.758*  0.341  0.860**

YA 2 C Vitamin C - 0.937%*  —0.407 -0.487 -0.575 -0.878%*%  0.721*  -0.941*%* —0.077  0.884**
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(p < 0.05), 45 EAF /NG 7B RIS AR — BB R LA R A
R fFh 2R B (p < 0.05).

Different small letters indicated that different magnesium concentra-
tions of the same varieties were significantly different (p << 0.05), dif-
ferent small letters in Brackets indicated that different varieties of the
same magnesium concentration were significantly different (p << 0.05).
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Fig. 2 Fruit yield and Mg accumulation of different

lemon varieties under low magnesium stress
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