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Dynamics changes and correlation of mineral nutrition and heavy metal
elements in fruits and leaves of navel orange during growth and
development in Southern Jiangxi
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Abstract: [Objective) To provide basis for studying regulation of physiological metabolism and quality
formation of navel orange, this study explored nutrient contents in leaves and fruits of navel orange investi-

gated the changing characteristics of abundant elements, trace elements, heavy metal elements and light rare
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earth elements,and analyzed the correlation between different elements at different growth and develop-
ment stages in Southern Jiangxi. [Method)] The 10-year-old navel orange trees were selected in this study.
From 90 d (July) after blossom,sugar and acid contents in fruits as well as abundant elements (N,P,K,Ca
and Mg) ,trace elements (B,Fe,Mn,Cu and Zn) ,heavy metal elements (Pb,Cr and Cd) and light rare earth
elements (La,Ce,Pr,Nd and Pm) in the fruits and leaves were measured at different growth and develop-
ment stages. [Result) September was a critical period for changes of mineral nutrition and heavy metal ele-
ments in fruits and leaves. There were significant positive correlations between fruits longitudinal diame-
ter,transverse diameter,single fruits weight and growth time. The fruits were near spherical with shape in-
dex of 1. 04—1. 07. Citric acid was the main component of total acids in navel orange fruits,accounting for
up to 82.76%. The contents of mineral nutrition and heavy metal elements in leaves were higher than that
in fruits. The abundant (Ca and Mg) and trace elements (Cu and Zn) were the key factors influencing the
accumulation of mineral nutrition in fruits and leaves. Ca promoted the accumulation of Mg and Cu in fruits
while inhibited the accumulation of Mg and Zn in leaves. Mg was positively correlated with Cu in fruits and
Zn in leaves. Pb and Cd were not detected in fruits. The trend of Pm was opposite to other four light rare
earth elements in leaves. B significantly promoted the accumulation of Pm in leaves, while Pm was not de-
tected in fruits. La,Ce,Pr,and Nd showed a significant promoting effect on each other in fruits and leaves.
[ Conclusion) The navel orange quality was affected by all mineral nutrient elements,among them abundant
elements (Ca and Mg) and trace elements (Cu and Zn) were the key factors. Navel orange fruit quality was
not polluted by heavy metals Pb,Cr and Cd. Higher levels of light rare earth elements (LLa,Ce,Pr and Nd)
in leaves would lead to higher contents in fruits.

Key words:navel orange in Southern Jiangxi;mineral nutrition;fruit quality
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Table 1 Detection results of soil nutrients in navel orange orchard mg/kg
TEHE/em . .

Soil depth P K Ca Mg B Fe Mn Cu Zn
0~20 7 505 329 0.668 7.3 289 189 325 236 988
20~40 6 169 297 0. 867 7.7 185 155 388 211 1022

RRRE /em Ce Pr Nd Pm Ph Cr cd

Soil depth
0~20 121.72 223.46 24.25 87.27 18. 56 71.13 <C20.0 0.072
20~40 105. 54 176. 83 17. 48 65. 31 14. 38 68. 95 <C20.0 0.068
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% (La.Ce . Pr Nd.Pm) & & & F2 5 45 190 2 .
1.3.1 R EMHEIARNE AL UGB fif
FESR 20 A R AT RF- (0. 1 @ FRiE 20 SRR
fief 5T 5t o AR B bn R RO 5 20 A fif 2R 1 A% i A
13 3 B 38 TS SRR 48 5 R HR S =\ 12/
i g
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Table 2 Detection results of morphological indexes of navel orange fruit

LoRIIDERs 142/ cm Y42/ cm R TR/ g IV $8 %L
Month of determination Transverse diameter Longitudinal diameter Single fruit weight Fruit shape index
7 53.67+3.67 Cc 57.414£3.48 Be 79.8243. 10 De 1.07
8 65.56+3.12 Bb 68.61+4.37 BB 147.4044.55 Cd 1. 05
9 78.4044.06 Aa 81.7841.46 Aa 241.02+9.11 Be 1.04
10 79.9142.29 Aa 84.7443.04 Aa 266.23+8.47 Bb 1. 06
11 83.02+2.61 Aa 89.0344.07 Aa 304.37+11.34 Aa 1.07

T - R ARG bR A NG R R R AR A K ITE 0. 05 K FEZ SR E KB FHERRTE 0.0l KPEREH. TERR.

Note: Different lowercase letters indicate significant difference at 0. 05 level, while different capital letters indicate significant difference at

0. 01 level. The same below.
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Table 3 Detection results of nutritional components in navel orange fruit

e A4y B/ HEWE/ ® R/ BR/ Frigm/ W 1L
Month of (g kg™ (g kgD (g+keg™™) (g-kg D (g-keg D Sugar acid ratio
determination Total sugar Sucrose Reducing sugar Total acid Citric acid &

7 88.7+15.0 2.540.6 Cc 20.74+4.3 Bb 14.1£2.5 Aa 9.1+1.8 Aa 9.75

8 92.0+11.8 24.2+5.1 BCb 24.5+5.7 Bb 10.842.4 ABa 7.24+1.6 ABa 12.78

9 95.2+11.4 43.6+8.5 ABa 28.74+5.2 Bb 4.4+1.8 BCb 3.440.7 BCbh 27.99

10 110.2+7.3 47.549.6 ABa 32.843.6 ABb 3.54+1.0 Cb 2.7£0.7 Cb 40. 81

11 114.8+10.5 50.3+7.7 Aa 49.1+4.2 Aa 2.940.9 Cb 2.4+0.7 Cb 47. 81

2.3 FERXMMHATRTESENH

2.3.1 RKE¥EALE 1R ERBERK LT Y,
RAP R N.P.K,Ca, Mg L 2 i &AL F it .
TEFE R L, KEITTR S BIKIREI N K>N>
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AR S22 350 D A 8 D AR IR R Ll Ca™>P>Mg™>
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Fig. 2 Change of B.Fe.Mn.Cu and Zn contents in navel orange fruits and leaves
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Table 4 Changes of Pb,Cr and Cd contents in navel orange fruits and leaves mg/kg
W H M- F Leaf 52 Fruit
Month of determination Pb Cr Cd Pb Cr Cd
7 0.23 0.51 — — 0. 055 —
8 0.28 0.19 — — 0.076 —
9 0. 35 0.29 — — 0.097 -
10 0.41 0.25 — - 0.063 —
11 0.47 0. 20 — — 0.052 —
W= RR AR
Note:“—" indicates not detected.
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Table 5 Correlation analysis of mineral and heavy metal elements in navel orange fruits
Eljel:m;fm N P K Ca Mg B Fe Mn Cu Zn La Ce Pr
P 0.894
K 0.801 0.877
Ca 0.822 0.944 * 0.965* *
Mg 0.766 0.898* 0.979** 0.992* *
B 0.718 0.737 0.393 0.477 0.375
Fe —0.304 —0.471 —0.736 —0.729 —0.796 0.246
Mn —0.643 —0.234 —0.263 —0.198 —0.162 —0.241 —0.068
Cu  —0.889* —0.992** —0.929* —0.977** —0.945* —0.654 0.566 0.246
Zn 0.655 0.732 0. 349 0.558 0.452 0.754 —0.063 —0.171 —0.661
La 0.867 0.985* 0.938* 0.968* * 0.942* 0.661 —0.551 —0.204 —0.994** 0.605
Ce 0.913* 0.956 0. 826 0. 848 0.795 0.841 —0.267 —0.327 —0.936* 0. 643 0.949
Pr 0.853 0.937 0.989* * 0,989 * 0.985* * 0.495 —0.690 —0.271 —0.973* * 0.485 0.974** 0,879~
Nd 0.787 0.926* 0.984** 0.987* % 0.990* * 0.469 —0.719 —0.147 —0.963* * 0.457 0.972* = 0.858 0.992* *

T * * FIORTE P<<0. 01 /KP BB EM K, « FRRTE P<<0. 05 AP ERFMKE. TRRA.

Note:*  x”

low.

indicates highly significant correlation at P<Z0. 01 level,* %

” indicates significant correlation at P<Z0. 05 level. The same be-
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Table 6 Correlation analysis of mineral and heavy metal elements in navel orange leaves

77:% P K Ca Mg B Fe Mn Cu Zn La Ce Pr Nd
Element
P 0.991* *
K 0.920* 0.940*
Ca —0.979"* —0.997" * —0.953"
Mg 0.995**  0.989** 0.890*—0.976* *
B —0.567 —0.513  —0.468  0.490 —0.556
Fe —0.874 —0.875  —0.797 0.873 —0.881* 0.816
Mn —0.924* —0.946* —0.802 0.944* —0.953* 0.428 0.851
Cu  —0.668 —0.735  —0.593 0.759 —0.719 0.307 0.758  0.884"
Zn 0,897~ 0.945* 0.952*—0,966** 0.891* —0.306 —0.769 —0.893* —0.770
La —0.794 —0.861 —0.780  0.887* —0.822 0.219  0.742  0.933* 0.941* —0.928"
Ce —0.676 —0.763  —0.765 0.804 —0.689 —0.014 0.555  0.798 0.824  —0.917* 0.950*
Pr  —0.754 —0.834  —0.831 0.872 —0.766 0.204  0.716  0.855 0.882* —0.950" 0.973** 0.974**
Nd —0.828 —0.893* —0.859 0.921* —0.842 0.245 0.756  0.916* 0.890* —0.971**0.988** 0.962* * 0.990* *
Pm —0.729 —0.666 —0.639 0.637 —0.703 0.954* 0.838  0.527 0.286 —0.457  0.294 0.093 0.282 0.345
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