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Differential response of nutrient content of new and old leaves of young navel
orange to short-term deficiency of macroelements and secondary elements

ZHANG Yuan-yuan', MA Jin-long', GUAN Guan'?, YAO Feng-xian'?, ZHOU Gao-feng'?, LIU Gui-dong"**
( 1 College of Life Sciences, Gannan Normal University, Ganzhou , Jiangxi 341000, China;
2 National Navel Orange Engineering Research Center, Ganzhou, Jiangxi 341000, China )

Abstract: [ Objectives ] We compared the changes in the essential elements of young navel orange leaves to
short-term deficiency of elements. [ Methods ] Sand culture method was used for the research, with one-year-old
young Newhall navel orange as test materials. The experiment included complete nutrient solution (control), N, P,
K, Ca and Mg deficiency treatments. The growth and element contents of old and new leaves were measured.

[ Results ] The leaf chlorophyll content and biomass decreased in all deficiency treatments. N deficiency
decreased the leaf N, Ca, Cu and Mo contents, P deficiency decreased the leaf P, K and Mo contents, and K
deficiency reduced the leaf K content. Ca deficiency decreased the leaf N, Cu, Zn and Mo content, but
increased P content. Mg deficiency decreased the leaf Ca, Mg, Zn and Mo contents, but increased K content.
Taking essential mineral elements as variables, principal component analysis was conducted on old and new

leaves under each treatment, and the first principal component (PC1) of old leaves obviously distinguished K
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deficiency treatment from other treatments. Compared with the control, the changes of ion composition in K-
deficient old leaves were N (=3%), P (+1%), K (=71%), Ca (+11%), Mg (+39%), B (+16%), Mn (+11%), Fe
(+32%), Cu (-7%), Zn (+14%) and Mo (—63%). In new leaves, PC1 clearly distinguished N deficiency
treatment from other treatments. The changes in ion composition of N-deficient new leaves were N (-53%)), P
(+8%), K (+7%), Ca (-14%), Mg (+11%), B (+55%), Mn (+51%), Fe (-14%), Cu (-57%), Zn (+4%) and Mo
(-25%). N-Cu, N-Ca, Mg-Mn and Cu-Mo content between the old and new leaves were correlated positively,
and the K-Zn correlated negatively. [ Conclusions ] The old leaves of young navel orange trees were sensitive to
K nutrition, short-term K deficiency decreased the contents of K and Mo and increased the contents of Mg and Fe.
The new leaves were sensitive to N nutrition, as short-term N deficiency decreased N, Ca, Cu and Mo contents.
Both the new and old leaves were not sensitive to P, Ca and Mg deficiencies in short period.

Key words: navel orange; ion composition in leaf; macroelement deficiency; secondary element deficiency;

nutrient content
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24 SRR, 2. BHELEHTE T R IR SRR, R CE = 1922 S PR 357

Fz1 ZMHELERARESESMBHENTRESEMNE
Table 1 The ratio of the element concentration of each
treatment to the corresponding element concentration of
the control in the old leaves

R2 AMHSAERESEEMBENTESENILE
Table 2 The ratio of the element concentration of each
treatment to the corresponding element concentration of
the control in the new leaves

VR -N —P -K —Ca -Mg R -N -P -K —Ca Mg
Element Element

N lab 071d 1.06a 097b 08lc 096D N la 047c la 092ab 086b 096a

P Ib 1.17a  0.69c 1.01b 1.28a 1.02b P Ibc 1.08b 044e 0.82d 120a 093¢

K Ib 1.05ab 0.73d 029e¢ 084c 1.11a K 1b 1.07b  0.78c 024d 1.06b 1.19a

Ca I1b  09c 095bc 1.11a 096bc 091c

Mg Ib 079¢ 085¢ 1.39a  099b 046d

B Ibc 1.08ab 1.08ab 1.16a 1.08ab 091c
Mn Ib 1.03ab 1.13a l.Ila 098b 095b
Fe lc 1.15b 1.19ab 132a 1.11bc 1.13bc
Cu la 08b 098a 093ab 0.68c 0.93ab

Zn b 1.08ab 1.03b 1.14a 0.78 ¢ 0.76 ¢

Mo la 076b 0.78b 0.37c¢ 036c 042c

Ca la 0.86 b 0.75¢ 0.96a 0.73 ¢ 0.80 be

Mg Ibc I1.1lab 093¢ 0.78d 1.19a 0.39e¢
B lc 1.55a  126b 097¢ 120b 1.20b
Mn Ibc 151a 1.04b 083d 0.87cd 0.89 bed
Fe la 080b 088b 084b 0.85b 1.03a
Cu la 043e 062d 093ab 0.82c  0.86bc
Zn la 1.04a 098a 1.04a 0.78b 0.84b

Mo la 075b 0.84b 1.08a 0.79b 084b

T FFTEE S ARG PR R — TC R AN [ Ak PR ) 22 5 i 2
(P<0.05).

Note: Values followed by different small letters in a row indicate
significant difference among treatments for the same element (P<0.05).

(a) ZZ M Old leaves

T FATEAR G A R /NG TR R R — T0 R AN Rk PR ) 22 5 Wk 25
(P<0.05),

Note: Values followed by different small letters in a row indicate
significant difference among treatments for the same element (P<0.05).

(b) M New leaves

B3 MrhoFHT BRTENBETHEXEMNLS
Fig. 3 Ion correlation network of the essential mineral elements in the leaves

I BOFRIEMX, LOFRTHEE, BAIIRTE 0.05 KRR, JHEIFRTE 0.01 KM,

Note: Black indicates positive correlation, red indicates negative correlation, dotted line indicates correlation at 0.05 level, solid line indicates

correlation at 0.01 level.
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Fig. 4 Correlation of the essential mineral elements in old leaves versus new leaves
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color, the stronger the correlation.
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Fig. 5 Heatmap analysis of the essential mineral elements in leaves under different treatments
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Note: CK—Control; -N—N deficiency; —P—P deficiency; -K—K deficiency; —Ca—Ca deficiency; ~-Mg—Mg deficiency; OL—OId leaves;

NL—New leaves; 1—4 indicate four replicates.
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Fig. 6 The score plot (a—c) and loading plot (d—f) from principal component analysis of the essential
mineral elements in leaves under different treatments
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Note: (a), (b) and (c) are the score plots of all, old and new leaves, and (d), (¢) and (f) are the loading plots of all, old and new leaves.
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