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Symptoms of micronutrient deficiency and diurnal changes
of photosynthesis of ‘Newhall’ navel orange leaves
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( National Navel Orange Engineering Research Center, College of Life Sciences,
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Abstract: [ Objectives ] The study investigated the symptoms of micronutrients deficiency of navel orange
[Citrus sinensis (L.) Osb. CV. Newhall] in early and later stages. The diurnal change of photosynthesis of leaves
was also determined in the early stage of micronutrients deficiency, which would help understanding the symptom
of deficiency. [ Methods ] A sand culture pot experiment was conducted using the rootstock of trifoliate orange
Poncirus trifoliata (L.) Raf. as the tested material. For the complete nutrition control, the nutrition solution was
composed of 1/2 Hoagland nutrition solution and whole Arnon solution. For the treatments of —Fe, —Mn, —B,
—Zn, and —Cu, the components of Fe-EDTA, MnCl,, H,BO,, ZnSO, and CuSO, were removed off from the
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Hoagland nutrition solution, respectively. Starting from the emergence of sprout of new branches, the navel
orange seedlings were continuously treated for 6 months in nutrient deficient solution, and the early deficiency
symptoms were observed. After another 4 months' treatment (a total of 10 months of growth period), the late
deficient symposiums were observed. The chlorophyll contents and diurnal change of photosynthetic characteristic
were measured during the observation of deficiency. [ Results ] At the 6th month, the new leaves under Fe
deficiency treatment were yellowish green with green reticulated veins; at 10th month, the old leaves were pale
yellow and veins were also white. The new leaves suffering from Mn deficiency had irregular light colored
band, but the old leaves were yellow or gray white, with opaque brown spots in interveinals. For B deficiency,
the veins of old leaves slightly protruded, and the new leaves were significantly thickened and hardened and the
new buds were clustered; at the 10th month, corky split veins and slight yellowing were observed in the old
leaves. For —Zn treatment, the new leaves were mottled at the 6 months, and became narrower, smaller and even
malformed at the 10 month. At the 6 month of —Cu treatment, the new leaves were uneven, and at the 10th
month, the new leaves were bent into shape of bow and the branches were slender and twisted. The total
chlorophyll contents in new leaves under —Fe, —Mn and —Zn treatments were all decreased significantly, and the
decline was in the order of —Fe > —Mn > —Zn, with decrement of 74.7%, 31.9% and 14.8%, respectively. The
diurnal change of net photosynthetic rate (P,), transpiration rate (7,), intercellular CO, concentration (C;) and
stomatal conductance (G,) were significantly affected in the new leaves under —Fe and —Zn treatments and in the
old leaves of —B treatment. [ Conclusions ] The symptoms of microelements (Fe, Mn, B, Zn and Cu)
deficiency of ‘Newhall’ navel orange seedlings leaves were different in the early and late stages; the Fe, Mn
and Zn deficiency changed the diurnal change of photosynthesis of new leaves and old leaves.
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Fig. 1 Symptoms of ‘Newhall’ navel orange leaves after 6 months ( I ) and 10 months (II) of nutrient deficient treatment
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Fig. 2 Chlorophylls and carotenoid contents in the new leaves and old leaves of ‘Newhall’ navel orange
with micronutrients deficiencies
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Table 1 Correlation analysis among environmental factors

[ElF Factor PAR [PAR’] [pmol/(m?-s)] T, (C) C, (umol/mol)
KEIRSE Air temperature (T, °C) 0.538™ [0.892"]
[ 8] CO, ¥ Field CO, concentration (C,, pumol/mol) —0.109" [-0.552m] -0.876™
A AH X Air relative humidity (%) —0.512m [-0.902"] —-0.997™ 0.898"

7E (Note) : PAR—IEHF %4 S Photosynthetic active radiation; PAR” —%F 1/ T PAR Hij—™ % K 4 Ay Bt 1] 55 A BUE PAR” is the PAR
of previous data collecting time; *—P < 0.05; **—P < 0.01; ns—JG it #4: 22 5% Not significant difference.
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Fig. 4 Diurnal variation of net photosynthetic rate (P,) in old leaves and new leaves of ‘Newhall’ navel orange
with micronutrients deficiency
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Table 2 Comparison of photosynthetic traits in new leaves and old leaves of ‘Newhall’ navel orange
with micronutrients deficiency

b o H MO A Hm R Wl CO, st AL
Treatment Leaf P, [umol/(m?s)] T, [mmol/(m?:s)] C;(umol/mol) G, [H,0 mol/(m?-s)]
CK B New 5.63+1.38a 1.26+0.27 a 283+28b 709+172a

% 0ld 412+ 1.16 A 0.89+£0.21 A 275+29B 574+15.1B
—Fe BT New 2.25+0.61c 095+0.19b 336+22a 49.7+103b
% 0ld 330+092B 0.88+0.21 A 273+ 28 B 643+ 189 A
—Mn T New 425+1.12b 1.29+0.28a 301 +£27 ab 62.1 £12.8 ab
% 0ld 3.75+0.98 AB 091+0.21 A 274 +30B 68.5+17.3 A
-B #r New 4.83+1.47 ab 1.25+031a 296 + 28 ab 63.3+18.1 ab
% Old 0.58+0.59C 0.52+0.08 B 372+23 A 232+53C
—Zn B New 4.00+1.00b 1.09 +0.22 ab 303 £33 ab 55.5+12.8b
% 0ld 3.82+1.05AB 0.90+0.21 A 269+ 36 B 554+162B
—Cu BT New 4.99 £ 1.37 ab 122+023a 316 +29 ab 752+ 18.6a
% Old 3.68+1.11 AB 0.89+0.21 A 302+ 33 AB 523+155B

IE (Note) : [FIZVEHE)S A F/NEF

by different small and capital letters in a column represent significant differences among treatments for the new and old leaves respectively (P < 0.05).

BB MR R AN R AR B R ARt H (2 5 B2 (P < 0.05) Values followed
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Fig. 5 Diurnal variation of transpiration rate (7,) in old leaves and new leaves of ‘Newhall’ navel orange
with micronutrients deficiency
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Fig. 7 Diurnal variation of stomatal conductance (G,) in old leaves and new leaves of ‘Newhall’ navel orange
with micronutrients deficiency
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