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Photosynthetic characteristics and chloroplast ultrastructure of citrus rootstocks
under iron deficiency stress

YAO Yu-jie, JIANG Cun-cang’
( Microelement Research Center, Huazhong Agricultural University/Key Laboratory of Arable Land Conservation
of Ministry of Agriculture, Wuhan 430070, China )

Abstract: [ Objectives ] Response of photosynthetic characteristics and chloroplast ultrastructure of different Fe
sensitivity citrus rootstocks to different iron (Fe) treatments was studied. [ Methods ] A hydroponic experiment
was carried out with —Fe (0 umol/L) and +Fe (37.3 pmol/L), and citrange and trifoliate orange rootstocks were
selected as research materials. The contents of Fe, photosynthetic pigment and carbohydrates and chloroplast
ultrastructure of samples were analyzed. [ Results ] The results showed that Fe deficiency significantly
decreased the contents and accumulation of Fe, photosynthetic pigment contents in both rootstocks, and the
photosynthetic pigment content in citrange rootstock was decreased in a larger extent. The iron deficiency
significantly decreased carbohydrates contents in leaves of trifoliate orange, and the contents of total soluble sugar
and glucose in leaves of citrange were significantly increased under Fe-deficiency, however, the contents of
fructose and starch in leaves of citrange were significantly decreased with no Fe supply. Lamellae structure in
chloroplast became fuzzy, and the numbers of plastoglobulus were increased without the Fe application.
Compared with the Fe-sufficiency treatment, the chloroplast length and the chloroplast thickness of trifoliate
were decreased by 22.1% and 26.4%, and those of the citrange orange were decreased by 55.1% and 40.4%.

[ Conclusions ] The content and accumulation of iron, the content of photosynthetic pigment and the
ultrastructure of chloroplast of citrange rootstocks were more sensitive to Fe deficiency.

Key words: iron deficiency; citrus rootstock; photosynthetic characteristics; ultrastructure of chloroplast
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Fig. 1 Growth of circus stocks under iron supply and iron deficiency
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Table 1 Effects of the Fe treatments on the Fe contents and accumulation in different parts of trifoliate and citrange orange

#7 iit Fe concentration (mg/kg)

BRFH 4t Fe accumulation (mg)

kA pase
Rootstock Treatment #R Root 2% Stem - Leaf & Root 2% Stem H Leaf
s —Fe 114.54 b 3097 ¢ 153.57b 40.66 a 14.62 ¢ 65.18 b
Trifoliate orange +Fe 19523 a 56.87b 253.70 a 71.76 a 2121b 87.14 ab
e —Fe 88.18 b 30.93 ¢ 148.15 b 67.78 a 2191b 72.59 b
Citrange +Fe 270.74 a 78.95a 221.14 ab 107.76 a 38.04a 101.04 a

1 (Note ) : [RIFNVEUE G AE/ING F-1E 3R b HR] 22 573k . 3K (P < 0.05) Values followed by different letters in a column indicate

significant differences among treatments at P < 0.05 level.
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Fig. 2 Photosynthetic pigment in leaves of citrange and trifoliate orange rootstock seedlings

under iron supply and iron deficiency
[ (Note) : A AR 5RE 7R AL B H] 22 535 W 2 /K F- (P<0.05)

Different letters above the bars indicate significant difference among treatments at P<0.05 level.]
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Table 2 Carbohydrates contents(%) in leaves of trifoliate orange and citrange rootstocks
under iron deficiency and iron supply

fili AR Qb CIREYdR i TR bk TEM

Rootstock Treatment Total soluble sugar Glucose Fructose Starch
1 —Fe 223+0.02d 0.27+0.01d 0.23+0.01 ¢ 1.12+031d
Trifoliate orange +Fe 3.48+034c¢ 1.49+0.12 ¢ 0.30+0.10b 1.80+£0.01b
JiYics ~Fe 632+049a 487+0.52a 0.28 + 0.03 bc 151+0.15¢
Citrange +Fe 465+022b 288+021b 0.49+0.02 a 212+045a

1 (Note ) : [RIFNVEUE G AE/ING F-1E 3R b HR] 22 573k . 3K (P < 0.05) Values followed by different letters in a column indicate

significant differences among treatments at P < 0.05 level.
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Fig. 3 Effects of the iron deficiency on chloroplast ultrastructure (left) and thylakoid lamella (right) of trifoliate orange
and citrange rootstocks

[ (Note) : A—A#15¢ —Fe Trifoliate orange-Fe; B—A15¢ +Fe Trifoliate orange +Fe; C—## —Fe Citrange-Fe; D—##% +Fe Citrange +Fe.
A1—#H5% —Fe Trifoliate orange-Fe; B1—#H5¢ +Fe Trifoliate orange +Fe; C1—AH4% —Fe Citrange-Fe; D1—A434% +Fe Citrange +Fe; Pg—&ifk {4

Plastoglobulus; T1—Z$%E{K F)Z Thylakoid lamella.]
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Fig. 4 Chloroplast length and thickness of trifoliate orange and citrange rootstocks under iron supply and iron deficiency
[ (Note) : AF AR SAREFR/RAL B E] 22 535 8. %7K F (P<0.05)

Different letters above the bars indicate significant difference among treatments at P<0.05 level.]
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