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Differential responses of iron, magnesium, and zinc deficiency
on pigment composition, nutrient content, and photosynthetic activity
in tropical fruit crops
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Abstract

Fe, Mn, and Zn affected the chlorophyll (Chl) content whereas Fe deficiency caused larger reduction of total chlorophyll
content than Mg and Zn deficiencies. Mg deficient mango had a higher Chl a/b ratio than the respective healthy plants.
The foliar contents of Fe, Zn, and Mg in the deficient leaves were lower than the critical level. Nutrient deficiency
significantly affected the F,/F,, ratios as observed from the Chl fluorescence induction curves. Fe deficiency resulted in
larger reduction of variable fluorescence than Mg and Zn deficiency.
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The use of fertilisers free from micronutrients coupled
with intensive cropping has resulted in widespread
micronutrient deficiency in many parts of India
(Balakrishnan ef al. 1994). Among the different micro-
nutrients, Zn deficiency is more widespread accounting
for 47 % of cultivated area in India followed by Fe
deficiency with 11 % (Ganeshamurthy et al. 1997).
Widespread Mg deficiency was reported by Biswas et al.
(1985). Nutrient deficiency alters the metabolism (Lavon
et al. 1995, Siedlecka and Krupa 1999) and results in
expression of deficiency through the changes in Chl
content (Shetty and Miller 1966). The reduction in Chl
content leads to chlorosis in leaves ultimately affecting
the chloroplast structure and photosynthesis (Terry and
Abadia 1986). The aim of this work was to study the
effects of Fe, Zn, and Mg deficiencies on pigment
composition, nutrient content, and photosynthetic activity
in field grown fruit trees of sapota, mango, jamun, and
sweet orange.

The deficiency of Fe in sapota (4dchras sapota L.) cv.
PKM-1 and local type of jamun (Eugenia jambolana L.),
of Mg in mango (Mangifera indica L.) cv. Neelam, and
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of Zn in sweet orange (Citrus sinensis L.) cv. Sathgudi
were identified based on the visible symptoms in 15-
years-old trees grown in sandy loam soils of college
orchard at the Horticultural College and Research
Institute, Tamil Nadu Agricultural University, Periya-
kulam, India. The soil had the following characteristics:
pH 8.1, 0.8 % organic carbon, EC, 3.8 dsm, 1.2 mg kg’
available Fe (DTPA), and 38.5 mg kg exchangeable Mg,
The healthy as well as nutrient deficient leaves of sapota
(10" leaf from a new flush), jamun (3™ leaf from the top),
and mango and sweet orange (middle leaves from the
current shoot) were used for further analysis (Chapman
1984). Fe, Zn, and Mg contents of the healthy and
deficient leaves were analysed by atomic absorption
spectrophotometry (Pye Unicam model PU 9000).
Variable Chl a fluorescence was followed in intact leaves
after excitation with broad band blue radiation (400-620
nm) filtered by the Corning 4-96 filter. Prior to the
excitation, the leaves were incubated in the dark for 10
min and care was taken to avoid wilting. The signal was
processed in a digital oscilloscope (Jwatzu SS-5802) and
then transferred to a Hitachi recorder (Lingakumar and
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Table 1. The effect of nutrient deficiency on the amounts of Chl @, b, (a+b) and carotenoids [g kg'(fm.)], content of nutrients, and
ratio of variable to maximum fluorescence (Fy/Fy) in fruit crops. Figures in parentheses are percentage decrease with reference to

respective healthy plants. MeantSE, n = 5.

Crop Chla Chl b Chl (a+b) Chla’h Carotenoids Nutrients Fo/F
Sapota Healthy 0.7540.02  0.35+0.04 1.10£0.05 2.14 0.1540.02 107.00+£3.92 0.27+0.01
Fe-deficient 0.114£0.05 0.09+0.01 0.20£0.03 1.22 0.03+0.01 28.70+2.67 0.18%0.05
(85.0) (74.3) (81.8) (80.0) (73) (33)
Mango Healthy 0.85+0.07 0.4740.05 1.3240.07 1.81 0.08+0.01 0.81+0.05 0.45+0.07
Mg-deficient 0.4840.01 0.2140.03  0.69+0.04 2.29 0.0610.01 041+0.02 0.4010.03
(43.5) (55.3) 47.7) (25.0) (49) (11)
Jamun Healthy 1.07+0.06  0.46%0.05 1.53+0.06 2.33 0.1440.01 135.904£2.50 0.69+0.02
Fe-deficient 0.1340.02 0.1240.06 0.25+0.02 1.08 0.04+0.01 20.10+£1.02 0.53+0.03
(87.8) (73.9) (83.7) (71.4) (85) (23)
Sweet orange  Healthy 0.6940.01 0.3240.04 1.01+0.08 2.16 0.09+0.01 85,0012.50 0.64+0.04
Zn-deficient 0.56+0.03 0.2740.06  0.83+0.05 2.07 0.0740.01 12.50+£1.80 0.60+0.00
(18.8) (15.6) (17.8) (22.2) (85) (6)

Kulandaivelu 1993). Pigments were extracted in 80 %
acetone and concentrations of Chl g, b, and carotenoids
were calculated using the coefficients of Wellburn and
Lichtenthaler (1984).

On the basis of unit fresh mass, both Chl @ and Chl b
contents were remarkably decreased in Fe-, Mg-, and Zn-
deficient plants. The deficiency of Fe and Zn had much
more pronounced effect on Chl a than Chl » whereas the
Mg deficiency resulted in greater reduction of Chl 5 than
Chl a. The Chl (a+b) content also decreased considerably
in all the three deficient crops. Large reduction of total
Chl was observed in Fe deficient jamun (83.7 %) and
sapota (81.8 %). In contrast to this, Mg deficiency in
mango caused 48 % loss in total Chl, while Zn deficiency
in sweet orange caused only 18 % loss (Table 1). Such a
differential response in total Chl upon deficiency of Fe,
Zn, and Mg was either due to reduced Chl biosynthesis or
due to poor development and assembly of chloroplast.
Since the Mg content in Chl is only about 15-20 % of the
total Mg present in leaf tissue (Mengel and Kirkby 1982)
and 60 % of all leaf Fe is present in Chl (Chen and Barak
1982), Fe is directly involved in Chl biosynthesis. The
Chl a/b ratio was altered considerably by the defjciency
of Fe, Zn, and Mg. Large reduction in Chl @/b ratio in Fe-
deficient plants of sapota and jamun observed in the
present study was consistent with the findings of Abadia
et al. (1991). Increased Chl a/b ratio in Mg-deficient
mango as compared to the healthy plants could be attrib-
uted to the reduced synthesis of Chl 5-binding proteins.
The carotenoid content of the leaf was very much reduced
by the deficiency of Fe followed by Mg and Zn deficien-
cies. A similar influence of Fe-deficiency on carotenoid
contents was reported also by Val ef al. (1987).

The content of Fe in deficient sapota (28.7 mg kg™)
and jamun (20.1 mg kg") was much below the critical
level. According to Bennett (1993), 50 mg kg’ is the
critical concentration for optimum plant growth. Direct
determination of Fe in samples of two crops confirmed
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the Fe deficiency. In Zn-deficient sweet orange plants
showing sickle size little leaves and interveinal chlorosis,
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Fig. 1. Changes in fast (top) and slow (boftom) fluorescence
transients obtained from Fe-, Mg-, and Zn-deficient tropical
fruit crops. The leaves were incubated in dark for 10 min prior
to excitation. The arrows indicate switching on the blue
radiation.
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the Zn content was 12.5 mg kg” which was less than that
of the critical level (Chundawat et al. 1991). In the
present study, the concentration of Mg was 0.14 % in Mg
deficient mango leaves, which was far below the critical
level (Biswas et al. 1987). Among the four horticultural
crops studied, the healthy leaves of jamun and sweet
orange exhibited a fast OP rise during Chl fluorescence
induction while sapota and mango showed a slow rise
(Fig. 1). The variable fluorescence (F,) was totally lost in
Fe-deficient sapota leaves. Similarly, Mg deficiency re-
sulted in slow PS2 activity. Since F, represents the redox
status of Q,, the PS2 activity was lowered in both mango
and sapota under Mg and Fe deficiency. In contrast to F,,
the constant fluorescence (F) was not affected in any of
the deficiency conditions. Irrespective of the micro-
nutrient, all the deficient plants exhibited low F,/F, ratios
(measure of PS2 primary photochemistry) when com-
pared to their respective healthy controls (Table 1).
Prominent reduction in F,/F, in Fe deficient crops could
be attributed to the alterations in the levels of Chl biosyn-
thetic pathway or due to an altered stoichiometry between
PS1, PS2, or Cyt bsf components (for similar observation
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