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IRON DEFICIENCY IN MAIZE UNDER SODIC CONDITION

N. K. MEHROTRA, V. K. KHANNA AND S. C. AGARWALA

Botany Department, Lucknow University, Lucknow — 226 007

Poor growth of plants, on salt affected alfisols and mollisols is attributed,
amongst other factors, to low availability of certain micronutrients (Mehrotra and
Agarwala 1987). Earlier reports from this laboratory have shown that high ESP
induced Cu deficiency in barley (Mehrotra et al. 1982) and Zn deficiency in maize
(Mehrotra et al. 1986) and high SAR water irrigations induced B deficiency in sugar-
beet (Mehrotra et al. 1989). This paper reports the effect of soil ESP on Fe-deficiency
in maize.

Maize (Zea mays L.) cv. Ganga 2 plants were grown in a Gomti upland alluvial
soil (ustifluvent) collected in a bulk from Arjunganj, Lucknow, sandy loam soil had
cation exchange capacity 7.2 me 100g™}, organic matter 0.72%, CaCOg3 0.25%, EC3
0.23 dSm~! and DTPA extractable Fe 12 ppm, Cu 0.9 ppm and Zn 0.5 ppm
and ESP 12. By addition of NaHCO3 (Agarwala et al. 1964), eight graded levels of
exchangeable sodium percentage (ESP- 14, 20, 25, 30, 36, 39, 48 and 56) were created.
Sufficient N, P, K, Mn, Cu and Zn (at 100, 22.2, 40.5, 10, 2 and 5 ppm w/w, respec-
tively) were added to meet their requirements in soils of ESP > 14. For NPK applica
tion NH4NOs, KHsPO4 and K2SOj4 salt solutions were purified against Fe by the
phosphate adsorption procedure and for making Mn, Cu and Zn application, their
analytical reagent grade sulphate salts were used. Nitrogen was supplied in split
doses, 1/2 before sowing and 1/4 each when plants were 4 and 9 weeks old.

The experiment was conducted in the pots which were periodically irrigated with i
deionised water. There were four replicates in each treatment arranged in two
blocks. Out of 10 plants, maintained in each pot after germination, 5 were sampled
at day 19, 2 at day 30, 1 at day 75 and 2 at day 112 at maturity. Dry matter yield
of tops sampled at day 19 and 30 and the dry matter in young leaves of plants
sampled at day 75 was recorded after oven-drying at 80°C. At 112 days, the sun-
dried weight of cobs, grains and straw was determined separately. The fresh
plant-tops sampled at day 30 and young leaves at day 75 were thoroughly washed
in a detergent, 0.0l N HCI, deionised and glass distilled water before drying. A
portion of the crushed and mixed dried plant material was digested in nitric-
perchloric acids (1:15:1) and analysed for Na by flame photometer, Ca by
versenate titrimetric method, P-colorimetrically and Fe, Mn, Cu and Zn on atomic
absorption spectro-photometer following standard procedures.
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Growth rate of plants was computed by the formula
Loge W1/Wo

Growth rate = .

where W, : final dry weight, W, : intial dry weight and t : period of growth in days
between the two dry weight observations. At harvest (day 112), composite soil samples
were collected from each block separately and analysed for extractable Fe (Lindsay
and Norvell 1978) on atomic absorption spectrophotometer. Data were statistically
analysed (Panse and Sukhatme 1961).

Available soil Fe: DTPA extractable soil Fe decreased with increase in soil
sodicity from ESP 14 to 30 and above by > 50% (Table 1), even to levels indicative
of its deficiency (Elgala et al. 1986). The results are in accordance with Dahiya and
Singh (1979).

Growth and yield : An increase in soil sodicity decreased both height of tops
and leaf dry matter, the effects being significant at ESP = 36 for the former and
ESP = 25 for the latter (Table 1). The depression, as compared to lowest ESP,
was > 50% in height at ESP > 48 and in leaf dry matter at ESP > 39. An increase
in soil sodicity also delayed tasseling in plants by 2 days in the ESP range 25-36 and
by 5 days at ESP 39. No reproductive parts could be made out visually at ESP > 48.
An increase in soil sodicity above ESP 20 markedly decreased the harvest yield of
plants with > 50% reduction at ESP > 30; the effect was more marked in the
cob and grain yield as compared to the straw yield which in turn also decreased the
harvest index (Table 1). There was no trend in the plant growth rate between 19-30
and 30-112 days period at different ESP, levels except at ESP 56 during the latter
period. The sodicity induced depression in plant growth may be due to changes in
the plant metabolism induced prior to week 3, the period of development of Fe-
deficiency-chlorosis symptoms by sodicity induced high pH in the rooting medium
due to HCO3 accumulation (Agarwala et al. 1964) and consequently, the increased
cytoplasmic pH in the leaf tissue, which is reported to inhibit the activity of Fe3+
reductase located in the plasmalemma (Mengel and Geurtzen 1986).

Tissue Na and other nutrient elements

An increase in soil sodicity increased the tissue concentration and content per
plant of Na and P and decreased those of Fe in the tops of 30 days old plants
Table 2. The observed increase at the highest ESP (56) in tissue concentration of Na
and P was 6 folds and the decrease in tissue Fe was to a level indicative of its defi-
ciency (Chapman 1965). At day 75 also, an increase in soil sodicity resulted in a
build up of tissue Na and P and a decrease in tissue Ca, Fe, Mn, Cu and Zn in young
leaves (Table 2). The decrease in leaf tissue Ca at ESP > 30 and that of Zn at ESP
56 was even to levels indicative of their deficiencies (Chapman 1965; Melsted et al.
1969). This indicated that 5 ppm soil Zn application was not sufficient to raise the



151

Ll
o
<
=
2
>
Q
Z
= $00=d
m L1 1T HE S'€ 8¢ 9l £1°0 £0°0 1480 el PIr 60 dsT
|
| a e Ty 9 IST = ey 6'1 = o ¥0°0 (0] 8:0¢ $91 09 9¢
_._.m 3 T LL Orr o == £¢ " 1T°0 90°0 8T 0 8y TisE v’ 8y
| w 8¢ L1 €L SS1 ¥9 0's $'8 €0 PE°0 90°0 6£°0 €69 £9r LS 6¢
Q
w SOOI 1€ vL 611 6 00c 81l 6L 940 €10 oo 8L, 08 6'S 9t
Z Ll SE 149 LET So1 §0C vT 1'C 69°0 ST°0 0 018 069 9 0¢
_.v.... 681 9t 179 9Ll 0zI GiCC L Pl Lc 6L°0 o 9¢°0 S'E8 T's9 69 4
m 60 ¢t 18 1781 SIT 0°6¢ L 4 Sy 6L°0 £T0 ¥9°0 60l  vTL 98 0¢
m P9I 8 1L 9zl 8LI §¢c.  EVe oY SOl 9t'0 9L'0 8106 8L el 4!
siseq  Siseq Aep YIZI[ skep skep skep skep wdd
ureid QoD  TII-0E O0€-6I 3 IM 1B q0D [BIOL UIRID  IOF qi61 3 L8 189 ‘9 dsd
% Aep/yue|d/3w  uies3  [sulein jueld/3 3 © skep gL I® wo 1xd
XOpul ISoAIRH 9Bl IMOID  000I  JO "ON PIAIA Pyew L1 1M JedT sdo) jo 1y3ioH vdid

dz[ew JO P[AI4 pue sdinqruie gimoasd ‘o [10s d[qe[ieAr uo K3101pos [10S JO 19apd [ 2IqEL



y1x013 sAep ¢/ 12 (saaed] Sunok 9-7 doy) Tx pue skep ¢ 18 sdo

$0°0d
S 60 4 6¢ $6 900 920 910 600 910 as’i
1 vL Iy 8L 57 110 860  T61 Si'1 [ 9$
91 4 9¢ ‘3 €8 0I'0 160 180 SO'T L8°1 8t
LT 8'L IS 01 19 910  ¥80 690 670 YT 6¢
91 | il 12 vul 961 0201 19970 5 8810 %o €60 9¢
€T 1'6 s €11 20 SE0  €P0 S0 Lo 91l 0¢
i 0°56 9% €l L1T o 670 1¥0 SE0  ¥8°0 ST
43 LTI 69 OfT LST 0s0 TS0  S¥0 €0 1S°0 (174
sT A 6L 60T 207 oro  ¥E0 870 0T0 670 i
A 1A 1A TX  sdopL 1A A sdoy X sdog dsd

wdd uz Twddny wdd Uy wdd o % €D % d % BN

9ZIBWI JO 4SONSSH Ul UZ pUB ) ‘U ‘9 ‘BDSd JO (d2)BW AIP) UOHBIIUSOUOD dNSSI) UO A}IOIPOS [10S JO 1937 ‘T dqel,

MEHROTRA et al.

152



SODICITY INDUCED FE-DEFICIENCY IN MAIZE : 153

Zn status of maize grown at ESP 56 to its sufficiency level. Inspite of the young
leaves exhibiting distinct Fe chlorosis effects at ESP = 25, the leaf tissue total Fe did i
not indicate its deficiency. It is consistent with the reports that active and not total
Fe is beiter indicative of physiological Fe status (Mehrotra et al. 1990) and sodic
water irrigations reduce Fe?* total Fe, in young leaves, indicative of physiological
unavailability of Fe in maize (Srivastava et al. 1985).

The results indicate that the sodicity induced Fe deficiency, is associated with
the decreased availability of Ca to plants. It differs from the lime-induced Fe defici-
ency which is mostly associated with high Ca in the affected plant tissues (Hamze

et al. 1987).
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