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EFFECT OF GYPSUM, IRON AND COPPER ON THE AVAILABILITY
OF ZINC IN SALINE-SODIC SOIL

‘Mobammad Afzal and Abdul Jabbar®

Salinity and sodicity level of a clayey soil was ‘1aised to BC,
13x 10%, pH 9.28 and exchangeable sodium percentageé 48.69 by
adding sodium bicarbonate and sodium hydroxide. Barjey
{Horderm vuigare L.) was sown as a test crop.  Four levels 'of
g¥psum, i.e; 25, 50, 75 and 100 per cent of the fofal Zypsimm require-
ment - of the soil wers added and' three levels ea's% of copper,
zinc and iron were applied. The zinc content of plants and 50l
increased with zinc and ivon gpplication while copper Had no effect
on the zinc content of the plants but decrensed availgble #inc in
the soil. A significant increass in zine content of plants and soil
was noticed, which was attributed to the’ decrease in rH and
solubility of insalvble forms of zinc.

INTRODUCTION

Deficiency of zinc usually decurred on soils of pH 6.5 or higher.
Camp (1945) reported that zinc was utilized most efficiently in soils which
had pH berween 6.0 and 6.5 and the availubility of zinc declined as the eH of
soil increased. Application of caleinm carbonate, sodium carbonate and
calethmn Sulphatd as' solf ametidménts to increase the pH of acid soil was made
by Wear {1956) to study the effect of pH change upon the avartabiity of zinc
and he obzerved that addition of calcium carbonate considerably decreased the
zine content of sorghim crop; ihis amendment increased the soil pH from
5.7t0 6.6. This change in PH resulted in an increase from 0.78 to 1.09 in the
calcium content of plants. Further higher rates of calcium carbonate increased
s0il pH and so decreased the zing content of plants to some extent. Sodium
carbonate being alkaling in reaction also reduced the zine uptake ‘as the pH
of the scil increased. * An application of 2000 ibs- of calcium sulphate per acre
did nof decrease ths zinc content of the Plants, because this chemical compound
decreased the pH from 5.6 to 4.8 and so, ona percentage basis therd was Yight
increase in the zing and calcium coatents of phaots. Melten er of {1970 Folind
that liming of the soils induced zing deficiency as the pH of the soil increased.
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The effect of lime, phosphorus and some Fertilizer compounds on zine availability
was studied by Shukia (1972) and he reported that lime addition decreased the
zinc availability. Beauchamp {1973) detcrmined the effect of exlcium sulphate
oo the uptake of zinc by soybean leaf tissuc and showed that the addition of
0.3 mM CaSQy increased zinc absorption by the plant leaves. While studying
soll properties Tiwari and Kumar (1974) claimed that pH and calciun carbonate
correlated negatively and organic matier and cation exchange capacity positively
with zine uptake in case of rice plants. During the process of saline-sadic
soils reclamation by the addition of gypsum alone and gypsum followed by
leaching aud its effect on the absorption of applied zinc by corn plants, Singh
and Franklin {1975} concluded that gypsum application followed by leaching
with water increased the concentration of zine compared to gypsum application
alone. The results of Lee ef gl (1970) suggested that irom did not interferc
with zine uptake in flax plants grown in solution culture exXperiments.
Chaudhary ef af. (1973) conducted a pot experiment in which they chserved
interaction between copper and zinc and reported that application of copper
did net affeet the zine content of piants. Findings of Dolar and Keeney (1974
reparding copper-zinc interaction suggested that complexed copper decrcased
uptake of zinc. Wu nnd Antonovices (1975) also worked on the same line and
studied the interaction effects between copper and zine. Their investigatinas
revealed that copper had no effect on zine uptake by Agrostis siolonifera plants.

The present study was aimed to further explore this important area of erop
nutrition,

MATERIALS AND METHODS

Four ievels of gypsum were applied to the soil and three doses of eacd of
coppet, zinc and iron were added. The physical and chemical characteristics
of the soil used are given below:

Table 1. Physical and chemical characteristics of the soil afrer raising
salinity and sodicity level.

Soluble Cations Soluble anions
EC,x 10} CEC {me/100g of soil) {ore/ 100g of soil)
pH  (me/100g)

Na K €Ca Mg CO; HCO; Cl 80,
13.00 9.28 30.48 3.04 0.02 0.54 0.09 - .18 1.45 1,06

Exchangeabie Cations  Available trace elements (ppm) _
Total N Availatle P

Na K Cn Mg Cu Zn Fe { %) (ppin}
14 84 1.458 14.37 5,84 i.00 0.65 4,350 0,056 4,58
ESP CalC04( %} Gypsum requirement
(tonsfacre)

48 4% &. 50 3.0978
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The full rates of copper and zinc were applicd before sowing but the
doses of iron were splitted into two equal haives and half of the rate was applied
befurs sowing and the other half when the plunts were 2§ months old.  Barley
{Hordeum vulgare L. Var, 5681) was sow s and after germination the szedlings
were thinned 1o a total of 10 healthy plants in euch pot.  The cTop was harvested
i caring stage, Canal irrigation wiker was used (or irrigation, chemical analysis

was done and the various amounts of elements added through Irrigation water
were alse calculated.

The abbreviations used to represent various levels of gypsum and teace
tlements are as under:

1. Gypsum:

(1} Gy (No gypsum)

Wiy Gy (253 of the totul gypsum requircment fulfilled)
{iii) Ga (509 of the tutal gypsum requirerent fulfilied)
{iv} G3 (757 of the tewal gypsum requirement fulfilled)
(v} Gy {100% of the total gypsum requirement fulfilled)

2. from:

(i} Fey (Mo application of iron)
(ii) Fey (2.5 lbsfacre as Fg)
(iii) Fey (5.0 ibs/ncre as Fe)
(v} Fesg (7.5 Ibs/ucre a5 Fe)

3. Copper:

{1} Cug (withowl copper addition)
{ii} Cuy { 5.0 thsfacre as Cu)
(i} Cua ([0.0 Ibsfacre as Cu)
{iv) Cuz (15.0Ibsfacte a5 Cu)

4, Zinc:

(i) Zng (No zinc was added)
(i) Zo, { 5.0 lbs/acre as Zn)
(i) Zng (10.0 Ibsfucre as Zn)
(iv) Zoy (15.0 Ibsfacre as Zn)

The salts vsed for application were FeS0,. 7H,0, CuS0, . 54,0 and
ZnS0, TH,0,
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Flant samples were air dried and then oven dried at 70¥C to a constant
weight. Plant and. soil samples were processed for finzl analysis. Mitrie-
perchloric acid was used for digestion of plants and available amounts of zine
iron and copper were exiracted by DTPA soil extractam (Lindsay et al., 1369
The concenirations of zing, ron and copper were estimatad by using Atomic
Absorption Spectrophotometer model 485, The data were subjected to analysis
of variance by tactorisl design in completely randomized arrangements and.
individual comparisons between treatments were made according to Duncan™s
Multiple Range test (1960).

EESULTS AMD DISCUSSION

There was no germination in control and in pots where 25 per cent
gypsum requirement was satisfied. The analysis of plants from the treatiments
G4, Gy and Gy indicated that gypsum application increased total zinc content
of plants. Amaong the trace elements Fe and Zn application also increased the
zinc content of the plants but copper had no effect.  The interaction between
G-Fe, G-Cu and G—Zn for the uptake of zinc was non-significant.

Table 2. Effect af gypaum, fron, copper and zine on p
of the soil {values are averages of 4 repeals).

‘Treatments Yalues  Treatments Yalues
G, 8.68 Cuy 9.24
Gy §.57 Cug 9,22
G, g.53 Cuy 9.20
Gy B.38
FEn 9.28 Z-I]u. o 28
Fey 9.26 £y 9.27
Fe, 9.25 Zn, GdD
Fes 9.22 Zn, 9.23-

The decrease in pH by the addition of gypsam had g faveurable effect
upon the zine conient of the plants, the insoluble forms of zine in the soil were
converted to soluble onas and its availability to plants was increased, the plants
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Table 3. Effectof gypsum and iron on zing content of plangs (velues are averogas:

of four repeati).
Treatmenis Glp_'". 'G,'* G, Gﬂh i 'G.‘ ”Irnn“aver.aﬁ;_
Feg —  — 20.00 24.50 29.50. 24.67b
Fey - i . 20.00-. 480 290.50. 24.70b
Fes.. — e .10 . 24,60, 3000 . 24 8% a
Fe, — - 20,15 2465 30,00 24,93 a
Gypsun Avernpe — = 0D.06¢c 2.5 b 2995

Table 4. Effect of gypsum and copper on ming Lontent - of plants, {values ars
averaee of four repeqtsh.-

Treatments Gg* G- Gy iy Gy Copper -average

Cuy _ — 20,00 24.50 29.50. ' N

Cu, — — 20,00 24,50 29.25

Cu, — — 20000 2410 29.00

Cuy — — 20.00 24,80 28.70

Gypsum average - - -~ 20,60 ¢ 24.25 h 2911 &

Table 5. Effect of gypsum and zing on zine content of plants (values are average
of four renzats)..

Treatments Gy* Gy Gg Gy Gy Zincaverage

Zn;m — i —20@%570 e e

Zn, - - — 24,95 28.30- 3435 29.20 ¢

Zn, = - 30.50  33.40 39,50 1447 b

Zn; - 35.20- 3950 - 44.80-. 3923 a .

Ciypsum aversge — — 27.66 ¢ 31.18 b 35.—@4-11 T

— T

*Thars wat no garmination in thase Trentmants,
Avarsges followed by cha 1ama lettar &ld not difar stutlastenlly amsng thamnives ae
P 005,

took mogg zine frem the seil and thus, zing content of the plants increasgg.,
Camp (1945} reported that zinc was uiHized-most-efficiently in soils which had
PH between 6.0 and 6.5 and the availability of zinc declined as the pH- of soil-
ingrgased. . He stated that g like_other metals formed bydrozide depending
upon the pi of soil liquid environment. The formation of egativelny charged
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zincate ion was also suggested as it was significant in soils with pH more than
7.85. Wear (1956) stated that an application of 2000 lbs. ol calcium sulphate
per scre increased the zine and calcium coptent of the plaats, These results
showed that the reduction in zinc uptake by the plants was due to change in pH.
Beauchamp (1973) determined the effect of calcium suiphate on the uptake of
zinc by soybean leaf tissue and showed that the addition of 0.5 mM CaSQ,
increased zinc absorption by the plant leaves. The data presented in Tables
6, 7 and % indicate that as the gypsum level inereased there was progressive
increast in the available zine concentration of the soil,

Table 6. Effect of gypsum and iron on available zine contemt of soil (ppm)
{values are averages of four repeais).

Treatments Gy QO Gy Gy G, lron average
Feq &5 .00 125 148 175 1.2260
Firy (.65 1.05 1.25% L.48 1.75 1.2360 b
Fes D655 1.0% 1.25 1.50 L.73 1.2400 b
Fey 0.63% 1.0 1.25 1.50 1.75 1.2500 &

Gypsum average 0.63 ¢ 1.05d 1.25¢ 1.49b 1.75a

Table 7. Effect of gypsum and copper of available zinc contents of soif (ppmi).
(values are averages of four rapeats}

Treatments Gy Gy Gy £ 7Y G4 Copper average
Cuy 065 100 1.25 1.48 175 1.2260a
Cuy . 065 1.00 L.24 148 LTS 11,2240 a
Cug 0.63 1.00 1.2¢ 147 174 1.2K60b
Cuy 0.62 099 1,23 146 1.74 ]1,2080¢

Gypsum average  0.6375 0.9975 1.2400 1.4725 1.7430
e d G b a
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Table 8. Eeffes of gypsum and zinc on availeble zine contents of sail (ppm.)
(values are averages of four repeats)

Treatments Gy Gy 3 (3, Gy Zinc average
Zny 0.65 1.00 1.25 1.48 1,75 1.2260 d
Zn, 1.35 1.75 2.15 2.30 2.60 1.9800 ¢
Zng 2.6 2.55 2,75 312 328 27720 h
Zny - 2.9 3.20 350 3N 400 3.4620 a

Gypsum average  1.7675 2.1250 2.412% 2.5875 2.9075
e d c b ]

Avarages follewed by the mame lstrars did not differ statistically smeng themawives st
P O OF,

I comparison to iron, application of copper decreased the available zine
concentration in soil significantly. In pots where zinc application was made,
a significant increase in the available zinc content of snil was recorded, The
effeet of zinc application was positive because there was three times incroase
in its concentration and thus it quantitatively amounted to 3.4620 ppm in the
highest appiied zine rate. Unlike G-Fe the interaction between G-Cu and
G-Zn for available soil zine was non-significant. [ncrease in availability of
zinc Tike iron and copper with an inerease in the level of pypsum was again
caused by reduction in pH that resulted with gvpsum application. Similar
conclusions were suggested by Camp (1945), Wear (1956), Mehon ef af. {1970),
Shukla (1972), Beauchamp (1973) and Singh and Franklin {1%75). They
vhserved that as the pH of the sail decreased, the available soil zinc content
increased.  There was a significant increase in available soil zine content with the
application of iron and this increase was due to smail reduction in pH brought
about by the addition of ferrous sulphate to the soil. There was a decrease in
available sofl zine under copper treatments and this was due to antagonistic
cffeet of copper. The rosults obtained were similar to those reported by
Chaudhary et al. {1973), Dolar and Keeney {1974) and Wu and Antonorices
(1875). Their results showed reduced content of seil zing with the application
of copper to the soil,
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