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EFFSCTS Of GYPSUM, FERROUS SULPHATE AND QUALITY 
OF IRRIGATION WATER ON CHLOROSIS AND GROWTH 

01 SUGARCANE (Saccharum offlicinarum) 

by 
V.M. Patil 

A candidate for M.Sc. (Agri.) 

Research Guide i Dr. R.B. Soraawanshi 
Discipline : Soil Science 
Department : Agril. Chemistry & 

Soil Science 

A pot culture experiment was conducted in the greenhouse 
to study the effect of gypsum, ferrous sulphate and quality of 
irrigation water on chlorosis and growth of sugarcane(Cv.co-740) 
The experiment was conducted at Post-Graduate Institute, M P A U, 
Rahuri 

The DTPA-Fe of soil was significantly increased due to the 
application of ferrous sulphate There was significant increase 
in the exchangeable ca and decrease in exchangeable Mg of soil 
irrigated with distilled water The reverse trend was observed 
with well water which contained more Mg concentration compared 
to Ca ions. Sugarcane leaves relatively ehlorotic from the 
control and gypsum treatments contained maximum concentration of 
nitrogen, when compared to other treatments Total leaf-ore 
concentration was not influenced by gypsum and ferrous sulphate 
treatments 

Application of ferrous sulphate alone or in combination 
with gypsum increased chlorophyll and orthophenonthrollne extrac-
table leaf-fe (o-Ph leaf-Fe) content. Leaf chlorophyll was 
strongly and positively correlated with o-Ph leaf-Fa (r-o.545) 
observed on the 160th day of sugarcane growth, The use of  
saline irrigation water resulted in the significant decrease in 
Ca and increase in Mg content of roots. 

Application of ferrous sulphate with and without gypsum 
and without consideration of quality of irrigation water 
resulted in a significant increase in the dry matter of tops 
and roots as compared to that in the control. The quality of 
water did not make any difference on the sugarcane growth. 

The study suggests that chlorotic condition of sugarcane 
crop could be improved by removing iron stress through mixing 
ferrous sulphate with saline soil, as was evidenced by higher 
DTPA-fe of soil, o-Ph leaf-Fe and chlorophyll which resulted in 
the higher dry matter production* 

(Pages 60 ) 



 
 
 
 
 
 
 
 

 





1. INTRODUCTION 

Symptoms of chlorosis in sugarcane axe quite common 

these days, wherever this crop is grown on saline calcareous 

soils of Maharashtra. Over one-third of the world's land is 

calcareous, which is one of the common causes for chlorosis 

in several crops. Other cause of chlorosis is the deficiency 

of iron in soil (Brown, 1961). The problem of sugarcane 

chlorosis in Maharashtra is serious particularly on naturally 

well drained sandy loam calcareous saline soils on the banks 

of the several rivers which results in decrease In the sugar­

cane yield. 

Salinity and chlorosis are observed to be the most 

important factors for reduction in the yield of sugarcane in 

Rahuri tehsil of Ahmednagar District. The sugarcane 

cv. Co-740 shows severe chlorosis right from ©mergence up to 

maturity (Sanas, 1983). Initially, interveinal portion of 

upper green leaves turns light green, then becomes yellow 

followed by yellowing of veins and turning the entire leaf 

white and then brown before it dies. 

The length of interned© is occasionally as less as 2.5 

to 3.0 cm with hard nodes. The root growth is limited and 

most of the roots turn brown to dark black. Roots near soil 

surface look tender, white and active. They are very short 

and less in number. Well water used for irrigation is highly 

saline wherein calcium, magnesium, chloride and sulphate are 

the predominant ions. The continuous use of this water has 
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turned these soils saline, although they are inherently 

well drained. 

High levels of calcium carbonate (Tendon and 

Srlvastava, 1981), and salinity (Joshl and Naik, 1977) in 

soils have been reported to Induce chlorosis and reduce 

vigour and growth of sugarcane. Almost all the soils from 

serai-arid tract of Maharashtra are more or less calcareous 

and saline, but do not show chlorosis at all. The soils on 

the banks of Mula and Pravara rivers are also calcareous 

and saline showing severe chlorosis in sugarcane. Although 

severity of the problem in the region and economic losses 

due to chlorosis are not estimated, some fields with severe 

chlorosis have resulted in the failure of crop even on 

highly fertile soils. 

A study was, therefore, undertaken to assess, if the 

use of gypsum and ferrous sulphate with or without saline 

irrigation water, would increase the chlorophyll and 

o-Phenonthroline extractable leaf-Fe contents of sugarcane 

leaves and thereby promoting plant growth and yield of 

sugarcane crop. 
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2. REVIEW OF LITERATURE 

The present experiment was based on the conditions 

prevailing in the area of Rahuri, where sugarcane crop is 

grown on lighttexttirea and well drained saline calcareous 

soils containing more of Mg and Ca salts, well-water 

used for sugarcane is also highly saline. Chlorides and 

sulphates are the principal anions. Farmers of this region 

have been sustaining problems of soil salinity. The problera 

of chlorosis seems to have aggravated when underground water 

(well-water) contained high proportion of soluble Ca and Mg 

salts despite high soil fertility (Pharande, 1982). Tlsdale 

and Kelson (1936) proposed that iron deficiency or chlorosis 

is caused due to imbalances of metallic ions such as copper 

and manganese, excessive amounts of phosphate in soil, combi­

nation of high pH# high lime, high soil moisture, low terope-

rature and high levels of HCOJ in the root zone. Sugarcane 

grown in the Ahraednagar District of Maharashtra is showing 

extensive chlorosis which is expanding every year. The 

* pertinent literature on which the present investigation is 

based, is reviewed under different headings viz., 

2.1 effects of Salinity on Soil Properties, 
Plant Growth, Chlorophyll Content and 
Root Growth. 

2.2 affect of Gypsum on Soil Properties and 
Plant Growth. 

2.3 Effect of Ferrous Sulphate on iron 
Availability and Plant Growth. 

2.4 Relationship Between Plant Iron and 
Chlorophyll* 



2.1 Effects of salinity on Soil properties, Plant Growth, 
Chlorophyll Content and Root Growth 

2.1.1 soil properties 

Kelly at al* (1940) showed that relatively more Na* 

would he adsorbed on Mg saturated soil, if Mg consti­

tuted a relatively high proportion of total exchange of soil. 

They reported that high amount of Mg in irrigation water 

and also in soil solution which would result in high 

2+ 
exchangeable Mg in soil, would be detrimental to crop 

2*4* 

growth because physical effect of exchangeable Mg is more 

nearly like that of Na rather than that ©f Ca . 

Prince et al« (1947) reported that the ideal amount 

2+ 
of Mg would be 10 per cent of the total exchange capacity 

of the soil. Jones (1950) concluded that toxic effect of 

2+ 
Mg was observed when MgO/caO ratio exceeded 1.0* It might 

be due to the formation of Mg (HC03)2 and thereby rise in 

soil pH. 

Bonnet (1953) reported that the excess salts in 

saline and saline alkali soils could be leached out with 

fresh water after the addition of gypsum. It carried salts 

below the root zone of penetratl^l and thus improved the 

growing condition. Soil might be reclaimed by leaching 

with water if good drainage was provided. Removal of excess 

salts from the surface soil results in much greater effici~ 

ency of canes and top growth-
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Budanov (1954) found that application of 840 kg/ha 

©f calcium sulphate to a highly saline Chestnut soil with 

the water table at 6 maters increased the yield of winter 

wheat by 40 per cent and decreased exchangeable sodium from 

9*67 to 1.62 meq and the salt content from 155,8 to 56.8 meq 

in 100 g of soil. 

Amemlya et el. (1956) found that the amounts of solu­

ble salts and exchangeable sodium in the soil were materially 

decreased by leaching* This decrease was a function of the 

amount of water used to leach the soil* Gypsum application 

in combination with leaching had little or no effect on redu­

cing exchangeable sodium* There were indications that salts 

and exchangeable sodium might be reaccumulative in the 

profile, 

2+ Heimann (1959) considered exchangeable Mg as harmful 

as Na while K as harmless as Ca . Allison (1964) stated 

24- 2+ that Ca and Mg found in normal soils of arid region, were 

not dominant cations* However/ as soluble salts accumulated 

from irrigated waters become more concentrated in the soil 

due to lack of leaching and continuous irrigation, certain 

composition changes were observed* The solubility limits of 

24- 2+ 
CaSO,, CaC0~ and MgCO- were exceeded causing Ca + Mg to 

precipitate in soil. This caused a corresponding increase 

in the relative proportion of Na+ in the soil solution. 

Mlsra (1961) studied the effect of leaching of soils 
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with divalent cations and observed that soil exchangeable 

complex became enriched with respect to divalent cations, 

as compared to monovalent cations which was greatly reduced. 

The leaching resulted in the fall in pH of alkali soils 

after leaching the soil with dilute solution of Gael.,, 

MgCl2 and CaSO,. The normal soils, however, showed no 

2+ 
effect on exchange complex but only exchangeable Mg 

increased as a result of leaching with dilute solution of 

MgCl2. 

Shriramamurthy (1961) conducted a leaching trial with 

saline alkali soils and studied the effect of leaching and 

cropping on certain soil characteristics. Leaching of the 

soil (Ec 7.6, pH 8.7) without addition of any amendment 

decreased total soluble salts content, but increased the pH, 

soluble Na and Mg when leached with amendment, soluble 

salts as well as pH, both decreased. 

Kdlley (1964) found that the most important effect of 

2+ 
saline irrigation water was cation exchange where ca was 

replaced by Na4, but this exchange would not ordinarily be 

2+ 

excessive if the Ca content of the water was 35 or more 

percentage of the total cations of the applied water. pH 

could be controlled by proper choice of irrigation water. 

Lunin et al. (1964) studied that soil salinity 

increased such that Ec of saturation extract reached 15,4 
2+ 2+ 

mmho/cm as a result of saline irrigation. The Ca , Mg 
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and K content increased with increasing salinity. Exchange­

able Ca* in the soil decreased and Mg , Na+ and K* increased 

with Increasing salt concentration of water applied. 

Moghe and Bokare (1965) studied the effect of leaching 

saline-alkali soils with different quality of waters and 

concluded that leaching soils with normal or alkaline water 

removed salts more efficiently, than did leaching with saline-

alkaline or saline water. Normal and saline soils, but not 

saline alkaline and alkaline soils, increased pH when leached 

with saline-alkaline and alkaline water. Leaching Increased 

BSP of soils, but this increase was reduced when the soils 

were pyrited with gypsum. 

Gupta and Ablehandani (1968) used salt waters predomi­

nant in divalent cations for irrigation in the semi-arid sose 

of western Rajasthan and concluded that irrigation with highly 

saline water predominant in divalent cations resulted in accu­

mulation of soluble salts in deep sandy to sandy loam soil, 

but pH and the concentration of soluble and exchangeable Ha 

were not of harmful amount in the root sons of the soils* The 

SAR and per cent exchangeable Ha* of irrigated soil were low 

and availability of dissolved ca and Mg was high. 

Misra et al. (1969) observed that repeated leaching of 

saline-alkali and alkali soils was performed with distilled 

water under laboratory conditions. Inspite of high contents 

of CaCO, in last two profiles, the alkalinity of the soil did 
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not decrease hence sufficient Ga could not ha brought into 

solution during the- course of leaching. However, saline 

soil due to the low alkalinity and less exchangeable sodium 

responded well to leaching, even it contained less of CaCG-. 

Variation in soil-water ratio produced marked influence on 

the soluble COj, HCOj and other soluble salts as affected 

by repeated leaching* 

Patel and Bastane (1971) observed the leaching up to 

10 per cent was favourable when saline irrigation was given 

at a later stage of crop growth. There was decrease in salt 

accumulation as the texture became lighter which might be a 

long term advantage* 

Fanov and Adda (1973) studied the role of exchangeable 

Mg in the development of solonetm process of soil formation 

2+ 
and observed that the effects of Mg on physical and ehami-

2+ 
cal process of soil were intermediate between those of Ca 

and &a*. Effects of Mg were similar to those of Na+ in 
2+ 

increasing the proportion of exchangeable Mg when proper-

tion of Ha was constant. Excess Mg increased the disper­

sion, swelling and maximum hygroscopiclty of soil, but 

decreased infiltration and capillary raise. 

Prasad (1973) showed that there were evidences that 

crops suffer from Ca deficiency in soils irrigated with 
2+ 24-

waters having high proportion of Mg in relation to ca « 

The hazardous effect of Mg2+ in highly saline water was 
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aggravated being associated with Ha* and in low saline water 

lay virtue of its predominant nature over Na*, and insuffici-
24 

eney of ca further increased the hazardous effect of water 

on soil properties and crop growth. 

Mathur at al. (1973) flooded two basins with a 

measured quantity of water, one of the basins was treated 

with gypsum at the rate of IS t/ha while the second was 

without gypsum. They emphasized that leaching caused reduc­

tion in electrical conductivity, increase in pH and decrease 

in exchangeable Na per cent with gypsum application* 

Bhumbla (1977) found that most of waters in arid areas 

have high salinity hazard, but usually have low Ha hazard. 

The same water used for irrigation had £0^10,000 Hsaho/em» 

The relative proportion of Na+, Mg and CI* increased with 

increasing salt content. Generally Hg is more than Ca. In 

clay and clay loam soils water with salt content of mora than 

2,000 HBtiho/cm proved hazardous, 

Yadav and Girdhar (1980) studied the effect of irriga­

tion water having varying Mg/ca ratio (2,4, 8 and 16) and 

electrolyte concentration (20 and 80 meq/L) on soil proper­

ties and plant growth of wheat crop in two different soils* 

They observed that salinity was at greater magnitude in 

heavy textured black soil dominated by montmorillonite clay 

mineral than in the light textured alluvial soil having 

illite type of clay mineral. The accumulation of soluble 
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salts as a result saline irrigation water was higher in the 

surface layer than in subsurface layer. The adsorption of 

Ha and Mg in the soils increased with an increase tn Mg/Ca 

ratio and electrolyte concentration of the irrigation water, 

Behaviour of Mg is different from that of Ca in affecting 

soil properties and plant growth. 

Singh at al# (1980) studied the effects of different 

concentrations of gypsum solutions on sodic soils. They 

investigated the effects of leaching two artificially 

prepared sodic soils, one rich in chloride and other in 

bicarbonate ions with gypsum solutions, under the laboratory 

scale. The soils packed in acrydic columns were leached with 

gypsum solutions of three different concentrations, keeping 

the total amount of gypsum same in all treatments. A greater 

decline in ESP and pH was observed with decrease in Ca concen­

tration, than any other treatment in carbonate treated soil, 

in chloride treated soil, its effect was equivalent to leach­

ing with 20 cm solution of 30 msg/L concentration. The 

decrease in EC was the function of total amount of solution/ 

water passing through the column in both the soils* 

2*1.2 Plant growth 

Key et al. (1961) studied the influence of rati© of 

exchangeable Ca and Mg on yield and composition of soya-

2+ 2+ 
bean and corn. Poor growth was observed when Ca tMg 

ratio was less than one. In sand and resin cultures, a© 
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effect of Ca "**iMg2* ratio was found when Ca2* exceeded Mg2*. 

Differences in growth were associated with the amount of 

these ions rather than their ratio. 

Bernstein et al. (1966) showed that co-740 variety of 

sugarcane was not salt tolerant. Yield and growth reduction 

occurred up to 50 per cent at 3*3 mraho/cm specific conduc­

tance * 

Deo and Kanwar (1963) found that the increasing SAR 

values of irrigation water decreased the plant growth. In 

presence of single dominant cation the growth decreased as 

K y Mg y Na ')• Ca. The increase of Na in proportion to Ca, 

Mg or K decreased the yield and decrease was in order t 

K y Mg y Ca. Potassium in irrigation water even at low 

concentration with Mg was more harmful than with Ca. In 

case of calcium rich water, Ca content of the plant increased 

and l?a content decreased, out K content was not much affected. 

When sodium and potassium rich waters were used, the Ha and K 

content increased manifold and Ca content decreased. The 

uptake of Na was less in NaiCa system than in Na»Mg system. 

Potassium in irrigation was found to restrict the absorption 
<; _ — 

of Na fcy plant. 

2+ 
Clark (1975) studied the differential Mg efficiency 

2+ 

of com inbred with different Mg levels on dry matter 

production and mineral composition of plant. Corn plant grew 

better at low Mg concentration level, produced maximum dry 
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2+ 
matter due to lower concentration of Mg in root* over 

2+ 
higher Mg level in roots. Various essential mineral 

elements in the roots viz., P, Mn, Fe, Cu and Mo and leaf 

2+ 
concentration of Ca , P, Mn, zn, B and Cu decreased more 

2+ 
with the increase in Mg concentration. 

Prasad and Paliwal (1976) studied the effect of 

2+ gypsum on the growth of wheat irrigated with Mg rich 

water and observed that the yield of wheat decreased, with 

2+ 2+ 
Increase in the Mg :Ca ratio. When gypsum was applied 

to soli in the saturated solution form, the dry matter and 

2+ 2+ 
grain yield increased significantly beyond 4J1 Mg jCa 

ratio. They also reported that gypsum gave better results 

when it was applied in irrigation water, than when applied 

24* 24-
through soil, on gypsum application increased in Ca tMg 

ratio in irrigation water and Ca :Na ratio in exchangeable 

complex appeared to be responsive for better crop growth. 

2.1*3 Chlorophyll content 

Kanwar and Bhumbla (1961) studied the different water 

tables and salinity levels on chlorophyll content of leaves 

of sweet orange and observed that the chlorophyll content of 

leaves decreased as the level of salinity increased and the 

water table decreased. The decrease in toe chlorophyll 

content of the leaves with low water table of 30 cm could be 

2+ 2+ 2+ 2+ 
attributed to the reduction in the Ca , Mn , zn , Fe and 

+ + 
increase in the uptake of K and Na . 
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Joshi and Maik (1977) tasted sugarcane (Cv, CO-740) 

for its salt tolerance and photosynthetle productivity and 

concluded that there was stimulatory and deleterious effect 

of NaCl and Na2S04 salts on total photosynthetic area. The 

increase in concentration of Had and Na-so. decreased the 

chlorophyll content of sugarcane leaves except at 0*05 M 

NaCl level, where stimulatory effect in chlorophyll 

synthesis at lower concentration of NaCl was observed 

(Nistbalkar and Joshi, 1975 and Karmarkar and Joshi, 1969). 

Siddique (1980) studied in pot culture the effect of 

salinissation and desalinisatlon on chlorophyll content of 

leaves of pea, showed that chlorophyll content of leaves was 

reduced progressively with increase in salinity. Desalini-

station causes recovery in chlorophyll content of first fully 

expanded leaf. Desalinisation drastically reduced the Na+ 

and Cl"* content of plant organ. Increase in salinity reduced 

the dry weight, number of pods and seeds. 

2.1«4 Root growth 

Karataev and Mamalva (1958) observed that root growth 

2+ 

progressively lmpedad when Mg saturation exceeded 40 to 60 

per cent of the exchange capacity. Root growth was almost 

stopped at 90 per cent in Chernozem. This reduction was due 
2+ to toxicity of high concentration of Mg huraate. 

Asana and Kale (1965) observed that salinity (EC 9.7 

romho/cm) depressed root growth more than shoot growth and 
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reduced tillering, leaf sise and shoot height of the wheat 

plant. 

Lund (1970) studied the effect of Ca and ita rela­

tion to several cations in soyabean root and concluded that 

low ratio of Ca to Ca + Mg (0.1 or less) reduced the 

root growth. Me also reported that Ca was necessary at 

the site of root growth, other ion might affect the morpho-

2+ 
logy of root. In this experiment he showed that Mg was 
the only cation which suppressed the root growth of soyabean 

2+ 
probably due to toxicity caused by high levels of Mg , 

2.2 Effect of Gypsum on Soil Properties and Plant Growth 

Baghott at al. (1954) applied gypsum at 2 to 16 t/ac 

and sulphur at 500 to 3000 lb/ac to alkali soils. The soils 

were leached three times before cropping and nine times 

during cropping. In the first year patchy stands were 

obtained but in the second year excess lueem stands were 

obtained on all gypsum plots. Gypsum reduced the soil pH 

and salinity. 

Sen and Tewari (1958) demonstrated that the effect of 

gypsum on the saline constituents of sandy loam soil of 

average fertility was incubated for the months at 30*C with 

gypsum at various doses (0, 1 or 5 MT/ac). They reported 

that gypsum increased the amount of soluble Mg and also 

salinity (since some CaS04 probably dissolved in the water 

extract) and reduced the concentration of HGoT when gypsum 
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at the rate of 5 MT/ac was applied, there was a great 

increase in soluble Na, but not in K. 

Yadav and Agrawal (19S9) studied dynamics of soil 

changes in the reclamation of saline-alkali soils of Indo-

Gangetic alluvium. They suggested that with plentiful use 

of irrigation water, even light doses of gypsum which 

initially resulted in only about 60 per cent reduction in 

soil exchangeable Ha, significantly improved the soil condi­

tions. Gypsum as a source of soluble calcium for cation 

exchange reactions coupled with adequate provision for 

leaching. Gypsum was very effective and suitable chemical 

amendment for the base exchange reactions in replacement of 

exchangeable sodium. 

Boyaskii (1962) demonstrated the effect of gypsum in 

increasing the effective fertility of soloneta soil of 

Donbas# Applications of gypsum at the rate of 3.S Ml/ha 

under presowing cultivation increased the yield of millet by 

15 to 19 per cent, maize by 16 p%r cent and iate cabbage by 

10 per cent. Gypsum also increased the content of hydroly-

sable N and available P in the lower layer during the vegeta­

tive period and enhanced the uptake of N, p, K, s and Ca by 

plants. 

Kanwar and Chaw la (1963) reported that gypsum applica­

tion was more effective in saline sodic soils. It decreased 

pH, electrical conductivity of the soil. Gypsum neutralized 
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soluble carbonates and bicarbonates and also increased 

organic Ca and exchangeable Ca in soil. 

Afsal and Jabbar (1977) studied the effects of 

gypsum, copper and zinc on the availability of iron in the 

saline sodic soil. The interaction between gypsum and 

iron for iron content of the plants was found to be highly 

significant. The increased iron content was due to the 

greater supply of this element at decreased pH and insolu­

ble forms were converted into soluble one with the applica­

tion of higher rates of calcium sulphate. 

2.3 Effect of Ferrous Sulphate on Iron Availability and 
Plant Growth. 

Olsen (1951) studied the utility of FeO and FeS04 as 

soil amendments in greenhouse conditions with grain sorghum 

as a test crop. The Fe oxides did not influence the growth 

of sorghum plants. Application equivalent to 1120 leg FeSQ^/ha 

enhanced the production of chlorophyll in plants, through 

Increased Fe absorption. 

, Mathers (1970) found that sulphuric acid and ferrous 

sulphate treatments (250 ppm Fe with 250 ppra H
2
S 0 4 * on 

calcareous soils increased the yield of hybrid grain sorghum 

grown in greenhouse- He further reported that in sugarcane 

chlorosis occurs due to iron deficiency, which could be 

corrected by foliar sprays and soil treatment with iron 

compounds* 
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Mortvedt and Giordano (1971) suggested that both FeSG. 

and i*®2^S04^3 were effective for crops at reasonable low 

rates if they were applied with fluid polyphosphate fertl -

lizer to soil. 

Rai et al. (1971) conducted an experiment in pot 

culture to study the im&BonB of iron in shallow black soil* 

Availability of the applied iron was low in this soil* They 

observed that the beneficial effects of soil application of 

iron as evidenced by increase in iron concentration of the 

treated plants than it was in the control plants. 

Hodgsqn et al. (1972) conducted greenhouse experiment 

with four crops of corn (Zea mays L.) grown over a period of 

2 years on a calcareous soil supplied with 56 to 2200 kg/ha 

Fe as y*2(so4*3* Tn® Iron was mixed with the soil and the 

plants were grown for 6 weeks. The pots were kept barren in 

the greenhouse during periods between crops. All the levels 

of Fe additions improved crop growth with optimum response 

coming at 186 Jbg/g and above. The iron content of corn 

plants and readily extractable phase of Fe in the soil, 

increased following iron supplementation* 

Dahiya and Singh (1976) Investigated the effects of 

salinity, alkalinity and iron application on the availability 

of iron, manganese, phosphorus and sodium in pea crop. They 

demonstrated that addition of Fe at the rate of 10 ppro 

increased the dry matter yield significantly. The highest 



id 

concentration of Pa was recorded in the soil having a value 

of exchangeable sodium per cent (ESP) of 40 followed by 20 

ESP* The soil having electrical conductivity of 8 mmho/cm 

and 20 ESP had the lowest concentration of Fe with highest 

salinity and alkalinity, which was probably due to the dilu­

tion effect* The uptake of Fe was highest in the normal 

soil owing to high dry matter yield. 

Anand (1981) studied the effects of application of 

three levels (0, 25/ and 50 ppm) of faS04„7H20 on the growth, 

yield and availability of Fe in rice. An increasing supply 

of Fe enhanced the concentration of nutrients in the crop 

(grain and straw) while the yield was not influenced by the 

treatments. The application of iron brought about a signifi­

cant improvement in Mn content of the crop and available Mn 

status of the soil. 

Sakal et al« (1982) studied that field experiment 

conducted on calcareous soil* the direct and residual effect 

of iron carriers and compost applied alone and In combination 

was studied on rice and maize, respectively. The application 

of 50 kg Feso^/ha alone enhanced the grain yield of rice by 

8*7 q/ha with a further increase to 14 q/ha in conjunction 

with compost at 10 MT/ha. Compost with Fe$04 improved the 

percentage distribution of Fe in the grain over an applica­

tion of Peso, alone. 
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2,4 Relationship Between Plant Iron and Chlorophyll 

Oserkowsky (1933) demonstrated the relationship 

between chlorophyll and iron both in green and chlorotic 

pea leaves. The content of iron in the leaf was quite 

large both in chlorotic and green leaves. Application of 

more iron to chlorotic leaves invariably led to greening, 

but only a small amount of iron was metabolicaily 'active*, 

Brown (1956) observed that chlorotic leaves contained 

less iron and more phosphorus than green leaves, manganese 

and roagnessium concentration were highest where iron concen­

tration was lowest. Available iron supply in soils was a 

factor related to chlorosis, but could not be used as an 

absolute index. Occurrence of deficiency in plant species 

differs in their capacity to utilise different forms of 

iron, might limit the value of data pertaining to available 

iron supply as a index to iron deficiency. Chlorosis is 

dependent upon iron requirement of the plant species and 

variable factor in growing media which affect this require­

ment mnd the available iron supply in soil, 

Agrawal and Mehrotra (1963) reported that the chlo­

rosis was ameliorated by the application of Fe-SDTA in the 

form of a foliar spray. The concentration of Fe-H3TA and 

the frequency of its application required to ameliorate the 

chlorosis varied in different plant species. Periodical 

sprays were necessary to prevent the recovered plants from 

reverting to the original chlorotic condition. In some 
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plants tha chlorotlc leaves had as much or mora iron than 

the normal comparable leaves, Tha incidence of chlorosis 

was not found to be related to soil iron extracted in 

normal ammonium acetate at pH 3 (available iron). The 

chlorosis in different plant species was probably due to 

tha physiological unavailability of iron, high caCO, content 

being as important contributory factor. 

Marsh et al. (1963) studied tha role of iron in 

chlorophyll metabolism. Concentration of beam on chloro­

phyll in cow pea leaves was positively correlated with the 

Fa concentration in the nutrient solution. Protoporphyrin, 

the precursors of beam, did not accumulate from endogenous 

substrates in the Fe deficient or normal tissues and its 

synthesis from amino-levullnie acid was as rapid in Fe defi­

cient as in normal tissues. Thus iron deficiency may limit 

the formation of |amlno-levulinic acid, this would be one 

rate limiting step in chlorophyll synthesis. 

0*sullivan (1969) observed that iron chlorosis was 

more common in alkaline soil. The tissue concentration of 

iron in grasses enhanced with increasing iron supply up to 

a value of 2#56 ppm iron in the nutrient solution* Higher 

content of chlorophyll was evident with increasing iron 

supply from G.04 to 2.56 ppm. Abova 2.56 ppm iron supply-

concentration of these two compounds remained relatively 

steady. There was significant positive relationship between 
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iron supply and chlorophyll. The roost reliable eheH&eai 

method for identifying deficiency in both grasses appeared 

to be values of Ca/& and Fe/lfo ratios, 

Omar et al. (1971) studied the relationship between 

total iron in leaves of maize, grown in sandy loam soil with 

different levels of phosphate and iron with aooisture adjusted 

to 50, 100/or 150 per cent solution* They found that the 

increase in growth with increased moisture and phosphate, 

but these factors caused chlorosis and decreased both total 

and available iron in leaves. They also showed only a poor 

relationship between total and active iron. The total Iron 

in a leaf does not give a good indication of the adequacy of 

the elenient for healthy growth of leaves showing chlorosis 

may contain as much as or even more iron than htalthy leaves* 

Defcoek et al. (1979) studied active Fe content in 

tomato plant. They showed that there was no relationship 

between total iron and active iron fraction, but a signifi­

cant linear relationship was found between the active iron 

fraction and the ratio of total phosphorus to total iron* 

They also presented same investigation for maize plants grown 

on soil with various levels of moisture, phosphorus and iron. 

Ruiz et al* (1980) found that the chlorophyll content 

was an index of iron chlorosis in nectarine. Leaves of necta­

rine trees (Cv. LC Grand) were analysed for iron and degree of 

chlorosis. Chlorophyll content was decreased as symptoms of 

chlorosis increased. 
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3. MATERIAL, METHODS 
AMD EXPERIMENTAL 

3*1 Material 

A greenhouse experiment was conducted at the Mahatma 

Phule Agricultural University, Rahurl, for assessing the 

effects of gypsum, ferrous sulphate and quality of irrigation 

water on chlorosis and growth of sugarcane in saline calca -

reous soil, 

3.1.1 Soil 

The soil (0-15 cm) used for the pot culture experiment. 

was collected from the surface horizon of farmers* fields at 

Baragaon-Nandur village situated on the west of Rahuri town 

and on the left bank of the •Mula" river, where extensive 

chlorosis in sugarcane was observed* The soil was air-dried 

in the shed and passed through 2 mm sieve* The pertinent 

physical and chemical properties of the soli are given in 

Tables 1 and 2. 

Table 1. Physical and chemical properties of the soil 

Sr. No. Soil properties 

1 Mechanical composition 

i) Coarse sand (%) 21.4 
ii) Pine sand {%) el!? « sf 

iii) silt (%) 22 #2 
iv) Glay (%) 1©»8 
v) Textural class 
vi) Calcium carbonate equivalent (%) 13.7 

2 Fertility constituents 

i) EC (Soil-water 1*2.5 mroho/cm at 25*C) 4.0 
ii) pH-IUO (1*2.5) 

Organic carfton (%) 
8 4 

111) 
pH-IUO (1*2.5) 
Organic carfton (%) A »4 

iv) Total N (ppm) 700 
v) Olsen P (ppm) 16 » 3 
vi* Available K (ppm) 180 
vii) DTPA extractable micronutrients i Fe(ppm) 3.9 

Mn(ppm) 3.4 
Zn(ppm) 1.8 
Cu(ppra) 0.9 
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Table 2. Properties of soil, saturation extract and well-water 

Property soil Saturation 
extraction 

of 
the soil 

Irrigation 
water 

SG (ntmho/Gm) 4.0 4.9 

pff (SoiliWater) (1:2.5) 7.7 8.1 7.3 

Exchangeable 
bases 

meq/100 g waq/h meq/L 

Ca 11.0 10.0 9.9 

Mg 14.4 22.0 27.7 

Ma 12 .1 22.2 18.6 

K 2.5 0.23 0.04 

^Q*» 1.5 

HC03 4.0 3.2 

CI 26.6 28.1 

so4 24.3 23.6 

3.1*2 Irrigation water 

The well-water used for irrigating experimental pots 

was also brought from the farmers* field. Other source of 

irrigation was the distilled water. The properties of irriga­

tion waters are given in Table 2* 

3.1*3 Crop 

Sugarcane (Saccharum offleinarum, L.) Cv. CO-740 was 

used as a test crop. 

3.2 Methods 

3.2.1 Analysis of soil and irrigation water 

Analyses of soil and irrigation water were carried out 

by adopting standard methods given in Table 3. 



Table 3* Methods used for analysis of soil and irrigation 
water 

sr. 
no* Soil property Method used Reference 

l Mechanical composition Bouyoucos 
Hydrometer 
method 

Bouyoucos 
(1962) 

a Electrical 
conductivity 

Conductometrlc Jackson 
(1958) 

3 Soil pH Potentiometric Jackson 
(1958) 

4 CaC03 equivalent per cent volumetric 
calcijwter -

Black 
(1965) 

5 Organic carbon walkley and 
Black 

Allison 
(1975) 

6 Total-N Macro-Kjeldahl Piper 
(1950) 

7 olsen's P 0.05 M NaHCO, 
(pH 8,5) * 

Olsan 
at al. 
(1954) 

3 Available K+ IN NH.OAC 
(pH 770) 

Chapman 
and Pratt 
(1961) 

9 Exchangeable cations Alcoholic 
NH4C1 extraction 

Tucker 
(1971) 

10 ea2* and Mg2+ Versene method Jackson 
(1967) 

11 Na+ and K* Flame 
pho tome tr ic 

Jackson 
(1967) 

12 co3~ and HCO 3 Tltrimetrle Richards 
(1954) 

13 CI Titrimatric Richards 
(1954) 

14 sol" Turbidimatric Richards 
(1954) 

15 DTPA-extractable 
Fe» Mn# Cu, zn. 

Atomic absorp­
tion spectre-
photometric 

(Varian Tactron-1100) 

Lindsay 
and 
Norwell 
(1978) 

24 
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3.2.2 Plant analysis 

The plant samples were analysed by adopting standard 

methods which are presented in Table 4. 

Table 4. Methods used for plant analysis 

Sr» 
No. Determination Method used References 

1 Nitrogen 

2 Phosphorus 

3 Potassium 

Micro-Kjeldahl 

Ascorbic acid 
blue colour 
reduction 

Flame Pho-toTr/\e.w 

4 Calcium and Magnessiura Atomic absorption 
spectrophotometry 

iron and Manganese 

6 o-Phenonthrolina 
extractable leaf-Pe 

7 Total chlorophyll 

Atomic absorption 
spectrophotometry 

Colorimetry 

Acetone Extract 

Jackson (1933) 

John (1970) 

Chapman and 
Pratt (1961) 

Parkinson and 
and Allen 
(1975) 

Soltanpour 
et al. (1976) 

Katyal and 
Sharrna (1980) 

MacKinney 
(1941) 

3*2.3 Statistical method 

The statistical analysis of the data obtained from the 

pot culture experiment was carried out by the standard stati­

stical method (C.R»0.). The analyses of variance and multiple 

correlation were carried out with micro-computer (Fisher, 1950)» 

The null hypothesis was tested by the test of significance to 

know whether the observed differences due to the treatments 

were real ox otherwise. The standard error and the critical 

\ /44o 
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differences at 5 per cent level of probability were calcu­

lated * 

3.3 Experimental 

3.3.1 Pot culture experiment 

A pot culture experiment was conducted in plastic 

pots of 15 litre capacity. To each pot, 20 kg soil (2 nan) 

was added. A basal dose of nutrients was thoroughly mixed 

with the soil. The quantities of the various nutrient salts 

added to each pot are given in Table 5. 

Table 5. Basal application of N, P, K, Cu, Zn, MO and B 

K** Hutrient S o u r c e Scot 

1 N Urea 4.34 
2 P Potassium dihydrogen phosphate 0.75 
3 K Potassium chloride 1.40 
4 Cu Copper sulphate 0.15 
5 zn zinc sulphate 0.15 
6 HO Ammonium molybdate 0.01 
7 B Borax 0.05 

3.3*2 Treatment details 

The details of treatments are presented in Table 6. 

Table 6. The details of treatments 
Sr.Ho. Svafcol Treatment details 

1 C control 
2 G Gypsum 
3 Fe Ferrous sulphate 
4 G, + Fe (50*1 loolar ratio) Gypsum + Ferrous sulphate 

(50*1 molar ratio) 
5 G™ + Fe (100il molar ratio) Gypsum + Ferrous sulphate 
. (100*1 molar ratio) 

Irrigation water 
I Dw jf mrjS,^\ Distilled water 
II Ww f ,. " 1 well water 
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3.3.3 Quantity of amendments used 

The quantity of amendments used are given in Table ?» 

Table ?• Quantity of gypsum and ferrous sulphate added per 
pot 

Sr* 
NO* 

Treatment g/pot 

1 Gypsum 196*8 

3 Ferrous sulphate 3.168 

3 Gypsum + Ferrous sulphate 196.8 + 
(50i1 molar ratio) 3.168 

4 Gypsum 4- Ferrous sulphate 393*6 + 
(100*1 molar ratio) 3.168 

Gypsum and ferrous sulphate were mixed with the upper 

2 kg of soil in the pot. Each treatment was replicated thrice* 

The pots were irrigated with distilled water. Two healthy 

single budded sets of Gv. CG-740 were planted in each pot to a 

depth of 5 cm on the 23rd September, 1981. only one healthy 

plant was allowed to grow for 160 days. 

In order to prevent excess accumulation of soluble salts 

in the soil, the pots were irrigated with water one litre more 

than the water holding capacity of the soil. The excess water 

was allowed to drain through the leaching tube. At the age of 

100 days after planting, composite soil sample from each pot 

was collected and analysed for DTPA extractable iron and manga­

nese* Similar sampling of soil was done on 160 days after 

planting and soil was analysed for DTPA-Fe and exchangeable 

bases. 
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The third leaf from top of sugarcane plant was removed 

for analysis of laaf-Fe + and chlorophyll on the 100th day of 

crop growth. The green leaf was dried in the oven and 

analysed for N, P, K, Ca, Mg and Fe by adopting suitable 

methods* Similar analysis was carried out on the 160th day 

of growth. 

3*3.4 Harvesting 

The sugarcane plant tops were sheared at the soil 

surface on the 5th March, 1982. Tops were dried in the air 

and then in an oven at 70 *C. Dry matter yield of plant tops 

was recorded. 

3.3*5 Root study 

Immediately after harvesting the plant tops, roots were 

taken out from pots and washed with conspicuous water. Fresh, 

white and tender root samples were collected and washed with 

distilled water and dried in the oven and analysed for 

elemental composition viz*-, Ca, Mg, M, P, Fe and MB. The 

total dry matter of roots from each pot was recorded. 
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4. RESULTS AND DISCUSSION 

The effects of gypsum, ferrous sulphate and quality of 

irrigation water on the DTPA-extractable Fe and Mn, pH and 

exchangeable bases of soil, chlorophyll content, leaf elemen­

tal composition, root composition and dry matter of tops and 

roots of sugarcane axe presented and discussed as under t 

4.1 Analysis of DTPA-Extractable Fe and Mn, pH and 
Exchangeable Bases of Soil 

4.1.1 DTPA-Fe and Mn 

Data pertaining to the analysis of DTPA extract of soil 

for Fe and Mn are presented in Table 8. 

Table 8. Effects of gypsum, ferrous sulphate and quality of 
irrigation water on periodical DTPA-Fe and Mn 
content of soil 

Treatment 

Period from plant ing (days) 

100 160 

DTPA-Fe 

100 160 

DTPA-Mn 

G 

G 

Fe 
G. + Fe 

G* • Fe 

SB + 
C.D.at~556 

i r r i g a t i o n water 
Dw 

WW 

s s + 
C.D.at""5% 

r PPB 7 
4.58 2.46 14.34 7.98 

4.55 2.09 10.28 6.87 

5.92 4.58 X« e X3 8.52 

5.99 4.13 11.55 6.50 

5.98 3.78 10.61 7.71 

0.31 
0.90 

0.30 
0.90 

0.69 
NS 

0.90 
NS 

5.19 4.07 11.71 5.95 

5.61 2.75 11.86 7.32 

0.19 
NS 

0.18 
0.56 

0.44 
NS 

0.57 
NS 

NS » Non-signif icant , 
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judging from the DTPA analysis, the soil did not 

2+ 
initially seem to be deficient in Fe content as its avail­
ability was greatly increased with the application of ferrous 

sulphate, inclusion of gypsum with ferrous sulphate had no 

th 
beneficial effect on the plant available Fe both on 100 and 

th 
160 day after its application, but seemed to decrease the 

DTPA-Fe. The effects were not statistically significant* The 

BTPA-Fe of soil was not significantly affected due to quality 

th 
of irrigation on the 100 day after application of ferrous 

th 
sulphate, but analysis on the 160 day of growth indicated 

that there was a significant reduction in the DTPA-Fe of soil 

due to use of well water. This was probably due to salinity 

and high soluble Ca content of the irrigation water, similar 

depressive effect was noticed in the G~ + Fe treatmentr] The 

DTPA-Mn of soil was not affected due to either of the treat­

ments* 

4.1.2 EC and pH of soil 

The use of gypsum, ferrous sulphate and their combi­

nations did not consistently affect the pH of the soil 

compared to that in the control treatment (Table 9)• The 

pots were irrigated with distilled water and well water as 

per the treatments. The quantity of water used for irriga­

tion was about one litre more than the water holding capacity 

of soil to prevent accumulation of salts due to irrigation. 

The excess water drained due to application of distilled water 

decreased both pH and EC of the soil. The use of well water, 

however, significantly increased both pH and EC of the soil. 
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Table 9. Effects of gypsum, ferrous sulphate and quality of 
irrigation water on pH and EC of soil (1*2.5) on 
160 days growth of sugarcane 

Treatment pH EC 

G 

Fe 

G, •*• Fe 

©2 + P a 

SE + 
C D . at~5% 

irrigation water 

DW 

WW 

SE + 
C.D# at"~5% 

mmho/cm 
7.66 3.73 
7.64 5.28 
7.70 4.88 
7.70 4.63 
7.66 4.96 
0.01 
0.03 

0.16 
0.50 

7.60 3.73 
7.74 5.66 
0,006 
0.02 

0.10 6 
0.31 

4.1.3 Exchangeable bases 

The soil exchangeable Ca, Mg and Ma were not signifi­

cantly affected due to different treatments, but irrigation 

with distilled water significantly increased the exchangeable 

Ca and decreased the exchangeable Mg. The exchangeable Ha, 

however, was not statistically different due to either of the 

treatments (Table 10). The well water rich in magnessium 

ion® compared to Ca ions increased the exchangeable Mg over 

exchangeable Ca. Many a times, when concentration of Mg is 

more than Ca, the Mg behaves like Na. It was probably due to 

this property that the exchangeable Na remained unchanged as 

a result of either of the treatments. 
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Table 10. Effects of gypsum, ferrous sulphate and quality 
of irrigation water on exchangeable bases of 
soil on the 160 days growth of sugarcane 

Exchangeable bases in s o i l 

Treatment Ca Mg Na K 

»g/10Q g of s o i l -»g/10Q g of s o i l -
/ 

G 18.78 22.40 8*60 2.02 

G 18.55 20.75 7.46 1.17 

Fe 17.08 25.03 7.02 1.17 

G, + Fe 19.77 23.40 7.46 1,23 

$2 • * • 19.65 23.58 7.46 1.76 
SE 4-

c.D, »t"*S % 
0.70 

NS 
0.10 0.39 

NS 
0.14 
0.42 

i r r i g a t i o n water 
Dw 21.46 16.11 7.33 1.79 

WW 16.07 &Z}'m JLJk 7.87 1.15 

SE 4; 
C D , at"5% 

0.44 
1.32 

0.65 
1.90 

0*24 
NS 

0.09 
0.27 

NS m Non-significant 

4.2 Plant Studies 

4.2,1 Total leaf Fa 

Data on the total leaf-Fe content are presented in 

Table 11, The total leaf concentration was not influenced 

due to any of the five treatments, but the use of saline 

irrigation water significantly increased the total leaf-Fe 

of 160 days old plants. The relatively chlorotic and 160 

days old plants from the control and gypsum treatments 

contained 330.35 and 349.98 ppm leaf-Fe, respectively, 

whereas the green leaves from the treatments, however, were 

not statistically significant. Data indicate that total 
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leaf~pe was not significantly increased due to application of 

ferrous sulphate. 

Tabla 11, Periodical composition of leaf -Fe and Mn of 
sugarcane as affected by gypsum, ferrous sulphate 
and quality of irrigation water 

Treatment 

Period from planting (days) 

100 160 100 160 

Total leaf Fe Leaf Ma 

C 

6 

Pe 

G^ + P® 

G2 + Pe 

ss + 
C D . at*"5 % 

irrigation water 

Dw 
WW 
SE + 

C D . at~5 % 

r 
317.27 330.35 116.91 63.25 
412.12 349.98 130.53 75 .71 

340.08 351.31 118.83 71 .88 

350.59 320.54 109.25 83.37 

385.95 366.33 99.67 81.46 

42.28 
NS 

43.40 
NS 

6 • 23 
18.33 

5.00 
NS 

370.51 301.57 117.30 64.02 

351.89 385.83 112.70 86.25 

26.74 
NS 

27.50 
80.85 

3.93 
NS 

3.16 
9*33 

* Third leaf from the top of the plant. 

NS m Non-significant. 

4.2.2 Total leaf Mn 

Like leaf-Fe, the leaf-Mn concentration was signlfi-

th cantly increased due to application of well water on the 160 

day of plant growth, There was no consistency in the trend 

of l«af-Mn concentration due to various treatments. The leaf-

Mn concentration waa, however, decreased with the growth of 

the plants. 
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4.2,3 Leaf Ca and Mg 

The concentrations of ca and Mg in the leaves decreased 

th 
from the level on the 100 day of plant growth to a level on 

th 
the 160 day of plant growth (Table 12). Neither of the 

treatments of gypsum and ferrous sulphate nor the quality of 

Irrigation water made any effect on ca and Mg composition of 

leaves. 

Table 12. Effects of gypsum, ferrous sulphate and quality of 
irrigation water on the periodical ca and Mg 
contents of 3rd leaf of sugarcane. 

Period from planting (days) 

Treatment 100 160 100 160 

Leaf Ca Leaf Mg 

. t/ ____... 
/ / 

c 0.175 0.121 0.711 0,46 

Q 0.190 0.136 0,939 0,53 

Fe 0.22$ 0.082 0.777 0.50 

G, 4- Fe 0.201 0.12t 0.783 0,57 

G2 + Fe 0.222 o.ioti 0.807 0,57 

SE + 
C D . at 5 % 

0.09^ 
NS 

0.084 
NS 

0,05$ 
NS 

4.21 
NS 

irrigation water 

DW 0.20 0.10 0.79 0.48 

ww 0,21 0.13 0.81 0.57 

SE + 
C D . at 5 % 

0.062 
NS 

0.053" 
NS 

0.03? 
NS 

2 .66 
NS 

NS m Non-significant. 

4*2,4 Leaf N and P 

The plants from the control and gypsum treatments 

contained maximum concentration of nitrogen (Table 13). 
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Table 13. Effects of gypsum, ferrous sulphate and quality 
of irrigation water on the leaf N and P contents 
of sugarcane leaf 

Period from planting (days) 

Treatment 100 160 100 160 

Leaf-N Leaf--P 

«y r / 

c 1.76 2.82 0.079 0.09 

G 1.65 2.62 0.077 0.07 

F« 1.46 2.01 0.077 0.09 

Gi "•• y© 1.45 2,19 0.071 o.oa 
G2 • F© 1.55 2.40 0.065 0.08 

CD, wE 5 % 
0.089 
NS 

0.094 
0.28 

0.006 
NS 

0.004 
NS 

irrigation water 
DW 1. Z8 2.26 0.07 0.08 

WW 1.86 2.56 0.08 0.07 

ss + 
CD. at 5 % 

0.057 
0.166 

0.060 
0.175 

0.004 
MS 

0.002 
NS 

NS • Non-significant. 

Application of ferrous sulphate alone or in combination with 

gypsum sharply decreased the leafr-i„on. 100 and 160 days of 

crop growth. The differences war©/ however/ significant only 

•fch 
on the 160 day of growth. The limited plant growth might 

have resulted in decreasing concentration of N in the leaves. 

Data indicate that chlorotic plants had higher lea£-N 

compared to green leaves. There was a strong negative rela­

tionship between chlorophyll and lea£-N (r » -0.574), between 

DTPA-F® and leaf-N (r • -0.731) end between o-Ph extractable 
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leaf-Fe and leaf-J? (r « -0.556) (Table 17). The application 

of well water resulted in the significant increase in the 

leaf-N and it was observed on the both periods of plant growth* 

neither the treatments of ferrous sulphate nor the quality of 

irrigation water made any effect on phosphorus concentration 

of sugarcane leaves. 

4.2.5 o-Ph extractable leaf-Fe (o-Ph-Fe) 

Data on o-Ph-Fe are presented in Table 14 end in Fig. 1, 

e~Ph leaf-Fe composition of 100 days old plants on fresh weight 

basis ranged between 19,4 and 32.2 ppm. The corresponding 

range for 160 days old plants was 12.0 to 18.2 ppm* The 

decrease in the o-Ph extractable leaf-Fe concentration at the 

later age of plants was probably due to the dilution effect 

owing to increased plant growth. The concentration of o-Ph 

leaf-Fe in sugarcane was higher under all the treatments 

containing ferrous sulphate compared to control or gypsum 

treatment alone. The depressive effect of gypsum on the 

concentration of plants o-Ph-Fe was not significant* The 

effect of ferrous sulphate on the o-Ph leaf-Fe concentration 

was difficult to interpret© since large Increases in dry 

matter yield were usually associated with added Fe which 

could cause a dilution effect on o-Ph-Fe concentration. o-Ph 

leaf-Fe of 160 days old plants was maximum where ferrous 

sulphate along with gypsum (G, + Fe) was applied to the soil. 

Further addition of gypsum depressed the o-Ph leaf-Fe to 

15.3 ppm. The difference, however, was not statistically 
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significant compared to that of G2 + Fe. The treatments Fe, 

Q^ + Fe and G^ + Fe significantly increased the o-Ph leaf-Fa 

coppered to the control treatment. 

Table 14. Periodical composition of o-Ph-leaf-Fe and 
chlorophyll of sugarcane as affected by gypsum, 
ferrous sulphate and quality of Irrigation water 

Period from plant ing (days) 

Treatment 100 160 100 160 

• o-Ph X J & & X "*,J^© Chlorophyll 
, 

/"• ""•" ""•" PI*« """ • y r mw Q 7 
c 19.4 12,0 0.50 0.35 
G 19.5 13.6 0.72 0.66 
jf@ 24.5 16.9 1,01 1.03 

G^ + Fe 27.0 18.2 1.03 1.17 
Q2 + Fe 32.2 15.3 0.96 0.87 

SI + 3.07 1.16 0.14 0.13 
C D , a t 5 % 0.80 3.42 NS 0.39 

i r r i g a t i o n water 
Dw 24.98 15.36 0.89 0.86 
Ww 24.15 14.90 0.81 0.78 

SE + 
C D . a t 5 % 

1,94 
NS 

0.73 0.09 
NS 

0.09 
US 

* On fresh weight basis. 

NS s« Non-significant. 

use of saline water did not show any significant 

effect on o-Ph leaf-Fe content in sugarcane. A strong posi­

tive correlation (r * 0.537) between o-Ph leaf-Fe and DTPA-

MI 

Fe of soil on the 160 days growth indicated that available 

Fe in the plant probably controlled the o-Ph leaf-Fe of 

sugarcane. 
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Fig. 1. Periodical analysis of leaf-Fe as affected by 
application of gypsum and ferrous sulphate. 
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4.2.6 Chlorophyll content 

The chlorophyll content of sugarcane leaves was 

significantly affected by ferrous sulphate treatments with 

much of the effect being due to increase in o-Ph leaf-Fe 

(Table 14 and Pig. 2), Chlorotlc symptoms* though less 

intense, were seen in the control and gypsum treatments 

even after 100 and 160 days of growth. During the growth 

period of the plant, chlorophyll content was maximum in 

th thi G^ + Fe treatment on the 160 day of growth. The 

chlorophyll content in leaves was enhanced with increasing 

o-Ph leaf-Fe up to 18.2 ppm. A significantly positive rela­

tionship (r *» 0.545) between chlorophyll and o-Ph laaf-»ere 

th observed on the 160 day of growth confirms the findings of 

DekocJc (1979) and Sanas (1983) that chlorophyll formation 

probably depended on orthophenonthroline (pH 5.1, 1#5 %) 

extraetable o-pH Fe of fresh sugarcane leaves. The increas­

ing addition of gypsum to ferrous sulphate depressed the 

chlorophyll content of sugarcane leaves at both the periods 

of analysis. The difference, however, was not statistically 

significant. The quality of irrigation water made no diffe­

rence on the chlorophyll content of leaves. 

4.2.7 Root composition 

Data in respect of elemental composition of sugarcane 

are given in Table 15. The Fe, Mn and P content of roots was 

significantly increased due to the application of ferrous 

sulphate compared to that in the control and gypsum treatments. 
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Fig.2. Periodical analysis of total chlorophyll as affected 
by application of gypsum and ferrous sulphate. 
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Table 15, Effect® of gypsum, ferrous 
of Irrigation water on the 
cane roots. 

sulphate and quality 
composition of sugar­

Treatment Fe Mn Cm Mg N P 

s' 
/ 

s' 
/ 

C 0.11 0.0060 0.36 0.66 1.92 0.050 

G 0.10 0.0062 0.53 0.60 1.70 0.056 

Fe 0.17 0.0079 0.45 0.73 1.65 0.072 

G^ 4- Fe 0.13 0.0042 0.43 0,74 £.33 0.068 

2 "1* *© 0.13 0.0051 0.43 0.55 1.77 0.062 

CD, at 5% 
0.01 
0.03 

0.0008 
0.0024 

0.05 
NS 

0.03 
0.09 

0.05 
0.15 

0.002 
0.010 

Irrigation water 

Dw 0.17 0.01 0.53 0.63 1.79 0.065 

Ww 0.08 0.01 0.44 0.73 1.75 0.060 

SE + 
CD. at S% 

0.006 
0.02 

0.005 
NS 

0.030 
0.088 

i 0.019 
0.06 

0.032 
NS 

0.0017 
0.01 

NS » Non-significant. 

The root Ca and Mg composition was in accordance with 

the higher Mg concentration than with Ga in the well water. 

The G and G, + Fe treatments significantly decreased the Mg 

concentration of roots than did the Fe and G^ -*• Fe treatments. 

The root nitrogen was minimum in the ferrous sulphate treat­

ment and maximum in the control treatment. The roots of 

chlorotic plants contained higher root-N concentration. Simi­

lar observations were recorded by Sanas (1983)• The study 

indicated that the application of ferrous sulphate significantly 

decreased the nitrogen accumulation when compared with that in 

the control treatment. The inclusion of gypsum with ferrous 

sulphate also increased the root-N. 
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The use of saline water decreased root concentration of 

both Fe and P. The Ca content of roots was significantly 

decreased while that of M^increased due to the application of 

well water. 

4.2.8 Dry matter yield of sugarcane tops and roots 

Application of ferrous sulphate alone or in combination 

with gypsum resulted in significant increases in the dry matter 

yields of both sugarcane tops and roots as compared to that in 

the control and gypsum treatments (Table 16 and Fig. 3 & 4). 

However, yield decreased with the increasing application of 

gypsum with ferrous sulphate (G^ + Fe and G^fFe) as compared 

with that due to application of ferrous sulphate alone (Table 16) 

Table 16. Effects of gypsum/ ferrous sulphate and quality of 
irrigation water on dry matter yield of sugarcane 
tops and roots. 

Treatment Dry matter yield 

Tops Roots 

• 

C r 29*80 | 4.86 / 

G 18.71 1 5.66 

Fe 53.45 17.33 

G« + Fe 48.25 10*50 

G2 * y® 39.80 8,40 

SE + 
C D . at~5 % 

5.02 
14.81 

1.41 
4,18 

Irrigation water 

Dw 44.14 9.35 

Ww 38.00 7.39 

ss + 
C D . at""5 % 

3.17 
NS * 

0.89 
NS 

NS * Hon-significant« 



Fig.3. Dry matter yield of sugarcane tops as 
affected by application of gypsum and 
ferrous sulphate. 
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Fig.4. Dry matter yield of sugarcane roots as 
affected by application of gypsum and 
ferrous sulphate. 
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Yield increases were large in response to applied 

ferrous sulphate, but when gypsum was included in ferrous 

sulphate, sugarcane dry matter decreased from 53.45 to 39,8 

g/pot. These decreases were correlated with a marked decrease 

in DTPA extractable Fe of soil (r * 0,48) and chlorophyll 

content of leaves (r « 0.50) (Table 17). 

Table 17, Correlation coefficients (r) between soil and plant 
parameters at two periods of sugarcane growth 

Sr.No. correlation Period from planting (days) 
100 160 

1 DTPA-Fe and chlorophyll 0.336 0.451** 

2 DTPA-Fe and o-ph leaf-Fe 0.554** 0.537** 

3 DTPA-Fe and leaf-H - -0.731** 

4 DTPA-Fe and tops (dry matter) - 0.481** 

5 DTPA-Fe and roots (dry matter) - 0.569** 

6 Chlorophyll and o-Ph leaf-Fe 0.224 0.545** 

7 Chlorophyll and • .; leaf-xtf - -0,574** 

8 Chlorophyll and root-Fe - 0.373* 

9 Chlorophyll and tops (dry matter) - 0.504** 

10 Chlorophyll and roots (dry matter) - 0*555** 

11 o-Ph leaf-Fe and leaf-N - -0.556** 

12 o-Ph leaf-Fe and root-Fe - 0*249 

13 o-Ph leaf-Fe and tops (dry matter) - 0,455** 

14 o-Ph leaf-Fe and roots (dry matter) - 0,828 

15 Tops (dry matter) and roots (dry _ 0.819** 
matter) 

16 Tops (dry matter)and root-P - 0.440* 

17 Roots (dry matter) and root-P - 0»50l** 

* Significant (0.05) ** Significant (0.01) 



Plate-1. Effect of gypsum, ferrous sulphate and 
quality of irrigation water on root growth 
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5. SUMMARY AND CONCLUSIOH 

A pot culture experiment was conducted to study the 

effects of gypsum, ferrous sulphate and quality of irriga­

tion on the chlorosis and growth of sugarcane. The soil 

studies included EC, pH, exchangeable bases and DTPA 

extractable Fe. The plant studies included elemental 

composition of the third leaf from the top of sugarcane, 

the o-Ph leaf-Fe and chlorophyll. 

5.1 Soil Studies 

The DTPA extractable Fe of soil was significantly 

increased due to the application of ferrous sulphate. 

Inclusion of gypsum with ferrous sulphate had no benefi­
ts th 

clal effect on DTPA-Fe of soil both on the 100 and 160 

days after its application, but seemed to decrease the 

DTPA-Fe. The DTPA-Fe of soil was not significantly 

th 
affected due to quality of irrigation water on the 100 

day after application of ferrous sulphate, but the 

th 
analysis on the 160 day of growth indicated that there 

was a significant reduction in the DTPA-Fe of soil. The 

DTPA-Mn of soil was not affected due to either of the 

treatments. 

The application of distilled water decreased both 

the pH and EC of soil, whereas use ofVwell water signifi­

cantly increased both pH and BC of soil. The soil 

exchangeable Ca, Mg and Na were not significantly affected 

due to gypsum and ferrous sulphate. The use of distilled 



water significantly increased the exchangeable Ca and 

decreased the exchangeable Mg. The exchangeable Ha, 

however, was not statistically changed due to either of 

the treatments. 

5.2 Plant Studies 

The total leaf-Fe concentration was not influenced 

due to any of the five treatments. However, the use of 

saline irrigation water significantly increased the total 

leaf-Fe of 160 days old plants. The concentration of Ca 

and Mo in the leaves decreased from the level on 100th day 

th 
of plant growth to a level on 160 day of plant growth. 

Neither the treatments of gypsum and ferrous sulphate nor 

the quality of irrigation water made any effect on Ca and 

Mg composition of leaves. Application of ferrous sulphate 

alone or im combination with gypsum sharply decreased the 

leaf-N at both the periods of growth. 

The data indicated that ehlorotic plants had higher 

leaf-N as compared to that of the green leaves. There was 

a strong negative relationship (r « -0.574) between chloro­

phyll and leaf-N. Application of well water resulted in 

the significant increase in leaf-N and was oha9xv@6 on the 

both periods of plant growth. Neither the treatments of 

ferrous sulphate nor the quality of irrigation water made 

any effect on phosphorus concentration of sugarcane leaves. 

The concentration of o-Ph leaf-Fe in sugarcane was 
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higher under all the treatments containing ferrous sulphate 

compared to control or gypsum treatment. Use of saline 

water did not show any significant effect on o-Ph leaf-Fe 

content in sugarcane. A strong positive correlation 

(r » 0.537) between o-Ph leaf-Fe and DTPA-Fe of soil on the 

th 
160 day of growth indicated that DTPA-Fe of soil probably 

controlled the o-Ph leaf-Fe of sugarcane. 

Chlorophyll content was significantly affected due to 

ferrous sulphate treatments with much of the effect being 

due to increase in o-Ph leaf-Fe, A significantly positive 

relationship between chlorophyll and o-Ph laaf-Fe (r ** 0.545) 

th was observed on the 160 day of growth of sugarcane. The 

quality of irrigation water mada no difference in the chloro­

phyll content of leaves. 

The Fe# Mn and P content of roots was significantly 

increased due to application of ferrous sulphate as compared 

to that In the control and gypsum treatments. The root Ca 

and Mg composition was in accordance with the higher Mg 

concentration than with Ca in the well water. The Ca content 

of roots was significantly decreased while that of Mg 

increased due to application of welljwater. The roots of 

chlorotlc plants contained higher root-N concentration» The 

use of saline water decreased root concentration of both Fe 

and P. 

Application of ferrous sulphate alone or in combination 
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with gypsum resulted in the significant increase* in dry 

matter yields of both sugarcane tops and roots compared to 

that in the control and gypsum treatments. Root growth of 

sugarcane decreased when Cm concentration was increased. 

The quality of Irrigation water did not make any difference 

on the growth of sugarcane indicating that iron availability 

was probably the main reason for variation in the dry matter 

production of both tops and roots. 

The data indicated that it is possible to improve the 

chlorotic condition of sugarcane plants by mixing Peso, with 

saline soil to improve the growth of sugarcane plants, most 

probably by removing iron stress as was evidenced by the 

higher DTPA extractable Fe of soil, leaf chlorophyll o~J?h-

leaf-Fe and the higher dry matter production. 
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