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ABSTRACT

In a field experiment the effects of irrigation frequency, S appli

cation (pH) and P fertilization on the yields and mineral composition of

sugarcane grown under saline conditions were investigated. Sugarcane

variety H50-7209 was grown for 11 months in a saline field of Pioneer

Mill Co. in Lahaina, Maui, and irrigated with saline water (6 mmhos/cm).

Dry weight yields were significantly increased by daily irrigation,

P fertilization and S application. Sulfur application reduced the con

centration of K and Mg and increased the concentration of Mn in the leaf

sheaths. Phosphorus application reduced sheath-Cl concentration, but

had no effect on P concentration in the sheaths or 5th internode. Sul

fur application also lowered soil pH and reduced exchangeable Mg and K

levels, but did not affect exchangeable Na percentage (ESP) or soil

electric conductivity (ECe) during the experiment.

Heavy rainfall increased soil pH, but reduced ESP and ECe down to

the 45 cm depth. Exchangeable Na percentage was more drastically re

duced by rainfall when S was applied than when S was not.

A greenhouse experiment was conducted with the same sugarcane varie

ty, which was grown in a mixture of equal parts of perlite and vermicu

lite for 3.5 months. The treatments which were imposed for 2 months,

consisted of factorial combinations of three osmotic potentials (OP),

0.05 (contrnl) -2.0 and -4.0 bars established with 2 salts, NaCl and

Na2S04; 3 concentrations of P in solution 1.7, 2.5 and 3.3 ppm, and also

2 pH levels, 5.0 and 7.0.
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Decreasing OP resulted in a significant reduction in dry weight,

fresh weight, spindle growth, leaf osmotic potential (leaf ~s) and

relative turgidity (RT), but a significant increase in stomatal diffu

sive resistance (Rs). The effects of OP on these plant parameters were

greater with NaZ804 than with NaCI. Leaf ~s decreased in proportion to

OP for both salts indicating complete osmotic adjustment. Evidence of

specific ion effects of 804 and/or Na was provided by the greater re

duction in growth with NaZS04 than with isosmotic concentrations of NaCI.

Decreasing OP reduced Ca and Mg concentrations in the leaf sheath

to deficiency levels. This reduction was greater with NaZS04 than with

NaCI, probably due to reduced uptake of Ca and Mg, as a result of the

higher Na concentration in NaZS04 than NaCI or to lower Ca and Mg

activities in the 804 than CI salts.
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INTRODUCTION

Soil salinity is a widespread problem in arid and semi-arid regions

which causes significant reductions in yields of most agricultural crops.

The magnitude of yield reduction will depend on the tolerance of the

crop to salinity, the level of salinity and management practices.

The depression in crop yields due to salinity has been attributed

to several factors: (a) reduced water availability as a result of de

creased osmotic potential of the soil solution, (b) nutrient imbalance

which may induce nutrient deficiencies, by antagonistic interaction be

tween ions, i.e., Na vs. Ca, (c) Na and Cl toxicity in susceptible

species, and (d) adverse effects on soil physical conditions.

The effects of soil salinity on plant growth may be reduced by

selection of crops tolerant to salinity and by providing soil conditions

which are favorable to plant growth even under conditions of excess

salinity. Soil conditions may be improved through (a) leaching, (b) re

duction of total soil moisture stress by frequent irrigation, (c) appli

cation of nutrients which are limiting growth, i.e., Ca and P, (d) addi

tion of soil amendments, which lower soil pH resulting in increased micro

nutrient availability, particularly in alkaline soil (pH> 7.0) and re

duced exchangeable Na percentage (ESP), if sufficient Ca is available.

Sugarcane is grown throughout the tropics and subtropics under a

wide range of soil and climatic conditions and contributes substantially

to the economy of many areas, including Hawaii. Growth of sugarcane

under saline conditions is generally reduced, but specific effects of

salinity on growth of sugarcane are not well known. Some varieties of
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sugarcane are considered as moderately sensitive to salinity (Maas and

Hoffman, 1977), while others exhibit some degree of tolerance to this

condition (Shen and Tung, 1964; Syed and El-Swaify 1972a; Bernstein et

al., 1966b).

Information on the effects of salinity on sugarcane and methods

for reducing these effects would thus be a valuable contribution to an

important industry.

The objective of this research was to develop management practices

which may allow sugarcane to be grown economically, under saline

conditions.

To accomplish this objective, experiments were conducted to

(a) study the effects of irrigation frequency, sulfur application and

phosphorus fertilization on yields and min~ral composition of sugarcane

on a salt-affected soil, (b) to investigate the effects of sulfur appli

cation and irrigation frequency on the exchangeable sodium percentage

and nutrient availability in soil, and (c) to study the effects of

salinity, salt type, pH and P concentration in solution on the growth

and mineral composition of sugarcane under greenhouse conditions.
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CHAPTER I

LITERATURE REVIEW

Physiological Basis for Salt--Induced Growth Reduction

The growth depression experienced by plants growing under saline

conditions has been attributed to (1) osmotic effects, and (2) specific

ion effects which may involve: a) nutritional effects or b) direct toxi

city (toxic effects) (Bernstein and Hayward, 1958). These mechanisms are

not independent and often may be indistinguishable.

Osmotic Effects

Osmotic effects of salts are of a physico-chemical nature where they

refer to the nutrient or soil solution but they are barely distinguish

able from physiological effects where they influence the state of water

within plants which may affect cell processes (Lagerwerff and Eagle, 1961).

Osmotic effects are related to the total concentration of salts present

in solution, regardless of the species. Increasing the salt concentra

tion of the solution (nutrient or soil solution) decreases its osmotic

potential (OP) which tends to decrease water uptake by plant roots and

depress growth. The fact that different salts produce equivalent growth

depression at equal osmotic potentials is considered evidence that osmo

tic effects are the predominant cause of the growth depression. Any dif

ference in growth response for one salt compared to another at equivalent

osmotic potentials indicates the presence of a specific ion effect. Thus,

Gauch and Wadleigh (1944) showed that the growth of red kidney beans was

equally depressed when the osmotic potential of the solution was decreased
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by the addition of NaCl, Na2S04 and CaC12 salts to the base nutrient

solution. With MgC12 and Mg 2S04, however, additional specific effects

of Mg resulted in greater depression of growth than occurred with the

first three salts. Their reasoning behind this interpretation was that

Mg was present in the salts that produced the lower yields but was absent

from the salts that produced the higher yields.

A predominant indication of osmotic effects on plant growth is a

reduction in water uptake. Eaton (1941) reported that the uptake of

water by maize roots was 171 and 319 ml from solutions having osmotic

potentials of -1.8 and -0.3 bars, respectively. Similarly, Hayward and

Spurr (1944) have shown nearly equivalent effects of isosmotic solutions

of salts, surcrose, or mannitol on the absorption of water by corn roots.

Soil matric potential increases as soil moisture is depleted. The re

sultant potential is additive to the osmotic potential of the soil solu

tion (salt effect) in limiting the water supply to plants. The summation

of these two components has been termed "total soil moisture stress"

(U.S.S.L. Staff, 1954). Wadleigh and Ayers (1945) and Wadleigh et al.(1946)

(cited by Bernstein and Hayward, 1958) sho~ed that the growth of beans and

guayule was a function of total soil water potential regardless of the

relative contributions of osmotic potential or matric potentials. They

reported that osmotic potential was the predominant factor in total soil

water potential in the saline, high matric potential (less negative)

treatments, while matric potential predominated in the non-saline, low

matric potential treatment.

As pointed out by Bernstein (1961) an impressive body of experimental

evidence supports the view that growth of herbaceous plants on saline
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media is governed primarily by osmotic effects and to a lesser extent to

specific ion effects, while in woody species specific ion effects are

predominant. Salinity tolerance ratio of agricultural crops is based

entirely on osmotic effects (i.e., the U.S.S.L. Staff (1954) uses the

electrical conductivity of the soil saturation extract in its rating of

crop tolerance to salinity which is directly proportional to osmotic

potential (Casey, 1972».

Specific Ion Effects

Specific ion effects are related to the relative concentrations of

various ions in the root media, regardless of the total concentration of

salts. An indication of specific ion effects is the fact that NaCl caused

a greater growth reduction than isosmotic solutions of polyethylene glycol

(Lagerwerff and Eagle, 1961) or manitol (Uhvits, 1946).

Nutritional effects. These specific ion effects result because of

high concentration(s) of an ion(s) and the root media may reduce the

zbsorptLon of one or more ions present in lower concentrations•. The

relative concentrations of the cations Ca, Mg, Na, and K, as well as

enions Cl and S04 which usually predominate in saline soil, bring about

nu t r Lt Lona.L imbalance in the plant. Hayward and Wadleigh (1949) found

that excessive absorption of Mg by bean plants causes a decrease in the

absorption of Ca and K, but this effect could usually be eliminated by

i~creasing the concentration Gf Ca. Mass et al. (1972) reported that the

concentrations of Mn, Fe and Zn in the tops of tomato and soybean plants

incr~ased with increasing NaCl concentration (0 to 100 meg/I) in the nu

trient solution. The salt tolerance of agronomic crops is usually asso

c Lated lolith ion exclusion from plant tissue (Greenway, 1973). A good
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example is soybean in which leaf injury only occurred in those varieties

that have high Cl concentrations in their leaves (MacKenzie, 1964).

Bernstein and Ayers (1953) observed relatively poor yields under saline

conditions for carrot varieties which tended to accumulate more Ca than

K. Salinization, achieved by the addition of CaCl Z and NaCl to irriga-

tion water, increased the absorption of K. They reported that those

varieties which accumulated less K when grown on non-saline soils were

less resistant to nutritional unbalance induced by these salt treatments •
.

Specific anion effects have been reported by Reifenberg and Kosovsky

(1947) (cited by Bernstein and Hayward, 1958). They found that while in-

creased concentration of Cl in the nutrient solution did not have any ef-

fect on the absorption of N03 or P04 by barley seedlings, an increase in

the concentration of N03 and P04 depressed Cl absorption. On the other

hand, an increase in P04 has been shown to increase the Cl concentration

in several species (Patel and Wallace, 1976). Specific effects of high

S04 concentrations have been related to their tendency to limit the uptake

of Ca by plants, while enhancing the uptake of Na (Hayward and Wadleigh,

1949; and U.S.S.L. Staff, 1954). In some sensitive species, ~{cess Na

uptake stimulated by high S04 concentration may induce Na toxicity

(Brown et al., 1953).

Toxic effects. Toxicity is any inhibition in growth or function

which appears to be related solely to the excessive accumulation of a

specific ion.

High levels of chloride accumulation have been reported to cause

toxic effects in leaves of fruits (Brown et al., 1953). High levels of

chloride in leaves were associated with leaf injury in soybean (Abel and
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MacKenzie, 1964). Similar cases of leaf injury have been associated with

Na or high C1 concentrations in the leaves of vines (Eh1ig, 1960), cotton

(U.S.S.L. Staff, 1954) and barley (Greenway, 1965b).

Toxic effects of boron have been recognized (Mortvedf and Osborn,

1965; Chatterton et a1., 1969) and a tolerance rating has been established

for boron (U.S.S.L. Staff, 1954). Kelly and Brown (1928) reported that

boron occurring in natural waters was toxic to citrus and walnuts.

Several instances of toxic effects of Na in plants have been reported.

Lille1and et al. (1945) described a tip burn of almond leaves that was re

lated to their Na content. Similar types of leaf injuries caused by high

Na concentration in the root medium were reported for stone-fruit trees

(Brown et a1., 1953) and avocados (Ayers, 1950). In addition, excessive

amounts of Na on the exchange complex (40-50%) may cause withdrawal of

Ca from root tissue of plants, leading to a Ca deficiency and eventual

death of the plant (Ratner, 1944; Thorne, 1945). In general, increasing

the exchangeable Na percentage (ESP) of soils results in a decreased up

take of Ca, Mg and K (U.S.S.L. Staff, 1954).

Physical Effects

Soil salinity may also indirectly affect plant growth through adverse

structural modifications of the soil. This is particularly true in the

case of Na. Appreciable amounts of Na on the exchange complex can pro

mote soil dispersion and puddling, thereby causing poor aeration and low

water availability (McGeorge and Breazeale, 1938, cited in U.S.S.L. Staff,

1954). This is serious especially in fine textured soils with expanding

clays of temperate areas. On the other hand, soils high in sesqui-oxides

and low swelling clay minerals such as those found in Hawaii are less
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susceptible to structural breakdown caused by excess Na (El Swaify, 1970;

El Swaify and Swindale, 1968).

Mechanisms of Osmotic Adjustment

When a plant is placed in a medium containing large amounts of ionic

solutes, and hence of low osmotic potential, plants adjust their internal

osmotic potential to maintain a constant water potential gradient between

the plants and the rooting media. Osmotic potential of leaf sap expressed

from plants growing under saline conditions has been found to reflect the

adjustment to the osmotic potential of the media (Black, 1960; Slatyer,

1961). This adjustment in some cases was total, in that the lowering of

the leaf sap osmotic potential paralleled the lowering of the osmotic

potential of the external solution (Bernstein, 1961; Meiri and Poljakoff

Mayber, 1969). In other instances the osmotic adjustment was partial

(Janes, 1966). Bernstein (1961, 1963) reported osmotic adjusted in roots

also.

Osmotic adjustment can be achieved by the absorption of solutes from

the media and the type of solute depends on composition of the media.

Chloride, when present in large amounts, may serve as an important osmo

ticum for this process (Slatyer, 1961; Black, 1960). Potassium was also

found to be involved in osmoregulation by Bernstein (1963), even though

Na and Ca ions were the major ions responsible for lowering the media

osmotic potential (Bernstein, 1963). On the other hand, Na was reported

to account for part of the osmotic adjustment in Atriplex vesicaria

(Black, 1960). Osmotic adjustment can also be achieved by hydrolysis of

polysacharides to smaller sugar molecules (Bernstein, 1963), accumulation
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of organic acids (Steiner and Eschrich, 1958; cited by Hellebust, 1976;

Bernstein, 1963) either as free acids (McLennan et al., 1963) or more fre

quently as organic anions balancing K present in excess of inorganic

anions (Cram, 1973; Jacoby and Laties, 1971). Osmotic adjustment can

also be attained by accumulation of glycinebetaine in the cytoplasm of

cells (Wyn J ones and Storey, 1978) and tissue dehydration (Storey and

Wyn Jones, 1978).

Mechanisms of Growth Inhibition

Growth reduction under wate~ stress is a specific plant response to

a water deficiency. A reduction in plant water potential affects many

plant processes. Growth, defined as an irreversible cell enlargement,

has long been recognized as being readily retarded by water stress. En

largement of maize leaves (Boyer, 1970; Acevedo et al., 1971) and soybean

leaves (Boyer, 1970) was slowed by a reduction in leaf water potential

values below approximately -2 bars and growth was completely stopped by

a drop in leaf water potential to about -7 bars in maize and -12 bars in

soybean. This reduction in growth has been attributed to reduced turgor

potential (Hsiao and Acevedo, 1974).

Closely related to expansive growth is cell division. According to

Hsiao (1973) if water stress is prolonged, cell division can be as sensi

tive to stress as cell enlargement. This sensitivity is perhaps an in

direct effect of water stress, restricting meristematic cells from en

larging to the size minimal for the beginning of cell division (Hsiao et

al., 1976). Increments in total DNA in an organ are restricted by stress

concurrent with the inhibition of cell division (Kirkham et a1., 1972).
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Water stress can also slow growth by reducing cell wall and protein syn

thesis. Apparent cell wall synthesis, as measured by incorporation of

labeled glucose into wall material has been shown to be suppressed by

water stress in Avena coleoptiles (Cleland, 1967). A decline in tissue

water potential caused a reduction in protein synthesis in etiolated

maize seedlings (Hsiao, 1970).

A reduction in tissue water potential may also reduce light-induced

chlorophyll accumulation in etiolated or greening leaves (Alberte et al.,

1975; Duysen and Freeman, 1974). The reduction is probably caused by an

inhibition of protochlorophyll formation since the conversion of proto

chlorophyll to chlorophyll is rather insensitive to water stress (Virgin,

1965). In contrast to greening leaves with developing chloroplasts, in

green leaves with more mature chloroplasts the formation of chlorophyll

does not appear to be affected by mild stress (Alberte et al., 1975).

A small water deficit (about -5.0 reduction in tissue water potential)

also reduces the levels of nitrate reductase and phenylalanine ammonia

lyase (Bardzik et al., 1971). They have pointed out that the reduced

enzyme levels can be caused by suppressed synthesis under water stress

while degradation continues. On the other hand, the activity of malate

dehydiogenase and aspartate transaminase isolated from phaseolus vulgaris

(salt sensitive) and Atriplex spongiosa (salt tolerant) was not affected

by low water potential of up to -15 bars (mannitol solution). Similarly,

phosphoenol pyruvate carboxylase and ribulose 1,5-diphosphate carboxylase

activities were not affected by low water potential (-10 to -20 bars) im

posed with mannitol (Osmond and Greenway, 1972).

The general inhibition of stomata opening and photosynthesis by

water stress has been long established. A recent review by Hsiao (1973)
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indicates that stomata commonly are not affected until leaf water poten

tial drops to a critical level which differs among species: i.e., -10

to -12 bars for soybean (Boyer, 1970) and -12 to -16 for grapes (Jordan

and Ritchie, 1971). There is almost unanimity that much of the reduction

in CO 2 assimilation in light during water stress is due to stomatal clo

sure, impeding the inward passage of CO2 (Hsiao, 1973). Several studies

showing a close relationship between CO2 assimilation and either trans

piration or stomatal resistance, in the time course of development and

release of water stress have supported this view (Boyer, 1971; Brix, 1962).

Growth inhibition under saline conditions can be due to a retraction

of the protoplasm from the cell wall and rupture of intercellular connec

tors (Strogonov and Oknina, 1961). The reduction in growth can also be

caused by reduction in the permeability of roots to water, and hence, a

decrease in the rate of water entry into the plant (Kramer, 1969; O'Leary,

1969; and Hoffman and Phene, 1971).

Salinity may also reduce growth through disruption of the structure

of enzymes or other macromolecules (Rauser and Hanson, 1966), reduction

of photosynthesis and respiration (Boyer, 1965; Nieman, 1962), and inhi

bition of protein synthesis (Kahane and Po1jakoff-Mayber, 1968).

Effects of Salinity on Sugarcane

Osmotic Effects

Growth reduction of sugarcane plants due to increased salt concentra

tion in the root media, has been reported by various authors. Humbert

(1968) stated that increasing salt concentration in the soil usually

caused a reduction in the growth rate of sugarcane, as indicated by the
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shortening of the internode. Similarly, Robinson and Worker (1965) re

ported a decrease in the rate of sugarcane stalk elongation when soil

salinity increased from 2.5 to 3.3 mmhos/cm. Increasing the osmotic

pressure of the nutrient solution reduced the rate of internode formation

and internode weight of H49-3533 (Tanimoto, 1969).

The salt concentration, expressed either as electrical conductivity

or osmotic potential of the solution, at which plant growth starts to be

affected has been termed "the critical salinity value" (Haas and Hoffman,

1977) •

Several critical levels of salinity have been given for sugarcane.

Sund and Clements (1974) reported that the critical level of soil salinity

at which sugarcane growth of most varieties was severely reduced was

3 mmhos/cm. Studies by Robinson and Worker (1965) showed a 50 percent

decrease in yield of variety NCO 310 when the average soil electrical

conductivity was 4.2 mmhos/cm. On the other hand, Bernstein et ale (1966a)

in an experiment conducted in soil in the greenhouse found that the yield

of variety NCO 310 was decreased by 10 and 25 percent when the electrical

conductivity (ECe) of the soil saturation extract was 3 and 5 mmhos/cm,

respectively. Syed and El Swaify (1972a) reported that the tolerance of

sugarcane var. H50-7209 was greater than that of N.Co.3l0 as reflected

in the dry matter yield reduction of 23 percent and 45 percent at 8 mmhos

salinity, respectively. Recently an average soil salinity value of 1.7

rnmhos/cm has been given as the critical value at which sugarcane growth

is reduced (Maa3 and Hoffman, 1977). Germination of several sugarcane

varieties was drastically reduced by salinity levels above 3.6 rnmhos/cm

(Bernstein et al., 1966b). On the other hand, Liu (1967), in an experiment
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with Puerto Rico varieties, found that salinity values of 1.5 mmhos/cm

did not affect germination in nine out of ten varieties.

Tanimoto (1969) reported that initiation of floral buds of sugarcane

var. H37-l933 was prevented when the osmotic potential of the nutrient

solution was -2 bars, but that flowering of H49-3533 occurred even at -4

bars osmotic potential.

Soil salinity can also have detrimental effects on sugar content of

cane plants. Sugar stored in basal internodes of sugarcane plants under

normal conditions, was utilized for respiratory processes when the plants

were subjected to low osmotic potential in the soil solution t and this

sugar loss was never fully recovered upon returning to normal conditions

(Tanimoto, 1969). Plants subjected to -8 bars pressure continued to with

draw and utilize sugars from the basal internodes. Bernstein et ale

(1966) reported a similar reduction in sugar content with increasing

salinity of the media.

Specific Ion Effects

Nutritional effects due to increased salt concentration of the

rooting media have been reported in several studies with sugarcane.

Bernstein et ale (1966a) reported that Cl and K concentrations were much

higher than Ca and Mg in sugarcane leaves with increasing soil salinity

(1.4-10.0 mmhos/cm), while the concentration of Na was very low (less

than 1 m.e NallOO g dry wt). Syed and El Swaify (1972b), on the other

hand, reported that even though the nutrient content of sugarcane sheaths

increased as salinity in the irrigation water increased, the K, Ca and N

concentrations were reduced, while Na concentration increased linearly

with increasing salt concentration in the irrigation water. A similar

decrease in K concentration with increasing NaCl concentration was observed
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in young cane (Shen and Tung, 1964). Evans (1959) reported a greater

increase in Cl than in Na concentration of sugarcane leaves with increas

ing NaCl concentration in the media. He also reported that chloride

ions inhibited the uptake of P and Ni, while S04 had no such apparent

effect.

Decreasing the osmotic potential of the nutrient solution reduced

P uptake by sugarcane (Tanimoto, 1969). A very small percentage of ab

sorbed p32 was translocated out of the roots and stubble of plants grow

ing in a nutrient solution having a low osmotic potential. Toxic effects

of salts on sugarcane were recognized in the early 1900's and were attri

buted to high concentrations of Na (Burgess, 1918; McGeorge, 1925; Eckart,

1910) and Cl (McGeorge, 1925; Row, 1924) in the soil. Most recently,

Rizk and Normand (1966) reported that the growth of sugarcane variety

CP47-l93 was severely reduced when Na concentration in the soil was 0.36

to 2.8 percent and that above 2.8 percent Na there was no growth.

McGeorge (cited in Clements et a1.,1974) as early as 1925 recognized

the toxic effects of Al and Mn on sugarcane growth. Clements (1974)

attributed the growth failure of sugarcane var. H37-l933 to Mg toxicity.

Deleterious effects of S04' RC03 (Foligata and co-,yorkers, 1965, 1964)

and B (Bonnet, 1953) on growth of sugarcane have also been reported.

Methods to Reduce the Effects of Salinity on Plant Growth

Fertilization

Several investigators have noted that application of nutrients to

plants grown under saline conditions improves plant growth (Dregne and

Nojallali, 1968; Hayward and Bernstein, 1958; Luken, 1962).



15

Phosphorus. Several investigators have reported improvement in the

growth of plants under saline conditions by P applications. Patel and

Wallace (1976) found that the growth of corn, tomato, and sudan grass

responded favorably to increased P applications when grown at moderate

salinity levels (EC 12 mmhos/cm). Lunin and Gallatin (1965) reported

that increased P fertilization significantly increased yields of both

vines and pods of beans at all levels of irrigation water salinity (EC 2,

4, and 6 mmhos/cm). Growth of clover responded similarly to P applica

tions (Ravikovitch and Yoles, 1971b). On the other hand, Langdale and

Thomas (1971) observed no effect of P fertilization on yield of Bermuda

grass under similar conditions. Luken (1962) found that yields of wheat

increased with increasing levels of P applications at low salinity levels,

but the P effect was negligible at higher salinity levels. On the other

hand, Bernstein et a1. (1974) reported that although P level in the non

saline solution had no visible effects on the maize plants or on yield

increasing P level (16 to 64 ppm) under saline conditions (osmotic

potentials of -1.8 and 3.6 bars) decreased yields.

Nitrogen. Increased N fertilization has been found to alleviate

growth inhibition by salinity. Ravikovitch and Porath (1967) reported

that tomatoes and corn growing under saline conditions gave maximum yields

when fertilized with a high nitrogen (N-P-K) formula. On the other hand,

increased nitrogen application did not increase growth of clover grown

under saline conditions (Ravikovitch and Yoles, 1971b). Similarly, Bern

stein et ale (1966a) reported that increasing the N03 concentration of the

nutrient solution from 2 to 4 m.e/liter had little effect on corn growth

under saline conditions; but decreasing N to 0.4 meg/liter depressed yields
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proportionally in all salinity levels.

Other cations. Supplemental application of Ca has been shown to

overcome salinity-induced calcium deficiencies in tomato (Geraldson~

1957) and celery (Geraldson, 1954).

Potassium fertilization had no effect on vine yields of beans grown

under saline conditions, but tended to increase pod yields (Lunin and

Gallatin, 1965). On the other hand, bean yields decreased with increas

ing salinity at all fertility levels, but yields were much greater for

a given salinity level at high N-P-K levels than at low levels (Lunin et

al., 1964).

Irrigation Frequency

The reduction in growth observed in crops growing on saline soils

can be minimized by reducing the total soil moisture stress by means of

more frequent irrigation. Cotton plants growing in saline soils start

to suffer from insufficient water availability when the soil moisture

is near 70% of field capacity. When soil moisture is 60% of field capacity

yield decreases sharply (Ryzhov, 1948; cited by Strogonov, 1964). Ryzhov

concluded that soil moisture should not be allowed to fall below 70% of

field capacity. Shakhov (1956) recommended that less tolerant crops be

irrigated more often and salt tolerant crops be irrigated less often,

with larger volumes of water (cited by Strogonov, 1964).

Since plants respond to the sum of the osmotic potential of the

soil solution and the soil matric potential, the more saline the soil

water, the more frequent the irrigations must be to minimize plant water

stress (Haas and Hoffman, 1977). On the other hand excessive irrigation

can reduce soil aerati.on, primarily in fine textured soils. Low levels
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of oxygen have increased the effect of salinity on shoot growth of tomato

(Aubertin et al., 1968), and on wheat germination (Aceves et al., 1975).

Leaching. The leaching of soluble salts from the root zone is

essential for plant growth. The amount of salt removed by leaching

depends on the methods of water application, amount of water, timing and

drainage. According to the U.S.S.L. Staff (1954) the most effective pro

cedure for removing excess soluble salts from the soil is to leach by

ponding an appreciable amount of water on the soil surface by means of

dikes or ridges and thus establish downward water movement through the

soil.

Osman and El Swaify (1976) reported that the soaking method of

leaching was more effective than flooding for salt removal from a tropi

cal oxisol when equal volumes of water were used. Salt removal by natu

ral or simulated rainfall has been found to be more efficient than any

other method of leaching (Bigger and Nielsen, 1967; Miller et al., 1965).

Robinson and McCoy (1969) found that sprinkler application of water into

the soil was much more effective in salt removal from the soil than

furrow application, and the latter used about 2.5 times more water.

The effectiveness of leaching depends upon the amount of water that

passes through the soil. Leaching with a 4 em water application resulted

in salt removal up to a depth of 40 em, while with 11 em application,

salt was carried beyond a 100 em depth (Osman and El Swaify, 1976).

Experimental leaching studies (Reeve et al., 1955) showed that for most

soils about 50 percent of the salt is removed from the soil when the

depth of water per unit depth of soil (Dw/Ds) salt is 0.5 and approxi

mately 80 percent of the salt is removed when Dw/Ds = 1. Gardner and

Brooks (1957) showed for several soils that from 1.5 to 2.0 pore volumes
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replacement were required to reduce soil salinity to less than 20 per

cent of its initial value •.

The efficiency of leaching is influenced by water flow velocities

within a soil (Bigger and Nelson, 1962). Soils having both very large

interconnected pores and very small pores tend to transmit large quanti

ties of water relative to the amount of salt removed, therefore, leaching

intermittently to allow more time for movement of water through the small

pores and to minimize water movement through the large pores improves

the leaching efficiency in these type of soils (Reeve and Fireman, 1967).

Unless drainage is adequate, attempts at leaching may not be success

ful because water applied for leaching may cause the water table to rise

so that soluble salts can quickly return to the root zone (U.S.S.L.

Staff, 1954).

Amendments

Amendments added to water. The addition of Ca salts to irrigation

water of low salt concentration (270-560 ~mhos/cm), but high Na percent

age (90-92%) or with residual Na2Ca3 can improve soil infiltration rates.

Doneen (1948) and Axtell and Doneen (1949) reported that the addition of

gypsum to this type of water, increased the infiltration rate by 90

percent. The improvement in infiltration rate was attributed to (a)

elimination of residual Na2Ca3' and (b) increase in the total salt con

centration, as gypsum dissolves, with a decrease in percent Na. Appli

cation of gypsum to water containing more than 10 m.e/l of salt causes

little improvement in infiltration rate (Carter, 1975).

Application of sulfuric acid to irrigation water high in residual

Na2Ca3 can improve water infiltration in the soil (Doneen, 1975).
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Amendments added to soil. The reduced growth of plants on sodic

soils is due to several factors: (a) poor soil structure associated

with high exchangeable Na (15% or more) (Allison, 1964; Reeve et al.,

1954), (b) high soluble salt concentration (U.S.S.L. Staff, 1954),

(c) reduced availability of important plant nutrients in sodium-

affected calcareous soils with high pH (Tisdale, 1970), and (d) accumu

lation of toxic elements such as Band Li occasionally found in these

soils (Bingham et al., 1970; Hilgeman et al., 1970). Sulfur compounds,

especially gypsum, elemental S and sulfuric acid have been used for

reclaiming sodic soils. These supply Ca or dissolve CaC03, thereby

enhancing replacement of Na when followed by leaching (Miyamoto et al.,

1975). The use of acid for the replacement of Na is limited to soils

containing Ca or Mg carbonates.

Sprinkled applications of concentrated sulfuric acid to Na-saturated

soils at a rate of 10 metric tons/ha, was reported by McGeorge et al.

(1956) to increase water infiltration rates and sorghum seedling emer

gence in marginally sodium-affected calcareous soils in Arizona. Similar

effects of sulfuric acid application have been reported by Miyamoto and

Stroehlein (1975) and Overstreet et ale (1951).

Crop growth response often varies depending on the type of material

used. Overstreet et al. (1951) reported that the yield of mixed pastures

grown for 2 yea~s on a sodium-saturated soil were much greater when the

soil was treated with sulfuric acid than with equivalent amounts of gyp

sum and elemental sulfur. Subsequent studies by Miyamoto et al. (1975)

also showed that sulfuric acid sprinkled over sodium affected soils pro

duced equal or greater yields of sorghum and alfalfa, with greater uptake

Fe aad P and lower pH than with an equivalent amount of gypsum.
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Little is known about the effect of acid application on Band Li

present in sodic or salt-affected soils. Laboratory tests conducted by

Prather(1977) indicated that a substantial leaching of B occurred in soils

treated with sulfuric acid and then leached. He poin~ed out that the

best results can be expected if soil is leached immediately after acid

is applied and if the soil hydraulic conductivities are high.

When S and acid-forming S compounds are added to soil in sufficient

quantities, soil pH is lowered and availability of soil P and other

nutrients is increased. Clement· (1977) (cited in Stromberg and Tisdale,

1979) compared the effect of band placement of several S materials and

monocalcium phosphate (MCP) on the dry weight and P uptake by lettuce

plants grown in a calcareous soil. They reported that yield and P uptake

were increased in the order of MCP>H ZS04 > S in the first crop, while in

the third and fourth crops S was superior to H2S04 and equal to MCP.

In another greenhouse study, Luckow (197~ (cited in Stromberg and Tisdale,

1979), monocalcium phosphate (MCP) produced greater yield, %P and P uptake

of lettuce grown in a calcareous soil, than H2S0 4 or HCI. An increase in

growth and P uptake by tomato plants by the application of H2S04 to an

alkaline calcareous soil was reported by Ryan and Stroehlein (1973).

Surface-applied H2S04
reduced soil pH and CaC0

3
, and increased the avail

ability of P and Fe at the surface of a Na-affected calcareous soil

(Stroehlein et al., 1978). Recent studies in Arizona have shotvn that

application of H2S04 to two calcareous soils increased growth of several

range grasses by increasing the availability of soil P and Fe (Ryan et

al., 1975).
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CHAPTER II

MATERIALS AND METHODS

Preliminary Experiments

Two separate greenhouse experiments with maize as the test crop

were set up to study the effects of irrigation frequency, water quality,

soil pH and nutrient supply on plant growth under saline conditions.

The results of these experiments were used to select the factors that

were likely to give the best growth response in a field experiment with

sugarcane on a saline field (290) at Pioneer Mill Co.

Greenhouse Irrigation Experiment with Maize

This experiment was conducted to study the effects of irrigation

frequency and salt concentration in the irrigation water on the growth

and mineral composition of maize.

Soil. Soil for this experiment was collected from field No. 220 of

Pioneer Mill Co., a sugar plantation located in Lahaina, Maui. The field

had been irrigated with fresh water and is hereafter referred to as a

non-saline field. The soil was selected to allow a better estimate to

be obtained of the effect of the soil matric potential on the growth of

maize. Also, the soil is from a field where excellent yields of sugar

cane are obtained. The soil belongs to the Lahaina series, which is

classified as a Tropectic Haplustox according to Soil Taxonomy (D.S.D.A.

Handbook 436, 1975). The mineralogical composition is predominantly

kaolin and hydrated oxides of iron and aluminium. These soils have

highly stable structure and excellent water transmission properties.

They are very similar to those of the Molokai series which have been
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shown to maintain their physical properties when subjected to saline

conditions (El Swaify and Swindale, 1968).

The soil pH was 5.0 (paste), EC was 0.02 rnmhos/cm (saturation

extract) and there was 0.02 ppm P in solution (Fox and Kamprath, 1970).

Treatment selection and experimental design. Factorial combinations

of irrigation frequency and salt concentration in the irrigation water

made up the treatments. Four frequencies of irrigation were established

by irrigating the soil when the soil matric potential was 0.1, 0.3, 0.8

or 2.0 bars. This range of matric potentials was selected to cover the

low and high soil moisture stresses generally encountered under field

conditions. Three salinity levels (EC), 2, 4, and 6 rnmhos/cm, were used.

The salt level of 2 rnmhos/cm was selected because it is the salinity at

which growth of most crops is reduced (U.S.S.L. Staff, 1954). The 4 and

6 rnmhos/cm salt levels are salinity levels found in water normally used

for irrigation of saline sugarcane fields at Pioneer Mill Co. The

twelve treatment combinations given in Table 1 were set up in a random-

ized, complete block design with three replications.

Soil preparation. The soil was air-dried and screened through a

2 rnm mesh sieve. Plastic pots with a capacity of 800 cm3 were filled

with 540 g of soil.on the over dry basis and packed to a bulk density

of approximately one. The soil from each pot was spread separately on a

piece of wrapping paper and treated with the proper fertilizer doses,

mixed thoroughly, and placed back in each pot.

Planting. At the beginning of the experiments sudan grass was used

as the test crop. Due to the fact that field 220 had been treated with

the herbicides, Dalapan and Ametryne, and residues were present in the
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Table 1. -- Treatment combinations used in the greenhouse experiment
with maize

Salt Concentration of Irrigation Soil Matric Potential at
Water Irrigation

EC - mrnhos/cm bars
-0.1 -0.3 -0.4 -2.0

2.0 + + + +

4.0 + + + +

6.0 + + + +

"+" indicates the treatment combination was included in the
experiment.

soil, all plants in the experiment died about 10 days after emergence.

At the time, all plants were removed, the soil was remixed and seeded

with maize var. H610 because maize is more tolerant to these herbicide

residues. This hybrid is an early maturing single cross with low, denty

ears, and high shelling percentage. It is sturdy with good disease

tolerance and is considered one of the outstanding corn hybrids produced

in Hawaii. Since maize and sugarcane are both C-4 plants, they were

expected to have comparable growth responses to treatments.

Five seeds of maize hybrid H6l0 were planted in each pot approxi-

mately one half inch deep on June 25, 1978. After one week plants were

thinned to three plants per pot.

Fertilization. The soil in the pots was fertilized with a blanket

application of 100 kg K/ha as KCl and 200 kg N/ha as urea. Additional

applications of 100 kg K/ha and 300 kg N/ha were applied in the first

and third weeks after planting for a total of 200 kg K/ha and 500 kg N/ha
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during the course of the experiment. Phosphorus was not added because

the concentration of P in solution was considered adequate (0.02 ppm)

as determined by the P-sorption method (Fox and Kamprath, 1970).

Preparation of saline water. Water which had an electric conducti

vity (EC) of 6 mrnhos/cm was collected from D-pump of Pioneer Mill Co.

and used in this experiment. Various amounts of saline water, (5, 10,

20, 30, 40, 50 and 60 mls) were added to 20 mls of distilled water to

construct a standard curve with a range of EC (see appendix Figure 11).

The dilution factors calculated from this curve were used to prepare

irrigation water of 2 and 4 mrnhos/cm.

Water analysis from the D-pump of Pioneer Mill Co. carried out by

the Experiment Station of the Hawaiian Sugar Planters Association (HSPA)

laboratory in October 1978 is given in Table 2.

Irrigation. The pots were irrigated daily with distilled water for

one week after planting to assure good germination of the maize seeds,

then salinity treatments were imposed. The frequencies of irrigation

were established by irrigating the soil to saturation when the soil

matric potential had reached the desired value. A water release curve,

typical of the Molokai Series (Tsuji et al., 1975) was used to estimate

the gravimetric water content (approximate weight of soil water) at each

soil matric potential. These values were used to estimate the total

weight of the pot at each soil matric potential. A sample calculation

is given in the example below:

540 g.

1. Soil gravimetric water content of 0.1 bar

weight.

2. Weight of soil on the O.D. basis

46% of O.D. soil
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Table 2. -- Chemical analysis of irrigation water from D-pump of Pioneer
Mill Co., October 1978. (analysis by Laboratory of Experi
ment Station, HSPA)

Water Property Concentration

EC 4.7 mrnhoslcm

Na 29.6 megll

Ca 5.0 "

Mg 11.6 "

K 0.7 "
Sum of Cations 46.9 "

C1 40.1 "
S04 4.0 "

C03 0.1 "

HC03 2.4 "

Sum of Anions 46.6 "

pH+ 7.5 "
+t 7.1 "pHc

SAR+++ 10.2 "

Adj. SAR+t+t 23.5 "

+ pH H fp 0 water

++pHc theoretical calculated pH of irrigation water in contact
with lime and in equilibrium with soil CO2

++tSAR =

+t+tAdj SAR = Adjusted SAR; SAR (1+(8.4-pHc)

Na



3. Weight of soil + water = (540 x 0.46) + 540 788.4 g
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4. Pot weight = 42 g

5. Weight of pot + soil + water = 788.4 + 42 = 830.4 g

6. Plant weight considered small compared to total pot weight

7. When the total pot weight was 830 + 10 g it was irrigated with

a volume of water equivalent to one and a half pore volumes

(approximately 500 mls).

Four pots from each replication representing four different soil matric

potentials were selected at random each time. Each one of the four pots

was weighed twice daily. At the time the total weight of the pot reached

its estimated value, the pots of similar soil matric potential treatments

were irrigated in each replication.

One and a half pore volumes of water was arbitrarily chosen as the

quantity of water necessary to provide sufficient leaching to bring the

concentration of salt in the soil solution around the root zone to a

value similar to that of the irrigation water being used. Approximately

500 mls was estimated to be equivalent to one and a half pore volumes by

the equation: % pore space = (1 - bulk density/particle density) x 100

where: bulk density was chosen as 1 g/cc and particle density was given

3a value of 2.8 g/cm •

Leachate collection. It was assumed that approximately 500 mls of

water provided sufficient leaching to maintain the salinity level around

the root zone approximately equal to that of the irrigation water applied.

Leachate from each pot was collected twice during the experiment and the

salt concentration (EC) was determined to assess the changes in salinity

levels around the root zones of the plants.
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Harvesting. The plants were harvested on July 27, 1978 after three

weeks under saline treatment. Plants were cut close to the soil surface.

The fresh weight of plants was recorded immediately after harvest, then

plants were dried in an oven at 700C for 48 hours and the dry weight

determined. Plants were ground in a Wiley Mill and the ground material

stored in snap cap plastic vials for analysis.

Plant tissue analysis. Analysis was done by the X-ray fluorescence

technique and P, K, Ca, Mg, S, Si, Na, Cl, AI, Mn, Cu, Zn and Fe were

determined. Nitrogen was determined by Kjedahl method.

Soil analysis

Soil pH. The pH of the soil was measured at the end of the

experiment in a saturated soil paste, as outlined in the U.S.S.L. Staff

(1954).

EC. The electric conductivity of the soil paste and leachates

were determined by the technique described in U.S.S.L. Staff (1954).

Phosphorus. The concentration of P in the soil solution was

determined by the P-sorption method (Fox and Kamprath, 1970).

Analysis of data. Analysis of variance and Duncan's multiple range

test were performed on the dry weight, mineral composition, soil pH and

EC's of soil and leachate.

Greenhouse Nutrition Experiment with Maize

This experiment was intended to evaluate the effects of soil pH;

nutrient (P and N) supply; irrigation quality and gypsum application on

the growth and mineral composition of maize grown on a saline soil.

Soil. The soil used for this experiment was collected from field

290 of Pioneer Mill Co. which had been irrigated with saline water and
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will be referred to as a saline soil. Sugarcane growth was very poor on

this soil. This soil also belongs to the Lahaina Series and thus has

the same classification and similar properties as those described for

the soil from field 220. Some chemical properties of this soil are

given in Table 3.

Table 3. -- Some chemical properties of saline soil from field 290
(March, 1977)

Soil Property Values

C.E.C. 19.6

pH (1:10 H2O) 7.8

ECe (saturation extract) 2.0 mrnhos/cm

Ca (1.0 N neutral NH OAc extract) 5.8 meq/100g

Mg (1.0 N neutral ~'1l OAc extract) 10.2 II

K (1.0 N neutral NH OAc extract) 1.5 II

Na (1.0 N neutral NH OAc extract) 3.5 II

Treatment selection and experimental design. Four pH levels, 5, 6,

7 and 8 were selected. Soil pH 5 and 6 were included to study the effects

of lower pH on increasing the availability of micronutrients and P. Soil

pH 7 and 8 were included to study the effects of pH at or above that

found under field conditions (pH 7.0 to 7.8).

Three levels of P, 0.02, 0.05 and 0.7 ppm in solution were selected.

Phosphorus levels were included to correct possible P deficiencies, since

according to the Pioneer Mill Co. Staff sugarcane tissue analysis showed
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low P concentration even though the concentration of P in the soil was

adequate.

The twelve P x pH treatment combinations given in Table 4 were

irrigated with saline water (EC = 6 mmhos/cm) collected from D-pump of

Pioneer Mill Co.

Table 4. -- The pH x P combinations irrigated with saline water in the
greenhouse experiment with maize.

ppm P in Solution

0.02

0.05

0.10

____ ~~~pH ____
5 6 7 8

+ + + +

+ + + +

+ + + +

+ indicates the treatment combination was included.

Eleven additional treatment combinations were selected at pH 7.0

(Table 5). These included combinations of the following practices.

Gypsum was applied to the saline water in the form of a solution of

0.5 mM CaS04.2H20 in saline water to study the effect of Ca on replace-

ment of exchangeable Na from the soil.

Gypsum was applied and incorporated in the soil to supply Ca and to

remove Na from the soil and to compare it with gypsum applied in the

irrigation water for effectiveness in replacement of Na from the soil.

Distilled water was used for irrigation to enhance leaching of ex-

cess soluble salts from the soil and N was applied at two levels to in-

vestigate suspected N deficiency.
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The combinations of these practices used are presented in Table 5.

Table 5. -- Additional treatment combinations at pH 7.0 used in the
greenhouse nutrition experiment with maize.

Treatment ppm in Solution
0.02 0.05 0.1

l. 200 Kg N/ha; irrigated with saline
water containing 0.5 roM CaS04.2H20 + + +

2. 200 Kg N/ha; irrigated with distilled
water + + +

3. 200 Kg N/ha; gypsum incorporated in
the soil, irrigated with distilled
water +

4. 200 Kg N/ha; gypsum incorporated in
the soil, irrigated with saline water +

5. 300 Kg N/ha; irrigated with saline
water + + +

+ indicates the treatment combination was included.

The total of 23 treatment combinations were arranged in a randomized

complete block design with 3 replicates.

Soil preparation. The procedure followed was that described for the

irrigation experiment. The soil was treated with measured amounts of

1.0 N H2S04 or CaC03 to adjust the initial soil pH (7.8) to the desired

value before the proper fertilizer treatments were applied to the soil.

Planting. Planting was carried out as described for the irrigation

experiment with maize.

Fertilization. All pots received a blanket application of 100 Kg

K/ha as KCl. One additional application of 100 Kg K/ha was applied during
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the course of the experiment. Nine pots were treated with 300 Kg N/ha

as urea and the remaining 69 pots received 200 Kg N/ha. For the phos

phorus treatments, measured quantities of calcium phosphate monobasic

were applied to obtain the desired concentration of P in solution. Six

pots were treated with gypsum at the rate of 3.4 tons gypsum/ha.

Irrigation. Three types of irrigation water were used: (1) saline

water (EC = 6 mmhos) prepared as described for the irrigation experiment,

(2) saline water containing 0.5 mM CaS04; and (3) distilled water. After

planting, all pots were irrigated with approximately 500 ml of distilled

water for one week, then the saline treatments were initiated. Plants

were irrigated with approximately 500 m1 of the appropriate irrigation

water when the soil matric potential reached approximately -0.2 bars.

Leachate collection. Leachate was collected as described for the

irrigation experiment.

Harvesting. The plants were harvested on July 25, 1978 when they

were four weeks old and had been subjected to the treatments for three

weeks. The plant material was harvested and processed as described for

the irrigation experiment.

Plant analysis. The plant tissue was analyzed as described for the

irrigation experiment.

Soil analysis

pH. A titration curve for the soil was constructed by treating

the soil with graded quantities of .04 N Ca(OH)2 and 0.4 N Hel in a 1:10

soi1:water ratio. The pH was monitored daily until successive measure

ments did not differ by more than 0.2 pH units. The titration curve was

used to calculate the amount of acid or base necessary to adjust the soil
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pH to the desired values. At the end of the experiment soil pH was

measured in a saturated soil paste, which was prepared according to the

procedure outlined by the U.S.S.L. Staff (1954).

Ec. Electric conductivity of the soil paste and leachate were

determined by the technique described in U.S.S.L. Staff (1954).

Phosphorus. The concentration of P in the soil solution was

determined by the P-sorption method (Fox and Kamprath, 1970).

Analysis of data. The data were analyzed as described for the

irrigation experiment.

Ef.eLd Exper Iment; with Sugarcane

This experiment was conducted to study the effects of sulfur appli

cation (pH), phosphorus, and irrigation frequency on the yield and

mineral composition of sugarcane grown under saline conditions.

Soil

The experiment was set up in field 290 of Pioneer Mill Co. on

Lahaina, Maui. The soil is the Lahaina series which is classified as

a tropeptic Haplustox according to Soil Taxonomy (U.S.D.A. Handbook No.

436, 1975). This is the same soil used for the greenhouse nutrition

~{periment. The mineralogical composition is predominantly kaolin and

hydrated oxides of iron and aluminum. It has highly stable and excel

lent water transmission properties. This soil is similar to the Molokai

series whf.ch has been found to maintain its physical properties when

subject to saline conditions (El Swaify and Swindale, 1968). The ex

perime~tal area has a history of salinity problems as it has been irri

gated with saline water for many years. Soil chemical analyses from

samples takec before the experiment on December, 1977 are given in

Table 6.
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Table 6. -- Soil chemical analysis of soil samples taken on December,
1977 from field 290 of Pioneer Mill Sugar Co.

pH (saturation paste) 7.0

ECe (saturation extract) 6.8 rnmhos/cm

ESP (exchangeable Na-meg/100 g/CEC) 26.7 %

CEC (1.0 N NH40Ac pH 7.0) 21. 7 meq/100 g

Ca (1.0 N NH40Ac pH 7.0 extract) 0.7 meq/l

Mg (1.0 N NH40Ac pH 7.0 extract) 5.5 meq/l

Na (1.0 N NH40Ac pH 7.0 extract) 6.1 meq/l

K (1. 0 N NH40Ac pH 7.0 extract) 0.4 meq/l

P (Truog) 30.2 ppm

Treatment justification and experimental design. The factors

studied in this experiment, irrigation frequency, phosphorus and sulfur

application (pH), were selected from results of the preliminary experi-

ments in the greenhouse with maize which gave the best growth improvement

under the saline conditions studied.

Two irrigation frequencies, daily and every 4-days, were selected.

Daily irrigation was selected to minimize the effect of soil matric

potential on growth as was found in the irrigation experiment with maize.

The 4-day interval was selected because it is the irrigation interval

currently used by Pioneer Mill Sugar Co.

Three sulfur levels, SO, Sl, and S2, were selected to lower soil pH

to about 6.0 and 5.0, respectively. The lower pH results in an increase

in soil nutrient availability, and an acceleration of Na removal from
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the soil. The best growth of maize in the greenhouse nutrition experi-

ment was found with soil pH of 5.0 and 6.0.

Two P levels, 0 and 300 kg P20S/ha were selected. Phosphorus

application resulted in good growth response in the nutrition experiment

with maize grown under saline conditions.

The twelve treatment combinations given in Table 7 were arranged

in a randomized complete block design with 6 replicates.

Table 7. -- Treatment combinations used in the field experiment with
sugarcane.

Irrigation
Frequency

Daily

Every 4 days

Phosphorus ____S.£il .EH____
kg P20S/ha 5.0 6.0 7.0

0 + + +

300 + + +

0 + + +

300 + + +

+ indicates the treatment combination was included.

Number and size of plots

Six replicates of the 12 treatments gave a total of 72 plots. Each

plot had 3 rows 6.0 m long and 1.5 m apart for a plot size of 27 m
2

which made the total experimental area 1944 2m. The middle row was for

harvest data and the two adjacent rows were guard rows.

Fertilizer application

Pelleted S (92%) was spread on appropriate plots to adjust soil pH
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to treatment levels. S was applied at the rate of 1,200 kg/ha for the

pH 6 treatment and at 2,590 kg/ha for the pH 5 treatment. The S was in

corporated into the soil as uniformly as possible with a hand roto tiller,

on December 14-15, 1977. All plots received a blan~et application of

50 kg N/ha at plantine. Five additional applications of 50 kg N/ha were

made in the irrigation water during the course of the experiment. Treble

superphosphate at the rate of 300 kg PZ05/ha was applied banded below the

seed at planting in all plots receiving P treatments. Both fertilizers

were applied by hand. There was no need for K fertilization since the K

concentration in the irrigation water was high.

Planting

Furrows were cut and drip lines were laid by a planting machine.

The biwal1 drip tubes were placed 12.5 cm deep and about 20 cm from the

seed piece. Sugarcane var. H50-7209 used in this study is an important

locally bred commercial variety which occupies about 80 percent of other

Fields of Pioneer Mill Company. This variety is the most salinity and

drought tolerant variety in Hawaii (Bosshart, R.P., personal communica

tion; Syed and E1 Swaify, 1972a; and Heinz and Urata, 1968).

Two-eye seed pieces of smut-free stalks of sugarcane variety H50

7209, previously treated with ben1ate solution (0.1 g bene1ate/1 water)

were hand planted on December 16, 1978. Twenty good eyes were carefully

selected for planting in the center row (harvest row). The other two

rows had 30 eyes each. The seed pieces were covered manually and the

experiment was irrigated shortly afterward.

Irrigation

All plots were irrigated daily during the first month after planting,

at the end of which the irrigation differential was imposed. The plots
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irrigated daily received a volume of water equivalent to 1.5 times pan

evaporation which was applied in 6 hours. Those at the 4-day interval

were irrigated for 24 hours and thus received 4 times the amount of

water applied to the daily irrigated plots. In this manner all plots

received approximately the same volume of water. The irrigation water

used during the experiment had an average electric conductivity of 6.2

mmhos/cm.

Measurements during the experiment

Soil. Soil samples were taken (a) before planting for the measure

ment of pH, ECe, exchangeable cations and P; (b) during the experiment,

soil samples were collected from each plot at a depth of approximately

15 cm every 3 months for pH and EC determinations. Each sample con

sisted of a composite of 3 subsamp1es taken 5 feet apart within a plot.

The subsamples were taken about 15 cm from stools in the middle row on

the side opposite the drip line to avoid possible effects of fertilizer

placed in the row on the ECe and pH values to prevent damage to the drip

lines.

Plant. Plant samples were taken at 6 and 11 months after planting.

At 6 months, crop log samples were taken from the middle row, outside

the harvest area. The samples consisted of the leaves and sheaths 3,4,

5 and 6 from 5 stalks per plot as recommended by Clements et al. (1968).

At 11 months, crop log samples were taken as indicated above and in addi

tion the 5th internode below the last green leaf of each of the 5 stalks

was collected for P analysis (Clements et al., 1968).

The crop log samples at 6 and 11 months were processed as follows:

Leaves 3, 4, 5 and 6, counting the spindle as leaf number 1, were

separated from each stalk (Clements et al., 1968). Blades and sheaths
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were separated and the fresh weight of the sheaths was recorded for

moisture determination. Sheaths were then chopped and dried in a draft

oven at approximately 700 for 24 hours and the dry weight recorded.

The middle third of leaf blades 3, 4, 5 and 6 were removed and the mid-

ribs stripped off and discarded. The leaf blades were oven-dried and

the dry weight recorded. The oven-dried sheaths and blades were ground

separately in a laboratory Wiley-Mill. The ground material was stored

in snap-cap plastic vials for nutrient analysis. The 5th internode of

each stalk of the crop log samples at 11 months was sliced. .Six slices

from each of the five internodes were dried and processed as in the

sheaths for P analysis.

Harvest. The experiment was harvested on November 18-20, 1978 when

the crop was 11 months old. The center 3 m of the middle row of each

plot was harvested. The two adjacent guard rows and 1.5 m on each end

of the center row were discarded as borders. All stalks in the harvest

area were cut by hand and separated into top and stalk at the point

immediately below the 7th leaf sheath. The stalks were cut in half,

bundled, weighed on a field balance, and the fresh-weight recorded. The

fresh weight of the tops was also recorded.

Samples of stalk and tops from each treatment were chopped separate-

ly with a forage chopper and the chopped material collected in a large

container. The material was mixed thoroughly and a subsample of approxi-

mately 1 kg was placed in a plastic bag. A 500 g subsample was taken

from this subsample, placed in a paper bag, and dried in a draft oven

oat 70 C for 2 days. The fresh and dry weights were recorded and percent

dry matter determined. The dry material was ground in a laboratory
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Wiley-mill and a subsample placed in a snap-cap plastic vial and stored

for nutrient analysis.

Plant analysis

Analysis was done by the X-ray fluorescence technique and P, K, Ca,

!1g, S, Si, Na, Cl, AI, Mn, Cu, Zn and Fe determined. Nitrogen was

determined by the Kjeldahl method.

Soil analysis

pH. The pH of the saturation paste was determined as described in

the U.S.S.L. Staff (1954).

EC. The electric conductivity of the soil saturation extract was

determined as described in the U.S.S.L. Staff (1954).

CEC. The standard 1.0 N NH4 OAc (pH 7.0) procedure was used to

determine CEC (Chapman, 1965).

Extractable cations. Extractable Ca, Mg, K and Na were extracted

with normal NH40Ac (pH 7.0), and determined with the Atomic Absorption

Spectrophotometer.

Soluble cations. A saturation extract was prepared as indicated

in the U.S.S.L. Staff (1954). Soluble Ca, Mg, K, and Na in the soil

saturation extract were determined with the Atomic Absorption Spectro

photometer.

Exchangeable cations. Exchangeable Ca, Mg, K, and Na were calcu

lated as the difference between extractable cations and soluble cations

(U.S.S.L. Staff, 1954).

Phosphorus. The modified Troug method was used for P extraction

and P concentration was determined colorimetrically using the ammonium

molybdate method of Murphy and Riley with ascorbic acid as the reducing

agent (Watanabe and Olsen, 1965).
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Chloride. The Cl content in the soil saturation extract was deter

mined with a chloride specific electrode (El Swaify and Gazdar~ 1969).

Sulfate. Water-soluble sulfate in the soil saturation extract was

precipitated with BaC12 and the 504 content determined photometrically

as indicated by Bardsley and Lancaster (1965).

klalysis of data

Analysis of variance and Duncan's Multiple Range Test were perfo~~ed

on the dry weight~ mineral composition, and soil analysis.

Greenhouse Experiment with Sugarcane

The experiment was carried out to study the effects of solution

osmotic potential, phosphorus, solution pH and salt type on the growth

and mineral composition of sugarcane. The experiment was also intended

tc evalute the effects of salinity, phosphorus and pH on sugarcane under

controlled conditions to help interpret data from field experiment.

Growth media

The growth media was a mixture of one half agricultural vermiculite

and one half perlite.

Sugarcane variety H50-7209 which was used in the field experiment

was selected.

Tre<:1tment justification and experimental design

Three solution osmotic potential (OP), 0 (control), -2.0 and -4.0

bars were selected to cover the salinity levels at which sugarcane growth

has reportedly been reduced (Syed and El Swaify, 19720; Tanioot0, 1969).

The pH of the nutrient solution was adjusted to pH 5.0 or 7.0. pH

5.0 was selected because it produced the ~est m~ize growth in thp green-
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house nutrition experiment while, pH 7.0 is the soil pH usually found

in saline fields at Pioneer Mill Sugar Co.

Two salts, NaCl and Na2S04 were selected to evaluate the relative

effects of the two anions on cane growth. Sodium chloride is usually

the most abundant salt in saline soils, while Na2S0 4 even though not very

abundant in saline soils, is the end product of S oxidation in the soil.

Sulfate is as important because S was used in the field experiment with

sugarcane to lower soil pH.

Three levels of P 1.7, 2.5 and 3.3 ppm in solution were selected

to evaluate the effect of P on the response of sugarcane to salinity.

A significant growth response to P was obtained in the greenhouse nutri-

tion experiment with maize and a P differential was imposed in the field

experiment with sugarcane.

The 22 treatment combinations given in Table 8 were selected from

the possible factorial combinations to keep the experiment manageable,

and arranged in a randomized complete block design with 3 replicates.

Table 8. -- Treatment combinations used in the greenhouse experiment
with sugarcane.

Salt Type
P

(ppm in Solution)

Solution pH---5---------7---
Solution Osmotic Potential in Bars
o -2 -4 0 -2 -4

NaCl 1.7 + + + +

2.5 + + + + + +

3.3 + + + +

Na2S04 1.7 + +

2.5 + + + +

3.3 + +

+ indicates the treatment combination was included in the experiment.
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Preparation of pots

Plastic pots of 2.5 gal capacity were used in this study. Each pot

had 2 or 3 holes on the sides near the bottom. One hole was plugged

with glass wool to facilitate drainage and prevent loss of media while

the other one or two holes were sealed with plastic tape. The pots

were filled to 5 cm below the top with a 1:1 mixture by volume of agri

cultural graded perlite and vermiculite. Pots were placed on a raised

platform on the greenhouse benches, so that leachate could be collected

in plastic pans placed below the pots.

Planting

One-eye seed pieces which included 5 cm of the upper and lower inter

node tissue were cut from stalks of sugarcane variety H50-7209. The seed

pieces were dipped in a Benlate solution (1 g active chemical in 1600 ml

of distilled water) for 2 minutes. The seed pieces were grouped into

three stalk diameter classes: large, medium, and small, and planted on

July 3, 1978 in trays containing agricultural graded perlite. The trays

were irrigated daily with tap water. The plants were grown in these

trays until the shoot roots appeared (approximately 4 weeks).

Transplanting

Plants of uniform height as well as uniform stage of shoot root

development were selected for each replicate. There were differences

between replicates, i.e., in replicate 1, all plants except the control

had no shoot roots, while in replicates 2 and 3, all plants were large

with shoot roots. All plants were transplanted to pots on August 3, 1978

when they were 4 weeks old.
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Preparation of nutrient solution

Twenty-gallon metal drums double-lined with clear plastic polyethy

lene bags were used to prepare and store the nutrient solutions. Each

of the 22 drums was filled with 60 liters of distilled water. Single

salt solutions as indicated by Tanimoto (1969) were added to each drum

(Appendix Table 53). Since KH2P04 was the source of P added to obtain

the desired levels, the concentration of K in solution was adjusted where

ver necessary by adding additional amounts of KCl, in the control and

NaCl treatments and K2S04 in the Na2S04 treatments. After all salts

were added to each drum, the pH of the solution was adjusted to the

desired value. The pH of the nutrient solution was adjusted with 0.1

NRCI to pH 5 in the control and NaCl treatments and with 0.1 N H2S04 in

Na2S04 treatments. To obtain a pH of 7.0, solutions were adjusted with

0.1 N NaOH for both salts and control treatments. Solution composition

is given in Table 9.

Preparation of salt treatments

The salt concentrations necessary to obtain OSITlotic potentials of

2 and 4 bars was obtained from the curves that relate concentrations of

single salts in m.e./l to electric conductivity in rnmhos/cm and electric

conductivity to osmotic potential in bars (U.S.S.L. Staff, 1954). The

salts were added to the appropriate drums containing the basic nutrient

solution at the rate of one bar per day. The solution was applied in

this manner to allow plants to adjust to the decreased osmotic potential.

The concentration of salt necessary to raise the osmotic pressure

of the solution one atm was 24 m.e./l for NaCl and 36 m.e./l for Na2S04•

The osmotic pressures were checked by measuring the EC of the solutions

after the salts were added.



Table 9. -- Composition of nutrient solution used in the greenhouse
experiment with sugarcane. One-tenth strength of
Tanimoto's (1969).
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Source Concentration Treatment

Nutrient .EEE!

N Urea, KN0 3
14.0 all

K KN03,
K2S04 31. Z "

S K2S04, MgS0 4 4.8 "

Mg MgS04 Z.4 "

Ca CaC1Z 4.0 "

Micronutrients

Fe Chelate 330 (10% Fe) O.Z "

Mn Chelate (lZ% Mn) O.Z "

Zn Chelate (14.Z% Zn) 0.07 "

Cu CUS04·5H ZO 0.02 "

B H3B03 0.01 "

P Treatment Differential

PI KHZP04 1.7 low P

Pz " Z.5 medium P

P3 " 3.3 high P

K KC1 5.7 low P - NaC1

K KZS04 5.7 low P - NazS04

K KC1 4.5 medium P - NaCl

K KZS04 4.5 " - NazS04

K KC1 3.7 high P - NaCl

K K2S04 3.7 " - NazS04
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Irrigation

The plants received one irrigation with tap water following trans-

planting.. Irrigation with nutrient solution was carried out by gravity

flow through a drip tube connected to a plastic bag held inside a one-

gallon plastic pot. This pot was raised on a platform so that the one

liter of nutrient solution given daily could flow through the drip tube

to the base of the plant in the growing container below. The plants

were irrigated daily with one liter of base nutrient solution for 12

d~ys before ·saline treatments were initiated. The saline treatments

Were imposed at the rate of one bar of osmotic potential daily. During

tile first four weeks of the axperiment, the pots were irrigated with

1/50 strength Tanimoto's (1969) nutrient solution. Since the differences

in. grO\o1th rates of the control and saline treatments were not noticeable,

the nutrient solution strength was increased to 1/10 Tanimoto's solution.

This solution had an osmotic potential of 0.05 bars as calculated from

its electric conductivity by the equation osmotic potential (bars) =

0.36 x EC in nunhos/cm (U.S.S.L. Staff, 1954).

Observati.ons_during the experiment

Plant. F~t€ of spindle growth was measured every 2 days after the

salt treatments were established, by the technique described by Mongelard

and Mimiura (1971). Stomatal diffusive resistance was measured on leaf

blade No. 4 two \o1eeks before harvest with an autoporometer (Lamda Instru-

men~ Co., Lincoln, Nebraska, Model # LI-65).

At harvest, twenty leaf discs approximately 1/2 cm in diameter were

collected from leaf blade No. 4 with a cork borer. The discs were placed

in a clear plastic tygon tube which was closed off with two rubber stop-

pees. Ten discs were used to de t crmLne relative turgidity (RT)
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according to the procedure of Barrs and Weatherly (1962). The other

ten discs were frozen while still in the tygon tube. The tubes were

later thawed at room temperature. After a period of equilibration, the

tubes were placed under a hydraulic press and the sap was expressed at

10,000 psi. The expressed sap was absorbed on a filter paper disc

approximately 1/2 cm in diameter which was placed in the chamber of a

vapor pressure Wescar Inc., Model C-5l osmometer, and the osmolality of

the sap recorded. The osmolality reading was converted to bars by

multiplying by 0.0227(mOsmol/bar).

Leachate and solution. The electric conductivity of the leachate

was checked one week after the saline treatments were established and

at the end of the experiment. The leachate was obtained by collecting

in plastic vials the first 100 ml of solution coming from the bottom of

the pots immediately after irrigation. The average EC of the leachates

were 0.12, 5.32 and 11.0 mmhos/cm for the 0, -2, and -4 bars NaCl treat

ments and 6.82 and 13.3 mrnhos/cm for the -2 and -4 bars Na2S04 treatments.

The average ECs of the nutrient solutions were 0.092, 4.96 and 10.2

rnmhos/cm for the 0, -2, and -4 bars NaCl treatments. For the Na2S04

treatments the ECs were 6.52 and 12.2 mrnhos/cm for the -2 and -4 bars

osmotic potential, respectively. The theoretical values obtained from

the curve relating electric conductivity of single salt solutions to

osmotic potential (U.S.S.L. Staff, 1954), indicated that the control,

-2 and -4 bars NaCl solutions should have ECs of 0.1, 5.2, and 10.4

rnmhos/cm. The corresponding values for the -2 and -4 bars osmotic

potential with Na2S04 were 6.6 and 12.7 rnmhos/cm. In the discussion of

the results, the values 0, -2, and -4 bars osmotic potential were used.
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Harvesting

The plants were sampled before 8 a.m., one replicate at the time on

October 15-17, 1978 when the plants were 3 and one-half months old.

After leaf punches were taken as described above, the vermiculite, per-

lite mixture was removed from around the base of the stalk. The plants

were cut just above the roots with a pair of shears. Total shoot fresh

weight was recorded soon after harvest. Since all tillers were removed

as they appeared during the course of the experiment, there was only one

plant per pot. Counting the spindle as No.1, leaves and sheaths 3, 4,

5, and 6 were separated from the stalk (Clements et al., 1968). Blades

and sheaths were separated and the fresh weight of sheaths was recorded.

Sheaths were then chopped and dried in a draft oven at approximately

lOoc for 24 hours and the oven dry weight recorded.

leaf blades 3, 4, 5, and 6 were removed and the midribs stripped off and

discarded. The leaf blades were oven-dried as above and their dry

weight recorded.

After removal of leaves 3, 4, 5, and 6, the remaining plant material

owas chopped and dried at 70 C for 2 days. The oven dried sheaths, blades

and remaining plant material were ground separately in a laboratory

Wiley-mill, then stored in snap-cap plastic vials for nutrient analysis.

Plant analysis

All tissue samples were analyzed for P, K, Ca, Mg, 5, Si, Na, Cl, A,

Mn, Fe, Cu and Zn by the X-ray fluorescence technique. Nitrogen was

determined by the Kjeldhal procedure.

Analysis of data

Analyses of variance, Duncan's multiple range test, correlation and

multiple regression analyses were performed on all variables studied.
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CHAPTER III

RESULTS AND DISCUSSION

Preliminary Experiments

Two separate greenhouse experiments were set up to (1) study the

effects of water quality and irrigation frequency (irrigation experiment)

and water quality and nutrient supply (nutrition experiment) on the vege

tative growth of maize as the index crop to determine how these factors

interact to influence growth and nutrient uptake, and (2) to utilize the

information obtained in the planning of a field experiment with sugarcane.

The irrigation experiment was conducted using a non-saline soil

while a saline soil was used for the nutrition experiment. The irriga

tion water used for both experiments was collected from D-pump of Pioneer

Mill Sugar Co. which is a saline well.

Irrigation Experiment

In general, dry weight decreased significantly as the soil matric

potential decreased from -0.1 to -0.3 bar at all salt concentrations

(Fig. 1). Irrigating at a soil matric potential below -0.3 bar resulted

in a further decrease in dry weight, especially at EC of 2 rnmhos/cm but

the decrease was not significant (Table 10). Applications of water

with EC of 6 rnmhos/cm at a soil matric potential of -0.1 bar produced

significantly greater dry weight than the other treatment combinations.

This was probably due to greater availability of soil water at -0.1 bar

matric potential than at higher soil matric potentials.

The results indicate that soil water potential was the predominant

factor causing reduction in growth. The greater growth (dry weight) at
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Figure 1. Relation. between water quality (EC), soil matric potential
and the dry weight of maize (4 weeks old). Greenhouse irrigation
experiment on non-saline soil.
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Table 10. -- Effects of soil matric potential ($m) at irrigation and
electric conductivity of irrigation water (EC) on dry
weight of maize (4 weeks old). Average of three replicates.

Soil Matric Potential
WIn

(bars)

Water Electric
Conductivity (EC)

nnnhos/cm-'2----4----6"-

Dry weight/pot-g

tPm Means

- 0.1

- 0.3

0.8

- 2.0

0.94

0.65

0.69

0.48

1.23

0.79

0.76

1.41

1.04

0.96

0.94

1.20 a*

0.87 b

0.81 b

0.72 b

EC Means 0.69 a** 0.92 b 1.08 b

* means in the same cohnnn with a letter in common are not signi
ficantly different at the 0.05 level.

'J:'* means in the same row with a letter in common ace not signifi··
cantl~ different at the 0.05 level.
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the highest salt concentration (EC = 6 mrnhos/cm) was probably due to

additional K, Ca, Mg and S supplied in the irrigation water (Table 2)

which increased plant growth. Tissue levels of some of these nutrients

reflected this increase (Table 11). The 2.0 and 4.0 mrnhos/cm irrigation

water treatments were prepared by successive dilutions of the 6.0 mrnhos/

cm water which contained high concentrations of Ca, Mg, K and S04-S

(Table 2) and thus supplied lower amounts of these nutrients.

Additional information on the salinity status of this experiment is

given in Table 36 in the Appendix.

The fact that the greatest dry weight occurred at -0.1 bar soil

matric potential indicated that the adverse effects of salinity can be

minimized by maintaining a high soil matric potential, therefore frequent

(daily) irrigation was selected as one of the treatments in the sugarcane

field experiment.

Summary: The results show that irrigation at high soil matric potential

markedly increased maize dry weight regardless of the salt concentration

in the water. They also show that irrigation with undiluted saline

water (EC = 6.0 rnmhos/cm) produced high dry matter yields, presumably

due to the nutrients added in the water. Detrimental effects of salinity

appear to be reduced by a high soil matric potential by frequent irrigation.

Nutrition Experiment

The effects of pH, P concentration in the soil solution, gypsum

application to the soil or to the irrigation water, and quality of the

irrigation water on the growth of maize growing in a saline soil were

investigated. All pots in this experiment were irrigated when the soil

matric potential reached about -0.2 bar estimated as indicated in the



Table 11. -- Effects of irrigation frequency (soil mBtrlc potential at irrigation) and electric
conductivity of irrigation ~later (EC) on the mlneral composition of maize (4 weeks old)
means of three replicates. Greenhouse irrigation experiment on non-saline soil.

Plant Composition (Dry Weight Basis)

FACTORS N P K Ca Mg S S1 Na Cl Mn Fe Cu Zn

- - - - - - - - - -% - - - - - - - - - - - - ppm - - -
Soil Matrie
Potential

(bars)

-0.1 2.57b* 0.24c 3.9la O.47c 0.47a 0.45c 0.41a O.I+8a 3.69b lIla 212a 15a 23c

-0.3 3.05 0.27b 4.07a 0.56b 0.48a O.53b 0.23b 0.48a 3.69ab 112a ISla l8a 28c

-0.8 3.lla 0.28ab 4.09a 0.62a 0.49a 0.56a 0.28b 0.50a 4.19a 108a 159a 15a 31a

-2.0 3.33a 0.30a 4.20a 0.61ab 0.48a 0.57a 1.l2c 0.51a 4.26a 102a 257a 20a 33a

EC
(mmhos/cm)

2 3.19a 0.28a 4.63a 0.62a O.44b 0.46c 1.22a O.34c 3.44c 119a 241a 19a 31a

4 2.98a 0.27ab 3.97b 0.56b 0.49a 0.55b 1.25a 0.53b 0.53b 104b 156a 15a 28a

6 2.88a 0.26b 3.61b 0.52b 0.51a 0.58a 1.31a 0.60a 0.60a 102b l87a 17a 27a

* means within the same factor, in the same column followed by the same letter are not significantly
different at the 0.05 level.

\J1
I-"
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irrigation experiment with maize in the greenhouse.

Figure 2 shows the dependence of dry weight of maize on soil pH

and concentration of P in the soil solution. There is a marked increase

in dry weight with decreasing soil pH at all P concentrations. Dry

weight was significantly higher at pH 5.5 than at pH 6.2, 6.7, or 7.4

and the difference was greater at 0.1 ppm P in the soil solution (Table

12). The only significant response to P occurred at pH 5.5 were dry

weight with 0.1 ppm P in solution was significantly greater than dry

weight with 0.05 ppm P (Table 12). The lowest dry matter yield occurred

at pH 7.4 and there was little, if any, response to P at this pH. The

greater dry weight yield obtained at pH 5.5 is probably due to an in

crease in the micronutrient, Si, and S availability in the soil. Tissue

analysis showed that concentrations of Mn, Fe, and Zn were significantly

higher at pH 5.5 than at higher soil pHs. Similarly, Si and S concen

trations were increased significantly by lowering the soil pH (Table 13).

The effects of high concentration of P in solution on dry weight were

perhaps due to increased root development which in turn increased nu

trient uptake and resulted in increased growth.

Figure 3 displays the effects of several treatment combinations at

pH 6.7 on dry weight production. Incorporation of gypsum into the soil

resulted in a small, non-significant increase in dry weight at 0.02 ppm

P in solution and irrigation with saline water (Table 14). Use of dis

tilled water for irrigation of soil with 0.1 ppm P in solution did not

improve the effect of gypsum.

Irrigation with distilled water did not improve dry matter yield at

all P levels when compared with saline water irrigation at soil P of
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Figure 2. Relation between soil P concentration, soil pH and the
dry weight of maize (4 weeks old). Greenhouse nutrition
experiment on saline soil with 200 kg N/ha and irrigated with
saline water.



Table 12. -- Effects of phosphorus concentration in the soil solution
and soil pH on dry weight of maize (4 weeks old). Means
of three replicates with 200 Kg N/ha and irrigated with
saline water.

ppm P in the _______ ~i~pH _______ P
Soil Solution 5.5 6.3 6.7 7.4 Means

Dry weight/pot-g

0.02 3.69 3.19 3.10 2.18 2.50 c*

0.05 3.85 3.27 3.11 2.31 3.13 b

0.10 4.91 3.41 3.12 2.42 3.46 a

pH Means 4.15 a** 3.29 b 3.11 b 2.30 c

* means in the same column with a letter in common are not signi
ficantly different at the 0.05 level.

** means in the same row with a letter in common are not signifi
cantly different at the 0.05 level.
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Table 13. -- Effects of P concentration in the soil solution and soil pH on the mineral composition of
maize (4 weeks old) with ZOO Kg N/ha and irrigated with saline water. Means of three
replicates. Greenhouse nutrition experiment on saline soil.

Plant Composition (Dry Weight Basis)

FACTORS N P K Ca Mg S Si Na Cl Mn Fe Cu Zn

- -%- - - - - - - - - - - - - - - -- - - - - - -ppm- - -

P in
Solution

(ppm)

O.OZ 1. 36ab* o.ru Z.90a 0.Z3a 0.40a O.ZZb 1.39a 0.Z9a Z.64a 118a 109a 9a 14a

0.05 1.45a O.lZa 2.9la 0.23a 0.40a 0.24a 1.41a 0.31a 2.66a 117a 98a lOa 15a

0.10 1.31b 0.12a 2.80a 0.22a 0.36b 0.21b 1.43a 0.29a 2.56a 122a 98a lOa 15a

Soil pH

5.5 1.34a 0.12b 2.85a 0.21c 0.36b 1.78a 1. 78a . 0.30a 2.75a 176a 176a 9a 16a

6.3 1.40a 0.13a 2.90a 0.21c 0.37b 1.49b 1.49b 0.30a 2.77a 92c 92c lOa 14bc

6.7 1.38a 0.12b 2.84a 0.23b 0.39b 1.30c 1.30c 0.Z9a 2.51b lO4b 104b lOa 15ab

7.4 1.36a O.llb 2.90a 0.Z5a 0.44a 1.10d 1.10d 0.30a 2.49b 109b 109b lOa l3c

* means within the same factor in the same column followed by the same letter are not significantly
different at the 0.05 level.

VI
VI
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Table 14. -- Effects of gypsum application on the dry weight of maize
(4 weeks old) at pH 6.7 with 200 Kg N/ha. Means of three
replicates.

57

Irrigation Water Quality (-) Gypsum (+) Gypsum
Water Quality

Means

Dry weight/pot (g)

Saline Water P 0.2

Distilled Water P 0.1

Gypsum Means

2.90

2.42

2.66

3.02

2.96

2.99

2.96

2.69

F-test for treatments was not significant at the 0.05 level.
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0.02 ppm (Table 15). This appears to be related to a decreased nutrient

availability in the soil due to leaching of soluble salts (K, Ca, S, Si)

by distilled water as indicated by the tissue analysis given in Table

16. Application of saline water irrigation containing 0.5 roM CaS0
4

in

creased dry matter yields over irrigation with saline water alone, only

with 0.1 ppm P in soil solution although differences were not signifi

cant at the 0.05 level (Table 15).

Increasing the amount of N applied from 200 kg/ha to 300 kg/ha did

not increase dry weight significantly (Table 17). Increasing P concen

tration of the soil increased dry weight when saline water containing

0.05 roM CaS04 or distilled water was used for irrigation at low N levels

(Table 17), while at the 300 N level, increasing P concentration to 0.1

ppm P in solution resulted in a non-significant decrease in dry weight.

The results appear to indicate that nutrient supply, especially S,

Si, Mn, Fe and Zn, is a major cause of the differences in growth response

in addition to water potential. Plant tissue analysis was given in

Tables 13 and 16 and soil salinity measurements are presented in Appendix

Tables 37 and 38.

The significant increase in dry weight of maize with low soil pH

and with increased P application when pots were irrigated with saline

water, suggested that these practices may improve sugarcane growth in

saline fields. Therefore, a pH and P differential along with irrigation

frequency were selected as treatments for the field experiment with

sugarcane.

Summary: Maize dry weight increased as soil pH was lowered from 7.4 to

5.5, and as concentration of P in solution was increased from .02 to .10

ppm. A significant dry weight increase with P occurred only at pH 5.5.



Table 15. -- Effects of soil P and irrigation water quality on dry
weight of maize (4 weeks old) at pH 6.7 with 200 Kg
N/ha. Means of three replicates.

Saline Saline Water + Distilled
ppm P in Solution Water 0.5 m molar CaS04 Water P Means

Dry weight/pot (g)

P 0.02 2.90 2.72 2.42 2.68

P 0.05 2.76 2.56 2.69 2.67

p 0.1 3.05 3.41 2.73 3.06

Wate.r Quality Means 2.90 2.89 2.61

F-test for treatments was not significant at the 0.05 level.

59
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Table 17. -- Effects of Nand P concentration on dry weight of maize
(4 weeks old) at pH 6.7 and irrigated with saline water.
Means of three replicates.

N Concentration (Kg/ha)
N200 N300 P Means

Dry weight/pot (g)

2.90 3.19 3.04

2.76 3.27 3.01

3.05 2.87 2.96

2.90 3.11

P 0.05

P .02

P 0.1

N-·Means

ppm P in Solution
---_._-------------------------------

F-test for treatments was not significant at the 0.05 level.



Table 16. -- Effects of soil P and irrigation water quality on mineral composition of maize (4 weeks old)
at pH 6.7 with 2nO Kg/ha. Means of three replicates. Greenhouse nutrition experiment on
saline soil.

Plant Composition (Dry Weight Basis)

FACTORS N P K Mg Ca S Si Na Cl Mn Fe Cu Zn
- - - - - % - - - - - - - - - - - - - - - - - - - - - ppm - - - -

P in
Solution

(ppm)

0.02 l.39a* l.12b 2.77a O.23a 0.37a 0.18a l.22a O.23a 2.lZa 107a lO4a 9a 15a

0.05 1.38a 1.l3a 2.66a 0.2la 0.36a 0.16b l.18a 0.2la l.85b 109a 97a 9a l4a

0.10 l.24b 1.l3a 2.49b 0.22a 0.32b O.14c 1.2la 0.17b 1.59c 109a 105a 8a l4a

Water
Quality

saline
water 1.38a 0.12b 2.83a 0.22a 0.39a O.2la L30a 0.29a 2.5la lO4b lOOa lOa l5a

O.5mM CaS04 1.3la O.lZb 2.90a O.22a O.37a 0.2la 1.15b O.25b 2.53a 98b 104a lOa l4a

distilled
water l.3la o.rss 2.24b D.22a D.29b D.D8b L15b D.07c D.69b l2Da 105a 7b l5a

* means within the same factor in the same column followed by the same letter are not significantly different
at the 0.05 level.

0'
0
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The largest gain in dry weight was attained with pH 5.5 along with 0.1

ppm P in the soil solution. The relative increase in dry weight due to

low pH was greater than the increase due to P application. Application

of gypsum to the soil either by incorporation or by addition in the

saline irrigation water had no significant effect on maize dry weight.

Similarly increased N application from 200 kg/ha to 300 kg/ha did not

increase dry weight significantly while irrigation with distilled water

resulted in a reduction in dry weight.

Sugarcane Field Experiment

The experiment was set up on field 290 of Pioneer Mill Company,

Ltd., located in Maui, which had been irrigated with saline water for

a number of years. The objectives were to study the effects of (1) sul

fur application, (2) P fertilization, and (3) irrigation frequency on

growth of sugarcane var. H50-7209 grown under saline conditions. The

sugarcane crop was irrigated with saline water (6 mmhos/cm) by means of

a drip irrigation system.

Effect of Sulfur

In general, application of sulfur (lowering soil pH) to saline

soil increased sugarcane dry weight. Dry weight at the high (S2) sulfur

level (pH ~ 4.7) was significantly greater than when sulfur was not

applied (SO) (pH Z 6.6) (Table 18), although dry weight differences be

tween Sl and S2 (pH 5.6 and pH 4.7) levels of applied sulfur were not

significant.

When the crop was irrigated daily, dry weight increased continuously
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Table 18. -- Effects of sulfur, phosphorus and irrigation frequency on
dry weight of sugarcane var. H50-7209 (11 months old).
Means of six replicates. Field experiment on saline soil
irrigated with saline water.

P applied Irrigation Sulfur level
kg P2OS/ha Frequency So 81 S2

H Ton/ha

0 Daily 32.9abc* 35.8abc 38.7ab

4 days 33.6abc 29.5c 31.3bc

300 Daily 35.8abc 40.3a 40.3a

4 days 32.5abc 33.6abc 38.0ab

non-saline 57.0
controlt

* Means with a letter in common are not significantly different at
the 0.05 level.

t Non-saline control = without P, 4 days irrigation and without
sulfur addition. It was not included in the statistical analysis.
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with each increase in applied sulfur when P was not applied (Fig. 4).

The percent dry weight increase due to sulfur application were 8.2% and

17.1% over the no-sulfur treatments at low (81) and high (8 2) sulfur

levels, respectively, with daily irrigation and without P (Table 19).

When P was applied, the dry weight increased by about 11.5% with the

first increment of applied sulfur, in the daily irrigation treatments,

further application of sulfur did not result in any additional gain in

dry weight over the previous sulfur level (Figure 4, Table 18).

Increasing sulfur application from 81 to 82 increased dry weight by

3.6% and 17.6% over the control (no-sulfur) respectively, in plots irri

gated every 4 days when P was applied, but when P was not added, sulfur

application actually reduced dry weight at both levels of sulfur, even

though the decrease in dry weight is less at the higher sulfur level

(8 2) (Fig. 4).

The increased dry weight as a result of sulfur applications may be

due, in part, to an increase in Mn availability at low pH values. Ryan

et al. (1974) reported an increase in water soluble Mn in four calcareous

Arizona soils upon acidification with sulfuric acid. The concentration

of Mn in the soil was not determined in this study, but leaf sheath

tissue Mn levels increased (Table 22) and Mn uptake increased (Appendix

Table 40) with increasing sulfur applications. However, Mn concentra

tions at 80 (pH 6.6) were above the critical level of 10 ppm given by

8amuels (1969) for sugarcane.

Another possible explanation for the increased growth with 8 appli

cation may be the increase in phosphorus availability in the soil at low

pH resulting in greater P uptake (Appendix Table 40). Pratt (1961) re

ported that lowering pH from 7.0 to 4.2 in calcareous soils high in
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Figure 4. Effects of sulfur, phosphorus, and irrigation frequency
on dry weight of sugarcane var. H50-7209 (11 months old).
Field experiment on saline soil irrigated with saline water.
The corresponding soil pH values for the three S levels were
6.6 (SO), 5.6 (Sl) and 4.7 (S2).



Table 19. -- Effects of P and sulfur applications on
sugarcane Var HSO-7209 (11 months old).
replicates. Field experiment on saline
with saline water.

dry weight of
Means of six

soil irrigated

66

P applied Sulfur level Phosphurus Means
Kg P2OS/ha So Sl S2

M Ton/ha

0 33.2 33.6 3S.0 33.6b*

300 34.1 36.9 39.1 36.7a

Sulfur means 33.6b 34.7ab 37.0a**

* means in the same column with a letter in common are not
significantly different at the 0.05 level.

** means in the same row with a letter in common are not significantly
different at the 0.05 level.
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Ca-phosphate increased the concentration of water soluble P in the soil.

Effect of P

Phosphorus application significantly increased sugarcane dry weight

(Table 19). Dry weight response to P application varied with the sulfur

level and the frequency of irrigation (Fig. 4). Phosphorus application

increased sugarcane dry weight at all sulfur levels in the daily irriga

tion treatments (Fig. 4). The percent increases in dry weight due to P

applications were 9.4, 12.8 and 3.8 at the 80, 81, and 82 sulfur levels,

respectively, with daily irrigation. The application of phosphorus re

sulted in a greater increase in dry weight at the highest sulfur level

(8 2), in the 4-day irrigation treatments than in the daily irrigation

treatments (21.3% vs 3.8%). While at the low level of applied 8 (81)

the percentage increase in dry weight due to P application was very

similar for both irrigation frequencies, 12.8 (daily) vs 13.8 (4 days).

When sulfur was not applied, addition of P increased dry weight only on

those treatments that received daily irrigation (Fig. 4).

The effect of P fertilization on the growth of sugarcane under

saline conditions has not been previously reported. However, increases

in dry weight with increased P applications have been reported by Ravi

kovitch and co-workers (1967, 1971a) for maize and millet and by Ferguson

and Hedlin (1963) for wheat grown under saline conditions. Contrary re

sults were found by Fine and Carson (1954) and by Bernstein et ale (1974).

The results in this study seem to indicate that high soil salinity

reduces P availability probably due to restricted root growth. Accord

ing to several authors, crops on saline soils may respond to higher

levels of P fertilization because restriction of root growth by salinity
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may decrease absorption of P by roots (Khalil et al., 1967). Hassan et

al. (1970) suggested that since P is not highly mobil in the soil, the

depression in P uptake by barley plants grown under saline conditions

may have been related to a decrease in the root surface area in contact

with P in the soil solution.

The response to 5 application appears to be related to the level of

P available to sugarcane (Table 19). When P was not applied there was

no response to 51' but a response to 52. When P was applied, however,

dry weight increased continuously with increasing sulfur applications.

On the other hand, the increase in dry weight with application of P was

greater when 5 was applied than when it was not (13.2 (51) and 11.7 (S2)

percent versus 2.7 percent (SO) (Table 19). When compared with the

check, no-sulfur-no P (SO-PO)' the combination of P with high sulfur

(S2) gave the greatest increase in dry weight (17.8 percent) (Table 19).

These results appear to indicate that the increased dry weight of sugar

cane as a result of sulfur application is due, in part, to an enhancement

of the P availability to sugarcane, at low soil pH (5troehlein et al.,

1978).

The dry weight obtained under the saline conditions of the experi

ment namely ECe = 19.6 mmhos/cm and E5P = 23.5, was compared with that

of a non-saline canefield (ECe = 1.6 mmhos/cm, ESP = 7.1) at comparable

age (11 mos). Table 20 shows that the high soil salinity conditions

present in the saline field reduced sugarcane dry weight by approximately

42% of the non-saline plots at comparable irrigation and fertilization

(4 days and without P or S).

Recently, an equation was developed by Mass and Hoffman (1977) for

salinity tolerance rating of crops: Y = 100 - B (ECe - A), in which
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Table 20. -- Effects of sulfur, phosphorus and irrigation frequency
on relative dry weight of sugarcane Var H50-7209 expressed
as a percentage of the dry weight of the non-saline plots (11
months old). Means of six replicates. Field experiment on
saline soil irrigated with saline water.

P applied

Kg p
205/ha

Irrigation Frequency Sulfur level

0 Daily 57.8 62.6 67.7

4 days 58.7 51.7 55.3

300 Daily 63.2 70.6 70.3

4 days 57.2 59.0 67.1

Dry weight of non-saline plots* = 57.0 H Ton/ha = 100%

* Statistical analysis was not performed on these data since the
non-saline plots were located in a field some distance from the
experimental area.
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Y = relative yield; A = the salinity threshold (salinity at which yield

starts to decline), and B = the percent yield decrease per unit salinity

increase; for sugarcane A = 1.7 mrnhos/cm and B = 5.9 (Maas and Hoffman,

1977). According to this equation a soil salinity level of 19.9 mrnhos/cm

obtained in this experiment, would give zero yield and not 43% as found in

this experiment. This high salinity level may (lave been due to improper

sampling. Since the soil samples were taken at about 15 cm from the cane

stool and about 30 cm from the drip line, there is the possibility that

the sampling was done right in the zone of maximum salt accumulation

and thus may not reflect the salinity level in the plant root zone.

However, this 19.6 rumhos/cm salinity level is an average of 72 soil sam

ples ranging from 4 to 32 mmhos/cm, so it may not be too abnormal.

Sugarcane variety H50-7209 is known to be very tolerant to salinity

which may account for the higher than predicted yield.

Application of sulfur and phosphorus reduced the detrimental effects

of salinity on dry weight to a greater extent in plots irrigated daily

than in plots irrigated every 4 days (Table 20). The percentage increase

in dry weight over the non-saline control was 57.8, 62.6 and 67.7 for

the SO' 81, and 82 sulfur levels, respectively, in the daily irrigated

plots, when P was not applied. When P was added, however, the dry weight

increase was 57.2, 70.6 and 70.3 percent with the SO' 81, and S2 sulfur

levels, respectively.

Effect of Irrigation Frequency

Increasing the irrigation frequency from 4 days to daily signifi

cantly increased sugarcane dry weight (Table 21). The mean sugarcane

dry weight in plots irrigated daily was 12.5 percent greater than in the
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Table 21. -- Effects of sulfur application and irrigation frequency on
dry weight of sugarcane Var H50-7209. Means of six
replicates. Field experiment on saline soil irrigated
with saline water.

Irrigation Sulfur level Irrigation
Frequency So Sl 82 Frequency

Means

M Ton/ha

Daily 34.3 38.0 39.5 37.2a*

4 days 33.0 31.5 34.6 33.0b

Sulfur means 33.6b 34.7b 37.0a**

* means in the same column with a letter in common are not
significantly different at the 0.05 level.

** means in the same row with a letter in common are not significantly
different at the 0.05 level .

..
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plots irrigated every 4 days. The dry weight increases due to more

frequent irrigation (daily vs 4 days) were greater at the highest sulfur

level (8 2), when P was not added, while when P was applied, the greatest

dry weight increase due to daily over 4-day irrigation occurred at the

81 sulfur level (Figure 4; Table 18).

The increase in dry weight which occurred when the frequency of

irrigation was increased may be explained in terms of the total soil

water potential (l/I soil) components: l/Isoil = matric potential (l/Im) =

osmotic potential (l/Io). As the soil becomes drier, l/Im and l/Io decrease

(become more negative). The result is a lower l/Isoil in the plots irri

gated every 4 days than in those irrigated daily. Thus water availabi-

lity to sugarcane was probably more restricted Ly the 4-day irrigation inter

val than by daily irrigation. These results are in agreement with those

found by the author in the greenhouse experiment with maize discussed

earlier. Slllilarly, a reduction in l/Isoil was found to reduce the growth

of bean plants (Wadleig and Ayers, 1945).

In relation to the non-saline plots, dry weight reduction due to

salinity was less in the daily irrigated plots than in plots irrigated

every 4 days regardless of the S treatment (Table 20).

Leaf Sheath Mineral Composition

Calcium. The Ca concentration of the leaf sheaths was not signifi

cantly affected by increased sulfur level (SO to S2) or decreased soil

p~~ (6.6 to 4.7) at both irrigation frequencies (Table 22). The concen

tr.ation in the saline plots was very similar to that in the non-saline

plots and in both cases was below the critical level of 0.20 percent

given for sugarcane (Clements et al., 1968), indicating a Ca deficiency.



Table 22. -- Effects of sulfur, phosphorus, and irrigation frequency on the mineral composition of leaf sheaths
of sugar.cane Var H50-7209 (11 months old) ° Means of six replicates. Field experiment on saline
soil irrigated with saline water.

---
PIa n t Min era 1 Com p 0 sit ion

Factor Leaf 5th Lea f She a t hnlade Inli' Sheath
N p K K-HZO Ca M3 S Si Na Cl Mil Fe eu Zn

%Dry We~h!~3sl!l__________ ppm

P applied Sulfur
Kit P20S/ha -2.=.vel Daily Irr!&ation

so 1. 571lbc 0.09a 0.12a 3.30a 0.61 0.09a O.10a 0.18a 1.38a 0.07a 1.90a 53d 86a 11a 26a
0 81 1. 51abc 0.09a O.13a 3.l9ab 0.6l 0.08a O.lOa 0.18a 1.46a 0.07a 1.81abe 68be 86a 11a 26a

S2 l.S8abe 0.09a 0.12a 3.l2ahe 0.64 0.08a 0.10a O.Ha 1.48a 0.07a 1.8lnbe 6Rbc 9Sa lOa 23a

SO 1. 66ab 0.09n O.13a 3.l9ab 0.63 0.09a li.lla 0.1611. 1.33a 0.07a 1.1I0abe S6d 87a lOa 26a
~OO 81 1.44e e.09a 0.12a 2.88e 0.60 0.083 0.10a O,16a 1.45a O,07a 1.o7e 60ed 95'1 lOa 23a

S2 1. 57abc 0.09a 0.13a 3.12abc 0.64 0.09a o.roe G.17a 1.41a 0.07a 1.76abe 84a 83a lOa 2Sa

4 Day ° Irrigation

SO 1.47c 0.09a O.13a 3.20ab 0.63 0.09a o.ns 0.18a 1.35a 0.07a 1. 82Ab S8ed 85a lOa 27a
0 81 1. 56abc 0.10a 0.13a 3.06ab 0.62 0.08a 0.10a 0.1611 1.44a 0.07a 1. 82ahe 68be 90a lOa 2i,a

52 1. 57abe 0.09a O.13a 2.94he 0.57 0.08a 0.09a 0.16a 1.37a 0.08a 1.64bc 76ab 87a lOa 24a

SO L49bc 0.09a 0.12a 3.02ae 0.62 0.08a O.l1a 0.17a 1.408 0.07a 1. 75be 56d R8n lOa 25a
:iOO 81 1.67a O.10a 0.1Ja J.05be 0.62 0.09a O.lOa O.17a 1. 37a 0.07a 1. 72Lc 5ged 85a lOa 2Ga

82 1. 54abe 0.09a O.13a s.oaese 0.58 0.08a O.l1a 0.17a 1.4\1a 0.07a 1. 74be 71b 87a lOa 26a

Non-saline plots 1.74 0.07 0.11 2.72 0.59 O.O~I 0.11 0.18 1.58 0.07 1.46 59 81 10 19

Critical values 2.0 0.05 0.08 2.2 0.42 0.21> 0.07 0.20 - - - 10 - 10 10

-
'" Means in the same column wHh a letter in common are not sig,liflcallt1y different at the 0.05 level.

-...J
W
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The low sheath Ca concentrations in the saline plots are probably due to

a reduced Ca uptake caused by high amounts of exchangeable Na percentage

(>20%) in the soil. According to Black (1968) high exchangeable sodium

percentage (>15%) in the soil may cause Ca deficiency in at least two

ways. First, because Na is comparatively loosely held in exchangeable

form, the ions released to the soil solution in a fractional exchange

are mostly Na ions. This contributes to the second, in that Na excludes

Ca from absorption on a competitive basis because Na is absorbed by the

plant roots instead of Ca. The low sheath Ca concentration of the non

saline plots is probably due to low concentrations of exchangeable Ca

in the soil (1.9 meq/100 g) and/or to high exchangeable Mg concentration

(5.2 meq/100 g) which probably reduced Ca uptake by sugarcane. A Mg

induced Ca deficiency has been reported by several authors (Lund, 1970;

Proctor, 1970; Vlamis, 1949).

Magnesium. Sulfur applications had very little effect on sheath Mg

(Table 22), and ~fg concentrations remained above the critical value of

0.07% given by Clements et ale (1968) and was about the same as in the

non-saline plots (0.11%). The concentration of sheath Mg was generally

unaffected by P application and irrigation frequency (Table 22). The

effect of increasing P concentration from 10 to 40 ppm P in the nutrient

solution on the Mg content of several crops was also reported to be non

significant at solution salinity levels of 1.45 to 12.0 mrnhos/cm (Patel

and Wallace, 1976).

Potassium. In general, K concentration was not significantly af

fected by treatments (Table 22). Although K tended to be reduced slight

ly by application of sulfur and the reduction was significant only

when P was not applied (Table 23), phosphorus application had no definite



Table 23. -- Effects of sulfur and phosphorus on potassium
concentrations in the leaf sheaths of sugarcane
Var H50-7209 (11 months old). Means of six
replicas. Field experiment on saline soil irrigated
with saline water.

P level Sulfur level Phosphur

Kg P02Os/ha S S S Means

0 1 2

% K

0 3.25 3.13 3.03 3.l4a*

300 3.10 2.97 3.10 3.06a

Sulfur means 3.l8b 3.0sb 3.07b

* means with a letter in common are not significantly different
at the 0.05 level.

75
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effect on the K content of sugarcane leaf sheaths. A similar lack of

effect of increased P was found for millet and clover at soil salinity

levels of 5.0 to 13.0 mmhos/cm (Ravikovitch and Yoles~ 1971b). The K

content of the leaf sheath expressed both on the percent dry weight

basis or percent moisture (K-H20) were above the critical levels of 2.2%

and 0.42%, for these tissues, respectively (Clements et al., 1968;

Samuels, 1969) (Table 22). The fact that sheath K concentration was

almost the same or higher in the saline plots than in the non-saline

plots, indicates that sugarcane is able to take up K even in the pre

sence of high Na concentration in the soil as has been reported for

other cr.ops (Epstein et a1., 1963; Rains and Epstein, 1967; Rains, 1972).

Sodium. There were no significant differences in sheath Na con

centrations between any of the treatments (Table 22). Sheath Na concen

trations were similar for both the saline and non-saline plots (0.07%).

These low Na concentrations in the saline plots are probably due to the

fact that Na is not readily translocated from the roots to the tops

(Bernstein et aI., 1966b); since sugarcane, in general, does not exclude

Na (Tanlinoto, 1969), it was probably accumulated in the roots as reported

for other crops (Bower and Wadleigh, 1949; Bernstein and Pearson, 1956).

Sin~e Na concentration in the roots of sugarcane was not determined, the

possibility of a detrimental effect of high Na concentration in the soil

on sugarcane growth cannot be ruled out. High Na concentration in the

soil exchange complex has been reported to cause withdrawal of Ca from

plant root tissue (Thorne, 1945) leading to Ca deficiency (Chang and

Dregne, 1955).

Leaf nitrogen. The concentration of N in the leaf blade varied

with S application, but there did not seem to be a definite pattern
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(Table 22). The highest N level was 1.67 percent in the Sl-P300 treat

ment with the 4-day irrigation interval. Leaf N concentrations in the

saline field are below the critical level of 2% for young sugarcane

(Samuels, 1969) and below the Leaf N in the non-saline plots (1.7%).

These low leaf N values are probably due to inadequate N fertilization.

Normal N levels were 2.08 and 2.13% for the saline and non-saline plots,

respectively, which also indicates that leaf N was deficient (Clements,

1970).

Phosphorus. Phosphorus concentration in the 5th internode or in

the leaf sheaths of plants in the saline field was generally unaffected

by the treatments imposed and was above the critical level suggested

for sugarcane of comparable age 0.05 (5th internode) and 0.08 (leaf

sheath) (Clements et al., 1968) and was higher than in the non-saline

plots (Table 22). The results appear to indicate that P levels in the

soil were adquate. The P concentration in the soil determined before

the experiment was 32 ppm (Modified Truog) (Table 6) which is considered

adequate, however, applied P significantly increased yields.

Chloride. The concentration of Cl in the leaf sheath was signifi

cantly reduced by the application of sulfur in the S2 and Sl treatments

in the no-P and 300 kg P treatment, respectively. However, there were

no significant differences between the two sulfur levels (Sl and S2)

(Table 24). The decrease in Cl with S application may be due to a de

crease in Cl concentration in the soil solution (Table 26) and to compe

tition with increased S04 ions in the soil solution.

Sheath Cl concentration was reduced by P application, but differences

were significant only at Sl (Table 24). Similar effects of P on Cl

concentration have been reported for crops other than sugarcane.
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Table 24. -- Effects of sulfur and phosphorus on chloride concentration
in the leaf sheaths of sugarcane Var HSO-7209 (11 months
old). Means of six replicates. Field experiment on saline
soil irrigated with saline water.

P Level Sulfur Level Phosphorus
Kg P20S/ha So Sl 82 Means

% Cl

0 1.86 1.81 1. 7S 1.80a

300 1. 78 1. 70 1. 7S 1. 74b

S means 1.82c 1. 7Sd 1. 7Sd

* Means with a letter in common are not significantly different at the
O.OS level.
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Ravikovitch and Porath (1967) reported that increased applications of P

reduced the Cl concentration of clover and beans at soil salinity levels

of 1.2 to 7.0 mrnhos/cm. Contradicting results were reported for corn

and sudan grass by Patel and Wallace (1976).

The concentration of Cl in the leaf sheath was not significantly

affected by irrigation frequency (Table 22).

Sulfur. There were no significant treatment effects on the concen

tration of S in the leaf sheaths and S levels were a little below the

critical level for sugarcane in both saline and non-saline plots (Table

22). These S levels may indicate borderline S deficiency.

Silicon. The concentration of Si in the leaf sheaths tended to in

crease as sulfur level increased (non-significant at the 0.05 level)

(Table 22). Neither P application nor irrigation frequency had any

effect on sheath Si concentration (Table 22).

Manganese. Sheath Mn concentration was increased by 13 ppm and 17

ppm over the control (SO) with sulfur levels Sl and S2' respectively,

without P application whilewithP application, Mn concentration increased

by 3 ppm and 21 ppm for Sl and S2' respectively (Table 25). The increase

in Mn concentration with increased S (decreasing soil pH) was significant

only at the S2 level (Table 25). The increase in sheath Mn with sulfur

applications may be due to increased soil Mn availability as the soil

became more acid. Similar results were reported by Vlamis and Williams

(1962) and by Hassan et ale (1970).

Sheath Mn concentration was significantly higher without P applied

than with P only in the Sl treatments (Table 22). Leaf sheath Mn was

generally higher with the 4-day irrigation than with daily irrigation
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Table 25. -- Effects of sulfur and phosphorus on manganese concentration
in the leaf sheaths of sugarcane Var H50-7209 (11 months
old). Means of six replicates. Field experiment on saline
soil irrigated with saline water.

P Level
Kg PZ05/ha So

Sulfur Level
Sl S2

Phosphorus
Means

o

300

S means

55

56

56b

ppm Mn

68

59

64b

72

77

75c

65a*

64a

* Means with a letter in common are not significantly different at the
0.05 level.
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without applied P, but with applied P, the reverse was true (Table 22).

In general, sheath Mn concentration was higher in the saline treat-

ment at Sl and S2 sulfur levels than in the non-saline plots, regardless

of P concentration in the soil, but at SO' sheath Mn concentration was

lower in the saline treatments than in the non-saline control at both P

levels (Table 22).

Iron. Iron concentration in the leaf sheath was not significantly

affected by sulfur or phosphorus applications or by irrigation frequency

(Table 22). Sheath-Fe concentration was slightly higher in the saline

plots than in the non-saline plots.

Copper. The concentrations of Cu in the leaf sheaths were essen

tially unchanged by the applied treatments (P, S, and irrigation fre

quency). The concentrations of Cu in the leaf sheaths from the non-

saline plots and saline plots were very similar (about 10 ppm) (Table 22).

Zinc. Sheath Zn concentrations were essentially unchanged by treat

ment effects (Table 22) although Zn concentration was higher in the

saline plots than in the non-saline plots (about 24 vs 19 ppm).

Effects of Sulfur, Phosphorus and Irrigation Frequency on Soil Chemical

Composition

Table 26 shows the soil chemical composition from samples taken on

October 1978, about one month before harvest.

Soil pH. Sulfur application lowered soil pH to values close to

those estimated (5.0 (4.7) and 6.0 (5.5)) which indicates that salinity

had no effect on the microbiological oxidation of S to S04 (Thiobacillus

spp.).

Soil pH was not affected by either P application or irrigation



Table 26. -- Effects of phosphorus, sulfur and irrigation frequency on soil composition. Soil samples
taken at IS cm depth in October 1978, before November rains. Means of three replicates.
Field experiment with sugarcane on saline soil irrigated with saline water.

S 0 i 1 Com p 0 sit ion

Factor

P applied
Kg P20S/ha

Sulfur
level

pH
(Soil ECet
paste) mmhos/cm

ESPtt
%

Exchangeable Cationt t t
Ca Hg K Na

meq/lOO g

Daily Irrigation

Saturation Extract
Cl S04

meq/l

o

300

So
Sl
S2

80
81
S2

6.5a*
5.5b
4.8c

6.4a
5.7b
4.4c

19.3a
l7.8a
19.0a

25.6a
l6.6a
l8.2a

25.la
24.4a
20.9a

21.2a
22.8a
22.0a

2.9a
3.3a
2.8a

3.2a
2.6a
3.6a

4.0a
3.5ab
3.0b

5.0a
4.7a
3.2b

0.6a
0.5a
0.4a

0.5a
0.4a
0.4a

4.6a
4.5a
3.9a

3.9a
4.2a
4.la

208a
l7lbc
l75b

272a
l58c
l42c

4.9c
l8.6b
25.0ab

6.6c
l6.Sb
24.2ab

4-Day Irrigation

Non-saline soil

a

300

So
Sl
S2

So
81
82

6.6a
5.lbc
4.8c

6.6a
5.6b
4.7c

6.4

19.1a
24.la
19.2a

l7.6a
l8.1a
20.la

1.7

24.0a
22.4a
24.9a

23.9a
24.8a
2S.3a

7.1

3.2a
3.6a
3.5a

3.4a
3.3a
3.6a

1.9

4.8a
4.4a
4.3a

4.9a
4.7a
4.4a

5.2

0.6a
0.4a
0.4a

0.5a
0.5a
0.4a

0.4

4.3a
4.2a
4.5a

4.5a
4.6a
4.7a

1.4

207a
23la
l66b

l89ab
l80ab
l73bc

12.2

5.6c
26.4a
24.3ab

5.3c
20.lab
23.6ab

1.0

t ECe = Electric conductivity of soil saturation extract.

tt ESP = Exchangeable Na+ percentage (Na + meg/lOa g/CEC meg/lOa g); CEC = 21.7 meg/lOa g.

ttt Exchangeable cations = Normal NH40Ac (pH 7.0) extract-soil saturation extract.

* }1eans with a letter in common are not significantly different at the 0.05 level.

00
N



83

frequency.

ECe. The soil salinity level was not altered by treatments. This

may be attributed to salt accumulation in the soil due to continued

irrigation with saline water (4 to 6 rnmhos/cm). Leaching may also have

been insufficient, especially in the daily irrigated plots, although

the drip irrigation system was supposed to deliver a volume of water

estimated Lo be 1.5 times pan evaporation so that the crop requirement

would be met and additional water would be provided to cause leaching,

the proper amount of water may not have been applied due to improper

operation of the drip system. Poor drainage is unlikely in this soil

due to its excellent physical properties (stable structure and high

permeability) even under saline-sodic conditions (El Swaify, 1969;

El Swaify and Swindale, 1968).

ESP. Similar to ECe, ESP was unaffected by the treatments imposed.

The fact that lowering soil pH by S application did not reduce ESP as

expected was probably due to insufficient amounts of soil Ca to replace

Na from the exchange complex (Stromberg and Tisdale, 1979). In addition,

inadequate leaching and irrigation with saline water high in Na, and dis

solved HC03 and C03 ions, probably caused precipitation of CaC0 3 (Doneen,

1975) even at these low pH values (4.7-5.5).

Exchangeable cations. The concentration of exchangeable Mg was

generally lower in the S plots (low pH) than in the no-S plots, but the

differences were only significant at the 52 level (lowest pH) with daily

irrigation at both P levels (Table 26).

The reduction in exchangeable Mg with application of 5, was probably

due to its release into the soil solution by exchange with Na ions and

subsequent removal from the soil solution in the drainage water as the
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sulfate due to the increased concentration of S04 ions (Tisdale and

Nelson, 1975). The effect of P and irrigation frequency on exchange

~ble Mg were generally not significant at the 0.05 probability level

(Appendix Table 44).

High application of S (S2 level) resulted in lower levels of ex

changeable K than whenS was not added to the soil at both irrigation

frequencies, but differences were significant only when P was not added

(Table 26). This reduction in soil K at the high S level (S2) was prob

ably due to.the low soil pH (4.7) which may have increased exchangeable

K losses by leaching (Tisdale and Nelson, 1975). The effects of P and

irrigation frequency on exchangeable K were not significant (AppendiX

Table 44).

Exchangeable Ca and K levels were not significantly affected by

any of the treatments imposed (Appendix Table 44).

Anions. The concentration of Cl tn tbe soil lola!'; significantly

reduced by S application while that of S04 was increased especially in

the daily irrigated plots at both P levell:i (Table 21). This is probab

ly a sal t balance effect as the pzopor t Lon of S04 salts to Cl salts

lncreased.

The effects of P and irrigation frequency on CI and S04 concentra

tion ~.;ere not significant (Appendix Table 44).

Ef f ec t s of Sulfur and Irrigation Frequen<:.Y.....£.n Soil-E!!. and SalinHl

C~anges During Experiment

Soil J?H._ Soil pH changed with time in relation to sulfur and irri

gaticn frequency (Figure Sa). In general, soil pH was higher in the non-

sulfur plots than in plots receiving sulfur at both irrigation frequencies.
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A decrease in soil pH was measured in all plots 3 months after the expe

riment began and was in the order 82 > 51 > 50 (control). The results

in the sulfur plots appear to indicate that much of the applied 5 was

converted to 504, After the initial pH drop in }~rch, soil pH increased

in June in all plots except of the high-sulfur (8 2) treatment in the

4-day irrigation frequency plots in which soil pH decreased from 4.7 to

4.4. The increase in soil pH in June can be attributed in part to the

heavy rainfall of the previous months (see Figure 56) which resulted in

a decrease in salt concentration in the soil. Continued transformation

of 8 to 504 probably accounted for the decrease in pH in the high sulfur,

4-day irrigation plots.

80il pH decreased from June to October, then increased again in

December, in the no-sulfur plots with both irrigation frequencies, while

in the 8 plots, soil pH increased in low (81) and high (52) sulfur plots,

with daily and 4-day irrigation, respectively, but tended to decrease in

the low (51) and high (52) sulfur plots with 4-day and daily irrigation,

respectively. These changes in pH can be attributed to changes in the

ECe and to rainfall (Figures 5b, 5c).

Heavy rainfall in November and December brought about a sharp drop

in salt concentration in all treatments as well as a general increase in

soil pH. In the high sulfur plots (S2) pH increased from 4.6 to 5.4 with

daily irrigation and from 4.7 to 4.8 with 4-day irrigation (Figure Sa).

These increases in pH in December were due to the leaching of the soluble

salts from the soil by the rainfall, thus increasing soil pH.

Soil salinity (ECe). In general, ECe increased following a period

of low rainfall, but it decreased markedly after a heavy rain (Figure 5b).

The increases in ECe tended to be higher in the sulfur plots, than in the
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no-sulfur plots at both irrigation frequencies. This was probably due

to increases in soluble S04 salt upon application of S to the soil.

Similarly the increases in ECe were generally higher in the 4-day irri

gation plots than in the daily irrigated plots. This can be attributed

perhaps to a greater salt accumulation in the surface soil as the soil

became drier, since all plots received essentially the same quantity of

saline water at irrigation.

The decreases in ECe following the March to May rainfall were

greater in the 4-day irrigation plots than in the daily irrigation plots

and higher in the sulfur plots than in the no-sulfur plots, especially

at Sl. However, after the November rainfall (102 rnrn or 4 inches) the

drop in ECe was greater at So (no-sulfur) than S2' regardless of the

irrigation frequency.

These results suggest that rainfall or irrigation with fresh water

results in leaching of soluble salts from this soil. The extent of salt

removal depends on the volume of water applied and to a smaller extent,

on the moisture content of the soil at time of irrigation or rainfall.

Effect of Rainfall on pH and Soil Salt Concentration After Application

of Sulfur

In general, rainfall will leach the excess salts present in the

soil providing good drainage conditions exist, thus reducing soil sali

nity hazards. In a saline-nonsodic soil (ESP < 15, Ece < 4.0 rnrnhos/cm)

this leaching will be beneficial for plant growth, but if the soil is

saline sadie, as in the case of the experimental field (ESP > 15, ECe >

4.0 mmhos/cm) leaching of the soluble salts will increase the detrimental

effects of Na on plant and soil structure, since the exchangeable Na may
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not be leached. Removal of exchangeable Na can be achieved only if

enough soluble Ca is present in the soil, i.e., gypsum or if it is

made soluble from CaC03 material by lowering soil pH (Stromberg and

Tisdale, 1979). In addition, sufficient leaching must be provided to

remove soluble Na salts from the soil.

With this idea in mind, soil samples were collected from several

experimental plots to investigate (1) the extent to which the rainfall

that usually occurs during October to December in Lahaina, Maui, reduces

soil salinity, and ESP, and increases pH, and (2) the effect of S appli

cation on ESP. The results of this study are presented in Table 27.

Soil pH. Soil pH increased significantly with increasing soil

depth (Table 27) in the S2 treatments in both irrigation frequencies.

The pH differences were significantly greater in the top 30 em (12")

while below 45 em (18") pH changes were negligible. The lowest pH oc

curred in the top 15 em of plots receiving S2 and irrigated every 4 days

(Table 27). The low pH in the top 15 em (6") of both S2 treatments is

likely due to oxidation of the sulfur incorporated into the soil.

Soil pH was higher in the no-sulfur plots than in the sulfur plots

(S2) to the 61 em (24") depth with both irrigation frequencies, but dif

ferences between So and S2 were significant only at the 15 and 30 em

depths (Table 27).

These results show that the immediate effect of heavy rainfall is

to increase soil pH regardless of previous irrigation cycles and sulfur

application, and that pH increases of up to 0.5 pH units over the soil

pH before the rain may be exp~cted at least in the top 15 em (6") depth

(Table 11). The increase in soil pH due to rainfall can be attributed

to the decrease in salt concentration caused by salt removal from the



Table Z7. -- Effects of heavy rainfall on soil pH, salt concentration (ECe), and exchangeable sodium
percentage (ESP) on selected treatment combinations. (Heavy rain (85 mm) on lZ/5-8/78,
soil saulples collected on lZ/13/78.) Means of three replicates.

S 0 i 1 Com p 0 sit ion
Factor Soil pH ECe ESP

mmhos/cm %
Irrigation Soil Depth Sulfur Level Sulfur Level Sulfur Level
Frequency (em) So Sz So S2 So 8Z

15 (6.5)*6.9at (4.9)5.4c (19.3)1.3c (19.1)3.lc (25.1)l0.ld (21.0) 4.7e

30 7.0a 6.0b 2.6c 4.3bc 15.5bcd 11.8cd
Daily

45 6.9a 6.Sab 6.0a 6.8a 20.8ab lS.Sbcd

60 6.8a 6.7a l1.6a 7.4a l7.6abc l7.8abc

90 6.8a 6.8a 8.la 6.4a 19.6ab l8.7ab

15 (6.6) 7.0a (4.9)4.9c (19.l)1.2c (19.2)3.0c (24.0)11. 9cd (25.0) 2.6f

30 6.9a 6.0b 3.5bc 3.8bc 20.9ab 5.gef
4 days

45 6.9a 6.5ab S.6abc 3.9bc 23.0a 8.ge

60 6.9a 6.7a 7.4abc S.2bc 2l.lab l4.9bcd

90 6.7a 6.8a 9.Sab 7.0a 19.5ab 19.8ab

* Means within the same variable (pH, ECe and ESP) with a letter in common are not significantly
different at the 0.05 level.

t ( ) Mean value for soil samples taken in October, 1978 before the November rainfall.

co
\0
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soil profile by leaching as soil water content increases (Black, 1968).

It appears that the lowering of soil pH by sulfur application was effec

tive to the 30 em (12") soil depth.

ECe. Soil salt concentration (ECe) increased with increasing soil

depth in all treatments (Table 27). ECe at the 15 em (6") soil depth

was significantly lower than at depths below 30 cm (12") especially in

the daily irrigation treatments. The lower ECe of the top is to 30 cm

(6"-12") soil depth indicates salt removal by leaching.

The ECe values were not significantly affected by either S applica

tion or irrigation frequency, at all soil depths. These results appear

to indicate that leaching of salt by rainfall is not affected much by S

treatment or by the moisture status of the soil.

Rainfall reduced ECe of the top 15 cm (6") soil depth by approxi

mately 93.0 percent of the previous ECe (ECe = 19.3 mmhoscm) at both

irrigation frequencies (Table 27). This reduction was less in the plots

where sulfur was applied (~84.0%). Plots which received sulfur had

higher ECe than no-sulfur plots to soil depths from 15 cm (6") to 45 em

(18") in the daily irrigated plots and from 15-30 cm (6"-12") in those

irrigated every 4 days (Table 27). The opposite was true at lower soil

depths.

The salt distribution in the soil profile showed that rainfall caused

leaching of salts, indicating the soil had good drainage at least within

the soil depths studied. The lower ECe of the top 15-30 cm (6"-12") soil

depth may be due to better drainage conditions and better salt removal

by leaching.

Exchangeable sodium percentage (ESP). The ESP was estimated from

the SAR values by the equation:



ESP = 100 (-0.0126 + 0.01475 SAR)
S + (-0.0126 + 0.01475 SAR)
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where SAR = Na meq/l / ICa + Mg
2

,

Na, Ca and Mg were determined in the saturation extract. ESP generally

increased with increasing soil depth in all plots (Table 27). The in-

creases were significant for the 15 cm (6") and 30 cm (12") depth. This

was due to an increase in the Na concentration at deeper horizons

probably as a result of Na leaching from the upper horizons. Sulfur

plots had lower ESP values than no-sulfur plots to a depth of 45 cm in

the daily irrigated plots and to the 60 cm depth in the 4-day irrigation

plots. However, differences in ESP values between So and S2 plots were

significant only in the top 15 cm for daily irrigation and in the 15 and

30 cm depths in the 4-day irrigation treatment (Table 27). The lower

ESP values in the S plots were due to an increase in soluble Ca as a

result of the low pH and the leaching of Na salts to lower horizons.

The ESP values of the 4-day irrigation plots were lower than those

irrigated daily to a depth of 60 cm for the S2 treatment~ although dif-

ferences in ESP were significant only to the 45 cm depth.

Rainfall reduced the ESP of the top 15 cm (6") by about 59.7 and

53.3 percent below the ESP value before the rain for the So plots irri

gated daily (ESP ~ 25.1) and every 4 days (ESP ~ 24.0), respectively

(Table 26). Sulfur application resulted in a greater reduction in the

ESP of the top 15 cm (6") depth (Table 27). This reduction in ESP was

greater in plots irrigated every 4 days than in those irrigated daily

(89.5 vs 77.5 percent, respectively).
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The reduction in ESP occurred in the So plots after the November

December rains appears to indicate that there is enough soluble Ca in the

soil, at least at the top 15 cm depth, to replace Na from the exchange

sites, therefore reducing ESP, and leaching appears to be a major factor

in controlling the replacement of Na by Ca•

.~mmary: The relative effects of the experimental factors on fmprove

ment; of sugarcane growth under sal.Lne conditions were in the order irri

gation frequency> phosphorus> sulfur.

The greatest dry weight yield was obtained when daily irrigation,

P application and sulfur applications were combined.

Application of S had no effect on Ca and Na levels in the soil and

did. not rt:duce ESP. However, S applications reduced exchangeable Mg and

K in the soil.

Daily irrigation did not reduce ECe but it did reduce ESP.

During the course of the experiment, soil pH and ECe fluctuated

with rainfall. A soil pH increase of up to 0.5 pH units can be expected

after a sufficiently heavy rainfall, while a decrease in ECe results.

Sulfur application reduced concentrations of K, Mg and CI in

the leaf sheaths of sugarcane and increased sheath.Hn. Ca levels

Ln the sheaths, howeve r , were at deficiency levels for all S rates

and leaf N values were below the critical level for 11 month-old cane.

Phosphorus application reduced the concentration of CI in the

leaf sheath, but in general, had relatively little effect on leaf

sheath composition.
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Irrigation frequency had no effect on leaf sheath mineral composi

tion yhich indicates a marked leaching of soluble salts and reduction of

ESP in the top 30 cm of soil. The reduction in ESP due to rainfall was

much greater when S was applied than when it was not, regardless of the

previous irrigation pattern of the soil, suggesting that ESP can be

reduced by S application if enough leaching with fresh water is provided.

In suaanary , it appears that the reduced yields obtained under the

prevailing saline conditions of this soil are caused by a combination

of low soil yater potential due to high ECe and to nutrient imbalance,

especially to reduced Ca uptake, probably caused by high ESP and/or

high ECe.

Greenhouse Experiment with Sugarcane

The experiment yas set up to study the effects of (a) solution osmo

tis potential, (b) salt type, (c) solution pH, and (d) P concentration

in solution on the growth, mineral composition and water relations of

sugarcane var. H5-72-09. The plants yere groYn in pots containing a mix

ture of 1/2 vermiculite, 1/2 perlite; they yere irrigated daily with one

liter of nutrient solution containing the appropriate treatment combination.

Growth Parameters

Dry weight. Cane dry weight decreased linearly (Figure 6).

T~is reduction in dry weight with decreasing osmotic potential of the nu

trient solution relative to the control (-0.05 bar). expressed as a percent,

was 29.4 at -2.0 bars and 51.9 at -4.0 bars. Syed and El Swaify (1972a)

reported a reduction in dry weight of 23% for H50-7209 growing in scil

cultures when the salt concentration of the irrigation water yas 8.0

mmhos Zcm (equivalent to about -3.0 bars) which is comparable to the result
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Figure 6. Effects of solution osmotic potential (OP), salt type, and
pH on dry weight of sugarcane vaT H50-7209 (after 3.5 months of
growth). The EC values for OF of 0(-0.05), -2.0 and -4.0 bars were
0.1, 5.2 and 10.4 mmhos/cm, respectively, for NaCl and 0.2, 6.6 and
12.7 mmhos/cm, respectively, for Na2S04.
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obtained in this experiment at -2.0 bars (EC = 5.9 mrnhos/cm, Table 28).

The dry matter yield of the saline plots in the field experiment with

sugarcane was 61.8% of the non-saline plots (38.2% reduction) at an

average salinity level of 19.0 mrnhos/cm. The 38.2% reduction in yield

for the field experiment is considerably less than that observed at

11.8 rnmhos/cm (-4.0 bar OP) in the greenhouse test.

The higher yield obtained for the field experiment than for the

greenhouse one could indicate that sugarcane is more sensitive to sali

nity in the early stages of growth. It is also possible that the true

average salinity level in the field was much less than 19 rnmhos/cm. The

field experiment was harvested after 11.0 months of growth while the

greenhouse experiment was harvested after 3.5 months. The sensitivity

of young cane to salinity seems to be the more plausible reason for the

difference in response in the greenhouse and the field because Bernstein

et ale (1966) found the effect of salinity on sugarcane yield to be more

severe during early growth. At later stages of growth, the response of

cane finally stabilizes at a level characteristic for the variety under

the given conditions.

The type of salt used in the greenhouse experiment also influenced

dry matter accumulation. Dry weight was significantly greater with NaCl

than with Na2S04 (Table 28). Cane dry weight was 78.1 and 59.0 percent

of the control at -2.0 bars and -4.0 bars NaCl, respectively, while in

the two Na2S04 solutions, the dry weights were only 64.0% and 36.0% of

the control, respectively.

The results are in contrast with those of Syed and El Swaify (1972a)

who reported that high concentrations of Na2S04 in the irrigation water

(EC = 6.0 to 8.0 rnmhos/cm) were less inhibitory than NaCl to growth in
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Table 28. -- Effects of osmotic potential of nutrient solution (OP), and
salt type on dry weight, fresh weight and daily spindle
growth of sugarcane var. HSO-f209 (3.5 months old). Means
of three replicates. Greenhouse experiment in vermiculite
perlite growing mediumwith 2.5 ppm P in solution.

Dry Fresh Spindle
Factor Height Weight Growth

g/plant g/plant em/day

Solution Osmotic ECT
Potential (OP), bar mmhos/cm

-0.05 (control) 0.1 36.3a* l75.la 6.0a

-2.0 5.9 25.6b 98.5b 4.2b

-4.0 11.5 l7.6c 56.9c 2.5c

Sa.It Type

control 36.3a l75.la 6.0a

NaCl 25.4b 98.2b 4.0b

Ua2S04 l7.9c 57.3c 2.6c

OP x Salt Type

-0.05 (control) 0.1 36.3a l75.la 6.0a

-2.0 NaCl 5.Z 28.8b l2100b 4.7b

-Z.O NaZS04 6.6 2Z.Sc 76.0c 3.6-:

-4.0 NaCl 10.4 2l.9c 75.3c 3.3c

-4.0 NaZS04 12.7 13.3d 38.5d 1.6d

t EC = Electric conductivity of nutrient solution at the corresponding
OPe

* Heans in the same column with a letter in common are not signi.ficantly
different at the O.OS level.
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dry weight of sugarcane var. H50-7209. They attributed their result to

the possible beneficial effects of S04 on phosphate availability in the

soil. In agreement with this assumption are the results of the field

experiment with sugarcane var. H50-7209 presented earlier in the text

where application of elemental sulfur to the soil resulted in a greater

dry weight than when S was not applied.

The depression in growth of cane in Na2S04, relative to growth in

NaCl in the greenhouse test, is concluded to be due to the specific ion

effect of the salt, since the salts were isosmotic. The specific efiect

could be attributed to the more detrimental effect of 504 on growth than

Cl or to the higher concentrati~n of Na in the Na2S04 solution than in

NaCl: 72 and 144 vs 24 and 48 meq Nail at -2.0 and -4.0 bars, respectively.

The effect of 804 is probably due to its greater inhibition of uptake of

K, Ca and Mg (~ppendix Tables 45 and 46) than Cl at the high salt concen

tration used here (24 to 72 mM). When compared with C1, 804 has been

found to severely depress K absorption from salt concentrations greater

than 2.0 m}l (Rains, 1972; Epstein et a1., 1963). The effect of the Na

ior. is difficult to assess. Leaf sheath tissue analysis results did not

show Na uptake to be proportioned to Na in solution (Tables 34 and 35).

However, no measure of the effect of Na .in solution on the concentration

in roots was obtained. Bower and Wadleigh (1949), Bernstein and Person

(1956), and others have noted that some plant species accumulate Na in

their roots from high Na medium but translocate little to the top. There

fore, Na cannot be ruled out as a contributing fact0r to the reduction in

growth.

The effects of ph cn dry weight were not significant, although dry

weight was slightly lower at pH 7.0 than at pH 5.0, regardless of
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osmotic potential or salt type (Figure 6, Table 29). The effect of pH

was not significant for the field experiment either. However, dry weight

was greater at soil pH values 4.7 and 5.6 than at pH 6.6. This was

probably due to the increased availability of P and micronutrients in

the soil at low pH.

The concentration of P in the nutrient solution had no significant

effect on dry weight regardless of pH value, osmoticum or osmotic poten

tial (Table 30). However, under saline conditions in the field, P appli

cation significantly increased growth of sugarcane. These contrasting

results indicate that measuring growth responses to nutrients in the

presence of salinity in solution culture is of little value as a method

of evaluating responses under field conditions.

Soil treatments could alter the balance and concentration of more

than one nutrient, thus providing quite different results than those from

a solution culture experiment. Similar contrasting results are indicated

by the data of others. Patel and Wallace (1976) found that increasing

the concentration of P in the nutrient solution (6 to 40 ppm) did not

significantly affect the dry weight of maize or sudan grass at salinity

levels of 6 and 12 rnmhos/cm. However Ravikovitch and Yoles (1976b) found

that increasing the concentration of P applied to the soil from 6 to

20 ppm significantly increased dry weight of clover and millet growing

under high salinity levels (11 to 13 rnmhos/cm).

Sugarcane grown in the field on a saline soil probably responded to

higher levels of P because root growth would likely be restricted by

salinity. Reduced root development would limit the plants access to

nutrients such as P (Khalil et al., 1967) and to water (Thorup, 1969).

This would be less important in the greenhouse experiment since P and
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Table 29. -- Effects of solution pH, solution osmotic potential, and salt
type on dry weight, fresh weight and daily spindle growth of
sugarcane Var H50-7209 (3.5 months old). Means of three
replicates. Greenhouse experiment in vermiculite-perlite
growing medium with 2.5 ppm P in solution.

Dry Fresh Spindle
Factor Weight Weight Growth

g/plant g/plant em/day

Solution Osmotic ECt Solution
Potential (OP). bar mmhos/cm pH Control

-0.05 (control) 0.1 5.0 37. 33a''; l83.l0a 5.93a

7.0 35.33a l67.23a 6.l0a

NaCl

-2.0 5.2 5.0 29.l0b l26.07b 4.87b

7.0 28.63b l15.93b 4.63b

-4.0 10.4 5.0 22.00c 74.80c 3.47c

7.0 21. 77c 75.73c 3.93d

Na2S04

-2.0 6.6 5.0 23.87c 83.l3c 3.93d

7.0 2l.l0c 68.93c 3.30d

-4.0 12.7 5.0 l3.37d 38.76d 1. 77e

7.0 l3.23d 38.40d 1.50e

t EC = Electric conductivity of nutrient solution at the corresponding
OP.

* Means in the same column with a letter in common are not significantly
different at the 0.05 level.
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Table 30. -- Effects of phosphorus, salt type and solution pH on dry
weight, fresh weight, and daily spindle growth of sugar
cane Var H50-7209 (3.5 months old). Means of three
replicates. Greenhouse experiment in vermiculite-per
lite growing medium with solution osmotic potentials of
-0.05 (control) and -4.0 bars.

Factor Dry Weight Fresh Weight Spindle Growth
(g/plant) (g/plant) (em/day)

Solution pH ppm P in solution Control (-0.05 bar)

1.7 37.90a* l83.l0a 6.23a

5.0 2.5 37.33a l83.l0a 5.93a

3.3 35.40a l78.77a 6.30a

1.7 35.l7a l65.00a 6.03a

7.0 2.5 35.33a l67.23a 6.l0a

3.3 37.30a l81.l0a 6.l7a

NaCl (-4 bars)

1.7 22.53b 77.97b 3.47b

5.0 2.5 22.00b 74.80b 3.47b

3.3 23.l0b 80.37b 3.60b

1.7 l8.86b 64.33b 3.20b

7.0 2.5 21. 77b 75.73b 3.l7b

3.3 20.40b 69.83b 3.l0b

Na2S04(-4 bars)

1.7 l5.97cd 44.40c 1. 77c

5.0 2.5 13.37d 38.77c 1. 77e

3.3 13.03d 38.l0c 1. 77c

1.7 l5.43d 43.l3c 1. 63cd

7.0 2.5 13.23d 38.40c 1.50cd

3.3 l4.70d 42.67c 1.40d

*Means in the same column with a letter in common are not significantly

different at the 0.05 level.
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water were continuously supplied to the roots. Similar conclusions were

reached by Bernstein et al. (1974).

Fresh weight. The effect of decreasing osmotic potential of the

nutrient solution on fresh weight is shown in Figure 7. Fresh weight

was 56.3 and 32.5 percent of the control (-0.05 bars) at -2.0 bars and

-4.0 bars, respectively (a reduction of 43.7 and 67.5%, respectively).

The greater reduction in fresh weight (43.7% and 67.5%) than in dry

weight (29.4% and 15.9%) as solution osmotic potential decreased is be

cause the plant water content decreased as osmotic potential increased.

Relative turgidity (RT) of the leaves decreased and stomated resistance

(Rs) increased at lower osmotic potentials (Table 31). Fresh weight and

dry weight were highly correlated with relative turgidity (Appendix Table

50).

As with dry weight, the reduction in fresh weight due to decreased

solution osmotic potential was greater with NaZS04 than NaCl (Figure 7,

Table 28). Sodium sulfate decreased fresh weight by 56.6% with the first

-2.0 bars osmotic potential, while the decrease in fresh weight between

-Z.O and 4.0 bars was 49% (Figure 7, Table 28). The relationship between

Na2S04 and fresh weight was quadratic (RZ = 0.98) (Appendix Table 49).

On the other hand, the reduction in fresh weight with increasing amounts

of NaCl was linear (r = 0.94).

Fresh weight yields were significantly greater at pH 5.0 than at pH

7.0 in the control (-0.05 bars) and -2.0 bars osmotic potential for both

salts (Figure 7) but these differences disappeared at the lowest osmotic

potential. It appears that at high osmotic potentials (0.05 and -Z.O

bars), the greater growth can be partially attributed to greater water

and nutrient uptake at pH 5.0 than at pH 7.0 (Appendix Table 45), due to
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Figure 7. Effects of solution osmotic potential (OP), salt
type and pH on fresh weight of sugarcane var. H50-7209
(3.5 months old). The corresponding EC values for OP of
0(0.05), -2,0 and -4.0 bars were 0.1, 5.2 and 10.4 mmhos/cm,
respectively for NaCl and 0.1, 6.6 and 12.7 mmhos/cm, res
pectively, for Na2S04.
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better root growth. Thorup (1969) reported that root development and

water uptake by tomato growing in nutrient solution was greater at a

lower (4.7 to 5.4) than at higher pH (pH> 7.0). Growth apparently was

so severely limited by the -4.0 bar O.P. as to obscure the effect of pH.

Increasing the concentration of P in the nutrient solution from 1.7

to 3.3 ppm did not affect fresh weight significantly at the high (control)

and low (-4.0 bars) osmotic potentials, regardless of solution pH (Table

30). The small response of fresh weight to increased P was probably due

to the fact that 1.7 ppm P in solution was adequate for the growth of

sugarcane.

Daily spindle growth. Decreasing osmotic potential of nutrient

solution significantly reduced daily spindle growth (Table 28, Figure 8).

The rate of spindle growth was 69.6% of the control at -2.0 bars osmotic

potential and only 41.1% at -4.0 bars. Bartholomew and Tianco (personal

communication) reported daily spindle growth of H59-3775 in NaCl solu

tions was 82 and 64% of the control at -2.0 and -4.0 bars osmotic poten

tial, respectively, while elongation for cv. NCo 310 was 81 and 70% of

the control at -2.0 and -4.0 bars osmotic potential, respectively.

The order of sensitivity of cane growth parameters to decreased

osmotic potential of the nutrient solution, particularly at the highest

osmotic potential, was fresh weight> spindle growth> dry weight. All

three growth parameters were highly correlated with RT (Appendix Table 50).

As shown in Figure 8, the effects of Na2S04 and NaCl on spindle

growth were similar to those on dry and fresh weight. The rate of spin

dle growth was lower in NaZS04 than in NaCl.

The effect of pH on spindle growth was negligible (Figure 8), and

there was no significant effect of P.
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Figure 8. Effects of solution osmotic potential (OP), salt type,
and pH on spindle growth of sugarcane var. H50-7Z09 (3.5 months
old). The corresponding EC values for OP of 0(0.05), -Z.O and
-4.0 bars were 0.1, 5.Z and 10.4 mmhos/cm, respectively, for
NaCl, and 0.1, 6.6 and lZ.7 mmhos/cm, respectively, for NaZS04•
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Physiological parameters

Leaf osmotic potential. Leaf osmotic potential (Leaf ~s) de

creased (became more negative) as solution osmotic potential (OP) de

creased (Table 31). The decrease in leaf ~s was approximately propor

tional to the decrease in solution OP with a linear correlation coeffi

cient of 0.83 (Appendix Table 50). The differences between solution OP

and leaf ~s were consistently about -8.7 bars and according to Storey

and Wyn Jones (1978) such data indicate a complete osmotic adjustment

by the plant.

The type of salt used had no significant effect on leaf ~s (Appendix

Table 51). Apparently plant adjustment to OP is a function of the osmo

tic potential of the medium regardless of the kind of salt (Slatyer,

1961; Eaton, 1942). The close similarity of the results (Table 31) ob

tained for each salt also confirm this.

Solution pH and the concentration of P did not have a significant

effect on leaf ~s (Table 32 and 33).

Relative turgidity. The relative turgidity (RT) decreased signifi

cantly as osmotic potential of the nutrient solution (OP) decreased

(Figure 9, Table 31). Relative turgidity was 90% and 87% of the control

(-0.05 bars) at -2.0 bars and -4.0 bars OP, respectively (Table 31).

Slatyer (1961) also observed that the RT of tomato plants was reduced by

decreases in OP (-5.0 to -10.0 bars) whether the increased OP was the re

sult of added organic (sucrose, manitol) or inorganic solutes (NaCl,

KN03)·

Relative turgidity decreased more in the presence of Na2S04 than in

NaCl (significant at the 0.05 level, Table 31, 32). The regression

coefficients for RT and each of the two salts were 0.81 and 0.80 for
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Table 31. -- Effects of the osmotic potential of the nutrient solution
(OP) and salt type on leaf osmotic potential (leaf ~s),

relative turgidity (RT) and stomatal diffusive resistance
(Rs) of sugarcane Var H50-7209 (3.5 months old). Means
of three replicates. Greenhouse experiment in vermiculite
perlite growing medium with 2.5 ppm P in solution.

-----------------------------------

Factor

Solution Osmotic EGt
Potential (OP), bar mmhos/cm

Leaf ~s

(bar)

Leaf Parameter
RT

(%)
Rs

(sec/em)

-0.05 (control)

-2.0

-4.0

Salt Type

control

NaGl

Na2S04

0.1

5.9

11.5

- 8.8c*

-10.9b

-12.6a

- 8.8b

-11.7a

-12.0a

88.0a

80.0b

76.3c

88.0a

80.8b

75.5c

l4.2c

l8.lb

27.5a

l4.2a

21.4b

23.7c

OP x Salt Type

-0.05 (control)

-2.0 NaGl

-2.0 NaZS04

-4.0 NaGl

-4.0 Na2S04

0.1 - 8.8c 88.0a l4.2c

5.2 -10.7b 82.3b l6.lbc

6.6 -11. 2b 77 .se 20.0b

10.4 -12.6a 79.3c 27.5a

12.7 -12.7a 73.2d 27.4a

tEG Electric conductivity of the nutrient solution at the corre
sponding OP.

* Means in the same column within the same factor with the same letter
are not significantly different at the 5% level.
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Table 32. -- Effects of solution pH, solution osmotic potential (OP) and
salt type on leaf osmotic potential (leaf ws), relative
turgidity (RT) and stomatal diffusive resistance (Rs) of
sugarcaneVar H50-7209 (3.5 months old). Means of three
replicates. Greenhouse experiment in vermiculite-perlite
growing medium with 2.5 ppm P in solution.

Leaf Parameter
Factor Leaf WS RT Rs

(bar) (%) (sec/em)

Solution Osmotic ECt Solution
Potential (OP), bar mmhos/cm pH Control

-0.05 (control) 0.1 5.0 - 8.60d* 88.83a l4.53d

7.0 - 9.00cd 87.30ab l3.87d

NaCl

-2.00 5.2 5.0 -10.90bc 82.20bc l6.67cd

7.0 -10.50bcd 82.43bc l5.63d

-4.00 10.4 5.0 -12.20ab 79.70c 25.23ab

7.0 -13.03a 79.00cd 29.86a

Na2S04

-2.00 6.6 5.0 -10.93bc 79.67c l8.43c

7.0 -ll.57b 75.93de 2l.57bc

-4.00 12.7 5.0 -12.77a 74.80de 29.60a

7.0 -12.67a 71.60e 25.23ab

.'- EC Electric conductivity of nutrient solution at the correspondingI =
OPe

* Means in the same column with a letter in common are not significantly
different at the 0.05 level.
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Table 33.-- Effects of phosphorus, salt type and solution pH on leaf
osmotic potential (leaf ~s), relative turgidity (RT) and
stomatal diffusive resistance (Rs) of sugarcane Var H50-7209
(3.5 months old). Means of three replicates. Greenhouse
experiment in vermiculite-perlite growing medium with solu
tion osmotic potentials of -0.05 (control) and -4.0 bars.

Factor Leaf Parameter
Solution ppm P Leaf ~s RT Rs

pH in Solution (bar) (%) (sec/em)

Control (-0.05 bar)

1.7 - 8.63a* 85.70ab l1.l0c

5.0 2.5 - 8.60a 88.83a l4.53c

3.3 - 7.93a 90.87a l5.57c

1.7 - 8.47a 85.67ab l2.33c

7.0 2.5 - 9.00a 87.30a l3.87c

3.3 - 8.23a 87.47a l4.23c

NaCl (-4 bars)

1.7 -12.73b 79.47cde 25.50ab

5.0 2.5 -12.?Ob 79.70cde 25.23ab

3.3 -11.60b 80.50bcd 27.03ab

1.7 -12.50b 78.00cdef 21. 73b

7.0 2.5 -13.03b 79.00cde 29.87a
3.3 -12.90b 81. nbc 25.00ab

Na2S04(-4 bars)

1.7 -12.73b 75.63defg 29.07a

5.0 2.5 -12.77b 74.80efg 29.60a

3.3 -12.80b 73.83fg 29.30a

1.7 -12.63b 73.27fg 25.47ab

7.7 2.5 -12.67b 7l.60g 25.23ab

3.3 -12.20b 70.l3g 29.00a

* Means in the same column with a letter in common are not significantly
different at the 0.05 level.
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SOLUTION OSMOTIC

(Bars)
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Figure 9. Effects of solution osmotic potential (OP) , salt type and
pH on the relative turgidity of sugarcane var. H50-7209 (3.5 months
old). The corresponding EC values for OP of 0(0.05), -2.0 and -4.0
bars were 0.1, 5.2 and 10.4 mmhos/cm, respectively, for NaCl, and
0.1, 6.6 and 12.7 mmhos/cm, respectively, for Na2S04.
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NazS04 and NaCl, respectively (Appendix Table 49).

The depression in growth due to NaZS04 may be the result of a lower

Ca concentration in the NaZS04 treatments than in NaCl (Table 34, 35)

due to higher Na concentration in the former. High Na concentration

cause Ca exclusion from absorption by the roots (Black, 1968). Calcium

is important in the maintenance of cell membrane integrity and thus may

influence solute retention and/or water absorption by cells. High salt

concentration causes a decrease in the permeability of roots to water,

and hence decrease the rate of water uptake (Kramer, 1969).

Relative turgidity was relatively unaffected by solution pH or P

concentration in solution.

Stomatal diffusive resistance. As the osmotic potential of the

solution (OP) decreased (Rs) increased (Figure 10). The high Rs values

in the control (11 to 15 sec cm-l) (Table 33) indicates stomatal closure

due to water stress. The low relative turgidity values (85 to 91%) and

low sheath moisture (8Z to 85%) can substantiate the water stress and the

higher than normal Rs values.

At any rate, the relevant point is that Rs was significantly increased

by decreases in OP of -Z.O and -4.0 bars, regardless of the Rs of the

control (-0.05 bars). Increases in Rs with decreasing OP of the rooting

media have also been reported for tomato (Cerda et al., 1979) and for

wheat (Cerda et al., 1979; and Aceves-N et al., 1975).

The increases in Rs with decreasing OP were due to a decrease in water

content as indicated by decreased RT (Figure 9) which caused stomatal

closure. Stomatal resistance was significantly correlated with RT (r

-0.63, Appendix Table 50). The average sheath moistures for the -Z.O

and -4.0 bars OP were 80% and 76%, respectively, which also indicates
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Figure 10. Effects of solution osmotic potential (OP), salt type and
pH on the stomatal diffusive resistance (Rs) of sugarcane var.
H50-7209 (3.5 months old). The corresponding EC values for OP of
0(0.05) -2.0 and -4.0 bars were 0.1, 5.2 and 10.4 mrnhos/cm, res
pectively, for NaCl and 0.1 6.6 and 12.7 mrnhos/cm, respectively,
for Na2S040



112

increased water stress (Clements etal., 1968).

Differences in stomatal resistance attributable to salt type and

pH generally were small and nonsignificant (Table 32). Aceves-N et ale

(1975) found a significant effect of salt type on Rs for wheat. He

found that at low OP (-1.0 to -6.0 bars) CaC12caused a greater increase

in Rs than NaCl. At OP of -9.0 to -12.0 bars these differences were

negligible. In this study, differences may not have been detected

because the plants were all stressed to some degree. The concentration

of P in solution had very little effect on Rs (Table 32 and 33, Appendix

Table 51).

Leaf sheath mineral composition

Calcium. Decreasing the osmotic potential of the nutrient

solution below that of the control significantly reduced sheath Ca con

centration at both pH levels regardless of the type of salt, but in the

Na2S04 treatments differences in Ca concentration between -2 bars and -4

bars osmotic potential were not statistically significant (Table 34).

Calcium concentrations at all osmotic potentiaJ.s for both salts were

below the critical value of 0.20% given by Clements et ale (1968). While

no deficiency symptoms were observed, Ca deficiency induced by low Ca

levels in the nutrient solution and/or reduced osmotic potentials or high

Na concentration in solution may have been partially responsible for the

reduced growth. The reduced Ca concentration with decreasing solution

osmotic potential was probably due to a decrease in Ca uptake (Appendix

Table 45) caused by higher concentrations of mono valent (Na) than diva

lent salts (i.e., Ca, Mg). According to Geraldson (1957) as soluble salt

concentrations increases, the relative activities (effective concentra

tion) of divalent salts (i.e., Ca, Mg) decrease at a more rapid rate than



Table 34. -- Effects of solution pH, solution osmotic potential (OP) and salt type on mineral composition
of sugarcane leaf sheaths Var H50-7209 (3.5 months old). Means of three rep~icates. Green-
house experiment in vermiculite-perlite growing medium with 2.5 ppm P in solution.

Leaf
Blade Lea f Sheath Min era 1 Com p 0 sit ion

Factor N P K Ca Mg S S! Na Cl Mn Fe Cu Zn
% ppm

Solution Osmotic ECt Solution
Potential (OP), har ~hos/cln pH Cc;\trol

-0.05 (control) 0.1 5.0 1.40a* 0.16b 3.48b O.13a 0.08a 0.2lc 0.40a 0.08h 1.55d 62b 7lab l2ab l6a
7.0 1.55a 0.17b 3.37bc O.13a 0.09a 0.25c 0.341lb O.ORb 1.I8r. SOb 75ab l4ab 19a

NaCl

-2.0 5.2 5.0 1.5la 0.25a 4.58a 0.09b 0.07a O.23c 0.32ab 0.09b 2.58a 56b SOh llb 168
7.0 1.42a 0.25/\ 4.38a O.lOb 0.08a 0.24c 0.36a 0.099 2.47ab ~9b SOb l2ab l8a

-4.0 10;4 5.0 1.50a 0.20b 3.49b 0.06c 0.03b O.13d 0.321lbc 0.09b 2.18c 77a 56b llb 17a
7.0 1,112a 0.19b· 3.67b 0.06c 0.02b O.13d 0.4la 0.09b 2.36bc 7Ra 53b llb 18a

Na2S04

••2,1) 6.6
5.0 1.25b 0.17b 3.00c 0.04c 0.02b o.ais 0.24bc 0.08b 0.98£ 10c 72ab l6ab 17a
7.0 l.22b 0.15bc 2.53d 0.04c O.Olb o.ais 0.22c 0.09h O.77g 6c 76ab 16ab l6a

-4.0 12.7 5.0 1.06c O.llcd 2.30d 0.04c O.Olh 0.40a 0.32abc o.ris 0.5Ih 2tt 79a 12ab llb
7.0 l.Olc O.lOd 2.13d 0.05c 0.02b 0.39a 0.32abc 0.12a O,47h 2 81a 17a l2b

t EC. Electric conductivlty of nutrient solution.

* Means in the same column with a letter in common are not significantly different at the 0.05 level.

tt Concentration iA less than 2 ppm.

I-'
I-'
W
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those of monovalent salts (i.e., Na) which may result in a decreased

uptake of the cations of the divalent salts (i.e., Ca).

Sodium sulfate caused a greater reduction in sheath Ca concentra

tion than NaCl at both solution osmotic potentials, regardless of the

pH, but differences in Ca concentration between NaZS04 and NaC1 treat

ments were significant only at -Z bars osmotic potential. The greater

decrease in Ca concentration in the NaZS04 treatments than in the NaCl

treatments may be due to the higher level of Na in the NaZS04 solution

(7Z and 144 meq NaIl) than in the NaC1 solution (48 and 96 meq NaIl)

(Appendix Table 45) or to a lower Ca activity in the NaZS04 (Marshall

and Upchurch, 1953). The relative activity of Ca in CaS04 is lIZ that

of Ca in CaCl Z at concentrations of 0.01 M to 0.05 M, and 1/4 at 0.10 M

(Gera1dson, 1957). The molarity of NaCl was approximately 0.04 and 0.09 M

and of NaZS04 it was about 0.039 and 0.07 M for the -Z bars and -4 bars

osmotic· potentials, respectively, in this experiment.

Solution pH had no significant effect on sheath Ca concentration at

all osmotic potentials and salt types. Similarly increasing the concen

tration of P in solution from 1.7 to 3.3 ppm did not affect Ca concentra

tion in leaf sheaths significantly (Table 35). These results were similar

to those of the field experiment.

Magnesium. Decreasing the solution osmotic potential by -Z bars

and -4 bars significantly reduced the concentration of Mg in leaf sheaths

in the NaZS04 treatments at both pH levels (Table 34), while in the NaCl

treatments, Mg concentration was significantly lower than the control

only in the -4 bars treatment. The suboptimum sheath Mg levels in the

NaZS04 and -4 NaCl treatments could be due to reduced uptake of Mg (Appendix
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Table 45). The reduced uptake of Mg could be due to a lower relative

activity of Mg in the NaZS04 solution than in the NaCl solution. The

effect of salt type on sheath Mg concentration was similar to that of

Ca. Sodium sulfate decreased Mg concentration to a greater extent than

NaCl, particularly at -2.0 bars OP (significant at the 0.05 level), at

both pH values, while at -4.0 bars, these differences were less pronounced

(Table 34).

The concentration of Mg in the leaf sheaths of plants from the field

experiment was much higher (about 0.10) than the obtained in this green-

house experiment. This result was due to the high concentration of Mg

in the irrigation water (Table 2) used in the field ~~periment.

Solution pH and P concentration in solution did not alter Mg concen-

tration in the leaf sheath significantly in any of the treatments (Tables

34 and 35). Similar results were obtained for the field experiment.

Potassium. Decreasing OP by -2.0 and -4.0 bars below the con-

trol significantly decreased sheath K concentration at both pH levels in

the Na2SO, treatments (Table 34). In the NaCl treatments, K concentra
- '+

tiou increased as OF decreased at both levels, although the increase was

significant only at -2.0 bars OPe The sheath-K levels were generally

above the critical level vf 2.25% given by Samuels (1969). Syed and El

Swaify (1972b) also found that sheath-K concentration in sugarcane varie-

ty HSO-7209 was reduced by increasing the Na2S04 concentration of the

irrigati.on water from 2.0 to 8.0 mmhos/cm, but when NaCl was used, the

K concentration actually increased. These results are in agreement with

those reported in the present study with variety H50-7209.

The reduction in sheath-K in the NaZS04 treatments could be due to

the increased 804 concentration in solution (Rains, 1972; Epstein et al.,
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1963) and/or to the competition between K and Na ions (Huffaker and

Wallace, 1959).

In general, K concentration in the leaf sheaths was higher at pH

5.0 than at pH 7.0 but differences were significant only in the NaZS04

treatments at -2.0 bars OP (Table 34).

The concentration of K in the leaf sheath was not significantly

affected by P concentration in solution (Appendix Table 52). This is in

agreement with the result of the field experiment (Appendix Table 44).

Sodium. Sheath Na concentration in the treatments having -2.0

and -4.0 bars added salts were significantly higher than those of the

control (Table 34). The Na concentration in the leaf sheath was signifi

cantly higher in the Na2S04 treatments than in the NaC1 treatments at

-4.0 bars OP for both pH levels. At -Z.O bars OP the sheath Na levels

were similar.

Increases in Na concentration in sugarcane leaf tissues with in

creasing salt concentration (decreased OP) in the rooting media have also

been reported by Syed and E1 Swaify (1972b), Bernstein et a1. (1966a),

Shen and Tung (1964), Hayward and Long (1941), and E1gaba1y (1955).

In general the effects of pH and P concentration in solution on

sheath Na were not significant (Appendix Table 52).

The sheath Na levels obtained in this experiment were slightly

higher than those measured in the field experiment. This is probably a

volume effect due to smaller plant size in the greenhouse experiment

than in the field.

Nitrogen. The concentration of N in the leaf blade was signi

ficantly greater in the control than at -2.0 and -4.0 bars OP in the

Na2S04 treatments at both pH values (Table 34). Leaf N concentration
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was not affected by decreased OP in the NaCl treatments at both pH levels.

Nitrogen levels were below the critical level of Z.5% for sugarcane of

comparable age (Clements et al.~ 1968) in all treatments~ indicating a

severe N deficiency even in the control plots. These was probably due

to inadequate N supply in the nutrient solution (Table 9).

The results show that leaf blade N is affected more by the type of

salt than by OP. Also the S04 anion limits N absorption or movement,

while Cl had no effect. These results are in contrast to those of Syed

and El Swaify (197Zb) who found that for H50-7Z09, the same sugarcane

variety used here both NaGl and NaZS04 depressed N concentration in the

blade. The lower N levels in the NaZS04 treatment than in the control

or NaGl ones~ are due to the inhibition of N03-N absorption by S04.

Potassium nitrate was one of the N sources used in this experiment

(Table 9). Reinfenberg and Rosovsky (1947; cited in Bernstein, 1958)

found little or no effect on Gl concentration on the absorption of N03-N

by barley plants.

Leaf blade N was not significantly affected by solution pH or P

concentration (Appendix Table 5Z).

Phosphorus. Decreasing OP to -Z.O bars with NaGl significantly

increased sheath P concentration at both pH levels. A further decrease

in OP to -4.0 bars, resulted in a decrease in sheath P content below that

at -Z.O bars OP (significant at the 0.05 level)~ although P concentration

at -4.0 bars OP was higher than that in the control. On the other hand,

in the NaZS04 treatments an OP of -Z.O bars had no significant effect on

sheath P concentration. However, at -4.0 bars sheath P was significantly

reduced at both pH levels (Table 34). The concentration of P in the leaf

sheath was significantly higher with NaGl than NaZS04 regardless of the
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treatment (Table 34 and 35). The changes in P concentration in the leaf

sheaths are probably due to the effect of op on P absorption and trans

location in the plant. A study with p32 (Tanimoto, 1969) with sugarcane

variety H49-3533 showed that decreasing op by the addition of -2.0 bars

NaCl to the nutrient solution increased the rate of p32 absorption by

the plants. Further decreases in op (-4.0 to -12.0 bars) markedly re

duced the rate of p32 absorption. He also found that a very high per

centage of absorbed p32 was not translocated out of the roots and stuble

of plants growing in nutrient solutions having very low op (-4.0 to -12.0

bars)

The lower sheath-P concentration of the Na2S04 treatment than those

of NaCl is probably due to lower P uptake by the roots or reduced move

ment from them (Appendix Tables 45 and 46). Reduced absorption by the

roots is more probable because there would be greater anionic competition

between S04 and P04 than between Cl and P04• The results of the field

experiment are in contrast with those of the solution culture experiment.

Sheath-P content was not affected by increased S04 in the soil probably

because P availability in the soil was increased due to S04 displacement

of HP04 from the soil matrix.

In general, increasing the concentration of P in solution from 1.7

to 3.3 significantly increased sheath P. These results are in agreement

with those reported by Patel and Wallace (1976) for maize and sudan

grass. The increases in sheath P concentration were probably due to an

increase in P absorption (Appendix Table 46).

Solution pH had no significant effects on sheath P concentration at

all OP and P levels (Table 34 and 35). These results were similar to

those of the field experiment. In both experiments P levels in sheath



1Z0

above the 0.08 critical level for sugarcane (Clements et a1., 1968).

Chloride. Sheath C1 concentration increased over the control

at both pH values with the addition of NaC1 to attain -Z and -4 bars OP

(significant at the 0.05 level) although sheath CI concentration was

significantly greater at -Z bars than at -4 bars at pH 5. On the other

hand, the addition of NaZS04 to achieve OP values of -Z and -4 bars sig

nificantly reduced sheath CI concentration relative to the control at

both pH levels (Table 34). This was probably due to anion competition

between C1 and S04.

In general, sheath CI concentration was higher at pH 5 than at pH 7,

although differences were significant only for the control and -Z bars

osmotic potential treatment with NaZS04• Differences in sheath C1 con

centration associated with differences in osmotic potential and pH levels

of the solution were probably related to differences in C1 concentration

in the rooting media and pH especially at high osmotic potential (low

salinity).

In general, increasing the concentration of P in solution from 1.7

to 3.3 had no significant effect on CI concentration in the leaf sheath.

These results are in agreement with those of the field experiment and

those of the greenhouse nutrition experiment with maize. Similarly,

Patel and Wallace (1976) reported that increased P in solution did not

affect the CI content of maize and sudan grass grown in nutrient solution

at salinity levels of 1.45 to 6.5 mrnhos/cm.

Sulfur. The S content of the sheaths were dependent on type

of salt used to decrease OP (Table 34). While decreasing OP with NaC1

significantly reduce S concentration, increasing NaZS04 caused S levels

to increase as expected. This suggests that S uptake is related to its
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concentration in the substrate and the Cl antagonize with S04 uptake.

The pH and P concentration in solution did not alter S content of the

leaf sheath significantly (Table 35).

Silicon. Sheath Si concentration was generally not markedly

affected by OP, pH or P concentration in solution, but appeared to be

somewhat affected by the type of salt in solution (Table 34 and 35).

Manganese. At an OP of -Z.O bars NaCl had very little effect

on Mn concentration of the leaf sheath, but at -4.0 bars sheath Mn signi

ficantly increased at both pH level~ (Table 34) even though Mn concentra

tion was above the critical level of 10 ppm (Clements et al., 1968) in

all treatments. This increase in Mn content has been attributed to high

Cl concentration in the nutrient solution (Jackson et al., 1966).

When NaZS04 was used there was a marked decrease in Mn concentration

in the leaf sheath with decreasing OP below the control. The Mn concen

tration in the NaZS04 treatments was below the critical level indicating

a Mn deficiency. Manganese uptake has been shown to be inhibited by

excess S04 in solution (Hodgson, 1963; Christensen et al., 1950; Hodgson,

1963; and Vlamis and Williams, 1967). The results of the field experi

ment are in contrast with these results. Application of S, although it

increased S04 in solution (Table 26), resulted in an increase in sheath

Mn. This increase was probably due to increase Mn availability at low

soil pH

Solution pH or P concentration in solution did not affect the Mn

content of leaf sheath at all OP levels (Table 34 and 35).

Other micronutrients. The concentrations of Fe, Cu and Zn in

the leaf sheath were generally unaltered by treatment effects and their

concentrations were above the critical levels of these elements for
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sugarcane (Table 22).

Summary: The growth of sugarcane var. H50-7209 expressed as total dry

weight, fresh weight, or daily spindle growth was drastically reduced by

the decrease in osmotic potential of the nutrient solution (OP). The

sensitivity of these three growth parameters to decreased OP ~as in the

order fresh welght > spindle growth> dry weight.

Sodium sulfate caused a greater reduction in growth (fresh weight,

spindle growth and dry weight) than NaCl at both op levels.

Leiif osmotic potential (Leaf :jIs), and stomatal diffusive resistu!1c.e

wt:,re significantly increased by decreases in OP, while relative turgidity

was reduced. The effect of Na2S04 on OP leaf ~s, Rs, and RT were more

marked than with NaCl.

The concentration of Ca and Mg in the leaf sheath were considerably

:ceduced by decreased OP, while K and Na increased. The reduction in Ca

and Hg was greater with Na2S04 than NaCl. The concentration cf Mn in the

leaf sheath was reduced to deficiency levels by increased NaZS04•

The effects of solution pH and phosphorus on growth , leaf lJ,'s~ RT,

Ra and leaf sheath mineral composition were relatively minor.

Summary and Conclusions

In the field experiment, the yields of sugarcane var. H50-7Z09 grown

under saline-sodic conditions were significantly improved by daily irri

ga t Lon , phosphorus fertilization and sulfur application (lowering soil

pH). The relative contribution of these factors to the yield improvement

.135 in the order daily irrigation > phosphorus > sulfur (low pH).

S~lfu!' application markedly reduced K, Mg and Cl concentrations jn
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the leaf sheaths, while Mn increased.

The Ca concentration in the leaf sheath was at the deficiency level

regardless of the treatments. Sulfur application lowered soil pH, re

duced exchangeable K and Mg, but had no effect on Ca, Na, ESP or ECe in

the soil.

Phosphorus application had no significant effects on plant and soil

mineral composition.

Daily irrigation did not affect leaf sheath mineral composition,

soil pH, and ECe but it reduced ESP and exchangeable Mg.

The combined effects of S application and sufficient rainfall resulted

in a marked reduction in ESP and ECe to a depth of 45-60 em. Soil pH

increased after a heavy rainfall.

In the greenhouse experiment, irrigation with nutrient solutions of

low op (-2.0 and -4.0 bars) significantly reduced sugarcane growth, leaf

~s, and RT, while it increased Rs. These effects were more marked when

Na2S04 was used to lower the op of the nutrient solution, than when NaCl

was used.

Low pH (5.0) and increased P concentration in the nutrient solution

(1.7 to 3.3 ppm) did not improve growth as they had in the field experi

ment. Similarly, solution pH and increased P had minor effects on leaf

~s, RT and Rs.

Leaf sheath Ca and Mg were reduced to deficiency levels by decreases

in OP. This reduction was greater with Na2S04 than NaCl. Sodium phosphate

reduced leaf sheath Mn concentration to deficiency levels.

According to the results obtained in these experiments it appears

that yields of sugarcane grown under saline-sodic conditions can be im

proved by lowering soil water potential (frequent irrigation or salt
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leaching), phosphorus fertilization and sulfur application (lowering

soil pH).

The reduced growth of sugarcane growing under sa1ine-sodic conditions

appears to be due primarily to low water potential (osmotic effects) and

secondly to nutrient imbalance, i.e., Ca and Mg, caused either by excess

Na and/or by high total salt concentration (EC).
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Table 36. -- Effects of irrigation frequency (soil matric potential (~m)

at irrigation time) and water quality (EC iw) on soil
salinity (ECe) , salinity in drainage water (ECdw) and fresh
weight of maize (4 weeks old). Means of three replicates.
Greenhouse irrigation experiment with maize on non-saline
soil.

FACTORS ECe ECdwl* ECdw2** Fresh Weight
- mmhos/cm - - - -- g/pot

Soil Matric
Potential (~m) 2 mmhos/cm - water

(bars)

-0.1 3.2 2.6 2.8 11.33

-0.3 3.1 3.0 3.4 9.46

-0.8 2.8 3.0 3.4 9.40

-2.0 3.1 3.2 3.6 8.73

4 rnmhos/cm - water

-0.1 5.1 4.9 5.7 13.20

-0.3 4.8 6.0 7.3 11.70

-0.8 4.6 6.1 6.9 9.53

-2.0 5.7 6.4 7.3 9.56

6 rrunhos/cm - water

-0.1 8.4 5.7 8.7 14.66

-0.3 7.2 7.3 9.0 13.06

-0.8 8.0 6.9 11.9 10.87

-2.0 7.8 7.3 9.8 10.80

* ECdwl Electric conductivity of drainage water collected one
week after salinity treatments began.

** ECdw2 = Electric conductivity of drainage water collected two
weeks after salinity treatments began.



Table 37. -- Effects of pH and P concentration in solution on fresh
weight of maize (4 weeks old), soil salinity (ECe) and
salinity in drainage water (ECdw). Greenhouse nutrition
experiment on saline soil. Irrigation with saline water
(EC = 6 mmhos/cm). Means of three replicates.

ppm P Fresh Weight ECe ECdwl* ECdw2**
in Solution g/pot mmhos/cm

pH 5.5 (soil paste)

0.02 25.9 10.0 9.5 8.7

0.05 25.7 10.4 6.0 9.4

0.10 32.0 9.6 9.4 9.4

pH 6.3

0.02 22.3 10.7 8.3 8.7

0.05 21.7 9.4 8.6 8.8

0.10 21.6 8.8 8.2 8.6

pH 6.7

0.02 18.0 7.9 8.2 8.8

0.05 18.5 8.1 8.0 8.1

0.10 20.6 8.4 8.5 8.7

pH 7.4

0.02 16.0 7.4 8.4 8.1

0.05 14.4 8.2 8.3 8.0

0.10 19.1 8.5 8.5 8.7

* ECdwl = Electric conductivity of drainage water collected one
week after saline treatments began.

** ECdw2 = Electric conductivity of drainage water collected two
weeks after saline treatments began.
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Table 38. -- Effects of P concentration in soil solution and water
quality on fresh weight of maize (4 weeks old), soil pH,
soil salinity (ECe) and salinity in drainage water (ECdw)
(pH 6.7). Greenhouse nutrition experiment on saline soil.
Means of three replicates.

ppm P Fresh Weight Soil Paste ECe ECdwl* ECdw2**
in Solution g/pot pH rnmhos/cm - - - -

Saline water (6 rnmhos/cm)

0.02 18.0 6.8 7.9 8.2 8.8

0.05 18.5 6.9 8.1 8.0 8.1

0.10 20.6 6.9 8.4 8.5 8.7

0.5 M Ca2S04 - Saline Water

0.02 18.4 6.8 8.0 8.9 8.3

0.05 17.9 7.0 7.5 8.4 8.1

0.10 21.3 6.8 8.9 9.1 8.1

Distilled Water

0.02 17.6 6.4 1.06 0.13 0.10

0.05 19.1 6.2 0.96 0.40 0.10

0.10 18.7 6.2 0.46 0.30 0.13

* ECdwl Electric conductivity of the drainage water collected
one week after salinity treatments began.

** ECdw2 = Electric conductivity of the drainage water collected
two weeks after salinity treatments began.
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Table 39. -- Effects of sulfur, phosphorus and irrigation frequency on
fresh weight of sugarcane Var H50-7209 (11 months old).
Means of six replicates. Field experiment on saline soil
irrigated with saline water.

P applied Irrigation Sulfur level
Kg P205/ha Frequency So Sl S2

M ton cane/ha

0 Daily 126.5 136.0 148.7

4 days 129.0 112.4 119.2

300 Daily 131.0 152.7 151.6

4 days 123.6 131.2 136.0

None-saline 244.4
p1ots*

*None-sa1ine plots = 4-day irrigation without added P or S.



Table 40. -- Effects of sulfur, phosphorus and irrigation frequency on nutrient uptake by sugarcane
Var H50-7209 (11 months old). Means of six replicates. Field experiment on saline soil
irrigated with saline water.

Nut r i e n t U pta k e
Factor

N p K Ca Mg S Si Na C1 Mn Fe Cu Zn

P applied Sulfur g!m2*
Kg P205/ha level Daily Irrigation

So 76.2 12.5 154.9 8.7 11. 7 10.1 84.8 5.3 92.6 0.46 2.59 0.07 0.19
0 Sl 81.9 14.4 180.6 10.2 13.8 H.8 99.9 6.2 108.3 0.70 2.30 0.08 0.23

S2 75.4 12.8 151.3 8.8 10.6 10.1 86.7 5.5 88.9 0.72 1. 78 0.07 0.20

SO 39.5 7.5 91. 7 4.7 5.5 5.5 41.5 3.2 60.1 0.25 1.28 0.04 0.12
300 Sl 70.8 12.6 151.3 8.6 10.8 9.5 87.3 5.5 91. 7 0.54 1. 76 0.07 0.21

S2 66.3 11.4 137.3 7.6 8.9 8.2 73.1 4.8 84.3 0.74 2.09 0.06 0.18

4 Day Irrigation

So 54.2 9.9 125.4 6.7 9.4 7.9 61.1 4.0 77.8 0.38 1.87 0.06 0.15
0 Sl 38.0 6.8 89.5 4.6 6.1 5.8 38.4 2.9 56.7 0.34 1.09 0.04 0.11

S2 59.0 9.6 125.5 6.4 8.2 8.1 64.1 4.3 75.3 0.66 1.44 0.06 0.15

So 48.6 9.1 H3.7 5.9 8.4 7.1 48.5 4.0 71.2 0.34 1.59 0.05 0.15
300 Sl 50.4 9.3 H3.7 6.3 8.2 7.3 59.1 3.9 70.8 0.43 1.38 0.05 0.14

S2 46.3 7.9 98.8 5.0 6.0 6.4 44.2 3.5 62.8 0.44 1.37 0.05 0.12

Non-saline plots 22.2 4.5 41.0 3.3 1.4 3.4 21.6 2.6 33.9 0.07 0.01 0.002 0.007

*Grams of nutrient per m2 of area occupied by sugarcane.
......
w
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Table 41. -- Effects of sulfur, phosphorus and irrigation frequency on mineral composition of sugarcane
stalks of Var H50-7209 (11 months old). Means of three replicates. Field experiment on
saline soil irrigated with saline water.

S tal k Min era 1 Com p 0 sit ion
Factor N p K Ca Mg S Si Na C1 Mn Fe Cu Zn

% ppm

P applied Sulfur
Kg P205/ha level Daily Irrigation

So 0.41 0.10 1.49 0.05 0.02 0.09 0.29 0.05 1.16 30 188 8 18
0 Sl 0.45 0.11 1.55 0.05 0.04 0.10 0.30 0.05 1.20 35 189 9 19

S2 0.44 0.10 1.45 0.05 0.02 0.10 0.29 0.06 1.10 40 167 9 20

So 0.44 0.11 1.29 0.05 0.03 0.08 0.27 0.05 1.05 29 214 8 18
300 Sl 0.43 0.10 1.43 0.05 0.02 0.09 0.29 0.06 1.12 34 171 8 18

S2 0.45 0.11 1.50 0.05 0.02 0.09 0.27 0.05 1.16 50 162 9 18

4 Day Irrigation

So 0.46 0.10 1.46 0.05 0.03 0.09 0.28 0.05 1.15 31 209 9 18
0 Sl 0.53 0.11 1.57 0.06 0.05 0.11 0.28 0.05 1.22 38 184 9 20

S2 0.50 0.10 1.46 0.05 0.02 0.09 0.28 0.05 1.12 49 191 9 19

So 0.49 0.10 1.46 0.05 0.04 0.09 0.28 0.05 1.16 35 202 9 17
300 Sl 0.45 0.10 1.39 9.05 0.03 0.08 0.26 0.05 1.10 37 174 8 16

S2 0.52 0.10 1.47 0.05 0.02 0.09 0.27 0.05 1.12 44 254 8 17

Non-saline plots 0.32 0.08 0.67 0.05 0.01 0.05 0.26 0.05 0.55 35 214 5 13

I--'
W
I--'



Table 42. -- Effects of sulfur, phosphorus and irrigation frequency on mineral composition of sugarcane
tops of Var H50-7209 (11 months old). Means of three replicates. Field experiment on
saline soil irrigated with saline water.

PIa n t Top Min era 1 Com p 0 sit ion

Factor N P K Ca Mg S Si Na Cl Mn Fe Cu Zn
% ppm

P applied Sulfur Daily Irrigation
Kg P205/ha level

So 1.08 0.17 2.01 0.12 0.19 0.13 1.31 0.07 1.07 67 367 9 26
0 Sl 1.04 0.16 l.97 0.13 0.18 0.13 1.36 0.07 l.06 85 265 8 25

S2 1.11 0.17 1.87 0.13 0.17 0.12 1.39 0.06 0.98 105 229 8 24

So 1.03 0.17 2.00 0.12 0.18 0.12 1.26 0.06 l.08 64 233 8 27
300 Sl 1.02 0.16 1.93 0.12 0.18 0.12 1.38 0.06 1.04 79 229 9 27

S2 1.11 0.17 1.87 0.12 0.17 0.12 1.37 0.06 0.98 123 311 8 26

4 Day Irrigation

So 1.02 0.17 2.04 0.12 0.20 0.13 l.24 0.06 l.09 72 299 9 27
0 Sl 0.97 0.16 2.09 0.12 0.19 0.13 1.24 0.06 1.15 94 299 9 27

S2 1.07 0.16 2.05 0.12 0.19 0.13 1.32 0.06 1.10 128 231 9 26

So 1.01 0.17 2.00 0.12 0.19 0.12 1.15 0.07 1.08 68 273 8 28
300 Sl 0.98 0..17 1.95 0.12 0.19 0.13 l.28 0.06 l.05 83 223 8 27

S2 1.09 0.17 1.99 0.13 0.19 0.13 1.33 0.06 1,08 115 253 8 26

Non-saline plots 0.97 0.16 1.91 0.12 0.17 0.13 l.51 0.07 0.92 80 316 8 24

I-'
w
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Table 43. -- Effects of sulfuL, phosphorus and irrigation frequency on mineral composition of sugarcane
leaf sheaths of Var H50-7209 (6 months old). Means of six replicates. Field experiment
on saline soil irrigated with saline water.

Leaf Leaf Sheath Mineral Com p 0 sit ion
Factor Blade

N p K Ca Mg S Si Na C1 Mn Fe Cu Zn
% ppm

P applied Sulfur
Kg P205/ha level Daily Irrigation

So 1.72 0.15 3.75 0.08 0.22 0.30 1.21 0.08 1.96 42 81 14 27
0 Sl 1.62 0.14 3.60 0.07 0.19 0.27 1.32 0.08 1.92 61 78 14 24

S2 1.66 0.15 3.60 0.07 0.20 0.29 1.30 0.08 1.89 70 82 14 27

So 1.56 0.16 3.87 0.07 0.22 0.29 1.26 0.08 1.97 43 75 14 26
300 Sl 1.66 0.15 3.69 0.07 0.19 0.28 1.27 0.08 L89 55 80 14 27

S2 1.6l 0.15 3.60 0.06 0.18 0.21 1.28 0.07 1.89 85 81 13 25

4 Day Irrigation

So 1.67 0.14 3.59 0.08 0.22 0.30 1.39 0.07 1.95 50 84 13 24
0 Sl 1.72 0.14 3.56 0.07 0.21 0.30 1. 32 0.08 1.88 60 82 15 26

S2 1.69 0.15 3.58 0.07 0.21 0.29 1.32 0.07 1.82 62 81 14 26

So 1. 73 0.14 3.61 0.08 0.23 0.29 1. 35 0.08 1.94 47 83 14 26
300 Sl 1. 70 0.15 3.62 0.08 0.21 0.28 1.23 0.08 1.88 61 86 14 26

S2 1.63 0.14 3.58 0.07 0.21 0.30 1.41 0.07 1.88 67 81 14 23

Non-saline plots 1.67 0.13 3.37 0.08 0.22 0.25 1.43 0.07 1. 70 65 76 13 20

I-'
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Table 44. -- Significance of F-tests from analysis of variance of dry weight, fresh weight,
and plant and soil composition. Field experiment with sugarcane on saline soil
irrigated with saline water.

F - T est a f S i g n i f i can c e

Dry Fresh Blade 5th Int. Lea f She a t h

Height Weight N P P K Ca Mg S Si Na Cl Mn Fe Cu Zn

Plant Composition

S NS * NS NS NS * NS 'I: NS NS NS * ** NS NS NS
P ** NS NS NS NS NS NS NS NS NS NS '1:* NS NS NS NS
IF 'Ie* NS NS NS NS NS NS NS NS NS NS NS ** NS NS NS
SXP NS NS NS NS * NS NS NS NS NS NS NS NS NS NS NS
SXIF NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
PXIF NS NS NS NS NS NS NS NS NS NS NS NS ** NS NS NS
SXPXIF NS NS NS NS * NS NS NS NS NS * NS NS NS NS NS

Soil Composition

Exchangeable Cationst Soluble Anionst t
pH ECe ESP Ca Mg K Na s04 Cl

S ,'c* NS NS NS * * NS 'Ie* **
P NS NS NS NS NS NS NS NS NS
IF NS NS NS NS * NS NS NS NS
SXP ";~* NS NS NS NS NS NS NS NS
SXIF NS NS NS NS NS NS NS NS 'Ie

PXIF NS NS NS NS NS NS NS NS NS
SXPXIF NS NS NS NS NS NS NS NS NS

* Significant treatment effects at the 0.05 level.
** Significant treatment effects at the 0.01 level.
NS Non-significant treatment effects.

t Exchangeable cations = Normal NH40Ac (pH 7.0) extract-soil saturation extract. .....
w

tt Soluble anions = Soil saturation extract.
.p...



Table 45. -- Effects of solution pH, solution osmotic potential (OP) and salt type on nutrient
uptake by sugarcane Var H50-7209 (3.5 months old). Means of three replicates.
Greenhouse experiment with sugarcane receiving 2.5 ppm P in solution.

Factor Nut r i e n t U pta k e

N P K Ca Mg S Si Na C1 Mn Fe Cu Zn

Solution Osmotic Solution
mg/p1ant

Potential (OP), bar pH Control

-0.05 5 162.9 59.7 1,111.4 52.5 33.5 69.5 162.6 28.7 504.6 2.5 2.7 0.4 0.6

7 162.3 60.1 1,020.0 51.4 36.0 76.8 137.4 28.0 362.4 1.10 3.7 0.4 0.6

NaC1

-2.00 5 246.3 67.3 1,132.8 31.8 27.3 60.1 105.6 24.7 659.7 1.9 1.6 0.3 0.5

7 236.6 65.5 1,058.7 33.4 26.5 59.3 117.2 24.8 618.2 1.10 1.6 0.3 0.5

5 259.4 40.5 655.8 17.6 12.9 26.1 79.8 20.1 427.8 1.8 1.3 0.2 0.4
-4.00 7 254.3 38.7 682.0 17.4 11.4 25.5 95.8 20.1 455.2 1.8 1.3 0.2 0.4

Na2S04

-2.00 5 259.4 38.3 606.3 14.3 9.3 67.2 71.1 18.7 202.8 0.3 1.7 0.3 0.4

7 219.5 29.1 451.3 13.0 7.6 59.5 59.0 19.7 141.4 0.2 1.6 0.3 0.3

5 124.6 14.3 262.1 9.2 5.2 46.9 46.3 14.4 61.8 - 0.8 0.2 0.2
-4.00

7 114.9 13.1 242.7 10.4 6.7 45.6 46.5 16.6 56.9 0.0 1.0 0.2 0.2
I-'
w
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':I:ab1e t.(,. -- I:ffects of phosphorus , salt type fine! so Lutdou pH on nutrient uptake by sugarcane Val' HStl-7209 (3.5 months
011\). Means uf three r.cplicatp.s. Greenhouse e~periment with 9ugarcane.

----
Nut r i e n t U Ii t 8 k e

Factor -- -----
N P K Ca ~Ig 5 Si Na C1 rln }<'e Cu Zn

- -- mil/plant
Solution ppm P in

pH Solutlon Control (-0.05 bar)

1.7 312.3 5'••1 655.1 82.2 54.2 51.2 205.9 27.6 314.3 3.5 3.7 0.4 0.9

5 2.S 296.8 68.1 650.G 80.4 54.8 48.5 242.8 27.2 337.5 3.5 3.5 0.3 0.7

3.3 303.5 82.5 662.3 84.0 51.9 49.3 208.4 23.6 309.3 3.0 3.3 0.3 0.8

1.7 229.6 48.4 602.& 69.1 50.1 42.4 223.5 25.1 ;:91.7 3.3 3.4 0.3 0.7

7 :<:.5 2m.!! 64.6 59!?4 17.8 49.9 49.4 223.1 24.3 228.1 3.1 3.4 0.3 0.8

3.3 291.0 85.' 652.4 76.0 54.7 1.5.6 212.6 24.8 243.2 3.4 3.3 0.3 0.8

!iae1 (-41Jnn)

1.7 207.3 30.7 432.!+ 34.5 33.1 23.6 148.5 22.1 355.9 3.0 1.9 o " 0.5

5 2.5 1117.0 36.5 439.1 35.9 32.9 22.. 0 130.4 21. 2 J61.2 2.7 .1.7 O.Z 0.4

3.3 208.3 43.2 l,(i3.7 38.4 37.8 23.9 153.8 24.1 381.0 3.0 2.0 0.2 O.t,

1.7 173.8 20.0 366.0 32.4 33.6 2a.7 142.0 20.1 307.4 2.5 1.6 0.2 0.3

7 2.5 185.6 35.3 426.3 35.1 33.7 22.2 144.3 22.5 359.3 2.6 1.8 0.2 0.4

3.3 171.3 1,0.1 420.8 30.3 27.3 20.0 121.5 22.'j 341.4 2.3 1.7 0.2 0.4

Na2S0~ (-4 bars)

1.7 109.8 16.2 225.8 22.5 17.2 40.3 71.8 13.7 66.4 0.2 1.3 0.2 0.3

5 2.5 103.4 17.0 20!".5 17.7 13.1 39.4 61.8 14.5 57.1 - 1.2 0.2 0,2

3.3 91.1 16.1 191).7 18.4 14.2 3/,.6 60.9 14.1 ·49.e 0.1 1.1 0,2 0,2

1.7 10(,.6 1(,.6 228.9 22.2 :'6.3 42.9 ts.t 15.3 M.8 o.i 1.(, 0.2 0,2

7 2.5 92.5 H.9 195.2 19~3 15.5 36.3 65.6 16.5 55.2 0.1 1.2 0.2 0.2

3.3 103.2 19.0 226.1 20.9 15.2 38.8 1;7.8 13.2 61.5 0.1 1.3 0.2 0.2
---------- I-'
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Table 47. -- Effects of solution pH, solution osmotic potential (OP) and salt type on mineral
composition of sugarcane Var H50-7209 (3.5 months old). Means of three replicates.
Greenhouse experiment with sugarcane receiving 2.5 ppm P in solution.

S h 0 0 t Min era 1 Com p 0 sit ion

Factor N P K Ca Mg S Si Na C1 Mn Fe Cu Zn
% ppm

Solution Osmotic Solution
Potential (OP). bar pH Control

-0.05 5 0.98 0.20 1.52 0.25 0.17 0.12 0.74 0.07 0.84 109 104 8 20

7 1.02 0.19 1.46 0.25 0.16 0.12 0.73 0.07 0.57 102 106 9 21

NaC1

5 1.09 0.22 1.87 0.23 0.22 0.14 0.73 0.09 1.56 144 104 9 18
-2.00 7 0.99 0.20 1.86 0.23 0.19 0.13 0.78 0.09 1.53 140 104 9 19

5 1. 00 1.17 1.84 0.20 0.19 0.10 0.71 0.10 1.65 148 91 9 21
4.00 7 1.02 0.17 1. 73 0.19 0.19 0.10 0.78 0.11 1.60 137 98 8 20

Na2S04

-2.00 5 0.98 0.15 1.44 0.17 0.12 0.23 0.68 0.09 0.58 37 105 11 18

7 0.89 0.13 1.39 0.18 0.14 0.26 0.63 0.12 0.51 20 101 13 17

5 0.94 0.15 1.44 0.17 0.12 0.29 0.55 0.11 0.44 2 103 15 22
-4.00 7 0.85 0.13 1.44 0.19 0.16 0.28 0.60 0.13 0.45 8 102 13 18

f-'
w
-...J
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Table 49. -- Multiple regression equations relating dry weight, fresh
weight, daily spindle growth, leaf osmotic potential
(leaf ~s), relative turgidity (RT) and stomatal diffusive
resistance (Rs) to the osmotic potential of the nutrient
solution (OP) and solution pH for two different salts.
Greenhouse experiment with sugarcane.

Regression Equationt

Na2S04

Dry weight y = 43.23 - 6.39Xl - 1.l7X2 2Fresh weight y = 211.92 66.02Xl 5.60X2 + 5.59Xl
Spindle growth: y = 7.24 - 1. 2lX

l
- O. 20X

2
Leaf 1jJs y = 7.57 + 1. 09X

l
+ O. 2lX2

RT y = 97.78 - 4. lOX1 1. 70X2
Rs y 14.70 + 3.69X

1
- 0.19X2

NaCl

Dry weight y = 38.99 3.90Xl 0.40X2
Fresh weight y 199.74 26.98Xl 3.97X2
Spindle growth: y 6.42 0.73Xl 0.05X2
Leaf ~s y 7.97 + 1. 03X

l
+ 0.12X2

RT Y = 89.54 - 2.37Xl - 0.29X2 2
Rs y ::: 12.21 - 2.l7Xl + 0.35X2 + 1. 52Xl

0.94***

0.98***

0.98***

0.75***

0.81***

0.79***

0.68***

0.89***

0.91***

0.67***

0.80***

0.83***

t Xl = Osmotic potential of nutrient solution in Atm; X2 = pH of the
nutrient solution.

*** Statistically significant at the 0.001% level.

n = 18



Table 50. Correlation coefficients (y) for the relationship between growth parameters,
physiological parameters and the osmotic potential of the nutrient solution
(OP).

Par a met e r

Parameter

Dry weight

Fresh weight

Spindle growth

Leaf ljist

RTtt

Rsttt

Solution optttt

Dry
Weight

1.00

Fresh
Weight

0.97,H,

1.00

Spindle
Growth

0.91**

o. 94'~*

1.00

Leaf
ljis

-0.85**

-0.85**

-0.79**

1.00

RT
Solution

Rs OP

0.86** -0.71** -0.85**

0.89** -0.76** -0.90**

0.891(* -0. 83*1( -0. 90'~*

-0.77** 0.72** 0.83**

1.00 -0.63*''( -0.80**

1.00 0.85

1.00

tLeaf ljis = Leaf osmotic potential.

ttRT = Leaf relative turgidity.

tttRs c Leaf stomatal diffusive resistance.

ttttSo!ution OP = Nutrient so!ution osmotic potentia!.
~
.t'
o



Table 51. -- Significance of F-tests from analysis of variance of growth and physiological
parameters of sugarcane Var H50-7209 (3.5 months old). Greenhouse experiment
with sugarcane.

Growth Parameters Physiological Parameters

Source of Dry Fresh Spindle Plant Stomatal Relativedf Osmotic DiffusiveVariation Weight Weight Growth
Potential Resistance

Turgidity

Solution Osmotic
Potential (OP) 2 «« ",-;: *'1, l~* ** **
Solution pH I NS '1:* *'1: NS NS NS

Solution P 2 NS NS NS NS NS NS

Salt Type 2 *l~ l't* ** NS NS '1:*

OP X pH 2 NS NS ** NS NS NS

OP X P I NS NS NS NS NS NS

OP X Salt Type 4 ** l~* ** NS NS **
pH X P 2 NS NS NS NS NS NS

pH X Salt Type 2 NS NS NS NS NS NS

P X Salt Type 4 NS NS NS NS NS NS

'1:* Indicates a significant treatment effect at the O.Ollevel.

NS Indicates a non-significant treatment effect.
I-'
+'
I-'



Table 52. -- Significance of F-tests from analysis of variance of the mineral composition of leaf
sheaths of sugarcane Var H50-7209 (3.5 months old). Greenhouse experiment with
sugarcane.

Source of
df

Leaf Sheath Mineral Composition
Variation

N P K Ca Mg S Si Na Cl Mn Fe Cu Zn

Solution Osmotic
Potential (OP) 2 *~'c 10", *'!c ** NS ** NS ** ** ~"'* NS NS *~"'

Solution pH 1 NS NS 1~ NS NS NS NS NS ** NS NS NS ~"

Solution P 2 NS ~'~* NS NS NS NS NS NS NS NS NS NS *
Salt Type 2 *~"' ~":* ** ** ** 1~* ** ** ** ** ** ** *1e

OP X pH 2 NS NS NS NS NS NS NS NS ** ** NS NS NS

OP X P 1 NS **;'c NS NS NS NS NS NS NS NS NS NS NS

OP X Salt Type 4 * ** ** 1e* ** ** 1~* ** ** ** NS NS 1de

pH X P 2 NS NS NS NS NS NS NS NS NS NS NS NS NS

pH X Salt Type 2 NS NS NS NS NS NS NS NS NS NS NS NS NS

P X Salt Type 4 NS ** NS NS NS NS NS NS NS NS NS * NS

* Indicates a significant treatment effect at the 5% level.

** Indicates a significant treatment effect at the 1% level.

NS Indicates a non-significant treatment effect.
.....
.po.
N



Table 53. -- Composition of the basic nutrient solution used
by Tanimoto, 1969.

Concentration

Nutrient salt

143

2.0 meq/l

3.2 "

2.0 "

2.0 "

3.0 "

CaC12
MgS04
Urea

2.0 "

Micronutrient solution (0.6 ml/l)

Fe-chelate 330 (10% Fe)

Mn-chelate (12% Mn)

Zn-chelate (14.2% Zn)

CuS04·5H20
H

3B0 3

32.0 g/l

32.0 "
8.0 "
1.0 "
0.6 "
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Figure 11. Electric conductivity (EC) of various dilution
saline water (EC = 6 rnmhos/cm) with distilled water. Saline
water collected from a saline well (D-pump) of Pioneer Mill
Sugar Co., Lahaina, Haui, on Hay 1977. Greenhouse irrigation
experiment with maize.
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