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ABSTRAGr

An investigation was undertaken to select the appropriate methods

and sampling times for measuring root cation exchange capacity (C.E.C.)

and anion exchange capacity (A.E.C.) and these together with root

weight and root surface area index (g saturated calcium nitrate solution

covering the root surface) were related to the total uptake of N, P, K,

Ca, Mg, Si and S by four sugarcane varieties (HSO-7209, HS7-5174,

NCo 310, and HS6-5840) grown in solution and soil culture. The three

methods selected for measuring root C.E.C. in decreasing order of

differentiation between varieties, were equilibration of Ca45 with

chilled fresh roots, exchange of Ca40 with chilled fresh roots and a

titration method using ground dry roots. Displacing P from P saturated

fresh roots with NaOR solution was appropriate in differentiating

reproducibly between varieties, for measuring root A.E.C. The root

C.E.C. and A.E.C. results were expressed as weight C.E.C. or A.E.C.

(m.e./100 g dry roots), surface area index C.E.C. or A.E.C. (m.e./100

g saturated calcium nit~ate solution) and C.E.C. or A.E.C./pot (m.e./

pot). Root type (sett or shoot) had no effect on root C.E.C. values.

The C.E.C. for sett roots increased with increasing age whereas that of

shoot roots decreased with increasing age. The range of C.E.C. and

A.E.C. values for shoot roots was narrow for the varieties examined.

Better differentiation between varieties was obtained when C.E.C. was

measured by equilibration of Ca45 • Varietal rankings were consistently

reproduced in the several experiments when C.E.C., as measured by the

three methods, was expressed on a surface area index or total pot bases.



iv

The root C.E.C. and A.E.C. values increased with increasing root

weight when greater amounts of potassium were applied in both culture

media. The root C.E.C. decreased in soil with better physical

conditions.

The cane varieties grown in solution and soil were markedly

different in their growth and nutrient uptake. In the solution culture

the growth and uptake were in the decreasing order of HS7-5l74, HS6-5840,

HSO-7209 and NCo 310. In the soil the array was HS7-5l74, NCo 310

and HSO-7209.

The C.E.C. and A.E.C. were essentially unrelated to the amounts of

cations or anions sorbed by the plant, probably because total ion uptake

is primarily controlled by diffusion and active absorption rather than

exchange.

In solution culture the root weight, root surface area index and

exchange capacity values/pot were significantly correlated with shoot

weight and, except for P and Si, all nutrients analyzed for. The

greatest relationships were obtained with root surface area index. In

the soil the root weight was significantly correlated with shoot

weight and the uptake of N, Mg and S.

The root weight, root surface area index and exchange capacity

values/pot measured in the solution culture were related to the root

weight, shoot weight and ion uptake in the soil. Possibly the

measurement of root weight, root surface area index and exchange

capacity values/pot by the solution culture method may aid in making

a preliminary assessment of varietal differences in nutrient uptake

in the field.
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INTRODUcrION

Efficient fertilizer use for high sugar production requires, among

other considerations, that the proper amounts of plant nutrients be

applied to the crop. In practice, this is not easily achieved due to

differences in cane varieties, soil fertility, and environmental

conditions. Although research on these three factors has resulted in

better fertilizer use, the problem is a continuing one because of the

constant f1owo'f"new; 'liigh'":yielding varieties made available by sugarcane

breeders.

Conventionally, field trials are employed for assessing response to

fertilizer application by different varieties. These require

considerable time and money, and results are slow in coming, especially

in Hawaii, because of the two-year cropping practice. Furthermore, the

trials do not provide any basic understanding that could lead to the

development of a more efficient procedure for evaluating varietal

differences in uptake of and response to nutrients.

In the literature, one finds that root cation exchange capacity

(C.E.C.) is involved in nutrient absorption of various plants (McLean

et a1., 1956, and Crooke et a1., 1962). The study of anion exchange

capacity was stressed by Peterburgskii and Ne1ubova (1965) to better

understand nutrient sorption, for cations seldom move into the plant

without the entry of an equivalent amount of anions.

In an attempt to gain insight into some of the relationships between

root properties and nutrient requirements, a study of root weight, surface

area index, cation and anion exchange capacity and their relationships to

nutrient uptake for some sugarcane varieties was undertaken.



REVIEW OF LITERATURE

Definition and Source of Root C.E.C.

Root C.E.C. is defined as the total cations which can be replaced

under a given set of conditions from the root surface (Helmy and

ElGabaly, 1958-11).

The property of root C.E.C. has been attributed to pectoses

(Helmy and ElGabaly, 1958; citing Deveaux, 1916), carboxylic, and amino

groups (Teorell, 1935; Heintze, 1961), aromatic compounds (Osterboot,

1936), amino acids (Brooks, 1937), dissociating radicals of phosphoric

acid Lundegardth, 1945), energy-rcih phosphorylated nitrogen compounds

(Stewart and Street, 1947), protein framework (Frey-Lyssling, 1948), and

pectic substances (Mattson, 1949). According to Laties (1959), C.E.C.

(adsorption exchange) is due to fixed and predominantly negative charged

groups and located predominantly in the cell wall. Investigators do,

however, agree that hydrogen ions (nT) are produced by metabolic

processes and are present on the surface of the plant root. These gt

are readily replaced by metallic cations, such as calcium ion (Ca++) and

potassium ion (~). The replacement or exchange process is nonmetabolic,

physical, nonspecific, and reversible (Laties, 1959; Epstein, 1960).

Furthermore, these g+ can be quantitatively measured.

Methods of Measuring Root C.E.C.

Crooke (1964) stated, "the methods which have been used to measure

root C.E.C. are largely empirical and may give different values for the

same plant while being consistent within themselves." All the methods

described in the literature aim at the removal of the adsorbed cations
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on the root surfaces and their replacement with gt as the initial step

in measuring C.E.C. This is achieved by electrodialysis, a drastic

treatment (Mattson, 1949), or by a quick treatment with weak HCI of

various normalities (usually 0.01 N) (Shufflen and Middleberg, 1954;

Crooke, 1958; Helmy and ElGabaly, 1958; Heintze, 1961), or 0.5 N oxalic

acid which is said to give a more complete exchange of the adsorbed

cations on the surfaces of fresh roots than HCl (Nijensohn and Olmos,

1959). The next step involves the measurement of the wnount of H+

adsorbed. Three different methods have been used. In the titration

method, H+ released from dried and milled roots in 1 N KCl are measured

by titration to pH 7 or pH 8 with a base (Mattson, et ~l., 1949; Drake,

et al., 1951; Crooke, 1958; Heintze, 1961; Crooke, 1964). The amounts

of alkali required to restore the root KCl system to pH 7.0 or pH 8.0

give a measure of root C.E.C. With fresh, living roots, acid drift is

observed. This is due to metabolic uptake of ~ and consequent leakage

of a+, and also due to the release of a+ following enzymic breakdown of

pectin to pectic acid and methanol (Heintze, 1961). In practice, this

means that an arbitrary period for titration is allowed, generally 2 to

5 minutes. If dried root material is titrated, the acidic drift is much

smaller and is due simply to diffusion of at from the interior of the

particles (Crooke, 1964). The second method is cation exchange, where

the a+ on the surface of the fresh roots (paper-dried or ether-killed)

are replaced by Ca++ (Shufflen and Middleburg, 1954; Keller and Deuel,

1957; Carpenter, 1965), Ba+ or ~ (Helmy and E1Gabaly, 1958; Heintze,

1961). Excess cation is removed by washing. This procedure has been

criticized because the cation may be exchanged for H+ if washing is
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prolonged (Nijensohn and Olmos, 1959). Finally, the adsorbed cation is

displaced by acid and measured by flame photometer (Shufflen and

Middleburg, 1954; Carpenter, 1956), versenate titration (Keller and

Deuel, 1957; Nijensohn and Olmos, 1959) or radioactive counting

(Huffaker and Wallace, 1959; Heintze, 1961). The third method measures

the exchange sites on the fresh root surface by equilibrium with

radioactive elements as used by Epstein, 1955; Pitman, 1956; Brown and

Wells, 1958; Moore et al., 1961; and Carpenter, 1965. Carpenter (1965)

reported that 45Ca radioisotope equilibration produced more consistent

C.E.C. values than the Ca exchange method.

No one appears to have measured C.E.C. on the same root material

using different methods. Heintze (1961) compared some of her results

with those obtained by other workers using different methods. Although

differences in age and root material must be taken into account,

agreement in general was reported to be good, suggesting that C.E.C. is

a characteristic and reproducible feature of the root.

Root C.E.C. Values

In general, monocotolydens possess lower C.E.C. values than

dicotolydens (Crooke, 1964). Values ranging from 10 to 70

milliequivalentsllOO g dry root have been reported for angiosperms

(Crooke, 1964). Both living and dead roots exhibit C.E.C. and higher

values have been measured for the latter than the former. Root C.E.C.

values of two Indian sugarcane varieties were 25.4 and 27.4 m.e./lOO g

dry roots (Narasimham and Pacheco, 1965). Ganguar (1967) found that

Hawaiian sugarcane variety H50-7209 had a C.E.C. of 9.5 m.e./lOO g dry
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roots. Twelve Indian cane varieties had C.E.C. values ranging from 12.3

to 30.9 m.e./lOO g dry root (Chiranjeevi et al., 1967). High-yielding

canes may differ more in their root weight and root surface area than in

root C.E.C. This implies that reporting root C.E.C. per plant (m.e./g x

g roots/plant) rather than specific root C.E.C. may be a better basis

for comparing varieties with respect to ion uptake.

Factors Affecting Root C.E.C.

Mouat (1962) showed that root C.E.C. was genetically controlled and

Chiranjeevi et al. (1967) found that different cane varieties had

different root C.E.C. values. Crooke (1960) reported that the C.E.C. of

leek roots was highest at the root tip and decreased with increasing

distance from the tip. Helmy and E1Gabaly (1958) found that the root

C.E.C. of barley decreased with age. Narasimham and Pacheco (1965)

showed that root C.E.C. of sugarcane differed with type and age of roots.

Sett roots measured one-half the C.E.C. of shoot roots. Maximum root

C.E.C. values were obtained with 6-month-old shoot roots. Chiranjeevi

et al. (1967) found that neither the age nor the root type had any effect

on root C.E.C. values. Root C.E.C. increased with increasing nitrogen

(N) in the media (McLean et al., 1956; Helmy and ElGabaly, 1958) and the

increase was found to be related to nitrate nitrogen rather than ammonium

and urea nitrogen (Huffaker and Wallace, 1959). The latter workers also

showed that root C.E.C. increased when CaD and H2P04- were added.

Respiratory inhibitors (e.g. NaCN3NaN3) reduced root C.E.C. values, and

growth regulators (e.g. 2,4-dichlorphenoxyacetic acid) at low levels

increased them, but at high levels decreased them (Helmy and ElGabaly,
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1958). Crooke (1958) showed that excess Ni3Co and Zn increased the root

C.E.C. of tomatoes, peas, beans, and oats, while Mn had the reverse

effect. Excess Cu increased the root C.E.C. of oats and decreased that

of the tomatoes, beans, and peas.

Relationship of Root C.E.C. to Ion Uptake

Epstein (1960) reported that short-term ion uptake by excised roots

or discs of storage tissue occurred by any of at least three different

mechanisms: diffusion (readily eluted by distilled water) into the

water-free space, exchange (readily removed by other ions of the same

charge) into the Donnan free space, and active absorption, in which case

the ions are not subject to rapid removal by diffusion or ion exchange.

Ion adsorption on the exchange sites has been considered to be the first

step in ion accumulation (Jacobson et al., 1950; Higinbotham and Hanson,

1955; Gonzalez and Jenny, 1958). The clear indication of cation exchange

on plant roots (Williams and Coleman, 1950) led to the hypothesis that

differences in the quantity of cations removed by plants are largely

controlled by the cation exchange capacity of the plant roots, the

valence of the cation (Drake et al., 1951) and Donnan Distribution Laws

(E1Gabaly and Wiklander, 1949).

Mattson (1948) and E1Gabaly and Wiklander (1949) reported that

plants with high root C.E.C. favor adsorption of divalent cations, while

those with low C.E.C. favor the adsorption of monovalent cations.

E1Gabaly and Wiklander (1949) explained divalent ion accumulation of

high-C.E.C. plants on the basis of the Donnan theory of membrane

equilibria. Divalent ions (~) accumulate to a greater extent than
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monovalent ions (M+) on the system with the higher activity, in accord

with the relationship:

=
J(M:H)i

J(M+t) 0

where Ii' represents the exchangeable sites in the micellar or inner

solution in contrast to '0' the outer solution of free electrolytes--

intermicellar or outer solution. E1Gabaly and Wiklander (1949) asserted

that the uptake of cations by plants depends also on the C.E.C. of the

medium in which the plant is growing and the ratio of the cations

present. Epstein (1955) hypothesized that root C.E.C. regulates the

proportion of monovalent to divalent ions entering the free space of the

roots. Huffaker and Wallace (1958) showed that the K, Ca, and Mg

contents of different plant species grown under similar conditions could

be related in a majority of cases by:

C.E.C· l
C.E.C· 2

=

where K, Ca, and Mg represent the nutrient uptake of the plant and

subscripts 1 and 2 represent different species. It was shown that

could apply for single-salt solutions, while K2/Kl applied for

solutions containing K and divalent cations.

Ratios of root C.E.C. of different species and their ratios of total

plant content of K, Ca, and Mg grown in soil were significantly

correlated (Huffaker and Wallace, 1958). These relationships were far

from simple and, in some cases, correspond well with Kl /K2 rather than
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K2/Kl • They concluded that, if these relationships hold, it would be

"entirely circumstantial" because: it is difficult to reproduce accurate

root C.E.C. measurements for the same plant; plants containing high

amounts of one divalent ion correspond less in the divalent ratios; it is

not known if the measured root C.E.C. is all active in the adsorption of

the cations studied. However, McLean (1957) obtained a high correlation

(R = 0.866) between the plant root C.E.C. and plant nitrogen percentage.

Inden et ale (1958) found that plants with higher root C.E.C. adsorb

more calcium and ammonium ions than plants with low C.E.C. Morita and

Aoki (1961) showed that the content of Nand Ca in roots increased with

the root C.E.C.; however, no relationship was observed between K and

root C.E.C. Crooke and Knight (1962), evaluating the published data of

various workers on the chemical composition of various plants in terms

of their root C.E.C. showed that C.E.C. of the roots is positively

correlated with the content in the tops of (a) the total cations, (b)

ash, (c) excess base, and (d) total trace elements. Fox and Kacar (1964)

found a positive relationship between the uptake ,of phosphorus (P) by

various plants from the soil and root C.E.C. The correlation was higher

in dicots than in monocots, because dicots absorb more Ca and Mg than

monocots. This released more P from the fixed state, making it

available to the plants (Drake and Steckel, 1955). ElGabaly (1962)

showed that chloride (Cl~ uptake for a number of crops was the reverse

of their cation exchange capacities. He explained that roots with high

C.E.C. repel anions from their surface, resulting in lower anion

absorption. He also showed that divalent anions, like sulfates (S04-)'
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are absorbed to a lower extent than monovalent anions, like Cl-, in

agreement with the Donnan equilibrium theory.

Narasimham and Pacheco (1965) attributed part of the difference in

the levels of P, Ca, and Mg present in the elongating leaf sheaths of

sugarcane to differences in root C.E.C. of the different cane varieties.

However, McLean and Adams (1954) suggested that the root C.E.C. alone

would not predict the uptake of Ca and K by different crops because the

ratio of the mean free bonding energies of the cations in the homoionic

systems at 100% saturation were found not to be closely related to the

C.E.C. of the roots. No relationship was found between root C.E.C. and

plant composition of cations when various crops were grown in one-fifth

strength Hoagland solution (McLean, 1957). This was explained as being

due to the absence of competing colloids, where Donnan effects are at

a minimum. Vose (1963) suggested that "some regulator other than

cation exchange capacity and Donnan distribution laws must be postulated

for the selective assimilation of monovalent and divalent cations by

varieties of a species grouped within a relatively narrow range of

cation exchange capacity." Epstein and Legett (1954) showed that ion

exchange in excised barley roots was not related to the accumulation

process and that the two processes were distinct.

Vimmerstedt (1968), studying the root C.E.C. and mineral nutrition

of forest trees, stated that "root cation exchange capacity was not

the factor causing the difference in cation ratios between species and

that cation ratio in the soil had a strong influence on cation ratio

in trees."
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Anion Exchange Capacity of Roots

There is a scarcity of literature on the subject of root anion

exchange capacity (A.E.C.). Peterburgskii and Nelubova (1963) asserted

that a complete understanding of root absorbing capacity is possible

only by determining both root C.E.C. and A.E.C. Like C.E.C., A.E.C. is

defined as the total anions which can be replaced under a given set of

conditions from the root surface.

Lundegardh (1942) found that anions had a marked effect on root

potentials. He concluded that "potential measurements favor the

assumption that anions of neutral salts are adsorbed to the surface

layer of the protoplasm by exchange. Hence, the surface layer also

possesses positive valencies, which in the absence of anions of acids

are saturated only by OIr (and a small amount of HC03-) ions."

Williams (1962) suggested that the site of positive charges on the

root surfaces might be amino groups which become positively charged in

the presence of H ions (reactions 1 and 2), but are neutralized under

alkaline conditions (reaction 3) as shown below:

i -NHZ + If'"_j -NH3+

COOH COOH

i -NH/ + eosi" (dye)_j - NH/ eosin:-

COOH COOH

1

2

R - NH + eosin- +I 3

COOH

2NaOH ---..R - NH
2

+ Na+

I
COOH 3
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Methods of Measuring Root A.E.C.

Two methods of measuring root A.E.C. had been developed. The

method of Williams (1962) involved immersion of the roots in a negative

dye (e.g. eosin-) and the measurement of the dye adsorbed on the root

surface colorimetrically after its replacement from the root surface by

an anion, usually the chloride of sodium chloride. In the method of

Peterburgskii and Nelubova (1963) the roots were immersed in ammonium

phosphate solution, and the phosphate on the adsorption surfaces was

extracted with alkali and determined colorimetrically.

Values for Root A.E.C.

The work of Peterburgskii and Nelubova (1963) showed that the root

A.E.C. values of oats and barley drop during the growth of the seedlings;

roots of peas, sunflower, and maize, at the same age, have higher values

than those of oats and barley. Unlike the values for root C.E.C., the

values for root A.E.C. were high, from 61.3 to 129.3 m.e./lOO g dry

roots for oats and peas, respectively. No study of root A.E.C. for

sugarcane plants was found in the literature.



METHODS AND MATERIALS

General Procedure

In order to evaluate the influence of C.E.C., A.E.C., and other

root measurements on the uptake of cations and anions, a solution

culture experiment was conducted with four varieties, three levels of

K, and three levels of Ca supplied to the roots. The experiment was

installed as a factorial in a randomized block design with three

replicates.

Several methods of measuring root C.E.C. and A.E.C. were evaluated

(Appendix A).

The Crooke (1964) titration method of measuring C.E.C. and the

Peterburgskii and Nelubova (1963) method of measuring A.E.C. were

adopted on the basis of this evaluation. In addition the Carpenter

(1965) 45Ca method was used because the literature indicated greater

accuracy was obtained by its use than with other exchange methods.

The varieties used were HSO-7209, HS7-5l74, and HS6-5840, and

NCo 310. The K levels supplied to the nutrient solution were 117 (low),

347 (medium), and 550 (high) ppm; the Ca levels were· 20 (low), 40

(medium), and 80 (high) ppm. These concentrations were supplied in the

experiment by renewing the nutrient solution every 10 days. The

sugarcane was harvested and samples collected for nutrient uptake

determination after the experiment had been conducted for 40 days.

To evaluate further the realtionship between C.E.C. and nutrient

uptake, a pot experiment was installed with two soils--a low humic

latosol and a humic ferruginous latosol; three varieties--H50-7209,
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H57-5l74 and NCo 310; two levels of K 120 (low) and 960 (high) ppm; and

two levels of Ca 290 (low) and 1450 (high) ppm. After four months l the

cane was harvested and samples collected for nutrient uptake

determinations.

solution Culture Experiment

Sugarcane stalks, obtained from Experiment Station of the Hawaiian

Sugar Planters' Association, were cut into "one-eye" seedpieces. Each

seedpiece consisted of one node with about 2.5 cm of internode on each

side of the eye. The seedpieces were dipped in a dilute phenyl mercuric

acetate (PMA) solution2 for five minutes to control pathogens.

Seedpieces were planted 2.5 cm deep and about 5 cm apart in sand placed

in well-drained troughs. The seedpieces were irrigated with water only.

Healthy uniform, 4-week-old "seedlings" were transplanted into 3.6-liter

crocks, measuring 20 cm'in diameter and 22.5 cm high, filled with

nutrient solution and covered with a tempered Masonite lid 1 cm thick

and 20 cm square. Roots of the "seedlings" were well developed for four

weeks and extended into the nutrient solution.

The sprouted seedpiece was fitted into a 5-cm hole in the center of

the Masonite lid, tied tightly by two pieces of wire, each passing

through two 3.5 mm holes at the side of the central 5-cm hole (Carpenter,

1965). The space not occupied by the seedpiece was closed with cotton and

1 All sampling times and ages of plants given in the thesis are from
the start of the experiment, unless specified otherwise.

2 1 part of 10% phenyl mercuric acetate solution in 800 parts water
by volume.
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masking tape. Each lid had an outlet and inlet 1.3 cm in diameter for

aeration. The stem of the seedling was maintained in an upright

position on the wooden lid.

A basic nutrient solution was prepared by diluting the required

aliquots from stock solutions with distilled water Table I). During

the first 20 days, each crock was filled with the basic nutrient

solution at half strength. After 20 days K and Ca differentials were

established for 40 days. The micronutrients applied were those shown

in Appendix A, Table I.

The nutrient solutions were changed every ten days. Water lost by

evapotranspiration was replaced daily with deionized water, ensuring

continuous immersion of the roots in the nutrient solution. The

solution was continuously aerated with compressed air, which was

brought to near air temperature, humidified, and cleaned by passing it

through water held in a 20-liter glass jar. The air was led to the

bottom of each crock via 6.S-rom plastic tubing that entered the crock

through one of the 1.3 cm holes in the wooden lid. Gentle bubbling of

the air in each solution was controlled by a needle valve.

Soil Culture Experiment

The two soils collected from Waialua Sugar Company, Inc. and Oahu

Sugar Company, Ltd. were screened through 1/8 inch wire mesh. Eighteen

kilograms of screened soil were used to fill an l8-liter, metal pot

(plastic lined and measuring 29 cm in diameter and 33 cm high) to near

constant volume.

Each pot received a blanket application of N, P, Mg, Zn, Cu, B,

Mo, and 8i. Nitrogen was applied at the rate of 728 ppm N, phosphorus
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TABLE I. NUTRIENT SOLUTION FORMULA FOR THE SOLUTION CULTURE TRIAL

Molar
Concentration

Per Liter
Salt cc per Liter of Nutrient Solution

Basic High K Low K High Ca Low Ca

1M ~P04 1 1 1 1 1

1M MgS04·7HZO 1 1 1 1 1

1M CaC1z·ZHz° 1 1 1 Z ~

~M KZS0
4

Z Z Z Z Z

1M KN03 6 10 0 6 6

1M NH4N03 Z 0 5 Z Z
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at 1739 ppm P205 and magnesium at 145 ppm Mg per pot. The micro

elements Zn, Cu, B, Mo, and Si were applied in solution form. Zinc was

applied at the rate of 20 ppm, Cu at 10 ppm, B at 2 ppm, Mo at 1 ppm,

and Si at 10 ppm.

Urea, triple superphosphate, magnesium sulfate, zinc sulfate,

copper sulfate, boric acid, molybdic acid, and sodium silicate were the

nutrient carriers. The differential rates of K and Ca previously

mentioned were added as KCl and CaS04.

The soil and various amendments, except one-half of the phosphorus,

were first thoroughly mixed in a concrete mixer and then placed into the

pots. The second half of the phosphorus was banded 5 cm below the soil

surface in each pot.

Two healthy, uniform, 10-day-old sand germinated "seedlings" were

transplanted in each pot 2.5 cm deep, and 10 cm from the rim. Soil was

pressed firmly around the roots and the seedpieces.

The pots were irrigated with deionized water. Watering was guided

by tensiometers with their cups placed at 20 cm below the soil surface.

Water was applied when the instrument gauge read 0.30 to 0.50 bars.

Close contact between the soil and tensiometer cup was achieved by

surrounding the cup with a water-soil paste of the same soil at the

time of tensiometer installation. Excess water was drained from each

pot through a 7.5-cm hole punched in the bottom of the pot. Drainage

water was collected in a dish placed under each pot and returned to the
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soil every two to three days. The soil expertment was conducted for

3
four months.

Harvesting Procedures

1. Shoot Harvest: At the scheduled dates the stools were

harvested before 8 a.m. in both solution culture and soil

experiments. Leaf sheaths 3, 4, 5, and 6, counting the

spindle bundle as No.1, were cut off with a sharp knife at

their juncture with the stem and the blade, and composited

(Clements, 1960). The central 25 cm length of blades 3, 4,

5, and 6 were cut off and composited. The remainder of the

leaves (sheaths and blades) and the spindle bundle of the

largest stalk were composited with the leaves and meristems

of the remaining stool in each pot. All the stems in a pot

were composited. As soon as green weights were taken on all

four parts--sheath, blades, leveas, and stem-- they were

weighed, cut fresh, into small pieces and dried in an oven

at 600 C for 2 to 3 days and reweighed.

In the soil expertment, at four months, sheaths and the central

25 cm length of blades 3, 4, 5, and 6, were composited

separately from the two largest stalks in each pot. The

3 At the beginning, the cane in all tests was attacked by scale
insects (Diaspididae) which were controlled by periodic spraying. A
spray solution was prepared by diluting 7.5 ml of Kelthane in 3.6 liters
of water. In the soil expertment, cane roots in three pots of the low
humic latosol soil were infected with Rhizoctonia sp. The pots were
treated by drenching the soil thrice with two liters of Terrachlor
solution made by dissolving 80 g of the chemical in 36 liters of water.
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remaining leaves including the spindle bundle were composited

with the balance of the leaves and meristems. All the stems

in the pot were composited. The different parts were weighed

fresh, sliced, dried, and reweighed.

2. Root Harvest: In the solution culture experiment, at 60 days,

shoot roots were sampled for measurement of root C.E.C.,

A.E.C., and surface area. No sett roots were present due to

deterioration of these roots with time. The roots were washed

with tap and distilled water to remove excess nutrient solution

and extraneous matter prior to further determinations.

In the pot experiment, the soil in each can was left to dry

after the harvest of the shoots. The roots were obtained by

shaking the soil off, followed by repeated washing with tap

and deionized water.

The harvested roots in both tests were oven dried at 600 C for two

days before being weighed.

Analytical and Statistical Methods

Various analyses were made on representative samples of soils,

shoot separates, and roots.

1. Measurement of Root Surface Area Index: The method for

measuring root surface area index (S.A.I.) (Carley et al.,

1965), involved drying a representative root sample for 24

hours at 250 C, dipping the dried roots in calcium nitrate

solution (one part of water and six parts Ca(N03)2. 4H20)

for 10 seconds and draining it for 30 seconds. It is assumed
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that in these 40 seconds only one layer of calcium nitrate

solution covered the root surface and the weight of the

solution in grams is a measure of the surface area of the root.

2. Measurement of Root C.E.C. and A.E.C.: The Crooke (1964) and

Carpenter 45Ca (1965), methods were used to measure root C.E.C.

and the unmodified Peterburgskii and Nelubova, (1963) method

was used to measure root A.E.C.

3. Crooke Titration Method (1964): Two hundred mg of dried root

material, ground to 60-mesh in a Wiley mill, was washed in

O.OlN HC1. This was followed by titration of the roots with

standard O.OlN KOH solution in 20 ml of lN KCl (pH 7.0) to

pH 7.0 and maintained at this pH by additional titration for a

period of five minutes. The m.e. of KOH used to titrate 200 mg

of roots were determined and the C.E.C. reported as m.e./100 g

dry roots.

4. 45Ca Method at Cold Temperature (Carpenter, 1965): The 45Ca

radioactive method consisted of placing chilled Ca-saturated

roots in a cold magnetically stirred CaC12 solution (200 ml of

0.00025 M) for 20 minutes to establish an equilibrium

distribution of the 45Ca between the adsorbed phase and the

external solution. The roots were then dried and weighed.

The radioactivity of the solution after root treatment was

counted for five minutes by liquid scintillation. The solution

used was a mixture of 1000 ml Dioxane, 1000 ml Toluene, 600 ml



methyl alcohol, 208 g naphthalene, 13 g 2,5-Dipheny1oxazo1e

(PPO), and 0.26 g 1,4-bis- 2-(1-methyl-5-pheny1oxazo1yl)

-Benzene (POPOP) Carpenter, 1965). Twenty m1 of this

scintillation solution were mixed with 1 m1 of the labelled

Ca solution and counted. The C.E.C. values were reported as

m.e./100 g dry roots.

5. Peterburgskii and Ne1ubova Method (1963): Anion exchange

capacity was determined by displacing all anions from the

root exchange sites with phosphate. Adsorbed phosphorus

was displaced into solution with 1 N NaOH, and determined

co1ortmetrica11y. The method involved the following:

(1) A one to two g sample of fresh roots was placed in a

50 m1 Erlenmeyer flask;

(2) 25 m1 of 1 N ammonium biphosphate acidified with

1 N H3P04 (phosphate reagent) was added, the flask

closed tightly with a rubber stopper and left stand

for one hour with frequent vigorous shaking;

(3) The roots were filtered by suction, washed with the

phosphate reagent, and the excess reagent removed by

repeated washing with 60% ethanol;

(4) The roots were placed for one hour in a 200 m1 graduated

flask with 160 m1 of distilled water, 25 m1 of 1 N

sodium hydroxide and made to volume; and

(5) The flask contents were filtered and the phosphorus in

the solution determined using the molybdenum blue method

20



of Dickman and Bray (Chapman and Pratt, 1961). The

A.E.C. was expressed in m.e./lOO g dry roots.
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6. Basis for C.E.C. and A.E.C. Reporting: All C.E.C. and A.E.C.

measurements were reported in m.e. per 100 g dry roots

(weight C.E.C. or A.E.C.), m.e./lOO g calcium nitrate

solution (S.A.r, C.E.C. or A.E.C.) and total m.e. per pot

(C.E.C. or A.E.C. per pot).

7. Plant Nutrient Analysis: One-half g samples of dried plant

material, ground to 40 mesh in a Wiley mill, were digested

in sulfuric-selenious acid. 4 The digests were used for the

determination of N, P, K, and Ca on the Technicon

autoanalyzer. Magnesium was determined on atomic

absorption equipment.

Two g samples of dried, milled plant material were used to

determine silicon (Si) gravimetricly, and sulfur (S) by the

MgN03 procedure (Horwitz, 1965).

8. Soil Nutrient Analyses: The soil was extracted with 1 N

ammonium acetate, pH 7.0, and the extract used to determine

K, Ca, Mg, and S.

Soil Si was extracted with 0.5 N ammonium acetate, pH 4.85,

and the Si in the extract determined.

4 Dissolve 6.5 g of selenious acid (H2Se03) in nine pounds of
concentrated H SO (approximately 2225 ml).
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Soil pH was determined, using a Beckman pH meter with 1:1 soil

water suspension. The suspension was allowed to stand for one

hour with occasional shaking before the pH was measured.

9. Statistical Methods: The various computational and

statistical analyses were performed on an IBM 360 computer.

The individual values for the different variables in each

of the different cane parts for each pot were added for total

(shoot) d~y matter and nutrient uptake. The S.A.I., C.E.C.

and A.E.C. and the total C.E.C. and A.E.C. were calculated.

Analyses of variance and Duncan's Multiple Range Tests were

made for all the experiments conducted in this investigation.

Correlations were calculated to determine the relationships

between root C.E.C. and A.E.C. and nutrient uptake.

The following statistics were calculated: total shoot growth

and nutrient uptake per pots; percent of the total uptake of

each nutrient in each pot.

As a general guide to statistical work the texts of Snedecor

and Cochran (1968) and LeClerg etal. (1966) were used.

Variety Characteristics

Four sugarcane varieties were used in the investigation--three

Hawaiian varieties (HSO-7209, HS7-5l74, and H56-5840) and one Indian­

South African variety (NCo 310). Variety HSO-7209, a cross between

H44-3098 and an unknown, is semierect, with medium stooling and exhibits

early lodging. It is grown in low-rainfall areas of Hawaii (120-200 cm

annually) where irrigation is practiced and presently is the most
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extensively grown variety in the islands. It produces high cane yields,

with moderate juice quality that can be improved by ripening, and has

moderate uptake of both K+ and Ca++ (unpublished HSPA records).5 The

uptake of K and Ca by this cane variety was considered the norm in this

investigation. Variety H57-5l74, a cross between 49-5 and an unknown,

is a semierect, 24-month cane characterized by early lodging, heavy

stooling, medium tops and heavy tasseling. It is grown in wet areas

(315-650 cm annual rainfall), where it yields heavy cane with medium

juice quality that is not easy to improve by ripening; it has high

uptake of Ca compared to HSO-7209 (HSPA unpublished reports). Variety

H56-5840, a cross between H5l-84l5 and an unknown, is a 24-month,

fast-growing, moderate-stooling variety that shows early lodging. It is

grown to a limited extent in dry, irrigated areas of Hawaii, where it is

characterized by high cane tonnage, low juice quality, and high uptake

of both K and Ca (HSPA unpublished records). Variety NCo 310, a cross

between Co 310 and Co 312, is an erect cane with medium stooling and

heavy tasseling. The variety is not well adapted to Hawaiian conditions,

but has succeeded in irrigated, areas of Pakistan, India, and Sudan. It

is harvested in 12-18 months and has high cane tonnage and medium juice

quality.

Soil Characteristics

Two soils of different physical and chemical properties were used

in this study. The first soil, a representative member of the low

5 Personal communication with Mr. R. Urata, Genetics and Pathology
Department, Experiment Station, HSPA.
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humic latosol group was collected from the top 30 cm of the soil

profile, Kawailoa Field, 21, at Waialua, Oahu. The low humic latosol

(L.H.L.) soil was formed in moderately sloping land under 100-cm

annual rainfall. Tamura et al. (1953) identified the minerals present

in a representative soil sample as Kaolinite (40-55% including

Halloysite), hematite (15-20%), allophane (5-10%), and montmorillonite

(5-15%). It also contained some illite with high amounts of Mn02

distributed throughout the profile (Suehisa et al., 1963). The top

0-25 cm of this soil had a C.E.C. of 17.8 m.e. per 100 g and a base

saturation of 53.4% (Kanehiro and Chang (1956). The soil possessed low

buffering capacity (Matsusaka and Sherman, 1950), low P fixation (Chu

and Sherman, 1952), 3.4% organic matter, and 55.8% clay separates

(Uehara and Sherman, 1956). The soil was moderate-to-poor in physical

properties due to low water stable aggregation. Chemical analysis

showed the soil to be high in Ca, Mg, and Si, and medium in K and P

(Table II).

The second soil, a representative member of humic ferruginous

latosol (H.F.L.) was formed on nearly level to gently-sloping upland

under 200-cm annual rainfall. Tamura ~ al. (1953) identified the soil

minerals as Kaolin (15-20%), Gibbsite (15-20%), hematite (20-25%),

goethite (10-20%), montmorillonite (5-10%), interstratified 2:1 layer

silicate (5-10%), mica (1-5%), and quartz (1-5%). This soil was

reported capable of fixing high amounts of applied P (Chu and Sherman,

1952); it had relatively high buffering capacity (Matsusaka and Sherman,

1950), and a C.E.C. of 33.5 m.e. per 100 g that increased with the

breakdown of kaolinite and decreased considerably upon dehydration and
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TABLE II. SOME CHEMICAL PROPERTIES OF Loo HUMIC LATOSOL AND
HUMIC LATOSOL GROUPS

Soil Property
Waipahu

Low HlUIlic
Latosol

Waialua
HlUIlic Ferruginous

Latosol

pH 5.9 4.2

C.E.C. (m.e. per 100 g) 17.8 33.5

A.E.C. (m.e. per 100 g) 2.1 ?

Exch. Ca (ppm) 760 107

Mg (ppm) 430 63

K (ppm) 118 63

Total N (%) 0.34 0.19

NaHCO extract. P (ppm) 20 4

Extractable Si (ppm) 54 11
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continuous cultivation (Kanehiro and Chang, 1956). Soil analysis showed

low amounts of available P and Si, low amounts of exchangeable Ca and

Mg, and a moderate amount of K (Table II). The physical properties of

the soil were good, due to high water stable aggregation.



RESULTS AND DISCUSSIONS

I. Root Data From Solution Culture Experiment

The root data for the four sugarcane varieties, three K levels,

and three Ca levels used in solution culture are given in Table III.

Detailed data are given in Appendix C, Table I through XI.

Root Weight and Surface Area Index

The average root weights for the four cane varieties ranged from

2.83 to 5.76 g/pot with differences in root weights significant at the

5% level. The root weights of varieties H57-5l74 and H50-7209 were

significantly greater and less respectively than the varieties NCo 310

and H56-5840 which were intermediate in weight and not different from

each other.

Root weights at the three levels of K were significantly different

from each other at the 5% level (Table III). The highest weight was

obtained at the medium K level, while weights at high K were

intermediate and lowest at the low K level.

Only small nonsignificant differences in root weights were observed

when averaged across calcium levels; however, the weights obtained were

consistent with increasing level of Ca--i.e. highest level produced the

highest weight, etc.

The variety by Ca interaction was significant at the 5% level

(Table IV and Fig. 1). Root weights decreased with increasing Ca for

varieties H50-7209 and NCo 310, whereas root weights increased with

increasing Ca for varieties H57-5l74 and H56-5840. The increase was

much more pronounced for the former than the latter.



TABLE III. AVERAGE ROar DATA FOR FOUR SUGARCANE V
CONTAINING THREE LEVEL~

Treatments

Cane Variety

Dry Root Dry Root
Weight S.A.I.

(g) (g)

E.C./IOO g Root
(Weight Root E.C.)

Dry Root Fresh Root
C.E.C. C.E.C. A.E.C.

HSO-7209
HS7-5174
NCo 310
HS6-5840

K Level

2.83
c 28.8c 16.7b 3.71c 55.4a

5.76a 61. 7a 17.2b 4.59b 48.4a

3.88b 28.2c 17.5b 3.28c 50.5a

3.82b 42.0b 19.1a 5.40a 55.9a

Low

Medium
High

Ca Level

Low

Medium

High

3.36c

4.86a

4.00b

3.92a

3.98a

4.32a

31. 7b

51.6a

37.2b

38.9a

37.8a

43.8a

16.lb

17.8a

18.9a

17.5a

17.4a

18.0a

3.74b

3.94b

5.06a

4.35a

3.94a

4.44a

45.3b

64.7a

47.6b

52.5a

50.2a

54.9a

a, band c denote significance at the 5% level of probability as de
superscripts are not different from each other.



TABLE III. AVERAGE ROOT DATA FOR FOUR SUGARCANE VARIETIES GRC
CONTAINING THREE LEVELS EACH OF K P,

E.c./lOO g Root E. C.
(Weight Root E.C.)

Dry Root Dry Root Dry Root Fresh Root Dry Root
Treatments Weight S.A. I. C.E.C. C.E.C. A.E.C. C.E.C.

(g) (g)

Cane Variety

HSO-7209 2.83c 28.8c l6.7b 3.7lc 55.4a L74b

H57-5l74 5.76a 6l.7a l7.2b 4.59b 48.4a L67b

NCo 310 3.88b 28.2c l7.5b 3.28c 50.5a 2.75a

H56-5840 3.82b 42.0b 19.1a 5.40a 55.9a 1.84b

K Level

Low 3.36c 3L7b l6.lb 3.74b 45.3b 1.82b

Medium 4.86a 5L6a l7.8a 3.94b 64.7a L80b

High 4.00b 37.2b l8.9a 5.06a 47.6b 2.37a

Ca Level

Low 3.92a 38.9a l7.5a 4.35a 52.5a 1.89a

Medium 3.98a 37.8a l7.4a 3.94a 50.2a 2.00a

High 4.32a 43.8a l8.0a 4.44a 54.9a 2.l0a

a, band c denote significance at the 5% level of probability as determined by I
superscripts are not different from each other.



~ FOR FOUR SUGARCANE VARIETmS GROWN TWO MONTHS IN SOLUTION CULTURE
>NTAINING THREE LEVELS EACH OF K AND Ca

C./100 g Root
~ght Root E. C.)

Fresh Root
C.E.C. A.E.C.

E.c./100 g S.A.I.
(S.A.I. E.C.)

Dry Root Fresh Root
C.E.C. C.E.C. A.E.C.

(E.c./Pot
Dry Root Fresh Root
C.E.C. C.E.C. A.E.C.

3.7lc SS.4a 1. 74b O.40b S.79b O.49c
O.096

c l.SSc

4.S9b 48.4a 1.67b O.4Sb 4.68b 1.03a O.268a 2.80a

3.28c SO.Sa 2.7Sa O.SOab 7.S2a O.68b O.12Sc 2.02bc

S.40a SS.9a 1.84b O.Sla S.27b O.73b O.204b 2.l9b

3.74b

3.94b

S.06a

4.35a

3.94a

4.44a

4S.3b

64.7a

47.6b

5.64a

S.67a

6.1Sa

O.12Sb

O.19Sa

O.200a

O.17ab

O.lSb

O.20a

1.S4b

3.04a

1.84b

of probability as determined by Duncan's multiple range test. Numbers with common
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TABLE IV. ROOT DRY WEIGHT (g/Pot) FOR FOUR SUGARCANE VARIETIES GROWN
TWO MONTHS IN SOLUTION CULTURE CONTAINING THREE LEVELS

EACH OF K AND Ca

Significance
Cane Variety H50-7209 H57-5174 NCo 310 H56-5840 of

Interaction

K Level

K1 2.50 4.29 3.29 3.35 N.S.

K2 3.48 7.60 4.22 4.13

K3 2.51 5.39 4.12 3.97

Ca Level

Cal 2.99 4.89 4.10 3.68 5%

Ca2 3.18 5.14 3.96 3.63

Ca3 2.31 7.24 3.57 4.13

Significance
Ca Level Cal Ca2 Ca3 of

Interaction

K Level

K1 3.09 3.22 3.76 N.S.

K2 4.29 4.61 5.67

K3 4.38 4.10 3.52
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There were large differences in the S.A.I. values among the

varieties (Table III). The value for variety HS7-5l74 was significantly

greater (5% level) than variety HS6-5840, surface area index values for

HSO-7209 and NCo 310 were significantly less than HS6-5840 but were not

different from each other.

The relatively high S.A.I. for HS7-5l74 appears to be a result of

its high root weight in as much as the S.A.I./root weight ratios appear

to be similar for all varieties except NCo 310. The S.A.I. value for

NCo 310 was lower in relation to its root weight than the other

varieties; apparently this was due to the thicker roots observed for

this variety.

The K and Ca levels had a similar effect on the S.A.I. as they did

on root weights. The Ca by variety interaction (Table V and Fig. 2),

which was significant at the 5% level, was similar to the response

observed for root weights. The S.A.I. decreased with increasing Ca for

NCo 310 and HSO-7209 and increased with increasing Ca for HS7-5l74 and

HS6-5840. The response of varieties HS7-5l74 and HS6-5840 to increasing

levels of Ca emphasizes the differential response of varieties to Ca

nutrition and bears out similar observations made in Hawaiian sugarcane

fields. 1

Weight C.E.C.

Cation exchange capacities for the four varieties were measured on

dry and fresh roots and expressed as weight C.E.C. (m.e./100 g dry root).

1 Personal communication with Dr. Minoru Isobe, Agronomy Department,
Experiment Station, H.S.P.A.
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TABLE V. ROOT SURFACE AREA INDEX (g Calcium Nitrate Solution/Pot)
FOR FOUR SUGARCANE VARIETIES GROWN TWO MONTHS IN

SOLUTION CULTURE CONTAINING THREE LEVELS
EACH OF K AND Ca

Significance
Cane Variety HSO-7209 HS7-5l74 NCo 310 HS6-5840 of

Interaction

K Level

Kl 24.7 43.7 25.3 32.2 N.S.

K2 37.0 83.6 33.2 53.4

K3 23.2 58.9 24.8 40.8

Ca Level

Cal 30.5 51.9 30.1 43.4 5%

Ca2 30.5 52.9 29.6 36.2

Ca3 23.1 82.0 24.2 45.1

Significance
Ca Level Cal Ca2 Ca3 of

Interaction

K Level

Kl 27.9 29.5 36.9 N.S.

~ 47.2 50.7 60.5

K3 43.7 35.5 30.7
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Variety H56-5840 had a significantly higher (5% level) weight C.E.C. by

the Crooke method (dry roots) than the other varieties, which were not

different from each other (Table III). Greater differentiation between

varieties was obtained with the Carpenter 45Ca method (fresh roots) and

most differences were significant at the 5% level. By this method,

variety H56-5840 had a significantly greater weight C.E.C. than

H57-5174 while values for H50-7209 and NCo 310 were significantly lower

than H57-5174 but not different from each other.

The application of medium and high K resulted in a significantly

(5% level) greater weight C.E.C. by the Crooke method, while only high

K significantly (5% level) increased C.E.C. values by the Carpenter

45Ca method (Table III). Calcium increments had no effect on weight

C.E.C. No significant interactions among treatments were observed

Table VI and VII).

Surface Area Index C.E.C.

The surface area index C.E.C. (m.e./100 g S.A.I. of dry root)

values are presented in Table III. Significantly higher values (5%

level) were obtained for variety NCo 310 with the Crooke method, while

H56-5840 and NCo 310 had significantly higher values (5% level) using

the Carpenter 45Ca method (Table III).

High potassium resulted in significantly increased (5% level)

S.A.I. C.E.C. values for both dry and fresh roots compared to the values

obtained at low and medium rates of potassium (Table III). There were

no significant differences among calcium level means.

Interactions among treatments were not significant (Table VIII

and IX).
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TABLE VI. DRY ROOT WEIGHT C.E.C. (m.e./100 g Dry Root) FOR FOUR
SUGARCANE VARIETIES GROWN TWO MONTHS IN SOLUTION CULTURE

CONTAINING THREE LEVELS EACH OF K AND Ca

Significance
Cane Variety HSO-7209 HS7-5174 NCo 310 HS6-5840 of

Interaction

K Level

K1 15.1 14.4 16.7 18.4 N.S.

Kz 16.6 18.7 18.2 17.8

K3 18.5 18.6 17.6 21.2

Ca Level

Cal 17.1 16.5 16.8 19.5 N.S.

Ca2 16.7 17.0 17.3 18.8

Ca3 16.4 18.2 18.4 19.1

Significance
Ca Level Cal Ca2 Ca3 of

Interaction

K Level

K1 14.9 15.4 18.1 N.S.

K2 18.3 17.2 18.0

K3 19.2 19.7 17.9
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TABLE VII. FRESH ROOT WEIGHT C.E.C. (m.e./100 g Dry Root) FOR FOUR
SUGARCANE VARIETIES GROWN TWO MONTHS IN SOLUTION CULTURE

CONTAINING THREE LEVELS EACH OF K AND Ca

Significance
Cane Variety H50-7209 H57-5174 NCo 310 H56-5840 of

Interaction

K Level

K1 2.86 4.37 3.01 4.71 N.S.

K2 3.25 4.44 3.36 4.72

K3 5.02 4.95 3.48 6.78

Ca Level

Cal 3.41 3.58 4.14 4.82 N.S.

Ca2 4.43 4.51 3.45 2.71

Ca3 3.69 5.71 5.05 5.45

Significance
Ca Level Cal Ca2 Ca3 of

Interaction

K Level

K1 3.84 3.29 4.09 N.S.

K2 3.64 3.67 4.52

K3 5.58 4.87 4.73
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TABLE VIII. DRY ROOT SURFACE AREA INDEX C.E.C. (m.e./lOO g Calcium
Nitrate Solution) FOR FOUR SUGARCANE VARIETIES GROWN

TWO MOl~""THS IN SOLUTION CULTURE CONTAINING
THREE LEVELS EACH OF K AND Ca

Significance
Cane Variety H50-7209 H57-5l74 NCo 310 H56-5840 of

Interaction

K Level

Kl 1.62 1.46 2.21 1.99 N.S.

K2 1.60 1. 74 2.46 1.41

K3 2.00 1.80 3.58 2.11

Ca Level

Cal 1. 73 1.58 2.59 1.69 N.S.

Ca2 1.80 1. 73 2.49 1.97

Ca3 1.69 1.69 3.17 1.86

Significance
Ca Level Cal Ca2 Ca3 of

Interaction

K Level

Kl 1. 75 1. 77 1.94 N.S.

K2 1. 77 1.84 1. 79

K3 2.17 2.38 2.57
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TABLE IX. FRESH ROOT SURFACE AREA INDEX C.E.C. (m.e./100 g Calcium
Nitrate Solution) FOR FOUR SUGARCANE VARIETIES GROWN

TWO MONTHS IN SOLUTION CULTURE CONTAINING
THREE LEVELS EACH OF K AND Ca

Significance
Cane Variety HSO-7209 HS7-5174 NCo 310 HS6-5840 of

Interaction

K Level

K1 0.31 0.44 0.39 0.50 N.S.

K2 0.33 0.41 0.44 0.38

K3 0.54 0.49 0.67 0.66

Ca Level

Cal 0.36 0.47 0.50 0.50 N.S.

Ca2 0.39 0.44 0.38 0.52

Ca3 0.44 0.43 0.62 0.51

Significance
Ca Level Cal Ca2 Ca3 of

Interaction

K Level

K1 0.42 0.36 0.45 N.S.

K2 0.36 0.37 0.45

K3 0.58 0.57 0.61



39

C.E.C./Pot

The C.E.C./pot (m.e./g x g roots/pot) values, as measured by Crooke

and Carpenter 45Ca methods are given in Table III. Root C.E.C./pot

values, obtained with both the Crooke and Carpenter methods, were

highest for HS7-5174 (significant at the 5% level). Intermediate

C.E.C./pot values were obtained for varieties HS6-5840 and NCo 310 by

the Crooke method and for H56-5840 by the Carpenter method.

Significantly lower values (5% level) were calculated for HSO-7209 for

the Crooke method and for NCo 310 and H50-7209 with the Carpenter

method.

The C.E.C./pot distribution for the four varieties was similar to

that for root weights and indicated that root weight rather than C.E.C.

was the dominant factor in determining the C.E.C./pot diatribution.

No interactions among the treatments were observed (Tables X

and XI).

Root Anion Exchange Capacity

The A.E.C. of the four cane varieties was measured by the

Peterburgskii and Ne1ubova method. The A.E.C. values were expressed

in three ways: weight (m.e./100 g dry root), surface area index

(m.e./100 g S.A.I. dry root), and per pot (m.e./g x g roots/pot). No

significant differences in weight A.E.C. were obtained between the four

varieties (Table III). Significantly higher values (5% level) of

surface area index A.E.C. were obtained for NCo 310 than for the other

three varieties which were similar (Table III). The highest total

A.E.C./pot value (significant at the 5% level) was obtained for variety
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TABLE X. DRY Roar C.E.c./par (m.e./Pot) FOR FOUR SUGARCANE VARmTms
GROON TWO MONTHS IN SOLUTION CULTURE CONTAINING

THREE LEVELS EACH OF K AND Ca

Significance
Cane Variety HSO-7209 HS7-5l74 NCo 310 HS6-5840 of

Interaction

K Level

Kl 0.386 0.635 0.553 0.609 N.S.

K2 0.577 1.45 0.772 0.736

K3 0.501 1.00 0.726 0.841

Ca Level

Cal 0.524 0.832 0.697 0.725 N.S.

Ca2 0.562 0.926 0.682 0.677

Ca3 0.379 1.33 0.673 0.785

Significance
Ca Level Cal Ca2 Ca3 of

Interaction

K Level

Kl 0.450 0.497 0.690 N.S.

K2 0.787 0.830 1.03

K3 0.847 0.808 0.650
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TABLE XI. FRESH Roar C.E. C. /par (m.e. /Pot) FOR FOUR SUGARCANE
VARIETIES GROWN TWO MONTHS IN SOLUTION CULTURE

CONTAINDlG THREE LEVELS EACH OF K AND Ca

Significance
Cane Variety HSO-7209 HS7-5174 NCo 310 HS6-5840 of

Interaction

K Level

K1 0.064 0.190 0.089 0.156 N.S.

K2 0.100 0.346 0.139 0.195

K3 0.124 0.267 0.146 0.261

Ca Level

Cal 0.095 0.247 0.132 0.206 N.S.

Ca2 0.104 0.218 0.106 0.182

Ca3 0.090 0.338 0.137 0.223

Significance
Ca Level Cal Ca2 Ca3 of

Interaction

K Level

K1 0.121 0.103 0.151 N.S.

~ 0.149 0.171 0.265

K3 0.240 0.185 0.175
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H57-5l74 (Table III). It was followed by variety HS6-5840 which was

greater (significant at the 5% level) than HSO-7209. Variety NCo 310

was not significantly different (5% level) from HSO-7209.

Potassium applied at the medium rate increased the weight, S.A.I,

and per pot A.E.C. values over those obtained for plants grown at low

and high K rates with the differences being significant at the 5% level

(Table III). Calcium levels had no significant effects on the A.E.C.

values; however, the highest A.E.C. values were obtained at the high

Ca level.

The Ca by K interaction was significant at the 5% level for weight

A.E.C. (Table XII and Fig. 3) and at the 1% level for per pot A.E.C.

Table XIII and Fig. 4). Medium K and high Ca resulted in increased

A.E.C. values calculated on both bases. No explanation of the K by Ca

interaction effect on weight A.E.C. is obvious since this value is a

function only of the measured exchange capacity. The K by Ca

interaction effect on per pot A.E.C. is in part a reflection of root

weight response to K and Ca which, although not significant, was

identical to the weight A.E.C. response to the three levels of the two

nutrients. No significant interactions were observed for the S.A.I.

anion exchange capacity values (Table XIV).

II. Root Data From Soil Exper~ent

Average root weights and C.E.C. values of dry roots measured by

the Crooke method and expressed as weight C.E.C. (m.e./lOO g dry root)

and C.E.C. per pot (m.e./g x g roots/pot) are given in Table XV.

Detailed data are given in Appendix C, Table XII through XIV.



43

TABLE XII. WEIGlIT A.E.C. FOR FOUR SUGARCANE VARIETIES GROWN
TWO MONTHS IN SOLUTION CULTURE AT THREE LEVELS

EACH OF K AND Ca
(m.e./100 g Root)

Significance
Cane Variety H50-7209 H57-5174 NCo 310 H56-5840 of

Interaction

K Level

K1 43.9 45.6 44.4 47.4 N.S.

K2 65.1 56.8 69.7 67.3

K3 57.2 42.8 37.6 53.0

Ca Level

Cal 55.1 52.7 47.1 55.2 N.S.

Ca2 47.7 49.2 46.9 57.2

Ca3 63.4 43.3 57.5 55.3

Significance
Ca Level Cal Ca2 Ca3 of

Interaction

K Level

K1 45.1 47.0 43.9 5%

K2 62.7 55.1 76.3

K3 49.9 48.7 lj4.4
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TABLE XIII. THE A. E. C. /pm (m. e. /Pot) FOR FOUR SUGARCANE VARIETIES
GROWN TWO MONTHS IN SOLUTION CULTURE AT THREE LEVELS

EACH OF K AND ca

Significance
Cane Variety HSO-7209 HS7-5174 NCo 310 HS6-5840 of

Interaction

K Level

K1 1.14 1.86 1.53 1.64 N.S.

Kz· 2.11 4.25 2.96 2.82

K3 1.39 2.28 1.57 2.11

Ca Level

Cal 1.63 2.46 1.96 2.15 N.S.

Ca2 1.53 2.53 1.90 2.08

Ca3 1.48 3.41 2.21 2.35

Significance
Ca Level Cal Ca2 Ca3 of

Interaction

K Level

K1 1.35 1.58 1. 70 1%

K2 2.65 2.50 3.95

K3 2.14 1.95 1.43
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FIGURE 4. ANION EXCHANGE CAPACITY/POT VALUES
AVERAGED OVER FOUR CANE VARIETIES
GROWN TWO MONTHS IN SOLUTION CULTURE
AT THREE LEVELS EACH OF Ca AND K.
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TABLE XIV. SURFACE AREA INDEX A.E.C. (m.e./IOO g Calcium Nitrate
Solution) FOR FOUR SUGARCANE VARIETIES GROWN TWO MONTHS

IN SOLUTION CULTURE AT. THREE LEVELS EACH OF K AND Ca

Cane Variety

K Level

HSO-7209 HS7-5l74 NCo 310 HS6-5840
Significance

of
Interaction

Ca Level

4.82

6.30

6.26

5.52

5.16

6.70

4.53

5.20

4.30

5.01

5.08

3.94

5.83

8.92

7.81

7.29

6.38

8.90

5.26

5.32

5.23

4.72

6.07

5.02

N.S.

N.S.

Significance
Ca Level Cal Ca2 Ca3 of

Interaction

K Level

Kl 5.28 5.37 4.68 N.S.

Kz 6.00 5.77 7.53

K3 5.62 5.87 6.21



TABLE YJJ. AVERAGE ROOT DATA FOR THREE SUGARCANE VARIETIES GROWN
FOUR MONTHS IN TWO SOILS CONTAINING TWO LEVELS

EACH OF POTASSIUM AND CALCIUM

48

C.E.C./100 g C.E.C./potd

Treatments Dry Root Dry Root
wt. (g)

Cane Variety

HSO-7209 30.sa l8.6a s.79a

HS7-sl74 3s.3a 16.0b 6.s8a

NCo 310 33.sa 19.4a s.24a

Soil Type

Waialua 38.8a ls.8b 6.l3a

Waipahu 27.4b 20.3a s.62a

K Level

Low 3s.1a l8.4a 6.32a

High 31.1a l7.6a s.43a

Ca Level

Low 3s.3a l7.6a 6.27a

High 30.8a 18.4a s.48a

C.V. 42.5

dcation exchange capacities were determined by the Crooke (1964)
method.

a,bDenote significance at the 5% level of probability as determined
by Duncan's multiple range test. Numbers with common scripts are not
different from each other.
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Root Weight

Average root weights of the three cane varieties were 35.3, 33.5,

and 30.5 g/pot for HS7-5l74, NCo 310, and HSO-7209, respectively

(Table XV). The differences were not statistically significant.

Production by the varieties was significantly greater (5% level) in the

Waialua than in Waipahu soil (Table XV), in spite of the higher

extractable cations in the latter (Table II). Better aeration and

aggregation of the Waialua soil, as evidenced by its "openness" and

relatively rapid water penetration into the soil are probable reasons

for the better growth. In contrast, the Waipahu soil tended to puddle

readily upon application of water, and the water infiltration rate was

observed to be slower than that of the Waialua soil.

Dry root weights decreased, but not significantly, at the high

level of K or Ca. The reduction in root weight at high K was more

pronounced in the Waipahu than in the Waialua soil (Table XVII.

The K by Ca interaction was significant at the 5% level, with

reduced root weights at high level of K and Ca. The reduction was

greater but not significantly so in the Waipahu than in the Waialua

soil, probably because the addition of high K and Ca to the soil of

higher base saturation increased the osmotic concentration to a level

unfavorable for maximum root growth (Table XVI, XVII and Fig. 5).

Root C.E.C.

Cane varieties HSO-7209 and NCo 310 had similar weight C.E.C.

values measured by the Crooke method; both were significantly higher

(5% level) than HS7-5l74 (Table XV). The difference was not apparent
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TABLE XVI. Roar DRY WEIGHT (g/Pot) FOR THREE SUGARCANE VARIETIES
GROON FOUR MONTHS IN TWO SOILS CONTAINING

TWO LEVELS EACH OF K AND Ca

Significance
Cane Variety HSO-7209 H57-5l74 NCo 310 of

Interaction

Soil

Waialua 35.5 40.5 40.4 N.S.

Waipahu 25.5 30.1 26.6

K Level

Kl 29.6 38.1 37.5 N.S.

K2 31.4 32.5 29.6

Ca Level

Cal 36.0 37.4 32.7 N.S.

Ca2 25.0 33.2 34.4
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TABLE XVII. ROOT DRY WEIGHT (g/Pot) FOR THREE SUGARCANE VARIETIES
GROWN FOUR MONTHS IN TWO SOILS CONTAINING TWO LEVELS

EACH OF K AND Ca

Soil

K Level

Ca Level

Waialua

39.5

38.1

40.8

36.8

Waipahu

30.6

24.2

29.9

25.0

Significance'
of

Interaction

N.S.

N.S.

Significance
K Level K1 K2 of

Interaction

Ca Level

Cal 34.6 36.1 5%

Ca2 35.6 26.2
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when C.E.C. was calculated on a per pot basis because of the higher

root weight of H57-5l74 as compared to the other two varieties. The

average C.E.C./pot values were 6.58, 5.79, and 5.24 for H57-5l74,

H50-7209, and NCo 310, respectively (Table XV).

The application of high K or high Ca had little or no effect on

weight C.E.C.; however, they affected, though not significantly, the

C.E.C./pot because of the lower root weights produced under high K or

high Ca.

Weight C.E.C. was significantly higher (5% level) in the Waipahu

than in the Waialua soil. The greater number of exchangeable sites per

unit root weight for the Waipahu soil cannot be explained on the basis

of the data collected in this experiment.

Soil type had no significant effect on C.E.C./pot because the

greater root weights of plants grown in the Waialua soil balanced the

lower number of exchange sites per unit weight of root.

The various treatment interactions for both C.E.C. and C.E.C./pot

were not significant (Table XVIII through XXI).

III. Root Measurements in Culture and Soil Mediums

The results of sugarcane root measurements in solution culture at

two months and soil at four months show that variety HSO-7209 had the

lowest and HS7-5l74 the highest root weights in both mediums. The root

dry weight of HS7-5l74 in soil was not greatly different from that of

variety NCo 310. It may be that the thin roots of HS7-5l74 could not

grow to their full extent in the soil because of mechanical impedence

and/or lower root recovery at washing, as the thin laterals broke off.
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TABLE XVIII. DRY ROOT WEIGHT C.E.C. (m.e./100 g Dry Root) FOR THREE
SUGARCANE VARIETIES GROWN FOUR MONTHS IN TWO SOILS

CONTAINING TWO LEVELS EACH OF K AND Ca

Significance
Cane Variety HSO-7209 H57-5174 NCo 310 of

Interaction

Level

Soil

Waialua 16.9 16.6 13.8 N.S.

Waipahu 21.9 20.6 18.3

K Level

K1 18.9 19.5 16.9 N.S.

K2 19.9 17.8 15.2

Ca Level

Cal 18.9 17.8 16.2 N.S.

Ca2 19.9 19.5 15.9
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TABLE XIX. DRY ROOT WEIGHT C.E.C. (m.e./IOO g Dry Root) FOR THREE
SUGARCANE VARIETIES GROWN FOUR MONTHS IN TWO SOILS

CONTAINING TWO LEVELS EACH OF K AND Ca

Soil

K Level

Ca Level

Waialua

16.2

15.3

15.5

16.0

Waipahu

20.7

19.9

19.8

20.9

Significance
of

Interaction

N.S.

N.S.

Significance
K Level Kl K2 of

Interaction

.~ Ca Level

Cal 18.1 17.2 N.S.

Ca2 18.8 18.0
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TABLE XX. DRY Roar C.E.c./par (m.e./Pot) FOR THREE SUGARCANE VARIETIES
GROWN FOUR MONTHS IN TWO SOILS CONTAINING

TWO LEVELS EACH OF K AND Ca

Significance
Cane Variety HSO-7209 HS7-5174 NCo 310 of

Interaction

Level

Soil

Waialua 5.90 6.92 5.57 N.S.

Waipahu 5.69 6.24 4.92

K Level

K1 5.42 7.41 6.12 N.S.

K2 6.16 5.76 4.36

Ca Level

Cal 6.87 6.74 5.20 N.S.

Ca2 4.71 6.42 5.29
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TABLE XXI. DRY ROOT C.E.C./POT (m.e./Pot) FOR THREE SUGARCANE
VARIETIES GROWN FOUR MONTHS IN TWO SOILS CONTAINING

TWO LEVELS EACH OF K AND Ca

Soil

K Level

Ca Level

Waialua

6.25

6.01

6.43

5.83

Waipahu

6.39

4.85

6.11

5.12

Significance
of

Interaction

N.S.

N.S.

Significance
K Level K1 ~ of

Interaction

Cal 6.15 6.39 N.S.

Ca2 6.49 4.47
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No root S.A.I. was measured for the roots in the soil experiment; this

limits the comparison of this parameter in the two mediums.

When C.E.C. by the Crooke method was expressed on a weight basis,

the values obtained for varieties HSO-7209, HS7-5l74, and NCo 310 were

similar for both experiments. A comparison of varieties across

experiments for each measured or calculated parameter showed that the

relative position of the varieties in each experiment was not the same.

This indicates the difficulty of reproducing weight C.E.C. by the

Crooke method, particularly between varieties having similar E.C.

values. This is in agreement with the statement of Huffaker and

Wallace (1958) and Vose (1963), who emphasized this difficulty. The

Carpenter 45Ca method showed greater varietal differences than the

Crooke method. This is probably due to the fact that fresh rather than

ground roots were used. Grinding the roots as in the Crooke method may

tend to expose more ion exchange sites than the root surface actually

possesses and the additional sites may have obscured real C.E.C.

differences between varieties.

IV. Growth and Nutrient Uptake for Four Sugarcane
Varieties Grown in Solution Culture

The shoot dry weight and ion uptake data for four cane varieties,

grown two months at combinations of three K levels and three Ca levels

in solution culture are given in Table XXII. Detailed data are given

in Appendix C, Table XV through XXII. The percent concentration and

uptake of the different nutrients in the different cane parts of the

four varieties are given in Appendix C, Tables XXI through XXXVIII.



TABLE XXII. SHOOT DRY WEIGHT AND NUTRIENT UPTAKE FOR FOUR SUGARCANE VARIETIES GROWN
TWO MONrHS IN SOLUTION CULTURE CONTAINING DIFFERENT AMOUNTS OF K AND Ca

Shoot
Treatments dry wt. K Ca Mg N P Si S

(g) mg

Cane Varietl.

HSO-7209 25.8
c 1096

c
28.2

c
49.0

c
6l0c 203

b
l80

b
69.6

b

H57-5l74 45.2a l863a 69.3a 85.5a 994a 279a 220a 143 a

NCo 310 22.4c 9l6c 31.5c 42.0c 52lc 2l9b l87b 68.2b

H56-5840 35.6b l449b 50.0b 67.0b 803b 283a 217a
128 a

K Level

Low 29.0b 976
c

25.5b 45.3
b

789a 275a
l63

c
88.8b

Medium 38.9a l730a 55.7a 72.5a 834a 333a 237a 139 a

High 28.8b l287b 53.0a 64.9a 576b l30b 204b 75.6b

Ca Level

Low 32.8
a l338

a
37.6

b 63.9a
767

a 25la 199a 108 a

Medium 29.6a l183b 38.7b 54.0a 670a 220b 190a 92.0b

High 34.3a l472a 57.9a 64.7a 760a 267a 2l5a 107 a

-
a,b,c Denote significance at the 5% level of probability as determined by Duncan's

multiple range test. Numbers with common superscripts are not different from each other.
VI
\0
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Dry Matter Produced

The dry matter averages for the four cane varieties were 45.2,

35.6, 25.8, and 22.4 g for HS7-5l74, HS6-5840, HSO-7209, and NCo 310,

respectively. The dry weights of HS7-5l74 and HS6-5840 were

significantly different from each other at the 5% level and from the

latter two varieties (Table XXII). Average dry weights increased

significantly (5% level) with increasing K to the medium level and then

declined. No significant response to levels of Ca was observed.

Of the several interactions only the variety by K interaction was

significant at the 5% level (Table XXIII, Fig. 6). Shoot dry weight

increased at the medium K rate for varieties H50-7209, NCo 310 and

HS7-5l74, with the increase being much more pronounced for HS7-5l74.

Variety H56-5840 showed little response to level of K. At high K

the shoot weights decreased for all varieties and the decrease was to

a level below that observed at low K for varieties HSO-7209, NCo 310

and HS6-5840. The marked response of variety HS7-5l74 to increasing

levels of K emphasizes the differential response of varieties to K

nutrition. In general the results show that the four varieties had

quite different growth rates and medium K at any of the three levels

of Ca provided an optimum medium for cane growth under the conditions

described.

Potassium Uptake

Varietal uptake of K in mg/pot followed cane dry weights closely

and the same varietal differences were significant. The result was not

expected since the mg K taken up per g dry weight was nearly identical

for all four varieties. The overall averages were 1863, 1449, 1097,
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TABLE XXIII. SHOOT DRY WEIGHT (g/Pot) FOR FOUR SUGARCANE VARIETIES
GROWN TWO MONTHS IN SOLUTION CULTURE CONTAINING

TImEE LEVELS EACH OF K AND Ca

CANE VARIETY Significance
Treatment HSO-7209 H57-5174 NCo 310 H56-5840 of

Interaction

K Level

K1 23.6 32.6 22.8 37.0 5%

K2 32.5 59.3 27.2 36.4

K3 21.2 43.7 17.1 33.3

Ca Level

Cal 22.2 28.4 26.8 49.3 N.S.

Ca2 38.2 48.1 22.2 21.3

Ca3 23.6 37.8 30.3 38.7

Ca Level Significance
Ca Level Cal Ca2 Ca3 of

Interaction

K Level

Kl 28.5 28.0 30.5 N.S.

K2 38.5 34.9 43.2

K3 31.6 25.7 29.1
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FIGURE 6. SHOOT DRY WEIGHT VALUES FOR FOUR
SUGARCANE VARIETIES GROWN TWO MONTHS
IN SOLUTION CULTURE AT THREE K LEVELS.
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and 916 mg K per pot for H57-5l74, H56-5840, H50-7209, and NCo 310,

respectively (Table XXIV). Potassium content of all the varieties

increased significantly (5% level) with increasing K to a maximum at

the medium level, the content then declining to an intermediate level

at the highest rate of applied K (Fig. 7). Potassium uptake was

significantly higher (5% level) at the lm~ and high level of Ca than

at the medium level paralleling the pattern observed for cane dry

weights (Table XXIII).

The variety by K interaction was significant at the 1% level

(Table XXIV, Fig. 7) reflecting the varietal growth response to levels

of potassium. No other interactions were significant.

Calcium Uptake

Calcium uptake per pot followed cane dry matter for varieties

H57-5l74 and H56-5840 while the calcium contents of NCo 310 and

H50-7209 were reversed from the order of their dry weights. The

reversal seen for the latter two varieties can be accounted for in part

by the fact that dry weight differences were nonsignificant and in part

by a higher Ca uptake per g dry weight for NCo 310. The overall

averages were 69.3, 50.0, 31.5, and 28.2 mg Ca per pot for H57-5l74,

H56-5840, NCo 310, and H50-7209 (Table XXII). The order and level of

significance was the same as was shown for shoot dry weights. Uptake

of Ca increased significantly (5% level) with increasing K to the

medium level and then declined.

Calcium uptake was singnificantly higher (5% level) at the high-Ca

level than'at the intermediate and l~ levels.
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TABLE XXIV. SHOOT K UPTAKE (mg/Pot) FOR FOUR SUGARCANE VARIETIES
GROWN TWO MONTHS IN SOLUTION CULTURE CONTAINING

TImEE LEVELS EACH OF K AND Ca

CANE VARIETY Significance
Treatment H50-7209 H57-5174 NCo 310 H56-5840 of

Interaction

K Level

K1 807 1040 835 1221 1%

K2 1506 2576 1184 1652

K3 973 1972 729 1474

Ca Level

Cal 919 2068 869 1494 N.S.

Ca2 1139 1522 834 1238

Ca3 1229 1998 1044 1615

Ca Level Significance
K Level Cal Ca2 Ca3 of

Interaction

K1 970 928 1029 N.S.

K2 1687 1499 2002

K3 1355 1123 1383
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FIGURE 7. SHOOT K UPTAKE VALUES FOR FOUR SUGARCANE
VARIETIES GROWN TWO MONTHS IN SOLUTION
CULTURE AT. THREE K LEVELS.
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The variety by K interaction was significant at the 5% level

(Table XXV, Fig. 8) primarily because Ca uptake followed shoot dry

weights closely. The one exception was variety H56-5840 which had

increased Ca uptake with increasing K although shoot dry weight

decreased.

The Ca by K interaction was significant at the 5% level (Table

XXV, Fig. 9). Calcium uptake at the two highest levels of K remained

approximately constant with increasing Ca to the medium level and then

increased markedly. Uptake at the low K rate increased with increasing

Ca to the medium level and then remained constant

Magnes ium Uptake

Magnesium uptake (Table XXII) by the four varieties fo11owd their

weights closely. The overall average Mg contents were 85.5, 67.0,

49.0, and 42.0 mg/pot for HS7-5174, HS6-5840, HSO-7209, and NCo 310,

respectively. The order of significance was same as shown for shoot

dry weights and Ca uptake. Magnesium uptake was significantly higher

(5% level) at the medium and high K level than at the low level,

following the Ca absoprtion pattern.

The effects of Ca levels on Mg uptake were not significant

indicating that Ca and Mg are absorbed into the plant at different

sites.

The variety by K interaction for Mg uptake was significant at 1%

level (Table XXVI, Fig. 10) and followed shoot dry weights closely.

At the medium K level, Mg uptake was higher for varieties NCo 310,

HSO-7209 and HS7-5174. Magnesium uptake decreased at the high K level
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TABLE XXV. SHOOT Ca UPrAKE (mg/Pot) FOR FOUR SUGARCANE VARIETms
GROWN TWO MONTHS IN SOLUTION CULTURE CONTAINING

THREE LEVELS EACH OF K AND ca

CANE VARmTY Significance
Treatment H50-7209 H57-5174 NCo 310 H56-5840 of

Interaction

K Level

K1 18.6 29.4 22.1 31.8 5%

~ 36.6 94.4 38.8 53.2

K3 29.5 84.1 33.4 65.0

Ca Level

Cal 24.3 57.3 26.2 42.9 N.S.

Ca2 29.1 54.9 28.9 42.0

Ca3 31.3 95.7 39.3 65.1

Ca Level Significance
K Level Cal Ca2 Ca3 of

Interaction

K1 19.0 29.2 28.2 5%

K2 45.8 45.1 76.2

K3 48.1 41.8 69.1
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TABLE XXVI. SHOOT Mg UPTAKE (mg/Pot) FOR FOUR SUGARCANE VARIETIES
GROWN TWO MONTHS IN SOLUTION CULTURE CONTAINING

THREE LEVELS EACH OF K AND Ca

CANE VARIETY Significance
Treatment H50-7209 H57-5l74 NCo 310 H56-5840 of

Interaction

K Level

Kl 34.3 48.0 40.7 58.2 1%

K2 66.9 105 49.3 69.1

K3 45.8 104 35.9 73.8

Ca Level

Cal 46.7 91.1 42.8 74.9 N.S.

Ca2 56.0 63.7 39.1 57.9

Ca3 44.3 102 44.1 68.8

Ca Level Significance
K Level Cal Ca2 Ca3 of

Interaction

Kl 45.2 41.6 49.0 N.S.

K2 77.2 65.7 74.6

K3 69.2 54.8 70.6
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in Nco 310 and HSO-7209 to a level similar to that of low K whereas no

decrease was observed for H57-5l74. Uptake of Mg increased with

increasing levels of applied K in variety HS6-5840.

Nitrogen Uptake

The mean N uptake values for the cane varieties were 994, 803,

610, and 521 mg N per pot for H57-5l74, H56-5840, HSO-7209, and NCo 310,

respectively (Table XXII). Nitrogen uptake and order of significance

followed cane growth. No differences were observed in N uptake at the

two lower levels of K, while the high-K level depressed N uptake

significantly (5% level), in correspondence with its effect on shoot

dry weights. The effect of Ca was small, with no significant trends.

The variety by K interaction was significant at the 1% level

(Table XXVII, Fig. 11). Nitrogen uptake increased with increasing K

to the intermediate level for varieties H57-5l74 and NCo 310 whereas

H56-5840 had a marked decrease. At the high K rate all varieties

showed a decrease in Mg uptake.

Phosphorus Uptake

Average P uptake by the four varieties were 283, 279, 219, and 203

mg plpot for H56-5840, HS7-5l74, NCo 310, and HSO-7209, respectively

(Table XXII). Varieties HS6-5840 and HS7-5l74, despite quite large

differences in dry weights, sorbed similar amounts of P (Appendix C,

Table XXXVI). Both varieties had significantly higher (5% level) values

than varieties NCo 310 and HSO-7209 which were not significantly

different from each other.
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TABLE XXVII. SHOOT N UPTAKE (mg/Pot) FOR FOUR SUGARCANE VARIETIES
GROWN TWO MONTHS IN SOLUTION CULTURE CONTAINING

THREE LEVELS EACH OF K AND Ca

CANE VARIETY Significance
Treatment HSO-7209 HS7-5l74 NCo 310 HS6-5840 of

Interaction

K Level

Kl 636 906 592 1021 1%

K2 759 1195 628 752

K3 437 883 343 644

Ca Level

Cal 533 1097 522 917 N.S.

Ca2 660 851 496 675

Ca3 638 1034 546 825

Ca Level Significance
K Level Cal Ca2 Ca3 of

Interaction

Kl 812 742 813 N.S.

K2 857 755 888

K3 633 515 582
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As with N uptake, P uptake was decreased at the high level of K,

but the decrease was greater than that of N. Phosphorus uptake at the

low and medium rates of K was significantly greater than that at

potassium applied at the medium and the high rate.

Phosphorus uptake was similar at low- and high-Ca levels; at the

medium level of Ca, total P uptake was significantly reduced due to

reduced plant dry weights.

Interactions among treatments showed no significant differences

(Table XXVIII).

Silicon Uptake

The pattern of Si absorption and significant differences (5% level)

for the four cane varieties was similar to that of P (Table XXII). The

overall averages were 220, 217, 187, and 180 mg P per pot for H57-5l74,

HS6-5840, NCo 310, and HSO-7209, respectively.

Silicon uptake at the medium and high rates of K was greater than

that at low K. Calcium levels had no significant effect on Si uptake.

No significant interaction was observed among treatments (Table XXIX).

Sulfur Uptake

Sulfur sorbed by the four cane varieties followed average dry

weights and Si and P uptake. The overall averages were 143, 128, 69,

6, and 68.2 mg S per pot for HS7-5l74, HS6-5840, HSO-7209, and NCo 310,

respectively (Table XXII). The effect of K on Si uptake was similar to

its effect on K, Mg, and N; that is, S uptake increased significantly

(5% level) with increasing K to the medium level, then declined at the
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TABLE XXVIII. SHOOT P UPTAKE (mg/Pot) FOR FOUR SUGARCANE VARIETIES
GROWN TWO MONTHS IN SOLUTION CULTURE CONTAINING

THREE LEVELS EACH OF K AND Ca

CANE VARIETY Significance
Treatment HSO-7209 H57-5174 NCo 310 HS6-5840 of

Interaction

K Level

K1 203 302 250 345 N.S.

K2 307 361 316 349

K3 98.2 175 92.1 155

Ca Level

Cal 198 305 200 303 N.S.

Ca2 205 249 192 233

Ca3 206 284 266 313

Ca Level Significance
K Level Cal Ca2 Ca3 of

Interaction

K1 274 244 306 N.S.

K2 347 293 359

K3 133 121 136
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TABLE XXIX. SHOOT Si UPTAKE (mg/Pot) FOR FOUR SUGARCANE VARIETIES
GROWN TWO MONTHS IN SOLUTION CULTURE CONTAINING

THREE LEVELS EACH OF K AND Ca

CANE VARIETY Significance
Treatment 1150-7209 H57-5174 NCo 310 H56-5840 of

Interaction

K Level

K1 143 154 159 196 NoSo

K2 241 254 230 222

K3 155 252 173 234

Ca Level

Cal 130 233 190 243 NoS.

Ca2 194 199 175 190

Ca3 216 229 197 218

Ca Level Significance
K Level Cal Ca2 Ca3 of

Interaction

K1 164 162 163 NoS.

K2 212 214 283

K3 221 191 199
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high rate of K. Sulfur uptake was significantly lower at the medium

Ca rate compared to that of low and high rates.

The variety by K interaction was significant at 5% level (Table

XXX, Fig. 12), following the variety by K shoot weight interaction

closely. Variety by Ca and Ca by K interactions were not significant.

V. Growth and Nutrient Uptake of Three Sugarcane Varieties
Grown in Soil Cultures

The shoot dry weight and ion uptake data for the three cane

varieties grown four months at combinations of two K levels and two Ca

levels in two soils are given in Table XXXI. Detailed data are given

in Appendix C, Tables XXIII through XXX. The amount of uptake and

percent concentration of the nutrients in the different parts of the

three cane varieties are given in Appendix C, Tables XXXIX through XLVI.

Dry Matter

Dry matter production by the three cane varieties averaged 266,

230, and 203 g/pot for HS7-5174, NCo 310, and HSO-7209, respectively

(Table XXXI). The dry weight of variety H57-5174 was significantly

(5% level) higher than the other two varieties which were not different

from each other. Production by all varieties was significantly greater

(5% level) in the Waialua than in the Waipahu soil, in spite of the

higher extractable cations present in the latter (Table XXXII). Better

aeration of the Waialua soil, as evidenced by its "openness" and

relatively rapid water penetration into the soil was the probable

reason. In contrast, the Waipahu soil tended to puddle readily upon
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TABLE XXX. SHOOT S UPTAKE (mg!Pot) FOR FOUR SUGARCANE VARIETIES
GROWN TWO MONTHS IN SOLUTION CULTURE CONTAINING

THREE LEVELS EACH OF K AND Ca

CANE VARIETY Significance
Treatment HSO-7209 HS7-5174 NCo 310 HS6-5840 of

Interaction

K Level

K1 61.4 99.1 68.6 126 5%

K2 97.8 221 87.4 151

K3 49.5 108 48.5 107

Ca Level

Cal 62.4 107 63.2 138 N.S.

Ca2 76.6 127 56.4 108

Ca3 69.7 134 84.9 139

Ca Level Significance
K Level Cal Ca2 Ca3 of

Interaction

K1 91.9 84.6 90.1 N.S.

K2 149 127 142

K3 81.6 64.4 88.6
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TABLE XXXI. SHOOT DRY WEIGHT AND NUTRIENT UPTAKE FOR THREE SUGARCANE VARIETIES GROWN
FOUR MONTHS IN TWO SOILS CONTAINING DIFFERENT AMOUNTS OF K AND Ca

Shoot
Treatments Dry Wt. K Ca Mg N P Si S

(g) Mg

Cane Varietx.

H50-7209 203b 43l4b 478c SS9 c 3734c 42lb l4S7b S38c

H57-Sl74 266a 6l48a 1109a 888a S362a 698a 1935a 10Sla

NCo 310 230b 49S4b 788b 692b 443Sb S40b 1939a 748b

Soil~

Waialua 28la S9l9a 722b 7S6a 602Sa S44a l272b 1073a

Waipahu l8Sb 43S8b 86la 67lb 2996b S63a 2283a 484b

K Level

Low 2Sla S263a 877a 9l7a 4999a S98a 1906a 823a

High 2lSb S014b 707b SlOb 4022b S08b l648b 734a

Ca Level

Low 236a 3llla 7S7
a

7l6
a

4649a
SS4

a
l76l

a
74S

a

High 230a 7l66a 82Sa 7l0a 4372a SS2a l793a 8l3a

-
a,b,c Denote significance at the 5% level of probability as determined by Duncan's

Multiple range test. Numbers with common superscripts are not different from each other.
00
I-'
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TABLE XXXII. SHOOT DRY WEIGHT (g/Pot) FOR THREE SUGARCANE VARIETIES
GROWN FOUR MONTHS IN TWO SOILS CONTAINING

TWO LEVELS EACH OF K AND Ca

CANE VARIETY Significance
Treatment HSO-7209 H57-5174 NCo 310 Level

Soil

Waialua 275 294 274 5%

Waipahu 130 238 187

K Level

K1 235 280 237 N.S.

K2 170 252 224

Ca Level

Cal 220 258 230 N.S.

Ca2 185 274 230
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application of water and the water infiltration rate was observed to be

slower that that of the Waialua soil.

Dry weights were significantly lower (5% level) at the high level

of potassium than at the low level (Table XXXI). The differences in dry

matter production observed at the high and low Ca rates were not

significant.

The variety by soil interaction was significant at the 5% level

(Table XXXII). Growth of all three varieties was reduced and

particularly so for variety HSO-7209 in the Waipahu soil. The

difference may be due to a greater sensitivity of the varieties to low

aeration and drainage in the Waipahu than the Waialua soil. The soil

by K interaction was significant at 1% level (Table XXXIII).

At the high rate of K, cane growth was significantly less in the

Waipahu than in the Waialua soil, probably because the addition of high

amounts of K to the soil of a higher base saturation increased the

osmotic pressure to a level unfavorable for maximum plant growth

(Table XXXIII). Variety NCo 310 seemed to be less affected by the high

rate of K than were HSO-7209 and HS7-5l74 in the Waipahu soil (Table

XXXIV, Fig. 11). The difference may be due to a higher salt tolerance

of NCo 310. The variety by K by soil interaction was not significant

(Table XXXIV).

Potassium Uptake

Average K uptake per pot for the four different treatments,

variety, soil, K and Ca, followed the same order as the significants

differences observed for shoot dry weights (Table XXXI). Average K
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TABLE XXXIII. SHOOT DRY WEIGHT (g/Pot) FOR THREE SUGARCANE VARIETIES
GROWN FOUR MONTHS IN TWO SOILS CONTAINING

TWO LEVELS EACH OF K AND Ca

Treatment

K Level

SOIL
Waialua Waipahu

Significance
Level

Ca Level

283

279

285

277

218

152

187

183

1%

N.S.

K Level Significance
Ca Level Kl K2 Level

Cal 250 223 N.S.

Ca2 252 208
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TABLE XXXIV. SHOOT DRY WEIGIITS (g/Pot) FOR THREE SUGARCANE VARIETmS
GROWN FOUR MONTHS IN TWO SOILS CONTAINING TWO LEVELS

OF K AVERAGED OVER TWO Ca LEVELS

Cane Variety K Level
SOIL TYPE
Waialua Waipahu

Significance
of

Interaction

HSO-7209

HS7-5174

NCo 310

K1 287 183

K2 263 77.3

K1 277 282

K2 310 194

K1 284 189

~ 264 184

N.S.
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uptake per pot for the varieties H57-5174, NCo 310 and H50-7209 were

6148, 4954 and 4314 mg respectively. The variety by soil interaction

was not significant but the variety by K interaction was significant

at 1% level (Table XXXV). At the low K level, K uptake by the three

varieties was almost identical whereas at the high level the varieties

sorbed K in the decreasing order of H57-5174, NCo 310 and H50-7209

(Fig. 13). This coincides with the differential response of varieties

to K uptake and nutrition observed earlier in the solution culture

experiment. The soil by K interaction was significant at 1% level

(Table XXXVI). At the high K level more K was removed from Waialua

soil than Waipahu soil. This may be due to: (1) better growth in the

Waialua soil which resulted in larger root systems than in the Waipahu

soil, and (2) K applied being more available in the Waialua soil. The

variety by Ca and the variety by K by soil interactions were not

significant (Tables XXXV, XXXVII).

Calcium Uptake

The varieties differed significantly at the 5% level in Ca uptake

(Table XXXI). The overall averages per pot were 1109, 788, and 479

mg Ca for H57-5174, NCo 310, and H50-7209, respectively. Higher amounts

of Ca (significant at the 5% level) were extracted from the Waipahu

than the Waialua soil, due probably to the much higher Ca content of

the former (Table II). At the high K level Ca uptake was reduced

significantly (5% level), probably due to K inhibition (Sute1iffe 1962)0

Calcium levels had no significant effect on Ca uptake. The variety by

soil interaction was significant at the 1% level (Table XXXVIII).
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TABLE XXXV. SHOOT K UPTAKE (mg/Pot) FOR THREE SUGARCANE VARIETIES
,. GROWN FOUR MONTHS IN TWO SOILS CONTAINING

TWO LEVELS EACH OF K AND Ca

CANE VARIETY Significance
Treatment H50-7209 H57-5l74 NCo 310 of

Interaction

Soil

Waialua 5396 6908 5452 N.S.

Waipahu 3232 5387 4455

K Level

K1 3008 3143 3180 1%

K2 5619 9154 6728

Ca Level

Cal 4593 6204 4990 N.S.

Ca2 4034 6091 4917
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TABLE XXXVI. SHOOT K UPTAKE (mg/Pot) FOR THREE SUGARCANE VARIETIES
GROWN FOUR MONTHS IN TWO SOILS CONTAINING

TWO LEVELS EACH OF K AND Ca

SOIL Significance
Treatment Waialua Waipahu of

Interaction

K Level

K1 2690 3530 1%

K2 9147 5185

Ca Level

cal 5963 4562 N.S.

Ca2 5875 4154

K Level Significance
Ca Level K K of

Interaction

Cal 3150 7375 N. S.

Ca2 3071 6958
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TABLE XXXVII. SHOOT K UPTAKE (mg/Pot) FOR TlmEE SUGARCANE VARIETIES
GROWN FOUR MONTHS IN TWO SOILS CONTAINING TWO LEVELS

OF K AVERAGED OVER TWO Ca LEVELS

Cane Variety K Level
SOIL TYPE

Waialua Waipahu
Significance

of
Interaction

H50-7209

H57-5l74

NCo 310

Kl 2583 3435

K2 8208 3029

Kl 2548 3737

K2 11269 ·7037

Kl 2940 3420

K2 7965 5490

N.S.
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Varieties NCo 310 and HSO-7209 extracted s~i1ar amounts of Ca from the

two soils, while HS7-5174 absorbed more Ca from the Waipahu than the

Waialua soil. This might be due to the high Ca requirement of HS7-5174

and a higher Ca content in the Waipahu soil (Table II). The other two

factor interactions were not significant (Tables XXXVIII, XXXIX).

The variety by K by soil interaction was significant at 1% level

(Tables XL, Fig. 14).

High K reduced Ca uptake by all varieties in both soils. Varieties

HS7-5174 in the Waialua soil and NCo 310, grown in the Waipahu soil were

exceptions. The negative effect of high K was more pronounced in the

Waipahu than the Waialua soil for HSO-7209 and HS7-5174 and more severe

in the Waialua soil than the Waipahu soil for NCo 310. In the Waipahu

soil, uptake of Ca followed shoot dry weights closely for all three

varieties.

The results indicate that calcium was not l~iting in either

soil and that H57-5174 and NCo 310 had high Ca requirements. The low

Ca content of HSO-7209, particularly in Waipahu soil, may be due to a

high varietal sensitivity to salt concentration and poor soil aeration.

Magnes ium Uptake

The average Mg contents per pot of the three varieties were 888,

692, and 559 mg for H57-5174, NCo 310, and HSO-7209, respectively

(Table XXXI). The order of significance was the same as for Ca uptake.

Significantly higher amounts (5% level) of Mg were extracted from the

Waialua than the Waipahu soil due primarily to increased growth.

Magnesium uptake was significantly depressed (5% level) at the high K
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TABLE XXXVIII. SHOOT Ca UPTAKE (mg/Pot) FOR THREE SUGARCANE
VARIETIES GROWN FOUR MONTHS IN TWO SOILS CONTAINING

TWO LEVELS EACH OF K AND Ca

CANE VARIETY Significance
Treatment HSO-7209 HS7-5174 NCo 310 of

Interaction

Soil

Waialua 534 911 721 1%

Waipahu 422 1308 855

K Level

K1 583 1220 828 N.S.

K2 373 999 748

Ca Level

Cal 503 1014 755 N.S.

Ca2 454 1204 821
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TABLE XXXIX. SHOOT Ca UPTAKE (mg/Pot) FOR THREE SUGARCANE VARIETIES
GROWN FOUR MONTHS IN TWO SOILS CONTAINING TWO LEVELS

EACH OF K AND Ca

Treatment

K Level

Ca Level

Waialua

781

663

696

748

SOIL
Waipahu

973

751

819

905

Significance
of

Interaction

N. S.

N.S.

K Level Significance
Ca Level Kl K2 of

Interaction

Cal 806 709 N. S.

Ca2 948 704



TABLE XL. SHOOT Ca UPTAKE (mg/Pot) FOR THREE SUGARCANE VARIETIES
GROWN FOUR MONTHS IN TWO SOILS CONTAINING TWO K LEVELS

AVERAGED OVER TWO Ca LEVELS

94

Cane Variety

HSO-7209

HS7-5174

NCo 310

SOIL TYPE Significance
K Level Waialua Waipahu of

Interaction

K1 581 585 1%

K2 487 260

K1 906 1534

K2 915 1082

K1 856 799

K2 585 911
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level probably because of the K/Mg ratio (Sutcliffe 1962). High Ca

had no significant effect on Mg levels.

The variety by soil interaction was significant at 1% level

(Table XLI). The three cane varieties absorbed different amounts of Mg

from the two soils with the difference more pronounced in the Waipahu

than the Waialua soil. Variety HS7-5174, which had the highest total

Mg/pot, absorbed more Mg from the Waipahu than the Waialua soil; the

opposite pattern was observed for the other two varieties. Although

growth was reduced for all three varieties in the Waipahu soil, the

uptake per unit weight was much greater for variety HS7-5174, resulting

in the higher total mg uptake from the Waipahu soil by this variety.

The other first order interactions were not significant (Tables

XLI, XLII).

The variety by K by soil interaction was significant at the 1%

level. At low K, HSO-7209, and NCo 310 absorbed more Mg from the

Waialua than the Waipahu soil, while the reverse was true for HS7-5174.

At high K, HSO-7209 extracted more Mg from the Waialua soil, whereas

H57-5174 and NCo 310 extracted similar amounts from both soils

(Tables XLIII, Fig. 15). These effects were due to varietal differences

in growth and Mg uptake mentioned earlier and to reduce Mg uptake at

high K.

Nitrogen Uptake

Nitrogen contents per pot averaged 5363, 4435, and 3735 mg for

varieties H57-5174, NCo 310, and HSO-7209, respectively (Table XXXI).

The order of significance was similar to that shown for Ca uptake.

Nit ;gen uptake for the various soil, K and Ca treatments followed dry
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TABLE XLI. SHOOT Mg UPTAKE (mg!Pot) FOR THREE SUGARCANE VARIETIES
GROWN FOUR MONTHS IN TWO SOILS CONTAINING TWO LEVELS

EACH OF K AND Ca

CANE VARIlITY Significance
Treatment H50-7209 H57-5174 NCo 310 of

Interaction

Soil

Waialua 674 809 783 1%

Waipahu 442 967 601

K Level

K1 752 1158 838 N.S.

K2 365 618 546

Ca Level

Cal 616 835 696 N. S.

Ca2 501 940 688
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TABLE XLII. SHOm Mg UPTAKE (mg/Pot) FOR THREE SUGARCANE VARIETIES
GROWN FOUR MONTHS IN TWO SOILS CONTAINING TWO LEVELS

EACH OF K AND Ca

Treatment

K Level

Ca Level

Waialua

938

572

776

734

SOIL
Waipahu

894

446

655

685

Significance
of

Interaction

N.S.

N. S.

K Level Significance
Ca Level Kl K2 of

Interaction

Cal 902 530 N.S.

Ca2 930 489
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TABLE XLIII. SHOOT Mg UPTAKE (mg/Pot) FOR THREE SUGARCANE VARmTIES
GROON FOUR MONTHS IN TWO SOILS CONTAINING TWO LEVELS

OF K AVERAGED OVER TWO Ca LEVELS

Cane Variety K Level
SOIL TYPE

Waialua Waipahu
Significance

of
Interaction

H50-7209

H57-5174

NCo 310

K1 828 676

K2 521 209

K1 957 1360

K2 660 576

K1 1029 648

K2 537 555

1%
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weights closely, with significantly higher (5% level) amounts of N

removed from the Waialua than the Waipahu soil. The high K level

depressed N uptake significantly at the 5% level, while the effect of

Ca was not significant.

The treatment first order interactions were not significant

(Tables XLIV and XLV). The variety by K by soil interaction was

significant at the 5% level (Table XLVI, Fig. 16).

The significance of the three factor interaction can be accounted

for by the fact that varietal response differed with respect to levels

of K in anyone soil and with respect to soils. The response paralleled

shoot dry weights especially in the Waipahu soil.

Phosphorus Uptake

Average P contents per pot for the three cane varieties were 244,

136, and 137 mg for HS7-5l74, NCo 310, and HSO-7209, respectively

(Table XXXI). The order of significance was the same as for shoot dry

weights with P uptake for all treatments being proportional to the cane

dry weights. Significantly (5% level) more P was sorbed from the

Waipahu than the Waialua soil because of the higher amount of P in the

former (Table II). High K depressed P uptake significantly at 5% level

while the effect of Ca levels was not significant.

The variety by soil interaction was significant at 5% level

(Table XLVII). Variety NCo 310 sorbed essentially identical amounts

of P from the two soils in spite of a much lower shoot dry weight in

the Waipahu soil. Variety HSO-7209 extracted less total P from the

Waipahu than the Waialua soil although uptake per unit of dry weight

was greater in the Waipahu soil. Dry weight differences for variety
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TABLE XLIV. SHOOT N UPTAKE (mg/Pot) FOR THREE SUGARCANE VARffiTffiS
GROWN FOUR MONTHS IN TWO SOILS CONTAINING TWO LEVELS

EACH OF K AND Ca

CANE VARffiTY Significance
Treatment H50-7209 H57-5174 NCo 310 of

Interaction

Soil

Waialua 5272 6846 5957 N.S.

Waipahu 2197 3877 2913

K Level

K1 4295 5787 4917 N.S.

K2 3175 4938 3554

Ca Level

Cal 4085 5451 4410 N.S.

Ca2 3384 5272 4461
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TABLE XLV. SHOOT N UPrAKE (mg/Pot) FOR THREE SUGARCANE VARIETIES
GROWN FOUR MONTHS IN TWO SOILS CONTAINING TWO LEVELS

EACH OF K AND Ca

Treatment

K Level

Ca Level

Waialua

6558

5492

6270

5780

SOIL
Waipahu

3440

2552

3028

2964

Significance
of

Interaction

N.S.

N.S.

K Level Significance
Ca Level K1 K2 of

Interaction

Cal 5059 4239 N.S.

Ca 2 4940 3804
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TABLE XLVI. SHOOT N UPTAKE (mg/Pot) FOR THREE SUGARCANE VARIETIES
GROWN FOUR MONTHS IN TWO SOILS CONTAINING TWO LEVELS

OF K AVERAGED OVER TWO Ca LEVELS

Cane Variety K Level
SOIL TYPE

Waialua Waipahu
Significance

of
Interaction

H50-7209

H57-5174

NCo 310

K1 5690 2899

K2 4854 1496

K1 7032 4542

K2 6661 3215

K1 6953 2880

K 4962 29462

5%
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TABLE XLVII. SHOOT P UPTAKE (mg/Pot) FOR TlmEE SUGARCANE VARIETIES
GROWN FOUR MONTHS IN TWO SOILS CONTAINING TWO LEVELS

EACH OF K AND Ca

CANE VARIETY Significance
Treatment H50-7209 H57-5174 NCo 310 of

Interaction

~

Waialua 471 628 542 5%

Waipahu 382 767 538

K Level

Kl 489 753 564 N.S.

K2 364 643 517

Ca Level

Cal 459 678 536 N.S.

Ca2 394 718 544
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H57-5l74 in the two soils were not as great as for the other two

varieties with the result that total P uptake was greater from the

Waipahu than the Waialua soil (Appendix C, Table XLIV).

High K depressed P uptake in the Waipahu soil but had little or

no effect on P uptake from the Waialua soil resulting in an interaction

which was significant at the 5% level (Table XLVIII). The differential

response was due primarily to decreased shoot weights at the high level

of K in the Waipahu soil.

The variety by K by soil interaction was signifcant at the 5%

level (Table XLIX, Fig. 17). At the low K level varieties NCo 310 and

HSO-7209 extracted similar amounts of P from the two soils, while

H57-5l74 absorbed more P from the Waipahu than the Waialua soil. High

K reduced P uptake by HSO-7209 in the Waipahu soil while similar amounts

of P were removed from both soils by NCo 310 and HS7-5l74.

Silicon Uptake

Silicon uptake by the three varieties averaged 1939, 1935, and

1457 mg/pot for NCo 310, HS7-5l74, and HSO-7209, respectively (Table

XXXI). The former two were significantly higher (5% level) than the

latter. Greater amounts of Si (significant at the 5% level) were

removed from the Waipahu than the Waialua soil, apparently because of

more available Si in the former (Table II). Lower Si (significant at

the 5% level) was extracted at high K because of the reduced dry matter

production. Calcium levels had no significant effect on Si uptake.

Variety by soil, variety by K, and soil by K interactions were

significant at 1%, 5% and 1% level, respectively (Tables Land LI).
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TABLE XLVIII. SHOOT P UPTAKE (mg/Pot) FOR THREE SUGARCANE VARIETIES
GROWN FOUR MONTHS IN TWO SOILS CONTAINING TWO LEVELS

EACH OF K AND Ca

Treatment

K Level

Ca Level

Waialua

541

553

557

537

SOIL
Waipahu

662

463

558

566

Significance
of

Interaction

5%

N.S.

K Level Significance
Ca Level Kl K2 of

Interaction

Cal 590 525 N.S.

Ca2 613 491



109

TABLE XLIX. SHOOT P UPTAKE (mg/Pot) FOR THREE SUGARCANE VARIETIES
GROON FOUR MONTHS IN TWO SOILS CONTAINING TWO LEVELS

OF K AVERAGED OVER TWO Ca LEVELS

Cane Variety K Level
SOIL TYPE

Waialua Waipahu
Significance

of
Interaction

H50-7209

H57-5174

NCo 310

K1 463 575

K2 478 249

K1 585 921

K2 672 614

K1 575 551

K2 509 524

5%
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TABLE L. SHOOT Si UPTAKE (mg/Pot) FOR THREE SUGARCANE VARmTms
GROWN FOUR MONTHS IN TWO SOILS CONTAINING TWO LEVELS

EACH OF K AND Ca

CANE VARmTY Significance
Treatment HSO-7209 HS7-5174 NCo 310 of

Interaction

§Ell

Waialua 1265 1263 1287 1%

Waipahu 1650 2607 2591

K Level

K1 1771 2008 1940 5%

~ 1144 1862 1938

Ca Level

Cal 1530 1829 1922 N.S.

Ca2 1384 2040 1955
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TABLE LI. SHOOT SI UPTAKE (mg/Pot) FOR THREE SUGARCANE VARIETIES
GROWN FOUR MONTHS IN T'!:'TQ SOILS CONrAINING TWO LEVELS

EAr" OF K AND Ca

Treatment

K Level

Ca Level

Waialua

1248

1295

1237

1306

SOIL
Waipahu

2564

2001

2284

2281

Significance
of

Interaction

1%

N. S.

K Level Significance
Ca Level K1 K2 of

Interaction

Cal 1877 1645 N.S.

Ca2 1936 1651
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The three varieties sorbed nearly identical amounts of Si from the

Waialua soil. In the Waipahu soil, varieties H57-5174 and NCo 310

extracted similar and much higher amounts than H50-7209, more-or-1ess

in keeping with dry weight differences.

Silica uptake was reduced at high K for variety H50-7209, with

little or no effect of K levels on H57-5174 and NCo 310 (Table L,

Fig. 18). High K decreased Si uptake in the Waipahu soil but had little

or no effect on uptake from the Waialua soil (Table LI).

The variety by K by soil interaction was significant at the 5%

level (Table LII, Fig. 19). At both levels, more Si was extracted by

all varieties from the Waipahu than the Waialua soil. Varieties

H50-7209 and H57-5174 grown in the Waipahu soil had reduced Si uptake

at the high level of K. High K had little or no effect on Si uptake

from the Waialua soil.

The latter three interactions followed shoot dry weights closely.

Sulfur Uptake

Average sulfur content for the varieties H57-5174, NCo 310, and

H50-7209 were 1051, 748, and 538 mg/pot, respectively (Table XXI). The

three varieties were significantly different from each other at the

5% level. Sulfur absorbed per treatment was related to the amount of

cane growth and soil type. More S (significant at the 5% level) was

extracted from the Waialua soil than from the Waipahu soil, probably

because of higher available S in the former (Table II). No significant

differences were observed for K or Ca levels.
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TABLE LII. SHOOT Si UPTAKE (mg/Pot) FOR THREE SUGARCANE VARmTmS
GROWN FOUR MONTHS IN TWO SOILS CONTAINING TWO K LEVELS

AVERAGED OVER TWO Ca LEVELS

Cane Variety K Level
SOIL TYPE

Waialua Waipahu
Significance

of
Interaction

HSO-7209

H57-5174

NCo 310

K1 1310 2231

Kz 1219 1069

K1 1098 2918

K2 1428 2295

K1 1336 2544

K2 1237 2638

5%
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The variety by Ca interaction was significant at the 5% level

(Table LIII). High Ca depressed S uptake in variety HSO-7209 whereas

uptake was increased in NCo 310 and HS7-5l74, more so in the latter

(Fig. 20). This is in agreement with the shoot dry weights. Soil by

K, soil by Ca and K by Ca interactions were not significant (Table LIV).

The variety by soil by K interaction was significant at the 1% level

(Table LV, Fig. 21). The three varieties absorbed more S from the

Waialua than the Waipahu soil. In the Waialua soil, S uptake was

greater at high K for varieties HSO-7209 and HS7-5l74 and appreciably

less for NCo 310. The reverse effects were shown in the Waipahu soil.

This is due to the high shoot weights and low S content in the Waialua

compared to that of the Waipahu soil.

VI. Relationship Between Root Data and Nutrient Uptake

Solution Culture Experiment Data

In attempting to determine what relationships, if any, existed

between the various root properties measured and plant nutrient content,

the data for the various root properties were correlated with nutrient

uptake data for the four cane varieties grown in solution culture

(Table LVI). The root weight, S.A.I. and exchange capacity (E.C.)

values/pot were significantly correlated (5% level) with shoot dry

weight, N, K, Ca, Mg and S uptake (Figs. 22 through 26). Only the root

S.A.I. and A.E.C./pot were significantly correlated (5% level) with P

uptake and only fresh root C.E.C./pot and A.E.C./pot were significantly

correlated with Si content. None of the specific C.E.C. and A.E.C.
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TABLE LIII. SHOOT S UPTAKE (mg/Pot) FOR TlREE SUGARCANE VARIETIES
GROWN FOUR MONTHS IN TWO SOILS CONTAINING TWO LEVELS

EACH OF K AND Ca

CANE VARIETY Significance
Treatment HSO-7209 HS7-5174 NCo 310 of

Interaction

Soil

Waialua 804 1373 1042 N.S.

Waipahu 272 729 454

K Level

K1 566 1078 826 N.S.

K2 510 1023 669

Ca Level

Cal 579 940 717 5%

Ca2 497 1162 779
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FIGURE 20. SHOOT S UPTAKE FOR THREE SUGARCANE
VARIETIES GROWN FOUR MONTHS AT TWO
Ca LEVELS AVERAGED OVER TWO SOILS
AND TWO K LEVELS.
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TABLE LIV. SHOOT S UPTAKE (mg/Pot) FOR THREE SUGARCANE VARIETIES
GROWN FOUR MONTHS IN TWO SOILS CONTAINING TWO LEVELS

EACH OF K AND Ca

Treatment

K Level

Ca Level

Waialua

1096

1050

1007

1139

SOIL
Waipahu

551

418

484

485

Significance
of

Interaction

N.S.

N.S.

K Level Significance
Ca Level Kl K2 of

Interaction

Cal 782 707 N.S.

Ca2 863 759
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TABLE LV. SHOOT S UPTAKE (mg/Pot) FOR THREE SUGARCANE VARIETIES
GROWN FOUR MONTHS IN TWO SOILS CONTAINING TWO K LEVELS

AVERAGED OVER TWO Ca LEVELS

Cane Variety K Level
SOIL TYPE

Waialua Waipahu
Significance

of
Interaction

H50-7209

H57-5174

NCo 310

K1 754 378

K2 854 166

K1 1301 855

K2 1444 603

K1 1232 421

K2 853 487

1%



Waialua Soil

Waipahu Soil

.-..
.u

--_ ...
0
p.. 1200

.---
.........

~ "'-'

QJ ""~
CiI
.u ~g-
oo
.u
0

....

0

...

..c:

...

00 400

..... ......
........ ......

• HSO-7209

~

• HS7-5l74

0----- --0

0 NCo 310 ~
K1

.L-
K2

K Level

Kl Kz

FIGURE 21. SHOOT S UPTAKE FOR THREE SUGARCANE VARIETIES GROWN FOUR MONTHS m TWO
SOILS CONTAmING TWO LEVELS OF K AVERAGED OVER TWO Ca LEVELS.

I-'
N
N



95

• •

r=0.741

•

•..
••

•

•

•
•

•
• ••

• • ••• • •••• •• •...
•.­G•

· .. _.
•• •

•.... - .•• •••••• •· --. ....
• •--

55
I •

•
•••

35f- •• • • ••• •

15

'"'bO
'-'

.j.J

..c:
bO

or-!

~
>.
1-1
~

.j.J
o
o

..c:
til

...
1

_3., " ,
12 92 172

Root Surface Area Index (g Calcium Nitrate Solution)

FIGURE 22. SCATTER DIAGRAM OF ROOT SURFACE AREA INDEX AND SHOOT DRY WEIGHT
OF 108 SUGARCANE STOOLS GROWN TWO MONTHS rn SOLUTION CULTURE.

....
N
W



1900
•

• •

•• • • •

• •. - .... .. ...... ... . ... .. ...... ..
• • • •. . ... .... ..
•• •.....

• •
• •

r= 0.655

•

•
• ••
•• • • • •• ••• •• • •• ••

•

•

•
•

700

300

1100
<ll

~
.u

~
Z

-..
/)l)

13
'-"

12Root surfa!~ea Index (g Calcium Nil~~olutiOn)
FIGURE 23. SCATTER DIAGRAM OF ROar SURFACE AREA INDEX AND TOTAL N UPTAKE

OF 108 SUGARCANE STOOLS GROWN TWO MONTHS IN SOLUTION CULTURE.
.....
N
~



••

•

2800
• _.

,....
gp

"'--'"

•

• ••

•. _.
•••

• •• •

172

r = 0.721

92

•••
••
•

• •• ••

• •
•

•

• ••••••• •• •
•• •• •

•••••
•

• •
• •

• •
••••

•••
• •••
••• ••· -.­• •

•

•••

12

•

1200

(1)

~
+oJ

&
~

Root Surface Area Index (g Calcium Nitrate Solution)
FIGURE 24. SCATTER DIAGRAM OF ROOT SURFACE AREA INDEX AND TOTAL K UPTAKE

OF 108 SUGARCANE STOOLS GROON TWO MONTHS IN SOLUTION CULTURE.
t-l
N
VI



•
I

140

I
0

-bO
El

• •'-'

• •Q,) •~ •CIj • •.u
0..

• • ••p

•CIj • • •(.) • • • •
60 • • • • ••• •••

•

• •
• • • •. .... ... .. •.... . •

•• • •••
•

.. ..~ .......
r= 0.735

• ••• ••• •.. • •

12 52 92 172
Root Surface Area Index (g Calcium Nitrate Solution)

FIGURE 25. SCATTER DIAGRAM OF ROOT SURFACE AREA INDEX AND TOTAL Ca UPTAKE
of 108 SUGARCANE STOOLS GROWN TWO MONTHS IN SOLUTION CULTURE.

....
N
C\



•

200

r =0.567

•••
•• •

• • • • •••• ••• • •• •• ••
• • •• •

• •........
• •• • •••• • •••••• ••• ••• •......... ..... . .

• • • •..
••

o

Q.I

•
~

I
./-I
0..
::;J

~

100,
• •• ••

o so 100 150
Root Surface Area Index (g Calcium Nitrate Solution)

FIGURE 26. SCATTER DIAGRAMS OF ROOT SURFACE AREA INDEX AND TOTAL Mg UPTAKE
OF 108 SUGARCANE STOOLS GROWN TWO MONTHS IN SOLUTION CULTURE.

....
N......



128

values were significantly correlated with growth or any of the seven

plant nutrients.

Although the root weight, root S.A.I, and E.C. values were

correlated with growth and uptake of most nutrients, the correlations

with S.A.I. generally were higher. Probably this is because nutrients

are transported across surface membranes, and the larger the surface of

the root in contact with the external medium the more rapidly nutrients

are absorbed. This agrees with Sutcliffe (1962), who stated that salt

absorption is related closely to surface area and with Harrison (1939),

who observed a correlation between surface area of a root system in

contact with the soil and the "rate" of salt absorption. In addition,

root S.A.I. reflects the root branching; higher branching exists with

higher S.A.I. Russel and Newbold (1966) attributed considerable

importance to the number of root laterals because they account for

high percentage of P and Ca uptake in the plant. This may account for

the high nutrient uptake of H57-5l74 and H56-5840 as they have both

high root weights, root S.A.I., and, perhaps, higher numbers of root

laterals. The low nutrient uptake of NCo 310 may be accounted for by

low root S.A.I. values and probably a low number of root laterals

despite high root weights.

The E.C. values/pot correlated significantly with the plant content

of most of the nutrients because the root surface area index and the

root weight contributed highly to the E.C. values. This is evidenced

by the highly significant correlations (1% level) between root weight

or S.A.I. and the E.C. values (Tables LVI, Figs. 27 through 29).



TABLE LVI. CORRELATIONS FOR DIFFEREl\
ROOT CHARAGrERS I

E.C. Totals
Root Root Dry Roota Fresh Rootb

Variable Weight S.A.1. C.E. C. C.E.C. A.
(g) (g)

** ** ** **Dry Weight +0.691 +0.741 +0.642 +0.659 +C
N +0.597** +0.655** +0.501** +0.525** +C

+0.349 * +0.271 +0.189 +CP +0.402
+0.660**

......
+0.622** +0.662**Potassium +0.721"" +C

Calcium +0.702** +0.735** +0.675** +0.747** +C
Magnesium +0.525** +0.567** +0.550** +0.509** +c
Silicon +0.368 +0.351 +0.347 +0.394* +c...

+0.604** +0.503** **Sulfur +0.540" +0.537 +C

Root weight 1.00 +0.908** +0.927** +0.793** +C
Surface area index +0.908 1.00 +0.835** +0.782** +C

* For r = 0.381, P = .05
(df. = 25)

** For r = 0.487 = .01
a,b,c Crooke (1969), Carpenter 45Ca (1965), Peterburgskii and Ne1ubova



TABLE LVI. CORRELATIONS FOR DIFFERENCES IN MINERAL
ROOT CHARACTERS IN SOLUTION CUL~

E.C. Totals
Root Root Dry Roota Fresh Rootb Dry RccVariable Weight S.A. I. C.E.C. C.E.C. A.E.C. C.E.{
(g) (g)

** ** +0.642** ** +0.633**Dry Weight +0.691 +0.741 +0.6S9 +0.130
N +0. S97m'c +0.6SS*~~ +O.SOl~h~ +0.S2S** +0.S27*~~ -0.009
P +0.349 +0.402* +0.271 +0.189 +0 .432~~ -0.044
Potassi1.ml +0.660** +0.721** +0.622** +0.662** +0.634** +0.162
Ca1ci1.ml +0.702** +0. 73S** +0.67S*~~ +0.747** +0.627** +0.200
Magnesi1.ml +0.S2S** +0.S67** +O.SSO** +0.S09~~* +0.42S~~ +0.2S0
Silicon +0.368 +0.3S1 +0.36.7 +0.394* +0.388* +0.10S
Sulfur +0.S40~~ +0.604** +0.S03** ** +0.S47** +0.120+0.S37
Root weight ** ** +0. 793~~* +0.8S8*~~ 0.1861.00 +0.908 +0.927
Surface area index +0.908 1.00 +0.83S** +0. 782~k* +0.814**

~~

For r = 0.381, P = .OS
(df. = 2S)*~~ = .01For r = 0.487

a,b,c Crooke (1969), Carpenter 4SCa (196S), Peterburgskii and Ne1ubova methods, respee



WR DIFFERENCES IN MINERAL COMPOSITION, GROWTH AND
~HARACTERS IN SOLUTION CULTURE

Totals Weight S.A. I.
;h Rootb c Dry Root Fresh Root Dry Root Fresh Root
,E. C. A.E.C. C.E.C. C.E.C. A.E.C. C.E.C. C.E.C. A.E.C.

659** *~~
-0.267 -0.106 -0.223+0.633 +0.130 +0.163 +0.086

525** ~~*
-0.009 +0.071 -0.340 -0.194 -0.269+0.527 +0.028

189 +O.432~~ -0.044 -0.150 +0.248 -0.291 -0.363 -0.070
662** +0.634** +0.162 +0.207 +0.155 -0.236 -0.051 -0.165

747
k* +0.627** +0.200 +0.281 +0.052 -0.115 +0.101 -0.159

509** +0.425* +0.250 +0.172 +0.012 -0.148 -0.045 -0.225
394* +0.388* +0.105 +0.179 +0.178 -0.070 +0.100 +0.039
537** +0.547*~~ +0.120 +0.165 +0.172 -0.262 -0.081 -0.170
793** ** 0.186 +0.141 -0.094+0.858 0.011 0.002 -0.032
782** +0.814**

nd Ne1ubova methods, respectively.
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Data From Soil Culture Experiment

The three root measurement and nutrient uptake for the three cane

varieties grown in the soil were correlated (Table LVII). Shoot dry

weight, N, Mg and S uptake were significantly correlated (5% level)

with root weight (Figs. 30 through 33). Shoot dry weight, Mg, Sand

root weight were significantly correlated (5% level) with dry root

C.E.C./pot whereas weight dry root C.E.C. was not significantly

correlated with any of the parameters. As in the solution culture

experiment, the significant correlations obtained with root C.E.C./pot

are attributed to the close relationship (r = +0.830) between root weight

and root C.E.C./pot. The low number of significant correlations between

root weight and plant nutrient content in the soil as contrasted with

the solution culture exper~ent, is probably due to poor root recovery

from the soil.

Further Interpretation of Experimental Results

The results from the solution culture and soil experiments indicate

that specific C.E.C. and A.E.C. did not relate to growth or nutrients

sorbed by the different cane varieties.

This disagrees with Crooke's (1964) findings which revealed that

the weight C.E.C. of the root is positively correlated with the content

in the tops of total cations, ash, excess base and total trace elements.

The present findings also are in disagreement with the results of

Huffaker and Wallace (1958), who found significant correlations between

weight C.E.C. and plant content of K, Ca and Mg in various plant species

grown in the soil. In contrast to these and in agreement with the

findings of Epstein and Legett (1954) and Vimmerstedt (1968) the results



TABLE LVII. CORRELATIONS FOR DIFFERENCES IN MINERAL COMPOSITION,
GROWTH AND ROOT CHARAGrERS IN SOIL

134

Root Weight Total Dry Root Weight
C.E.C. C.E.C.

+0.600** *Shoot Dry Weight +0.487 -0.272

*Nitrogen +0.529 +0.366 -0.348

Phosphorus +0.328 +0.363 -0.061

Potassium +0.180 +0.147 -0.184

Calcium +0.307 +0.329 +0.096

* *Magnesium +0.481 +0.459 -0.013

Silicon +0.014 +0.162 +0.289

* +0.418*Sulfur +0.539 -0.273

* -0.160Root Weight 1.00 +0.830

* For r = 0.404, P = .05 (df. = 22)** = 0.515 P = .01,
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of this research showed that weight C.E.C. was not related to nutrient

uptake.

In this study the specific C.E.C. and specific A.E.C. showed no

relationship with nutrient uptake. A possible explanation for the

lack of correspondence is because ions are generally thought to be

absorbed into plants through exchange (C.E.C.), diffusion and active

absorption and exchange is assumed to make the least contribution

(Epstein 1960).

In both experiments, P and Si were poorly correlated with the

various root properties. It is possible that the vacancy of the ion

was a cause.

The root data from the solution culture experiment and the shoot

dry weight and nutrient uptake data of the soil culture experiment for

the varieties HSO-7209, H57-Sl74 and NCo 310 were ranked in order of

decreasing magnitude. The ranks were denoted by letter 'a', 'b' and

'c' with 'a' corresponding to the highest magnitude. The rankings

are given in Tables LVIII and LIX.

The ranking of varieties in the categories of root weight, C.E.C.

values/pot and A.E.C./pot in the solution culture were similar to

varietal ranking in the N, Ca, Mg, S and cation uptake categories in

the soil. The root surface area index in the solution culture ranked

the same as P and K in the soil. On the basis of these results root

weight, root surface area index, C.E.C. values/pot and A.E.C./pot

measured in solution culture may provide a set of practical indices

for making preliminary assessments of varietal requirements for N, P,

K, Ca, Mg, S and cation uptake in the field.



TABLE LVIII. ROOT DATA FOR THREE SUGARCANE VARIETIE1
IN CULTURE SOLUTION AVERAGED OVER K AND C,

Treatments

Cane Variety

Dry Root
Weight

(g)

Dry Root
S.A. I.

(g)

Weight Root E.C.
(m.e./100 g Root)

Dry Root Fresh Root
C.E.C. C.E.C. A.E.C.

(m,
Dry Roc

C.E. C,

HSO-7209

HS7-S174

NCo 310

2.83c 28.8b 16.7a 3.71b SS.4a 1.741

S.76a 61.7a 17.2a 4.S9a 48.4a 1. 671

3.88b 28.2b 17.Sa 3.28b SO.Sa 2.7S'

a,b,c Denote significance at the S% level of probability as determined by Dl
scripts are not significantly different from each other.



~ FOR THREE SUGARCANE VARIETIES GROWN FOR TWO MONTHS
iOLUTION AVERAGED OVER K AND Ca TREATMENTS

It Root E. C.
/100 g Root)
'resh Root

C.E.C. A.E.C.

S.A. I. E. C.
(m.e./100 g S.A.I. Root)

Dry Root Fresh Root
C.E.C. C.E.C. A.E.C.

E.C./Pot

Dry Root Fresh Root
C.E.C. C.E.C. A.E.C.

3.7lb 55.4a 1. 74b 0.40a 5.79b 0.49c 0.096b 1.55c

4.59a 48.4a 1.67b 0.45a 4.68b 1.03a 0.268a 2.80a

3.28b 50.5a 2.75a 0.50a 7.52a 0.68b 0.125b 2.02b

robability as determined by Duncan's multiple range test. Number with common
there



TABLE LIX. AVERAGE SHOar DRY WEIGHT, ROar CHARACTERS AND NUTRIENT UPTAKE FOR THE
SHOar OF THREE SUGARCANE VARIETIES GROWN FOUR MONTHS IN TWO SOILS

AVERAGED OVER SOIL, K AND Ca TREATMENTS

milligrams per gram of

Shoot Total Total
Cane Variety Dry N P K Ca Mg Si S Cations Anions

Weight

HSO-7209 203b 3735c 426b 4314b 478c 559c 1460b 540c 5351c 2426b

HS7-5174 266a 5362a 698a 6148a 1109a 888a 1935a 1051a 8145a 3684a

NCo 310 230b 4435b 540b 4954b 788b 692b 1939a 748b 6434b 3227c

a,b,c Denote significance at the 5% level of probability as determined by Duncan's
multiple range test. Numbers with common scripts were not significantly different from
each other.

I-'
.j::­
I-'



No attempt was made to use the Donnan equilibrium theory, which

describes the relative uptake of divalent and monovalent ions in

relation to specific C.E.C., because C.E.C. was found to have no

relationship with total ion uptake of the plant.
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SUMMARY AND CONCLUSIONS

Four high-yielding sugarcane varieties, H50-7209, H57-5l74,

NCo 310, and H56-5840 were grown for two months in solution culture.

The first three of these varieties were also grown for four months in

two soils. In both mediums different levels of potassium and calcium

were applied. Root measurements - i.e. root weight (g), root surface

area index (g saturated CalV03)2/plant), weight C.E.C. and A.E.C.

(m.e./lOO g dry root), surface area index C.E.C. and A.E.C. (m.e./lOO

g S.A.I.) and C.E.C. and A.E.C./pot (m.e./pot); shoot dry weight, and

uptake of N, P, K, Ca, Mg, Si, and S were determined in the experiments.

In solution culture, varieties H57-5l74 and H50-7209 had the

greatest and least root weights and S.A.I, respectively while the other

varieties were intermediate. Varieties H56-5840 had the highest weight

C.E.C. measured on both dry and fresh roots. Greater differences

between varieties were observed with fresh root than with dry root

measurements. The C.E.C./pot for both dry and fresh roots were highest

for H57-5l74, followed in decreasing order by H56-5840, NCo 310, and

H50-7209. This array was predominantly a function of variety root

weight.

The weight A.E.C. values for the four cane varieties grown in

solution culture were not different from each other, whereas NCo 310

had the highest S.A.I. C.E.C. values. The A.E.C./pot followed the same

varietal pattern as did C.E.C./pot.

In the soil medium, the three varieties were ranked by root weights

in an order similar to that obtained in culture solution. The greatest
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dry root weight C.E.C. was obtained for NCo 310. The dry root C.E.C./

pot was in the decreasing order of HS7-5l74, HSO-7209, and NCo 310.

In the solution culture, specific C.E.C. values were higher at the

medium and high K rates than at the low rate, whereas rates of K had

no effect in the soil medium. Calcium levels had no effect on specific

C.E.C. values in either culture medium. Potassium applied at the

medium rate significantly increased the weight and surface area index

A.E.C. over those obtained for plants grown at low K levels. High Ca

resulted in increased A.E.C. values over low Ca rates.

The effects of applied K and Ca on C.E.C. and A.E.C. were similar

to the effects on the root weights.

The soil type had a profound effect on the three root measurements

taken. In the better aerated Waialua soil, higher root weights were

obtained than in the Waipahu soil. The reverse was true for dry root

weight C.E.C., whereas the dry root C.E.C./pot values were not

significantly different (5% level) in the two soils.

The cane varieties grown in both mediums were markedly different

in their growth and nutrient uptake. In solution culture the growth

and uptake were iri the decreasing order of HS7-5174, HS6-5840, HSO-7209

and NCo 310. In the soil the array was H57-5174, NCo 310 and HSO~7209.

Correlation coefficients between the root data and the growth and

nutrient uptake were calculated. It was found that the specific C.E.C.

had no relationship to the amount of cations or anions sorbed by the

plant. This may be due to the fact that nutrient sorption is controlled

more by diffusion and metabolic activity than by exchange.
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In solution culture, the root weight, root S.A.I. and E.C. va1ues/

pot were correlated significantly (5% level) with shoot weight and

N, K, Ca, Mg and S uptake. Many relationships were shown with root

S.A.I. probably because nutrients are sorbed into the plant across

surface membranes and the larger the surface, the greater the uptake.

In the soil the root weight was correlated with shoot weight

and uptake of N, Mg and S.

The root weight, root surface area index and E.C./pot measured

in the solution culture were related to the root weight, shoot weight

and ion uptake in the soil. Possibly the measurement of these indexes,

(root weight, root surface index and E.C./pot), in solution culture may

provide a preliminary assessment of varietal differences in nutrient

uptake in the field.
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APPENDIX A

Methods for C.E.C. and A.E.C. Determinations

In order that the most appropriate method could be selected in

this study for the determination of C.E.C. and A.E.C. on sugarcane

roots, three series of nutrient-solution experiments were conducted.

Four C.E.C. and three A.E.C. methods were evaluated by these experiments.

A fifth C.E.C. method using 45Ca (Carpenter, 1965) was evaluated later

in a different experiment.

The C.E.C. methods included two by titration and three by cation

exchange. These are described in the following paragraphs.

Helmy and ElGabaly Titration Method (1958)

Two to three g of fresh roots were washed with O.lN HCl solution,

then titrated in two minutes with standard solution of 0.04N KOH in

50 ml of IN KCl solution to pH 8.0. After titration, the roots were

washed with water, dried at 600 and weighed.

Crooke Titration Method (1964)

This was mentioned previously.

Heintze Cation Exchange Method (1961)

The Heintze method involved saturation of 1 to 2 g of fresh root

with 0.01 N BaC12• The "loosely-adhering" barium ions were removed by

two rinsings in distilled water for 30 and 60 seconds each. The

adsorbed (exchanged) barium ion was then displaced by dipping the

roots in 0.01 N H2S04 in one minute. Barium was estimated by titrating
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the remaining acid with standard NaOH. The root was then washed, dried

at 600 and weighed.

carpenter Cation Exchange Method at Cold Temperature (1965)

In Carpenter's method, the entire test was conducted at SoC, using

ice and cold solutions to restrict metabolism and absorption. Two to

three grams of chilled (SoC) fresh root were washed in cold 0.01 N HCl.

The saturated hydrogen on the root surface was displaced by Ca, using

cold 0.01 N CaC12 • The Ca adsorbed on the root surface was further

displaced by hydrogen from cold 0.01 N HCl and measured by a flame

photometer. The roots were washed, dried at 600 C and weighed.

45Ca Method at Cold Temperature (Carpenter, 1965)

This was mentioned previously.

In all five methods, the root C.E.C. is reported in m.e. per 100 g

dry roots (weight C.E.C.), m.e. per 100 g surface area index (S.A. I­

C.E.C.), and m.e. per pot (C.E.C. per pot).

The root A.E.C. was measured by the method of Peterburgskii and

Nelubova (1963) and by two modifications of that method.

Peterburgskii and Nelubova Method (1963)

This was mentioned previously.

Peterburgskii and Nelubova Method Modified at Cold Temperature (SoC)

The Peterburgskii and Nelubova method was modified by running the

test and holding the solutions at SoC to restrict root metabolism and

absorption.
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Peterburgskii and Nelubova Method Modified in Temperature and Time

The original method takes more than two hours for one determination.

In the second modification, the roots were immersed for shorter periods

(S minutes) in each of two successive phosphate reagents and in each of

two sodium hydroxide solutions. The test was conducted at SoC.

The three solution culture experiments for methodology mentioned

previously were installed separately in a randomized complete block

design with 4 replicates. The experiments included treatments in

factorial arrangements. In addition to methods, the other factors

investigated were sampling times (20, 40, 60 and 80 days) and sugarcane

varieties (HSO-7209, HS7-Sl74, and NCo 310). In the first two

experiments of this series the nutrient solution was prepared by diluting

the required aliquots from stock solutions with distilled water

(Table I). For the second two experiments root material from the

solution culture experiment was used. The cane seedlings were prepared

as described earlier under Materials and Methods.

For reference purposes, the solution culture experiments employed

for testing C.E.C. and A.E.C. methods are listed in Table II. Although

Experiment IV was designed primarily to assess C.E.C. and A.E.C., it is

included in the table because the 4SCa method at cold temperature

(Carpenter 1965) was evaluated in this experiment as part of the overall

design. To gain more insight on C.E.C. values a summary of the root

C.E.C. values obtained from the soil experiment (termed here Experiment

V), was included in the discussion for this section.



'IABLE Ie NUTRIENr SOLUTION FORMULA FOR EXPERIMENTS I AND IIa

Concentration ofb
cc of Stock Solution

Compound per liter of
Stock Solution Nutrient Solution

M KH2P04 1

M MgS04. 7H2O 1

M CaC12·2H2O 1

~M K2S04 2

M KN03 6

M NH2CONH2 2

2.86 H3B03 1

0.02 H2Mo04 ·H2O 1

1.81 MnC12 1

0.22 ZnS04 1

0.08 CuS04 1

80 Fe chelate 330 1.25

a Experiment Station, H.S.P.A. unpublished records
b Concentration in Moles (M)/liter of solution for

macronutrients and grams per liter for micronutrients.
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TABLE II. LIST OF SOLUTION CULTURE EXPERIMENTS USED TO TEST C.E.C. AND A.E.C.

No. of Variables Included in the
Experiment

Experiment Primary Ob jective Method Variety Sampling Time

I Method for C.E.C. 4 1 4

II Method for C.E.C. 2 3 2

III Method for A.E.C. 3 2 1

IV C.E.C. and A.E.C. Assessment (2 for C.E. C. 4 1
(includes 45Ca method for C.E.C.) (1 for A.E.C.

I-'
VI
I-'
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TABLE III. ROOT WEIGHTS, SURFACE AREA INDEX (S.A.I.), AND ROOT
S.A.I./WT.. RATIO OF VARmTY HSO-7209 AT DIFFERENT

SAMPLING TIMESa

Root
Sampling

Wt./pot S.A.I./pot S.A. I. /wt.Timeb

(days) (g) (g calcium nitrate
solution)

Sett 20 0.41 3.50 9.43

40 0.32 4.10 12.28

Shoot 20 1.11 8.98 8.22

40 4.38 46.3 10.7

60 16.2 143.0 9.04

80 43.8 476.0 11.0

a Each value is an average of four replicates.
b From the start in culture solution.



RESULTS AND DISCUSSION

Evaluation of Methods for C.E.C. Determination

Table III gives the average values of root weight per pot

(wt./pot), surface area index of roots per pot (S.A.I./pot), and the

apparent surface area of roots to the root weight ration (S.A.I./wt.)

for sett and shoot roots of HSO-7209 at different sampling times in

the first (Experiment 1) of the three series of experiments in solution

culture.

The data for the sett roots indicate a decrease in wt./pot with

time. This may be due to deterioration of the roots with age, as

evidenced by the flaccid condition at about 40 days. At the next

sampling date (60 days) there were no sett roots present.

The S.A.I./pot shows an opposite trend to that of the wt./pot

data i.e. an increase with time. This, in turn, produced a higher

value for the S.A.I./wt. ratio with time. The larger S.A.I./pot at

40 days over 20 may be due to a swollen condition of the sett roots as

deterioration set in.

In contrast to the sett roots, the shoot root data show large

increases in wt./pot and S.A.I./pot with time. However, the S.A.I./wt.

ratio show only a slight increase.

Table IV gives the sett and shoot root C.E.C. values on variety

HSO-7209 measured by four methods (Experiment 1) and expressed on three

different bases: weight, surface area index (S.A.I.), and per pot.

Generally, with increasing age of the sett roots, the weight C.E.C.

increased, whereas the surface area index C.E.C. and C.E.C./pot

decreased. Exceptions to this were the Crooke method, where a decrease



TABLE IV. CATION EXCHANGE CAPACITY OF THE ROOTS OF SUGARCANE VARIETY HSO-7209 MEASURED
BY FOUR METHODS AT. DIFFERENT ROOT AGES

Method for C.E.C. SETT ROOTS SHOOT ROOTS
Measurement

Age in Culture Solution (days)
20 40 Means 20 40 60 80 Means

Wt. C.E.C. (m.e./100 g dry root)
Helmy & E1Gaba1y (1958) 5.98 24.8 15.4 56.0 15.2 9.64 9.44 22.6
Heintze (1961) 10.9 21.8 16.4 4.71 13.9 18.1 13.9 12.7
Crooke (1964) 23.7 9.13 16.4 21.1 10.7 17.8 14.2 16.0
Carpenter (1965) 2.95 6.46 4.70 3.64 5.18 2.70 1.91 3.33

Means 10.9 15.6 21.4 11.3 12.1 9.85
Surface Area Index C.E.C. (m.e./100 g S.A.I.)

Helmy & E1gaba1y (1958) 5.82 1.55 3.64 6.67 1.57 0.94 0.67 2.46
Heintze (1961) 1.86 1. 74 1.80 0.69 1.33 2.06 1.26 1.33
Crooke (1964 2.36 0.71 1.54 4.04 1.02 2.66 1.29 2.25
Carpenter (1965) 0.31 0.58 0.44 0.34 0.44 0.30 0.23 0.33

Means 2.59 1.15 2.93 1.09 1.49 0.86
C.E.C./Pot (m.e./Pot)

Helmy & E1Gaba1y 0.02 0.05 0.04 0.49 0.39 1.25 3.67 1.45
Heintze (1961) 0.09 0.07 0.08 0.08 0.54 2.75 7.21 2.65
Crooke (1964) 0.10 0.02 0.06 0.21 0.47 3.38 5.14 2.30
Carpenter (1965) 0.01 0.03 0.02 0.04 0.18 0.39 0.93 0.39

Means 0.06 0.04 0.21 0.40 1.94 4.24

I-'
V1
+:'-
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in percent weight C.E.C. was obtained, and the Carpenter method, where

surface area index C.E.C. and C.E.C./pot increased with increasing

time. The increase in percent weight C.E.C. with age obtained by the

three methods was due probably to a constant number of adsorptive

sites in the 20-and 40-day roots and a decrease in root weight with

increasing age (Table III). The surface area index C.E.C. decreased

due to an increase in surface area (Table III) as the roots started

to die.

For the shoot roots, the overall average specific C.E.C. were

slightly higher at 20 days, followed in decreasing order by values

taken at 60, 40, and 80 days (Table IV).

Exceptions were the Heintze method, where the highest values was

at 40 days, and the Helmy and ElGabaly and Crooke methods, where the

second highest values were at 40 rather than at 60 days. The general

decrease in specific C.E.C. with increasing age might be due to a

constant adsorption surface or surfaces which do not increase, or

increase relatively less than root weight, after the first 20 days of

the age of the root with increase in root weight and surface area.

The surface area index C.E.C. values at the four sampling times

followed closely the root surface area/weight ratio.

Shoot root C.E.C./pot increased with increasing root age, due

primarily to increasing root size.

The specific C.E.C. values (Table IV) obtained by four different

methods show that the highest C.E.C. for both root types was measured

by Helmy and ElGabaly, whereas moderate values were measured by Crooke

and Heintze, and low values by Carpenter. Exceptions were Heintze and
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Crooked methods, where higher values were measured at 60 days compared

to the other two methods.

Depending on the root weight, the C.E.C./pot for both roots showed

high values measured by the Heintze method, followed in decreasing

order by Crooke, Helmy and E1Gabaly, and Carpenter methods.

The Helmy and E1Gabaly method, though reporting high specific

C.E.C. in most cases, showed inconsistency between replicates, probably

due to the short time (2 minutes) of the titration. The Heintze and

Crooke methods showed moderate but consistent C.E.C. values. The

Heintze method was more a probe for inconsistency, because the method

involved weighing the fresh root before treatment to adjust a 10:1

ratio of dilute H2S04 and fresh root. The Crooke method was generally

easier because it used dry, ground roots and required less time. The

oCarpenter method gave low but consistent values, due to the 5 C

temperature under which the test and solutions were held, effectively

barring metabolic adsorption and, to a certain extent, perhaps, surface

ionic exchange.

The Crooke (1964) and Carpenter (1965) methods were selected to

measure the root C.E.C. in Experiment II. The two methods were

consistently reproducible. In addition, the Crooke method was simple

and quick, since dead material was used. Twenty and 60 days were

selected for root sampling in Experiment II, for both periods showed

high C.E.C. values and sampling at 60 days permitted more root growth.

In addition, 60-day cane, unlike the 40-day, did not have any sett roots.

Table V gives the root weight, root S.A.I., and root S.A.I./wt.

ratio for three varieties in Experiment II. Samples collected at 20 days
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TABLE V. ROOTS WEIGHT, SURFACE AREA INDEX (S .A. I.) AND THEm RATIOS
FOR THREE SUGARCANE VARIETIES SAMPLED AT 20 AND 60 DAYS

Sett Roots Shoot Roots
Age in Culture Solution (in days)

Cane Variety 20 days 20 days 60 days Means

Root Weight (gxpot)

HSO-7209 0.07 0.40 12.1 6.25

HS7-5174 0.08 0.69 19.7 10.2

NCo 310 0.17 1.03 20.0 10.5

Means 0.70 17.3 8.99

Root S.A.I. (g Calcium Nitrate Solution

HSO-7209 0.97 4.95 132 68.5

HS7-5174 1.28 8.27 225 117

NCo 310 1. 72 8.61 163 85.8

Means 7.28 173 90.4

Root S.A.I./Weight ratio

H50-7209 13.8 12.4 11.0 11. 7

HS7-5174 15.0 12.0 11.4 11. 7

NCo 310 9.92 8.35 8.17 8.27

Means 10.9 10.2
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indicate that variety NCo 310 produced the heaviest sett- and shoot-root

weights; HS7-5l74 was next in order, followed by HSO-7209. However, the

shoot-root weights at 60 days showed that NCo 310 and HS7-5l74 were

nearly equal and that they outyielded HSO-7209.

The three varieties exhibited the same order of ranking on sett­

root S.A.I. as was shown for root weight. At 20 days, the shoot-root

S.A.I. were similar between varieties NCo 310 and HS7-5l74, which

outyielded HSO-7209, while at 60 days the highest value was measured

for HS7-5l74, followed in decreasing order by NCo 310 and HSO-7209.

The S.A.I./weight ratios were fairly close between HSO-7209 and

HS7-5l74. The thick roots of NCo 310 which were easily observed

accounted for the lower S.A.I./weight ratios measured for that variety.

Table VI gives the specific C.E.C. of sett roots measured by

Carpenter and Crooke methods. By Carpenter method, the highest result

obtained was with HS7-5l74, followed in decreasing order by HSO-7209

and NCo 310. With the Crooke method, weight C.E.C. was measured for

NCo 310 than the other two varieties. The C.E.C./pot for both methods

was highest for NCo 310, followed in decreasing order by HS7-5l74 and

HSO-7209 in the Carpenter method, while in the Crooke method it was the

reverse. The NCo 310 had the highest C.E.C./pot primarily due to higher

root weight than the other two varieties.

The results for shoot root are included in Table VII. The

Carpenter method resulted in the highest specific C.E.C. values at 20

days, while at 60 days the highest values were obtained using the Crooke

method. The C.E.C./pot invariably was greatest at 60 days due to

increased root growth which more than compensated for any reduction in



TABLE VI. SETT ROOT CATION EXCHANGE CAPACITY MEASURED
BY TWO METHODS AT 20 DAYS

159

Cane Variety Carpenter Method Crooke Method

H50-7209

H57-5174

NCo 310

Means

Weight C.E.C. (m.e./100 g Dry Weight)

52.4

72.1

26.1

50.2

10.8

11.6

14.5

12.3

S.A.I. C.E.C. (m.e./100 g S.A.I.)

H50-7209 3.15

H57-5174 3.27

NCo 310 3.00

Means 3.14

H50-7209

H57-5174

NCo 310

Means

c.E.c./Pot (m.e./Pot)

0.031

0.034

0.040

0.035

0.013

0.006

0.019

0.013



TABLE VII. CATION EXCHANGE CAPACITY OF SHOOT ROarS FOR THREE CANE VARIETIES,
MEASURED BY TWO METHODS AT 20 AND 60 DAYS

Carpenter Method Crooke Method
Variety At 20 Days At 60 Days Means At 20 Days At 60 Days Means

Weight C.E.C•• m.e./100 g Dry Root

HSO-7209 12.7 6.17 9.44 9.04 9.50 9.27
H57-5174 8.97 6.21 7.59 9.44 9.04 9.24
NCo 310 6.75 5.92 6.34 9.35 11.9 10.69

Means 9.48 6.10 7.79 9.28 10.1 9.71

S.A. I. C.E.C. (m.e./100 g S.A.I.)

HSO-7209 0.87 0.53 0.70 0.75 0.83 0.79
HS7-5174 0.73 0.54 0.64 0.80 0.79 0.80
NCo 310 0.90 0.69 0.80 1.01 1.48 1.25

Means 0.83 0.59 0.71 0.85 1.03 0.94

C.E.C./Pot (m.e./Pot)

HSO-7209 0.03 0.66 0.35 0.05 0.93 0.49
HS7-5174 0.04 1.04 0.54 0.08 1.99 1.04
NCo 310 0.07 1.04 0.56 0.09 2.60 1.34

Means 0.05 0.91 0.48 0.07 1.84 0.96

I-l
0\
0
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specific C.E.C. with increasing age. Weight C.E.C. for HSO-7209 was

highest when measured by the Carpenter method, but when measured by the

Crooke method NCo 310 had the highest values. The highest and most

consistent values were obtained for NCo 310 when the C.E.C. was

calculated on a surface area basis. The C.E.C./pot was highest for

NCo 310 and HS7-5l74 than for HSO-7209 by both methods. In this

respect more variation between varieties was shown in the Crooke method

than in the Carpenter method.

To obtain more varietal differences in specific C.E.C., the

Carpenter method was replaced in Experiment II by a more precise method,

utilizing the radio isotope, 45Ca (Carpenter, 1965). Sixty-day sampling

was preferred, for it allowed more growth and ion uptake than 20-day

sampling. Thus, it would be more suitable for the study of root C.E.C.

and ion uptake relationships.

Table VIII summarizes the sett root characters at 20 and 40 days in

Experiment I and at 20 days in Experiment II. Using the Crooke method,

higher values of weight C.E.C. for 20-day-old sett roots of HSO-7209

were obtained for Experiment I than for Experiment II. The opposite

results were obtained with the Carpenter method. The results obtained

with the Crooke method contradict the statement made by Crooke (1964)

that though the methods for measuring root C.E.C. gave different values

for the same plant, the methods were consistent among themselves.

The weight C.E.C. for the sett and shoot roots of variety HSO-7209

were similar at 20 and 40 days in Experiment I and at 20 days in

Experiment II. The exception was in Experiment I when sett root C.E.C.,

as measured by Carpenter method, was very high. These results are in



TABLE VIIIo SUMMARY OF SETT- AND SHOOT-Roars DATA FOR VARIETY HSO-7209
rn CULTURE SOLUTION, EXPERIMENr I AND II

EXPERIMENT NO.
I I II I I II I I II

Sampling Time (days)
Root TyPe 20 40 20 20 40 20 20 40 20

Weight (g) S.A. I. (g) S.A.I./Weight Ratio

Sett Roots 0.41a 0.32a 0.07b 3.50 4.10 0.97 9.43 12.8 13.8

Shoot Roots 1.11 4.38 0.40 8.98 46.3 4.95 8.22 10.7 12.4

CATION EXCHANGE CAPACITY
Weight C.E.C. S.A. I. C.E.C. C.E.C./Pot

C.E. C. Measuring (m.e./100 g Dry Root) (m.e./100 g S.A.I.) (m.e./Pot)

Method

Crooke (1964) Sett Roots 23.7 9.13 10.8 2.36 0.71 -- 0.10 0.02 0.013

Shoot Roots 21.1 10.7 9.04 4.04 1.02 0.75 0.21 0.47 0.05

Carpenter (1965) Sett Roots 2.95 6.46 52.4 0.31 0.58 3.15 0.01 0.03 0.031

Shoot Roots 3.64 5.18 12.7 0.34 0.44 0.87 0.04 0.18 0.03

a,b Average values for 4, 32 plots.

I-'
O't
N
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agreement with the findings of Chiranjeevi ~ al. (1967) that root type

had no effect on root C.E.C. values, but are contrary to the results of

Narasimham and Packeco (1965) who found that sett roots measured one­

half the C.E.C. of shoot roots. Sett root weight C.E.C. values varied

with increasing age. This does not agree with the results of

Chiranjeevi ~ al. (1967) who found that age did not affect C.E.C.

values.

The surface area index C.E.C. and C.E.C./pot values for sett roots

in Experiment I and II varied with age and type of root.

Evaluation of Methods for A.E.C. determination

The results, given in Table IX, are for the purpose of comparing

the methods of Peterburgskii and Nelubova and two modified methods

developed by the investigator. The data are from Experiment III on

varieties HSO-7209 and NCo 310, sampled at 60 days.

Reproducible results were obtained using the Peterburgskii and

Nelubova method, while quite extreme values were obtained among

replicates when either of the two modifications were used (Table IX).

This might be due to the assumption involved in each method. In the

first method, it was assumed that both the absorptive and adsorptive

sites are saturated with P and that exchange with the alkali was from

the adsorptive sites only, whereas in the two modifications absorption

was assumed restricted by the short time and low temperature used and

adsorption only was active. However, it was possible that absorption

and adsorption of P to and from the inside of the root occurred,

resulting in the large fluctuations.



TABLE IX. ANION EXCHANGE CAPACITY OF SHOOT ROOTS OF TWO SUGARCANE VARIETIES
IN CULTURE SOLUTION AT TWO MONTHS, MEASURED BY THREE METHODS

Peterburgskii Modified P. & N. Modified P. & N. Method
Cane Variety Replicate and Ne1ubova Method at at Short Interval and

(P. & N.) Method 5°C 5°C

HSO-7209 1 61.4 20.4 32.5

2 45.4 29.2 59.0

3 57.8 19.3 114

4 44.6 21.4 84.6

Means 52.3 22.6 72.5

NCo 310 1 41.6 29.4 76.7

2 42.1 100 140

3 47.6 28.1 56.3

4 47.7 20.0 43.3

Means 44.7 44.4 79.1

.....
0\
.J:'-
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This experiment indicated that the umodified Peterburgskii and

Nelubova method yielded the most consistent results and it was,

therefore, adopted for the measurement of root A.E.C. in sugarcane.

Evaluation of Shoot Root C.E.C. Values in Solution and Soil Cultures

Sugarcane shoot root weights, surface area index, and surface area

index/weight ratio in the four experiments in solution culture

(Experiments I, II, and IV) at two months and in the soil (Experiment V)

at four months are given in Table X. Root weights of the four cane

varieties at 60 days varied in the four experiments. Variety HSO-7209

had the lowest weights, whereas varieties H57-5174 had the highest

weights in Experiment IV, and NCo 310 in Experiment II and the soil

trial (Experiment V). The root weights of HS7-5l74 were less than those

of NCo 310 in the soil, probably due to the thin roots which could not

grow to their full extent because of soil mechanical stress and/or

possible lower root recovery at washing as the thin laterals broke off.

No root surface area index was calculated for the roots in the soil

experiment. In the culture experiment, the root S.A.I. was highest for

H57-5l74, followed in decreasing order by H56-5840, H50-7209, and

NCo 310, while the root S.A.I./weight ratio decreased in the order

H56-5840, HS7-5l74, H50-7209, and NCo 310, respectively.

When C.E.C. by the Crooke method was expressed on a weight basis,

the values obtained for varieties HSO-7209, HS7-5l74, and NCo 310 were

similar for Experiments I, IV, and V while those of Experiment II

differed appreciably (Table XI). A comparison of varieties across

experiments showed that the relative position of the varieties in each



TABLE X. SUGARCANE ROar WEIGHT, SURFACE AREA INDEX AND
SURFACE AREA INDEX/WEIGHT RATIO IN FOUR EXPERIMENTS

IN CULTURE SOLUTION (EXPERIMENTS I, II AND IV)
AT 2-MONTHS AND SOIL (EXPERIMENr V) AT 4-MONTHS

EXPERIMENr NO.
I II IV V

Root Weight (g!Pot)

HSO-7209 l62a l2.lb 2.83c 30.5d

HS7-5l74 19.7 5.76 33.5

NCo 310 20.0 3.88 35.3

H56-5840 3.82

Root S.A.I. (g Calcium Nitrate Solution)

HSO-7209 143 132 28.8

HS7-5l74 225 61. 7

NCo 310 163 28.2

HS6-5840 42.0

Root S.A. I.: Weight

HSO-7209 9.04 11.0 10.2

HS7-5l74 11.4 10.7

NCO 310 8.17 7.26

HS6-5840 11.0

abc d, , , Average values for 4, 16, 27 and 24 plots
respectively.
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TABLE XI. SUGARCANE ROOT C.E.C. IN FOUR EXPERIMENTS IN CULTURE SOLUTION (EXPERIMENTS I, II AND IV)
AT 2-MONTH AND SOIL (EXPERIMENT V) AT 4-MONTH MEASURED BY DIFFERENT METHODS

C.E.C. Measuring Method
Crooke (1964) Carpenter (1965) Carpenter Ca (1965)

EXPERIMENT NO.
Cane Variety I II IV V I II IV V IV

Weight C.E.C. (m.e./100 g Dry Root)

HSO-7209 17.8
a

9.50
b

16.7
c

19.4
d

2.70
a

6.17
b

3.71
c

HS7-5174 9.04 17.2 18.6 6.21 4.59
NCo 310 11.9 17.5 16.0 5.92 3.28
HS6-5840 19.1 5.40

S.A. I. C.E.C. (m.e./100 g S.A.I.)

HSO-7209 2.66 0.83 1. 74 0.30 0.53 0.40
HS7-5174 0.79 1.67 0.54 0.45
NCo 310 1.48 2.75 0.69 0.50
HS6-5840 1.84 0.51

C.E.C./Pot (m.e./Pot)

HSO-7209 3.38 0.93 0.49 5.79 0.39 0.66 0.10
HS7-5174 1.99 1.03 6.58 1.04 0.27
NCo 310 2.60 0.68 5.24 1.04 0.13
HS6-5840 0.73 0.20

a,b,c Average values for 4, 12 and 27 plots respectively.
I,ll, III Experiments No. in culture solution.

IV E . . ·1 d·xper:unent ~n so~ me ~um.

I-'
0\

'"
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experiment was not the same (Table XI). However, the Carpenter methods

placed the varieties in the same relative position in Experiments II

and IV. Greater varietal differences were apparent when the Carpenter

45Ca method was used.

It was difficult to evaluate the reproducibility of C.E.C. values

on S.A.I. basis because no S.A.I. data were taken for Experiment V. A

comparison of varieties across experiments showed that the Crooke

method consistently placed varieties in the same relative positions in

each of the experiments. Placement by the two Carpenter methods was

the same but were different than the array obtained using the Crooke

method. Although differences between methods were observed, each

method was consistent within itself. This emphasizes the importance

of C.E.C. expressed on S.A.I. rather than a weight basis, for the

exchange sites are a function of root surface (Helmy and Elgabaly,

1958).

The total C.E.C./pot for HSO-7209 in the four experiments and the

relative ranking for the three varieties in each experiment, as

discussed earlier, were not reproduced in all cases because of the

large variation in root weight.

These reults indicate the difficulty of reproducing weight C.E.C.

(Huffaker and Wallace, 1958) by Crooke method; however, better

reproduction was obtained by the Carpenter methods. Reproduction of

calculated S.A.I. C.E.C. was more reliable, while C.E.C./pot was not.

Weight C.E.C. for the shoot roots in Experiments I and II varied

considerably with sampling time, contrary to the findings of Chiranjeevi

~ ale (1967).
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The A.E.C. of the roots measured in Experiments III and IV showed

reproducibility in weight A.E.C. (Table XII).
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TABLE XII. SUGARCANE ROOT A.E.C. IN TWO EXPERIMENTS (III-I, III-2)
MEASURED BY PETERBURGSKII AND NELUBOVA (1962) METHOD,

AT 2-MONTH

Cane Variety

HSO-7209
H57-5174

NCo 310
HS6-5840

HSO-7209
HS7-5174
NCo 310

HS6-5840

HSO-7209
HS7-5174
NCo 310

HS6-5840

EXPERIMENT NO.
III IV

Weight A.E.C.
(m.e./I00 g Dry Root)

5.23a 55.4b

48.4

44.7 50.5
55.9

S.A.I. A.E.C.
(m.e./I00 g S.A.I.)

5.79
4.68
7.52

5.27

A.E.C./Pot
(m.e./Pot)

1.55
2.80
2.02

2.19
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TABLE I. ANALYSIS OF VARIANCE FOR ROOT PROPERTIES OF FOUR Sl
IN SOLUTION CULTURE CONTAINING TlmEE LEVELS

E.C./100 g Root (Wt. E. C.) E.C./:
Treatments d.£. Dry Root Dry Root Dry Root Fresh Root Dry R(

Weight S.A. I. C.E.C. C.E.C. A.E.C. C.E.(
m.s. m.s. m.s. m. s. m.s. m.s,

20.4** 3783~'c* * 18.2** 4039**
oJ

K (K) 2 7L7 3.82

40.4** 6645*~'c 29.5* 24.0** oJ

V (V) 3 366 6.99

(K) (V) 6 3.96 429 14.6 2.66 334 LOO

Ca (Ca) 2 L66 364 3.94 2.56 193 0.41

(K) (Ca) 4 4.25 476 23.4 2.46 659* 0.12

(V) (Ca) 6 5.54* 789* 3.95 0.82 301 0.39

(K) (V) (Ca) 12 3.49 382 7.40 3.33 96.9 0.54

Blocks 2 12.3* 1470** 2LO 6.52* 745* 0.68

Error 70 2.52 321 12.5 2.07 194 0.518

C.V. 39.0% 44.6% 20.1% 33.9% 26.5% 36.4%

Grand Mean 4.07 40.2 17.6 4.25 52.6 2.00

* 5%~'c* Significant at level
Significant at 1% level



~ ROOT PROPERTIES OF FOUR SUGARCANE VARIETIES GROWN TWO MONTHS
IRE CONTAINING THREE LEVELS EACH OF K AND Ca

i Root (Wt. E. C.) E.C./100 g S.A.I. (S.A.I. E.C.) E.C. Totals (E.C./Pot)
resh Root Dry Root Fresh Root Dry Root Fresh Root

C.E.C. A.E.C. C.E.C. C.E.C. A.E.C. C.E.C. C.E.C. A.E.C.
m. s. m. s. m.s. m. s. m. s. m.s. m. s. m. s.

18.2** 4039** ** 0.480** *~'c ** ~h'c *~'c
3.82 16.5 1.06 0.063 22.5

24.0** ** * ** ** ** **366 6.99 0.082 40.6 1.34 0.163 7.19

2.66 334 1.00 0.033 4.78 0.25 0.011 1.19

2.56 193 0.41 0.042 2.98 0.09 0.018 1.35

659* 4 *~'c2.46 0.12 0.006 5.35 0.22 0.025 .15

0.82 301 0.39 0.039 8.60 0.21 0.008 0.55

3.33 96.9 0.54 0.064 3.70 0.12 0.007 1.38

6.52* 745* * ** * 5.44m
'c0.68 0.026 17.2 0.39 0.024

2.07 194 0.518 0.031 4.73 0.12 0.008 0.976

33.9% 26.5% 36.4% 37.7% 37.3% 46.7% 51.0% 42.6%

4.25 52.6 2.00 0.462 5.82 0.732 0.173 2.14
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TABLE II. ANALYSIS OF VARIANCE FOR ROOT PROPERTIES OF THREE SUGARCANE
VARIETIES GROWN FOUR MONTHS IN TWO SOILS CONTAINING

TWO LEVELS EACH OF K AND Ca

Dry Root Weight C.E.C. Total C.E.C.
Treatments d.f. Weight Dry Root Dry Root

Cane Variety (V) 2 141 74.2 *~~ 10.9

K (K) 1 276 12.1 14.3

(V) (K) 2 155 14.6 12.0

Soil (S) 1 2339 *,'c 373* 4.72

(V) (S) 2 25.7 1. 77 0.41

(K) (S) 1 114 0.00 7.65

(V) (K) (S) 2 374 11.9 18.9

Ca (Ca) 1 357 10.3 11.4

(V) (Ca) 2 241 6.05 8.58

(K) (Ca) 1 532* 0.03 22.9

(S) (Ca) 1 3.46 2.15 0.69

(V) (K) Ca) 2 213 9.73 8.97

(V) (S) (Ca) 2 23.8 6.64 4.57

(K) (S) (Ca) 1 80.1 0.92 3.27

(V) (K) (S)(Ca) 2 285 10.5 11.9

Blocks 2 137 27.7* 4.60

Error 46 198 9.59 8.51

C.V. ~2.5 17.2 49.7

Grand Mean 33.1 g 18.0 5.87

'k
Significant at 5% level

** Significant at 1% level



TABLE III. ANALYSIS OF VARIANCE FOR SHOm DRY WEIGHT AND NUTRmNT U
TWO MONTHS IN SOLUTION CULTURE CONTAINING THREE LE

Shoot Dry
Treatments Weight N P K

d.f. m.s. m.s. m.s. m.s.

(K) 2 1,196** 679,522** 393,740** *K 5,161,143

V (V) 3 2,861*~~ 1 201 682~~* 45,246** 4, 716 ,829~'(, ,

(K) (V) 6 341* 128,924** 5,010 785,904*

Ca (Ca) 2 212 104,841 20,987** 749,441*

(K) (Ca) 4 59.9 7,307 2,912 151,514

(V) (Ca) 6 139 74,424 6,118 240,411

(K) (V) (Ca) 12 85.3 50,824 9,605 126,758

Blocks 2 132 99,688 7,080 138,208

Error 70 110 46,366 4,142 176,560

C.V. 32.6% 29.4% 26.2% 31-

Grand Mean 32.2 733 246 1331

* Significant at 5% level
** 1% levelSignificant at



IRY WEIGHT AND NUTRIENT UPTAKE OF FOUR SUGARCANE VARIETIES GROWN
.TURE CONTAINING THREE LEVELS EACH OF K AND Ca

P K Ca Mg Si S
m. s. m.s. m.s. m. s. m.s. m. s.

** ** 10,087** 7,096** 48,541** 38,413**393, 7l~0 5,161,143

45 ,246*~'c 4,716,829** 9, 729*~'c 10,298~'c* 11,53i'c* 40,733*

*.~ 1,611~'c 1,949** 5,596*5,010 785,904 ' 7,232

20,987** 749,441** 4,647** 1,273 6,012 2,764*

2,912 151,514 987* 122 8,274 402

6,118 240,411 719 1,109 7,560 2,173

9,605 126,758 291 513 2,663 663
~h'c

4,264*7,080 138,208 1,701 1,451 6,205

4,142 176,560 316 609 5,070 1,351

26.2% 31.6% 39.7% 40.5% . 35.4% 36.0%

246 1331 44.7 60.9 201 102



TABLE IV. ANALYSIS OF VARIANCE FOR SHOar DRY WEIGHT AND NUTRIENT UP
FOUR MONTHS IN TWO SOILS CONTAINING TWO LEVELS

Shoot Dry
Treatments Weight N P K

d.f. m.'s., m.s. m.s. m.s.

(V) 24,005
~~* i~* 446,301** 20,795,285*Cane Variety 2 15,991,952

K (K) 1 22,390*~~ 17,191,036** 159,138** 296,108,608*

(V) (K) 2 4,401 110,970 10,242 18,507,865*
Soil (S) 1 166 ,224~~* 165,167,623** 4,239 43,856,999*
(V) (S) 2 12,197* 17,928 79,509* 2,043,686

(K) (S) 1 17 , 807iC~'c 142,374 200,339** 103,772,288*
(V) (K) (S) 2 7,334 * 75,762* 3,980,3074,027,820
Ca (Ca) 1 690 1,380,943 550 1,108,670

(V) (Ca) 2 4,232 884,266 17,220 436,203

(K) (Ca) 1 1,245 450,312 14,550 517,260

(S) (Ca) 1 126 817,618 3,640 463,065

(V) (K) (Ca) 2 1,470 122,173 1,647 597,142
(V) (S) (Ca) 2 3,663 994,657 12,574 752,035

(K) (S) (Ca) 1 1,222 8,320 1,839 3,396,482
(V) (K) (S) (Ca) 2 181 59,381 2,162 752,009
Blocks 2 3,806 671,656 15,033 1,672,831
Error 46 2,922 1,135,540 18,962 2,166,206

C.V. 23.2% 23.6% 24.8% 28.
Grand Mean 233 g 4511 mg 555 5138

* Significant at 5% level
*'lc

Significant at 1% level



~ DRY WEIGHT AND NUrRIENT UPTAKE OF THREE SUGARCANE VARIETIES GROWN
SOILS CONTAINING TWO LEVELS EACH OF K AND Ca

P K Ca Mg Si S
m.s. m.s. m.s. m.s. m.s. m.s.

~ 446,301** 20,795,285** ** 659,921** ** 1.60**2,389,320 1.84
~

159,138** 296,108,608** 521,360** ** .,rk
2,976,667 0.20 0.14

10,242 18,507,865** 36,871 94,414 0.64"~ 0.02
4,239 43,856,999** 351, 996"~* 129,582* 18.4 *.,~ 6.23*

79 ,509"~ 2,043,686 389 ,083"~* 269,962** 1. 76** 0.02
200,339** 103,772,288** 48,274 30,925 1.68** 0.03

75,762* 3,980,307 285,567** 300 081** 0.73* 0.32**,
550 1,108,670 84,901 675 0.02 0.08

17,220 436,203 85,791 72,304 0.19 0.14
14,550 517,260 96,997 21,804 0.01 0.00

3,640 463,065 5,279 23,774 0.02 0.08

1,647 597,142 102,894 25,947 0.15 0.01
12,574 752,035 25,526 28,494 0.05 0.12

1,839 3,396,482 28,875 14,358 0.20 0.01
2,162 752,009 32,417 3,704 0.01 0.01

15,033 1,672,831 54,858 67,853 0.40 0.21
18,962 2,166,206 38,908 31,722 0.158 0.043

i% 24.8% 28.6% 24.9 25.0 22.4 26.6

19 555 5138 mg 792 mg 713 mg 1. 777 g 0.779 g

....
-...J
V1
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TABLE I. ROOT DRY WEIGHT OF FOUR SUGARCANE VARmTIES GROWN FOR TWO
MONTHS IN' SOLUTION CULTURE CONTAININ'G VARIOUS

AMOUNTS OF POTASSIUM AND CALCIUM
(g/Pot)

PotassilUll Level
Cane Variety Ca Level Kl K2 K3

Cal 1. 7la 4.69 2.59

HSO-7209 Ca2 3.02 3.26 3.26

Ca3 2.77 2.49 1.68

Cal 3.27 5.26 6.15

H57-5l74 Ca2 4.03 6.57 4.82

Ca3 5.56 11.0 5.22

Cal 3.83 3.53 4.95

NCo 310 Ca2 2.60 4.56 4.72

Ca3 3.46 4.58 2.69

Cal 3.57 3.66 3.82

HS6-5840 Ca2 3.24 4.06 3.60

Ca3 3.25 4.67 4.48

aAverage value of 3 plots.



178

TABLE II. ROOT APPARENT SURFACE AREA OF FOUR SUGARCANE VARIETIES
GROWN FOR TWO MONTHS IN SOLUTION CULTURE CONTAINING

DIFFERENr AMOUNTS OF K AND Ca
(g Calcium Nitrate Solution Per Pot)

K Level
Cane Variety Ca Level K1 K2 K3

Cal 14.7a 52.3 25.3

H50-7209 Ca2 29.2 36.9 30.1

Ca3 32.6 23.2 14.6

Cal 33.8 61.1 61.8

H57-5174 Ca2 43.6 64.5 49.9

Ca3 54.8 12.1 64.5

Cal 25.9 26.2 34.7

NCo 310 Ca2 23.4 35.7 30.3

Ca3 27.2 38.8 11.8

Cal 34.9 49.4 46.7

H56-5840 Ca2 29.9 47.6 32.7

Ca3 30.3 62.0 44.4

aAverage value of 3 plots.
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TABLE III. WE IGHr C.E. C. FOR DRY ROOTS (CROOKE METHOD) OF FOUR
SUGARCANE VARIETIES GROWN FOR TWO MONTHS IN

SOLUTION CULTURE CONTAINING VARIOUS .AMOUNTS OF K AND Ca
(m.e./100 g Dry Roots)

K Level
Cane Variety Ca Level K1 K2 K3

Cal 15.3a 17.2 18.7

HSO-7209 Ca2 14.3 14.9 20.9

Ca3 15.5 17.8 15.8

Cal 13.7 17.8 18.0

HS7-5174 CaZ 13.4 18.7 18.9

Ca3 16.1 19.8 18.8

Cal 14.4 17.7 18.2

NCo 310 Ca2 15.3 18.8 17.8

Ca3 20.4 18.1 16.8

Cal 16.1 20.6 21.9

HS6-5840 Ca2 18.6 16.4 21.3

Ca3 20.6 16.3 20.4

a 3 plots.Average value of
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TABLE IV. WEIGHT C.E.C. FOR FRESH ROOTS OF FOUR SUGARCANE VARIETIES
GROWN FOR TWO MONTHS IN SOLUTION CULTURE CONTAINING

VARIOUS AMOUNTS OF K AND Ca
(m.e./100 g Dry Roots)

Potassium Level
Cane Variety Ca Level Kl K2 K3

Cal 3.47a 1.84 4.93

HSO-7209 Ca2 2.39 3.33 5.02

Ca3 2.73 4.57 5.11

Cal 5.21 4.19 5.06

HS7-5l74 Ca2 4.45 4.27 4.56

Ca3 3.44 4.87 5.22

Cal 2.75 3.51 4.10

NCo 310 Ca2 2.62 2.88 2.63

CQ,3 3.65 3.69 3.72

Cal 3.92 5.00 8.22

HS6-5840 Ca2 3.69 4.21 7.26

Ca3 6.53 4.94 4.87

aAverage value of 3 plots.
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TABLE V. WEIGHT A.E.C. FOR FRESH ROOTS OF FOUR SUGARCANE VARIETIES
GROWN FOR TWO MONTHS IN SOLUTION CULTURE CONTAINmG

VARIOUS AMOUNTS OF K AND Ca
(m.e./lOO g Dry Roots)

Potassium Level
Cane Variety Ca Level Kl K2 K3

Cal 48.7a 60.1 56.7

H50-7209 Ca2 40.3 48.9 53.8

Ca3 42.7 86.4 61.0

Cal 49.3 60.7 48.0

H57-5l74 Ca2 47.7 49.2 50.7

Ca3 39.7 60.4 29.8

Cal 39.5 58.8 43.2

NCo 310 Ca2 44.4 61.9 34.5

Ca3 49.2 88.3 35.1

Cal 42.8 71.3 51.6

H56-5840 Ca2 55.4 60.5 55.6

Ca3 44.1 70.1 51.6

aAverage value of 3 plots.
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TABLE VI. APPARENT SURFACE AREA C.E.C. FOR DRY ROOTS OF FOUR
SUGARCANE VARIETIES GROWN FOR TWO MONTHS IN SOLUTION

CUI..TURE CONTAINING VARIOUS AMOUNTS OF K AND Ca
(m.e./lOO g A.S.A. Dry Roots)

K Level
Cane Variety Ca Level Kl K2 K3

Cal 1.80a
1.53 1.87

HSO-7209 Ca2 1. 77 1.33 2.30

Ca3 1.30 1.93 1.83

Cal 1.40 1.53 1.80

HS7-5l74 Ca2 1.27 1.93 2.00

Ca3 1. 70 1. 77 1.60

Cal 2.10 2.50 3.17

NCo 310 Ca2 1.97 2.63 2.87

Ca3 2.57 2.23 4.70

Cal 1. 70 1.53 1.80

HS6-5840 Ca2 2.07 1.47 2.37

Ca3 2.20 1.23 2.13

aAverage value of 3 plots.



183

TABLE VII. APPARENT SURFACE AREA C.E.C. FOR FRESH ROOTS OF FOUR
SUGARCANE VARIETIES GROWN FOR TWO MONTHS IN SOLUTION

CULTURE CONTAINING VARIOUS AMOUNTS OF K AND Ca
(m.e./100 g A.S.A. Dry Roots)

K Level
Cane Variety Ca Level K1 K2 K3

Cal O.40a 0.17 0.50

HSO-7209 Ca2 0.30 0.30 0.57

Ca3 0.23 0.53 0.57

Cal 0.53 0.37 0.50

H57-5174 Ca2 0.40 0.43 0.50

Ca3 0.40 0.43 0.47

Cal 0.37 0.50 0.63

NCo 310 Ca2 0.33 0.37 0.43

Ca3 0.47 0.47 0.93

Cal 0.40 0.40 0.70

H56-5840 Ca2 0.40 0.37 0.80

Ca3 0.70 0.37 0.47

a 3 plots.Average value of
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TABLE VIII. APPARENT SURFACE AREA A.E.C. FOR FRESH ROOTS OF FOUR
SUGARCANE VARIETIES GROWN FOR TWO MONTHS IN SOLUTION

CULTURE CONTAINING VARIOUS AMOUNTS OF K AND Ca
(m.e./lOO g Dry Roots)

Potassium Level
Cane Variety Ca Level Kl K2 K3

Cal 5.77a 5.23 5.57

H50-7209 Ca2 5.07 4.40 6.00

Ca3 3.63 9.27 7.20

Cal 5.00 5.23 4.80

H57-5l74 Ca2 4.60 4.93 5.70

Ca3 4.00 5.43 2.40

Cal 5.77 8.27 7.83

NCo 310 Ca2 5.37 8.23 5.53

Ca3 6.37 10.27 10.1

Cal 4.60 5.27 4.30

H56-5840 Ca2 6.43 5.53 6.23

Ca3 4.73 5.17 5.17

a 3 plots.Average value of
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TABLE IX. CATION EXCHANGE CAPACITY PER POT FOR DRY ROOTS OF FOUR
SUGARCANE VARIETIES GROWN FOR TWO MONTHS IN SOLUTION

CULTURE CONTAINING VARIOUS AMOUNTS OF K AND Ca
(m.e./Pot)

K Level
Cane Variety Ca Level Kl K2 K3

Cal 0.259a 0.804 0.509

HSO-7209 Ca2 0.458 0.500 0.726

Ca3 0.441 0.426 0.269

Cal 0.432 0.941 1.12

HS7-5l74 Ca2 0.544 1.32 0.912

Ca3 0.927 2.07 0.977

Cal 0.554 0.635 0.901

NCo 310 Ca2 0.381 0.830 0.835

Ca3 0.724 0.852 0.444

Cal 0.554 0.767 0.855

H56-5840 Ca2 0.603 0.668 0.759

Ca3 0.670 0.775 0.909

a 3 plots.Average value of
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TABLE X. CATION EXCHANGE CAPACITY PER POT FOR FRESH ROOT OF FOUR
SUGARCANE VARIETIES GROWN FOR TWO MONTHS IN SOLUTION

CULTURE CONTAINING VARIOUS AMOUNTS OF K AND Ca
(m.e./Pot)

K Level
Cane Variety Ca Level K1 K2 K3

Cal 0.059a 0.Od5 0.141

H50-7209 Ca2 0.067 0.101 0.143

Ca3 0.067 0.114 0.088

Cal 0.205 0.220 0.317

H57-5174 Ca2 0.167 0.274 0.214

Ca3 0.198 0.544 0.271

Cal 0.083 0.118 0.193

NCo 310 Ca2 0.059 0.133 0.127

Ca3 0.126 0.167 0.119

Cal 0.135 0.175 0.308

H56-5840 Ca2 0.118 0.174 0.255

Ca3 0.214 0.235 0.221

aAverage value of 3 plots.
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TABLE XI. ANION EXCHANGE CAPACITY PER POT FOR FRESH ROOTS OF FOUR
SUGARCANE VARIETIES GROWN FOR TWO MONTHS IN SOLUTION

CULTURE CONTAINING VARIOUS AMOUNTS OF K AND Ca
(m.e. /Pot)

K Level
Cane Variety Ca Level K1 K2 K3

Cal 0.83a 2.65 1.41

H50-7209 Ca2 1.26 1.51 1.83

Ca3 1.33 2.18 0.94

Cal 1.37 3.04 2.95

H57-5174 Ca2 1.99 3.24 2.37

Ca3 2.23 6.46 1.53

Cal 1.60 2.11 2.17

NCo 310 Ca2 1.27 2.81 1.61

Ca3 1.74 3.96 0.92

Cal 1.61 2.81 2.02

H56-5840 Ca2 1.83 2.44 1.98

Ca3 1.50 3.21 2.34

aAverage value of 3 plots.



TABLE XII. DRY ROOT WEIGHT OF THREE SUGARCANE VARIETmS GROWN FOR
FOUR MONTHS IN TWO SOILS AT. DIFFERENT TREATMENTS OF K AND Ca

(g!Pot)

Cane Variety H50-7209 H57-5l74 NCo 310
Ca Level Cal Ca2 Cal Ca2 Cal Ca2

Soil T~ K Level

Kl 36.9a 30.9 33.0 42.8 49.7 43.8
Waialua

Soil
K2 43.4 30.9 50.7 35.6 31.3 36.9

Kl 22.6 28.0 40.7 36.1 24.6 31.7
Waipahu

Soil
K2 41.0 10.4 25.1 18.5 25.1 25.1

aAverage value of 3 plots.
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TABLE XIII. DRY ROOT WEIGHT C.E.C. OF THREE SUGARCANE VARIETIES GROWN
FOR FOUR MONTHS IN TWO SOILS AT DIFFERENT TREATMENTS OF K AND Ca

(m.e./100 g Dry Roots)

Cane Variety HSO-7209 HS7-5174 NCo 310
Ca Level Cal Ca2 Cal Ca2 Cal Ca2

Soil T~ K Level

K1 17.3
a 16.9 15.3 18.4 15.0 14.1

Waialua
Soil

K2 15.7 17.5 15.7 17.2 14.3 11.6

K1 20.3 21.2 20.6 23.7 20.0 18.5
Waipahu

Soil
K2 22.4 23.9 19.7 18.6 15.5 19.3

aAverage value of 3 plots.
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TABLE XIV. DRY ROOT C.E.C./POT OF THREE SUGARCANE VARIETIES GROWN FOR
FOUR MONTHS IN TWO SOILS AT DIFFERENT TREATMENTS OF K AND Ca

(m.e./Dry Roots

Cane Variety H50-7209 H57-5174 NCo 310
Ca Level Cal Ca2 Cal Ca2 Cal Ca2

Soil T~ K Level

K1 6.15a 4.94 5.11 7.73 7.33 6.23
Waialua

Soil
K2 6.89 5.61 8.61 6.25 4.49 4.21

K1 4.86 5.73 8.37 8.45 5.10 5.83
Waipahu

Soil
K2 9.59 2.57 4.89 3.27 3.88 4.87

aAverage value of 3 plots.
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TABLE XV. SHOOT DRY WEIGHT OF FOUR SUGARCANE VARIETIES GROiffl FOR
TWO MONTHS IN SOLUTION CULTURE CONTAINING

VARIOUS AMOUNTS OF K AND Ca
(g/Pot)

K Level
Cane Variety Ca Level K1 K2 K3

Cal 15.8a 31.9 18.8

HSO-7209 Ca2 28.7 33.2 23.3

Ca3 26.3 32.5 21.5

Cal 32.2 61.0 54.7

H57-5174 Ca2 32.4 47.0 35.2

Ca3 33.1 70.0 41.1

Cal 21.1 28.0 17.3

NCo 310 Ca2 22.7 23.4 17.8

Ca3 24.6 30.2 16.0

Cal 44.7 33.1 35.5

HS6-5840 Ca2 28.3 36.2 26.4

Ca3 38.0 40.1 37.9

a 3 plots.Average value of
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TABLE XVI. POTASSIUM CONTENT OF THE SHOOT OF FOUR SUGARCANE
VARmTmS GROWN FOR TWO MONTHS IN SOLUTION CULTURE

CONTAINING VARIOUS AMOUNTS OF K AND Ca
(mgm!Pot)

K Level
Cane Variety Ca Level K1 K2 K3

Cal 566a 1391 801

H50-7209 Ca2 947 1415 1055

Ca3 911 1712 1063

Cal 1077 2756 2370

H57-5174 Ca2 1040 1942 1583

Ca3 1003 3029 1963

Cal 773 1168 667

NCo 310 Ca2 796 983 725

Ca3 937 1401 794

Cal 1466 1435 1581

H56-5840 Ca2 931 1656 1127

Ca3 1267 1866 1713

aAverage value of 3 plots.
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TABLE XVII. CALCIUM CONTENT OF THE SHOOT OF FOUR SUGARCANE
VARIETIES GROWN FOR TWO MONTHS IN SOLUTION CULTURE

CONTAINING VARIOUS AMOUNTS OF K AND Ca
(mgm/Pot)

K Level
Cane Variety Ca Level Kl K2 K3

Cal 10.la 38.6 24.1

H50-7209 Ca2 24.7 32.3 30.1

Ca3 20.9 38.8 34.1

Cal 19.8 74.2 77.9

H57-5174 Ca2 35.3 66.0 63.4

Ca3 33.1 143 111

Cal 18.2 31.5 28.9

NCo 310 Ca2 24.9 33.8 28.0

Ca3 23.4 51.1 43.5

Cal 27.9 38.9 61. 7

H56-5840 Ca2 32.0 48.5 45.6

Ca3 35.4 72.3 87.2

aAverage value of 3 plots.
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TABLE XVIII. MAGNESIUM CONTENT OF THE SHOOT OF FOUR SUGARCANE
VARIETIES GROWN FOR TWO MONTHS IN SOLUTION CULTURE

CONTAINING VARIOUS AMOUNTS OF K AND Ca
(mgm/Pot)

K Level
Cane Variety Ca Level Kl K2 K3

Cal 27.2a 70.5 42.3

H50-7209 Ca2 36.9 77.5 53.6

Ca3 38.7 52.5 41.6

Cal 45.1 120 108

H57-5l74 Ca2 49.8 74.7 66.5

Ca3 49.2 119 137

Cal 40.6 50.5 37.3

NCo 310 Ca2 37.3 42.5 37.4

Ca3 44.1 55.0 33.1

Cal 68.1 67.6 88.1

H56-5840 Ca2 42.2 68.1 61.8

Ca3 6l~. 2 71. 7 70.6

aAverage value of 3 plots.
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TABLE XIX. NITROGEN CONTENT OF THE SHOOT OF FOUR SUGARCANE
VARIETIES GROWN FOR TWO MONTHS IN SOLUTION CULTURE

CONTAINING VARIOUS AMOUNTS OF K AND Ca
(mgm/Pot)

K Level
Cane Variety Ca Level K1 Kz K3

Cal 439a 762 397

HSO-7209 Ca2 721 780 480

Ca3 747 737 434

Cal 934 1279 1079

HS7-5174 Ca2 900 923 732

Ca3 885 1383 836

Cal 564 659 343

NCo 310 Ca2 587 567 334

Ca3 626 660 351

Cal 1312 729 710

HS6-5840 Ca2 759 752 515

Ca3 992 777 707

aAverage value of 3 plots.
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TABLE XX. PHOSPHORUS CONTENT OF THE SHOOT OF FOUR SUGARCANE
VARIETIES GROWN FOR TWO MONTHS IN SOLUTION CULTURE

CONTAINING VARIOUS AMOUNTS OF K AND Ca
(mgm/Pot)

K Level
Cane Variety Ca Level K1 K2 K3

Cal 137a 369 88.6

HSO-7209 Ca2 227 279 108

Ca3 245 273 98.6

Cal 293 407 215

HS7-5174 Ca2 301 301 145

Ca3 311 375 165

Cal 238 282 79.6

NCo 310 Ca2 231 242 105

Ca3 281 425 92.8

Cal 427 329 151

H56-5840 Ca2 219 352 127

Ca3 387 364 186

aAverage value of 3 plots.
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TABLE XXI. SILICON CONTENT OF THE SHOOT OF FOUR SUGARCANE
VARIETIES GROWN FOR TWO MONTHS IN SOLUTION CULTURE

CONTAINlliG VARIOUS AMOUNTS OF K AND Ca
(mgm/Pot)

K Level
Cane Variety Ca Level K1 K2 K3

Cal 84.9a 160 144

H50-7209 Ca2 189 220 172

Ca3 156 342 149

Cal 157 248 296

H57-5174 Ca2 165 220 213

Ca3 143 295 248

Cal 151 226 194

NCo 310 Ca2 157 208 158

Ca3 170 254 167

Cal 263 215 251

H56-5840 Ca2 140 210 222

Ca3 184 242 229

a
plots.Average value of 3
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TABLE XXII. SULFUR CONTENT OF THE SHOOT OF FOUR SUGARCANE
VARIETIES GROWN FOR TWO MONTHS IN SOLUTION CULTURE

CONTAINING VARIOUS AMOUNTS OF K AND Ca
(mgm/Pot)

Potassium Level
Cane Variety Ca Level K1 K2 K3

Cal 43.0a 97.2 47.2

H50-7209 Ca2 77.3 97.4 55.2

Ca3 64.0 99.0 46.0

Cal 108 261 132

H57-5174 Ca2 99.6 191 90.9

Ca3 89.4 211 100

Cal 66.1 91.5 32.1

NCo 310 Ca2 67.6 70.1 31.5

Ca3 72.1 101 81.8

Cal 150 148 115

H56-5840 Ca2 93.7 150 79.9

Ca3 135 155 126

aAverage value of 3 plots.



TABLE XXIII. SHOOT DRY WEIGHTS IN THREE SUGARCANE VARIETIES GROWN FOR
FOUR MONTHS IN TWO SOILS AT DIFFERENT TREATMENTS OF K AND Ca

(g/Pot)

Cane Variety H50-7209 H57-5l74 NCo 310
Ca Level Cal Ca2 Cal Ca2 Cal Ca2

Soil T~ K Level

Kl 3l2a 263 260 295 290 278
Waialua

Soil
K2 303 222 292 329 255 273

Kl 174 193 269 295 192 186
Waipahu

Soil

Kz 94 62 209 179 183 184

aAverage value of 3 plots.
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TABLE XXIV. POTASSIUM CONTENT IN THE SHOOTS OF THREE SUGARCANE VARIETIES
GROWN FOR FOUR MONTHS IN TWO SOILS AT DIFFERENT

TREATMENTS OF K AND Ca
(mgm/Pot)

Cane Variety H50-7209 H57-5l74 NCo 310
Ca Level Cal Ca2 Cal Ca2 Cal Ca2

Soil T~ K Level

Kl 2849a 2316 2690 2407 3061 2819
Waialua

Soil
K2 8738 7679 10799 11737 7639 8291

Kl 3276 3594 3479 3995 3544 3296
Waipahu

Soil
K2 3509 2549 7848 6226 5717 5262

aAverage value of 3 plots.
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TABLE xxv. CALCIUM CONTENT OF THE SHOOT OF THREE SUGARCANE VARIETmS GROWN
FOR FOUR MONTHS IN TWO SOILS AT DIFFERENT

TREATMENTS OF K AND Ca
(mgm/Pot)

Cane Variety H50-7209 H57-5174 NCo 310
Ca Level Cal Ca2 Cal Ca2 Cal Ca2

Soil T~ K Level

K1 698a 588 707 1323 931 950
Waialua

Soil
K2 650 459 1048 937 613 695

K1 619 755 1567 1795 890 960
Waipahu

Soil
K2 456 291 1143 1184 930 1105

aAverage value of 3 plots.
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TABLE XXVI. MAGNESIUM CONTENT OF THE WHOLE SHOOT OF THREE SUGARCANE VARIETIES
GRCMN FOR FOUR MONTHS IN TWO SOILS AT DIFFERENT

TREATMENTS OF K AND ca

Cane Variety HSO-7209 HS7-5174 NCo 310
Ca Level Cal Ca2 Cal Ca2 Cal Ca2

Soi1 Txp'!:' K Level

K1 945
a 710 846 1070 1077 981

Waialua
Soil

K2 632 410 651 669 509 566

Kl 651 702 1260 1458 632 664
Waipahu

Soil

~ 235 184 586 565 568 542

aAverage value of 3 plots.
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TABLE XXVII. NITROGEN CONTENT OF THE SHOOT OF THREE SUGARCANE VARIETIES
GROWN FOR FOUR MONTHS IN TWO SOILS AT DIFFERENT

TREATMENTS OF K AND Ca
(mgm/Pot)

Cane Variety HSO-7209 HS7-5l74 NCo 310
Ca Level Cal Ca2 Cal Ca2 Cal Ca2

Soil TXE!:. K Level

Kl 6334a 5046 7080 6984 6792 7114
Waialua

Soil
K2 5551 4157 6962 6360 4904 5019

Kl 2797 3001 4372 4710 2977 2783
Waipahu

Soil

~ 1657 1334 3394 3035 2970 2921

aAverage value of 3 plots.
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TABLE XXVIII. PHOSPHORUS CONTENT IN THE SHOOT OF THREE SUGARCANE VARIETIES
GROWN FOR FOUR MONTHS IN TWO SOILS AT DIFFERENT

TREATMENTS OF K AND Ca
(mgm/Pot)

Cane Variety HSO-7209 HS7-5l74 NCo 310
Ca Level Cal Ca2 Cal Ca2 Cal Ca2

Soil T~ K Level

Kl 509a 417 553 618 565 587
Waialua

Soil
K2 563 394 643 700 510 508

Kl 493 536 877 964 545 557
Waipahu

Soil
K2 269 230 638 590 526 523

aAverage value of 3 plots.
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TABLE XXIX. SILICON CONTENT OF THE SHOOT OF THREE SUGARCANE VARIETIES
GROWN FOR FOUR MONTHS IN TWO SOILS AT DIFFERENT

TREATMENTS OF K AND ca
(mgm/Pot)

Cane Variety H50-7209 H57-5174 NCo 310
Ca Level Cal Ca2 Cal Ca2 Cal Ca2

Soil T~ K Level

K1 1377a 1243 972 1225 1411 1261
Waialua

Soil
K2 1360 1078 1233 1623 1069 1406

K1 2169 2293 2741 3095 2591 2496
Waipahu

Soil
K2 1215 923 2372 2218 2618 2658

aAverage value of 3 plots.
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TABLE XXX. SULFUR CONTENT OF THE SHOOT OF THREE SUGARCANE VARIETIES
GROWN FOR FOUR MONTHS IN TWO SOILS AT DIFFERENT

TREATMENTS OF K AND Ca
(mgm/Pot)

Cane Variety HSO-7209 H57-5174 NCo 310
Ca Level Cal Ca2 Cal Ca2 Cal Ca2

Soil T~ K Level

K1 851a 658 1081 1522 1175 1288
Waialua

Soil
K2 923 785 1241 1646 772 934

Kl 331 424 818 892 440 401
Waipahu

Soil
K2 212 119 619 586 482 491

aAverage value of 3 plots.

N
o
0\



207

TABLE XXXI. DRY YIELD DISTRIBurION (g/Pot) IN FOUR SUGARCANE VARIETIES
GROWN TWO MONTHS IN SOLurION CULTURE CON£AINING THREE DIFFERENT

LEVELS EACH OF K AND Ca

Other Whole
Treatment Sheath Blades Sheath and Stems Shoot Roots Plant

Blades

Cane Variety

H50-7209 2.87a 1.03 17.5 4.42 25.8 2.83 28.6
H57-5l74 2.99 1.28 29.6 11.3 45.2 5.76 50.9
NCo 310 1.98 1.08 18.0 1.28 22.4 3.88 26.2
H56-5840 4.97 1.99 23.0 5.65 35.6 3.82 39.4

K Level

Low (Kl) 2.94 1.36 20.2 4.46 29.0 3.36 32.4
Medium (K2) 3.54 1.44 27.0 6.89 38.9 4.86 43.7
High (K3) 3.12 1.23 18.8 5.61 28.8 4.00 32.8

Ca Level

Low (Cal) 3.09 1.31 22.0 6.47 32.8 3.92 36.8
Medium (Ca2) 3.22 1.32 20.6 4.38 29.6 3.98 33.5
High (Ca3) 3.30 1.40 23.5 6.11 34.3 4.32 38.6

a Average value of 3 plots
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TABLE XXXII. POTASSIUM DISTRIBUTION (mg/Pot) IN FOUR SUGARCANE VARIETIES
AND THREE DIFFERENT LEVELS EACH OF K AND Ca IN CULTURE SOLUTION

AT TWO MONTHS

Other Whole
Treatments Sheaths Blades Sheaths and Stems Shoot Roots

Blades

Cane Variety Percent Concentration, Dry Weight Basis

H50-7209 6.16a 3.11 3.69 5.08 4.28 1.26 3.98
H57-5174 5.38 2.28 3.66 4.98 4.07 1.08 3.73
NCo 310 5.83 2.42 3.84 4.82 4.10 1.33 3.68
H56-5840 5.93 2.36 3.63 5.22 4.09 1.01 3.78

K Level

Low (K1) 4.86b 2.24 3.33 3.39 3.43 1.44 3.22
Medium (K2) 6.36 3.02 3.92 5.86 4.49 0.93 4.10
High (K3) 6.26 2.37 3.86 5.84 4.48 1.14 4.06

Ca Level

Low (Cal) 5.92b 2.97 3.63 4.96 4.04 1.06 3.71
Medium (Ca2) 5.80 2.31 3.62 4.84 4.00 1.22 3.66
High (Ca3) 5.76 2.35 3.87 5.29 4.36 1.23 4.01

Cane Variety Total Uptake (mg), Amount Sorbed (mgm)

H50-7209 172a 27.8 643 253 1096 37.0 1132
H57-5174 159 31.2 1076 596 1863 64.1 1926
NCo 310 116 25.9 701 72.8 916 50.4 966
H56-5840 292 47.8 820 289 1449 37.8 1487

K Level

Low (K1) 142b 30.4 666 138 976 47.0 1023
Medium (~) 220 39.5 1039 431 1730 49.5 1778
High (K3) 193 29.7 725 339 1287 45.4 1332

Ca Level

Low (Cal) 181b 36.2 790 331 1338 42.3 1380
Medium (Ca2) 187 31.1 744 222 1183 47.6 1231
High (Ca3) 187 32.3 896 356 1472 51.9 1524

a b are means of 27 and 36 plots' Values respectively



209

TABLE XXXIII. CALCIUM DISTRIBillION OF (mg/Pot) IN FOUR SUGARCANE
VARIETIES AND THREE DIFFERENT LEVELS EACH OF K AND Ca

IN CULTURE SOLUTION AT TWO MONTHS

Other Whole
Treatments Sheaths Blades Sheath and Stems Shoot Roots Plant

Blades

Cane Variety Percent Concentration

HSO-7209 0.09a 0.19 0.12 0.05 0.11 0.18 0.12
HS7-5174 0.14 0.21 0.17 0.09 0.15 0.17 0.15
NCo 310 0.10 0.18 0.15 0.06 0.15 0.17 0.15
HS6-5840 0.11 0.18 0.17 0.06 0.14 0.18 0.15

K Level

Low 0.07b 0.09 0.11 0.02 0.09 0.06 0.09
Medium 0.12 0.21 0.15 0.08 0.14 0.19 0.14
High 0.13 0.27 0.20 0.10 0.18 0.28 0.19

Ca Level

Low O.llb 0.18 0.12 0.04 0.11 0.15 0.12
Medium 0.09 0.18 0.15 0.07 0.13 0.14 0.13
High 0.12 0.21 0.18 0.08 0.16 0.24 0.17

Cane Variety Amount Sorbed (mgm)

HSO-7209 3.71a 1.64 20.7 2.13 28.2 4.87 33.1
HS7-5174 4.22 2.59 52.0 10.5 69.3 10.9 80.2
NCo 310 1.96 1.88 26.7 0.90 31.5 7.00, 38.5
H56-5840 5.34 3.48 37.5 3.70 50.0 7.37 57.4

K Level

Low 2.16b • 1.21 21.2 0.92 25.5 2.09 27.6
Medium 5.05 2.68 41. 7 6.34 55.7 9.70 65.4
High 4.22 3.31 39.8 5.69 53.0 10.8 63.8

Ca Level

Low 4.51b 2.06 27.6 3.51 37.6 6.25 43.9
Medium 2.82 2.26 30.3 3.30 38.7 5.83 44.6
High 4.09 2.87 44.7 6.14 57.9 10.5 68.4

a b are means of 27 and 36 plots respectively, Values
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TABLE XXXIV .. MAGNESIUM DISTRIBUTION OF (mg/Pot) IN FOUR SUGARCANE
VARIETIES AND THREE DIFFERENT LEVELS EACH OF K AND ca

IN CULTURE SOLUTION AT TWO MONTHS

Other Whole
Treatments Sheaths Blades Sheath and Stems Shoot Roots Plant

Blades

Cane Variety Percent Concentration

H50-7209 0.16
a

0.34 0.20 0.15 0.20 0.10 0.19
H57-5174 0.13 0.17 0.16 0.22 0.20 0.10 0.18
NCo 310 0.13 0.22 0.19 0.24 0.20 0.10 0.18
H56-5840 0.11 0.25 0.22 0.16 0.19 0.11 0.18

K Level

Low 0.10b 0.19 0.17 0.18 0.16 0.09 0.16
Medilnn 0.16 0.29 0.19 0.18 0.19 0.09 0.18
High 0.14 0.24 0.22 0.22 0.23 0.12 0.22

Ca Level

Low 0.15
b 0.31 0.20 0.19 0.20 0.11 0.19

Medium 0.12 0.22 0.19 0.19 0.19 0.10 0.18
High 0.12 0.19 0.18 0.19 0.20 0.09 0.18

Cane Variety Amount Sorbed (mgm)

H50-7209 4.63a 2.31 35.6 6.44 49.0 2.87 51.9
H57-5174 3.91 2.01 47.9 31.7 85.5 5.53 91.1
NCo 310 2.61 2.30 33.8 3.29 42.0 3.84 45.8
H56-5840 5.12 4.81 49.0 8.10 67.0 4.06 71.1

K Level

Low 2.71b 2.61 33.4 6.60 45.3 7.31 48.3
Medium 5.21 3.05 50.8 13.5 72.5 4.42 76.9
High 4.28 2.91 40.6 17.1 64.9 4.76 69.6

Ca Level

Low 4.61b 2.99 43.9 12.4 63.9 6.23 68.3
Medium 3.79 2.92 39.2 8.09 54.0 5.19 58.0
High 3.80 2.67 41.6 16.6 64.7 5.08 68.6

a b are means of 27 and 36 plots respectively, 'Values



211

TABLE XXXV. NITROGEN DISTRIBUTION OF (mg/Pot) IN FOUR SUGARCANE
VARIETIES AND THREE DIFFERENT LEVELS EACH OF K AND Ca

IN CULTURE SOLUTION AT TWO MONTHS

Other Whole
Treatments Sheaths Blades Sheath and Stems Shoot Roots Plant

Blades

Cane Variety Percent Concentration

HSO-7209 1.38
a

3.51 2.22 3.82 2.38 1.60 2.31
HS7-5174 1.14 3.06 2.11 3.11 2.29 1.62 2.21
NCo 310 1.37 3.10 2.28 3.33 2.32 1.61 2.22
HS6-5840 1.30 2.87 2.04 3.74 2.26 1.67 2.20

K Level

Low 1.62
b

3.23 2.41 4.85 2.71 1. 75 2.61
Medium 1.12 3.43 2.12 3.02 2.21 1.46 2.12
High 1.04 2.74 1.96 2.63 2.02 1.66 1.97

Ca Level

Low 1.23b 3.43 2.19 3.52 2.36 1.63 2.29
Medium 1.29 3.02 2.16 3.62 2.30 1.61 2.22
High 1.25 2.95 2.14 3.36 2.27 1.64 2.20

Cane Variety Amount Sorbed (mgm)

HSO-7209 39.4a 33.9 383 154 610 45.4 656
HS7-5174 31.9 39.1 601 322 994 94.1 1089
NCo 310 25.2 33.4 417 45.5 521 61.9 583
H56-5840 60.2 56.3 470 219 794 63.3 857

K Level

Low 48.8b 43.3 482 215 789 58.7 848
Medium 37.8 45.4 557 197 834 73.2 907
High 30.9 33.4 365 147 576 66.6 643

Ca Level

Low 37.4
b

41.2 471 217 767 64.2 831
Medium 39.6 39.5 443 149 670 63.1 734
High 40.2 41.4 490 189 760 71.2 832

a b and 36 plots respectively, 'Values are means of 27
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TABLE XXXVI. PHOSPHORUS DISTRIBUTION (mg/Pot) IN FOUR SUGARCANE
VARIETIES AND THREE DIFFERENT LEVELS EACH OF K AND Ca

IN CULTURE SOLUTION AT TWO MONTHS

Other Whole
Treatments Sheaths Blades Sheath and Stems Shoot Roots Plant

Blades

Cane Variety Percent Concentration

H50-7209 0.62a
0.99 0.75 0.75 0.80 0.46 0.76

HS7-5174 0.51 0.70 0.69 0.63 0.67 0.42 0.64
NCo 310 0.61 0.90 0.89 0.95 0.93 0.63 0.89
HS6-5840 0.64 0.86 0.80 0.82 0.79 0.46 0.76

K Level

Low 0.71b 1.09 1.02 0.83 0.96 0.68 0.93
Medium 0.71 1.07 0.90 0.89 0.96 0.44 0.90
High 0.37 0.42 0.44 0.63 0.48 0.36 0.46

Ca Level

Low 0.59 0.96 0.78 0.77 0.81 0.46 0.77
Medium 0.61 0.82 0.76 0.78 0.76 0.50 0.73
High 0.59 0.81 0.81 0.81 0.82 0.52 0.79

Cane Variety Amount Sorbed (mgm)

HSO-7209 17.9a 9.43 132 42.9 202 12.8 215
H57-5174 14.4 8.90 187 68.7 279 23.8 303
NCo 310 12.3 9.90 182 15.5 219 23.2 242
H56-5840 31.3 17.1 190 44.0 283 20.0 302

K Level

Low 20.9
b

14.8 207 32.5 275 24.5 299
Medium 24.6 14.1 233 61.8 333 21.2 354
High 11.4 5.15 79.5 34.1 130 14.2 144

Ca Level

Low 18.2b 11. 7 170 '52.0 251 16.8 268
Medium 19.5 11.1 156 32.7 220 20.0 240
High 19.1 11.2 193 43.6 267 23.0 290

a,b
and 36 plots respectivelyValues are means of 27



TABLE XXXVII. SILICON DISTRIBUTION (mg/Pot) m FOUR SUGARCANE
VARIETIES AND THREE LEVELS EACH OF K AND Ca

m CULTURE SOLUTION AT TWO MONTHS

Treatments Sheaths Shoot

Cane Variety Percent Concentration

H50-7209 0.50
a

0.73
H57-5174 0.31 0.52
NCo 310 0.65 0.87
H56-5840 0.28 0.63

K Level

Low 0.34
b

8.67
Medium 0.34 10.3
High 0.62 15.6

Ca Level

Low O.44
b

11.3
Medium 0.45 12.8
High 0.41 10.5

Cane Variety Amount Sorbed (mg)

H50-7209 12.5a 180
H57-5174 9.05 220
NCo 310 12.6 187
H56-5840 12.0 217

K Level

Low 8.67b 163
Medium 10.3 237
High 15.6 204

Ca Level

Low 11.3b 199
Medium 12.8 189
High 10.5 215

a b are means of 27 and 36 plots' Values
respectively.
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TABLE XXXVIII. SULFUR DISTRIBUTION IN FOUR SUGARCANE VARIETIES
AND THREE LEVELS EACH OF K AND Ca IN CULTURE SOLUTION

AT TWO MONTHS (mg/Pot)

Treatments Sheaths Shoot

Cane Variety Percent Concentration

HSO-7209 0.38a 0.25
HS7-5174 0.38 0.31
NCo 310 0.41 0.28
HS6-5840 0.40 0.35

K Level

Low 0.42b 0.29
Medium 0.46 0.35
High 0.29 0.26

Ca Level

Low 0.42b 0.30
Medium 0.38 0.29
High 0.38 0.30

Cane Variety Amount Sorbed (mg)

HSO-7209 10.la 69.6
HS7-5174 11.2 143
NCo 310 8.06 68.2
HS6-5840 19.5 128

K Level

Low 11.6b 88.8
Medium 15.9 139
High 9.13 78.2

Ca Level

Low 12.6b 108
Medium 11.9 92.0
High 12.1 107

a b, Values are means for 27 and 36 plots
respectively.

214



215

TABLE XXXIX. DRY WEIGHT DISTRIBUTION (g/Pot) IN THREE SUGARCANE
VARIETIES GROWN FOUR MONTHS IN TWO SOILS AT. DIFFERENT

LEVELS OF K AND Ca

Other Whole
Treatments Sheaths Blades Sheath and Stems Shoot Roots Plant

Blades

Cane Variety

HSO-7209 14.4a 4.27 136 47.9 203 30.5 233
H57-5174 13.3 4.28 181 67.5 266 35.3 301
NCo 310 12.2 4.36 177 36.9 230 33.4 264

Soil

Waialua 13.5b 4.49 197 65.7 281 38.8 320
Waipahu 13.1 9.12 132 35.8 185 27.4 212

K Level

Low (K1) 13.8b 4.41 174 58.2 251 35.1 286
High (K,.) 12.7 4.21 153 43.3 215 31.2 246

l-

Ca Level

Low (Cal) 13.5b 4.35 167 51.5 236 35.4 271
High (Ca2) 13.1 4.26 162 50.0 230 30.9 261

a b are means of 24 and 36 plots respectively, Values
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TABLE XL. POTASSIUM DISTRIBUTION (mg/Pot) IN THREE SUGARCANE
VARmTmS GROWN FOUR MONTHS IN TWO SOILS AT DIFFERENT

LEVELS OF K AND Ca

Other Whole
Treatments Sheaths Blades Sheath and Stems Shoot Roots Plant

Blades

Cane Variety Percent Concentration

H50-7209 2.96a 1. 71 2.35 2.86 2.48 0.112 2.10
H57-5174 2.63 1.44 2.21 2.96 2.42 0.102 2.16
NCo 310 2.53 1.30 2.08 3.25 2.24 0.156 1.98

Soils

Waialua 2.35
b

1.43 2.10 2.35 2.M· 0.153 1.91
Waipahu 3.06 1.54 2.33 3.72 2.61 0.094 2.25

K Level

Low (K1) b 1.08 1.39 1.27 1.341.35 0.059 1.19
High (Kz) 4.07 1.90 3.04 4.80 3.41 0.188 2.97

Ca Level

Low (Cal) 2.80b 1.51 2.28 2.90 2.38 0.130 2.06
High (Ca2) 2.62 1.46 2.15 3.17 2.38 0.117 2.10

Cane Variety Amount Sorbed (mgm)

H50-7209 384a 70.5 2981 879 4314 36.2 4350
H57-5174 356 63.3 3974 1754 6148 31.5 6179
NCo 310 312 57.8 3561 1023 4954 51.4 5005

Soils

Waialua 325b 66.0 4147 1381 5919 56.2 5975
Waipahu 376 61.9 2863 1057 4358 23.1 4381

K Level

Low (K1) 190b 48.3 2268 604 3111 19.2 3130
High (K2) 511 79.6 4743 1833 7166 60.2 7227

Ca Level

Low (Cal) 354b 66.1 3685 1158 5263 43.4 5306
High (CaZ) 348 61.8 3325 1280 5014 35.9 5050

a b, Values are means of 24 and 36 plots respectively
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TABLE XLI. CALCIUM DISTRIBUTION OF (mg/Pot) IN THREE SUGARCANE
VARIETmS IN TWO SOILS AT DIFFERENT LEVELS

OF K AND Ca AT FOUR MONTHS

Other Whole
Treatments Sheaths Blades Sheath and Stems Shoot Roots Plant

Blades

Cane Variety Percent Concentration

HSO-7209 0.18a 0.41 0.29 0.12 0.26 0.31 0.27
HS7-5174 0.26 0.73 0.51 0.25 0.44 0.30 0.42
NCo 310 0.24 0.64 0.38 0.25 0.36 0.32 0.35

Soils

Waialua 0.19b 0.45 0.30 0.13 0.26 0.21 0.25
Waipahu 0.27 0.74 0.49 0.28 0.45 0.41 0.45

K Level

Low (Kl ) 0.25
b

0.64 0.40 0.21 0.35 0.31 0.35
High (K2) 0.21 0.55 0.38 0.20 0.35 0.31 0.35

Ca Level

Low (Cal) 0.2lb 0.55 0.38 0.20 0.33 0.29 0.33
High (Ca

2
) 0.24 0.64 0.41 0.22 0.37 0.33 0.37

Cane Variety Amount Sorbed (mgm)

HSO-7209 25.8a 17.2 384 51.2 478 86.2 564
HS7-5l74 34.1 31.2 885 159 1109 104 1213
NCo 310 27.3 27.3 655 76.8 788 96.5 884

Soils

Waialua 24.1b 20.0 596 82.0 722 78.0 800
Waipahu 34.7 30.5 687 109 861 113 974

K Level

Low (Kl ) 33.0b 27.9 701 115 877 105 981
High (K2) 25.8 22.6 582 76.1 707 86.0 792

Ca Level

Low (Cal) 27.6b 23.4 618 88.6 757 96.8 854
High (Ca2) 31.3 27.1 665 103 825 94.1 920

a,b Values are means of 24 and 36 plots respectively
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TABLE XLII. MAGNESIUM DISTRIBUTION (mg/Pot) IN THREE SUGARCANE
VARmTIES IN TWO SOILS AT DIFFERENT LEVELS

OF K AND Ca AT FOUR MONTHS

Other Whole
Treatments Sheaths Blades Sheath and Stems Shoot Roots Plant

Blades

Cane Variety Percent Concentration

HSO-7209 0.27a 0.30 0.27 0.26 0.28 0.15 0.26
HS7-5174 0.33 0.34 0.33 0.36 0.34 0.14 0.31
NCo 310 0.32 0.31 0.29 0.36 0.30 0.14 0.28

Soils

Waialua 0.28b 0.28 0.26 0.28 0.27 0.11 0.25
Waipahu 0.33 0.35 0.33 0.37 0.34 0.17 0.32

K Level

Low (K1) 0.40b 0.36 0.35 0.41 0.36 0.15 0.34
High (K2) 0.22 0.27 0.24 0.25 0.25 0.14 0.23

Ca Level

Low (Cal) 0.30b 0.31 0.30 0.33 0.30 0.15 0.28
High (Ca2) 0.31 0.32 0.30 0.32 0.31 0.14 0.29

Cane Variety Amount Sorbed (mgm)

HSO-7209 40.0a 12.9 389 117 559 43.7 603
H57-5174 43.7 14.6 586 244 888 49.2 938
NCo 310 38.1 13.3 516 125 692 42.8 735

Soils

Waialua 37.2
b 12.6 527 179 7.56 42.2 798

Waipahu 44.1 14.7 467 145 671 48.3 719

K Level

Low (K1) 54.5b 16.0 618 228 917 49.5 966
High (K2) 26.8 11.2 376 96.1 510 41.0 551

Ca Level

Low (Cal) 39.7b 13.5 501 162 716 49.1 765
High (Ca2) 41.6 13.7 493 162 710 41.4 752

a b respectively, Values are means of 24 and 36 plots
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TABLE XLIII. NITROGEN DISTRIBUTION (mg/Pot) IN THREE SUGARCANE
VARIETIES IN TWO SOILS AT. DIFFERENT LEVELS

OF K AND Ca AT. FOUR MONTHS

Other Whole
Treatments Sheaths Blades Sheath and Stems Shoot Roots Plant

Blades

Cane Variety Percent Concentration

H50-7209 1.21
a

2.38 1.67 2.39 1.84 1.17 1. 74
H57-5174 1.31 2.56 1.81 2.67 2.01 1.17 1.91
NCo 310 1.17 2.83 1. 76 2.54 1.87 1.27 1. 79

Soils

Waialua 1.51b 2.72 1.93 2.96 2.15 1.29 2.05
Waipahu 0.95 2.45 1.57 2.10 1.65 1.11 1.58

K Level

Low (K1) 1.37b 2.65 1.80 2.53 1.95 1.20 1.86
High (~) 1.09 2.52 1.69 2.53 1.85 1.20 1. 77

Ca Level

Low (Cal) 1.27b 2.58 1. 79 2.58 1.93 1.22 1.83
High (Ca2) 1.19 2.59 1. 70 2.48 1.88 1.19 1.79

Cane Variety Amount Sorbed (mgm)

H50-7209 177a 101 2301 1155 3734 363 4098
H57-5174 168 108 3295 1792 5362 411 5773
NCo 310 138 123 3217 957 4435 431 4866

Soils

Waialua 199b 120 3812 1894 6025 495 6520
Waipahu 123 101 2064 708 2996 308 3304

K Level

Low (K1) 182b 116 3218 1483 4999 425 5424
High (K2) 140 106 2657 1119 4022 378 4400

Ca Level

Low (Cal) 164b 112 3043 1331 4649 425 5074
High (Ca2) 158 110 2832 1272 4372 377 4749

a b are means of 24 and 36 plots respectively, Values
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TABLE XLIV. PHOSPHORUS DISTRIBUTION (mg/Pot) IN THREE SUGARCANE
VARIETIES IN TWO SOILS AT DIFFERENT LEVELS

OF K AND Ca AT FOUR MONTHS

Other Whole
Treatments Sheaths Blades Sheath and Stems Shoot Roots Plant

Blades

Cane Variety Percent Concentration

HSO-7209 0.18
a 0.30 0.23 0.25 0.13

HS7-5174 0.21 0.28 0.26 0.33 0.15
NCo 310 0.17 0.29 0.22 0.33 0.14

Soils

Waialua 0.12b 0.28 0.20 0.19 0.12
Waipahu 0.26 0.31 0.27 0.42 0.16

K Level

Low (K1) 0.18b 0.31 0.24 0.28 0.14
High (K2) 0.19 0.28 0.23 0.34 0.14

Ca Level

Low (Cal) 0.19b 0.29 0.24 0.30 0.15
High (Ca2) 0.18 0.30 0.24 0.31 0.13

Cane Variety Amount Sorbed (mgm)

HSO-7209 24.1a 12.8 300 90.0 421 42.7 464
HS7-5174 27.9 12.7 454 203 698 51.1 749
NCo 310 20.6 12.5 404 103 540 46.2 586

Soils

Waialua 15.1b 12.4 401 119 544 49.2 593
Waipahu 33.3 12.9 372 145 563 44.0 606

K Level

Low (K1) 25.4b 13.6 416 147 598 51.8 650
High (~) 23.0 11.7 356 117 508 41.5 549

Ca Level

Low (Cal) 24.0b 12.7 391 130 554 51.5 606
High (Ca2) 24.4 12.6 381 134 552 41. 7 594

a,b
respectivelyValues are means of 24 and 36 plots
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TABLE XLV. SILICON DISTRIBUtION (mg/Pot) IN THREE SUGARCANE
VARIETIES IN TWO SOILS AT DIFFERENT LEVELS

OF K AND Ca AT FOUR MONTHS

Other Sheaths, Whole
Treatments Sheaths Blades and Shoot

Stems

Cane Variety Percent Concentration

HSO-7209 1.09a 0.88 0.912
HS7-5174 0.99 0.77 0.78
NCo 310 1.20 0.92 0.93

Soils

Waialua 0.75a 0.45 0.46
Waipahu 1.44 1.27 1.28

K Level

Low (K1) 1.07b 0.81 0.826
High (K2) 1.12 0.91 0.922

Ca Level

Low (Cal) 1.03b 0.85 0.855
High (Ca2) 1.16 0.87 0.892

Cane Variety mgm Sorbed

HSO-7209 154a 1303 1457
HS7-5174 133 1802 1935
NCo 310 146 1793 1939

Soils

Waialua 102b 1170 1272
Waipahu 186 2096 2283

K Level

Low (K1) 149b 1757 1906
High (K2) 139 1509 1648

Ca Level

Low (Cal) 135b 1626 1761
High (Ca2) 153 1640 1793

a,b Values are means of 24 and 36 plots respectively
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TABLE XLVI. SULFUR DISTRIBUTION (mg/Pot) IN THREE SUGARCANE
VARIETIES IN TWO SOILS AT DIFFERENT LEVELS OF K AND Ca

AT FOUR MONTHS

Other Sheaths, Whole
Treatments Sheaths Blades and Shoot

Stems

Cane Variety Percent Concentration

HSO-7209 0.32a 0.24 0.248
HS7-5l74 0.45 0.39 0.388
NCo 310 0.39 0.31 0.309

Soils

Waialua 0.47b 0.37 0.378
Waipahu 0.30 0.25 0.25

K Level

Low (Kl ) 0.39b 0.31 0.315
High (~) 0.38 0.31 0.315

Ca Level

Low (Cal) 0.38b 0.30 0.302
High (Ca2) 0.40 0.32 0.328

Cane Variety mgm Sorbed

HSO-7209 46.0a 492 538
HS7-5l74 59.1 992 1051
NCo 310 46.3 702 748

Soils

Waialua 62.7b 1010 1073
Waipahu 38.2 446 484

K Level

Low (Kl ) 51.lb 772 823
High (K2) 49.9 684 734

Ca Level

Low (Cal) 48.3
b

697 745
High (Ca2) 52.6 760 813

a,b Values are means of 24 and 36 plots respectively
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