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ABSTRACT 

The purpose of th1s research was to test the hypothes1s that plant 

compos1t1on 1n general, and plant ant1nutr1ent content 1n part1cular, 

are affected by env1ronmental factors To test th1s hypothes1s three 

crops were grown 1n four benchmark locat1ons wh1ch had been character-

1Zed for so1ls and prov1ded w1th weather stat1ons to mon1tor a1r and 

so1l temperatures, relat1ve hum1d1ty, ra1nfall, solar rad1at1on and 

w1nd speed The four exper1mental s1tes represented four so1l ser1es 

and two so1l fam1l1es The Wah1awa and Laha1na so1l ser1es 1dent1f1ed 

on s1tes on the Islands of Oahu and Moloka1 were members of the clayey, 

kaol1n1t1c, 1sohypertherm1c fam1ly of Tropept1c Eutrustox whereas 

the N1ul11 and Kuka1au so1l ser1es 1dent1f1ed on s1tes 1n the Kohala 

and Hamakua d1str1cts of the B1g Island of Hawa11 were members of the 

th1xotrop1c 1sotherm1c fam1ly of Hydr1c Dystrandepts 

Three test crops were used to test the hypothes1s amaranth 

(Amaranthus ganget1cus L ), a crop cult1vated for 1ts tender leaves 

or gra1n, cassava (Man1hot esculenta L ), a crop normally cult1vated 

for 1ts starchy tubers, and taro (Colocasla esculenta L (Schott ) 

a crop normally grown for 1ts underground corms The leaves of all 

three crops are consumed by people 1n the warm trop1cs For th1s reason 

the leaves of all three crops were sampled and analyzed to measure the 

effects of so1l and cl1mate var1ables on oxalate n1trate , and 10n1c 

contents of leaves 

Amaranth exper1ments were 1nstalled at three s1tes At each s1te 

1rr1gated and non-1rr1gated exper1ments were conducted W1th1n each 
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1rr1gat1on exper1ment, three fert1l1zer treatments cons1st1ng of (l) 

a basal treatment of l1me, N, P K, bases, and trace nutr1ents, (2) 

a N treatment super1mposed on the basal treatment, and (3) a P treatment 

super1mposed on the basal treatment, were arranged 1n a random1zed com-

plete block des1gn Wlth three repl1cat1ons Plant tops were harvested 

at matur1ty for chem1cal analyses 

Cassava leaves were sampled from ongo1ng exper1ments at the four 

exper1mental s1tes Taro leaves were also sampled from ongo1ng 

exper1ments but from only three s1tes 

So1l and cl1mat1c factors s1gn1f1cantly 1nfluenced the chem1cal 

compos1t1ons of crops These effects d1ffered for each crop N1trogen 

plays an 1mportant role 1n controll1ng the synthes1s of oxalate and 

the accumulat1on of n1trate 1n amaranth The h1ghly var1able oxalate 

and n1trate contents 1n plants grown 1n env1ronmentally d1fferent s1tes 

were, to a large extent, due to d1fferent so1l N contents 

V1rtually all oxalate 1n cassava was 1n the form of calc1um 

oxalate, so that t1ssue Ca content was an 1mportant factor 1n oxalate 

format1on 

In taro, K appeared to be the key factor account1ng for the 

d1fference 1n oxalate content among s1tes 

It was concluded from the results of th1s study that plant com-

pos1t1ons can be controlled by management of the env1ronment and crop 

select1on It follows from th1s conclus1on that the nutr1t1onal qual1ty 

of food crops can be measurably 1mproved 1f more research 1s d1rected 

towards ach1ev1ng th1s goal 
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CHAPTER I 

INTRODUCTION 

Agr1cultural pract1ces and research have been geared toward h1gh 

product1on to cope w1th the h1gh rate of 1ncrease 1n world populat1on 

The genet1c character1st1cs that have led to y1eld 1mprovements were 

ma1nly dwarf1sm and leaf erectness 1n cereals, such as wheat and r1ce 

These key genet1c character1st1cs gave b1rth to the green revolut1on 

1n the 196Ds A th1rd character1st1c photper1od 1nsens1t1v1ty made 

1t easy to f1t the short, erect h1gh y1eld1ng var1et1es 1nto a w1de 

range of env1ronments Other genet1c tra1ts 1nclud1ng res1stance to 

d1seases and 1nsects, and tolerance to env1ronmental stress cont1nue 

to 1ncrease y1elds 

Bes1des genet1c factors, cultural factors are also another means 

employed by agronom1sts to 1ncrease y1elds These 1nclude fert1l1zer 

appl1cat1on and 1rr1gat1on 

Low consumer acceptance of several prom1s1ng h1gh y1eld1ng 

var1et1es compelled plant breeders to 1nclude factors that affect con

sumer preference 1nto the1r breed1ng strategy In add1t1on, sorne 

cultural pract1ce has been 1mplemented w1th the dual purposes of 

1ncreas1ng y1eld and 1mprov1ng qual1ty w1th regard to consumer 

preference for example heavy appl1cat1ons of n1trogen fert1l1zer 

1n order to 1ncrease y1elds and to produce green and succulent produce 

Qual1ty 1s therefore often measured 1n terms of consumer 

preference However, preference alone does not ensure food qual1ty 

The nutr1t1onal value of an agr1cultural product 1s not always apparent 
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to the consumer More elus1ve qual1ty factors are the ant1nutr1ent 

and tox1c agent contents of food crops The1r effects on the consumer 

are often slow and 1ns1d1ous 

Food composit1ons tables are used 1nd1scr1m1nantly to 1dent1fy 

and quant1fy the nutr1ents present 1n var1ous foodstuffs, 1n sp1te of 

the1r knowledge of the h1gh var1ab1l1ty 1n nutr1ent contents among 

cult1var of food crops and among s1m1lar crops grown 1n d1fferent places 

The source of var1ab1l1ty could be genet1c and/or env1ronmental and 

cultural W1th regard to env1ronmental factors growers need to know 

the env1ronmental factors that affect food qual1ty 

Th1s study was based on the hypothes1s that var1ance 1n nutr1t1onal 

qual1ty of food crops 1s strongly 1nfluenced by cultural and envlron

rnental factors 

The type of food crops selected for th1s study were leafy vegetables 

because they are 1rnportant sources of oxalate (an ant1nutr1entl and 

n1trate (a tox1c agent} wh1ch are nutr1t1onally s1gn1f1cant 

Vegetables are 1rnportant sources of v1tam1ns and rn1nerals essent1al 

for hurnans and an1mals Sorne of thern are also an unconvent1onal source 

of prote1n recommended for the trop1cs where rneat 1s relat1vely scarce 

However sorne vegetables, such as arnaranth (Arnaranthus spec1esl, cassava 

leaves (Man1hot spec1esl, taro leaves (Colocasla spec1esl purslane 

(Portulaca oleracea L ) and ungcho1 (Ipornoea aquat1cal of the trop1cs, 

and sp1nach (Sp1nacea oleracea L ), rhubarb (Rheurn rhapon1curnl beet 

(~ vulgar1s) of the temperate reg1ons conta1n h1gh levels of antl

nutrlent oxalate Oxalate 1s cons1dered an ant1nutr1ent because 1t 

can render sorne m1neral nutr1ents unava1lable by b1nd1ng them to forrn 
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1nsoluble salts wh1ch are not absorbed by the 1ntest1ne Many vegetables 

also conta1n h1gh content of n1trate wh1ch 1s a tox1c agent to humans 

and an1mals 

The ma1n 1nterest 1n oxalate 1s 1ts complex format1on w1th calc1um 

(Ca) to form 1nsoluble Ca-oxalate both w1th1n plants and the human body 

Th1s precludes the ut1l1zat1on of Ca Furthermore h1gh level of 

soluble oxalate and free oxal1c ac1d can comb1ne w1th Ca from other 

foods, further reduc1ng Ca ava1lab1l1ty 1n d1ets 

There ex1st relat1onsh1ps between oxalate and n1trate contents 

1n plants and factors of the agroenv1ronment These 1nclude so1l 

nutr1ent status, temperature so1l mo1sture, and 1ntens1ty and durat1on 

of rad1at1on Such knowledge has prompted the 1dea of reduc1ng the 

content of these two compounds 1n plants by man1pulat1ng agroenvlron

mental factors The most w1dely researched factor 1s perhaps plant 

nutr1ent supply For example, dlfferent forms of n1trogen fert1l1zers 

affect the oxalate and n1trate contents 1n plants d1fferently Wh1le 

n1trate fert1l1zer tends to 1ncrease oxalate and n1trate contents 1n 

plants, ammon1um fert1l1zer tends to decrease them 

Cat1on-an1on balance 1s a sound concept to expla1n the presence 

of oxalate 1n plants It was proposed that organ1c ac1ds (1nclud1ng 

oxalate) were produced to balance excess cat1ons In th1s way, any 

external factors wh1ch can exert 1nfluence on the content of cat1on 

excess 1n plants should 1n turn affect oxalate content 

Amaranth, taro and cassava chosen for th1s study conta1n h1gh 

levels of oxalate and are w1dely consumed as vegetables 1n the trop1cs 

Amaranth 1s also ga1n1ng popular1ty 1n the cont1nental U S as a leafy 

vegetable 
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Th1s study was undertaken to 1nvest1gate the effects of agroenvlron

mental factors on the product1on of oxalate and n1trate 1n these trop1cal 

vegetables 1n the hope that the add1t1onal knowledge and understand1ng 

ga1ned would lead to 1deas as to how these factors can be managed to 

produce h1gh qual1ty vegetables w1th regard to the1r contents of oxalate 

and n1trate The obJectlves of th1s study are, therefore as follows 

To assess the contr1but1on of so1l and cl1mate var1ables to 

the var1ance 1n oxalate and n1trate contents of food crops 

2 To ascerta1n the relat1onsh1p between cat1on-an1on balance 

and the b1osynthes1s of oxalate 

3 To 1dent1fy pract1cal measures to control oxalate and n1trate 

contents of food crops 



CHAPTER II 

REVIEW OF LITERATURE 

Th1s study draws upon two d1sc1pl1nes agronomy and human 

nutr1t1on Agronomy deals w1th understand1ng and man1pulat1ng genotype 

by env1ronment 1nteract1ons to opt1m1ze food product1on whereas human 

nutr1t1on deals w1th understand1ng and opt1m1z1ng human health through 

nutr1t1on The relat1onsh1p be1ng cons1dered 1s pr1mar1ly between agro

env1ronment and the nutr1t1onal qual1ty of food crops Inferences are 

made on the relat1onsh1p between plant, and man to sorne extent 

Oxalate and n1trate content, as well as the content of other 

nutr1ents of leafy vegetables were chosen as plant parameters that may 

be affected by so1l and cl1mat1c factors Oxalate and n1trate were 

selected for study because they are an ant1nutr1ent and a tox1c agent 

respect1vely to humans They are also present 1n many leafy vegetables 

consumed 1n the trop1cs Moreover, earl1er stud1es 1nd1cate that there 

15 a def1n1te relat1onsh1p between plant t1ssue n1trate content and 

agroenv1ronment 

are scarce 

Comparable stud1es on oxalate, on the other hand 

The background 1nformat1on form1ng the bas1s for th1s study 1s 

presented and 1ncludes the relat1onsh1ps among agroenv1ronmental factors 

and oxalate and n1trate contents 1n plants, the mechan1sm of oxalate 

synthes1s, and the accumulat1on of oxalate and n1trate 1n vegetables 

2 1 Ant1nut1r1ent oxalate and tox1c agent n1trate 1n foods 

Ant1nutr1ents are chem1cal substances (natural or synthet1c) that 

can 1nh1b1t nutr1ents from perform1ng the1r normal funct1ons 



Ant1nutr1ents can be d1v1ded 1nto 3 groups accord1ng to the mechan1sms 

by wh1ch they 1nh1b1t nutr1ent funct1on 

1 Those that b1nd nutr1ents chem1cally and make them unava1lable 

for absorpt1on by the d1gest1ve system Examples of ant1nutr1ents are 

oxalate wh1ch b1nds Ca and phytate wh1ch b1nds trace elements, such 

as Fe Zn and Cu These ant1nutr1ents lower the nutr1t1onal qual1ty 

of food w1th respect to m1nerals, because the nutr1t1onal qual1ty 1s 

determ1ned by the proport1on of absorbable and ut1l1zable essent1al 

elements 1n a meal (Mertz, 1980, Quarterman, 1973 as c1ted by Welch 

and House, 1984) 

2 Those that compete w1th nutr1ents for 1ntest1nal absorpt1on 

s1tes 

3 Those that compete w1th nutr1ents for b1olog1cal (enzym1c) 

react1on s1tes For example, ant1v1tam1ns such as 1son1az1d (a 

tuberculos1s drug), wh1ch competes w1th pyr1dox1ne (v1tam1n 86l 

Ant1nutr1ents that b1nd nutr1ents (group 1) do so 1n the food 

befare 1t 1s 1ngested and/or 1n the body Oxal1c ac1d belongs to th1s 

group of ant1nutr1ents 

Oxal1c ac1d (H 2c2o4l 1s a relat1vely strong d1carboxyl1c ac1d 

6 

L1ke other ac1ds oxal1c ac1d can be converted 1nto salts Th1s property 

1s 1mportant for th1s study because oxal1c ac1d becomes an ant1nutr1ent 

when 1t forms 1nsoluble salts w1th nutr1ents such as Ca and Mg 

Hodgk1nson (1977) has descr1bed the propert1es of var1ous oxalate salts 

1n deta1l Of part1cular 1nterest are the oxalate salts of Ca Mg 

K, Na and ammon1um (NH4) that are frequently encountered 1n plants 



Oxal1c ac1d forms neutral and ac1d salts w1th monovalent cat1ons 

1nclud1ng ammon1um W1th most d1valent cat1ons 1t forms only one salt 

Potass1um forms three salts, a neutral and ac1d salt and a tetraoxalate 

(Hodgklnson, 1977) 

Except for the salts of the alkal1 metals (Ll, Na, K), ammon1um, 

and Fe !!!, most oxalates are spar1ngly soluble 1n water The most 

soluble oxalate salt assoc1ated w1th a b1valent metal 1s magnes1um 

oxalate (MgC2o4 l and the least soluble among the common oxalates are 

calc1um oxalate (Cac2o4l and lead oxalate (PbC2o4l All are soluble 

1n strong ac1ds (Hodgklnson, 1977) Knowledge of the solub1l1ty of 

oxalates 1s 1mportant for develop1ng techn1ques to fract1onate oxalates 

1n plants 

Oxal1c ac1d becomes an ant1nutr1ent when 1t forms 1nsoluble salts 

w1th Ca and Mg However, the potent1al of 1t becom1ng an ant1nutr1ent 
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1s h1gh when 1t 1s 1n the form of free ac1ds or soluble salts There

fore, assess1ng food qual1ty w1th respect o 1ts oxalate contents 1nvolves 

fract1onat1ng and 1dent1fy1ng the k1nd of salts and/or free oxal1c ac1d 

a food conta1ns 

N1trate (No 3-¡ 1s cons1dered a tox1c agent because even though 

n1trate 1tself presents no health hazard to human and an1mal, 1ts 

der1vat1ves, namely n1tr1te (No2-¡ and n1trosam1ne are health hazards 

The effects of n1trate on health are d1scussed 1n sect1on 2 4 

2 2 Oxalate accumulat1on 1n vegetables and other plants and 1ts 

effects on the health of humans and an1mals 

Oxalate ex1sts 1n plants ma1nly as water soluble ac1d soluble 

(water 1nsolublel and free ac1d forms The water soluble forms 1nclude 
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sod1um- potass1um- and ammon1um oxalate and the water 1nsoluble forms 

1nclude calc1um- and magnes1um oxalate Hodgk1nson (1977, p 130) has 

rev1ewed the var1ous forms of oxalate 1n plants For example, the 

oxalate 1n Begon1a semperflorens ex1sts almost ent1rely as free ac1d, 

and sod1um salts predom1nate 1n Halogeton glomeratus Potass1um salts 

predom1nate 1n Oxal1s, Rumex, and several N1ger1an vegetables, such 

as Talm1um tr1angulare (Oke 1969) Ammon1um oxalate appears to be 

the pr1nc1pal form 1n the trop1cal grass, Setar1a sphacelata and calc1um 

oxalate 1s found 1n plants such as beet, sp1nach, and buckwheat Oer 

Marderos1an et al (1980) d1scovered that almost half of the oxalate 

1n amaranth 1s 1n the soluble form S1ngh and Saxena (1972) found both 

soluble and 1nsoluble forms of oxalate 1n s1x leafy vegetables consumed 

1n Ind1a (1 e , amaranth [Amaranthus ganget1cus L ], bathua [Chenopod1um 

album L ] kharbathua [~ murale L ], purslane [Portulaca oleracea L ] 

sp1nach [Sp1nacea olearacea L ] and beet [Beta vulgar1s L ]l H1gh 

correlat1ons were found between the concentrat1on of soluble oxalate 

and K and Na, and between 1nsoluble oxalate and the sum of Ca and Mg 

Sap pH has been used to 1dent1fy h1gh oxalate-produc1ng plants, as sap 

pH correlates well w1th the form of oxalate (James 1972 p 232) 

Two categor1es of plants are recogn1zed 

Plants such as Oxal1s pes-caprae and sorne spec1es of Rumex 

Wh1ch have a sap pH of about 2 1n wh1ch case the oxalate an1on 1s 

present ch1efly as the ac1d oxalate (HC 2o4-l 

2 Plants of sorne Chenopod1acae, wh1ch have a sap pH of about 6 

1nd1cat1ng that the oxalate 1s present ch1efly as the oxalate an1on 

(C2o42-) 



Accord1ng to James (1972), the oxalate 1n the f1rst category of 

plants 1s present ch1efly as potass1um ac1d oxalate, and the oxalate 

1n the second category 1s present ma1nly as soluble sod1um oxalate and 

the 1nsoluble calc1um and magnes1um oxalates 

One of the plants w1th the h1ghest known oxalate content 1s 

Halogeton glomeratus (Chenopodlaceae) Th1s plant conta1ns as much 

9 

as 30% oxalate on a dry we1ght bas1s Another h1gh oxalate plant 1s 

Oxal1s cernua (Oxal1d1aceael (Fassett, 1973) In sp1nach the total 

oxalate content ranges on a dry we1ght bas1s from 5 42~ 1n savoyed-leaf 

var1ety to 9 81% 1n smooth leaf var1ety (K1tchen et al , l964a) Fassett 

(1973) summar1zes oxalate contents 1n var1ous plants, expressed as per

cent on a fresh we1ght bas1s The contents range from O 3-l 2% 1n 

sp1nach, O 2-l 3% 1n rhubarb, O 3-0 9% 1n beet leaves, O 3-2 0% 1n tea 

and O 5-0 9% 1n cocoa Suvach1ttanont et al (1973) determ1ned the 

oxal1c ac1d content of sorne vegetables from Tha1land and reported oxal1c 

ac1d contents of 3 3% on a dry we1ght bas1s (OW) or O 4% on a fresh 

we1ght bas1s (FW) for Amaranthus ganget1cus L1nn andO 6% DW orO 1% 

FW for cassava leaves Accord1ng to Standal (1982), the oxalate content 

of taro leaf (Colocas1a esculenta var Bun-long) was O 5% FW 

The oxalate content of plants 1s generally h1gher 1n the leaves 

than the stalk (Fassett 1973) as has been demonstrated 1n amaranth 

(Oer Marderos1an et al 

(Kltchen and Burns 1965) 

1980) taro (Standal, 1983) and sp1nach 

K1tchen and Burns (1965) found only trace 

amounts of oxal1c ac1d 1n sp1nach seed They stated that oxalate con

centrat1on decreased w1th 1ncreas1ng d1stance from the leaves wh1ch 

1s assumed to be the s1te of oxalate product1on 



The probable detr1mental effects of oxal1c ac1d and oxalate on 

human health are as follows 

l Accord1ng to Suvach1ttanont et al (1973) 1ngest1on of d1lute 

oxal1c ac1d solut1on produces 11ttle gastro1ntest1nal d1stress but may 

cause weakness, muscular tw1tch1ngs, somet1mes convuls1ons, coma or 

death 

2 It has also been suggested that oxal1c ac1d m1ght play a role 

1n card1ovascular d1sease (Anderson et al , 1971) 

lO 

3 A harmful effect, part1cularly 1n relat1on to calc1um ut1l1za

t1on, has been demonstrated for d1etary oxalate For example, P1ngle 

and Ramasastr1 (1978) showed that 1n humans, the ava1lab1l1ty of Ca 

from a d1et of amaranth leaves was very low relat1ve to that from m1lk 

In add1t1on, the 1ntake of amaranth leaves together w1th m1lk adversely 

affected the absorpt1on of m1lk Ca 

4 Excess1ve 1ntake of oxalates 1n the d1et 1s an et1olog1cal 

factor for the format1on of renal and ur1nary calcul1 Renal and ur1nary 

calcull are known to conta1n oxalate, espec1ally Ca oxalate In an 

area 1n Tha1land where ur1nary bladder stone d1sease 1s endem1c, local 

vegetables and forest plants commonly consumed by v1llagers of all ages 

conta1ned very h1gh levels of oxal1c ac1d (Valyasev1 and Dhanam1tta, 

1974) Oxalate consumpt1on 1n RaJasthan, Ind1a has been suggested as 

a cause of the 1nc1dence of renal calcul1 (S1ngh et al , 1972) 

The d1fferent forms of oxalate have d1fferent 1mpl1cat1ons to human 

nutr1t1on Insoluble calc1um oxalate precludes the ut1l1zat1on of 

calc1um 1n the 1ntest1ne Soluble oxalate and free oxal1c ac1d can 

comb1ne w1th calc1um from other foods and thus reduce calc1um ava1l

ab1l1ty Hodgk1nson has c1ted work wh1ch shows that oxal1c ac1d and 



soluble oxalates 1nterfere w1th the 1ntest1nal absorpt1on of calc1um 

and that calc1um oxalate 1s poorly ut1l1zed (Hodgk1nson 1977 p 207) 
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Oxalate po1son1ng 1n an1mals, espec1ally rum1nant an1mals 1s well

documented There 1s ample ev1dence that many pasture plants and weeds 

conta1n1ng oxalate, are po1sonous to an1mals James (1972) gave a 

thorough and comprehens1ve rev1ew of 1nc1dences of oxalate po1son1ng 

1n an1mals w1th an emphas1s on oxalate tox1cos1s Accord1ng to James 

(1972), oxalate po1son1ng 1n l1vestock results pr1mar1ly from the 

1ngest1on of plants She gave examples of plants that conta1n 

dangerously h1gh levels of oxalate (10% or more anhydrous oxal1c ac1d 

on a dry we1ght bas1s) 1nclud1ng Halogeton glomeeratus, greasewood 

(Sarcobatus verm1culatusl and sugar beet (Beta vulgar1sl of the 

Chenopod1aceae fam1ly, soursobs (Oxal1s pes-caprae) and the sorrels 

of the Oxal1daceae fam1ly, and certa1n Rumex spec1es, and docks of the 

Polygonaceae fam1ly Grasses also produce oxalate, but they do so at 

a lower level than the prev1ously l1sted forbs and shrubs In the 

trop1cal grass Setar1a (Setar1a sphacelatal, 1n wh1ch oxalate po1son1ng 

of graz1ng an1mals has been reported the oxalate contents of sorne 

var1et1es reach values as h1gh as 4-Sr on a dry we1ght bas1s (Jones 

et al , 1970) P1gweed (Amaranthus retroflexus) leaf conta1ns oxalate 

content as h1gh as 12-30r on a dry we1ght bas1s (Marshall et al , 1967) 

Po1son1ng and somet1mes death have been reported 1n sw1ne (Oswe1ler 

et al , 1969 as c1ted by James 1972) and cattle (Brown 1974 Stuart 

et al 1975) 1ngest1ng th1s plant 

Accord1ng to James (1972) most oxalate-produc1ng plants are 

palatable to l1vestock, and therefore the husbandry of rum1nants w1th 

access to these plants becomes cr1t1cal The extent of damage to 



l1vestock can be extens1ve A case where 1200 sheep were po1soned 

of wh1ch 100-800 d1ed, has been reported Oeaths 1n numbers less than 

a hundred are common (James, 1972) 

James (1972) has descr1bed 1n detall the symptoms of oxalate 

po1son1ng and 1ts accompany1ng patholog1cal changes There appears 
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l1ttle doubt that 1f 1ntake of oxalate from forage exceeds the capac1ty 

of rumen decomposltlon, sheep, cattle, sw1ne and horses may develop 

ser1ous (acute and chron1cl symptoms accompan1ed by depos1t1on of 

calc1um oxalate crystals 1n var1ous t1ssues Furthermore, she po1nted 

out that the response of an1mals to oxalate 1ntox1cat1on var1ed w1th 

an1mal spec1es as well as w1th spec1es of plant consumed Th1s 1s an 

1nd1cat1on that the k1nd and amount of oxalate found 1n plants affect 

the health of consumers 

2 3 Factors affect1ng oxalate contents 1n plants 

Factors such as so1l fert1l1ty, l1ght 1ntens1ty season, tempera

ture, plant age, and genotype 1nfluence the oxalate content of plants 

These factors can be grouped 1nto broader categor1es--so1l, agrocl1mate, 

genet1c make up of plants, and stage of growth 

2 3 The concept of cat1on-an1on balance 

The concept of cat1on-an1on balance 1s the most w1dely used 

explanat1on for the var1at1on 1n the organ1c ac1d concentrat1on of 

plants (Klrkby and Mengel, 1967 K1rkby 1969 IsmandJl and 01Jkshoorn 

1971, Breteler 1973, DlJkshoorn 1973 Nelson and Selby, 1974 K1rkby 

and Kn1ght 1977 Peck et al 1980 Israel and Jackson 1982) The 

concept 1s based on the assumpt1on that 1n h1gher plants the sum of 

cat1on 1nclud1ng Ca Mg, K and Na (denoted by Cl and expressed as cmol 



-1 -1 kg (me lOO g ) of dry we1ght m1nus the sum of 1norgan1c an1on con-

centratlons 1nclud1ng No3-, H2Po4- 5o4
2- and Cl- (denoted by A), 

represents the cat1ons excess (C-A) that should occur as the salts of 

organ1c ac1ds (01Jkshoorn, 1962) 

The follow1ng 1s an example to 1llustrate th1s concept 

The results of plant analyses show that 

2+ 2+ + + - 5um of cat1ons (Ca +Mg +K +Na ) = 180 cmol kg-l 

- 5um of unass1m1lated an1on concentrat1ons 

- 2- - - 70 cmol (H2Po4 +504 +N0
3 

+Cl ) = 

- Excess cat1ons = 180 - 70 = 11 O cmol 

- 5um of organ1c amon concentrat1ons 

(e g mal ate c1 trate fumar ate, 

succ1nate, malonate, qu1nate 

oxalate and polyuronate = 110 cmol 

kg -1 

kg -1 

kg -1 

In sorne plants, such as those 1n the fam1ly Chenopod1aceae and 

sorne trop1cal grasses, oxal1c ac1d predom1nates (DlJkshoorn, 1973, 

Zlndler-Frank, 1976), but 1n most other plant spec1es malle ac1d 
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dom1nates (DlJkshoorn 1973) About 10-20% of (C-A) 1s polyuron1c ac1d 

1n cell walls and the rema1nder be1ng other organ1c ac1ds (DlJkshoorn 

1973) 

2 3 2 5oll 1on1c env1ronments 

5oll fert1l1ty exerts sorne effects on oxalate levels of sorne plants 

H1gh so1l fert1l1ty assoc1ated w1th h1gh so1l carbon n1trogen ava11-

able phosphorus and potass1um 1s assoc1ated w1th h1gh total oxalate 

1n Amaranthus and Basella (5chm1dt et al 1971 ) However dlfferences 

among spec1es were much greater than d1fferences due to so1l fert1l1ty 



Other stud1es have shown the ex1stence of a relat1onsh1p between 

calc1um and oxalate contents 1n plants Rasmussen and Sm1th (1961) 

demonstrated a pos1t1ve correlat1on between calc1um and oxal1c ac1d 
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10 Valenc1a orange leaves Olsen (1939) suggested that calc1um absorp

tlon from the so1l 15 related to oxal1c ac1d product1on 1n plants 

Brumagen and H1att (1966) found that oxalate 1nterfered w1th calc1um 

translocat1on and ut1l1zat1on 1n tobacco plants They measured more 

oxal1c ac1d 1n tobacco var1et1es that were suscept1ble to calc1um 

def1c1ency than 1n oon-susceptlble var1et1es Oe Kock et al (1973) 

stud1ed the effect of oxalate on the absorpt1on of calc1um 10 Lemoa 

g1bba L and demonstrated that Ca uptake aod oxalate product1oo were 

st1mulated 10 each other s presence They suggested that oxalate acts 

as a carr1er for calc1um 1n the absorpt1on process and 1s subsequently 

reduced and condeosed w1th coenzyme Ato form mal1c ac1d However, 

sorne cootrad1ctory ev1dence has beeo presented by Osmood (1967) who 

fouod that 10 Atr1plex (Australlao salt bush) calc1um absorpt1oo aod 

oxalate syothes1s var1ed 1ndependently, and that oxalate content was 

generally correlated w1th a h1gh cat1on content as a whole rather than 

w1th the calc1um alone 

S1nce l1m1ng 1s a common pract1ce 1n crop product1on, further 

stud1es oo the effects of l1m1ng on oxalate content 1n plants should 

1nd1cate 1f certa1n mod1f1cat1on 1n th1s pract1ce needs to be made to 

obta1n a des1rable crop qual1ty w1th regard to oxalate content 

Sm1th (1972) showed that a pos1t1ve correlat1on ex1sts between 

potass1um appl1ed and oxalate level 1n the grass Setar1a sphacelata 

Moreover, S1gn1f1cant relat1onsh1ps between oxal1c ac1d and cat1on 

excess values were shown suggest1ng that accumulat1on of oxal1c ac1d 



-; 

was the result of h1gh app11cat1on rates of potass1um wh1ch 1n turn 

affected the cat1on excess 
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So1l pH affects the level of oxa11c ac1d Wadle1gh and Sh1ve 

(1939) found that the total organ1c ac1d content, 1nclud1ng oxal1c ac1d, 

1ncreased 1n corn plants as substrate pH was 1ncreased 

N1trogen 1n var1ous forms exert profound effects on oxalate 

contents 1n plants The forms of n1trogen fert1l1zers 1nvest1gated 

were ma1n1y ammon1um and n1trate (e g , K1rkby, 1968, K1r~by and Kn1ght, 

1977), and 1n sorne 1nvest1gat1ons, urea (e g K1rkby and Mengel 1967 

V1tyakon 1979) Generally n1trate resulted 1n a h1gher oxalate content 

than ammon1um Th1s observat1on has been expla1ned 1n terms of cat1on-

an1on balance In general, n1trate fert1l1zer results 1n h1gher cat1on 

excess than ammon1um Therefore, one recommended method of reduc1ng 

the oxalate content 1n plants 1s to stab1l1ze ammon1acal fert1l1zers 

w1th a n1tr1f1cat1on 1nh1b1tor 

The effects of phosphorus and z1nc fert1l1zers on oxalate contents 

of plants have been 1nvest1gated by Peck et al (1980) In table beets, 

wh1ch 1s a well-known oxalate accumulator, there was a clear relat1on-

sh1p between 1ncreas1ng rates of phosphorus appl1cat1on and reduced 

oxa1ate levels 1n blades, pet1oles, and roots These workers suggested 

that phosphorus appl1cat1on lowered oxal1c ac1d by reduc1ng cat1on 

concentrat1ons and also by lower1ng cat1on excess Z1nc fert1l1zer 

d1d not appear to have any s1gn1f1cant effects on oxal1c ac1d 1n table 

beets They d1scussed the 1mpl1cat1on of these results from a human 

nutr1t1on po1nt of v1ew and speculated that phosphorus fert1l1zat1on 

of table beets m1ght result 1n more ava1lable ca1c1um 
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2 3 3 Env1ronmental factors 

Research on env1ronmental factors affect1ng plant chem1cal com

pos1t1on 1s sparse and somet1mes contrad1ctory S1ngh and Saxena (1972) 

stated that env1ronmental factors, such as l1ght 1ntens1ty season and 

temperature 1nfluenced the synthes1s of oxal1c ac1d 1n plants Eheart 

and Massey (1962) conducted a greenhouse exper1ment to study the effects 

of env1ronmental factors on the oxalate content of sp1nach and concluded 

that plant var1ety was the only factor that had any s1gn1f1cant effect 

on oxal1c ac1d content L1ght 1ntens1ty so1l mo1sture, and all 1nter

act1ons d1d not affect the oxalate content of sp1nach 

K1tchen et al (1964b) found that h1gh temperatures decreased 

oxalates 1n sp1nach leaves and postulated that at h1gh temperatures 

more oxal1c ac1d was used as a resp1ratory substrate Gnedkov (1963 

as c1ted by S1ngh and Saxena, 1972) observed an 1ncrease 1n oxa11c ac1d 

concentrat1on 1n sorne succulent plants ma1nta1ned 1n the dark at a low 

temperature 

The effect of so11 mo1sture on organ1c ac1d content 1n plants was 

clearly demonstrated 1n tomato fru1ts by Lee and Sayre (1946) C1tr1c 

ac1d contents were lower 1n tomatoes grown on wet so1ls than on dry 

S011S 

2 3 4 Stage of growth or matur1ty 

The l1terature presents contrad1ctory conclus1ons on the effect 

of stage of growth or matur1ty on the level of oxalate 1n plants 

K1tchen and Burns (1965) observed that both total and soluble oxalates 

1n sp1nach decreased w1th age However sorne other sc1ent1sts reported 



1ncreases 1n oxal1c ac1d contents 1n sp1nach w1th the development of 

the plant (e g , De V1lmor1n and B1lques, 1957 Doesburg and Sweede 

1948 as c1ted by K1tchen and Burns, 1965) Der Marderos1an et al 
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(1980) demonstrated that oxa1ate 1evels 1n chard, sp1nach and amaranth 

tended to 1ncrease w1th plant age The same trend was also found by 

S1ngh and Saxena (1972) 1n the leaves of s1x leafy vegetab1es 1nclud1ng 

amaranth (Amaranthus ganget1cus L ), bathua (Chenopod1um album L ) 

kharbathua (C murale L ), purslane (Portulaca oleracea L ) sp1nach 

(Sp1nacea olearacea L and beet (Beta vulgar1s L ) Furthermore the 

fract1ons of soluble and 1nsoluble oxalate 1ncreased 1n leaves and 

decreased 1n stems w1th amaranth age However, K1tchen and Burns (1965) 

reasoned that the d1screpancy was due to a comb1nat1on of growth stage 

and season 

2 3 5 Plant genet1cs 

Eheart and Massey (1962) reported s1gn1f1cant var1etal d1fferences 

1n the oxalate content of sp1nach even though the range 1n oxalate 

content of 12 var1et1es was only 10 30-11 38% on a dry we1ght bas1s 

K1tchen et al (1964a) related the oxalate contents of d1fferent sp1nach 

var1et1es accord1ng to 1eaf morphology Total oxalate content ranged 

from 5 42% on a dry we1ght bas1s 1n savoyed-leaf var1et1es to 9 31~ 

on a dry we1ght bas1s 1n smooth-leaf var1et1es 

D1fferent var1et1es of the trop1cal grass, Setar1a sphacelata 

also conta1n d1fferent levels of oxalate For example the Kazungula 

and Bua R1ver cult1vars have 50% and 4 1, total oxalate respect1vely 

on a dry we1ght bas1s {Jones et al 1970) Amaranth var1et1es exh1b1t 
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d1fferences 1n oxalate content as shown by Der Marderos1an et al (1980) 

These var1etal and spec1es d1fferences offer a bas1s for select1on and 

breed1ng work to lower oxalate contents 1n food crops 

2 4 N1trate accumulat1on 1n vegetables and 1ts effects on human 

and an1mal health 

Many plant spec1es accumulate n1trate 1f n1trate 1s suppl1ed 1n 

excess of N requ1rement N1trate levels 1n plants cannot be measurably 

reduced w1thout reduc1ng y1elds (Lorenz, 1978) N1trate accumulates 

1n plants when uptake rate exceeds reduct1on and ass1m1lat1on rates 

Such plant n1trate represents a maJor source of n1trate-N 1n human d1ets 

(M1lls et al , 1976) Vegetables such as beets (Beta vulgar1s L ), 

sp1nach (Sp1nacea oleracea L ), broccol1, celery (Ap1um graveolens), 

lettuce (Lactuca sat1va L ), rad1shes (Raphanus sat1vus L ), kale 

(Brass1ca oleracea) mustara greens (8rass1ca Juncea) collard (Brass1ca 

oleracea var acephala) (Table 2 1) and Amaranthus spec1es (Table 2 2) 

may accumulate large quant1t1es of n1trate 

N1trate d1str1but1on 1s not un1form 1n the plant In general 

n1trate levels are h1ghest 1n pet1oles and stems moderate 1n leaves 

and roots and very low 1n fru1t and flowers (Maynard and Bar~er 1972 

Lorenz, 1978) 

Leve1s of n1trate and n1trate der1vat1ves 1n foods should be con

Sldered 1n eva1uat1ng potent1a1 health hazards 1n foods and feeds 

N1trate 1tself 1s non-tox1c toman and an1mals be1ng read1ly absorbed 

and excreted but 1ts der1vat1ves (, e 

tOXlC 

n1tr1te and n1trosam1nel are 



Tab1e 2 1 

Range of n1trate content of fle1d-grown vegetab1es 
purchased 1n Co1umbla, M1ssour1 

Crop Nltrate-N 
(% dry we1ghtl 

Beans o 04 - o 25 

Beets o 09 - o 84 

Brocco11 o 01 - o 09 

Brusse1 sprouts o 01 - o 06 

Cabbage o 01 - o 09 

Carrots o 00 - o 30 

Ca u 11 f1 ower o 00 - o 31 

Ce1ery o 11 - 1 12 

Corn o 00 - 1 01 

Cucumber o 00 - o 16 

End1ve o 06 - o 67 

Lettuce o 02 - 1 06 

Parsmp o 00 - o 04 

Peas o 00 - o 02 

Rad1 sh o 41 - 1 54 

Sp1nach o 07 - o 66 

Squash yell ow o 09 - o 43 

Tomato o 00 - o 11 

Source Brown and Sm1th 1967 as c1ted by 
Lorenz 1978 
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Table 2 2 

N1trate-N contents of the leaves of 
sorne Amaranrhus spec1es 

N1trate-N 
Spec1es ("/ dry we1ghtl 

A bl1tum o 21 -
A cruentus o 74 

A dublUS o 27 

A ganget1cus o 36 - o 90 
A hypochondr1acus o 65 

(after Der Marderos1an et al , 1981) 

N1trate 1s reduced to n1tr1te 1n humans and an1mals 1n the1r 
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gastro1ntest1nal tract Vegetables represent a maJOr source of n1trate 

1n human d1ets N1trate 1n sorne vegetables (e g , lettuce and sp1nach) 

has been reported to be converted to n1tr1te dur1ng storage (Gersons 

1974) 

N1tr1te reacts w1th hemoglob1n to form methemoglobln and causes 

1mpa1rment to oxygen transport (Methemoglob1nem1a) In humans when 

the methemoglob1n concentrat1on exceeds 70"1, asphyx1a occurs At lower 

levels the react1on 1s revers1ble Apparently the react1on of n1tr1te 

w1th hemoglob1n 1s 1nconsequent1al 1n adults but 1t can be cr1t1cal 

1n 1nfants (Commlttee on N1trate Accumulat1on 1972 Wolff and Wasserman 

1972) In cattle abort1on was assoc1ated w1th a methemoglobln level 

of 40% (Wolff and Wasserman 1972) 
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N1trosam1nes are tox1c der1vat1ves of n1trate and n1tr1te as we11 

as of secondary and tert1ary am1nes N1trosam1nes may have carc1nogen1c 

teratogen1c (1mpa1red deve1opment of embryo foetus) and mutagen1c 

(cause of chromosoma1 aberat1on and gene mutat1onl propert1es 

N1trosam1nes occur 1n foodstuffs such as cooked bacon po11uted a1r 

water, and tobacco p1ants (Comm1ttee on N1trate Accumu1at1on 1972) 

N1trosam1nes precursors may be converted to n1trosam1nes 1n the stomachs 

of mamma1s (Deeb and S1oan, 1975) 

Lorenz (1978) has rev1ewed var1ous works concern1ng the potent1a1 

tox1c 1eve1 of n1trate for humans So11man (1957) has g1ven O 70 g 

of n1trate-N as a poss1b1e s1ng1e 1etha1 dose for humans Th1s resu1t 

agrees w1th that proposed by Brown and Sm1th (1967), who stated that 

an adu1t we1gh1ng 70 kg wou1d need to 1ngest approxlmate1y O 7 to 1 O g 

of n1trate-N for a tox1c dose Deeb and S1oan (1975) set the 1etha1 

dose at 18 to 68 mg n1trate-N -1 kg of body we1ght for adu1ts The 

1etha1 dose for n1tr1te was 22 to 33 mg n1tr1te-N kg -1 The u S Pub11C 

Hea1th Serv1ce (1962) suggested 11m1ts and ranges of n1trate-N 1n food 

and vegetab1es are as fo11ows (1) zero for squash and tomatoes for 

stra1ned baby foods and 833 ppm n1trate for sp1nach (2) 50 ppm 

(O 005%) for asparagus (dry we1ghtl and 3600 ppm (O 36%) for sp1nach 

(dry we1ght) 

Tox1c 1eve1s of n1trate for an1mals vary greatly and depend1ng 

upon other factors Lorenz (1978) has rev1ewed th1s subJect and 1t 

appears that a 1evel of O 20% n1trate-N on a dry we1ght bas1s 1s 

potent1ally dangerous 1n l1vestock The Un1vers1ty of M1ssour1 (1958) 

has suggested that hay w1th less than O 08% n1trate-N 1s safe for cat:le 
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whl1e 1eve1s above O 21% may resu1t 1n death They suggest that the 

n1trate-N 1ntake for a cow shou1d not exceed 12 g per day The m1n1mum 

1etha1 dose of n1trate 1s about 15 g per 45 4 kg of an1ma1 we1ght 

Deeb and S1oan (1975) 11st 1eve1s of 75 to 140 mg n1trate-N kg-l of 

body we1ght as the tox1c 1eve1 for catt1e and sllght1y 1ower va1ues 

for sheep 

Sources of n1trate for an1mals lnc1ude a w1de range of pasture 

plants and green feeds (e g , barley, wheat, corn, sugar beet, sunflower, 

turn1ps, p1gweed, th1stle, lamb s quarter, blndweed, n1ghtshade rag-

weed, certa1n algae, and somet1mes alfalfa) An1mal processed food, 

such as soybean meal and molasses from cane and sugar beets also conta1n 

n1trate N1trate-accumulat1ng plants become the source of n1tr1te for 

an1mals when the plant mater1als are bru1sed and acted upon by plant 

enzymes or bacteria Moreover, any n1trate-conta1n1ng food or feed 

processed by bacter1al fermentat1on may, at some stage, conta1n 

apprec1able amounts of n1tr1te Thus, s1lage prepared w1th water h1gh 

1n n1trate, commonly conta1ns some n1tr1te, espec1ally 1n the early 

stages of fermentat1on (Comm1ttee on N1trate Accumulat1on 1972) 

2 5 Factors affect1ng n1trate accumulat1on 1n vegetables 

Two oppos1ng processes regulate n1trate accumulat1on by plants 

n1trate uptake and n1trate ass1m1lat1on Any factors that exert 

1nfluence on these processes w1ll, 1n turn, affect n1trate accumulat1on 

Before n1trate can be ass1m1lated 1t must f1rst be reduced to n1tr1te 

then to ammon1um The f1rst enzyme wh1ch catalyzes th1s process 1s 

n1trate reductase 



2 5 1 Nutr1ent supply 

Ava1lable so1l n1trogen 1s the most 1mportant factor 1n n1trate 

accumulat1on 1n plants (Maynard and Barker 1972) N1trate 1n plants 
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1s der1ved pr1mar1ly from so1l organ1c matter, plant res1dues, manures 

and fert1l1zer n1trogen The amount, source, t1me method of appl1ca

t1on, and numerous env1ronmental cond1t1ons govern the effects of N 

fert1l1zers on n1trate accumulat1on 1n vegetables (Maynard et al , 1976) 

Increas1ng rates of N appl1cat1on 1ncrease the n1trate concentra

t1on of vegetables (e g , sp1nach [Barker et al , 1971], table beets 

[Peck et al , 1971] and many other vegetables [Lorenz, 1978]) 

Dueto m1neral1zat1on and n1tr1f1cat1on, n1trate 1s the pr1mary 

N form absorbed by most plants regardless of the type of N appl1ed 

Therefore, w1th1n 11m1ts, as much n1trate may be accumulated from 

organ1c or ammon1acal fert1l1zers as from n1trate fert1l1zers 1f 

suff1c1ent t1me 1s allowed for m1neral1zat1on and n1tr1f1cat1on to 

occur (Peck et al , 1971) Usually, however, n1trate accumulates less 

from ammon1acal and urea fert1l1zers than from n1trate sources (Barker 

et al 1971, Peck et al , 1971 Lorenz and We1r, 1974) 

N1trate concentrat1on 1n plants 1s also affected by the t1m1n9 

of N appl1cat1on For example sp1nach and table beets (Barker et al 

1971, Peck et al , 1971) accumulated more n1trate when they were exposed 

to the same quant1ty of n1trate fert1l1zer earl1er and for longer 

per1ods (1 e broadcast appl1cat1on as opposed to s1de-dress1ng one 

week befare harvest) 

The accompany1ng cat1on 1nfluences n1trate absorpt1on and hence 

1ts accumulat1on by plants Ammon1um 10n suppressed n1trate absorpt1on 
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more than Ca, K Na, or Mg 1ons (M1nott1 et al , 1969) There 1s much 

ev1dence to show that 1ncreas1ng K supply 1ncreases n1trate accumulat1on 

(Barker 1962, M1nott1 et al , 1968) Solut1on culture stud1es have 

shown that K generally st1mulates n1trate absorpt1on w1th respect to 

the effects of other cat1ons (M1nott1 et al , 1968, Tott1ngham et al 

1934) Potass1um has also been found to be the most regular counter1on 

for transport of n1trate 1on from root to shoot (Locher and Brouwer 

1964, 1965, Louwerse and Alberda, 1965, M1nott1 et al , 1968) 

Phosphorus supply does not have a strong effect on n1trate accumu

latlon by vegetables Cantl1ffe (1973) d1d not f1nd any 1nfluence of 

fert1l1zer P on n1trate concentrat1on 1n sp1nach and table beets Brown 

and Sm1th (1967) 1n the1r f1eld study on 30 spec1es of vegetables showed 

that low P levels had l1ttle effect on n1trate levels 1n plants On 

the other hand Baker and Tucker (1971) reported that the add1t1on of 

P reduced the amount of n1trate-N 1n wheat 

2 S 2 Genet1c factor 

N1trate accumulat1on 1s a funct1on of var1ety 1n sp1nach (Barker 

et al , 1974), and lettuce (Maynard et al , 1976) Savoyed-leaf sp1nach 

var1et1es tend to accumulate more n1trate than smooth-leaf var1et1es, 

and sem1-savoyed leaf types fall between them (Barker et al 1974) 

01fferences 1n n1trate accumulat1on may be related to d1fferences 1n 

uptake, assim1lat1on or translocat1on Olday et al (1976) observed 

that n1trate reductase act1v1ty 1n smooth-leaf sp1nach was h1gher than 

1n savoyed-leaf types It appears that d1fferent1al ass1m1lat1on 1s 

the pr1mary cause for the observed d1fferences 1n sp1nach var1et1es 



The lettuce var1ety that accumulated least took up N most (Maynard 

et al , 1976) 

Maynard et al (1976) suggested that the rat1o of n1trate-N to 

total N could be taken as an 1nd1rect measure of ass1m1latory capac1ty 

Th1s rat1o var1ed greatly among var1et1es 

2 5 3 Env1ronmental factors 

Env1ronmental factors wh1ch affect n1trate accumulat1on 1n plants 

1nclude l1ght 1ntens1ty, photoper1od and l1ght durat1on water 

relat1on, and temperature 
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Cantl1ffe (1972b and 1972c) observed that 1ncreased n1trate 

reductase act1v1ty associated w1th h19h l1ght 1ntens1ty and long l1ght 

durat1on decreased n1trate accumulat1on 1n sp1nach and other vegetables 

The need for l1ght to act1vate n1trate reductase results 1n a d1urnal 

fluctuat1on 1n n1trate concentrat1on More recent work on sp1nach by 

Ste1ngrover et al (1982) on sp1nach gave s1m1lar results A low

l1ght' treatment, where plants were exposed to low l1ght 1ntens1ty 

throughout the n1ght as opposed to normal darkness, seemed to affect 

n1trate reduct1on rather than n1trate uptake and transport N1trate 

reductase act1v1ty 1n the leaf blades of the low l1ght treated plants 

was about tw1ce that 1n the dark-treated' plants It was suggested 

that a low-l1ght' treatment one n1ght befare the harvest may prov1de 

a way to lower the n1trate content of commerc1ally grown vegetables 

Shad1ng 1ncreased n1trate-N content 1n tall fescue (Festuca 

arund1nacea Schreb ) a n1trate accumulat1ng forage crop (Str1tzke 

et al 1976) Death of cattle graz1ng on tall fescue was attr1buted 

to n1trate po1son1ng Th1s study showed that 30% shade and h1gh N 
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fert1l1ty 1ncreased the n1trate-N content of tall fescue s1gn1f1cantly 

over those that rece1ved less shade and lower N 

Mo1sture stress leads to excess1ve n1trate accumulat1on 1n forage 

(Wr1ght and Dav1son, 1964) Water stress affects general ass1m1latory 

processes 1n plants and reduces n1trate reductase act1v1ty (Huffaker 
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et al 1970), so that n1trate ass1m1lat1on 1s depressed A more recent 

study by Leclerc and Rob1n (1983) showed that 1f so1l water conteot 

of h1s test sample was near or below 2% marram grass (Ammoph1la 

areoar1a L ) d1m1o1shed 1ts ass1m1lat1oo act1v1ty and stored o1trate 

Above 21 so1l water conteot, the n1trate reductase act1v1ty 1ocreased 

aod the eodogeoous n1trate was coosumed Several other processes 10 

so1ls and plaots that are mo1sture-dependent such as m1crob1al act1v1ty 

movemeot of N to absorb1ng roots aod traosport 10 the xylem appear 

to 1ocrease n1trate levels 10 plants (Wr1ght and Dav1soo, 1964) 

Maynard et al (1976) speculated oo the poss1ble effects of 

hum1d1ty and, thus traosp1rat1oo, oo o1trate accumulat1oo They postu

lated that reduced hum1d1ty and 1ocreased traosp1rat1oo rates were 

1nvolved 10 ma1nta1n1og a cont1nuous movement of n1trate to reduct1on 

s1tes, thereby help1og to ma1ota1o 01trate reductase aod keep1og accu

mulated n1trate low The authors postulated that h1gh hum1d1ty m1ght 

eohaoce n1trate accumulat1oo and suggested that the h1gher n1trate 10 

glasshouse plaots relat1ve to plast1c-house plaots (lOr lower l1ght 

1nteos1ty 1n plast1c house) m1ght not be due to the l1ght 1otens1ty 

effect but rather to the h1gher hum1d1ty 1n glasshouses 

There 1s cons1derable ev1dence to show that h1gh temperatures 

1ocrease n1trate conteot 10 var1ous plaots such as barley (Hordeum 

vulgare L ) (Oowueme et al 1971) lettuce (Frota aod Tucker, 1972) 
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corn (Zea mays L ) (Mattas and Paul1, 1965), pasture plants (Bathurst 

and M1tchell, 1958), and sp1nach (Cantl1ffe, 1972a) Cantl1ffe (197Za) 

attr1buted th1s effect to deact1vat1on of n1trate reductase and also 

to h1gher so1l ava1lab1l1ty of n1trate result1ng from 1ncreased 

m1crob1al act1v1ty at h1gh temperatures 

Accord1ng to Maynard et al (1976) a general statement about the 

effects of temperature on n1trate accumulat1on should not be made, 

because N absorpt1on, translocat1on and ass1m1lat1on are all affected 

by temperature The relat1ve degree to wh1ch each process was affected 

depended on other factors Factors such as l1ght, mo1sture, and N 

ava1lab1l1ty are 1mportant wh1ch could 1n turn be markedly affected 

by temperature They c1ted examples of the effects of the 1nteract1ons 

of two factors on N accumulat1on Cantl1ffe (1972a) noted that n1trate 

accumulat1on 1n sp1nach was affected by the 1nteract1on of temperature 

and amount of N appl1ed At zero fert1l1zer N, n1trate accumulat1on 

d1d not beg1n unt1l temperature was greater than 15°C, but at 50° and 

200 mgN kg-l so1l, n1trate accumulat1on began at 10°C and 5°C 

respect1vely Hoff and W1lcox (1970) reported effects of temperature 

and l1ght 1nteract1on on n1trate accumulat1on 1n tomatoes (Lycopers1con 

esculentum M1ll They found that temperature exerted 1ts greatest 

effect (h1ghest n1trate accumulat1on) at h1gh N and low l1ght and that 

l1ght exerted 1ts greatest effect at h1gh temperature and h1gh N 

2 6 Relat1onsh1p between total N and n1trate-N concentrat1ons 1n plants 

Terman et al (1976) have shown that total N and n1trate-N caneen-

trat1ons 1n plants are related In pot and nutr1ent solut1on 

exper1ments, n1trate-N accumulat1on by corn commenced when total N 
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exceeded 2 5r 1n theleaves and 1 5% 1n the stems In sp1nach and 

mustard n1trate-N concentrat1on 1ncreased rap1dly when total N exceeded 

4 0% but approached zero below 4 0% N1trate-N 1n fescue grass was 

less than O 1% up to 3% of total N and beyond that 1ncreased l1nearly 

w1th total N The workers concluded from these stud1es that 

The occurrence of h1gh levels of total and n1trate-N dur1ng 

early growth depended on the abundance of ava1lable so1l and fert1l1zer 

N 

2 As plant growth cont1nued, total and n1trate-N decreased as 

a result of d1lut1on and ass1m1lat1on Such decreases occurred w1th 

age and 1n response to P, K and other factors 

3 As total N decreased all forms of unass1m1lated N were depleted 

4 Except dur1ng the early growth stage h1gh n1trate-N concen

tratlons 1n plants are usually the result of d1m1n1shed growth due 

to unfavorable cond1t1ons such as drought, low or h1gh a1r temperatures, 

poor l1ght together w1th cont1nued uptake of n1trate-N 

5 If the rate of plant growth was h1gher than that of N absorp

tlon much of the n1trate would be 1ncorporated 1nto prote1ns However, 

low concentrat1ons of nltrate-N ( < O 05%) can rema1n 1n conduct1ve 

t1ssues 

2 7 Chem1stry of oxalate w1th an emphas1s on 1ts b1osynthes1s 1n plants 

Francesch1 and Horner (1980) have rev1ewed stud1es on the synthes1s 

of oxal1c ac1d 1n h1gh oxalate plants such as rhubarb buckwheat 

Begon1a Oxal1s, Atr1plex Setar1a sp1nach and beetroot Accord1ng 

to Raven et al (1982) there are four maJOr pathways of oxalate 



b1osynthes1s Interest1ngly, all four pathways have been suggested 

for sp1nach The four pathways are shown 1n F1gure 2 1 and 1nclude 
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Format1on of glyoxylate from glycollate by the act1on of 

glycollate ox1dase, followed by ox1dat1on of the glyoxylate to oxalate 

by act1on of the same enzyme 

2 Format1on of glyoxylate from 1soc1trate by the act1on of 

1soc1trate lyase, followed by ox1dat1on of glyoxylate to oxalate 

3 Format1on of oxalate from oxaloacetate by the act1on of 

oxaloacetate lyase 

4 Format1on of oxalate from c1 and c2 of L-ascorbate 

The f1rst 2 mechan1sms have glyoxylate as the 1mmed1ate precursor 

of oxalate Glyoxylate 1S OX1d1Zed to produced oxalate (react1onl 

CHO COOH (1) 
1 1 

COOH COOH 

glyoxylate oxalate 

Mechan1sm 1 appears to have sorne connect1on w1th photosynthes1s 

or more prec1sely, photoresp1rat1on The convers1on of glyoxylate to 

oxalate occurs 1n green t1ssue and 1s fac1l1tated by l1ght (Sengupta 

and Sen 1976) Both photoresp1rat1on and oxalate synthes1s v1a 

mechan1sm 1 use the same substrate glycollate w1th subsequent 

format1on of glyoxylate 

Mechan1sm 2 1s contrast1ngly d1fferent from mechan1sm 1 because 

oxalate 1s synthes1zed 1n the dar~ g-carboxylat1on of phosphoenol 

pyruvate (PEP) prov1des the bas1s of a non-crassulacean ac1d metabol1sm 

common 1n plant t1ssue Th1s process 1s also called dark co2 f1xat1on 
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F1gure 2 1 The four proposed pathways to oxa1ate (1) from 
phosphog1yco1ate generated 1n the RuBPo react1on 
(2) from g1yoxy1ate produced in the 1soc1trate 1yase 
react1on, (3) from oxa1oacetate v1a oxa1oacetate 1yase 
(4) from ascorbate by ox1dat1on 
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OAA = Oxa1oacetic ac1d, p e o e = photosynthet1e 
earbon ox1dat1on eyc1e, p e r e = photosynthet1e 
earbon reduct1on cyc1e PEP = phosphoeno1 pyruvate 
PGA = 3-phosphog1ycerate P-g1yco11ate = phosphog1yco11ate 

(Source Raven et a 1 1982) 
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because 1t does not requ1re l1ght The products of th1s co2 f1xat1on 

are c4 compounds wh1ch can enter the tr1carboxyl1c ac1d (TCA) cycle 
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to be metabol1zed w1th subsequent energy generat1on Accord1ng to Osmond 

and Avadhan1 (1968) oxalate 1s not an early product of carboxylat1on 

react1ons but 1s synthes1zed from 1ntermed1ates of subsequent TCA cycle 

metabol1sm The TCA cycle 1ntermed1ate that 1s a l1kely oxalate 

precursor 1s 1s0c1trate wh1ch g1ves r1se to glyoxylate by the act1on 

of 1soc1trate lyase 

Mechan1sms 3 and 4 do not have glyoxylate as the substrate for 

oxalate Chang and Beevers (1968), who d1scovered mechan1sm 3 1nd1cated 

that oxalate was produced as a by-product of acetate ut1l1zat1on 1n 

the TCA cycle Oxalate synthes1s 1nvolves the cleavage of c4 

oxaloacetate to y1eld acetate and oxalate The enzyme wh1ch catalyzes 

th1s react1on 1s oxaloacetate lyase 

Mechan1sm 4 uses L-ascorb1c ac1d as a precursor of oxal1c ac1d 

Th1s mechan1sm has been found 1n many oxalate accumulat1ng plants, such 

as Rumex cr1spus L (curly dock), Amaranthus retroflexus L (red root 

p1gweedl, Chenopod1um album L (Lamb s quartersl Beta vulgar1s L 

(sugar beet), Halogeton glomeratus M B1eb (halogetonl and Rheum 

rhabarbarum L (rhubarb) (Nuss and Loewus, 1978), and also 1n spec1es 

w1th low oxalate content such as barley (Wagner 1981) It was found 

by labell1ng stud1es that c1 and c2 fragments of ascorb1c ac1d g1ve 

r1se to the carbons 1n oxal1c ac1d (refer to the structure of the ac1d 

belowl (Nuss and Loewus, 1978) More b1ochem1cal work needs to be done 

to establ1sh the enzym1c bas1s of th1s convers1on and to determ1ne the 

s1te of the act1v1ty 
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L-ascorb1C ac1d 

Recent work on the subJect of oxalate b1osynthes1s by Raven et al 

(1982) uses non-rad1oact1ve 1sotopes, 18o2, 12e, and 13e, to 1nvest1gate 

the relat1ve s1gn1f1cance of the four mechan1sms of oxalate b1osynthes1s 

The1r results 1nd1cate that the role of mechan1sm 1 1s not 1mportant 

for oxalate synthes1s 1n sp1nach Th1s mechan1sm 1s the only one that 

requ1res l1ght or 1n other words, 1s the only one that occurs 1n green 

t1ssue Earl1er work has shown that organ1c ac1d or carboxylate 

synthes1s 1s connected to dark eo2 f1xat1on (e g Osmond and Avadhan1 

1968 ehang and Beevers 1968) 

2 8 Relat1on between oxalate synthes1s n1trate accumulat1on and 

n1trogen metabol1sm 1n plants 

There are connect1ons between oxalate synthes1s n1trate accumu-

lat1on, and n1trogen metabol1sm 1n plants As ment1oned 1n sect1on 

2 5 n1trate accumulat1on depends upon the rate of n1trate uptake and 

the rate of n1trate ass1m1lat1on N1trates accumulate 1n plant t1ssue 

when the rate of n1trate ass1m1lat1on ceases or 1s slow N1trate enters 



the prote1n metabol1sm pathway after 1t 1s reduced to ammon1a The 

connect1on between prote1n metabol1sm and carboxylate (organ1c ac1dl 

synthes1s w1ll be descr1bed 

Stud1es on n1trate and oxalate accumulat1ons on d1fferent sp1nacb 

var1et1es have shown that there 1s a relat1onsh1p between leaf type 

and n1trate and oxalate accumulat1ons Savoyed-leaf sp1nach cult1vars 

tend to accumulate the most n1trate wh1le smooth-leaf sp1nach are able 

to ma1nta1n low n1trate concentrat1ons The sem1-savoyed 1eaf type 

behave 1n an 1ntermed1ate manner (Barker et al , 1974, Maynard and 

Barker, 1974) On the other hand K1tchen et al (1964a) found the 

savoyed-leaf types to have the lowest oxalate content and smooth and 

sem1-savoyed leaf types to have the h1ghest content Wh1le th1s can 

be taken as ev1dence of the connect1ons between n1trate accumulat1on, 

N metabol1sm and oxalate accumulat1on, 1t 1s not a d1rect one 

Stud1es on the role of carboxyl1c ac1ds 1n n1trogen metabol1sm 
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up to the m1d 1960s were rev1ewed by Beevers et al (1966) The effects 

of ammon1um and n1trate 1ons on organ1c ac1d contents have been observed 

1n var1ous plants (Beevers et al , 1966, p 231) The ac1d content 

1ncreases 1n plants treated w1th ammon1um or n1trate n1trogen relat1ve 

to the untreated ones, and the 1ncrease 1s greater 1n n1trate-fed plants 

than ammon1um-fed plants (Beevers et al , 1966, K1rkby and Mengel, 1967 

K1rkby, 1969 K1rkby and Kn1ght 1977, V1tyakon 1979} S1m1lar 

response to ammon1um and n1trate has been found 1n oxalate accumulat1ng 

plants such as sp1nach and beetroot (V1tyakon 1979) 

Accord1ng to Beevers et al (1966) ammon1um and n1trate utlllza

tlon 1mp1nged d1rectly upon the metabol1sm of carboxyl1c ac1ds Work 

1n the 1970s and 1980s has used 1sotop1cally labelled co2 to exam1ne 
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the effects of ammon1um and n1trate nutr1t1on on dark COz f1xat1on 

Ikeda and Yamada (1981) 1nvest1gated the effect of ammon1um and n1trate 

n1tro9en on dark COz f1xat1on 1n tomato leaves Dark COz f1xat1on 

1nvolves the enzyme phosphoenol pyruvate carboxylase wh1ch catalyses 

the follow1ng react1on 

PEP + ----;¡, OAA + p 
1 

( z) 

phosphoenol pyruvate oxaloacetate 1 norgan1 e P 

Ammon1um-fed plants were remarkably less able to f1x 14coz 1n the dark 

compared w1th n1trate-fed plants Furthermore, the phosphoenol pyruvate 

carboxylase act1v1ty of ammon1um-fed plants was lower than that of 

n1trate-fed plants F1xed 14coz was more rap1dly ut1l1zed for am1no 

ac1d synthes1s 1n ammon1um-fed plants than 1n n1trate-fed plants 

More than 50% of total organ1c ac1ds 1n tomato cons1st of mal1c 

ac1d Not only 1s mal1c ac1d synthes1zed through the TCA cycle 1n 

m1tochondr1a but 1t 1s also produced by the carboxylat1on of c3 com

pounds catalyzed by soluble enzymes 1n the cytoplasm (1 e oxaloacetate 

produced 1n react1on Z can be metabol1zed to malate by the enzyme malate 

dehydrogenase) Inference can also be made concern1ng the synthes1s 

of oxalate from the oxaloacetate precursor produced 1n react1on Z along 

the pathway of mechan1sm Z or 3 

Hammel et al (1979) 1nvest1gated the effect of ammon1um on carbon 

metabol1sm 1n 1solated mesophyll cells of Papaver somn1ferum L 

Ammon1um chlor1de solut1on was used as the n1trogen source Add1t1on 

of ammon1um 1on to 1solated mesophyll cells resulted 1n an 1ncrease 

1n the rate of dark 14c f1xat1on relat1ve to that 1n untreated cells 

The most rap1d 1ncrease 1n labell1ng the metabol1te occurred 1n 
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aspartate and was accompan1ed by a decrease 1n the level of labelled 

phosphoenol pyruvate Th1s 1nd1cates that ammon1um st1mulates 

phosphoenol pyruvate carboxylat1on 1n th1s system 

Poss1ble effects of ammon1um on glycolys1s and resp1ratory 

metabol1sm were 1nvest1gated by Hammel et al (1979) The level of 

labelled pyruvate d1d not change nor were there effects of ammon1um 

on the pyruvate k1nase react1on 1n the dark (react1on 3) Such results 

1nd1cate that ammon1um 1s not 1mportant to the react1on 

PEP pyruvate k1nase 
) 

enol pyruvate ----~> pyruvate (3) 

However Ikeda et al (1974) showed that there was an enhancement of 

glucose degradat1on (glycolys1sl and resp1ratory metabol1sm (TCA cycle) 

1n the leaves of tomate plants suppl1ed w1th h1gh levels of ammon1um 

n1trogen for seven consecut1ve days They suggested that the enhanced 

resp1rat1on 1n ammon1um-fed plants 1s due to ass1m1lat1on/detox1f1cat1on 

+ + of NH 4 -N Th1s react1on keeps the levels of NH 4 -N and oroan1c ac1ds 

low The organ1c ac1ds are replen1shed ma1nly by 1ntermed1ates 1n 

glycolys1s and the TCA cycle 

Paul et al (1978) reported the enhancement of both pyruvate k1nase 

and phosphoenol pyruvate carboxylase 1n 1solated mesophyll cells of 

Papaver somn1ferum L suppl1ed w1th ammon1um and l1ght They concluded 

that the net effect of an add1t1on of ammon1a to mesophyll cells was 

a red1str1but1on of newly f1xed carbon away from carbohydrates and 1nto 

In a study of effect of ammon1um on dark co2 f1xat1on products 

of Euglena Peak and Peak (1980) measured an overall 1ncrease 1n 



glutarn1ne and the arnount of 14co2 f1xed Both were heav1ly labelled 

Furtherrnore, they postulated w1th sorne support1ng ev1dence that the 

labelled co2 entered the arn1no ac1ds v1a the TCA cycle by way of the 

carboxylat1on of phosphoenol pyruvate 
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Peak and Peak (1980) reported that ammon1urn st1rnulat1on caused 

1ncreased 1ncorporat1on of labelled co2 1nto sorne arn1no ac1ds not 

der1ved frorn TCA cycle 1nterrned1ates 1nclud1ng for exarnple glyc1ne 

ser1ne, and alan1ne, wh1ch are all der1ved frorn the glycolyt1c pathway 

S1nce 1t 1s known that Euglena possesses the glyoxylate shunt enzyrnes 

1soc1trate lyase and rnalate synthase, these researchers suggested that 

1t should be feas1ble that co2 could enter glyc1ne and ser1ne v1a the 

TCA cycle 1nterrned1ates, oxaloacetate and 1soc1trate, wh1ch are 

glyoxylate precursors 

Although the stud1es presented so far do not d1rectly relate 

n1trogen to oxalate synthes1s, the connect1ons of these n1trogen-related 

b1ochern1cal processes to oxalate rnetabol1srn can be seen The process 

Of dark C02 f1xat10n Wh1Ch 1nvolves the enzyrne phosphoenol pyruvate 

carboxylase and the product oxaloacetate 1s a d1rect precursor of 

oxalate forrnat1on, also oxaloacetate can lead to the synthes1s of 

1soc1trate, wh1ch can lead to the synthes1s of glyoxylate by the 

catalys1s of 1soc1trate lyase Furtherrnore, these stud1es have thrown 

sorne l1ght on the long-observed phenornenon of a relat1vely h1gher 

organ1c ac1d content (1nclud1ng oxalate) 1n n1trate-fed plants cornpared 

w1th ammon1urn-fed plants 
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2 9 The use of amaranth, cassava, and taro as vegetables 

Amaranth, cassava, and taro have been consumed 1n the trop1cs s1nce 

anc1ent t1mes Amaranth was an 1mportant gra1n crop of the Aztecs and 

the Incas (Nat1onal Research Counc1l 1984) Taro 1s grown throughout 

the hum1d trop1cs for ed1ble corms and leaves as well as for trad1t1onal 

ceremon1al uses (Wang, 1983) Although w1dely used, the term 'under-

explo1ted crop has been appl1ed to amaranth and taro (Natlonal Academy 

of Sc1ence, 1975) because they are relat1vely unknown to the 1ndustr1a1-

1zed world In contrast, 1n the 1ndustr1al1zed world key food crops 

have been bred to su1t large scale monoculture farm1ng systems w1th 

consequent h1gh y1elds for econom1c purposes From th1s po1nt of v1ew, 

cassava 1s d1fferent from amaranth and taro Cassava 1s a well-known 

root crop, now grown on a large scale and 1s an 1mportant commod1ty 

1n 1nternat1onal trade Much research work has been done on cassava, 

for example at the Centro Internac1onal de Agr1cultura Trop1cal (CIATl 

1n Columb1a The use of cassava leaves 1s relat1vely unknown although 

they are r1ch 1n prote1n 

2 9 1 D1str1but1ons of the crops and the1r uses 

Amaranth seeds and leaves are used for human consumpt1on 

uses and areas of or1g1n of many Amaranthus spec1es are summar1zed 1n 

Table 2 3 Amaranth grows 1n many reg1ons of the world As far as 

the ed1ble vegetat1ve parts (1 e , leaves and young shootsl are con

cerned Amaranthus spec1es such as A tr1color A dub1us and A 

cruentus are grown for the1r value as soup vegetables or for bo1led 

salad greens part1cularly 1n the hot, hum1d reg1ons of Afr1ca Southeast 

As1a (espec1ally Malays1a and Indones1al southern Ch1na southern 



A 

A -
A 

A 

A 

A 
A 

A 
A -
A 

A 

Table 2 3 

Uses and areas of or1g1n of Amaranthus spec1es 
(after Teuton1co and Knorr, 1985) 
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Spec1es How found Use Are a of or1g1n 

bl1tum (A Cult1Vated Vegetable, As1a 
l1Vldus, ~ ornamental 
oleraceus) 
caudatus Cult1vated Gra1n South Amen ca 
edul1s vegetable, (Andes) 

(A matesazz1anus) ornamental 
cruentus (A Cul t1Vated Gra1n, vegetable South Amer1ca 

pamcul atusl (Guatemala) 
dublUS Weed, Vegetable South Amer1ca 

cult1vated 
hybndus Weed Vegetable South Amen ca 
hypochondr1acus Cult1Vated Gra1n, vegetable North Amen ca 

(A leucocarpus, (MexlCO) 
A leucosperma, -
A flavus) 
retrofl exus Weed Vegetable North Amer1ca 
sp1nosus Weed Vegetable As1a 
tr1color (A Cult1vated Vegetable As1a 

ganget1cus, ~ 
mangostanus) 

Vlrldls (A Weed Vegetab 1 e Afnca 
ascendens, A 
grac1l1sl 



Ind1a, and the Car1bbean A palmer1 1s a maJor w1ld green for the 

Ind1ans 1n the North Amer1can deserts, and ~ bl1tum leaves have been 
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a favor1te salad 1n Greece s1nce anc1ent t1mes (Nat1onal Research 

Counc1l, 1984) Amaranthus spec1es along w1th other w1ld plants are used 

by the Tanzan1ans as rel1shes that are an 1ntegral and essent1al part 

of the d1et 1n all seasons of the year (Fleuret, 1979) 

Taro (Colocas1a esculenta (L ) Schott ) 1s a member of the Araceae 

fam1ly Pr1mar1ly 1t 1s a root crop but leaves are also consumed 

extens1vely 1n Afr1ca, As1a, the West Ind1es, and South Amer1ca However, 

taro consumpt1on 1s greatest 1n the Car1bbean, Hawa11 the Solomon 

lslands, Amer1can Samoa, Western Samoa, the Ph1l1pp1nes, F1J1, Sr1 

Lanka, Ind1a, N1ger1a, Indones1a, New Hebr1des, Tonga, N1ue, Papua Ne~ 

Gu1nea, and Egypt Young taro leaves are an 1mportant vegetable 

throughout Melanes1a and Polynes1a (Wang, 1983) 

Cassava (Man1hot esculenta L ) 1s one of the most 1mportant root 

crops of the world The root 15 the fourth most 1mportant energy staple 

of the trop1cs, prov1d1ng food and 1ncome for 750 m1ll1on people 1n three 

cont1nents of Afr1ca, As1a and Amer1ca 

The consumpt1on of cassava leaves as a vegetable 1s w1despread among 

the nat1ve peoples of many As1an countr1es such as Malays1a, Indones1a, 

and Tha1land The cyan1de content of cassava leaves precludes the1r use 

as a vegetable 10 N1ger1a (Oke, 1968) 

2 9 2 Nutr1t1ooal values aod sorne l1m1tat1oos 

Coos1derable work has beeo done 10 Iod1a oo evaluat1og the outr1-

t10nal value of amaraoth Maoy spec1es of amaranth are used as greeos 

10 Ind1a aod the1r outr1t1ooal value to low 1ocome grouos 1s well koowo 



Accord1ng to Rao et al (1980), amaranth 1s cons1dered the k1ng of 

vegetables w1th regard to 1ts nutr1t1onal value and 1ts low pr1ce 

L1ke many other green leafy ve9etables 1n Ind1a, amaranth 1s 'w1th1n 

reach of the poor man' Much of the research has been focused on the 
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use of amaranth as a food supplement For example, Devadas et al (1964) 

1nvest19ated the use of amaranth and other green leafy vegetables as 

supplements for r1ce-based d1ets They found that amaranth and vegetable 

supplements 1mproved the calc1um status of the body as 1nd1cated by a 

pos1t1ve calc1um balance and h1gher calc1um levels 1n the bones of 

exper1mental alb1no rats In add1t1on, the overall growth of an1mals on 

a d1et that 1ncluded amaranth was 1mproved 

Amaranth, l1ke other green leafy vegetables, 1s an 1mportant source 

of v1tam1ns A and e, wh1ch are of cons1derable nutr1t1onal s1gn1f1cance 

(Table 2 4) (Nat1onal Research eounc1l, 1984, Teuton1co and Knorr, 1985) 

In places l1ke Kenya amaranth also prov1des a cheap source of v1tam1n e 

relat1ve to more expens1ve sources l1ke c1trus (Abe and Imbamba, 1977) 

W1th regard to m1nerals, amaranth has h1gh 1ron and calc1um contents 

relat1ve to other greens such as sp1nach, Malabar sp1nach (Basella) and 

chard (Nat1onal Research eounc1l, 1984) Gutt1kar et al (1966) also 

reported that amaranth greens (~ tr1color) was a very r1ch source of 

magnes1um when compared w1th other Ind1an foodstuffs 1nclud1ng pulses, 

leafy vegetables, other vegetables and fru1ts Data reported by 

Teuton1co and Knorr (1985) conf1rm that amaranth conta1ns potass1um, 

1ron, magnes1umandcalc1um 1n s1gn1f1cant concentrat1ons (Table 2 4) 

Prote1n 1s another 1mportant nutr1ent of amaranth greens Its leaf 

can be used 1n the wet trop1cs to amel1orate prote1n shortaoes (P1r1e 
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Table 2 4 

Composttton of vegetable amaranth 

Analys 1S 

Mouture 

Crude protetn 
(IN X 

6 25 dm) 

latal ltplds 

Crude f1ber
4 
• 

Cr~o~de ash • 
Na • 
Ka 

Ca • • Mg 
Fe• 

Zn • 
pb 

Rtboflavu1 
b 

Nuctn 
e 

Ascorblc actd 
Th hm1nc 

carotene 

A 

cruentus 

20 9 33 o 

1 58 6 7 

8 6 13 1 
16 1 21 6 

2 9 6 1 
1 9 2 6 
1 1 2 2 
o 02 o 04 
o os 
o 4 

( IU/100 9 dm) 

a 1 dry llldtter 

A A 
edu 1 ts hypochondriacus 

18 o 21 6 

1 60 1 96 
12 4 11 8 
22 o 21 2 

3 1 5 6 
6 2 2 6 
2 2 1 2 
o 02 o 02 

o 002 o 004 
o 3 o 5 

b mg/ 100 9 dry matter 

Source Teuton1co and Knorr 1965 

A 
retroflexus 

21 1 21 2 

1 58 
13 1 13 5 
20 4 22 2 

5 4 5 6 

3 o 
1 4 1 7 
o 04 o 05 

Content 

A A 
tricolor caudatus 

85 1 10 1 90 9 

32 1 17 4 29 1 

3 5 10 6 1 o 2 8 
70 5492 

3 5 

1 7 

19 3 21 O 

o 01 o 04 

o 3 5 o 
z 3 z 6 

1 1 1 3 
o 02 

o 005 o 008 

o 3 o 5 07 0304 

2 1 
8 4(0 8cl 4 7 

693(55C) 210 
o 02 

23 000 25 400 
( 1 710d) 

e mg/ lOO 9 fresh welght 

A A A A 

sptnosus vlrldts graec 1 zans hybrtdus 

19 o 83 o 94 o 84 o 
28 4 31 o 38 3 23 2 22 1 33 5 

1 8 4 5 1 7 1 1 3 2 1 3 6 S 

9 4 13 3 14 S 10 5 H 6 
22 1 21 7 7 6 19 o 
o 01 o 01 
o 3 o 2 
1 1 1 8 2 3 1 8 3 3 
2 2 1 S 

o 01 o 008 o 00 

o 4 

7 7 6 2 
250 147 30 48c 

54 110 48 000 

d g/ lOO fresh welght 

-1> 
~ 
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1966} Leaves of th1s and other spec1f1c trop1cal plants conta1n 

prote1n of h1gh qual1ty (Akeson and Stahmann, 1965 Gerloff et al , 

1965 as c1ted by Madamba, 1972) Attempts to promote the use of leaf 

prote1n have been underway for sorne t1me 1n the trop1cs In N1ger1a 

the trad1t1onal corn gr1nd1ng m1ll was used to extract leaf prote1n from 

vegetables such as Amaranthus caudatus (Olatunbosun, 1976} Add1ng 

approx1mately 10 g of leaf prote1n a day to the low prote1n d1et of 

ch1ldren suffer1ng from prote1n-calor1e malnutr1t1on resulted 1n 

s1gn1f1cant cl1n1cal 1mprovement 

Research on the product1on of prote1n concentrate from amaranth 

leaves (e 9 , Carlsson, 1980 1n Sweden, Cheeke et al , 1981) has been 

des1gned to make prote1ns 1n green plants ava1lable to non-ruM1nants 

because leaf prote1n concentrate no longer has the cellulose and f1ber 

that 1s 1nd1gestable to non-rum1nants Amaranthus spec1es conta1n large 

amounts of extractable prote1n (Lexander et al , 1970), but prote1n 

concentrates from amaranth have not 1mproved growth of exper1mental 

rats Cheeke et al (1981) postulated that poor growth may be assoc1ated 

w1th a h1gh ash content and organ1c substances such as sapon1ns 

phenol1cs and oxalates These factors need to be overcome before 

amaranth or 1ts prote1n concentrate can be ut1l1zed successfully 

The lys1ne content of amaranth 1s h1gh Th1s am1no ac1d 1s 

frequently def1c1ent 1n cereal-based d1ets (Ol1ve1ra and de Carvalko 

1975, Kamath and Sahon1e, 1959) Ol1ve1ra and de Carvalko {1975) 

reported that 1n Mozamb1que, ~ sp1nosus leaves had lys1ne contents 

as h1gh as 5 2~ The benef1t of suppleMent1ng a ma1ze meal w1th 

A sp1nosus was ev1denced by the fact that the chem1cal score of the 
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m1xture was ra1sed to 43, compared to 28 for ma1ze meal alone and 32 

for amaranth leaves alone 

The Nat1onal Research eounc1l {1984) has reported leaf-prote1n 

levels {on a dry we1ght bas1sl as follows 27% for A bl1tum, 28% for 

~ hybr1dus, 30% for A caudatus, 32% for A grac1l1s, 23% for A 

graec1ans and 28% for ~ sp1nosus The ran9e of prote1n content 1n 

var1ous spec1es of amaranth 1s presented 1n Table 2 4 

Taro leaves 

Young leaves and pet1oles of taro are used as vegetables They 
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are useful sources of v1tam1n A and v1tam1n e {Table 2 5) Taro leaves 

are used extens1vely for cook1ng 1n Pac1f1c 1slands such as Hawa11 

F1J1, Samoa and Tonga Taro leaves are also r1ch 1n m1neral calc1um 

and potass1um {Table 2 5) {Standal, 1983) erude prote1n contents are 

comparable to those of amaranth and cassava as shown 1n Table 2 5 

eassava leaves 

eassava leaves are r1ch 1n prote1n, carotenes, v1tam1ns 81, 82 
ande, and m1nerals {Oke, 1968) Rogers and M1lner (1963) reported 

that the prote1n content of cassava leaves ranged from 17 8 to 34 8% 

on a dry we1ght bas1s for Brazl1l1an var1et1es and from lB 5 to 32 4 

for Jama1can var1et1es eoncentrat1ons of essent1al am1no ac1ds are 

adequate except for meth1on1ne (Eggum, 1970 Rogers and M1lner 1963) 

Add1ng meth1on1ne to a d1et of cassava leaves ra1sed the b1olog1cal 

value from 49 for the leaves alone to 80 for the m1xture (Eggum 1970) 

Rogers and M1lner (1963) cons1dered the compos1t1on of essent1al am1no 

ac1d of cassava leaf prote1n to be s1m1lar to that of soybean wh1ch 

1s one of the best 1n nutr1t1ve value among the read1ly ava1lable 
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Table 2 5 

Nutr1ent compos1t1on of taro 1eaves 

Compos1t1on 
per lOO g of fresh wt Ind1a Ph1l1pp1nes Hawa1 1 

Ed1ble port1on (%) 55 o 
Mo1sture (g) 78 8 79 6 88 o 
Prote1n (g 1 OOg -l dry wt ) 32 1 21 6 22 7 
Fat (g) 2 o 1 8 o 7 

Carbohydrates (g) 8 1 12 1 4 8 

F1ber (g) 1 8 3 4 2 o 
Food energy (kcal) 770 69 o 36 o 
Ash ( g) 2 o 2 o 
Calc1um (mg) 460 o 268 o 107 o 
Phosphorus (mg) 125 o 78 o 60 o 
!ron (mg) 38 7 4 3 2 3 

Sod1um (mg) 11 o 2 o 
Potass1um (mg) 1237 o 437 o 
V1t A va1ue (!U)* 2000 20385 o 5028 o 
Th1am1 ne (mg) o o 1 o 14 

R1bof1av1n (mg) o 5 o 33 o 31 

N1ac1n (mg) 1 9 2 o 1 o 
Ascorb1c ac1 d (mg) 63 o 142 o 37 o 

* O 6 ug = 1 1 u 
1 
1 
1 Source Standa1, 1983 

1 

1 
1 
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vegetable prote1ns The use of cassava leaf for produc1ng prote1n con

centrates 1s be1ng 1nvest1gated by several food sc1ent1sts (e g Lu1za 

et al , 1979) 

The v1tam1n A content of cassava leaves 1s as h1gh as O 5 un1t 

g-l Var1ous sources report v1tam1n C content rang1ng from 29 to 180 
-1 cmol kg 1n cassava leaves (Oke, 1968) 

Amaranth, taro, and cassava leaves conta1n oxalate and accumulate 

a certa1n amount of n1trate The presence of an ant1nutr1ent and tox1c 

agent lowers the nutr1t1ve value of these vegetables, as d1scussed 1n 

sect1on 2 2 

2 lO Est1mat1on of oxalate contents 

Two techn1ques of oxalate quant1f1cat1on are to be d1scussed 

The f1rst, termed the 'class1cal method' was developed through a ser1es 

of 1mprovements of ex1st1ng techn1ques befare the l950s Papers by 

Baker (1952) and Mo1r (1953) are frequently c1ted by researchers who 

use the 'class1cal method 1n the1r work The Assoc1at1on of Off1c1al 

Analyt1cal Chem1sts (AOAC) has cert1f1ed th1s techn1que for total 

oxalate determ1nat1on (Horw1tZ, 1975) 

The class1cal method of oxalate determ1nat1on has three steps 

Separat1on of oxalate by means of calc1um oxalate prec1p1tat1on 

at pH 4-5, 

2 Determ1nat1on of calc1um by t1tr1metr1c or spectrophotometr1c 

methods, 

3 Calculat1on of oxalate equ1valents &rom calc1um analys1s 

(Baker, 1952 Mo1r, 1953 Yorw1tz 1975) 
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One d1fference between the methods emp1oyed by Baker (1952) and 

Mo1r (1953) 1s that Baker used fresh p1ant mater1a1 to avo1d 1oss of 

oxa1ate from dry1ng whereas Mo1r used dr1ed (100°C), p1ant mater1a1 

Baker (1952) proved the effect1veness of th1s techn1que by demon

strat1ng 99-100% recovery of added oxalate 
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The second techn1que 1s based on the use of h1gh performance 11qu1d 

chromatography (HPLC) developed 1n the 1970s In HPLC a mob11e phase 

1s a11owed to perco1ate through the stat1onary phase packed 1n a co1umn 

cont1nuous1y and the samp1e 1n the same so1vent as the mob11e phase 

can be 1nJected 1nto the mob11e phase as des1red 

A paper descr1b1ng the effect1veness of the HPLC techn1que for 

determ1n1ng oxa11c ac1d and compar1ng th1s techn1que w1th the c1ass1ca1 

method has been publ1shed (Llbert, 1981) L1bert used a reversed-phase 

co1umn ca1led the L1chrosorb RP-8 (C8l as the stat1onary phase and a 

solut1on conta1n1ng O 5% KH 2Po4 and O 05 ~ tetrabuty1 ammon1um hydrogen 

su1phate (TBA), buffered at pH 2 w1th orthophosphor1c ac1d, as the 

mob11e phase One advantage of HPLC 1s the s1multaneous determ1nat1on 

of organ1c ac1ds other than oxa11c ac1d The determ1nat1on of oxa11c 

ac1d 1eve1s 1n rhubarb by the HPLC techn1que has been shown to g1ve 

comparable results to the class1cal method 



CHAPTER III 

MATERIALS ANO METHODS 

In order to test the hypothes1s that the var1ance 1n the nutr1t1onal 

qual1ty of food crops 1s strongly 1nfluenced by cultural and env1ron

mental factors, the follow1ng exper1mental s1tes crops, exper1mental 

des1gn and data collect1on and analys1s procedures were selected 

3 1 The exper1mental s1tes 

Four exper1mental s1tes were selected to represent a range of 

agroenv1ronments These s1tes were developed by the Benchmark So1ls 

ProJect (BSP) of the Un1vers1ty of Hawa11 to test the hypothes1s that 

agroproduct1on technology can be successfully transferred from one 

locat1on to other d1stant s1tes around the world prov1ded the b1ophys1cal 

env1ronment of the s1te where the technology was developed was s1m1lar 

to the transfer s1te The proJeCt def1ned s1m1lar env1ronment5 accord1ng 

to the cr1ter1a set forth to def1ne the so1l fam1ly 1n So1l Taxonomy 

(So11 Survey Staff, 1975) So1l Taxonomy 15 a comprehens1ve system 

of 5011 cla5s1f1cat1on for mak1ng and 1nterpret1ng 5011 5urvey5 15sued 

by the So1l Con5ervat1on Serv1ce of the U S Department of Agr1culture 

By 1980, the proJect had establ1shed exper1mental s1te5 1n the 

Cameroons 1n Afr1ca, Braz1l Puerto R1co the Ph1l1pp1ne5 lndones1a 

and Hawa11 Three so1l fam1l1es were selected to test the hypothes15 

that s1m1lar agroproduct1on technolog1es and management pract1ce would 

result 1n s1m1lar crop performances and y1elds among so1ls belong1ng 

to the same so1l fam1ly regardles5 of where they occurred The three 



so1l fam1l1es selected were the clayey, kaol1n1t1c 1sohypertherm1c 

fam1ly of the Tropept1c Eutrustox, the th1xotrop1c 1sotherm1c fam1ly 
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of Hydr1c Dystrandepts and the clayey, kaol1n1t1c, 1sohypertherm1c fam1ly 

of Typ1c Paleudults 

The Tropept1c Eutrustox are found 1n the warm sem1-ar1d trop1cs 

and are nutr1ent-r1ch Ox1sol5 Exper1mental s1tes w1th th1s so1l were 

e5tabl15hed 1n Puerto R1co, Braz1l and Hawa11 In Hawa11 the exper1-

mental s1tes were establ1shed 1n Wa1p10 on the Island of Oahu and on 

the we5t end of the Island of Moloka1 

The Hydr1c Dystrandept5 are 1mpover15hed so1ls that have formed 

from volcan1c ash and are well known for the1r low phosphoru5 level5 

The 1sotherm1c members of Hydr1c Oystrandept5 occur 1n the cool trop1cs 

and the mean annual temperature 15 between 15 and 22°C Exper1mental 

51tes w1th 50115 of th15 fam1ly were establ15hed 1n the Ph1l1pp1nes, 

Indone51a and Hawa11 In Hawa11, the s1te5 were e5tabl1shed on the 

B1g Island of Hawa11 at !ole and N1ul11 on the upper 5lopes of the 

Kohala Mounta1n5 and at Kuka1au on the 5lope of Mauna Kea 

Exper1mental 51tes for the Typ1c Paleudult5 were establ1shed 1n 

Cameroon, lndone51a and the Ph1l1pp1ne5 These so1ls are h1ghly ac1d 

nutr1ent-poor and occur 1n the warm hum1d trop1cs 

s1te of th1s 5o1l was e5tabl15hed 1n Hawa11 

No exper1mental 

Each exper1mental s1te wa5 carefully character1zed for so1l and 

prov1ded w1th a weather stat1on that recorded w1nd 5peed and d1rect1on 

relat1ve hum1d1ty, solar rad1at1on max1mum and m1n1mum a1r temperature 

topso1l and subso1l temperature5 and ra1nfall ihe result5 of th1s 

proJect are summar1zed 1n a book ent1tled So1l-Based Agrotechnology 

Tran5fer' (S1lva 1985) 



1 
i 

1 

In 1982 a work5hop on A Mu1t1d15C1p11nary Approach to Agro

techno1ogy Tran5fer (1984) was he1d at the Un1vers1ty of Hawa11 At 

th15 workshop, the nutr1t1on15t5 rem1nded the agronom15ts that the 

obJect1ve of agr1cu1ture re5earch wa5 not 51mp1y to 1ncrea5e y1e1d but 

to prov1de adequate nutr1ent5 for peop1e 
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In a paper on the 'Re1at1onsh1p of So11 Compos1t1on to the Nutr1ent 

and Ant1nutr1ent Contents of P1ant5" pre5ented at that workshop, Van 

Reen (1984) 5uggested that the data 1n food compos1t1on tab1e5 were 

not very re11ab1e becau5e there 15 ev1dence that the compos1t1on of 

the 5ame ed1b1e p1ant grown 1n d1fferent part5 of the wor1d 15 very 

d1fferent (Food and Agr1cu1ture Organ1zat1on 1954) 

In the 5ame paper Van Reen 11sted factors that may contr1bute 

to var1at1ons 1n food compos1t1ons These are 

1 Genet1cs of the var1ety of the p1ant 

2 L1ght 1ntens1ty and durat1on (5ea5on) 

3 Temperature cond1t1on 

4 Water cond1t1on5 

5 So11 type5 

6 Type and amount of pe5t1c1de/herb1c1de 

7 Type and amount of fert1l1zer5 

8 Age of plant mater1a1 

9 Part of the 5amp1e ana1yzed 

It wa5 ev1dent from Van Reen s paper that the Benchmar~ re5earch 

s1tes estab11shed by the Benchmark So1ls ProJect were 1deally su1ted 

to asses5 a number of the factor5 wh1ch could 1nfluence var1at1on 1n 

nutr1ent contents 
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It was dec1ded to select four Benchmark research s1tes to test 

the hypothes1s that nutr1ent compos1t1on 1n general and ant1nutr1ent 

content 1n part1cular vary w1th genotype and env1ronment These s1tes 

were the Wa1p10 s1te on the Island of Oahu the Mo1oka1 s1te on the 

west end of the Island of Moloka1 the !ole s1te 1n the Kohala d1str1ct 

of the Island of Hawa11 and the Kuka1au s1te 1n the Hamakua D1str1ct 

also on the Island of Hawa11 Tables 3 1, 3 2 and 3 3 summar1ze the 

character1St1cs of each s1te 

3 2 Crops 

Three crops were selected on the bas1s of the1r ava1lab1l1ty for 

grow1ng and/or obta1n1ng samples and the1r relevance to the nutr1t1onal 

qual1ty of 1nterest, namely the contents of oxalates and sorne m1neral 

nutr1ents These crops were amaranth (Amaranthus ganget1cus L ), 

cassava (Man1hot esculenta L ) and taro (Colocasla esculenta (L ) 

Schott ) These crops, w1th the except1on of amaranth were part of 

the ex1st1ng cropp1ng systems exper1ments of the Benchmark So1ls ProJect 

They were known to have h1gh oxalate contents 

Amaranth belongs to the fam1ly Amaranthaceae It 1s commerc1ally 

known 1n the Un1ted States as tampala In Hawa11, 1t 1s al so known 

as H1nn Cho1 or Ch1nese sp1nach It 1s a sp1nach-l1ke vegetable w1th 

dark green leaves wh1ch are elongated and smooth (Cole 1979) The 

plants are succulent, low grow1ng and compact w1th growth hab1t much 

l1ke sp1nach (Natlonal Research Counc1l 1984) Under opt1mum condl

tlons, the plants reach the1r harvestable s1ze 1n 45 days after seed 

sow1ng The leaves and young tender stem are eaten as greens A 

ganget1cus L has been proved to be the same spec1es as A tr1color L 
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Table 3 l 

Descr1pt1on of geograph1cal pos1t1onsa and h1story of so1l useb 
of the exper1mental s1tes 

S1tes Geograph1cal pos1t1on and h1story of so1l use 

Th1s s1te 1s s1tuated on the Island of Hawa11, approx1mately 
2 5 km southeast of the town of Honokaa and approx1mately 
O 6 km from a plantat1on road southeast of the JUnct1on 
of h1ghways 19 and 24 and O 3 km southeast of an abandoned 
church The elevat1on 1s approx1mately 395 m and the slope 
1s moderate to strong (6 percent slope, north aspect) 

The so1l was formerly grown to sugarcane In 1976, 1t was 
planted to soybean and 1n 1977 to corn It was then 
fallowed unt1l 1982 when cropp1ng systems exper1ments were 
begun 1n wh1ch the fert1l1zers (l1me epsom salt, borax 
and z1nc sulfate), 1n quant1t1es as shown 1n Table 3 4 were 
appl1ed yearly The so1l on th1s s1te 1s a member of the 
th1xotrop1c, 1sotherm1c fam1ly of Hydr1c Dystrandepts 

!ole Th1s s1te 1s s1tuated 1n North Kohala, Island of Hawa11, 
approx1mately 56 km south southeast of the town of Haw1, 
approx1mately 7 2 km southwest of Kapaau v1llage The 
elevat1on 1s approx1mately 545 m and the s1te occurs on 
moderately slop1ng to strongly slop1ng (6 percent slope 
north aspect) land 

aSource 

The so1l was formerly planted to sugarcane Ma1ze exper1-
ments 1n wh1ch d1fferent rates of N and P were appl1ed, 
were conducted 1n 1977 It was left fallow after the ma1ze 
exper1ments unt1l 1982 when cropp1ng systems exper1ments 
were started, and fert1l1zers (l1me epsom salt borax and 
z1nc sulfate) 1n rates shown 1n Table 3 4 were appl1ed 
yearly The so1l on th1s s1te 1s a member of the 
th1xotrop1c, 1sotherm1c fam1ly of Hydr1c Dystrandepts 

lkawa 1979 

bPatr1ck Ch1ng personal commun1cat1on 
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Table 3 1 (cont1nued) Descr1pt1on of geograph1cal pos1t1ons and h1story 
of so1l use of the exper1mental s1tes 

S1tes 

Moloka1 

Geograph1cal pos1t1on and h1story of so1l use 

Th1s s1te 1s s1tuated on the Island of Oahu, Hawa11, 
approx1mately 8 km north of Wa1pahu and approx1mately 225 m 
east of the road lead1ng to M1l1lan1 Cemetery from 
Kamehameha Y1ghway The elevat1on was 150m It 1s on 
nearly level upland (2 percent slope) 

The land was an abandoned p1neapple f1eld and was used to 
conduct ma1ze transfer exper1ments 1n 1978 after wh1ch 
1t was left fallow unt1l 1982 when cropp1ng systems exper1-
ments were started and the fert1l1zers (l1me epsom salt, 
borax and z1nc sulfate) of rates shown 1n Table 3 4 were 
appl1ed yearly The so1l on th1s s1te 1s a member of the 
clayey, kaol1n1t1c 1sohypertherm1cfam1ly of Tropept1c 
Eutrustox 

Th1s s1te 1s s1tuated 1n Maunaloa, Island of Moloka1, Hawa11, 
approx1mately 1 5 km north-northwest of the Maunaloa V1llage 
and approx1mately 900 m northwest of h1ghway 46 It 1s 
at approx1mately 257 m elevat1on on gently slop1ng upland 
(5 percent) 

The so1l was formerly grown to sugarcane Ma1ze transfer 
exper1ments were conducted 1n 1980 after wh1ch 1t was left 
fallow unt1l 1982 when the cropp1ng systems exper1ments 
were started and the fert1l1zers (l1me, epsom salt, borax 
and z1nc sulfate) 1n rates shown 1n Table 3 4 were appl1ed 
yearly The so1l on th1s s1te 1s a member of the clayey 
kaol1n1t1c 1sohypertherm1cfam1ly of Tropept1c Eutrustox 



Table 3 2 

So1l fam1ly propert1es as they relate to the taxa 1n So1l Taxonomy 

Taxonom1c name Inherent so1l fam1ly character1St1cs 

Th1xotrop1c, 

th1Xotrop1c 

1SOtherm1C 

1sotherm1c Hydr1c Dystrandepts 

Hydr1c 
Dystr

-andept 

H1gh surface act1v1ty of collo1ds 
Cool so1l temperatures (mean annual temperature 
l5-22°c l 
Mo1st hum1d so11s 
Low base saturat1on 
Low bu1k dens1ty (< 

( < 35 .1,) 

-1 ) O 85 g ce , amorphous collo1ds 

Cl ayey kao 1 101 t 1 e, 1 sohypertherm1 e Tropept1 e Eutrustox 
clayey More than 35% c1ay 1n the subso1l 

kao11n1t1c 
1sohypertherm1c 

Tropept1c 

Eutr-

-ust-

-ox 

Dom1nated by 1ow act1v1ty clay 
Warm so11 temperatures throughout the year 
(mean> 22°C), sma11 d1fference between summer and 
W1nter temperatures ( < 5°C) 
Moderate structure or 1ess than 125 cm deep, or both 
Moderately enr1ched w1th nutr1ents med1um to h1gh 
base saturat1on ( >50%) 
Pronounced dry season (dry for more than 90 
cumulat1ve days per year) 
Presence of ox1des of 1ron and alum1num low 
cat1on-exchange capac1ty 

Source Benchmark So1ls ProJect 1979 
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The var1ety used 1n the study was Wh1te Leaf' 

from Zsang and Ma, Belmont, Cal1forn1a 

The seeds were obta1ned 

Cassava belongs to the fam1ly Euphorb1aceae wh1ch also 1nclude 

para rubber It 1s a short-l1ved shrub, 1-5 m 1n he1ght, w1th latex 

1n all 1ts parts (Purseglove 1974al It 1s known for 1ts ed1ble roots 

but young leaves are also consumed 1n d1fferent parts of the world 

Leaves are var1able 1n s1ze, color of st1pules, pet1oles, m1dr1bs and 

lam1na, 1n number of lobes depth of lob1ng and 1n shape and w1dth of 

lobes The cassava used 1n th1s study had leaves w1th 5-7 lobes m1d-

r1bs and ve1ns were green 1n color The plants were approx1mately 2m 

tall when the leaves were sampled 

Taro belongs to the Araceae fam1ly L1ke cassava, 1t 1s well known 

for 1ts starchy underground part and the leaves are also consumed 1n 

many parts of the world The plants can grow to 1-2m tall, w1th under

ground starchy corm, produc1ng at 1ts apex a whorl of large leaves w1th 

long erect pet1oles The leaves are peltate 20-50 cm long, oblong-

ovate glabrous, w1th rounded basal lobes The pet1oles are stout 

mor more long and clasp1ng at the1r bases (Purseglove, 1974b) 

The var1ety used 1n th1s study was M1yako wh1ch 1s probably 

nat1ve of Japan (Wh1tney et al 1939) It 1s a short var1ety, shorter 

than 1 m, w1th erect and moderately stocky structure The leaf blades 

are 35-50 cm long, 25-35 cm w1de 30-40 cm from t1p to base of s1nus 

ovate, f1rm-chartaceous dark green w1th a blu1sh cast the lobes are 

w1de and obtuse w1th shallow w1de s1nus 



3 3 Exper1ments 

3 3 1 Amaranth f1eld exper1ments 

The f1eld exper1ments were 1nstalled 1n Wa1p1o !ole and Kuka1au 

to represent a range of agroenv1ronments 
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In add1t1on to the effect of natural env1ronmental factors on plant 

chem1cal compos1t1on, 1mposed management factors can also affect the 

nutr1ent and ant1nutr1ent contents of farm crops Two factors wh1ch 

farmers frequently control are water supply and nutr1ent supply To 

assess the effect of water supply on plant chem1cal compos1t1on, 

1rr1gated and non-1rr1gated exper1ments were conducted on each s1te 

Water was suppl1ed to the 1rr1gated exper1ments w1th dr1p 1rr1gat1on 

The durat1on and frequency of 1rr1gat1on were left to the d1scret1on 

of proJect staff In general, so1l cond1t1ons were used as the ma1n 

cr1ter1on to dec1de whether 1rr1gat1on was requ1red or not W1th1n 

each 1rr1gat1on exper1ment, treatments to test the effect of n1trogen 

(N) or phosphorus (P) appl1cat1on on plant compos1t1ons were 1ncluded 

The fert1l1zer treatments cons1sted of 

1) a basal treatment of l1me, N P K bases and trace nutr1ents 

(Table 3 4) 

2) a N treatment super1mposed on the basal treatment des1gnated 

basal+N (Table 3 5), and 

3) a P treatment super1mposed on the basal treatment des1gnated 

basal+P (Table 3 5) 

These fert1l1zer treatments were arranged 1n random1zed complete block 

des1gn w1th 3 repl1cat1ons w1th1n each 1rr1gat1on treatment Therefore 
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there were 9 plots of 1rr1gated exper1ments and 9 plots of non-1rr1gated 

exper1ments The plot s1ze was 1 S x 1 m2 

L1me, epsom salt borax and z1nc sulfate (Table 3 4) were appl1ed 

on an annual bas1s as a part of the rout1ne operat1on of cropp1ng 

systems exper1ments These mater1als were appl1ed before the amaranth 

exper1ments were 1nstalled Urea, tr1ple superphosphate and mur1ate 

of potash (Table 3 4) were appl1ed 1-2 days pr1or to the plant1ng of 

the amaranth The l1me rates were adJusted so that the result1ng so1l 

pH would be near pH 6 H1gher l1me rates were appl1ed on Hydr1c 

Dystrandepts than on the Tropept1c Eutrustox (Table 3 4) because the 

former has a h1gher buffer1ng capac1ty The rates of var1ous nutr1ents 

1n the basal fert1l1zers appl1ed (Table 3 4) were adJusted to prov1de 

adequate nutr1ents for good growth The rates of N and P fert1l1zer 

appl1ed at plant1ng and as a s1dedress1ng (Table 3 5) were calculated 

1n such a way that the response of plants to these fert1l1zer treatments 

would be reflected 1n the1r y1elds and chem1cal compos1t1ons A h1gher 

P rate was appl1ed to the Hydr1c Dystrandepts so1ls than the Tropept1c 

Eutrustox so1l because the former 1s known to f1x P more than the latter 

Response to P fert1l1zer was expected from plants grown on the Hydr1c 

Dystrandepts so11, wh1le responses to N or both N and P were expected 

from plants grown on the Tropept1c Eutrustox so1l 

At all locat1ons the land was ploughed to 15 cm depth before the 

fert1l1zer was appl1ed All fert1l1zers used were of commerc1al grade 

All basal fert1l1zers and l1me (Table 3 4) and ~ and P fert1l1zers 

appl1ed at plant1ng (Table 3 5) were broadcast by hand before be1ng 

worked 1nto the so1l The plants were s1dedressed w1th N fert1l1zer 
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(Table 3 5} after the plants had emerged and had been th1nned to 

requ1red spac1ng The fert1l1zer was appl1ed by hand, close to the 

plants and covered w1th so1l 

After the appl1cat1on of l1me basal and preplant fert1l1zers 

seeds were dropped by hand 1nto furrows at 2 5 cm deep No at+empt 

was made to space the seeds as they were to be th1nned to the requ1red 

59 
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Table 3 5 

Rates and t1m1ng of appl1cat1on of N and P fert1l1zers 
1n add1t1on to basal 1n amaranth exper1ments 

Slte Treatment -1 Rate (kg element ha ) 

Preplant 
(Basal) At plant1ng S1dedress 

!ole and N 50 100 100 

Kuka1 au p 25 200 

Wa1p10 N so 100 100 
p 25 120 

Total 

250 

225 

250 

145 

spac1ng later There were S rows spaced 16 6 cm apart 1n each plot 

The edge rows were used as guard rows 

In most cases the seeds emerged to form a th1ck stand At the 

two- to four-leaf stage they were th1nned to a l1near dens1ty of one 

plant per 15 cm result1ng 1n 11 plants per row leav1ng 55 plants per 

plot 

In Wa1p1o non-1rr1gated plots the plants d1d not emerge unt1l 

60 

approx1mately 2 months after sow1ng Emergence followed 15 mm of ra1ns 

wh1ch fell dur1ng March 8-15 1983 and the growth was susta1ned by 54 1 

mm of ra1ns wh1ch fell from March 16 to Apr1l 27 1983 The 1nsect1c1de 

Sev1n was apphed to all Wa1p1o plants when they were approx1mately 

1 month old to m1n1m1ze 1nsect damage In ,a1p1o 1rngated plots the 

plants emerged seven to ten days after seed sow1ng 
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In Iole, plants 1n both the 1rr1gated and non-1rr1gated treatments 

grew poorly The seedl1ngs emerged unun1formly and several weeks late 

and the plant growth was not un1form w1th1n the same plot The 

emergence and growth were poorer 1n the 1rr1gated plots than 1n the 

non-1rr1gated ones However the plants 1n both exper1ments d1d respond 

to P fert1l1zer treatment (basal+Pl where the plants were larger than 

those rece1v1ng the other fert1l1zer treatments 

In Kuka1au the plants 1n both 1rr1gated and non-1rr1gated plots 

emerged unlformly and grew v1gorously Responses to fert1l1zer treat

ments, espec1ally P, were clearly ev1dent 

The exper1ments at each locat1on were mon1tored by the proJect 

staff who also determ1ned water requ1rements for the 1rr1gated treatment 

They also recorded the general cond1t1ons of the exper1ments 

The plants were harvested when the flower buds were apparent 

An attempt was made to harvest the plants 1n all exper1ments at the 

same phys1olog1cal stage Due to the uneven emergence and growth 1n 

several treatments, all treatments were not harvested at the same t1me 

as shown 1n Table 3 6 The uneven emergence and growth rate resulted 

1n exposures to d1fferent sets of env1ronmental cond1t1ons for exper1-

ments conducted at the same s1te 

W1th the except1on of the 1rr1gated treatment at !ole wh1ch 

produced less than 10 plants (Table 3 7) 10 representat1ve plants 

from each plot (Judged on the1r appearance 1 e , he1ght leaf and stem 

s1ze phys1olog1cal stage such as appearance of flower budsl were 

sampled for analys1s 
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Table 3 6 

Grow1ng durat1ons of amaranth grown 1n s1x exper1ments at three s1tes 

Kuka1au lo le Wa1~10 

NI* 1* NI* l* NI* 

Pl ant wg date 1/29/83 1/29/83 1/29/83 1/29/83 1/13/83 

Harvest1ng date 4/10/83 4/10/83 5/4/83 6/28/83 6/23/83 

Grow1ng durat1on (days) 71 71 95 150 161 

Number of plants 10 10 10 <lO 10 
harvested/plot 

Phys 10 l og1 ca 1 flower f1 ower flower flower flower 
stage and buds buds buds buds buds 
appearance at sorne at small 
harvest seed1ng leaves 

stage 

*N! ; Non-1rr1gated treatment l ; Irr1gated treatment 

l* 

1/13/83 

3/24/83 
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10 

flower 
buds 

"' N 



1 

Plot 
# 

2 

3 

4 

5 

6 
7 

B 
9 

Table 3 7 

Number of amaranth plants harvested from !ole 
1rr1gated exper1ment 

Fert1l1zer No of Fresh Phys1olog1cal 
treatment Rep 11 cat1 on p1ants we1ght stage 

( g) 

Basal 1 1 35 Seed1ng 

2 1 232 F1 ower1 ng 

3 6 46 Flower1ng+seed1ng 

Basa1+N 1 6 256 F1ower1ng 

2 3 501 Flower1ng 

3 o o 
Basa1+P 9 633 F1 ower1 ng 

2 3 64 Fl ower1 ng 

3 4 134 Flower1ng 
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The p1ants were cut at the so1l level and placed 1n polyethylene 

bags for transportat1on to the 1aboratory At the laboratory they 

were washed free of dust and so1l w1th tap water and aga1n w1th d1s

t111ed water and blot-dr1ed w1th paper towels After wash1ng and towel 

dry1ng, they were we1ghed to obta1n fresh we1ghts 

The ed1ble parts cons1st1ng of leaves and young succulent shoots, 

were separated from the non-ed1ble hard and f1brous stems and 

branches The ed1ble parts were stored 1n sealed oolyethylene bags 

and stored 1n the freezers for later analys1s 

3 3 2 Cassava 

Cassava leaves were sampled from the Tropept1c Eutrustox so1ls 

at Wa1p1o and Moloka1 and from the Hydr1c Dystrandepts so1ls at Kuka1au 



and !ole At all s1te5 cassava wa5 grown 1n hedge rows as w1nd breaks 

for other crops 1n the cropp1ng system5 exper1ments as 1llustrated 1n 

F1gure 3 1 

In the Wa1p1o and Moloka1 s1tes ca5ssava was grown 1n 1rr1gated 
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and non-1rr1gated plots, whereas 1n Kuka1au and !ole all plants were 

1rr1gated Ca5sava 15 a drought re51stant crop, therefore, 1t was 

expected to be able to thr1ve w1thout 1rr1gat1on 1n areas w1th low ra1n

fall such as 1n Wa1p1o and Moloka1 

The youngest fully expanded leaves (1 e , the th1rd or fourth leaf 

from the top) 1nclud1ng pet1oles were harvested from each branch for 

a total of 50 leave5 from each sampl1ng locat1on of the cropp1ng pattern 

descr1bed 1n F1gure 3 1 The 50 leaves from each locat1on const1tuted 

a compos1te sample Two compos1te samples were collected from each 

of two rows 1n Wa1p10 and Moloka1 w1th Tropept1c Eutrustox 501ls, whereas 

three comp051te 5ample5 were collected from each of two rows 1n Kuka1au 

and !ole w1th Hydr1c Dy5trandept5 50115 Table 3 8 5hOW5 the age and 

5ampl1ng date of the ca55ava exper1ments 

The leaf 5ample5 were placed 1n pla5t1c bag5 and tran5ported to 

the laboratory where they were wa5hed w1th tap and then d1st1lled water 

to remove dust and 5011, blotted-dr1ed we1ghed to determ1ne fre5h 

we1ght5 and frozen 

3 3 3 Taro 

Taro leave5 were sampled from the 1rr1gated and non-1rr1gated plots 

at both the Kuka1au and !ole s1te5 ~o taro wa5 grown at the Moloka1 

51te and all taro plant5 rece1ved 1rr1gat1on water at Wa1p10 ow1ng to 

the low ra1nfall there 
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F1gure 3 1 Cropp1ng patterns for Tropept1c Eutrustox s1tes (a) and 
Hydr1c Dystrandepts s1tes (b) show1ng locat1ons of cassava 
(~) and taro (c::Jl rows and sampl1ng locat1ons for 
cassava (X) and taro (1) 
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Table 3 8 

Plant1ng date, sampl1ng date and age of cassava crops 
at sampl1ng 

S1te Plant1ng date Sampl1ng date Pl ant age 
( weeks l 

Kuka1au 1/19/82 111 4/82 42 

lo le 1/22/82 11 1 4/82 41 

Wa1p1o 2/17/82 111 1/82 37 

Moloka1 2/22/82 10/19/82 35 

For analys1s the youngest fully developed leaf was cut clase to 
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the blade to exclude the pet1ole Each compos1te sample of e1ght leaves 

was collected from each row as of the cropp1ng pattern descr1bed 1n 

F1 gure 3 1 

Fourteen samples were collected from the Wa1p1o s1te and seven 

samples per exper1ment were collected from the Kuka1au and Iole s1tes 

for a total of 14 samples per s1te 

Table 3 9 g1ves the age and sampl1ng date of the taro exper1ments 

Each taro sample was cleaned and stored the same way as cassava leaves 

3 4 Laboratory analyses 

Th1s study 1nvolved many laboratory techn1ques, wh1ch were 

standard1Zed and descr1bed 1n other publ1cat1ons and are ment1oned 

br1efly 1n th1s sect1on However the fract1onat1on of oxalates from 

plant t1ssue and the1r measurements by the h1gh performance l1qu1d 

chromatography (HPLC) techn1que was newly developed 1n th1s study 1n 



Table 3 9 

Plant1ng date sampl1ng date and age of taro crops at sampl1ng 

S1te Plant1ng date Samp 11 ng date Age at sampl1ng date 
(weeks) 

Kuka1au 4/13/82 11 14/82 29 
!ole 4/14/82 11/4/82 29 
Wa1p10 5/3/82 1111/82 26 

order to obta1n data for obJectlves and 3 of th1s study The 

techn1ques are descr1bed 1n sect1on 3 6 

3 4 1 Pl ant 

Determ1nat1on of dry we1ght and mo1sture content 

of plant t1ssue 

To obta1n mo1sture content of plant t1ssue (edlble part) and at 

the same t1me to obta1n dry plant mater1al for chem1cal analyses the 

frozen plant mater1als were freeze-drled at 40°C Freeze-dry1ng 1s 

an effect1ve techn1que to obta1n dry plant mater1al for analys1s of 

organ1c compounds Through th1s techn1que plant mater1al can be dr1ed 

at low temperatures thus avo1d1ng changes 1n organ1c compounds 

The mo1sture contents of ed1ble parts of amaranth were obta1ned 
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by subtract1ng the freeze-dr1ed we1ghts from the frozen we1ghts Ory 

we1ghts of harvested plants (10 plants) were then ca1cu1ated from the1r 

fresh we1ghts and the correspond1ng mo1sture contents In the case 

of the !ole 1rr1gated plants, after the dry we1ght per plot was 



obta1ned, the value was adJusted to represent the 10 plants, because 

less than 10 plants were harvested from these p1ots (Table 3 7) 
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Mo1sture contents of cassava and taro were obta1ned by subtract1n9 

the freeze-drled we19ht from the fresh we19ht 

The freeze-drled plant mater1als were 9round to f1ne powder for 

further chem1cal ana1yses 

Determ1nat1on of sap pH 

Approx1mately 1 9 of freeze-dr1ed 9round plant mater1al was m1xed 

w1th 10 9 of de1on1zed water for pH measurement 

Determ1nat1on of total n1tro9en 1n p1ant t1ssue 

Total-N 1n plant t1ssue was d19ested 1n a mlcro-KJeldahl apparatus 

and measured by a color1metr1c procedure us1n9 a Techn1con autoanalyzer 

(C1ements, 1980) 

Determ1nat1on of 10n1c and trace element contents 
1n plant t1ssue 

Concentrat1ons of Cat1ons (Ca, M9, K, and Na) and an1ons 

(P (H3Po4 -¡, S (So4
2-¡ and Cl), and sorne trace elements 1nclud1n9 

Al, Mn, Zn, Cu, Fe and S1 were determ1ned by a x-ray f1uorescence 

spectrometer, mode1 72 000 manufactured by App1led Research Laborator1es 

N1trate-N was determ1ned by the H2so4-sal1cyl1c ac1d method 

(Cataldo et al , 1975) Boron was determ1ned by automated carm1n1c 

ac1d-phenol method (Clements 1980) The techn1con autoanalyzer was 

used as the ma1n ana1ytlcal apparatus for both n1trate-N and B deter-

m1nat1ons 

The concentrat1ons of all maJor cat1ons and an1ons were expressed 
-1 1n the un1ts of cmo1 kg on a dry we1ght bas1s wh1ch 1s 1dent1ca1 to 



the un1t of me/100 g on a dry we1ght bas1s, for comparat1ve (10n1c 

balance study) purposes and as percent of dry we1ght for general 

quant1tat1ve purposes 

Determ1nat1on of oxalate 1n plant t1ssue 

Th1s cons1sted of the extract1on of the total as well as var1ous 

fract1ons of oxalate and the subsequent measurement of oxal1c ac1d 

concentrat1ons by the HPLC techn1que The deta1led procedures are 

descr1bed 1n sect1on 3 6 

The concentrat1ons of oxalates were expressed 1n cmol kg-l on a 

dry we1ght bas1s and percent of dry we1ght for the purposes stated 

earl1er 

Determ1nat1on of bases 1n the oxalate 

fract1onat1on extracts of plant t1ssue 

The water soluble fract1on and water 1nsoluble but ac1d soluble 

fract1on were analyzed for Ca, Mg, K and Na concentrat1ons Ca and 
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Mg were determ1ned 1n an atom1c absorpt1on spectrophotometer (Perkln 

and Elmer Model 303) and K and Na on a flame photometer (Coleman Jun1or 

II, Model 6/20) 

a dry we1ght bas1s 

3 4 2 So1ls 

-1 The concentrat1ons were expressed as cmol kg on 

To character1ze the agroenv1ronment further so1l chem1cal analyses 

for the1r total N excrangable bases and P contents were conducted 

So1l samples from only the amaranth plots were chem1cally analyzed 

So1l data for cassava and taro were obta1ned from the so1l analys1s 

of 1983 of the Benchmark So1ls ProJect 
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Determ1nat1on of total-n1trogen 1n so1ls 

The total-N 1n so1ls was determ1ned us1ng the m1cro-KJeldahl method 

(So1l Conservat1on Serv1ce USDA, 1972) So1l samples we1gh1ng O 5-l g 

and a catalyst m1xture of K2so4 Feso4 Cuso4 Se=7 9 1 1 O 1 by we1ght 

were used Ammon1a was collected 1n bor1c ac1d and t1trated w1th O 0371 

or O 0519 ~ H2so4 depend1ng on the N concentrat1ons 

total-N determ1nat1on d1d not 1nclude N0 3-N 

Th1s method of 

Determ1nat1on of exchangeable bases 1n so1l5 

Exchangeable bases (1 e , Ca, Mg, K and Na) were extracted from 

10 g of a1r-dr1ed 5o1ls w1th 15 ml of 1 ~ NH 40Ac After the extract 

was f1ltered, the f1ltrate volume wa5 made up to 100 ml (So11 Conserva-

t1on Serv1ce USDA, 1972) Calc1um and Mg were determ1ned by atom1c 

absorpt1on spectrophotometry and K and Na by flame photometry 

Determ1nat1on of extractable phosphate 1n 50115 

One gram of oven-dr1ed so1l was extracted w1th lOO ml of mod1f1ed 

Pho5phoru5 concen-

trat1on wa5 determ1ned color1metr1cally us1ng ammon1um oaramolybdate 

and ascorb1c ac1d as color developer (Ayres and Hag1hara 1952, Olsen 

and Sommers, 1982) 

3 5 Data analys15 

The Stat15t1cal Analys1s System (SAS) computer package was used 

for the analys15 of var1ance, means compar1son5 and correlat1on and 

regres510n analyses 

In amaranth the fert1l1zer treatments w1th1n each 1rr1gat1on 

exper1ment were arranged 1n a random1zed complete block des1gn and 
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analyzed accord1ngly The effects of 1rr1gat1on fert1l1zer and the1r 

1nteract1ons at each s1te were analyzed as 1f the exper1ment was a spl1t 

plot des1gn w1th 1rr1gat1on as the ma1n plots and fert1l1zer treatments 

as the subplots The d1ff1culty 1n random1z1ng the 1rr1gat1on treatment 

necess1tated th1s approach and therefore the 1nterpretat1on of the 

stat1st1cal analys1s requ1res sorne caut1on 

The effects of s1tes and var1ous 1nteract1ons were analyzed us1ng 

the spl1t spl1t plot des1gn w1th s1te as the ma1n plots, 1rr1gat1on 

as the subplots and fert1l1zer as the sub-subplots 

For the cassava study, all s1tes had 1rr1gated exper1ments but 

only the Moloka1 and Wa1p1o s1tes had both 1rr1gated and non-1rr1gated 

tr1als In the taro study, the Kuka1au and !ole s1tes had both 

1rr1gated and non-1rr1gated exper1ments wheras the Wa1p1o s1te had only 

1rr1gated exper1ments No taro exper1ment was conducted at the Moloka1 

s1te S1nce the 1rr1gated exper1ments were conducted at all s1tes 

the effect of s1te on plant chem1cal compos1t1on was tested on data 

collected from the 1rr1gated exper1ments 

The effect of 1rr1gat1on was analyzed for each s1te conta1n1ng 

both types of exper1ments, and the effect of s1te by 1rr1gat1on lnter

actlon was obta1ned by comb1n1ng the 1rr1gated and non-1rr1gated cassava 

exper1ments from the Wa1p1o and r4olokal s1tes and by comb1n1ng the 

1rr1gated and non-1rr1gated taro exper1ments from Kuka1au and !ole 

The Duncan-Waller s mult1ple range test was used for compar1ng 

the effects of s1te and fert1l1zer on amaranth and the effect of s1te 

on cassava and taro Th1s test 1s appropr1ate for cases w1th unequal 

subclass numbers as was the case w1th the cassava and taro exper1ments 



In arder to evaluate results affected by treatment 1nteract1ons 

the least s1gn1f1cant d1fference (LSD) analys1s was employed because 

the Duncan-Waller's mult1ple range ~ests only compare ma1n effects 
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The relat1onsh1ps between var1ous plant, so1l and weather var1ables 

were 1nvest1gated through correlat1on and regress1on techn1ques 

Mult1ple regress1on models were used to assess the effects of cl1mat1c 

and so1l var1ables on oxalate and n1trate contents of amaranth cassava 

and taro 

3 6 Deve1opment of methods for oxalate extract1on fract1onat1on 

and determ1nat1on 

The development of these methods was des1gned to meet the con

d1t1ons for organ1c ac1d determ1nat1on by h1gh performance l1qu1d 

chromatography (HPLC) 

3 6 1 Extract1on of total oxalate from p1ant t1ssue 

Th1s was essent1ally the standard techn1que descr1bed 1n AOAC 

(Horw1tZ, 1975) w1th m1nor mod1f1cat1ons 

Freeze-dr1ed, f1nely ground plant mater1al we1gh1ng 2 5 g was 

bo1led for 30 m1nutes 1n 300 ml of 1 1 N HCl (55 m1 6 N HCl and 245 

ml d1st1lled water) Two to three drops of capryl1c alcohol were added 

to prevent foam1ng dur1ng bo1l1ng 

The bo1led m1xture was allowed to cool to room temperature and 

1ts volume subsequently adJusted to 500 ml w1th d1st1lled water It 

was then f1ltered through Whatman 4541 f1lter paper The f1rst lOO ml 

of the f1ltrate was d1scarded and the rema1n1ng f1ltrate was s•ored 

1n a refr1gerator at 4°C for subsequent oxalate determ1nat1on by the 

HPLC techn1que 
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3 6 2 Extract1on of oxalate fract1ons 

Prev1ous f1nd1ngs such as those of Baker (1952), Mo1r (1953), 

S1ngh and Saxena (1972) and Hodgk1nson (1977), suggest that oxalates 

should be fract1onated 1nto 3 parts, namely free oxal1c ac1d, hot water 

soluble oxalate and hot ac1d soluble (hot water 1nsolublel oxalate 

Free oxal1c ac1d 1s known to be h1ghly soluble 1n ethanol at room 

temperature, wh1le the other forms of oxalate, such as K-, Ca- Mg-, 

Na- and NH 4-oxalates are 1nsoluble (Weast 1973) 

used to extract free oxal1c ac1d 

Thus, ethanol was 

Potass1um- Na-, NH4-oxalates and to a lesser extent Mg oxalate 

are known to be water soluble and the1r solub1l1t1es 1ncrease w1th 

1ncreas1ng temperature (Weast 1973, Hodgk1nson, 1977) 

was, therefore used to extract th1s fract1on 

Bo1l1ng water 

Calc1um oxalate and to a lesser extent Mg oxalate are known to 

be relat1vely 1nsoluble 1n water (Weast 1973, Hodgk1nson 1977) 

Therefore hot ac1d, s1m1lar to that used to extract total oxalate 

was used to extract th1s fract1on 

Procedure for extract1on of oxalate fract1ons 

Freeze-dr1ed, f1nely ground plant mater1al we1gh1ng one gram was 

shaken for one hour 1n 30 ml of 95% ethanol The m1xture was f1ltered 

through ashless f1lter paper and subsequently washed w1th ethanol 

The f1ltrate was made to 100 ml volume w1th ethanol 

used for free oxal1c ac1d determ1nat1on 

Th1s extract was 

The plant res1due on the f1lter paper was dr1ed to room temperature 

and was transferred 1nto a 600 ml beaker One hundred ml of d1st1lled 

water were added to the beaker along w1th two to three drops of capryl1c 
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alcohol to prevent foam1ng The m1xture was bo1led for 30 m1nutes 

After cool1ng to room temperature 1t was f1ltered through fast, ashless 

f1lter paper 1nto a 200-ml volumetr1c flask The volume was made up 

w1th d1st1lled water Th1s extract was used for the determ1nat1on of 

water soluble oxalate, Ca, Mg, K and Na contents 

The wet plant res1due on the f1lter paper was transferred toa 

1000-ml beaker along w1th 150 ml of d1st1lled water 27 5 ml 6 N HCl 

anda few drops of capryl1c alcohol The m1xture was bo1led for 30 

m1nutes After cool1ng to room temperature ~he content was poured 

1nto a 250-ml volumetr1c flask and the volume was made up w1th d1st1lled 

water The content 1n 250-ml volumetr1c flask was f1ltered through 

fast, ashless f1lter paper {Whatman #541) The f1rst lOO ml of the 

f1ltrate was d1scarded and the rema1nder was kept for determ1nat1on 

of 1nsoluble oxalate Ca, Mg, K, and Na contents 

3 6 3 Preparat1on of the samples from the dlfferent oxalate 

fract1on for HPLC analys1s 

An al1quot of 1-2 ml from each extract was p1petted 1nto a test 

tube W1th the except1on of the alcohol extract, all al1quots were 

evaporated to dryness 1n a vacuum oven at 40-42°C Th1s process took 

approx1mately 5-8 hours The al1quots from the alcohol extract were 

evaporated 1n an a1r convect1on oven at 40°C The dry res1dues were 

d1ssolved 1n 10 ml of O 013 ~ H2so4 s1nce thls ac1d was al so used as 

the standard eluent {mob1le phase) for the 10n exchange column of the 

HPLC 

After each res1due was d1ssolved 1n O 013 ~ H2so4 the solut1on 

was f1ltered through Whatman ifl f1lter paper and ref1ltered through 
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a spec1al f1lter 'Sep Pak , manufactured spec1f1cally for HPLC use 

The solut1on prepared from ethanol extract requ1red several ref1lter1ngs 

w1th Sep Pak' (Water Assoc , Mass ) to remove color The f1nal 

solut1on pr1or to analys1s by HPLC was clear and colorless 

were frozen 1f an 1mmed1ate HPLC run was not poss1ble 

3 6 4 Descr1pt1on of oxalate determ1nat1on by HPLC techn1que 

The samples 

The 1nstrument wh1ch 1s called collect1vely HPLC cons1sted of an 

automat1c 1nJector, a h1gh pressure pump a chromatograph1c column 

a detector and an 1ntegrator 

The automat1c 1nJector (M1cromer1t1csModel 725, Norcross Georg1a 

30093) enables the samples to be fed to the system automat1cally 

Approx1mately O 8 ml was requ1red from each sample The samples were 

placed 1n spec1al glass v1als w1th a t1ghtly f1tt1ng plast1c stopper 

The stoppered v1als conta1n1ng the samples were arranged 1n a self

revolv1ng tray attached to the 1nJector A needle wh1ch automat1cally 

penetrated the plast1c stopper of the v1al fed sample solut1ons to the 

column 

The column pressure was ma1nta1ned between 1500-1850 ps1 w1th a 

Beckman solvent meter1ng pump Model llOA The pressure 1s determ1ned 

by the flow rate and the chem1cal nature of the mob1le phase In most 

cases the flow rate was ma1nta1ned at O 6-0 8 ml/m1nute 

The chromatographlc column 1s known as an 10n exchange column 

It detects and measures organ1c ac1ds by 10n exclus1on and part1t1on 

chromatography by means of a strong cat1on exchange res1n Am1nex 1on 

exclus1on HPX-87, manufactured by BIO-RAD In general organ1c ac1ds 



emerge from the column 1n the order of 1ncreas1ng pKa when d1lute 

sulfur1c ac1d 1s used as the solvent 

The detector used was a comb1nat1on of the Model 100-10 H1tach1 

spectrophotometer and Beckman's Altex spectrophotometer flow cells 
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The comb1nat1on results 1n a h1gh performance var1able wavelength 

absorbance detector for use 1n l1qu1d chromatography For organ1c ac1d 

analys1s, the UV wavelength of 210 nm was used 

A small, s1ngle-channel plott1ng/report1ng 1ntegrator Model 3390A 

Hewlett and Packard was also a part of the assembly 

M1nor mod1f1cat1on of the procedures 

H1gh n1trate content 1n the leaf t1ssue 1nterfered w1th oxalate 

determ1nat1on by the HPLC column N1trate and oxalate have the same 

absorbance wavelength (210 nm) and the1r retent1on t1mes are very close, 

espec1ally when O 013 ~ H2so4 1s used as the eluent Th1s eluent d1d 

not perm1t the complete separat1on of oxalate and N0 3 Better 

separat1on was ach1eved when more concentrated sulfur1c ac1d (1 e 

O OS N) was used However, when the column was replaced w1th a new 

one of the same spec1f1cat1on, 1t was found that O OS ~ H2so4 by 1tself 

was not suff1c1ent to separate N03 and oxalate The use of S% 

aceton1tr1le w1th O OS~ H2so4 resulted 1n better separat1on of oxalate 

and N0 3 However aceton1tr1le shortened the l1fe span of the column 

Use of an 1nternal standard to study oxalate recovery 
from HPLC determ1nat1on 

Dur1ng each HPLC run, recovery study was run s1multaneously, by 

us1ng an 1nternal standard For th1s purpose O 1 ml of 1 000 ppm 



standard oxal1c ac1d was added to a two ml al1quot of plant extract 

Th1s sp1ked' sample (F1gure 3 21 was run 1n dupl1cate The rest of 

the procedure rema1ned the same as descr1bed 1n sect1on 3 6 3 The 
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10 ml sp1ked sample (sect1on 3 6 31 conta1ns oxal1c ac1d from the plant 

extract and 1nternal standard As shown 1n F1gure 3 2, the add1t1on 

of O 1 ml of 1,000-ppm oxal1c ac1d should result 1n a 10 ppm h1gher 

concentrat1on for 100% recovery 

The percent recovery was calculated by tak1ng the d1fference 1n 

oxalate concentrat1on between the sp1ked and non-sp1ked sample Th1s 

d1fference d1v1ded by the concentrat1on of the added 1nternal standard 

1s the fract1on recovered Th1s value was used to adJUSt all HPLC 

read1ng to 100% oxalate recovery 

3 6 5 Compar1son of the class1cal and HPLC methods of 

oxalate determ1nat1on 

In order to measure the several forms of oxalate 1n plant t1ssue, 

1t 1s necessary to use sens1t1ve methods of analyses In th1s exper1-

ment the recover1es of var1ous forms of oxalate us1ng the class1cal 

and HPLC methods of oxalate determ1nat1on were compared Analyt1cal 

grades of oxal1c ac1d and three forms of oxalate were used to prepare 

a range of solut1on concentrat1ons as shown 1n Table 3 10 Al1quots 

of these work1ng standards were analyzed by both the HPLC and class1cal 

methods 

The class1cal procedure 

The class1cal techn1que for oxalate determ1nat1on (Horw1tz 19751 

- 1S based on the prec1p1tat1on of oxalate 1n the plant extract as Ca 
"' 

l 
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1 j 
~ .. =~5 .J.. --- -----5 57 -6 --r 09 r 
' 

Run 1517 Run 1518 
ft 

* -Rl' Area .l\IIOUnt RT Area Al1cunt 
(ppn) (ppal 

S 57 691950 3 394 5 58 818160 4013 
6 09 563130 21 481 611 826990 31 546 

'Non-splked 1 'Spl.ked' 

F1gure 3 2 HPLC chromatograms 1llustrat1ng the resolut1on of n1trate 
(upper) and oxalate peaks and the d1fference between 
sp1ked (r1ght) and non-sp1ked samples 
*RT = Retent1on t1me 1n m1nutes 

6 
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Table 3 10 

Standard solut1ons of oxal1c ac1d and oxalates 

Form Formula and Concentrat1on of oxalate 2-10n (C204 ) 
formula we1ght (ppm) 

Oxa 1 1 e HOCOCOOH 2H20 1000 500 250 125 62 5 6 3 

ac1d (126 00) 

Sod1um Na2c2o4 656 7 328 4 164 2 82 1 41 o 4 1 

oxa1ate ( 1 34 00) 

Ammon1um (HH4 l 2c2o4 H20 709 o 345 5 177 2 88 6 44 3 4 4 

oxalate ( 142 12) 

Potass1 um K2c2o4 H20 529 4 264 7 132 3 66 2 33 1 3 3 

oxalate (184 24) 

oxalate at pH 4 to 5, and the subsequent t1tr1metr1c or spectrophoto

metrlc determ1nat1on of Ca 

An al1quot of 20 ml of each standard oxalate solut1on shown 1n 

Table 3 10 was p1petted 1nto a beaker The pH of the al1quot was 

adJusted to 4-4 5 w1th concentrated NH 40H Then 5 ml of a calc1um 

oxa1ate so1ut1on 1n acetate buffer (pH 4 5) were added The m1~ture 

was allowed to stand overn1ght at room temperature to prov1de enough 
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t1me for Ca oxalate to prec1p1tate Th1s was centr1fuged at 3 000 rpm 

for 15 m1nutes After removal of the supernatant l1qu1d the prec1p1tate 

was washed tw1ce w1th a f1ne Jet stream of 20 ml f1ltered cold wash 

F1ve ml of 10% H2so4 were added to d1ssolve the Ca exalte 
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and the contents quant1tat1ve1y transferred and made to vo1ume 1n a 

25-m1 vo1umetr1c f1ask w1th 1 N HC1 The Ca 1n th1s so1ut1on was 

measured by atom1c absorpt1on spectrophotometer 

The HPLC procedure 
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The standard oxa11c ac1d and oxa1ate so1utlon (Tab1e 3 10) were 

ana1yzed dlrect1y w1thout samp1e preparat1on because of the1r h1gh 

pur1ty The resu1t1ng peak he1ghts are shown 1n Tab1e 3 11 and re1ated 

to oxa1ate concentrat1on as 111ustrated 1n F1gure 3 3 

As shown 1n Tab1e 3 12 the c1ass1ca1 method gave good resu1ts 

between the range of 325-700 ppm but overest1mated oxa1ate content be1ow 

300 ppm and underest1mated the true va1ue above 700 ppm 

The HPLC method resu1ted 1n a curv111near re1at1onsh1p between 

peak he1ght and oxa1ate 10n concentrat1ons (Flgure 3 3) A 11near 

re1at1onsh1p was found between 0-125 ppm (F1gure 3 3) The part1cu1ar 

chromatographlc co1umn used 1n th1s exper1ment cou1d not detect oxa11c 

ac1d be1ow 6 3 ppm (Tab1e 3 12), but throughout much of th1s study there 

was ev1dence that th1s techn1que cou1d determ1ne oxa11c ac1d concentra

tlons as 1ow as 2 ppm 01fferent forms of oxa1ate sa1ts had lltt1e 

effect on the accuracy of oxalate determ1nat1ons for both techn1ques 

Th1s study shows that the HPLC 1s a good method for p1ant oxalates 

because the concentrat1on range 1n p1ant extract samp1es (10-100 ppm) 

fa11s w1th1n the l1near range 
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Tab1e 3 ll 

2-Re1atlOOShlpS between oxa1ate 1on (C 2o4 ) concentrat1ons 
and HPLC peak he1ght 

2-c2o4 concentrat1on Peak he1ght 
(ppm) (cm) 

33 1 o 9 

41 o 1 o 
44 3 2 

62 S 1 7 

66 2 1 8 

82 1 2 2 

88 6 2 4 

12S o 3 3 

132 3 3 9 

164 2 4 8 

177 2 S 2 

2SO o 7 4 

264 7 8 8 

328 4 ll o 
3S4 S 12 S 
soo o 16 4 
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Table 3 12 

Compar1son of oxalate content determ1ned by the 
class1cal and HPLC methods 

Na oxalate 

NH 4 oxalate 

K oxa1 ate 

Oxal 1c ac1d 

Standard concentrat1on Measured concentrat1on 
________ (ppml ________ _ 

656 7 
328 4 
164 2 
82 1 
41 o 

4 1 

709 o 
354 5 
177 2 
88 6 
44 3 
4 4 

529 4 
264 7 
132 3 

66 2 
33 1 

3 3 

1000 
500 
250 
125 

62 5 
6 3 

Class1cal 

663 4 
329 7 
192 5 
1 01 5 

718 1 
350 6 
215 8 
120 o 

551 o 
275 8 
157 8 
90 6 

840 o 
476 2 
265 7 
140 5 

HPLC* 

336 2 
157 6 
82 5 
37 5 

n d ** 

378 2 
169 4 

90 o 
45 o 

n d 

273 8 
131 o 
67 5 
33 8 

n d 

485 3 
233 5 
123 8 

63 8 
n d 

* The regress1on equat1on y = O 1906 + 37 3293x 1n F1gure 
3 3 was used to calcu1ate oxalat2 concentra~1ons below 125 ppm 
but y = 13 83 + 30 46 x - O 10 x was used for concentrat1ons 
greater than 125 ppm 

** Non-detectable due to exceed1ngly low concentrat1ons 
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3 6 6 Oxalate recovery from the extract1on and fract1onat1on 

of plant mater1als 

Th1s part of the study cons1sted of three parts wh1ch are called 

Recovery !, Recovery ll and Mg oxalate solub1l1ty The Recovery I 

exper1ment was conducted for the purpose of assess1ng the recovery of 

total, Ca- K- and Mg oxalates from plant mater1al us1ng the total 

oxalate extract1on and oxalate fract1onat1on techn1ques descr1bed 1n 

sect1ons 3 6 1 and 3 6 2 S1nce Mg oxalate 1s part1ally soluble 1n 

hot water, the Recovery ll exper1ment was conducted for the purpose 
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of assess1ng the recovery of only the total, Ca- and K oxalates from 

plant mater1al us1ng the techn1que descr1bed 1n sect1ons 3 6 1 and 3 6 2 

Concentrat1ons of the 1nternal standards used for these recovery stud1es 

are g1ven 1n Table 3 13 

Based on publ1shed chem1cal data (Weast, 1973) three assumpt1ons 

were made (1) that K oxalate was totally soluble 1n bo1l1ng water 

(2) that Ca oxalate was totally 1nsoluble 1n hot water but was totally 

soluble 1n hot ac1d, and (3) that Mg oxalate was part1ally soluble 1n 

hot water and also soluble 1n hot ac1d 

A magnes1um oxalate solub1l1ty exper1ment was conducted to measure 

the proport1on of Mg oxalate wh1ch 1s soluble 1n hot water and 1n hot 

ac1d The results from th1s exper1ment were used to calculate recovery 

of Mg oxalate 1n the recovery I exper1ment The two recovery exper1-

ments made use of added 1nternal standards as descr1bed 1n sect1on 

3 6 4 The exper1ment 1ncluded a set of controls wh1ch d1d not 

rece1ve oxalate 1nternal standards The dlfference 1n oxalate concen

tratlon between the treated and the control samples was the added 
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concentrat1on of 1nternal standards to the treated' samples 

was calculated as follows 

Recovery 

% recovery = ppm of 'treated sample - ppm of 'control sample 

Actual concentrat1on (ppm) of oxalate 1nternal 
standard added 

Magnes1um oxalate solub1l1ty exper1ment 

X 100 

Three repl1cat1ons of O 0659 g of analyt1cal grade Mg oxalate 

(MgC2o4 2H 2ol were we1ghed and placed 1n 250-ml beakers One hundred 

ml of d1st1lled water a volume equal to the amount used to extract 

water soluble oxalate fract1ons were added to the beakers The contents 

were bo1led for 30 m1nutes, cooled to room temperature, f1ltered through 

~40 Whatman f1lter paper 1nto a 200-ml volumetr1c flask and made up 

to volume w1th d1st1lled water Th1s 1s the same treatment that was 

used for plant samples except that #40 f1lter paper was used here 

A 1 ml al1quot was d1luted 25 t1mes w1th d1st1lled water and 

magnes1um was determ1ned 1n th1s solut1on by atom1c absorpt1on 

spectrophotometry 

The Mg concentrat1on was converted to an equ1valent amount of Mg 

oxalate Th1s port1on of Mg oxalate was cons1dered to be water soluble 

By subtract1ng th1s soluble port1on from the total Mg oxalate or1g1nally 

added the quant1ty of water 1nsoluble port1on was obta1ned 

On an average 72 1~ of the Mgc 2o4 2H 2o was soluble 1n bo1l1ng water 

wh1le 27 9r was 1nsoluble (Table 3 14) These percentages were taken 

to represent the solub1l1ty of plant Mg oxalate However, 1t should 

be emphas1zed that th1s exper1ment d1d not s1mulate the true cond1t1ons 

of plant samples where other oxalates m1ght 1nterfere w1th the 



solub1l1ty of Mg oxalate The solub1l1ty obta1ned w1th reagent grade 

Mg oxalate may overest1mate the solub1l1ty of Mg oxalate 1n plant 

mater1als and underest1mate the amount of 1nsoluble Mg oxalate 

Recovery l exper1ment 

Dr1ed, ground plant mater1al we1gh1ng 1 g was transferred to a 

250-ml beaker Care was taken to keep sample we1ghts between 1 0000± 
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O 0001 g to allow for d1rect computat1on of recovery from HPLC read1ng 

1n ppm For the 'treated samples 1nternal standards of O 0409, O 0324 

and O 0658 grams of K-, Ca- and Mg oxalates, respect1vely were added 

These quant1t1es were pre-calculated to enable the f1nal oxalte concen

tratlon to be read d1rectly from the HPLC 

The results showed that recover1es of the water soluble fract1on 

and total oxalate were low, wh1le the 1nsoluble fract1on exceeded 100% 

{Table 3 15) These results appear to support the concern regard1ng 

the decreas1ng effect that plant oxalates could have on the recovery 

value of Mg oxalate determ1ned on the pure reagent grade salt 

Recovery Il exper1ment 

To el1m1nate the uncerta1nty regard1ng the solub1l1ty of ~g oxalate 

1n bo1l1ng water the add1t1on of Mg oxalate crystals were excluded 

1n the Recovery !! exper1ment The procedures otherw1se were the 

same as those of the recovery exper1ment 

The recover1es of oxalate 1n the water soluble and water 1nsoluble 

fract1ons were close to 100% {Table 3 16) These recover1es are con-

s1dered sat1sfactory and 1nd1cate that all ~ oxalate and Ca oxalate 

are recoverable by the methods of fract1onat1on and extract1on employed 

1n th1s study 



~-•Lll'' 

Oxalate fract1ons 

Soluble oxalate 

Insoluble oxalate 

Total oxalate 

Table 3 13 

Concentrat1ons of 1nternal standards for three forms of oxalate 
used 1n the recovery exper1ment 

K oxalate Ca oxalate Total for Recovery Mg oxalate 
11 

(al (b) (a)+(b) (el 
(ppml 

16 o o o 16 o 11 5* 

o o 8 o 8 o 4 5 

16 o 8 o 24 o 16 o 

*Us1ng 72 11 solub1l1ty value 

Total for Recovery 
l 

(a)+(b)+(c) 

27 5 

12 5 

40 o 

00 ..... 



Table 3 14 

Solub1l1ty of magnes1um oxalate 1n hot water 

Port1on of Mg oxalate Mg oxalate 

mg r total 

Total amount added 65 8 lOO O 
Bo1l1ng water soluble 46 5 72 1 
Bo1l1ng water 1nsoluble 19 4 27 9* 

(acld soluble) 

*A prel1m1nary exper1ment showed that Mg oxalate was completely 
soluble 1n hot ac1d 

Tab 1 e 3 15 

Recovery of water soluble water 1nsoluble and total oxalate 
(Recovery 1 exper1mentl 

Treatments Oxalate concentrat1ons 1n d1fferent fract1ons 

Water Water 
soluble (1) 1nsoluble 

Treateda (ppm) 22 9 50 9 
Controla (ppm) 13 5 26 6 

01fferencea (ppm) 9 4 24 3 
Recovery ( rl a 34 2b 194 4c 

a Means of 3 repl1cates 
b Calculat1on ( 9 4/27 5) x 100 
e Calculat1on (24 3/12 5) x 100 
d Calculat1on (33 7/40 0) x 100 

Tota 1 
(2) (1 )+(2) 

73 8 
40 4 
33 7 
84 3d 

Total 
analyzed 

70 3 

41 2 

29 1 

72 8 

88 



Table 3 16 

Reeovery of water soluble, water 1nsoluble and total oxalate 
(Reeovery II exper1mentl 

Treatments Oxalate eoneentrat1ons 1n d1fferent fraet1ons 

Water Water Total Total 
soluble (1) 1nsoluble ( 2) (1 )+(2) analyzed 

Treateda ( ppm) 36 2 48 8 85 o 87 2 
Controla (ppm) 19 3 40 6 59 9 61 6 
D1ffereneea (ppm) 16 9 8 2 25 1 25 6 

Reeovery (%)a 1 os 6b 102 se 104 6d 106 7 

a Means of 3 repl1eates 
b Caleulat1on (16 9/16 O) X 100 
e Caleulat1on ( 8 2/ 8 0) X 100 
d Caleulat1on, (25 1/24 0) X 100 

3 7 So1l and weather eharaeter1st1es measured spee1f1eally for the 

study of agroenv1ronmental effeets on nutr1t1onal qual1ty of 

food erops 

In order to eharaeter1ze the agroenv1ronment of the exper1mental 

s1tes, measurement of so1l and e11mat1e eomponents of the agroenv1ron-
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ments were undertaken at eaeh s1te So11 data from amaranth exper1ments 

were obta1ned for eaeh exper1mental plot but those from cassava and 

taro exper1ments were already measured and made ava1lable by the Bench-

mark So11s ProJect 

The chem1eal analys1s of the so11 samples from amaranth plots were 

made after the plants were harvested The results of the chem1cal 

ana1ysls of the so1l for the amaranth cassava and taro (Tables 3 17 
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3 18) plots are comparable to the prev1ous results of so1l analys1s 

from the same s1tes (Table 3 3) reported by Ikawa (1979) The Tropept1c 

Eutrustox so1ls 1n Moloka1 and Wa1p1o had h1gher exchangeable bases 

than the Hydr1c Dystrandepts so1ls of !ole and Kuka1au as 5hown 1n 

Table5 3 17 and 3 18 On the other hand, the Tropept1c Eutru5tox 5011 

at Wa1p1o had s1gn1f1cantly lower total N content than the Hydr1c 

Dy5trandept5 50115 of !ole and Kuka1au (Table 3 17) H1gher P contents 

were found 1n the Kuka1au so1l than the so1ls from the other s1tes as 

shown 1n Tables 3 17 and 3 18 Th1s was l1kely res1dual P from prev1ous 

heavy P appl1cat1ons on the Kuka1au so1l 

S1nce the 1rr1gated and non-1rr1gated plots were not s1tuated 

adJacent to each other 1n all three s1tes of amaranth exper1ments, the 

so1l chem1cal propert1es of both 1rr1gated and non-1rr1gated plots are 

presented 1n Table 3 19 In Kuka1au, h1gher total N and P were found 

1n the 1rr1gated than 1n the non-1rr1gated plots In !ole, h1gher total 

N was found 1n the 1rr1gated plots but h1gher Ca and Mg concentrat1ons 

were found 1n the non-1rr1gated plots In Wa1p1o, h1gher concentrat1ons 

of Na and P were found 1n the 1rr1gated plots but Ca and K were h1gher 

1n the non-1rr1gated plots The d1fference 1n so1l chem1cal propert1es 

between 1rr1gated and non-1rr1gated plots can result 1n d1fferences 

1n plant chem1cal compos1t1on 

There are d1st1nct d1fferences regard1ng the cl1mat1c factors of 

the four exper1mental s1tes Kuka1au and !ole s1tes are genera11y 

wetter than the Wa1p1o s1te (Tables 3 20 3 21 3 22) However the 

Moloka1 s1te although cons1dered to be a dry s1te dueto low ra1nfall 

hada h1gher relat1ve hum1d1ty than the other three s1tes (Table 3 21) 



91 

The Kuka1au and !ole s1tes rece1ved lower solar rad1at1on and had 

lower a1r and so1l temperatures than the Moloka1 and Wa1p1o s1tes 

(Tables 3 20, 3 21, 3 22) Both Kuka1au and !ole s1tes were s1tuated 

1n h1gher elevat1ons and because of the frequent cloud cover assoc1ated 

w1th frequent ra1ns and cool temperatures, the energy supply was lower 

compared to the Wa1p1o and Moloka1 s1tes 

Compar1ng the two s1tes at the Island of Hawa11, !ole tended to 

be cooler as 1nd1cated by lower a1r and topso1l temperatures and solar 

rad1at1on (Tables 3 20, 3 21, 3 22) S1nce the non-1rr1gated amaranth 

1n Wa1p1o were left 1n the f1eld much longer than 1ts 1rr1gated counter-

part, 1t rece1ved almost 5 t1mes more ra1n than the 1rr1gated amaranth 

(Table 3 20) A s1m1lar s1tuat1on was observed 1n !ole s1nce 1rr1gated 

and non-1rr1gated plants were harvested at d1fferent t1mes 

Table 3 17 

Chem1cal analys1s of so1ls at three d1fferent exper1mental s1tes 
used for the amaranth exper1ments 

Locat1on total N P Ca Mg K 

% ppm cmol kg-l so1l ----

Kuka1au O 55 A 81 2 A 2 4 e o e o 25 e 
!ole o 48 B 72 9 B 3 3 B 2 B O 32 B 

Wa1p10 O 18 C 78 3 AB S 6 A 3 4 A O 74 A 

*Means 1n the same column w1th the same letters are not 
s1gn1f1cantly d1fferent atO 05 probab1l1ty level 
(Waller-Ouncan's multlple range test) 

Na 

O 09 B 

O 09 B 

O 43 A 



Tab1e 3 18 

Concentrat1ons of sorne nutr1ents 1n so11s at each 
exper1menta1 s1te of cassava and taro exper1ments 

cmo1 kg -1 
SOl 1 ppm 

S1te 

Ca Mg K Na p 

Mo1oka1 4 6 2 o 1 3 o 20 20 2 
Wa1p1o 3 3 3 5 2 1 o 23 81 4 
!ole 3 4 1 4 o 6 o 07 83 8 

Kuka1au 2 6 o 9 o 4 o 07 110 1 
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Table 3 19 

So1l chem1cal analys1s results of 1rr1gated and non-1rr1gated plots 
of three experimental s1tes 

Slte 

Kuka1au 

S1gn1 f1cance 
level (F-test) 

!ole 

S1gn1 flcance 
level (F-test) 

Wa1p10 

S1gn1f1cance 
level (F-test) 

Treatment* Total N 
% 

NI o 54 
1 o 56 

o 0016 

NI o 45 
1 o 50 

o 0003 

NI o 18 
1 o 17 

o 2920 

*NI - non-1rr1gated 
1 = 1rngated 

p 
ppm 

74 3 
88 o 
o 0270 

75 6 
70 2 

o 1459 

70 7 
85 9 

o 0426 

Ca Mg K 

cmol kg-l so1l ----

2 4 o 9 o 23 
2 4 1 o o 27 

o 7231 o 4641 o 5386 

4 o 1 4 o 32 
2 5 1 o o 31 

o 0001 o 0004 o 7053 

5 9 3 3 o 99 
5 3 3 5 o 49 

o 0120 o lb97 o 0001 

Na 

o 08 
o 11 

o 1637 

011 
o 06 

o 1864 

o 11 
077 

o 0001 

\0 
w 
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Table 3 20 

Weather characteristtcs durtng the growtng per1od of amaranth grown at three sttes 

Site lrri Air temperature • Sotl temperature • Relattve Cumulatt~e Solar 
o j OC) • gatton ( C) humtdity ratnfall radhtton 

Topsotl Subsotl 
(SI (mml ( Lang ley) 

Max Mtn Ave M .. Mtn Ave Max Mtn Ave Max Mtn Ave 

Watpto NI 27 3 15 7 21 5 21 1 20 4 20 8 21 9 21 7 21 8 78 7 45 6 62 2 115 6 768 2 

27 o 14 6 20 8 20 3 19 9 20 1 21 7 21 4 21 6 79 5 444 62 o 35 7 696 2 

lo le NI 22 9 13 2 18 1 18 8 18 1 18 5 20 4 20 1 20 3 90 o 55 6 72 8 3320 363 6 

230 13 4 18 2 19 1 18 5 18 8 20 6 20 3 20 5 90 1 57 9 74 o 440 4 371 9 

~u ka tau NI 25 9 16 5 21 2 20 3 19 3 19 8 19 o 19 o 19 o 80 1 50 9 65 5 293 o 391 4 
& 1 

• Averag~ datly values 
b 
Cumulattve values for the whole growtng period 

Wtnd speed • (km/hr) 

7 2 

7 

4 

5 9 

5 o 

• 

"' ... 
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Tab1e 3 Z1 

Weather charactertstics durtng the per1od from plant1ng to samp11ng of cassava gro~n at four s1tes 

5 tte "'' temperature • Sotl temperature • Relattve Cumu ht t~e So lar 
(oC) (OC) • humtdtty ratnfall radtatton 

(1) (mm) (Lang1ey) 
Topsot1 Subsot 1 

Max Mtn Ave Max Mtn Ave Max Mtn Ave Max Mtn Ave 

Ho1okat Z8 1 zo 5 246 z 1 5 Z1 1 z 1 3 zz o Z1 8 Z1 9 97 8 71 o 84 4 441 9 510 o 

Wa1p1o Z9 6 19 3 Z4 5 zz 9 zz 3 zz 6 Z3 6 Zl 3 Zl 5 85 o 53 6 69 3 843 8 481 4 

1o1e Z4 4 16 3 zo 4 zo 7 19 7 19 9 Z1 O zo 4 zo 1 90 9 63 8 77 4 Z3S4 8 3S1 9 

Kukat4u 25 o 11 6 z 1 3 zz 2 Z1 O Z1 6 ZO S ZO S zo 5 8S 5 64 9 7S z 3088 6 310 1 

• Average da1ly values 
b 

Cumulattve values from planttng to sampltng 

Wtnd • speed • 
(km/hrl 

19 o 

1 6 

9 8 

8 

<O 
<11 



Table 3 22 

Weather characteristtcs durtng the period from plant1ng to samp11ng of taro gro•n at three sites 

Site Air temperature • Sotl temperature • Reht1ve Cumulatt~e Solar 
(OC) (OC) • humtdtty ratnfall rad1at1on 

(1) (mm) (Long ley) 
Topsotl Subsotl 

Max Mtn Ave Max Mtn Ave Hax Htn Ave Hax Hin Ave 

Walpto 31 2 19 9 25 6 23 8 23 2 23 S 24 4 24 o 24 2 84 1 51 8 68 o ses o 533 S 

lo le 24 8 16 6 20 7 20 9 20 4 20 7 21 7 21 S 21 6 90 7 64 9 77 8 1363 6 372 S 

Kuka hu zs 9 18 6 22 2 23 3 22 o 22 7 21 3 21 3 21 3 85 3 65 8 75 S 1485 S 392 4 

• Average daily values 

b 
Cumulatt~e values for the period from plant1ng to samp11ng 

Wtnd • speed • 
(km/hr) 

6 9 

9 S 

8 8 

"' (7\ 



CHAPTER IV 

RESULTS ANO DISCUSSION 

The hypothes1s to be tested 1s that the nutr1ent and ant1nutr1ent 

content and therefore the overall compos1t1on of food crops, are 

affected by controlled and uncontrolled env1ronmental factors that 

regulate crop growth, development and performance Th1s was tested 

by grow1ng several test crops 1n a number of env1ronmentally d1fferent 

s1tes The test crops were amaranth, taro and cassava w1th amaranth 

rece1v1ng the greatest attent1on Exper1mental s1tes were located on 

Oahu, Moloka1, and two locat1ons on the 619 Island Hawa11 The s1tes 

var1ed 1n temperature, mo1sture, and rad1at1on reg1mes as well as 1n 

the chem1stry and phys1cs of the substrate The 1mposed treatments 

were fert1l1zer rates and water supply The a1m of th1s study 1s to 

account for the expected var1ance 1n food compos1t1on and crop 

performance 

The effect of both controlled and uncontrolled env1ronmental factors 

on the number of days requ1red for a crop of amaranth to mature 

d1ffered among s1tes, and 1n sorne 1nstances between treatments w1th1n 

s1tes It w1ll become 1ncreas1ngly ev1dent 1n th1s study that env1ron-

mental factors other than those cons1dered 1n th1s study contr1buted 

to var1ances 1n the dependent var1ables In the absence of 1nsects 

weeds and pathogens water nutr1ents and energy supply are expected 

to affect crop performance If Nater nutr1ents and pests are con

trolled, energy supply 1n heat un1ts becomes the maJar contr1butor 
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to d1fferences 1n growth and development Photoper1od can also affect 

crop performance, but 1n the amaranth exper1ment all plant1ngs were 

completed w1th1n a two week per1od and the small lat1tud1nal d1fference 

between Oahu and the B1g Island of Hawa11 was not expected to affect 

daylength 

Th1s chapter 1s wr1tten 1n two parts The f1rst deals w1th the 

effect of controlled and uncontrolled env1ronmental factors on crop 

growth, development, and performance of crops w1th emphas1s on amaranth, 

and the second w1th the effect of env1ronmental factors on the nutr1ent 

and ant1nutr1ent content of the same crops 

4 1 Growth and development of amaranth 

In evaluat1ng the effects of controlled and uncontrolled env1ron-

mental factors on amaranth, three crop-related parameters are cons1dered 

wh1ch 1nclude (1) number of heat un1ts requ1red by amaranth to develop 

from plant1ng to harvest1ng (2) dry we1ght of amaranth, and (3) mo1sture 

content of amaranth 

4 1 Energy ut1l1zed by amaranth for emergence and growth 

All th1ngs be1ng equal the heat un1ts requ1red by plants of the 

same genotype to develop to a part1cular phenolog1cal stage should be 

the same In order to obta1n 1nformat1on about the temperature requlre

ment of amaranth 1n th1s study, heat un1ts 1n degree days 1 were computed 

1Heat un1t (degree daysl 

Heat un1t/day = Tmax + Tm1n T - base 
2 
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for the per1od between plant1ng and harvest of the plants (Table 4 1) 

W1th the except1on of the Iole, 1rr1gated and Wa1p1o non-1rr1gated, 

the number of heat un1ts requ1red by the plants to reach harvest age 

after plant1ng ranged from 581 to 769 degree days (Table 4 1) The 

hlgher cumulat1ve heat un1ts exh1b1ted by Iole, 1rr1gated plants are 

l1kely due to the uneven emergence and the late harvest of these plants 

The h1gher cumulat1ve heat un1ts exh1b1ted by Wa1p1o, non-1rr1gated 

plants are dueto the delayed and uneven emergence result1ng from lack 

of m01 sture 

D1sregard1ng the Wa1p1o, non-1rr1gated and the Iole, 1rr1gated 

treatments for the reason stated above, Iole plants took the longest 

chronolog1cal t1me to reach harvest age But 1n terms of heat un1ts, 

or thermal t1me the Iole plants requ1red nearly 1dent1cal heat un1ts 

to reach harvest age as d1d olants from Wa1p10 Th1s suggests that 

amaranth requ1res the same number of heat un1ts to reach a part1cular 

phenolog1cal stage Because Iole occurs 1n a cooler env1ronment 1t 

takes longer to accumulate the same amount of heat un1ts Accord1 ng 

to a Nat1onal Research Counc1l report (1984), opt1mal germ1nat1on 

temperatures of var1ous access1ons of amaranth var1ed between 16-35°C 

The speed of seed emergence was 1ncreased at the upper end of th1s range 

Iole had the lowest m1n1mum temperature of 13°C (Table 3 20) 

where imax = Max1mum da1ly a1r temperature 
m1 n = ~11 mmum da1ly a1 r temperature 

Tbase = The lowest temperature whereby the metabol1c funct1ons 
and growth of plants ceases The temperature of lOOC 
was used for amaranth 

Heat un1t for a per1od of plant development 1s the sum of heat 
un1ts/day over that per1od 



Table 4 1 

Number of days and heat un1t (degree days} from date of plant1ng 
to harvest 1n the amaranth exper1ments 

Growth Treatment* S1te 
durat1on 

!ole Kuka1au Wa1p10 
Days OPgree Days Degree Days Oegree 

days days days 

Plant1ng NI 95 769 71 581 161 1942 
to harvest I 150 1255 71 581 70 757 

* NI = Non-1rr1gated treatment, I = Irr1gated treatment 
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The lower degree days recorded for the Kuka1au s1te can be 

attr1buted to the early harvest date Although every attempt was made 

to harvest each crop JUSt befare flower1ng, 1t was not poss1ble to 

forecast flower1ng and to be on each 1sland to awa1t the proper harvest 

date 

The fact that 1t took approx1mately 25 add1t1onal days 1n !ole 

non-1rr1gated treatment to accumulate the same number of heat un1ts 

as 1n Wa1p1o clearly 1nd1cates that the agroenv1ronments are d1fferent 

Th1s d1fference 1s essent1al to test the hypothes1s that nutr1ent 

contents of cult1var depends on the agroenv1ronment 1n wh1ch 1t 1s grown 

4 1 2 Ory we1ght 

Based on the concept of equal energy ut1l1zed by plants of the 

same genotype to develop to the same phenolog1cal stage, the dry we1ght 
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compar1sons are made on those that exh1b1ted equal energy ut1l1zat1on 

( Tab 1 e 4 1 ) These 1nclude the dry we1ght compar1son between !ole, 

non-1rr1gated plants and Wa1p1o, 1rr1gated plants, and the compar1son 

between Kuka1au, non-1rr1gated and 1rr1gated plants 
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Table 4 2 shows that the plant dry we1ghts from non-1rr1gated plots 

of !ole (90 S g) and 1rr1gated plots of Wa1p1o (29 S g) were s1gn1f1-

cantly d1fferent Th1s d1fference may be attr1buted almost totally 

to the d1fference 1n agroenv1ronment The mo1sture contents of these 

two groups of plants were s1m1lar as shown 1n Table 4 S and, 1nd1cate 

that 1rr1gat1on 1n Wa1p1o compensated for natural ra1nfall 1n !ole 

As shown 1n Tables 4 24 and 4 2S, total N concentrat1on and uptake 1n 

!ole non-1rr1gated plants were s1gn1f1cantly h1gher than those from 

Wa1p1o 1rr1gated plants Th1s was l1kely because there was more N 

1n the !ole so1l than 1n that of Wa1p1o so1l (Table 3 17) Th1s should 

be the ma1n reason for h1gher dry we1ght 1n !ole 

H1gher dry we1ght from the non-1rr1gated than 1rr1gated plants 

(Table 4 2) was also found by Varde (1984) for soybean and cabbage grown 

1n Kuka1au Tables 4 23 and 4 25 show that uptake of cat1ons an1ons 

and N was h1gher 1n plants from the non-1rr1gated plots than the 

1 rn gated ones 

Phosphate fert1l1zer 1ncreased y1elds s1gn1f1cantly 1n both non-

1rr1gated and 1rr1gated plants 1n Kuka1au and apparently also 1ncreased 

y1elds of non-1rr1gated plants at !ole (Table 4 3) These results con-

f1rm the not1on that P 1s a l1m1t1ng nutr1ent 1n ~ydr1c Dystrandepts 

Appl1cat1on of N fert1l1zer 1ncreased the dry we1ght of Wa1p10 

1rr1gated plants s1gn1f1cantly (Table 4 3) Th1s shows that N was a 

maJor l1m1t1ng nutr1ent 1n the Tropept1c Eutrustox The Benchmark So1ls 



Table 4 2 

Effect of 1rr1gat1on treatment on dry we1ght of amaranth 

Treatment S1te 

Kuka1au !ole Wa1p1 o 

(g/10 plants) 

Non-1 rn gated 65 3 90 sa 31 o 
Irngated 37 3 124 6 29 sa 

S1gn1f1cance o 0871 o 6864 o 8151 
1 evel (F -test) 

aThe two means are s1gn1f1cantly d1fferent at O OS 
probab1l1ty leve1 accord1ng to the least squares compar1son 

ProJect (1979) also demonstrated that P def1c1ency was frequent1y 

encountered 1n Hydr1c Dystrandepts wh1le N was def1c1ent 1n most 

cu1t1vated Eutrustox dueto 1ts susceptab1l1ty to 1each1ng 

Dry we1ght was not affected s1gn1f1cant1y by 1rr1gat1on (Tab1e 

4 2) but the 1rr1gat1on x fert1l1zer 1nteract1on was s1gn1f1cant 1n 
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Wa1p1o plants (Append1x A) S1gn1f1cantly h1gher dry we1ght was found 

1n N-treated Wa1p1o, 1rr1gated plants than 1n the N-treated non-

1rr1gated, Wa1p1o p1ants (Tab1e 4 3 F1gure 4 1) N and uptake of other 

nutr1ents 1n Wa1p1o p1ants a1so showed th1s s1gn1f1cant 1rr1gat1on x 

fert111zer effects (Append1x A, Tab1e 4 12) Th1s 1nd1cates that 

prov1d1ng adequate water 1s essent1a1 for proper growt~ and nutr1ent 

uptake 1n a dry s1te l1ke Wa1p10 



Fert 1 l12er 

treatment 

Basal 

Basal+N 

Basal+P 

Table 4 3 

Effects of fert1l1zer N and Pon dry we1ghts of amaranth 
1n 1rr1gated and non-1rr1gated plots at three s1tes 

Dry we1ght (g/10 plants) 

Kuka1au lo le 
N la la NI a la N la 

35 4 Bab 20 6 Bab 67 5 Aab 151 2 Aab 31 7 Abb 

46 1 Ba 23 1 ABa 59 9 Aa 165 3 Aa 26 2 Ab 

114 5 Aa 68 2 Aa 144 O Aa 70 9 Aa 35 1 Aa 

Wa1p1o 
la 

19 8 Bab 

45 1 Aa 

23 6 Ba 

aNI = Non-1rr1gated, 1 = lrr1gated 
b Means w1th1n the same locat1on and 1rr1gat1on treatment followed by the same cap1tal 
letter are not s1gn1f1cantly d1fferent at the O 05 probab1lity level Means w1th1n 
the same locat1on and fert1l1zer treatment followed by the same small letter are not 
s1gn1f1cantly d1fferent atO 05 probab1l1ty level accord1ng to the least squares pa1r 
compar1son 

o 
w 
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40 

Ferl1ltzer 

CZI llon-lrrlgatod 
CJ lrrlgotod 

Means of the same fert1l1zer treatment w1th the same 
letter are not s1gn1f1cantly d1fferent at O 05 
probab1l1ty level (Waller-Duncan's mult1ple range 
test) 
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F1gure 4 l Effect of Jrr1gat1on x fert1l1zer 1nteract1on on dry we1ght 
of amaranth grown at Wa1p10 s1te 
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4 1 3 Mo1sture content of plant t1ssue 

The h1gher ra1nfall 1n Kuka1au and !ole led to s1gn1f1cantly h1gher 

t1ssue mo1sture contents than those from Wa1p1o (Table 4 4) Table 

4 S shows that 1n the Kuka1au and !ole s1tes 1rr1gat1on d1d not 1ncrease 

t1ssue mo1sture content In !ole, however, the non-1rr1gated plants 

had s1gn1f1cantly h1gher t1ssue mo1sture content than the 1rr1gated 

plants These observat1ons are not unexpected as !ole and Kuka1au 

rece1ve suff1c1ent ra1nfall dur1ng much of the year and 1rr1gat1on 

may not be requ1red or 1n some cases may depress plant growth through 

excess water lf 1rr1gat1on 1s to have suff1c1ent benef1c1al effects, 

1t would do so 1n Wa1p1o where ra1nfall 1s 1nfrequent The non-

1rr1gated Wa1p10 plants d1splayed the1r response to water stress by 

the1r small leaves and large proport1on of stems (Table 3 3) 

Table 4 4 

T1ssue mo1sture contents of amaranth grown at d1fferent s1tes 

S1te 

Kuka1au 
!ole 
Wa1p1o 

Mo1sture 
(% fresh 

89 7 
87 1 

8S 7 

content* 
we1ghtl 

A 
B 
e 

*Means followed by the same letter are not 
s1gn1f1cantly d1fferent atO OS probab1l1ty 
level (Waller-Duncan s mult1ple range test) 



Table 4 5 

Mo1sture content of amaranth grown at three d1fferent s1tes 
as affected by 1rr1gat1on treatments 

Slte Treatmenta T1ssue mo1sture content 
(% fresh we1ghtl 

Kuka1au NI 89 6 

I 89 9 

S1gmf1cance o 6185 
level (F-test) 

!ole NI 88 9 

I 85 o 
Slgmf1cance o 0014 
1 e ve 1 ( F -test) 

Wa1p10 NI 81 4 

I 90 1 

S1gmf1cance o 0001 
1 evel (F-test) 
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4 2 Oxalate compos1t1on of amaranth t1ssue 

4 2 1 Forms and amount of oxalate 1n amaranth 

Two dom1nant fract1ons were found 1n amaranth These were the 

water soluble and water 1nsoluble fract1ons Free oxal1c ac1d (alcohol 

soluble fract1on) could not be detected by the methods used 1n th1s 

study 

In an attempt to 1dent1fy the accompany1ng cat1on 1n each oxalate 

fract1on correlat1ons between the oxalate concentrat1on of each 

fract1on w1th 1ts cat1ons and w1th the cat1ons 1n the plant t1ssue were 

determ1ned (Table 4 6, F1gures 4 2-4 5) 

The h1gh correlat1on between the concentrat1ons of t1ssue K and 

K 1n the soluble oxalate fract1on w1th the soluble oxalate, r=O 6392 

andO 6403, respect1vely (Table 4 6, F1gure 4 2), suggested that K 

oxalate was the ma1n form of soluble oxalate However, the h1gher 

correlat1on between the concentrat1on of K plus Mg 1n the soluble oxalate 

fract1on w1th the soluble oxalate, r=O 8558, suggested that Mg oxalate 

was an 1mportant part of the soluble oxalate (F1gure 4 3) 

Cons1der1ng the 1nsoluble oxalate fract1on, the h1gh and s1gn1f1cant 

correlat1on between the concentrat1ons of t1ssue Ca and Ca 1n the 

1nsoluble oxalate fract1on w1th that of the 1nsoluble oxalate (Table 

4 6 F1gure 4 4) shows that Ca oxalate was the ma1n form of th1s 

fract1on However, the 1mproved correlat1on w1th Ca plus Mg was sub

stltuted for Ca (F1gure 4 5) suggested that Mg oxalate was also an 

1mportant const1tuent of the 1nsoluble oxalate fract1on In add1t1on 

a port1on of the Mg oxalate was probably extracted by hot water 



Table 4 6 

Correlat1on between soluble and 1nsoluble fract1ons of oxalate 
w1th m1neral compos1t1on of plant t1ssue and of 

fract1onat1on extracts of amaranth 

Correlat1on coeff1c1ent* 
(Probab1l1ty > lrl) 
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M1neral compos1t1on of Soluble fract1on Insoluble fract1on 
t1ssue and fract1ons of oxalate of oxa 1 ate 

T1ssue K o 6392 -0 2146 
(O 0001) (o 1346) 

Ca -0 3869 o 6043 
(O 0055) (O 0001) 

" Mg -0 0436 -0 1528 
(O 7639) (O 2896) 

" Na -0 0090 -0 2031 
(O 9505) (O 1571) 

Soluble fract1on K o 6403 -0 3465 
(O 0001) (o 0128) 

" Ca -0 1689 -0 1112 
(O 2360) (O 4371) 

" Mg o 4087 -0 3549 
(O 0029) (O 0126) 

" Na o 0287 -0 2538 
(O 8413) (O 0723) 

" K + Mg o 8558 -0 5493 
(O 0001) (o 0001) 

Insoluble fract1on K -0 3240 o 6980 
(O 0204) (O 0001) 

" " Ca -0 3417 o 6541 
(O 0141) (O 0001) 

" " r~g -0 0930 o 5227 
(O 5161) (O 0001) 

" Na -0 1702 o 3849 
(O 2325) (O 0053) 

" Ca + Mg -0 3349 o 7410 
(O 0163) (O 0001) 

*Number of observat1ons = 54 
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F1gure 4 2 

K tn hot water extract <cmol 

Relationsh1p between soluble oxalate and K concentrat1on 
1n the extract of soluble oxalate fract1on (hot water 
extractl of amaranth t1ssue 
(l=Kuka1au, 2=Iole, 3=Wa1p1o) 
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F1gure 4 3 Relat1onsh1p between soluble oxalate and the sum of 
potass1um and magnes1um concentrat1on 1n the extract of 
soluble oxalate fract1on (hot water extract) of amaranth 
t1ssue 
(l=Kukalau, 2=Io1e, 3=Wa1p1o) 
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The analys1s of cat1ons, 1nclud1ng Ca, Mg, K and Na, 1n the soluble 

and 1nsoluble fract1ons showed that the dom1nant cat1ons 1n the soluble 

and 1nsoluble fract1ons were respect1vely K and Ca (Table 4 7) There 

was relat1vely l1ttle K 1n the 1nsoluble fract1on extract and l1ttle 

Ca 1n the soluble fract1on extract (Table 4 7) In Table 4 7, the sum 

of the cat1ons must be greater than the oxalate concentrat1on because 

other organ1c and 1norgan1c an1ons were present 1n the extract 

The concentrat1on of soluble oxalate 10 plaots from all three s1tes 

were oearly the same as that of K It 1s l1kely that the rema1oder 

of soluble oxalate was 10 the forms of Mg oxalate aod Na oxalate The 

small amount of Ca fouod 10 th1s fract1oo was probably assoc1ated w1th 

water soluble salts, such as cac1 2 (Table 4 7a) 

Coos1der1og the 1nsoluble fract1oo (Table 4 7b), the h1gh Ca coo

centratloo wh1ch almost matched the coocentrat1on of 1nsoluble oxalate 

was strong ev1dence that Ca oxalate was the dom1nant form 10 the 

1osoluble fract1oo The rema1o1og 1nsoluble oxalate should be 10 the 

form of Mg oxalate The correlat1on betweeo Mg 10 the 1osoluble 

fract1oo and 1osoluble oxalate was s1gn1f1cant (Table 4 6) 

Total oxalate 1n amaranth growo 10 Kuka1au was more thao 9% 

It 1s 1oterest1og to note that h1gher cooceotrat1ons of 1osoluble 

oxalate were fouod 10 amaranth growo 10 all s1tes (Table 4 8) Plaots 

from Iole had 27r more 1osoluble oxalate than soluble oxalate, wh1le 

Wa1p1o plants had 14k and Kuka1au plants had 2~ more 

Two values of total oxalate were obta1ned 1n th1s study Ooe 

was measured d1rectly aod the other was computed by add1og the two 



S1te 

Kuka1au 
!ole 

Wa1p1o 

S1te 

Kuka1au 
!ole 
Wa1p1o 

* Sum of 

Table 4 7 

M1neral concentrat1ons 1n the (a) soluble, and 
(b) 1nso1ub1e fract1ons of oxa1ate 1n amaranth 

from al1 p1ots 1n three s1tes 

(a) 

M1nerals and oxalate concentrat1on (cmol kg-l dry we1ghtl 

Oxa1 ate Ca Mg K Na SC* Total 
cat1on -

total 
oxalate 

104 o o 9 88 6 100 o 4 6 194 1 90 1 
75 2 o 8 91 6 62 5 3 7 158 6 83 4 

81 6 1 o 99 9 65 6 9 9 176 4 94 8 

( b) 

M1nerals and oxalate concentrat1on (cmol kg-l dry we1 ght) 

Oxalate Ca Mg K Na SC* Total 
cat1on -

total 
oxalate 

108 7 108 5 24 7 2 3 1 4 136 9 28 2 

128 2 120 4 30 5 3 4 4 155 7 27 5 
108 8 89 8 27 3 1 4 1 3 1198 11 o 

cat1on concentrat1on 
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S1te 

Table 4 8 

Relat1ve concentrat1ons of d1fferent fract1ons of oxalate 
produced 1n amaranth grown at three s1tes 

% dry we1ght '/ 
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Total Soluble+ Soluble Insoluble Soluble Insoluble 
1nsoluble 

Kuka1au 9 2 4 7 9 6 4 9 49 51 

Iole 8 4 9 2 3 4 5 8 37 63 

Wa1p1o 7 5 8 6 3 7 4 9 43 57 

oxalate fract1ons S1nce the two values were s1gn1f1cantly d1fferent 

(Table 4 9), the sum of the two fract1ons was used to obta1n percent 

of any fract1on relat1ve to total oxalate 

Table 4 9 

Compar1son of the two means of total oxalate of amaranth 
obta1ned by two d1fferent methods 

Mean of total oxalate Mean of soluble+1nsoluble 
oxalate 

(cmol kg-l dry we1ghtl 

185 8 201 7 

t-test = -2 9894 

Probab1 llty > 1 t 1 = O 0035 
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4 2 2 Oxalate and calc1um concentrat1ons 1n amaranth t1ssue 

F1gure 4 6 shows that the concentrat1ons of 1nsoluble oxalate and 

t1ssue Ca were very close Th1s 1nd1cates that most Ca 1n amaranth 

t1ssue was bound 1n the form of Ca oxalate and was not ava1lable as 

a nutnent 

4 2 3 Compar1son of chem1cal compos1t1on 1n plants grown 

at d1fferent s1tes 

Concentrat1ons and product1ons of total soluble, 1nsoluble and 

the comb1nat1on of the soluble and 1nsoluble oxalate were S1gn1f1cantly 

d1fferent among the s1tes (Tables 4 10 and 4 11) Plants from Kuka1au 

had more total and soluble oxalate than those from !ole and Wa1p10 

On the other hand, plants 1n !ole had h1gher 1nsoluble oxalate concen-

trat1on than Kuka1au and Wa1p1o plants (Table 4 10) role plants 

produced s1gn1f1cantly h1gher quant1t1es of all forms of oxalate than 

Kuka1au or Wa1p1o plants (Table 4 11) 

Table 4 10 

Oxalate concentrat1ons 1n amaranth grown at three s1tes 

Slte Oxalate concentrat1ons (cmol kg -1 dry we1ghtl 

Total* Soluble* Insoluble* Soluble + 
1nsoluble* 

Kuka1 au 204 3 A 104 o A 108 7 B 212 7 A 

!ole 186 9 B 75 2 B 128 2 A 203 4 A 

Wa1p10 166 3 e 81 6 B 108 8 B 190 4 B 

* Means 1n the same co1umn followed by the same letter are not 
s1gn1f1cantly d1fferent at O 05 probab1l1ty 1evel (Wa11er
Duncan s mult1ple range test) 
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Table 4 11 

Oxalate product1on 1n amaranth grown at three d1fferent s1tes 

S1te Oxalate product1on {g/10 plants) 

Total* Soluble" Insoluble* Soluble + 
1nsoluble* 

Kuka1au 4 6 B 2 o B 2 7 B 4 7 B 

!ole 9 8 A 3 7 A 7 o A 10 8 A 

Wa1p1o 2 3 B 1 1 B 1 5 B 2 6 B 

*Means 1n the same column fol1owed by the same letter are not 
s1gn1f1cant1y d1fferent at O 05 probab111ty level {Waller
Duncan's mult1p1e range test) 

Ion1c and total N concentrat1ons 1n plant t1ssue are thought to 

be factors affect1ng the oxa1ate concentrat1ons 1n p1ants Kuka1au 
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and !ole plants had h1gher t1ssue 10n1c concentrat1ons and uptake values 

than Wa1p1o plants {Tables 4 12 and 4 13) They also had h1gher total 

N concentrat1on and uptake than Wa1p1o plants {Tables 4 18 and 4 19) 

Schm1dt et al {1971) reported that Amaranth spec1es wh1ch were grown 

on so1ls w1th h1gh so1l carbon, n1trogen ava1lable phosphorus and 

potass1um contents produced h1gher total oxa1ate relat1ve to those grown 

on less fert1le so1ls Although the Kuka1au and !ole so1ls were less 

fert1le than the Wa1p10 so1l w1th respect to base status they had 

h1gher mtrogen contents than theWa1p1o so1 1 Consequently plants 

from Kuka1au and !ole had hlgher concentrat1ons ana uptake of var1ous 

1ons than those from Wa1p1o More 1~portantly, Kuka1au and !ole plants 

had h1gher cat1on excess than Wa1p1o plants (Table 4 12) Accord1ng 



Table 4 12 

Ion1c concentrat1ons and cat1on excess contents of amaranth grown at three s1tes 

S1te Ca Mg K Na SC** p S N03 Cl SA*** C-A 
cmol kg-l dry weight 

Kuka1 au 124 4 B* 99 3 C* 147 6 A* 5 O B* 376 1 A* 3 4 A* 8 3 C* 31 1 A* 7 1 B* 49 9 

(2 49) ( 1 19) (5 77) ( 11) ( 33) ( 40) ( 1 92) ( 25) 

!ole 135 1 A 118 4 A 117 9 B 4 9 B 376 3 A 2 6 B 10 1 A 23 4 B 6 9 B 43 o 
(2 70) ( 1 42) ( 4 61) ( 11) ( 25) ( 49) ( 1 45) ( 24) 

Wa1p1o 102 2 e 112 4 B 108 2 e 8 5 A 331 4 B 3 1 A 9 3 B 9 6 e 7 6 A 29 6 

(2 04) ( 1 34) ( 4 23) ( 11 ) ( 30) ( 45) ( 60) ( 27) 

* Means 1n the same column followed by the same letter are not s1gn1f1cantly d1fferent at 
O 05 level of probab1l1ty (Waller-Duncan's mult1ple range test) 

** Sum of cat1on concentrat1on 

*** Sum of an1on concentrat1on 

326 3 A* 

333 3 A 

301 7 B 

~ 

"' 



Slte 

Kuka1au 

!ole 

Wa1p1o 

Tab le 4 13 

Ion1c uptake by amaranth grown at three s1tes 

Ca Mg K Na p S N0 3 Cl 

----------------------------g/ lO plants -----------------------------------------

1 4 B* 

3 4 A 

O 6 B 

O 6 B* 

1 5 A 

O 4 B 

2 9 8* 

5 O A 

1 3 B 

O 06 B* 

O 10 A 

O 06 B 

O 17 B* 

O 27 A 

O 09 B 

O 23 B* 

O 53 A 

O 14 B 

O 95 A* 

1 44 A 

O 18 B 

O 14 B* 

O 27 A 

O 08 B 

* Means 1n the same column followed by the same letter are not Slgn1f1cantly d1fferent, 
atO 05 level of probab1l1ty (Waller-Duncan s mult1ple range test) 

~ 

N 
o 



to the cat1on-an1on balance concept, organ1c ac1ds 1nclud1ng oxalate 

are synthes1zed to balance excess cat1ons 
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The s1gn1f1cantly h1gher soluble oxalate concentrat1on 1n Kuka1au 

plants (Table 4 10) was probably due to the h1gher equ1valent concentra

tlon of t1ssue K 1n these plants compared w1th !ole and Wa1p1o plants 

(Table 4 12) In the prev1ous sect1on (4 2 1) 1t was concluded that 

soluble oxalate was pr1mar1ly K oxalate 

H1gher concentrat1on and product1on of 1nsoluble oxalate 1n plants 

grown 1n !ole relat1ve to Kuka1au and Wa1p1o plants (Tables 4 10 4 11 l 

may be attr1buted to the h1gher Ca and Mg concentrat1ons of !ole (Table 

4 12) 

Soluble oxalate concentrat1ons of lole and Wa1p1o plants were 

s1gn1f1cantly d1fferent when only 1rr1gated plants were cons1dered 

(Table 4 14) Th1s showed that when the var1ance due to 1rr1gat1on 

effect was removed, the s1gn1f1cant s1te effect emerged The concen-

trat1on of the sum of soluble and 1nsoluble oxalate of the plants from 

Kuka1au and Iole were s1gn1f1cantly d1fferent when only non-1rr1gated 

plants were cons1dered as shown 1n Table 4 15 

The plants from Wa1p1o, 1rr1gated plots also had h1gher t1ssue 

K, Mg and Na but lower Ca concentrat1on than those from !ole (Table 

4 22) Th1s was 1n accordance w1th the h1gher soluble oxalate 1n Wa1p1o 

1rr1gated plants than !ole plants 

lt appears from these f1nd1ngs that the amount and d1str1but1ons 

of the var1ous oxalate fract1ons were determ1ned to a certa1n extent 

by the type and amount of cat1ons 1n amaranth t1ssue In plants from 

!ole, Ca was the dom1nant cat1on (Table 4 12) and 1nsoluble oxalate 



Table 4 14 

Soluble oxalate concentrat1on of amaranth 
grown 1n 1rngated expenments of !ole and Wa1p1o 

S1te 

!ole 
Wa1p10 
S1gmf1cance 
1 evel { LSD) 

Soluble oxalate 
{cmol kg-1 dry we1ght) 

68 5 

85 o 
o 0460 

Table 4 15 

Concentrat1on of the sum of solu~le and 1nsoluble oxalatP 
of amaranth grown 1n non-1rr1gated exper1ments of Kuka1au and !ole 

Slte 

Kuka1au 
!ole 

S1gn1f1cance 
level (LSD) 

Soluble+lnsoluble oxalate 
{cmol kg-1 dry we1ghtl 

212 2 

191 o 

o 0090 
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was the pr1nc1pal form of oxalate (Table 4 10) On the other hand, 

K was the dom1nant cat1on 1n Kuka1au plants (Table 4 12), but there 

was no s1gn1f1cant dlfference between the concentrat1ons of soluble 
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and 1nsoluble oxalate (Table 4 10) The Wa1p1o plants had approx1mately 

equa1 concentrat1ons of K and Ca (Table 4 12), out 1nsoluble oxa1ate 

was the dom1nant form of oxalate (Table 4 10) Th1s last result together 

w1th that from Kuka1au seemed to suggest that amaranth tended to 

synthes1ze Ca oxalate 1n preference to K oxalate 

Factors wh1ch affect 10n1c uptake by plants 1nfluence the k1nd 

and amount of oxa1ate produced by p1ants (Tab1es 4 10, 4 12) The 

plants grown 1n the h1gh base, low N, Tropept1c Eutrustox d1d not have 

as h1gh concentrat1ons of bases 1n the1r t1ssue as those grown 1n the 

low base, h1gh N Hydr1c Dystrandepts Th1s 1nd1cates that w1thout 

adequate N, plants cannot make use of ava1lable resources, such as bases 

or phosphorus 

Ton1c concentrat1ons and uptake of plants 

grown at d1fferent s1tes 

The Hydr1c Dystrandept 1n !ole appeared to be r1cher 1n Ca Mg 

and K than the so1l at Kuka1au (Table 3 17) Th1s contr1buted to the 

h1gher concentrat1ons of Ca and Mg 1n plants from !ole than 1n those 

from Kuka1au (Table 4 12) However the s1gn1f1cantly h1gher K con

centratlon 1n the Kuka1au plants than 1n the !ole plants 1n sp1te of 

the h1gher K concentrat1on 1n the !ole so1l (Table 3 17) may be due 

to d1lut1on from h1gher b1omass product1on 1n !ole 

It 1s l1kely that the s1gn1f1cantly h1gher Na concentrat1on 1n 

Wa1p1o plants relat1ve to Kuka1au and !ole plants was dueto a h1gh 



Na concentrat1on 1n the 1rr1gat1on water Th1s was also true for Cl 

concentrat1on (Table 4 12) 
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W1th the except1on of Na, the h1gher cat1on and an1on uptake by 

Kuka1au and Iole plants relat1ve to Wa1p1o plants (Table 4 13) was 

l1kely dueto the h1gher b1omass and plant demand of Kuka1au and Iole 

plants than Wa1p1o plants Earl1er stud1es have shown that 10n uptake 

1s closely related to plant growth and to the supply of sugar and 

metabol1tes translocated from the shoot to the root (P1tman, 1972, 

Wh1~e 1973) 

Relat1onsh1p between oxalate concentrat1ons 

and cat1on excess content 

Total oxalate from all s1tes exh1b1ted s1gn1f1cant correlat1on 

w1th cat1on excess (Table 4 16, F1gure 4 7) However when the relatlon

shlp was analyzed locat1onw1se, only Wa1p1o plants exh1b1ted h1gh and 

s1gn1f1cant correlat1on between total oxalate and (C-A) (Table 4 16, 

F1gure 4 8) The same s1tuat1on was appl1cable to soluble+1nsoluble 

oxalate (Table 4 16, F1gures 4 9 4 10) S1gn1f1cant correlat1ons 

although not cons1dered h1gh, were also found between soluble oxalate 

and (C-A) 1n Wa1p1o, and 1nsoluble oxalate and (C-A) 1n Kuka1au (Table 

4 16) 

The results 1n Table 4 17 suggest that about 60% of the cat1on 

excess 1n amaranth grown at the three s1•es was balanced by oxalate 

To~al N and n1trate-N concentrat1ons 
and uptake and crude prote1n contents 

Total N concentrat1on and uptake were s1gn1f1cantl¡ h1gher 1n 

Kuka1au and Io1e p1ants than those from Wa1p1o (Tables 4 18 and 4 19) 



Table 4 16 

Correlat1on between concentrat1ons of d1fferent oxalate forms 
and cat1on excess 

Oxalate Correlat1on coeff1c1ent 
( Probab1l1 ty > 1 r 1 } 

Comb1neda Kuka1 aub Ioleb Wa1p1ob 
s1tes 

Total o 3916 -o 3441 o 3158 o 6156 
(0 0045) (O 1620} (O 2515) (O 0065} 

Soluble -o olo8 -o 3697 o 0940 o 4815 

(O 9405} (O 1311 l (0 7494} (O 0431} 

Insoluble o 4793 o 5229 o 3619 o 3905 

(O 0004} (O 0206} (O 2036} (O 1091} 

Soluble + o 3442 -o 1751 o 4146 o 5790 

1nsoluble (O 0144} (O 4871} (O 1405} (O 0118} 

aNumber of observat1ons = 54 

bNumber of observat1ons = 18 

125 



r = O 3916** 
~ .... 
.s::;; 
Cl -CIJ :::: l 

> 
11 1 ..... 12, "C 

11 2 
,......¡ 

1 
1 ~~ 2 2 o 

~ 200 2 ¡ - ;, 
o ~ 
E 190 u 
~ 

CIJ 180 
3 .... 

J ;, ' o -o 170 ;, ;, 
X ;,~ l 

2 
o ¡ - 160 ;, J 
o 2 .... 
o 3 

;, 
1- 1SO 

140 2 

3 

130 3 

;, 

120 

2 2 2 3 3 3 3 3 4 4 4 
S 7 9 1 3 S 7 9 1 3 S 
o o o o o o o o o o o 

Cat1on excess <cMol kg-1dr" weightl 

F1gure 4 7 Relat1onsh1p between total oxalate and cat1on excess 
1n amaranth from all olots of the exper1ments at three 
s1tes 
(r-Kuka1au, 2=lole, 3=Walplo) 

126 



** 
260 r = o 3442 

3 2 

2SO 1 

240 2 

230 
QJ ..... 1 
o 220 - ~ 11 

~~ 1 1 2 
13 2 - 210 3 2 

~~ 
~e:: 

3 1 3 2 

200 3 1 
~"O 

3 2 

C:r-1 33 2 2 
-1 190 

21 

+.e! z 
3 1 

QJ-

:S~ 180 ~ , 3 - -r; 170 3 
2 , 

160 
3 3 

2 2 2 3 3 3 3 3 4 4 
S 7 9 1 3 S 7 9 1 3 
o o o o o o o o o o 

COt1oo excess (O'Dl kg-l drv v.e19htl 

F1gure 4 8 Relat1onsh1p between the sum of soluble and 1nsoluble 
oxalate and cat1on excess 1n amaranth from all plots 
of the exper1ments at three s1tes 
(l=Kukalau, 2=Iole, 3=WaJplo) 

4 
S 
o 

127 



~ 

...... 

.c. 
Cl -C1) 
3: 

> 
L. 
"O 

r-1 
1 
01 .::,¿ 

-~ u ._, 

C1) ...... 
o -o 
X 
o -o ...... 
o 
~ 

** r = O 6156 
230 

X 

220 

210 

200 X 

190 
X 

180 X X 
X 170 X 

X Xx X 

160 X X 

X 
150 X 

140 
X 

130 X 
X 

120 

2 2 2 3 3 3 3 3 3 
7 8 9 o 1 2 3 4 S 
o o o o o o o o o 

Catlon excess (cmol kg-l drY welghtl 

F1gure 4 9 Relat1onsh1p between total oxalate and cat1on excess 1n 
amaranth from Wa1p10 s1te 

128 



129 

** 260 r = O 5790 

X 
~ ..... 250 -6 -¡ 
~ 240 
"O 

,....¡ 
1 
ji 

- 230 

~ 
~ 

QJ 220 ..... o -
~ X 

210 X 
QJ - X -9 - X X 5l 200 e: X -
+ X X 
QJ 190 --9 X -~ 

:X 180 
X 

170 X 

~ 
X X 

160 

2 2 2 3 3 3 3 3 3 
7 8 9 o 1 2 3 4 S 
o o o o o o o o o 

CGtion excess <arol kg-l dry veightl 

F1gure 4 10 Relat1onsh1p be•ween the sum of soluble and 1nsoluble 
oxalate and cat1on excess 1n amaranth from Wa1p1o s1te 



Tab 1 e 4 17 

Proport1on of total oxalate and the sum of soluble and 1nsoluble 
oxalate relat1ve to cat1on excess (C-A) 
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S1te (C-A) Total oxalate Soluble+1nsoluble oxalate 
-1 (cmol kg ) Conc _1 '! (C-A) Con e 

kg -1 ) 
% (C-A) 

(cmol kg ) (cmol 

Kuka1au 326 3 204 3 62 6 212 7 65 2 

!ole 333 3 186 9 56 1 203 4 61 o 
Wa1p1o 301 7 166 3 55 1 190 4 63 1 

Table 4 18 

Total N, n1trate-N concentrat1on and crude prote1n content 
of amaranth grown at three s1tes 

Kuka1 au 
!ole 

Total N* N1trate-N* Crude prote1n* 

-------------- % dry we1ght ---------------------

4 53 A 

4 28 B 

3 28 e 

O 52 A 
O 33 B 

o 13 e 

28 3 A 

26 8 B 

20 s e 

* Means 1n the same column followed by the same letter are 
not S1gn1f1cantly d1fferent at O 05 probab1l1ty level 
(Waller-Duncan s mult1ple range test) 



Table 4 19 

Total N and n1trate-N uptake by amaranth 
grown at three s1tes 

S1te Total N* N1trate-N* 

------------ g/10 plants -----------

!ole 
Kuka1au 
Wa1p10 

4 77 A 

2 24 B 

O 99 B 

1 44 A 

O 95 A 
O 18 B 

* Means 1n the same column followed by the same 
letter are not 51gn1f1cantly d1fferent at O 05 
probab1l1ty level (Waller-Duncan'5 mult1ple 
range test) 

and th1s 15 related to so1l n1trogen level5 When the t15sue total 
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N value5 were converted to crude prote1n (on a dry we1ght bas1s), they 

were comparable to the value5 of 27-33% reported by the Nat1onal 

Research Counc1l (1984) for four 5pec1es of amaranth However, the 

crude prote1n of Wa1p1o plants was lower relfect1ng the low N content 

of the Tropept1c Eutrustox 

The h1gher total N uptake 1n Kuka1au and !ole plants (Table 4 19) 

reflected larger b1omass product1on at Kuka1au and !ole Even though 

the Wa1p10 plants espec1ally the 1rr1gated ones, had the advantage 

of h1gher solar rad1at1on and temperature relat1ve to Kuka1au and !ole 

plants, low N prevented h1gher y1elds from be1ng ach1eved 1n Wa1p1o 

When so1l N 1s def1c1ent growth rate 1s low and plant nutr1ent demand 

15 also low consequently the uptake of other nutr1ents become5 low 



also, although they are ava1lable Wh1te (1973) has po1nted out that 

P uptake depends on the relat1ve growth rate and on env1ronmental 

factors, 1nclud1ng the supply of other essent1al nutr1ents, such as 

n1trogen 
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The n1trate-N content of amaranth grown 1n Kuka1au and !ole (Table 

4 18) were comparable to the content of n1trate-N 1n var1ous var1et1es 

of Amaranthus ganget1cus ~ (0 3-0 9r on a dry we1ght bas1sl reported 

by Oer Marderos1an et al (1981) However, the n1trate-N content 1n 

Wa1p1o plants was unusually low only O 13% (Table 4 18) Th1s 1s 

add1t1onal ev1dence that the N content of the Wa1p1o so1l was too 1ow 

to support the normal growth of plants N1trate accumulat1on 1s 

regarded as a natural and necessary process 1n p1ants and attempts to 

reduce n1trate accumulat1on can result 1n y1e1d reduct1on (Lorenz, 1978) 

Whether n1trate concentrat1on found 1n amaranth 1n th1s study was 

potent1ally tox1c depends on the amount of fresh vegetable consumed 

G1ven a mo1sture content of 90% and a n1trate-N content on a dry we1ght 

bas1s of O 5% (e g , the content 1n amaranth grown 1n Kuka1au, Table 

4 18), the n1trate-N on a fresh we1ght bas1s would be O 05% Accord1ng 

to G11bert et al (1946) O 5 g 1s a tox1c da1ly dose Thus aoprox1-

mate1y 1000 g of fresh amaranth would need to be consumed each day to 

atta1n tox1c levels of n1trate-N 1ntake Oer Marderos1an et al (1981) 

d1d not th1nk that more than 100 g fresh green vege~ables would be 

consumed 1n a day The1r argument was probab1y based on an Amer1can 

d1et The recommended quant1ty of vegetable d1ets for var1ous groups 

of people 1n Afr1ca 1s 150 g (Latham 1979) Therefore 1t appears 

that the n1trate-N content 1n amaranth w111 not be a health hazard 

unless an unl1kely large quant1ty of th1s vegetable 1s consumed fresh 
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When green vegetables are cooked espec1ally by bo1l1ng or 

blanch1ng, a large part of n1tra~e 1s d1ssolved 1n cook1ng water 

Vegetables prepared th1s way w1ll have less n1+rate-N content, and less 

potent1al health hazard 

4 2 4 Effect of 1rr1gat1on on plant chem1cal compos1t1on 

The uneven performance of amaranth d1d not perm1t the effect of 

1rr1gat1on to be 1nterpreted clearly As po1nted out 1n Chapter !!! 

the 1rr1gated plots at each exper1mental s1te were treated as 1f 

1rr1gat1on was the ma1n plot of a spl1t-plot des1gn when 1n fact 1t 

was not Thus the 1rr1gat1on effect should be 1nterpreted w1th th1s 

1n m1nd In add1t1on, the Kuka1au and !ole s1tes are naturally wet 

and, consequently, 1rr1gat1on would not necessar1ly result 1n d1fferent 

plant performance Th1s 1s reflected 1n mo1sture contents of amaranth 

from Kuka1au and !ole as shown 1n Table 4 S 

On the other hand, Wa1p1o 1s a dry s1te and hence, the 1rr1gat1on 

effect was ant1c1pated to be greater However, the effect of 1rr1gat1on 

there was confounded by the fact that the non-1rr1gated and 1rr1gated 

crops were harvested at d1fferent t1mes wh1ch resulted 1n the1r be1ng 

exposed to d1fferent weather Th1s was also true for the !ole, non-

1rr1gated and 1rr1gated plants where the 1rr1gated crop was left 1n 

the f1eld for a much longer per1od 

The s1gn1f1cantly h1gher 1nsoluble oxalate content 1n Tole 

1rr1gated amaranth relat1ve to +he non-1rr1gated ~reatment as shown 

1n Table 4 20 went hand 1n hand w1th +he h1gher Ca concentrat1on 1n 

the amaranth from ~he 1rr1gated plots (Table 4 22) Th1s d1fference 



Table 4 20 

Effect of 1rr1gat1on on oxalate concen:rat1on 
of amaranth grown at ~hree s1tes 

Oxalate !rngat1on (cmol -1 kg dry l'.e1ght) 
treatment Kuka1au !ole Wa1p10 

Total non-1rr1gated 201 3 190 S 169 o 
Irngated 207 4 182 2 163 6 

S1gn1f1cance level o 5889 o 4755 o 4722 

(F-test) 

Soluble Non-1 rn gated 99 o 78 4 78 2 

Irn gated 108 9 70 4 85 o 
S1gn1f1cance level o 4009 o 3383 o 5060 

(F-testl 

Insoluble Non-1 rn gated 113 2 112 7 11 o 4 

lrn gated 104 2 151 6 107 2 

S1gn1f1cance level o 0727 o 0235 o 5155 

(F-test) 

Soluble+lnso1uble Non-1rr1gated 212 2 191 o 188 6 

Irn gated 213 1 221 9 192 2 

S1gn1f1cance level o 9379 o 2476 o 7107 

(F-test) 
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1n 1nsoluble oxalate content was most l1kely due to the d1fference 1n 

age and harvest t1me 
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The h1gher concentrat1on of soluble oxalate 1n 1rr1gated than the 

non-1rr1gated amaranth from Kuka1au (Table 4 20) appears to be assoc1-

ated w1th the h1gher K concentrat1on 1n the 1rr1gated plants (Table 

4 22) On the other hand, soluble oxalate product1on and K uptake were 

lower 1n the 1rr1gated Kuka1au plants than 1n the non-1rr1gated ones 

(Tables 4 21, 4 23) Th1s suggests that the lower concentrat1on of 

soluble oxalate 1n the non-1rr1gated amaranth relat1ve to the 1rr1gated 

ones was pr1mar1ly due to d1lut1on from h1gh dry matter y1eld (Table 

4 2) 

S1gn1f1cant d1fferences 1n Ca and P contents of plants from the 

1rr1gated and non-1rr1gated plots were observed (Table 4 22) These 

d1fferences may be the consequence of factors other than the 1rr1gat1on 

treatment The s1gn1f1cantly h1gher Ca concentrat1on 1n 1rr1gated !ole 

plants, and non-1rr1gated Wa1p1o plants than the1r counterparts may 

be s1mply due to lower Ca 1n the counterpart so1l (Table 3 17) The 

same argument can be appl1ed to the h1gher P content 1n 1rr1gated Wa1p1o 

plants than the non-1rr1gated ones (Table 4 22) 

S1gn1f1cantly h1gher Na and Cl concentrat1ons 1n Wa1p1o 1rr1gated 

plants relat1ve to the non-1rr1gated ones was probably due to the h1gh 

Na and Cl 1n the 1rr1gat1on water 

Irr1gat1on had s1gn1f1cant effects on total N and n1trate-N con

centratlons only 1n !ole plants (Table 4 24} There are reasons to 

bel1eve that th1s d1fference 1s not dueto 1rr1gat1on lt should be 

recalled that the 1rr1gated plants 1n !ole emerged unevenly and at a 



Table 4 21 

Effects of 1rr1gat1on on the product1on of oxalates 
1n amaranth grown at three s1tes 

Oxalate Irr1gat1on g/10 plants 
treatment 

Kuka1 au !ole Wa1 p10 

Total Non-1 rn gated 5 7 7 6a 2 4 

Irn gated 3 5 12 6 2 2a 

S1gn1f1cance level o 1402 o 3417 o 7688 
(F-test) 

Soluble Non-1 rn gated 2 5 3 ob 1 09 

Irr1gated 1 6 4 9 1 13b 

S1 gm f1 canee level o 1373 o 5850 o 8228 

(F-test) 

Insoluble Non-1 rn gated 3 6 4 6c 1 54 

Irn gated 1 8 10 7 1 48c 

S1gn1f1cance level o 0536 o 3996 o 8401 
(F-test) 

Soluble + Non-1 rn gated 6 o 7 6d 2 63 
1nsoluble I rr1 gated 3 4 15 S 2 6ld 

S1gn1f1cant level o 0764 o 4506 o 9652 
(F-test) 

a The two means are s1gn1f1cantly d1fferent at O 0436 
probab1l1ty level (LSD test) 

b e d The two means are s1gn1f1cantly d1fferent at O 01 
probab1l1ty level (LSD test) 
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Table 4 22 

Effect of 1rr19at1on on 1on1c concentrat1on of amaranth 9rown at three s1tes 

Slte Irn- -1 cmol k9 dry we19ht 
9at 10n* (% dry we19htl 

Ca M9 K Na p S No 3 Cl 

Kuka1au NI 125 9 101 3 144 5 5 o 3 1 8 7 7 6 7 2 
(2 59) ( 1 22) (5 64) (o 11 ) (O 30) (0 42) (0 47) (O 26) 

122 8 97 4 150 7 5 1 3 7 7 9 6 4 6 9 
(2 45) ( 1 1 7) (5 89) (o 12) (O 36) (0 38) (0 40) (0 24) 

Probab1l1ty > IFI o 7961 o 5778 o 0017 o 7846 o 3786 o 2334 o 2088 o 4570 

Iole NI 126 5 119 4 126 1 5 2 2 7 9 9 6 9 6 8 
( 2 53) ( 1 43) (4 93) (o 12) (O 26) (O 48) (o 43) (O 24) 

146 2 117 1 107 3 4 5 2 6 10 3 3 2 7 o 
(2 92) ( 1 41 ) (4 19) (o 1 0) (O 25) (O 50) (0 20) (0 25) 

Probab1l1ty > IFI o 0445 o 7897 o 0222 o 0295 o 0454 o 4009 o 0222 o 5493 

Wa1p10 NI 109 6 lOO 7 106 6 4 7 1 9 9 o 2 2 7 o 
( 2 19) ( 1 21 ) (4 16) (o 11 ) (o 18) (O 43) (o 14) (0 25) 

94 8 124 1 109 9 12 4 4 5 9 7 2 2 8 3 
( 1 90) ( 1 49) (4 29) (O 29) (O 44) (O 47l (o 14) (0 29) 

Probab1l1ty > IFI o 0055 o 0176 o 4955 o 0001 o 0001 o 0184 o 9702 o 0033 

* NI ~ Non-1rr19ated I = I rr19ated 
w ...... 



Table 4 23 

Effect of 1rr1gat1on on 1on uptake by amaranth grown at three s1tes 

Slte Irn- g/10 plants 
gat1on* 

Ca Mg K Na p S N03 

Kuka1au NI 1 76 o 78 3 62 o 08 o 21 o 30 1 26 

1 1 02 o 42 2 18 o 04 o 14 o 15 o 65 

Probab1l1ty > IFI o 1244 o 0523 o 1218 o 0885 o 1578 o 0611 o 1138 

!ole NI 2 33 1 25 4 44 o 11 o 26 o 44 1 51 

4 86 1 87 5 70 013 o 28 o 64 1 36 

Probab1l1ty > IFI o 2888 o 5218 o 6999 o 7507 o 9774 o 5609 o 7761 

Wa1p10 NI o 68 o 38 1 28 o 03 o 06 o 13 o 19 

o 58 o 43 1 30 o 08 o 12 o 14 o 18 

Probab1l1ty > IFI o 4404 o 4848 o 9677 o 0261 o 0444 o 8752 o 9738 

* NI - Non-1rr1gated 1 = 1 rr1 gated 

Cl 

o 18 

o 10 

o 0917 

o 23 

o 33 

o 5596 

o 08 

o 09 

o 6504 

~ 

w 
O> 



Table 4 24 

Effect of 1rr1gat1on on total N and n1trate-N concentrat1on 
1n amaranth grown at three s1tes 

Irr1gat1on Kuka1 au !ole 

Total N N01-N 
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-------(% dry we1 ght )---------

Non-1 rn gated 

Irr1gated 

Probab1l1ty > IFI 

4 52 

4 55 

o 8453 

o 47 

o 40 

o 2088 

4 68a 

3 77 

o 0167 

o 43b 3 15 
o 20 3 4la 

o 0222 o 3363 

a, b The two means superscr1pted by the same small letter are 
S1gn1f1cantly d1fferent at O 0001 probab1l1ty level 
(LSD test) 

o 14 
o 13b 

o 9702 

much slower rate Th1s fact coupled w1th the lower N contents 1n the 

1rr1gated amaranth relat1ve to the1r non-1rr1gated counterpart 1n 

sp1te of the low so1l N 1n the non-1rr1gated plots (Table 3 19), seems 

to 1nd1cate that other factors contr1buted to the poor growth and low 

ut1l1zat1on of nutr1ents 

4 2 S Effects of N and P fert1l1zers on plant chem1cal compos1t1ons 

Only P fert1l1zer had s1gn1f1cant effects on oxalate content 1n 

amaranth grown 1n each s1te (Table 4 26) The s1gn1f1cantly lower total 

oxalate concentrat1on 1n P-treated plants 1n Kuka1au and Wa1p1o and 

the apparent decrease 1n !ole plants are 1n accordance w1th prev1ous 

f1nd1ngs by Peck et al (1980) w1th table beets The cat1on-an1on 

balance concept was 1nadequate to expla1n th1s effect (Table 4 33) s1nce 



Table 4 25 

Effect of 1rr1gat1on on total N and nltrate-N uptake 
by amaranth grown at three s1tes 

lrngat1on !ole 
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Total N N03-N 

---------q/ 10 plantsl--------

Kuka1au 
Total N N0 3-N 

Wa1p10 

Total N N0 3-N 

Non-1rr1gated 2 83 

Irr1gated 1 65 

Probab1l1ty > IFI O 1025 

1 26 

o 65 

o 1138 

4 13a 

1 83 

o 6235 

1 51 b 

o 51 

o 7761 

1 00 
1 01 a 

o 8576 

a, b The two means superscr1pted by the same small letter are 
s1gn1f1cantly d1fferent atO 01 probab1l1ty level 
(LSD test) 

o 19 
o 18b 

o 9738 

phosphorus appl1cat1on d1d not lower cat1on excess 51gn1f1cantly 

relat1ve to the non-P fert1l1zer treatments Peck et al (1980) found 

that P fert1l1zer lowered cat1on excess Th1s study showed that 1n 

any part1cular s1te the sum of t1ssue cat1ons was not affected by P 

fert1l1zer (Table 4 29) Plant K concentrat1on, however, was s1gn1f1-

cantly lowered by P fert1l1zat1on relat1ve to non-P treated plants 1n 

Kuka1au and Wa1p1o On the other hand, Ca concentrat1on was s1gn1f1-

cantly h1gher 1n the P-treated Kuka1au plants and apparently 1ncreased 

1n P-treated !ole plants Mg also decreased, but not s1gn1f1cantly 

1n the phosphorus plots 1n all s1tes Therefore P fert1l1zer 1n th1s 

study d1d not alter cat1on concentrat1on 1n plants but d1d affect K 

and Ca and perhaps Mg d1fferently 



Table 4 26 

Effects of fert1l1zers on var1ous forms of oxalate 
1n amaranth grown at three s1tes 

Oxal ate Fert1l1zer Oxalate concentrat1on 
form (cmol kg-1 dry we1ghtl 

Kuka1 au* lo le* Wa1p1o* 

Total Basal 214 6 A 190 7 A 173 3 
oxalate Basal+N 213 5 A 195 3 A 179 6 

Basal+P 1B4 9 B 176 6 A 145 9 

Soluble Basal 133 1 A 86 o A 80 6 
oxalate Basal+N 105 5 B 73 8 AB 96 9 

Basal+P 73 3 e 65 6 B 67 5 

Insoluble Basal 99 8 B 125 1 A 103 5 
oxalate Basal+N 104 6 B 127 5 A 115 5 

Basal+P 121 7 A 132 1 A 107 4 

Soluble + Basal 232 9 A 211 1 A 184 o 
1nsoluble Basal+N 210 B 201 3 A 212 4 
oxalate Basal+P 195 1 B 197 7 A 174 9 

A 
A 
B 

AB 
A 
B 

A 
A 
A 

B 
A 
B 

* Means of the same oxalate form and the same locat1on followed 
by s1m1lar letter are not S1gn1f1cantly d1fferent at O 05 
probab1l1ty level (Waller-Duncan's mult1ple range test) 
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A s1gn1f1cant decrease 1n soluble oxalate was observed 1n plants 

wherever phosphorus was appl1ed {Table 4 26) Th1s decrease was l1kely 

dueto the effects of P fert1l1zer on decreas1ng K and probably Mg con-

centrat1ons 10 the plants {Table 4 29) S1gn1f1cant 1ncreases 1n 

1nsoluble oxalate concentrat1on 1n P-treated Kuka1au plants may be due 

to the add1t1onal Ca suppl1ed to the plants by tr1ple superphosphate 

The 1ncrease 1n the 1osoluble oxalate 1n Iole was not s1gn1f1cant, how-

ever th1s 1s probably related to the fact that the so1l there was well 

suppl1ed w1th Ca 

The 1nsoluble oxalate content of amaraoth 1n Wa1p1o was not 

affected 

rate of 

than 1n 

s1gn1f1cantly by phosphorus fert1l1zat1on {Table 4 26) The 
-1 phosphorus appl1cat1on was much less 1n Wa1p1o {145 kg P ha ) 

e1ther Kuka1au or Iole {225 kg P ha-1) 

N1trogen fert1l1zer d1d not s1gn1f1cantly affect var1ous forms 

of oxalates 1n Kuka1au and Iole, but d1d 1ocrease concentrat1ons of 

var1ous forms of oxalate 1n Wa1p1o {Table 4 26) Prev1ous work showed 

that add1t1on of N {part1cularly 1n the form of n1tratel tended to 

10crease organ1c ac1d 10 plants {Klrkby and Kn1ght, 1977) Ben-Z1on1 

et al {1970) observed the reduct1on of n1trate 1n leaves of corn 

tobacco and barley, resulted 1n bu1ld-up of cat1ons 1n the t1ssue wh1ch 

1n turn was neutral1zed by mal1c ac1d They observed a sto1ch1ometr1c 

relat1on between the amount of n1trate reduced and malate accumulated 

Correlat1on of N and P fert1l1zers w1th oxalates shows that P has 

negat1ve relat1onsh1ps w1th total soluble and 1nsoluble oxalates 1n 

non-1rr1gated plants and w1th soluble oxalate 1n 1rr1gated plants 

N fert1l1zer exh1b1ted a s1gn1f1cant pos1t1ve relat1onsh1p w1th total 

oxalate 1n 1rr1gated plants {Table 4 27) 



Table 4 27 

Correlat1on between N and P fert1l1zers w1th oxalates 
1n 1rr1gated and non-1rr1gated plots of amaranth 

Correlat1on coeff1c1enta 

I rr1 gat1 on Fert1l1zer (Probab1llty> lrl) 

Total Soluble Insoluble Soluble + 
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1nsoluble 

Non- N nsb 
1 rr1 gated p -0 3809 

(O 0500) 

Irr1gated N o 4363 
(O 0292) 

p ns 

aNumber of observat1ons = 27 

bns = Non-s1gn1f1cant 

ns ns ns 

-o 5385 o 6174 ns 
(O 0038) (O 0006) 

ns ns ns 

-0 4377 ns ns 
(O 0324) 

Although 1rr1gat1on d1d not have s1gn1f1cant effects on oxalates 

1n amaranth grown 1n the three exper1mental s1tes, the effects of 1rr1-

gat1on X fert1l1zer 1nteract1on on oxalate, N and 10n1c concentrat1ons 

and uptake were s1gn1f1cant 1n Wa1p1o p1ants (Append1x A) F1gure 4 11 

111ustrates the sign1f1cant 1rr1gat1on X fert111zer effect on total 

oxalate content Oxalate concentrat1on was s1gn1f1caotly h1gher 10 

plaots that rece1ved both o1trogeo aod 1rr1gat1oo N-fert1l1zed 

1rr1gated p1ants from Wa1p1o also had h1gher N uptake thao those 10 

oon-1rr1gated plots (F1gure 4 12) The h1gher N uptake was probably 

a key factor lead1og to h1gher oxalate cooteot 10 N-treated 1rr1gated 

p 1 aots 



Table 4 28 

Effects of fert1l1zers on the product1on of var1ous forms 
of oxalate 1n amaranth grown at dlfferent s1tes 

Oxalate Fert1l1zer Oxalate product1on (g/ 10 plants) 

Kuka1 au* !ole* Wa1p1o* 

Total Basal+P 7 7 A 8 8 A 1 9 B 
oxa 1 ate Basal+N 3 2 B 8 9 A 2 9 A 

Basal 2 7 B 11 9 A 2 o AB 

Soluble Basal+P 2 9 A 3 6 A o 9 B 
oxalate Basal+N 5 A 3 o A 1 6 A 

Basal 6 A 4 6 A o 9 B 

Insoluble Basal+P 5 2 A 7 2 A 1 4 A 
oxalate Basal+N 6 B 6 2 A 9 A 

Basal 1 3 B 7 8 A 2 A 

Soluble + Basal+P 8 1 A 10 7 A 2 3 B 
1nsoluble Basal+N 3 1 B 9 2 A 3 4 A 
oxalate Basal 2 9 B 12 4 A 2 1 B 

* Means of the same oxalate form and the same locat1on followed 
by the same letter are not s1gn1f1cantly d1fferent at O 05 
probab1l1ty level (Waller-Duncan's mult1ple range test) 
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Means of the same fert111zer treatment w1th the same 1etter 
are not s1gn1f1cant1y d1fferent atO 05 probabl1lty 1eve1 
(Wal1er-Ouncan's mu1tlp1e range test) 

F1gure 4 11 Effect of 1rr1gat1on x fert111zer 1nteract1on on total 
oxalate concentrat1on of amaranth grown at Wa1p1o s1te 
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Means of the same fert1l1zer treatment w1th the same letter 
are not s1gn1f1cantly d1fferent atO OS probab1l1ty level 
(Waller-Duncan's mult1ple range test) 

F1gure 4 12 Effect of ,rr1gat1on x fert1l1zer 1nteract1on on total 
N uptake of amaranth grown at Wa1p1o s1te 
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Effects of N and P fert1l1zers 

on 10n1c concentrat1on and uptake of amaranth 

The effects of N and P fert1l1zers on cat1on concentrat1ons 1n 

plants grown 1n d1fferent locat1ons were not cons1stent (Table 4 29) 

The h1gh Ca content 1n tr1ple superphosphate fert1l1zer probably con

tr1buted to the h1gher plant Ca concentrat1ons at both Kuka1au and !ole 

s1tes Prev1ous work (Peck et al 1980) showed that P fert1l1zat1on 

decreased cat1on concentrat1ons 1n plants The apparent reduct1on 1n 

Mg and K of P-treated Kuka1au plants and Mg 1n P-treated !ole plants 

was observed It appeared that K concentrat1ons 1n !ole plants were 

not affected by d1fferent fert1l1zer treatments On the other hand 

K was the dom1nant cat1on 1n plants grown at the Kuka1au s1te It 1s 

poss1ble that the lower Ca and Mg concentrat1ons 1n the so1l at Kuka1au 

may have perm1tted K to be more read1ly absorbed 

The 1ncrease 1n K concentrat1on 1n N-fert1l1zed plants at Wa1p1o 

was the only s1gn wh1ch 1nd1cated the effect of N fert1l1zer on cat1on 

concentrat1on 1n plants Plants at Kuka1au and !ole s1tes d1d not 

respond to N treatment suggest1ng that the so1ls already prov1ded 

adequate N 

The cons1stently h1gher cat1on uptake 1n P-treated plants of both 

Kuka1au and !ole s1tes suggests that the plant response to P created 

h1gher demand for these nutr1ents (Table 4 31) 

N fert1l1zat1on apparently led to h1gher cat1on uptake than other 

fert1l1zer treatments 1n Wa1p1o plants (Table 4 31) Th1s was because 

N created h1gher growth demand as 1nd1cated by h1gher dry matter pro-

duct1on 1n N-treated Wa1p1o plants (Table 4 2) Many stud1es show that 
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Table 4 29 

Effects of N and P fert1l1zer appl1cat1ons on cat1on concentrat1ons 
1n amaranth grown at three s1tes 

S1te Fert1l1zer Ca* Mg* K* Na* SC** 

-------<:mol kg-l dry we1ght-----

Kuka1 a u Basal 115 3 B 99 3 A 154 6 A 5 2 A 374 3 A 
Basal+N 115 4 B 104 4 A 146 2 AB 4 7 A 370 O A 
Basal+P 142 4 A 94 3 A 142 O B 5 2 A 383 9 A 

!ole Basal 131 9 A 120 3 A 119 9 A 5 1 A 377 2 A 
Basal+N 131 6 A 122 O A 115 7 A 4 4 B 373 7 A 
Basal+P 140 8 A 113 9 A 118 O A 5 2 A 377 7 A 

Wa1p10 Basal lOO 4 A 1168A 105 O B 8 7 A 330 8 A 
Basal+N 103 4 A 109 8 A 117 7 A 8 6 A 339 5 A 
Basal+P 102 B A 11 O 7 A 102 O B 8 4 A 323 8 A 

* Means 1n the same column of each locat1on followed by the same 
letter are not s1gn1flcantly d1fferent atO 05 probab1l1ty level 
(Waller-Duncan s mult1ple range test) 

** Sum of cat1ons concentrat1on 
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N affects both absorpt1on and trans1ocat1on of 1ons (Barta, 1977) 

Pretreatment of N def1c1ent roots w1th n1trate-N resulted 1n st1mulat1on 

of stront1um and ces1um uptake and 1ncreased transport of stront1um 

to the shoots (Jackson and W1111ams, 1968) Anderson and Jackson (1972) 

reported that n1trate-N pretreatment great1y 1ncreased Ca uptake and 

translocat1on to shoots Ammon1um and urea pretreatment also 1ncreased 

translocat1on of Ca 

The 1ncreased P, S and C1 concentrat1ons and uptake (Table 4 30 

4 32) 1n P-treated plants from Kuka1au and Iole was l1kely due to the 

effects of P fert1l1zer on 1ncreas1ng plant growth demand Wh1te (1973) 

found that the demand for P was assoc1ated w1th the rate of plant growth 

or the level of matabol1c act1v1ty w1th1n the t1ssues, wh1ch appeared 

to have a marked 1nfluence on the rate of P uptake 

Effects of N and P fert1l1zers on cat1on excess (C-A) 

In general cat1on excess was not affected by N and P fert1l1zers 

The except1on occurred 1n the N-treated plots 1n Kuka1au (Table 4 33) 

Accord1ng to earl1er workers (e g , Joy, 1964, K1rkby, 1968 K1rkby 

and Kn1ght, 1977, K1rkby and Mengel, 1967, Peck et al , 1980) n1trogen 

fert1l1zer can 1ncrease cat1on excess above that of the controls wh1le 

P treatment can decrease cat1on excess These trends can be seen 1n 

Wa1p10 plants (Table 4 33) although the effects were not s1gn1f1cant 

The 1rr1gat1on X fert1l1zer 1nteract1on effect on cat1on excess of 

plants was also not s1gn1f1cant at any s1te although there was a trend 

of N fert1l1zer to 1ncrease and P fert1l1zer to decrease oxalate 1n 

1rr1gated plants at Wa1p1o 



Table 4 30 

Effects of fert1l1zers oo ao1oo cooceotrat1oos 10 amaraoth 
growo at three s1tes 

Fert1l1zer P* S* NO * 3 el* SA* 
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-1 --------cmol kg dry we1ght-----

Kuka1 au Basal 3 4 AB 7 7 B 24 B B 6 B B 42 6 B 
Basal+N 2 9 B 7 3 B 47 8 A 6 o e 64 O A 
Basal+P 4 O A 1 O O A 20 5 B 8 4 A 42 9 B 

lo le Basal 2 2 B 1 O 3 A 20 7 8 6 9 B 40 2 B 
Basal+N 2 O B 9 5 A 33 6 A 6 3 e 51 4 A 
Basal+P 3 5 A 1 O 4 A 17 3 B 7 3 A 38 5 B 

Wa1p1o Basal 2 9 B 9 6 A 8 3 A 7 7 A 28 4 A 
Basal+N 2 7 B 9 2 A 12 7 A 7 3 B 31 9 A 
Basal+P 4 O A 9 2 A 7 8 A 7 9 A 28 9 A 

* Meaos 10 the same columo of each locat1oo followed by the same 
letter are oot s1gn1f1caotly d1ffereot at O 05 probab1l1ty level 
(Waller-Duocao s mult1ple raoge test) 

** Sum of ao1oos conceotrat1oo 
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Table 4 31 

Effects of fert1l1zers on cat1on uptake by amaranth 
grown at three s1tes 

Fert1l1zer Ca* Mg* K* Na* 
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-----g/ 1 O p 1 ants----------

Kuka1au Basal O 67 B O 33 B 1 70 B O 03 B 
Basal+N O Bl B O 41 B 1 97 B O 04 B 
Basal+P 2 69 A 1 OS A 5 02 A O 11 A 

!ole Basal 3 42 A 73 A 5 64 A O 13 A 
Basal+N 2 86 A 1 41 A 4 26 A O 10 A 

Basal+P 3 92 A 1 44 A 5 OS A O 13 A 

Wa1p10 Basal O 54 A O 35 A 1 OS B O 04 B 

Basal+N O 73 A O 48 A 1 66 A O 08 A 

Basal+P O 62 A O 38 A 17 AB O OS AB 

* Means 1n the same column of the same locat1on followed by the 
same letter are not S1gn1f1cantly d1fferent at O OS probab1l1ty 
level (Waller-Duncan s mult1ple range test) 



S1te 

Kuka1 au 

!ole 

Wa1p1o 

Table 4 32 

Effects of fert1l1zers on an1on uptake by amaranth 
grown at three s1tes 

Fert1l1zer P* S* N03* Cl* 

____ g/10 plants 

Basal O 08 B O 10 B O 51 A O 07 B 
Basal+N O 10 B O 12 B 1 06 A O 07 B 
Basal+P O 33 A O 45 A 29 A O 28 A 

Basal O 25 A O 58 A 1 44 A O 31 A 
Basal+N O 17 A O 47 A 1 66 A O 23 A 
Basal+P O 37 A O 53 A 1 27 A O 28 A 

Basal O 07 A O 12 A O 13 B O 07 A 
Basal+N O 10 A O 16 A O 28 A O 09 A 
Basal+P O 10 A O 13 A O 14 B O 08 A 
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* Means in the same column of the same 1ocat1on followed by the same 
1etter are not s1gn1f1cantly d1fferent atO OS probabl1lty leve1 
(Waller-Duncan's mult1ple range test) 



Table 4 33 

Effects of N and P fert1l1zers on cat1on excess 
1n amaranth grown at three s1tes 

Fert1l1zer 

Basal 
Basal+N 
Basal+P 

Cat1on excess (cmol kg-l dry we1ght 

Kuka1au* 

331 6 p. 

306 1 B 

341 1 A 

!ole* 

337 o p. 

322 4 A 

339 2 A 

Wa1p1o* 

302 5 p. 

306 7 A 
294 9 A 

* Means 1n the same column followed by the same 
letter are not s1gn1flcantly d1fferent at O 05 
probab1l1ty level (Waller-Duncan' s mult1ple 
range test) 
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There are many factors wh1ch m1ght have prevented the expected 

response of cat1on excess toN and P fert1l1zers 1n Kuka1au and !ole 

plants to be detected but perm1t 1t to be expressed 1n the Wa1p1o plants 

The f1rst factors 1nvolve N metabol1sm N fert1l1zer appl1ed 1n urea 

form was l1kely to be transformed to n1trate before be1ng absorbed by 

the plants The accumulat1on of n1trate was s1gn1f1cantly h1gher 1n 

N-treated plants at Kuka1au and !ole than those treated w1th the other 

fert1l1zers, but such accumulat1on was not s1gn1f1cantly d1fferent among 

d1fferent fert1l1zer treatments 1n Wa1p1o plants (Table 4 35) Th1s 

shows that 1n Kuka1au and !ole, h1gh unass1m1lated n1trate content led 

to low cat1on excess content espec1ally 1n N-treated Kuka1au and !ole 

plants On the other hand Wa1p1o plants had lower n1trate accumulat1on 

(Table 4 35) suggest1ng that most of the n1trate was ass1m1lated 1nto 

prote1n result1ng 1n 1ncreased cat1on excess 
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Amaranth grown at the Wa1p1o s1te may have had h1gher n1trate 

reductase act1v1ty than those 1n Kuka1au and !ole N1trate reductase 

act1v1ty has been found to be affected by env1ronmental factors, such 

as l1ght 1ntens1ty, temperature and so1l mo1sture Cantl1ffe (1972b} 

found that h1gh l1ght 1ntens1ty prometed the h1gh act1v1ty of n1trate 

reductase Wa1p1o plants rece1ved h1gher solar rad1at1on than Kuka1au 

and !ole plants (Table 3 20} 

The second factor for the weak causal relat1onsh1p between cat1on 

excess and N and P fert1l1zer appl1cat1on may 1nvolve the use of tr1ple 

superphosphate as the source of P P fert1l1zer was expected to reduce 

cat1on excess because 1t often reduces cat1on concentrat1on For 

example, Peck et al (1980} found that 1ncreas1ng rates of P fert1l1zer 

reduced cat1on concentrat1on 1n table beets Tr1ple superphosphate, 

however, conta1ns h1gh amounts of Ca result1ng 1n h1gh t1ssue Ca con

centratlons 1n P-treated Kuka1au and !ole plots These h1gh Ca con

centratlons are to have prevented P from reduc1ng cat1on excess 1n 

Kuka1au and !ole On the other hand Wa1p1o plants rece1ved a lower 

rate of P Moreover, the lower Ca concentrat1on 1n these plants (Table 

4 29} shows that the cat1on excess of these P-treated plants are not 

1nfluenced by Ca to the same extent as P-treated Kuka1au and !ole plants 

Apparent response of cat1on excess to P fert1l1zer was shown 1n the 

Wa1p10 plants (Table 4 33} 

Effects of N and P fert1l1zers on total N 
and n1trate-N concentrat1ons and uptake 

Total N concentrat1on was h1gher 1n N-fert1l1zed plants 1n all 

s1tes, wh1le P fert1l1zer reduced total N concentrat1on (Table 4 34} 
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Total N uptake was s1gn1f1cantly h1gher 1n P-fert1l1zed plants 1n 

Kuka1au and Iole than 1n plants treated w1th basal fert1l1zer On the 

other hand, 1n Wa1p1o total N uptake was s1gn1f1cantly h1gher 1n the 

N-treated plants {Table 4 34) 

Table 4 34 

Effects of fert1l1zers N and Pon total N concentrat1ons 
and uptake 1n amaranth grown at three s1tes 

Fert1 11 zer Concentrat1on Uptake 
{% dry we1ghtl {g/ 10 plants) 

Kuka1au* Iole* Wa1p1o* Kuka1 au* Iole* Wa1p1o* 

Basal+N 5 06 A 4 68 A 3 53 A 1 74 B 2 81 A 1 27 A 

Basal 4 47 B 4 15 A 3 26 AB 26 B 2 17 A O 82 B 
Basal+P 4 o6 e 4 06 A 3 06 B 3 71 A 4 18 A O 88 B 

* Means 1n the same column followed by the same letter are not 
s1gn1f1cantly d1fferent at O 05 probab1l1ty level {Waller
Ouncan's mult1ple range test) 

N1trate-N concentrat1on var1ed w1th fert1l1zer treatments 1n the 

same way as total N concentrat1on {Table 4 35) N1trate-N uptake by 

Kuka1au and Iole plants was h1ghest 1n P-treated plants and 1n N-treated 

plants 1n the Wa1p1o plants {Table 4 35) 

4 2 6 Relat1onsh1ps between oxalates, n1trate and agroenv1ronmental 

factors 

All forms of oxalates w1th the except1on of 1nsoluble oxalate 

were s1gn1f1cantly negat1vely correlated w1th subso1l temperature 



Table 4 35 

Effects of N and P fert1l1zers on n1trate-N concentrat1on 
and uptake by amaranth grown at the three s1tes 

Fert1l1zer Concentrat1on 
(% dry we1ghtl 

Uptake 
(g/lOplants) 

Kuka1 au* lo le* Wa1p1o* Kuka1 au* !ole* Wa1p10* 

Basal+N O 67 A O 47 A O lO A 1 06 A 1 27 A O 25 A 
Basal O 35 B O 29 B O 12 A O 51 A O 73 A O 13 B 
Basal+P O 29 B O 24 B O 11 A 1 29 A 1 19 A O 14 B 

* Means from the same column followed by the same letter are not 
- s1gn1f1cantly d1fferent at O 05 probab1l1ty level (Waller-Duncan s 
mult1ple range test) 
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(Table 4 36) S1gn1f1cant correlat1ons were found more often w1th so1l 

temperature than w1th a1r temperature All correlat1ons were negat1ve 

except for that between a1r temperature and soluble oxalate Other 

stud1es on the relat1onsh1p between temperature and plant oxalates 

although scarce, also 1nd1cate the negat1ve relat1onsh1p between the 

two var1ables K1tchen et al (1964b) postulated that at h1gh temper-

atures more oxal1c ac1d was used as a resp1ratory substrate 

N1trate-N was also negat1vely correlated w1th a1r and 

so11 temperature (Table 4 36) Temperature can 1ncrease n1trate 

content due to d1m1n1shed n1trate reductase act1v1t1es at h1gh temper-

ature (Cantllffe, 1972al In th1s study other factors appeared to 

overr1de the temperature effect The most s1gn1f1cant factor was so1l 



Table 4 36 

Corre1at1on between amaranth oxalates or nttrate content wtth atr or sotl temperature at three experimental sttes 

Correlatlon coefflclent 
( Probab lllty 7 1 r 1 ) 

Atr temperature Topsotl temperatura Subsotl temperatura 
Phnt 
Chemtcal 

M u Mtn Av Dtf* Max M In Av Dtf Max Hin Av Dtf 

Total ns ns ns o 5267 ns o 2803 ns o 5181 o 5646 o 5636 o 5653 o 4332 
oxa late (0 0001) (0 0442) (O 0001) (O 0001) (O 0001) (O 0001) (O 0001) (O 0001) (O 0001) 

Soluble ns o 3449 ns ns ns ns ns o 3976 o 3775 o 3562 o 3717 o 4532 
oxa late (O 0132) (O 0039) (O 0063) (O 0103) (O 0072) (O 0008) 

Insoluble o 4256 o 3375 o 4240 ns o 3593 o 3048 o 3377 ns ns ns ns o 2707 
oxalate (O 0019) (O 0154) (O 0091) (O 0096) (O 0296) (O 0547) 

Soluble + ns ns ns o 3573 ns ns ns o 3190 o 3620 o 3619 o 3620 ns 
Insoluble (O 0101) (O 0225) (O 0091) (0 0091) (O 0090) 
oxa late 

Nltrate o 3046 ns ns o 5439 ns o 4172 o 3470 o 6208 o 6206 o 6241 o 6225 o 4134 
N (O 0281) (O 0001) (O 0021) (O 0117) (O 0001) (O 0001) (O 0001) (O 0001) (O 0023) 

Dtf Dlfference between max1mum and mtntmum values 
ns non s1gntf1cant 

"' ..., 



158 

N content For example, Wa1p10 the s1te w1th the h1ghest temperature 

had relat1vely lower so1l N 

Plant oxalate and n1trate were pos1t1vely correlated w1th ra1nfall 

(Table 4 37) Adequate water supply prov1ded by ra1ns may fac1l1tate 

1on uptake by roots wh1ch enhances oxalate synthes1s and n1trate accu

mulat1on Rad1at1on on the other hand, exh1b1ted negat1ve correlat1on 

w1th both oxalates and n1trate (Table 4 37) Long exposure to h1gh 

l1ght 1ntens1ty was found to decrease n1trate content due to an 1ncrease 

1n n1trate reductase act1v1ty (Cantl1ffe, 1972a and b) The h1gh plant 

n1trate levels 1n !ole and Kuka1au relat1ve to those 1n Wa1p1o can be 

attr1buted to the lower rad1at1on and h1gher so1l n1trogen 1n !ole and 

Kuka1au than 1n Wa1p1o 

N1trate content was also negat1vely correlated w1th w1nd speed 

(Table 4 37) lt has been postulated that factors that cause h1gher 

transp1rat1on rates can lead to more rap1d n1trate translocat1on to 

the s1te of reduct1on therefore, result1ng 1n lower n1trate accumulat1on 

(Maynard et al 1976) 

Oxalates and n1trate were pos1t1vely correlated w1th so1l total 

N, but they showed a negat1ve relat1onsh1p w1th the other so1l var1ables 

(Table 4 38, F1gures 4 13-4 17) Earl1er work has shown that N 

ass1m11at1on 1eads to synthes1s of organ1c ac1d (e g Ikeda and Yamada 

1981) In add1t1on, h1gh so1l N 1eads to h1gh N absorpt1on and 

1ncreased organ1c ac1d synthes1s The negat1ve correlat1on of plant 

oxa1ates and n1trate w1th so11 bases was most 11kely due to the 

1nab1l1ty of the plants to ut1l1ze the so1l bases because of low so1l 

N •or example the Tropept1c Eutrustox 1n Wa1p1o had a h1gh base 



Table 4 37 

Correlat1on between oxalates n1trate and sorne cl1mat1c factors, 1nclud1ng ra1nfall, rad1at1on 
w1nd speed and relat1ve hum1d1ty 1n amaranth 

Chem1cal Correlat1on coeff1c1ent*** 
compos 1t 1 oro ( Probab1l1 ty > lrl 

Ra1nfall Rad1at1on W1nd speed Relat1ve hum1d1ty 

Max1mum M1n1mum Average 01f* 

Total oxalate o 3740 -o 4881 -o 4824 ns** ns ns -0 4116 
(0 0063) (0 0002) (O 0003) (O 0024) 

Soluble oxalate ns ns ns -0 2923 ns ns -0 3062 
(0 0374) (O 0289) 

Insoluble o 4527 ns ns o 4881 o 5411 o 5317 ns 
oxalate (O 0009) (O 0003) (O 0001) (O 0001) 

Soluble + o 3265 -o 3321 ns ns ns ns -0 3993 
1nsoluble (0 0194) (O 0173) (O 0037) 
oxalate 

N1trate N o 3816 -0 5727 -o 6507 ns o 2720 ns -0 3064 
(O 0053) (0 0001) (0 0001) (O 0511) (O 0272) 

* 01f = D1fference between max1mum and m1n1mum relat1ve hum1d1ty 
** ns - non-s1gn1f1cant 

*** Number of observat1ons = 54 

01 

"' 



Table 4 38 

Correlat1on between amaranth oxalates, n1trate and sorne so1l var1ables 
at three exper1mental s1tes 

Correlation coeff1c1ent** 
lProbab1l1ty > lrll 

Chem1cal compos1t1on So1l N So1l Ca So1l Mg So1l K So1l Na 

Total oxalate o 5421 -o 5094 -o ssn -0 3320 -o 3734 
lO 0001) lO 0001) lO 0001) lO 0162) (O 0064) 

Soluble oxalate ns* -0 3551 ns ns ns 
(O 0106) 

Insoluble oxalate ns ns ns ns ns 

Soluble + 1nsoluble o 3812 -0 5075 -o 4239 -0 2706 ns 
oxalate (0 0058) (O 0001) (0 0019) (O 0548) 

Nltrate-N o 5983 -o 5495 -o 6154 -0 4742 -0 3832 
(O 0001) (O 0001) (O 0001) (O 0004) (O 0050) 

* ns ; non-s1gn1f1cant 
** Number of observat1ons ; 54 

So1l P 

-o 2477 
(0 0766) 

ns 

ns 

-o 3042 
(O 0300) 

ns 

"' o 
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F1gure 4 16 Relat1onsh1p between t1ssue total oxalate of amaranth 
and so1l K from exper1ments at three s1tes 
(l=Kuka1au, 2=lole, 3=Walplo) 



1 

1 

~ 

~ 240 
Cl ** - r = -0 5158 
aJ 230 3: 

~220 
"O 

1 

~ 210 l 
01 1 

.:.c. 
-200 o 3 
E 

~ 190 
aJ 

~ 180 3 -o 
~ 170 ! 

i -.8 160 3 

o 
1- i lSO 

140 

3 3 4 4 4 S S S 6 6 6 6 7 
6 9 2 S 8 1 4 7 o 3 6 9 2 
o o o o o o o o o o o o o 

solar radlatlon (Langley) 

F1gure 4 17 Relat1onsh1p between t1ssue total oxalate of amaranth 
and solar rad1at1on from non-1rr1gated plots of 
exper1ments at three s1tes 
(l=Kukalau, 2=Iole 3=\lalp10) 

165 

7 
S 
o 



166 

status but low N As a consequence, the plants at th1s s1te suffered 

m1ld N stress and d1d not absorb other nutr1ents eff1c1ently The low 

level of N and low cat1on uptake led to low contents of oxalate and 

n1trate desp1te the h1gh base status of the so1l 

So1l P was negat1vely correlated w1th oxalates (Table 4 38) and 

th1s 1s cons1stent w1th the tendency of P to reduce the cat1on excess 

1n plants 

Mult1ple regress1on analys1s of the relat1onsh1ps 
between oxalate, n1trate and agrocl1mat1c factors 

Mult1ple regress1on analys1s of data from 1rr1gated and non-

1rr1gated plots were conducted separately to m1n1m1ze the var1ance 

assoc1ated w1th 1rr1gat1on treatments descr1bed earl1er 1n sect1on 4 2 4 

Irr1gat1on treatments by themselves d1d not result 1n s1gn1f1cant 

effects on oxalate and n1trate concentrat1ons 1n amaranth w1th the 

except1on of the 1nsoluble oxalate and n1trate 1n !ole plants (Tables 

4 20, 4 24) S1gn1f1cant 1nteract1on effects however, were found 

For example, the effects of s1te x 1rr1gat1on and s1te x 1rr1gat1on 

x fert1l1zer on n1trate-N content were s1gn1f1cant (Append1x A) 

The regress1on equat1on for total oxalate concentrat1on 1n non-

1rr1gated amaranth 1s presented 1n Table 4 39 The negat1ve relat1on

sh1ps of oxalate concentrat1on w1th mean solar rad1at1on and P 

fert1l1zer rate were as shown 1n F1gures 4 17 4 18 P fert1l1zer has 

decreased oxalate 1n table beets (Peck et al 1980} apparently because 

P fert1l1zer decreased uptake and concentrat1on of cat1ons by plants 

and therefore decreased cat1on excess So1l Mg and K contr1buted 

pos1t1vely to oxalate product1on s1nce the1r uptake 1ncrease cat1on 



Table 4 39 

Mult1ple regre5510n equat1on for total oxalate concentrat1on 
1n amaranth from non-1rr1gated plot5 of three exper1mental 51tes 

Var1able* Regre551on Standard t Probab1l1ty > 1 t 1 

coeff1c1ent error 

lntercept 225 261 7 4549 30 217 o 0001 

SRSQ -o oooo25 o 000061 -o 400 o 6934 

PLEVEL -0 0894 o 0421 -2 121 o 0454 

SOLMG 36 3598 13 5733 -2 679 o 0137 

SOLK 84 7203 42 4200 1 997 o 0583 

Model r2 = o 6123 
Model AdJ r2 = o 5419 

*SRSQ = Square of solar rad1at1on 

PLEVEL = Fert1l1zer P rate 

SOLMG = So1l Mg content 

SOLK = So1l K content 

exce55 The negat1ve correlat1on5 of 5011 Mg and K w1th oxalate 

(F1gures 4 15 and 4 16) were probably due to the1r 1nteract1on w1th 

so1l N Although 5011 Mg and K were h1gh at the Wa1p1o 51te the 

plant5 d1d not ab5orb a large amount of Mg and K due to low N supply 

In the 1rr1gated treatment5, solar rad1at1on gave r1se to a 

po51t1ve parameter e5t1mate (Table 4 40) 1n sp1te of 1ts negat1ve 

correlat1on w1th total oxalate (F1gure 4 19) The d1fference between 

max1mum and m1n1mum a1r temperature however gave r1se to negat1ve 

regre5s1on coeff1c1ent Th1s 1s con5lstent w1th the negat1ve 
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relat1onsh1p between th1s var1able and total oxalate (Append1X O) 

The d1fference between max1mum and m1n1mum a1r temperature exh1b1ted 

curv1l1near relat1onsh1p w1th total oxalate To take 1nto account the 

non-l1near relat1onsh1p 1n the regress1on stud1es the d1fference between 

max1mum and m1n1mum a1r temperature was squared Solar rad1at1on and 

the square of the d1fference between max1mum and m1n1mum temperature 

were h1ghly correlated (r = O 9996, Append1x O) Th1s may be due to 

clear sk1es g1v1ng r1se to h1gh rad1at1on and warm temperature dur1ng 

the day and low temperature at n1ght The fact that the two var1ables 

gave r1se to oppos1te s1gns of the regress1on coeff1c1ent (Table 4 40) 

1nd1cated that they contr1buted to oxalate product1on 1n d1fferent ways 

Fert1l1zer N rate also gave r1se to a pos1t1ve regress1on co

eff1c1ent wh1ch was cons1stent w1th the pos1t1ve correlat1on between 

th1s var1able and total oxalate (F1gure 4 20) 

The regress1on model for soluble oxalate 1n non-1rr1gated 

amaranth w1th the related stat1st1cs 1s shown 1n Table 4 41 Not 

unexpectedly so1l K expla1ned a s1gn1f1cant amount of var1ance 1n 

soluble oxalate as soluble oxalate occurred pr1mar1ly as potass1um 

oxalate P fert1l1zer rate and so1l Ca were negat1vely correlated w1th 

soluble oxalate and the relat1onsh1p was 1n accordance w1th the1r 

negat1ve relat1onsh1ps w1th soluble oxalate (F1gures 4 21 4 22 

Append1x C) P fert1l1zer 1s also a source of Ca for the plants The 

regress1on coeff1c1ent of so1l P was pos1t1ve (Table 4 41) however 

1t was negat1vely related to soluble oxalate as shown 1n F1gure 4 14 

Append1x C P usually br1ngs about a reduct1on 1n cat1on excess wh1ch 

1n turn, results 1n a decrease 1n oxalate concentrat1on It 1s l1kely 
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Table 4 40 

Mult1ple regress1on equat1on for total o~alate concentrat1on 1n amaranth 
from 1rr1gated plots at three e~per1mental s1tes 

Van abl e* Regress1on Standard t 
coeff1c1ent error 

Intercept 1991 572 659 811 3 018 

SRSQ o 0059 o 0022 2 688 

NLEVEL o 1791 o 0503 3 557 

SOLK 105 048 54 8168 1 916 

AIR4SQ -30 9963 11 2800 -2 748 

Model r 2 
= O 6076 

Model AdJ r 2 = O 5291 

* SRSQ = Square of solar rad1at1on 

NLEVEL = Fert1l1zer N rate 

SOLK = So1l K concentrat1on 

Probab1l1ty 

o 0068 

o 0141 

o 0020 

o 0697 

o 0124 

A!R4SQ = Square of the d1fference between ma~1mum and 

m1n1mum temperature 

> !ti 
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Table 4 41 

Mult1ple re9ress1on equat1on for soluble oxalate concentrat1on 1n 
amaranth from non-1rr19ated plots of three exper1mental s1tes 

Van able* Re9ress1on Standard t Probab1 11 ty > !ti 
coeff1c1ent error 

Intercept 113 253 20 3643 5 561 o 0001 

SOLK 56 5055 21 8189 2 590 o 0167 

PLEVEL -o 1698 o 0603 -2 818 o 0100 

SOL CA -18 7353 4 8909 -3 831 o 0009 

SOLP o 4673 o 2815 l 660 o 1110 

Model r2 = o 6359 
Model AdJ r2 = o 5698 

* SOLK = So1 l K concentrat1on 

PLEVEL = Fert1l1zer P rate 

SOL CA = So1l Ca concentrat1on 

SOLP = So1l P concentrat1on 

that fert1l1zer P affected plant 9rowth more than 1n1t1al so1l P and 

th1s 1s supported by the fact that so1l P d1d l1ttle to expla1n the 

173 

var1ance 1n soluble oxalate (Table 4 41) Because so1l P was measured 

at harvest 1t 1ncluded both the P appl1ed as fert1l1zer and 1n1t1al 

so1l P In the mult1ple re9ress1on analys1s both var1ables were 

reta1ned but only P level was s19n1f1cant Th1s 1s due to the fact 

that P level and so1l P were h19hly correlated 

The re9ress1on analys1s of soluble oxalate 1n 1rr1gated plants 

1s shown 1n Table 4 42 In accordance w1th the pos1t1ve relat1onsh1p 
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Table 4 42 

Mult1ple regress1on equat1on for soluble oxalate concentrat1on 
1n amaranth from 1rr1gated plots of three exper1mental s1tes 

Van able* Regress1on Standard t Probab1l1ty > 1 t 1 

coeff1c1ent error 

Intercept -109 043 47 0516 -2 318 o 0306 

AIR2 13 9927 3 1128 4 495 o 0002 

PLEVEL -o 1439 o 0430 -3 350 o 0031 

Model r2 = o 5880 

Model AdJ r2 = o 5488 

* AIR2 = M1n1mum a1r temperature 

PLEVEL = Fert1l1zer P rate 

between soluble oxalate and m1n1mum a1r temperature (F1gure 4 23) 

th1s var1able also gave r1se to a pos1t1ve parameter est1mate The 
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effect of a1r temperature on soluble oxalate concentrat1on was pos1t1ve 

wh1le the effect on total and 1nsoluble oxalate was negat1ve 

Fert1l1zer P rate also produced negat1ve regress1on coeff1c1ent 1n 

accordance w1th 1ts negat1ve relat1onsh1p w1th soluble oxalate 

(F1gure 4 24) 

The regress1on model for 1nsoluble oxalate concentrat1on 1n non-

1rr1gated plants 1s shown 1n Table 4 43 Only var1ables related to 

P supply s1gn1f1cantly 1nfluenced 1nsoluble oxalate Although so1l 

P was not s1gn1f1cantly related w1th 1nsoluble oxalate (Append1x C) 

the regress1on coeff1c1ent was s1gn1f1cantly negat1ve 1n th1s equat1on 

The reason put forward earl1er that P be1ng an an1on tends to decrease 
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* 

F1gure 4 23 Relat1onsh1p between t1ssue soluble oxalate of amaranth 
and m1n1mum a1r temperature from 1rr1gated plots of 
exper1ments at three s1tes 
(l=~uka1au, 2=Iole, 3=Walplo) 
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Table 4 43 

Mult1ple regress1on equat1on for 1nsoluble oxalate concentrat1on 
1n amaranth from non-1rr1gated plots of three exper1mental s1tes 

Var1able* 

Intercept 

SOLP 
PLEVEL 

* SOLP = 
PLEVEL = 

Regress1on Standard 
coeff1c1ent error 

135 991 8 8214 

-o 5121 o 1386 

o 1659 o 0277 

Model r2 

Model AdJ r2 

So1l P concentrat1on 
Fert1l1zer P rate 

t Probab1l1ty > ltl 

15 516 o 0001 

-3 696 o 0011 
5 997 o 0001 

= o 6057 

= o 5728 

the cat1on excess and therefore, oxalate product1on appl1es here as 
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well The regress1on coeff1c1ent of fert1l1zer P rate was s1gn1f1cantly 

pos1t1ve wh1ch 1s cons1stent w1th the s1gn1f1cant pos1t1ve relat1onsh1p 

between 1nsoluble oxalate and fert1l1zer P rate (F1gure 4 25) The 

add1t1onal Ca suppl1ed to plants by P fert1l1zer probably led to h1gh 

Ca oxalate content 1n plants rece1v1ng th1s treatment 

The regress1on model for 1nsoluble oxalate 1n 1rr1gated plants 

1s shown 1n Table 4 44 Seventy-f1ve percent of the var1ance 1n 

1nsoluble oxalate was expla1ned by th1s model 1n contrast to 57~ for 

soluble oxalate 1r non-1rr1gated plants 55% for soluble oxalate 1n 

1rr1gated plants and 57% for 1nsoluble oxalate 1n non-1rr1gated plants 

P-related var1ables were s1gn1f1cantly related as were fert1l1zer N 

rate and average a1r temperature Fert1l1zer N rate was not 
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Tab1e 4 44 

Mu1t1p1e regress1on equat1on for 1nso1ub1e oxa1ate concentrat1on 
1n amaranth from 1rr1gated p1ots of three exper1menta1 s1tes 

Var1ab1e* Regress1on Standard t Probab111ty > 1 t 1 
coeff1c1ent error 

Intercept 441 555 42 6866 10 346 o 0001 

AIR3 -16 5982 2 0681 -8 026 o 0001 

NLEVEL o 0754 o 0295 2 552 o 0190 

PLEVEL o 0512 o 0335 1 528 o 1422 

Mode1 r2 = o 7840 

Mode1 AdJ r2 = o 7516 

* AIR3 = Average a1r temperature 

NLEVEL = Fert111zer N rate 

PLEVEL = Fert111zer p rate 

s1gn1f1cant1y re1ated w1th 1nsoluble oxalate (Table 4 27) but the 

regress1on coeff1c1ent was s1gn1f1cantly pos1t1ve The role of N 1n 

organ1c ac1d synthes1s 1n plants 1s well known The process of N 

ass1m1lat1on leads to the synthes1s of organ1c ac1d as shown for 
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example by the study by !keda and Yamada (1981) For th1s regress1on 

average a1r temperature was negat1ve as was the case for s1mple corre-

lat1on (F1gure 4 26) 

The regress1on model for n1trate-N concentrat1on 1n non-1rr1gated 

plants 1s shown 1n Tab1e 4 45 Fert1l1zer N contr1buted most to 

expla1n1ng the var1ance 1n n1trate-N concentrat1on The regress1on 



~ 190-:i ...... 
..e: 

180~ Ol -<L> 
3: 

170i > 
'-
"O 

.-t 1601 1 
Ol 
~ 150 -~ 1401 u 
~ 

<L> !30j ...... 
o -o 120 X 
o 
<L> 11 o ~ -.e 
~ 100 --o 
en 
e 90 -

so 

1 
8 

o 

2 

2 
2 

2 

1 
8 

5 

1 
9 

o 

1 
9 

S 

2 
o 
o 

2 
o 

S 

3 

3 

3 
3 
3 

1 

3 

2 
1 

o 

r = 

2 
1 

5 

-0 8441 

2 
2 

o 

** 

P.ve~ alr temerature C°C) 

182 

F1gure 4 26 Relat1onsh1p between t1ssue 1nsoluble oxalate of 
amaranth and average a1r temperature from 1rr1gated plots 
of exper1ments at three s1tes 
(1=Kukalau, Z=Iole, J=Wa1p1o) 



Table 4 45 

Mult1ple regress1on equat1on for n1trate-N concentrat1on 1n 
amaranth from non-1rr1gated plots of three exper1mental s1tes 

Vanable* Regress1on Standard t Probab1l1ty > ltl 
coeff1c1ent error 

Intercept 39 8414 4 6198 8 624 o 0001 

WSPSQ -o 3053 o 2506 -1 218 o 2360 

NLEVEL o 0764 o 0164 4 657 o 0001 

SOLMG -18 5415 5 6715 -3 269 o 0035 

SOLK 39 0297 18 5464 2 104 o 0470 

Model r2 : o 7861 

Model AdJ r2 : o 7472 

* WSPSQ : Square of w1nd speed 
NLEVEL : Fert1l1zer N rate 
SOLMG : So1l Mg concentrat1on 
SOLK : So1l K concentrat 10n 
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coeff1c1ent was pos1t1ve, and cons1stent w1th the relat1onsh1p between 

the two var1ables (F1gure 4 27) In1t1al so1l N d1d not S1gn1f1cantly 

1nfluence plant n1trate concentrat1on probably due to 1ts low level 

compared w1th appl1ed fert1l1zer N The regress1on coeff1c1ent of the 

square of w1nd speed was negat1ve 1n accordance w1th 1ts negat1ve 

re1at1onsh1p w1th n1trate-N (F1gure 4 28) H1gh w1nd speed usual1y 

1ncreases transp1rat1on rate Accord1ng to Maynard et al (1976) 

transp1rat1on also accelerates the translocat1on of n1trate to the s1te 

of reduct1on The regress1on coeff1c1ent of so1l Mg was negat1ve 1n 
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1% 

accordance w1th 1ts negat1ve re1at1onsh1p w1th n1trate-N (F1gure 4 29) 

On the other hand, the regress1on coeff1c1ent of so11 K was pos1t1ve 

desp1te 1ts negat1ve re1at1onsh1p w1th n1trate-N (F1gure 4 30) The 

change 1n s1gn 1s probab1y due to the hlgh1y corre1ated nature of so11 

Mg and so11 K (Appendlx C) Moreover, K 1s often the cat1on accompany

lng n1trate movement from the root to the shoot (M1nott1, 1968) K 

fert111zer a1so 1ncreased n1trate content 1n sorne vegetab1es (Cant1lffe, 

1973) 

The resu1ts of the mu1tlp1e regress1on ana1ysls of nltrate-N con

centratlon 1n 1rr1gated amaranth are shown 1n Tab1e 4 46 In add1t1on 

toN fert111zer rate (Flgure 4 31) and so11 N (F1gure 4 32), m1n1mum 

a1r temperature a1so he1ped to exp1a1n the var1ance 1n the n1trate-N 

concentrat1on M1n1mum a1r temperature was squared because 1t showed 

a curv111near re1at1onsh1p Wlth n1trate-N (F1gure 4 33) The pos1t1ve 

re1at1onsh1p between m1n1mum a1r temperature and n1trate-N concentrat1on 

shown 1n F1gure 4 33 was apparent 1n the mu1tlp1e regress1on ana1ys1s 

Th1s 1s cons1stent w1th the observat1on that h1gh temperatures 1ncreased 

p1ant n1trate content Th1s effect was attr1buted to a comb1nat1on 

of reduced n1trate reductase act1v1ty and h1gher ava11ab111ty of so11 

n1trate due to 1ncreased m1crob1a1 act1v1ty 

4 3 Response of cassava to env1ronmenta1 factors 

In th1s sect1on emphas1s 1s p1aced on the resu1ts concern1ng the 

effects of env1ronmenta1 factors on nutr1ent and ant1nutr1ent contents 

of cassava 1eaves 
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amaranth and so11 K from non-1rr1gated p1ots of 
exper1ments at three s1tes 
(1=Kukalau, 2=Io1e, 3=Walplo) 



189 

Tab1e 4 46 

Mu1t1p1e regress1on equat1on for n1trate-N concentrat1on 1n amaranth 
from 1rr1gated p1ots of three exper1menta1 s1tes 

Vara1b1e* 

Intercept 

AIR2SQ 

NLEVEL 

SOLTN 

Regress1on Standard 
coeff1c1ent error 

-31 6711 10 4777 

o 1377 o 0498 

o 0603 o 0169 

27 4725 9 9755 

t 

-3 023 

2 763 

3 559 

2 754 

Mode1 r2 = O 6595 

Mode1 AdJ r 2 = O 6108 

* AIR2SQ = Square of m1n1mum temperature 

NLEVEL = Fert111zer N rate 

SOLTN = So11 N concentrat1on 

Probab1 1 1 ty > 1 t 1 

o 0065 

o 0116 

o 0019 

o 0119 



F1gure 4 31 Re1at1onsh1p between t1ssue n1trate-N concentrat1on of 
amaranth and fert111zer N rate from 1rr1gated p1ots of 
experiments at three s1tes 
(1=Kukalau, 2=Io1e, J=Wa1p1o) 
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F1gure 4 32 Re1atlonshlp between t1ssue n1trate-N concentrat1on of 
amaranth and so11 N from 1rr1gated p1ots of exper1ments 
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(1=Kukalau, 2=Iole, J=Wa1p1o) 
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F1gure 4 33 Relat1onsh1p between t1ssue n1trate-N concentrat1on of 
amaranth and m1n1mum a1r temperature from 1rr1gated plots 
of exper1ments at three s1tes 
{l=Kukalau, 2=Iole 3=Walplo) 



4 3 1 Forms and content of oxalate 1n cassava leaves 

The s1gn1flcant pos1t1ve correlat1ons between concentrat1ons of 

total and 1nsoluble oxalate and t1ssue Ca and Mg suggest that oxalate 

1n cassava leaves was 1n the form of Ca oxalate or Mg oxalate or both 

However, the fact that total and 1nsoluble oxalate had s1gn1f1cant 

pos1t1ve correlat1ons only w1th Ca 1n the 1nsoluble fract1on (Table 

4 47 F1gures 4 34 4 35) and not w1th Mg (Table 4 47) suggests that 

oxalate 1n cassava was mostly 1n the form of Ca oxalate Another 

suggest1on of the dom1nance of Ca oxalate over Mg oxalate 1s that the 

sum of Ca and Mg was not as well correlated w1th oxalates as Ca alone 

(Table 4 47) 

Soluble oxalate was detected 1n only one sample from the Moloka1 
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-1 non-1rr1gated plot wh1ch had a soluble oxalate content of 6 5 cmol kg 

dry we1ght The 1nsoluble oxalate concentrat1on, from Moloka1 and !ole 

plants was cons1stently lower than total oxalate concentrat1on 

(Appendlx E) and consequently the d1fference between the two was taken 

as the soluble oxalate concentrat1on (Table 4 48, Append1x E) Moloka1 

plants had a relat1vely h1gher content of soluble oxalate than the 

plants from the other s1tes wh1le Wa1p1o plants had v1rtually no 

soluble oxalate (Table 4 48, Append1x E) It cannot be stated for 

certa1n from th1s study what form of soluble oxalate occurred 1n cassava 

leaves It probably was Mg or K oxalate or both Nevertheless, the 

fact that Wa1p10 plants had S1gn1f1cantly h1gher t1ssue Ca concentrat1on 

and lower t1ssue K concentrat1on than the plants from the other three 

s1tes (Table 4 49) probably accounts for the absence of soluble oxalate 
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Table 4 47 

Correlat1on between oxalates and var1ous cat1ons 
1n cassava leaves 

Element 

T1ssue Ca 

Mg 

K 

Na 

Insoluble fract1on Ca 

Mg 

K 

Na 

Ca+Mg 

Correlat1on coeff1c1ents* 
( Probab1 11 ty > 1 r 1 ) 

Total oxalate Insoluble oxalate 

o 5883 o 6444 
(O 0064) (O 0022) 

o 4222 o 5898 
(o 0637) (0 0062) 

-o 1998 -o 4482 
(O 3984) (0 0475) 

-o 37oo -o 2642 
(o 1083) (O 2604) 

o 6239 o 7751 
(O 0033) (0 0001) 

-o 0141 o 1935 
(O 9529) (0 4138) 

-o 3167 -o 3785 
(0 1737) (0 0998) 

o 7414 o 7415 
(O 0002) (0 0002) 

o 5835 o 7472 
(O 0069) (0 0001) 

* Number of observat1ons = 20 
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Table 4 48 

Oxalate concentrat1on 1n cassava leaf t1ssue of plant 
grown at four d1fferent s1tes 

Total Insoluble Soluble 
S1te oxal ate oxa 1 ate oxal ated 

(cmol kg -1 dry we1ght 

Mol oka1 25 6 Ab 19 7 Bb 5 9 
( 1 2) e 

Wa1p10 28 oa A 29 4 A 
( 1 3) 

!ole 23 o A 19 2 B 3 8 
( 1 o) 

Kuka1au 20 oa A 21 9 AB 
(O 9) 

aPa1r compar1son us1ng LSD show that the two means are 
s1gn1flcantly d1fferent (Probab1l1ty > ltl =O 0464) 

bMeans 1n the same column followed by the same cap1tal 
letter are not S1gn1f1cantly dlfferent at O 05 
probab1l1ty level (Waller-Duncan's mult1ple range 
test) 

cOxalate concentrat1on 1n the un1t of r on a dry we1ght 
baSlS 

dSoluble oxalate was obta1ned by subtract1ng 1nsoluble 
oxalate from total oxalate 
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1 

1n Wa1p1o plants and that 1f soluble oxalate d1d occur 1t would do so 

1n the form of K oxalate 

The content of total oxalate 1n cassava leaves ranges from O 9~ 

1 3% on a dry we1ght bas1s (Table 4 48) Th1s range was cons1derably 

less than that 1n amaranth 

4 3 2 Chem1cal compos1t1ons of plants grown at d1fferent s1tes 

Wa1p1o plants had h1gher concentrat1ons of total and 1nsoluble 
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oxalates than the plants from the other s1tes (Table 4 48) For Wa1p1o 

plants, the results showed that all oxalate was 1n the forms of 

1nsoluble oxalate wh1le sorne soluble oxalate occurred 1n plants from 

Moloka1 and !ole (Table 4 48) The h1gher Ca concentrat1on 1n Wa1p10 

plants (Table 4 49) probably led to the h1gher Ca oxalate concentrat1on 

1n these plants The relat1vely h1gher K concentrat1ons 1n plants from 

the Moloka1 and !ole s1tes (Table 4 49) probably led to the occurrence 

of small quant1t1es of soluble oxalate 

It appears that the oxalate form was determ1ned by the dom1nant 

cat1ons 1n the plants Ca was the dom1nant cat1on 1n plants from Wa1p1o 

(Table 4 49), wh1ch probably resulted 1n Ca oxalate be1ng the pr1mary 

form of oxalate Moloka1 and !ole plants had about equal concentrat1ons 

of Ca and K wh1ch may have prometed the format1on of K oxalate although 

Ca oxalate was st1ll dom1nant 

Relat1onsh1p between oxalate concentrat1ons and cat1on excess 

Oxalate const1tuted only 18 6~25 9% of the cat1on excess 1n 

cassava leaves (Table 4 51) lt 1s probable that oxalate was not the 

dom1nant organ1c ac1d 1n cassava Th1s 1S dlfferent from amaranth 1n 

wh1ch more than 60~ of cat1on excess was accounted for by oxalate 



Table 4 49 

Jon1e eoneentrat1ons and eat1on exeess eontents 1n eassava grown at four exper1mental s1tes 

Slte Ca Mg K Na sea p S N0 3 Cl SAb C-A 

-1 (emol kg dry we1ghtl 

Moloka1 53 6 Be 18 8 Be 49 7 Ae 1 5 Ae 123 6 Ae 3 6 Be 5 2 Be 7 7 Ae 5 B Ae 22 2 A e 101 4 A e 

( 1 1 ) d (O 2) (1 8) (O 03 (O 3) (O 2) (O 20) 

Wa1p10 63 9 A 22 7 A 42 7 B 1 2 e 130 2 A 3 9 B 4 8 e 7 8 A 5 8 A 22 2 A 108 1 A 

( 1 3) (O 3) ( 1 7) (o 03) (O 4) (O 2) (o 19) 

!ole 54 4 AB lB 9 B 50 2 A 1 3 BC 124 9 A 5 6 A 5 5 A 2 9 e 4 7 B 18 6 B 106 3 A 

( 1 1) (O 2) (2 O) (O 03) (O 5) (o 3) (0 171 

Kuka1 au 55 8 AB 18 6 B 50 5 A 1 6 A 126 5 A 4 2 B 5 2 B 4 9 B 4 9 AB 19 2 B 107 4 A 

( 1 1 ) (o 2) (2 0) (0 04) (O 4) (O 2) (o 171 

----
aSum of eat1ons 

bSum of an1ons 
eMeans of eaeh 1on w1th the same eap1tal letter are not sJgn1f1eantly d1fferent at O 05 probab1l1ty 

level (Waller-Dunean's mult1ple range test) 
d!on1e eoncentrat1ons 1n the un1t of % on a dry we1ght bas1s 

~ 

0.0 
0.0 
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Table 4 SO 

Insoluble oxalate and calc1um concentrat1ons 1n cassava 
grown at four s1tes 

Insoluble oxalate T1ssue Ca Ca 1n the form of 
Ca oxalate 

S1te (cmol kg -1 dry we1ghtl- (% t1ssue Ca) 

Moloka1 19 7 53 6 37 

Wa1p1o 29 4 63 6 46 

!ole 19 2 54 4 35 

Kuka1au 21 9 SS 8 39 
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Total oxalate was pos1t1vely correlated w1th cat1on excess (F1gure 

4 36) Oxalate exh1b1ted a h1gher pos1t1ve correlat1on w1th Ca than 

w1th cat1on excess, therefore, 1t can be sa1d that oxalate was more 

closely related w1th Ca concentrat1on than w1th cat1on excess S1nce 

oxalate was probably not the pr1mary organ1c ac1d 1n cassava, the lack 

of a s1gn1f1cant response to cat1on excess was not surpr1s1ng lt m1 ght 

very well be that 1n cassava total organ1c ac1d responded to cat1on 

excess, whereas, oxalate responded to Ca The l1terature 1s not con-

s1stent w1th regard to the relat1onsh1p between oxalate synthes1s and 

Ca absorpt1on Olsen (1939) and Rasmussen and Sm1th (1961) reported 

a pos1t1ve relat1onsh1p between Ca and oxal1c ac1d 1n sorne plants 

On the other hand Osmond (1967) found no relat1onsh1p between oxalate 

synthes1s and Ca absorpt1on 1n Atr1plex He also found that oxalate 

content correlated w1th cat1on content rather than Ca alone 
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Table 4 51 

Oxalate content as percentage of cat1on excess (C-Al 
1n cassava leaves 
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S1te Total oxa 1 ate Cat1on excess Total oxalate 
(cmo 1 kg -l dry we1ghtl (% C-A) 

Mol oka1 25 6 101 4 25 2 

Wa1p1 o 28 o 1 os 1 25 9 

Iole 23 o 106 3 21 6 

Kuka1au 20 o 107 4 18 6 

Total N and n1trate-N concentrat1ons and crude prote1n content 

H1gher total N and crude prote1n contents occurred 1n plants grown 

at the Hydr1c Oystrandept s1tes than at the Tropept1c Eutrustox s1tes 

(Table 4 52) Th1s also occurred 1n amaranth plants and can be 

attr1buted to the h1gher so1l N content 1n Hydr1c Oystrandept so1ls 

On the other hand, n1trate-N was s1gn1f1cantly h1gher 1n plants grown 

10 the Tropept1c Eutrustox than 1n plants from the Hydr1c Oystrandept 

s1tes The reason beh1nd the h1gher n1trate-N 10 Tropept1c Eutrustox 

plants desp1te the lower so1l N may be due to the cl1mat1c effects on 

o1trate ass1m1lat1on N1trate cooceotrat1oo was pos1t1vely correlated 

w1th a1r and so1l temperatures (Table 4 57) H1gh temperature can 

decrease the o1trate reductase act1v1ty wh1ch results 10 the accumula-

t1on of n1trate (Cantllffe 1972al The d1ffereot results for n1trate-

N between amaranth and cassava may also be caused by d1fferences 1n 

root1ng depth and length af graw1ng per1ad Cassava raats permeate 



Table 4 52 

Total N, n1trate-N and crude prote1n contents 1n the leaves 
of cassava grown at four s1tes 

Total N* N1trate-N* Crude prote1 n* 
_____ {% dry we1 ght } _________ _ 

Mol oka1 
Wa1p1o 

!ole 

Kuka1 au 

4 60 B 

4 29 e 
S 18 A 

4 72 8 

O 11 A 

O 11 A 

o 04 e 
O 07 B 

28 8 B 
26 8 e 
32 4 A 

29 S B 

* Means 1n the same column followed by the same letter are 
not s1gn1f1cantly d1fferent at O OS probab1l1ty level 
{Waller-Ouncan s mult1ple range test) 

a larger volume of so1l for a longer per1od of t1me than do amaranth 

roots N1trate-N found 1n cassava leaves 1n th1s study 1s not con-

s1dered h1gh and d1d not present a health hazard 
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erude prote1n content of cassava leaves was 26 8-32 4% on a dry 

we1ght bas1s Th1s 1s 1n the h1gh range of prote1n content reported 

1n the l1terature {Rogers and M1lner 1963} 

4 3 3 Effects of 1rr1gat1on on chem1cal compos1t1on of plants 

grown at Moloka1 and Wa1p1o s1tes 

S1gn1f1cantly h1gher total and 1nsoluble oxalates were 1n non-

1rr1gated plants at Moloka1 but not at Wa1p1o (Table 4 53} Both 

Moloka1 and Wa1p1o are cons1dered dry s1tes but Moloka1 was even dr1er 

than Wa1p1o as shown by the nearly two-fold less prec1p1tat1on rece1ved 

at Molokal (Table 3 21) 



Total N concentrat1on was s1gn1f1cantly lower 1n non-1rr1gated 

plants at Moloka1 (Table 4 54) N1trate-N concentrat1ons were not 

affected by 1rr1gat1on 

4 3 4 

Tab 1 e 4 53 

Effect of 1rr1gat1on on oxalate concentrat1on of taro grown 
at Moloka1 and Wa1p1o 

Slte 

Moloka1 

Total 
oxa 1 ate 

Insoluble 
oxalate 

Wa1p1o 

Total 
oxal ate 

Insoluble 
oxal ate 

Irn gat1on* cmol kg-l dry we1ght 

NI 

1 

Probab1l1ty 
> IFI 

45 9 

25 6 

o 0426 

* NI = Non-1rr1gated 

39 5 31 8 25 6 

19 7 28 o 29 4 

o 0030 o 3792 o 4516 

1 = Irngated 

lnfluence of plant so1l and cl1mat1c factors on oxalateand 

n1trate concentrat1ons 

Insoluble oxalate concentrat1ons were negat1vely correlated w1th 

total N but pos1t1vely correlated w1th n1trate-N (Table 4 55) The 
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negat1ve relat1onsh1p bPtween oxalates and total N was rather surpr1s1ng 

because n1trogen metabol1sm usually prometes the synthes1s of oxalate 

Total N was negat1vely correlated w1th t1ssue Ca (F1gure 4 37) Th1s 



Table 4 54 

Effect of 1rr1gat100 oo total N aod o1trate-N cooceotrat1oos 
10 taro growo at Moloka1 and Wa1p10 

S1te 

Mol oka1 Wa1p10 

Total N N1trate-N Total N N1trate-N 

I rr1 gat 1 o o* " dry we1ght ~ 

NI 4 08 o 11 4 30 

1 4 60 o 11 4 29 

Probab1l1ty 
> 1 F 1 o 0045 o 7718 o 9213 

* NI = Noo-1rr1gated, 1 = Irn gated 

Table 4 55 

Correlat1on betweeo oxalates aod total N aod 
o1trate-N 10 cassava leaves 

Oxal ate 

Total 

Insoluble 

growo at four s1tes 

Correlat1on coeff1c1eot* 
( Probab1 l 1 ty > 1 r 1 ) 

Total N 

-o 4129 
(0 0704) 

-o 6393 
(O 0024) 

N1trate-N 

o 4317 
(O 0574) 

o 4082 
(O 0740) 

*Number of observat1ons = 20 

o 10 

o 11 

o 0887 
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suggests that total N and Ca are also correlated and therefore the 

relat1onsh1p between total N and oxalates may not be a causal one 

Oxalate and n1trate were pos1t1vely correlated w1th so1l cat1ons 

wh1le n1trate was negat1vely correlated w1th so1l P (Table 4 56) The 

uptake of cat1ons can 1ncrease the cat1on excess 1n plants wh1ch, 1n 

turn, leads to the synthes1s of organ1c ac1d 

Table 4 56 

Correlat1on between oxalate 1n cassava and so1l var1ables 
from four s1tes 

Correlat1on coeff1c1ents* 
( Probab1l1 ty > 1 r 1 ) 

So1l 
van ab les Total oxalate Insoluble oxalate 

So1l Ca ns** 
Mg o 4727 

(0 0353) 

K o 4743 
(O 0346) 

Na o 4528 
(O 0450) 

p ns 

* Number of observat1ons = 20 
** ns = non-s1gn1f1cant 

ns 
o 4400 

(0 0522) 

ns 

ns 

ns 

N1trate 

ns 
o 6243 

(0 0033) 

o 7148 
(O 0004) 

o 8190 
(0 0001) 

-0 4745 
(0 0345) 

The pos1t1ve correlat1ons between temperature and oxalates 

(Table 4 57) 1n cassava were d1fferent from the relat1onsh1p found 

1n amaranth K1tchen et al (l964b) postulated that 1n sp1nach oxalate 



Table 4 57 

Correlat1on between oxalate and n1trate 1n cassava 
w1th sorne cl1mat1C var1ables from four s1tes 

Correlat1on coeff1c1ent* 
(Probab1l1ty > 1 r 1) 

Cl1mat1c var1able 
Total Insoluble Nltrate-N 
oxalate oxalate 

Average a1r ns** ns o 8510 
temperature (O 0001) 

Average relat1ve ns -o 4581 ns 
hum1d1ty (O 0422) 

Average topso1l ns o 4701 o 7362 
temperature (O 0365) (O 0002) 

Average subso1l o 4626 o 4481 o 7198 
temperature (0 0400) (0 0475) (O 0003) 

Ra1nfall -o 4583 ns -0 6953 
(0 0421) (O 0007) 

Rad1at1 on ns ns o 8485 
(O 0001) 

W1nd speed ns ns ns 

* Number of observat1ons = 20 
** ns = non-s1gn1f1cant 
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was used as a substrate for resp1rat1on at h1gh temperature The 

pos1t1ve correlat1ons of n1trate w1th temperatureand rad1at1on were 

also found 1n amaranth Cantl1ffe (1972a) and Maynard et al (1976) 

found s1m1lar relat1ons 1n other plants 

4 4 Response of taro to env1ronmental factors 
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As 1n the case w1th the sect1on on cassava, th1s sect1on emphas1zes 

the results concern1ng the effects of env1ronmental factors on nutr1ent 

and ant1nutr1ent contents of taro leaves 

4 4 1 Forms of oxalate 1n taro 

Taro conta1ned both soluble and 1nsoluble oxalates 1n contrast 

to cassava where most oxalate was 1n the 1nsoluble form The pos1t1ve 

correlat1on between 1nsoluble oxalate and Ca (Table 4 58, F1gure 4 38) 

suggests that 1nsoluble oxalate was pr1mar1ly Ca oxalate Moreover, 

the h1gher correlat1on of Ca plus Mg concentrat1ons w1th 1nsoluble 

oxalate (Table 4 58 F1gure 4 39) suggests that a part of the 1nsoluble 

oxalate was 1n the form of Mg oxalate 

There was a pos1t1ve correlat1on between both t1ssue K and K 1n 

the soluble oxalate fract1on w1th soluble oxalate (Table 4 58 F1gure 

4 40) Th1s suggests that the soluble oxalate was pr1mar1ly K oxalate 

Mg oxalate probab1ly const1tuted a s1gn1f1cant part of soluble oxalate 

as suggested by h1gh correlat1on where Mg was also cons1dered r = 

O 7898 (Table 4 58) The correlat1on between K+Mg 1n the soluble frac

tlon and soluble oxalate was h1ghly s1gn1f1cant (F1gure 4 41) suggest1ng 

that K and Mg oxalate were 1mportant const1tuents 1n taro 
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Table 4 58 

Correlat1on between oxalates and m1neral concentrat1on 
1n taro leaves 

Correlat1on coeff1c1ent* 
(Probablllty> Ir\) 

Element 
Soluble Insoluble Soluble+Insoluble 
oxa 1 ate oxalate oxal ate 

T1ssue Ca -o 7881 o 3282 ns 
(O 0001) (O 0053) 

Mg ns** ns o 3435 
(O 0323) 

K o 6931 ns o 3412 
(O 0001 l (o 0335) 

Na -o 5675 o 3526 ns 
(O 0002) (O 0277) 

Soluble Ca -o 6012 ns ns 
fract1on (O 0001 l 

Mg o 4531 ns o 4240 
(O 0038) (O 0071) 

K o 6712 ns ns 
(o 0001 ) 

Na ns ns ns 
K+Mg o 7898 ns 

(O 0001) 

Insoluble Ca -o 7637 o 4755 ns 
fract1on (O 0001) (0 0022) 

Mg ns o 3741 o 4652 
(O 0190) (0 0028) 

K o 3415 -0 3201 ns 
(0 0334) (O 0470) 

Na -o 6858 o 3360 ns 
(O 0001) (O 0365) 

Ca+Mg -o 7270 o 5036 ns 
(0 0001) (O 0001) 

* Number of observat1ons = 42 
** ns = Non-s1gn1f1cant 
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F1gure 4 40 Relat1onsh1p between soluble oxalate and potass1um 
concentrat1on 1n the extract of soluble oxalate fract1on 
(hot water extract) of leaf t1ssue of taro grown at 
three s1tes 
(l=Kuka1au, 2=Iole 3=Wa1p1o) 
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F1gure 4 41 Relat1onsh1p between soluble oxalate and the sum of 
potass1um and magnes1um concentrat1on 1n the extract of 
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The analys1s of m1neral concentrat1ons, 1nclud1ng Ca Mg, K and 

Na 1n the soluble and 1nsoluble fract1on also shows that the dom1nant 

cat1on 1n the soluble fract1on was K wh1le Ca appears to dom1nate 1n 

the 1nsoluble fract1on (Table 4 59) L1ttle Ca was found 1n the 

soluble fract1on and l1ttle K was found 1n the 1nsoluble fract1on 

Ca oxalate crystals are known to be plent1ful 1n taro leaves 

(Sunell and Ard1tt1, 1983) These crystals have been 1mpl1cated 1n 
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the 1rr1tant qual1ty of taro Sunell and Ard1tt1 (1983) suggested that 

Ca oxalate plays a role 1n Ca balance w1th1n the plant Sunell and 

Healey (1979) reported that Ca oxalate 1n taro was not metabol1cally 

1nact1ve because crystal numbers and dens1ty changed dur1ng plant 

development The f1nd1ng of soluble oxalate 1n taro 1mpl1es that Ca 

from other foods can be bound and rendered unava1lable 

4 4 2 Compar1son of chem1cal compos1t1on of plants grown 

at d1fferent s1tes 

S1gn1f1cantly h1gher soluble oxalate was found 1n plants from the 

Tropept1c Eutrustox so1l at the Wa1p10 s1te than 1n plants grown 1n 

the Hydr1c Dystrandept so1ls at Kuka1au and !ole (Table 4 60) 

Furthermore for so1ls of the same fam1ly of Hydr1c Dystrandepts, plants 

from !ole had s1gn1f1cantly h1gher soluble oxalate than plants from 

Kuka1au (Table 4 60) Plants grown at Wa1p10 and !ole had s1gn1f1cantly 

h1gher t1ssue K and Mg concentrat1ons than d1d plants at Kuka1au (Table 

4 61) H1gher soluble oxalate was also found 1n Wa1p1o and !ole plants 

Although !ole plants had almost equal concentrat1ons of t1ssue K as 

the Wa1p1o plants, they had s1gn1f1cantly h1gher t1ssue Ca Th1s was 



~ 

S1te 

Kuka1au 

!ole 

Wa1p1o 

Table 4 59 

M1neral concentrat1ons 1n the soluble and 1nsoluble fract1on of extracts 
of oxalate 1n taro grown at three s1tes 

cmol kg-l dry we1ght 

Soluble fract1on Insoluble fract1on 

Oxalate Ca Mg K Na Oxalate Ca Mg K 

10 9 2 6 16 4 49 4 o 22 52 5 101 4 14 6 2 1 

28 5 2 3 20 8 71 2 o 31 56 7 78 6 16 3 2 4 

41 1 1 5 27 3 65 o o 25 42 4 62 3 16 7 2 3 

Na 

o 90 

o 84 

o 62 

N 
~ 

0\ 



S1te 

Table 4 60 

Oxalate concentrat1ons of taro leaves grown 
at three d1fferent exper1mental s1tes 

cmol kg -1 dry we1ght 

Soluble* Insoluble* Soluble + Insoluble* 

Kuka1au 

Iole 
Wa1p10 

oxalate 

10 9 e 
28 5 B 

41 1 A 

oxalate oxalate 

52 5 A a 63 4 B 

56 7 Ab 85 2 A 

42 4 A e 83 5 A 

* Means 1n the same column followed by the same cap1tal letter 
are not s1gn1f1cantly d1fferent at O 05 probab1l1ty level 
{Waller-Duncan s mult1ple range test) 

a12 7 mg/g FW 

bl3 7 mg/g FW 

clO 3 mg/g FW 

probably the reason for the lower soluble oxalate 1n plants grown at 

Iole than at Wa1p1o 
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Plants from the Hydr1c Dystrandept so1ls conta1ned h1gher 1nsoluble 

oxalate than plants grown 1n the Tropept1c Eutrustox so1l Th1s was 

assoc1ated w1th the s1gn1f1cantly h1gher t1ssue Ca 1n plants from the 

Hydr1c Dystrandepts {Table 4 61) 

Table 4 60 also shows that wh1le the 1nsoluble oxalate d1d not 

vary w1th s1te the soluble fract1on d1d T1ssue Ca was h1gher 1n plants 

from Kuka1au than from Iole and Wa1p1o wh1le t1ssue K was h1gher 1n 

Iole and Wa1p1o than 1n plants from Kuka1au (Table 4 61) Th1s probably 

led to the h1gher proport1on of 1nsoluble oxalate and a lower proport1on 



- ~- ~--- --, 

Table 4 61 

Iontc concentrattons and catton excess tn taro leaves grown tn three experimental sttes 

1 
cmol kg dry welght 

11 dry welghtl 

Slte Ca Mg K Na se• p S N0
3 

Cl SAb e A 

Kuka hu 131 1 Ac 33 3 e' 90 6 a' 1 1 A e 256 8 Ac 3 2 e' 5 9 Ac 1 1 Ac 36 6 Ac 52 7 Ac 204 1 Ac 

(2 6ld lO 41 ( 3 51 (O 031 (O 311 (O 31 ( 1 31 

1 o le 110 3 8 43 1 8 111 1 A 1 1 A 266 2 A 3 8 8 5 6 A 7 2 A 28 9 8 45 5 8 220 1 A 

12 21 (O 51 ( 4 31 (O 031 (O 371 (O 31 ( 1 o 1 

Wa1pto 90 5 e 54 2 A 111 5 A o 9 8 257 1 A 4 5 A 5 6 A 6 8 A 39 9 A 51 8 A 205 3 A 

( 1 81 lO 71 ( 4 31 (O 021 (O 441 (O 31 ( 1 31 

• Sum of cations 
b 

Sum of antons 
e 
M~ans tn the same column followed by same capital letter are not stgntftcantly different atO OS probabtltty 
level (Waller Ouncan s multtple range test) 

d 
lontc concentrattons tn the untt of 1 on a dry wetght basts 

N 

O> 
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of soluble oxalate 1n plants grown at Kuka1au (Table 4 62) On the 

other hand Wa1p1o plants had lower t1ssue Ca and h1gher t1ssue K than 

Kuka1au plants (Table 4 61) wh1ch probably led toa h1gher proport1on 

of soluble oxalate and a lower proport1on of Ca oxalate than at 

Kuka1au (Table 4 62) Plant Mg and soluble oxalate contents at !ole 

were lower than 1n plants from Wa1p1o wh1le Ca and 1nsoluble oxalate 

contents were h1gher 

Table 4 62 

Comparat1ve concentrat1ons of d1fferent forms of oxalate 
as percentage of soluble+ 1nsoluble oxalate 

Kuka1 au 
!ole 
Wa1p10 

1n taro leaves from three s1tes 

% of soluble + 1nsoluble oxalate 

Soluble* 
oxalate 

17 2 e 
33 5 B 

49 2 A 

Insoluble* 
oxa 1 ate 

82 8 A 

66 5 A 
50 8 A 

* Means 1n the same column followed by the same letter 
are not s1gn1f1cantly d1fferent atO 05 probab1l1ty 
level (Waller-Duncan s mult1ple range test) 

de la Pena and Plucknett (1969) found that add1t1on of K to up1and 

and 1owland taro reduced the concentrat1on of Ca as we11 as Mg S1mp1e 

corre1atlon (Append1x F) of data from a 11 s1tes shows that SOl 1 Ca was 

negat1ve1y corre1ated wlth t1ssue Ca wh11e t1ssue Ca was, 1n turn 

negat1Ve1y corre1ated wlth t1SSUe K T1ssue K and S01l K however, 



J 
1 
¡ 

220 

were pos1t1vely correlated 1nd1cat1ng that K may be the most 1mportant 

so1l var1able 1nfluenc1ng taro soluble oxalate content 1n Table 4 67 

The h1gh concentrat1on of Cl (1 0-1 3%) 1n taro leaves (Table 4 61) 

1s of 1nterest It was more than 5 t1mes h1gher than 1n leaves of 

amaranth and cassava (O 2-0 3% dry we1ghtl Accord1ng to Mengel and 

K1rkby (1978), Cl content of most plants generally range from O 2-2 0% 

dry we1ght For Cl sens1t1ve crops, the reduct1on 1n y1elds was 

assoc1ated w1th t1ssue levels of O 5-2 O% Cl Sp1nach and beetroot 

are cons1dered halophytes and conta1n Cl content rang1ng from O 5-2 2N 

dry we1ght (V1tyakon, 1979) 

Cl plant 

These facts suggest that taro 1s of h1gh 

Oxalate and calc1um concentrat1on 1n taro leaves 

Approx1mately 40 to 50 percent of Ca was 1n the forms of Ca oxalate 

(Table 4 63) Therefore, about half of the total t1ssue Ca 1n taro 

leaves should not be ava1lable to humans The plant ma1nta1ned a 

s1zable soluble oxalate pool desp1te a large quant1ty of Ca unbound 

by oxalate The mechan1sm by wh1ch taro ma1nta1ns a h1gh soluble oxalate 

pool 1n the presence of h1gh plant Ca concentrat1on cannot be expla1ned 

at th1s t1me 

Relat1onsh1p between oxalate and cat1on excess 

Oxalate const1tuted from 30 to 40 percent of the cat1on excess 

1n plants at the var1ous s1tes (Table 4 64) S1gn1f1cant relat1onsh1ps 

between oxalates and cat1on excess were found 1n 1nsoluble oxalate from 

comb1ned data of three exper1mental s1tes and soluble and 1nsoluble 

oxalate 1n Wa1p1o s1te (Table 4 55) The sum of soluble and 1nsoluble 

oxalate was not s1gn1f1cantly correlated w1th cat1on excess In 



Table 4 63 

Calc1um 1n the form of calc1um oxalate 1n taro leaves 
grown at three s1tes 

Site 

Kuka1au 
!ole 
Wa1p10 

cmol kg-l dry we1ght 

Insoluble T1ssue Ca Ca oxalate 
oxalate (% t1ssue Ca) 

52 S 131 7 39 9 

56 7 11 o 3 51 4 

42 4 90 5 46 9 

Table 4 64 

Total oxalate as percentage of cat1on excess 
1n taro leaves from three exper1mental s1tes 

Slte 

Kuka1au 

!ole 

Wa1p10 

% cat1on excess 

31 1 

38 6 

40 7 
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contrast to other plants, 1t appears that oxalates 1n taro were more 

closely related w1th spec1f1c cat1ons (Table 4 58) than w1th cat1on 

excess 

Total N n1trate-N and crude prote1n contents 

S1gn1f1cantly h1gher total N was found 1n taro leaves from the 

!ole s1te than 1n leaves from Kuka1au and Wa1p1o (Table 4 66) Th1s 

1s l1kely because !ole so1l has h1gher N content The levels of 

n1trate-N 1n the leaves were below the dangerous level 1n all cases 

At !ole s1te crude prote1n content of taro leaves was s1m1lar to 

that of amaranth and cassava wh1le at Kuka1au the levels were lower 

(Tables 4 66, 4 52, and 4 18) 

Table 4 65 

Correlat1on between oxalates and cat1on excess 
1n taro leaves 

correlat1on coeff1c1ent 
( Probab1l1 ty > 1 r 1 ) 

oxalate 

comb1neda 
3 s1tes 

Soluble ns* 

Insoluble o 3854 
(0 0154) 

Soluble+ ns 
Insoluble 

• ns = non-s1gn1f1cant 
aNumber of observat1ons = 42 
bNumber of observat1ons = 14 

ns 

ns 
ns 

ns 

ns 

ns 
ns 

ns 

-o 7170 
(O 0039) 

o 7747 
(0 0011) 

ns 
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Table 4 66 

Total N, n1trate-N and crude prote1n concentrat1ons 
of taro leaves grown at three s1tes 

Si te % dry we1ght 

Total N* N1trate-N* Crude prote1n* 

Kuka1au 3 9 B O 10 A 24 4 B 

!ole 4 6 A O lO A 28 B A 

Wa1p10 3 8 B O 09 A 23 8 B 

* Means 1n the same column followed by the same letter are 
not s1gn1f1cantly dlfferent atO OS probab1l1ty level 
(Waller-Duncan s mult1ple range test) 

4 4 3 Relat1onsh1ps between oxalates 1n taro leaves and so1l 

and cl1mat1c var1ables 
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Soluble oxalate 1n taro leaves was pos1t1vely correlated w1th so1l 

Ca, Mg, K, and Na and negat1vely correlated w1th so1l P (Table 4 67) 

Th1s lS cons1stent w1th the cat1on-an1on balance concept 1n wh1ch 

1ncreas1ng cat1on content leads to an 1ncrease 1n cat1on excess and 

consequently to an 1ncrease in the synthes1s of organ1c ac1d On the 

other hand, 1ncreas1ng an1on concentrat1on leads to a decrease 1n cat1on 

excess and a consequent decrease 1n organ1c ac1d content 

Soluble oxalate was correlated w1th cl1mat1c var1ables wh1le no 

correlat1on was observed for 1nsoluble oxalate or the sum of soluble 

and 1nsoluble oxalate (Table 4 68) Soluble oxalate 1n taro leaves 

was pos1t1vely correlated w1th a1r and so1l temperature as was the 

case w1th amaranth and cassava Both ra1nfall and relat1ve hum1d1ty 
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however, were negat1vely correlated w1th soluble oxalate A correlat1on 

matr1x (Append1x F) shows that rad1at1on, a1r temperature so1l temper

ature, relat1ve hum1d1ty, ra1nfall, and w1nd speed were all h1ghly 

correlated Thus when rad1at1on was h1gh temperature was h1gh, ra1n-

fall was more l1kely and the a1r was more turbulent It 1s l1kely that 

one var1able serves as a surrogate for all others In any case the 

cl1mate was suff1c1ently d1fferent among s1tes to have caused dlffer

ences 1n the soluble oxalate content 

Table 4 67 

Correlat1on between taro oxalates and so1l var1ables 
from three exper1mental s1tes 

Corrleat1on coeff1c1ent* 
Element (Probab1l1ty > 1 r 1) 

Soluble Insoluble Soluble+1nsoluble 
oxal ate oxalate oxalate 

So1 1 Ca o 7020 ns** o 4756 
(O 0001) (O 0022) 

Mg o 7400 ns ns 
(O 0001) 

K o 7161 ns ns 
(O 0001) 

Na o 6747 ns ns 
(O 0001) 

p -o 7618 ns -o 4714 
(O 0001) (O 0025) 

* Number of observat1ons = 42 
** ns = non-s1gn1f1cant 



Table 4 68 

Correlat1on between taro oxalates and cl1mat1c var1ables 
from three exper1mental s1tes 

Correlat1on coeff1c1ent* 
(Probabl1ty > 1 r 1 ) 

Cl1mat1c 
var1ables 

Average a1r 
temperature 

Average relat1ve 
hum1d1ty 

Average topso1 1 
temperature 

Average subso1 1 
temperature 

Ra1nfall 

Rad1at1on 

Wind speed 

Soluble 
oxalate 

o 5168 
(O 0008) 

-0 5626 
(0 0002) 

ns 

o 7113 
(O 0001) 

-o 7219 
(O 0001) 

o 6227 
(O 0001) 

-o 5412 
(0 0004) 

* Number of observat1ons = 42 
** ns = non-s1gn1f1cant 

Insoluble 
oxalate 

ns** 

ns 

ns 

ns 

ns 

ns 

ns 

Soluble+Insoluble 
oxalate 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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CHAPTER V 

SUMMARY ANO CONCLUSIONS 

Th1s study prov1des new ev1dence to support the hypothes1s that 

plant compos1t1on 1s strongly 1nfluenced by the same env1ronmental 

factors that regulate plant growth and development Wh1le 1t 1s well 

known that so1l fert1l1ty affects the m1neral nutr1t1on of plants, the 

effect of so1l fert1l1ty on the ant1nutr1ent content of plants has 

heretofore not been well documented Th1s study also shows that the 

effect of so1l fert1l1ty on plant compos1t1on 1n general, and ant1-

nutr1ent 1n part1cular, 1s strongly mod1f1ed by atmospher1c cond1t1ons 

The s1tuat1on 1s further compl1cated by the fact that plant ut1l1zat1on 

of so1l phosphorus and bases 1s controlled f1rst by so1l n1trogen and 

only secondar1ly by the amount of phosphorus and bases present 1n the 

so1l Furthermore, plant compos1t1on 1s determ1ned toa larger extent 

by plant genotype than by env1ronmental factors 

Plant oxalate and cat1on excess 1s s1gn1f1cantly related although 

1n sorne cases better relat1onsh1ps are found between oxalate and 

1nd1v1dual cat1ons The results of th1s study support earl1er stud1es 

wh1ch show that oxalate 1s produced 1n response to cat1on excess In 

add1t1on, the forms of oxa1ate produced depend on the dom1nant cat1ons 

1n the p1ant t1ssue 

Tab1es 5 1 a~d 52 summar1zed the effects of so11 and c11mat1c 

factors and cat1on excess on the oxa1ate and n1trate contents of three 

crops So11 and c11mate affect cat1on excess (C-A) wh1ch 1n turn affect 

oxalate content 
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Table 5 1 summar1zes the 1mportan: ~elat1onsh1ps that ex1st between 

so1l-cl1mate factors and oxalate and n :rate contents 

show that these relat1onsh1ps d1ffer fcr d1fferent crops 

The results 

Through 

mult1ple regress1on analys1s (Table 5 :1 the key factors 1nfluenc1ng 

1nd1v1dual plant const1tuents are 1den~.f1ed Format1on of d1fferent 

forms of oxalate 1n the same plant 15 nfluenced by d1fferent env1ron

mental factors The fact that solar rad1at1on a1r temperature and 

w1nd 5peed appear 1n the equat1on5 show that weather var1ables contr1bute 

mea5urably to plant compos1t1on 

The5e f1nd1ngs suggest that nutr1t1onal qual1ty of crops can be 

controlled through crop select1on and management of the env1ronment 

If as much attent1on 1s g1ven to 1mprov1ng nutr1t1onal qual1ty of food 

crops as 15 now g1ven to 1ncreas1ng y1elds the goal of meet1ng the 

nutr1t1onal needs of people w1ll be more read1ly served 



hble S 1 

Soil cltmattc factors and cation excess correlated wtth the concentratton of oxalates 
and nttrate N tn amaranth cassava and taro 

Postttve and negattve stgns are those of the correlatton coefftctents 
where there ts no astertsk the correlatton ts not stgntftcant 

Astertsks represent stgntftcance Tevet 

Catton 
Crop Plant excess So11 1 Cl1mate 

campos tt ton (C Al 

" p Ca Mg K 
Av temperature 

1 A1r Ra1nfa11 Rad1at1on W1nd 
Sub so 11 

speed 

A Soluble oxalate • * • • 
M In sol oxa la te ••• • t** 

A Jota 1 oxa late • * t * ** ** * ••• •• •• 
R Sol • 1 nso 1 • • t* * •• l •• •• 
A oxa late 
N NOj N t** •• •• ** 1 * ••• • •• 
T 
H 

e lnsol oxalate • • t* t 1 • t* t t 

A Total oxa late • t t* •• 1 t •• * • 
S NOj N • t ••• • •• 1 • + • -·· t** t 

S 1 
A 1 

V 1 

A 1 

T Soluble oxalate ** • * ••• t** 1 •• ••• ** • •• •• 
A In sol oxa la te •• • 1 t t 

R Sol • 1nsol • t t 1 • • • 
o oxa late 1 

NOl N • 1 
t • 

Re lat 1ve 
hum1d1ty 

t* 

t 

• 
t 

• 

** 

• 

t 

N 
N 
()) 
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Table 5 2 

Var1ables 1dent1f1ed through mult1ple regress1on analys1s 
to contr1bute SlQnlflcantly to the oxalate and n1trate 

contents of amaranth 

Plant compOSltlOO {Y)a X vanablesb Contr1but1onsc 

Total oxalate {NI) SRSQ ns 
PLEVEL * 
SOLMG + ** 
SOLK + * 

Total oxalate {I) SRSQ + ** 
NLEVEL + ** 
SOLK + ns 
AIR4SQ ** 

Soluble oxalate {NI) SOLK + ** 
PLEVEL ** 
SOL CA ** 
SOLP + ns 

Soluble oxalate {I) AIR2 + ** 
PLEVEL ** 

Insoluble oxalate {NI ) SOLP ** 
PLEVEL + ** 

Insoluble oxalate {I) AIR3 ** 
NLEVEL + * 
PLEVEL + ns 

N1trate-N {NI) WSPSQ ns 
NLEVEL + ** 
SOLMG ** 
SOLK + * 

N1trate-N {I) AIR2SQ + ** 
NLEVEL + .... 
SOLTN + .... 
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Table 52 (contlnued) Var1ables 1dent1f1ed through mult1ple regres,.on 
analys1s to contr1bute s1gn1f1cantly to the 
oxalate and n1trate contents of amaranth 

Notes 

aNI = non-1rr1gated plants 
I = 1rr1gated plants 

bSRSQ = Square of solar rad1at1on 
PLEVEL = Fert1l1zer P rate 
SOLMG = So1l magnes1um content 
SOLK = So1l potass1um content 
NLEVEL = Fert1l1zer N rate 
AIR4SQ = Square of the dlfference between max1mum and 

m1n1mum temperature 
SOL CA = So1l Calc1um content 
SOLP = So1l phosphorus content 
AIR2 = M1n1mum a1r temperture 
AIR3 = Average a1r temperature 
WSPSQ = Square of w1nd speed 
AIR2SQ = Square of m1n1mum a1r temperature 
SOLTN = So1l total n1trogen content 

cPos1t1ve and negat1ve s1gns are those of the parameter est1mates or 
regress1on coeff1c1ents 1n the regress1on equat1ons Aster1sks 
1nd1cate the s1gn1f1cance level (Probablllty > /t/) 
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Append1x D Correlat10n n~atnx of oxalates, nltrate-tl concentrat10ns and var10us so1l and cl1mat 1c 
var1ables us1ng data from nnqated plots of anJaranth expenments at three sltes 
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Append1x E Oxalate content of cassava leaves from plants 
9rown 1n 1rr1gated plots 

Oxalate (cmol kg-l dry we1ght) 

S1te 
Total Insoluble Soluble* 

Mo 1 o ka 1 32 6 25 1 7 5 
19 3 13 3 6 o 

" 28 9 21 2 7 4 
21 6 19 1 2 5 

Wa1p1o 34 3 38 4 
" 29 8 32 o 

23 3 24 7 1 9 
" 24 4 22 5 1 9 

Iol e 35 9 32 8 2 1 
18 9 13 2 5 7 

" 19 9 17 2 2 7 
" 23 1 21 o 2 1 
" 21 8 18 5 3 3 
" 18 2 12 6 5 6 

Kuka 1au 25 9 28 o 
" 17 8 14 3 3 5 

26 1 20 o 6 1 
" 15 6 26 4 
" 18 3 19 7 

16 1 23 o 

*Calculated fro~ the d1fference between total and 1nsoluble 
oxalate 
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Append1x F CorrelatlOn matnx of vanous plant compos1t10ns and so1l and cl1mat1c factors 
1n taro leaves from three expenmental s1tes 

o u Oll 012_1 c_a TOTILI ca •• 1 .. se • ' 101 

OIJ 1 00000 O Ulll o uto• o 19100 O oq lBS o 78908 0289!>6 o 69108 -o 56751 o 25)6 5 o 15198 o 27868 o 1Cilt'S 
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