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THE NICKEl CONTENT
of Some Hawaiian Soils and Plants

and the Relation of

Nickel to Plant Growth

A N N IE TOM CHAN G AND G. DoNALD SH ERMA N

INTRODU CTION

Nickel, one of the trace elements in soils, has not been established as essent ial
for plant growth, although ther e have been occasional reports that minute amounts
of nickel have brought about increase in plant growth. Robinson et al. (1 4)
reported the beneficial effect of nickel on the growth of cereals, beans, and peas in
sand and water culture experiments conducted by Scharrer and Schropp. Fifty ppm
Ni in sand culture was stimulatin g to plant growth whereas a higher concentration
was toxic. Young (19) studied the effects of 35 of the rarer elements in soils
on the growth of timoth y ( Pbletim pratense). Ni ckel, one of the elements studied,
was added in five concentrat ions (2,000, 500, 100, 10, 0.10 ppm ) to a coarse sandy
loam. A concentration of 0.10 ppm Ni showed a slight beneficial effect, but the
hig her concentrations showed depression in growth. Roach and Barclay ( 13 )

sprayed manganese, iron, boron , copper, zinc, and nickel solut ions on wheat, pota
toes, and broad beans, and found an increase in crop yield.

Th e importance of nickel , however, lies more in its toxic effect on plant gro wth.
Hase lhoff (6) analyzed a soil after serious compl aint s from farmers on the ill
effects of waste water from a nickel ore crushing plant . Analyses showed the
prese nce of cobalt, nickel, and zinc in the soil. Subsequent water culture studies
of the effect of nickel on horse beans and corn showed that plants grow n in nutrient
solutions without nickel were normal, whereas plant s grow n in solut ions wit h
2 to 40 ppm Ni turned yellow and finally died within 12 to 72 days. Coupin (5 )
studied the effects of the chlorides, sulfates, and ni trates of' nickel and cobalt on
wheat germin atio n and found the toxicity of these compou nds quite high.

Studies by Robinson et al. ( 14) on the chemical composition of infert ile soils
from certai n areas in the Un ited States, Cuba, and Puerto Rico which were derived
from rocks high in magnesium, nickel, and chromium showed these soils to have
a maximum conte nt of 36.42 percent MgO , 5.23 percent Cr"0 3' and 0.453 percent
N iO. The most consp icuous difference between the infertile soils and the fertile
soil stud ied was the absence of chromium and nickel in the ferti le soil profile.
Poor internal drainage, an excess of magnesium, and lack of elements essenti al for
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plant growth may have been causes of infertil ity in some of the soils studied . How
ever, these investiga tors believed that the presence of comparatively large quantities
of chromium, nickel, and perhaps cobalt may have been the dominant cause of
infertility in the serpent ine soils which showed favorable physical conditions.

Mitchell ( 10 ) report ed that crops failed to grow in small areas in Aberdeenshire
unless the soils were liberally limed. Th ese soils, derived from basic igneous rocks,
contained 720 ppm total nickel and 23 ppm ammonium acetate-soluble nickel,
whereas soils from adjoining fertil e areas contai ned 410 ppm total nickel and
less than 3 ppm ammonium acetate-soluble nickel. Crops grow n on the inferti le
sections after limin g cont ained up to 50 ppm Ni .

Vanselow (17 ), whose srudies on microelernent s in citrus are in progress at
the Californ ia Agr icultural Exper iment Stat ion, reported deleterious effects on
orange seedlings when 75 ppm, 150 ppm, and 300 ppm N i were added to the soil.
Seedlings grown in soil to which J50 ppm and 300 ppm N i were added died soon
after planting. Plant s grown in soil with addition of 75 ppm Ni showed mottled
leaves and depressed growth.

Soils deri ved from basic igneous rocks may be expected to have a nickel
content of 50 to 500 ppm or even higher, whereas nickels derived from sand
stones, limestones, and acid igneous -rocks may have a nickel content less than
SO ppm ( 10) . In igneous rocks, mineral latti ce replacement of magnesium by
nickel occurs normally due to similarity of the ir ionic radi i (Mg+ + - 0.78 A.0 ,

N ir t - 0.78 A. 0 ) . Rocks with basic react ion contai n more nickel than the more
acidic, silica-r ich types, since the parent ferromagnesian minerals such as the oli
vines, pyroxenes, biotites and amphiboles occur chiefly in these rocks. Olivine,
conta ining as much as 0.5 percent N iO, is the most important of the nickel-bearing
silicates (18).

The soils of Hawaii, with the excepti on of small areas near the sea, have de
veloped from basaltic lava and its modifications (9) . Cross's study of lavas of
Hawaii revealed a content of 0 to 0.09 perce nt N iO in the basalts (4 ) . An analysis
of olivine, which is contained in amounts to 30 percent of the minerals in the
H awaiian lavas studied, showed a content of 0,34 percent N iO. Hough et al, ( R) ,

in ; rudies of rock weathering and soil profile developm ent , reported the presence
of somewhat greater amounts of nickel in the soils of the Hawaiian Islands than
in the average soil of the mainland United States. In four soil samples from Hawaii
the nickel content ranged from 0.07 to 0.19 percent NiO.

It is therefore reasonable to expect a relatively high nickel content in Hawaiian
soils. An investigat ion of the nickel content of some representative soils from the
Grea t Soil Gro ups of the Hawaiian Islands and the plant s grow ing on them was
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made to obtain more information on the distributio n of nickel in local soils and
plants. Furt hermore, since various studies reponed in the literature showed con
trast ing observations of either a stimulating or a toxic effect of nickel on plant
growth, this investigat ion was extended to various water culture and soil pot
experiments to determ ine the actual effect of varying concentra tions of nickel on
the growth of plant s.

NICKEL CON TENT OF HAWAllAN SOILS AND PLANTS

EXPE RIMENTAL PROCEDURES

Representative soils from all of the Hawaiian Grea t Soil Gro ups from the
zonal order, the Dark Magnesium Clay and Gray Hydromorphic groups from the
intrazonal order, and the plants growing on them were included in this study:
These soils have been classified and described by Cline et al.;; In some instances,
more than one family from a Great Soil Gro up was includ ed to show the var iation
within the gro up. Th e sur face soil, ranging from 6 to 10 inches, was air-dr ied
and gro und to pass through a 20-mesh sieve. Plant materials were washed, oven
dried at 70 0 c., ground, and chemically analyzed.

Determination of nickel in plant tissue: Two grams of oven-dried plant material
were wer-ashed with perchloric acid and nitric acid. Th e Sandell-Pierlich method
(1 5, 16 ) for the colorimetric determination of nickel was modified to meet the
conditions of H awaiian plants and soils. Sodium citrate, hydroxylamine hydro
chloride, and dilu te ammonia were added to elimi nate interferences by iron,
manganese, and copper, respective ly. Th is method is based on the extraction of
nickel dim ethylglyoxime with chloroform from the ammoniacal citra te solution of
the sample. The nickelous dimethy lglyoxime is brought to the aqueous phase by
shaking with dilute hydrochloric acid and is oxidized with saturated bromine water.
Th e intensity of the brown -red color which develops upon the addition of dimethyl
glyoxime is read with a Klett-Summerson photoelectric colorimeter, using a green
filter with maximum transmission at 530 mill imicrons.

Determination of nick el in soil: The soil was ground to pass through a
100-mesh sieve and oven-dried at 140 0 C. One-half gram was fused by the Piper
method ( 11) using the mixed carbonates, 2KtCO".NatCO". Th e cold melt was
decomposed in hydrochloric acid and the silicic acid was dehydrated. Silica was
filtered off after the residue was dissolved in hydrochloric acid. Silica was volati lized
with 5 ml. hydrofluoric acid and a few drops of sulfuric acid, and the contents
were evapora ted to dryness. Th e residue was re-fused with the mixed carbonates,

• Cline, M. G ., et al, Soil Survey Report of the H awaiian Islands. In Press.
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dissolved in hydrochloric acid, and then added to the original filtrate. This was
made up to 100 m!. and an aliquot of 20 m!. was taken for analysis. Nick el was
determined in the same method as described above.

Determin ation of exchangeable nickel in soil: Twenty-five grams of air-dried
soil were leached with 500 m!. of 1.0 N . ammonium acetate. Th e leachate was
evaporated to dryness. Organic matter was destroyed with aqua regia. Ni ckel was
determined in the same method as described above.

Reaction of soil: AI : 1 water soil suspension was prepared and was allowed
to stand for I hour. Th e pH of the soil was determined with a Beckman IJH meter .

E XPE RIME NTAL R ESULTS

Th e nickel content of typical soils of the Hawaiian Great Soil Gro ups and
typical plants growing on each soil were determined. Th e data obtained are given
III table 1.

TABLE 1. Th e nickel conte nt of some soils and plants from the 10 Grea t Soil
G roup s in the Haw aiian Island s.

PPM SOI L N i
SOIL GROU P LOCAT IO N pH P LAN T M AT ERIAL P PM Ni

T OTAL EXCH.-- -- --- - -
Humic Latosol Haleakala, Maui 5.70 132 0.32 Macadamia leaves

M. ternijolia 1.50
Mango leaves
Man gijera indica 1.80

Kailua, Oahu Banana leaves
M usa saplentu m .83

Kaneohe, Oahu 6.00 426 0.38 Panicum
P. pu rpnrasc ens 4.00
Guava leaves
Psidiun: guajava 2.50
Banana leaves 2.70

Paauilo, Hawaii Sugar cane leaves
Saccharum ofJicinarll1Jl 3.60

Kona, Hawaii To mato leaves
Lycopersicum esculentum 6.10
Pin eapp le leaves
A nanas comosus 5.50
Crotalaria leaves
C. mucronate 3.60
Gu ava leaves 3.00

Hydrol Humic
Latosol S. Hil o, Hawaii 4.75 138 0.31 G uava leaves 3.50

Macadamia leaves 4.00
To mato leaves 5.00

H ilo, H awaii Macadamia leaves 1.80
Sugar cane leaves 3.90
Spanish clover
Desm odium uncinata»: 7.00
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TABLE 1. (contin ued).

P P M SO IL Ni
SO IL GRO U P LO CATIO N pH PLANT M AT EIU AL PP M N i

TOTA L F:XCH .
- - -- --- ---

Low Humic
Latosol Poarnoho, Oahu 5.'10 661 0.73 Koa haole

Leucaena glauca 3.50
Mango leaves 9.75
Pineappl e leaves 9.00
Lettuce
Lactuca sativa 7.00
Hea d cabb age
Brassica o/eracea 9.50
Algaroba leaves
Proposis cbi lensis 7.00
Tomato leaves 15.00
Guava leaves 5.33
Macadamia leaves 14.60
Surinam cherry leaves
Eugenia uniilora 22.75

Poamoho, Oahu 4.80 405 Kaimi clover
Desm odiu m canton 5.50
Wire grass
Eleusine indica 5.25
H orseweed
Erigeron a/bidus 5.10

Kahala Heights,
Oahu Koa haole 3.60

G uinea grass
Panicum maximum 4.40

W ahiawa
Heights, Oahu Mango leaves 4.30
Hamakuapoko,
Maui Pineapple leaves 9.00
Manoa, Oahu 6.30 433 1.21 Rice grass

I'aspa/um orbiculare 9.80
Honoh ono grass
Commelina nudillora 11.00
Guava leaves 5.00

Low Humic W aimanalo,
Larosol Oahu 6.80 353 0.46 Foxtail grass

Seteria verticil/ata 6.10
Sugar cane leaves 3.50
Foxtail grass 2.50

Low Humic Waimanalo Exp.
Larosol Stat ion Farm Rattle pod leaves

Crota/aria incana 2.60
Red D esert
(Transitional) Koko Head, Oahu 6.05 398 2.56 Algaroba leaves 18.50

Passion fruit leaves
Passi f/ ora foetida 22.80
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TABLE 1. (continued) .

HAWAII AGRICULTURAL EXPERIMENT STATION

P P M SOI L Ni
SO I L GROUP LOCATIO N pH PLANT MAT ERIAL P I)M Ni

TOTAL IiXCH .
- - - - -- - --

Koko Head, Oahu 5.35 312 0.52 Foxta il g rass 5.00
Rice grass 6.80
Swollen finger grass
Chloris in/lata 5.50

Red Brown Kona, Hawaii 6.90 144 0.68 Horseweed 2.55
N atal red top grass
Tricbolaena repens 1.88

Red Brown
(Transitio nal) Maki ki, Oahu 6.70 601 0.73 Rice grass 2.80

H onohono grass 7.90
Pan icum 8.70

Reddish Haleakala
Prairie J unction, Maui 6.70 167 0.64 Kaimi clover 2.90

Rattl e pod leaves
Crotalaria longlrostrata 2.20

Waimea, Hawai i Lettuce 2.35
Brown Forest Olin da, Maui 5.50 100 0.40 Tomato leaves 3.10

Or chard grass
Dactylis glome rate 3.20

H aleakala, Maui White dutch clover
T ri/olium repens 4.10

Fer ruginous
Humic Larosol Haiku, Mau i 4.50 98 0.43 Guava leaves 2.40

Kaim i clover 3.20
Kunia, Oahu 4.20 150 0.35 N atal red top grass 4.30

Pineapp le leaves 3.30
Kokee, Kaua i 4.00 220 Japanese tea

Cassia lescbenaultiana 6.50
Paspalurn
P. orbiculare 9.00
Silver oak leaves
Gravillea rob usta [5.00

Dark Magnesium Lualualei , Oahu
Clay (cultivated) 7.40 211 0.54 llima 3.30

su: /allax 3.30
To mato leaves 2.90

Lualualei, Oahu
( uncultivated ) 7.70 242 0.54 Natal red top grass 4.30

Foxtail grass 5.50
Swollen finger grass 6.50
Algaroba leaves 5.50

G ray H ydro- Honou liul i, Oahu
morphic ( cultivated ) 4.90 164 0.48 Rice grass 1.80

Sugar cane leaves 1.50
Honoul iul i, Oahu
( uncultivated) 7.30 182 0.60 Algaroba leaves 7.90

Foxtail g rass 6.40
Pan icum grass 5.70
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The nickel content of 75 plant samples analyzed ranged from 0.83 to 22.80

ppm . The plant samples included grasses, vegetab les, and leaves of guava , mango ,

banana, macadam ia nut, and silver oak trees. Most of the plants averaged 2 to

5 ppm N i. Although uni formity in the selection of plant specimens was highly
desirable, this was impossib le to attain, for in most cases the plants collected were

necessarily those growing on that parti cular soil. Thus, some variati on in the

nickel content of the plant material was to be expected due to the differences In

species of plant, stages of growth, and the parts of the plant analyzed.

Chemical analyses of 20 soil samples from the 10 Great Soil Groups In the

Hawaiian Islands showed a total nickel content rang ing from 98 to 66 1 ppm and

the exchangeable nickel ranging from 0.31 to 2.56 ppm. Th e soils of the Low

H umic Latosol and the Reddish Brown group ( transitional) from Oahu had the

highest nickel content. Th e soils of the Ferru ginous Humic Latosol and the Brown

Forest group from Maui had the lowest nickel content. Th e soils of the Red Desert

group and the Low H umic Latosol from Oahu had the highest amount of exchange
able nickel.

An attempt was made to show the relationship of the nickel content of the

plant to the nickel content of the soil. There was a significa nt correlation, r = 0.60,

.of plant uptake of nickel with the total nickel content of the soil, and a closer

correlation, r = 0.72, of plant upt ake with the exchangeable nickel of the soil.

Th is was to be expect ed since exchangeable nickel presumably measures the nickel

which is available to the plant . The corre lation coefficient was based on the 10

soils which are representative of the different soil groups, and of the plants growing

on them.

Th e pH of the soils was determined to see if soil reaction was related to the

nickel content of the plant s. N o conclusive evidence of such a relati onship is
shown by the data. In some instances, plants from acid soils conta ined less nickel,

but the total nickel content of the soil was also low. A more extensive survey

using the same species of plant would perh aps show such a relationsh ip.

A similar relations hip is expr essed in table 2, where the nickel content of the

olivine of the parent rock and the soil which was developed from the parent, the

exchangeable nickel of the soil, and the nickel content of the vegetation are

reported. The data indicate a close relations hip between the exchangeable nickel

in the soil and the nickel content of the plant s. The relatively high content of

nickel in the olivine is also indicated in the data of this table.
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TABLE 2. The nickel content of olivine crysta ls and of the soi ls and plants hom the
same vici nity.

SO IL SO I L
I.O CATIO N OUVINE SO I L GROU P 1111 T O TA L EXC H . PLA NT MAT ERIA L PPM

PPM N i PPM Ni PPM Ni Ni--- - -- -- - -
Manoa, Oa hu 4,000 Low H umic

Larosol 6.30 4 33 1.21 Ri ce gras s 9 .80
H onohono gra ss 11.00
G uava leaves 5.00

Lower Kunia Low Humic
Road 3,200 Latoso l

(surface) 7.30 1,439 .72 Suga r cane leaves 3.50
Low H umic
Latosol
(s ubsoi l ) 6.30 1,335 .68 Finger grass 6.75

Wire grass 15 .00
Foxtai l grass 9.00

Hanauma Bay (olivi ne and
Beach 1,250 sand mixtu re)
Koko H ead Red Desert 6.05 398 2.56 Kiawe leaves 18.50

Passion fruit
leaves 22 .80

Olaa , Hawaii 1,880 Hydrol
Humic
Latoso l 4.75 138 .31 Macadamia leaves 4.00

Tomato leaves 5.00
G uava leaves 3.50

Maun a Loa
1949 Flow 3, 158

Mauna Loa 2,700'

• Report ed in L IVas of /l,awaH and T heir Relation, by Whitma n Cross .

This study shows that there is a higher nickel content in Hawaiian soils and
plants than in the normal soils and plants reported in the literature from other
parts of the world . Bertrand and Mokragnatz (2) analyzed samples of cultivated
soils (0 to 30 em. in depth ) from France, Germany, Denmark, Italy, Rum ania, and
Serb ia, and found a nickel content of 6 to 37 ppm Ni. Frui ts, vegetables, and
other plant s examined conta ined very small quantiti es of nickel. T he edible
chanterelle, a mushroom, conta ining 3.5 ppm N i, gave the highest value (3).
Berisrein ( 1) determined nickel in Argent ine vegetables and found a range of
O.I 3 (watercress) to 4.6 ppm Ni (squash). Mitchell (1 0) , in his study of cobalt
and nickel in soils and plant s, reported 0.10 to 5 ppm Ni in dry plant material.
Porfir'ev and Troitskaya (12) reported a nickel content of 21 to 130 ppm N i in
soils which had been heated to redness.
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Th e soil profile distribution of nickel is shown in the data presented in table 3.
The data were obtai ned from the analyses of three typical laterit ic and laterite soil
profiles. The distr ibuti on of nickel is uni form throughout the profiles. The nickel
content is the highest in the profile o f the Low Humic Larosol.

TABLE 3. Th e nickel co nte nt of th ree Hawa iian soil profi les.

SOIL AN D LOCATION DEPTH (I N CH ES) PPM N i

H umic Larosol 0-10 132
H aleakala, Maui 10-20 102

20-28 102
28-48 152
( rock) 198

Low Hu mic Larosol 0- 8 609
Makaweli, Kauai 8-17 650

17-33 670
33-48 782
48+ 726

H ydrol Humic Latosol 0-10 105
Wa ikalu , Molok ai 10-16 200

16-2tl 280
24-tl8 235
48+ 150

THE RELATIO N OF N ICKEL TO PLANT GROWTH

WATER C U LTURE ST UD IES

Tomato seedlings, Lanai variety, Lycoper.ricttrn esculentttm, were grown in
glazed 5-gallon crocks, using a Hoagland-Arn on complete" nutr ient solution (7)
made with distilled water. All solutions were aerated conti nuously by bubbl ing
compressed air through them. The solutio ns were adjusted to pH 6 with 0.5 N
N aOH twice a week, using chlorophenol red as indicator. Iron citrate solution
was added twice a week and the nut rient solutio ns were changed after the tenth day.

In the first nut rient culture experiment, IS-day-old seedlings, germinated in
vermiculite, were put directly in the nut rient solutio ns containing 0.002, 0.05,
0.10, 1.0, 2.0, and 3.0 ppm N i. N ickel was added in the form of the acetate,
N i ( CH"COO) 2.4H 20 . There were two crocks for each of the treatments, each
crock conta ining three plants. Th is experimenta l study was conducted over a
per iod of 25 days. "
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Deleterious effects were exhibited within the first week by the seedlings grown
in solutions conta ining nickel in concentrations of 1.0 ppm or more . Another
series was conducted in which all the seedlings were first grown in the control
solutions to adapt themselves to a new environment. The treatment containing
3.0 ppm Ni was replaced by a treatment containing 0.50 ppm Ni to narrow the
wide gap between the toxic ( 1.0 ppm ) and the non-toxic (0 .10 ppm) nickel con
centrations of the nutrient solutions. The plants were harvested after being sub
jected to the different treatments for 17 days.

All plants were examined daily for beneficial or injurious effects. At the
termination of the experiment s, the plants were harvested, weighed , dried , ground,
and chemically analyzed.

T AB L E 4. W ater culture experiments with tomato plants grown in nutri ent solu
tions containing graduated amounts of nickel.

EXPE RIM ENT I. Seedl ings sub jected to di fferent treatments for 25 days.

AV. wr, O F P LANT
SOLUTION T REAT M ENT PLAN T AND ROOTS PPM Ni

ppm N i grams
H -l (co ntrol) 0.002 79 0.25
H -2 0.05 72 6.50
H -3 0.10 87 10.50
H-4 1.00 none survived
H -5 2.00 none survived
H-6 3.00 none survived

EXPERIMENT II. Seedlings first gro wn in conttol solutio ns for 8 days
and then subjected to different treatments for 17 days.

AV. WT . OF P LAN T
SO LUT ION TREAT~ENT PLA N T AND RO OTS P P M N i

ppmNi grams
H -I (co ntrol ) 0.002 73 2.50
H -II 0.05 89 8.30
H-III 0.10 58 13.00
H- IV 0.50 63 50.00
H-V 1.00 13 100.00
H-VI 2.00 4 126.40

Th e different treatments and the results of plant yield and chemical analysis
are tabu lated in table 4. Plants grown in treatments H -I , H -2, and H- 3, nutrient
solutions containing 0.002, 0.05 and 0.10 ppm Ni, respectively , showed excellent
growth thro ughout the exper iment. These green, healthy plants showed no effect
of the different nickel concentrations, although the plants of treatment H-3 looked
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larger and gave a slightly larger yield of plant mater ial. Th e plants of treatm ent s
H-4, H -5, and H-6, solut ions contai ning 1.0, 2.0, and 3.0 ppm Ni, respectively,
d isplayed white, chloro tic spots on the leaves and unhealthy, brown , slimy roots
at the end of the first week. Th e toma to seedlings in the 1.0 ppm Ni solution
gre w about 1 inch, but new leaves and tissue appeared chlorot ic and necroti c
( fig. 1) . There was a cessation of grow th in the chloro tic and necroti c plant s of
treatments H -5 and H -6. Some of these plant s d ied on the twelfth day of the
experiment. None of the seedlings of trea tments H-4, H -5, and H-6 survived when
the first experiment was terminated.

FIG. I. In jured plan t from treatment H -4, solutio n con taini ng 1.0 ppm N i (10 days' of
treatment ) .

In the second experiment, all plants had a health y appearance and growth up
to the thi rd day of treatment, when yellow, chlorotic spots appeared on the leaves
of plants in treatment H-VI, the nutrient solution containing 2.0 ppm Ni. A few
days later , bronze and white spots appeared on the leaves, which lost their turgor
shortly after. Roots were sparse , brow n, and slimy; plants were stunted ( figs. 5 and
8 ) . Seedlings in treat ment H- V, the solution containing 1.0 ppm Ni, showed
good growth during the first week. Leaves deve loped chlorotic sympto ms on the
sixth day and new tissues became necroti c. Roots were brown and sparse; growth
was reta rded ( figs. 3, 6, and 7) . T he gro wth of plant s in trea tment H-IV was
only sligh tly retarded. The plants had a normal appearance except for the yellow,
mottled pattern which appeared on the leaves duri ng the second week. Plants of
treatments H -I, H -II, H-III remai ned healthy and gree n thro ughout the experiment
and showed no evidence of the different treatments.
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FIG. 2. Comparison of plant s from treat
ments H-I , control solut ion, left, and H .4,
right ( 10 days of treatm ent ) .

Chemical analysis of the tomato plants showed that the plants grown in nutr ient
soluti ons contai ning 1.0 and 2.0 ppm Ni contained over 100 ppm Ni . Th e chloroti c
bur otherwise norm al plan~s grown in solution containing 0.50 ppm Ni contained
50 ppm N i, whereas the healthy plant s grown in solutions containing less than
0.50 ppm Ni conta ined from 0.25 to 13.00 ppm Ni. The yields of the plants
affected by the presence of excessive nickel were greatly redu ced. Th e large yield
of treatment H·II was due to the presence of one unusually large plant , while the
low yield of treatment H·IIr was due to the -two small plants being in that group.
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FIG. 3. Chloro tic and necrot ic plant from treatm ent H-V, solution containing 1.0 pp m
Ni ( 7 days of treatmen t ) .

SOI L STUDIES

Studies were conducted to determin e the effects of applications of increasing
increments of a nickel salt to some Haw aiian soils. Several prelimin ary exper iments
had shown that the application of 1,000 pounds ' of nickel sulfate was toxic to
plants. A soil of the Kaneohe family of the Humic Larosol group was mixed
with 4 percent acid-washed quartz sand, and nickel acetate was applied at rates
rangin g from 0 ro 3,000 pounds per acre. A complete N-P-K ferti lizer (7-14-14)
was applied at the rate of 600 pounds per acre. Four rons of hydrated lime per
acre were added to the soil treatment ,g. Th ere were four Mit scherlich pots to
each treatment. Five tomato seeds, Lanai variety, were planted in two pars from
each treatment to study the effect of nickel upon seed germination. Th e seedlings
were pulled out after a period of 2 weeks.

Three IS-day-old seedlings, germinated in vermiculite , were then planted in
each pot. Thi s experiment was conducted concur rently with experim ent H-I. After
37 days of growth, plant s were harvested, dried, ground, and analyzed. Soil samples
were taken at the start of the experiment for chemical analysis.
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Th e various treatments and results of the chemical analyses are presented in
table 5. There was 100 percent seed germination in the soils of treatments a and
d, 60 percent germination in treatments b, C, and g, and none in treatments e and f.
A few of the seeds in treatment e spro uted but did not survive. Th e seedlings of
treatments a, b, and g were growing very well when this part of the experiment
was terminated. Th e toxic effect caused by the addition of 2,000 and 3,000 lbs.
N i (CH 3COO) t.4HtO per acre to Kaneohe soil, was also exhibited by the green
podded beans of the earlier exper iment.

T ABLE 5. Pot experiment with tomato plant s grown in Kan eohe soil. Exp er ime nt P vl .
-

SOI L
SO Il . I SO IL· EXCH .

I
AV. Y IE I.D PLANT

POT TREAT MENT I'" ~~~ PPM Ni PE R POT P P M Ni
--

Ibs. N iAc/ acre grams
a N one (contro l) 4.HO 32 5 0.40 76 4 .60
b 200 4 .HO 3 55 2.2H HI 26.00
c 500 4 .7H 400 3.20 36 10 5.00

" 1,000 4. 77 446 7.5H ( I plant ) 208 .00
e 2,000 4. 77 504 20.08 none surv. . . . .
f 3,000 ;".77 66 H

I
54 .40 none surv. . . . .

g 3,000 6.4 H 60 8 14 .40 64 23 .00
and 4 ton s lime

F IG. 4 . Comparison of plants from treatment H .IV, sol ution conrarm ng 0.50 ppm Ni,
lef t; trea tme nt H -IlI , so lut ion containi ng I. I 0 ppm Ni, center ; and treatment H- L, contro l
solut ion , right ( 7 days of treatm ent ) .
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FIG. 5. Comparison of plants fro m treatm en t H -IV, left ; treatm ent H-V, center; and
trea tme nt H- VI, solution contai ni ng 2.0 ppm N i, right ( 7 days of trea tme nt }.

Uniform- sized seedlings were tran splanted in all pots. Some of the plants of

trea tme nts d, e, and f withered at the end of the first week. In spite of a second

tr ansplanti ng, none of the seedlings of treatm ents e and f and only one seedli ng

of treatment ct survived after the th ird week. The lone seedling of treatment d
was stunte d and chlorotic. Chlorotic spots along the areas near the midrib and

veins (si mi lar to the toxic plant s of the nutrient culture experi me nts) appeared

on the leaves of the plant s of treatm ent CJ fifteen days after transplant ing (fig . 10 ).

These yellow spo ts later developed int o bronze spots. The yield was greatly

reduced . The chlorotic plant s had an average nickel conte nt of 105 ppm N i,

although the total conte nt of the soil was only 400 ppm Ni. Plants of treatments

a and b showed health y gro wth and no effect of the different treatments . Th e addi

tion of lime to the soil reduced the plant upt ake of nickel, for the plants grown
in soil with 3,000 lbs. Ni (CH "COO ) 2.4H 20 and 4 tons of lime contained only
23.00 ppm Ni and did not exhibit any toxic symp toms. Th ese plant s, however,
were slightly smaller than the control plants.
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FIG. 6. Chloro tic, necrotic, and stunted plant fro m treatment H -V, solution conta ining
J.O ppm Ni ( 17 days of treatment ) .

Figures 9 and 10 show the injurious effect of nickel upon the growth of tomato
plants in Kaneohe soil. However, the high acidity of this soil and perhaps the
low adsorptive capacity of the added sand may have intensified the toxic effect of
the nickel in the soil.

Th is experi ment was carried out to study the growth of tomato plants in
a soil which had more favorable physical and chemical properties than the
soil from Kaneohe. Thi s soil, a transitional soil of the Red Desert group, was
taken from a farm at Koko Head. Ni ckel concentrations up to 4,000 Ibs.
N i (CH"COO h 4H"O per acre and 900 Ibs. of N-P-K (7- 14-14) per acre were
mixed with the soil. Four tons of hydrated lime per acre were added to treat
ment 7. There were four replications in each treatment. At the start of the
experiment , three tomato seedlings were planted in Y2 -gallon cans. Two plants
from each pot were eliminated after 1 week to obtain uniform-sized seedlings in
all cans. During the course of experimentation , yellow cuprocide was added to a
few plants which showed symptoms of "damping-off:' Th e experiment was termi 
nated after 38 days. Plant s were harvested, weighed, dried, and analyzed. Soil
samples were also analyzed.
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FIG. 7. Comparison of plants from treatment H-V, left, and treatment H -lV , solution
cont aining 0.5 ppm Ni , right (1 7 days of treatment) .

The various treatments and the results of the chemical analyses are tabulated
in table 6. After the elimination of two plants from each pot, all seedlings were
of the same size, with the exception of the plants from treatment 6, which were
smaller and chlorotic. There were yeIlow spots on leaves of plants in treatment 5,
although growth was normal. Two weeks later these yellow mosaic leaf patterns
graduaIly disappeared, probably due to the leaching of some nickel from the soil
through a heavy rain. The plants of treatment 6 remained chlorotic and necrotic
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throughout the experiment . A slight growth was observed following the rain storm,
although the plants remained stunted. Th e nickel content of these plants and soil
were 100 ppm and 844 ppm respectively. Plant s of treatm ents ] , 2, 3, 4, and 7
showed no evidence of the different treatments, although plant uptake of nickel

T ABLE 6. Por exper iment with tomato plants grow n in Koko Head soil. Exper iment P-2.

SO IL SOI L SO IL·EXC H . AV. vun, u PL AN T
POT TH l!ATME N T pH PP M N i PP M N i P El{ P LANT PPM N i
--

lb s. N iAc l acre grams
1 N one (control ) 6.95 338 . . . . 26.5 5.90
2 250 6.70 350 2.85 30.0 7.50
3 500 6.75 388 9.70 28.0 9.50
4 1,000 6.75 439 20.40 19.5 17.00
5 2,500 6.55 677 63.20 25.0 37.50
6 4,000 6.4 5 844 115.20 7.5 100.00
7 4,000 7.95 800 56.48 19.6 1 6~ 1O

and 4 tons lime

FIG. 8. Comparison of plants from treatment H-V, left, and treatment H -V!, solution
containing 2.0 ppm N i, right ( l 7 days of treatment ) .
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increased with increasing nickel concentration in the soil. The additio n of lime
to the soil to which 4,000 lbs. Ni (CH "COO) 2.4H 20 had been added, counteracted
the toxicity of nickel towards the plants.

T ABLE 7. Pot experi ment with tomato plan ts gro wn in Waimanalo soil. Experi ment P-3.

SO IL SO IL PLANTS PI.AN T FRU ITS FRU IT
POT TR[ATMF.NT SO IL TOTAL [XCII . AV. YI ELD P PM AV. YIELD P P M

pH PP M Ni P PM Ni P ER PLANT Ni P ER PLAN T N i
- - -- -- -- -- --

Ibs. NiAcl acre grams grams
I No ne (control ) 6.28 325 0.75 27. 14 2.50 632 1.0

II 200 6.25 405 6.30 29.00 9.50 695 3.50
III 500 6.20 621 11.80 15.79 21.90 666 12.50
IV 1,000 6.33 779 40.'10 13.55 53.50 465 21.50
V . 2,000 6.25 1,079 88.00 5.67 108.40 262 31.75

VI 3,1j 00 6.35 2,126 215.01j none surv. .. . . .... . .. .
VII 3,400 7.35 1,333 32.00 16.58 22.90 713 6.50

and 4 tons lime

Experiment P-3, using W aimanalo soil in 5-gallon cans, was carr ied out to
study the effect of nickel upon the grow th of tomato plants and also upon the yield
and quality of the fruit. In the previous experiments, plants were harvested at
the flowering stage due to the limited size of the cans. Th e soil, classified as the
Waimanalo family of the Low Humic Larosol, was taken from the Hawaii Agricul
tural Experiment Station farm at W aimanalo. T here were four replications in
each treatment, with four plant s to each pot. Th e seeds were germinated in
vermiculite. Varying concentra tions of nickel solutio n were added to the soil 1 week
before the 26-day-old seedlings were transplanted. N-P- K (7-14-14) was added
per iodically. Four tons of hydrated lime per acre were added to trea tment VII.

Three plant s from each pot were harvested after 38 days, weighed, dried, and
chemically analyzed. A soil samp le was taken from each pot and a composi te
sample was made from the four pots of each treatment. T he composite samples
were air-dr ied, ground, and chemically analyzed. T he tomatoes from the remain
ing plant in each pot were harvested when rip e and weighed. Th e exper iment
was term inated at the end of 90 days.

Th e results of the plant and fru it yields and chemical analyses are tabulated
in table 7. Th e plant s in treatments I and II remained normal and healthy through
Out the exper iment. T he plant s of treatment II looked better and larger than the
contro l plants of treatm ent I. Slightly larger yields of tomato fruits and plant s
were harvested in treatment II, bur the results are not significant.
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FIG. 9. Tomato plants grown in Kaneohe soil for 37 days. Pot 271 = control soil;
96 3 = 200 lbs. NiAc; 971 = 500 lbs. NiAc; 98 1 = 1,000 Ibs. NiAc; and 1,000 = 3,000
lbs. NiAc and 4 tons lime.

"Damping-off" caused the death of two plants from treatment II and one plant
each from treatments I and IV. One plant in treatment II was afflicted with
"early blight," a virus disease, but the effect was negligib le since most of the
tomatoes were mature at that time . Blossom-end rot was noticed in a few fruits
of the various treatments.

A depressing effect on the growth of the plants was noticed in treatment III ,
although no effect was noticed on the quality and yield of the fruits . Symptoms of
toxic ity developed in the plants of treatment IV a week after transpl anting. Plants
remained stunted and chlorotic. The yield of fruits was reduced. Some of the
plants in treatment V and all of the plants in treatment VI died during the first
2 weeks. A second transplanting was attempted, but none of the seedlings survived .
The plants which survived in treatment V were stunted, chlorotic, and necrot ic.
Tom ato plants grown in the toxic soils contained 53.50 ppm Ni and more. Chlorotic
and stunted foxtai l grass, Seteria verticillata, and rattle-pod plant, Crotalaria
i ncana, grew in the toxic soil of treatment VI. These plants contained 24.75 and
20.10 ppm Ni, while similar plants from the same area at Waimanalo contained
2.50 and 2.60 ppm Ni, respectively .

The addition of lime to the nickel-treated soil greatly reduced the plant upt ake
of ,nickel. The tomato plants of treatment VII, contain ing 22.90 ppm Ni, were
green and healthy, although somewhat smaller than the control plants. A better
yield of tomato es, however, was harvested.
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FIG. 10. Yellow- and bronze-spotted leaf of stunted toma to plant gro wn in Kaneohe soil
with 500 Ibs. NiAc.
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SU MMA RY

L A study of the distribution of nickel in Hawaiian soils and plants was made.
There is a higher nickel content in Hawaiian soils and plant s than in the normal
soils and plants reported in the literature from other parts of the world .

a. Chemical analyses of 20 soil samples from the ten Great Soil Groups in the
Hawaiian Islands gave total nickel contents ranging from 98-66 1 ppm and
exchangeable nickel ranging from 0.31- 2.56 ppm.

b. Th e soils of the Low Humic Latosol and the Reddish Brown soil ( transitional )
from Oahu had the highest amount of nickel.

c. Th e nickel content in plant s ranged from 0.83- 22.80 ppm, with most of the
plants containing between 2-5 ppm Ni.

2. Nickel has been reported to have a stimulating as well as a toxic effect upon
plant growth. Soil and water culture experiments with varying concentra tions of
nickel were conducted to study the effect of nickel on the growth of plants.

a. Symp toms of toxicity (chlorosis, necrosis, stunted growth, and sparse, brown ,
slimy roors) were exhibited by tomato plant s grown in nutrient solut ions
containing 1.0 ppm Ni and more. Th e leaves of plants affected by excessive
nickel displayed white, yellow, and bronze spors along areas near the midrib
and veins, which remained dark green. A yellow, mottled pattern was mani
fested on the leaves of plants gro wn in solution containing 0.50 ppm N i.
These plants otherwise appeared normal arid healthy, although growth was
slightly retarded.

b. Th e chlorosis, necrosis, and stunted growth exhibited by the injured plants in
the water culture experiments were also manif ested by the plants in the soil
pot experiments. Toxic effects were observed on tomato plants grown on
Kaneohe soil (4 percent quartz sand) with 400 ppm total Ni, on Koko Head
soil with 844 ppm total Ni , and on Waimanalo soil with 779 ppm total N i.

c. Th e nickel content of tomato plant s injured by excessive nickel was over
50 ppm.

d.Th e addition of lime to nickel-treated soil counteracted the toxic effect of
nickel on plant growth. Th e plants grown in soil to which nickel and lime
were added did not exhibi t the injur ious effects of the plants grown in
nickel-tr eated soil without lime. Plant upt ake of nickel in the limed soils
was greatly reduced.

e. Th e addition of very small amounts of nickel to W aimanalo soil and water
culture exper iments brought about a slight increase in yield of tomato plant s,
but the increase was not significant.
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