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ABSTRACT. In a greenhouse, wheat, faba beans and sorghum were grown
on loamy soil treated with different amounts of foliar nickel sulphate. Nic-
kel levels of 15,30,45, and 60 ppm led to an obvious accumulation of nickel
in plants and to a slight ingrease in the dry matter production. With regard
to the heavy metals absorption in plants, the cations were accumulated in
the order Fe > Mn > Zn > Ni. But faba beans (Giza 2), absorbed higher
amounts of those elgments than wheat (Sakha 69) and sorghum (Giza 15).
Significant amounts of nickel were found in wheat grains, by increasing its
concentration in shoots for Fe and Zn the opposite was true, while in Mn it
was not true.

Introduction

In addition to other heavy metals, which may be found in sewage sludges or indust-
rial wastes, i.e. Zn, Cu, Cr, nickel was the element most likely to damage crops with
some reinforcement in effect from the others!'l. Nickel phytotoxicity varies with the
concentration of Ni in soil solution as well as with the plant species!?l. Stimulatory ef-
fect of nickel at low concentration have also been reported in some species, but as
soon as the concentration increases beyond a critical limit, which may vary from
species to another species, the adversed effects on plants become apparent!?. Nickel
when applied in excess is believed to interfere with iron uptake and metabolism caus-
ing chlorosis and necrosis!*®l. Information on the beneficial effect of Ni, as seed soak-
ing or soil addition, on plants were given in previous publications!>-7l. Although,
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l?friédéhpl did not describe nickel as an essential micronutrient, but he could not note
the strong possibility that it was, while Keeney!!) werit further and described it as es-
sential in trace quantities fof crop plant growth. Dixon et al.[!" noted evidence which
strongly indicdted that utease was a nickel metalloenzyme. Leppl!?! reported that
néw membeérs; ¢.g. nickel, have récently been added to the essential metals group. -

N i . I
The present work was conducted to study the effect of foliar nickel on yield-and
elemental content of faba beans, wheat and sorghum plants. ...

Material and Methods

. Thrée pot experiments were carried out at the Agricultural Research Centre at
Giza using three plant species; faba beans (Giza 2), wheat (Sakha 69) and sorghum
(Giza 15), during the two successive years 1987 and 1988.

- The important characteristics of used oil are shown in Table 1 . Mechanical
analysis, total soluble salts (TSS) and pH value were determined according to the
methods described by Piper!!3l. Calcium carbonate content was determined volumet-
rically using Collin’s calcimeter apparatus('*l. The chemical available heavy metals
were determined according to Lindsay and Norvell('*,

TABLE 1.- Characteristics of soil.

Total Chemical available
(Ni) ' ‘elements (ppm)

(PPm) N1 Fe .| Mn | Zn

Sand

caco, | Tss | pH
% Y

Silt | Clay | Texture - o % | (1:2.5)

305 | Loamy | 36 |025]| 80 | 557107 |70 |100] 38

" Four faba bean plants, ten wheat plants and six sorghum plants were grown in each.
pot for 6 weeks with replicates in the 1sz, 2nd 3rd experiments, respectively. In the,
2nd experiment, five plants of wheat in each pot were left for grain production.,
Through the growing seasons, 5, 2 and 2 g/pot of urea, superphosphate and potas-
sium sulphate, respectively, were added to sorghum and wheat, while 0.5 g/pot of
urea, 8 g/pot of superphosphate and 2 g/pot of potassium sulphate were used for faba
beans. After 25 days from planting, nickel, at the rates of 0,.15, 30, 45 and 60 ppm,
was applied as foliar spray. cu . ,

" Fifty days old plants were harvested using stainless steel scissors 1 cm above the
soil level and dried at 70°C for 24 hours, and the dry matters were recorded. Har-
vested wheat plants were separated into straw and grains and their fresh weight were
determined. The grains of each pot were air dried, ground and stored in cleanjar for
analysis. The plant material was digested by diacid mixture of the HNO, and HCIO,
(2:1). Analysis for Ni, Fe, Mn and Zn were performed with atomic absorption spec-
trophotometer, Pirken Elmer 2830.

Results and Discussion
Data(iﬁ‘TabiéiZ shows that insignificant increase in dry matter yield Wa§ obtainc'd
in each crop when nickel concentration was increased up to 60 ppm. Similar results
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were obtained by Abdel Latif et al.l%] using sorghum. On the other hand, Eleiwa and
Naguibl!” found that soil addition of 10-7, 10-6, 10-5 and 10-* M of Ni reduced fresh
and dry weight of soybean plants. Furthermore, Dobrolyubskiil!®l concluded that to-
mato and corn plants showed an increase of water, ascorbic acid and enzymes in
leaves, and also of photosynthesis and of carbohydrate metabolism when seeds were
moistened with Ni solution before sowing.

TaBLE 2. Effect of foliar nickel on dry matter yield and elemental content of the crops.

F‘:iia" Drywt. Heavy metals {ppm in :1r:-' maticr)
(ppm) mg/plant " Fe ! hin ! Zn Ni
Faba beans
0 2.50 1806.0 226.7 . 166.7 6.7
15 2.50 2413.1 222.3 206.7 8.7
30 ) 2.53 2580.3 216.7 '|° 186.6 - 10.3
45 2.60 1920.2 206.7 - 166.7 <}, 153
60 2.66 1827.6 193.3 . 153.0 20.8
L.S.D.(0.05) N.S. N.S. N.S. N.S. 0.86
Wheat
0 3.20 637.3 190.0 153.5 6.3
15 3.23 7203.1 190.0 153.3; 8.2
30 3.34 980.2 153.3 150.0 9.7
45 3.63 830.6 153.3 146.7 14.7
60 , 3.93 783.5 150.0 140.0 20.0
L.S.D.(0.05) N.S. 225 9.8 NS 160
i Sorghum ' )

0 5.18 217.0 59.3 527 i 3.5
15 5.18 217.0 58.7 46.7 6.4
30 5.51 242.1 54.7 420 ' 8.4
45 5.68 2333 48.3 39.7 151
60 5.81 2254 47.0 © 373 20.8
L.S.D.(0.05) NS. NS. N.S. N.S. 4.64

Nickel concentration in shoots of all cfops was increased with increasing applica-
tion rate of nickel. Addition of 60 ppm nickel increased Ni content in plants to about
20 ppm. These data coincided with those obtalned by Khalid and Tinsely('”], and
Rabiel®l.

The order in which the ability of the crops under study absorbed the aforemen-
tioned heavy metals according to their content was: faba beans (Giza 2) > wheat
(Sakha 69) > sorghum (Giza 15). Also, the order of the accumulation of these heavy
metals in plant was Fe > Mn > Zn > Ni.

These data clearly show that the legume plant absorbed higher amounts of the es-
sential heavy metals, than the cereals. But both absorbed parallel amounts of nickel,
especially at the last treatments 45 or 60 ppm foliar nickel. These finding may be due
to a specific vital mechanism in each of the-aforementioned species which responded
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to nickel application with a restriction in nickel accumulation. Regarding plant adap-
tation to nickel toxicity, Abdel Latif et al.l’ found that most of nickel taken by roots
was not easily transported to the tops of sorghum.

Concerning, the interrelationship between nickel and other essential metals in
both legume and cereal, Fe, and Ni content in shoots increased and that of Mn and
Zn decreased with increasing the levels of Ni application. These results are in agree-
ment with those obtained by Eleiwa and Naguib!”), and Rabie et al.18l. The pattern of
Fe content is different, being highest at the middle level and reducing on both sides
which showed that the increase of Ni content in shoots is proportional to the reduc-
tion in Fe content. These results may be due to the disturbed effect of pattern of nut-
rient uptake resulting in reduced uptake of some nutrients and increased supply of
others. Several investigators, e.g. Kockl'®l, Rabiel®l and Abdel Latif et al.!5), reported
that Ni when supplied in excess is believed to interfer with Fe uptake and metabolism
caysing Fe deficiency. Data also show that the Zn and Mn contents were depressed
due to Ni application at all levels, showing that these elements are synergistic.

Mizuno!? introduced the Fe/Ni ratio as a good parameter for Ni-phytotoxicty. He
reported that there was a decrease in the crop yield when this ratio was less than 5, al-
though symptoms of necrosis and chlorosis are not always developed. While, Crooke
et al.' used the Ni/Fe ratio in plant and he reported that this ratio of more than 1 as-
sociated with the toxic effect of Ni. According to the former parameters, the Fe/Ni
ratio is more than 5, and the Ni/Fe ratio is less than 1 in all crops under study inter-
preting their healthy growth during the time of experiments.

Data in Table 3 show that insignificant increase in both straw and grain yield was
obtained when Ni was applied in various levels, especially at 60 ppm. Rouch and
Brechleyl!®l reported a significant yield response to spray application of Ni on field
crops of wheat, potatoes, and beans.

Concentration of 30 ppm Ni significantly developed grains. It can be noticed that
the former decreasing pattern of Mn absorption in wheat shoots (Table 2), being the
same in grains. Moreover, a significant gradual increase in Ni content of wheat grains
parallel with that of shoots has been observed.

TABLE 3. Effect of foliar nickel on yield components and contents of heavy metals in grains.

Foliar Straw Grain Heavy metals content in grain (ppm)
Ni (8)/ ®)/
(ppm) plant plant Fe Mn Zn Ni
0 3.96 3.38 . 678 25.5 500 e~fu 2.5
15 4.10 3.44 71.5 25.0 S1LS 4 29
30 4.14 3.66 89.2 . 225 53.9 .46
45 4.36 3.78 63.8 - 20.0 388 [ 50
60 4.48 4.26 58.3 20.0 37.6 ‘ 5.0
Méan 4.20 3.70 71.32 2260 46.18 4.00
LS.D. _ N.S. N.S. 4.2 NS. | 693 0.32
(0.05) )
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Obvious accumulation of Ni in wheat grains, equal to two-fold of its content in the
check, was found at 45 or 60 ppm foliar nickel. Halstend et al.?!l found a decrease in
growth of oats when the nickel content of the grains exceeded 60 ppm and of the
straw 28 ppm.

Data presented in Table 4 show that Ni cotrelates positively with grain yield, while
Mn, Fe, and Zn have shown the reverse. Ni has shown negative correlation with Fe
as well as with Mn and Zn. Strong positive correlation coefficients were existed bet-
ween Mn and both Fe and Zn as between Fe and Zn.

TaBLE 4. Correlation coefficient of wheat grain yield and the elemental content (ppm).

Yield Ni Mn Fe
Ni 0.60
Mn -0.86 -0.97
Fe -0.84 -0.86 0.96
Zn -0.58 -0.78 0.91 0.98
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