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ABSTRACT

A field experiment was carried out at Ismailia Agriculture Station to
study efficiency of the applied rates and methods of cobalt on growth, yield and
elemental composition of peanut plants grown on a sandy soil under sprinkler
itrigation system.

Results showed that the growth and yield components of peanut
increased progressively and significant with increasing the applied Co level to the
high rates of (4 kg fed, 250 L of 1 g L™ fed” and 0.02 g kg' seed for surface,
foliar and coating application, respectively) as well as with an inversely affected
the growth parameter, which their values remained significantly higher than the
corresponding ones for the control treatment. It is evident that soil application of
Co generally, showed a superiority as compared to the other two methods, foliar
and coating applications. For the most of investigated plant parameters. Also, it is
quite to mention that Co at either any applied rate or method could achieved
significantly increases in peanut uptake of N, P, K, Fe, Mn, Zn, Cu and Co. In
general, Co at the minimum rate was of more pronounced effect on peanut uptake
for most the studied element, except of N and I, where the opposite was true.

INTRODUCTION

Mineral elements which either stimulate growth or those essential only
for certain plant species, or under special condition; are usually defined as
beneficial elements. Cobalt is considered one o these elements, although there is
no evidence that cobalt base any direct role in the metabolism of higher plants
(Anter and Gad, 2001). Importance of Co for higher plants has not yet been
established but reports showed that small amourit of Co can increass plant growth
(Dahdoh and Moussa, 2000). Cobalt is thought to be a regulatory element
affecting some plant process such as N- fixation and vitamin B,y accurnulations
{Ahmed and Evans, 1959),
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The present study is a trial towards throwing some light on the effect of
cobalt, both level and method of application, on some yield parameters and
clemental composition of peanut plants grown on a sandy soil under sprinkler
irrigation system.

MATERIALS AND METHODES

The present study was carried out at Ismailia Agriculture Station, Egypt,
during the summer scason of 2002 vwhere peanut plants (Arachis hypogaeaL.,) cv
Giza 5 was grown on a sandy soil. ome physical and chemical characteristics of

the experimental soil were determined according to the standard procedures
described by Page et al., (1982) and. Black (1982) and presented Tabie (1).

Table (1): Some chemical and physical properties of the investigated soil.

Properties Value Properties Value
Sand% 96.00 §Availabie N (mg_l_cgr’) 12.00
Silt% 2.00 _ JAvailable P (mg kp™) 4.00
Clay% 2.00 jAvailable K (mg ke™) 34.00
Textural class Sandy [Available Fe (mg kg") 3.01
H (1:2.5 soil suspension) | 7.80 _JAvailable Mn(mg kg™) 1.40
ECdSm™ 162 [Available Zn (mgkg™) | 061
Organic matter% 023 _[Available Cu (mg kg) 0.5
CaC0,% 033 | Available Co (mg kg™) 0.59

The experiment was laid out in a factorial randomized complete block
(RCB) design, with three replicates.

Methods of Cobalt application:

1- Surface application, where cobalt sulphate at two rates of 2 and 4 kg Co fed”
was mixed with saw dust as glow material, then added to soil.

2- Foliar application, where cobalt sulphate at two rates of 0.5 and 1.0 gL was
added as foliar application to crop after 30 and 51 days of cultivation, with a
volume of 250 L fed™.

3- Coating of seeds, where cobait sulphate at rates of 0.01 and 0.02 g kg™ seeds
was mixed with glow material and added 1o the seeds.

The combinations between methods and rates resulted in 6 treatments
and replicated 3 times. Each plot area was 3X4 m”. All plots were inoculated with
Rhizobia and received 50 kg K,O fed" as potassium sulphate and 30 kg P,0; fed”!
as superphosphate before cultivation, besides, N at the rate of 40 kg N fed” (as
recommended) was added in a form of ammonium sulphate at two equal portions
after 1 and 2 months of cultivation. At end of the experiment, the plants were
harvested and the yicld of seeds was recorded. The sceds were ground and wet
digested with a mixture of H,S0,, and HCIO, acids.
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Nitrogen was determined using micro Kjeldahl, P was determined with
ammonium molybdate and ascorbic acid (Watanable and Olsen, 1965) and K was
determined by using Flame- Photometrically. Fe, Mn, Zn, Cu and Co wcre
determined using Atomic Absorption Spectrophotometer, (Perkin Elmer 3110).
All data were statistically analyzed acconling to Gomez and Gomez (1984).

REULTS AND DISCUSSION

Plant growth and yield components:

Data in Table (2) reveal that the applied and rates of Co showed a
significantly affected for all peanut plant growth and yicld parameters, except for
seed yield, i.e., forage yield, sced yield, total vield, weight of 100 seeds, pods
weight per feddan or shilling percentage. However, it could be noticed that Co
applied as soil application method seemed to be of the highest effect on forage
yield, total yield and 100 secd weight. Firther more, coating method was more
superior than the other two methods of Co application in both cases for shilling
percentage and pods weight. In this connection, it was found that foliar
application method came in the second orcler upon taking shilling percentage into
account, whereas soil application method occupied this order upon taking pods
weight into account. Soil application method was of the least effect on shifling
percentage, whercas foliar application m:thod was of the least effect on pods
weight. Dealing with the applied rates of Co, it was noticed that application of Co
at its used two rates significantly affected forage yield, seed yield, total yield,
weight of 100 seed, pods weight and shilling percentage. However, the lower rate
of Co resulted in significant increase in forage yield, weight of 100 seed, pods
weight and shilling percentage versus significant decrease in seed yield as
compared with the corresponding values achieved by the higher rate of Co. Such
increases might be atiributed to importance of cobalt for symbiotic N-fixation
which, in turn, resulted in higher growth. Shiv Raj (1987) reported that treating
peanut with 500 ug Co kg increased all components of yield. Also, it was found
that groundnut essd treated with cobalt nitrate at rate of 500 mg/kg sced followed
by 2 foliar sprays before and after flowering (500 mg/l water) increased plant
height, leaf number, total dry matter, pod yield and shilling percentage. Walser er
al. (1996) found that Co application (2-7 kg Co ha’) increased tomato leaf
number as well as the number of carbohydrates, surface of leaf arca and the rate
of photosynthesis. The increase in growih parameters was reported also by
Dahdoh and Moussa (2000) who found tha! yield of both broad bean and peanut
increased due to application of Co at a rate of 0.125%. Likewise, Youssef ef al.
(2001) found that application of Co at a rate up to 60 pg g' increased
significantly fresh and dry weight of shoots and roots of tomato plant. Unlike the
lower rate of applied Co, the higher one, Co at the higher rate diminished most of
the growth parameters as compared with thz lower rate of the applied Co. These
findings are in agreement with those of Youssef ef al. (2001) who reported that,
increasing the rate of the applied Co caused remarkable reduction in both shoots
and roots of tomato pilants. Such reduction in the yield components may
considered as an indication to a potential toxicity due to Co.



Table (2): Yield components of peanut plant as affected by methods and rates of cobalt application.

Method of
wlgglt Straw yield (Kg/fed) Seed yield (Kg/fed) 100 - grain weight (2) | Pods weight (kg/fed) Shilling percentage
146490 £94 30 6287 8975 66.22
Contrdd | Col | Coll | Mean| Col | Coll { Mean | Col | Coll | Mean| Col | CoXl | Mean | Col | Coll | Mean
(A) (A) (A) (A) A)
MSoil |20336(1769.1|19013] 8767 | 7008 | 7888 | 803 | 727 | 765 | 13483 | 10287 | 11885| 650 | 681 | 666
application
a 18946 | 17007 | 1797.7] 8701 | 6867 | 7784 | 766 | 668 | 717 | 12517 | 10084 | 11300} 695 | 680 | 688
Foliar 5
(HD) Coating| 187671 18314 | 18540 | 8517 | 8634 | 8576 | 757 | 747 | 752 | 12443 [ 1180.1 [ 12122 684 | 731 | 7075
Mea(®B) | 1935017670 - | 866.1 | 750.3 75 | 114 1281.43| 1072.4 676 | 699
LSDes [A=4033B=329%4 A=NS&=7311AXB=NS A—0643=052AXB= A-sooza=4ossAxn= A==070B=057AXB=
AXB=57.04 091 70.75 1.01

(: Co I = 2Kg Co fed T (1f): Co I = 0.5g Co / liter. (II): Co I= 0.01 g/ Kg seeds
Co I = 4Kg Co fed Co I = 1.0g Co / liter. Co II = 0.02 g / Kg seeds.
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The interaction effect between the applied methods and rates of Co
scemed to be significant on forage yicld, 100 seeds weight, pods weight and
shilling percentage. On the other hand, the interaction effect on seed yield was
insignificant.

Elemental composition:

Data present in Table (3) show that both applied methods and rates of Co
resulied in significant increases for N, I', and K uptake by both seeds and forage
as compared with the control treatment. Such a finding might be attributed to a
direct stimulating effect of Co on the symbiotic fixation of N. Considering valucs
of N uptake by seeds, it scemed that the soil application method was of the
highest effect in this concern, foliar application method come in the second order,
whereas the coating method was of the least pronounced effect. Moreover,
significant difference was detected between soil application method and each of
the foliar and coating applications. Also, a significant difference could be
detected between coating method and each of the foliar and soil applications.

The aforementioned order of the applied methods was not the same in
case of N uptake values by forage. The coating method showed the highest effect
followed by the foliar and soil applications. Furthermore, significant differences
could be achieved between soil application method and each of the foliar and
coating applications. However, the relalively low uptake of N by forage of the
plants received soil and foliar Co applications as compared with the coating
method is probably attributed to the easily N translocated and accumulated in
seeds (Table 3). Youssef et al. (2001) found similar results on N content in
tomato seedlings. Considering P and K uptake by peanut forage, data in Table 3
show that both the applied method and rate of Co could be resulted in a
significant effect on K uptake by forage :nd seeds. On the other hand, the applied
methods of Co showed in significant cffect on P uptake by seceds or forage.
However, it could be obscrved that increasing the rate of the applied Co although
was associated with a decrease in P uptake by seeds and forage yet these it was
still significantly higher than the control treatment. Unlike N, P and K uptake by
seeds and forage increased significantly due to raising the applied rates of Co
from Col to Coll.

The applied method of Co seemed to be of in significant effect on P
uptake by peanut forage or seeds. Also, in significant differences could be found
among P uptake due to changing method of applying Co. The interaction effect
between the applied methods rates of Co seemed to be insignificant for N uptake
by forage or sceds. However, such an interaction affected significantly values of
P and K uptake by both seeds and forage, but it did not affected significantly
values of P uptake by forage.

Uptake patterns of all the micronutrients under study (Table 4) as well as
Co seemed to be identical i.c. rates and methods of applied Co resulted in
significant incrcases in uptake values of Fe, Mn, Zn, Cu and Co by forage and
seeds as compared with the corresponding uptake ones in the control treatment.
Moreover, increasing the rate of applied Co was associated with significant
decrease in values of Fe, Mn, Zn, Cu and Co uptake although these values



856 Annals Of Agric. Sc., Moshtohor, Vol. 42(2), 2004

rewgined sigiificantly higher than the corresponding ones of the control
treatment. The cffcct of applied Co on stimutating N fixation and hence more
plant growth may account for the higher uptake valucs of the considered nutrients
(i.e. Fe, Mn, Zn and Cu) on one hand, the applied Co may accoum for its higher
uptake values on the other one. These results stand in well agreement with those
reported by Youssef er al. (2001) who atiributed the effect of Co on increasing
plant content of studied clements to the Co stimufating effect on growth, since Co
is involved in co-enzyme and hencé is esszntial for several enzymatic reaction.

Table (3): N,P and K uptake values (kg/fed) by seeds and straw of peanut
plants as affected by method and rate of cobalt application,

Method Secds (Kg/fed)
of cobalt |
addition N-uptake P-uptake K-uptake
19.02 1.47 . 13.67
Control Mea Mea ' Mean
1 1 1
Col | Coll n (A) Col|Co n(A) ColiColl (A

M Soil 1554)13120]2851) 242 | 2.36 | 2.39 |19.12[22.70] 20.91
application

(Ip 242112967[26947256 2271 24211650]/21.33] 1892
Foliar 3

(HI.) 22,02127.3812470) 262 | 2.19 | 2.41 [16.96{18.25] 1761
Coating

Mean(B) [24.01|2942] - |253 | 227 | - [17.52{20.76] -
LS.D s A=0.94 B=0.78 A=N5B=0.10 A=0123B=0.17 AXB=
= JAXB= N§ AXB=:0.19 0.52
Straw (Kg/fed)
N-uptake P-uptake K-uptake
29.24 2.93 24.90

(M Soil |1557|4494]4040] 375 [ 3.39 | 3.57 {32.66{36.46] 34.56
application

F@ 4015145794297 3.88 | 3.51 | 3.69 14274 49.99] 4636
oliar

(1'[]) 44,261 49.86 147.06} 431 | 3.69 | 4.00 144,64 5839 51.52
Coating |

Mcan(B) 140.10[4686] - |3.98 { 3.53 | - (40.01]48.28 -
LS.D A= 242 B= 186{a= 022 B= 0.15{A= 1.77B= 141 AXB=
w2 TT00S L AXB= NS AXE= NS 2.43

(I): Co I'=2Kg Co fed ™ (I1): Co1=0.5g Co/liter. (I11): Co 1 = 0.0} g / Kg seeds.
Co Il = 4Kg Co fed” Co 11 = 1.0g Co / liter. Co 1l = 0.02 g / Kg sceds.

The interaction effect between the applied methods and rates of Co
seemed to be insignificant for Fe, Mn, Zn, Cu and Co uptake by peanut seeds.
The situation secemed somewhat different upon taking into consideration such an
interaction effect on Fe, Zn, Cu znd Co uptake by peanut forage, where
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significant relationship could be realized. However, the inferaction effect on
values of Mn uptake by peanut forage was insignificant.

Table (4A): Fe, Mn, Za, Cu, and Co uptake values (g fed) by peanut seeds
as affected by methods and rates of cobalt application.

Method of cobait Seeds (g / fed)
addition
Fe
Control 71.32
Col Coll Mean (A)
(D Soil application 94,33 113.95 104.14
(II) Foliar 88.45 108.36 98.41
() Coating 80.41 100.05 90.23
Mean(B) 87.73 107.45 -
L.S.D ges A=2.17B=1.77 AXB=NS§
Mn
26.74
(D Seil application 40,45 4717 43 81
(IT) Foliar 36.31 44.81 40.56
(IIT) Coating 32.96 41.25 37.11
Mean(B) 36.57 44.41 -
L.S.D ges A=1.45B=1.18 AXB=NS
ZIn
17.83
(D) Soil application 28.37 34.27 31.32
(D) Foliar 26.59 32.59 29.59
_ (D) Coating 24.19 30.07 27.13
Mean(B) 26.38 3231 -
L.S.D g o A= 139 B= |.14 AXB=NS
Cn
92.11
(D Soil application 16.03 19.36 17.69
{IT) Foliar 15.03 18.43 16.73
(i) Coating 13.67 16.98 15.33
Mean(B) 14.91 18.26 -
LSDews | A= 0.19B= (.15 AXB=NS
Co
245
(I) Soil application 3.90 4.70 4.30
(IT} Foliar 3.67 4.50 4.08
(IH) Coating 333 4.15 3.74
Mecan(B) 3.63 445 -

L.S.D A= 0.07 B= (.001 AXB =NS
([ Col=2Kg Cofed” (W) Col=0.5g Co/liter. (W) Col=0.01 g/ Kg seeds.
Co Il = 4Kg Co fed® Coll = 1.0g Co/ liter. Coll = 0.02 g / Kg seeds.
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Table (4 B): Fe, Mn, Zn, Cu, and Co uptake values (g fed') by peanut straw
as affected by methods and rates of cobalt application.

Method of cobalt

addition Seeds (g / fed)
Fe
117.19
Control Col Coll Mean (A)
(D) Swil application 122.55 154.13 138.34
(I) Foliar 136.73 157.06 146 .89
(L) Coating___ 148.31 167.96 158.14
Mean(B) 135.86 159.72 -
L.S.Dgas A= 4.59 B=3.75 AXB= 6.50
Mn
42,92
(I) Soil application 47.99 60.78 54.39
(I1) Foliar 54.01 61.90 57.96
(IIT) Coating 59.82 67.71 63.77
Mean(B) 53.94 63.46 -
L.S.D 08 A=2.60 B=2.13 AXB= NS
Zn
34.60
{I) Soil application 39.39 49.97 44.93
{ID) Foliar 44.54 50.92 47.78
(IIT) Coating 49.24 55.43 52.34
Mean(B) - 44.59 52.11 -
L.S.D y.05 A=0.45B=0.37 AXB= 0.63
Cu
14.36
{I) Soil application 19.76 24.80 2228
(ID Foliar 22.14 25.27 23.70
(ITN) Coating 24.40 27.50 25.95
Mean(B) 22.10 25.85 -
L.S.Dges A=0.15B=0.13 AXB=0.23
Co
2.94
(I) Soil application 3,65 4.61 4.13
(II) Foliar 4.11 4.69 4.40
(1N Coating 4.52 5.10 4.81
Mean(B) 4.09 4.80 -
L.S.D 05 A=0.11B= 010 AXB=0.17

(D): CoT=2Kg Co fed’
Co I1 = 4Kg Co fed

(I): Co1= J.5g Co/ liter.
Co I = 1.0g Co / liter.

(II): CoI=0.01 g / Kg seeds.
Coll=0.02 g/ Kg seeds




Efficiency Of Applied Rates & Methods Of Cobalt On ..... 859

REFERENCES

Ahmed, B.B. and Evan, H.G. (1959): Effcct of Co on the growth of soybeans in
the absence of supplied nitrogen. Biochem. and Biophys. Res. Comm.
1: 271. ;

Anter, F and Gad Nadia. (2001): Cobalt absorption in relation to plant water
balance. Egypt. J. Soil Sci_, 41 (1-2): 111.

Black, C.A. (1982): Methods of Soil Analysis. Soil Sci., Am. Inc. Publ. Madison,
Wisc, US.A

Dahdoh, M.S.A. and Moussa, B.1L.M. (2000): Zn-Co and Fe-Ni interactions and
their effect on peanut and broad bean plants. Egypt. 1. Soil Sci., 40 (4):
453.

Gomez, KA, and Gomez, A A. (1984): Statistical Procecures for Agricultural
Research. 2™ ed. John Wiley and Sons Pub.

Page, AL., Miller, RH. and Keeny, D.E. (1982): Methods of Soil is.
Agron. No, 9 Part II: chemical and microbiological properties. 2™ Ed;
ASA, Madison Wisc; U.S.A.

Shiv Raj, A. (1987): Cobalt nutrition of pigeonpea and peanut in relation to
growth and yield. J. Plant Butr., 10 (9-16): 2137.

Walser, R.H., Jolley, V.D. and Davis, T .D. (1996): Effect of cobalt application in
structural organization of photosynthetic apparatus of tomato leaves. J.
Plant Nutr., 19: 358.

Watanabe, F.S. and Olsen, S.R. (1965): Test of an ascorbic acid method for
determining phosphorus in watei: and NaHCO, extracts from soil. Soil
Sci. Soc. Am. Proc., 29: 677.

Youssef, R.A_; Gad, Nadia and Anter, F, {2001): Studies on the behavior of cobalt
in the rhizosphere of tomato seecllings. I- Changes in pH in relation to
Co distribution across the rhizosphere. Egypt. J. Soil. Sci., 41 (1-2):
123.



860 Annals Of Agric. Sc., Moshtohor, Vol. 42(2), 2004

o paind) G il y § g gaill o Gy pSl Ala) S anay (5 b Belis
glay gt (A Aalh L pedl Jedl ctial
Ml Alladh daaa 2l Capad 4 daas Bl il el 1o ke
"paall s adh Jal
pae = 530~ ) Cipadl 58 pe —Tiglly slaally ol V) Gigay 2gae *
(Wis £ 08 ) B2V Auala ~ seidias Aot 5 IS — Ll Y aud **
seli€ uf ) AdoleaYl Aol )5l Zigadl Ahaaey Lfia 4ja8 oy

ol Caaia gl ally 5 oM Al caad Ay iyl B Daalil o gl i
~rof
U

P S Aapy Gl j A Sl Jyill Jpaaa cligSay gl b lya
Ol [ aaS £ gay W (g shad da cily S Al ¥ aae 33 G Ay giaay
LY o S )5 paS g ¥ g [ A [ b S A Yoo
Gl ol Al Jana piy Gy puy a il e 3 Galady 1y Badand)
On bsiea Job i3 e b i gaid il 3y 0l O pdne o LuSe S
A5 Alea Ope Ll Jiaaidl ol

sk Ay Jef Gglual oy SV 2y W1 Tl 36k cilael a5
foin e Al Gl ahaedd (G0l Gl & 00 i ) oa,alt ddlay)
a3 s a8 il Akl Jaee (gl die b S o Ol g LS LA
5.13.1;“ ‘C'J'—‘“t'-,'-’“ ‘ J_,iu)ﬂl ‘O:Q.J_)'Sﬂi alic e Laiaall aSh o A3 plna
ol oS0y el ¢l 3l ¢ jaaaid)

G giaaadl Ga 80 1 G Gyl G SN Jaadl ol Adle diiayy
papmaliglly Gy il (5 paic lae Lad Audpll pualiall joalialdyipudlly Je)
.\A._lmuas.n.“(_‘;\S&ga





