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ABSTRACT

A pot experiment was conducted in the greenhouse of the Programme
“Micronutrient and Other Plant Nutrition Problems in Egypt” with wheat plants to study
the influence of manuring with different levels of Farm Yard Manure (FYM) alone or
when enriched with FeSOs4 or ZnSOs4 on the dry matter formation, nutrient
concentrations and nutrient uptake by the plants. The obtained data showed that there
are positive correlations between the increased levels of organic manure and both
uptake and dry matter formation by the plants. Enrichment with FeSO4 or ZnSO4 has
additionally increased nutrient uptake, concentrations and dry weight of the plants and
enrichment with FeSO4 was the most effective. The treatments 1[0.25 % FYM (5
m3/fed) + 0.35 g/pot FeSO4 or ZnSO4 (50 Kg/fed)] and 2 [0.50 % FYM (10 m3/fed) +
0.35 g/pot FeSO4 or ZnSO4 (50 Kg/fed)] were the best. Negative correlations were
recorded with dry weight, N, Ca, Mg and Mn uptake and increased levels of FYM in
case of enrichment with FeSOa, while negative correlations were only found in both
Mg and Mn uptake in case of enrichment with ZnSO4 .

INTRODUCTION

In order to establish high crop yields, adequate amounts of plant
nutrients must be available in the soil. Deficiency of one or more nutrient(s)
becomes limiting factor(s) to achieve good yields (El-Fouly, 1983).

Addition of organic manure to the soil is known to improve soil
structure and availability of nutrients to crops. Decomposition rate of organic
matter, however, depends very much upon organic matter type and soil
conditions (Sluijsmans and Kolenbrander, 1977). Farm Yard Manure (FYM) is
considered to be the best organic manure in improving soil fertility and
supplying of nutrients (Cooke, 1972). Raising soil fertility, it makes crop
nutrient uptake ratios very closely to crop nutrient requirements
(Kolenbrander, 1972).

Availability of nutrients to be taken up by the plant roots is also pH
controlled (Schaller, 1987; Marschner and Roemheld, 1996). Supplying of
micronutrients to the soil in acidic forms was found to improve nutrients
availability to crops (Lindsay, 1974, Marschner, 1995).

The present work aimed at studying the effect of addition of FYM in
different levels with and without iron-sulfate or zinc-sulfate to the soil on dry
matter formation, nutrients concentrations and nutrient uptake by wheat
plants.
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MATERIALS AND METHODS

Plant material:
A pot experiment with wheat (Triticum aestivum L. cv. Giza 69) was

carried out in the greenhouse of the Programme “Micronutrients and Other

Plant Nutrition Problems in Egypt”, National Research Centre, Dokki, Egypt.
Seeds were sown in November in Mitscherlich pots containing 7.0 Kg soil.

Basic Fertilization:

Before sowing, each pot received 1.0 g superphosphate (15.5 %
P20s) and one third of 1.0 g potassium sulphate (48 % K20) + 2.0 g
ammonium sulfate (20.6 % N). Two other splits of equal quantities of N and K
were applied at 10 days after sowing and before tillering. At seedling stage,
the plants of each pot were thinned to 10 plants.

Other practices:
Irrigation was applied to maintain the water level at 60 % of the field
capacity. No pesticides were used during the course of the study.

Treatments:
The treatments were carried out in three replicates and conducted as
follows:

Control: - Without Farm Yard Manure (FYM)
- Without FYM + 0.35 g/pot FeS04 (50 Kg/fed)
- Without FYM + 0.35 g/pot ZnSO4 (50 Kg/fed)
e 0.25 % of soil weight FYM (5 m3/fed)
- 0.25 % of soil weight FYM (5 m3/fed) FYM + 0.35 g/pot FeSOa4 (50 Kg/fed)
- 0.25 % of soil weight FYM (5 m3/fed) FYM + 0.35 g/pot ZnSO4 (50 Kg/fed)

e 0.50 % of soil weight FYM (10 m3/fed)
- 0.50 % of soil weight FYM (10 m3/fed) FYM + 0.35 g/pot FeSO4 (50 Kg/fed)
- 0.50 % of soil weight FYM (10 m3/fed) FYM + 0.35 g/pot ZnSOa4 (50 Kg/fed)

e 0.75 % of soil weight FYM (15 m3/fed)
- 0.75 % of soil weight FYM (15 m3/fed) FYM + 0.35 g/pot FeSO4 (50 Kg/fed)
- 0.75 % of soil weight FYM (15 m3/fed) FYM + 0.35 g/pot ZnSO4 (50 Kg/fed)

o % of soil weight FYM (20 m3/fed)
- 1.0 % of soil weight FYM (20 m3/fed) FYM + 0.35 g/pot FeSOa4 (50 Kg/fed)
- 1.0 % of soil weight FYM (20 m3/fed) FYM + 0.35 g/pot ZnSOa4 (50 Kg/fed)

Sampling and sample analysis

e oil and FYM samples: a representative soil sample was taken after soil
preparation but before fertilization. A sample was also taken from the
ground manure. The samples were air-dried. Soil samples passed through
a 2.0 mm sieve pores. Mechanical analysis of soil samples was carried
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out using hydrometer method (Bauyoucos, 1954); pH and E.C (electric
conductivity) were determined in soil/water or manure/water extract (1:2.5)
(Jakson, 1973); Calcium carbonate (CaCOs) content of the soil was
determined using Calcimeter method (Black, 1965); Organic matter (O.M.)
was determined using potassium dichromate method (Walkely and Black,
1934)

Total nitrogen was determined using Bauschi digestion and
distillation apparatus. Soil and manure phosphorus was extracted using
sodium bicarbonate (Olsen et al., 1954). Potassium (K) and magnesium
(Mg) were extracted using ammonium acetate (Chapman and Pratt,
1978)., while Fe, Mn, Zn and Cu were extracted using DTPA (Lindsay and
Norvell, 1978). Physical characteristics and nutrient contents of soil and
FYM are shown in Tables 1&2, respectively.

Soil nutrient status was evaluated according to the sufficient
concentrations of Ankerman and Large (1974) as follows:
Element P K Mg Fe Mn Zn Cu
-------- mg/100 g soil ppm
Concentration 1.2-2.7 21-30 30-180 11-16 9.0-12 1.6-3.0 0.9-1.20

Table 1: Mean values of physical and chemical soil characteristics

Physical characteristics Nutrient concentrations
Exchangeable Macronutrients
Ph 8.3 (mg/100g soil)
E.C. (dS/m) 0.8 P 5.2*
CaCOs (%) 1.6 K 37.9*
O.M. (%) 0.1 Mg 30.7*
Sand (%) 13.8 Available Micronutrients
Silt (%) 28.0 (mg/Kg soil)
Clay (%) 58.2 Fe 2.8+
Texture Clay Loam Mn 5.9**
Zn 3.3*
Cu 10.2*
* Adequate ** L ow *** \/ery low
Table 2: Mean values of physical and chemical FYM characteristics
Physical characteristics Nutrient concentrations
Exchangeable Macronutrients
PH 8.8 (%)
E.C. (dS/m) 8.9 N 1.6
O.M. (%) 32.8 P 0.64
K 1.87
Mg 0.5
Na 0.84
Available Micronutrients
(mg/Kg manure)
Fe 3143
Mn 349
Zn 140
Cu 48

*Plant samples:

The plants were harvested at 70 days age. Plants of every replicate were
washed with tap water, 0.01 N HCI and bidistilled water, sequentially, oven
dried at 70°C for 24 hours and ground. Plant material was dry-ashed in a
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muffle furnace at 550°C for 6 hours using 3.0 N HNOs. The residue was,
then suspended in 0.3 N HCI.

Nitrogen was determined using Bauschi digestion and distillation
apparatus. Phosphorus was photometrically determined using a
Spectrophotometer. K and Ca were measured using Dr. Lang
Flamephotometer. Mg, Fe, Mn, Zn and Cu were determined using Atomic
Absorption Spectrophotometer.

Dry weight determination:
The samples were weighed (gm) and oven dried at 70° C for 24
hours, then weighed again and the dry weight was calculated.

Data analysis
Data were statistically analyzed using Costate Statistical Package
(Anonymous, 1989).

RESULTS AND DISCUSSION

Dry matter formation:

Addition of the farm yard manure alone at all levels was found to
increase the dry matter formation by wheat plants (Fig. 1). Moreover,
enriching of the organic matter with FeSO4 or ZnSOs realized additional
increments in the dry matter. It can be also observed that the treatments 1)
and 2) are the most effective in this respect and increasing of the FYM ratio
led to less effect especially in case of the enrichment with FeSO4 or ZnSOa4
which is clearly presented in treatment 4). A positive correlation of 0.55 was
found in case of addition of FYM alone, and 0.47 in case of FYM+ZnSO4
while it was negative (-0.16) in case of FYM+FeSOa. Similar results were
obtained by Ramadan et al. (1989) with organic manure. Decrease of
biomass formation by the plants with ratio increment of the organic manure
enriched with FeSO4 or ZnSO4 may attributed to the interruption in the
uptake of one or more of the nutrients by the plant roots. Interruption may be
because of reducing the availability of one or more nutrient(s) or creating
nutrient unbalance in the root zone. This can clearly be shown from the
elements concentrations in the plant tissues.
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Fig. 1: Dry weight of wheat plants as affected by different
levels of FYM alone or when enriched with FeSO4
or ZnSO,.

Nutrient concentrations:

Addition of FYM alone was less effective in raising nitrogen concentration in
the plant tissues (Fig. 2). Low levels of organic manure enriched with FeSO4
or ZnSOq [treatments 1) and 2)] increased N, P, K and Ca concentrations
compared to control plants. Increasing of the organic manure ratio in the soil
enriched with FeSO4 or ZnSO4 [Treatments 3) and 4)] was found to decrease
the macronutrients N, P, Mg and Ca concentrations. As the organic matter
ratio increased, may these elements -in the presence of Fe or Zn- form
complexes unavailable to be taken up by the roots (Mengel and Kirkby,
1987). Addition of Fe or Zn in the sulfate form my lower pH and, hence, gave
rise to more availability of micronutrients (Lucas and Kenezek, 1972) (Fig. 3).
However, the high ratio of the organic matter may adsorb some of them
causing retardation in their availability. It is also, clear from Fig. 3 that Zn
addition raised the concentration of Fe, while addition of Fe dramatically
lowered Mn-concentration in the plant tissues.
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Fig. 2: Macronutrient concentrations (%) in wheat plant tissues as
affected by FYM levels alone and when enriched with FeSO4 or
Zn SO4A



J. Agric. Sci. Mansoura Univ., 25 (4), April, 2000.

Fig. 3: Micronutrient concentrations (ppm) in wheat plant tissues as
affected by FYM levels alone and when enriched with FeSO, or
Zn SOq4

Y.vy
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Similar results were reported by Foy et al.(1978). Both Fe and Zn were found
to antagonize with Cu concentration and the effect became less as the ratio
of organic manure increased in case of Zn-enrichment. This may also be
attributed to the degree of nutrients adsorption by high concentrations of soil
organic matter (Mengel and Kirkby, 1987).

Nutrients uptake:

The picture may become clear with looking to nutrients uptake by
wheat plants. Positive correlations were found between all determined
macronutrients uptake and addition of FYM (Table 3) and, also, all
determined micronutrients uptake and addition of FYM except with iron
(Table 4).

Increase of nutrients uptake related to their availability increase can
be attributed to changes in rhizosphere conditions which give rise to excretion
of organic acids from the roots and evolution of CO2 from the organic carbon
(Marschner and Roemheld, 1996). The highest uptake of macro- and
micronutrients was frequently found with the treatment 2) and enrichment
with FeSO4 or ZnSO4 was found to, additionally, increase their uptake. Ca,
Mg and Mn uptakes were found to be negatively correlate with FYM ratio
increase in the soil in case of FeSO4 enrichment. Similar trend was found in
Mg and Mn uptake in case with ZnSO4 enrichment. This can be explained by
the antagonism between iron or zinc and these elements (Marschner and
Roemheld, 1996; Walter et al., 1994). This also may be due to the complexes
of these nutrients formed by increasing of the organic manure levels, which
have high stability constants rendering less availability of such elements for
plant uptake.
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Table 3: Uptake of macronutrients by wheat plants as affected by the

increased ratios of organic manure with and without
FeSO4 or ZnSO4
O.M effect 0O.M + FeSO; effect 0O.M + ZnS0O4 effect
Treatment |Uptake |Uptake Uptake |*O.M **FeS04 Uptake [*O.M **ZNnS04
mg/pot) [increase |(mg/ effect effect (mg/pot) |effect effect
(%) pot) (uptake  [(uptake (uptake (uptake
increase |increase %) increase [increase %)
%) %)
Nitrogen (N)
Control 228.0 -- 391.1 -- 71.5 246.1 -- 7.93
1 314.5 37.9 514.1 314 63.4 513.7 108.7 63.3
2 287.6 26.1 536.5 37.1 86.5 560.2 127.6 94.8
3 310.5 36.1 462.6 18.3 48.9 470.9 91.3 51.6
4 291.2 271.7 392.6 0.4 34.8 428.6 74.1 47.2
Mean 286.3 - 459.3 - - 443.9 - -
+SD| 34.6 -- 67.2 -- -- 120.9 -- -
r 0.55 -- -0.12 -- - 0.41 -- --
Phosphorus (P)
Control 44.1 - 63.4 - 43.8 49.2 -- 12.0
1 77.0 74.6 92.3 45.6 19.9 84.1 70.9 9.20
2 76.1 72.6 96.2 51.7 26.4 96.7 96.5 27.0
3 67.5 53.0 91.8 44.8 36.0 79.9 62.4 18.4
4 57.5 30.4 69.5 9.62 20.8 69.1 40.4 20.1
Mean 64.4 -- 82.6 -- -- 75.8 -- -
+SD| 13.8 - 15.0 - -- 17.8 - --
r 0.19 - 0.11 - - 0.30 - -
Potassium (K)
Control 289.0 - 409.2 - 41.6 272.8 - -
1 429.3 48.5 633.5 54.8 47.6 519.1 90.3 20.9
2 423.1 46.4 592.0 44.7 39.9 533.4 95.5 26.0
3 459.0 58.8 594.0 45.2 29.4 489.6 79.5 6.60
4 410.0 41.8 502.8 22.9 22.6 423.9 55.4 3.40
Mean 402.1 - 536.3 - - 447.7 - -
+SD| 65.7 - 90.3 - -- 106.4 - --
r 0.65 - 0.25 - - 0.39 - -
Calcium (Ca)
Control 21.1 - 36.2 - 715 23.5 - 11.4
1 33.8 60.2 95.9 164.9 183.7 69.8 197.0 106.5
2 69.7 230.3 75.9 109.6 8.9 71.6 204.6 2.7
3 77.0 264.9 59.4 64.0 -22.8 64.6 174.9 -16.1
4 72.5 243.6 36.2 00.0 -53.2 63.1 168.5 -12.9
Mean *SD 54.8 -- 60.7 -- - 85.5 -- -
25.5 -- 25.8 — -- 19.9 - -
r 0.90 - -0.25 - -- 0.58 - -
Magnesium (Mg)
Control 31.7 -- 49.5 -- 56.2 38.5 -- 21.5
1 47.2 48.9 72.4 46.2 53.3 55.5 44.2 17.6
2 45.2 42.6 72.2 45.8 59.7 50.7 31.7 12.2
3 45.9 44.8 57.6 16.4 25.2 45.9 19.2 00.0
4 42.5 34.0 39.6 -20.0 -6.8 39.2 1.8 -7.8
Mean 425 -- 58.3 -- - 46.0 - -
+SD| 6.3 -- 14.3 -- -- 7.3 -- -~
R 0.50 - -0.39 - - -0.18 - -
SD = Standard deviation r = Correlation Coefficient

Uptake (Treatment-Control with Fe SO, or ZnSQ,4) x 100

* O.M effect =

Uptake with Fe SO, or ZnSQO, control treatment
Uptake (FeSO,0r ZnSO, - Organic manure alone) x 100

** FeSQ,4 or Zn SO, effect =

Uptake with organic manure alone

Y.Yo
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Table 4: Uptake of micronutrients by wheat plants as affected by
increased ratio of organic manure with and without FeSO4 or

ZnS0O4
0O.M Effect O.M + FeSO, effect O.M + ZnSO, effect
Treatment |Uptake [Uptake |Uptake |*O.M effect |**FeSOa Uptake [*O.M effect |*ZnSO4
(mg increase [(mg/ (uptake effect (mg/ (uptake effect
/pot) (%) pot) increase %) |(uptake pot) increase (uptake
increase %) %) increase %)
Iron (Fe)
Control 1.29 - 2.34 - 81.4 1.60 -- 24.0
1 1.89 46.5 5.48 143.2 189.8 3.49 118.1 84.6
2 1.42 10.0 5.18 121.3 264.8 3.67 129.3 158.4
3 1.32 2.32 5.31 126.9 302.2 3.31 106.8 150.7
4 0.68 -47.2 3.85 64.5 466.1 3.07 91.8 351.4
Mean 1.32 - 4.43 - - 3.02 - -
+SD| 0.43 -- 1.33 - -- 0.82 - -
r -0.65 -- 0.32 -- -- 0.51 -- --
Manganese (Mn)
Control 0.27 - 1.31 - 385.2 0.84 -- 211.0
1 0.44 62.9 0.51 -61.0 15.9 1.48 76.2 236.3
2 0.46 70.4 0.50 -61.8 8.7 1.68 100.0 265.2
3 0.46 70.4 0.47 -64.0 2.2 1.29 53.6 180.4
4 .40 48.1 0.36 -72.5 -10.0 0.88 4.76 54.5
Mean 0.406 - 0.63 - - 1.23 -- --
+SD| 0.079 -- 0.38 - -- 0.36 - -
r 0.54 -- -0.79 - - -0.05 -- --
Zinc (Zn)
Control 0.58 - 0.83 - 43.1 0.94 -- 62.0
1 1.05 81.0 1.39 67.5 32.4 1.57 67.0 49.5
2 1.00 72.4 1.38 66.2 38.0 1.64 74.5 64.0
3 1.12 93.1 1.58 90.3 41.0 1.68 78.7 46.4
4 1.03 77.6 1.16 39.8 12.6 1.38 46.8 34.0
Mean 0.96 - 1.26 - - 1.44 - -
+SD 0.21 -- 0.28 - - 0.30 -- -
r 0.70 -- 0.40 - - 0.50 -- --
Copper (Cu)
Control 0.07 -- 0.10 -- 42.8 0.07 - 00.0
1 0.12 71.4 0.11 10.0 -8.3 0.07 00.0 -36.3
2 0.11 57.1 0.12 20.0 8.3 0.10 42.8 -9.0
3 0.13 85.7 0.11 10.0 -15.3 0.15 114.2 15.4
4 0.11 57.1 0.11 10.0 00.0 0.16 128.6 45.4
Mean 0.108 - 0.11 - - 0.11 - -
+SD| 0.02 - 0.007 - -- 0.04 - -
r 0.61 -- 0.44 -- -- 0.96 -- --

SD = Standard deviation r = Correlation Coefficient
Uptake (Treatment-Control with Fe SO, or ZnSO,4) x 100
* O.M effect = Uptake with Fe SO, or ZnSO, control treatment
(Uptake (FeSO,0r ZnSO, - Organic manure alone) x 100
** FeSO, or Zn SO, effect = uptake with organic manure alone
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CONCLUSIONS

From the present work, it can be concluded that the presence of
Farm Yard Manure (FYM) in the root rhizosphere generally leads to
availability increase of macro- and micronutrients to be taken up by wheat
plant roots. Enrichment of organic manure with iron sulphate or zinc sulphate
additionally increased the nutrients taken up by the plants. However, high
ratios of the manure in the root area, especially in case of the addition of
FeSOs or ZnSO4, led to negative effects on nutrients uptake and
consequently their concentrations in the plant tissues which led, in turn, to
less biomass formation.
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