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Comparison of effect of zinc-enriched pod of Phaseolus vulgaris and inner rice husk composts with zinc sulphate and zinc 14% chelate on zinc availability in maize plant in a calcareous soil
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Abstract

Mixtures of Zn salts and organic matter have been used successfully in controlling zinc deficiency in various crops. The aim of the present study was to optimize the effectiveness, on zinc availability in maize, of natural organic substances by enriching them with zinc sulfate. For this purpose pod of Phaseolus vulgaris and inner rice husk, as abundant organic wastes in the north of Iran, were incubated with increasing quantities of zinc sulphate. The effect of these zinc-enriched composts, zinc sulphate, and zinc 14% chelate on zinc availability in maize in a calcareous soil was studied in a greenhouse experiment. DTPA-extractable zinc of the soil, total zinc concentration, and chlorophyll of plant leaves were measured. Soil applications of all treatments, especially zinc-enriched composts, increased DTPA-extractable zinc more than control treatment, but this increase is not significant for zinc chelate. The plant analysis indicated that zinc-enriched composts of both organic matters significantly increased total zinc concentration in plant leaves more than control treatment, and their effects increased by increasing the level of enrichment until toxic level, even over that of zinc chelate.  Non-enriched of both organic matters and zinc chelate had the most effect on leaf chlorophyll and significantly increased the amount of chlorophyll more than control treatment. 

Introduction 

Zinc deficiency is the most widespread micronutrient disorder among different crops (Westfall et al., 1971).It is more common in calcareous soils. Several organic and inorganic zinc compounds can be used to correct zinc deficiency, but crop response to zinc fertilization varies with the zinc fertilizer sources (Boawn, 1973). Several studies reported that, under greenhouse conditions, the application of nonchelated zinc fertilizers to calcareous soils is less effective than chelated forms of zinc (Hergert, et al., 1984).In comparison to inorganic zinc fertilizers, commercially available zinc chelates are 3 to 5 times as effective, but because of very high cost they are not always economically employable (James, 1992; Hergert, et al., 1984). The aim of this study was to produce two zinc-enriched composts from pod of Phaseolus vulgaris (PV) and inner rice husk (RH) by enriching them with zinc sulphate, then comparing the effect with zinc 14% chelate (Zn-EDTA) on zinc availability in maize (Zea mays L.) in calcareous soil in a greenhouse experiment. These organic matters seem to be especially favourable, because they are abundant in the north of Iran. The pod of Phaseolus vulgaris contain many active proteins, and rice husk has a large amount of lignin and cellulose and becomes particularly enriched with carboxyl and hydroxyl groups during decomposition (Bergmann, 1983), which might be able to form organic zinc complexes via chelatization.

Materials and methods
Pod of Phaseolus vulgaris (1000g) and inner rice husk (2000g) were incubated with increasing amounts (0, 1.36, 2.72 and 4.08 % weight) of net zinc as zinc sulphate source (or 0, 4, 8, and 12 % weight from zinc sulphate 34%)  in three replications. The incubation was carried out during 80 days for Phaseolus vulgaris and 160 days for rice husk in a greenhouse at constant temperature (30ºC) and enough moisture (moisture > 60%). After the end of incubation, composts were dried (at 65ºC) and weighed. Organic carbon (Walky-black), Total N (Kjeldahl), and total zinc (dry ashing and HCL 2N) were measured (Table 1 and Table 2).

Tab. 1: Chemical analysis of pod of phaseolus vulgaris and inner rice husk
	
	O.C (%)
	T.N (%)
	C/N
	Total Zinc(ppm)

	Pod of Phaseolus vulgaris
	69
	1.151
	59.94
	40

	Inner rice husk
	77.14
	1.163
	64.32
	30


Tab. 2: Chemical properties of produced composts
	Composts
	Weight

 loss (%)
	O.C (%)
	T.N (%)
	C/N
	Total zinc (%)

	Pod of Phaseolus vulgaris
	81.874
	60.187
	2.3
	21.162
	0.2136

	PV+1.36%Zn
	73.356
	64.74
	2.127
	30.47
	2.8359

	PV+2.72%Zn
	55.713
	65.52
	1.655
	39.693
	3.3565

	PV+4.08%Zn
	48.54
	64.717
	1.411
	46.382
	4.306

	Inner rice husk
	43.45
	62
	1.280
	48.42
	0.0985

	RH+1.36% Zn
	36
	66.8
	1.256
	54.66
	0.7493

	RH+2.72% Zn
	34.18
	68.04
	1.175
	57.873
	2.2197

	RH+4.08% Zn
	32.15
	72.76
	1.142
	63.747
	3.1762


This study was carried out on maize (as a susceptible plant to zinc deficiency) growing in a calcareous soil, in a greenhouse experiment in a completely randomized design with three replications. Physical and chemical properties of calcareous soil are presented in Table (3.). The amount of application of pod of Phaseolus vulgaris composts was 5g/kg soil (0.5%weight of soil), the amount of application of rice husk composts was 10g/kg soil (1% weight of soil), and the amount of application of zinc 14% chelate and ZnSO4 treatment was 10 mg/kg soil of net Zn.

Tab. 3: Physical and chemical properties of the soil.

	Deph cm
	EC
(ds/m)
	pH

(1:2.5)
	T.N.V

%
	O.C

%
	P


	K


	Fe

ppm
	Mn


	Zn


	Cu


	Texture

	0-30 
	1
	7.64
	40
	0.94
	8
	240
	6.2
	0.8
	0.63
	1.5
	loam


Before harvesting, the leaf chlorophyll a and b and total chlorophyll concentration were estimated with a SPAD-502 meter (Minolta Co., Osaka, Japan) in fresh leaves. 
 After 80 days, top organs of the plants were harvested and weighed. Leaves were washed with tap water and three times with distilled water, dried at 65ºC, and weighed. Total zinc and iron and manganese of leaves were measured by dry ashing and HCL 2N method and atomic adsorption spectrophotometry (Varian Spectr AA 220). In the experimental soil, DTPA-extractable zinc was determined by the method of Lindsay and Norvell (1978). These results are presented in Table 4.

Tab. 4: Effect of treatments on the averages of chlorophyll (Ch) a, chlorophyll b, chlorophyll a+b, and total zinc, iron, and manganese values of maize.

	Treatment


	DTPA  
Zn

mg.kg-1
	Ch. a mg.cm-2
	Ch. b mg.cm-2
	Ch. a+b mg.cm-2
	T- Zn mg.kg-1
	T-Fe mg.kg-1
	T-Mn mg.kg-1

	F0 (control)
	0.57 
	0.021 
	0.007 
	0.029 
	35.19 
	28.43 
	76.2 

	F1 (ZnSO4.H2O)
	1.78**
	0.027 
	0.008 
	0.036
	77.22** 
	50.1 
	79.7** 

	PV1(Phaseolus vulgaris)
	5.71**
	0.029 **
	0.009 
	0.039**
	90.6** 
	42.1**
	77.1** 

	PV+1.36%Zn
	12.67**
	0.026 
	0.008
	0.034 
	314.5** 
	52.4** 
	89.9** 

	PV+2.728%Zn
	13.98** 
	0.026 
	0.008 
	0.034 
	392.3*  
	50.33 **
	82.67 

	PV+4.08%Zn
	14.48**
	0.024 
	0.007
	0.0317
	532.2** 
	62.8** 
	94.3** 

	RH2 (inner

 Rice husk)
	5.89**
	0.028 
	0.009 
	0.037**
	99.6** 
	14.9** 
	73** 

	RH+1.36%Zn
	12.87** 
	0.027 
	0.008
	0.036
	300.4**
	42.8** 
	91.16** 

	RH+2.72%Zn
	13.64** 
	0.024 
	0.007 
	0.031 
	438.6** 
	38.5** 
	91.7** 

	RH+4.08%Zn
	14.48** 
	0.022 
	0.007 
	0.028
	550.8** 
	28.4** 
	105.4** 

	Zn 14%chelate

(Zn-EDTA)
	0.86
	0.030**
	0.009** 
	0.040** 
	141.3** 
	29.7** 
	79.4** 


Results and Discussion:
Results indicated (Table4) that soil application of all treatments, especially  zinc-enriched composts, increased DTPA-extractable zinc more than control treatments, but this increase is not significant (α=0.01) for zinc chelate. In zinc-enriched composts of both organic matters with increasing percentage of enrichment, DTPA-extractable zinc of the soil increases. The plant analysis showed that zinc-enriched composts of both organic matters, significantly (α=0.01) increased total zinc concentration in plant leaves more than control treatments, and their effects increased by increasing levels of enrichment until toxic level, even over that of zinc chelate, just like DTPA-extractable zinc of the soil. Non-enriched composts of pod of Phaseolus vulgaris and rice husk and zinc chelate had the most effect on leaf chlorophyll and significantly (α=0.01) increased the amount of chlorophyll a, b, and a+b more than control treatment.  However, in zinc-enriched composts of both organic matters, with increasing percentage of enrichment and increases of zinc concentration in the soil, the amount of chlorophyll decreases. Iron chlorosis symptoms appeared in these treatments. Wallace et al. (1976) reported that high amount of zinc resulted in Fe deficiency on soybean.  Safaya (1976) reported a positive effect of applying zinc on Mn in plants. Mn and Fe had indicated antagonistic effect with each other too. Hewitte (1948) reported that manganese and heavy metals with similar chemical properties like iron might react with porphyrin compounds, thereby inactivating them for subsequent conversion to chlorophyll. 

Conclusion:

As a concluding remarks, the presented data showed that application of  composts of  pod of Phaseolus vulgaris and inner rice husk had same effect  as zinc 14% chelate even, over than it. Zn-enriched composts treatments showed zinc toxicity. We suggest to use these products with Fe–fertilizers. Caused chlorose by rice husk compost was by rice husk compost stronger than Phaseolus compost. Contrary to zinc 14 % chelate, the compost of Phaseolus vulgaris or rice husk is not of high costs and farmers may produce it themselves.
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