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CHAPTER l 

INTRODUCTION 

In the Indian 011 seed scenario groundnut IS the iargest component and occupies 

45 % of total oilseeds area whlle contributing 55 % of total product~on. Although India 

ranks first globally in terms of groundnut area and total production, it ranks 10Ih in 

productivity per unit area. Groundnut is predominantly grown in three different seasons 

i.e., rainy season (Kharif), postrainy season (Rab~),  and summer season in rainy season, 

it is grown under ranfed conditons, and in postrany and summer season ~t is grown 

under irrigated condtions. 

Andhra Pradesh IS one of the niajor groundnut growing states in lndla with an 

estimated area of 11.8 lakh ha with an average productvity of 800 kg ha ' Yields are low 

and stagnated over recent years in order to increase olseed product~on to t s  expected 

level, efforts need to be made to Increase unit area procluctiv~ty since further expansion 

of area is hrnited. The flrst and most mportant step IS to Identify farmer-eve1 coistralnts 

to groundnut producton. 

Severai constraints such as poor soil fertility, moisture stress, Improper fertilizer 

management, untimely plant protection, poor weed control measures, and nutritional 

disorders have been attributed to low productivty. One important cause for low yleds is 

the occurrence of micronutrient d~sorders Over the years much emphasls has been l a d  

on correcting nutrient deficiencies of phosphorus, sulphur, and zinc Other micronutrient 

deficiencies are prevalent in groundnut, but have received llttle research attention. 
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In addition to zinc, iron chlorosis (Fe chlorosis) IS emerging as a major constraint 

to production in several states of India including Andhra Pradesh Gujarat, Haryana, 

Maharashtra, Punjab, Rajasthan, Tamil Nadu and Unar Pradesh. Several other crops ~n 

these areas have been reported suffering from Fe chlorosis (Kannan, 1988). 

In Andhra Pradesh the Rayalseema region is a major groundnut growing area 

where this crop is reported as suffering from Fe chlorosis. Though sols in this region are 

rlch in Fe content, most IS in a form which plants cannot utilize (Bhaskar, 1990). The 

amount of available Fe not only depends upon soil factors but also on plant species, 

genotypes w~thin a species, and management practices. Most farmers in this region grow 

the local variety (TMV 2)  whicti IS hghly susceptible to Fe chlorosis, which results in poor 

growth and consequently signifcant yield losses can occur dependrig on its severty 

(Potdar and Anders, 1992, Reddy einl . ,  1993) Fdriners n these areas often mistake Fe 

chloros~s symptoms for nitrogen defciency and respond wth  high doses of iiitrogenous 

fertilizers. High fertilizer doses may aggravate Fe chlorosis depending upon the form of 

nitrogen applied 

Recent reports have indicated a gradual increase ~n the area affected by Fe 

chlorosis in several parts of nd la  (Kannan 1988). These reports highlighted the 

importance of this problem, but did not provide any quantitative data on the extent of Fe 

chlorosis and associated yield losses. These studies were conducted mostly under on- 

station field or greenhouse conditions, and resulted in recommendations beng made for 

correction of Fe chlorosis. However, no attempt has been made to assess losses froin 
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this problem under on-farm conditions and tested the economic feasib~lity of 

recommended practices for correcting Fe chlorosis 

To adequately address these issues studies are required to identify farmer.level 

constraints to crop production. Similarly, deveioping a new technology should be based 

on farmers' perceptions about the probiern and management practices easily adopted by 

them. An effective strategy for Fe chloros~s ~ r ~ u s t  involve comb~ned use of Fe efficient 

cultivars, good management practices, and a reasonably effective Fe fertilizer (Mortvedt, 

1986), lnformatiori on such integrated Fe management strategies for groundnut is not 

available in ind~a  

The present study was therefore undertaken to integrate farmers' perceptions and 

management practices for Fe ctiioross in groundnut with a follow.up on-farm study to 

evaluate key management practices v~z . ,  genotypes, fertilizer practices and foliar Fe 

sprays for the diagnosis and correction of Fe ctiloros~s. Major objectives of this present 

study are: 

1. To quantify farmers' perceptoris and management practices for iron 

chlorosis 

2 ,  Identify main causes for iron chlorosis. 

3. Evaluate key management practices for correction of iron chlorosis 

4. Quantify yield losses due to iron chlorosis. 

5 .  Suggest possible management strategies to alleviate this problem 



CHAPTER II 

REVIEW OF LITERATURE 

2.1 Occurrence of i ron chlorosis 

Iron (Fe) chlorosis of plants is one of the major nutritional disorders prevalent on 

calcareous, and sandy soils n arid and semi-ard regions of world (Mortvedt, 1986). It is 

becoming a major nutritional coricern over the globe in different crops causing economic 

yield losses (Kannan, 1988; Mortvedt, 1991) Peanut (Arachis hypogaea L.) is susceptible 

to Fe defciency in several countries incudng Indonesia (Field and Kameli, 1987). Israel 

(Hartzook, 1975), Taiwan (Lee e t a / ,  1983), Thailand (Ratanarat e t a / ,  1987) U.S.A. 

(Young, 1967), Cyperus (Paspastyianou, 1989) and India (Potdar and Anders. 1992). 

It has been estimated that about one third of world's solis are caicareous with high 

potent~al for iron chlorosis (Brown, 1961). 

In Inda,  Fe chloros~s IS one of the factors limiting y~elds in a large number of crops 

including groundnut (Kannan, 1988: Morrs e t a / ,  1990; Potdar and Anders 1992,1993). 

It has been reported that about 19% of the soils n Tam1 Nadu 16% n Punjab, 15% in 

Utlar Pradesh, 11% n Gujarat are considered to be deficient ~n Fe (Sekhon, 1982), thus 

crop grown under these so~ls oflen suffer due to Fe def~ciency 

In many parts of semi-arid and coastal regons of Andhra Pradesh, Fe chlorosis 

is a serious problem affecting rice nurseries, groundnut, malze, cotton, sorghum, citrus 

and grapes (Shiv Raj, 1987). 
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In Andhra Pradesh groundnut is mainly grown in Rayalaseema region comprising 

of Anantapur, Kurnool, Cuddapah, and Chittor districts. Groundnut crop in these districts 

often suffersfrom Fe chlorosis and its severty is increasing in the recent years (Bhaskar, 

1990: Ashalatha, 1991). In Kurnool district alone it has been observed that about 10% of 

the total groundnut area is subjected to i e  chlorosis. The problem is more severe in rabi 

groundnut and it has been estimated that about 10,000 ha area is severely affected by 

Fe chlorosis (Dooraiswamy', 1992). 

2.2 Physiology of Fe chlorosis 

2.2.1 Functlons of Fe i n  plant nutrit ion 

Among micronutrients, i e  was the first nutrient element discovered as essential 

for plant life. Gris (1844) corrected chlorosis in grapevine by fol~ar application of ferrous 

sulphate thus establishing the essentiality of Fe for growth and development of higher 

plants. Iron has been considered to be associated with chlorophyll formaton because any 

of its deficiency in the plant system results in foliar chlorosis In a healthy plant most of 

the Fe absorbed is concentrated in chloroplast (Price, 1968), and a very few of it is 

accumulated in the cytoplasm and other cell organelles which contain additional heme 

and iron-sulphur proteins (Pushnik el a/., 1984). 

In chloroplast Fe is found in several distinct forms such as cytochrome, perox~dase, 

catalase, and ferredoxin. The activity of these compounds is reduced under Fe deficiency. 

In addition to these it has been further observed that the levels of neoxanthin and 

1 Personal communication 
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violaxanthin pigments in sunflower and groundnut leaves were reduced due to Fe 

deficiency (Monge et a/,1987). Plants deficient in Fe has low levels of chlorophyll, 

carotene (Singh eta / . ,  1990) and xanthophyll content (Terry and Low, 19821, and also 

results in impaired chlorophyll membrane system (Spiiler and Terry, 1980). 

in the plant system Fe plays an important role in a series of metabolic activities 

involving respiratory enzymes and various photosynthetic reactions, Iron also plays an 

important role in legumes for nodulation and nitrogen fixation. It IS not only essential 

element required by legume host plants but also the rhizobium, failure of the infecting 

rhizobia to obtain adequate amounts of Fe from the plant results In arrested nodule 

development and failure of the host plant to fix nitrogen in adequate amounts (Diiworth 

and Glenn, 1984; Hemantharajan and Garg, 1986, 0' Hara et a1,1988), In additlon Fe 

application also improved protein content in groundnut kernels (Nagaraj, 1987). 

2.2.2 Absorption and translocation of Fe by plants 

Iron is one of the abundant elements In the earth crust but ~ t s  uptake and utiiization 

depends on the mechanism of o n  absorption wliich reside at the cell membrane. Fe is 

considered to be reasonably mobile for a shorter period of time after absorption in both 

rnonocots and dicots (Kannan and Pandey, 1982), but in the later its mobility is very much 

decreased. Its transport from the nutrient solution to shoot is dependent upon the 

metabolic activity of the root cells. A normal groundnut plant can take up Fe from colloidal 

particles of roots surface (Branston and Jacobson, 1962). In general, Fe is translocated 
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through conducting tissues and reaches the actively growing young tissues where it is 

utilized in various metabolic activities 

Most of the plants have a preferential uptake of Fe in ferrous (Fez') form than ferric 

(Fez+) form. Several chemical compounds in the rhizosphere are known to be involved in 

absorption and translocation of Fe in d~fferent plant species (Blenfait, 1983). 

In graminaceae plants the mechanism of absorption and transport of Fe involves the 

excretion of mugenic acid from the roots which aid Fe3' solubilization and reduction of 

Fe3' to Fez* (Mino et a/., 1983) which plants can easily take up. The availability of 

inorganic Fe to plant roots appears to be dependent on the ability of the roots to lower 

the pH and to reduce Fe3' to Fez' in the rhzosphere (Brown, 1978) Iron is not rnobile in 

the plant system, therefore the typcal Fe chlorotic symptoms are observed In the younger 

plant parts where as the older plant parts rernan green. 

2.2.3 Strategies for Fe uptake 

Plant species and genotypes differ in their mechanism to absorb Fe from the soil 

under deficient conditions. Two types of Fo absorption mechanisms i e., Strategy 1 and 

Strategy li, are known depending on the type of response exhibted by them (Brown and 

Jolley, 1989; Romheld and Marschner, 1986; Marschner eta / , ,  1986), 

Strategy I (mostly exhibited by dicot$edons) is characterized by the following 

mechanisms: 

a. Enhanced reduction of Fe3' to the soluble Fez' form at the plasmalemma 

(Blenfait, 1983). 
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b, lncreased H' ion afflux at the root via an ATPase pump to lower the pH of 

the rhizosphere and favor formation of Fe2' (Brown, 1978; Landsberg, 

1986). 

c. Release of plant produced reductant capable of reducing Fe3+ to Fe2' 

(Brown, 1978). 

d. Increased production of organic acids, panicularly citrate (Tiffin, 1966). 

Whereas, Strategy II (mostly exhibited by the monocotyledons) is characterized by 

the production and release of Fe solubilizing compounds termed as "photosiderophores" 

(Romheld and Marschner, 1986; Takagi 1976), which are capable of forming complexes 

with sparingly soluble Fe3' and rendering its availability for uptake by plants. 

2.3 Diagnosis of Fe deficiency 

Diagnosis of nutrient deficiency is usually done by three methods i.e., visual 

deficiency symptoms, soil analysis and plant analysis. Integration of all the three methods 

is essential for accurate diagnosis of Fe deficiency. 

2.3.1 Visual deficiency symptoms 

Iron deficiency results in chlorosis of the younger leaf tissue, in most of the species 

interveinal chlorosis with fine reticulate pattern is observed in newly formed leaves. The 

dark green veins are clearly visible against yellow background. The youngest leaves are 

completely white and devoid of chlorophyll (Mengel and Kirkby, 1979). 
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In groundnut, leaflets show crinkled margins at an age of three weeks giving the 

plant a ragged appearance followed by an interveinal chlorosis. It develops long 

internodes and stems which are of smaller diameter (Reid and York, 1958). Similarly , 

Narayanan and Reddy (1983) reported that in groundnut plants, initially the interveinal 

tissue turned chlorotic and the veins remained green but at the later stages the veins also 

lost their green color and the whole leaf including petiole became yellow. 

2.3.2 Soil analysis 

One of the most effective means of determining whether a particular nutrient Is 

limiting or not is the soil test. There are few reports in the literature on the evaluation of 

Fe soil tests. Several methods have been devised to extract Fe from soil, yet no method 

had received wide application and accepted as standard (Olsen, 1965). However, the 

DTPA method developed by Lindsay and Norvell (1978) is presently in use for estimation 

of Fe in soils, the critical range is reported to be 2.5 to 4.5 ppm. Even this is not always 

dependable as the availability of Fe depends on many other factors besides extractable 

amount in the soil. Some of these are even inherent in the plant. 

In India critical values for DTPA extractable Fe range from 4.5 ppm to 6.4 ppm 

(Takkar and Mehta, 1986). Currently DTPA extractable Fe in the soils is considered to 

be a satisfactory guide to the availability of Fe for plant growth (Chen and Barak, 1982). 

2.3.3 Plant analysis 

The prediction of micronutrient deficiencies based on tissue analysis has been 
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reasonably successful for all the micronutr~ents except Fe (Cox and Kamprath, 1972). 

Current analytical techniques for diagnosing Fe deficiency in plants are generally 

considered unsatisfactory, because total Fe concentration in plants do not correlate well 

with plant growth response to Fe (Wallace et a/,, 1976a, Katyal and Sharma, 1980). 

Alternative procedures recommended include determination of Fe solution in 1 0 M HCI 

(Jacobson, 1945) and Fe extracted with 1.5% o-phenanthroi~ne (Katyai and Sharma, 

1980). 

0-phenanthroline extractable Fe (Fez') in the youngest fully opened leaves of 

peanut, soybean and mungbean were inversely related to the degree of Fe chlorosis, thus 

it can be used as an index to dagnose Fe chlorosis in plants (Parkpian e t a / .  1986). 

The sufficiency range of Fe content in groundnut varied from 50 to 300 ppm 

depending on the plant part sampled and age of sampling (Smali and Ohlrogge, 1973). 

Fe chlorosis always occurred only when the youngest leaves (bud or first lea0 contained 

less than 6 llg extractable Fe g" fresh wt. (Rao eta/., 1987). 

The other quantitative measure of diagnosing Fe deficiency is ratios of Fe to other 

elements suspected to inhibit the absorption of Fe or causng its internal inactivation, 

when present in excessive quantities. Dekock eta1 (1960) found that PIFe ratio was more 

indicative of Fe chlorosis than Fe concentration in mustard. Similarly ratio of WCa and 

of tricarboxylic organic acids were reported to be higher in chlorot~c leaves. The other 

ratios such as P/Fe and FeIN were also used to separate chiorotc plants from healthy 

plants, but not reflected the cause of Fe deficiency (Atkas and Vanegmond, 1979). 
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Generally Fe content in the leaf is positively correlated with chlorophyll content. 

Thereby change in the chlorophyll content may be a sensitive indicator of Fe nutrition in 

crops (Simmons et a / ,  1963). Chlorophyii estimation in the leaf tissue is an alternative 

and rapid method for Fe content. In field conditions 7 mg g '  chlorophyll in groundnut 

leaves gave normal yields (Singh et a / . ,  1987) 

2.4 Causes of Fe chlorosis in  plants 

Several factors related to soil, cl~mate, and plant can contribute to Fe chlorosis has 

been summarized in reviews of Brown (1961) and Chen and Barak (1982) 

2.4.1 Soil factors 

Availability of Fe to a large extent depends on soii factors. The key soil factors 

contributing to Fe chiorosis are parent material, soii pH, calcium carbonate content, 

organic matter and interaction of Fe with other nutrients. 

2.4.1.1 Parent material 

Most of the Fe in earth's crust is in the form of silicates, Iron released by 

weathering is precipitated as oxides or hydroxides, only a small portion of it is 

incorporated in secondary silicate mineral (Schwertmann and Taylor, 1977). Although 

most soils contain adequate Fe, amounts that are available to the plant are dependent 

on factors such as Fe species in the soiis and plant genotypes (Miller et a / ,  1984). Fe 

deficiency is common in calcareous soiis (Miller et a/,, 1984) but It may also occur on non 



calcareous, and coarse-textured soils (Chaney, 1984). 

2.4.1.2 Soil low In avallable Fe 

Most soil in the arid and semi.arid regions in world are rich in Fe content. On an 

average earth crusts contains Fe to the extent of 5% by weight. However, all the Fe 

present in soils is not in the form which plants can use. The single most important factor 

responsible for Fe deficiency in plants is its low solubility of Fe(lll) oxides (Lindsay, 1979) 

which makes it less available to plants. Soils containing less than 2.5 mg kg" DPTA 

extractable Fe are considered to be deficient (Sillanpaa, 1982) and often show deficiency 

symptoms when crops are grown on such soiis. 

2.4.1.3 Soil pH 

The availability and uptake of nutrients by plants in soiis is highly dependent on pH 

(lisdale etab, 1985). Solubility of Fe is highly pH dependent and the activties of Fe3' and 

FeZ'decrease by 1000-fold and 100-fold respectively, for each unit increase in pH. Under 

alkaline conditions Fez' is oxidized to Fe3', which is relatively unavailable to plants and 

precipitates as Ferric oxide (FezO,.HzO), whose solubility is extremely low 10-38 M 

(Lindsay and Nowell, 1978). The concentration of Fe3' decreases from 8-10 to 10-20 M 

as pH increases from 4 to 8 (Romheld and Marschner, 1986). 

Sarkar and Wyonjones (1982) from their experiments on the effect of rhizosphere 

pH on Fe availability reported that Fe content increased with decreasing pH upto 5.5 and 

Fe content of both shoot and root were inversely proportional to the rhizosphere pH. 
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Presence of calcium carbonate (CaCO,) in alkaline and sodic soils further intensified this 

problem (Kumar eta/., 1990). 

2.4.1.4 Lime content in the soil 

Juritz (1912) for the first time related the incidence of Fe chlorosis to the calcium 

carbonate content in the soils. The concentration and uptake of Fe by pea plants was 

reduced with increased lime application (Dahiya and Singh, 1976). High free lime content 

significantly decreased the pod and haulm yields of groundnut (Sutaria and Patel, 1987) 

due Fe chlorosis. The critical levels of total CaCO, in soil was 20 -25% and 10% for free 

CaCO, (active lime). 

2.4.1.5 Bicarbonate content 

Bicarbonate (HCO,') in soil and water is an important cause for inducing Fe 

chlorosis (Chaney, 1984; Coulombe et a / ,  1984). Bicarbonate ion can be formed in 

calcareous soils by the reaction of CO, and water on calcite. Poor soil moisture and 

accumulation of CO, produced by roots and microbial respiration under high soil moisture 

conditions enhances the accumulation of HCO; in the rhizosphere to the extent of 400 

to 500 ppm, which results in Fe chlorosis (Boxma, 1972; Kovanir eta/,, 1978). 

2.4.1.6 Organlc matter 

Available Fe in soil is primarily present as part of an organic complex. Organic 

matter in soils thus exerts a pronounce effect on Fe availability (Chen and Barak, 1982). 
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The formation of soluble Fe complexes by naturally occurring chelating ligand may 

enhance the solubility of Fe (Olomu eta/., 1973). However, heavy manuring in alkaline 

soils reduces the availability of Fe as it is strongiy adsorbed on the surface of organic 

matter, but on decomposing it is slowly supplied to the plant (Wallace and Lunt, 1980). 

2.4.1.7 Nutrient lnteractlons 

Iron deficiency can be induced by the interaction of Fe with various nutrient 

elements. 

2.4.1.7.1 Nitrogen 

The form of ntrogen applied may affect the availabiiity of soil Fe, Increased uptake 

of NO,-N (nitrate nitrogen) may cause an imbalance in the cationlanion ratio, resulting in 

exudation of HCO; into the rhizosphere with a subsequent reduction in Fe uptake (Chen 

and Barak, 1982). Thus, high levels of NO,-N may induce Fe chlorosis. Nitrate uptake 

leads to alkalization of root zone which can lower Fe solubility and availabiiity. However 

NH,-N (arnmoniacal nitrogen) fertilizer produces acidity when NH,' is utilized by plants 

(Tisdale eta/., 1985; Wallace and Lunt, 1980). Application of NO,-N increased dry matter 

production of Fe efficient soybean cultivar (Hawkeye) and decreased in case of Fe 

inefficient cultivar (T-203) (Atkas and Egmond, 1979). 

2.4.1 -7.2 Phosphorus 

High phosphorus (P) in soils is antagonistic to Fe and decreases it's availability to 
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plants due to the formation of insoluble Fe phosphates (Wallace and Lunt, 1980; Mandal 

and Haldar, 1980). Presence of high P content in the soil inhibits the absorption and 

transport of Fe from roots to the shoots (Elliott and Lauchli, 1985). 

Low P content in the rhizosphere increased the avalability of Fe to corn (Azarbadi 

and Marschner, 1979) and chickpea (Mehrotra et al., 1988) in pot studies resultng in 

amelioration of Fe chlorosis. Similarly antagonistic effect of P on Fe was also observed 

in groundnut and blackgram (Rao el al., 1988) 

High P concentrations in the plant tlssue may ~nduce Fe chlorosis due to the 

immobilization of Fe in the veins of the leaves (Rediske and Bidduph, 1953; Brown e t a l ,  

1959). 

2.4.1.7.3 Potassium 

An Fe efficient soybean cultivar A 7 was unable to respond to Fe defciency stress 

in the absence of K in nutrient solutions (Joiley et a 1  1988). The lack of a Fe def~ciency 

stress response in the absence of K resulted in reduced levels of leaf Fe and greater 

chlorosis in the speces Potassium seems to play a very specific role in the plant for 

maximum utilization of Fe (Moraghan and Mascagni, 1991). 

2.4.1.7.4 Zinc 

Zinc interacts with Fe in the same way as P. An Inverse relationship exits between 

Zn and Fe. Zn deficiency increases Fe uptake in certain plant species (Francois and 

Goodin, 1972), some times to toxic level (Adams and Pearson, 1967). When pH of a 
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selected soil was increased from 5.2 to 7.1 by lime addition, cotton became Zn deficient 

and accumulated high levels of Fe (Brown and Jones, 1977). Zn appiication decreased 

Fe concentration in rice shoots and roots (Haidar and Mandal, 1981). 

2.4.1.7.5 Manganese 

The interaction between Fe and Manganese (Mn) has been extensively studied, 

but it is not well understood. Zahar~eva et al(198.3) suggested that (I) Fe hampers Mn 

uptake and (~i) Mn decreases plant Fe2* and adversely affects Fe metaboiism in rice 

plants the translocation of Fe from roots surfaces intensified with increasing Mn 

concentration, part of the reduced Fe levels in shoots was attributed to the formation of 

insoluble Mn oxides on the roots (Kuo and Mikkieson, 1981). 

2.4.1.7.6 Molybdenum 

Increase in Molybdenum (Mo) decreased Fe uptake, this interacton is important 

in alkaline sols where Fe availability is iow and soluble MOO,' content is high (Oisen and 

Watanabe, 1979) 

2.4.2 Environmental factors 

Climatic factors greatly influence the occurrence of Fe deficiency in plants under 

field conditions. Temperature, llght and soil moisture content may adversely affect the 

uptake and metabolism of micronutrents by plants. 
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2.4.2.1 Temperature 

Since Fe absorption and translocation from root to shoots is an active process 

(Branton and Jacobson, 1962), temperature influences the occurrence of Fe deficiency. 

Temperature changes may either enhance or suppress Fe chlorosis, depending upon the 

situation. In general, soil temperature has less effect on Fe chlorosis in piant possessing 

the Strategy II type of Fe stress response than in those possessing the Strategy I type 

(Romheld and Marschner, 1986). 

Temperature could influence the severity of Fe deficiency in plants growing in soils 

in following ways: 

a, low temperature reduces root growth and metabolic activity, and the Fe stress 

response in non.graminaceous plants (Marschner e l  a / ,  1986) 

b, low soil temperature could reduce the production of phytosiderophores, and the 

resultant mob~lization and uptake of soil Fe by members of the Gramineae 

c, high soil temperature decreases Fe uptake of monocots by increasing microbial 

decompositon of photosiderophores (Awad etai., 1988). 

d, low soil temperature could increase HCO, leveis in the soii and severity of Fe 

chlorosis by increasing the solubiiity of CO, n soils (inskeep and Bloom, 

1986). 

e, high soil temperature could increase HCO; level and Fe chlorosis by stimulating 

microbial activity and GO, production (Inskeep and Bloom, 1986). 

f. high soil/aerial temperatures could stimulate relative growth rates and induce Fe 

deficiency (Inskeep and Bloom, 1986). 
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g, high soil temperature could increase the uptake of P by plants and induce 

Fe chlorosis (Riekels and Lingle, 1966; Moraghan, 1987) 

h, low soil temperature retards plant growth and the supply of Fe to plants may be 

reduced thus aggravating Fe chlorosis (Wallace and Lunt, 1980) 

2.4.2.2 High light intensities 

High Ight intensities are known to nduce Fe chlorosrs (Wallace and Lunt 1980) 

2.4.2.3 Soil moisture 

High soil moisture has a strong effect on Fe chlorosis through its effect on plant 

metabolism. Many reports indicated that excess irrgaton or prolonged wet periods result 

in Fe chlorosis panicuarly In dicot w~th  Strategy I type, as a result of building up of HCO; 

in calcareous soils (Chaney, 19841, presumabiy due to the minor effect on HCO; on this 

type of response (Romheld and Marschner, 1986: Yen et n i ,  1988) Increased Fe 

chlorosis in plants subsequent to irrigation is sometimes due to high levels of HCO; in 

added water (Harley and Lindner, 1945). In addition high HCO;, high pH and low Fe 

content in poorly aerated soils caused due to excess water destroy many of the smalier 

roots and reduce the absorptive capacity of the whoie root system (Lindsay, 1984) which 

may induce Fe chlorosis. 

Oxidation potential Increases with ncreasing aeration and thrs rncreased oxidation 

potential leads to conversion of Fe2' to Fe3' and thus decreases its availability 

(Ponnamperuma, 1972) High soil moisture, poor aeration, and cool temperature disturb 
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plant metabolism due to which Fe is inactivated (Burtch et a/., 1948). Zaharieva and 

Romheld (1991) reported that the relationship between H/OH'ion release and Fe nutrition 

of groundnut plants is complex under soil conditions and depends on soil parameters 

including CaCO, contents and that even by enhanced H' release Fe nutrition could be 

impaired if soils CaCO, is too high. Most of the plants often suffer from Fe chlorosis 

under high moisture conditions but plant turn to green if soils ere dly (Burtch eta / . ,  1948, 

Chaney and Coulombe, 1982: Wallace et a /  1978). In a field study it was observed that 

excess irrigation increased chlorosis by 23.5 % in groundnut and application of FeSO, 

showed 29.4 % recovery of chlorosis (Singh et al., 1987). 

2.4.2.4 Soil erosion 

Removal of top soil, erosion or land levelling leads to exposure of Fe deficient 

subsoils, crops in such soils may suffer from Fe chlorosis (Katyal and Randhawa, 1983). 

2.4.3 Plant factors 

Different species and even cultivars of a species vary in their susceptibility to Fe 

deficiency. The various plant factors which influence the Fe deficiency are briefly reviewed 

hereunder. 

2.4.3.1 Genotypic differences 

Plant species differ qualitatively in their reactions to Fe deficiency. The ability or 

lack of the genotype to absorb and translocate Fe has been reported by many workers 
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(Brown and Ambler 1970; Brown and Bell 1969: Wallihan and Garber, 1968; Wutscher 

eta / . ,  1970). 

Fe efficient species respond well to Fe deficiency by some distinct biochemical 

changes in the roots which leads to enhanced mob~lization and uptake of F e  whereas Fe 

inefficient species do not have these responses (Brown, 1979). These Fe efficient species 

have the tendency to lower the pH of the medium in which they are grown and increase 

reducing capacity of roots due to accuinulation of phenols (Brown and Ambler, 1974, 

Romheld and Marschner, 1981). These reactions are induced specif~caly by Fe deficiency 

and enable Fe efficient species to take up the Fe at a higher rate (Brown and Ambler, 

1974). Romheld eta1 (1962) observed typlcal responses such as increased formaton of 

roots hairs, development of rhizodermal transfer cells and increased capacty to reduce 

Fed+ in the roots of Fe eff~cient plant species under Fe defic~ency. 

The differential pant responses to Fe deficiency cond~tions may be due to its better 

Fe absorpton by root system, translocation w~thin the plant, and ut~lization of Fe within 

leaves. Brown (1961) indicated that the cultivars differed in root absorption of Fe because 

of different efficiencies in reduction of Fe prior to its uptake. Plants were classified as Fe 

efficient if they respond to Fe stress and induce biochemical reactions that make Fe 

available for use in the plant and Fe inefficient, if they do not. Several plant factors which 

contribute to the efficiency of Fe util~zaton (Brown ef a/., 1961) are: 

a, exudation of H' Ions into the medium, 

b. excretion of reducing compounds from the root, and 

c, reduction of FeJ' to Fez' at the root surface. 
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The main difference between plants is due to the NO; metabolism and H* or OH' 

excretion. In the efficient plants when Fe stress develops, uptake of NO; decreases, and 

plant take up more cations than anions and a proton is released from the roots. This 

proton excretion stimulates the reduction of Fe3' to Fez', mobilizes enough Fez' near the 

roots surface that is taken up by the plant which regain its NO,' uptake. This is a cyclic 

response and when the NO,' is depleted H' excretion continues (Hauba et at., 1971). 

The efficient H' excretion dur~ng NH,* uptake raised the hypothesis that if Fe 

inefficient plants would be able to take up NH,' the Fe chlorosis could be eliminated or 

reduced. The most practical way to prevent nitrification of NH,' in the soil is through the 

use of nitrification inhibitors (Bundy and Bremner, 1973). 

Vanegmond and Aktas (1977) suggested that Fe efficient plants are those which 

normally release relatively low amounts of hydroxyl ions and respond to Fe stress by 

lowering the pH of the nutrient medium and decreasing anion uptake, but Fe inefficient 

plants are those which normaiiy excrete relatively high amounts of hydroxyl ions which 

continue to increase the pH of the nutrient medium under Fe stress. 

lron efficient plants respond to Fe deficiency stress by inducing Fe solubiiizing 

reactions at or near the root surface (Olsen and Brown, 1980). They noticed that roots 

of dicotyledonous species reduced much about twice as much Fe3+ as equal weights of 

monoco~ledonous species. lron efficient tomato, soybean and oats roots reduced more 

FeJ' than roots of the Fe Inefficient varieties. 
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2.4.3.2 Cropping systems 

Cropping systems like maize-wheat, cotton-wheat, maize-potato, wheat.sugarcane, 

potato-wheat on coarse and medium textured, alkaline and calcareous soils deplete the 

soil Fe and cause Fe deficiency (Kumar et a / ,  1990). 

2.4.3.3 Root damage 

Root damage by flooding, nematodes or other organisms may induce Fe chlorosis 

(Wallace and Lunt, 1980). Absorption of Fe by plants is largely restricted to actively 

growing root tips (Clarkson and Sanderson, 1978). Therefore, restricted root growth in dry 

surface layers, the soil zone with the largest amount of available Fe may induce Fe 

chlorosis. 

2.4.3.4 Vlrus 

Virus infection in plants may Induce Fe chlorosis (Wallace and Lunt, 1980). 

2.5 Management practices for Fe chlorosis 

The various management practices for prevention and correction of Fe deficiency 

in plants have reviewed (Parkpian eta/., 1988; Hagstrom, 1984; Mortvedt, 1986; Fehr, 

1984; and Mortvedt, 1991). Some of the important practices adopted to alleviate Fe 

deficiency are soil amendments, foliar application of Fe compounds, genotypic selections, 

and other management practices (Chen, 1993). 



2.5.1 Sol1 additives 

Soil additives for the control of Fe chlorosis have been categorized as 1) inorganic 

Fe salts, 2) Fe chelates, 3) organic compounds, 4) acidifying soil amendments, and 5) 

industrial by products and wastes (Hagstrom, 1984). 

2.5.1.1 Inorganic Fe compounds 

The most common inorganic source of Fe Is FeSO,. Soil application of inorganic 

FeSO, caused a significant increase in the leaf chlorophyll content and Fe concentration 

there by reducing Fe chlorosis in sorghum (Olson, 1950) and peaches (Razeto, 1962). 

Ryan and Stroehiein (1976) observed increased yield of sorghum to heavy application 

rates of FeS0,.7H,O in Fe deficient soils. Mortvedt and Giordano (1973) also studied 

fertilizers containing various mixtures of ferrous sulfate, ammonium polyphosphate and 

ammonium thiosulphate, and found that band application of FeSO, plus polyphosphate 

increased yield and Fe uptake of sorghum by 200% over the application of polyphosphate 

alone. 

Soil application of inorganic Fe sources usually are not effective in supplying Fe 

for crops unless very high doses are applied which is not economical for most of the fieid 

crops (Mortvedt, 1991). Soil application of FeSO, was ineffective in correcting Fe 

deficiency in peanuts at the rate of 20 kg ha" (Suwanarat and Suwanarit, 1966), but pod 

yield was increased by 50% when applied at a rate of 625 kg ha" (Kumarohita eta / . ,  

1966). Inorganic Fe sources get rapidly converted to forms which are not available to 

plants, especially In calcareous soils. Therefore, band application of Fe is more effective 
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than broadcasting, since soil fertilizer contact is limited (Mortvedt, 1986). 

2.5.1.2 lron chelates 

The term "chelate" refers to chemicals which surround certain m~cronutrients, 

protecting them from being rendered unavalable by high content of Caor other elements. 

It is generally obselved that soil application of chelated compounds are more effective 

than norganic ion saits in correctng Fe chlorosis (Hagstrom 1984), lron chelates were 

shown to be efficient sources as early as 1950's Ferrous saits of ethylene diamine tetra 

acetic acid (FeEDTA) was used to supply Fe to several plants in nutrient solutions 

(Jacobson, 1951) and under field conditions. Later many experiments were conducted to 

study the various cheiating agents for correcting chlorosis (Wallace e t a / ,  1955; Holmes 

and Brown, 1955; Chen and Barak 1982) 

Some Fe chelates which are used as Fe sources are ferr~c ethylene dianiine tetra 

acetic acid (FeEDTA) and its hydroxy form (FeHEDTA), ferric ethylene triamine 

pentaacetic acid (FeDTPA), and ferric ethylene dlamine di (0-hydroxy phenylacetic 

acetate) (FeEDDHA), and more recently methylated isomer of FeEDDHA (FeEDDHMA). 

It has been reported that application of FeEDTA at 31 kg ha" (Kumarohita et a1 1966) 

and FeEDTA at 50 kg ha" (Suwanarat and Suwanarit, 1986) increased y~eld of peanut 

cv. Tainan 9 and SK38, respectively on Takli soils series. The chelating agent FeEDDHA 

has been the most effective Fe chelate for correction of Fe chlorosis for over the last 

thirty years, but it is too expensive for general use except for ornamental and high value 

crops (Wallace, 1991 ; Wallace and Wallace, 1992). 
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2.5.1.3 Organic compounds 

Organic materials as carriers of Fe have been w~dely dscussed by Chen e t a / .  

(1982). The use of organic materials in correction of Fe chlorosis is reviewed by 

Hagstrom (1984). Organc material such as plant residues, manures, sewage sludge. 

peat, charcoal, by-products of forest products manufacturing (polyflavonoids and 

lignosulfonates) and even coal have also been showed to be effect~ve in alleviating Fe 

chlorosis. Organic materials as paetted manures (Thomas and Mathers, 1979) and air 

dried organic matter (Parsa and Wallace, 1979) were effective in reducing Fe chlorosis 

and increasing sorghum yields, iron enriched peat (3.7% Fe) was effective in reducing 

symptoms of chlorosis and increasing yield of peanuts ~n israei (Cheri et a / ,  1982). 

Similar results were obtained by application of FYM to rice in n d a  (Swarup, 1982). 

Hagstrom (1984), reported that spraying of FeSO, solution on plant stubbles with 

subsequent soil incorporation could prove to be a relatively inexpensive and simple 

procedure in alleviating Fe chloross 

2.5.1.4 Acidifying soil amendments 

One of the ways to increase the avaiiability of Fe in the soil is to reduce the pH of 

the soil. Soil amelioration to prevent Fe chlorosis by acidification of the entire root zone 

Is impractical (Hagstrom, 1984). Therefore only a part of the soil near the root zone can 

be acidified by the application of H,SO, which can ameliorate Fe chlorosis (Wallace et al., 

1976a). In addition the band application of acid waste sulphur (Wallace eta / . ,  1982) was 
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effective in preventing lime-induced Fe chlorosis. The amount of the acidulating material 

required may vary with the percent CaCO, present in the soils. 

2.5.1.5 lndustrlal by-products and wastes 

Industrial waste materials such as waste pyrites from Colarodo mining operations 

(Wallace et a/., 1976b) and waste products of high grade Fe sources (Wallace eta/ , ,  

1976~)  were effective in correcting Fe chlorosis in soybean and corn n U.S A. Similar 

results were obtained by Vlek and Lindsay (1978). 

2.5.1.6 Potassium salts 

The ability of potassum and FeSO, to Improve Fe nutrit~on is well known (Barak 

and Chen, 1984). Since K is a rapidly absorbed cation by plant roots, there is 

considerable net H' afflux with K fertilization which improves the availability of Fe to 

plants; H* afflux is part of the deficiency mechanism , especially for dicot plants (Wallace, 

1991; Jolley et ab, 1988). Inclusion of %SO, with FeSO, has resulted in correction of Fe 

chlorosis of peanuts on a highly calcareous soil and increased chlorophyll content in 

leaves and higher dry matter yields (Shaviv and Hagin. 1987). 

2.5.2 Follar management 

As soil applications of most Fe sources generally are ineffective for crops, foliar 

spray applications are widely used to correct Fe chlorosis. Both inorganic and organic 

Fe sources are effective as foiiar sprays (Mortvedt, 1991; Mortvedt, 1986). 
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Spraying of 0.5% FeS04 solution with 0.25% Tween 80 at weekly intervals 

commencing 10 days after emergence produced higher yield of peanut pods than 

spraying at 15 days intervals or greater. Spraying plants on nine occasions at weekly 

intervals increased peanut kernel yield from 162 kg ha.' to 975 kg h a '  (Ratanarat eta/. ,  

1987). 

Foliar application of iron sulphate (0.5%) and citric acid (0.02%) was effective in 

controlling Fe chlorosis and resulted in higher pod and hauim yield in groundnut (Singh 

and Dayal, 1992). Similar results were obtained with iron sulfate on groundnut (Potdar 

and Anders, 1992. 1993). 

2.5.3 Genotype selectlon 

Ratanarat et a/. (1987) screened peanut cuitivars on the Takli series soils and 

found that Fe chlorosis was evident in all 20 cultivars examined. However, there was 

useful variation in the degree of Fe chlorosis such that low chlorosis scores at 30 and 

50 days after emergence were inversely related to kernel yield at maturty. These results 

suggest the potential for selecting more Fe efficient peanut cultivars than those grown 

currently. Kannan (1982) tested eleven peanut cultivars for their relative tolerance to Fe 

stress and found that TG 1 and TG 7 were tolerant to Fe stress conditions by reducing 

the pH to 3.7 and 4.7, respectively. Similarly JL 24, SB XI and TG 3 also reduced 

rhizosphere pH but did not recover from the Fe stress completely. 

Reddy (1983) while screening the groundnut genotypes for Fe stress found that 

cv. Robout 33-1 was efficient in utilization of Fe under deficient conditions. Jolley eta/ .  
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(1987) studied the response of four peanut cultivars which varied in their response to Fe 

chlorosis In the field and in the growth chambers and found that 71 -234 and 71 -238 were 

resistant to Fe stress. Selection of Fe efficient genotypes proves to be the best, and cost 

effective method to control Fe chlorosis (Parkpian et al., 1988). 

Reddy et al. (1993) evaluated twenty different groundnut genotypes, based on 

visual deficiency symptoms (chlorosis score), and classified the genotypes into three 

groups. Efficient (no genotype was found to be efficient), moderately efficient (TCGS 273, 

TCGS 2, TCGS 3 and Kadiri 3), and inefficient (TCGS 1, TCGS 7, TCGS 11, TCGS 26, 

TCGS 28, TCGS 29, TCGS 30, TCGS 1518, TPT I ,  TPT 2, ICGS 11, ICGS 44, Girnar, 

JL 24, iCGS(E) 21 and TMV 2). Similarly, Singh and V~dya Chaudhari (1991) screened 

several groundnut varieties toierant to Fe chiorosis and reported many varieties including 

TMV 2 and ICGS 11 to be susceotible to Fe chlorosis. 

2.5.4 Other management practices 

2.5.4.1 Irrigation practice and soil aeration 

Excessive irrigation and poor so11 aeration is one of the important causes inducing 

Fe chlorosis (Wallace and Lunt, 1980: Chen and Barak, 1982). Proper irrigation 

management i.e., controlled irrigation without flooding the field could alleviate Fe chlorosis 

specially in calcareous soils. 

Growing of groundnut on broad-bed and furrow (BBF) system was found beneficial 

In decreasing Fe chlorosis (Potdar and Anders. 1992). It may be due to better soil 

aeration which facilitated higher uptake of Fe by roots of groundnut. 
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The addition of Fe chelates, especially Fe EDDHA to drip irrigations has been 

studied (Wallace and Wallace, 1983), but it is used little because of its high cost. Since 

drip irrigation is widely used in high value crops, often trees and vines , 2 to 5 kg ha '  

FeEDDHA should be economical (Wallace. 1991). 

2.5.4.2 Tree injection methods 

Injection of trees trunks with solution of Fe sources have been reported to control 

Fe chlorosis in many woody plants (Wallace and Wallace, 1986b). 

2.5.4.3 Slderophores 

Jurkevitch etal.(1988) concluded from their studies that bacterial siderophores may 

serve as a remedy to lhme induced chiorosis in groundnut plants grown in calcareous 

soils. 

2.6 Effect of Fe on plant growth and development 

Iron is an essential nutrient for all crop plants and any factor which impairs the 

absorption and translocation of Fe causes chlorosis and ultimately reduces the plant 

growth. It has been observed that phytomass of roots stems and leaves of mustard plants 

decreased due to Fe deficiency created by high bicarbonate contents (Dekock, 1955). In 

sunflower crop also Fe deficiency decreased plant height, leaf area and dry matter 

production (Djendor, 1972), and yield (Dahiya and Singh, 1976). 
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Rao eta/. (1988) found that the Fe deficiency had profound impact on reducing 

the stem growth in groundnut. They also reported that root phytomass decreased due to 

Fe deficiency, lron deficiency reduced dry weights of leaves, stem, and whole plant in 

groundnut and black gram (Rao and Narayanan, 1990). 

2.7 Yield losses due to Fe chlorosis in  groundnut 

lron chlorosis can result in severe yield losses in groundnut. Young (1 967) reported 

that mild chlorosis apparently did not decrease peanut yields: moderate chlorosis 

decreased yields by about 20% and severe chlorosis decreased peanut yields by about 

50%. Singh et a/. (1989) reported that three foliar Fe sprays increased 43% pod and 

35% haulm yield. Similarly, Bhaskar (1990) indicated that foliar Fe sprays increased 

groundnut yield by 53% in Anantapur district of Andhra Pradesh. Recent results from on- 

farm trials ~n Andhra Pradesh and Maharashtra indicated that Fe chlorosis can cause 

yield losses upto 32% pod, 18% haulm, and 25% total dry matter production in groundnut 

(Potdar and Anders, 1993). 

2.8 Summary 

lron chlorosis in groundnut is one of the major nutritional disorders commonly 

associated with calcareous soils, causing significant yield losses in many field crops. The 

Importance of Fe nutrition in plants has been discussed by Brown (1961); Chen and 

Barak (1982) and Vose (1982). 
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The various factors responsible for Fe deficiency are low soil Fe, high soii pH, 

excess free CaCO,, high HCO;, excess soil moisture, poor drainage, high amounts of 

heavy metals, high soii P, temperature extremes, heavy manuring (alkaline soils), low 

organic matter (acidic soils), genotypic differences, and root damage. The problem can 

be further aggravated by interactions of Fe with the above mentioned factors. 

Various techniques have been suggested for diagnosing Fe deficiency based on 

visual deficiency symptoms, piant analysis, and soil anaiysis. These techniques are 

discussed in detail by Parkipian et a1 ,(i988) and Chaney (1984). Soil anaiysis for DTPA 

extractable Fe is considered to be a satisfactory measure of Fe availability to the plants. 

Extractable Fe content in the fresh leaf tissue is found to be positively correlated with the 

leaf chlorophyll content and negatively correlated with the severity of chiorosis. Therefore, 

extractable leaf Fe content seems to be a better indicator of Fe def~ciency than the DTPA 

soil Fe. Total leaf Fe content was found not related to the incidence of Fe chloros~s 

However, under on-farm conditions vlsuai chlorosis rating systems was found effective, 

rapid and inexpensive tool for diagnosing the incidence of Fe chloros~s. 

Plant species and genotypes vary cons~derabiy in their tolerance to Fe chiorosis. 

The mechanisms for Fe tolerance in plant species have been discussed in several 

reviews (Brown and Jones, 1976, Clark and Gross, 1986; Marschner, 1986), Identifying 

Fe efficient genotypes and modifying Fe inefficient genotypes by crop improvement are 

the best strategies to overcome this problem. Such inforrnation is lacking in groundnut. 

However, some progress has been made in screening groundnut genotypes for Fe 

chlorosis (Singh and Vidya Chaudhari, 1991; Reddy etal., 1993) 
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The correction methods for Fe chlorosis have been discussed by Mortvedt (1991); 

Wallace (1991); Mortvedt (1986); Hagstrom (1984); Fehr (1984); Parkipian (1988).Among 

the various methods of correcting Fe chlorosis, soil application of inorganic salts in many 

cases were ineffective due to rapid conversion of available Fe into non available form. 

Application of chelated Fe was effective in alleviating Fe deficiency but its use has been 

restricted to high value crops because of high fertilizer cost. The foliar application of iron 

sulphate with a suitable surfactant was the most effective way of correcting Fe deficiency 

in many field crops including groundnut. However, development of Fe efficient cuitivars 

appears to be the best long-term solution to this nutritional disorder. 
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CHAPTER Il l 

MATERIALS AND METHODS 

This chapter describes materials used and procedures adopted in data collection 

and analysis of village surveys and on-farm experiment. 

3.1 Village surveys 

3.1.1 Location and selection of villages 

Two contrasting villages namely Kottapeta and Pasupalia in Kurnool district of 

Andhra Pradesh were selected for this study after a preliminary survey of the district. 

Groundnut is predominantly grown n these v~ilages and it often suffers from ron  

chlorosis. Both villages varied for soil type, sowing season, and irr~gation practice. The 

characteristics of the villages are given in Table 1 

Table 1. Characteristics of the villages surveyed in  Kurnool district of Andhra 

Pradesh, 1992-93. 
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The staff from Krishi Vigyana Kendra at Banaganpalle, Regional Agricultural 

Research Station at Nandyal, and ICAR (Indian Council of Agricultural Research) Transfer 

of Technology Unit at CRiDA (Central Research Institute for Dryiand Agriculture), 

Hyderabad, assisted in identifying these viiiages. 

3.1.2 Selection of respondents 

A complete list of farmers in each village was obtained and arranged in ascending 

order of their landholding, and then divided into three equal parts and each designated 

as small, medium, and large landholding group. From each group, 10 farmers were 

randomly selected for detailed surveys. Number of households n each village and range 

of landholding in each group are given in Table 2 .  

Table 2. Landholding characteristics of farmers in Kottapeta and Pasupalia villages 

i n  Kurnooi district of Andhra Pradesh, 1992-93. 
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3.1.3 Farmer interviews and data collection 

Data were collected from the selected respondents by using the interview schedule 

developed for this purpose. The interview schedule was designed to collect information 

on farmer resources, conventional and current crop management practices, perceptions 

and management strategies for iron chioross in groundnut (Appendix I). Economics 

Group, Resource Management Program of ICRISAT assisted in formula!lng the interview 

schedule. 

The interviews wereconducted in locai language (Teiugu) and the investigator was 

well aware of the farmers circu[nstances In survey villages intewiews were generally 

conducted in the early morningslevenings at the time and place convenient to farmers. 

3.1.3.1 Pre-testing interview schedule 

The suitability of interview schedule was pre-tested among respondents in each 

group by conducting individual interviews Based on the experience gained in the 

pretesting the interview schedule was tnodfied. 

3.1.3.2 Establishing rapport wi th the farmers 

Prior to actual data collection, informal rapport was estabiished with the 

respondents during preliminary field investigations with the help of extension personnel 

from the Krishi Vigyan Kendra (KVK), progressive farmers and local leaders. The 

preliminary discussion and field visits gave overall knowledge of farmer's current 

production technology for groundnut cuitivation. The respondents were explained about 
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the purpose of this study. This approach helped in successful completion of these 

surveys. 

3.1.3.3 Data collection 

Individual interviews of selected respondents were conducted by the investigator 

with the help of local KVK staff. In each interview, while the investigator was interviewing 

the other staff recorded the data. 

3.1.3.4 Data coding and analysis 

Qualitative data were coded, statistically analyzed, and summarized as percent 

frequencies for each of the questions. Whereas, the quantitative data were presented as 

mean values. 

3.2 On-farm experiment 

A "researcher.managed" on-farm diagnostic study on Iron chlorosis in groundnut 

was conducted at an iron chiorotic site in Kurnool district of Andhra Pradesh during the 

postrainy season of 1992-93. The details of the present investigation are as follows: 

3.2.1 Experimental site 

An iron chlorotic site in the Farm of Mr. B. Venkataswamy, located in Kottapeta 

village in Banaganpalle mandal of Kurnool district, was selected for the present 

experiment. 
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3.2.2 Weather conditions 

Konapeta village is situated in the semi-arid tropical region of Andhra Pradesh. 

Meteorological data pertaining to rainfall, minimum and maximum temperatures, relative 

humidity and hours of sunshine recorded during the experimental period were collected 

from the nearest meteorological observatory located at Nandyal, and are depicted in Fig. 

l a  and b. The mean minimum and maximum temperatures during the experimental 

period was 22.22% and 35.95%, respectively. The mean relative humidity at 7.17 hr and 

14.17 hrs during the experimental period was 72 97 % and 35.74 %, respectively. The 

mean number of sunshine hours was 9.47. 

3.2.3 Cropping history 

Details of the cropping history of the experimental field during the preceding two 

years are presented in Table 3. 

Table 3. Cropping history of the experimental site 
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3.2.4 Soil and Irrigation water 

The soil of the experimental site was a deep Vertisol with a long history of iron 

chlorosis. Composite soil samples collected prior to sowing from 0-15 cm depth were 

analyzed for physical and chemical properties (Table 4a). Water samples were also 

analyzed for chemical properties (Table 4b). 

3.2.4.1 Soil physical properties 

Mechanical composition of the soil was determined by using a Bouyoucos 

hydrometer method (Bouyoucos. 1962). 

3.2.4.2 Soil chemical analysis 

Soil pH was measured by aglass electrode, a calomel reference electrode and pH 

meter (Mocel LI-10). Salt content was measured by using electrical conductivity bridge 

(YSI Model 32). Both the measurements were made on 1:2 soil:water suspension as 

described by Jackson (1967). Soil organic carbon was determined by Walkely-Black 

method (Allison, 1965). 

Total Nitrogen was determined by modified Kjeldahl method (Jackson, 1967). 

Mineralizabie nitrogen was determined by using 2N KC1 solution for extraction as 

described by Keeny and Nelson (1982), and available phosphorous by method as 

described by Oisen and Dean (1965). Avalable iron, copper, manganese, and zinc were 

determined by DTPA (Diethylene triamine penta acetic acid) extraction (Lindsay and 

Nolvell, 1969). 
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Table 4a. Characteristics of the soil at the experimental site 



Table 4b. Chemical composition of irrigation water used at the experimental site. 

Characteristics 

pH 

EC (rnrnho crn.') 

Carbonate (meqll) 

Bicarbonate (meqll) 

Calcium (rneqll) 

Magnesium (meqll) 

Potassium (rneqll) 

Sodium (rneqll) 

Content 

7.53 

2.00 

0 

6.76 

5.35 

3.55 

0.06 

10.97 
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Exchangeable potassium was determined by using an atomic absorption 

spectrophotometer after extracting the soil with neutral I N  ammonium acetate as 

described by Jackson, (1967). Cation exchange capacity (CEC) was determined by the 

sodium acetate (pH 8 2) method as outlined by Jackson (1967). 

3.2.5 Experimental details 

3.2.5.1 Layout of the experiment 

The experiment was laid out in a strip-split plot design with four replications. Gross 

and net plot sizes for each sub-plot were 5 x 8 m and 3.3 x 6 m, respectively. The 

detailed experimental layout is shown in Figure 2. 

3.2.5.2 Treatment details 

Three genotypes (vertical plots) and three fertilizer practices (horizontal plots) were 

allocated to main plots and two iron sprays to sub-plots. The details of treatment are 

furnished below: 

Groundnut qenotvpes (G1 : TMV 2 (VI), ICGS 11 (V2), lCGV 86031 (V3). 

Fertilizer practices (F1 : No fertilizer control (Fl) 

Farmers fertilizer practice (F2) 

Recommended fertilizer practice (F3) 

Iron spravs (Fel : Nonsprayed control (-Fe) 

Foliar FeSO, sprays (tFe) 
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3.2.5.2. Genotype description 

The characteristics of the three groundnut genotypes used in the present study are 

described below: 

TMV 2 is Spanish bunch type with light green color foliage, srnall to medium size 

pod without beak. It is most suited for sumrner season and has a shelling turn over of 

76% and oil content of 49.7%. The crop duration is about 100-105 days. This is the most 

popular and widely grown variety in Andhra Pradesh but is highly susceptible to iron 

chlorosis. 

ICGS 11 is spanish type, has decumbent 2 growth ihabit w~ th  sequential flowering 

and has dark green fol~age Pods are s~ncili :o mediuin sized, w~tiiout beak, two seeded 

tan colored seed, with a shelling turnover of 70%. 49% oil content, and 22% protein, it 

is tolerant to bud necrosls under f led condit~ons The crop durat~on is about 130-135 

days. This high y~e ld~ng  genotype has been recommended for rabi cultivation ~n Andhra 

Pradesh. 

ICGV 86031 IS spanish type, has an erect habit with sequential flowering and 

elliptic dark green waxy leaves, medium slze pod with none to slight beak, two seeded 

pod with rose tan color seed. It has sheli~ng turnover of 66% 52% oil, and 20% protein. 

It is high yielding line with muitiple resistance or tolerance to spodoptera, leaf minor, 

jassid, and thrips, bud necross and iron chlorosis under field conditions. It matures in 

about 110 days in rainy season and 130 days during postrainy season (ICRiSAT PMD 

No 32; Potdar and Anders, 1993). 



3.2.6 Crop management practices 

3.2.6.1 Field preparation 

The field was prepared by single ploughing immediately after harvest of rainy 

season groundnut followed by harrowing twice 

3.2.6.2 Seeds and sowing 

Bold and healthy kernels were selected and treated with Dithane M 45 at @ 3 g 

kg'' seed to protect from seed-borne diseases Crop was sown on 15 December 1992 at 

30 x 10 cm spacing. Sowing was done by hand dibbling two seeds each hill at a depth 

of about 5-cm. 

3.2.6.3 Fertilizer application 

Details of the fert~iizer schedule, fertilizer types and rates used, and the quantity 

of nutrients applied are presented in Table 5 No fenilizer control piots (F,) received no 

NPKfertilizers or organic manure, Farmers fertilizer practice (F,) received 126 kg N t 199 

kg P,O, ha'lapplied in three split doses (basal t 2 top dressings at 40 and 60 DAS) and 

the Recommended fertilizer practice (F,) received 30.50:30 kg NPK ha ' all applied as a 

basal dose. Nutrient doses were supplied through Ammonium phosphate (28:28), 

Diammonium phosphate (DAP), and Muriate of potash (60% K) Fertiiizers were applied 

by broadcasting method foilowed by harrowing after basal application and irrigation 

immediately after each top dressing. in farmer fertilizer practice, DAP was used for top 

dressings. 



Table 5. Details of  fertilizer schedule, sources, and quantity of nutrients applied 
In different fertilizer treatments. 

F 1 : No fertilizer control 
F 2 : Farmers fertilizer practice 
F 3 : Recommended fertilizer practice 
AP : Ammonium phosphate (28:28:0) 
DAP : Diammonium phosphate (18:46:0) 
MOP : Muriate of potash (0:0:60) 
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A ~Ommercial grade iron suiphate (FeS0,.7H20) was used for foliar iron sprays. 

An aqueous solution of 0.5% FeSO, (Wlv) with 2 mill of teepol as surfactant was foliar 

applied at 40, 60 and 90 DAS. 

3.2.6.4 Gap fi l l ing 

Gap filling was done at 15 DAS to mantain the uniform plant population. Gap f~lling 

was essential only for ICGS 11 and ICGV 83031 but not for TMV 2 .  

3.2.6.5 Plant protection 

Crop was kept weed-iree by har:d weed rigs done thrce at 20, 40 and 60 DAS. 

Initial two hand weedings were followed by an ntercultivation with Gorru. 

Crop was sprayed with Monocr3tophos (0 05%) twice at 60 and 90 DAS for control 

of leaf webber and jassds In addit~on, Bav~stin (0.07%) was sprayed at 90 DAS for 

control of rust. In general, tile crop did not suffer from any pest or dseases. 

3.2.6.6 Irrigation 

The crop was irrigated immed~ately after sowing, and the subsequent irrigations 

were provided at 41, 61, 92 DAS and a week before final harvest, lrrigat~on was given by 

a strip irrigation method. 
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3.2.6.7 Harvesting 

The crop was harvested when the inner portion of shell turned brown and kernels 

turned pink in color indicating its maturity. In each sub-plot, an area of 3.3 x 6 m was first 

marked with color rbbons, and then all plants in the marked area were harvested and pod 

and haulm fresh weights recorded. A sub-sample of 0.5 kg pod and 1 kg haulm from each 

treatment was brought to laboratory and air-dried weights were recorded. Dry yields were 

then estimated based on the moisture contents in fresh haulm and pod yields. 

3.2.7 Data collection 

3.2.7.1 Plant growth 

Plant growth was measured at 60 and 00 days after sow~ng (DAS), and at final 

harvest. Data on plant height, leaf area, dry matter production, and pod number were 

measured on five plants rando~nly selected fro111 each treatment plot Plants were 

uprooted carefuily along with pods, washed with tap water, and individual plants were 

separated into components parts (leaves, stem, root, pods) 

3.2.7.1.1 Plant height 

Plant height (cm plant ') was measured from tip to base of the stem 

3.2.7.1.2 Leaf area 

Leaf area (cm2 plant'') was measured by using an automatic area meter (Model 
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3.2.7.1.3 Dry matter production 

individual plant parts were oven dried at 60% for three days, and respective dry 

weights (g plant") were recorded. 

3.2.7.1.4 Pod number 

Total pod number plant' was recorded at each growth sampling 

3.2.7.1.5 Visual chlorosis symptoms 

The severity of chiorosis was measured by a visual chlorotic rating (VCR) system 

on a 1-5 scale as suggested by Potdar and Anders (1992). The details of VCR system 

are given below: 

1 0 % chiorosis, highly resistant. 

2. 1 - 25 % chlorosis, moderately resistant. 

3. 26 - 50 % chlorosis, moderateiy susceptibie. 

4. 51 - 75 % chlorosis, susceptible. 

5. 76 - 100 % chlorosis, highly susceptible. 

3.2.7.2 Yield and yield attributes 

3.2.7.2.1 Haulm and pod yields 

Dry haulm and pod yields (kg ha.' ) Nere estimated from data on their respective 

fresh weights (kg net plot") and moisture contents. 
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3.2.7.2.2 Harvest Index 

Harvest index (%) was expressed as the % ratio of dry pod yield to total biological 

yield. 

3.2.7.2.3 Test weight  and shell ing turn over 

After pod shelling 100 seeds were randomly selected from each treatment and 

their respective weights were recorded (g 100 seeds ' )  Shelling turnover was calculated 

as a % ratio of kernel weight to pod we~ght. 

3.2.8 Plant  chemical analysis 

3.2.8.1 Estimation of leaf chlorophyll and extractable Fe contents 

The first fully opened leaf samples (.-ZOO g) were collected in an airtight poythene 

bags stored in an Ice box arid brought to the laboratory for analysis Leaves were 

copiously washed with tap water, followed by 0 . l N  HCI and distilled water. The samples 

were freed off the sticking water drops by sandwitching them between the sheets of 

blotting papers. Leaves were then cut into s~nall pieces of approxmately 1.2 rnm with 

the help of stainless steel scissors and further ctiemcai analys~s was done. 

0-phenanthrol~ne extractable iron (pprn) was deterrnned by the method described 

by Katyal and Sharrna (1980). 

Leaf chlorophyll content (mg g ' fresh w t )  was determined by using the method 

described by Hiscox and lsraelstam (1978). 
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3.2.8.2 Estimation of nutrient contents In plant parts 

Oven dried Plant samples (leaves, stem) collected at 90 DAS were finely ground 

using a Willey mill with stainless steel blades and passed through a 0.5 mm mesh sieve 

and used for chemical analysis. 

Plant sampleswere analyzed calorimetrically for nitrogen and phosphorus following 

digestion on a blockdigester using a Technicon Autoanalyzer II (Technicon (1972). Total 

calcium, magnesium, potassium, iron, zinc, copper and manganese contents were 

estimated by atomic absorption spectrophotometer following digestion of plant samples 

using the tri-acid digestion method (Jackson, 1967). 

3.2.8.2.1 Nutrient uptake 

The uptake of various nutrients by leaves and stems of groundnut was calculated 

by multiplying concentration of each nutrient and dry weights (plant') of respective piant 

parts. 

3.2.8.3 Estimation and oi l  and protein content 

3.2.8.3.1 011 content 

Oil content (%) in groundnut kernels was estimated by using a Nuclear Magnetic 

Resonance (NMR) procedure suggested by Jambunathan et ab, (1985). 
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3.2.8.3.2 Protein content 

Protein content (%) In groundnut kernels was estimated by using the method as 

prescribed by Singh and Jambunathan, (1980). 

3.2.9 Economic analysis 

The total cost of cultlvat~on h a '  for groundnut product~on was est~~nated for 

individual treatments based on the total labour and nputs used and prevailing market 

prices 

Gross monetary returns were calculated baseti on yields obtained and the 

prevailing market prlces for pod and haulrn Net monetary returns were calculated by 

deduct~ng the cost of cultivatiori frorn :he gross monetary returns 

BenefVCost ratlo was calci~lated as a ratlo of net returns and total cost of 

cuitivation. 

3.2.10 Data analysis 

The exper~mental data were analyzed statist~caly by a standard analysis of 

variance (ANOVA) technque uslng a Genstat Stat~stical Package available at the 

Computer Services at CRlSAT Stat~st~cal slgnlficance of treatment effects were 

evaluated by foliowing the ' F test1' at P < 0 05 and 0.01 levels. Standard error (SE) and 

critical difference (CD) were calculated and used for colnparing treatment means. 





CHAPTER IV 

RESULTS 

The results of the village surveys and statistically analyzed data pertaining to the 

on-farm trial are presented in this chapter. 

4.1 Vil lage surveys 

4.1.1 Groundnut  production practices 

4.1.1.1 Cropping systems 

Groundnut crop finds a key position in different cropping systems prevalent in 

Kottapeta and Pasupalla villages in Kurnool district of Andhra Pradesh, in these villages, 

groundnut is predominantly grown as a soie crop and intercropped with pigeonpea to 

some extent. it is grown either in rainy season or postrainy season under irrigated 

conditions 

In Kottapeta, groundnut is ~nostly grown in rainy season, whereas in Pasupaila it 

is grown in postrainy season Rainy season crop is sown in the first week of June, while 

the postrainy season crop in the last week of December. 

In Kottapeta, the predominant cropping systems involving groundnut are: sole 

groundnut (kharif, K) - irrigated paddy (rabi, R )  soie groundnut (K) - sole groundnut (R): 

sole groundnut (K) -sorghum (R); and groundnut/pigeonpea intercropping. In Pasupalla, 

irrigated paddy (K) - groundnut (R); cotton (K) . groundnut (R); sunflower (K) - groundnut 

(R); and groundnutipigeonpea intercropping are the major cropping systems with 

groundnut. 
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4.1.1.2 Soil resources 

Most of the farmers (SO%) in the two villages surveyed preferred Vertisols for 

groundnut Production (Fig. 3).  In Kottapeta, all the large (too%), and most (90%) small 

farmers preferred Vertisois to other soils. Whereas, medium farmers equally preferred 

Vertisols and mixed soiis (Fig. 3a). In Pasupalla, all the farmer groups showed strong 

preferences (>80%) for Vertisols than other soil types (Fig. 3b). 

Farmers in both the villages preferred medium to high fertility compared to low 

fertility soils (Fig. 4). In Kottapeta, ali the three farmer groups preferred high fertility, than 

medium fertility soils (Fig. 4a). Whereas in Pasupalla, soil fertility preference among the 

farmer groups varied considerably. The majority of small farmers (80%) preferred medium 

fertility soiis, while the large farmers (80%) preferred high fertility soils. Medium farmers 

had equal preferences for medium and h~gh fertility soils (Fig. 4b). 

Farmers in these villages tend to grow groundnut on deep soils than the shallow 

soils (Fig. 5). In Kottapeta, all smail farmers (loo%), and most medium (60%) and large 

farmers (80%) preferred deep soils than the shallow soils (Fig. 5a). In Pasupalla, all the 

farmer groups showed strong preferences for deep soils (Fig. 5b) 

4.1.1.3 Water resources 

Bore wells are the major source of irrigation in these villages. Most farmers (>70%) 

in these villages grow groundnut under irrigation (Fig. 6a and b). In Kottapeta, all the 

large farmers (loo%), majority of medium (80%) and small farmers (60%) grow groundnut 

under irrigation (Fig. 6a). Similar irrigation practice was followed in Pasupalla (Fig. 6b). 
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Figure 3. Soil type preferences (%) for groundnut 
production by sample farmers in Kottapeta and Pasupalla 
In Kurnool district of Andhra Pradesh, 1992-93. 
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Figure 4. Soil fertility preferences (%) for groundnut 
production by sample farmers in Kottapeta and Pasupalla 
in Kurnool district of Andhra Pradesh, 1992-93. 
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Farmers rated quality of irrigation water into three categories i.e., good (sweet), 

medium, and poor (salty). Irrigation water in both the villages was mostly good (>60%) 

(Fig. 6c and d). In Kottapeta, the quality of irrigation water was mostly good (73%) to 

medium (27%). Whereas in Pasupalla, it varied from good (60%) to poor (13%). All the 

large farmers in these villages had good quality water and medium and small farmers had 

good to poor quality irrigation water. 

4.1.1.4 Groundnut genotypes 

Local genotype (cv. TMV 2) is predominantly ( ~ 3 5 % )  grown in both the villages 

(Fig. 7a and b). All the small farmers grow only TMV 2, whereas medium and large 

farmers recently began to grow improved genotypes to a small extent (10-20%). These 

farmers grow some improved genotypes viz., ICGS 11, 44, TPT 1, and JL 24. 

4.1.1.5 Sources of seed and sowing practices 

Local market, seed froin own field and other farmers were the primary sources of 

groundnut seed used in these villages (Fig. 7c and d). Local market for large farmers, 

local market or own seed for medium farmers, and other farmers for small farmers were 

the main sources for obtaining groundnut seeds. 

Sowing is generally done by a 4.rOW seeddr~ll (Gorru) at a row spacing of 30-cm 

followed by seed covering with a wooden plank. Seed rate varied from 150 to 200 kg ha" 

which is about twice the recommended rate. Seeds are generally not treated with any 

fungicides or rhizobial culture. 
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4.1.1.5 Fertilizer management 

Farmers in these villages generally apply very high doses of different fertilizers to 

groundnut. Fertilizers are commonly applied in four split doses (basal + top dressings) 

in these villages (Fig. a), The common fertil~zers used were Urea, Single super 

~hosphate, Diammonium phosphate (18:46:0), Ammonium phosphate (28:28:0), Gromor 

(17:17:17), and Calcium ammonium nitrate. Most of the farmers apply a basal fertilizer 

dose (>go%) followed by one top dressing (>70%), and some farmers (20.60%) even 

apply an additional one or two top dressings (Fig. 8a and b). Large and medium farmers 

generally apply fertilizers in four split doses. Whereas, majority (>80%) of the small 

farmers apply only a basal fertlizer dose Some farmers (30.50%) apply an additional one 

top dressing of fertilizers. 

Fertilizers are mostly broadcasted rather than drilling (Fig 9a and b). Fertilizer 

application methods did not vary among the farmer groups. 

4.1.1.6 Quantity of nitrogen applied 

Among major nutrients, farmers in these villages tend to apply large quantities of 

nitrogen (50-250 kg N ha.') (Fg, 10) and phosphorus (50-350 kg P,O, ha") to groundnut. 

In Kottapeta, 40% of the farmers apply 100-200 kg N ha", 26% apply 200-250 kg N ha", 

24% apply 50-100 kg N ha.', and 10% do not apply any fertilizers (Fig. 10a). Nitrogen 

fertilizer application practice in Pasupalla was similar to Kottapeta, except that majority 

of the farmers (53%) apply high nitrogen doses (200-250 kg N ha") (Fig. lob).  Whereas, 

majority of small farmers apply medium fertilizer dose (50-100 kg N ha"). Nitrogen 
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Figure 8. Fertilizer schedule adopted for groundnut 
production by sample farmers in Kottapeta and Pasupalla 
in Kurnool district of Andhra Pradesh, 1992-93. 
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Figure 9. Fertilizer and irrigation practices for groundnut 
production by sample farmers in Kottapeta and Pasupalla 
in Kurnooi district of Andhra Pradesh, 1992-93. 
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Figure 10. Quantity of nitrogen (kg hii) applied for groundnut 
production by sample farmers in Kottapeta and Pasupalla 
in Kurnool district of Andhra Pradesh, 1992-93. 
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application practice among large and medium farmers did not vary in the respective 

villages. In general, high N doses were applied in Pasupaiia than Kottapeta. 

4.1.1.7 Irrigation management 

Farmers generally irrigate groundnut by flooding or strip irrigation methods (Fig. 

9c and d). Groundnut was predominantly irrigated by strip irrigation (70%) in Kottapeta. 

whereas both the irrigation methods were equally foliowed in Pasupalla. In Kottapeta, all 

the groups followed similar irrigation methods. In Pasupalla, large farmer preferred 

flooding, wh~le sinall farmers preferred strip irrigation method. Medium farmers showed 

an equal preference to flooding and strip irrigation methods. 

4.1.1.8 Plant protection 

indiscriminate pesticide use is a common practice in these villages. Groundnut is 

generally sprayed with locally ava~lable pesticide starting from 3 to 4 weeks after sowing, 

and thereafter regularly at 2-weeks intewal irrespective of pest incidence. Fungicides are 

generally not applied to groundnut in these viilages. 

4.1.2 Production constraints 

Farmers were asked to list out the major constraints to groundnut production. 

Following were the major production constraints identified by the respondents in these 

villages: 



1. Non availability of good quality seed. 

2. Early and mid season drought conditions. 

3. Severe pest attack by leaf weber, aphids, jassids, and rootgrub. 

4. Incidence of rust, and early and late leaf spot. 

5 .  Severe iron chlorosis. 

4.1.3 Farmers perceptions of Fe chlorosis 

Iron chlorosis IS locally known as Shanku Tegu lu  meaning a yellow-white 

disease. Farmers perceptions about Fe chlorosis, severity of the problem, causes and 

management practices for Fe chlorosis and associated yield losses in groundnut are 

briefly summarized below. 

4.1.3.1 Occurrence, distribution and severity of Fe chlorosis 

Farmers descrbed Fe chlorosis as a major constraint to groundnut production in 

these villages (Fig. 11). The problem was more widespread in Pasupaila (77%) (Fig. 1 l a )  

than Kottapeta (60%) (Fig. 11 b). However, the problem appears to be more severe with 

the medium farmers than smail and large farmers. 

When asked about the nature of distribution (patchy or uniform) of Fe chlorosis in 

their groundnut fields. Farmers reported that Fe chlorosis can occur as patches or uniform 

chlorosis of entire field (Fig. l l c  and d). In Konapeta, Fe chlorosis mostly occurred in 

patches, and in Pasupalla it occurred both as patches and uniform chlorosis of entire 

field. Fe chlorosis mainly occurred in patches with small farmers. 
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Fe chlorosis in groundnut is a common problem in these villages (Fig. 1 l e  and f). 

However, the problem was more severe in Pasupaila than Kottapeta. In Kottapeta, the 

problem was more severe with large farmers than small farmers. Whereas in Pasupalia, 

all the farmer groups reported severe Fe chlorosis 

4.1.3.2 Yield losses due to Fe chlorosis 

The average groundnut pod yields ~n these villages varied from 1.5 to 2 t ha" (Fig. 

12a and b). Higher pod yields were obtained in Pasupalla than Konapeta. Medium and 

large farmers reported higher pod yields than the small farmers. 

Severe yield losses (20.40%) due to Fe chlorosis were reported by all the farmer 

groups in both the villages (Fig 12c and d). However, tile yield losses were more (35- 

40%) in Pasupalla than ~n Kottapeta (20.28%). Yield losses did not vary among the 

farmer groups. 

4.1.3.3 Causes of Fe chlorosis 

When questioned about the main factors causing Fe chlorosis, farmers identified 

several factors related to soil, climate, genotype, irrigation and fert~lizer practices 

responsible for Fe chlorosis in groundnut (Fig. 13). Farmers in both of these villages 

perceived low soil fertility, high lime content in soil, high soil alkalinity, excess irrigation 

and waterlogging, and nitrogen deficiency as the main factors for Fe chlorosis. 
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In Kottapeta farmer perceptions about causal factors for Fe chlorosis did not vary 

among the farmer groups (Fg.  13a). Whereas ~n Pasupalla, nitrogen defciency by large 

and medium farmers, and soil factors by the small farmers were considered as main 

factors causing Fe chlorosis (Fig 1%) Among the c ~ m a t c  factors, high ranfaii and low 

sunshine were considered as the addltlonal factors for Fe chlorosis. 

4.1.3.4 Management of Fe chlorosis 

Farmers adopted different management practices for alleviation of Fe chlorosls in 

groundnut, which Included practices such as use of nitrogen, zinc, Iron and pestlcldes, 

and delay in irrigation (Flg. 14). However, application of riitrogenous fertil~zers was the 

most common management strategy adopted by the farmers in these v~llages (Fig. 14a 

and b). Large and small farmers generally adopted different management practices, 

whereas most srnall farmers apply orlly nitrogen fert~lizer or do not adopt any 

management practice for Fe ctllorosis in groundnut 

4.1.4 Future management practices 

Despite of the Fe chlorosis problem, most farmers in these villages were interested 

to continue groundnut production due to its h ~ g h  economic and fodder value. Some 

farmers, for with severe Fe chlorosls wanted to replace groundnut by sunflower which in 

their opinion is considered as Fe.effcient crop. Some farmers were convinced wlth the 

use of FeSO, sprays for correction of Fe cliloros~s 



Fig. 14a Kottapeta 

Small Medium Lalgs All 

Farmer group 

Fig. 14b Pasupalla 

In 

2 80 

0 
a 

2 so - 
m " 
" 
5 40 

8 

20 

0 
Small Medlurn Large All 

Farmer group 

Figure 14. Management practices adopted for iron chlorosis 
in groundnut by sample farmers in Kottapeta and Pasupalla 
in Kurnool district of Andhra Pradesh, 1992-93. 
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4.2 On farm experiment 

4.2.1 Diagnosis of Fe chlorosis 

4.2.1.1 Visual deficiency symptoms 

Fe chlorosis symptoms appeared on young ieaves within 20 DAS (Fig. 15b), 

characterized by initial interveinal chlorosis on young leaves with veins remained green, 

and later on vanished and finally whole leaf including petiole became yellow. Severe and 

uniform Fe chlorosis symptoms were noticed in Fe inefficient genotypes (TMV 2 and 

ICGS 11, Fig. 15c). 

4.2.1.1.1 Severity of Fe chlorosis 

Severity of Fe chlorosis was rated by a "visual chlorosis rating" (VCR) scale (1 

to 5) on the basis of severity of chloros~s and extent of plot area affected. VCR was 

recorded at 40, 60, 90 DAS and at final harvest. Mean VCR values varied significantly 

among different genotypes at all growth stages (Fig. 16a). Moderate chlorosis (VCR = > 

2) was observed in TMV 2 and ICGS 11, whereas iCGV 86031 remained green 

throughout growth from seedlng to final hamest. 

Different fertilizer practices had no significant influence on mean VCR values at all 

the growth stages (Fig. 16b). Foiar Fe sprays significantly reduced mean VCR to the 

extent of 29, 37 and 28% at 60, 90 DAS and at final harvest respectively over the 

nonsprayed control (Fig. 16c). 

Genotypex Fe sprays interaction was significant at 60,90 DAS and at final hamest 

where TMV 2 and ICGS 11 with foiiar Fe sprays resulted in significantly lower 



f a k e r ' s  field 1n'~ottapeta (top) and Pkupal la  (bottom) villages 
In Andhra Pradesh, 1992-93. 



Figure 15c. Experimental groundnut field showing moderate 
chlorosis in ICGS 11 (left) and TMV 2 (middle), and no chlorosis 
in ICGV 86031 (right) at Kottapeta village in Kurnool district of 
Andhra Pradesh. 1992-93. 



.- I C G ~ ~ ~  Fig. 16a . * .  ICGV 86031 

Fig. 16b 

E - 

i 

10 0- can&, - 0- > , V O Y  

Figure 16. Mean visual chlorosis rating (VCR) values of 

groundnut genotypes under different fertilizer practices 

and foliar iron sprays at 40, 60, 90 DAS and at final harvest. 

".. 

8. 
- 
8 . -  z 
5 :  

Days after sowing 

Fig. 16c 
- 

- - - - - - - - - - - - * - - -  - - - - - _ _ -----*---------------" 
-C 

-a*. ... 



79 

mean VCR values. Fertilizer x genotype interaction was significant only at final harvest 

(Fig. 17), where TMV 2 under farmer fert~lizer practice recorded the maximum VCR value 

(2.62). Mean VCR values were significantly reduced by foiiar Fe sprays. 

A trend in overall mean VCR (n=4) values under different treatments (Table 6) was 

similar to individual VCR values measured at 60, 90, DAS and at final hamest. However, 

the overall mean VCR was significantly affected by different interactions between 

treatment (G x Fe and F x G x Fe), where iCGV 86031 under sprayed and nonsprayed 

conditions or ICGS 11 under sprayed condition recorded the lowest overall mean VCR 

values (Fig. 18). Similariy, ICGS 11 grown under farmer fertilizer practice with no Fe 

sprays recorded the highest overall mean VCR value of 3.1 (Fig. 19), whereas the lowest 

overall mean VCR values were observed in ICGS 11 grown under no fertilizer or 

recommended fertilizer practces with Fe sprays. in contrast, ICGV 86031 remained green 

under all fertiiizer practices and Fe spray treatments (VCR = 1). 

4.2.1.2 Chemical analysls 

4.2.1.2.1 Total Fe content in leaves (ppm) 

Total Fe content in leaves of groundnut genotypes d d  not vary significantly at 90 

DAS (Table 6). However, total Fe content in leaves of TMV 2 was generally higher than 

ICGS 11 and ICGV 86031. 

Similarly, there was no significant effect of different fertilizer practices on total Fe 

content in groundnut leaves. However, recommended fertilizer practice resulted in higher 

total Fe content than farmers fertilizer practice and no fertilizer control. 
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of groundnut. 
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Table 6. Mean chlorophyll content (rng g.' fresh wt.), extractable end total i r m  
(ppm), and overall rnean~isual chlorosis rating in leaves of groundnut genotypes 
under different fertliizer practices and foliar iron sprays at 90 days after sowing. 

*,* = Significant at P < 0.05 and 0.01 level, respectively 
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Figure 18, Interaction between genotypes and foliar Fe 
sprays on the over-all mean visual chlorosis rating (VCR) 
values of groundnut. 
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Figure 19. Interaction between fertilizer practices, 
genotypes, and foliar Fe sprays on the mean visual 
chlorosis rating (VCR) values of groundnut. 
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Foliar Fe sprays significantly increased total Fe content in groundnut leaves by 

368% over the nonsprayed control (79 ppm). Interactions between treatments were 

nonsignificant. 

4.2.1.2.2 Extractable Fe content In leaves (ppm) 

Extractable Fe content in leaves of groundnut genotypes did not vary significantly 

(Table 6). However, extractable Fe content in ICGV 86031 (35.3 ppm) was relatively 

higher than in ICGS 11 (32.2 ppm) and TMV 2 (30.10 pprn). Simlarly, there was no 

significant effect of different fertilizer practices on extractable Fe content in groundnut 

leaves. 

Foiiar Fe sprays significantly increased extractable Fe content in groundnut leaves 

by 473% over the nonsprayed control (9.7 pprn), Interactions between treatments were 

nonsignificant. 

4.2.1.2.3 Chlorophyll content i n  leaves (mg g", fresh wt.) 

Leaf chlorophyll content in groundnut genotypes varied significantly at 90 DAS 

(Table 6), ICGV 86031 recorded significantly more leaf chlorophyll content than ICGS 11 

and TMV 2. Foliar Fe sprays significantly increased leaf chlorophyll content by 34.7% 

over the nonsprayed control. 

However, different fertilizer practices did not significantly affect the leaf chlorophyll 

content of groundnut, 
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Interaction between genotypes and Fe sprays significantly affected the leaf 

chlorophyll content of groundnut (Fig. PO), where ICGV 86031 with or without foliar Fe 

sprays contained significantly high chiorophyii values. The lowest chlorophyll content was 

found in ICGS 1 1  with no Fe sprays 

4.2.2 Growth parameters 

4.2.2.1 Plant height (cm) 

Plant height of groundnut genotypes differed significantly at all the growth stages 

(Table 7). TMV 2 and ICGV 86031 grew significantly taller than ICGS 1 1  at 60 and 90 

DAS. While, the highest plant height was noticed at final harvest in case of iCGV 86031 

at final harvest. There was no significant effect of different fertilizer practices on plant 

height of groundnut at all the growth stages. 

Foliar Fe sprays s~gnificantly increased plant height of groundnut by 12.5% over 

nonsprayed control only at 60 DAS. None of the interaction was signfcant. 

4.2.2.2 Leaf area (cm' plant") 

Leaf area of groundnut genotypes varied signifcantly only at 90 DAS and at final 

hawest (Table 8). ICGV 86031 and ICGS 1 1  produced significantly more leaf area than 

TMV 2 at 90 DAS. Whereas, at final harvest ICGV 86031 produced significantly higher 

leaf area than TMV 2 and iCGS 1 1 .  Leaf area was not significantly influenced by different 

fertilizer practices at ail the growth stages. 
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Figure 20. Interaction between genotypes and foliar 
iron sprays on leaf chlorophyll content (mg g'fresh wt.) 
of groundnut at 90 DAS. 



Table 7. Mean plant height (cm plant") of groundnut genotypes under different 
fertlllzer practices and foliar iron sprays at 60, 90 DAS and at final harvest. 

*,* = Significant at P c 0.05 and 0.01 level, respectively. 



Table 8. Mean leaf area (cma plant") of groundnut genotypes under different 
fertilizer practices and foliar lron sprays at 60, 90 DAS and at final hamest. 

I Treatment 

iCGV 86031 239.1 649.5 754.0 

77.8' 108.0' 

Fertilizer practices (F) 

No fertilizer 209.3 593.3 593.0 

Farmer ~ractice 266.2 648.7 610.0 

Days aher s o ~ i n g  

60 

11 Recommended oractlce 1 237 3 1 594.1 1 601.0 11 

90 I Final hawest 

*,* = Significant at P < 0.05 and 0.01 level, respectively. 

Genotypes (G) 

SE + 

TMV 2 

18 6 

224.5 

ICGS 11 

26 2 

N S CD 

554,7 

13.8 

554.0 

N S 

lron sprays (Fe) 

496.0 249.2 

NS 

Nons~raved control 1 207.7 

632.9 

571.5 582.0 
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Foliar Fe sprays significantly increased leaf area by 29% and 14.3% at 60 and 90 

DAS, respectively over the nonsprayed control. 

Groundnut leaf area was significantly affected by different interactions among 

treatments at 90 DAS and at final harvest. At 90 DAS, ICGV 86031 grown under 

recommended fertilizer practice or farmer fertilizer practce caused the maximum leaf area 

(Fig. 21). While at final harvest, ICGV 86031 with foliar Fe sprays produced the highest 

leaf area (Fig. 22). 

4.2.2.3 Leaf dry weight (g plant-') 

Leaf dry weight plant" of groundnut genotypes differed significantly at all the 

growth stages (Table 9), ICGV 88031 produced significantly higher leaf dry weights than 

ICGS 11 and TMV 2 at all the growth stages, The differences in the leaf dry weights due 

to different fert~l~zer practices were not significant at various growth stages 

Foliar Fe sprays significantly increased leaf dry weight by 94% and 23% at 60 and 

90 DAS, respectively over nonsprayed control. 

Interaction of genotypes and Fe sprays slgnificantiy affected leaf dry weight of 

groundnut at final harvest (Fig. 23)  ICGV 86031 with foliar Fe sprays resulted in the 

highest leaf dry weight (8.91). While, the lowest was produced by ICGS 11 with no Fe 

sprays (3.99). 



Fertilizer practice 

Figure 21. Interaction between fertilizer practices and 
foliar iron sprays on groundnut leaf area plant*' at 90 DAS. 



SEL 31.8 
Nonsprayed control 

800 

TMV 2 

Genotypes 

Figure 22. Interaction between genotypes and foliar Fe 

sprays on groundnut leaf area plant"at final harvest. 



Table 9. Mean leaf dry weight (g plant") of groundnut genotypes under different 
fertilizer practices and follar Iron sprays at 60, 90 DAS and at flnal harvest. 

= Significant at P < 0.05 and 0.01 level, respectively. 



" 
TMV 2 

control 

Genotypes 

Figure 23. Interaction between genotypes and foliar iron 
sprays on groundnut leaf dry weight plant"at final harvest. 
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4.2.2.4 Stem dry weight (g plant") 

Stem dry weight plant" of groundnut genotypes varied significantly at only 90 DAS 

and at final harvest (Table 10). Significantly higher stem dry weight was produced by 

ICGV 86031 than TMV 2 and ICGS 11 at the above stages of crop growth. 

Different fertilizer practices did not exert significant influence on groundnut stem 

dfy weights at ail the growth stages. Fol~ar Fe sprays significantly increased groundnut 

stem dry weight by 21.5% and 18.3% at 60 and 90 DAS, respectively over nonsprayed 

control. 

The affect of interaction between genotypes and Fe sprays was significant only at 

final harvest (Fig. 24), ICGV 66031 with or without Fe sprays produced maximum stem 

dry weights. 

4.2.2.5 Root dry weight (g plant'') 

The differences in root dry weight plant' of groundnut genotypes were significant 

at 90 DAS and at final hawest (Table 1 I ) .  The genotype ICGV 86031 was significantly 

superior with root dry weight to TMV 2 and ICGS 11. The root dry weights was not 

significantly affected by different fertiiizer practices at all growth stages. 

Foliar Fe sprays significantly increased root dry weights of groundnut by 14.9% and 

17.4% at 60 and 90 DAS, respectively over nonsprayed control. None of the interaction 

between treatments was significant for root dry weights at all the growth stages. 



Table 10. Mean stem dry weight (g plant.') of groundnut genotypes under different 
fertilizer practices and foliar iron sprays at 60, 90 DAS and at final hawest. 

Significant at P < 0.05 and 0.01 level, respectively 



Nonsprayed control SE i 0.50 

TMV 2 

Genotypes 
Figure 24. Interaction between genotypes and foliar iron 
sprays on groundnut stem dry weight plant'lat final harvest. 



Table 11. Mean root dry weight (g planr') of groundnut genotypes under different 
fertlllzer practices and foliar Iron sprays at 60, 90 DAS and at final hawest. 

: Significant at P < 0.05 and 0.01 level, respectively 
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4.2.2.6 Pod dry weight (g plant'') 

Pod dry weight plant' of groundnut genotypes varied significantly at all the growth 

Stages (Table 12). ICGS 11 and ICGV 86031 recorded significantly higher pod dry 

weights than TMV 2 at 90 DAS and at final harvest. There was no significant effect of 

different fertilizer practices on groundnut pod dry weight at all the growth stages. 

Foliar Fe sprays significantly increased pod dry weights of groundnut by 95% and 

31% at 90 and at final harvest, respectively over nonsprayed control. Pod dry weight of 

groundnut was not significantly affected by various interactions between treatments at all 

the growth stages. 

4.2.2.7 Total dry weight (g plant") 

The genotypes varied significantly in their total dry weight plant-' at all the growth 

stages (Tabie 13). ICGV 86031 produced sign~ficantly higher total dry weights (4.93) than 

TMV 2 (3.65) at 60 DAS. While at 90 and at final harvest the former genotype produced 

the maximum total plant dry weight than TMV 2 and ICGS 11. Different fefiilizer practices 

had no significant effect on groundnut total plant dry weight at all the growth stages. 

Foliar Fe sprays significantly increased total plant dry weights of groundnut by 

23.5% and 16.5% at 60 and 90 DAS, respectively over nonsprayed control. The 

interactions were not significant at all the growth stages. 



Table 12. Mean pod dry weight (g plant.') of groundnut genotypes under different 
fertlllzer practices and foliar iron sprays at 60, 90 DAS and at final harvest. 

*,* = Significant at P < 0.05 and 0.01 level, respectively 



Table 13. Mean total plant dry weight (g plant") of groundnut genotypes under 
different fertilizer practices and foliar iron sprays at 60 ,BO DAS and at final harvest. 

*,** = Significant at P c 0.05 and 0.01 level, respectively 
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4.2.2.8 Pod number plant" 

The differences in pod number plant'' among groundnut genotypes was significant 

at all the growth stages (Tabie 14), ICGV 86031 proved significantly superior to ICGS 11 

and TMV 2 in pod number at all the growth stages. The pod number was not significantly 

affected by different fertilizer practices as well as foliar Fe sprays at all the growth stages. 

None of the interactions between treatments was significant for total pod number 

plant" of groundnut at all the growth stages. 

4.2.3 Nutrient concentration in  plant parts 

Data on mean concentration of various nutrients (macro and micro nutrients) in 

leaves and stem of groundnut genotypes under different fertilizer and foliar Fe sprays 

determined at 90 DAS are furnished in Tables 15 and 16. 

4.2.3.1 Concentrations of macro nutrients (%) 

4.2.3.1.1 Nitrogen concentration in leaf and stem 

Nitrogen concentration n groundnut leaves was generally higher than stem (Table 

15). Nitrogen concentration of groundnut genotypes differed significantly in leaves, but not 

in stem. ICGS 11 and iCGV 86031 accumulated significantly higher leaf nitrogen 

concentration than TMV 2. 

Different fert~iizer practices did not exh~bit any effect on nitrogen concentration of 

groundnut leaves, while that of stem was affected significantly with higher values noticed 



Table 14. Mean total pod number plant.' of groundnut genotypes under different 
fertilizer practices and toliar Iron sprays at 60, 90 DAS and at tlnal harvest. 

= Significant at P < 0.05 end 0.01 level, respectively. 
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under farmer fertilizer practice than no fertilizer control and recommended fertilizer 

practice. 

Foliar Fe sprays significantly increased leaf nitrogen concentration of groundnut by 

3.66% over nonsprayed control, Interactions between the treatments were nonsignificant 

for nitrogen concentration in groundnut leaves and stem. 

4.2.3.1.2 Phosphorus concentration In leaf and stem 

Phosphorus concentration in leaves of groundnut was similar to stem (Table 15). 

Phosphorus concentration in leaves and stem of groundnut genotypes varied significantly. 

TMV 2 contained significantly higher leaf and stem phosphorus concentrations than ICGS 

11 and ICGV 86031. 

There was no significant effect of different feitiizer practices on groundnut leaf 

phosphorus concentration. Whereas, stem phosphorus concentration of groundnut under 

farmer fertilizer practice or recommended fertilizer practice was significantly higher than 

no fertilizer control. 

Foliar Fe sprays did not signif~cantiy influence phosphorous concentration in 

groundnut leaves and stem. 

Interaction between fert~lizer practices and genotypes was significant only for 

phosphorus concentration in stem (Fig. 25). TMV 2 when grown under farmer fertilizer 

practice accumulated the highest phosphorus concentration in stem. While the iowest 

stem phosphorus concentration was noticed for ICGV 86031 under no fertilizer control or 

recommended fertilizer practice. 



0 
F 1 F 2 F 3  

Fertilizer practice 
Figure 25. Interaction between fertilizer practices and 
genotypes on phosphorus (P) concentration (%) in stem 
of groundnut at 90 DAS. 
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4.2.3.1.3 Potassium concentration I n  leaf and stem 

Potassium concentration in groundnut stem was always more than leaves (Table 

15). Potassium concentration in leaves and stems of groundnut was not significantly by 

variable among different genotypes, fertizer practices, and foliar Fe sprays. 

Similarly, none of the interaction between treatments was significant for potassium 

concentration in groundnut leaves and stem. 

4.2.3.1.4 Calcium concentration in  leaf and stem 

Calcium concentration in groundnut leaves was generally higher than stem (Table 

15). Caicium concentration in leaves of groundnut genotypes did not vary significantly, 

but it varied significantly in stem. TMV 2 gathered significantly higher calcium 

concentration in stem than that of iCGS 11 and ICGV 86031 

Different fertilizer practices as well as foliar sprays did not sign~ficantiy affect 

calcium concentration in groundnut leaves and stem. 

None of the interaction between treatments was significant for calcium 

concentration in groundnut leaves and stem. 

4.2.3.1.5 Magnesium concentration i n  leaf and stem 

Magnesium concentration in groundnut leaves was similar to stem (Table 15). 

Magnesium concentration in leaves of groundnut genotypes did not vary significantly, but 

for that of stem, TMV 2 had significantly higher magnesium concentration in stem than 

ICGS 11 and ICGV 86031. The same was not significantiy influenced by different fertilizer 
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practices and foliar Fe sprays on magnesium concentration in groundnut leaves and stem. 

None of the interactions between treatments was significant for magnesium 

concentration in groundnut leaves and stem. 

4.2.3.2 Concentratlon of micro nutrients (ppm) 

4.2.3.2.1 Total Fe concentration in leaf and stem 

Total Fe concentration in groundnut stem was generally higher than in leaves 

(Table 16). Total Fe concentration in leaves and stems of groundnut genotypes varied 

significantly. ICGS 11 showed significantly higher total Fe concentration in leaves and 

stem than ICGV 66031 and TMV 2. There was no significant effect of different fertilizer 

practices on total Fe concentration in groundnut leaves and stem. 

Foiiar Fe sprays significantly increased total Fe concentration in leaves and stem 

of groundnut by 320% and 42.3%, respectively over nonsprayed control. 

Total Fe concentration in groundnut stem was significantly influenced interaction 

between genotypes, fertilizer practices, and Fe sprays (Fig. 26). Where, ICGV 86031 

under no fertilizer control with foliar Fe sprays reflected in the highest total Fe 

concentration (579). 

4.2.3.2.2 Zinc concentration in leaf and stem 

Zinc concentration in groundnut leaves was similar to stem (Table 16). Zinc 

concentration in groundnut leaves and stem was not significantly influenced by the main 

and interaction effects of genotypes, fertilizer practices, and foliar Fe sprays 



0 
F1 F2 F3 F1 F2 F3 F1 F2 F3 
TMV 2 ICGS 11 ICGV 86031 

Genotypes 

Figure 26, Interaction between fertilizer practices, 
genotypes and foliar iron sprays on Fe concentration 
in groundnut stem at 90 DAS. 
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4.2.3.2.3 Copper concentration in leaf and stem 

Copper concentration in groundnut leaves was double the concentration in stem 

Fable 16). Copper concentration in leaves of groundnut genotypes varied significantly, 

TMV 2 being significantly superior In its copper concentration to ICGS 11 and ICGV 

86031. Copper concentration in stem of groundnut genotypes did not vary significantly. 

There was no significant effect of different fertilizer practices or foiiar Fe sprays on 

copper concentration in groundnut leaves and stem. 

Similarly, none of the interaction between treatments was signif~cant for copper 

concentration in groundnut leaves and stem. 

4.2.3.2.4 Manganese concentration in leaf and stem 

Manganese concentration in groundnut leaves was 10 to 15 times more than in 

stem (Table 16). Groundnut genotypes did not vary significantly in their leaf Mn 

concentration, whereas its concentration in stem varied significantly (Table 16). ICGS 11 

& ICGV 86031 accumulated significantly more stem manganese than TMV 2. 

There was no significant effect of different fertilizer practices on manganese 

concentration ~n groundnut leaves and stem. Foliar Fe sprays significantly decreased 

manganese concentration in groundnut leaves by 14.6% over nonsprayed control (26.4). 

Interaction be'ween genotypes and Fe sprays significantly influenced manganese 

concentration in groundnut leaves (Fig. 27) .  TMV 2 with foiiar Fe sprays recorded the 

lowest manganese contention in leaves Highest leaf manganese concentration was 

recorded by ICGS 11 with foliar Fe sprays (38.28). 



TMV 2 ICGS 11 ICGV 86031 

Genotypes 

Figure 27. Interaction between genotypes and foliar 

iron sprays on leaf manganese (Mn) concentration (ppm) 
in groundnut at 90 DAS. 
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4.2.4 Nutrient uptake by plant parts 

Data on mean nutrient uptake by leaves and stem of groundnut genotypes under 

different fertilizer practices and foliar Fe sprays at 90 DAS are given in Tables 17 and 18. 

4.2.4.1 Uptake of macro nutrients (mg plant") 

4.2.4.1.1 Uptake of nitrogen by leaf and stem 

Nitrogen uptake by leaves was generally higher than by stem (Table 17). Nitrogen 

uptake by leaves and stem of groundnut var~ed significantly among genotypes, fertilizer 

practices, and foliar Fe sprays, ICGV 86031 recorded significantly more nitrogen uptake 

by leaves and stem than TMV 2. Whereas, ICGS 11 was found intermediate in nitrogen 

uptake by leaves and stem 

Nitrogen uptake by leaves and stem under farmer fertll~zer practice was 

significantly higher than the recommended fertilizer practice and no fertilizer control. 

However, nitrogen uptake by stem under farmer fert~l~zer practice and recommended 

fertilizer practice was at par. 

Foliar Fe sprays significantly increased the nitrogen uptake by groundnut stem by 

19.8% the over nonsprayed control (75.5). None of the interactions between treatments 

was significant for nitrogen uptake by groundnut leaves and stem. 

4.2.4.1.2 Uptake of phosphorus by  leaf and stem 

Phosphorus uptake by groundnut leaves was similar to stem (Table 17). 

Phosphorus uptake by leaves and stem of groundnut genotypes varied significantly, ICGV 
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86031 recorded significantiy higher nitrogen uptake by leaves and stem than TMV 2 and 

ICGS 11. 

There was no significant effect of different fertil~zer practices on phosphorus uptake 

by leaves of groundnut. Whereas, phosphorus uptake by stem under farmers fertilizer 

practice (1 1.3) and recommended fertilizer practice (10.1) was significantiy higher than 

no fertilizer control (8.4). 

Foliar Fe sprays signif~cantiy increased phosphorus uptake by groundnut stem by 

17.5% over nonsprayed control (9.1). None of the ~nteraction between treatments was 

significant for phosphorus uptake by groundnut leaves and stem. 

4.2.4.1.3 Uptake of potassium by leaf and stem 

Potassium uptake by graundnut stem was generally higher than leaves (Table 17). 

ICGV 86031 recorded signlficantly higher potasslum uptake by leaves and stem than TMV 

2 and ICGS 11. There was no significant effect of different fertilizer practices on 

potassium uptake by groundnut leaves and stem. 

Foliar Fe sprays significantly increased potassium uptake only in stem by 18.8% 

over nonsprayed control (50.4). None of the interaction between treatments was 

significant for potassium uptake by groundnut leaves and stem. 

4.2.4.1.4 Uptake of calcium by leaf and stem 

Calcium uptake by groundnut leaves was double the stem (Table 17). Calcium 

uptake by leaves of groundnut genotypes varied significantly. ICGV 86031 recorded 
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significantly more calcium uptake by leaves than TMV 2 and ICGS 11. Calcium uptake 

by stem of groundnut genotype did not vary significantly. There was no signticant effect 

of different fertilizer practices on calcium uptake by groundnut leaves and stem. 

Foliar Fe sprays significantly increased calcium uptake only by groundnut stem by 

17.9% over nonsprayed control (54.7). None of the interactions between the treatments 

was significant for caicium uptake by groundnut leaves and stem 

4.2.4.1.5 Uptake of magnesium by leaf and stem 

Magnesium uptake by groundnut leaves was simlar to that of stem (Table 17). 

Magnesium uptake by leaves and stem of groundnut d ~ d  not vary s~gnificantiy among 

genotypes or fertilizer practices. 

Foliar Fe sprays sign~ficantiy increased the magnesium uptake of groundnut stem 

by 14.8% over nonsprayed controi (57.2) .  None of the interactions between treatments 

was significant for magnesium uptake by groundnut leaves and stem 

4.2.4.2 Uptake of micro nutrients ( p  g plant.') 

4.2.4.2.1 Uptake o f  total Fe by leaf and stem 

Total Fe uptake by groundnut stem was relatively higher than leaves (Table 18). 

Total Fe uptake by leaves of groundnut genotypes did not vary significantly, but its uptake 

by stem varied significantly, ICGV 86031 recorded significantly higher Fe uptake by stem 

than ICGS 11 and TMV 2. There was no significant effect of different fertilizer practices 

on Fe uptake by groundnut leaves and stem. 
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Foliar Fe sprays significantiy increased Fe uptake by groundnut leaves and stem 

by 133% and 68%, respectively over nonsprayed control. 

Interaction between genotypes and Fe sprays significantly infiuenced Fe uptake 

by stem (Fig. 28). ICGV 86031 with foliar Fe sprays recorded highest Fe uptake, and the 

lowest Fe uptake was recorded by TMV 2 with no Fe sprays. Sim~larly, ICGV 86031 

grown under farmer fertilizer practice and provided with Fe sprays recorded the maximum 

Fe uptake (Fig. 29). In general, ICGV 86031 and ICGS 11 were more efficient than TMV 

2 for Fe uptake grown under different fertilizer practices and provided with foliar Fe 

sprays. 

4.2.4.2.2 Uptake of zinc by leaf and stem 

Zinc uptake groundnut leaves was relatively higher than stem (Table 18). Zinc 

uptake by leaves of groundnut genotypes varied significantly, ICGV 86031 recorded 

significantiy higher zinc uptake by leaves than TMV 2. While ICGS 11 was intermediate 

for zinc uptake. Zinc uptake by stem of groundnut genotypes did not vary significantiy. 

There was no significant effect of different fertilizer practices or foliar Fe sprays on 

zinc uptake by groundnut leaves and stem. None of the interaction between treatments 

was significant for zinc uptake by groundnut leaves and stem. 

4.2.4.2.3 Uptake of copper by leaf and stem 

Copper uptake by groundnut leaves was about twice the uptake by stem (Table 

18). Copper uptake by leaves of groundnut genotypes did not vary significantly, but its 



Nonsprayed control C! 

- 
TMV 2 

Genotypes 

Figure 28. Interaction between genotypes and foliar iron 

sprays on Fe uptake by groundnut stem at 90 DAS. 



TMV 2 ICGS 11 ICGV 86031 

Genotypes 
Figure 29. Interaction between fertilizer practices, 
genotypes and foliar iron sprays on Fe uptake by 
groundnut stem at 90 DAS. 
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uptake by stem differed significantly. ICGV 86031 recorded significantly higher copper 

uptake by stem than TMV 2. While, copper uptake by stem of ICGS 11 was intermediate. 

Copper uptake by leaves of groundnut under different fertilizer practices varied 

significantly, but its uptake by stem was not signifcant. Copper uptake by groundnut 

leaves under no fertilizer control was significantly higher than the recommended fertiiizer 

practice. Whereas, its uptake under farmer fertilizer practice was intermediate. 

Foliar Fe sprays significantly increased copper uptake by groundnut leaves and 

stem by 28.2% and 18.8%, respectively over nonsprayed control. 

Interaction between genotypes, fertilizer practices, and foliar Fe sprays was 

significant only for copper uptake by groundnut stem (Fig. 30). Where, ICGV 86031 under 

no fertilizer control and provided with foliar Fe sprays recorded the highest copper uptake 

by stem, While, the lowest copper uptake by stem was found in ICGS 11 and TMV 2 

grown under recommended fertizer practice with no Fe sprays. 

4.2.4.2.4 Uptake of manganese by leaf and stem 

Manganese uptake by groundnut leaves was about 15 to 20 times more than ~ t s  

uptake by stem (Table 18). Manganese uptake by leaves of groundnut was influenced 

significantly by genotypes and foliar Fe sprays. 

lCGV86031 and ICGS 11 recorded significantly higher manganese uptake by stem 

than TMV 2. Foiiar Fe sprays significantly increased manganese uptake by groundnut 

stem by 21.3% over nonsprayed control. None of the Interactions between treatments 

was significant for manganese uptake by groundnut leaves and stem. 



I I H Nonspreyed control / 

F1 F2 F3 F1 F2 F3 F1 F2 F3 
TMV 2 ICGS 11 ICGV 86031 

Genotypes 
Figure 30. Interaction between fertilizer practices 
genotypes and foliar iron sprays on copper (Cu) 
uptake by groundnut stem at 90 DAS. 



4.2.5 Yield and yield attributes 

4.2.5.1 Yleld (kg ha") 

4.2.5.1.1 Haulm yield 

Highly significant differences in haulm ylelds were noticed among groundnut 

genotypes (Fig. 31a). ICGV 86031 produced the maximum haulm yield (4371) followed 

by ICGS 11 (3508) and TMV 2 (2795). 

There was no significant effect of different fertilizer practices on haulm yield of 

groundnut (Fig. 31 b). However, recommended fertilizer practice produced relatively more 

haulm yield than no fertilizer control or farmer fertizer practice 

Foliar Fe sprays did not signifcanty Influence haulm yield of groundnut (Fig. 31c). 

Similarly, none of the interactions between treatments was significant for haulm yieid of 

groundnut. 

4.2.5.1.2 Dry pod yield 

Pod yield of groundnut genotypes varied significantly (Fig. 31a), where ICGS 11 

(1522) and ICGV 86031 (1451) gave significantly higher dry pod yields than TMV 2 (921). 

Pod yield was not significantly influenced by different fertilizer practices (Fig. 31 b). 

Foliar Fe sprays significantly increased pod yield of groundnut by 20.3% over the 

nonsprayed control (1179). None of the interactions between treatments was found 

significant for dry pod yield of groundnut. 
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Figure 31. Haulm and pod yields of groundnut genotypes 

under different fertilizer practices and foliar iron sprays. 
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4.2.5.1 Yield attributes 

4.2.5.1.1 Harvest index (%) 

Harvest index (Hi) of groundnut was not significantiy influenced by different 

genotypes, fertilizer practices, and foliar Fe sprays (Tabie 19). 

None of the interaction between treatments was significant for HI of groundnut. 

4.2.5.1.2 Shelling percentage 

Shelling percentage of groundnut was significantly influenced only by genotypes 

(Tabie 19). Where, ICGS 11 gave significantiy more shelling percentage (64.83%) than 

TMV 2 (61.76%) and iCGV 86031 (52.79%). There was no significant effect of different 

fertilizer practice and foliar Fe sprays on shelling percentage of groundnut. 

None of the interactions between treatments was s~gn~f~cant for shelling 

percentage of groundnut. 

4.2.5.1.3 Test weight (g 100 seed") 

Test weight of groundnut responded similar to shelling percentage (Table 19). 

ICGS 11 and ICGV 86031 gave significantly higher test weights (41.74 and 39.85 g 100 

seed.', respectively) than TMV 2 (29.47 g 100 seed'). None of the interactions between 

treatments was significant for test weight of groundnut. 



Table 19. Mean yield and yield parameters of groundnut genotypes under different 
fertilizer practlces and foiiar iron sprays. 

*, = Significant at P < 0.05 and 0.01 level, respectively 



4.2.6 Qualitative analysis 

4.2.6.1 Oil content (%) 

Oil content of groundnut was significantly influenced by different genotypes and 

fertilizer practices (Table 20), ICGV 66031 exhib~ted significantly higher 011 content 

(52.83%) than in ICGS 11 (49.95%) and TMV 2 (47.45%). 

Recommended fertilizer practice and no fertilizer practice gave significantly higher 

oil content (50.53 and 50.41%, respectively) than farmer fertilizer practice (49.30%). 

Oil content of groundnut was not inf!uenced significantly by foiiar Fe sprays. 

However, foiiar Fe sprays improved oil content of groundnut by 2% over the nonsprayed 

control. None of the interaction between treatments was found significant for oil content 

of groundnut. 

4.2.6.2 Protein content (%) 

Protein content in groundnut kernels was significantly influenced by genotypes 

(Table 20). TMV 2 contained the maximum proteln content (27%) which was followed by 

iCGV 86031 (25.43%) and iCGS 11 (23.7%). 

Different fertilizer practices or foliar Fe sprays did not signif~cantly improve protein 

content of groundnut, Similarly, none of the interaction between treatments was significant 

for protein content. 



Table 20. Mean oil and protein content (YO) in kernel of groundnut genotypes 
under different fertilizer practices and follar iron sprays. 

*, " = Significant at P < 0.05 and 0.01 level, respectively 
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4.2.7 Economlc analysis 

The resuits of the economic analysis revealed that the overall mean treatment wise 

pooled cost of cultivation for groundnut production amounted to Rs. 7748 ha". 

The various economic variables (gross and net monetary returns and BiC ratio) 

varied significantly among all the experimental treatments (Table 21). 

Among genotypes, ICGS 11 gave the highest gross (Rs. 16219 ha1) ,  net (Rs 8542 

hai) returns and B/C ratio (1.24) followed by ICGV 86031. Whereas TMV 2, gave the 

lowest gross (Rs. 9992 ha '), net (Rs 2224 ha ') returns and B/C ratio (0 31) 

Farmers feniizer practice was found sign~fcantly inferior to other feitilizer practices 

for all the economic var~ables No fert~lizer control gave the highest B/C ratio (1.34), 

whereas recommended fertilizer practice gave Inaxltnum gross (Rs. 15024 ha' )  and net 

(Rs. 7984 ha ') monetary returns. 

Foliar Fe sprays were found higliy remunerative and gave [net returns of Rs. 7400 

h a '  with a BIC ratio o4 1.06 The total cost involved in Fe sprays was Rs. 245 h a '  and 

gave the additional benefit of Rs. 2316 h a '  over the nonsprayed control 



Table 21. Total gross and net monetary returns and benefiticost ratio (B/C ratio) 
for groundnut genotypes under different fertilizer practices and foliar iron sprays. 

Genotvwes (G) 11 

= Significant at P < 0 05 and 0 01 level, respectively 





CHAPTER V 

DISCUSSION 

Iron chlorosis is one of the major nutrtonal constraints to groundnut production in 

the Rayalseema region of Andhra Pradesh Many other crops have been reported to 

suffer from Fe chioros~s in several parts of n d ~ a  (Kannan, 1988). Iron plays an important 

role in a series of metabol~c activ~ties involv~ng respiratory enzymes and various 

photosynthetic reactions In plant systelns iron def~ciency in plants typ~caily causes 

chlorosis of leaf tlssue because of Inadequate chlorophyll synthesis (Chen and Barak, 

1982), Iron chlorosis is espec~ally evdent n crops grown on calcareous-alkaline solis and 

can cause loss of stand and decreased yelds under severe Fe defcient condtions 

(Mortvedt, 1975) 

Among legumes groundnut is hlghly suscept~ble to Fe chlorosis which adversely 

affects its growth and productivty (Potdar arid Anders 1993). Results from recent on-farm 

trials conducted in Andhra Pradesh and Mal~arashtra by ICRISAT (RMP Anniial Report 

1993) indicated that Fe chloros~s car1 cause pod yield losses as h ~ g h  as 46% in 

groundnut. 

Indian so~ls are generally r ~ c h  in total Fe content, however this Fe is not present 

in a form which plants can utilize. In calcareous and alkaline so~ls, Fe is present mostly 

in ferric form and other insoluble forms whch are not readly ava~lable to many plants. 

Several factors including free CaCO, hlgh HCO,, high soil pH, sodic soils, high 

phosphorous content, temperature extremes heavy manuring, root damages, viruses and 

genetic differences are responsible for Fe chlorosis (Brown, 1961; Chen and Barak, 1982; 
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Vose, 1982). These factors can act independentiy or in combination which makes 

management of Fe chlorosis difficult under on-farm conditions Farmer crop management 

practices may strongly infiuence the Fe availabil~ty. These management practices are 

generally related to how the farmers perce.ve the problem of Fe chlorosis Therefore, 

knowledge of farmer perceptions and management practices for Fe chlorosis would help 

in accurate diagr~osis of the problem and the development of appropriate management 

strategies to alleviate the problem 

In the present study, initial surveys were conducted in Kottapeta and Pasupaila 

villages in Kurnooi district of Andhra Pradesh, where groundnut often suffers from Fe 

chlorosis. Based on these survey resuits, a follow-up diagnostic on-farm trial was 

conducted which evaiuated different genotypes, fertilizer practices, and folar Fe sprays 

for correcting of Fe chlorosis. 

Village surveys 

Survey resuits revealed that farmers prefer to grow groundnut on deep Vertisols 

with medium to high fertility (Figs. 3 to 5 ) .  Locai genotype (cv. TMV 2) was predominantly 

grown in these villages, This genotype is known to suffer from Fe chlorosis (Potdar and 

Anders, 1992; Reddy et a/.. 1993). The crop is generally fert~lized with high doses of 

nitrogenous fertiiizers (100-200 kg N ha ') in 2 to 4 splits (Fig. 10). However, thls practice 

is contradictory to the recommended fertilizer practice ~n Andhra Pradesh where nltrogen 

is recommended at a rate of 20 kg N h a '  (Basu and Reddy, 1989) 
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Farmers in these villages identified Fe chlorosis as one of the major production 

constraints in groundnut and estimated y~eld losses to be between 20 to 40% (Fig 12). 

Similar yield losses due to Fe chlorosis have been observed in several groundnut field 

studies (Bhaskar, 1990; Potdar and Anders, 1992, Reddy eta/. ,  1993) 

Iron chlorosis was more severe in Pasupalla than in Kottapeta Farmers reiated the 

incidence of Fe chiorosis to irrigation practices and so11 types lrori cl?lorosis can occur 

in patches or uniform chlorosis spread throughout the field. However, patchy occurrence 

of Fe chlorosis was more common than uriiform chlorosis spread througtlout the field. 

Excess irrigation andlor waterlogging condii~ons are knowti to induce Fe chioros~s In 

groundnut (Singh el a / ,  1987: Reddy e l  a / .  1993: Potdar and Arlders, 1993) 

Farmers' perceptioris about causes of Fe chlorosis d ~ d  not vary among farmer 

groups or between villages (Fig 13) Farmers perce~ved low s o l  fertility, high so11 lime 

content, high soil alkal~nity, excess iri~gation and waterloyg~ng, and nitrogen def~ciency as 

the main factors influencing Fe ctilorosis in groundnut These results showed that farmers 

were aware of the main causes of Fe chlorosis However, farmers often mistook Fe 

chlorosis symptoms as nitrogen deficiency, and responded with doses of nitrogen fertilizer 

as high as 200 kg N h a '  provided through different fertilizers Nitrogen fertilizer sources 

were Urea, DAP, Gromor, 17.17:17 and Calc~um ammonium nitrate. The form of nitrogen 

(NH, or NO,) applied may affect the availability of so11 Fe to plants and conversion within 

the plant, Increased NO,-N uptake may cause an imbalance in the cationianion balance 

ratio, resulting in the exudation of HCO, into the rhizosphere with a subsequent reduction 

in Fe uptake (Chen and Barak, 1982) Such high doses of nitrogen not only enhances Fe 
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chlorosis but also can adversely affect nodulation (Narnbiar, 1990). Poor nodulation was 

observed in many groundnut piots in these villages 

These survey results indicated that calcareous and alkaline soil properties, use of 

Fe inefficient genotype, irrigation by flooding method, and use of high doses of nitrogen 

were the main causes of Fe chloross in groundnut. However, further studies are needed 

for accurate diagnosis of this nutrient disorder. In some fields where severe Fe chlorosis 

occurred farmers were replacing groundnut with sunflower which is considered as tolerant 

to Fe chlorosis. In order to sustain groundnut production in Andhra Pradesh it is 

inevitable that Fe efficient groundnut genotype be deveioped a~id ior  appropriate 

management practices be adopted wh~ctl will to preverlt yleld losses due to Fe chlorosis. 

Village surveys assisted In desiyrling an on-farm tr~al  which evaluated the role of 

an Fe efficient genotype (ICGV 86031). different fertilizer practces and folar Fe sprays 

for the correction of Fe chioross 

On-farm trial 

Genotypic differences 

In the present experiment, TMV 2 and ICGS 11 exhibited typicai Fe chiorosis 

symptoms as described by Agarwaa and Sharma (1979) withn 20 DAS. However, iCGV 

86031 remained dark green throughout its growth. TMV 2 and ICGS 11 have been 

identified as Fe inefficient in the studies at ICRiSAT (RMP Annual Report, 1993). 

Groundnut genotypes are known to vary forther tolerance to Fe chlorosis ( K a n a ,  1982; 

Singh and Vidya Chaudhari, 1991, Reddy el a/ , ,  1993). 
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Chlorosis symptoms disappeared with~n 5 days after foliar application of FeSO, 

which again confirmed the presence of Fe deficiency Iron deficiency was further 

evaluated by analyzing plant and soil, and esttnating chlorophyll content of leaves. 

Chlorotic leaves (TMV 2) contained generally more total Fe than non-chlorotic ieaves 

(ICGV 86031) In contrast, non-chlorotic leaves contained more extractable Fe and 

chlorophyll than chlorotc leaves (Table 6) Hence, it 1s evident that the estimation of total 

Fe content in leaves could not reliably be related to the occurrence of Fe chlorosis. 

Extractable Fe and chlorophyll content In fresh leaves gave a better indication of Fe 

status than total Fe content (Table 6) Severai authors thave mentioned that analysis of 

leaf total Fe dld not provide a proper diagnosis of Fe deficiency, because in many cases 

Fe deficiency symptoms are caused by inact~vntion of Fe in plant tissue and not from 

inadequate Fe uptake by leaves (Jones, 1972 Ct~en  and Barak, 1982: Katyai and 

Sharma, 1980) Thus, total leaf Fe conterit is iiot a satisfactory index of Fe status 

(Chattopadhyay e t a / ,  1989: Mehrotra and Gupta, 1990) Extractable leaf Fe content was 

inversely reiated to the degree of Fe ctllo~osis in groundnut (Rao, 1982; Parkpian et al., 

1986). Therefore, estlniation of extractable Fe content in fresh plant inaterial appears to 

be the most satisfactory measure of plant Fe status Similarly, leaf chlorophyll content is 

related to the degree of chlorosis w~th  significantly rnore chlorophyll in Fe-tolerant ICGV 

86031 than Fe.susceptibleTMV 2 and ICGS 11 (Table 6). These results suggest that leaf 

chlorophyil can be used as an alternative indicator of Fe status in groundnut. 

The experimental soil was alkaline (pH 8 5), rich in lime content (10.7%) and DTPA 

extractable Fe (6 9 ppm) (Table 4a) In addition, irrigation water was rich in bicarbonate 
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content (6.76 meqll) and had a high electrtcal conductivity (2 mmho cm") (Table 4b). All 

these factors will contribute to Fe chlorosls 

A visual chlorosis rating (VCR) systeln (on 1.5 scale) suggested by Potdar and 

Anders (1993) was used in this study for measuring the severity of Fe chlorosis. This 

VCR system appeared to be a rapid, inexpensive, and effective tool under field 

conditions. Moderate to severe Fe chlorosis occurred in both TMV 2 and ICGS 11 (Table 

6 and Fig. 1 6 )  whereas ICGV 86031 remained green lliroughout its growth (Fig. 16). 

Growth analysis results revealed significant d~fferences in growth and drymatter 

production among the genotypes (Tables 7 to 11) ICGV 86031 had more plant height, 

leaf area, and accumulated dry Inatter in leaves stem, arid root thari TMV 2 or ICGS 11 

Thls improved growth and higher dry matter productiori resulted in higher haulrri y~eld 

(4.37 t ha ') In iCGV 86031 (Fig. 31) S~inllariy, iCGV 86031 produced higher number of 

pods plant' than TMV 2 or iCGS 11. However, its pod dry weights, test weight, and 

harvest index were inferior to ICGS 11 This resulted in nonsignificant differences in dry 

pod yields between iCGS 11 and ICGV 86031 TMV 2 yielded poorly (dry haulm and pod 

yields) because of its poor growth and dry rnatter production This poor growth and yteld 

in TMV 2 were mainly related to its hlgh susceptibility to Fechlorosis. Stmilar results were 

found in a on-station study at ICRISAT (RMP Annual Report, 1993). Although ICGS 11 

was also susceptible to Fe chlorosis it yielded better than TMV 2 due to its better ability 

to convert dry matter into pods Other studies also reported TMV 2 and ICGS 11 as 

susceptible to Fe chloros~s (S~ngh and Vidya Chaudhari, 1991: Reddy e t a l ,  1993: RMP 

Annual Report, 1993). All legumes including groundnut possess a specific mechanism 
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which allows them to absorb Fe by reducing rhizosphere pH (Romheid and Marschner, 

1986: Marschner e t a l ,  1986) Such mechanism rniight have helped ICGV 86031 utilize 

Fe mare efficientiy than TMV2 or ICGS 11 

Genotypesdiffered significantly in their leaf and stem nutrient concentrations (Table 

15 and 16), ICGS 11 contained a relatively tiigher concentration of nitrogen in ieaves and 

stem. Whereas, TMV 2 was rich in phosphorus, calcium and magnesium concentrations 

in the leaves and stern (Table 15) in coritrast ICGV 86031 contained relatively high 

potassium concentration in the leaves aiid stem These differences in nutrient 

concentrations may be attributed to qerlotyor ptiysiolog~cal differelices in rootlng systems 

and uptake patterns. High leaf coriceritration of phosphorus, calcium and magnesium 

m~ght  lead to inactivation of Fe in the plant systeiris of TMV 2 and ICGS 11 The role of 

these elements in inactvatirig Fe iri parit system has been reported by Brown el al. 

(1959) Brown (1961) Wallace, el a1 (1976a) High leaf and stem potassium 

concentrations might have resulted in rnproved Fe utilization by iCGV 86031. High 

potassium concentration in plant tissues is known to enhance Fe efficiency (Hughes et 

a / ,  1992). 

ICGS 11 contained a relatively tiigher concerltrations of most microrlutrient (Fe, Zn, 

Cu, and Mn) than ICGV 86031 and TMV 2 However, these h ~ g h  Fe concentratlons were 

not associated with the occurrence of Fe chlorosis. Uptake of most macro and micro 

nutrients was higher in ICGV 86031 than in TMV 2 or ICGS 11 (Tables 17 and 18). These 

differences in nutrient uptake were due to different dry matter production in these 

genotypes. 
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ICGV 86031 was rich in oil content but contained lower protein than TMV 2 While. 

ICGV 11 was intermediate for these qualitative characters 

Overall growth and yield performance of ICGV 86031 and ICGS 11 was better than 

TMV 2 which also gave h~gher net monetary returns and benefiVcost ratio (Table 21) 

However, ICGV 86031 was found highly tolerant to Fe clilorosis Thus use of Fe-tolerant 

genotypes appears to be a prom~sng solution to t h ~ s  nutrient disorder However, the 

mechanisms for such high Fe-toerarlce in ICGV 86031 are not known 

Fertilizer practices 

The three fertilizer practices vtr  , 1'0 fertiizer control, forrner fertilizer practice (1 25 

kg N t 200 kg P,O, ha '), and recoi:~ri~eiided fert~l~zer practice (20 50 30 kg ha ' )  did not 

significantly affect Fe ctilorosis. This was also reflected iri leaf total F e  extractable Fe, 

and chlorophyll content (Table 6 )  

Similarly there was no s~gnificant effect of different fertilizer practices on the 

growth, yield and various yield attributes Soil of the experimental site was r~ch  in 

ava~lable N and P, exchangeable K zinc and total Fe. T h ~ s  high soil fertility might have 

resulted in the nonsignificant effects of d~fferent fertilizers practices. However, high soil 

P (Wallace and Lunt, 1980) and NO,.N (Chen and Barak 1982) are known to induce Fe 

chlorosis in plants. Fertilizer practices did not significantly influence plant nutrient 

concentrations and their uptake except for N and P, where, farmer fert~lizer practice had 

a relatively higher concentrations and uptake of N and P Most growth and yield 
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parameters were not significantly influenced by different fertilizer practices. However, oil 

content was significantiy improved by the recommended fertilzer practce 

Economic analys~s of different fertilizer practices revealed that net returns obtained 

from recommended fertizer practice and no fertilizer control were significantly hgher than 

farmers fertilizer practces No fertilzer control gave the highest BIC ratlo (1 34) and the 

lowest (0.28) was obtained n farmer ferti!zer practice. 

These results suggest that appcation of such high fertil~zer doses IS not 

necessary, and farmers need to be rrlade aviare of the advantages of low fert~l~zer doses 

on groundnut in these areas. 

Foliar Fe sprays 

Foiiar Fe sprays were fourld to be most effective ~n the correction of Fe chlorosis 

and signif~cantly ~rnproved the y r o ~ i ~ d r i u t  growth ant1 productiv~ty (Tables 7 to 1 4  Fig 31). 

Foliar Fe sprays slgn~ficantiy rlcreased chlorophyll and Fe content (extractable and total 

Fe) in groundnut leaves (Table 6) Such effects of Fe sprays in groundnut were found in 

several studies (Singh e l  a /  1989, S~ngh and Devidayal 1992; Potdar and Anders, 

1993). 

Foiar Fe sprays significantly Increased leaf nltrogen concentration and Fe 

concentration in both leaves and stem However, leaf rnanganese concentration was 

significantly reduced by Fe sprays. Zahareva e ta / .  (1988) reported that t ~ i ~ h  plant Fe can 

hamper manganese uptake in groundnut grown on ca!careous soil Uptake of most 

nutrients was generally Improved by folar Fe sprays. 
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Foliar Fe sprays sign~ficantiy ncreased pod dry yields by about 20% over the 

nonsprayed control Such an Improvement ln groundnut dry pod y~eld due to Fe 

sprays have been observed in several studies (Slngh e t a / .  1990; Potdar and Anders, 

1992, 93; Singh and Devidayal, 1992) 

E C O ~ ~ O ~ I C  analysis revealed that foliar Iron sprays slgnlficantly Increased the total 

gross and net returns and gave h~gher bar~efit:cost ratlo (1 06) than the noi~sprnyed 

control Foliar iron sprays alone resulted 111 e [net benefit of Rs 2316 over the nonsprayed 

control (Table 21) 

It is evident from the present study t'lat :oli,ir Fe sprays 10 5% wlv) are effective 

for correction of Fe chloroa~s arld ~ ~ l l p r o v ~ n y  yroundnut pod yields, l iowever use of Fe 

efficient genotypes sucti as ICGV 86031 appears lo be a long-tetrrl solut~otl for Fe 

chloros~s in groulidnut Fe chlorosis car1 cnuse pod y~c ld  loss upto 179' in suscept~ble 

genotypes (TMV 2 and ICGS 11) The ;ipp,oa~li of ln~tlal v~llages surveys followed by a 

diagnostic on-farm trial was effect~ve for accurate d~agnosis of the problem and 

development of suitable management strategies for Fe chloros~s in groundnut 





CHAPTER VI 

SUMMARY 

Iron chlorosis is one of the major nutritional constraitits to groundnut production in 

Rayalseema region of Andhra Pradesh The major objective of this study was to integrate 

farmers' perceptions and managelnent practices for Fe chlorosis with a follow-up on-farm 

study to evaluate key management practices v z  , genotypes, fertilizer practices and foiar 

Fe sprays for the correction of Fe chlorosis 111 groundnut 

Intensive surveys were conducted in two contrasting villages (Kottapeta and 

Pasupalla) in Kurnool district of Andhra Pradesh, where groundnut is predomiriantly grown 

and often suffers from Fe chlorosls. Farrrlers ~n e~ ic l i  of these villages were first stratified 

by anciholdrng into three groups (small, nlediurrl, and large), and then ii total of 30 

farmers (10 from each group) viere randot~ily selected for cleta~led surveys. Data on 

farmers perceptions and managemerit practices for Fe chlorosis were collected using 

interview schedule developed for this purpose The i~ ia in  findings of the survey were 

Survey 

I .  Farmers' identified Fe chlorosls as one of the major production constraints 

to groundnut and estimated yield losses between 20 to 40% due to Fe 

chlorosis 

ii. Farmers in these vlllages preferred deep Vertisols with medium to high 

fertility for groundnut production 
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VdV 2 is the predominant genotype in these areas and oflen suffers from 

Fe chlorosis. 

Groundnut is generally fertilized with high doses of nitrogenous fertilizers 

ranging from 100-200 kg N ha ', applied in 2 to 4 splits. 

Iron chiorosis was more severe in Pasupalla than Kottapeta, and farmers 

related the incidence of Fe chlorosis to irrigation practices andlor 

waterlogging, along with soil characteristics 

In these villages, Fe cl~lorosis mostly occurred in patches rather than 

uniform ctilorosis throughout the field. 

Farmers perceived low soil fertil~ty, high lime content and soil alkalinity, 

excess irrigation andlor waterlogging, and nitrogen deficiency as the main 

causes for Fe ctilorosis 

Farmers in these areas often mistook Fe chlorosis symptoms for nitrogen 

deficiency and responded with high doses of nitrogenous fertilizers. 

Results indicated that caicareous and alkaline soli characteristics, use of Fe 

inefficient genotype, mismanagement of irrigation water, use of high doses 

of nitroger1 were the maln causes for Fe chloros~s in groundnut in these 

areas. 

These findings assisted in designing an on-farm trial which evaluated the 

role of Fe efficient genotype (ICGV 86031), different fert~lizer practices, and 

foliar Fe sprays for correction of Fe chlorosis in groundnut. 
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The major findings of this on-farm trial were: 

Field trial 

i. Severe and uniform Fe chlorosis occurred as early as the seedling stage 

in TMV 2 and ICGS 11 Whereas, ICGV 86031 remained green throughout 

the crop growth. These chlorotic symptoms disappeared within 5 days after 

foliar sprays with FeSO, whicli confirmed the presence of Fe deficiency at 

the experiinental site 

ii. Soil at the experirnerital site was alkar ie and rich in iiine arid Fe content. 

In addition the irrigation wa:er was also r~ch  in bicarbonate content and had 

high electr~cal conduct~vity These f~ictors are known to induce Fe deficiency 

~n plants 

iii. Among varlous diagnostic techniques used, extractable Fe and chlorophyll 

content in young expanding leaves appeared to be a better ~ndlces for Fe 

status of groundnut than the total Fe content in leaves or soil. 

iv, ICGV 86031 ieaves corita~ned higher concentration of extractable Fe and 

chlorophyll than TMV 2 and ICGS 11 

v Visual chioros~s rating (VCR) system (on 1-5 scale) appeared to be a rap~d, 

inexpens~ve, and effective tool for measuring severity of Fe chlorosis in 

groundnut under f~eld cond1t:ons. 

vi. TMV 2 and ICGS 11 were susceptible to Fe chlorosis resulting in poor 

growth and dry maner production than ICGV 86031. As a result, ICGV 

86031 produced higher haulm and pod yields and also gave higher 
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monetary returns than TMV 2. Whereas ICGS 11, though susceptible to Fe 

chloros~s, y~elded better than TMV 2 .  

vii. Results of the nutrient analysis of leaves and stern tissues Indicated that 

susceptible genotypes TMV 2 and ICGS 11 contaned ti~gher concentration 

of phosphorus, calcium and magiieslurri than ICGV 86031 These nutrients 

are known to lnact~vate Fe In plant tlssues resutng Fe chlorosis 

viii. Therefore, use of Fe tolerant gerlotypes such as ICGV 86031 appears to 

be a promisiny solut~on for Fe ct ioross 

ix. Different fertilizer practices did not s~gnif~cantly nfluerlce the growth and 

productivity of grour'idnut Ttlesr: results suggest that farmers need to be 

demonstrated the value of low ferthzer use in grounclnut 

x Fol~ar Fe sprays (0 596) wero effectve in correction of Fe chloros~s and 

improved groundnht pod y~eltis by about 20% over nonspiayed control It 

was estimated that Fe cnloross can cause pod y~eld losses upto 17% in 

groundnut 

xi. Fol~ar Fe sprays sigrl~ficarltly ~ricreased net (monetary returns and 

benef~tlcost ratio over the nonsprayed control. By spendlng an additional 

amount of Rs 245 ha" for foiiar Fe sprays, net benefit of Rs. 2316 ha" was 

obtained. 

xii. These results suggest that use of tolerant genotype such as ICGV 86031 

or foliar Fe sprays in suscept~ble genotypes (TMV 2 and ICGS 11) as the 

possible management strategies for alleviation of Fe chlorosis ~n groundnut. 
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APPENDIX I 

SURVEY OF IRON CHLOROSIS IN  GROUNDNUT 

Sr.No. Farmer category : Small I Medium I Large 

I. LOCATION: 

Village : Mondol : D~slrlct 

Farmers name . 
Home addrass 

II. FARMER RESOURCES: 

1. Land iiaid~nrj (l ia): 
.............................................................................................................. 
Part~ci l la~s R a ~ l f e d  l i~~g: i t rd Total 
................................................................................................................................. 

Leased 1 1  

Leased oul  

Total 
...................................................................................................................... 

2. So11 Type Vrrr~sol  1 Al f iu l  I Mxc l l  

Soil d e p t l ~  Sliolluw I Deep 

Ferl~lity Lovd 1 Medtulrl I H g l i  

3. Water source ard  quality: 

Source Oti;il~ty Area covered (ha) 

Well S a i l e  

R~ver  Poor 

Canal Medium 

Others Good 
Total 

..................................................................................................................................... 



Ill. CROP MANAGEMENT PRACTICES: 

1. Have you ever planled groundliut 7 Ycs ! NO 

If yes, when first planted 7 yea(. 

2. Are you regularly cul tvatng groundnut ? Yes 1 No 

If no, wliy ?-. - 

-. . - . -- - - 
If yes, w h y ?  -. - . - - -- - - . . . - 

a,---- - . - - . - -- -- 
Area ~ r i d e r  groundnut cultlvat~on ( In )  rlu~it.~g Ikist t!,ree yeols 

Yeat - Kllar~f Ylc?lii -- Sutiitncr Y~elcl Rctb -- - 
19'12-93 - -. -- ... -. 

199f.92 . _ .  -- - -- 
1990.91 __ - -- -. . . .- - - . . 

3. What cuitlvals dlri  you plan! ' 1  

Local : Ifnl!r~vetl 

4. Where [lid you obtal11 tile seed f lom '> 

Goverritnerit source / Local mallref 1 Otller fnimers ! Own seed / Any olt>al source 

5 ,  Did you glve seed Irealmerll YES I No 
If 110 , ivtiy ? 

6. What crop rotation do you follow 111 your for111 7 

Khz~ i f  - Rahr - 
a. 

b. 



7. When do you commonly plant groundnut 9 

Kharif : Rabi : Bo!ii seasons 

8. Whal fertilizers (bagsiacrei did you apply to grouiidrlul 7 

1. Basal 
.................................................................................................................................... 
TY pe Source Arriount (ky) Method 
.................................................................................................................................... 
Nitrogen 

Phosphorus 

Potassium 

Other 

2. Top dressing 
........................................................................................................................ 
TYPE Tllrie Soutce Ainourrt (kg] Metirod 
............................................................................................................................... 
Nitrogen 

Phosphorus 

Other 

8. What method of lrr!ynl~ori arid liow irequelllly do you lriigale ijruundnhrt crop '! 

Flooding : Str~p 

Season Method of riiqation Frequency 
............................................................................................................................... 
Kliarif 

Rabi 

Summer ..................................................................................................................................... 

10. Are you regularly using canal i r rgal~on ? Yes I No 

If yes. when did you frst  use (year) canal irrigatioii on your farm 7 
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11. How frequently and at what rate the canal water I S  available for ~ r rga t i ig  your groundnut crop 7 

Kharit: 

Rabi : 

Summer: 

12. Were herbicde sprays used to control weecls ? 

_Chemical - rate 

13 Were furiyiciclal sprays used 7 

Chemlcsi - riile L$'Iwc 

14 Were pesllcdal spray? Ileecl '1 

i , l t l  W l l ~ i l  

15 Did you receive any subsd~es ? 

What - Wlwn - How niucli 

16 Wliaf are the malor proituct~on conslraltlts io groundiliit product~o~i 

Pests D~seoses Nuttlent dlsarders 

Drought : Others 

17. Was groundnut plallt healthy, 11 not descrhe vrlllcll part was affected and how dld 11 look lhke ? 

18. Did your g rour~d l i~ i l  plant look like these plants ( show tile photographs ot r o n  chloroOc plants ). 
Yes 1 No 



IV PERCEPTION OF IRON CHLOROSIS 

What d ~ d  you lhouyilt 11 was (local (name) 7 

Was this a serious problem ? Yes / No 

If yes, which scasorl 11 was severe 

Kharif : Rabi : Bull1 : 

Were iron cillorotlc plaints distribi~ted in olne area of l l ~ e  lirld or tlirouytnoi~t the fpld 7 

Patclies U11tu11n 

Was there ally ylrirl reducllo~n due !Ills plol~lr l r l  ' j  11 ycs ul,pruxfrnotrly lnow lnucli 7 

Winat facials do you parcelve cau5ny t l~ls (p~oblr~l ,  ') 

Soil : Cllmiii~c Gelnotypes 

Ir~igation : Fc r t~zer  ~pract~ce O l l l r ~ s  

Did yoil ap(,ly any treatmerits to llirsi, plo~its 1 areas 

What - rate - W& Was treatment cttectlve 

Wliat are the general ~nal~agenlel i t  practces you ;iilopt to tlie effected crop ') 

N~troyeri applcat~on : Z ~ n c  app l~ca l~o~ i  : 

Pestlclde sprays : 1r1gat1011 !narinye~neiit . lton appl~cat~on : 

Other pract~ces No managernent practices 

9. What are the other crops effected by lhis problem '! 



10. Did you seek heip from anyotie to solve these problenls 7 

Agril. Dept, I T.V I Radlo I Literature 1 Others 

11. Did you get any advice on iron chloross prlor to pIat111,lg of y r o u l ~ d n ~ t  Yes /NO 
If yes, what precautions d ~ d  you take 7 

V. HISTORICAL: 

1. What was l i ie crop you were grvwitiq (ptlor to groutitinrrt 7 

2. Whc l l  area did ~ O L I  first select to grovi j/rou~,dni~t 7 

3. Hovi d ~ d  you manage t l l~s  crop f~ust 7 

4. What prol~ierns did your crop Ilnvr ') 

5 What IS the average ylelil of g r o u ~ ~ d ~ l u l  yuu ul,to!nrd 7 

6 .  How llas your maoagomai>t priicticps c l~nnged bchveen the11 aud tlow will, respect to fettlizer 
lrrigation, cuittvar, loritl prepainltoll, etc '? 

7. What product~ons problems did you lhave il l prevlous crops ol  groulldnut ') 

8. When did you f~rst  see these problelns 

9. Did your crop sunel $.,!lh thls probleln before 7 (Irorl clllorosls) 



10. Has i l  become worse oveitime ? 

11. Was this specific to : 

Soil : 

Source of irrigation 

Varielies : 

Seas011 

Lalid formilly : 

Otiiers : 

12. Do other people have the satne problrni '1 

13. What matiagemenl practices dtd tiley follovi ? 

14. Was tilere any yield ieducton due lu  t i i s  protMe~n ' J  

15. Have you ever ttied to solui: 1111s ~prob l i~ i~ i  '? Yt.9 1 Nu 
If Yes wtlat rlid you do 9 

16 Ottier details w i~ ic l i  Ire is ir~teiestrrl to ylva 

VI. FUTURE: 

1. Will you grow grourrdnut next saasuli 'i Yes I No 

2 .  How you will chatlge yurir mani igeme~~t froill !lie last season ? 
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