
Nutrient Disorders
Some elements have been recognized as essential for normal growth and development of all higher plants. These are traditionally grouped into macronutrient elements, of which plants need a higher quantity, and micronutrient elements which are used in lower quantities. More recently the essential elements have also been grouped according to their function: (i) a component of carbon compounds - nitrogen (N) and sulfur (S); (ii) required for energy storage and structural integrity - phosphorus (P), silicon (S) and boron (B); (iii) nutrients remaining in ionic form - potassium (K), calcium (Ca), magnesium (Mg), chloride (Cl), manganese (Mn) and sodium (Na); and (iv) involved in redox reaction; Iron (Fe), Zinc (Zn), Copper (Cu), Nickel (Ni) and molybdenum (Mo). The macronutrients are: carbon (C), oxygen (O), hydrogen (H), N, P, K, Ca, Mg and S; while the micronutrients are: Fe, Mn, Cu, Zn, B, Mo, Ni and Cl. Sodium (Na), cobalt (Co), selenium (Se) and silicon (Si) are also beneficial to some plants. 


Deficiencies of these elements in agricultural soils not only reduce plant yield, but also adversely affect nitrogen fixation in the legumes. For example, in chickpea, N and P deficiencies have been reported to cause major yield losses, of 709,000 and 653,000 t, respectively; while yield losses due to micronutrients have been estimated at about 360,000 t per year in the world. Substantial yield losses due to soil mineral imbalances of B and Fe have also been reported in lentil. 


The total area of saline and sodic soils on a global basis are reported to be 397 million ha and 434 million ha, respectively. Globally 76.6 million ha of land is salt-affected by human-induced salinization. These types of soils are particularly common in arid and semi-arid regions, such as in West and Central Asia and Australia, where evaporation considerably exceeds precipitation leading to salt accumulation in the soil surface. In addition to these regions where drought is prevalent, there are saline soils in coastal regions of humid areas due to flood tides. Sodic soils are common in Central Asia, Australia and South America. Saline soils are defined as those with electrical conductivity (EC) of the saturated soil extract >4 dS/m and sodic soils are those with a sodium adsorption ratio (SAR) >15. 


Cool-season food legumes are relatively salt-sensitive compared to cereal crops. Despite the salt sensitivity of chickpea, it is still grown in salt-affected soils, and hence yield losses due to salinity on chickpea production in the world have been estimated annually at 901,200 t. Similarly, considerable yield reduction has been reported in lentil, which is about 20% at an EC of 2 dS/m and 90-100% at an EC of 3 dS/m. 


The following points should also be considered when using descriptions presented here: (i) Symptoms on chickpea and lentil may be produced by damage caused by herbicides, insects, and pathogens and physiological disorders arising from adverse effects of environment such as salinity, drought, cold, heat or high temperature stresses. Such symptoms can be indistinguishable from nutrient deficiency. For example N deficiency is similar to drought, which is accompanied by heat stress. (ii) Factors that influence both nodulation and nitrogen fixation can result in symptoms of nitrogen deficiency. (iii) There can be differences between cultivars in the manifestation of symptoms. 


The best and most efficient way to overcome nutrient deficiencies should be firstly to add to low levels of plant nutrients. The second may be to breed more nutrient-efficient varieties which are feasible due to the reported genetic variation. The third option would be to reclaim soils where chickpea and lentil are cultivated, but this will be a long term objective and expensive to implement.  
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Macronutrient Deficiencies
N deficiency

Low yields of food legumes can generally be attributed to their cultivation on marginal lands. In most of chickpea and lentil growing soils N is either in low or medium levels. Thus, for low-N soils, fertilization with a starter dose, i.e., 10-20 kg N per ha, is recommended. 


Although the earth’s atmosphere consists of about 78%, nitrogen gas (N2) plants cannot use N2 directly. Instead, most members of the family Leguminosae or Fabaceae must rely on bacteria to ‘‘fix’’ N2 to form inorganic compounds that they can use. Chickpea and lentil, being legumes, can fix atmospheric N2 via N2-fixing bacteria if the soil contains an effective strain of Mesorhizobium ciceri or M. mediterraneum for chickpea and Rhizobium leguminosarum bv. viciae for lentil. Additions of N from fixation vary from 3 to 141 kg per ha in chickpea and from 10 to 192 kg per ha in lentil, depending on environmental conditions. Under good symbiotic associations with chickpea and lentil, up to 87% of the total N in the crop may be derived from symbiotic N2 fixation. Nodules are swellings on a legume plant root induced by colonization by N2-fixing bacteria, and they are present on roots of chickpea and lentil. If nodules are effectively fixing N, they have reddish-pink interiors (Fig. 1). 


N-deficient chickpeas and lentils grow slowly and leaves become yellow-green in color. The older leaves near the base of the plant are more yellow than upper leaves. The color is particularly intense in the leaf axils. It also forms on the rachis of the leaves. In desi types of chickpea, stems and leaves near the base of the plant develop a pink color (Fig. 2).

P deficiency

Most of the pulse growing soils are deficient in available P. Recommended levels of P2O5 application as fertilizer are 20-40 kg per ha for chickpea and 40-60 kg per ha for lentil. P dose depends on the initial soil P status; no fertilizer P is required in high P soils. In Australia, chickpea showed little or no response to P2O5 application, even when available P was low (Siddique et al., 2000). Kabuli chickpeas (40 kg per ha) usually require more P application than desis (20 kg per ha).


Arbuscular mycorrhiza (AM), a root fungus, is of importance for acquiring nutrients of low mobility in the soil, especially P, but also, Zn and Cu. The fungi also protect the plants against biotic and abiotic stresses. 


When grown in a P-deficient medium plants have smaller roots and vegetative organs and, initially, are darker green in color. P-deficiency appears first on the older leaves due to P being readily translocated from older to younger tissues. Leaflets lose chlorophyll and become yellow-green. This occurs initially with lower leaflets of lower leaves. Some lower leaves also have red-brown anthocyanin on their upper surfaces in pigmented plants (Fig. 3). N-deficient plants are uniformly yellow with yellow veins in leaflets but P-deficient plants are irregularly yellow with green veins in leaflets. Stems, leaflets and leaves of desi chickpeas develop pigmentation, particularly near the base of the plant.

K deficiency 

Most soils generally have sufficient available K level to support chickpea and lentil growth, while it is deficient in some soils. Application of K at 20 kg K2O per ha increases the yield significantly in chickpea and lentil if it is at a low level.


K deficiency in chickpea develops first on the older leaves. The margins and tips of leaflets lose their green color and become yellow-green. Reddish pigmentation is also seen on some leaflets. These leaflets often drop from the plant. These symptoms progress up the plant when deficiency persists. Necrotic patches develop on leaflets. Stems of some plants also develop reddish-brown anthocyanin pigmentation (Fig. 4). 

Ca deficiency 

Soils with <1.5 meq exchangeable Ca per 100 g soil are usually considered as Ca-deficient. Ca is generally deficient in acid soils (pH <5.5). In these types of soils, if CaO is applied at 2 t per ha yield of chickpea is enhanced due to an increase in soil pH.


Ca deficiency in chickpea affects the younger tissues near the top of the plant. Roots become short and thick with dark brown or black tips. Ca deficiency results in small leaves with fewer leaflets. The growing tip of the plants contains unexpanded leaflets and this young shoot often becomes rusty brown in color and then dies. Leaflets on the tip of a leaf are much smaller than lower leaflets. These leaflets also have brown necrotic spots and then die. The older parts of the plants remain dark green in color without evidence of anthocyanin pigmentation.

Mg deficiency 

Mg, like Ca, is generally deficient in acid and sodic soils. Mg-deficiency occurs in sandy and sandy loam soils if soil contains <1 meq exchangeable Mg per 100 g soil. MgO application at a rate of 2 t per ha enhances chickpea yield.


Mg deficiency in chickpea first appears on young leaves as a chlorosis. Chlorosis on some leaves later extends down the sides of the leaflets. The symptom on leaflets is yellow to yellow-green with a green area remaining around the midrib. Prevalence of Mg deficiency results in light brown necrotic areas developing on the leaflet tips or margins. The basal leaves usually remain green in severely affected plants. There was no evidence of anthocyanin pigmentation on Mg-deficient plants. 

S deficiency

After N, P and K, S as a secondary nutrient element appears to be most important because S concentration in legumes is almost double that of cereals. S deficiency has been reported on light textured soils of India and application of 20 kg S per ha increased yield of chickpea and lentil by 0.3-0.6 t per ha. S deficiency is also seen in calcareous soils with a pH of 8 or more.


Symptoms on S-deficient plants in some ways resemble those of N deficiency. However, chlorosis on S-deficient plants firstly affects the leaves near the top of the plant, while leaves near the base remain green. With increasing severity of S deficiency, the chlorosis extends over the whole plant. The pattern of chlorosis development is helpful in differentiating the symptoms of S deficiency from those of N deficiency. Some leaflets become completely yellow, wither and drop from the plant. Reddish-brown pigmentation appears on the stems and leaves of S-deficient plants. 
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Micronutrient Deficiencies

Micronutrient problems are highly genotype- and location-specific. 

Fe deficiency 

Fe-deficiency is common in high pH and calcareous soils especially in Mediterranean-type soils. Fe deficiency has been reported when susceptible genotypes of chickpea and lentil were grown on soils of high pH. Studies on inheritance of resistance to iron-deficiency both in chickpea and lentil revealed that the resistance was controlled by a single dominant gene. 


Fe deficiency appears as an interveinal chlorosis in younger leaves because Fe cannot be readily mobilized from older leaves. Leaflets on Fe-deficient plants turn a yellow-green color. White or light colored necrotic patches develop on the leaflets of young leaves when Fe deficiency becomes more severe. Acute Fe deficiency causes leaflets to wither and die. The young shoots also wither from the tip back towards the base (Fig. 5). Chickpea had better performance than lentil under Fe deficiency. Fe chlorosis was transient, the deficiency symptoms largely disappearing during reproductive growth at a time coinciding with increases in soil temperature and day length - conditions favorable for plant growth. Although soil application of 20 kg Fe per ha was found promising, soil application is usually uneconomical due to high soil pH. Instead of soil application, a foliar spray of 250 L of 1% FeSO4 solution was found to enhance chickpea yield.
Zn deficiency

Although Zn deficiency occurs in a wide range of soils types, soils with low available Zn are common in tropical and temperate climates, e.g. acid and alkaline, with high and low organic matter, calcareous, sodic, sandy, etc. Zn and Fe deficiency were found in calcareous soils of Asia and the west Mediterranean region of Turkey. Zn deficiency progressively increases in high pH and calcareous soils, but decreases as soil organic matter levels increase. To alleviate Zn deficiency a soil application of 10 kg ZnSO4 per ha was recommended but fertilization rate could be increased up to 25 kg per ha in chickpea. 


There is no difference in growth and visible symptoms of Zn deficiency after 4 weeks between Zn deficient and Zn-applied chickpea plants. After 6-8 weeks of growth, chlorosis of younger leaves and stipules occurred in the Zn-0 treatment Zn requirement increases in the order faba bean < chickpea < wheat < lentil. 


Zn deficiency appears as a reduction in inter-nodal growth and results in a rosette growth habit. The younger leaves of Zn-deficient plants initially become pale green in color. Pigmentation (reddish-brown) takes place on the margins of upper surfaces of leaflets and on the lower portions of the stems (Figs. 6 and 7). 

Mn deficiency

Mn deficiency is a location-specific problem, and soil application of 20 kg Mn per ha or foliar spray of 1-2.5 kg Mn per ha is enough to support crop growth. Mn fertilizers are unsuitable for correction of crop deficiency due to low residual value and conversion to plant-unavailable forms. An alternative strategy with soils containing low amounts of available Mn is to breed crop cultivars with greater Mn efficiency. Mn-deficient plants have a lighter green color symptom on the younger expanded leaves. There are very small light brown spots on the surface of leaflets and on the stipules of these leaves, which develop later. These are generally found between the leaflet veins on the leaf surface. The leaves of Mn-deficient plants often lose many of their leaflets. Prevalence of Mn-deficiency results in symptoms similar to those of Ca deficiency. As a result of death of young shoots, there is enhanced axillary bud development on Mn-deficient plants. 

B deficiency 

Zn and Fe deficiencies are the most widespread of micronutrient problems, because of factors like alkaline soil pH, calcareousness, and low organic matter; while B deficiency is location specific in Australia, India and Nepal. The optimum dose of B depends on B level in the soil, and 2-3 kg B per ha is recommended.

The first symptom on B-deficient plants is observed on the tip and margins of leaflets of young entire expanded leaves with a yellowing and 'bronzing'. This 'bronzing' effect is partially due to red-brown pigmentation on the upper surfaces of leaflet margins. The tips and margins of affected leaflets start to die. The terminal buds turn rusty brown in color. The young buds and leaflets die progressively from the tip. As a result of this, axillary bud development is enhanced. Plant roots are also stunted and thick with dark tips similar to those occurring on Ca-deficient plants. 

Mo deficiency

Yield increases in chickpea in India with soil application of 1 kg Mo per ha and seed treatment of 3.5 g sodium molybdate per kg. Also, protein content in grain, number of nodules per plant and available N in soil increased with Mo application.


The symptoms start with chlorotic interveinal mottling of older leaves. In severe deficiency conditions, Mo causes leaf wilting and disorders. In addition to growth depression, flowers were less in number, smaller, and many failed to open/mature leading to lower seed yield. Mo stress reduced leaves, flowers, pods, and finally decreased the biomass and yield. Mo deficiency causes symptoms of N deficiency due to the role of Mo in N fixation. Leaves of N-deficient plants are lighter yellow than those of Mo-deficient plants. In many plants, there is an upward cupping of the leaves and mottled spots developing into large interveinal chlorotic areas under severe deficiency.

Cu deficiency 

Cu deficiency has been reported in some areas of Australia and India, and the critical soil Cu level is considered to be 0.2 ppm. Applications of CuSO4 required to correct Cu deficiency in lentil and chickpea have been reported to be 5-10 kg per ha for soil application and 0.5-1.0 kg per ha for foliar application. The Cu requirement is lower in chickpea than lentil, and the critical concentration of Cu in the youngest tissue of chickpea has been estimated as 2.6 mg Cu per kg and that in lentil as 4.6 mg Cu per kg. Cu-deficiency symptoms appear on the younger leaves, while the plant remains a normal green color. The leaflets on the top leaves of each stem are smaller than on normal plants. Cu-deficient plants produce small leaves with fewer leaflets on the young shoots. In such cases these leaves usually wither and appear rust-brown in color. Shoot elongation id also reduced due to insufficient development of the terminal growing point. 
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Nutrient Toxicities 

Salinity toxicity

Progressive delay in germination occurs with increasing levels of salinity in chickpea and lentil. After germination, the first signs of salinity damage due to excess ion accumulation in saline conditions are necrosis of the outer margins and yellowing of the older leaves. Salinity intensifies anthocyanin pigmentation in leaves and stems in pigmented chickpeas, while leaves and stems of kabuli chickpeas appear yellow. Leaves die and abscise due to ion accumulation (Figs. 8 and 9). Salinity also reduces flower production and pod setting in chickpea and lentil. Identified sources of resistance or tolerance to salinity in chickpea and lentil have been given in Table 1.

Table 1. Identified sources of resistance or tolerance to salinity in chickpea and lentil

	Species
	Accessions
	Reference

	Chickpea
	ICCC32, ICCL86446
	Dua, 1992

	Chickpea
	CSG 8977, CSG 8962, CSG 8943 CSG 88101
	Dua and Sharma, 1997

	Chickpea
	CSG 8893, CSG 8894, H 89-84, H 81-69, H 85-10, ICCV 6, E 100Y 
	Chaturvedi et al., 2003

	Chickpea
	ICC 10755, ICC 13124, ICC 13357, ICC 15406, ICC 15697, ICCV 92318, ICCV 92337, ICCV 95332, ICCV 95334, Jumbo 2
	Serraj et al., 2004

	Lentil
	ILL 5845, ILL 6451, ILL 6788, ILL 6793
	Ashraf and Waheed, 1998

	Lentil
	DL443, Pant L406, ILL-3534 (LG 128), ILL 6796
	Materne et al., 2007


B toxicity 

The characteristic symptom of B toxicity is yellowing of the tip and serrated margins of leaflets, and the tip of stipules on lower leaves. Light brown necrotic patches occur and later develop on yellow areas. The necrotic areas expand to one-third of leaflets and later leaflets wither, die and abscise. Anthocyanin pigmentation does not appear on plants under excess B conditions (Figs. 10 and 11). Lentils have been found to be more susceptible to B toxicity than chickpeas and therefore only genetic sources of resistance or tolerance to B toxicity in lentil have been shown in Table 2.

Table 2. Identified sources of resistance or tolerance to boron in lentil

	Species
	Accessions
	Reference

	Lentil
	ILL 1763, ILL 1796, ILL 1818, ILL 5845, ILL 5883, ILL 2024, ILL 213A
	Materne et al., 2007
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Fig. 1. Nodules in chickpea (left) and lentil (right) at flowering stage. (Courtesy C. Toker)
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Fig. 2. Typical symptoms of N deficiency on chickpea (left) and lentil (right). (Courtesy C. Toker)
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Fig. 3. Typical symptoms of P deficiency on simple leaf (left) and normal leaf (right) chickpeas. (Courtesy C. Toker)
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Fig. 4. Typical symptoms (necrotic patches) of K deficiency on kabuli chickpea. (Courtesy C. Toker)
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Fig. 5. Typical symptoms of Fe deficiency in chickpea [normal mutants (left) and iron chlorosis in susceptible chickpea (right)]. (Courtesy C. Toker)
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Fig. 6. Typical symptoms of Fe (left) and Zn (right) deficiency in normal leaf type of chickpea. (Courtesy C. Toker)
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Fig. 7. Typical symptoms of Fe (left) and Zn (right) deficiency in multipinnate leaf type of chickpea. (Courtesy C. Toker)
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Fig. 8 Typical symptoms of salinity damage in chickpea (From left to right: normal, simple and multipinnate leaves).  (Courtesy C. Toker)
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Fig. 9.  Initial (left) and later (right) symptoms of salinity damage in lentil (Courtesy C. Toker).
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Fig.10 Typical symptoms of B toxicity in chickpea [A, B and C represents normal, simple (kabuli) and multipinnate (desi) leaves, respectively]. (Courtesy C. Toker)
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Fig. 11. Typical symptoms of B toxicity in lentil. (Courtesy C. Toker)

Herbicide Injury

Herbicide injury to lentils and chickpeas may occur in a number of circumstances.  Persistence of an herbicide used in a rotational crop, drift from a neighboring field, spray overlap or other misapplication, and contaminated equipment are among the more common reasons for herbicide injury.  Injury may even occur following a precise application of labeled rate of an herbicide if unfavorable environmental conditions follow the application.

Determining the source of herbicide injury requires an understanding of symptoms, pattern across the field, and environmental factors.  Often, suspected herbicide injury turns out to be a problem with disease, nutrient deficiency, or an environmental response.  Moreover, the pattern of the injury symptoms across a field or landscape can provide critical information on the type or source of plant response.  In those cases where the plant response is due to herbicide exposure, the symptoms and their severity are functions of the herbicide mode of action and the dose.  

Determining the exact herbicide which caused a particular injury may be difficult if not impossible.  However, herbicides are grouped into mode of action “families” that impact the same growth systems in plants.  Plant injury symptoms will be similar if not identical for herbicides of the same family.  The families of herbicides which are important in the production of grain legumes and rotational crops are shown in Table 1.  Understanding the injury symptoms of the various herbicides is important in determining the source of the injury.  Equally important are the general use patterns of the herbicide families in the vicinity of and history of use in the field showing the injury.  Additional information that is important is the weather and plant growth conditions before, during, and after herbicide applications to that field or to nearby fields.

This publication will discuss how lentils and chickpeas respond to soil and foliar applications of various herbicides.  The treatments shown in the photographs were developed to provide examples of soil persistence, drift, or excessively high application rate.  In some cases the same herbicide could be used to exemplify persistence or drift with the application rate 

Herbicides may kill or injure plants by disrupting any number of plant processes.  One method of herbicide classification is to group them according to the plant process for which they interfere.  Herbicides with the same or similar methods of killing a plant are normally considered to be within the same herbicide family.  Often the structure of the herbicide molecule is used to categorize herbicides into families.  Nevertheless, different members of a herbicide family tend to elicit the same or similar response from a plant.  The following discussion will review possible symptoms of herbicide injury from drift, soil persistence, or excessive rate.  The discussion will be limited to the herbicide families shown in Table 1.  Table 1 lists herbicides typically used in grain legumes, in crops commonly grown in rotation with grain legumes or have potential for drift or soil persistence.  Actual herbicide symptoms will vary with the dose and environment. The herbicides are grouped primarily by the numeric grouping developed by the Weed Science Society of America (WSSA).  Additionally, the alpha-numeric grouping system of the Herbicide Resistance Action Committee (HRAC) is listed for reference.  

GROUP 1 ACCASE INHIBITORS

Group 1 is a family of herbicides that prevents the development of cell membranes by preventing the production of lipids.  Nearly all of the chemicals in this herbicide family control grass (monocot) plants with little or no effect on broadleaf (dicot) plants.  Thus, injury symptoms from this group of herbicides rarely occur unless the rate is extremely high.  This class of herbicides, along with recommended adjuvents, often acts as a solvent to clean herbicide residues from spray equipment.  Thus, injury symptoms suspected to be caused by Group 1 herbicides are often due to an herbicide that was cleaned from the spray equipment or the adjuvents.    

GROUP 2 ALS INHIBITORS

Acetolactate synthesis inhibitors prevent the production of certain amino acids which are critical to the life of the plant.  These amino acids needed for various enzymes necessary for the plants to survive.  Typically, susceptible plants take a relatively long time to show a response to Group 2 herbicides.  However, the actual time will vary with growing conditions.  Injury symptoms due to foliar drift may take one week or longer after exposure for symptoms to appear (Figs. 1, 2, 3, and 4).  Symptoms tend to be systemic in nature.  Initial symptoms include a yellowing (chlorosis) of leaf tissue beginning at the edges of the leaf which will then turn brown (necrotic) as it dies.  Leaf veins may appear purple and plants may be stunted with an overall purplish appearance.  Plants exposed to sublethal doses will often have increased branching of stems if growing points are affected.  Also, plants may show shortened internodes on stem sections which develop after the chemical exposure.  Seeds planted into soils with persistent Group 2 herbicides may or may not emerge.  Plants that do emerge may not show symptoms until after seed reserves are exhausted, which may not be until the second node or later growth stage.  Symptoms of Group 2 herbicide injury could be confused with symptoms of plant disease, heat or cold stress, soil fertility problems, or insect injury.

GROUP 3 – MICROTUBULE ASSEMBLY INHIBITION


These herbicides prevent the normal process of cell division.  Injury symptoms of these herbicides are limited to the roots of surviving plants and nearly always occur due to soil persistence or excessive application rate.  Roots will be shortened with a stubby appearance, taking on the look of a bottle brush.  Injury to roots may be localized with roots located with the chemical zone in the soil near the surface showing the injury and roots below the chemical zone on the same plant showing no injury symptoms.  Generally, lentils and chickpea have a high degree of tolerance to group 3 herbicides so injury most likely will occur in areas where sprayer overlap or spills may have occurred.  Soil compaction may result in similar symptom as Group 3 herbicides.

GROUP 4 - GROWTH REGULATORS (SYNTHETIC AUXINS)


Although this is the oldest group of synthetic herbicides, the synthetic auxins are still one of the most commonly used groups.  This is particularly true of herbicides used in crops grown in rotation with chickpeas and lentils.  These herbicide mimic natural plant hormones and symptoms include elongated, twisted, or thickened stems.  Leafs veins may be deformed and normal broadleaf crops can take on a strap-like appearance (Figs. 5, 6, 7, and 8).  


If growing plants come in contact with Group 4 herbicides, symptoms typically show up within one or a few days or as soon as a few hours after exposure depending upon the temperature and humidity.  Lack of attention to application conditions can result in drift injury from any herbicide in this group.  In some cases, vapors of Group 4 herbicides may be emitted from the soil a few days after application and move offsite, causing injury.  This is known as vapor drift and can occur more commonly with ester formulations of Group 4 herbicides.  Ester formulations of growth regulator herbicide tend to be more prone to vapor drift and have been banned or restricted in certain areas.  Generally, injury due to spray particles effect plants adjacent to the treated area and occur with the hours or days following an application.  Symptoms often diminish the farther the distance from the application site.  Vapor drift may occur up to several days after a herbicide application and injury may occur several thousand feet or even miles from the site of application.  Warm temperatures, high humidity, and temperature inversions after application are conditions that increase the potential for vapor drift


Plants affected by soil persistence of Group 4 herbicide may not emerge from the soil or may show symptoms of twisting, swollen stems, misshaped leaves immediately upon emergence.  In other situations, plants may emerge, grow, and develop normally until the roots come in contact with herbicide residue before showing symptoms.  Because of the systemic nature of synthetic auxin herbicides, injury symptoms are similar regardless of whether they are due to foliar drift or soil persistence.  Soil persistence of herbicides such as 2,4-D, MCPA, and fluroxypry will not be a problem under normal conditions and rates.  Products such as clopyralid or picloram should be expected to persist under most conditions and plant-back label restrictions reflect that.  

GROUPS 5, 6, AND 7 – INHIBITION OF PHOTOSYNTHESIS


Although these three groups disrupt photosynthesis at different places in the process, the plant response is very similar (Figs. 9, 10, 11, and 12).  Photosynthesis is the process by which the energy provided by sunlight is converted into an energy form that is usable by plants and animals.  The system is very delicate and disrupting it means energy runs amok within the plant cells, causing damage or death.  The symptoms are most pronounced in the portions of the plant which are most photosynthetically active.  In most cases, the leaves located one or two nodes below the top of the plant will show initial symptoms of injury.  The appearance of symptoms will even vary within the leaf.  Leaf margins tend to show chlorosis followed by necrosis first.  Interveinal areas may also yellow first allowing leave veins to stand out.  Seedlings may not show symptoms to soil persistence of these herbicides until after emergence.  Even though seedlings are green they may not be fully photosynthetic or roots may not have expanded enough to absorb toxic doses of residual herbicides.  


Herbicides such as bentazon and bromoxynil do not persist in the soil under normal conditions so injury occurs following drift or over-application.  Atrazine, metribuzin, linuron, or diuron have both soil and foliar activity so injury can be due to persistence, drift, or over application.  Plant injury symptoms due to photosynthetic inhibitors will show up within a few days after drift or other exposure occurs.  Injury symptoms will show up more quickly when the weather is warm moist and sunny compared to cool, dry, and cloudy conditions.

GROUP 9 – INHIBITION OF EPSP SYNTHASE


Group 9 herbicides inhibit the development of certain amino acids as do Group 2 herbicides.  However, Group 9 and Group 2 herbicides are structurally different and act quite differently in the environment.  Nevertheless, the injury symptoms of Groups 2 and 9 can be quite similar.  Injury symptoms in susceptible plants are relatively slow to develop.  Initially plants will become chlorotic or yellow which may be followed by a reddish or purplish discoloration (Fig. 13).  Often, plants exposed to Group 9 herbicides are more prone to develop diseases, so it may be difficult to determine the cause of the problem.  Additional injury symptoms were discussed in detail in the earlier section on Group 2 herbicides.  


Glyphosate, the most commonly used herbicides of this group, does not have natural selectivity and will illicit symptoms from any exposed plant.  Glyphosate-tolerant crops have been developed, but glyphosate-tolerant lentils and chickpeas have not been developed to date.  Glyphosate is inactive in soil, so injury due to Group 9 herbicides will not be due to soil persistence.  Most typically, injury is due to drift, contaminated equipment, or improper timing of application.  Less commonly, emerging seedlings may be injured if they come in contact with the roots of dying plants with the herbicide being transmitted through root to root contact.   Glyphosate-treated weeds are more susceptible to soilborne, root-infecting pathogens and help build up pathogen inoculum.  The treated weeds may save as a greenbridge for pathogens between crops.

GROUP 14 – INHIBITION OF PROTOPORPHYRINOGEN OXIDASE (PPO)


Injury due to Group 14 herbicides can be very striking.  Know as “bleachers”, plants exposed to these herbicides may show a lack of coloration, appearing to be yellow or even a ghostly white.  Discoloration may occur over the entire plant or be localized to a few leaves or portions of leaves.  The lack of color is due to the lack of development of certain plant pigments which are critical to photosynthetic energy conversion.  Thus, secondary symptoms include necrosis even if the initial bleaching response was not observed.  Exposure to these herbicides could come from soil persistence, drift, or vapor drift.  The use of this herbicide class is not as widespread as other classes and confirming Group 14 injury could involve confirming the use of this class of herbicide in adjacent fields or in that field.  Typically, lentils and chickpeas have some degree of tolerance to Group 14 herbicides, so symptoms may be more prominent on weedy species in the affected area.  Normally, symptoms appear within a few days after exposure, but may be delayed in cases of soil persistence as roots may take some time before entering areas in the soil which contain herbicide residues.

GROUP 15 – INHIBITION OF CELL DIVISION


The mode of action of Group 15 has not been completely discovered.  This herbicide group primarily acts on germinating seeds and has little to no impact on established plants.  Thus, injury from this group is largely due to soil persistence or over-application.  Plants may simply not emerge or emerged plants may appear stunted, dark in color, and may have some misshaped leaves or stems.  Lentils and chickpeas have tolerance to this family of herbicides so injury is rare and likely due to over-application in the form of overlap or spills.

GROUP 22 – PHOTOSYSTEM-I-ELECTRON DIVERSION


This group of herbicides kills plants by destroying cell membranes and allowing high energy particles at the cellular level to cause severe damage to the plant.  While the herbicides impact the membranes, sunlight is necessary to provide photosynthesis which produces the high energy particles.  Thus, injury develops more quickly under warm, sunny, and moist conditions, than under cool, cloudy, and dry conditions.  The herbicides in this category tend to bind very tightly to soil particles.  Injury symptoms are typically due to drift rather than soil persistence.  Affected plants will show yellow spots where individual spray droplets contacted the leaves.  These spots may recover to normal growth or become necrotic.  In the case of more severe drift or a direct application, entire leaves will become ashen within a few hours to a day after the application followed by necrosis.  Symptoms are not systemic in nature and growth following exposure will not show symptoms, but may be stunted due to reduced plant vigor.  Severe symptoms greatly resemble that seen following a frost to susceptible plants.

SUMMARY


This chapter is intended to give an overview of unintended herbicide injury symptoms.  The actual symptoms may vary from what has been described due to varying herbicide dose from drift or environmental persistence, different stage of growth of the affected plant, or due to multiple herbicide exposure.  Various methods of chemical analysis may be available to better diagnose herbicide drift or soil persistence.
Table 1.   Herbicides used in grain legume production, used in crops commonly grown in rotation with grain legumes, or have potential for soil persistence or drift.  Groupings developed by both the Weed Science Society of America (WSSA) and the Herbicide Resistance Action Committee (HRAC) are shown.  Product names are example and the active ingredients listed may be sold individually under additional product names or as part of an herbicide formulation containing two or more active ingredients.

	WSSA Grouping
	HRAC Grouping
	Mode of Action
	Chemical Family
	Product Name
	Active Ingredient

	1
	A.
	ACCase Inhibitors
	aryloxyphenoxy-
propionates
‘FOPs’
	Assure II

Discover
Hoelon
Puma
	quizalofop

clodinofop

diclofop

fenoxyprop

	
	
	
	Cyclohexanediones
‘DIMs’
	Select

Poast

Achieve
	clethodim
sethoxydim
tralkoxydim

	
	
	
	Phenylpyrazolin
	Axial
	pinoxaden

	2
	B
	Inhibition of acetolactate synthase ALS
	Sulfonylureas
	Classic

Glean

Ally

Accent

Beacon

Peak

Maverick

Harmony

Amber

Express
	chlorimuron
chlorsulfuron
metsulfuron
nicosulfuron
primisulfuron
prosulfuron

sulfosulfuron
thifensulfuron
triasulfuron
tribenuron

	
	
	
	Imidazolinones
	Assert

Beyond/Raptor

Pursuit
	imazamethabenz
imazamox
imazethapyr

	
	
	
	Triazolopyrimidines
	Python

Broadstrike
	cloransulam 
flumetsulam

	
	
	
	Sulfonylaminocarbonyl-
triazolinones
	Everest

Olympus
	flucarbazone
procarbazone

	3
	K1
	Microtubule assembly inhibition
	Dinitroanilines
	Sonalan

Surflan

Prowl

Treflan
	ethalfluralin
oryzalin
pendimethalin
trifluralin

	4
	O
	Growth Regulators
(synthetic auxins)
	Phenoxy-carboxylic-acids
	many

Butyrac

many

Thistrol
	2,4-D
2,4-DB
MCPA
MCPB

	
	
	
	Benzoic acids
	Clarity
	dicamba

	
	
	
	Pyridine
carboxylic acids
	Stinger

Starane

Tordon

Garlon
	clopyralid
fluroxypyr
picloram
triclopyr

	
	
	
	Quinoline carboxylic acids
	Paramount
	quinclorac

	5
	C1
	Inhibition of photosynthesis at PS II
	Triazines
	Many

Simazine
	atrazine
simazine

	
	
	
	Triazinones
	Sencor
	metribuzin

	6
	C3
	Inhibition of photosynthesis at PS II
	Nitriles
	Buctril
	bromoxynil

	
	
	
	Benzothiadiazinone
	Basagran
	bentazon

	
	
	
	Phenyl-pyridazines
	Tough
	pyridate

	7
	C2
	Inhibition of photosynthesis at PS II
	Ureas
	Karmex

Lorox
	diuron
linuron

	9
	G
	Inhibition of EPSP synthase
	Glycines
	Roundup
	glyphosate

	14
	E
	Inhibition of protoporphyrinogen oxidase (PPO)
	N-phenylphthalimides
	Valor
	flumioxazin

	
	
	
	Triazolinones
	Aim

Spartan
	carfentrazone
sulfentrazone

	15
	K3
	Inhibition of cell division
	Chloroacetamides
	Outlook

Dual
	dimethanamid
metolachlor

	22
	D
	Photosystem-I-electron diversion
	Bipyridyliums
	Reglone

Gramoxone
	diquat
paraquat


(Prepared by J. Yenish)
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Fig. 1.  Group 2 herbicide injury on chickpea due to soil persistent chlorsulfuron.  Note stunted growth, branching and misshaped leaves.  Plant could become chlorotic and die or could recover with normal growth depending on the amount of soil persistence of the herbicides. (Courtesy J. Yenish) 
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Fig. 2.  Group 2 herbicide injury on chickpea due to postemergence application of imazamox.  General symptoms include immediate stoppage of growth.  Increased stem branching and shortened internodes tend to occur in the weeks following application.  Leaves and stems that developed after the herbicide exposure may show chlorosis (yellowing) or purpling and misshaped leaves.  Higher rates could result in leaf necrosis (browning and death). (Courtesy J. Yenish)
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Fig. 3.  Sulfonylurea (Group 2) injury to lentil due to soil persistence.  Note increased stem branching misshaped leaves and chlorosis.  This injury is severe and it is unlikely that these plants will survive, but plants may survive a lower dose and show more normal growth following recovery. (Courtesy J. Yenish)
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Fig. 4.  Injury due to simulated drift of a sulfonylurea (Group 2) herbicide to lentil.  Note injury is mostly limited to newest growth which developed after herbicide exposure.  Typical symptoms are stunted growth, misshaped leaves and increased branching of stems. (Courtesy J. Yenish)
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Fig. 5.  Injury to chickpea due to soil persistent picloram (Group 4).  Note all growth is affected.  All leaves are severely twisted or misshaped.   Stems are twisted and thickened. (Courtesy J. Yenish)
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Fig. 6.  Injury to chickpea due to simulated drift with 2,4-D (Group 4).  Note all growth is affected, but newest growth most greatly affected.  Newest leaves are severely twisted and misshaped, older leaves are more wilted.  Stems are twisted and thickened. (Courtesy J. Yenish)
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Fig. 7.  Injury to lentil due to soil persistent clopyralid (Group 4).  Note all growth is affected.  All leaves are severely twisted or misshaped. Stems may be thickened. (Courtesy J. Yenish)
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Fig. 8.  Injury to lentil due to simulated drift with dicamba (Group 4, Growth Regulator).  Note all growth is affected, but newest growth most greatly affected.  Newest leaves are severely twisted and misshaped, older leaves are more wilted.  Stems are twisted and thickened. (Courtesy J. Yenish)
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 Fig. 9.  Injury to chickpea due to soil persistence of atrazine (Group 5).  Note chlorosis and necrosis of leaves.  The first leaves affected tend to be below the newest growth since these leaves are the most photosynthetically active. (Courtesy J. Yenish)
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Fig.10.  Injury to chickpea due to simulated drift or sprayer contaminated with bentazon (Group 6).  Note leaf bronzing.  Bentazon is primarily a contact herbicide so injury symptoms due to drift may be localized toward the top or to those parts most exposed in the crop canopy. (Courtesy J. Yenish)
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Fig. 11.  Injury to lentil due to soil persistence of atrazine (Group 5).  Note plant on left showing chlorosis and some necrosis of leaves.  The plants on left are near completely necrotic. (Courtesy J. Yenish)
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Fig. 12.  Injury to lentil due to simulated drift or sprayer contaminated with bromoxynil (Group 6).  Note leaf yellowing.  Bromoxynil is primarily a contact herbicide so injury due to drift may be localized toward the top or those parts exposed in the crop canopy. (Courtesy J. Yenish)
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Fig. 13.  Injury to lentil with simulated postemergence drift by glyphosate (Group 9).  Note yellowing and purpling of leaves.  The symptoms are somewhat systemic in nature and will appear a few weeks following exposure to the herbicide. (Courtesy J. Yenish)

Heat Stress

Heat stress is due to high temperature, bright sunshine, and temporary shortage of water supply.  Heat stress causes damage to lentil plants and symptoms depend on plant growth stages when heat stress occurs.  Root systems are usually not affected by heat stress.  At emergence stage, heat stress causes yellowing and withering of epicotyls.  Death of the seedlings may result.  At seedling stage, heat stress causes basal necrosis or pinching at the stem base at soil line, resulting yellowing, withering and death of the plant (Sometimes this condition is referred to as “heat canker.”). At flowering stage, flowering is reduced and flowers wither and abort.  At pod filling stages, heat stress cause cessation of pod filling and premature death, resulting in shriveled seeds.  When green (premature) pods are subjected to high temperature, the seeds become discolored (Fig. 1).  Such discoloration usually fades during surface disinfection with bleach (sodium hypochlorite) and no microorganisms grow out upon incubation, which differentiates it from seed discoloration due to pathogen infection.  Severe yield loss may result when heat stress occur at reproductive stages.
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Fig. 1. Discolored seeds due to heat stress in premature (green) pods (left).  Such discoloration fades during surface disinfection in 0.5% sodium hypochlorite (right). (Courtesy W. Chen)

Waterlogging

This problem occurs in low-lying areas in uneven fields either in irrigated lands or rain-fed conditions during rainy season.  Water logging can reduce root growth, and consequently reduce shoot extension and branching resulting in reduced plant biomass.  Chickpea and lentil are susceptible to water-logging at any growth stage, but are most sensitive at seedlings stage.  

Water-logging symptoms include yellowing, stunting, or generally weak appearance in the low-lying areas or patches (Fig. 2). If water logging persists for days, plants wither and ultimately die. The roots and collar region of the affected plants show rotting due to colonization by saprophytic microorganisms. On older plants, water-logging often leaves a circular mark on the stem above the collar, at the level of the water touching the plant.

To reduce water-logging, proper leveling of the field should be practiced.  (Leveling is generally not practical in areas used for lentil production. Tiling of low lying areas is a more practical solution.) In fields that cannot be leveled, increase drainage at lowest areas of the field will help avoiding water-logging.
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Fig. 2. Waterlogging of lentil in low-lying areas. (Courtesy W. Chen)

Hail Injury

Chickpea and lentil plants at all growth stages are occasionally damaged by hailstorms.  Damage ranges from partial defoliation to complete breakage of stems (Fig. 3).  In mild cases, damaged plants can be characterized as having shredded leaves, parts of which may be still attached to the plants, and some that can be found on the ground.  Severe hailstorms may bruise and break or cut off stems, resembling animal damage.  With hail damage, plant parts are found on the ground, whereas animals remove and devour plant parts. If the main stem is cutoff, branches are initiated at the lateral buds of the remaining plant stems.  At reproductive stages, hailstorms cut off flowers and inflict pod damage.  Damaged areas become necrotic and predispose plants to diseases.  Generally plants will recover without noticeable yield loss if the hailstorm was not too severe and if they occur in the early stages of development.  
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Fig. 3. Symptoms of hail injury of chickpea.  Inset: Close-up of damaged (broken) stems. (Courtesy W. Chen)

Frost Injury

In general chickpea is more sensitive to frost injury than lentil.  However, both chickpea and lentil may suffer from frost damage, particularly during flowering stages, with a sudden drop of air temperature to 0(C or below.  The change of chickpea and lentil from spring crops to winter crops has expanded the production regions and significantly increased yield of both chickpea and lentil.  Winter crops generally flower earlier in the spring at cooler temperatures and are at greater risk of frost injury. 

Frost injury often occurs in patches often in, but not necessarily limited to low-lying areas.   Often the top layer of the crop is affected, but injury may go deeper on widely spaced plants.  Top leaves of injured plants turn white with dry appearance (Fig. 4) visible from distance (Fig. 5).   Less injured leaves become rough and leathery with jagged margins, leaf edges drying like scorching showing lesions without definite shape or size.  If pods are present at time of frost, pods become discolored and the premature seeds cease to develop and turn black.  Partially affected plants recover soon after temperatures rise, and exhibit new leaves in the background of white scorched leaves (Fig. 6).  Frost injury may resemble injury caused by certain herbicides (like simazine), but frost injury will recover quickly with warm weather.
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Fig. 4. Scorching of chickpea leaves caused by frost. (Courtesy K. E. McPhee)
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Fig. 5. Patches of frost injured chickpea plants visible from distance. (Courtesy K.E. McPhee)
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Fig. 6.  Recovering chickpea plants from frost injury showing new growth on background of frosted white leaves. (Courtesy W. Chen)
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