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I. Introduction 

A wide range of plants including food stuff, Chenopodium album (bathu), Spinacea oleracea (spinach) and 

forages, Cenchrus ciliaris (buffel grass), Pennisetum clandestinum (kikuyu grass), Pennisetum purpureum 

(napier grass), Digitaria decumbens (pangola grass), Amaranthus spp. (pigweed), Rheum rhaponticum 

(rhubarb), Salsola kali (Russian thistle), Setaria sphacelata (setaria) and Beta vulgaris (sugar beets) can 

accumulate large amounts of oxalate in some circumstances leading to poisoning in farm animals ([12], [20], 

[2], [22], [13], [19]).  Ingested oxalate complexes with dietary calcium (Ca) and forms insoluble Ca oxalate 

leading to hypocalcaemia and nephrotoxicity in ruminants. In India, Pennisetum glaucum (bajra), Trifolium 

alexandrinum (barseem), Sorghum bicolor (chari), Megathyrsus maximus (guinae grass), Zea mays (maize), 

Brassica campestris (mustard), napier bajra hybrid (NBH) and Avena sativa (oats) are the commonly used 

forages for dairy animals. Napier bajra hybrid, an interspecies cross of bajra and napier grass is preferred over 

other forages due to its advantages like survivability for longer periods with casual management, high yield, 

nutritive value, digestibility and palatability [11]. Five outbreaks of NBH poisoning in farm animals associated 

with excessive accumulation of oxalate occurred in Punjab during the year 2009-2010. The investigation of 

these outbreaks confirmed that NBH may accumulate oxalate in amounts that can be fatal to livestock.  An 

oxalate concentration in the NBH of affected farms was 4.0%-10.5% [21]. These incidents prompted us to 

investigate the epidemiologic evidences that play role in accumulation of oxalates in NBH. Sudden deaths of 

cattle, sheep and horses due to grazing of buffel grass, Panicum maximum, kikuyu grass, setaria, rumex and 

oxalis spp. had been documented due to accumulation of higher oxalates in these plants ([20], [5], [8], [10], 

[19]). The NBH contains oxalate ≤ 2.42% when it is cut at the recommended medium height of 100-135cm [4]. 

It is known that the oxalate concentration in the napier grass may vary with the season, variety, stage of growth, 

part of the plant and application of nitrogen fertilizer in the crop ([13], [17]). Hence, the study was planned to 

generate epidemiological data on the oxalate concentration in the commonly used forage crops and agronomic 

and climatic factors responsible for altering the levels of oxalate in the NBH. Nitrate concentrations were also 

determined in fodder samples to establish relationship between accumulation of oxalates and nitrates in these 

forages. 

Abstract: Napier Bajra Hybrid (NBH), an interspecies cross of bajra (Pennisetum glaucum) and napier 

grass (Pennisetum purpureum) is a multicut fodder and its use is very common due to its high yield, 

nutritive value, digestibility, palatability and survivability for longer periods. An occurrence of five 

outbreaks associated with NBH poisoning in farm animals in Punjab prompted us to investigate the 

epidemiological factors contributing towards accumulation of oxalate in NBH and other fodder crops. 

Samples of NBH (n=390), bajra (n=42), Megathyrsus maximus (guinae grass, n=30), Chenopodium album 

(bathu, n=21) and Sorghum bicolor (chari, n=50) were collected from villages of Punjab and analyzed for 

oxalate and nitrate concentration. Highest concentration (3.48%-5.98%) of oxalate was found in bathu 

followed by NBH (2.58%-5.62%). An oxalate concentration was ≤ 2% in bajra, chari and guinea grass. 

The effect of agronomic and climatic conditions on the accumulation of oxalates in NBH was studied. The 

oxalate levels (1.65%-2.20%) in first and second cutting of the crop were approximately same and third 

cutting showed maximum oxalate concentration (2.00%-2.85%). The data suggested that oxalate 

accumulation may occur in NBH; however, chari and guinea grass can accumulate higher nitrate. 

Application of nitrogen fertilizer on NBH didn’t influence oxalate concentration directly.   
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II.    Materials and Methods 

The study was divided into two parts. In the first part of the study, the samples of NBH were either brought by 

the farmers or obtained from the farms of Punjab where farmers complained that animals were off-feed and 

constipated. In addition, bajra, bathu, chari and guinea grass were collected from the villages of Punjab and 

analyzed for oxalate and nitrate concentrations. In the second part of the study, NBH samples were collected 

from the farms where the fodder was being used for livestock without any complaint. Data pertaining to 

epidemiology and history of application of fertilizers for NBH were recorded. Oxalate levels in forages were 

determined by the titrimetric method as described by Moir in [9] and nitrate concentrations in the fodder were 

determined by the colorimetric method using Spectrophotometer [1]. A co-relation between nitrate and oxalate 

in fodder was established. Oxalates were determined in the whole plant; and in the stem and leaves of the same 

plant separately.  

 

III. Results 

Part-1 

The results of tests done for oxalate and nitrate of five forages studied in the first part of the study have been 

presented in the Table 1. The collected fodder samples (n=288) were suspected to have adverse effects on the 

health of cattle and buffaloes that were consuming the fodder. According to farmers, the animals were becoming 

partially/completely off-feed and/or constipated after a one-two week consumption of fodder.  At four farms, the 

farmers were worried due to decrease in milk production of milking cattle after the change in fodder. The 

concerned owners were advised to stop feeding the fodder immediately and fodder samples were analyzed for 

the role of oxalate and nitrate in affecting the health of animals. Highest concentration of oxalate (3.48%- 

5.98%) was determined in bathu followed by NBH (2.58%-5.62%).  Guinea grass, bajra, and chari showed 

oxalate concentration ≤ 2%.  In NBH, oxalate concentration was ≤3% in 93% samples and 7% samples 

contained oxalate >3%.  Bathu was found to contain >3% oxalate in all the samples. A low oxalate level (<1%) 

was detected in 75% samples of bajra and Chari; and 25% samples had slightly higher oxalate (1%-2%). 

However, guinea grass exhibited > 1% oxalate in 60% of samples. 

Part-II 

In the second part of the study, 245 NBH samples which were being fed to cattle and buffaloes were collected 

from the villages of Punjab. Animals were doing well with this green fodder. There was no apparent illness in 

animals and milk yield was also quite good. Two varieties of NBH (PBN-83, n=40 and PBN-233; n=105), 

commonly used in Punjab were investigated for levels of oxalate under different climatic and agronomical 

conditions. The height of plants ranged from 100cm to 150cm at the time of collection of samples. The PBN-83 

variety accumulate more oxalate than PBN-233, because 90% samples of PBN-233 had oxalate level <2% and ~ 

50% samples contained > 2% oxalate in PBN-83. Maximum level of oxalate (2.62%) was also higher in PBN-83 

than PBN-233 (2.25%).  Leaves of the plant had greater concentration of oxalate than stem part. The plants 

grown in the fields fertilized with heavy amount (> 50kg/acre) of nitrogenous fertilizer accumulate oxalate in 

the range of 0.80%-2.22 % and the range was 0.95%-1.95% when fertilizer used was < 50kg/acre. Under normal 

weather conditions, oxalate levels were up to 1.5%, whereas the levels rose to 2.62% during stressful conditions 

of hot and humid weather of summer. 

A hundred samples of PBN-233 variety (25 samples for each cutting) were studied to determine the influence of 

cutting on accumulation of oxalate in the plant. The amount of oxalate (1.75%-2.05%) was same in the first and 

second cutting (1.65%- 2.20%) of the crop. The third cutting of the crop accumulated maximum amount of 

oxalate (2.00%- 2.85%) followed by fourth cutting. 

IV. Discussion 

Napier bajra hybrid is cultivated as forage crop in sub-tropical regions of Asia, Africa, Southern Europe and 

America. The grass is gaining popularity because once planted it supplies fodder continuously for a period of 

three years and it combines high quality and faster growth of bajra with deep root system of napier grass. It 

tolerates soil pH ranging from 5 to 8. The NBH contains about10.2% crude protein and 30.5% crude fibre, 10.9 

% ash with Ca and phosphorus and is superior in nutritive value and palatability to napier grass when cut at the 

right stage [11]. The forage is less fibrous and more acceptable to ruminants due to its juicy and succulent 

characteristics at early stages of growth. The oxalate content of some of the varieties may be high. Like other 

tropical grasses some of the varieties of NBH can accumulate oxalate to a level which is toxic to animals under 

certain circumstances and have been associated with sudden deaths of cattle, buffaloes and horses due to high 

oxalate content ([3], [21]). Oxalates binds with Ca to produce severe effects such as hypocalcaemia and oxalate 

nephrosis can occur due to deposition of Ca oxalate crystals in the kidneys. The oxalates are absorbed from the 

gastrointestinal tract and combine with serum Ca and magnesium. The acute hypocalcaemia impairs normal cell 

membrane function and may lead to muscle tremors, weakness, collapse and death. Having in mind, above said 

advantages and risks of using NBH as fodder for livestock, the epidemiological data associated with it were 

generated and compared with other commonly using forages (bajra, chari, guinea grass) and a foodstuff (bathu) 

that is fed to animals during summer season when there is scarcity of fodder. In the part I of the study, oxalate 
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levels in NBH were <2% under normal management and climatic conditions, but it rose up to >2.65% under 

adverse circumstances viz., during use of excessive fertilizer, stressful climatic conditions and in later cuttings 

(3
rd

 and 4
th

 cuttings) of the crop. It supports the literature claim that the oxalate level of NBH is <2.42% when it 

is cut at the recommended medium height of 100cm-135cm under normal conditions [4]. In ruminants, the 

suggested safe limit of oxalates in forages is <2% to avoid adverse effects of oxalate on the health of livestock 

[19]). It suggested that under normal agro-climatic conditions, NBH can be used as a green fodder for ruminants 

without any problem when cut at the recommended age and height.  There was difference in oxalate levels 

between two varieties of NBH that indicated that variety of plant may influence the accumulation of oxalate 

content due to their inherent ability to accumulate oxalates. Previous reports indicated that oxalate content in 

grasses differ among varieties within the same species ([13]), [18]). According to Libert as mentioned in [6] 

genotype of plant may account for 72% of the variability in oxalate content. This might be due to the difference 

in proportion of leaves in different varieties of plants because leaves contain higher amount of oxalate that stem 

part. Lower oxalate levels in variety PBN-233 than PBN-83 indicated that PBN-233 is safer for use as fodder in 

livestock. In the present study, higher amount of oxalate in leaves of NBH than stem part supports this 

hypothesis. Rahman and co-workers [13] also found higher oxalate levels in leaves than stem of napier grass. 

The present study indicated that oxalate levels in NBH may increase with the number of cutting as the higher 

amount was determined in the samples of third and fourth cutting.  The results supported our speculation in 

previous outbreak investigations where high amount of oxalate (4%-10%) level in NBH was partly associated 

with the third cutting of the fodder [21]). As indicated by the history given by the farmers, the reason for the 

increase in oxalate levels with the number of cuttings in NBH may be due to application of nitrogenous fertilizer 

in the fields after every cutting. However, there was no direct co-relation between oxalate concentration and 

nitrogen fertilizer used for the crop in field.  These results were in line with the observations made by the 

previous workers ([23], [15], [16]). 

In the Part I of the study, the oxalate levels (2.6%-5.6%) in NBH samples were higher than the NBH samples of 

the part II study. Considering the results and symptoms shown by the animals high oxalate levels can be 

associated with health problems of cattle and buffaloes. The majority of NBH samples were aged and overripe 

with very thick and hard stem and samples were collected in stressful weather of summer (very hot and humid). 

The day temperature varied between 39
○
C -44

○
C with 90%-96% humidity. These might be the reasons for the 

excessive oxalate accumulation in the NBH. It has been reported that oxalate concentration of NBH is directly 

proportional to the thickness of stem; thicker the stem higher the oxalate concentration [3]. Other commonly 

used forages (guinea grass, bajra, and chari) appeared to be safe as for as oxalate concentration is concerned. An 

oxalate level of <1% was found in 90% of samples. Bathu may pose problems to livestock if eaten as single 

fodder as the oxalate content was 2-3 folds higher than recommended safe limit of oxalates (<2%) for 

ruminants. The findings were in accordance with Thakur and colleagues [22] that determined high concentration 

(2.26% soluble and 5.65% of insoluble) oxalate in bathu.  

In part I of the study, the fodder samples were also analyzed for nitrate concentration to establish the 

relationship between oxalate and nitrate accumulation and cause of illness in animals. Nitrate levels were 

highest in chari followed by bathu and NBH. There was direct correlation between nitrate levels of plants and 

use of fertilizer (urea) in these fields. The nitrate level >1000 ppm was detected in the samples that were 

fertilized with >50kg/acre urea. Some fields were added with cow and buffalo dung along with urea. This can be 

one of the reasons for the excessive accumulation of nitrates in fodder samples in addition to climatic factors. 

The results indicated that there is no correlation between use of nitrogenous fertilizer and oxalate levels of the 

plants. The oxalate levels in chari was <1% in 75% of samples despite having nitrate levels >2000ppm in 50% 

of samples. Similar findings were obtained for bajra, bathu, guinea grass and NBH. However, samples of NBH 

having oxalate concentration >3% showed nitrate concentration ≥2000 ppm. It is assumed that nitrate 

accumulation in NBH might be influencing oxalate levels of plant but not directly due to the use of nitrogenous 

fertilizer. Earlier reports also documented that oxalate accumulation in forage was not linked to the application 

of urea ([23], [14], [15]), [17]). 

 

It is concluded that oxalate content of NBH is within the safe limit (≤2%) for ruminants under normal 

management and climatic conditions. If plant is not cut at the recommended age and height the forage can 

accumulate excessive amounts (>5%) of oxalate that can be toxic to livestock. The climatic conditions also 

contribute in enhancing the accumulation of oxalate in NBH especially extremely stressful weather. Feeding of 

bathu may pose health risk to ruminants due to high oxalate content (3.48% -5.98%). The data suggested that 

oxalate accumulation is not a problem with chari, bajra and guinea grass. These forages can accumulate higher 

nitrate when excessive nitrogen containing fertilizer is applied and climatic conditions for the growth of the 

plant are not favourable. There was no direct co-relation between oxalate concentration of the NBH and nitrogen 

fertilizer used for the crop.  However, there was a trend of higher nitrate levels in NBH containing oxalates more 

than 3%. Experimental studies with greater number of samples and controlled agronomical conditions are 
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required to confirm these findings and for exploring other factors contributing to accumulation of oxalate in 

NBH.  
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Table 1: Oxalate and nitrate concentration in forage crops suspected for ill-health of dairy animals. 
 

Plant Species Nitrate (No3-N) ppm Oxalate (%) 

Napier bajra hybrid 

(n = 145) 

790 – 2100 2.58 - 5.62  (< 3% = 135;  > 3% = 10) 

Guinae grass (n = 30) 624-1285 1.05 - 2.40 (≤ 1% = 12;  > 1% = 18) 

Bajra (n = 42) 850- 2620 0.63 - 1.98 (≤ 1% = 32;  > 1% = 10) 

Bathu (n = 21) 1000 - 2210 3.48- 5.98  (> 3% = 21) 

Chari (n = 50) 1130 – 2800 0.92- 1.70 (≤ 1% = 38;  > 1% = 12) 

n= number of samples 

 

Table  2: NBH oxalate concentration in different agronomical and climatic conditions. 

 
Conditions influencing oxalate levels 

 

Amount of Oxalate (%) 

Variety NBH-83 1.18 - 2.62 (n = 40) 

http://www.fao.org/aga/agap/frg/afris/Data/htm.2007
http://www.ncbi.nlm.nih.gov/pubmed?term=Rahman%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=22548678
http://www.ncbi.nlm.nih.gov/pubmed?term=Abdullah%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=22548678
http://www.ncbi.nlm.nih.gov/pubmed?term=Wan%20Khadijah%20WE%5BAuthor%5D&cauthor=true&cauthor_uid=22548678
http://www.ncbi.nlm.nih.gov/pubmed/22548678
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(1.18- 2.00, n=22; 2.00-2.62, n=18) 

 NBH-233 0.68 – 2.25 (n = 105) 
(0.68- 2.00, n = 90; 2.00-2.25, n=15) 

Plant parts Stem 0.46 – 1.52 (n=40) 

 Leaves 0.70 - 2.35 (n = 40) 

Nitrogen Fertilizer 

application 

< 50 Kg per acre 0.95- 1.95 (n = 80) 

 > 50 Kg per acre 0.80 – 2.22 (n = 45) 

Season Extreme winter & summer 1.44- 2.62 (n=25) 

 Normal winter and summer 0.65-  1.48 (n = 25) 

Cutting 1st  cutting 1.75-2.05 (n = 25) 

 2nd cutting 1.65- 2.20 (n =25) 

 3rd cutting 2.00- 2.85 (n= 25) 

 4th cutting 2.25- 2.65 (n= 25) 

 

 

 


