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Abstract 

In Benin, fodder and crop residues are often used to fatten sheep. However, the quantities of ingested dry matter 

and their digestibility are not well documented. This study aimed to determine dry matter intake and in vivo 

digestibility of groundnut haulms in Djallonké sheep. Thus, eight sheep, weighting 15.3 ± 0.97kg were fed on 

four varieties of groundnut haulms (TS 32-1, ICGV SM 85045, 69-101, Moto Local). The experimental design 

used was a double latin square. The experiment was carried out through four periods of two phases each. Each 

period lasted 21 days of which 15 days for adaptation and 6 days for data collection. The 69-101 had the highest 

contents total crude protein (TCP) (13.5%) and energy (0.52 UFL and 0.39 UFV). However, its contents in 

parietal constituents (50.9% for NDF and 46.7% for ADF) were low. The daily quantities of ingested dry matter 

of 69-101 (73.1 g /LW0.75), TS32-1 (72.6 g /LW0.75), ICGV SM85045 (70 g /LW0.75) and Moto Local (69.6 g 

/LW0.75) varieties were not different. The apparent digestibility of DM, OM and TCP of 69-101 were better than 

those of the other varieties. The apparent digestibility of NDF and ADF did not vary according to groundnut 

haulm varieties. The 69-101 is the variety with the best nutritional values. However, weight performances results 

of the four haulms varieties were not significantly different. The evaluation of the four groundnut haulms 

varieties allow to accept any of them as forage source for fattening or growing sheep. 

* Corresponding Author: Gbênagnon Serge Ahounou  agserge@yahoo.fr  
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Introduction 

Groundnut is a plant of Fabaceae family (Priya et al., 

2013). It is one of the most important oilseeds 

cultivated worldwide, particularly in tropics and 

subtropics (Shiyam, 2010). It is grown for seeds, 

haulms and oil (Idinoba et al., 2008).  

 

These haulms are rich in protein (Sharma et al., 

2010) and are often used in ruminants feeding 

(Koura, 2015; Ojokoh & Oluwayemisi, 2016; Castro-

Montoya & Dickhoefer, 2020). Thus, in Sudanian 

zone of Benin, three types of groundnut haulm 

producers exist depending on the level of use and the 

technical production route.  

 

The type 1 produces very few groundnut haulm, the 

type 2 produces sufficient quantity without 

agricultural inputs and the type 3 produces very large 

quantity using agricultural inputs (Ahounou et al., 

2016). In this climatic zone, groundnut haulms are 

very well valued as diet food supplement of small 

ruminants during lean periods and mostly come from 

farmers own fields. Other breeders receive haulms as 

a gift or buy them from producers (Didagbe et al., 

2015; Ahounou et al., 2017a). These haulms are from 

various cultivated varieties (Didagbe et al., 2015; 

Loko et al., 2020) whose productivity and fodder 

nutritional potential differ. In Sudanian zone of 

Benin, TS 32-1, ICGV SM 85045, 69-101 and Moto 

Local are the most cultivated varieties. Among them, 

the best fresh haulm yield is obtained with 69-101 

while ICGV SM 85045 has the lowest fresh haulm 

yield (Ahounou et al., 2017b).  

 

The 69-101 variety also has the highest dry haulm yield 

and the Moto Local has the lowest dry haulm yield 

(Ahounou et al., 2017b). The 69-101 variety has the best 

pod yield while the highest NDF contents are found in 

69-101 and ICGV SM 85045 varieties (Ahounou et al., 

2017b). However, there are no results on animal side. 

The aim of the present study was to assess intake level 

and digestibility of the four groundnut varieties and their 

effects on growth performances of Djallonké sheep. This 

will help to promote varieties that can be used as 

strategies to improve the quality of sheep feed in Benin.  

Material and methods  

Study area  

The study was carried out from April to July 2014 in 

the North Agricultural Research Center (CRAN), one 

of the research centers of the National Institute of 

Agricultural Research of Benin (INRAB), based at Ina 

in the Township of Bembéréké. This township is 

between 09°58' and 10°40' north latitude and 

between 02°04' and 03° East longitude. The 

Township has a Sudano-Guinean climate 

characterized by a rainy season (May to October), a 

dry season (November to April). 

 

Animals, food and experimental design 

Eight Djallonké sheep from Sheep National Center 

(CNO) located at Bétécoucou Breeding Farm (FEB) 

were used for this experiment. They had an average 

live weight of 15.3 ± 0.97kg. Each animal was housed 

in an individual metabolism cage. One week before 

the beginning of the tests, animals were dewormed 

with Bolumisole®. 

 

Haulms of four groundnuts varieties (69-101, ICGV 

SM85045, TS32-1 and Moto Local) were tested for 

this experiment. These haulms were obtained after 

harvesting groundnut varieties sown at Ina 

Agricultural Research Center. They have been 

chopped to facilitate gripping. 

 

The experimental design used was a complete 4x4 

double Latin square (4 varieties and 4 animals). It 

consisted of feeding each sheep with haulms of one 

groundnut variety for 21 days. Each period was 

divided into two phases: an adaptation phase of 15 

days followed by a 6-days phase for intake 

measurement and for feces collection. The weight 

performance evaluation was performed over 21 days 

and animals were weighed at the beginning and at the 

end of each period. At the end of the four collection 

periods, each animal received haulms of the four 

groundnuts varieties. 

 

The experimental feed was exclusively haulms of the 

4 groundnuts varieties. The daily diet was distributed 

twice (400 g at 8 a.m. and 300 g at 2 p.m.) to animals. 

The KNZ® lick stone was used as minerals and 
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vitamin supplement. Water and lick stone were 

always available. During data collection period, feed 

leftovers and feces were collected daily and weighed 

before the daily diet service. Samples of haulms 

served, feed leftovers and feces were weighed daily 

during the digestibility assessment period. These 

samples were dried in a Memmert® brand oven at 

60°C for the determination of the dry matter (DM) 

content. At the beginning and at the end of each data 

collection period, animals were weighed starved with 

a balancé of 50kg of capacity and of 100 grams of 

precision for weight gain determination. 

 

Determination of chemical composition of groundnut 

haulms 

Haulms and feces ashes were determined in a muffle-

oven at 560°C for 8 hours and used for organic matter 

calculation. Haulms and feces dry matter was 

obtained after oven drying for 24 hours at 105 °C. The 

chemical analyzes were performed according to AOAC 

(2005) procedures. Total Crude Protein (TCP) was 

determined by the Kjeldahl method (N x 6.25), the 

extracted ether (EE) by the Soxhlet method and the 

cell walls of haulms and feces constituents (NDF and 

ADF) were determined using the Gerhardt Fiber bag 

method established by Van Soest et al. (1991). 

 

Determination of nutritional values and apparent 

digestibility coefficient (ADC) of groundnut haulms 

The equations used to calculate the gross energy, the 

metabolizable energy (ME), the Milk forage Unit and 

the Meat forage unit and OMD are those proposed by 

Baumont et al. (2010). The prediction formula used 

to estimate the digestible crude protein content (DCP) 

is that proposed by Guerin et al. (2002).  

DCP (g/kg DM) = 9.29 * TCP- 35.2 

 

The in vivo apparent digestibility of dry matter 

(DMD), TCP (TCPD), organic matter (OMD), NDF 

(NDFD) and ADF (ADFD) was calculated as follow: 

��� =
� ���	
�	� 
���	� − 
���	� �� �	�	
� × 100

���	
�	� 
���	�
 

 

Statistical analysis 

The collected data were registered in Excel and 

analyzed using SAS software (SAS, 2013). For haulms 

nutrient values, dry matter intake (DMI) data and 

sheep growth performances, a single factor analysis of 

variance was used and groundnut haulm variety was 

the only fixed effect.  

 

The factors trial period and animal effect were not 

significant and therefore were not considered in the 

variance analysis model. The Proc GLM procedure 

was used for the one-factor variance analysis and the 

F test was used to determine the effect of the variety 

on the variables. The means were calculated and 

compared with the paired student's t test. 

 

Results 

Chemical composition and nutritional values of 

groundnut haulms 

The haulms chemical composition and nutritional 

value varied according to the groundnut variety 

(Table 1). Significant variations were observed 

between the organic matter, ash, ether extract, NDF, 

ADF and TCP contents of the four groundnuts 

varieties. The 69-101 variety showed the highest 

contents for organic matter (88.7%), total crude 

protein (13.5%) and ether extract (1.49%) while the 

lowest values of 86.2%, 11.9% and 0.97% respectively 

were obtained with Moto local. 

 

The lowest parietal component contents (50.9% for 

NDF and 46.7% for ADF) were obtained with 69-101 

while the highest NDF content (56%) was obtained 

with ICGV SM 85045 variety. Moto local and TS32-1 

did not show any significant difference in their NDF 

contents. ICGV SM85045 and Moto Local had the 

highest ADF levels and also did not show any 

significant difference between them. 

 

The variety had a significant effect on the haulms 

nutritional value. The same trend was observed for 

the gross energy content of the four varieties of 

haulms. The gross energy values calculated in the 

study varied between 4957 and 4925 kcal/kg of OM. 

The variation of the calculated organic matter 

digestibility (OMD) was inversely proportional to that 

of fiber contents. Thus, ME and net energy (UFL and 

UFV) values were affected accordingly. 
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Table 1. Chemical composition and nutritional values of haulms of four groundnut varieties. 

  69-101 ICGV SM 85045 Moto Local TS32-1 RSD p 

Organic Matter (%) 88.7a 87.7b 86.2c 87.6b 1.057 0.0008 
Ash% 11.2c 12.3b 13.7a 12.4b 1.057 0.0008 
Ether extract (%) 1.49a 1.13b 0.97c 1.08b 0.194 <.0001 
NDF (%) 50.9a 56.0b 53.7b 54.3b 2.74 0.0084 
ADF (%) 46.7c 53.3ab 53.3a 52.0b 2.774 0.0001 
Total Crude Protein (%) 13.5a 12.3b 11.9b 13.2a 0.825 0.0014 
Digestible Crude Protein (g/kg DM) 90.4a 79.2b 75.5b 87.9a 7.67 0.0014 
Gross Energy (kcal/kg OM) 4957a 4931b 4925b 4957a 20.7 0.0142 
OMD (%) 45.23a 37.75b 37.69b 39.17b 3.21 <.0001 
Metabolisable Energy (kcal/kg) 1627a 1309b 1303b 1371b 133 <.0001 

Net energy  
UFL/ Mkg 0.52a 0.41b 0.41b 0.43b 0.048 0.0001 
UFV/DMkg 0.39a 0.29b 0.28b 0.3b 0.048 <.0001 

Means of the same row followed by different letters differ significantly at the threshold of 5%; UFL: RSD: 

Residual Standard Deviation; ADF: Acid detergent fiber; NDF: Neutral detergent fiber; OMD: in vitro Organic 

Matter Digestibility. 

 

The highest OMD was obtained with 69-101. Those of 

the other varieties showed no significant difference. 

The same observations were made for the 

metabolizable and net energies contents for the four 

groundnut varieties. The 69-101 had a ME content of 

1627 kcal/kg DM, for the relative net energy values. 

These values were significantly higher compared to 

those of the other varieties of haulm of which the 

contents varied between 1371 and 1302 kcal/kg DM 

for ME, but not significantly different. 

 

Intake and digestibility of groundnut haulms 

The DMD, OMD and TCPD varied significantly 

according to the groundnut varieties (Table 2). The 

69-101 had higher DMD, OMD and TCPD than the 

other varieties (p˂0.05). The DMD of ICGV SM85045 

and that of Moto Local were similar but higher 

(p˂0.05) than that of TS32-1. The OMD values of 

ICGV SM 85045 and of TS32-1 were significantly 

higher than that of Moto Local. ICGV SM85045, Moto 

Local and TS32-1 had TCPD which varied between 

95.2 and 94.7% and which were similar (P˃0.05).  

 

The ADFD (77.4%) and NDFD (76.9%) values of 69-

101 were lower than those of the other varieties.   

 

The highest ADFD (82.9%) and NDFD (79.7%) were 

obtained with ICGV SM85045. 

 

Intake and growth performances of sheep 

The DMI did not vary from one haulm variety to 

another (table 2). Djallonké sheep ingested 73.1; 72.6; 

70 and 69.6 g/d/LW0.75 of dry matter, respectively 

for 69-101, TS32-1, ICGV SM 85045 and Moto local 

varieties and no significant difference was observed 

between these quantities. 

 

Table 2. Haulms dry matter intake (DMI) and in vivo digestibility of DM (DMD), organic matter (OMD), total 

crude proteins (TCPD), NDF (NDFD) and ADF (AFD) of four groundnut varieties in Djallonké sheep. 

 
69-101 ICGV SM 85045 Moto Local TS32-1 RSD p 

DMI (g DM/kg LW0.75) 73.1 70.0 69.6 72.6 6.96 0.67 
DMD  66.9a 62.1b 61.9b 60.1c 3.26 0.0018 
OMD 73.9a 68.8b 62.2c 70.1ab 3.72 0.0017 
TCPD 96.1a 94.9b 95.2b 94.7b 3.04 0.0157 
ADFD  77.4a 82.9a 81.7a 81.7a 6.17 0.319 
NDFD  76.9a 79.7a 77.3a 79.0a 2.83 0.169 

NDF: Neutral detergent fiber; ADF: Acid detergent fiber; RSD: residual standard deviation; Means of the same 

row followed by different letters differ significantly at the threshold of 5% 

 
Discussion 

Chemical composition and nutritional values of haulms 

The groundnut haulms tested in this study have very 

variable chemical composition. The TCP contents 

recorded varied according to the varieties. A 

significant variation in the TCP contents of haulms 

from several groundnuts varieties was reported by 

Nigam and Blümmel (2010), Oteng-Frimpong et al. 
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(2017) and Ansah et al. (2017). By contrast, in the 

studies of Etela and Dung (2011) and Ahounou et al. 

(2017b), the variety did not have any effect on the 

TCP content. The TCP in the current study varies 

between 11.9% and 13.5% and this rate is higher than 

the critical threshold of 7% to 8% required for an 

efficient rumen functioning (Babatounde et al., 2010). 

 

The wall constituents (NDF and ADF) values varied 

significantly according to the varieties. The lowest 

values were those of 69-101 and the highest were 

those of ICGV SM85045. Contrary to our study 

results, Etela and Dung (2011), Ansah et al. (2017) 

and Oteng-Frimpong et al. (2017) did not observe 

significant differences between NDF contents of 

several groundnut haulms varieties. However, the 

variety effect on ADF was significant according to 

Oteng-Frimpong et al. (2017).  

 

The differences observed for the TCP, NDF and ADF 

contents in our study could be attributed to the 

genetic variation between varieties which can 

influence their capacity to assimilate nutrients from 

soil and to produce carbohydrates through 

photosynthesis. In another study, Ahounou et al. 

(2017b) reported lower values on the same varieties. 

The difference between the results of the current 

study and those of Ahounou et al. (2017b) can be 

explained by the chemical composition of 

experimental plots soil. In fact, nutrients mobilization 

in the groundnut vegetative part is linked to the soil 

nutrient content (Bloukounon et al., 2015). Thus, the 

groundnut haulms used in the study of Ahounou et al. 

(2017b) and those of the current study come from 

different plots of which fertility couldn’t be the same. 

Energy and nitrogen values of the studied groundnut 

haulms varied according to the varieties.  

 
The differences may be due to genetic origin, harvest 

organization (leaf and stem ratio) and to haulms 

management (drying and storage). Since haulms 

energy and nitrogen values are in a relationship with 

their average chemical compositions and digestibility. 

To the best of our knowledge, there is no previous 

study on the varietal effect of groundnut haulms on 

the nutritional value. 

Intake and growth performances of sheep fed with 

haulms of four groundnut varieties 

The voluntary intake values recorded in this study 

were not influenced by the groundnuts varieties. 

These results are similar to those obtained by Etela 

and Dung (2011), who didn’t observe significant 

variation in the haulms intake of 6 groundnuts 

varieties by Djallonké sheep in Nigeria. The lack of 

significant difference may be linked to groundnut 

haulm size and presentation that were similar. 

 

Final weight and average daily gain of Djallonké 

hoggets were not influenced by the varietal effect. 

Similar observations have been made by Etela and 

Dung (2011) concerning the initial and final weight of 

Djallonké sheep fed exclusively on haulms of different 

groundnut varieties in Nigeria. The short data 

collection duration of 21 days could justify this 

absence of difference. Increasing this duration may 

allow animals to better express their weight 

performance. Other authors such as Etela and Dung 

(2011) and Ansah et al. (2017) found that weight gains 

were affected by the groundnuts varieties used. The 

weight gain results in the present study showed that 

groundnut haulms have enough nutrients to cover 

maintenance and growth needs of Djallonké sheep. 

 

Haulms digestibility 

The apparent digestibility of dry matter, organic 

matter and total crude protein varied according to the 

groundnut varieties while, digestibility coefficients of 

wall constituents (NDF and ADF) did not differ 

significantly. However for the variety 69-101, these 

wall constituents were less digested by animals. Etela 

and Dung (2011) have shown that all nutrients 

digestibility is affected by the variety of the groundnut 

haulms used. This finding is contrary to that of Ansah 

et al. (2017). According to these authors, the variety 

had no effect on the digestibility of the groundnut 

haulms nutrients they tested. The 69-101 has the 

highest digestibility rates compared to the other 

varieties. This is probably due to its low fiber content 

(ADF) since the high level of lignocellulose reduce 

digestibility (Louacini et al., 2015). The same 

observation was made by Etele and Dung (2011) and 

Ansah et al. (2017). 
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Conclusion 

This study revealed that groundnut haulms have 

different chemical compositions and nutritional 

qualities depending on the varieties. The 69-101 has 

the best nutritional values because it has the highest 

levels of organic matter, Total Crude Protein and the 

lowest fiber content. In addition it has the highest DM 

and OM digestibility and DM intake. However, a 

positive change in weight was noted for all the 

sheepfed on the four groundnut haulms. The 

differences in the chemical composition, nutritional 

values and digestibility of the four varieties of 

groundnut haulms have no effect on growth 

performances of sheep fed exclusively on these 

haulms. These results show that the four varieties of 

groundnut haulms have enough nutrients to ensure 

maintenance and growth needs of Djallonké sheep.  

 

References  

Ahounou GS, Agbokounou AM, Dahouda M, 

Djenontin J, Moutouama V, Mensah AG, 

Koutinhouin B, Hornick J-L, Youssao Abdou 

Karim I. 2017a. Valorization of groundnut haulms in 

the feeding of small ruminants in the Sudanian area 

of Benin. International Journal of Biosciences 10(3), 

35‑45. http://dx.doi.org/10.12692/ijb/10.3.35-4 

 

Ahounou GS, Djenontin J, Agbokounou AM, 

Dahouda M, Bachabi K, Bessan E, Assouma D, 

Hornick JL, Youssao Abdou Karim I. 2017b. 

Productivity and fodder potentials of groundnut in 

the Sudanian zone of Benin. International Journal of 

Agronomy and Agricultural Research 11(2), 32‑41. 

 

Ahounou SG, Dahouda M, Djenontin JA, 

Agbokounou AM, Moutouama V, Mensah GA, 

Koutinhouin B, Hornick J-L, Youssao Abdou Karim 

I. 2016. Typology of groundnut pods and haulms producers 

in the sudanese zone of northern Benin. International 

Journal of Advanced Research 4(3), 726‑738. 

 

Ansah T, Yaccub ZI, Rahman NA. 2017. Growth 

performance and hematology of Djallonké rams fed 

haulms of four varieties of groundnut (Arachis 

hypogaea L.). Animal Nutrition 3, 406-410.  

Babatounde S, Oumorou M, Tchabi VI, 

Lecomte T, Houinato M, Adandedjan C. 2010. 

Ingestion volontaire et préférences alimentaires chez 

des moutons Djallonké nourris avec des graminées et 

des légumineuses fourragères tropicales cultivées au 

Bénin.International Journal of Biological and 

Chemical 4(4), 1030‑1043.  

 
Baumont R, Dulphy J, Sauvant D, Meschy F, 

Aufrere J, Peyraud J. 2010. Valeur alimentaire des 

fourrages et des matières premières: Tables et 

prévision. In: Alimentation des bovins, ovins et 

caprins (Ed. INRA). Agabriel J. 309 pages. 

 
Bloukounon AYG, Aliou S, Severin B, 

Arakongne S. 2015. Effets des fumures NPK et 

déjections de petits ruminants sur la productivité et la 

valeur fourragère du maïs et de l’arachide au Sud-Bénin. 

Annales des Sciences Agronomiques 19(2), 213‑238. 

 
Castro-Montoya JM, Dickhoefer U. 2020. The 

nutritional value of tropical legume forages fed to 

ruminants as affected by their growth habit and fed 

form: A systematic review. Animal Feed Science and 

Technology 269. https://doi.org/10.1016/j.anifeedsci 

 
Didagbe OY, Houngnandan P, Dedehouanou 

H, Sina H, Bello DO. 2015. Characterization of the 

peanut production systems in their main 

agroecological regions in Benin. European Scientific 

Journal 11(33), 242‑261. 

 
Etela I, Dung D. 2011. Utilization of stover from six 

improved dual-purpose groundnut (Arachis 

hypogaeal) cultivars by West African dwarf sheep. 

African Journal of Food Agriculture. Nutrition and 

Development 11(1), 4538‑4545.  

 
Guerin H, Lecompte P, Lhoste P, Meyer C. 2002. 

Généralité sur les ruminants. In: Memento de 

l’agronome (Ed. MAE.CIRAD-GRET). Paris 1313‑1324 

 

Idinoba ME, Idinoba PA, Gbadegesin A, 

Jagtap SS. 2008. Growth and evapotranspiration of 

groundnut (Arachis hypogaea) in a transitional 

humid zone of Nigeria. African Journal of 

Agricultural Research 3(5), 384-388. 



 

91 Ahounou et al.  
 

Int. J. Biosci. 2023 

Koura B. 2015. Improvement of animal productivity 

by using crop residues in integrated crop-livestock 

systems in Benin. PhD thesis. University of Abomey-

Calavi. Abomey-Calavi 186 p. 

 

Loko YLE, Montcho D, Zandjanakou-Tachin M, 

Orobiyi A, Toffa J, Hounmakou E, Gavoedo D, 

Dansi A. 2020. Farmers’ management of peanut 

(Arachis hypogaea L.) diversity, their varietal preference 

traits and uses in Southern and Central Benin. Journal of 

Crop Science and Biotechnology 23(3), 259‑272.  

 

Louacini B, Dellal A, Halbouche M, Bourahla 

SM. 2015. Régimes de brebis à l’entretien, à base de 

cactus: digestibilité, niveau d’alimentation, glycémie 

et urémie. Archivos Zootecnia 64(248), 441‑447. 

 

Nigam SN, Blümmel M, 2010. Cultivar-Dependent 

Variation in Food-Feed-Traits in Groundnut (Arachis 

hypogaea L.). Animal Nutrition of Feed Technology 

10(S), 39‑48. 

 

Ojokoh AO, Oluwayemisi FO. 2016. 

Fermentation of Cassava (Manihot esculenta) and 

Ripe Plantain Peels (Musa paradisiaca) in the 

Production of Animal Feed. Journal of Advances in 

Microbiology 1(2), 1‑15.  

 

Oteng-Frimpong R, Konlan S, Denwar NS. 

2017. Evaluation of selected groundnut (Arachis 

hypogaea L.) lines for yield and haulm nutritive 

quality traits. International Journal of Agronomy 1‑9. 

https://doi.org/10.1155/2017/7479309 

 

 

 

Priya R, Chinnusamy C, ManickaSundaram P, 

Babu C. 2013. A review on weed management in 

groundnut (Arachis hypogaea L.). International Journal 

of Agricultural Science and Research 3(1), 163‑172. 

 

SAS. 2013. Base SAS® 9.4 Procedures Guide: 

Statistical Procedures, Second Edition. SAS, Cary, 

NC: SAS Institute Inc 550 p. 

 

Sharma K, Pattanaik A, Anandan S, Blummel 

M. 2010. Food-feed crops research: A synthesis. 

Animal Nutrition and Feed Technology 10(S), 1‑10. 

 

Shiyam JO. 2010. Growth and Yield Response of 

Groundnut (Arachis hypogaea L.) to Plant Densities 

and Phosphorus on an Ultisol in Southeastern 

Nigeria., Libyan Agriculture Research Center Journal 

International 1(4), 211‑214. 

 

Tokoudagba SF. 2014. Economie de la production 

du maïs au Nord-Bénin: Une analyse du compte de 

résultat des exploitations agricoles. Bulletin de la 

Recherche. Agronomique du Bénin 20‑28. 

 

Van Soest PJ, Robertson JB, Lewis BA. 1991. 

Methods for dietary fibre, neutral detergent fibre and 

non-starch polysaccharides in relation to animal 

nutrition. Journal of Dairy Science 74, 3583‑3597. 

https://doi.org/10.3168/jds.S0022-0302(91)78551-2 

 

 

 

 

 


