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ABSTRACT 

 

To explore genetic and environmental variability of food-feed traits in lentil genotypes, straws of 78elite 

genotypes and 4 checks of early and late maturing lentil types were evaluated for their nutritive value 

and potential trade-offs of the nutritive parameters with straw yield and grain yield. Further, effects of 

genotypic and environmental sources on variation in the nutritive value were also determined. Straw 

nutritive traits were analyzed by a combination of conventional laboratory techniques and Near Infrared 

Reflectance Spectroscopy. Results from eight trials carried out across 3 different sites in Ethiopia 

showed highly significant genotypic variation (P<0.05) in grain yield, straw yields and straw nutritive 

traits. This confirmed the existence of exploitable genetic variation in these traits. Similarly, the 

relationship between grain yield and straw yield was positive. The correlation between grain yield and 

nutritive parameters of straw was insignificant or negative. The correlation between maturity types and 

straw traits was either neutral or negative. Genotype by environment interactions were significant 

(P<0.05) for straw yield and nutritive traits indicating that variation in the traits is dependent of 

environment. It is possible to develop genotypes with a combination of food-feed traits from early and 

late maturing lentil types to address the high demand for grain and livestock fodder in various agro 

ecological zones in mixed crop-livestock farming systems using appropriate breeding approaches. 
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1 Introduction  

Lentil (Lens culinaris) is an annual cool-season legume primarily 

used for human consumption and the straw used as livestock feed. 

The major lentil-growing countries of the world are Canada, 

India, Turkey, Australia, USA, Nepal, Bangladesh, China and 

Ethiopia (FAOSTAT, 2014). Ethiopia covers 69.4% of the areas 

devoted to lentil and 81.5% of the total production in Africa 

(FAOSTAT, 2014). In 2016, lentil was produced by over 850,000 

small holder households and covered about 114,000 ha with an 

average productivity of 1.5t/ha (CSA, 2017). The International 

Center for Agricultural Research in the Dry Areas (ICARDA) has 

a world mandate for lentil improvement and is working with 

national programs across several countries to enhance production 

and productivity, increase incomes of farmers and provide lentil to 

consumers for food and nutritional security. Understanding of 

genotype by environment interactions, local constraints to 

production and consumer requirements for seed as food and straw 

as feed, has been a guide to the national and international breeding 

programs to develop new genetic materials for various agro-

ecologies in West Asia, North and East Africa region. In the 

predominant mixed crop-livestock systems of Ethiopian 

highlands, lentil straw is among fibrous crop residues from cereals 

and legumes that constitute large proportions of livestock feeds, 

particularly, during dry seasons (Valbuena et al., 2012). Lentil 

straw has been reported to have better degradation in the rumen 

(Singh et al., 2011) and higher concentrations of crude protein and 

digestible energy (Hadjipanayiotou, 1997) than cereal straws 

routinely used as fodder. Similarly, high acceptability and 

digestibility of lentil straw in ration of livestock was also reported 

by Abbeddou et al. (2011). Since lentil straw is valorized mainly 

in ruminant nutrition, it is important that its nutritive value is as 

high as possible. This offers an opportunity for livestock 

nutritionists and lentil breeders to collaboratively explore the 

feasibility of genetic enhancement of not only grain traits but also 

straw yield and its nutritive value. Exploitable genetic variability 

among lentil genotypes has been reported for straw yield 

(Kusmenoglu & Muehlbauer, 1998) and nutritive value (Erskine 

et al., 1990).However, these studies were undertaken in single 

environments, thus, there is need to support them with additional 

studies across various locations and populations of different 

maturity types so as to draw concrete conclusions on genetic 

variability and food-feed trait relationships. Differences in 

phenological development in lentil contributes 45-60% of the 

variation in grain yield (Siddique et al., 1998; Shrestha et al., 

2006).  Ghanem et al. (2015) indicated that selection and breeding 

for lentil accessions should consider changes in plant phenology 

and/or sowing dates. Therefore, the current study aimed to 

determine the variabilityof straw traits and food-feed relationships 

in early and late maturing lentil genotypes developed for  

locations with varying rainfall patterns in Ethiopia. Results      

from this study can be further explored to select for                 

 

Table 1 Experimental design of 8 trials across 3 sites in Ethiopia 

Trial Code Location Populations 

N 

Blocks Genotypes Observations 

NVT-LMS-DZ
‡
 DebreZeit Early maturing 4 16 64 

PVT-LMS-DZ
§
 DebreZeit Early maturing 3 25 75 

      

NVT-PE-AK* Akaki Late maturing 4 16 64 

NVT-PE-CD* ChefeDonsa Late maturing 4 16 64 

NVT-PE-DZ* DebreZeit Late maturing 4 16 64 

      

PVT-PE-AK
†
 Akaki Late maturing 3 25 75 

PVT-PE-CD
†
 ChefeDonsa Late maturing 3 25 75 

PVT-PE-DZ
†
 DebreZeit Late maturing 3 25 72 

* † ‡ §: trials with different symbols differ in genotypes, PVT: preliminary variety trial; NVT: national variety trial, LMS: low moisture stress 

environments, PE: potential environments, DZ, DebreZeit, AK: Akaki, CD, ChefeDonsa. 
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food-feed traits in pre-released ̊lines of lentil . 

2 Materials and methods 

2.1 Experimental layout and lentil genotypes 

Eight field trials (Table 1) were conducted in 3 sites namely 

Akaki(AK; 08
o
53’N 38

o
49’E), DebreZeit (DZ; 08

o
44’N 3858’E), 

and Chefe Donsa (CD; 08
o
57’N 39

o
06’E) in Ethiopia. Akaki, 

DebreZeit and ChefeDonsa are located in Central Ethiopian 

Highlands at altitudes of 2200, 1900 and 2400 m.a.s.l and average 

annual rainfall reported to be 1025 mm, 851 mm and 878 mm 

respectively. Soils of the studied sites are vertisols. All the 

experimental sites and trials were preceded by wheat crops. Trials 

were undertaken during the main rainy season of 2014/15 

cropping seasons. Elite genotypes were collected from 2014 

preliminary variety trials(PVT) and national variety trials 

(NVT)of the Ethiopian Lentil Improvement Program. These 

genotypes were selected on the basis of their high grain yield, 

agronomic traits in potential environments (PE) and low moisture 

stress environments (LMS).These genotypes were selected from 

ICARDA breeding lines sent to the Ethiopian Institute for 

Agricultural Research through its international nurseries platform. 

A total of 82 lentil genotypes (78 elite lines and 4 checks) were 

evaluated for the study on food and feed traits. The 8 trials are 

identified by their codes (Table 1) which indicate which variety 

trials the genotypes were drawn from (PVT, NVT), the type of 

environment they were planted in (PE, LMS) and the locations 

where they were planted (AK, DZ, CD).The design was 

randomized complete block design with either three or four 

replications (Table 1) depending on the trial. The plot size was 3.2 

m
2
with four rows in all trials. At physiological maturity, two 

middle rows were manually harvested. The biomass was air-dried 

in the field and threshed for seed and straw yields. Straw yield 

was calculated based on harvest index. Sub-samples of 500 g of 

representative straw were taken from each plot for chemical 

composition and digestibility analyses. 

2.2 Nutritive analysis of straw 

Laboratory analyses were undertaken at the Animal Nutrition 

Laboratories of the International Livestock Research Institute 

(ILRI), Addis Ababa, Ethiopia and Patencheru, India. After oven-

drying at 100
o
C for 24 h, straw samples were ground to pass 

through a 1 mm sieve mesh. The samples were analyzed using 

Near Infrared Reflectance Spectroscopy (NIRS) and conventional 

wet chemistry. The NIRS instrument, Foss Forage Analyzer 5000 

with the software package WinISI II in the 1108-2492 nm spectra 

range was used to scan lentil straw samples and a good-of-fitness 

lentil NIRS equation was used for the prediction of dry matter 

(DM), nitrogen, neutral detergent fiber (NDF) and in vitro 

digestibility (IVOMD). Validation of the NIRS equation was 

undertaken using conventional wet chemistry, whereby 20% 

representative samples were analyzed for DM and crude protein 

(CP) according to the methodology of AOAC (2000). Dry matter 

was determined by oven drying at 105
o
C overnight (method 

934.01). Ash was determined by burning in a muffle furnace at 

500
o
C overnight (method 942.05). Nitrogen content was 

determined by Kjeldahl method using Kjeldahl (protein/nitrogen) 

Model 1026 (Foss Technology Corp.), (method 954.01). A 

conversion factor of 6.25 was used to convert nitrogen to crude 

protein. Neutral detergent fiber, acid detergent fiber (ADF) and 

lignin were determined as described by Van Soest & Robertson 

(1985). Neutral detergent fiber did not involve use of heat stable 

amylase and the result was expressed exclusive of residual ash. 

Acid detergent fiber was expressed without residual ash. Lignin 

was determined by solubilisation of cellulose with sulphuric acid. 

In vitro organic matter digestibility was measured in rumen 

microbial inoculum using in vitro gas production technique. The 

buffer solution was prepared according to the method described 

by Menke & Steingass (1988). Rumen fluid was collected prior to 

morning feeding using a vacuum pump from three ruminally 

cannulated cows fed a total mixed ration of grass hay (790 g/kg), 

wheat bran (203 g/kg), salt (3.2 g/kg) and a mineral and vitamin 

mixture (4.6 g/kg) on a DM basis. Use of cows was assessed and 

approved by the Environmental and Occupational Health and 

Safety Unit of ILRI. The rumen fluid from the cows was 

composited (1:1, v/v), filtered through four layers of cheesecloth, 

and added to the buffer solution (1:2, v/v), which was maintained 

in a water bath at 39
o
C under continuous flushing with CO2.The 

buffered rumen fluid (30 ml) was pipetted into 100 ml syringes 

containing 0.2 g of sample and immediately placed into a water 

bath at 39
o
C. Gas production was recorded after 24 hours of 

incubation and used to calculate IVOMD according to Menke et 

al. (1979) equations suitable for legume hays as follows: 

IVOMD (g/kg) = 14.88+0.889GP+0.45CP+0.0651XA 

Where GP: 24 h net gas production (ml/200 mg); CP: Crude 

protein (g/kg DM); XA: Ash content (g/kg DM). 

2.3 Calculations and statistical analysis 

A general linear model was used to test the effect of variety on 

grain yield, straw yield and nutritive value parameters of straw. 

Each trial was analyzed separately according to the following 

model (Ertiro et al., 2013): 

ijEjGiBijY    
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Where: Yij: grain/straw traits, µ: overall mean, Bi: effect of the 

block i, Gj: effect of the genotype j, Eij: random error.To evaluate 

the effect of location and genotype-location interaction (GxL), 

data from all trials combined and analyzed according to the 

following model (Ertiro et al., 2013): 

  ijkEijLBijGLjLiGijkY    

Where: Yij: grain/straw traits, µ: overall mean, Gi: effect of the 

genotype i, Lj: effect of location j, GLij: effect of interaction 

between the genotype and location, B(L)ij: effect of block i within 

location j, Eijk: random error. Relationships between grain and 

straw traits were calculated separately for each trial using 

Pearson's correlation. 

Principal component analysis (PCA) was used to simultaneously 

evaluate mean differences to quantify the contribution of each 

constituent to the variation in nutritive values. Crude protein, 

NDF, and IVOMD are major determinants of nutritive value of 

straw, thus were included in PCA. Neutral detergent fiber is 

reported to negatively correlate to dry matter intake (Horrocks & 

Vallentine, 1999), while IVOMD positively correlates to ME. The 

sign and magnitude of eigenvectors were examined for their 

relevance in explaining the nutritive value of straw. All 

eigenvectors were standardized to unite the variance. Principle 

component analysis was performed for each group of genotypes 

separately.  

All statistical procedures were carried out using Statistical 

Analysis System software (SAS, 2012). 

3 Results 

3.1 Variations of genotypes for time to maturity, grain and 

straw yields 

Grain and straw yields of individual trials showed significant 

genotypic variations (P<0.05) in all trials (Table 2). Mean squares 

of location and GXL interaction are presented in Table 4. The 

effect of location and GXL interaction on grain and straw yields 

was significant (P<0.05) in trials of late maturing genotypes 

(Table 4). The highest grand means for both grain (2.82 t/ha) and 

straw yields (6.43 t/ha) were from PVT-PE-CD. The lowest grand 

means for grain (0.982 t/ha) and straw yields (3.07 t/ha) were 

from NVT-PE-DZ and NVT-PE-AK respectively. Considering 

genotypes in individual trials, the widest range of grain yield from 

0.28 t/ha to 2.61 t/ha was from NVT-PE-DZ while PVT-PE-CD 

showed the widest range of straw yield from 3.22 t/ha to 9.33 t/ha. 

 

Table 2 Means and ranges of grain yield, straw yield and days to maturity of lentil genotypes in 8 trials across 3 locations.  

Trial 

 

Grain yield (t/ha) Straw yield (t/ha) Maturity (days) 

Range Mean SEM Range Mean SEM Range Mean SEM 

Early maturing          

NVT-LMS-DZ 0.482 -2 1.37 0.08 2.71-4.7 3.62 0.60 81-92 88.6 0.83 

PVT-LMS-DZ 0.74-2.04 1.25 0.16 2.78-5.43 3.48 0.32 77-99 83.2 1.96 

          

Late maturing          

NVT-PE-AK 0.72-2.72 1.65 0.20 2.17-4.4 3.07 0.39 100-126 130† 1.33 

NVT-PE-CD 1.62-3.11 2.24 0.10 3.15-8.22 5.83 0.32 107-133 121 1.17 

NVT-PE-DZ 0.28-2.61 0.982 0.15 2.38-5.2 3.64 0.32 75-115 96.6 2.2 

          

PVT-PE-AK 0.404-2.32 1.62 0.16 1.68-4.93 3.12 0.34 97-123 111 2.32 

PVT-PE-CD 1.91-3.71 2.82 0.32 3.22-9.33 6.43 0.61 106-139 122 1.2 

PVT-PE-DZ 0.401-2.01 1.1 0.16 2.62-5.43 3.92 0.39 80-115 94.5 1 

†:P>0.05 otherwise P≤0.05, PVT: preliminary variety trial; NVT: national variety trial, LMS: low moisture stress environments, PE: potential 

environments, DZ, DebreZeit, AK: Akaki, CD, ChefeDonsa. 
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Maturity type showed significant genotypic variation in all trials 

except NVT-PE-AK. The effect of the location on maturity type 

was significant in PVTs and NVTs. Considering genotypes in 

individual trials, the widest range of maturity was found in NVT-

PE-DZ (40 days).  

3.2 Variations in straw nutritive traits 

Table 3 shows trial means and ranges for straw nutritive traits 

(CP, NDF and IVOMD). The variation among genotypes for CP, 

NDF and IVOMD was significant (P<0.05) in all trials except 

NVT-LMS-DZ and PVT-PE-AK. The effect of location and GXL 

on nutritive traits was significant (P<0.05) for late maturing 

genotypes (Table 4).The means of trials for CP ranged from 57.4 

g/kg DM in PVT-PE-CD to 114 g/kg DM in PVT-PE-DZ. The 

highest range within trials was found in PVT-PE-DZ with 

64.5g/kg DM. The genotype with highest (148 g/kg DM) and 

lowest CP (38.2 g/kg DM) was observed from NVT-PE-DZ and 

PVT-PE-CD respectively. The grand means of trials for IVOMD 

ranged from 55% in NVT-LMS-DZ to 58.4% in NVT-PE-AK 

(Table 3). The highest range within trials was found in PVT-PE-

AK from 52.3% to 61.9%. The genotypes with highest (62.4%) 

and lowest (50.2%) IVOMD were observed from NVT-PE-AK 

Table 3 Means and ranges of crude protein,NDF and in vitro organic matter digestibility of lentil genotypes in 8 trials across 3 locations 

Trial 

 

Crude protein (g/kg DM) IVOMD (%) NDF (g/kg) 

Range Mean SEM Range Mean SEM Range Mean SEM 

Early maturing          

NVT-LMS-DZ 80.3-104 90.1† 7.0 53.1-57 55† 1.2.2 487-550 521† 19.9 

PVT-LMS-DZ 77.5-119 100 6.2 53.9-62 57.1 1.18 411-560 471 20.4 

          

Late maturing          

NVT-PE-AK 48-94 77 2.8 54-62.4 58.4 0.59 390-520 445 10.7 

NVT-PE-CD 47.8-78.3 65.2 3.0 52-61.4 57.1 0.61 432-562 488 8.7 

NVT-PE-DZ 79.5-136 111 6.3 50.2-59.1 55.6 1.06 435-617 517 21.3 

          

PVT-PE-AK 60.4-91.7 74.3† 9.6 52.3-61.9 57.9† 1.96 410-579 468† 30.1 

PVT-PE-CD 38.2-80.3 57.4 3.9 53.2-61.4 56.8 0.9 438-550 496 11.4 

PVT-PE-DZ 83.5-148 114 4.6 55.1-60.5 58 0.82 450-544 498 12.8 

CP: crude protein, NDF: neutral detergent fiber, IVOMD: in vitro organic matter digestibility,†:P>0.05 otherwise P≤0.05, PVT: preliminary 

variety trial; NVT: national variety trial, LMS: low moisture stress environments, PE: potential environments, DZ, DebreZeit, AK: Akaki, CD, 

ChefeDonsa. 

 

Table 4 Mean squares of location and genotype by environment 

interaction for grain yield, straw yield and nutritive traits of 

straws in 6 late maturing genotypes trials 

Parameters 

Source of variance 

Location G×L 

Grain yield 63.8 0.594 

Maturity 18726 2398† 

Straw yield 257 3.7 

CP 77073 327 

NDF 59668 2519 

IVOMD 3517 1362 

GxL: genotype-location interaction, CP: crude protein, NDF: 

neutral detergent fiber, IVOMD: in vitro organic matter 

digestibility,†:P>0.05 otherwise P≤0.05. 
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and NVT-PE-DZ respectively. The grand means of trials for NDF 

ranged from 445 g/kg DM in NVT-PE-AK to 521 g/kg DM in 

NVT-LMS-DZ. The highest range within trials was found in 

NVT-PE-DZ with 182 g/kg DM. The genotype with highest (617 

g/kg DM) and lowest NDF (390 g/kg DM) was from NVT-PE-DZ 

and NVT-PE-AK respectively. 

3.3 Principle component analysis  

Results of PCA are showed in Table 5 where PC1 and PC2 

cumulatively accounted for more than 90% of the variation. In all 

populations, PC1 accounted for 64% to 76% of the variance, 

which was the highest among the PCAs. An examination of the 

eigenvectors showed that PC2 consistently showed negative sign 

for IVOMD and a positive sign for NDF in all genotypes, whereas 

PC1 showed a positive sign for IVOMD and a negative sign for 

NDF. In all genotypes populations, IVOMD had the highest 

magnitude among the eigenvectors followed by NDF then CP. 

3.4 The correlation between maturity, grain and straw yields 

The correlation between grain yield and straw yield was not 

consistent across trials as shown in Table 6.Grain yield correlated 

moderately and positively to straw yield in early maturing 

Table 5Principle component analysis of nutritive parameters of straw 

Type Statistics Pc1 Pc2 

Early maturing 

 
Eigenvalue  

(variation explained) 
2.24(0.75) 0.66(0.22) 

 Eigenvectors   

 CP 0.524 0.744 

 NDF -0.551 0.667 

 IVOMD 0.648 -0.034 

    

Late maturing 

 
Eigenvalue 

 (variation explained) 
  

 Eigenvectors 1.99(0.66) 0.879(0.29) 

 CP 0.358 0.918 

 NDF -0.641 0.373 

 IVOMD 0.678 -0.131 

CP: crude protein, NDF: neutral detergent fiber, IVOMD: in vitro 

organic matter digestibility. 

 
 

Table 6 Pearson correlation between grain yield and days to maturity with straw traits 

Trials 
Grain yield Days to maturity 

Straw yield IVOMD CP NDF Straw yield IVOMD CP NDF 

Early maturing         

NVT-LMS-DZ 0.391 ns ns ns ns Ns ns ns 

PVT-LMS-DZ 0.372 ns -0.672 -0.4 0.684 0.388 ns -0.764 

         

Late maturing         

NVT-PE-AK ns -0.772 -0.722 0.571 ns Ns ns ns 

NVT-PE-CD ns -0.473 -0.512 0.452 0.83 0.69 0.61 -0.8 

NVT-PE-DZ 0.413 -0.381 -0.652 ns ns 0.3 0.59 -0.449 

         

PVT-PE-AK ns ns ns ns 0.583 0.228 0.263 -0.29 

PVT-PE-CD ns ns ns ns 0.76 0.53 0.44 -0.6 

PVT-PE-DZ 0.452 ns -0.691 -0.291 ns 0.353 0.299 -0.539 

CP: crude protein, NDF: neutral detergent fiber, IVOMD: in vitro organic matter digestibility, ns: non-significant at P<0.05 otherwise P≤0.05, 

PVT: preliminary variety trial; NVT: national variety trial, LMS: low moisture stress environments, PE: potential environments, DZ, DebreZeit, 
AK: Akaki, CD, ChefeDonsa. 
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genotypes. In late maturing genotypes, grain yield related 

moderately and positively to straw yield in DebreZeit location. 

The correlation between grain yield and IVOMD was negative 

and strong in NVT-PE-AK and negative and moderate in NVT-

PE-CD and NVT-PE-DZ. Crude protein correlated strongly and 

inversely to grain yield in PVT-LMS-DZ, NVT-PE-, NVT-PE- 

and PVT-PE-DZ. The correlation between grain yield and CP was 

inverse and moderate in NVT-PE-CD. Grain yield correlated 

inversely and moderately to NDF in PVT-LMS-DZ, NVT-PE-AK 

and NVT-PE-CD. A weak and positive correlation between grain 

yield and NDF was found in PVT-PE-DZ. Maturity correlated 

strongly to straw yield in PVT-LMS-DZ, NVT-PE-CD and PVT-

PE-CD. PVT-PE-AK showed moderate and positive correlation 

between maturity and straw yield. Maturity showed either 

insignificant or positive correlation with CP and IVOMD.  

4 Discussion 

4.1 Grain and straw yield 

In mixed crop-livestock systems, increasing crop residue biomass 

tends to improve milk and meat production of livestock. The wide 

genetic variation in grain and straw yields in all trials in this study 

are in agreement with what was reported by Bidinger et al. (2010) 

in pearl millet and Ertiro et al. (2013) in maize. The results of this 

study showed that yields of grain and straw in late maturing lentil 

genotypes were affected by location. Ertiro et al. (2013) showed 

similar GXL interactions in grain and stover yield of maize. It 

implies the possibility of increasing both grain and straw yield of 

lentil by improving agronomic practices. Though lentil 

improvement programs target grain yield as a primary trait, the 

large variability that exists among genotypes for both grain and 

straw yield as shown in this study suggests that breeding programs 

can exploit the variability for improvement of grain and straw 

production. However, such programs need to be location-specific. 

The GXL interaction in early maturing genotypes of lentil was not 

studied in this study. Thus, further studies need to identify the 

relationship between the environment and grain and straw 

production of early maturing genotypes of lentil. 

4.2 Straw nutritive traits 

All genotypes in the two maturity groups showed a wide range in 

nutritive value parameters of straw. Others studies in maize 

(Tolera et al., 1998; Ertiro et al., 2013), durum wheat (Tolera et 

al., 2008), pearl millet (Blummel et al., 2007; Blummel et al., 

2010a) and sorghum (Blummel et al., 2010b) also showed wide 

variations in straw nutritive values. Crude protein content in feeds 

is important to achieve optimal rumen activity. Risco & Melendez 

(2011) recommended that a minimum of 70-80 g/kg and 100-110 

g/kg of CP in rations of non-lactating and lactating animals 

respectively, are required to sustain rumen fermentation. The 

grand means of CP in 7 trials out of 8 were higher than 70 g/kg. 

Moreover, genotypes with the lowest CP across 5 trials had values 

higher than 70g/kg while grand means of CP of 3 trials exceeded 

the minimum recommendation for lactating animals. The nutritive 

value of lentil straw was reported to be greater than vetch and 

wheat straw and close to the nutritive value of alfalfa hay when 

fed to Awassi sheep (Haddad & Husein, 2001).The highest CP 

content in this study (148 g/kg) is equivalent to that of good 

quality hay. The wide genetic variation in NDF is indicative of 

wide variation in potential dry matter intake as NDF and dry 

matter intake of feed are closely related. Accordingly, the 

nutritive value of lentil straw can be improved by exploiting the 

natural genotypic variations. The significant effect of location on 

nutritive value of straw suggests the possibility to improve 

nutritive value of lentil straw by manipulating agronomic factors. 

All nutritive parameters had significant GXL interactions 

indicating that the genotypic variation in the traits is dependent of 

environment. This interaction should be considered in any 

improvement program that targets increasing the nutritive value of 

lentil straw. 

4.3 Principle component analysis 

Principle component analysis was carried out to investigate the 

possibility of minimizing parameters representing nutritive value 

of lentil straw. Crude protein and IVOMD are expected to 

contribute positively to nutritive value and are, therefore, expected 

to have positive signs. Similarly, NDF is expected to have a 

negative sign because it contributes negatively to nutritive value. 

PC1 showed that NDF and IVOMD can represent the nutritive 

value of both early maturing and late maturing genotypes as their 

eigenvectors were both of high magnitude and had negative and 

positive signs respectively. However, NDF is preferred because 

the procedure to determine it in the laboratory is simpler 

compared to IVOMD. Therefore, NDF can represent the nutritive 

value of lentil straw and can be used for screening genotypes for 

nutritive value. The nutritive value of lentil straw can be improved 

by breeding genotypes which have straw with low NDF content. 

Our results agree with Alkhtib et al. (2016) who found out that 

principle component analysis score can be used to summarize the 

nutritive value of faba bean straw. 

4.4 Relationship between grain and straw traits 

Grain yield is the main trait targeted by improvement programs of 

lentil. Thus, it is imperative that selection of lentil genotypes for 

better straw traits does not compromise grain yield. The 
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correlation between grain yield, straw yield and nutritive value of 

straw was not consistent across trials. However, no negative 

correlation between grain yield and straw yield was found in any 

trial. That means there are no tradeoffs between grain yield and 

straw yield, thus, breeding lentil for increased grain production 

would not have detrimental effects on straw yield. However, straw 

yield cannot be predicted from grain yield because the 

correlations were moderate (R
2
≤ 0.2). The correlations between 

grain yield and nutritive value parameters were also inconsistent. 

There were trials which exhibited insignificant correlations with 

grain yield indicating that there is potential to identify genotypes 

within particular environments that have no tradeoffs between 

increasing grain yield and nutritive value of straw. These results 

concur with findings of previous studies reported in faba bean 

(Alkhtib et al., 2016), pearl millet (Blummel et al., 2010a) and 

sorghum (Blummel et al., 2010b) and which reported that 

selection of genotypes to achieve high grain yield did not depress 

the digestibility and energy content of straw. Most of the trials 

showed positive and high correlations between maturity type and 

straw yield as well as maturity type and nutritive value. That 

means breeding for early maturity could be associated with a 

decline in straw yield and nutritive value parameters. However, 

neutral relations in some of the trials indicate the possibility of 

finding early maturing genotypes with superior food-feed traits. 

Conclusion 

Mixed crop-livestock systems, the backbone of both animal and 

crop agriculture in developing countries, are characterized by 

smallholder farmers. In these closely integrated production 

systems, particularly those in the highlands, cereal and legume 

straws are predominantly used to supplement feed for livestock. 

As important as it is to increase straw production, is it critical to 

enhance the nutritive value of the straw. Nutritive value is likely 

to exert effects on voluntary intake and digestibility of dry matter 

in livestock. Therefore, incorporating straw nutritive traits in lentil 

breeding programs and varietal release criteria holds promise for 

enhanced livestock productivity in smallholder mixed farming 

systems. 
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