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ARTICLE INFO ABSTRACT

Keywords: The goal of the study is to determine the effect of genotype and environment on forage yield,
Variety forage nutritive value and to determine the relation between morphology and forage yield and
Location

nutritive value of lablab. Thirteen genotypes (one local and 12 improved) were replicated 3 times
in a randomized complete block trial across three locations in Ethiopian lowlands namely, Bechi,
Kite and Tepi. All forage samples were analyzed for dry matter (DM), crude protein (CP), and in
vitro dry matter digestibility (IVDMD) using a combination of conventional nutritional analyses
and near infrared reflectance spectroscopy. There was a significant (P < 0.001) effect of genotype,
location and genotype~location on forage yield of DM, forage yield of CP, forage yield of IVDMD,
CP, and IVDMD. The difference between means of minimum and maximum genotypes was 12.9 t/
ha of DM, 3.12 t/ha CP, 8.22 t/ha IVDMD, 57 g/kg of CP and 56 g/kg of IVDMD. The correlation
between plant morphology and forage yield and nutritive value was weak (r < 0.41) in all lo-
cations and the combined data. Both genotype and location should be considered by the farmers
when they decide to grow lablab for forage production. Morphological traits of lablab are not
suitable to evaluate forage yield and nutritive value. Enhancing the awareness of farmers about
the effect genetic-environment interaction effect of forage yield and nutritive value and the
relation between morphology and yield and nutritive value would improve the uptake of lablab in
mixed the farming system leading to more sustainable agricultural production.

Forage
Lablab beans
Mixed farming system

1. Introduction

Crop-livestock mixed farming systems are the mainstay of smallholder livelihoods in the developing world [1]. The human pop-
ulation in mixed crop-livestock farming systems is increasing, resulting in high demand for food. The unplanned agricultural
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intensification and mono-cropping resulted in serious soil degradation, decline in natural species, and weed problems [2]. These
changes lead to decreased in food supply to human and feed supply to livestock. Therefore, increasing food and feed supply without
further degradation of the natural resources is required in mixed farming systems [3].

Integrating lablab (Lablab purpureus (L.) Sweet) in mixed farming systems could be a robust option for sustainable intensification
[4]. Lablab is grown as an annual crop in Africa, South and central America, east and west Indies, China, south and south-east Asia and
Australia for human consumption (grains) and livestock feeding (forage) [5]. Lablab is grown in a wide range of altitudes (0 m.a.s.l. to
3000 m.a.s.l), temperature (18 °C-35 °C), rainfall (650 mm-3000 mm) and soil types [6]. Introducing lablab to mixed farming systems
would improve feed and food supply, increase soil content of nitrogen, break weed and disease cycles and decrease soil dehydration
[5]. Lablab has high yield of grain (1 t/ha-5 t/ha). It is a summer growing legume; thus, it could supply the farm with high quality green
forage (6 t/ha-9 t/ha; [5]) in the dry season when natural pasture is dry [7]. Lablab forage has high nutritive value as livestock feed
containing high content of protein (CP) (125 g/kg DM-243 g/kg DM), low neutral detergent fibre (360-538 g/kg DM), low content acid
detergent lignin (46 g/kg DM-107 g/kg DM), high calcium (7.4 g/kg DM-21.8 g/kg DM), high phosphorus (1.9 g/kg DM -5.5 g/kg DM)
and high metabolizable energy (9.2 MJ/kg DM). Lablab forage has low levels of tannins (7.8 g/kg DM-21 g/kg DM) [5]. Supple-
mentation of low-quality feed by lablab forage improves dry matter intake [8], milk production of cows [9] and growth of calves [10].
Goat fed low-quality basal diet had higher growth rate when supplemented with lablab hay [11]. [12,13].

The ILRI Genebank holds large set of lablab accessions (around 340 accessions) while about 200 of them were characterized using
morphological and Amplified fragment length polymorphism markers. This characterisation showed large genetic diversity in the
collection and enabled the development of a core collection [14]. Morphological variation in Lablab was assessed [15]. Intercropping
lablab with cereal crops was investigated in sorghum [16], and maize [17]. The effect of fertilisation and accession on forage yield and
nutritive value of lablab was determined [18]. There was a significant effect of genotype and location on agronomic traits of lablab
[19]. However, no studies determined the effect of genotype and environment on yield and nutritive value of lablab forage.

Many studies assessed the relationship between morphology and forage yield and nutritive value in many crops in order to develop
cheap and fast tool for determination of forage yield and nutritive value (for example [20] in faba bean [21], in chickpea). Yet, this was
not assessed in lablab.

The goal of the current study is to determine the effect of variety and location on forage yield and nutritive value and to assess the
correlation between morphological traits and forage yield and nutritive value of lablab.

2. Material and methods
2.1. Plant material and experimental layout

Twelve improved genotypes and one local genotype were obtained from International Livestock Research Institute (ILRI), Ethiopia
and Bako Agricultural Research Centre, Ethiopia (Gebisa (local), ILRI110953, ILRI11612, ILRI11613, ILRI11614, ILRI11615,
ILRI11619, ILRI14417, ILRI14425, ILRI14435, ILRI14445, ILRI14459 and ILRI6528). These accessions were bred by ILRI (recom-
mended from a total of 98 ILRI genotypes) for forage yield and nutritive value and favourable agronomic traits in Ethiopian dry
lowlands (Origin: Colina, Sao Paulo, Brazil; screen type: Experimental, year: 2015). The experimental genotypes were grown in three
lowland locations, Kite, Tepi and Bechi during the main rainy season between July and February 2019 (Table 1). The locations vary in
soil physical and chemical properties, temperature and rainfall. The experimental plots were manually planted at a rate of 20 kg/ha.

Table 1

General description of the experimental locations.
Parameter Kite Bechi Tepi
Longitude 35°51' 469'E 35°55' 467'E 35°25' 05'E
Latitude 6°95' 843'N 7°22' 915N 7°11"153'N
Altitude (m.a.s.l) 1200 1276 1200
Min temperature (°C) 15.1 16.5 16.1
Max temperature (°C) 27.5 35.3 30.2
Annual rainfall (mm) 1200 1574 1559
Soil analysis
Soil type Silt clay loam Clay Heavy clay
Soil texture
Clay (%) 39 52 70
Sand (%) 21 19 17
Silt (%) 40 29 13
pH 5.1 5.9 6.3
P (%) 7.9 11.2 13.4
K (%) 227 495 528
N (%) 0.3 0.3 0.3
Organic carbon (%) 3.4 3.7 3.9
S (%) 12.5 12,5 12.5
Cation exchange capacity (m/equ/100)g soil) 0.1 0.14 0.2
Ca (g/kg) 1.69 3.03 3.23
Mg (g/kg) 0.257 0.411 0.439
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The experimental plots were fertilised by di-ammonium phosphate at a rate of 100 kg/ha before planting. Hand weeding was applied
30 days after plantation at all experimental locations. The trials were replicated 3 times in the field with 4 rows per plot using ran-
domized complete block design. The space between rows, plants, plots and blocks were 40 cm, 30 cm, 1 m, and 1.5 m, respectively. No
irrigation was applied to any of the experimental plots. The plot size was 7.2 m (3 m x 2.4 m). The plots were prepared carefully to
minimise the variability among blocks by applying proper hoeing and mixing to plots soil. Block was kept across the gradient. Sowing
was done at the same time for all plots. Same weeding and agronomic practices were applied to all experimental plots.

All 5 cm above ground biomass of the two middle rows in each plot were harvested manually at the stage of flowering (when 50% of
the plants flowered —after 107 days of seeding in average). The harvested forage for each plot were oven-dried at 65 °C to constant
weight and used to determine the forage yield. Subsamples (300 g) from each plot were ground to pass through a 1-mm mesh and
stored for further nutritional analyses.

At the stage of flowering, 5 plants were randomly selected from each plot to measure plant morphology traits. Plant height was
determined by measuring the distance between the ground and the tip of the flag leaf. Leaf area was measured by using photo electric
leaf area meter GDY-500. At physiological maturity, the pods in all plots were manually picked off from the remaining rows to
determine seed yield.

2.2. Forage quality analysis

The oven-dried forage samples were analyzed for crude protein, neutral detergent fibre and in vitro dry matter digestibility using a
combination of conventional nutritional laboratory analyses and Near Infrared Reflectance Spectroscopy (NIRS; Instrument FOSS 5000
Forage Analyzer with WINSI II software package). A basal Near Infrared Reflectance Spectroscopy calibration was established and
validated using conventional laboratory analysis of 20% of the samples. Nitrogen concentration was identified by Kjeldahl method
using Kjeldahl (protein/nitrogen) Model 1026 (Foss Technology Corp.) (method 954.01 of [22]). The nitrogen content was multiplied
by 6.25 to calculate crude protein. Neutral detergent fibre was determined according to Ref. [23] without using amylase in the
determination and the result was expressed exclusive of residual ash. The in vitro dry matter digestibility was determined according to
Ref. [24]. All forage nutritional analyses were done in Holetta Agricultural Research Centre Animal Nutrition Laboratory, Holetta,
Ethiopia.

2.3. Statistical analysis

Data of the study was analyzed using analysis of variance according to the following model:

Yi=p+G; +LO; + B(LO)jk + G «LO; + €

Where Yj; is the response variable, 1 is the mean, G; is the effect of genotype i, LO; is the effect of location j, B(L)y is the effect of block k
within location i, GLOj; is the interaction between the variety and location and Ejy is the residual. Least significant difference test at P
= 0.05 with Bonferroni adjustment was used for mean comparison. The relationships between forage yield and nutritive value and
morphology traits were calculated using Pearson’s correlation. All statistical analysis were performed using R [25].

Table 2
Effect of genotype and location of forage yield of lablab.
DM (t/ha) CP (t/ha) IVDMD (t/ha)

Genotype Bechi Kite Tepi Bechi Kite Tepi Bechi Kite Tepi
Gebisa (local) 6.81abc 3.13 6.13a 1.58abc 0.7 1.53a 4.15abc 1.92 3.96a
ILRI110953 10.1def 2.83 12.8de 2.44def 0.63 3.07bc 6.19def 1.72 8.04cd
ILRI11612 8.44bcde 3.02 10.8cd 2.03bcde 0.66 2.83bc 5.15bcde 1.8 6.97bc
ILRI11613 12.6f 3.08 14.2e 3.01f 0.72 3.45¢ 7.74f 1.85 9.05d
ILRI11614 4.7a 1.33 9.83bc 1.12a 0.33 2.69b 2.86a 0.83 6.33bc
ILRI11615 8.18bcde 1.83 10.1cd 1.97bed 0.41 2.42b 4.96bcde 1.13 6.22b
ILRI11619 9.26cde 2.37 9.63bc 2.09cde 0.53 2.44b 5.54cde 1.44 6.2b
ILRI14417 7.37abed 2 10.8cd 1.77abed 0.46 2.77b 4.49abced 1.23 6.89bc
ILRI14425 9.51cde 1.62 9.88bc 2.27de 0.38 2.5b 5.9de 0.98 6.25b
ILRI14435 5.7 ab 3.03 7.07 ab 1.36 ab 0.66 1.57a 3.52 ab 1.81 4.41a
ILRI14445 8.71cde 2.93 10.8cd 2.07cde 0.64 2.65b 5.31cde 1.78 6.78bc
ILRI14459 10.5ef 2 9.55bc 2.4def 0.46 2.49b 6.37ef 1.21 6.21b
ILRI6528 10.7ef 1.52 11.2cd 2.65ef 0.36 2.47b 6.61ef 0.93 6.95bc
Pooled SEM 1.02 0.24 0.62
LSD 2.85 1.38 2.22
ANOVA P value
Genotype <0.001 <0.001 <0.001
Location <0.001 <0.001 <0.001
Genotype x Location <0.001 <0.001 <0.001

DM = dry matter; CP = crude protein; IVDMD = in vitro dry matter digestibility; SEM: standard error mean; means within a column with different
letters are significantly different (P < 0.05).
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3. Results
3.1. Variability in morphology, forage yield and nutritive value

There were significant effects of genotype, location and their interaction on all study parameters (P < 0.001) (Table 2). There was a
wide genotypic range in the combined locations (the difference between maximum and minimum genotype means) forage DM yield
(11.5 t DM/ha), CP yield (3.12 t CP/ha), IVDMD (8.22 t IVDMD/ha), plant height (197 cm), leaf area (77.7 mmz), leaf to stem ratio
(0.93), number of leaves per plant (73.9), number of pods per plant (24.1), and number of branches per plant (4.67) (Table 3, Tables 4a
and 4b).

ILRI11613, Gebisa, and ILRI110953 had the highest DM yield in Bechi, Kite, and Tepi, respectively. ILRI11613 had the highest CP
yield in the three experimental locations. ILRI6528, Gebisa, and ILRI110953 had the highest IVDMD yield in Bechi, Kite, and Tepi,
respectively. ILRI6528, ILRI14425, and ILRI11614 had the highest content of CP in Bechi, Kite, and Tepi, respectively. ILRI14435,
ILRI14417, and ILRI14459 had the highest level of IVDMD in Bechi, Kite, and Tepi, respectively.

ILRI11614, ILRI6528, Gebisa had the heights plant height in Bechi, Kite, and Tepi, respectively. For leaf area, ILRI11614, Gebisa,
ILRI11614 had the largest area in Bechi, Kite, and Tepi, respectively. The highest number of leaves per plant was found in ILRI11612,
Gebisa, ILRI11615 in Bechi, Kite, and Tepi, respectively. The highest leaf to stem ratio in Bechi, Kite, and Tepi were found in
ILRI14445, ILRI14417, and ILRI14417, respectively.

Number of branches per plant: ILRI6528, ILRI110953, ILRI11613 had the largest number of branches per plant in Bechi, Kite, and
Tepi, respectively. The highest number of pods per plant in Bechi, Kite, and Tepi was found in ILRI14435, Gebisa, ILRI6528,
respectively.

Wide genotypic range was found in CP (57 g/kg DM) and IVDMD (56 g/kg DM) (Table 3).

3.2. Correlation between lablab morphology and forage yield and nutritive value

The correlation between food and forage traits is presented in Table 5. The correlation between plant morphology and forage yield
and nutritive value was weak (r < 0.41) irrespective of the location.

4. Discussion
4.1. Variability in forage yield and nutritive value

One goal of the goal of the current study is to assess the genetic and environmental variation in forage yield and nutritive value of
lablab.

The genotypic variation in forage yield and nutritive value of lablab within a given location was reported in the current study. In
general, our results showed that Kite had the lowest forage yield of DM compared to the other locations. This maybe because its soil
had the lowest pH, P, K, Ca and Mg.

A total of 79 g of dietary crude protein is required by a cow to produce one kg 4% fat milk [26]. Accordingly, ignoring the genotypic

Table 3
Effect of genotype and location on crude protein and in vitro dry matter digestibility of lablab forage.
CP (g/kg DM) IVDMD (g/kg DM)

Genotype Bechi Kite Tepi Bechi Kite Tepi
Gebisa (local) 229 223 250 ab 612abc 612 647c¢
ILRI110953 243 219 241 ab 605abc 605 631labc
ILRI11612 242 219 261b 597 ab 597 644bc
ILRI11613 239 233 243 ab 602abc 602 637abc
ILRI11614 236 249 274b 624c 624 643abc
ILRI11615 238 226 241 ab 616abc 616 623 ab
ILRI11619 230 224 253 ab 608abc 608 643abc
ILRI14417 240 230 260b 618bc 618 642abc
ILRI14425 239 234 257 ab 607abc 607 635abc
ILRI14435 239 217 221a 595a 595 622a
ILRI14445 237 219 249 ab 609abc 609 630abc
ILRI14459 231 230 262b 607abc 607 651c
ILRI6528 248 233 221a 609abc 609 622 ab
Pooled SEM 13.1 7.46
LSD 10.2 7.9
ANOVA P value
Genotype <0.001 <0.001
Location <0.001 <0.001
Genotype x Location <0.001 <0.001

CP = crude protein; IVDMD = in vitro dry matter digestibility; SEM: standard error mean; means within a column with different letters are signifi-
cantly different (P < 0.05).
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Table 4a
Morphological traits of 12 improved genotypes and one local genotype of lablab grown in three locations in Ethiopia.
Plant height (cm) Number of pods per plant Number of branches per plant

Genotype Bechi Kite Tepi Bechi Kite Tepi Bechi Kite Tepi
Gebisa (check) 230b 119 ab 271a 28.5bed 38.1a 19.3 fg 5.67 ab 5.07a 6.33bcd
ILRI110953 235b 132a 263abc 30.5abc 34.8abc 26.8cd 5.33 ab 5a 7.53 ab
ILRI11612 230b 105 ab 214d 22.6e 31.2bed l4g 4.87b 4.87a 6bcd
ILRI11613 243 ab 111 ab 227bed 32.8 ab 31.2bed 32.8ab 4.93b 4.53a 8.67a
ILRI11614 281la 84.2b 267 ab 30.2abc 29d 31.7abc 4.93b 4.93a 4.8de
ILRI11615 242 ab 114 ab 231abced 23.8de 30.2cd 17.8 fg 5.2 ab 4.6a 7.13 ab
ILRI11619 226b 131a 214d 28.3bed 36.8 ab 20.3ef 5.8 ab 5.27a 5.07de
ILRI14417 259 ab 108 ab 224cd 31.8ab 34.2abed 30.2abed 5.8 ab 5.73a 4e
ILRI14425 229b 104 ab 217d 28.2bcde 31.1bed 25.3de 6.73a 5.83a 5.8bcd
ILRI14435 226b 112 ab 235abced 34.8a 36.6 ab 33.5a 6.13 ab 4.53a 6.4bcd
ILRI14445 238b 118 ab 263abc 25.7cde 35.5abc 16 fg 6.47 ab 4.6a 6.2bcd
ILRI14459 234b 115 ab 260abc 28.8bcd 30.6¢cd 27.4bcd 5.27 ab 5.13a 5.2cde
ILRI6528 252 ab 140a 252abed 33.8 ab 32.3bed 34a 6.93a 4.87a 6.87bc
Pooled SEM 14.9 2.04 1.14
LSD 42 5.75 3.21
P value
Genotype <0.001 <0.001 <0.001
Location <0.001 <0.001 <0.001
Genotype x Location <0.001 <0.001 <0.001

SEM: standard error mean; means within a column with different letters are significantly different (P < 0.05).

Table 4b
Morphological traits of 12 improved genotypes and one local genotype of lablab grown in three locations in Ethiopia.
Leaf area (mm?) Leaf to stem ratio Number of leaves per plant

Genotype Bechi Kite Tepi Bechi Kite Tepi Bechi Kite Tepi
Gebisa (check) 65.3¢ 37.9a 71.3abc 1.73abc 1.2a 1.31c 62.4bc 59.2 ab 46.4de
ILRI110953 76.7bc 32.9a 75.2abc 1.53cd 1.33a 1.31c 55.1c 51.6abed 40.3de
ILRI11612 72.1bc 34a 63.9bc 1.53cd 1.43a 1.14c 84a 43.4cde 39.7de
ILRI11613 83.9abc 31.7a 89.5a 1.9 ab 1.2a 1.5abc 63bc 63.4a 68.7b
ILRI11614 105a 31.5a 92.1a 1.87abc 1.19a 1.3c 52.1c 18.1g 61.7bc
ILRI11615 76.8bc 27.1a 80.3 ab 1.73abc 1.23a 1.33c 62.3bc 47.2bcde 92a
ILRI11619 73.9bc 32.9a 87.5a 1.77abc 1.2a 1.4bc 50.3c 44.1cde 37.8e
ILRI14417 80.4bc 36.4a 90.4a 1.73abc 1.48a 1.8a 72.6 ab 23.5fg 46.3de
ILRI14425 69.4bc 29.2a 53.9¢ 1.37d 1.33a 1.71 ab 56.3c 34.8ef 52.3cd
ILRI14435 77.6bc 34.2a 88.1a 1.64bcd 1.23a 1.33c 53.1c 55.7abc 60.7bc
ILRI14445 69.1bc 33.5a 75.7abc 2.07a 1.3a 1.2c 78.3a 49.3bed 49.5cde
ILRI14459 69bc 30.2a 76abc 1.53cd 1.4a 1.5abc 52c 41.8de 71.7b
ILRI6528 88.9 ab 31.3a 71.7abc 1.69bcd 1.3a 1.2¢ 55¢ 55.3abed 43.3de
Pooled SEM 8.25 0.13 4.85
LSD 23.3 0.366 13.7
P value
Genotype <0.001 <0.001 <0.001
Location <0.001 <0.001 <0.001
Genotype x Location <0.001 <0.001 <0.001

SEM: standard error mean; means within a column with different letters are significantly different (P < 0.05).

variability when recommending lablab genotype might result in huge loss in biomass and nutrients (could be translated into 32.5 t
milk/ha, 7.75 t milk/ha and 34 t milk/h in Bechi, Kite, and Tepi).

Additionally, our study showed that changing the planting location of ILRI11613 from Tepi to Bechi caused a huge reduction in
forage yield of dry matter by 11.1 t DM/ha. Changing the location of planting ILRI11613 genotype from Tepi to Kite would result in
huge change of CP yield (3.35 t CP/ha/year) which would be converted into 34.6 t milk/year. In other words, recommendation of
lablab improved genotypes without considering the geographical location (where the genotype perform the best) would limit the
farming plot from getting its maximum potential of lablab forage production. The wide genotypic variation in forage yield and
nutritive value would help extension workers jointly with farmers to select lablabe genotypes which maximise farming unit outcome of
forage in mixed farming systems of Ethiopia.

The wide genetic variation in grain yield, forage yield and forage nutritive value in lablab agrees with the results reported in cereal
and legume crops like millet [27,28], maize [29] lentil [30], chickpea [31] and faba bean [32].

The significant effect of genotype-location interaction on forage yield and nutritive value of lablab means that the relative ranking
of lablab genotypes for forage yield and nutritive value is not the same across different environments. The interaction between ge-
notype and location in lablab forage yield and nutritive value traits is in line with [29] findings on maize [29], lentil [30] and chickpea
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Table 5
Correlation between forage yield and morphological traits of lablab.

Forage yield of DM CP IVDMD
Combined data
Forage yield - 0.247* 0.355*
Leaf to stem ratio —0.249* 0.107 —0.034
Leaf area 0.123* 0.323* 0.354*
Number of pods per plant -0.163* —0.319* —0.329*
Plant height 0.266* 0.268* 0.34*
Number of leaves per plant 0.32* 0.027 —0.028
Number of branches per plant 0.185* 0.-0.026 0.144*
Bechi
Forage yield - —0.023 0.053
Leaf to stem ratio 0.058 0.151 0.029
Leaf area —0.031 0.238 0.038
Number of pods per plant 0.123 0.284 0.351*
Plant height —0.034 0.143 0.024
Number of leaves per plant —-0.011 0.059 0.083
Number of branches per plant 0.103 —0.013 0.121
Kite
Forage yield - —0.309* —0.388*
Leaf to stem ratio —0.084 0.008 0.117
Leaf area 0.3 —0.249 —0.027
Number of pods per plant 0.452 —0.381* —0.202
Plant height 0.398* —0.195 —0.106
Number of leaves per plant 0.692* —0.181 —0.275
Number of branches per plant —0.311 0.24 0.218
Tepi
Forage yield - 0.103 —0.243
Leaf to stem ratio —0.381* —0.16 0.089
Leaf area 0.143 -0.13 0.098
Number of pods per plant 0.182 0.073 —0.164
Plant height -0.123 —0.01 —0.086
Number of leaves per plant 0.042 —0.058 -0.128
Number of branches per plant 0.301 —0.408* —0.307

DM = dry matter; CP = crude protein; IVDMD = in vitro dry matter digestibility; * = P < 0.05.

[31].

The effect of location on the relative ranking of lablab varieties for forage yield of lablab should be included in formal agricultural
extension approach in the mixed farming system. That would decrease the chance of disagreement between farmers and both national
and international research centres about the relative ranking of lablab varieties and improve the uptake of improved varieties of lablab
in mixed farming systems.

4.2. Correlation between lablab morphology and forage yield and nutritive value

Identifying forage yield and nutritive value of lablab is extremely important to have better understanding of feed inventory and
make more informed decision on livestock feeding in the farm. in addition to that, forage yield and nutritive value are primer criteria in
all lablab improvement programs.

The current study showed a weak correlation between morphology and yield nutritive value (CP and IVDMD) of lablab forage in all
locations. That means morphology cannot explain the variability in yield and nutritive value of lablab forage. Thus, yield and nutritive
value of lablab forage should be measured directly using conventional methods. Our results agree with [33] where morphological traits
were unable alone to predict nutritive value of pearl millet straw. Although, strong association between morphology and forage yield
and nutritive value was reported in rice [34,35] and faba bean [32], the conclusions of these studies are not robust since they were
based on results of single environment trials.

Farmers in mixed farming systems use morphology to rank crop varieties for straw yield and nutritive value (Mulugeta et al.,
unpublished data). Majority of farmers associate straw yield with plant height and nutritive value with ratio of leaf to the overall straw
biomass (Keno et al., -unpublished data). They might be driven by their traditional knowledge or by extension workers who seem to
extrapolate the results where morphology correlated strongly with forage yield and nutritive value (i.e. in rice [34,35] and faba bean
[32]) to lablab (Wamatu et al., 2023- personal communication).

The current study showed that ranking lablab varieties for forage yield by farmers dose not match that of lablab breeders.
Accordingly, breeders and farmers most likely to disagree over yield and nutritive value of lablab genotypes for different locations.
Consequently, there is a high chance that farmers in mixed farming systems would reject new lablab genotypes recommended by
breeders.

Introducing high yielding forage crops (like lablab) to the mixed farming systems was suggested as a strategy to promote sus-
tainable agricultural production by improving nutrients supply to livestock and an alternative to crop residue which could be used for
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soil mulching [36,37]. However, the adoption rate of lablab production in mixed farming systems of Ethiopia is still low due to many
socioeconomic factors ([12,13], and [38]). Thus, the independent relation between morphology and forage yield and nutritive value of
lablab proved by the current study should be shared widely with farmers in mixed farming systems via formal and informal channels to
avoid such wrong extrapolation and therefore to enhance uptake of improved lablab varieties.

Enhancing the adoption rate of improved lablab varieties in mixed farming systems would increase nutrients supply to livestock for
more meat and milk production. It would also minimise the use of crop residues for livestock feeding leading to more crop residue
biomass left in the cropping plots for mulching, which would decrease soil deterioration in productivity in the mixed farming system
[39]. However, animal numbers, intensity of land use, sale value, and other factors influence what crop residue is used for.

5. Conclusion

Farmers should consider both the genotype and location when they make decision about selecting lablab genotype. Morphological
traits of lablab cannot be used to determine forage yield and nutritive value. The results of the current study should be shared with
farmers through formal and informal extension to improve the adoption of improved lablab genotypes in mixed farming systems.
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