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Smallholder farmers in semi-arid regions of Tanzania face multiple challenges,

including erratic rainfall, prolonged droughts, and soil degradation, which threaten

both crop yields and food security. Cereal-legume intercropping has been

proposed as a sustainable strategy to enhance soil health, nutrient availability, and

productivity under these conditions. This study evaluated the potential of

intercropping maize (Zea mays) and sorghum (Sorghum bicolor) with three

legumes Lablab purpureus, cowpea (Vigna unguiculata), and common bean

(Phaseolus vulgaris) at TARI Makutupora, Dodoma, Tanzania. A randomized

complete block design with three replications was used to assess effects on soil

physical and chemical properties, microbial abundance, and crop performance.

Intercropping systems significantly improved soil nitrogen (up to 0.17%), microbial

populations (up to 4.8 × 105 CFU g−1), and soil moisture (up to 14%) compared with

sole cereal crops. Path analysis indicated that soil moisture (b = 0.419) and nitrogen

(b = 0.345) were the most influential factors for productivity. Among legumes,

Lablab-based intercrops consistently enhanced soil fertility and crop yield,

achieving land equivalent ratios above 1.5 and outperforming other legume

intercrops. These findings demonstrate that cereal-legume intercropping,

particularly with Lablab, can revitalize semi-arid soils, improve water and nutrient

use efficiency, and enhance food security. This approach provides a scalable,

climate-resilient strategy for sustainable intensification in Tanzania’s drylands.

KEYWORDS

dryland agriculture, intercropping, land equivalent ratio, smallholder farming, soil
fertility, Tanzania
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1 Introduction

Agriculture is central to food security, livelihoods, and economic

growth globally. In Sub-Saharan Africa, it engages over 60% of the

population and contributes 20–30% of GDP, with Tanzania’s

agriculture employing more than 65% of the population and

accounting for 26% of the national GDP (World Bank, 2021; United

Republic of Tanzania (URT), 2020). Despite its importance,

smallholder farmers in semi-arid regions of Tanzania face multiple

constraints, including erratic rainfall, prolonged droughts, soil

degradation, and nutrient depletion, which collectively reduce crop

productivity and threaten food security (Mkonda and He, 2018).

Addressing these challenges requires innovative, resource-efficient

farming systems that restore soil health while increasing yield resilience.

Cereal-legume intercropping is a promising agroecological strategy

for semi-arid regions, as legumes contribute to biological nitrogen

fixation, improve soil structure, conserve moisture, and diversify

farmers’ sources of food and income (Brooker et al., 2015). Among

commonly grown legumes in Tanzania, cowpea and common bean are

widely consumed but often fail under prolonged dry conditions due to

limited drought tolerance. In contrast, Lablab purpureus, a drought-

tolerant and multifunctional legume native to Africa, remains

underutilized, occupying less than 2% of the country’s legume

production area (Muthamia et al., 2020). Lablab is well-suited for

degraded soils, capable of fixing 20–30 kg N per tonne of biomass

annually, producing 1.5-2.5 t ha−1 of dry matter, and improving soil

moisture retention, making it particularly valuable for climate-resilient

farming systems (Maass et al., 2010; Muthamia et al., 2020).

While previous studies have documented the benefits of lablab in

intercropping systems, few field-based investigations have quantified its

effects on soil fertility, microbial abundance, and productivity in semi-

arid Tanzanian conditions. Moreover, comparative evaluations with

other legumes such as cowpea and common bean remain limited.

Understanding these dynamics is crucial for informing sustainable

intensification strategies that can enhance soil health, stabilize yields,

and improve food security under climate stress.

This study aimed to evaluate the potential of cereal-legume

intercropping for revitalizing semi-arid soils and improving crop

yields in Tanzania, with a particular focus on Lablab purpureus.

Specifically, we assessed the effects of intercropping maize and

sorghum with Lablab, cowpea, and common bean on soil chemical

and physical properties, microbial abundance, and crop productivity,

using land equivalent ratio as a measure of intercropping efficiency.

This research provides evidence-based insights for smallholder farmers

and policymakers seeking climate-resilient and sustainable

intensification strategies in semi-arid agroecosystems.
2 Materials and methods

2.1 Study area

The study was conducted at the Tanzania Agricultural Research

Institute (TARI) Makutupora in Dodoma, a semi-arid region

characterized by low and erratic rainfall (400–800 mm per year) and
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sandy-loam soils with low organic matter (Figure 1). The area

experiences mean annual temperatures of 22-28 °C, making it

representative of semi-arid farming conditions in central Tanzania

(United Republic of Tanzania (URT), 2020).

2.2 Experimental design

A field experiment was conducted during the 2024/2025

cropping season to evaluate cereal-legume intercropping in semi-

arid Tanzania. The study used a randomized complete block design

(RCBD) with three replications. Two cereals maize (Zea mays) and

sorghum (Sorghum bicolor) were intercropped with three legumes

Lablab (Lablab purpureus), cowpea (Vigna unguiculata), and

common bean (Phaseolus vulgaris) in a 1:1 row arrangement. In

addition, sole crops of each cereal and legume were included as

controls. In total, the experiment comprised 11 treatments, covering

all cereal-legume intercrop combinations and the sole crops. Each

plot measured 5 m × 4 m, with 0.5 m buffer zones between plots to

minimize edge effects. The RCBD layout ensured that each treatment

appeared once in each block, allowing for reliable comparison of crop

performance under intercropping and sole cropping systems.

2.3 Crop establishment and management

Land was ploughed and harrowed prior to planting. Crops were

sown at recommended plant densities: Maize: 53,000 plants ha−1

(75 cm × 25 cm). Sorghum: 100,000 plants ha−1 (75 cm × 20 cm).

Lablab: 25,000 plants ha−1 (50 cm × 50 cm). Cowpea: 30,000 plants

ha−1 (50 cm × 20 cm). Common bean: 40,000 plants ha−1 (50 cm ×

20 cm). In intercropped treatments, cereals and legumes were

planted in alternating rows (1:1 configuration). Planting occurred

at the onset of seasonal rains in November 2024.
2.4 Soil sampling and laboratory analysis

Soil samples were collected before planting and immediately after

harvest at three depths (0–10 cm, 10–20 cm, and 20–30 cm).

Composite samples were prepared from multiple cores per plot.

The following parameters were analyzed; Soil pH: 1:2.5 soil-water

suspension (Thomas, 1996). Soil organic carbon (SOC), Walkley-

Black method (Walkley and Black, 1934). Total nitrogen (N):

Kjeldahl digestion method (Bremner, 1960). Available phosphorus

(P), Olsen method (Olsen et al., 1954). Exchangeable potassium (K):

Flame photometry following ammonium acetate extraction

(Chapman, 1965). Cation exchange capacity (CEC), Ammonium

acetate method (Chapman, 1965). Soil moisture: Gravimetric

method. Soil temperature: Field probe measurement at 10 cm depth.
2.4.1 Microbial abundance assessment

Microbial abundance was quantified using colony-forming unit

(CFU) enumeration via serial dilution and plate count techniques

(Alef and Nannipieri, 1995). This method estimates viable culturable

microorganisms but does not capture non-culturable taxa or full

microbial diversity. Therefore, results represent relative biological

activity rather than complete microbial community structure.
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2.5 Crop growth and yield measurements

Phenological stages (days to 50% flowering and physiological

maturity) were recorded. Growth measurements included plant

height, leaf area index (LAI), and aboveground biomass.

Grain yield was determined from the central 3 m × 3 m area of

each plot and adjusted to 12% moisture content.

Intercropping efficiency was evaluated using the Land

Equivalent Ratio (LER), calculated as Equation 1:

LER =
YA1  
YA2

+
YB1  
YB2

(1)

Where: YA1 and YB1 represent the yields of crops A and B

under intercropping, respectively, while YA2 and YB2 represent the

corresponding yields under monocropping (Willey, 1979).
2.6 Farmer perception assessment

Farmer perceptions were assessed using a structured

questionnaire administered to 376 farmers who participated

in field demonstrations during the 2024/2025 cropping

season. Farmers were selected purposively from surrounding

communities practicing cereal-legume farming. The survey

captured perceptions on yield performance, soil moisture

retention, labor requirements, and system preference using Likert-

scale and open-ended questions. Responses were summarized using

descriptive statistics in R software. Participation was voluntary and

conducted in accordance with ethical research standards.
2.7 Statistical analysis

Data were analyzed using R version 4.2.1.
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ANOVA was conducted under the RCBD framework, with

cropping system as a fixed effect and block as a random effect.

Assumptions of normality and homogeneity of variance were

evaluated using Shapiro-Wilk and Levene’s tests.

Treatment means were separated using Tukey’s HSD at p ≤

0.05. Pearson correlation analysis was performed to identify

relationships among soil variables and productivity indicators.

2.7.1 Structural equation modeling

A parsimonious structural equation model was specified a priori

to evaluate direct and indirect effects of key soil variables on

combined yield and LER. Given the sample size (n = 33

experimental units), the model was restricted to a limited number

of biologically meaningful predictors to maintain an acceptable

observation-to-parameter ratio. Model fit was evaluated using Chi-

square (c²), RMSEA, CFI, and SRMR indices. Standardized path

coefficients were used for interpretation.
3 Results and discussion

3.1 Soil characteristics and baseline fertility

Soil analysis at the Makutupora experimental site indicated

sandy loam texture, low organic matter (1.2-1.5%), slightly acidic

pH (5.8-6.3), and moderate nutrient levels (N: 0.09-0.12%, P: 10–15

mg/kg, K: 150–170 mg/kg). Electrical conductivity was low (<0.5

dS/m), suggesting minimal salinity stress. These semi-arid Dodoma

soils typically limit cereal productivity, especially for nutrient-

demanding crops. The low fertility underscores the potential

benefits of integrating legumes such as lablab, which fix
FIGURE 1

Location of the experimental site in Makutupora Ward, Dodoma Region, Tanzania (red dot). Dodoma City is shown for reference.
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atmospheric nitrogen and enhance soil nutrient status over time.

These findings are consistent with previous reports from semi-arid

Tanzania, where legume intercropping improved soil nitrogen and

organic carbon (Ndibalema et al., 2026a; 2026b; Mowo et al., 2021).
3.2 Germination, establishment, and
phenology

All cereal-legume combinations successfully germinated under

the prevailing semi-arid conditions. Lablab initially showed slower

emergence (52% at 0 cm burial depth) due to its hard seed coat but

reached 85-90% emergence by the second week. Cowpea and

common bean germinated faster (70-95%) and flowered 7–10

days earlier than lablab. Intercropped cereals matured within 90–

110 days (maize) and 100–120 days (sorghum), whereas lablab

matured in up to 140 days. The extended growth of lablab provides

prolonged soil cover and nitrogen fixation, benefiting subsequent

crops, aligning with observations from East African drylands

(Ndiritu et al., 2022; Mutema et al., 2023).
3.3 Soil moisture and nutrient dynamics

Lablab-based intercropping systems consistently enhanced soil

moisture retention and nutrient dynamics compared to sole cereals

and other legumes (Table 1). Maize + lablab and sorghum + lablab

increased soil moisture by 13.8% and 13.2%, respectively, relative to

sole maize (11.4%) and sorghum (11.1%), demonstrating lablab’s

water-conserving effect through dense canopy cover and extensive

root systems. The observed improvements likely reflect multiple

interacting mechanisms: canopy cover reduces direct soil exposure,

lowering evaporative losses under semi-arid conditions, while root

exudates and residue inputs enhance soil aggregation and porosity,

thereby improving infiltration and water-holding capacity

(Bünemann et al., 2018; Whitbread et al., 2011). These processes

align with ecological theories of facilitation and niche

complementarity in cereal-legume systems.

Enhanced soil nitrogen availability in intercropped plots can be

attributed to biological nitrogen fixation and reduced nutrient

leaching due to improved ground cover. Total soil N was elevated

in maize + lablab (0.17%) and sole lablab (0.20%), confirming

lablab’s nitrogen-fixing capacity and its contribution to soil fertility

(Maass et al., 2010; Whitbread et al., 2011). Microbial abundance

peaked in sole lablab (5.0 × 105 CFU g−1) and maize + lablab (4.7 ×

105 CFU g−1), highlighting legume residues and root exudates as

stimulants for beneficial soil microbial communities (Bünemann

et al., 2018; Zhou et al., 2023).

While C:N ratios and K index (soil erodibility) did not differ

significantly (p > 0.05), lablab-based systems showed modest

reductions in K, suggesting slight erosion mitigation through

improved soil structure and cover. These improvements indicate

that lablab intercropping can enhance both soil fertility and

microclimatic conditions in semi-arid environments. However,

given the study’s two-season duration, these responses likely

represent short- to medium-term effects from residue inputs and

rhizosphere activity rather than fully stabilized, long-term soil fertility

shifts. Sustained multi-season trials are required to determine
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whether these trends translate into persistent improvements in soil

structure, nutrient cycling, and ecosystem function.

3.4 Microbial abundance and growth of
cereal–legume intercrops

Intercropping significantly influenced both soil biological

conditions and crop growth parameters. Increases in microbial

abundance (culturable fraction) under lablab-based intercrops

suggest enhanced soil biological activity, likely driven by greater

root biomass and organic inputs. Legume residues provide labile

carbon substrates that stimulate microbial proliferation, particularly

among culturable heterotrophic populations (Bünemann et al.,

2018; Zhou et al., 2023). However, it is important to interpret

these findings cautiously, as colony-forming unit (CFU)

enumeration captures only the culturable fraction of the

microbial community and does not reflect total microbial

diversity or functional capacity. Broader shifts in microbial

composition and ecosystem functioning would require molecular-

based analyses.

Simultaneously, intercropping positively affected key growth

and productivity parameters, including plant height, leaf area, and

aboveground biomass accumulation (p < 0.05). Maize–lablab

and sorghum–lablab systems consistently produced higher

biomass than their respective sole cereals. Specifically, maize–

lablab intercrops increased total aboveground biomass by 18–22%

compared with sole maize, reflecting complementary resource use

between the cereal and legume components. While maize grain

yield declined slightly (~5%) under intercropping, sorghum yields

remained largely stable, indicating that lablab inclusion does not

compromise cereal productivity under semi-arid conditions.

Among the legumes, lablab demonstrated superior performance

in biomass production (1.8–2.1 t/ha) and nitrogen accumulation

compared with cowpea and common bean, confirming its potential

as a soil-improving legume capable of supporting biological

nitrogen fixation and providing substantial biomass for residue

incorporation or fodder. Land Equivalent Ratios (LER) for all

lablab-inclusive intercrops exceeded 1.5, illustrating efficient land

use relative to monocultures: maize + lablab achieved an LER of

1.61 and sorghum + lablab 1.59, corresponding to 18–25% gains in

land-use efficiency. Total system productivity, assessed using

combined grain yield and LER, was 22–30% higher in lablab-

based systems despite modest cereal yield trade-offs.

These findings align with studies from semi-arid Tanzania and East

Africa, where lablab intercropping improved resource-use efficiency,

soil fertility, and yield stability under variable rainfall conditions

(Oluoch et al., 2020). Collectively, the results highlight lablab’s dual

role in semi-arid cropping systems: enhancing soil biological activity

while maintaining or increasing overall system productivity.

3.5 Yield performance and system
productivity

Although maize grain yield showed slight reductions under

certain intercropping treatments, total system productivity

increased substantially, as demonstrated by higher combined
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yields and Land Equivalent Ratios (LER > 1) (Figure 2). This

pattern is widely reported in cereal-legume intercrop research,

where modest cereals yield disadvantages are offset by substantial

legume contributions and more efficient use of land resources

(Lithourgidis et al., 2011). In East African smallholder systems,

intercrops frequently outperform sole crops in total biomass and

grain yield per unit area due to complementary capture of light,

water, and nutrients (Pelzer et al., 2014; Munishi et al., 2015). The

slight reduction in maize yield likely reflects interspecific

competition under semi-arid moisture limitations and

overlapping crop growth phases an observation reported in other

arid and semi-arid intercropping studies (Govor et al., 2019;

Bedoussac and Justes, 2010). However, optimizing spatial

arrangement and planting density can mitigate competitive effects

while preserving system productivity gains (Mousavi and

Eskandari, 2011; Li et al., 2007). The structural equation model

(SEM) clarifies the relative importance of different soil and

environmental drivers:

Soil moisture had the strongest positive effect on both combined

yield and LER (b = 0.419), underscoring its central role in semi-arid

agriculture. Enhanced water use efficiency in intercrops has been

reported across multiple cereal–legume combinations, where

complementary root systems improve soil water capture and

reduce evaporative losses (Zhu et al., 2015; Brooker et al., 2015).

By increasing soil water retention and reducing moisture stress,

intercrops stabilize yields under variable rainfall regimes (Ghosh

et al., 2010). These effects are particularly pronounced in dryland

contexts like Tanzania, where rainfall is both low and erratic. Soil

nitrogen was also a strong positive driver of both yield and LER (b =
0.345). This reflects the role of legumes in biological nitrogen

fixation, symbiotically adding N to the system and enhancing N

cycling (Peoples et al., 2009; Rasse et al., 2005). Numerous studies

have found that cereal yields benefit from improved N availability in

intercropping systems compared with monocultures, reducing the

need for external fertilizers (Jensen et al., 2012; Li et al., 2001). The

result supports the widely observed improvement in nitrogen status

and uptake efficiency in intercropped fields (Yu et al., 2015).

Microbial biomass positively influenced combined yields

(b = 0.312) but had a negligible direct effect on LER. This

indicates that microbial communities primarily benefit individual

crops through nutrient mineralization and organic matter

decomposition rather than directly altering spatial land-use

efficiency. Enhanced microbial activity under intercrops has been

widely documented, driven by increased root diversity, varied

exudates, and residue inputs (Thakur et al., 2020; Sharma et al.,

2013). These microbial effects often improve soil structure and

nutrient dynamics, which in turn support plant growth (van der

Heijden et al., 2008; Kuzyakov & Blagodatskaya, 2015). Elevated soil

temperature had a negative effect on both yield and LER (b =

−0.261), consistent with studies showing that higher temperatures

increase evapotranspiration, intensify water stress, and reduce crop

complementarity (Tack et al., 2018; Lobell et al., 2011). High soil C:

N ratios also negatively influenced productivity (b = −0.223), likely

because residues with high C: N decompose more slowly,

temporarily immobilizing nitrogen and limiting nutrient release

to crops (Zhao et al., 2016; Balota et al., 2004). Similar negative
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impacts of high C: N residue quality on nutrient availability have

been reported in diversified cropping systems (Palm et al., 2001).

The SEM shows that soil moisture and nitrogen jointly drive

most of the variation in both combined yield and LER, explaining

significant proportions of system performance. The presence of

both direct and indirect effects in the model highlights that soil

properties, microbial processes, and environmental stressors

interact to shape overall productivity. Comparable SEM

approaches in other studies have similarly identified water and

nitrogen dynamics as primary drivers of intercropping success

(Zhang et al., 2014; Li et al., 2020). Overall, despite slight

reductions in maize grain yield under certain configurations, the

combined productivity benefits and land-use efficiency gains

demonstrate the strategic advantage of cereal– lablab

intercropping for semi-arid dryland agriculture. This approach

enhances resource use, strengthens resilience to moisture stress,

and improves nutrient cycling without increasing input demand

making it a highly relevant and sustainable strategy for smallholder

systems in Tanzania and similar agroecologies (Ojiem et al., 2007;

Giller et al., 2011).

3.6 Farmers’ perceptions and practical
implications

Farmer perceptions were collected at the end of the cropping

season using a structured questionnaire administered to 376

participating farmers directly involved with the experimental

plots. The survey captured insights on yield performance, soil

moisture retention, labor requirements, and overall system

preference. Responses were summarized using descriptive

statistics and are presented as complementary observational

insights rather than inferential statistical evidence. Given the

sample size and purposive nature of the survey, these findings

are indicative rather than fully representative of broader

farming communities.

Farmers reported multiple benefits of integrating lablab into

cereal systems, consistent with observations from smallholder cereal

legume intercropping studies in semi-arid regions of East Africa
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(Salasya et al., 2006). Many farmers highlighted improved soil cover

and reduced soil moisture losses, echoing empirical findings that

intercropping enhances soil microclimate and water use efficiency

(Ntare et al., 2002; Lithourgidis et al., 2011). Improved fodder

availability under legume inclusion was widely noted, which aligns

with evidence that legumes such as lablab provide valuable biomass

and dual food–fodder functions valued by smallholders (Zerbini

et al., 2016).

Respondents also described reduced need for fallow and

enhanced subsequent crop vigor, reflecting farmers’ recognition of

soil fertility improvements following legume integration (Ronorwa

and Mugisha, 2011). Many noted that maize-lablab intercrops were

easier to manage and harvest than sorghum-lablab, in part due to

synchronized maturity and acceptable labor requirements, a pattern

reported in other intercropping adoption studies where crop

combinations with complementary phenologies facilitated

management (Vanlauwe and Giller, 2006). These perceptions

strongly corroborate the measured productivity and soil health

improvements in this study, reinforcing the practical feasibility of

lablab-based intercropping in semi-arid areas. Importantly, farmer

insights suggest that adoption is more likely when the benefits of

legume integration-such as improved soil cover, fodder availability,

and yield stability are tangible, aligning agronomic outcomes with

local management preferences and labor realities (Sanginga

et al., 2004).

3.7 Synthesis and implications for semi-arid
agriculture

Cereal-lablab intercropping enhanced land-use efficiency and

stabilized cereal yields while improving key soil fertility indicators

such as soil nitrogen and microbial activity. These outcomes align

with findings from semi-arid systems in East Africa where cereal-

legume intercrops increased total productivity and soil resource use

efficiency relative to sole crops (Lithourgidis et al., 2011).

Lablab’s extended growth period and substantial biomass

contribution make it a strategic component of integrated soil

fertility management in water-limited environments. Increased
FIGURE 2

Structural equation model showing the influence of soil health parameters on combined yield and land equivalent ratio (LER) in cereal-legume
intercrops in semi-arid Tanzania. Standardized coefficients are shown ***p<0.001, ***p<0.01, ***p<0.05.
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biomass input from legumes is widely documented to improve

organic matter accumulation and soil structure, thereby enhancing

nutrient cycling and moisture retention (Giller, 2001; Herridge

et al., 2008). The observed improvements in soil water status and

nutrient availability are consistent with ecological facilitation and

niche complementarity principles in mixed cropping systems

(Brooker et al., 2015).

These results underscore the potential of lablab to provide

multiple ecosystem services including enhanced soil cover,

biological nitrogen fixation, and drought buffering that benefit

smallholder farming systems in semi-arid agroecosystems

(Sanginga et al., 2004). From a policy perspective, promoting lablab

seed accessibility, strengthening extension services, and integrating

legume-based intercropping into climate-smart agricultural

programs can support broader adoption (Vanlauwe et al., 2014).

Suchmeasures are important for sustainable intensification, resilience

to environmental stressors, and improved food security among

smallholder producers in dryland regions.

3.8 Study limitations and temporal scope

This study was conducted over a single cropping season (2024/

2025), which limits inference regarding long-term soil carbon

accumulation, C:N ratio stabilization, and persistent microbial

community restructuring. Soil organic carbon sequestration and

structural improvements are dynamic processes that typically

require multiple years to demonstrate cumulative and stable

effects, particularly in semi-arid environments where rainfall

variability and high decomposition rates strongly influence

nutrient cycling. Accordingly, the observed improvements in soil

nitrogen availability, soil moisture retention, and microbial

abundance should be interpreted as short-term responses rather

than definitive evidence of sustained soil restoration. Continued

multi-year trials are recommended to determine whether lablab-

based intercropping can generate lasting soil health benefits,

enhance carbon sequestration, and sustain productivity gains

under variable climatic conditions. In addition to temporal

limitations, methodological constraints should be noted.

Microbial abundance was assessed using culture-based CFU

enumeration, which captures only the culturable fraction of the

soil microbial community. While suitable for detecting relative

treatment differences, this approach does not provide a

comprehensive view of total microbial diversity or functional

composition. Future studies incorporating molecular approaches,

such as quantitative PCR or high-throughput sequencing, would

provide more detailed insights into microbial dynamics. The

structural equation modeling (SEM) analysis was conducted using

33 experimental units, which lies at the lower boundary of

commonly recommended sample sizes for SEM. Although the

model was deliberately restricted to a limited number of

theoretically justified predictors to avoid overparameterization,

results should be interpreted as exploratory rather than

confirmatory. Larger, multi-site datasets would strengthen model

robustness and causal inference. Despite these temporal and
Frontiers in Agronomy 07
methodological limitations, the study provides valuable field-

based evidence on the short-term agroecological performance of

cereal–lablab intercropping under semi-arid Tanzanian conditions,

offering foundational insights to inform longer-term studies and

sustainable dryland cropping strategies.

3.9 Conclusion

This study provides strong evidence that integrating Lablab

purpureus with cereals significantly enhances soil health, crop

productivity, and system resilience under semi-arid conditions in

Tanzania. Lablab-based intercropping improved short-term soil

moisture retention (10–12%), nitrogen availability (18–25%), and

microbial abundance (15–20% of the culturable fraction), while

moderating soil temperature by 1.5–2 °C compared with sole

cereals. These soil improvements contributed to higher overall

system productivity, with maize yields and land equivalent ratios

increasing by 22–30% and exceeding 1.5, respectively, demonstrating

more efficient land use and potential for sustainable intensification.

Farmers’ perceptions corroborated these findings, highlighting

practical benefits such as improved soil cover, increased fodder

availability, and reduced fallow requirements. While maize grain

yields alone showed slight reductions under certain treatments, the

combined productivity gains underscore the value of evaluating

intercropping performance at the system level rather than through

sole-crop metrics.

Overall, Lablab functions as a multifunctional legume,

enhancing nutrient cycling, water conservation, and crop

resilience in water-limited environments. These results suggest

that legume-based intercropping represents a viable, scalable, and

climate-smart strategy for improving food security, ecosystem

health, and resource-use efficiency in semi-arid drylands. Given

the study’s two-season duration, the observed benefits should be

interpreted as short- to medium-term responses; multi-year

evaluations are recommended to confirm the persistence of soil

fertility gains, water-use efficiency improvements, and socio-

economic outcomes across diverse farming landscapes.
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