i land MBPY

Article

Fruit Tree-Based Agroforestry Systems for
Smallholder Farmers in Northwest Vietham—A
Quantitative and Qualitative Assessment

Van Hung Do >*, Nguyen La !, Rachmat Mulia !, Géran Bergkvist >{7, A. Sigrun Dahlin 30,
Van Thach Nguyen !, Huu Thuong Pham ! and Ingrid Oborn 4

1 World Agroforestry (ICRAF) Vietnam, 249A Thuy Khue Street, Thuy Khue Ward, Tay Ho District, Hanoi,
Vietnam; L.nguyen@cgiar.org (N.L.); rmulia@cgiar.org (R.M.); n.thach@cgiar.org (V.T.N.);
p-thuong@cgiar.org (H.T.P.)

Department of Crop Production Ecology, Swedish University of Agricultural Sciences (SLU), P.O. Box 7043,
750 07 Uppsala, Sweden; goran.bergkvist@slu.se (G.B.); ingrid.oborn@slu.se (1.O.)

Department of Soil and Environment, Swedish University of Agricultural Sciences (SLU), P.O. Box 7014,
750 07 Uppsala, Sweden; sigrun.dahlin@slu.se

4 World Agroforestry Centre (ICRAF) Headquarters, UN Avenue, P.O. Box 30677, Nairobi 00100, Kenya
Correspondence: d.hung@cgiar.org

Received: 30 October 2020; Accepted: 13 November 2020; Published: 17 November 2020 ﬁ:eé:gt?;

Abstract: Rapid expansion of unsustainable farming practices in upland areas of Southeast Asia
threatens food security and the environment. This study assessed alternative agroforestry systems for
sustainable land management and livelihood improvement in northwest Vietham. The performance
of fruit tree-based agroforestry was compared with that of sole cropping, and farmers’ perspectives
on agroforestry were documented. After seven years, longan (Dimocarpus longan Lour.)-maize-forage
grass and son tra (Docynia indica (Wall.) Decne)-forage grass systems had generated 2.4- and 3.5-fold
higher average annual income than sole maize and sole son tra, respectively. Sole longan gave
no net profit, due to high investment costs. After some years, competition developed between
the crop, grass, and tree components, e.g., for nitrogen, and the farmers interviewed reported a
need to adapt management practices to optimise spacing and pruning. They also reported that
agroforestry enhanced ecosystem services by controlling surface runoff and erosion, increasing soil
fertility and improving resilience to extreme weather. Thus, agroforestry practices with fruit trees
can be more profitable than sole-crop cultivation within a few years. Integration of seasonal and
fast-growing perennial plants (e.g., grass) is essential to ensure quick returns. Wider adoption needs
initial incentives or loans, knowledge exchange, and market links.

Keywords: fruit tree-based agroforestry; economic benefits; ecosystem services; farmer perspectives;
resource competition; systems improvement; uptake and expansion

1. Introduction

The United Nations sustainable development goals and Agenda 2030 include poverty eradication,
ending hunger, and environmental restoration, among other objectives [1]. Related targets are to
implement resilient agricultural practices that increase productivity and production, and to maintain
ecosystems that strengthen the capacity for adaptation to climate change and risks and improve land
health [2]. Agroforestry, a planned combination of trees and crops with or without livestock on the
same land, is increasingly being recognised as a sustainable system to reconcile agricultural production
and environmental protection [3,4]. When combined with contour planting on sloping uplands,
agroforestry is an effective land-use system to reduce soil erosion and maintain soil fertility [5,6].

Land 2020, 9, 451; d0i:10.3390/1and9110451 www.mdpi.com/journal/land


http://www.mdpi.com/journal/land
http://www.mdpi.com
https://orcid.org/0000-0001-9287-0510
https://orcid.org/0000-0003-2831-9163
https://orcid.org/0000-0003-3847-6082
http://www.mdpi.com/2073-445X/9/11/451?type=check_update&version=1
http://dx.doi.org/10.3390/land9110451
http://www.mdpi.com/journal/land

Land 2020, 9, 451 20f23

In addition, as an integrated and more permanent farming system, agroforestry can generate diverse
economic, ecological, and social benefits [3,7] beyond those provided by sole-crop farming systems.

Mountainous areas in the lower Mekong region are experiencing severe forest and land degradation,
driven by expansion of unsustainable farming practices [8]. For example, in northwest Vietnam,
sole-maize cultivation is widespread over hills and fragile sloping land [9,10]. The northwest region is
home to ethnic minorities with a poverty rate of about 14% in 2016, or 8% higher than the average
poverty rate at the national level, according to the 2017 statistic book of Vietnam. Around 60% of land
in the region has a slope of > 30% [11]. Soil degradation in the region is acute, resulting in low crop
productivity [12-16].

Driven by high economic benefits, smallholder fruit-tree cultivation has recently expanded in
several provinces in northwest Vietnam [17]. For example, the total area of fruit-tree plantations in
Dien Bien, Yen Bai, and Son La provinces reached 58,464 ha in 2018, a 51.4% increase compared with
2015. The main fruit commodities are longan (Dimocarpus longan Lour.), mango (Mangifera indica L.)
and plum (Prunus domestica L.). There is also some production of son tra (Docynia indica (Wall.) Decne),
also called H'Mong apple, which is native to the region and one of 50 special fruits of Vietnam [18].
Son tra is a multipurpose tree, restoring natural forest cover and producing fruit [19].

Despite recent developments, farmers in the northwest region generally lack technical knowledge
of agroforestry [9,20], including fruit tree-based agroforestry, in terms of adequate species composition,
optimal plant arrangement and spacing, and management practices to optimise delivery of products
and ecosystem services over time. Good management could better utilise potential economic, social,
and environmental benefits of diversified tree-based farming systems. Farmers in the region usually
develop “temporary” agroforestry by combining fruit trees and annual crops such as maize or cassava,
and vegetables, in the early years of planting before tree canopy closure, most often in the first to
third year after tree planting [21]. Reliable scientific-based information on permanent combinations of
fruit trees and annual crops is necessary to promote agroforestry systems that can offer long-term and
diverse income sources through product diversification to farmers in the region.

This study assessed the performance of two fruit-tree agroforestry systems in order to obtain
knowledge on sustainable farming systems for the region. Quantitative and qualitative approaches
were used to assess the agroforestry systems: longan-maize—forage grass and son tra—forage grass.
Specific objectives were (i) to evaluate the productivity and profitability of agroforestry systems
compared with sole-tree and annual crop systems over the seven years after establishment and (ii) to
survey farmers on the performance of fruit tree-based systems to identify possibilities for improvement
and wider-scale development.

2. Materials and Methods

2.1. Site Description

On-farm experiments with two agroforestry systems, longan (Dimocarpus longan Lour.)-maize
(Zea mays L.)~forage grass and son tra (Docynia indica (Wall.) Decne.) —forage grass, were carried out
on three farms each, using farms as replicates. The farms were situated in Van Chan district (21.56° N,
104.56° E; 374 m a.s.1.) in Yen Bai province and Tuan Giao district (21.56° N, 103.50° E; 1267 m a.s.1.) in
Dien Bien province, northwest Vietnam (Figure 1). The climate at both sites is sub-humid tropical,
with a rainy season from April to October and a dry season from November to March. Mean annual
temperature is 18.6 °C and 21 °C; and annual rainfall is 1200-1600 mm and 1700-2000 mm in Tuan
Giao and Van Chan, respectively. Mean slope of the experimental plots was 27% at both sites.
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Figure 1. Location of the agroforestry experiments with longan-maize-forage grass in Van Chan District,
Yen Bai province, and son tra-forage grass in Tuan Giao District, Dien Bien province, north-west
Vietnam. Replicate trials were established on three farms in each district.

The soil profile at each site was characterised at the start of the experiments. The soils at Van
Chan were silty clay loams, with, on average, pH 4.7, 1.7% soil organic matter (SOM), 0.12% total
nitrogen (N), 0.02% total phosphorus (P), and 0.50% total potassium (K). The soil at Tuan Giao was
silty clay, with, on average, pH 4.6, 3.8% SOM, and total N, P, and K of 0.24%, 0.02%, and 0.85%,
respectively. SOM and total N, and P, and K were determined by the Walkley—Black method [22],
Kjeldahl method [23], and digestion with mixed strong acids [24,25], respectively. Available soil P
(Bray II) [26] was 5 mg kg~! at Van Chan and 9.2 mg kg™ at Tuan Giao.

2.2. Field Experiment Design

Both experiments were designed as randomised complete blocks with three replicates on three
different farms. At Van Chan, the experiment lasted seven years (2012-2018). The agroforestry system
consisted of longan, maize and guinea grass (Panicum maximum Jacq.) (LMG) and was compared with
sole-crop maize (SM) and sole-crop longan (SL) (Figure 2a). The sole-crop longan was planted with
5 m row spacing and 5 m spacing between trees within rows (400 trees ha™!). In the LMG system,
longan was planted at 5 m spacing in double rows along contour lines, with 15 m between two double
rows (240 trees ha™!). Guinea grass was planted in double rows 0.5 m from the trees, and the distance
between two rows was 0.5 m. The seed rate, row spacing, and distance between plants for sole-crop
maize was 15 kg ha™!, 0.65 m, and 0.3 m, respectively. The seed rate was 10-20% lower in the LMG
system, since maize was not sown in the grass strips or within 0.5 m from the canopy of longan,
so maize plants were sown with the same row spacing and plant distance in both systems. The longan
variety used in the experiment was late maturing. The maize variety used in all cropping systems was
the hybrid PAC 999.
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Figure 2. Design of field experiments: (a) Van Chan: sole-crop maize (SM), sole-crop longan (SL),
and longan-maize—forage grass (LMG), U: upslope grass strips, D: downslope grass strips, B: between
grass strips. The plot area was 300 m? for sole-crop maize, 600 m? for sole-crop longan, and 900 m? for
the LMG agroforestry system; (b) Tuan Giao: sole-crop son tra (SST), son tra—guinea grass (STG), and
son tra-mulato grass (STM). Plot area was 500 m?.

The experiment at Tuan Giao lasted six years (2013-2018) and comprised three treatments:
sole-crop son tra (SST), son tra—guinea grass (STG), and son tra—mulato grass (Brachiaria sp.) (STM).
In all treatments, son tra was planted with 5 m row spacing and with 4 m spacing between trees within
rows (500 trees ha™!). Seven rows of guinea grass or mulato grass were planted between two rows of
son tra in the STG and STM system, respectively (Figure 2b). The distance between the grass rows was
0.5 m and the strips were 1 m from the son tra rows. Grafted son tra seedlings were used, while guinea
grass and mulato grass cuttings were obtained from a nursery.

Mineral NPK fertiliser was applied annually to maize in SM and LMG (NPK 5-10-3) as a basal
application, with a topdressing with urea (46% N) and potassium chloride (48.6% K) at maize stage
67 fully expanded leaves (50%) and before silking (50%). In the SL and LMG treatments, 15 kg of
composted animal manure and 1 kg of mineral fertiliser (NPK 5-10-3) were applied per longan tree in
year 1. In years 2-7, 1 kg mineral fertiliser (NPK 5-10-3) was applied per tree, while in years 5-7, 20 kg
of animal manure were applied per tree. In SST, STG, and STM, son tra received 15 kg composted
animal manure and 1 kg mineral fertiliser (NPK 5-10-3) per tree in year 1 and an annual topdressing
of 0.9 kg mineral fertiliser (NPK 5-10-3) per tree in years 2-6. In both experiments, the purpose of
planting grass strips was to utilise nutrients in runoff, and therefore no nutrients were applied to the
forage grasses. For more information about the experiments in Van Chan and Tuan Giao, see Table S1
in Supplementary Materials (SM).

2.3. Data Collection in the Field Trials

2.3.1. Tree Growth and Tree/Maize/Grass Yield Determination

Eight longan and nine son tra trees in each plot were measured every three months for the whole
experimental period to determine base diameter (consistently measured at a height of 10 cm from soil
surface because the trees were still small in the early years of experiments), canopy diameter, and plant
height. Fresh weight biomass production of forage grasses was measured monthly by harvesting a
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5 m forage grass strip per plot and weighing the biomass. Maize grain production was measured
by harvesting a 5 X 20 m sub-area within each plot, air-drying the cobs outdoors before shelling
and weighing. Fruit yield per plot was determined by collecting and weighing the fruit of all trees
at harvest.

2.3.2. Competition for Resources in the Longan-Maize-Forage Grass System

An in-depth study of the variation in plant N concentration, growth, and productivity was carried
out in year 7 of the experiment at Van Chan. Maize stover (stems, leaves, cobs, and covers) and
grain were harvested at physiological maturity and weighed to determine their fresh weight. Fresh
sub-samples of these materials were weighed and dried to constant weight. The ratio between fresh
and dry weight was calculated and used to calculate the total harvested dry weight of each material.
Within the LMG plots, measurements and sampling were performed in duplicate patches at three
positions on the plots; 2.5 m upslope of the grass strips, between grass strips (4 m distance), and 2.5 m
downslope of the grass strips (marked U, B, and D, respectively, in Figure 2a). The sampled area of
each patch was 2.5 X 5 m. Similar sampling of patches was carried out in SM.

Plant N status was monitored in LMG and SM using a soil plant analysis development (SPAD)
502 Plus chlorophyll meter to determine the amount of chlorophyll present in plant leaves [27], as a
proxy for N concentration [28]. The SPAD readings and maize plant height measurements were carried
out at four vegetative stages of the maize crop (3—4, 6-7, and 10-11 fully expanded leaves, and silking).
In each sampled patch, five maize plants along a diagonal were used for measurements on each
occasion. The third, sixth, ninth, and index leaves were used as standard leaves for the stages 3—4, 6-7,
and 10-11 fully expanded leaves and silking, respectively. The SPAD readings were taken at two-thirds
of the distance from the leaf tip towards the stem [29]. In grass, the SPAD readings were carried
out on 10 new fully expanded leaves [30] and height measurements were made on 10 grass plants
every month in a 5 m section of each grass strip before cutting during the maize season. For longan,
the SPAD readings were taken on eight longan trees within LMG and SL (Figure 2a) at the beginning
and end of the maize season. One fully expanded mature leaf on the east, west, south, and north
side of each tree was selected. The third leaflet position from the terminal leaf of each fully expanded
mature leaf was used as the standard leaf for SPAD readings [31].

2.3.3. Land Equivalent Ratio

A land equivalent ratio (LER) was used to compare yields in the different treatments, with LER
greater than 1.0 indicating that the mixed system (intercrop) was more advantageous than the sole
crop. LER was calculated as [32]:

LER = Intercrop1/Sole cropl + Intercrop2/Sole crop2 + ... ... 1)

The fresh yield of sole-crop guinea grass and sole-crop mulato grass was calculated from their
average reported dry biomass yield, i.e., 30 ton ha™! year~! [33] and 18.5 ha™! year~! [34], respectively,
assuming a dry matter content of 23% [35] and 21% [36], respectively. The LER of the LMG, STG,
and STM systems was calculated annually.

2.3.4. Profitability

Cost-benefit analysis was performed for each agroforestry and sole-crop treatment, taking into
account details of investment costs, maintenance costs, and revenue from products sold across
monitoring years. Net profit was calculated by subtracting all input costs from gross income. Annual
inputs included fertiliser, pesticide, labour, planting materials, etc. Total annual income was calculated
based on yield and the price obtained for the different products at harvest. Data on the cost of inputs



Land 2020, 9, 451 6 of 23

and market prices for products were obtained from the provincial extension departments covering the
study sites (see Table S2 in Supplementary Materials). Net profits of each system were calculated as:

N=T-1I @)

where N is net profit, T is total income, and I is total cost of all inputs, all in USD ha™! year~!.

2.4. Selection of Participants for Farmer Group Discussions

Farmers’ perceptions and aspirations for the agroforestry systems involving longan—-maize—forage
grass (in Yen Bai) and son tra—forage grasses (in Dien Bien) were documented in group discussions
carried out in January 2020. For each agroforestry system, two villages were selected: one village
that hosted an experiment (experiment-hosting village) and a nearby village (non-hosting village)
(Table S3 in Supplementary Materials). In each village, farmers who were familiar with or had
observed the agroforestry system in the field experiment were selected and divided into three groups
based on resources and gender (poor female, poor male, non-poor mixed female and male). Farmers
hosting the experiments were interviewed individually, using the same open-ended questions as in
the group discussions. In total, there were six different farmer groups at each study site, three in the
experiment-hosting village and three in the non-hosting village, plus the three farmers hosting the
experiments at each site (experiment-hosting famers). The Vietnamese government’s poverty scale [37]
was used to capture responses from farmers experiencing different levels of poverty. The questions (see
Table 54 in Supplementary Materials) were posed by an interview team, including three researchers
from World Agroforestry (ICRAF) in Vietnam who served as facilitators. All interviews were recorded
and the responses were transcribed and translated into English by the researchers after each group
discussion. The responses from farmers belonging to the different groups were then analysed to
identify the consensus or most common responses to each question within each group. Thus, responses
from individual farmers are not presented. The main ideas expressed in responses were identified and
grouped into themes/categories reflecting farmers’ perceptions of the two agroforestry systems tested
in terms of tree, maize, and grass performance related to competition for resources, economic and
ecological benefits, markets, constraints to adoption, and potential of agroforestry as a future option
for the region.

2.5. Statistical Analysis

The software R (version 3.6.1) was used for all statistical analyses. Repeated measures ANOVA
with the mixed model was used to assess the effects of the different treatments on maize, grass, and tree
performance; yield; and profitability over the years. Log-transformation was used to normalise the
data where necessary. When a significant difference was indicated in F-tests, Ismeans was used to
identify significant (p < 0.05) differences between means. Repeated measures ANOVA was also applied
to compare SPAD values and growth of maize in LMG and SM plots in year 7 of the experiment at
Van Chan. ANOVA was used to compare the yield of maize at different positions relative to the grass
strips within LMG in the last year, and then Tukey’s HSD test was used to identify positions that were
significantly different from other positions.

3. Results

3.1. Tree Growth

There was a significant effect by cropping systems on growth of longan trees. Base diameter,
canopy diameter, and height in the sole-crop (SL) system were significantly greater (p < 0.05) than in
the LGM system (Figure 3a). By the end of year 7, the base diameter of longan in SL. and LMG had
increased by 9 and 7 cm, respectively, since planting, and the height of longan trees was about 148 cm
in SL and 121 cm in LGM, i.e., a height increase of 36 and 32 cm year™! in SL and LGM, respectively.
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Figure 3. Regression lines describing tree growth (mean and standard error): (a) Growth of longan in
the sole-tree system (SL) and longan-maize-forage grass (LMG) system; (b) growth of son tra in the
sole-tree system (SST), son tra—guinea grass (STG) system, and son tra—mulato grass (STM) system.

The base diameter of son tra trees was significantly greater (p < 0.05) in the sole-tree system
than in the systems with forage grass (STM and STG) (Figure 3b). Both tree height and canopy
diameter were affected by the cropping system, with an interaction between cropping system and year
(p < 0.05). Three years after planting, the canopy diameter and height of son tra trees were similar in
the agroforestry and sole-tree systems. However, from year 4 to 6, canopy diameter and tree height
were significantly higher (p < 0.05) in the sole-tree and STM systems than in the STG system (Figure 3b).

3.2. Yield and Land Equivalent Ratio

During the first three years, the products in LMG were primarily maize cobs and forage-grass
biomass (Table 1). The grass started yielding from year 2. The products became more diversified from
year 4, when longan started to bear fruit, and yield increased during subsequent years. There was no
significant effect from the cropping system, or interaction between treatments and year, on maize yield.
However, the yield of longan was significantly higher in the sole-tree system than in LMG, and there
was a significant interaction between treatment and year (p < 0.05). From year 2 to 7, LER of the LMG
system ranged from 1.1 to 1.9 (Figure 4a).

In the STG and STM agroforestry systems, the guinea grass and mulato grass were harvested
from year 2 (2014), with high yield (Table 1). The agroforestry practices had more products from year 3,
when son tra started to bear fruit. However, there was a significant effect from the cropping system on
the productivity of son tra (p < 0.05), with fruit yield being significantly lower in agroforestry than in
the sole-crop system. LER of the agroforestry practices from year 2 to 6 ranged from 0.5 to 1.1 for STG
and 0.6 to 1.8 for STM (Figure 4b).
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Table 1. Yield of maize (dry grain), longan, and son tra (fresh fruit) in sole-crop/tree systems (SM, SL, SST) and of these crops and forage grasses (fresh matter) in
agroforestry systems (LMG, STG, STM) in the seven years of the field experiments.

Yield (Ton ha™1)

Crop/Trees Cropping System 2012 2013 2014 2015 2016 2017 2018 Mean
Maize SM 5.9 (+£0.1) 4.7 (+0.4) 4.1 (+0.3) 4.2 (+0.3) 4.3 (+0.1) 4.2 (+0.2) 4.6 (£0.5) 4.6 (£0.2)
LMG 5.5 (+0.3) 5.3 (+0.1) 3.9 (+£0.2) 4.1 (+0.2) 4.1 (+0.1) 4.0 (£0.2) 4.2 (+£0.4) 4.5 (+£0.3)
By cropping system p-value = 0.33
Cropping system x year p-value = 0.35
Longan SL 0.35(+0.2) 032 (+0.3) 047 (+£0.1) 3.04(+tl.1)a 1.04(+0.7)a
LMG 0.06 (£0.03)  0.18 (+0.2) 0.38(+0.2) 0.90(x0.3)b  0.30 (£0.1)b
By cropping system p-value = 0.02
Cropping system x year p-value = 0.03
Guinea grass LMG 44 (+44) 195(x23) 159(£1.2) 182 (+1.1)  18(x1.5) 14.6 (+4.1) 15 (£2.3)
Son tra SST na 0.6 (+0.4) 5.6 (+4.1) 2.1 (+1.6) 8.7 (+7.6) 4.2 (+1.8)a
STG na 0.2 (+0.1) 1.8 (+0.8) 0.2 (+0.2) 1.8 (+1.3) 1.0 (+0.5)b
STM na 0.2 (£0.1) 0.9 (£0.4) 0.5 (+0.4) 4.7 (£3.4) 1.6 (+1)ab
By cropping system p-value = 0.03
Cropping system x year p-value = 0.75
Guinea grass STG na 67 (£26.3) 61 (x£11) 55 (£6.3) 56 (£2.9) 67 (£5.9) 61 (£2.6)
Mulato grass STM na 58 (+29) 65 (+4) 74 (£7.6) 64 (+4.7) 66 (+4) 65 (£2.5)
By cropping system p-value = 0.62
Cropping system x year p-value = 0.85

SM: sole-crop maize, SL: sole-crop longan, LMG: longan—-maize—forage grass, SST: sole-crop son tra, STG: son tra—guinea grass, STM: son tra-mulato grass; na: not applicable since the
experiment was established in 2013. Values are mean + standard error; different letters indicate significant differences (p < 0.05).
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Figure 4. Land equivalent ratio (LER) of the agroforestry practices in each year of the experiment,
expressed as mean and standard error (bars): (a) Longan-maize—forage grass (LGM); (b) son tra—guinea
grass (STG) and son tra—mulato grass (STM).

3.3. Leaf Nitrogen Content and Competition in LMG

The SPAD value was significantly higher in sole-crop maize than in the LMG system (p < 0.05)
from maize development stages 6-7 to silking, while maize plant height was significantly higher from
10-11 fully expanded leaves to silking (Table 2). However, the biomass of maize, including grain and
stover, was not significantly different between the sole-crop and agroforestry systems.

Table 2. Dry yield, height, and SPAD readings of maize in the longan—-maize-forage grass system
(LMG) and the sole-crop system (SM) in year 7 of the experiment.

Maize Growth Stage At Maturity

Cropping 3-4 6-7 10-11 Silkin Cropping Dry Yield

System Leaves Leaves Leaves 8 System (Ton Ha™1)
SPAD SM 38.0 44.6a 52.1a 57.7a Grain SM 4.6
LMG 38.5 41.3b 47.8b 54.3b LMG 42
p-value <0.001 p-value 0.25
Height (cm) SM 284 65.2 112.1a 230.4a Stover SM 5.6
LMG 269 61.4 96.3b 218b LMG 49
p-value <0.001 p-value 0.09

Different letters indicate significant differences (p < 0.05).

The height of maize upslope, downslope, and between grass strips in LMG during year 7 was
not significantly different from the height of maize in SM at the stages of 3—4 and 6-7 fully expanded
leaves (Figure 5a). However, in later development stages, maize growth was significantly higher
(p < 0.05) between two grass strips than immediately upslope or downslope of the grass. In stages 6-7
and 10-11 fully expanded leaves and silking, the SPAD readings of maize between grass strips were
also significantly (p < 0.05) higher than those upslope and downslope of grass strips. The average
SPAD readings for longan trees were not significantly different between LMG and SL (Figure 5a).
Meanwhile, the average SPAD readings of guinea grass recorded 43.4 within LMG. This indicates that
competition for N took place at positions where trees, crops, and grass were close to each other within
the LMG system.

In LMG, the yield of maize grain between grass strips was 24% higher (p < 0.05) than in SM and
about 62% higher than in upslope and downslope maize in LMG (Figure 5b). Yield of stover was also
significantly higher (53-59%) between grass strips than for maize upslope and downslope of grass
strips. Overall, the results clearly showed competition between grass, longan, and maize upslope and
downslope of the grass strips within the LMG system in year 7.
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3.4. Profitability

Sole maize had a mean annual investment cost of 670 USD ha~!, while that of the sole-longan and
the LMG system was 3.7-fold and 3.2-fold higher, respectively. The average maintenance cost of SL
and LMG was 300 and 863 USD ha™! year~!, respectively (Figure 6a). The net profit was related to
the cropping system, with an interaction between cropping system and year (p < 0.05). The mean net
profit of LMG (1018 USD ha~!) was 2.4-fold higher than for SM, while the SL system only achieved a
positive profit from year 6 (Table 3). The trend of decreasing net profit of SM across year was partially
due to the decreasing selling price of maize over time (presented in the Supplementary Materials Table
52) and lower maize yield in the subsequent compared to the initial years of experiment. From year 2,
the net profit from LGM was equal to that from SM, while from year 4 the net profit from LGM was
significantly (p < 0.05) higher than for SM and SL. In addition, the cumulative profit from LMG was
positive from year 2 and higher than that from SM from year 4 (Figure 6a). In contrast, the cumulative
profit from SL was still negative in year 7.

Table 3. Net profit from the agroforestry systems and the corresponding sole crop/tree.

Net Profit (USD ha™1)

Cropping System 2012 2013 2014 2015 2016 2017 2018 Mean (+SE)

SM 1118a 6lla 388a 246b 233b 196b 190b 4259 (£118.9)b

SL —2463c -355b -229b 40b —41b 112b 947ab —284.4 (+336.8)c

LMG -391b 839a 1550a 1179a 1380a 1404a 1168a 1018.2 (£231.6)a
By cropping system p-value < 0.001
Cropping system x year p-value < 0.001

SST na —-1422 =290 42 2120 538 3238 704.5 (+632.4)b

STG na -1772 3297 2853 3069 2381 3570 2232.9 (+746.6)a

STM na -1772 2661 3018 4067 3147 4773 2648.7 (+857.1)a
By cropping system p-value = 0.005
Cropping system x year p-value = 0.72

SM: sole-crop maize, SL: sole-crop longan, LMG: longan—-maize—forage grass, SST: sole-crop son tra, STG: son
tra—guinea grass, STM: son tra-mulato grass; na: not applicable since the experiment was established in 2013. Values
are means; different letters indicate significant differences (p < 0.05).

In the year of establishment, the total input costs were approximately 1772 USD ha~! for both STG
and STM, but lower (1422 USD ha™!) for SST. In the following years, STG and STM required higher
investment than the sole-tree system, mainly deriving from labour costs for forage-grass harvesting
(Figure 6b). There was a significant effect (p < 0.05) of cropping system on net profit, with the mean
net profit in STG (2233 USD ha~!) and STM (2649 USD ha!) being around 3.2- and 3.7-fold higher,
respectively, than in SST (Table 3). The SST system gave a positive net profit from year 3, but the
cumulative profit from STG and STM was positive and higher than from SST from year 2 (Figure 6b).

3.5. Farmers’ Perceptions and Aspirations for Fruit Tree-Based Agroforestry

3.5.1. Tree and Crop Performance in Agroforestry

Most farmers were fully aware of possible effects of competition for resources (light, water,
nutrients) on the performance of tree and crop components within the agroforestry systems (Figure 7).
All interviewees in Van Chan noted that growth and productivity of maize in the longan-maize—forage
grass system were lower than in sole-maize cultivation. They attributed this to close distance between
trees, crops, and grass leading to competition in the agroforestry system. However, non-hosting village
groups claimed that longan trees performed better in agroforestry than in sole cultivation since they
believed that longan trees utilised the nutrients applied to the maize. However, the experiment-hosting
village, the experiment-hosting farmers in Van Chan, and all interviewees in Tuan Giao reported
that growth and productivity of trees in both agroforestry systems were lower than when trees were
grown separately.
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Figure 6. Input costs, income, and cumulative profit from: (a) the longan—-maize—forage grass (LGM)
compared with sole maize (SM) and sole longan (SL); (b) the son tra—guinea grass (STG) and son
tra—mulato grass (STM) compared with sole son tra (SST).

The interviewees also suggested that the agroforestry systems could be optimised through better
management of trees and crops (Figure 7). The groups proposed different solutions to improve the
efficiency, such as adding more fertilisers to plants suffering from nutrient deficiency in areas where
trees, crops, and grass affected each other’s nutrient availability, reducing tree density and pruning to
reduce shading. In addition, modifying the planting distance between trees and grass was suggested
by groups from both sites. The farmers interviewed also suggested less-competitive crops for the



Land 2020, 9, 451 13 of 23

agroforestry systems, e.g., legume species with biological N-fixation such as soybean and groundnut
in LMG in Van Chan (3 of 7 groups), and upland rice or cucumber in STG and STM in Tuan Giao (2 of
7 groups).

Tree/crop performance in agroforestry
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Figure 7. Farmers’ perception of the performance of trees and crops in the agroforestry experiments in
Van Chan and Tuan Giao compared with that of sole crops/trees. Open-ended questions were used in
group interviews with non-hosting and experiment-hosting villages; experiment-hosting farmers were
interviewed individually.

3.5.2. Benefits of the Agroforestry Systems

All famer groups in Van Chan and Tuan Giao shared the opinion that the experimental agroforestry
systems produced earlier and more diverse products and gave higher economic benefit than the sole
crop/tree (Figure 8a). Most interviewees reported that after 3—4 years, when the trees began to bear fruit,
the income from agroforestry was much higher than from sole-crop cultivation. They also reported
ecological benefits of the agroforestry systems in terms of reduced erosion, weed control, enhanced soil
moisture and fertility, and greater resilience to extreme weather conditions (drought, snow, and frost)
compared with sole-crop cultivation (Figure 8a). However, no group mentioned any benefits regarding
pests and diseases, while only one group (the host farmers in Van Chan) mentioned terrace formation
as an advantage (Figure 8a,b). Female and mixed groups in Tuan Giao claimed that the soil was
less fertile and soil moisture lower in agroforestry than sole-tree cultivation, because the very dense
forage grass used much water and nutrients within the agroforestry system (Figure 8b). Only the
groups in Van Chan and the host farmer group in Tuan Giao expressed appreciation of the reduced
labour requirement for harvesting forage from the grass strips in the agroforestry system (Figure 8b).
These groups mentioned the possibility of using the forage to feed livestock, produce green manure,
and provide earlier income when sold on the local market.
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Figure 8. (a) Farmers’ perceptions about benefits of agroforestry systems and number of farmer groups
mentioning each of the identified benefits; (b) perceived benefits and the farmer groups in Van Chan and
Tuan Giao that mentioned each. Open-ended questions were used in group interviews with non-hosting
and experiment-hosting villages; experiment-hosting farmers were interviewed individually.

3.5.3. Constraints to Uptake of Agroforestry

Most of the farmer groups recognised and listed constraints to the uptake of agroforestry and
proposed possible solutions to improve uptake in the local region (Figure 9). At both Tuan Giao and
Van Chan, all groups indicated that the investment costs were higher than for sole-crop cultivation,
making it difficult for poor households to adopt agroforestry. Management of pests and diseases in
agroforestry was also more complicated, with more tree and crop components. An unstable market
and low prices for products were other constraints to the uptake of agroforestry in the region.

All groups in Van Chan indicated that harsh weather events such as drought and lack of awareness
among farmers of the benefits of agroforestry (4 of 7 groups) were the main drawbacks to the uptake
of agroforestry. In Tuan Giao, all farmer groups considered that it would be difficult to combine
traditional free grazing of livestock on crop residues with agroforestry. The forage grass was not
considered valuable, since in this area with only free-grazing livestock farmers are not accustomed to
collecting fodder. Extreme weather such as snow and frost and lack of techniques for implementing
agroforestry were reported as other constraints to the adoption of agroforestry.

The farmers interviewed proposed solutions to address these issues (Figure 9). At Van Chan and
Tuan Giao, all farmer groups mentioned training in agroforestry techniques, support in obtaining
seedlings and fertilisers, and financial support or access to low-interest loans/credits as important
incentives for implementing agroforestry. Development of market links for agroforestry products and a
stable market were also considered key factors for agroforestry adoption by all farmer groups, but the
suggested schemes differed. In Van Chan, the interviewees envisaged creating a stable market by
building a farmers’ cooperative to improve product quality to meet market demand and a processing
factory to produce secondary products from longan fruit. The interviewees wanted maize replaced
with other, higher-value annual crops. In Tuan Giao, the interviewees wanted a market link to a
processing factory that would buy and add value to son tra and create a stable market.

All farmer groups in Van Chan and Tuan Giao saw a need for plant protection interventions to
control pests and weeds as a way to reduce the labour costs of implementing agroforestry. According to
farmers in Tuan Giao, shifting from free grazing to captive grazing and promoting livestock production
to utilise the forage grass would increase the feasibility of agroforestry in the region. Although drought
is a major concern in Van Chan, only the experiment-hosting farmers and the female farmer groups
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mentioned construction of water storage facilities as a solution. They saw a need for an electric pump
and water tanks on the top of hills to supply water for tree/crops during drought periods.
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Figure 9. Farmers’ perceptions of constraints (left) and solutions (right) to the uptake of agroforestry
(AF) in Van Chan and Tuan Giao, and (centre) the farmer groups that mentioned the respective
constraint/solution. Open-ended questions were used in group interviews with non-hosting and
experiment-hosting villages; experiment-hosting farmers were interviewed individually.

All farmer groups interviewed mentioned a need to reduce the investment costs of agroforestry
(Figure 9), e.g., by producing their own fruit-tree seedlings (3 of 7 groups in Van Chan and male
groups in Tuan Giao). Some groups suggested offsetting the investment costs by planting higher-value
crops to replace maize in Van Chan (4 of 7 groups) and forage grasses in Tuan Giao (2 of 7 groups).
In addition, all farmers in Tuan Giao and 3 of 7 groups in Van Chan (Figure 9) indicated that resource
allocation strategies could help reduce the maintenance cost of implementing agroforestry. They
believed that during the first three years of the experiments, when the trees had not yet produced fruit,
the farmers prioritised the annual crops and grasses to generate annual income. Later, when the trees
were maturing and bearing fruit, farmers prioritised the trees.

3.5.4. Factors Enabling Expansion

The farmers at both Van Chan and Tuan Giao indicated that large-scale annual crop production
on sloping land is an unstable system (land degradation, low yield). However, the ownership of land
by local farmers is suited to implementing agroforestry. In addition, agroforestry has potential in
both areas because it can bring economic and ecological benefits for local farmers. The local climate
conditions are suitable for longan trees in Van Chan and for son tra trees in Tuan Giao, so both species
can produce high yield. Recently, many farmers in Van Chan have shifted from sole-maize production
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to fruit trees and intercropping of fruit trees with annual crops, while farmers in Tuan Giao expressed
interest in grafted son tra seedlings because they start to produce fruit rapidly. Local farmers saw
potential for intercropping high-value trees (e.g., longan, mango, plum) and high-value crops (e.g.,
medicinal plants, soybean, green bean) in Van Chan, or amomum (Amomun xanthioides Wall.) in Tuan

Giao (Figure 10).
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Figure 10. Farmers’ perspectives about factors enabling expansion of agroforestry in Van Chan and

Tuan Giao.

However, based on the interview responses, techniques to implement agroforestry, a stable market
for products, and financial support for farmers in the establishment year(s), in combination with
expansion of livestock production, would be required to expand agroforestry in northern upland areas
of Vietnam (Figure 10).

4. Discussion

4.1. Effects of Competition for Resources on Tree and Crop Performance in Agroforestry and Ways to Improve
the Systems

Total income was higher in the agroforestry systems than in the sole-cropping systems studied,
but individual crop components generally grew more slowly in agroforestry systems than in
sole-crop/tree systems, most likely due to competition for light, water, and nutrients [38]. The tree
species in maize agroforestry systems may contribute differently to tree-crop interactions, e.g.,
leguminous tree species have been shown to compete less with maize for N than non-leguminous
species [39-41]. The presence of tree roots, especially in the maize-cropping zone, also affects the
competition with maize, and is determined by e.g., inherent rooting patterns, management, and soil
conditions [41,42]. Conversely, maize restricts root development of trees in the cropping zone of
agroforestry systems. A study on maize-based agroforestry systems in the sub-humid highlands
of western Kenya indicated that the length of fine roots of intercropped trees (Grevillea robusta and
Senna spectabilis) decreased in the maize root zone because of competition and damage to tree roots
during weed hoeing [43]. In addition, maize uses the C4 photosynthetic pathway and is sensitive to
shading [44] and may therefore be more negatively affected by tree shading in agroforestry systems
than C3 species. Such competition was evident in the LMG system in our study, with slower growth
and lower yield of longan and maize in areas where trees and crops were close to each other. This was
particularly evident in year 7, when SPAD measurements showed competition for N between trees,
crops, and grass growing close to each other (Table 2 and Figure 5).
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In our experiments, the grass component of the agroforestry systems was competitive and
negatively affected N uptake and growth of trees and maize. A previous study of maize intercropped
with guinea grass in northwest Vietnam [45] found that aboveground biomass of maize at positions
downslope and upslope of grass strips was around 60% and 40% lower, respectively, than that of maize
3 m from grass strips and sole maize, as we found for the LMG system (year 7). The farmer groups
interviewed confirmed that maize downslope and upslope of grass strips showed lower growth and
yield compared with maize farther from grass strips and sole maize, and that longan also had lower
growth and yield as an intercrop than as a sole crop.

In our experiment, the yield from sole-longan planting was 2-4-ton ha™! at the seventh year after
tree planting. However, higher yield can be expected with e.g., improved irrigation. For example,
in Hung Yen province of the Red River Delta region of Vietnam, the longan yield could reach
20 ton per ha™! in the eighth year after tree planting [46]. Thanks to better market access including for
export, partially due to the proximity to Hanoi as the country’s capital and urban centre, the farmers
in the province could derive high income from selling longan, and they partially allocate the income
to improving irrigation systems [46]. The farmers in the province have been cultivating longan
for decades.

However, the degree of competition may differ between grass species. A study in Costa Rica
showed that when guinea grass and mulato grass were planted 0.9 m from Eucalyptus deglupta they
produced similar grass biomass, but root length density (RLD) at 0-0.4 m depth was up to three-fold
higher under guinea grass than under mulato grass [47]. At 0-0.4 m depth but 0.45 m from E. deglupta
trees, RLD of guinea grass was up to four-fold higher than that of mulato grass. Thus E. deglupta
growth was significantly reduced by the presence of guinea grass, and to a lesser extent by mulato
grass, compared with sole-crop E. deglupta [47]. The STG and STM systems in our study confirmed the
competition from guinea grass and mulato grass strips with the trees. In these systems, the forage
grasses were planted 1 m from son tra rows, resulting in lower growth and yield of son tra trees with
guinea grass than with mulato grass or sole-tree cultivation, while the two grasses produced similar
grass biomasses.

It is possible to reduce competition between trees and crops by pruning the trees [41], as
proposed by farmer groups in our study. Another option may be to intercrop C3 crops instead of
C4 crops, as previous studies have indicated that yields of C3 crops are less reduced in agroforestry
systems [48,49]. In our study, farmer groups suggested improving the efficiency of the agroforestry
systems by planting legume species such as soybean and groundnut instead of maize in LMG, and by
planting upland rice or cucumber to replace forage grasses in STG and STM. Greater planting distance
between trees, crops, and grass strips would reduce competition. Supplying more fertiliser to plants
suffering from nutrient deficiency in competition zones was also suggested in the group interviews.

4.2. Productivity Benefits and Ecosystem Services of Agroforestry Systems

Evaluation of the agroforestry systems tested in this study indicated that they provided earlier
products than sole-tree systems and more diverse products than sole-maize systems. They also gave
higher total productivity for farmers than the sole-crop systems from the second year onwards. During
the first three years, total productivity was mainly from forage grasses and maize, with the LMG, STG,
and STM systems giving forage-grass biomass for farmers from the second year. The products became
more diverse from year 4, when the trees started to bear fruit, with yield increasing in subsequent years.

We found that the LMG agroforestry system was more productive than sole maize and longan
from year 2 onwards, as indicated by LER ranging from 1.1 to 1.9 (Figure 4a). In a previous study on
agroforestry systems based on apple (Malus domestica), e.g., apple/maize, apple/peanut, and apple/millet,
LER was found to be 1.2-1.3 after the apple trees started bearing fruit from year 6 [50]. In our study,
LER of the STM system was >1.0 from year 3, when the son tra started bearing fruit. However, in the
STG system LER was <1.0, which can probably be explained by competition, as previously shown [47].
Other studies on forage grasses have reported that guinea grass [33] produces more biomass than



Land 2020, 9, 451 18 of 23

mulato grass [34] in sole-grass cultivation. It may therefore affect the LER of the STG agroforestry
system. Management of tree and crop components of a fruit tree-based agroforestry system thus
needs to change from the year of establishment to when trees are maturing and high-producing, so
that farmers can overcome competition effects and optimise the efficiency of land use [50]. In this
study, the farmer groups interviewed suggested that a resource allocation strategy could improve the
productivity of different components of the agroforestry systems. In the first three years, when the
trees had not yet produced fruit, their main priority was the annual crop and grasses, whereas they
paid more attention to the trees when they started bearing fruit. The farmers needed the short-term
income from annual crops to support the long-term benefits from the fruit trees.

Growing forage grasses can be an incentive to improve smallholder livestock production by
improved the daily weight gain of cattle and reducing labour in finding feedstuffs [51]. In this
study, farmer groups confirmed that growing forage grasses reduces the labour requirement for
finding/collecting feedstuffs for livestock in areas where captive grazing is common practice. This may
be particularly beneficial for rural women in the study region, as 60% of the workload in farming
is carried out by women [11]. In areas where free grazing is common practice like in Tuan Giao
district, farmers will be less motivated/perceive less benefit from growing forage grass. This can be a
“temporary” constraint for agroforestry adoption in the areas because along with population growth
and higher demand for agricultural lands, the area of free-gazing lands will become more limited in
the future. Therefore, we strongly considered fodder grass as one of main components of the tested
agroforestry systems. Moreover, agroforestry systems with grass have been identified as the most
suitable practice for northwest Vietnam to reconcile livelihood and erosion control [9].

Sole-maize cultivation on steep slopes in the northwest region of Vietnam produced annual soil
loss that reached up to 174 ton ha=! [15]. However, growing forage grass along the contour lines can
play a significant role in reducing soil loss, especially on the steep slopes of the study region [15].
All experiments in our study were conducted in lands with about 27% slope, and measurement of
soil erosion was not part of our study. However, a study in the northwest region that measured
and compared soil erosion rate in agroforestry and sole-crop plantations clearly showed that soil
erosion was substantially reduced in agroforestry [52]. The study found that the erosion rate in
longan-mango-maize—forage grass agroforestry was 43% lower than that measured in sole-maize
cultivations, and the rate in son tra—coffee—forage grass was 34% lower than that measured in sole-coffee
plantations. All agroforestry systems and sole-coffee plantations observed in the study were three
years old. A higher reduction in the soil erosion rate can be expected in more mature agroforestry such
as in our experiments that have larger tree-canopy cover.

Ecological benefits or ecosystem services noted by farmers in this study were the effect of grass
strips in reducing soil erosion and maintaining soil moisture and fertility, but also in forming terraces
on the steep slopes [52]. In steeply sloping areas, the terraces formed could significantly increase
agricultural productivity and enhance water-use efficiency when combined with other agricultural
techniques [53].

4.3. Economic Benefits of Agroforestry Systems and Possibilities for Improvement

The agroforestry systems evaluated here showed higher profitability than the sole-crop systems
from year 2 onwards. However, the initial investment cost for agroforestry was high: 2122 USD ha~!
for LMG and 1772 USD ha™! for STG and STM. Farmers in the region lack the financial resources to
shift to new practices [10]. New practices thus need to be shown to be safe and ensure food security
before smallholders risk changing from their current system. The main incentive for farmers to adopt
agroforestry is increasing yield and stable prices for their products. When comparing production and
profitability, a cycle of some years must be considered, because it takes longer to establish perennial
trees than annual crops and the financial input is higher in agroforestry systems. Therefore, initial
investment funding (possibly organised by farmers themselves), subsidies, or loans will be necessary
to compensate for the high investment and maintenance costs in the first few years of agroforestry [16].
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The farmer groups interviewed proposed some ways to make implementation of agroforestry more
profitable. First, the establishment of agroforestry will require financial support or access to low-interest
loans/credits. In addition, implementing agroforestry with fodder-grass strips would become more
beneficial for local people if changing from free to captive grazing were promoted. To achieve both
in the study region, local farmers can seek support from the Viethamese government through e.g.,
the National Target Programme (NTP) on New Rural Development [54] or the NTP-Sustainable
Poverty Reduction and 135 Programme [55]. In addition, they can seek loans (low interest rate) from
formal actors such as the Vietnam Bank for Agriculture and Rural Development, the Vietnam Bank for
Social Policy, and People’s Credit Funds [56].

Second, the farmers interviewed suggested producing their own low-cost tree seedlings to reduce
the investment cost. These could be grown in community nurseries, where all members share costs and
provide inputs [57]. The project Agroforestry for Livelihoods of Smallholder Farmers in Northwest
Vietnam (2012-2016), together with relevant stakeholders, has provided training for farmers on the
establishment and management of smallholder and group nurseries, producing tree seedlings by
seedling propagation, grafting, and marcotting techniques. The project has published various technical
extension materials on producing different tree-species seedlings suitable for local conditions. These
technical sources could be useful for local farmers producing their own tree seedlings [58].

Third, the interviewees believed that they could achieve stable production by forming growers’
cooperatives and could improve product quality to meet market demand. The cooperatives could
provide production services, including inputs for farm households, fertilisers, feed ingredients, plant
protection chemicals, and vaccines for livestock. They could also mediate between entrepreneurs and
farmers, representing and protecting the rights of farmer members in contracting to supply raw materials
to processing enterprises and export agricultural products [11]. In rural development work, agricultural
service cooperatives can make a significant contribution [11]. Recently, the Vietnamese government
introduced a programme to develop 15,000 cooperatives and effective agricultural cooperative unions
in rural areas, with the government providing institutions, mechanisms, and policies to support the
programme [59]. This offers an opportunity for farmers in the region to develop cooperatives to ensure
stable production of agricultural products.

5. Conclusions

Agroforestry systems based on fruit trees, grass, and crops had higher productivity, higher
profitability, and earlier returns on investment than sole-crop fruit systems, but also higher initial
investment costs. The agroforestry systems produced a diversity of products and provided ecosystem
services such as erosion control and soil fertility improvement. However, challenges such as higher
investment cost and an unstable market for agroforestry products make it uncertain whether agroforestry
can be easily promoted in the area.

During development of the agroforestry systems, there were negative effects on growth and
productivity of the different components, most likely due to competition. There was evidence of
competition for nitrogen between tree, grass, and crop components at positions upslope and downslope
of the grass strips. These competition effects need to be considered when designing agroforestry
systems and formulating management regimes.

Future fruit tree-based agroforestry systems should apply adaptive management while the
agroforestry system is maturing and consider measures such as widening the planting distance
between trees, crops, and grass; supplying fertiliser to plant components suffering from nutrient
deficiency; and pruning trees in competition zones. Introducing high-value crops or biological N-fixing
species to reduce competition and support the growth of trees can also be considered in order to
optimise the systems.

To enable uptake and expansion of agroforestry in northwest Vietnam, financial support to meet
the higher investment costs for agroforestry and for better value chains with market stability are
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prerequisites for farmers. Local farmers can produce their own tree seedlings to reduce the investment
cost for agroforestry in the region.

Supplementary Materials: The following are available online at http://www.mdpi.com/2073-445X/9/11/451/s1,
Table S1: Fertilisation regime applied in the sole-crop and agroforestry systems in Van Chan and Tuan Giao;
Table S2: Cost of cropping inputs and prices paid for products at the study sites, 2012-2018 (data provided by the
provincial extension department); Table S3: Groups selected for farmer group discussions (FGD); Table S4: List of
questions used in farmer group discussions.
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