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ABSTRACT 

Productivity of agricultural crops under traditional agri-hortculture system alongwith structure, composition and diver-
sity of fruit trees and shrub species in mid hill situation of Garhwal Himalaya, India between 1000 to 2000 m asl during 
summer and winter seasons on northern and southern aspect were studied. The tree density, composition and diversity 
in the system varied depending upon aspect, landholding and requirements of the farmers. A total of 12 fruit tree species 
were recorded in agri-horticulture system; of which 4 trees were common in northern and southern aspect and 6 trees 
were only noticed in northern aspect while 2 in the southern. The apple tree (Malus domestica) was recorded to be 
dominant fruit tree species with highest IVI values on both northern and southern aspect with prime preference by the 
farmers for high additional economic return in agri-horticulture system. Among the shrubs, the 6 shrub species were 
recorded on the northern aspect whereas there number was 16 on southern aspect. The agricultural crop diversity was 
higher on the northern aspect in summer and winter season. The average annual productivity of grain under agri-horti- 
culture system recorded 1106 kg·ha–1·year–1 on northern aspect and 1122 kg·ha–1·year–1 on southern with a reduction of 
34.56% and 38.29% compared to the sole agriculture crops. The aspect and season also played significantly role in 
grain, straw and biological productivity of agricultural crops present in agri-horticulture and sole cropping systems. In 
general there was reduction in yield of agricultural crops under fruit trees but this reduction is supplemented by fruit 
production which support and sustain the rural community of this hilly region. 
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1. Introduction 

Cultivation of agricultural crop alonwith fruit trees (Agri- 
horticulture) is an exclusive and unique practice in the 
Garhwal Himalayan region of Uttarakhand, India. Fruit 
trees are planted and retained by the farmers as associate 
crops in the different places on agricultural fields of this 
region. The presence of trees also create hindrance dur-
ing agricultural operation and on the agricultural produc-
tivity but their other benefits bound farmers to grow them 
in the suitable places. The status of natural regeneration 
of tree crop is very poor in the existing systems due to 
the deliberate removal of seedlings from the field during 
cultural and other operations. The Selection of intercrops 
depends mainly on edapho-climatic conditions of the 
area, farmer’s need/traditions and resource availability 
[1]. Among the horticultural trees, the Malus domestica, 
Prunus armeniaca, Citrus sinensis, Prunus domestica etc 

are very common in this region. The present study is an 
attempt to analyze the aspectwise study on structure and 
composition of trees in existing agri-horticulture system 
and their impact on agricultural yield in the Garhwal 
Himalayan region of Uttarakhand, India. 

2. Materials and Methods 

The study was carried out in the existing traditional agri- 
horticulture systems of selected villages in Chamba block 
of district Tehri Garhwal (Uttarakhand), India between 
1000 to 2000 m asl elevation during rabi (November- 
March) and kharif (April-October) seasons in the year 
2004-2006 (Figure 1). Geographically the area falls be-
tween sub-tropical to temperate zone, with majority of 
agricultural fields fall in high degree of terraced slopes, 
resulted soil and water losses. The traditional agricultural 
fields are dominated with luxuriant and green lush natural  
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Figure 1. Location map of the study area. 
 
vegetation. The soil of this region is acidic in nature 
varying in texture as per the availability of organic matter. 
Agricultural is the mainstay of livelihood of this region; 
about 85% of the villagers are engaged in agricultural 
interventions that too is low productive. The area re-
ceives an average annual rainfall of 1240 mm and most 
of the rain occurs during July to September (monsoon 
period). The mean annual temperature of the study area 
ranges from 9˚C to 33˚C with occurrence of snowfall 
during November to February. Though traditional agro-
forestry (agrisilviculture system) is also dominating in 
this region yet the farmers are inclined toward the horti-
culture trees on their agricultural fields (agri-horticulture 
system), due to appropriate climatic and geographical 
situation and more monitory return through this practice.  

In the present study, 20 quadrats were laid in each site 
(northern and southern aspect) with 4 replication having 
sample size 10 × 10 meter for trees, 5 × 5 m for shrubs 
and 0.5 × 0.5 meter for agricultural crops. The productiv-
ity of different existing agriculture crops under fruit trees 
was estimated and compared with the productivity of 
sole agriculture (control). In the existing agri-horticulture 
system, the phytosociology comprises frequency, density, 

abundance, Total Basal Cover (TBC), Abundance/Fre- 
quency (A/F) ratio and Importance Value Index (IVI) of 
existing horticultural trees were analyzed in both north-
ern and southern aspect. The quantitative analysis of 
frequency, density and abundance was done by using the 
standard expressions [2,3]. The A/F ratio was used to 
interpret the distribution pattern of the species [4]. The 
importance value index (IVI) was determined as the sum 
of relative frequency, relative density and relative domi-
nance/basal area [2,3,5]. The diversity parameters of 
trees and shrubs were analyzed following [6], concentra-
tion of dominance [7], equitability [8], species richness 
[9] Beta diversity [10,11].  

The assessment of productivity status of agricultural 
crops under agri-horticulture system was also estimated 
to understand the feasibility of the system. The samples 
of agriculture crops were taken from farmers’ fields in 
completely randomized design. The agriculture crops 
from the quadrats were harvested at the maturity stage 
from the agri-horticulture system as well as in sole agri-
culture system to estimate the effect in yield under agro-
forestry system as compared to pure/sole agriculture sys-
tem. The mature agriculture crop was harvested and 
separated in grain (seeds) and straw (vegetative portion 
including shoots and leaves). Further, grain and straw 
were dried so as to obtain the net yield of crop (kg·ha–1) 
on season basis (rabi and kharif season). The Harvest 
Index (HI) is used to denote the fraction of economically 
useful products of a plant in relation to its total produc-
tivity (grain to straw ratio) and calculated using follow-
ing formula:  

HI = (EY/BY) × 100 

where: EY = Economic Yield (grain yield), BY = Bio-
logical Yield (grain + straw). 

3. Results and Discussion 

3.1. Structure and Composition (Phytosociology) 
of Fruit Trees 

Agri-horticulture systems in the Garhwal Himalayan 
region are preferred by the farmers in order to produce 
fruits and crops from the same piece of land. The results 
regarding fruit trees and agricultural crops in agri-horti- 
culture system of this study are presented hereafter. Ta-
ble 1 shows the results on phytosociology of horticultural 
trees on the northern (site-N) and southern (site-S) as-
pects of the study area. Among the temperate fruit tree 
species in the northern aspect, the highest frequency 
(55%), density (1.55 trees 100 m–2), TBC (623.08 cm2 
100 m–2) and IVI (63.65) values were recorded for Malus 
domestica, therefore this species was recorded to be 
dominant species (Table 1). The Prunus domestica was    
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Table 1. Phytosociological (structure and composition) analysis of fruit tree layer in the agri-horticulture system. 

Species % Freq. (F) 
Density 

(Trees/100m2)
Abund. (A) A/F Ratio 

TBC  
(cm2/100m2) 

IVI 

Northern aspect (site-N)   

Temperate fruit plants   

Malus domestica  55 1.55 2.82 0.051 623.08 63.65 

Prunus domestica  30 0.80 2.67 0.089 392.86 36.01 

Prunus armeniaca  30 0.70 2.33 0.078 287.35 30.74 

Pyrus communis  15 0.40 2.67 0.178 264.31 20.48 

Prunus amygdalus 20 0.45 2.25 0.113 165.98 19.33 

Prunus persica  20 0.55 2.75 0.138 79.59 17.60 

Juglans regia  10 0.25 2.50 0.250 157.69 12.74 

Castanea sativa  10 0.15 1.50 0.150 144.38 10.84 

Subtropical fruit plants       

Citrus sinensis  55 0.90 1.64 0.030 469.58 48.84 

Citrus aurantifolia  30 0.75 2.50 0.083 96.21 24.49 

Citrus limon  15 0.55 3.67 0.244 63.72 15.30 

Total  7.05   2744.75  

Southern aspect (site-S)       

Temperate fruit plants       

Malus domestica  20 1.00 5.00 0.250 553.37 76.81 

Juglans regia  10 0.30 3.00 0.300 248.97 32.02 

Subtropical fruit plants       

Citrus aurantifolia  35 1.05 3.00 0.086 252.66 72.23 

Citrus limon  20 0.80 4.00 0.200 141.43 45.68 

Musa paradisiaca 10 0.80 8.00 0.800 265.59 44.59 

Carica papaya  15 0.40 2.67 0.178 90.83 28.68 

Total  4.35   1552.85  

 
recoded to be the co-dominant species in the temperate 
region of northern aspect with frequency (30%), density 
(0.80 trees 100 m–2), TBC (392.86 cm2 100 m–2) and IVI 
(36.01). The lower IVI values were recorded for Casta-
nea sativa (10.84), Juglans regia (12.74) and Prunus 
persica (17.60) in the northern aspect of temperate fruits. 
The sub tropical fruits in the northern aspect showed with 
the higher IVI value (48.84) by Citrus sinensis and 
therefore dominated among the sub topical fruits. In the 
southern aspect the Malus domestica again dominated 
with higher IVI (76.81) in temperate fruits while the sub 
tropical fruits of the site were dominated by Citrus au-
rantifolia with IVI value as 72.23. In agri-horticulture 
systems, a total of 12 tree species were observed; of 
which 4 fruit trees were commonly found in northern and 
southern aspect (Malus domestica, Juglans regia, Citrus 

aurantifolia, Citrus limon) and 6 species only noticed in 
northern aspect (Prunus domestica, Prunus armeniaca, 
Pyrus communis, Prunus amygdalus, Prunus persica, 
Castanea sativa). The southern aspect possessed 2 new 
species (Musa paradisiacal, Carica papaya) as presented 
in Table 1.  

Traditional agroforestry plays a fundamental role in 
livelihood support for the farmers of Garhwal Himalaya. 
The agriculture practices prevailed in the Garhwal Hi-
malaya is rainfed in nature and low productive. The ag-
ricultural land is fragmented with terraced slopes consti-
tuting a fragile ecosystem leading to difficulty in agri-
cultural operations and even not sufficient to meet out the 
annual demand of food grain of the household. The in-
digenous agroforestry practices are often diverse in their 
species composition yet climatic conditions are favour-
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able for fruit trees and provide economic benefit to the 
farmers. Though the demand of fuel and fodder is prime 
importance by the farmers but that is met by the forest 
trees present on their farm in the form of agri-silviculture 
and the forests of adjoining areas. The agri-horticulture is 
a common practice by the farmers mostly having high 
land holding in order to produce fruits and crops from the 
same piece of land and to achieve more income. The ap-
ple tree (Malus domestica) was predominated in northern 
and southern aspect in agri-horticulture system of this 
region. The apple is the major fruit crop because it pro-
vides additional monetary benefits to farmers’ alongwith 
agricultural crops. It was also concluded; that on the 
sloppy land the sole agricultural practices were difficult; 
therefore, different agroforestry combinations were pre-
ferred by the farmers and horticultural trees were the  

priority by the farmers. It was observed that the fruit 
yield increased some times, when the fruit trees were 
grown in intercropping with agriculture, that could be 
attributed to the application of fertilizers for the growth 
and development of agricultural crops. The IVI values of 
trees in present investigation were in concurrence with 
the studies conducted in the traditional agroforestry sys-
tems in the Bilaspur and Raipur districts of Chhattisgarh 
region of India [12].  

3.2. Phytosociology of Shrub Layer 

The abundance of shrubs was also recorded in the agri- 
horticulture system in northern and southern aspect (Ta-
ble 2). A total of 6 shrub species were recorded in north-
ern aspect and 15 in the southern. In the northern aspect  

 
Table 2. Phytosociological analysis of shrub layer in the agri-horticulture system. 

Species % Freq. (F) 
Density 

(Shrubs/25m2)
Abund. (A) A/F Ratio 

TBC 
(Cm2/25m2) 

IVI 

Northern aspect (site-N)       

Eupatorium adenophorum  30 2.60 8.67 0.289 7.55 96.26 

Berberis asiatica  35 0.85 2.43 0.069 6.99 64.72 

Rubus ellipticus  20 0.60 3.00 0.150 5.78 44.65 

Rosa brunonii  20 0.35 1.75 0.088 4.71 36.60 

Zanthoxylum alatum  10 0.20 2.00 0.200 5.66 28.90 

Rumex hastatus  15 0.60 4.00 0.267 1.89 28.86 

Total  5.20   32.58  

Southern aspect (site-S)       

Artemisia vulgaris  15 3.50 23.33 1.556 8.35 49.96 

Eupatorium adenophorum  20 2.50 12.50 0.625 10.57 46.96 

Lantana camara  10 1.45 14.50 1.450 8.45 29.78 

Rumex hastatus  25 1.15 4.60 0.184 4.80 29.41 

Rubus ellipticus  25 0.60 2.40 0.096 4.73 24.52 

Berberis asiatica  20 0.40 2.00 0.100 5.03 20.72 

Zanthoxylum alatum  10 0.20 2.00 0.200 10.06 21.22 

Coriaria nepalensis 15 0.20 1.33 0.089 4.75 16.08 

Rhus parviflora  15 0.35 2.33 0.156 3.51 15.59 

Rubus niveus  10 0.25 2.50 0.250 2.20 11.26 

Solanum khasianum  10 0.25 2.50 0.250 0.95 8.54 

Rosa brunonii  5 0.20 4.00 0.800 2.51 7.86 

Desmodium elegans   5 0.15 3.00 0.600 2.21 6.99 

Myrsine africana  10 0.10 1.00 0.100 0.71 6.89 

Murraya koenigii  5 0.20 4.00 0.800 0.64 4.24 

Total  11.50   69.47  
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the Eupatorium adenophorum was recorded as dominant 
species (IVI = 96.26) followed by Berberis asiatica (IVI 
= 64.72) and Rubus ellipticus (IVI = 44.65) while Rumex 
hastatus (IVI = 28.86) was the suppressed shrub species. 
The southern aspect showed more species diversity in 
shrubs with highest IVI (49.96) was recorded by Ar-
temisia vulgaris followed by Eupatorium adenophorum 
(46.96) and least by Murraya koenigii (4.24) and there-
fore considered as dominant, co-dominant and sup-
pressed shrub species in the southern aspect. In general 
Eupatorium adenophorum was recorded in the category 
of obnoxious weed (shrub) and thrived well in both 
northern and southern aspect (Table 2). 

The higher shrub species were recorded on the south-
ern aspect under agri-horticulture system. In a similar 
study [13] in Western Himalaya, reported that among 
different agroforestry systems, the horti-silvipastural 
system was more diversified, since it had as many as 12 
trees, 4 shrubs, 7 herbs and 6 fruit species. Similar results 
had also been reported [14] in the Western Himalayan 
region of India under traditional agroforestry systems. 

3.3. Diversity Indices of Fruit Trees and Shrubs 

The data presented in Table 3 reveals that, Shannon in-
dex (diversity) values of trees was higher (0.933) on 
northern aspect as compared to southern aspect (0.704) 
under agri-horticulture system. Contrary to this, the 
Simpson index (concentration of dominance) values of 
trees were found to be highest (0.229) on southern aspect. 
The higher species richness value (1.321) was recorded 
in northern aspect. The slightly higher equitability (0.393) 
was observed in southern aspect of agri-horticulture sys-
tems. Beta diversity was higher (2.667) on southern as-
pect while it was lower (1.455) on northern aspect of 
agri-horticulture system. Among the shrubs the higher 
diversity (1.058) and species richness (3.065) was ob-
served in the southern aspect whereas higher Simpson 
Index (0.186), equitability (0.418) and beta diversity 
(2.833) was recorded in northern aspect (Table 3).  

The tree diversity and species richness was higher on 
northern aspect as compared to southern aspect under 
agri-horticulture system whereas concentration of tree 
species was found to be higher on southern aspect. In 
contrarily the shrubs occupied higher diversity and spe-

cies richness in the present study on the southern aspect 
under agri-horticulture system (Table 3). The diversity 
parameters of these agroforestry systems are comparable 
with the diversity indices reported by different workers 
for other regions in agroforestry and non-agroforestry 
systems [12,14-16]. In an experiment [17] reported the 
Shannon-Weaver index (Diversity) values from 0.41 to 
2.31, concentration of dominance from 0.38 to 1.00 in 
the Thar desert under natural silvipastoral system which 
are higher than the present study. The Simpson Index for 
the home garden of Kerala in South India varied 0.44 to 
0.86 [18,19] which is quite high than the present study. 
In the present study, the higher diversity values on 
northern aspects may be due to the higher moisture con-
tent and low insolation rates as compared to southern 
aspects, which receive the Sun rays in later part of the 
day, when the atmosphere is sufficiently warmed. The 
effect of aspect on structure and diversity of vegetation 
was also quantified by several workers [20-22]. The 
higher tree diversity in northern aspect was attributed to 
the presence of higher number of species (21), while the 
higher concentration of dominance in southern aspect, 
was due to the high relative proportion of few fruit spe-
cies in these systems. The higher beta diversity in the 
southern aspect represented the higher niche diversifica-
tion compared to northern aspect under agri-horticulture 
system. The lower number of shrubs was found on north- 
ern aspect which might be due to higher slope in northern 
aspect under agri-horticulture systems. The tree canopy 
cover was higher on the northern aspect, which inter-
rupted the growth and development of shrubs and may be 
another reason for the lower occurrence of shrubs.  

3.4. Productivity of Agricultural Crops 

The annual agriculture productivity under agri-horticul- 
ture system for summer and winter (kharif + rabi), when 
compared with control/sole agriculture system, a signifi-
cant difference in productivity of agricultural crops was 
observed (Table 4). The productivity of agricultural crops 
includes three components viz. 1) productivity of grain or 
seeds (also referred to as economic productivity); 2) straw 
productivity, which includes other than the grain (shoot 
and leaves); 3) biological productivity or total productiv-
ity (includes grain and straw both).  

 
Table 3. Aspect wise diversity in agri-horticulture system. 

Shannon Index Simpson Index Richness Equitability Beta Diversity 
Aspect 

Trees Shrubs Trees Shrubs Trees Shrubs Trees Shrubs Trees Shrubs 

Northern 0.933 0.749 0.137 0.186 1.321 1.435 0.389 0.418 1.455 2.833 

Southern 0.704 1.058 0.229 0.100 0.729 3.065 0.393 0.401 2.667 1.214 
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Table 4. Productivity of Agriculture crops (kg·ha–1·year–1) under agri-horticulture system. 

AH system 
(Productivity in kg·ha–1·year–1) 

Control/Sole Ag. crop 
(Productivity in kg·ha–1·year–1) 

% Decrease from 
control Agricultural crops 

Grain Straw B.Y. H.I. (%) Grain Straw B.Y. H.I. (%) Grain B.Y. 

Northern aspect (site-N)          

Kharif (Summer season)           

Zea mays  634 1978 2612 24.27 907 2331 3238 28.01 30.13 19.34 

Eleusine coracana  667 1176 1843 36.19 984 1956 2940 33.47 32.23 37.32 

Echinochloa frumentacea  751 1594 2345 32.03 1179 1396 2575 45.79 36.29 8.91 

Amaranthus caudatus  608 3095 3703 16.42 865 4676 5541 15.61 29.70 33.18 

Fagopyrum esculentum 655 2517 3172 20.65 922 2677 3599 25.62 28.95 11.86 

Phaseolus vulgaris  685 837 1522 45.01 927 1204 2131 43.50 26.08 28.59 

Vigna umbellata  303 568 871 34.79 416 1074 1490 27.92 27.07 41.57 

Glycine max  670 857 1527 43.88 1219 1247 2466 49.43 45.07 38.10 

Average 621 1578 2199 28.29 927 2071 2998 30.92 31.94 27.36 

Rabi (Winter season)           

Triticum aestivum  659 1132 1791 36.80 1067 1752 2819 37.85 38.29 36.48 

Brassica compestris  276 728 1004 27.49 388 735 1123 34.55 28.87 10.60 

Coriandrum sativum  242 553 795 30.44 400 615 1015 39.41 39.34 21.61 

Pisum sativum  762 854 1616 47.15 1318 1783 3101 42.50 42.21 47.89 

Average 485 817 1302 37.25 793 1221 2014 39.37 37.18 29.14 

Total (Rabi + Kharif) 1106 2395 3501 31.59 1720 3292 5012 34.32 34.56 28.25 

Southern aspect (site-S)          

Kharif (Summer season)           

Zea mays  619 1722 2341 26.44 872 2153 3025 28.83 29.04 22.62 

Eleusine coracana  530 1042 1572 33.72 1531 4217 5748 26.64 65.38 72.65 

Echinochloa frumentacea  626 1572 2198 28.48 950 1574 2524 37.64 34.06 12.90 

Phaseolus vulgaris  526 592 1118 47.05 782 858 1640 47.68 32.75 31.82 

Glycine max  692 849 1541 44.91 1071 1057 2128 50.33 35.35 27.61 

Average 598 1155 1753 34.15 1041 1972 3013 34.55 39.32 33.52 

Rabi (Winter season)           

Triticum aestivum  588 1701 2289 25.69 1031 1716 2747 37.53 42.99 16.66 

Coriandrum sativum  212 638 850 24.94 390 800 1189 32.80 45.58 28.53 

Pisum sativum  772 860 1632 47.37 1006 1234 2240 44.91 23.24 27.13 

Average 524 1067 1591 32.94 809 1250 2059 39.29 37.27 24.11 

Total (Rabi + Kharif) 1122 2222 3344 33.58 1850 3222 5072 36.47 38.29 28.82 

B    
Y-Biological Yield, HI-Harvest Index, Control/sole agriculture crops (crops cultivated without tree). 
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3.5. Productivity of Grains (Economic Yield) 

Data presented in Table 4 shows the annual (summer and 
winter) economic yield of agriculture crops under agri- 
horticulture system as 1106 kg·ha–1·year–1 on northern 
site with a reduction of 34.56% compared to the sole 
agriculture crops (1720 kg·ha–1·year–1). The grain yield 
was recorded 621 kg·ha–1·year–1 and 485 kg·ha–1·year–1 in 
summer and winter season respectively. The Harvest 
Index varied from 16.42% (Amaranthus caudatus) to 
45.01% (Phaseolus vulgaris) in summer season and 
27.49 (Brassica compestris) to 47.15 (Pisum sativum) in 
winter season in northern aspect under agri-horticulture 
system. In the southern aspect the annual economic yield 
of agricultural crops under agrihorticultural system re-
corded 1122 kg·ha–1·year–1 compared to 1859 kg·ha–1· 
year–1 in sole agriculture system. There was 38.29% re-
duction in the grain yield under agrihorticulture system 
compared to sole agriculture. The Harvest Index in the 
southern aspect varied from 26.44 (Zea mays) to 47.05 
(Phaseolus vulgaris) in summer and 24.94 (Coriandrum 
sativum) to 47.37 (Pisum sativum) winter season under 
AH system. The northern aspect was recorded to have 
1.42% reduction in the grain yield compared to southern 
(Table 4).  

The productivity of grain under agri-horticulture sys-
tem was significantly reduced as compared to sole agri-
culture system. The grain yield was slightly retarded 
(1.42%) on the northern aspect compared to southern; 
moreover, within the aspect, the summer and winter sea-
sons have also recorded significant difference in grain 
yield. In general the higher vegetation was found on the 
northern aspect on the hills compared to southern. 
Though there was a slight reduction in the average grain 
yield under agri-horticulture and sole cropping on the 
northern aspect of the present study, but the single crop-
wise productivity is quite high on the northern aspect. 
The agricultural crop diversity (number of agricultural 
crops) was higher on the northern aspect and also in-
cluded some light crops like Vigna umbellata (303 kg· 
ha–1·year–1) and Brassica compestris (276 kg·ha–1·year–1) 
on the northern aspect which were completely absent on 
the southern aspect. This might have also reduced the 
average yield on the northern aspect compared to south-
ern. In the present study, the reduction of grain yield un-
der agri-horticulture system was in conformity with the 
other findings [23], who had also recorded poor per-
formance of soybean crop under tree species. The studies 
[24] on tree-crop interaction under Morus alba and 
Eucalyptus with rice and wheat cropping systems showed 
that all tree species had adverse effect on crop yield. It 
was observed that the crop yield increased with an in-
crease of crop distance from the tree [25]. Overall, the 

reduction in the yield of intercrops due to presence of 
trees may be attributed to differential patterns of canopy 
spread, resulting in variation in light interception, severe 
competitions of the tree roots for moisture and shade 
effects. The study carried [26] showed that the grain 
yield of pure crops was higher as compared to the grain 
yield from the tree-crop systems. In the agri-horticulture 
system, the agricultural crop production is generally 
lower due to competition with trees, but the fruit yield is 
adequately compensated due to overall productivity (tree 
+ crop), which is generally greater than sole agriculture 
system [26]. A study conducted in agroforestry systems 
[27] found that a significant grain yield losses of Cowpea 
(Vigna unguiculata) up to 21% and pearl millet (Penni-
setum glaucum) up to 67% was observed under trees 
compared to outside in south-central Burkina Faso. 
Moreover, the lower variations in the intercropped can be 
attributed to lower population of crop in the intercrop. 
The results of the present study is also justified by [28] 
who revealed that the grain yield was found to be 61.10% 
to 51.23% of the control below Eucalyptus tereticornis 
canopies and 80.57% to 71.58% of the control below 
Dalbergia sissoo canopies.  

3.6. Biological Productivity (Grain and Straw) 

The biological productivity of agricultural crop under 
agri-horticulture system was recorded as 3501 kg·ha–1· 
year–1 compared to 5052 3344 kg·ha–1·year–1 in sole ag-
ricultural system on the northern aspect and therefore, 
there was a reduction of 28.25% in the biological yield 
under agri-horticulture system (Table 4). In the southern 
aspect the biological yield was noticed 3344 kg·ha–1· 
year–1 under agri-horticulture system while the sole crop 
yielded 5072 kg·ha–1·year–1, there was 28.82% reduction 
in biological in this aspect. The 4.48% reduction was 
observed in the biological yield under southern aspect as 
compared to northern under agri-horticulture system 
whereas in sole agriculture system the biological yield 
was 1.20% higher in southern aspect (Table 4). The 
maximum reduction in the biological yield was observed 
in Vigna umbellata (44.57%) during summer and Pisum 
sativum (47.89%) during winter on the northern aspect 
compared to crops grown without tree. In the southern 
aspect the maximum reduction in biological yield was 
noticed in Eleusine coracana (72.65%) during summer 
and Coriandrum sativum (28.53%) during winter com-
pared to sole agricultural crop (Table 4).  

The straw yield was comparatively low under agrofor-
estry systems, as compared to sole agriculture system. 
The higher grain yield in the sole cropping systems was 
attributed to the availability of high PAR (Photosynthetic 
Active Radiation), which helped in more reproductive  
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phase development [29]. Similarly reduction in biologi-
cal yield was also found 61.63% to 56.02% of the control 
under Eucalyptus tereticornis and 72.02% to 69.16% of 
the control under Dalbergia sissoo [28]. The Harvest 
index clearly indicated the grain to straw ratio. The 
higher Harvest Index of crop in sole agriculture clearly 
stated that the proportion of development of grain was 
higher in sole agriculture system, whereas relatively 
more straw was developed the crop cultivated under agri- 
horticulture system (Figure 2). The biological yield of 
agricultural crop under agri-horticulture system was also 
lowered down compared to sole agricultural system. The 
reduction in the biological yield under southern aspect 
was also observed under agri-horticulture system whereas 
in sole agriculture system the biological yield was 1.20% 
higher in southern aspect (Table 4). The reduction in 
crop yield under agri-horticulture system was mainly due 
to competition for the light, water, nutrients, allelopathic 
effect etc. The competition may be interspecific or in-
traspecific [30]. Shading was found to be more important 
than below ground competition in an intercropping study 
of pearl millet and groundnut in India [31]. Though there 
was a slight reduction in the average biological yield in 
sole cropping on the northern aspect of the present study, 
but the biological yield of each crop was reasonably high 
on the northern aspect. This could be due to higher agri-
cultural crop diversity on the northern aspect that also  
 

 
 

 

Figure 2. Grain to straw ratio under agri-horticulture sys-
tem on northern and southern aspect. Agricultural crops: 1: 
Zea mays; 2: Eleusine coracana; 3: Echinochloa frumenta-
cea; 4: Amaranthus caudatus; 5: Fagopyrum esculentum; 6: 
Phaseolus vulgaris; 7: Vigna umbellate; 8: Glycine max; 9: 
Triticum aestivum; 10:Brassica compestris; 11: Corian-
drum sativum; 12: Pisum sativum. 

included low biological yield of some light crops like 
Vigna umbellata (1490 kg·ha–1·year–1) and Brassica 
compestris (1123 kg·ha–1·year–1) in sole cropping on the 
northern aspect which were completely absent on the 
southern aspect. In general the productivity of agricul-
tural crops was significantly impacted in open and shade 
condition beside aspect and season. 

4. Conclusion 

Agroforestry is a common practice in the mid hill situa- 
tion of Garhwal Himalaya. Farmers are inclined toward 
retention of fruit based tree on their agricultural fields for 
additional monitory gain from the fruits and therefore 
agri-horticultural practice is the priority of high land 
holding farmers as the climatic and geographical situa-
tion also permit such practices. The aspect played a sig-
nificant role in fruit tree density and diversity. Moreover, 
the reduction in the crop productivity under agri-horti- 
culture compared to sole agriculture is compensated with 
fruit yields. The northern aspect possessed high tree den-
sity and diversity. The single crop yield was also higher 
on the northern aspect compared to southern. The apple 
tree (Malus domestica) is dominating in the agri-horti- 
culture system of this region that revealed the social de-
sire for this important species. The study concludes that 
there is a significant reduction of agricultural productiv-
ity (grain, straw and biological yield) under trees as 
compared to sole agricultural systems but the overall 
return from the tree-crop combination is higher. There-
fore, the agri-horticultural based cropping patterns needs 
to be strengthened in this Garhwal Himalayan region.  
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