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Abstract: Jojoba is a desert shrub, introduced in the marginal areas of Kenya during 1980s. Jojoba domestication is being faced by 
browsing problems due to pastoralism in these areas. Massive browsing of leaves lowers photosynthesis leading to decline in plant 
functions. An experiment was set up in Maungu, with the aim of determining the effect of browsing on jojoba seedlings. The 
experimental design was a randomized complete block design with three treatments replicated three times. The treatments consisted 
of varying levels of browsing as follows: non browsed, 50% browsed and fully browsed. Seedlings were raised for six months before 
sampling. Variables assessed were: survival, height, root-collar diameter, leaf size, root length and number, internode length, sprout 
number, root/shoot ratio and total biomass. ANOVA was performed to determine differences among the treatments whilst significant 
differences among the means were separated using least significant difference (LSD) at p ≤ 0.05. Results showed fully browsed 
seedlings were significantly lower in height (26.2 cm), internode length (9.7 mm), leaf length (18.3 mm) and width (10.4 mm) and 
total fresh plant biomass (11.0 g) compared to the non browsed ones which showed 31.1 cm, 23.2, 36.1 and 16.6 mm and 17.8 g, 
respectively. On the other hand, fully browsed seedlings showed significantly higher root/shoot ratio. Seedling growth was 
negatively affected by severity of browsing which resulted in stunted growth. The study recommended that browsing of seedlings 
should be prevented since it hinders plant growth. 
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1. Introduction 

Over 80% of Kenya is composed of arid and semi 

arid lands (ASALs) with only a few crops being 

grown mainly for subsistence purposes [1]. They 

experience frequent drought leading to crop failure 

hence overdependence on food relief [2]. These 

ASALs are fragile ecosystems with their productivity 

being threatened by various factors such as 

overgrazing, deforestation, land degradation and harsh 

climate [3, 4]. Jojoba domestication is being faced by 

problems of browsing from both livestock and wildlife 

which are the major activities in the ASALs. 

Increasing human population has resulted to migration 

into fragile marginal lands causing higher livestock 

stocking triggering severe land degradation [5]. 

Jojoba (Simmondsia chinensis L. Schn.) is a high 
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value shrub growing in the arid areas [6] and it is a 

promising cash crop for the arid-lands throughout the 

world. It grows on coarse, light and medium textured 

well drained sandy soils with marginal fertility and 

acidic to alkaline pH of 5-8 [7]. It tolerates low 

rainfall (220-400 mm/year) and high temperature 

range (0-54 °C). Jojoba produces nuts with 45%-55% 

of its weight as oil. It has varied uses ranging from 

edible oils, lubricants, cosmetics and medicines [8, 

9].  

Browsing of tree seedlings by wildlife can reduce 

height growth, stem and foliage density resulting to a 

more open understory [10]. Recent studies by Foster 

[11] described that defoliation of trees by herbivores 

as a biological disturbance that reduces the leaf area 

and causes the trees to change their growth patterns 

and produce defense chemicals [12] as a survival 

strategy. However, faster growing species have 

significant reduction in carbohydrate concentration 

due to browsing followed by relatively faster recovery 
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[13]. Mature jojoba bushes are frequently stunted to a 

low height of up to 1 m due to the harshness of 

climate and browsing by wildlife and livestock [14], 

although they can attain up to 2 m in height. However, 

during the wet season, other fodder species are 

available for browsers hence minimal damage occurs 

in jojoba. The objective of the study was to determine 

the effect of browsing on the growth of jojoba 

seedlings in dry-lands. 

2. Materials and Methods 

2.1 Study Site 

The trial was set up in Voi, Kenya, where jojoba 

bushes are established, along longitude 37°40′60″ to 

38°35′25″ E and latitude 3°23′60″ to 3°24′26″ S at an 

altitude of 892 m above the sea level [15]. 

The area is located in semi arid environment 

characterized by wooded scattered trees, shrubs and 

grasses with pastoralism and wildlife as the major 

activity. A bimodal rainfall distribution of 596 mm 

annually is received. Temperatures range from 16 °C 

to 37 °C with an average of 26 °C and moderate high 

humidity (60%-80%) [16]. However, the area has 

frequent droughts due to climate change leading to 

dependence on famine relief food.  

2.2 Experimental Design 

The nursery experiment was laid down in a 

randomized complete block design with three 

treatments replicated three times. The treatments 

consisted of jojoba seedlings at varying levels of 

browsing as follows: non browsed, 50% browsed and 

fully browsed. Seedlings were raised for a period of 

six months from January to June 2013 and treatments 

were introduced at three months growth. Seedlings 

were raised in medium sized pots of 12.5 cm width 

and 20 cm length. The potting media was sand and 

farmyard manure in the ratio 2:1, respectively. Each 

replicate consisted of three rows with 10 plants.  

 

2.3 Data Collection 

Six month old jojoba seedlings were sampled after 

treatment application for a period of three months. 

Three plants were then sampled per row. Variables 

assessed were: survival, plant height, root collar 

diameter, leaf size, root length and number, internode 

length, number of sprouts, root to shoot ratio and total 

fresh plant biomass. 

2.4 Data Analysis 

ANOVA was performed using SAS [17] to 

determine differences among the treatments. The 

significant differences among the means of variables 

were separated using least significant difference (LSD) 

at p ≤ 0.05. 

3. Results and Discussion 

3.1 Effect of Browsing on Survival and Shoot Growth 

of Jojoba Seedlings 

Shoot growth of jojoba seedlings was severely 

affected by browsing leading to stunted growth. 

Results of the current study showed that fully browsed 

seedlings were significantly (p ≤ 0.05) lower in plant 

height (26.2 cm), internode length (9.7 mm) and total 

fresh plant biomass (11.0 g) compared to the non 

browsed ones which showed 31.1 cm, 23.2 mm and 

17.8 g, respectively (Table 1). The findings are 

consistent with earlier studies by Gill and Beardall [10] 

who reported that browsing of tree seedlings by 

wildlife tend to limit height growth, reduce stem and 

foliage density resulting to a more open understory. 

Mature jojoba bushes are frequently stunted to a 

height of 60 cm to 90 cm by the harshness of climate 

and also heavy browsing by wildlife and livestock due 

to their high palatability and nutritive value [14], 

although they can attain up to 2 m in height [7]. 

According to Refs. [8, 10, 18, 19], browsing reduces 

lower branching and abundance of species but does not 

affect stem diameter. However, Horsley et al. [20] reported 
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Table 1  Effect of browsing level on survival and shoot growth of jojoba seedlings. 

Browsing level Survival (%) Plant height (cm) 
Internode length 
(mm) 

Number of sprouts 
Total fresh plant 
biomass (g) 

Non browsed 66.7 31.1a 23.2a 1.2b 17.8a 

50% browsed 60.0 28.2ab 15.6ab 3.7b 13.6b 

Fully browsed 63.3 26.2b 9.7b 12.5a 11.0b 

CV 40.8 5.9 23.1 28.1 9.7 

LSD 58.5 3.8 8.5 3.7 3.1 

Means with similar letters in each column are not significantly different using least significant difference (LSD) at p ≤ 0.05.  
 

that browsing resulted to shorter heights and thinner 

diameters. 

Similarly, fully browsed seedlings showed 1.6 

times lower total fresh plant biomass compared to non 

browsed seedlings. This shows that the former 

seedlings depicted stunted shoot growth. This 

corroborates with findings by Rooney and Waller [21] 

who reported that defoliation and leaf height reduced 

relative growth rate over short time periods. Work by 

Li et al. [22] observed that the leaf edge removal 

resulted in significantly reducing the total plant and 

root biomass.  

Previous results by Ferraro and Oesterheld [23] 

reported negative effect of defoliation on plant growth 

and variability in the defoliation responses of different 

plant components. There was also an intermediate 

negative effect on total production. However, Roundy 

et al. [24] reported that moderate browsing pressure 

resulted in forage yields similar to those of non 

browsed plants which is contradictory to the present 

study but they further observed that heavy browsing 

greatly reduced shrub size and forage yield which 

agrees with this study. Studies by Ives and Nairn [25] 

found that partial defoliation reduced initial growth in 

young tamarack (Larix laricina) trees. 

Intensity of mammalian browsing may modify the 

magnitude and the direction of tree diversity effects on 

tree growth and susceptibility to insect herbivory [26, 

27]. Unbrowsed trees experienced lower insect 

chewing damage in mixed stands whilst browsed trees 

suffered more insect chewing damage in diverse 

stands. Low levels of persistent insect damage (< 2%) 

have been shown to reduce birch growth and fitness 

[28]. Thus, the effects of browsing on tree growth may 

be further compounded by increases in background 

insect herbivore damage. Growth of moderately 

browsed trees increased with tree species richness, but 

growth of severely browsed birch trees was unaffected 

[27].  

As browsing intensity increases, both upright and 

lateral shoots are usually removed resulting to reduced 

vertical and horizontal growth [29, 30] and thereby 

reducing the competitive ability of trees. Similarly, 

severely browsed trees are more likely to suffer from 

stem breakage by moose, which reduces tree height 

and hinders growth [31]. These findings are consistent 

with the findings of the current study despite the fact 

that the authors considered mature trees as opposed to 

seedlings in the present study. 

However, the number of sprouts was significantly 

(p ≤ 0.05) higher for fully browsed seedlings 

compared to the non browsed and partially (50%) 

browsed seedlings and could be explained by 

compensatory strategy by the severely browsed 

seedlings through resprouting. This is in agreement 

with earlier studies by Roundy and Dobrenz [32] who 

stated that new twigs were initiated from lateral buds to 

compensate for the loss of apical buds and twigs from 

herbivory. Similarly, McNaughton [33] reported that 

lightly defoliated plants may increase sufficiently in 

biomass through overcompensation to end up larger in 

mass than non-defoliated controls. Branches in 

heavily browsed areas usually take longer to grow if 

the apical meristem has been removed through 

browsing [34]. 

Earlier findings by Ferraro and Oesterheld [23] 
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reported that defoliation intensity had no effect on 

response to defoliation which is contradictory to the 

present study. Defoliated larch and pine seedlings 

showed less biomass and starch component than those 

not defoliated [35]. However, both species showed 

overcompensation in total and component biomass in 

seedlings defoliated by 25% but generally defoliation 

caused about a 50% decrease in whole-seedling starch 

concentration. Further studies by Atkinson et al. [13] 

reported that faster growing species showed 

significant carbohydrate reduction after browsing but 

this was followed by fast recovery. Rates of 

photosynthesis on foliage regrowth increased relative 

to non-defoliated controls [36]. In addition, plant 

biomass is not necessarily reduced by the same 

percentage as leaf area [37].  

Heavily browsed trees take less energy into somatic 

growth but instead divert more energy into forming 

secondary compounds which might be toxic and hence 

deter herbivory [38, 39]. High stress levels cause the 

energy of plants to be focused towards stem 

development but less branch growth [40]. Studies in 

Northern Michigan by Rudolph and Autenrieth [41] 

reported that deer population changes with seasons 

and their population increases alongside with increase 

in nutrient availability. Trees invest most of their 

energy into growing leaves towards the top canopy 

since this portion receives direct sunlight and these 

leaves are the most efficient in photosynthesis [42]. 

Trees above the browsing height are able to obtain 

sufficient nutrients to increase tree girth regardless of 

browsing [43].  

3.2 Effect of Browsing on Root and Foliage Growth of 

Jojoba Seedlings 

On the other hand, fully browsed seedlings also 

showed significantly (p ≤ 0.05) lower growth in leaf 

length (18.3 mm) and width (10.4 mm) compared to 

non browsed seedlings which were 36.1 mm and 16.6 

mm, respectively (Table 2). Seedling growth was 

negatively correlated with severity of browsing which 

resulted in short internodes and small leaf sizes. These 

findings are in agreement with recent studies by 

Foster [11] and Gruning et al. [12] who stated that 

defoliation affects tree performance by reducing leaf 

area leading to low photosynthetic capacity and 

nitrogen cycling in the forest ecosystem.  

Fully browsed seedlings showed significantly 

higher root to shoot ratio and number of lateral roots, 

although the latter was not significant, compared to 

non browsed ones. This shows that root growth in 

terms of length and also number of lateral roots are 

least affected by browsing and this leads to a 

significantly higher root to shoot ratio for the browsed 

seedlings. The findings of the current study 

corroborate with earlier studies by Ferraro and 

Oesterheld [23] who reported that defoliation causes 

minimum effect on root growth especially root 

biomass.  

According to Pinoyfarmer [44], jojoba seedlings 

can attain root length 10 times the shoot height with a 

growth rate of 2.5 cm per day making them to possess 

special deep root system adaptation for arid lands. 

However, further studies by Li et al. [22] reported that 
 

Table 2  Effect of browsing level on root and leaf growth of jojoba seedlings.  

Browsing level 
Root collar 
diameter (mm) 

Root length (cm) Number of roots
Root to shoot 
ratio 

Leaf length (mm) Leaf width (mm)

Non browsed 5.1b 32.4 47.4 1.03b 36.1a 16.6a 

50% browsed 6.0a 33.2 59.0 1.03b 26.6ab 12.7ab 

Fully browsed 5.1b 33.8 64.2 1.30a 18.3b 10.4b 

CV 5.9 9.5 15.5 3.0 17.2 17.7 

LSD 0.7 7.1 20.0 0.08 10.5 5.3 

Means with similar letters in each column are not significantly different using LSD at p ≤ 0.05.  
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removal of leaf edges changed the carbon allocation 

resulting in reduced root development which further 

hinder nutrient uptake by plants from the soil leading 

to stunted growth. More recent research by Foster [11] 

also stated that evergreen trees are more prone to 

death after defoliation because most of the food 

storage is in the foliage while deciduous ones store 

their carbohydrates in the stem and roots. 

4. Conclusions 

Seedling growth was negatively affected by severity 

of browsing which resulted in lower plant height, 

short internodes and small leaf sizes leading to stunted 

growth.  

Recommendations 

The study recommended that browsing of jojoba 

seedlings should be prevented through fencing since it 

severely hinders plant growth which can also further 

slow down field establishment. Further research needs 

to be carried out to explore the possibilities of 

replacing the severely browsed seedlings with newly 

replanted ones since the former take a long time to 

recover. 
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