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Abstract 

Water deficit affects plant growth and development thus affecting crop productivity. It is the major a biotic stress 

experienced in the vast semi arid and arid regions of Kenya and the world as a whole. Water deficit mainly causes 

reduction in plant growth and development. Crotalaria ochroleuca is an important indigenous leafy vegetable 

which is a legume grown and consumed in Kenya and Tanzania and other parts of Africa. The slender leaf 

rattlebox is very rich in protein, calcium, iron, Beta carotene and ascorbic acid and therefore can contribute to 

good human health therefore increased production of this vegetable should be used to solve the problem of 

malnutrition in the country and also act as food security. A study was conducted to evaluate the responses of 

slender leaf rattlebox to Water deficit. The study as carried out at the University Botanic Garden. Twenty seeds of 

slender leaf rattlebox were arranged in a randomized complete block design (RCBD) with six treatments and four 

replications. After 15 days of germination, the plants were thinned up to four plants per pot and subjected to six 

treatments viz: watering daily (U), watering after 3 days (V), watering after 6 days (W), watering after 9 days (X), 

watering after 12 days (Y) and watering after 15 days (Z). Data on growth parameters (shoot height, leaf length, 

leaf width and number of leaves per plant) were collected on weekly basis. Leaf area, shoot/root fresh and dry 

weights, leaf chlorophyll concentration at different water regimes was also determined. Data collected was 

subjected to Analysis of variance (ANOVA) using CO-STAT statistical package and treatment means were 

separated and compared using least significance difference (LSD). The results show that Crotalaria ochroleuca 

seedlings are very sensitive to water deficit conditions. Water deficit significantly (P ≤ 0.05) decreased the shoot 

heights, leaf number, leaf area, shoot and root fresh and dry weights and chlorophyll content in the Crotalaria 

ochroleuca seedlings. The study indicated 55 % reduction in shoot height, 90 % reduction in leaf area, 71% in 

fresh weight and 90% reduction in dry weights at water deficit treatments compared to the control plants. It may 

be recommended that for proper growth and development of Crotalaria ochroleuca plants, daily watering or at 

least once in three days should be carried out. 
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Introduction  

Among various types of vegetables, leafy vegetables 

are the most commonly consumed in Kenyan daily 

diet. The importance of leafy vegetables in the 

developing countries has been recognized due to their 

nutritional and medicinal value (Prasad et al., 2008). 

The genus crotalaria includes about 500 species of 

herbs and shrubs and Africa is by far richest with 

approximately 400 species (Polhill, 1982), Crotalaria 

is mainly found in damp grassland, especially in 

floodplains, depressions and along edges of swamps 

and rivers, but also in deciduous bush land, roadsides 

and fields. It grows in open localities with adequate 

sunshine at 300–2000 m altitude. It is favored by 

warm conditions, and after the crop is well 

established and has formed long taproots and long 

lateral roots, it can tolerate rather dry conditions. The 

two African species used as a vegetable are Crotalaria 

ochroleuca and Crotalaria brevidens. Crotalaria 

ochroleuca is closely related to Crotalaria brevidens 

and information cannot always be attributed to either 

one of them with certainty (Abukutsa-Onyango, 

2007). Crotalaria ochroleuca can best be 

distinguished by the color of the flower which is pale 

yellow while bright yellow in Crotalaria brevidens, 

the calyx (glabrous vs. often puberulous), and the 

fruit diameter ((1–) 1.5–2 cm vs. 0.5–1 cm). Another 

distinguishing factor is taste whereby Crotalaria 

ochroleuca has a mild taste whereas Crotalaria 

brevidens has a bitter taste, but both species are 

commonly called rattle pod, rattle box, sunnhemp or 

slenderleaf (Abukutsa-Onyango, 2007).  Crotalaria 

ochroleuca is found almost throughout tropical Africa 

except the north-eastern and most southern parts and 

most islands of the Indian Ocean. Outside Africa, it 

has become naturalized in Brazil, the United States 

(Florida), Australia, New Guinea and China. It is used 

as a wild or cultivated vegetable in several African 

countries: Senegal, Nigeria, Cameroon, Congo, DR 

Congo, southern Sudan, western Kenya, Uganda and 

north -western Tanzania (Sarwatt and Mkiwa, 1987).  

 

Crotolaria ochroleuca is an important indigenous 

leafy vegetable which is a legume grown and 

consumed in Kenya and Tanzania among other parts 

of Africa. It is known as ‘marejea’ in Tanzania (Mkiwa 

et al., 1988) ‘mitoo’ in Kenya and ‘alaju’ in Uganda. 

Crotalaria ochroleuca is an erect much-branched 

annual or short-lived perennial herb; branches 

ascending, with short appressed hairs. It has bright 

green leaves, and grows to a height of 250cm. The 

flowers are pale yellow or creamish in colour and the 

seeds are normally but not always light yellow and the 

pods are wider in diameter and big. The slender leaf 

rattlebox is very rich in protein, calcium, iron, Beta 

carotene and ascorbic acid and therefore can 

contribute to good human health therefore increased 

production of this vegetable should be used to solve 

the problem of malnutrition in the country and also 

act as food security (Florence et al., 2010). The 

nutritional value is comparable to other dark green 

leafy vegetables, except that the dry matter content is 

higher than average. Analyses in Kenya gave per 100 

g fresh weight: protein 4.2–4.9 g, Ca 270 mg, Fe 4 

mg, β-carotene 2.9–8.7 mg, ascorbic acid 115–129 mg 

(Schippers et al., 2004). The bitterness in the leaves 

is caused by the presence of toxins such as 

pyrrolizidine alkaloids, diterpenes and phenolic 

compounds. The young shoots are harvested, but 

towards the end of the season also individual leaves 

are collected (Abayomi et al., 2001).  

 

Members of the pea/bean family are good soil 

builders because their roots support nitrogen-fixing 

bacteria which improve soil quality and help in 

maintenance and improvement of soil fertility 

(Daimon et al., 1995), but they remain largely 

unexploited (Samba et al., 2002). Like the common 

sun hemp (Crotalaria juncea L.) it is used as a green 

manure in crops or fallows, but this is not common. 

Crotalaria ochroleuca is also known to suppress 

nematode populations and is locally used by East 

African farmers either in crop rotations or as a 

companion crop with nematode-susceptible 

vegetables such as tomatoes besides being used as 

livestock fodder and seeds are fed to poultry 

(Nyalemegbe et al., 2011). Furthermore cultivation of 

Crotalaria ochroleuca also leads to diversification in 

agricultural field. In areas with insufficient amount of 

rainfall, irrigation has to be done. Despite the 
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numerous agronomic advantages of Crotalaria 

ochroleuca little research has been done on its 

response to water deficit and there is scarce 

documented literature on the response of Crotalaria 

ochroleuca to water deficit. However, In Kenya most 

regions are prone to drought and it is the major 

environmental factor limiting crop production in the 

arid and semiarid areas of Kenya and has contributed 

greatly to increased food insecurity (Florence et al., 

2010). The impact of drought stress on total plant 

surface and plant response to drought stress are very 

intricate, because it reflects combination of stress 

impacts and plant response in all essential levels of 

plant over time and place (Blum, 1996). Drought 

stress or lack of water is not only limited to arid or 

semi arid areas, but also sometimes, due to irregular 

distribution of rain. It’s obvious that drought stress 

causes significant decrease of plant yield (Kumar and 

Singh, 1998). In areas with insufficient amount of 

rainfall, irrigation has to be done but the appropriate 

watering regimes and the amount of water required 

for proper growth and production of Crotalaria 

ochroleuca is not known. Water stress is an important 

environmental factor that affects photosynthesis, 

affecting plant growth (Chaves et al., 2002; Akcay et 

al., 2010). Water stress in plants is characterized by 

reduction of water content and decrease in cell 

enlargement and growth. Water stress, among other 

changes, has the ability to reduce the tissue 

concentrations of chlorophylls and carotenoids (Kiani 

et al., 2008). It reduces plant growth by affecting 

various morphological and biochemical processes 

(Jaleel et al., 2008; Farooq et al., 2008). In plants, a 

better understanding of the morpho-anatomical and 

biochemical basis of changes in water deficit 

tolerance could be used to select or create new 

varieties of crops to obtain a better productivity under 

water stress conditions (Nam et al., 2001; Martinez et 

al., 2007). The reactions of plants to water stress 

differ significantly at various organizational levels 

depending upon intensity and duration of stress as 

well as plant species and its stage of growth (Shao et 

al., 2008; Jaleel et al., 2008). Understanding plant 

responses to drought is of great importance and also a 

fundamental part for making the crops stress tolerant 

(Reddy et al., 2004; Zhao et al., 2008). Thus the 

research aimed to investigate the response of 

Crotalaria ochroleuca to water deficit by subjecting 

them to different watering regimes. 

 

Materials and methods  

The experimental study was conducted in the green 

house between February 2012 and August 2012 in the 

University Botanic garden, Maseno. The green house 

was naturally illuminated and the light, CO2 

concentration and temperature conditions were not 

controlled. Top soil was obtained from a portion of 

the garden.  The garden soils have been classified as 

Acrisol, well drained and acidic with pH of 4.6 - 5.4 

(Mwai, 2001).  

 

Experimental materials  

The seeds of Crotalaria ochroleuca were obtained 

from adaptability trials in the University Botanic 

garden, Maseno. About 3.5 kg of soil obtained was 

solarised and put in 5 litre pots. The pots were 

perforated at the bottom to prevent water logging. 

Eight viable seeds were planted in each pot and 

watered regularly for germination to occur. The 

plants received equal quantities of water for 10 days 

for uniform crop establishment. After 15 days, the 

plants were thinned to four plants per pot and the 

plants subjected to different watering regimes. 

  

Experimental design and treatments 

The treatment combinations consisted of six levels of 

watering regimes, viz; watering daily (U), watering 

after 3 days (V), watering after 6 days (W), watering 

after 9 days (X), watering after 12 days (Y) and 

watering after 15 days (Z)], 350 ml of tap water  was 

added to  every pot during the  experimental period. 

The treatments were replicated four times and the 

pots arranged in a completely randomized block 

design. The weeds were controlled by hand pulling. 

Data collection commenced 15 days after sowing with 

the onset of the water treatments and was collected 

on weekly basis. 

 

Measurement of parameters   

Shoot height 
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Shoot height was measured from the soil level at the 

stem base to the shoot apex of the seedling using a 

meter rule. Four plants per treatments were sampled 

for the measurement. The measurements were 

carried out weekly up to the end of the experiment. 

 

Number of leaves  

The number of fully expanded mature leaves of each 

of the four plants per treatments sampled for 

measurements were counted and recorded every week 

up to the end of the experiment. 

 

Leaf area  

Leaf area was determined on four plants per 

treatment using the formula AL=0.73(LL X WL), where 

AL is the leaf area, LL   is the leaf length, WL is the 

maximum width measured for each leaf on each 

plant. 

 

Root and shoot fresh and dry weights 

At the end of the experiment, the whole plants from 

each treatment were carefully uprooted from the soil, 

rinsed, and weighed using an electronic weighing 

balance to obtain the fresh weights. The plants were 

packed separately in envelopes and dried at 720C in 

an oven for 48 hours to a constant weight after which 

the dry weights were obtained using an electronic 

weighing balance (Wood and Roper, 2000). 

 

Leaf chlorophyll content   

Chlorophyll content (SPAD Index) of flag leaf of four 

plants per treatment for all the replicates was 

estimated non destructively using a portable 

chlorophyll meter (SPAD-502 Minolta Co. Japan). 

The fully expanded leaves of 4 plants per treatments 

were used for SPAD measurement. Triplicate 

readings were taken on one side of the midrib of each 

single leaf blade, midway between the leaf base and 

tip and then averaged. 

Data analysis  

Data obtained from the study was subjected to 

analysis of variance (ANOVA) using COSTAT 

statistical computer package (Version 6.4). The 

treatments means were separated and compared 

using Least Significance Difference (L.S.D.) test at 5% 

level. 

 

Results  

Shoot height 

Shoot height was significantly (P ≤ 0.05) reduced by 

water deficit treatment (Table 1). The control plants 

recorded significantly higher heights as compared to 

water deficit treatments. Plants that were watered 

after every 12 days and after every 15 days had the 

lowest heights. 

 

Root and shoot fresh weights 

Root and shoot fresh weights were significantly 

affected (P ≤ 0.05) by the treatments (Table 1). The 

most stressed plants recorded the least fresh weights 

while plants watered daily recorded the highest fresh 

weight. Fresh weights of plants watered after every 

twelve days recorded about 71% reduction from the 

control.  

 

Root and shoot dry weights 

The root and shoot dry weights were significantly (P ≤ 

0.05) affected by water deficit. Plants watered daily 

recorded the highest dry weights (Table 1). There was 

no significant difference in the dry weights of plants 

watered after nine days and those watered after 

twelve days. The dry weight was reduced by 90% in 

the most stressed plants compared to the control 

treatment. 

 

Leaf number 

The number of leaves per plant was significantly (P ≤ 

0.05) affected by the watering regimes (Table 2). 

There was no significant difference between plants 

watered daily and plants watered after every three 

days though they were significantly different from 

plants watered after every six days and nine days. The 

production of leaves decreased with increasing water 

deficit and the plants watered after every 15 days were 

the most affected. 

 

Leaf area 

Leaf area decreased significantly (P ≤ 0.05) from the 

control among the treatments apart from the plants 
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that were watered after every three days (Table 2). 

There was no significant difference (P ≤ 0.05) in leaf 

area of the plants watered daily and the plants 

watered after every three days (Table 1). The leaf area 

was greatly reduced by about 90% in the highly 

stressed plants compared to the control. 

 

Leaf chlorophyll content   

There was significance difference (P ≤ 0.05) in the 

leaf chlorophyll content as indicated by the SPAD 

units among the treatments (Table 3). The SPAD 

units were lowest in the plants watered after every 

fifteen days. Plants watered daily had significantly (P 

≤ 0.05) higher chlorophyll content as compared to 

water deficit treatments. 

 

Table 1. Treatment means of shoot height, fresh 

weights and dry weights for Crotalaria ochroleuca 

grown at six levels of watering treatments (Means of 

three replicates). 

Treatments Shoot 

height 

(cm) 

Fresh 

weights 

(g) 

Dry 

weights 

(g) 

Watering 

daily 

8.85a 2.36a 0.19a 

Watering after 

3 days 

7.95b 1.80b 0.15b 

Watering after 

6 days 

7.03c 1.32c 0.11c 

Watering after 

9 days 

6.05d 0.91d 0.05d 

Watering after 

12 days 

4.98e 0.68e 0.05d 

Watering after 

15 days 

3.95f 0.43f 0.02e 

LSD 0.41 0.18 0.02 

Means followed by common letters in column are not 

significantly different by LSD at P = 0.05 

Table 2. Treatment means of leaf number and leaf 

area for Crotalaria ochroleuca grown at six levels of 

watering treatments (Means of three replicates). 

Means followed by common letters down the column 

are not significantly different by LSD at P = 0.05. 

 

Table 3.  Treatment means of total chlorophyll 

content (SPAD units) for Crotalaria ochroleuca grown 

at six levels of watering treatments (Means of three 

replicates). 

Treatments SPAD units 

Watering daily 35.78a 

Watering after 3days 34.23b 

Watering after 6days 33.0c 

Watering after 9days 29.85d 

Watering after 12days 24.25e 

Watering after 15days 23.21f 

LSD 0.75 

 

Means followed by same letters down the column are 

not significantly different by LSD at P = 0.05 

 

Discussion 

The results from this study indicate that plant height 

was sensitive to water supply and water deficit 

significantly led to a decrease in the shoot heights of 

Crotalaria ochroleuca (Table 1). The first two 

watering regimes which were daily watering and 

watering after three days produced the tallest plants, 

Treatments Leaf number Leaf area 

(cm2) 

 

Watering daily 8.25a 5.24a 

 

Watering after 3 days 8.50a 4.92a 

 

Watering after 6 days 7.0b 4.40b 

 

Watering after 9 days 6.5b 2.15c 

 

Watering after 12 

days 

5.0c 0.89d 

 

Watering after 15 

days 

4.25d 0.50e 

 

LSD 

 

0.58 0.29 
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while the shortest plants were produced at a higher 

water deficit (Watering after 15days). The results are 

consistent with the findings of Mafakheri et al. (2010) 

on chicken pea cultivars and with the results of 

Emmam et al. (2010) who reported decrease in plants 

height of two common bean cultivars with contrasting 

growth habits as a result of water deficit. The 

reduction in shoot growth under extreme water deficit 

may have been due to suppressed cell expansion and 

cell growth probably due to low turgor pressure 

(Jaleel et al., 2009). The reduction in plant height 

may also have been caused by a reduction in the 

nutrient uptake by the plants under water deficit 

conditions since most of the elements are absorbed 

via roots. The decrease in shoot growth may 

constitute an adaptive response to water deficit and 

may be attributed to the reduction in plant cell turgor 

which  may have affected cell division and expansion 

hence reduction of stem and leaf expansion. Water 

deficit causes deceleration of cell enlargement and 

therefore reducing stem lengths by inhibiting inter 

nodal elongation and also check the tillering capacity 

of plants (Ashraf and O’leary, 1996).  

Whole plant fresh and dry weight significantly 

declined with moisture deficit (Table 1). This finding 

is in agreement with the results reported by Emmam 

et al. (2010) and Rosales-Serna et al. (2004), who 

reported significant difference in shoot biomass 

accumulation among dry bean varieties grown under 

water deficit conditions. Water deficit may have 

influenced the height and leaf area per plant which 

ultimately influenced the shoot dry matter of plants. 

Reduced biomass production could be associated with 

reduced rate of leaf production and hence less 

number of leaves. A reduction of photosynthetic 

surface by water deficit leads to a substantial drop in 

the supply of assimilates to the growing parts of the 

plant hence decreases the ability of plants to produce 

dry matter. Water enhances cell division and 

promotes secondary wall formation (Potikha et al., 

1997). More recent studies have however shown that 

stem and leaf growth may be inhibited at low soil 

moisture content despite complete maintenance of 

turgor in the growing regions as a result of osmotic 

adjustment (Bimpong et al., 2011). This suggests that 

growth inhibition may be metabolically regulated 

possibly serving as an adaptive role by restricting the 

development of transpiring leaf area in the water 

stressed plants. 

 

Leaf number and leaf area were significantly affected 

by water deficit (Table 2). The amount of leaf 

production in Crotalaria ochroleuca was reduced 

with an increase in water deficit. The results are in 

agreement with the findings of Vurayai et al. (2011) 

on bambara groundnuts and Muthomi and Musyimi 

(2009) who reported a reduction in leaf number and 

leaf area under water deficit conditions in African 

nightshade. Reduced number of leaves on a plant 

greatly reduces the rate of water loss through 

transpiration, thus the plant under water deficit have 

reduced leaf formation. The number of leaves and leaf 

area is directly related to the potential yield of 

Crotalaria ochroleuca, since they are the edible part. 

Increase in water deficit greatly reduced the leaf area 

of Crotalaria ochroleuca.  Reduction in leaf area with 

increasing water deficit has also been observed in 

soya bean (Zhang et al., 2004) and many other 

species (Farooq et al., 2009).  The development of 

optimum leaf area is important to photosynthesis and 

dry matter yield. The decrease in total leaf number 

and leaf area under water deficit conditions may be 

due to reduced turgor in the cells thus less cell 

division, expansion and extension in the leaves 

(Vurayai et al., 2011; Deblonde and Ledent, 2001). 

Leaf expansion during vegetative stage is very 

sensitive to water stress and according to Yawson et 

al. (2011) higher amount of water is required for rapid 

canopy expansion during crops development stage. 

The decrease in leaf area reduces the intercepted solar 

radiation (Salisbury and Ross, 1992). Controlled 

changes in leaf structure or anatomy in response to 

gradually induced drought conditions may increase 

plant resistance by favouring CO2 assimilation with 

minimal water loss. 

 

Chlorophyll content in the Crotalaria ochroleuca 

seedlings were significantly decreased by water deficit 

(Table 3). The results are in agreement with the 

results of Sikuku et al. (2012) on rice plants and of 
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Nadler and Bruvia (1998) who reported a significant 

decline in chlorophyll content with increasing water 

deficit in potato leaves. The significant decrease in 

total chlorophyll content might be attributed to the 

increased degradation of chlorophyll pigments due to 

stress induced metabolic imbalance (Long et al., 

1994). 

  

Conclusions 

The results from the study demonstrated that 

different watering regimes affect the growth of 

Crotalaria ochroleuca seedlings. The growth is 

sensitive to water deficit especially if watering is 

delayed up to 15 days and can result to crop loss. 

Water deficit decreased the shoot heights, leaf 

number, leaf area, shoot and root fresh and dry 

weights and chlorophyll content in the Crotalaria 

ochroleuca seedlings. Therefore water deficit has a 

significant negative impact on the growth of 

Crotalaria ochroleuca. 

 

References  

Abayomi YA, Fadayomi O, Babatola JO, Tian 

G. 2001. Evaluation of selected Legume cover crops 

for biomass production, dry season survival and soil 

fertility improvement in a moist savanna location in 

Nigeria. Journal of Tropical Crop Science and 

Production 9, 615–628. 

 

Abukutsa-Onyango M. 2007. Response of 

slenderleaf (Crotalaria brevidens benth) to  inorganic 

nitrogen application. African Journal of Food 

Agriculture Nutrition and Development 7(3), 1-10. 

 

Akcay U, Ercan O, Kavas M, Yildiz I, Yilmaz C, 

Oktem HA, Yucel M. 2010. Drought-induced 

oxidative damage and antioxidant responses in 

peanut (Arachis hypogaea L.) seedlings. Plant 

Growth Regulation 6, 21–28. 

Ashraf M, O’Leary JW. 1996. Effects of drought 

stress on growth, water relations and gas exchange of 

two lines of sunflower differing in degree of salt 

tolerance. International Journal of Plant Sciences 

157, 729-732. 

 

Bimpong IK, Serraj R, Chin JH, Mendoza EM, 

Hernandez J, Mendioro MS. 2011. Determination 

of genetic variability for physiological traits related to 

drought tolerance in African rice.  Plant Breeding and 

Crop Science 3(4), 60-67. 

 

Blum A. 1996. Crop responses of drought and the 

interpretation of adaptation. Plant Growth 

Regululation 20, 135-148. 

 

Chaves MM, Pereira JS, Maroco J, Rodrigues 

ML, Ricardo CP, Osorio ML, Carvalho I, Faria 

T, Pinhero C. 2002. How plants cope with water 

stress in the field? photosynthesis and growth. Annals 

of Botany 89, 907-916. 

 

Daimon H, Takada S, Ohe M, Mimoto H. 1995. 

Interspecifc differences in growth and nitrogen 

uptake among Crotalaria species. Japanese Journal of 

Crop Science 64, 115–120. 

 

Deblonde PMK, Ledent JF. 2001. Effects of 

moderate drought conditions on green leaf number, 

stem height, leaf length and tuber yield of potato 

cultivars. European Journal of Agronomy 14, 31-41. 

 

Emmam Y, Shekoofa A, Salehi F, Jalali AH. 

2010. Water stress effects on two common bean 

cultivars with contrasting growth habitats. American- 

Eurasian Journal of Agriculture and Environmental 

Science 9(5), 495-499. 

 

Farooq M, Basra SMA, Wahid A, Cheema ZA, 

Cheema MA, Khaliq A. 2008. Physiological role of 

exogenously applied glycine betaine in improving 

drought tolerance of fine grain aromatic rice (Oryza 

sativa L.). Journal of Agronomy and Crop Science 

194, 325–333. 

 

Farooq MA, Wahid A, Kobayashi N, Fujita D, 

Basra SM. 2009. Plant drought stress effects, 

mechanisms and management. Agronomy 

Sustainable Development 29, 185-212. 

 



251 | Sikuku et al. 

 

Florence H, Mary KW, Abuksa-Onyango M. 

2010. Copper and ascorbic acid content of cooked 

african indigenous vegetables. Conference on 

International Research on Food Security, Natural 

Resource Management and Rural Development 

Tropentag 201ETH Zurich, September 14 - 16, 2010. 

 

Jaleel CA, Manivannan P, Lakshmanan GM, 

Gomathinayagam M, Panneerselvam R. 2008. 

Alterations in morphological parameters and 

photosynthetic pigment responses of Catharanthus 

roseus under soil water deficits. Colloids Surf B: 

Biointerfaces 61, 298–303. 

 

Jaleel CA, Manivannan P, Wahid A, Farooq M, 

Jasim H, Somasundaram R, Panneerselvan R. 

2009. Drought stress in plants: A review of 

morphological characteristics and pigment 

composition. International Journal of Agriculture and 

Biology 11, 100-105. 

 

Kiani SP, Maury P, Sarrafi A, Grieu, P. 2008. 

QTL analysis of chlorophyll fluorescence parameters 

in sunflower (Helianthus annus L.) under well 

watered and water stressed conditions. Plant Science 

175, 565-573. 

 

Kumar A, Singh DP, 1998. Use of physiological 

indices as a screening technique for drought tolerance 

in oilseed Brassica species. Annals of Botany 81, 413-

420. 

 

Long SP, Humphries S, Falkowski PG. 1994. 

Photoinhibition of photosynthesis in nature. Annual 

Review of Plant Physiology 45, 633-662. 

 

Mafakheri A, Siosemardeh A, Bahramine JS, 

Struik PC, Sohrabi Y. 2010. Effects of drought 

stress on yield, proline and chlorophyll contents in 

three chicken pea cultivars. Australian Journal of 

Crop Science 4(8), 580-585. 

 

Martinez JP, Silva H, Ledent JF, Pinto M. 

2007. Effects of drought stress on the osmotic 

adjustment, cell wall elasticity and cell volume of six 

cultivars of common beans (Phaseolus vulgaris L.). 

European Journal of Agronomy 26, 30-38. 

 

Mkiwa FEJ, Sarwatt SV, Lwoga AB, Dzowela 

BH. 1990. Nutritive value of Crotalaria ochroleuca: 

chemical composition and in vitro dry matter 

digestibility at different stages of growth. In 

PANESA/ARNAB (Pastures Network for Eastern and 

Southern Africa/African Research Network for 

Agricultural By-products). 1990. Utilization of 

research results on forage and agricultural by-

product materials as animal feed resources in Africa. 

Proceedings of the first joint workshop held in 

Lilongwe, Malawi, 5-9 December 1988. 

PANESA/ARNAB, Addis Ababa, Ethiopia. 833 pp.. 

 

Muthomi J, Musyimi DM.  2009. Growth 

responses of African nightshades (Solanum scabrum. 

Mill). Agricultural and Biological Sciences 4(5), 24-

31. 

 

Mwai GN. 2001. Growth response of spider plant 

(Cleome gynandra L.)  to salinity, Msc. Thesis. 

Maseno University, Kenya. 

 

Nadler A, Bruvia H. 1998. Physiological responses 

of potato plants to soil salinity and water deficit. Plant 

Science 137, 43 – 51. 

 

Nam NH, Chauhan YS, Johansen C. 2001. 

Effects of timing of drought stress on growth and 

grain yield of extra- short duration pigeon pea lines. 

Agricultural Science 136, 179-189. 

 

Nyalemegbe KK, Osakpa TY, Danso SKA. 2011. 

Ecological considerations in the selection of 

leguminous plants as cover crops on the vertisols of 

the Accra plains in Ghana. Journal of the Ghana 

Science Association 13, 1-4. 

 

Polhill RM. 1982. Crotalaria in Africa and 

Madagascar. Royal Botanic Gardens Kew, A.A. 

Balkema (eds), Rotterdam, Pp. 1–89. 

 



252 | Sikuku et al. 

 

Prasad KN, Shiramurthy GR, Aradhya SM. 

2008. Ipomea aquatica, An underutilized green leaf 

vegetable. International Journal of Botany 1, 123-129. 

 

Reddy AR, Chaitanya KV, Vivekanandan M. 

2004. Drought induced responses of photosynthesis 

and antioxidant metabolism in higher plants. Plant 

Physiology 161, 1189-1202. 

 

Rosales-serna R, Konani J, Shibata JA, Kelly 

JD. 2004. Biomass distribution, maturity 

acceleration and yield in drought stressed common 

bean cultivars. Field Crops Research 85, 203-211. 

 

Salisbury B, Ross W. 1992. Plant physiology, 4th 

edition, Wadsworth, Belmont, California. Pp 580 – 

585. 

 

Samba RT, Sylla SN, Neyra M, Gueye M, 

Dreyfus B,
 

Ndoye I. 2002. Biological nitrogen 

fixation in Crotalaria species estimated using the N 

isotope dilution method.  African Journal of 

Biotechnology 1 (1), 17–22. 

 

Sarwatt SV, Mkiwa FEJ. 1987. The current status 

of knowledge on the feed value of Crotalaria species in 

Tanzania. In Proceedings of the 3rd PANESA 

workshop held in Arusha, Tanzania 27th-30th April, 

1987. 

 

Schippers RR. 2004. Crotalaria ochroleuca G. Don  

In: Grubben, G.J.H. & Denton, O.A. (Eds). PROTA 2: 

Vegetables/Légumes. PROTA, Wageningen, 

Netherlands. 

 

Shao HB, Chu LY, Jaleel CA, Zhao CX. 2008. 

Water-deficit stress-induced anatomical changes in 

higher plants. Competes Rendus Biologies 331, 215–

225. 

 

Sikuku PA, Onyango JC, Netondo GW. 2012. 

Physiological and biochemical responses of Five 

NERICA rice varieties (Oryza sativa L.)  to water 

deficit at vegetative and reproductive stage. 

Agriculture and Biology Journal of North America 

3(3), 93 – 104. 

 

Tahir MH, Mehid SS. 2001. Evaluation of open 

pollinated sunflower (Helianthus annus L) 

populations under water stress and normal 

conditions. International Journal of Agriculture and 

Biology 3, 236-238. 

 

Vurayai R, Emongor V, Moseki B. 2011. 

Physiological responses of Bambara groundnut to 

short periods of water stress during different 

development stages. Asian Journal of Agriculture 

Science 3(1), 37-43. 

 

Webber M, Barnett J, Finlayson B, Wang M. 

2006. Pricing China’s Irrigation Water.                                      

Working Paper, School of Anthropology, Geography 

and Environmental Studies,The University of 

Melbourne, Victoria, Australia. 

 

Wood AJ, Roper J. 2000. A simple and non-

destructive technique of measuring plant growth and 

development. American Biology 62, 215-217. 

 

Yawson DO, Mensa B, Armah FA, Afrifa EK. 

2011. Water requirement of sunflower (Helianthus 

annus L.) in a tropical humid coastal savanna zone. 

Agricultural and Biological Sciences 6(1), 1-8. 

 

Zhao CX, Guo LY, Jaleel A,Yang HB. 2008. 

Prospects for dissecting plant-adaptive molecular 

mechanisms to improve wheat cultivars in drought 

Environments. Competes Rendus Biologies 331, 579–

586. 

 


