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Abstract 
Light and water are among essential resources required for production of photosynthates in plants. A study on the 
effects of weeding regimes and maize planting density on light and water use was conducted during the 2001/2 
short and 2002 long rain seasons at Muguga in - the central highlands of Kenya. Weeding regimes were: weed 
free (W1), weedy (W2), herbicide (W3) and hand weeding twice (W4). Maize planting densities were 9 (D1) and 
18 plants m-2 (D2) intercropped with Phaseolus vulgaris (beans). The experiment was laid as randomized 
complete block design replicated four times and repeated twice. All plots were thinned to 4 plants m-2 at tasseling 
stage (96 DAE) and thinnings quantified as forage. Soil moisture content (SMC), photosynthetically active 
radiation (PAR) interception, evapo-transpiration (ET crop), water use efficiency (WUE), and harvest index (HI), 
were determined. Percent PAR was higher in D2 than in D1 before thinning but higher in D1 than in D2 after 
thinning in both seasons. PAR interception was highest in W2 but similar in W1, W3 and W4 in both seasons. 
SMC was significantly lower in W2 but similar in W1, W3 and W4. D2 had lower SMC than D1 in season two. 
Weeding regime significantly influenced ET crop, while planting density and weeding regime significantly 
influenced WUE and HI. D2 maximizes water and light use for forage production but results to increased 
intra-specific plant competition for water and light severely before thinning (96 DAE) that reduce grain yield in 
dual purpose maize, relative to D1. 

Keywords: light, water, weeding regimes, planting density, yield 

1. Introduction 
Plant growth and development is affected by soil moisture stress at any time during the crop life cycle. However, 
the extent and the nature of the stress injury, the capacity to recover, and the impact on the crop yield depend on 
the stage of development the stress occurs (Tarun et al., 2013; Ibrahim, Adzemi, & Wan-Zaliha, 2013). Soil 
moisture stress sensitivity of the crop is acute during the reproduction processes of the crop, which are extremely 
vulnerable to water stress (Zhao, Shen, Lang, Liu, & Li, 2013; Tarun et al., 2013). These reproductive processes 
include; floral initiation, differentiation of the inflorescence, male and female meiosis, development of pollen 
and embryo sac, pollination, fertilisation and seed development. Soil moisture stress during any of these 
reproductive processes reduces the grain yield drastically (Sheng, Na, Shuang-En, Ming-Hui, & Dong-Li, 2014). 
Plants attain potential transpiration and photosynthesis with adequate soil moisture content a pre-requisite for 
high crop yields (De Vries, Bennett, Boote, Albretch, & Maliro, 1989). However, under drought stress, plants 
respond through stomatal closure which further causes light and heat stress on the leaves resulting to reduced 
PAR utilization and photosynthesis (Tozzi, Easlon, & Richards, 2013). Thus, soil moisture stress is reported to be 
the main limitation to the photosynthetic process (Zhang et al., 2014). Consequently, supplementary irrigation 
under drought conditions at reproductive growth stages such as flowering and seed development, lead to 
optimum transpiration and photosynthesis hence high yields, depending on the cropping density (Tarun et al., 
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2013). 

Cropping density influence yield of the crops (Matusso, Mugwe, & Mucheru-Muna, 2014). Crops sown at lower 
or higher than optimal cropping density leads to poor yields (Seran & Brintha, 2010). Cropping density 
influences the crop canopy which influences the level of light penetration and interception of the crop. Crops 
sown at high density prevent light penetration hence smother growth of underneath. (Muoneke, Ogwuche, & 
Kalu, 2007). Mashingaidze (2004) reported that maize grown at density 222,000 plants ha-1 (22.2 plants m-2) and 
beans grown at 37000 plants ha-1 (3.7 plants m-2) in a maize-bean intercrop reduced weed biomass by 50% – 66%. 
Also, high cropping density minimises soil erosion through reduced splash and run off erosion (Seran & Brintha, 
2010). In constrast, high cropping density may lead to crop failure especially under inadequate soil moisture. 
Improved crop yield is as a result of the crops attaining optimal transpiration, light absorption and temperature as 
well as adequate soil nutrients (Tozzi et al., 2013). High planting densities increase intra plant competition for 
soil nutrients and water which result to poor yields under inadequate resources (Matusso et al., 2014). Moreover, 
due to diminishing grazing land, small scale farmers feed their livestock with maize thinnings and stover forage 
and use the grain for food (Methu et al., 2001). However, the cropping density determine the grain yield relative 
to forage biomass depending on soil moisture status.  

Soil moisture stress interferes with sink source relationship of the crop. The roots of the crop become the major 
photosynthates sinks under moisture stress. Depending on the prevailing temperatures, soil moisture stress 
causes yield loss ranging from 20%–100% (Yi, Christopher, & Shu, 2014). Optimum maize growth occurs at 
temperatures of 24 to 30 °C, however, temperatures of ≥ 38 °C, increases evapo-transpiration resulting to 
senescence and drastic yield reduction (Pingali, 2001). Quantity and quality of radiation intercepted influences 
photosynthesis efficiency of higher plants (Ghassemi-Golezani, Bakhshy, Zehtab-Salmasi, & Moghaddam, 2013). 
Intercepted radiation is the difference between light received at the canopy surface and that transmitted through 
the canopy (Squire, 1990). However, leaf canopy of a crop depends on the planting density. Moreover, canopy 
light interception greatly reduces in crops under drought conditions due to leaf rolling and senescence 
(Ghassemi-Golezani et al., 2013).The production of photosynthates in maize, is positively correlated to the 
canopy PAR interception since maize does not exhibit light saturation, even at full sunlight (Squire, 1990; Juan, 
Luis, Alejandra, Patricia, & Agustín, 2013; Muchow, Sinclair, & Bennet, 1990).  

Weeds compete with crops for nutrients, moisture, light and space, which adversely affect the crop growth and 
yield (Sebuliba-Mutumba & Adiphala, 1997). Yield reduction of between15%–90% due to weed interference has 
been reported on mixed cropping systems (Maina, 1997; Sebuliba-Mutumba & Adiphala, 1997). Improved weed 
control and optimising planting density enhances efficient use of plant resources (nutrients, light and water) in 
maize bean intercrops, increasing the forage and grain yields. Use of optimal planting density increases crop 
yield, however, moisture stress hinder improved biomass yields (Lemma, Worku, & Woldemichael, 2009). 
Research has shown that supplementary irrigation under drought conditions improved crop water use efficiency 
and optimized growth and yield in sorghum (Ibrahim et al., 2013).Total above ground biomass of lucerne 
(Medicago sativa L.) increased to optimum 2292 g m−2 under narrow spacing (15 cm between plants) but 
reduced to 1670 g m−2 under wide spacing (30 cm between plants) (Juan et al., 2013). Under soil moisture stress 
conditions, Mulberry cultivar V1 (Morusindica L.) showed a decrease in electron transport and enhanced 
thermal dissipation from photosystem II, hence reduced photosynthesis (Anirban & Attipalli, 2014). Bermuda 
grass (Cynodon spp.) genotypes had greater soil water extraction, and large rhizome root network under 
continuous soil moisture stress (Yi et al., 2014). In cotton, stomatal closure during water stress caused light and 
heat stress on the plant leaves, resulting to reduced photosynthesis (Tozzi et al., 2013). Soil moisture stress 
reduced photosynthesis rate and dry matter accumulation in rice (Sarvestani, Pirdashti, Sanavy, & Balouchi, 
2008). However, the effect of planting density, thinning and weeding regimes on light and water use in maize has 
not been documented. Thus, in this study, the effect of planting density, thinning after three months, and weeding 
regimes on maize light and water use was examined and reported.  

2. Materials and Methods 
2.1 Study Site 

The study was carried out at the National Agricultural Research Center, Muguga (NARCM) of the Kenya 
Agricultural Research Institute (KARI), about 27 km NW of Nairobi, latitude 1°13′S, longitude 36°38′E, altitude 
2096 meters above sea level. The area receives on average 900 – 1000 mm rainfall annually in two distinct 
seasons: - long rains (mid March to June) with an average precipitation of 550 mm and the short rains (mid 
October to December) with an average of 400 mm. Temperature ranges are, minimum 7 °C maximum 24 °C, 
mean 15 °C. The agro-climatic zone is subhumid. The soil is a well drained, very deep, dark reddish brown to 
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dark red, friable clay classified as humic nitisols (United States Department of Agriculture (USDA), 1975).  

2.2 Weather Data 

Data on daily rainfall and temperature on both seasons was obtained from Muguga meteorological station, 
situated about 300 m from the trial site. The experimentt was done in the same plots in the two seasons. 

2.3 Trial Treatments Layout  

The first experiment was planted on 8th of November 2001 during short rains while the second experiment was 
planted on 20th of May 2002 in the long rains. Each experimental plot was 4 m × 4 m. The plots were tractor 
ploughed and harrowed to produce a good tilth for maize. The experiment was laid out as a randomised complete 
block design replicated four times. The treatments consisted of four weeding regimes namely weed free (W1) 
achieved through occasional hand weeding, weedy (W2), pre-emergence herbicide (W3) and hand weeding 
twice (W4) (i.e. two and six weeks after emergence), and two maize planting densities i.e. 9 plants m-2 (2 plants 
hill-1) (D1) and 18 plants m-2 (4 plants hill-1) (D2). Certified seeds of  maize (cultivar H511) was planted in 15 
cm deep furrows open with hand hoes, spaced at 75 cm × 30 cm, to a depth of 3–5 cm. Certified seeds of beans 
variety GLP2 were planted in 15 cm deep farrows made using hand hoes, at the centre between maize rows (37.5 
cm from adjacent maize rows), in all plots at 2 plants hill-1 at spacing of 75 cm × 30 cm, to a depth of 3–5 cm. 
Maize hills were thinned to 2 plants hill-1 in D1 and 4 plants hill-1 in D2 and also beans were thinned to two 
plants hill-1 three weeks after planting. Each experimental plot consisted of five rows of maize and four rows of 
beans each of three meters long. Soil samples were taken before sowing in each plot and analysed for pH, 
organic C, N, and available P and K (Okalebo, Gathua, & Woomer, 1993). Diammonium phosphate (DAP 
18:46:0 N: P: K) fertiliser was applied before sowing at rate of 25 kg ha-1 since based on the soil analysis done, 
the soil was deficient of phosphorous. During the first day after sowing maize and bean, pre-emergence 
herbicides (alachlor 48 EC at 1.2 kg a.i. ha-1 and linuron at 0.6 kg a.i. ha-1) were applied using a knapsack sprayer 
with a piston type pump, and tank capacity of 20 L, at working pressure of 100 Kpa (15 psi) with nozzle flow of 
500 mls per minute from 1630 to 1830 hours in W3. Plots were irrigated in the first season to ensure 
establishment but not in the second season. Weed control was done as per the described weeding regimes and no 
pest and disease control chemical sprays were done in both experiments. Beans were harvested at maturity (112 
days after emergence (DAE)), sun dried and threshed manually and yield data recorded. 

2.4 Photosynthetically Active Radiation (PAR) Measurements 

Maize PAR interception was measured using a sunfleck ceptometer (SF-80 Decagon, Pulman, Washington) 
every two weeks between 11.30 hours and 13.30 hours from 42 DAE up to harvest. The ceptometer was held 
perpendicular to the rows and nine measurements made in each plot, 5 cm above and below the maize canopy. 
The PAR intercepted by maize was calculated by substracting the ceptometer reading below the maize canopy 
from the reading 5 cm above the canopy. Then the % PAR interception was calculated using the formula:  

% PAR intercepted = PARa – PARb  PARa  100                (1) 

Where; PARa is the PAR above the canopy, PARb is the PAR below the canopy. 

2.5 Thinning, Stover and Grain Yield 

Maize was thinned to 1 plant hill-1 at 96 DAE. Thinning data was collected only on the seven inner hills of the 
three inner rows of maize whereby, total fresh weight of the thinnings from each plot was taken. Dry matter was 
determined from samples of 500 g of fresh mass of the thinnings taken from each plot and dried at 60 °C to 
constant mass. At maturity (132 DAE), stover and grain yield was collected only on the seven inner hills of the 
three inner rows of maize whereby, maize stover was harvested and its fresh weight per plot measured. Samples 
of 500 g of fresh mass of the harvested stover were dried at 60 °C to constant mass. The shelled maize grain from 
sampled plants in each each was dried to 13% moisture content and their dry mass determined. 

2.6 Soil Moisture Measurement 

Soil moisture content was measured at 84 days after emergence using neutron probe (Didcot Wallingford) at 
intervals of 20 cm. Before planting, aluminium access tubes of 6.35 cm diameter and 155 cm deep, sealed at the 
bottom end, were inserted into 150 cm deep augur holes that were slightly smaller that the access tube. The 
access tubes were pushed through the hole using a mallet. To calibrate the neutron probe, probe counts readings 
were taken using an access tube that was is a dustbin containing water. The soil probe counts were taken at 
intervals of 20 cm starting from 10 cm up to 130 cm. 

2.7 Neutron Probe Calibration 

The neutron counts were converted to volumetric moisture content through calibration.  Ten tubes were 
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randomly clustered into five groups. The soil around the tubes was watered with 100, 200, 300, 400 and 500 
litres of water respectively and covered with grass mulch overnight. Both neutron counts and soil core samples at 
intervals of 20 cm were taken the following day taken down the soil profile up to 150 cm at intervals of 20 cm 
starting from 10 cm. Soil moisture content of the core samples was gravimetrically determined by oven (model 
number TV80 UL 508032, Memmert, Germany) drying the samples at 105 °C to constant mass. The soil bulk 
density was also determined. The dry mass of the dried sample was measured and moisture content determined 
using the formula;  

WSM - DM = MC                                 (2) 

Where; WSM = wet soil mass mass, DSM = Dry soil mass, MC = moisture content, all in grams. 

A graph of relative counts versus volumetric moisture content was drawn and the equation of the curve taken as 
the calibration equation. 

2.8 Evapotranspiration, Water Use Efficiency and Harvest Index 

Evapotranspiration and water use efficiency were determined following Bolton (1981) formula: 
WUE = Y  ET                                   (3) 

Where; WUE = water use efficiency kg ha-1 mm-1, Y = total dry matter yield in kg ha-1, ET = evapotranspiration 
(mm), ET = the amount of water lost through both evaporation from the soil beneath the crop canopy and 
transpiration over the season. 

ET = T + Es                                                       (4) 
Where; Es = the evaporation from the soil beneath the crop canopy (mm), T = transpiration (mm).  
Thus from the soil water balance equation (Hillel, 1980); 

S = P - Es– T - Dr- Roff                                            (5) 
ET = P - (S + Dr+ Roff)                            (6) 

Where; S = change in storage water (mm), P = precipitation (rainfall and irrigation; mm), Es = soil evaporation 
in mm, T = transpiration in mm, Dr = drainage (mm), Roff=run off in (mm).  
Harvest index (HI) was determined as follows; 

HI = Total grain yield / Total biomass                        (8) 

2.9 Data Analysis 

Analysis of variance was done using GENSTAT (1995) (Genstat 5 Release 3.2 Lawes Agricultural Trust, 
Rothamsted Experimental Station, 2003). Significantly different means (P = 0.05) were separated using LSD 
values. 

3. Results 
3.1 Weather Data 

Rainfall was low in both seasons and supplementary irrigation was applied in the first eseason. In experiment 
one, the total monthly rainfall in December 2001, January 2002 and February 2002 was 22.1 mm, 0 mm and 22.4 
mm respectively while irrigation water was 71 mm, 141 mm and 71 mm respectively. The total rainfall and 
irrigation in the first season was 298 mm and 283 mm, respectively, totaling to 581 mm. The rainfall in the 
second season rainfall was 201 mm (Figure 1) and the experiment was not irrigated. The mean minimum daily 
temperature was 6 °C and 4 °C in season 1 season 2, respectively while mean maximum daily temperature was 
23 °C and 20 °C in both seasons respectively. The mean temperatures for season one and two was 14 °C and 
12 °C, respectively (Figure 1). 
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Figure 1. The rainfall (mm) in season one (a) and two (b) and temperature season one (c) and two (d) 

respectively 

 

3.2 Soil Analysis 

Results of soil chemical analysis indicated that phosphorous was deficient. The rest of the macro elements 
analyzed were adequate (Table 1). 

 
Table 1. Soil chemical analysis 

Trait Amount in soil Adequate ranges 

% organic C 3.2 0.5-3 

% N 0.3 0.05-0.25 

Available P (mg P kg-1) 8.6 150-500 

K (mg K kg-1) 1128.5 50-175 

pH water 5.9 5.5-7.0 

Note. C = Carbon, N = Nitrogen, P = Phosphorous and K = Potassium. 
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3.3 Photosynthetically Active Radiation (PAR) Interception 

The proportion of PAR intercepted by the canopy varied significantly in the two seasons among the maize 
planting densities and weeding regimes from 56 DAE to 112 DAE (Figure 2).The PAR intercepted, at 84 DAE 
(prior to thinning) was higher at the high planting density (D2) compared to the low planting density (D1) 
(Figure 2a). The maximum PAR intercepted at high density (D2) in season 1 and 2 was 95% and 82% of incident 
PAR, respectively. Weedy plots (W2) intercepted more PAR compared to the weed controlled plots in the two 
seasons most of the times except at 42 DAE and W1 at 56 DAE and 70 DAE. The three types of weed control 
resulted to similar PAR interception of the crop in both seasons (Figure 2). 

 

 
Figure 2. Effect of maize planting density and weeding regime on % PAR interception over time in season one (a 
and b) and two (c and d); where, D1 = low density, D2 = high density, W1 = weedfree, W2 = weedy regime, W3 

= herbicide use, W4 = two times hand weeding. LSD bars indicated 

 

3.4 Neutron Probe calibration 

The neutron count and soil water content were positively correlated at all depths measured and they ranged from 
0.84 to 0.98 (Figure 3).  
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Figure 3. The neutron probe counts (counts s-1) calibration at the experimental site Muguga central highlands of 

Kenya, where; Cs = probe count in soil, Cw = probe count in water and R2 = regression coefficient. 

 
3.5 Soil Moisture Content 

There soil moisture content varied significantly among weeding regimes while density significantly influenced 
moisture content early in the season during season one (10-50 DAE) and in the second season. During the second 
season soil moisture was higher in D1 (low density) than in D2 (high density). The moisture content was lower 
in the weedy plots compared to those where weeds were controlled (Figure 4). There was progressive depletion 
of soil water down the soil profile throughout the growing season (up to 130 cm depth) in both seasons (Figure 4) 
and in all treatments. The most significant moisture changes occured between10 and 90cm in all the treatments 
and in both seasons (Figure 4).  
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Figure 4. The effect of planting density and weeding regimes on moisture content at 84 DAE (cm3cm-3) during 

season one (a and b) and season two (c and d); where, D1 = low density, D2 = high density, W1 = weedfree, W2 = 
weedy regime, W3 = herbicide use, W4 = two times hand weeding. LSD bars indicated  

 

3.6 Evapotranspiration (ET), Water Use Efficiency (WUE) and Harvest Index (HI) 
In both seasons maize plant density did not influence cumulative ET but influenced WUE. The planting density 
and weeding regime significantly affected the harvest index. The harvest index was higher at lower planting 
density (D1). In the first season, ETcrop was lower in the weedy regime (W2) but was comparable among W3 
and W4 but in the second season ET crop was comparable among all weeding regimes (Table 2).  

The water use efficiency based on total biomass (WUET) was comparable between the two planting densities in 
both seasons but was 38% higher in season 1 compared to season 2 (Table 2). The grain water use efficiency 
(WUEG) was 38% higher in season one compared to season 2. It was higher in D1 compared to D2 by a factor of 
200% and 120% in season 1 and season 2, respectively.  

Weedy regime reduced water use efficiency based on grain and total biomass in both seasons but in W1, W3 and 
W4 they were similar during season one (Table 4). Harvest Index was approximately double in low density (D1) 
compared to high density (D2). Harvest index in W1 (weedy free) and W4 (two times hand weeding) were 
significantly higher than W2 (weedy regime) and W3 (herbicide use) (Table 2). 
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Table 2. The effect of planting density and weeding regime on cumulative evapo-transpiration (Cum. ET), water 
use efficiency on maize grain (WUEG), and total biomass (WUET) in kg ha-1and harvest index (HI) 

Planting density  Cum. ET (mm) WUET (kg ha-1 mm-1 ) WUEG (kg ha-1 mm-1 ) HI 

Season 1     

D1 623 a 47.1 a 6.0 a 0.14 a 

D2 610 a 41.6 a 2.9 b 0.08 b 

LSDD 29.93 7.55 1.04 0.02 

Season 2     

D1 362 a 27 a 1.8 a 0.16 a 

D2 349 a 37.1 a 1.5 b 0.09 b 

LSDD 18.04 5.88 0.29 0.03 

Weeding regime      

Season 1     

W1 611 a 48.5 a 5.0 a 0.12 a 

W2 578 a 31.1 b 2.5 b 0.08 b 

W3 638 a b 45.9 a 4.1 a 0.10 a 

W4 640 a b 51.8 a 6.2 a c 0.13 a 

LSDW 42.33 10.68 1.47 0.03 

Season 2     

W1 366a 40.6 a 2.4 a 0.14 a 

W2 347 a 9.6 b 0.1 b 0.09 b 

W3 356 a 37.6 a 1.7 c 0.12 a 

W4 353 a 40.4 a 2.4 a 0.15 a 

LSDW 25.51 8.32  0.41 0.04 

Note. D1 = low density, D2 = high density, W = weedfree, W2 = weedy regime, W3 = herbicide use, W4 = two 
times hand weeding. LSDW = least significant differences of weeding regimes, LSDD = least significant 
differences of planting densities. Suffix letters a, b, c indicates significant similarities or differences of the 
observations in each trait. 

 

3.7 Grain and Forage Loss Due to Weeds 

The yield reduction due to weeds was highest on grain in both seasons, however in season two, which 
experienced drought conditions, the grains yield reduction was very high (97%). The dry matter yield loss of 
forage (stover and thinnings) was lower than grain yield loss in both seasons (Table 3).  
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Table 3. The percent loss of maize grain and forage yields due to weeds (weed free regime yields less weedy 
regime yields) 

Component 
Weed free (W1) 
(t ha-1) 

Weedy (W2) 
(t ha-1) 

loss due to weeds 
in t ha-1 and in% 

Season 1 

Grain 3.4 1.6 1.8 (53%) 

Thinnings 12.9 8.1 4.8 (37%) 

Stover 16.4 10.2 6.2 (38%) 

Forage (Thinnings+ Stover) 29.3 18.3 11 (38%) 

Total biomass (Thinnings + Stover +grain) 32.7 19.9 12.8 (39%) 

Season 2 

Grain 1 0.03 0.97 (97%) 

Thinnings 8 2.1 5.9 (74%) 

Stover 7.5 1.6 5.9 (79%) 

Forage (Thinnings + Stover) 15.5 3.6 11.9 (77%) 

Total biomass (Thinnings + Stover +grain) 16.5 3.7 12.8 (78%) 

 

3.8 Beans Dry Matter Biomass and Grain Yield 
In this experiment, bean yields ranged 61 to 144 kg ha-1 (Table 4). At 0 to 50 DAE about 40 - 60% of the PAR 
was transmitted through the maize canopy to the beans canopy. However, during the reproductive phase of the 
beans (50 - 90 DAE) about 20% or less of light penetrated through the maize canopy to the beans (Figure 2). In 
the first season beans planted under low density maize plots had higher grain and total dry matter yield than in 
high density but in second season maize density did not influence bean dry matter and grain (Table 4). Control of 
weeds (W3 and W4) increased the bean grain yield and total dry matter biomass in the first season while only 
twice hand weeding (W4) significantly increased the bean grain yield and total dry matter biomass in the second 
season (Table 4). In the first season, bean grain yield in both W3 and W4 methods of weed control was 
comparable while use of herbicide reduced the bean grain yield and total dry matter biomass i, in the second 
season, relative to twice hand weeding (W4).  

 

Table 4. The effect of planting density and weeding regime on bean biomass and grain yield (kg ha-1) 
Season one Season two 

Planting density Total dry matter Grain Total dry matter Grain 

D1 130a 74a 103a 77a 

D2 100b 48b 114a 82a 

LSD D 29 20 20 17 

Weeding regime 

W1 124a 71a 121a 83a 

W2 15b 1b 85b 61b 

W3 174c 92a 84b 61b 

W4 146ac 81a 144ac 112c 

LSD W 41 42 28 24 

Note. D1 = low density, D2 = high density, W = weedfree, W2 = weedy regime, W3 = herbicide use, W4 = two 
times hand weeding. LSDW = least significant differences of weeding regimes, LSDD = least significant 
differences of planting densities. Suffix letters a, b, c indicates significant similarities or differences of the 
observations in each trait. 
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4. Discussion 
4.1 Weather Data 

In season one the amount of water supplied to the crop was 581 mm; 298 mm and 283 mm from rainfall and 
supplementary irrigation, respectively. However no supplementary irrigation was done in the second season 
which had rainfall of 201 mm. The average rainfall for first season (long rains) in KARI Muguga, Kenya is 550 
mm while for second season (short rains) is 400 mm respectively which indicates rainfall + irrigation in season 
one was sufficient, but season two rainfall was less than average by about 50% of the season’s mean. The 
maximum daily temperature for both seasons ranged from slightly below 20 oC to slightly above 25 oC, an 
indication that the temperature was adequate for the growth of the crop.  

4.2 Soil Analysis 

The results of soil analysis indicated nitrogen, and potassium were sufficient but phosphorous was inadequate.  
Nitrogen is a constituent of the protein molecules purines, pyrimidines that are found in nucleic acids and DNA 
for protein synthesis (Devlin & Witham, 2002). Also, nitrogen constitutes porphyrins that are found in 
chlorophyll pigments and cytochromes vital for photosynthesis and respiration, while potassium is essential for 
respiration, photosynthesis, chlorophyll development, and opening and closing of stomata (Devlin & Witham, 
2002). Phosphorous constitutes nucleic acids, phospholipids, coenzymes NAD and NADP and energy molecule 
ATP, which play important role in photosynthesis and respiration in plants.Therefore, deficiency of phosphorous 
in this study would have hindered photosynthesis and other metabolic processes that would have reduced the 
crop yield if not corrected. However, this deficiency was corrected through application double ammonium 
phosphate fertilizer at rates indicated in section 2.3.  

4.3 PAR Interception 

The proportion of incident solar radiation intercepted by a canopy is influenced by the leaf area index and the 
canopy geometry. High plant density increased leaf canopy size that intercepted more PAR prior to thinning. 
Thinning reduced the leaf area and subsequently PAR interception. PAR interception in un-weeded plots (W2) 
remained higher because the maize plants were thinned and were small and the weeds intercepted most of the 
PAR. However, PAR interception in D1 was higher than in D2 after thinning because, plants in the higher density 
were smaller probably because of high intraplant competition for plant resources. Moreover, PAR interception 
decreased late in the season (after 85 DAE) due to leaf fall and senescence (Masri & Boote, 1988). The positive 
increase in radiation with increasing plant density has been documented in crops (Simmonds et al., 1999; Juan et 
al., 2013).  

4.4 Neutron Probe Counts Calibration 

The R2 values of the curves generated ranged from 0.84 to 0.98 down the soil profile which indicated that the 
calibration curves fitted well and therefore the probe counts conversion into volumetric moisture content was 
sufficient for this study. 

4.5 Soil Moisture Content 

High plant density (D2) and not controling weeds (W2) probably increased both the root density and leaf canopy 
resulting in increased transpiration which significantly reduced soil moisture content in high density treatment 
(D2) in the early growth stages of the crop. Soil moisture increased down the soil profile implying water uptake 
through evapo-transpiration because most of the roots are usually found in the top soil layers (Sharp & Davies, 
1985). Gowan and Williams (1989) reported that increasing rate of drying of the soil down the profile indicated 
water uptake by roots. In season one change in the soil water content below 70 cm was minimal indicating the 
bulk of the roots were in the top 70 cm. In season 2 the soil moisture content was much lower compared to 
season 1 as indicated by the low soil water content. The changes in water content may have been as result of loss 
of water through drainage as well as uptake by roots. Both maize and weeds may have grown to 110 cm deep.  
Yi, et al. (2014) reported that Bermuda grass genotypes (Cynodon spp.) under continuous drought developed 
large rhizome network and greater soil water extraction. 

Tarun et al. (2013) reported that adequate soil moisture enabled plants to maintain better water relations and 
photosynthesis, leaf area and biomass partitioning, leading to increased yields. Anirban and Attipalli (2014) 
found that drought-stressed mulberry cultivar showed a decrease in electron transport and enhanced thermal 
dissipation from PS II, which reduced plant biomass production.  
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Application of supplementary irrigation water in season one made the crop to channel its assimilates to yield 
biomass sinks other than the roots which led to increased grain and forage yield, while in the second season 
moisture stress not only caused the roots to be the major sinks but also adversely affected photosynthesis 
reducing the crop yields. Also, Lemma et al. (2009) conducted a study on planting density and contrasting 
moisture regimes on cowpeas and found that both grain and total biomass yield ha-1 increased with increasing 
planting density under wet regime while an increase in planting density decreased grain yield and total biomass 
ha-1 under the water limited regime. In this study season two grain yield and maize biomass decreased probably 
due to drought conditions. This supported by Stewart (1983) reported that yields of maize and beans increased 
linearly with application of irrigation water and reported yields in maize/bean intercrop of 4.98 and 0.7 t ha-1 
respectively at 438 mm water.  

4.6 Evapotranspiration (ET), Water Use Efficiency (WUE) and Harvest Index (HI) 

Drought conditions led to low ET values and reduction of total biomass by 50% in season two relative to season 
one. Pilbeam, Daamen and Simmonds (1995) reported that transpiration of 15% (15 mm) in a season which had 
150 mm rainfall and 40% (200 mm) in a season that had 500 mm rainfall in maize bean intercrop in Kenya. 
During the first season not controlling weeds reduced ET of the crop probably because weeds competed for 
water, light and nutrients reducing the crop canopy, which reduced transpiration that led to reduced WUE of the 
crop at the expense of the weeds. This led to low forage and grain yields and reduced WUE of the crop in the 
weedy treatment. Crop water use efficiency was low at high density due to competition between individual 
plants and the weeds for water, light and probably plant nutrients leading to low dry matter conversion per unit 
plant and reduced WUE in D2 than in D1. WUEG in the weeded plots were comparable to those obtained at 
Kabete (7.22 to 9.5 kg ha-1mm-1) (Lenga, 1979).  
The harvest index in D1 (density 9 m-2) varied from 0.14 to 0.16 in both seasons while in D2 (density 18 m-2) 
varied from 0.08 to 0.09 in both seasons. Squire (1990) reported HI of maize at densities of 2.3 m-2, 3.5 m-2, 4.8 
m-2, 6.1 m-2 and 7.4 m-2 as 0.5, 0.4, 0.35, 0.35 and 0.3 respectively in Zimbabwe, which indicated reduction of HI 
with increase in maize density and, by inference, supports the HI reported in this study. This reduction in HI may 
be explained by the findings of Squire (1990) that the additional higher population relative to the recommended 
plant density intercepts little more solar radiation of lower quality reducing the photo assimilates per unit plant 
(Squire, 1990). In this study, high density resulted to reduced grain yield compared to low density probably 
because of thinning to single plant in all plots at tasselling stage, and inter and intra plant competition for plant 
resources, higher in high density (D2) compared to low density (D1) prior to thinning. This is supported by 
Berzsenyi (1988) who reported that increasing plant density consistently caused water stress especially during 
flowering, reducing grain yield and thus harvest index. Thus both high density and weeds increased the moisture 
and light competition.  

4.7 Grain and Forage Loss Due to Weeds 

The highest loss due to weed occurred in maize grain (53-97%) which was aggravated by drought conditions. 
This agrees with findings of Maina (1997), and Sebuliba-Mutumba and Adipala (1997) who found out that 
weeds reduced yields by 15 to 90%. Moreover, the drought condition in season two of this study, elevated the 
competition for water and other plant resources that led to drastic forage and grain loss due to weed competition.  

4.8 Beans Dry Matter Biomass and Grain Yield 
The recommended beans spacing is 45 to 60 cm × 15 cm (depending on the variety) resulting to a population of 
110,000 to 145,000 plants ha-1 which yields 220 to 1,100 kg ha-1 (Acland, 1971). In this experiment beans were 
sown at a spacing of 75cm × 30 cm two seeds per hill resulting to a population of 88,000 plants ha-1 and their 
yields ranged 61 to 144 kg ha-1, a very poor performance relative to national bean yield average of 600 to 800 kg 
ha-1 (Muigai & Ndegwa, 1991). Thus, less population contributed to the low yields of beans in this experiment. 
At 0 to 42 DAE approximately over 40% of the PAR was transmitted through the maize canopy, however low 
light (20% of the total PAR) may have had severely limited photosynthesis during the reproductive phase (45 to 
90 DAE). This is supported by Ghassemi-Golezani, et al. (2013) who reported that increasing shade stress in 
soybean (Glycine max L.) decreased grain yield per unit area under minimal moisture stress. Probably also, 
weeds competition for plant nutrients and poor rainfall might have contributed to low beans yield.  

5. Conclusions  
High planting density increased light interception while types of weed control did not significantly influence 
PAR interception especially before and up to tasseling stage in maize. High planting density may not influence 
the ETcrop, but influences WUE, since enhanced intraspecific competition under high crop density regimes 
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depletes soil water content through transpiration faster compared to lower crop densities. High density and 
failure to control weeds, led to high plant resource competition, reduced WUET, WUEG and HI in both seasons in 
this study. Supplementary irrigation approximately doubled the total biomass and increased the maize grain yield 
more than three times irrespective of the planting density or the weeding regime, which confirms that moisture 
stress has multiplier effect to all other anti-productive plant processes. Intercropping beans with maize under 
high planting density drastically reduces their yield mainly because of shading effect.  
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