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Abstract

Moisture stress is among the limiting factors to crop yields. The objective of this study was to
determine the effects of moisture stress imposed at different growth stages of bean plants on
nodulation and nitrogen fixation. The experiment was conducted in greenhouse and in the field, at
Sokoine University of Agriculture. The bean genotype “Kijivu” was used, the stages were; (i) VC
(Cotyledonary and unifoliolate leaves visible), (ii) V2 (Second trifoliolate leaf unfolded), (iii) V4
(Fourth trifoliolates on the main stem, blossom clusters not opened) and (iv) R2 (Pods 1/2 inch
long. Irrigation treatments were initiated to maintain moisture treatments of 100%, 75%, 50%, or
25% of the soils field capacity for each plant growth stage until plant maturity. Moisture stress
significantly affected nodulation, nitrogen fixation, and finally grain yields. Numbers of nodules
per plant were reduced by 56.0% in greenhouse and 69.2% in the field between V4 and VC at 25%
moisture regime. Shoot biomass was reduced by 40.8% and 26.8% while root biomass was reduced
23.5% and 31.5% in greenhouse and field, respectively. These results suggest that for maximum
nodulation and nitrogen fixation to be achieved, moisture stress must be avoided at the VC and V2
growing stages.
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1. INTRODUCTION

Biological nitrogen fixation is one of the most important sources of nitrogen in the production of
leguminous crops (Mohammadi et al., 2012). A symbiotic relationship between rhizobia and
legume plants can provide large quantities of N to the plant. Kimura et al. (2004) estimated
contributions of N from N, fixation to range from 24 to 50% in field grown beans at different
growth stages. The factors which can determine the amount of N, produced from legumes are the
type of species of legume grown, the percentage of N, in the plant tissue and total biomass
produced, hence, environmental circumstances that bound legume growth, such as moisture stress
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can reduce the amount of N, produced (Hirel et al., 2011). Marginal lands with low rainfall are
among most problematic environments for rhizobia. The modification of rhizobial cells by water
stress will eventually lead to a reduction in infection and nodulation of legumes (Worrall and
Roughley, 1976). The rate of inhibition of the symbiosis depends on the stage of growth and
development, as well as the severity of the stress (Williams and De Mallorca, 1984).

The production of common beans is undertaken commonly under rain-fed conditions; therefore,
inadequate or unpredictable rainfall may limit the yields (Acosta-gallegos and Domingo, 2009).
Erratic water availability during production exposes plants to water stress during every growth
stage (Thangavel et al., 2011). About 60% of the common bean yield losses have been reported to
be due to drought (Molina et al., 2001). Common bean is known as a plant that is vulnerable to
water deficits, especially in pre-flowering and reproductive periods, producing significant negative
impacts on seed vyields (Singh, 2007). During dry spells, there is a decrease in populations of
rhizobia which can be associated with poor nodulation of legumes, resulting in low levels of N,
fixation and ultimately low yields (Mohammadi et al., 2012).

Moisture stress, which results from periodic dry spells during the growing season, is among the
limiting factors for common bean production worldwide (Boutraa and Sanders, 2001). It influences
symbiotic interactions by inhibiting growth, survival and metabolic activity of nitrogen fixing
bacteria and ultimately growth of plants (Werner and Newton, 2005). Periods of water stress during
the reproductive phase have been reported to be associated with significant reductions in nodulation
and subsequently grain yields (Emam and Seghatoleslam, 2005).

The factors that influence growth, survival and metabolic activity of nitrogen fixing bacteria and
plants and their ability to forge efficient symbiotic interactions include low pH, nutrient
availability, temperature and low moisture status (Werner and Newton, 2005). Nitrogen fixation
under P deficiency is often reduced, because low P supply induces changes in the relative growth of
nodules and shoots (Hogh-Jensen et al., 2002). Nodules require relatively higher amounts of P and
energy than do other plant tissues (Olivera et al., 2004).

A number of studies have reported the effects of water stress environment on growth of common
bean. Molina et al. (2001) found that water deficits during flowering stages and beginning of pod
development reduced most of the growth characteristics assessed. Getachew (2014) reported that
flowering and pod filling stages of the crop are highly sensitive to drought, resulting in yield
reductions. Kalima (2013) reported that the severity of effects of water stress depend on many
factors, such as stage of development of the plant, duration and degree of stress. The influence of
soil water activity on plant growth and hence nodulation in relation to growing stages should be
taken into consideration especially in this era of climate change where many areas are becoming
drier. The stage of the crop growth during which drought occurs can result in profound effects on
nodulation and nitrogen fixation.

However, few investigations have studied the effects of moisture stress on nodulation and nitrogen
fixation at early stages of development. Therefore, the objective of this study was to determine the
effects of moisture stress at different growth stages of bean plants on nodulation and nitrogen
fixation, beginning with early stages of plant development, so as to select best time for prediction
of adverse water stress effect which could assist in developing mitigation measures.

2. MATERIAL AND METHODS
2.1. Experimental design
The experiment was conducted in a green-house and field, at Sokoine University of Agriculture

(SUA), Latitude 6°45°S, Longitude 37°40°E, at the altitude of 547 meters above sea level.
Maximum and minimum temperature was 27.6°C and 17.9°C respectively and 86.8% Relative
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Humidity. The soil was (66.7% sand, 30.3% clay and 2.92 silt), pH in water 5.92, CEC 15.2
meq/100g, N 0.22%, P 5.80 ppm and B 0.49 ppm. The design of the experiment in green house was
the Completely Randomized Design (CRD), with four replications. In the field the experiment was
laid in Completely Randomized Block Design (CRBD) with three replications. The bean genotype
“Kijivu” was used to assess the effects of water stress at different plant growing stages, which
were: (i) Stage VC (Cotyledonary and unifoliolate leaves visible), (ii) Stage V2 (Second trifoliolate
leaf unfolded), (iii) Stage V4 (Fourth trifoliolates on the main stem, but with blossom clusters still
not visibly opened) and (iv) R1 (Pods 1/2 inch long at first blossom position (node 2 to 5 for most
plants).

2.2. Plant establishment

Four-litre plastic pots were filled with 4 kg of field soil. TSP fertilizer at the rate of 60kg P/ha was
incorporated into the soil prior to planting. Four bean seeds inoculated with NITROSUA rhizobia
inoculant (10% cells/ml) were sown per pot 5 cm deep at 10 cm apart, later thinned to 2 seedlings
per pot after germination. In the field, each plot had 2 rows of 4 m long and the plant spacing was
50 cm and 10 cm between and within rows, respectively

2.3. Imposition of different levels of moisture stress

Soil field capacity was calculated on soil dry basis. The soil moisture for all pots was initially
maintained at field capacity (100% moisture regime). Then, for each of the growing stages
specified above, irrigation treatments were initiated and maintained at moisture stress treatments of
100%, 75%, 50%, or 25% of the soil’s field capacity for each plant growth stage until plant
maturity.

2.4. Plant sampling and assessment

After flowering/early pod formation, plants from one set of pots covering all moisture stress levels
were carefully dug out, washed free of soil, and nodules were detached and counted. Root and
shoot biomass were dried and weighed. Other data collected were plant height, root length, and
grain yield at maturity. Assessment of effectiveness of nodules was done by detaching randomly 30
nodules from each treatment cutting them open and observing the pink coloration and reporting as
percentage effective. A score of 1 or 2 was used, where 1 = very pink (very effective), 2 = not pink
(other colour, thus not effective).

2.5. Statistical analysis

Statistical analysis was carried out using the GenStat Statistical Package. Two way analysis of
variance was performed and treatment means were compared using the Least Significance
Difference (LSD) at the 5% level of significance.

3. RESULTS AND DISCUSSION

3.1. Effects of moisture stress and stage of growth in bean performance: Analysis of variance
(ANOVA) summary

Summary of analysis of variance for the studied variables is shown in table 1 and 2 from green
house and field experiment respectively. Significant differences between moisture stress levels
were observed for number of nodules/plant, % effective nodules, root length and yield while
growth stages also displayed significant variation in number of nodules/plant, % effective nodules
and root biomass both in green house and in the field. Significant effects also observed on
interaction of moisture stress levels and growth stage on number of nodules/plant and plant height
in green house.
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Table 1: Analysis of variance (ANOVA) (mean squares) from green house

Source of d Number of %o effective  Plant Root Shoot Root Shoot Seed

variation nodules/plant  nodules height length  biomass biomasss N% N% el
Rep 3 294.02 470.22 347.10 26.10 10.33 0.063 0.015 0.012 10.33
Stress 3 314.06***  48241*** 330.10ns 54.52*** 0.19*  0.006ns 0.189** 0.046** 0.19**
Stage 3 419.56***  1886.39*** 136.50ns 23.76* 2.18** 0.004ns  0.617** 0.507** 2.18***
Stx Sg 9 8.84* 72.68ns  423.90** 12.10 0.62 0.005ns  0.027* 0.040** 0.62
Resid. 45 13.45 73.71 174.20 7.71 0.59 0.006 0.012 0.013 0.59
St = Stress; Sg = Stage
Table 2: Analysis of variance (ANOVA) (mean squares) from the field
Source of Number of % effective Plant Root Shoot Root vield
variation nodules/plant nodules height length  biomass biomass
Rep 2 15.75 43.40 4.99 26.40 27.66 0.22 905.8
Stress 3 775.14%** 2487.19***  26.70* 14.14ns 374.63*** (0.85***  4357.4***
Stage 3 1371.81*** 2651.79***  15.43ns  6.25ns 20.33ns 0.41* 200.4ns
Stx Sg 9 121.90* 57.36ns 5.64ns 10.23ns  49.74ns 0.12ns 329.4ns
Residual 30 62.73 49.05 10.71 10.46 42.97 0.12 285.1

St = Stress; Sg = Stage

3.2. Main effect of moisture stress levels

The results from this study indicates that moisture stress has a substantial influence on common
bean growth as all studied variables were reduced with increased moisture stress level (Table 3 and
4). The 25% moisture stress level showed the greater impact of reduction both in green house and
in the field. This indicates that common bean is a sensitive plant to high moisture stress level
(Emam et al., 2010). Moisture stress significantly affects nodulation, nitrogen fixation and finally
yield. This may be because moisture stress causes biochemical and physiological changes hence
affecting plant growth and development (Boutraa, 2010). It causes suppression in plant
photosynthetic effectiveness (Lawlor and Cornic, 2002). Moisture stress is known to affect the
physiological processes of plants as water is the primary component of actively growing plants and
has a principal role in plant nutrient transport, chemical and enzymatic reactions.

Table 3: Main effect of moisture stress levels in green house
Moisture Nodules/ % Plant Root Root  Shoot Yield/

stress Plant  Efficient Height Length Biomass Biomass plant S,L‘((;:t ?\le((;g
level % (no) nodules  (cm) (cm) (9) (9) (9)

100 18.3b 66.1b 114.2b 150b 0.30b 4.69a 5.1b 2.62b 3.30b
75 18.1b 62.8b 111.9ab 14.8b 0.23ab 4.54a 4.5ab 2.58b 3.29b
50 15.6ab  56.5ab 111.4ab 14.8b 0.20ab 3.80b 4.2ab 2.56b 3.23ab
25 10,9a 55.1a 103.7a 11.2a 0.15a 3.63b 3.4a 238a 3.19
Mean 15.7 60.1 110.3 13.9 0.21 4.20 440 325 325
CV% 24.3 16.9 4.2 9.2 17.4 21.4 15.6 4.4 35
SE 2.15 4.5 3.3 0.7 0.02 0.2 0.32 0.03 0.03
Different letters within each column indicate significant difference at 5% level
Table 4: Main effect of moisture stress levels in the field

Moisture Nodules/ % Plant Root Root Shoot Yield/plant

stress Plant Efficient Height Length Biomass Biomass

level % (no) nodules (cm) (cm) (9) (9) ©)

100 21.8¢c 67.2b 38.9b 17.6a 1.2c 32.6b 84.7c

75 17.5bc 66.7b 36.8ab  16.5a 1.0bc 28.7b 78.7bc

50 17.5bc 61.4b 36.4ab  15.9a 0.8b 27.1b 66.9b

25 9.5a 44.0a 35.5a 15.1a 0.5a 19.3a 41.6a
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Mean 16.6 59.8 36.9a 16.3 0.9 26.9 68.0
CV% 221 14.4 8.9 7.9 13.1 4.9 111
SE 0.9 2.2 1.0 0.9 0.1 1.9 4.9

Different letters within each column indicate significant difference at 5% level

3.3. Main effect of growth stages

The results from this study indicated that moisture stress imposed at different growth stages of
common bean plant significantly affected number of nodules per plant, percentage of effective
nodules, root biomass, shoot biomass and eventually yield (Table 5 and 6). Growth stage caused a
reduction in almost all studied variables and the greater reduction occurred when moisture stress
was imposed on VC and V1 growth stages. Manjeru et al. (2007) reported that yield was reduced
most when water stress was imposed during the flowering and post flowering stages. At VC stage
bean plant requires adequate water for root development. In adequate moisture during early stages
result in reduced number of nodules per plant, percentage of effective nodules and biomass yield
which eventually reduce final yield (Efetha, 2011).

Table 5: Main effect of growth stage in green house
Nodules/ % Plant  Root Root Shoot  Yield/

SGtgg\évth Plant  Efficient Height Length Biomass Biomass plant S,\fl]&? t ?\le&c)j
(no) _ nodules (cm)  (cm) () ) ()
VC 13.4a 55.6a 106.4a 12.9a 0.16a 3.1a 3.8a 2.38a 3.1la
V1 13.8a 58.6a 109.7a 13.3a 0.18a 3.6ab 4.2ab 2.35a 3.08a
V4 18.8b 66.1lb 11252 13.9ab 0.18a 3.7ab  45ab 2.67b 3.41b
R1 16.9b 60.2b  112.6a 15.7b 0.25b 4.1b 51b 2.73b 3.41b
Mean 16.9 60.1 110.3 13.9 0.18 3.6 436 254 3.25
CV% 24.3 16.9 12.0 9.2 17.4 214 15.6 4.4 35
SE 2.2 4.5 3.3 0.7 0.02 0.2 0.3 0.03 0.03
Different letters within each column indicate significant difference at 5% level
Table 6: Main effect of growth stage in the field
Nodules/ % Plant Root Root Shoot .
g:g)\g'th Plant Efficient Height Length Biomass Biomass Ylel((; /)plant
(no) nodules (cm) (cm) (9) (9)
VC 10.3a 51.7a 35.4a 16.2a 0.6a 25.5a 65.5a
V1 17.0b 61.0b 36.6a 15.4a 0.8ab 26.6a 65.7a
V4 18.8bc 63.1b 37.5a 16.4a 1.0b 27.1b 67.3b
R1 20.3c 63.4b 38.0a 17.2a 1.1b 28.6b 74.1c
MEAN 16.6 59.8 36.9 16.3 0.89 26.9 68.0
CV% 22.1 11.3 8.9 7.9 13.1 4.9 111
SE 0.9 2.2 0.9 0.9 0.1 1.9 4.9

Different letters within each column indicate significant difference at 5% level

3.4. Effect of moisture stress levels at different growing stages on nodulation

In the greenhouse, there was a significant increase (P < 0.05) in number of nodules per plant with
advancing plant growth stages while nodulation was significantly (P = 0.05) reduced in the 25%
moisture regime (Table 7). Generally, higher numbers of nodules were observed from plants that
received 100% moisture regime. The least numbers of nodules were observed from plants that
received 25% moisture regime, with the fewest nodules (5.5) obtained when moisture stress was
imposed beginning the VVC growth stage.
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Table 7: Effect of moisture stress levels at different growth stages on number of nodules/plant
in green house

Nodules/plant

1 (0)
Growing 100% 75% 50% 25%
stage when moisture ) : ) Mean
: . regime regime regime
Stress imposed regime
VC 246 95 113 55 127
V2 24.8 19.8 18.8 8.3 17.9
V4 25.8 21.8 21.3 125 20.4
R1 25.3 21.8 21.3 125 20.4
Mean 25.1 18.2 18.2 9.7

LSD within Table is 5.2, SE 4.3

In the field, there was also a significant increase (P < 0.05) in number of nodules per plant with
advancing plant growth stages only at the 75% moisture regime (Table 8). There were significant
(P = 0.05) reductions in nodulation as moisture stress was increased, with all plant growth stages
affected at the 50% and 25% moisture regimes (Table 8). The least number of nodules (4.0) was
observed from plants when moisture stress was imposed beginning at the earliest plant growth VC.

Table 8: Effect of moisture stress levels at different growth stages on number of nodules/plant
in the field

Nodules/plant

Growing 100%

stage when moisture 75% regime  50% regime 25% regime Mean
Stress imposed regime

VC 36.7 7.7 7.0 4.0 13.9
V2 43.3 18.0 10.7 8.0 20.0
V4 39.3 32.7 17.7 13.0 25.7
R1 36.7 29.7 18.3 8.3 23.3
Mean 39.0 22.0 13.4 8.8

LSD within Table is 13.2, SE 1.8

These results show that the magnitude of the moisture stress effects depended on the growth stage
of the crop at the time the moisture stress was initiated. When moisture stress was imposed to
plants from earliest stage (\VC), the plants produced few numbers of nodules per plant compared to
when moisture stress was imposed in the later V4 or R1 stages. These observations imply that
moisture stress was a limiting factor for proper initiation and development of nodules. Plants that
received higher amounts of water from the beginning of the development of plants (VC) produced
more root nodules. According to Werner and Newton (2005), water status influences survival and
metabolic activity of nitrogen fixing bacteria and plants and their ability to enter into symbiotic
interactions. Leung and Bottomley (1994) also reported that low soil water potentials, occurs
during periods of moisture stress, inhibit growth of rhizobia and nodulation.

These results are in agreement with those by Onuh and Donald (2009) who reported reduced
numbers of nodules in cowpea plants due to moisture stress imposed two weeks after planting. At
all growth stages nodule numbers were reduced with increased moisture stress. In greenhouse the
reduction of numbers of nodules per plant between plant growth stages V4 and VC was 56.0%
while in the field reduction was 69.2%. The relatively smaller reductions in nodulation in the green
house as compared to greater reduction in the field may be due to the fact that greenhouse
conditions are better controlled than the more open field condition and may be also due to higher
evaporation in the field. Thus, moisture stress becomes exacerbated in the open field than under
greenhouse conditions.
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3.5. Effect of moisture stress at different growth stages on proportions of effective nodules
Results showed some significant increases (P < 0.05) in proportions of effective nodules in
advanced growth stages in the moisture stressed plants in the greenhouse (Table 9). However, there
was a general decrease in the proportions of effective nodules with increase in moisture stress, with
the decreases particularly significant (P = 0.05) at the 25% moisture regime (Table 9) for all growth
stages.

Table 9: Effect of moisture stress levels at different growth stages on % effective nodules in
the greenhouse

% Efficient nodules

Growing 100%

stage when moisture 75% regime  50% regime 25% regime  Mean
Stress imposed regime

VvC 71.1 57.4 56.9 37.0 55.0
V2 69.1 66.3 58.4 48.4 60.6
V4 71.8 72.8 61.1 50.0 63.9
R1 72.3 70.2 69.2 40.7 63.1
Mean 71.1 66.7 61.4 44.0

LSD within Table is 12.2, SE 8.9

Similarly in the field, there was significant increase (P < 0.05) on proportions of effective nodules
with different growth stages in the moisture stressed plants (Table 10). The proportions of effective
nodules decreased significantly (P = 0.05) particularly in the 25% moisture regime and for all plant
growth stages (Table 10).

Table 10: Effect of moisture stress levels at different growth stages on effective nodules % in
the field

% Efficient nodules

Growing 100%

stage when moisture 75% regime  50% regime  25% regime Mean
Stress imposed regime

VvC 704 47.4 43.2 29.3 47.6
V2 69.3 69.6 61.2 37.0 59.3
V4 88.1 85.8 76.4 47.1 74.4
R1 80.3 75.0 65.9 37.2 64.6
Mean 77.0 69.5 61.7 37.7

LSD within Table is 11.7, SE 4.3

The effective nodules were shown by pink coloration. The pink color is caused by the pigment
lephemoglobin that controls oxygen flow to the rhizobia. According to these results, the plants that
received enough moisture in growth stage V2 and V4 had more effective nodules. The life span of
the rhizobia is short, between 4 and 5 weeks after infection (Dupont et al., 2012). Thus, enough
moisture at VC, V2 and V4 is very vital for proper initiation and development of nodules.
According to Fresneau et al. (2007), drought induces changes in some physiological and
biochemical processes. At the R1 stage is the time of pod filling, annual legumes, including beans,
lose the ability to fix nitrogen as the plant feeds the developing seed rather than the nodules
(Manjeru et al., 2007) this may account for the reduction of numbers or proportions of effective
nodules at that stage. The results from this study and other studies show that imposition of severe
drought for example 25% moisture, at any stage of plant growth can lead to drastic reductions in
the proportions of effective nodules.
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3.6. Effect of moisture stress levels at different growth stages on grain yields

The results (Table 11) showed some significant decrease (P < 0.05) in grain yields as a result of
increased moisture stress. In greenhouse, the greatest decrease (P = 0.05) were recorded in the 25%
moisture regime. In the 50% moisture regime, yields were higher (P = 0.05) when the stress was
imposed beyond the V4 growth stage as compared to that in the VC stage. The least yield (2.2
g/plant) was observed in plants that received 25% moisture regime when imposed at VC growth
stage.

Table 11: Effect of moisture stress levels at different growth stages on grain yield in the
greenhouse

Yield(g/plant)
Growing 100%
stage when moisture  75% regime  50% regime  25% regime Mean
Stress imposed regime
VC 4.2 3.8 3.6 2.2 35
V2 5.3 4.7 4.5 25 4.3
V4 6.0 5.7 5.4 3.6 51
R1 6.8 5.5 5.9 2.7 5.2
Mean 5.6 4.9 4.9 2.8

LSD within Table is 1.8, SE 0.6

In the field, significantly (P = 0.05) lower grain yields were recorded in the 50% moisture regime,
and even lower yields at the 25% moisture regime (Table 12) relative to those at the 100% moisture
regime. In the 25% moisture regime, yields were higher when the stress was imposed beyond the
V4 plant growth stages as compared to when the stress was imposed at the earlier VC stage.

Table 12: Effect of moisture stress levels at different growth stages on grain yield in the field
Grain yield (kg/ha)

Growing 100%

stage when moisture  75% regime 50% regime  25% regime Mean
Stress imposed regime

VC 525.5 4275 360.0 165.0 3445
V2 495.0 472.5 4525 2355 413.9
V4 517.5 550.0 525.0 355.0 486.9
R1 532.5 570.0 530.0 367.5 500.0
Mean 517.6 505.0 466.9 280.8

LSD within Table is 180.1, SE 9.8

These observations indicate that moisture is an important factor for crop yield, and that extreme
moisture stress drastically reduces yields. These results agree with those of Manjeru et al. (2007)
who reported reduced grain yields of common bean due to water stress imposed at different growth
stages. Marino et al. (2007) and Liu et al. (2003) also reported that the drought effect on BNF is the
most important environmental factor resulting in crop yield losses. The present results showed that
V2, V4 and R1 are the crucial stages which need enough moisture so as to attain high yields.
According to CIAT (2004), drought reduces pod formation, seed setting and seed filling by
reducing assimilate production, translocation and partitioning, thereby resulting in yield reduction.
In the 50% and 25% moisture regime, especially in the field, yield was not affected when stress
was imposed in later stages than in earlier stages. This may be due to the fact that at later stages
plants have already established, hence the effect of moisture stress has relatively little effect on
yield. Moisture stress is among of the limiting factors in crop growth and reduce yield (Beebe et al.,
2008).
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3.7. Effect of moisture stress levels at different growth stages on plant height

In the greenhouse, plant heights were significantly reduced (P < 0.05) with increased moisture
stress (Table 13) when the stress (25% moisture regime) was imposed at the very early stages of
plant growth but not in later stages. Plants were significantly (P = 0.05) taller when the moisture
stress (75% and 25% regime) was imposed at the V4 stage.

Table 13: Effect of moisture stress levels at different growth stages on plant height in the
greenhouse

Plant height (cm)

Growing 100%

stage when moisture 75% regime  50% regime 25% regime  Mean
Stress imposed regime

VC 109.8 98.4 96.9 81.1 96.6
V2 109.2 99.9 96.4 87.5 98.3
V4 115.8 121.9 98.1 119.6 113.9
R1 112.8 114.8 106.8 104.5 109.7
Mean 111.9 108.8 99.6 98.2

LSD within Table is 18.8, SE 6.6

In the field, plant heights were higher (P < 0.05) when moisture stress was imposed at later stages
(Table 14). Compared with the 100% or 75% moisture regime, plants in the 50% and 25% moisture
regimes were significantly (P = 0.05) shorter when the stress was imposed at the early plant growth
stages (VC and V2).

Table 14: Effect of moisture stress levels at different growth stages on plant height in the field
Plant height (cm)

Growing 100%

stage when moisture 75% regime 50 regime  25% regime Mean
Stress imposed regime

VC 36.7 36.6 30.3 30.6 33.6
V2 35.6 40.1 31.3 315 34.6
V4 375 384 37.6 339 36.9
R1 37.8 40.8 37.2 36.8 38.2
Mean 36.9 38.9 34.1 33.2

LSD within Table is 5.5, SE 1.9

The reduction of plant height with increased moisture stress may be due to the fact that under
moisture stress the physiological activities of the plant divert from functions of cell elongation and
growth to those for coping with drought by slowing down the rate of assimilation of biosynthates
(CIAT, 2004). Ohashi et al. (2000) also observed the reduction of plant height due to inadequate
moisture as a result of decreased photosynthesis and translocation. Reduced mitosis, cell elongation
and expansion result in reduced plant height, leaf area and crop growth under drought (Kaya et al.,
2006; Hussain et al., 2008; and Kalima, 2013). Plant heights were higher when moisture stress was
imposed at later plant growth stages. This might be because at early stages of vegetative stage,
moisture stress reduced synthesis of the photosynthetic pigment; hence, reduced growth and
alterations in physiological parameters including plant height (Baroowa and Gogoi, 2012).

3.8. Effect of moisture stress levels at different growth stages on root length

There was no significant increase (P < 0.05) in root length due to reduced moisture stress in the
greenhouse (Table 15). Plants which received 25% moisture regime at \VC and V2 had shorter roots
compared to others.
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Table 15: Effect of moisture stress levels at different growth stages on root length in the
greenhouse

Root length (cm)

Growing 100%

stage when moisture 75% regime  50% regime  25% regime Mean
Stress imposed regime

VC 13.8 14.0 15.8 9.0 13.2
V2 13.0 15.8 135 9.5 13.0
V4 12.8 15.3 15.0 10.3 13.4
R1 19.8 15.0 15.0 13.0 15.7
Mean 14.9 15.0 14.8 10.5

LSD within Table is 3.9, SE 1.4

In the field, generally there was no significant change (P > 0.05) in root length due to growth stage
and moisture stress. The only significant decrease in root length was observed in the 25% moisture
regime when moisture stress was imposed very early in the VVC stage (Table 16).

Table 16: Effect of moisture stress levels at different growth stages on root length in the field
Root length (cm)

Growing 100%

stage when moisture 75% regime  50% regime  25% regime Mean
Stress imposed regime

VC 18.7 16.3 16.3 13.3 16.2
V2 16.3 16.0 17.3 12.0 154
V4 18.7 15.7 14.3 17.0 16.4
R1 17.0 15.0 15.7 18.0 16.4
Mean 17.7 15.8 15.9 15.1

LSD within Table is 5.4, SE 1.9

These results of reduced root length when stress imposed early are in agreement with those by
Ranawake et al. (2011) who reported reduced root length due to water stress. Water stress impairs
root cell development, nutrient uptake and affects photosynthesis; hence, affect root elongation
(Guo et al., 2013; Dhole and Reddy, 2010). However, the result from the field showed no
significant difference for most moisture stress treatments. This may be due to the fact that in the
field there is a large rooting space; hence, plants tend to modify their root growth and grow longer
as a mechanism for avoiding drought stress by scavenging a larger soil volume for water.

3.9. Effect of moisture stress levels at different growth stages on shoot biomass

There was a significantly higher (P < 0.05) shoot biomass when stress was imposed in the V4
growth stages (Table 17). At 25% moisture regime the high shoot biomass (3.8g) was observed
when moisture stress imposed at the V4 and R1 growth stages relative to the earlier stages (Table
17).

Table 17: Effect of moisture stress levels at different growth stages on shoot biomass in the
greenhouse

Shoot biomass (g/plant)

Growing stage when U0
ng stag moisture 75% regime  50% regime 25% regime Mean

Stress imposed .

regime
VC 3.06 3.01 3.01 2.15 2.8
V2 3.05 3.05 3.01 2.75 3.0
V4 4.18 4.13 4.08 3.63 4.0
R1 3.70 4.03 2.90 3.79 3.6
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Mean 3.50 3.56 3.25 3.08
LSD within Table is 1.1, SE 0.4

In the field, there was a significant decrease (P < 0.05) in shoot biomass due to increased moisture
stress at the 25% regime imposed at the VC and V2 growth stages (Table 18). At 25% moisture
regime the high shoot biomass (20.9 g) was observed in plants when stress was imposed at the V4
and R1 growth stages.

Table 18: Effect of moisture stress levels at different growth stages on shoot biomass in the
field

Shoot biomass (g/plant)

Growing stage 100%

when Stress moisture 75% regime  50% regime 25% regime Mean
imposed regime

VC 23.9 25.9 24.3 15.3 224
V2 27.4 28.1 25.2 18.6 24.8
V4 31.0 35.2 31.9 20.9 29.8
R1 32.6 38.1 35.1 19.8 314
Mean 28.7 31.8 29.1 18.7

LSD within Table is 10.9, SE 3.8

This result indicates that moisture is an essential influence for shoot development. Greater
accumulation of plant biomass is an important input to assure total translocation of photosynthate
materials to seed. Emam et al. (2010) and Rosales-Serna et al. (2004) also reported that plant dry
weight was decreased significantly by increasing water stress. Moisture stress also reduced shoot
dry weight in forage legumes (Fening et al. 2009). Moisture stress is known to reduce dry matter
production by limiting plant growth (Emam and Seghatoleslami, 2005).

3.10. Effect of moisture stress levels at different growth stages on root biomass
In the field, there was significant decrease (P < 0.05) in root biomass due to moisture stress (25%
regime) and growth stages (Table 19).

Table 19: Effect of moisture stress levels at different growth stages on root biomass in the
field

Root biomass (g/plant)

Growing stage 100%

when moisture 75% regime 50% regime 25% regime  Mean
Stress imposed regime

VC 0.93 0.63 0.63 0.50 0.67
V2 1.00 1.07 1.00 0.47 0.89
V4 1.23 1.87 0.57 0.50 1.04
R1 1.23 1.57 0.67 0.73 1.05
Mean 1.10 1.30 0.72 0.55

LSD within Table is 0.6, SE 0.2

In greenhouse there was no significant change (P > 0.05) in root biomass at different growth stages
due to moisture stress (Table 20).
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Table 20: Effect of moisture stress levels at different growth stages on root biomass in the
greenhouse

Root biomass (g/plant)

Growing stage 100%

when Stress moisture 75% regime  50% regime  25% regime Mean
imposed regime

VC 0.20 0.18 0.15 0.13 0.17
V2 0.21 0.15 0.20 0.15 0.18
V4 0.18 0.18 0.18 0.17 0.18
R1 0.23 0.23 0.23 0.13 0.21
Mean 0.21 0.19 0.19 0.14

LSD within Table is 0.10, SE 0.04

The lack of significant reduction in root biomass implies that when the moisture stress is imposed
at VC and V2 stages, the plants are still young and able to scramble for nutrients and moisture
around the rhizosphere. During V4 and R1 growth stages plants have developed enough and can
modify themselves by elongating their roots around the growth environment in the attempt to
capture nutrients and moisture.

3.11. Effect of moisture stress levels at different growth stages on shoot and seed N%

The results showed significant decrease (P < 0.05) in amount of N accumulated in shoots and seeds
when moisture stress is increased (Table 21 and 22). The reduction is higher (3.09) when the stress
is imposed at the earliest plant growth VC and V1 stages. This may be due to the fact that drought
tend to weaken the uptake of N in the plants. Nakayama et al. (2007) also found the decrease in N
accumulation in the leaves of studied cultivars under drought. The moisture stress imposed during
VC and V1 was more disadvantageous to N accumulation than that imposed during the R1 stage.
Moisture stress reduces nitrogenase activity through reductions in the formation and function of
nodules (Ramos et al., 1999). Report by Fresneau et al. (2007) showed that drought effects are
associated with changes in physiological and biochemical processes.

Table 21: Effect of moisture stress levels at different growth stages on shoot N%

Shoot N%
Growing 100% 75% regime  50% regime  25% regime Mean
stage when moisture
Stress imposed regime
VC 3.49 3.15 3.10 2.97 3.18
V2 3.44 3.23 3.10 3.14 3.23
V4 3.51 3.49 3.53 3.25 3.45
R1 3.48 3.34 3.44 3.22 3.37
Mean 3.48 3.30 3.29 3.15

LSD within Table is 0.16, SE 0.03

Table 22: Effect of moisture stress levels at different growth stages on Seed N%

Seed N%
Growing 100%
stage when moisture 75% regime 50% regime 25% regime  Mean
Stress imposed regime
VC 3.39 3.13 3.15 3.09 3.19
V2 3.51 3.34 3.25 3.09 3.30
V4 3.48 3.49 3.44 3.23 3.41
R1 3.44 3.35 353 3.24 3.39
Mean 3.46 3.33 3.34 3.16

LSD within Table is 0.16, SE 0.03
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4. CONCLUSIONS

Moisture stress levels no matter of the degree of its severity has the capacity to affect/reduce
nodulation, nitrogen fixation, root and shoot biomass and finally yield at different growing stages.
These results indicate that when stress is imposed at a late stage of plant development, the effect is
low because the plants are already well developed and they can modify themselves to cope with
stress compared to the case when stress is imposed at early stages. Hence, for maximum nodulation
and nitrogen fixation to be achieved, moisture stress must be avoided at the early VC and V2
growing stages. Since the period of nodulation is short, timing for planting is of great importance to
escape dry periods at these early stages, otherwise irrigation scheduling should be undertaken to
favour these growth stages. The water stress levels applied may not represent other areas, hence,
multi-location and multi-year experiment is recommended.

Views and opinions expressed in this study are the views and opinions of the authors, Asian Journal of
Agriculture and Rural Development shall not be responsible or answerable for any loss, damage or liability
etc. caused in relation to/arising out of the use of the content.
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