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ABSTRACT
The phase period from sowing to seedling establishment is of considerable importance
in crop production and has major impacts on plant growth, final grain yield, and seed
quality. Due to poor and non-uniform germination in pulse crops and especially
chickpea, priming treatments have been used to increase the speed and synchrony of
seed germination. Two different but related experiments were conducted at Mwea
Irrigation Agricultural Development Centre (MIAD) Kirinyaga County, Kenya to; (i) to
determine the effects of priming on enzyme activities in the germinating chickpea seeds
in a shade and (ii) to evaluate the performance of chickpea under different priming
methods, varying priming durations and different initial soil moisture levels in thefield.
Analysis of variance of data collected was done using GEN STAT Program package
version 13 and means separated using the least significant difference (LSD) at P < 0.05.
The highest alpha amylase activities of 12.97 pmoles/ml, was when seeds were halo
primed for 8 hrs with 0.1 % NaCl, (HCLIT8). Non primed seeds (control) had
significantly the least enzymatic activities (7.05 umoles/ml). Increasing pre sowing
irrigation from 25% FC to 100% FC, increased plants/m in both season I and IL.
Priming chickpea seed before sowing did not show any significant differences in season
I where plant population ranged between 12 to 14 plants/mz. During the drier season II,
significantly higher number of plants/m2 that ranged between 3 and 8 plants/m2 was
with treatment combinations HCL, Ty (8 plants), HCL, Ty (7 plants), HCL,T> (7
plants), HCL2T8 (7 plants) and HyT), (7 plants). The highest dry matter of 5,001.1 and
3,973.0 kg/ha was realized under 100 % FC at 105 DAS in season I and II, respectively.
Halo priming HCL2T8 gave significantly the highest DM at all stages of growth. The
interaction effects at 90 DAS for the wet season I (SI) revealed that significantly higher
DM vyields were produced by treatment combinations of 25% FC pre sowing irrigation
with HyT0 and HCL2T12, which produced 6,500 kg/ha and 5,900 kg/ha, respectively.
These gave statistically equal dry matter with treatments HCL2T8 (6,440 kg/ha); 75%
FC- HCLIT10 (6,713 kg/ha) and HCL2T8 (6,970 kg/ha). During the drier season (SII),
the highest DM/ha of 5,017 and 4,285 kg/ha was realized by the interaction effects of
100% FC-HCL2T12 and HCL2T10, respectively. Significantly higher plant heights
were observed under priming with HyT8 (12.71 cm) and HCL2T10 that had 11.5 and
11.55 cm in season both seasons, respectively. Pre sowing irrigation of 75% FC had the
highest number of pods/m?, i.e., 1,631 and 566 in seasons I and II, respectively. Seed

priming treatment HCL1T8 produced significantly higher number of pods/m* (1615



and 754), as well as pods/plant, 100 seed weight, and even grain yield in both seasons.
respectively. The highest grain yield was under 75% FC pre sowing irrigation in both
season | and II, respectively. Treatment combinations HCLITS and HCL2TI12,
significantly increased grain yields and produced 1,365 and 1,251 kg/ha in SI and 563.8
and 539.4 kg/ha in SII, respectively. Interaction effects of irrigation and priming on
grain yield (kg/ha) during season I revealed that pre sowing irrigation of 75% FC-
HCL1T8., HCL2T12 and HCL3T10 produced significantly higher grain yields of 1,562,
1.604 and 1,460 kg/ha, respectively; along with 100% FC-HyT8 that produced 1,788
kg/ha. During the season II, the interaction effects of irrigation and priming on grain
yield revealed a similar trend as in season 1 where pre sowing irrigation of 75% FC-
HCLI1TS$ and 100% FC-HyT8 produced significantly higher grain yield of 755.0 and
748.3 kg/ha, respectively. In season II, these were the same as for pre sowing irrigation
50% FC-HCL2T12 that produced 921.7 kg/ha. Treatment combinations 0.1% NaCl. for
8 hours and 0.2% NaCl, for 12 hours is therefore recommended for desi chickpea
priming for realization of higher grain yields of Mwea environment. However effective
priming occurs when accompanied by adequate rainfall (or soil moisture) during
germination. Initial soil moisture content of 75% field capacity and above is necessary
for effective seed priming with 0.1-0.2% NaCl; solution for 8 to 12 hours, which results
in n alpha amylase activity of 12.03 - 12.97 umoles/ml thus a higher germination and

seedling establishment.
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CHAPTER ONE

1.0 INTRODUCTION

Chickpea is primarily grown for its mature seeds, which are used as human food. These are
consumed alone or together with cereals as a side dish in the form of a sauce or soup (Kamithi,
2008). The composition of mature raw chickpea seeds per 100 g edible portion is: water 11.5 g,
energy 1525 kJ (364 kcal), protein 19.3 g, fat 6.0 g, carbohydrate 60.7 g, dietary fibre 17.4 g, Ca
105 mg, Mg 115 mg, P 366 mg, Fe 6.2 mg, Zn 3.4 mg, vitamin A 67 IU, thiamin 0.48 mg,
riboflavin 0.21 mg, niacin 1.5 mg, vitamin B¢ 0.54 mg, folate 557 pg and ascorbic acid 4.0 mg.
The essential amino-acid composition per 100 g edible portion is: tryptophan 185 mg, lysine
1291 mg, methionine 253 mg, phenylalanine 1034 mg, threonine 716 mg, valine 809 mg, leucine
1374 mg and isoleucine 828 mg. The principal fatty acids are per 100 g edible portion: linoleic
acid 2593 mg, oleic acid 1346 mg, palmitic acid 501 mg, linolenic acid 101 mg and stearic acid
85 mg (USDA, 2014). The protein content of chickpeas is lower than that of most other pulses,
but this is compensated for by the higher protein digestibility. Antinutritional factors include
trypsin inhibitors, haemagglutinins, tannins and oligosaccharides (USDA, 2014). Due to its
increased demand the crop is gaining popularity in Kenya. The chickpea line ICCV 97107 (desi)
and ICCV 95423 (Kabuli) were released as varieties Chania I and China KI, in year 2013, while
ICCV 92944 (desi) was released as China desi 3 in 2014, respectively by Egerton University.
These crops do well in cool the dry lands.

Seed germination is a complex and dynamic stage of plant ontogeny, with a number of
interactive metabolic processes undergoing changes from storage to a mobilization phase
(Bewley and Black. 1994; Ashraf and Foolad, 2005). The multitude of simultaneous metabolic
processes taking place in germinating seed makes it difficult to examine events related to the
initiation of the germination process. In an entire seed, the catabolic processes in the storage
tissues can confound measurements and interpretation of anabolic and growth processes
occurring in the developing embryo. The time from sowing to seedling establishment is of
considerable importance in crop production and has major impacts on plant growth, final yield,
and post harvest seed quality (Harris ef al., 2005). Seed germination entails three distinct phases:

phase I is imbibitions process, in which water is taken up by the seed but little metabolic activity;
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phase 11 is a lag phase in which there is little water uptake but considerable metabolic activity;
and phase III is marked by an increase in water content coinciding with radical growth and
emergence (Bradford,1986). The length of phase [II is important because germination is
considered complete when embryo growth is initiated. During seed germination, the soil
environment is often not conducive to rapid germination and seedling growth. Often, adverse
abiotic and biotic stresses, such as low and high temperatures; soil crusting, shortage or excess of
water, salinity, pathogenic diseases, and insects can reduce the rate or completely inhibit seed

germination and seedling emergence.

Although dry seed is often characterized as having a low rate of metabolism due to low water
content (5-10 %), it does not lack the potentiality for active metabolism ,and at least a few
enzymes remain active (Girolamo and Barbanti, 2012; Ashraf ef al., 2003; Poljakoff - Mayber,
1994; Guerrier, 1988). Desiccated seed is a well equipped functional unit that can undergo many
biochemical reactions if the initial hydration of proteins, particularly enzyme protein, has taken
place (Mayer and Poljakoff, 1989; Bewley and Black, 1982). Although only a few minor
changes may be observed in chemical composition of dry seed, as soon as the seed is hydrated,
marked chemical changes such as breakdown and transport of reserve materials, especially
transport from endosperm or cotyledons to the growing parts of the embryo and synthesis of new

materials may occur (Mayer and Poljakoft, 1989).

One of the first physiological disorders taking place during seed germination under dry
conditions is a decrease in water uptake by the seed due to low water potential of the germination
medium. Controlled imbibitions of seed followed by dehydration, also referred as “seed
priming”, were shown to improve germination and early seedling growth under salt stress
compared to plants grown from untreated seed. During priming, seed are generally exposed to an
external water potential that is low enough to prevent germination but allows some pre-
germinative physiological and biochemical processes to take place (Bradford, 1986). Primed
seed germinate more rapidly than unprimed seed when placed in appropriate germination
environment. Rapid seed germination and uniform field emergences are essential to the
establishment of successful crops. Slow or sporadic germination and emergence generally result

in fewer and small plants, which are more vulnerable to different biotic and abiotic stresses. A




prolonged emergence period may also lead to deterioration of the seedbed and increased soil
compaction, which result in poor crop establishment. Seed priming is a common practice to
increase the rate and uniformity of field crop germination and emergence in many important crop

plants.

Various pre-hydration or priming treatments have been employed to increase the speed and
synchrony of seed germination (Bradford, 1986). Common priming techniques include osmo
priming (soaking seed in osmotic solution such as polyethylene glycol -PEG), halo priming
(soaking seed in salt solutions), hydro priming (soaking seed in water), matrix priming (treating
seeds with a solid matrix), thermo priming (treating seed with low or high temperatures), and
priming seeds with plant growth hormones. Also bio priming (coating seed with bacteria and
soaked in warm water until the moisture content rises to 35-40 %) can be done (Ashraf and

Foolad, 2005).

14 Statement of Problem

Dry lands experience unreliable erratic rainfall that’s never adequate for crop development to
reach maturity. With adequate soil moisture, chickpea germination percentages are reported to be
high leading to high crop yields. With low soil moisture regimes as it is in ASAL areas, poor
crop germination is experienced leading to poor crop stand and hence low crop yields. Primed
seed will only germinate if it takes up additional moisture from the soil after sowing. Sowing
pre-germinated seed under dry land conditions can result in total failure to emerge. There are
various technologies like seed priming, application of irrigation water, good crop nutrition, etc
that can be applied to ensure good uniform crop germination. There is therefore need to explore
on these various technologies that can ensure early and uniform crop germination that will
eventually enhance optimum crop stand and establishment leading in to optimal crop yields in

the ASAL environments.

1.2 Objectives
1.2.1 General Objective
To evaluate the performance of chickpea under different types of priming methods, varying

priming durations and different initial soil moisture levels




1.2.2 Specific Objectives

(1)

(ii)

(iii)

(iv)

V)
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(1)

(i)

(iii)

(iv)

v)

1.4

Determine the effects of priming on enzyme activities in the germinating seed

Determine the effects of priming on germination, growth and yield of chickpea

Determine the effects of varying priming duration on germination, growth and yield of
chickpea

Determine the interaction effects of different types of priming and varying priming
durations on germination, growth and yield of chickpea

Determine the effects of different pre sowing soil moisture levels on germination and
seedling establishment and their relationships

Hypothesis (Ho)

Different priming applications do not affect enzyme activities in the germinating seed
Different priming applications do not affect germinaﬁon, growth and yields of chickpea
in dry land environment.

Varying priming durations do not affect germination, growth and yields of chickpea
grown in dry land environment.

Different priming’s and varying priming durations do not affect germination, growth and
yields of chickpea grown in dry lands environments

Different pre sowing soil moisture levels do not affect germination and seedling
establishment and their relationships

Justification

In order to increase food grain production, there is need to increase area under crop cultivation.

However, due to shortage of available arable land, the only option is to grow crops in the

marginal lands that fall in the arid and semi arid lands (ASAL) of Kenya. Drought is a major

limiting factor that limits the productivity of crops in these ASAL regions. Farmers in the ASAL

areas continue to grow food crops that require high soil moisture levels leading to low crop

yields and sometimes a total crop failure when irrigation is not applied; leading to famine and

malnutrition related diseases. Some pulses are hardy crops that does well under low soil moisture

regimes, low soil fertility, fixes atmospheric nitrogen and yields a high nutritious grain to the

range of 1.2 to 1.8 tons per hectare depending on the agronomic management put in place. There



is therefore need to explore ways and means that can be employed to maximize on this grain
yield production in the ASAL areas. Soil moisture at sowing and during seedling establishment
is critical for optimum crop stand, growth, development and ultimate grain yield. Rapid seed
germination and uniform field emergences are essential to the establishment of successful crops.
In many crop species, biotic and abiotic stress, including diseases and pests, extreme
temperatures, soil crusting, excess or limitation of water may individually or in combination
adversely affect the germination process, leading to reductions of the rate of germination, poor
crop stand establishment and low crop yield. If the stress effect can be alleviated at the
germination stage, chances of attaining a good crop with economic yield production would be
higher. Some chemical or physical treatments of seeds prior to sowing can significantly alleviate
adverse effects of the germinating environment. The purpose of priming is to partially hydrate
the seed to a point where early phases of germination processes begin before sowing the seed.
Slow or sporadic germination and emergence generally result in fewer and small plants with poor
vigour, which are more vulnerable to different biotic and abiotic stresses. A prolonged
emergence period may also lead to deterioration of the seedbed and increased soil compaction,
which result in poor crop emergence and establishment leading to poor crop yields. For these
reasons a study was proposed to evaluate the effects of priming on germination, growth and
vields of chickpea and therefore establish the standard practice that would be economical and

farmer friendly.
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CHAPTER TWO

LITERATURE REVIEW

In many agricultural areas, a major cause of poor crop stand establishment and low crop yield is
unfavorable environmental conditions for seed germination and seedling emergence (Gupta ef
al., 2008; Ashraf and Foolad, 2005). However, rapidly germinating seedling could emerge and
produce deep roots before the upper layers of the soil are dried out and crusted, which may result
in good crop establishment and higher crop yields. Any factor that facilitates rapid germination
may contribute to establishment of a successful crop. Seed priming has become a common
practice to increase the rate and uniformity of field germination and emergence in many crops
i.e. tomatoes, asparagus, cucumber, pepper, maize, leek, etc. Priming is an approach that
involves treatment of seeds with different inorganic or organic chemicals and or with high or low
temperatures to improve germination, early seedling growth and final crop yield (Girolamo and

Barbanti, 2012; Ashraf and Foolad, 2005).

2.1 Pulse crop to be grown

2.1.1 Chickpea

Chickpea is a hardy crop grown on marginal soils with residual moisture on soil not suitable for
crops such as wheat (Kamithi, 2008). According to ICRISAT (2014), the production of chickpea
in 2009-2013 amounted to 10.9 million t per year from 12.3 million ha. The main producing
countries were India (4.1 million t per year from 6.3 million ha), Turkey (600,000 t from 600,000
ha), Pakistan (500,000 t from 1.1 million ha), Canada (250,000 t from 200,000 ha), Mexico
(250,000 t from 150,000 ha) and Australia (200,000 t from 200.000 ha). The annual production
in sub-Saharan Africa was about 280,000 t from 430,000 ha, the main producers being Ethiopia
(168,000 t from 191,000 ha), Malawi (35,000 t from 88,000 ha), Sudan (25,000 t from 13,000
ha), Tanzania (25,000 t from 63,000 ha) and Kenya (20,000 t from 55,000 ha).Chickpea yields
500-600 kg/acre. However, yields of over 3 tons/ha have been reported in Kenya under good

agronomic practices (MOA, 2008).



22 Effects of Priming on Seed Chemical Constituents

Although dry seed is often characterized as having a low rate of metabolism due to low water
content (5-10%), it does not lack the potentiality for active metabolism, and at least a few
enzymes remain active (Ashraf et al.,2003; Poljakoff- Mayber,1994; Guerrier,1988). Desiccated
seed is a well equipped functional unit that can undergo many biochemical reactions if the initial
hydration of proteins, in particular enzyme proteins, has taken place (Mayer and Poljakoft, 1989:
Bewley and Black, 1982). Although a few minor changes may be observed in chemical
composition of dry seed, as soon as the seed is hydrated, marked chemical changes such as
breakdown and transport from endosperm or cotyledons to the growing parts of the embryo, and

synthesis of new materials may occur (Mayer and Poljakoff, 1989).

One of the first physiological disorders taking place during seed germination under drought
stress is a decrease in water uptake by the seed due to low water potential of the germinating
medium. In addition to causing various structural changes at different levels of organization in
the seed, slow late of imbibitions may lead to a series of metabolic changes, including up
regulation or down regulation of enzyme activities (Ashraf er al., 2002; Guerrier, 1988),
perturbance in the mobility of inorganic nutrients to developing tissues (Ashraf and Wahid,
2000), disturbance of N metabolism and imbalances in the levels of plant growth regulators
(Ashraf and Foolad., 2005), reduction in hydrolysis and utilization of food reserves (Ahmad and
Bano, 2002) and accumulation of compatible osmotica such as soluble sugars, free praline, and
soluble proteins (Ashraf er al., 2003; Poljakoff - Mayber, 1994). These processes may lead to
poor or complete lack of seed germination (Poljakoff - Mayber, 1994). Rapid and uniform seed
germination and early seedling establishment are critical components for crop production. Seed
germination and early seedling growth are generally the stages most sensitive (Ashraf er al..

2003).

2.5 Nitrogen in Plant Shoots

Nitrogen is remobilized from vegetative to reproductive parts (Turner ef al., 2005). In soy beans,
85% of the total fixed nitrogen is found in reproductive parts at maturity (Warembourg ef al.,
1982). Despite the ability of leguminous plants to fix atmospheric nitrogen, they remain heavily

dependent on remobilized nitrogen (Turner et al., 2005). Estimated remobilization of nitrogen is



much greater than that of carbon in all grain legumes. This is consistent with the observation
that, in chickpea, the harvest index for nitrogen is nearly twice the harvest index of carbon. The
dual labeling of chickpea with *C and "°C prior to podding showed that, in irrigated plants, less
than 10% of the carbon in the seed arises from pre-podding carbon, whereas in the same plants
more than 60 % of the seed nitrogen is derived from nitrogen accumulated before podding
(Davies et al., 2000). This high dependence of nitrogen is attributed to high requirement for
nitrogen for protein and substantial decreases in nitrogen fixation common during seed filling

(Turner et al., 2005).

2.4 Effects of Water on Crop Growth and Development

Water is the most important single factor limiting food production in many parts of the world,
particularly in arid and semi arid regions. It is therefore evident why water has received and will
continue to receive major attention as an environmental variable in the global need to increase

food production (Kamithi ez a/, 2008).

The amount of soil water available to plants depends on the water balance, a difference between
intake (rainfall or irrigation) and outflow {evaporation (ET), drainage (D). and runoff (R)}.
Evaporation from the soil and crops (evapotranspiration) accounts for the largest part of water

lost from the soil, while rainfall is the most important input (Kamau, 1999).

The amount of available water depends mainly on the amount of rain falling during the growing
season and to some extent, on the soil water storage capacity (Cooper ef al, 1981). Although
humid regions receive rainfall in excess of evapotranspiration (ET); short term variations in the
distribution of rainfall result in periods of negative water balance and moisture stress on crops
during the growing season. The length and frequency of these periods vary according to sub
region or zone; they tend to be rather accentuated in the transitional zone between the humid and
sub humid tropics (e.g. East Africa). To reduce the risk of crop failure and to increase
production, a better knowledge of water use by crops is required for better planning (Palta et al.,
2005). Since the year 2007, Kenya’s rainfall has been low and erratic. This has lead to different
sowing times and poor crop stands due to early or late and unpredictable first rainfall incidences.

Poor crop stands having poor vigor easily succumbs to diseases and pests that occasionally



resulted into crop failure. Investigations to evaluate methods to offset poor and uneven crop
germination and establishment (lag phase) are needed in our efforts to enhance grain yields.

Water deficits decrease photosynthesis, but extent depends on species, timing, and severity of the
water deficit (Daie, 1996). Plants respond to drought by closing or partially closing their stomata,
thereby decreasing the amount of water lost through transpiration and at the same time
decreasing carbon dioxide (CO,) exchange (Hensons ef al., 1989; Turner and Henson, 1989).
Water deficits also lead to decrease in shoot growth and leaf expansion (David er al., 1998:
Lecour and Guilioni, 1998; Munns and Sharp, 1993). This response indicates the presence of

water- deficit stress signal that is perceived by the plant prior to reduced turgor in the leaf tissue.

Stomatal closure as a result of water deficits leads to reduced CO, exchange. Photosynthesis can
also be reduced from prolonged and direct effects of water deficits. Photosynthesis declines in
chickpea subject to water deficit (Palta er al., 2005; Leport et al., 1999: Hooda ef al., 1989).
Under irrigated conditions in the field, the maximum rates of photosynthesis under clear sunny

skies are about 20 to 30 pmol/m?/s in both white lupin (Lupinus albus 1..) and chickpea.

Reductions in canopy photosynthesis occur through reductions in leaf area. In plants subjected to
water deficits, there is a reduction in the time from flowering to physiological maturity,
particularly in indeterminate species. Corresponding with this shortened duration is a reduction
in leaf area (Lecour and Guilioni, 1998; Andriani er al., 1991; Singh, 1991). This is particularly
critical when drought begins in the vegetative phase. Reduced leaf area can be a result of slower
rates of leaf production and expansion or increased rates of leaf senescence and abscission
(Muchow er al., 1986). This may result in increased assimilate partitioning to the reproductive
organs, which has been shown to increase yield under some conditions (French and Tumer,
1991). This is dependent upon the timing and degree of water deficit in relation to plant
development. Water deficits and high temperatures late in the season can result in increased pod
and seed abortion of late set pods (Leport ef al., 2005; Behboudian ef al., 2001; Davies., 1999).
Studies to evaluate soil moisture deficit effects at sowing to seed establishment are however,
lacking. This period is considered to have the slowest rate of growth, but it is critical to crop

survival and subsequent growth, development and yields.



2.5 Effects of Osmo priming on Germination and Yields

Osmo priming contributes to significant improvement in seed germination and seedling growth
in different plant species. Osmotic priming to improve seed germination performance may also
enhance general crop performance. Priming chickpea (Cicer arietinum) seed with either 4%
mannitol or water for 24 hours improved crop performance under field conditions, compared to a
control crop based on non primed seed (Harris er al., 2005). While the average seed yield per
plant was 3.6 g in control crop, it was 5.0 or 5.9 g in the water or mannitol primed crops,

respectively, showing an increase of 39 or 64%.

Osmo priming of soybeans (Glycine max) seed produced variable results while priming with
mannitol did not alter field emergence. Priming with PEG promoted rapid and uniform
emergence in early planting (Helsel e al., 1986). However, once the stand was established, other
environmental and growth factors promoted or inhibited yield expression. The low water
potential of the treatment solution allows partial seed hydration so that pre-germination
metabolic processes begin but germination is inhibited (Mottram and Harris, 2005; McDonald,

2000).

2.6 Effects of Halo priming on Germination, Growth and Yield

Pre sowing treatment with inorganic salts not only promote seed germination, but also may
stimulate subsequent growth and metabolic processes and enhance final crop yield (Ahmad and
Bano, 2002). Pre soaking of broad bean (Vicia faba) seed in potassium (KCL) or sodium
chloride (NaCL;) solutions resulted in significant increase in growth parameters. Pre-treatment
of soybean seed with 0.25M CaCl, for 24 hours resulted in plants with increased seed number
and reduced number of seedless pods, although it did not affect the 100 seed weight (Ahmad and
Bano, 2002). This was coupled with an increase in nitrogen (N) contents in immature seeds.
Although considerable improvement in germination and later growth stages has been observed in
different crop species in response to halo priming, for each plant species, the optimal salt

composition, concentration and period of incubation (soaking) need to be determined.



2.7  Effects of Hydro priming on Germination, Growth and Yields

A low cost approach designated as “on farm seed priming” was proposed by Harris (1992) and
involved soaking of seed in water before sowing. The seed imbibe water and go through the first
phase of germination in which pre-germination metabolic activities are preceded while the later
two phases of germination are inhibited (Mottram and Harris, 2005). Although soaking seed in
water and drying before sowing is the easiest way to achieve hydration, a major disadvantage is
that it may result in uneven hydration and non uniform germination (Mottram and Harris, 2005).
Also, soaking is not suitable for some plant species, as rapid hydration may cause leakage of
essential nutrients out of the seed, resulting in seed damage. To overcome these potential
problems, various methods have been devised to deliver appropriate hydration to seed. One
method is seed humidification (a pre-sowing treatment in which seed are equilibrated under
conditions of high humidity (Suzuki and Khan, 2001). In snap beans (Phaseolus vulgaris).
humidification resulted in improved germination (Suzuki and Khan, 2001).Hydro priming of
chickpea was reported to have increased plants/mz, 100 seed weight and grain yield under dry
land conditions (Kumar ef al., 2002). He also determined safe maximum lengths of time for

which chickpea seed should be primed as ten hours.

2.8 Effects of Priming on Enzyme Activities in the Germinating Seed

Amylases are key enzymes that play a vital role in hydrolyzing the seeds starch reserve, thereby
supplying sugars to the developing embryo (Andoh and Kobata, 2002). In primed seed of both
wheat and barley, the activity of a-amylase at 12 hours after sowing was 2.7 and 2.8 times,
respectively greater than in non primed seeds. The primed seeds also exhibit a faster rate of
germination and seedling emergence. Priming may have significant beneficial effects on enzyme
activity required for rapid seed germination (Andoh and Kobata, 2002). Relatively few and small
chemical changes are observed in dry seed; however, many changes occur in the seed
immediately after rehydration (Bewley and Black, 1994). Of these, changes in activity of
enzymes involved in hydrolysis of storage products play important roles in initial growth and
development of the embryo (Ashraf and Foolad, 2005). Priming seeds may significantly alter
activity of enzymes in germinating seed. Seeds primed with mixed salt solution resulted in
significant increase in activity of a-amylase, B-amylase, and root dehydrogenase, and moderate

increase in the activity of shoot catalase under salt stress conditions (Ashraf and Foolad, 2005).
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CHAPTER THREE
MATERIALS AND METHODS

3.1 Site description

Two different but related experiments were conducted at Mwea Irrigation Agricultural
Development Centre (MIAD) Kirinyaga County, Kenya were instituted; (i) in a shade to
determine the effects of priming on enzyme activities in the germinating chickpea seeds and (ii)
in a field experimentation at the MIAD farm in two seasons of year 2012/2013, to evaluate the
performance of chickpea under different priming methods, varying priming durations and

different initial soil moisture levels.

et Climate and Weather Conditions of (MIAD)

The centre is located on grid 0°39'S and 37°17'E, at an altitude of 1195m above sca level (m
asl), (Jaetzhold and Schmidt, 1982).The experimental site lies in transition between agro
ecological zone middle highlands 5 (UMs) and lower highlands (LLH4) and as such, it has a hot
and dry climate most of the year. The area receives a bimodal rainfall with an annual mean
below 700mm, with a wide variation between the years. Although mean temperature is about
18°C, daily values range from 7°C at late night during the wet chilly season (July to August) to
about 32°C during the dry months. The relative humidity varies between 70-85%. The climatic
and weather conditions were recorded during the experiment using the centre’s automatic

weather station.

3.3  Soils of MIAD
The soils are described by Jaetzhold and Schmidt, (1982) as generally black cotton soils (clay
sandy loams to clay soils). Experiment site soils are slightly acidic (pH 5.5-6.5). Soil analysis

showed that, the soils are insufficient in nitrogen (N; 0.053-0.144%) and phosphorus (P; 6-12
ppm).

3.4  Field experiment preparation

The experimental plot field was prepared to a suitable tilth by ploughing and harrowing twice.
Chickpea was planted at a spacing of 45cmx15cm. Phosphate fertilizer (TSP) at a rate of 40 Kg
P,0s/ha was be used at planting to supply phosphorus {Kamithi, (2008)}.

12



Plate 1: Mwea Irrigation Agricultural Development Centre (MIAD)

Calcium of Ammonium Nitrate (CAN) was applied as a starter nitrogen source at planting time

at a rate of 30 kg/ha. All other agronomic practices were carried out as recommended.

3.5  Soil Analysis

Soil sampling was done prior to sowing and after harvest. Prior to sowing soil samples were
taken from all the plots to a depth of 90cm and analyzed for total — N by Kjedahl method as
outlined by Breemmer and Mulvency (1982). After harvesting the same analyses were repeated
so as to compute total nitrogen in soil at planting and harvesting. Soil texture was determined by
procedures described by Bouyoucous (1962) and soil bulk density by the core method as
described by Blake (1965). Field capacity measurements were done by saturating the soil and
waiting for 24-48 hrs and then measuring the soil moisture content by use of a neutron probe.
The electron conductivity was determined using electron conductivity meter while soil P 1:2.5

meter was used to determine the soil P™:

3.6  Sampling

For plant growth parameters, sampling was done at the following growth periods; 25
(branching), 50 (flowering), 75 (grain filling) and 90 (physiological maturity) days after sowing
(DAS), respectively. The yield parameters that were recorded included; Plant height, periodic
dry matter accumulation, No. of pods/plant, No. of pods/m?, 100 seed weight, harvest index and
grain yield/ha.

13



Sampling and Data Collection in Field Experiment
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3.7  Parameters Measured and their Determination

3.7.1 Plant Parameters

Percentage Germination

Fifty seeds of the pulse crop under study (chickpea) were immersed in distilled water or kept dry
at the same temperature. Soaked seeds were removed from the water; surface dried and set to
germinate at the same temperature on moist filter paper, surface dried and set to germinate at the
same temperature on moist filter paper in Petri dishes or lidded plastic containers, depending on

seed size. The ratio of germinated seeds was calculated and expressed a percentage.

Days to Seedling Emergence

This was determined at the various treatment combination net plots using a calendar year days.

Periodic Plant Height

Plant height was measured using a ruler on three selected plants per plot, tagged to ensure

readings are taken on the same plant at branching 25, 50, 75, 90 and 105 DAS.

14



Periodic Dry Matter (DM gm/plant)
Periodic dry matter was determined by weighing oven dried harvested samples as described by
Steduto and Hsiao (1998) and was be used in the computation of growth. Samples were taken at

25,50, 75 and 90 DAS.

Yield and yield Components
Yield components were determined from the middle rows of each plot from where a net plot was
marked. They include No. of pods/plant, No. of pods/m?, 100 seed wt (test weight), grain

yield/ha and Harvest index.

e No. of pods/plant

This was recorded from the sampling unit (net plot) at harvesting

e No. of pods/m’

Was recorded from the sampling unit (net plot) at harvesting

e Hundred (100) Seed Weight
Hundred grains were randomly picked from amongst sun dried grains harvested from each net

plot and their weights recorded in grams

e Grain and Above Biomass Yield
The harvest materials from the net plot were labeled and sun dried for 3-4 days. The bundles
were weighed prior to threshing using a spring balance. The chickpea plants harvested were
threshed and the grains were cleaned. The grains and above ground biomass were weighed

separately and finally expressed in yields per hectare basis.

e Harvest Index (HI)
The grain yield/ha was expressed as percentage of the total harvested biomass yield and reported

as harvest index.

Alpha Amylase Determination

15



Colorimetric method for the determination of alpha amylase activity (ICC method) was used as -

outlined by Harald Perten (1966).

3.7.2  Soil Parameters
Soil Moisture Content
Soil moisture content was determined using Neutron Probe as described by Greacen (1981), after
every 0.3 meter (m) layer, until 0.9m depth. The Neutron Probe was calibrated insitu using
undisturbed core samples. Thereafter, it was inserted in pre-drilled holes in which PVC pipes or
aluminum access tubes are inserted to respective depth and counter readings taken. The 0 — 0.15
m moisture content were measured by gravimetric method as per the equation given by Socias
and Medrane, (1994):

Soil water content (SWC) = 100(SFW — SDW)/SDW

Where SFW and SDW are fresh and dry weight soil samples.

3.8 Experimental Design

3.8.1 Experiment 1

Thirty nine treatment combinations were laid out in a Randomized Complete Design (RCD) in a
shade at Mwea Irrigation Agricultural Development Centre (MIAD), Kenya and was replicated
thrice.

3.8.2  General Objective
To evaluate the performance of chickpea seeds under different priming methods and varying

priming durations.

3.8.3 Specific Objectives

“ Determine the effects of priming on enzyme activities in the germinating seeds

. Determine the effects of varying priming duration on alpha amylase activities in the
germinating seeds

. Determine the interaction effects of priming and varying priming durations on alpha

amylase activities in the germinating chickpea seeds
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Pulse

Ch=Chickpea

Type of Priming (Treatment combinations)

a)

b)

No Priming

1=PC

Hydro priming

2=HyTg- Hydro priming for 8 hours
3=HyTo- Hydro priming for 10 hours
4=HyT;,- Hydro priming for 12 hours

Halo priming

= HCLI1 = Halo priming at 0.1 % (Cy) NaCl; for Tg, T; and Ty hrs.
8 = NaCl, T,
6 = NaCl Ty
7 = NaCl,T)»
= HCL2= Halo priming at 0.2 % (Cz) NaCl, for Ts, Ty and Ty hrs
§ = NaCl ,Tsg,
9 = NaCl 1Ty
10 = NaCl T},

* HCL3= Halo priming at 0.3 % (C3) NaCl, for Tg, Typ and Ty hrs
11 = NaCl ;Ts,
12 = NaCl ;T
13 = NaCl 3T,

NB: Sodium chloride (NaCl2) used was table salt kensalt
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d)

e)

Triple super phosphate fertilizer at a rate of 40 Kg P,0s/ha was used at planting to supply

phosphorus. Calcium of Ammonium Nitrate (CAN) fertilizer was applied as a starter nitrogen

Experiment I: Shade experiment layout

Rep 1 Rep 2 Rep 3
1 2 3
4 5 6
7 8 9
10 11 12
13 14 15
16 ) 18
19 20 21
22 23 24
25 26 27
28 29 30
31 32 33
34 35 36
37 38 39

Fertilizer Application

source at planting time at a rate of 30 kg/ha.

3.8.2
An experiment testing effects of three different primes (no priming . hydro priming & halo prime
at three levels of i.e. 0.1, 0.2 and 0.3 % NaCl, concentration) , three priming durations (8, 10 and
12 hours) and one type of pulse (Chickpea- ICCV 97105) on germination, growth and yield was
conducted. The experimental design was be a split plot with 13 treatment combinations

replicated three times.

Experiment 2: Field Experiment

Cropping History of the Experimental Field
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The history of the experimental field during the preceding three years revealed that since the year
2009, the field was under subsistence maize production with Biden pilosa as the main dominant
weeds.

General Objective

To evaluate the performance of chickpea under different priming methods, varying priming

durations and at different initial soil moisture levels

Specific Objectives

. Determine the effects of priming on growth and yield of chickpea

B Determine the effects of varying priming duration on growth and yield of chickpea

. Determine the interaction effects of priming and varying priming durations on growth
and yield of chickpea

. Determine the effects of different pre sowing soil moisture levels on germination, growth

and seedling establishment

Pulse
Ch=Chickpea
Type of Priming (Priming treatment combinations)
a) No Priming
1=PO
b) Hydro priming
2=HyTg- Hydro priming for 8 hours
3=HyTio= Hydro priming for 10 hours
4=HyT;2- Hydro priming for 12 hours
c) Halo priming
= HCL1= Halo priming at 0.1 % (Cy) NaCl, for Ty, Ty and T3 hrs.
=HCL; Tk,
6=HCL Ty
T7=HCL T,
. HCL2= Halo priming at 0.2 % (C;) NaCl, for Tg, Ty and Ty hrs
8=HCL;Ts,

19



9=HCL,Tq
10=HCL,T)»
* HCL3= Halo priming at 0.3 % (C3) NaCl; for Tg, T1¢ and Ty, hrs
11=HCL;T,
12=HCLaTy
13=HCLsT}3
e Priming’s=Sub plots
Irrigations
. 1% Pre-sowing irrigation to have soils at field capacity (FC), 75 % FC, 50 % FC and 25 %
FC=Main plot

FC=Field capacity
100% FC
T5% FC
50% FC
25% FC

20



Field layout for the field experiment
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Experimental models
The shade experiment model

* Complete Randomized Design (RCD) was used
Yij :I,{+Ti+€ij

Where:
Yij = observations corresponding to i priming effect and j" replication
i = Overall mean;
Ti = i™ priming effect;
Gy = Random error component.

Field Experimental model
* For field experiment, split plot design was used:
Yijk = pOitajte) (i) whykH(ay)ktek(y)s
Where:
Yix = observations corresponding to i" irrigation effect on the j* treatment of the

K" priming block effect of the whole plot;

U = general mean;

0F = i" block effect;

of = effect of j" irrigation on the whole plots:

ej(iyw= random effect of the whole plots;

W = effect of the k™ priming effect;

(ay)ik= interaction effect of j" irrigation on the whole plots and k™ priming on the
split plots;

ck(j)s= random effect of the split plots( split plot error term).

3.9  Data Analysis and Production Functions
Analysis of variance of data collected was done using GEN STAT program package version 13
and significant different mean were separated using the Turkey least significant difference (LSD

at P <0.05). Regression analysis were carried out using computer excel program and dependent
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varables like DM, height, grain yield and grain yield attributes related to independent vaarieables
(o FC, primation durations and priming concentrations). Regression analysis was done
according to Little and Hill(1978). Production functions relating % FC, priming and priming
durations were computed and graphs drawn using Microsoft Excel and Power Point. Seasonal %
FC, priming and priming durations was related to germination, growth parameters (plant height,

DM/ha), grain yield attributes (pods/plant, pods/m?, 100 seed weight) and grain yield (kg/ha).
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CHAPTER FOUR

RESULTS
4.1  Effects of Priming on Alpha («) Amylase Enzyme activity
4.1.1  Effects of Priming Chickpea Seeds on Alpha (a) Amylase Enzyme activity
Alpha (a) - amylase activity estimates are given in Table 1 below. Amylase activity was
expressed in terms of pmoles/ml of maltose (maltose units) produced by I ml of enzyme solution
at 37°C for 30 min. Treatment combinations of NaCl; - 0.1% for 8 hrs (HCL1T8) and NaCl,
— 0.1% for 12 hrs (HLCI1T12) had significantly the highest o-amylase enzyme activities at

sowing, 4 days after sowing (DAS) and 8 DAS (Table 1 and Fig 1 & 2).
Table 1: Effects of priming chickpea seeds on alpha amylase enzyme activity
alpha amylase at sowing alpha amylase 4DAS | alpha amylase 8 DAS
Treatment (umoles/ml) (umoles/ml) (umoles/ml)
PO ‘ 7.05f ‘ 8.17d ’ 10.20f
'HYTS ) 8.20be 9.80d 12.00ef
'HYT10 12.70a 15.93b 19.13cd
HYTI12 8.67de 14.90c 17.23d
| HCLITS 12.97a 18.17a 23.97a
HCLIT10 11.30¢ 17.03a 23.30a
HLCITI2 [2.07ab ) 18.03a ) 23.10a
HCL2TS 12.07ab , 16.10h J 24.47a 4;
HCL2T10 12.03ab l 16.431 [ 24.40a ]
HCL2T12 12.43a ' 14.97bc J 19.97¢ W
HCL3TS 9.53d ( 13.60c ' 20.90bc '
HCL3T10 11.33bc [ 15.07b ’ 22.37ab W
HCL3T12 11.57b ‘ 16.67ab l 23.67a j
LSD 0.97 1.70 ' 2.11 }
CV% 5.30 6.70 ' 6.20 '

Means within a column followed by the same letter are not significantly different at P<0.05
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Alpha amylase (micro moles/ml)
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Fig 1: Effects of alpha amylase on priming chickpea seeds
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Fig 2: Relationship of priming and priming duration to concentration
(micro moles/mg) of alpha amylase

4.1.2  Effects of Priming Chickpea seeds at Sowing on a - Amylase Activity

The highest a- Amylase (12.97 umoles/ml) activity was with treatment combinations HCL1Tg8
which was statistically equal to HYT10 (12.70 pmoles/ml), HCL2TI12 (12.43 pmoles/ml)
HLCITI12 (12.07 pmoles/ml), HCL2T8 (12.07 pmoles/ml), and HCL2T10 (12.03 pmoles/ml)
(Table 1).

4.1.3  Effects of Priming Chickpea on a- Amylase Activity 4 DAS
HCLI1TS (18.17), HLC1T12 (18.03), HCL1T10 (17.03) and HCL3T12 (16.67) had significantly
the highest alpha amylase activities four days after sowing (DAS) (Table 1).

4.1.4 Effects of Priming Chickpea seeds on a- Amylase Activity 8 DAS
HCL2T8 (24.47), HCL2T10 (24.40), HCL1T8 (23.97), HCL3T12 (23.67), HCL1T10 (23.30),
HLCITI2 (23.10), and (HCL3T10 (22.37) had significantly higher enzyme activities than other

Teatment combinations. Control had the least enzymatic activities (Table 1).
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Plate 3: Layout of poly bags planted with primed seeds under a shade

7



Plate 4: Primed germinated chickpea under shade
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Plate 5: Lab dried primed chickpea plant samples for alpha amylase analysis
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4.2 Effects of Treatments on Germination of Desi Chickpea ICCV 97105
4.2.1 Effect of Pre-sowing Irrigation at 25%, 50%, 75% and 100% Field Capacity (FC) on
Chickpea Crop Germination (plants/m2 ) in Season I and 11

Table 2 shows that increasing pre sowing irrigation from 25% field capacity (25% FC) to 100%
FC, increased plants/m” in both season I and Il which were however, not significantly different.
Plant population density increased from 11-15 plants/m” in season I (SI) and 5-6 plants/m” in
season II (SII), respectively (Table 2) in response to pre sowing irrigation (Fig. 10 & 12). The
plants/m” increased with increase in pre-sowing irrigation with the highest plant density/m’
occurred 100% FC in season I and at 75% field capacity in season II. The increase in plant/m” by

0.256 with a

the 11" days after sowing (DAS) was explained by the power equation (1) y = 10.45x
good fit R? = 0.78) for season I and equation. (2) y = 4.859x""* with an R* = 0.74 (Iig.10).
There was a strong positive correlation (of 0.939 - SI and 0.894 - SII) between soil water at

sowing and plants/m™ at emergence of desi chickpea in Mwea.
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4.2.2 Effect of Priming on Chickpea Crop Germination (plants/mz )

Priming chickpea seed before sowing did not show any significant differences in scason [ where
plant population ranged between 12 to 14 plants/m™. In season II, plant population ranged
between 3 and 8 plants/m” and the treatment combinations HCL, Ty (8 plants), HCL,T, (7 plants),
HCL,T,, (7 plants), HCL2T8 (7 plants) and HyT,» (7 plants) had significant higher number of

plants/m” (Table 2).

Halo priming (0.3% Nacly) for 12 hours (HCL3T12) gave the lowest plants/m” in both seasons
(Table 1). The treatment combination had plant germination of 12 and 3 plants/m? in season I
and 11, respectively which was significantly lower than the other treatment combinations (Table 2

and Fig. 12).

4.2.3 Interaction Effects of Pre Sowing Irrigation (% FC) and Priming on Germination
(plants/mz)

There were no interaction effects during season 1. However, in season [l pre sowing irrigation

50%FC with (HyTg aua HyT12); 75% FC (HyT2, HCL1T8, HCL1T10, HCL1T12, HCL2T10 and

HCL,T12) had significantly higher plants/’m2 at germination (Table 3).

Table 3: Interaction effects of pre sowing irrigation (%FC) and priming on germination

(plants/mz) during season 11

Irrigat | Priming
ion HyT, | Hy | Hy Hy | HCL, | HCL, | HCL, | HCL, | HCL, | HCL, | HCL; | HCL; | HCL;
Ts T T, | Ts T T2 Tg Ty T, Ty Ty T
Liswec | 5b 5b 3b 5b 4b 5b 4b 4b 3b 5b 4b 3b lc
Isgoopc | Sb Gab | 4b 6ab | 5b 5b 5b 5b 3b 5b 4b 2be 4b
Liso,pc | Oab 7a 5b 8a 10a Hab 6ab 3b Gab 6ab 5b 3b 4b
Lioowsrc | 72 5b 5b 6ab | 8a &a 8a 6ab 6ab 5b 5b 3b 4b
LSD 4.4 CV% | 149
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4.3  Effects of Treatments on Growth of Desi Chickpea ICCV 97105
4.3.1 Effect of Pre-sowing Irrigation at 25%, 50%, 75% and 100% Field Capacity on Dry
Matter of Chickpea in Season I and 11

Dry matter accumulation (kg/ha) increased with increasing time of growth, i.e. from 25 DAS to
105 days after sowing (DAS) in both season I and II under the varying pre sowing irrigation
conditions (Table 2). Dry matter also increased with increased pre sowing irrigation from 25 %
field capacity (25% FC) to 100% FC at every stage of growth i.e., 25,50,75,90 and 105 DAS
(Table 2), in both season I and II. Regression Correlation coefficients for irrigation to dry matter
relationships, was very high at 0.91 and 0.92 at 25 DAS (Fig. 24), 0.98 and 0.80 at 50 DAS (Fig
25), 0.99 and 0.99 at 75 DAS (Fig. 26) , 0.99 and 0.94 at 90 DAS (Fig. 27), 0.98 and 0.93 at 105
DAS (Fig. 28), for both season I and II, respectively. The highest dry matter was realized at 105
DAS which was 5001.1 and 3973.0 kg/ha (kg/ha) in season I and II, respectively under 100 %
FC (Table 2).
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Plants/m?

a— 7 = SUTTIA
= ’ R*=0.776

Plants/m?

9 -4
® ] '_é.;:;——-‘b__.
3 y = 4.859x9-1%0
R*=0.740
0
25 50 75 100
Pre sowing irrigation (%FC)

Fig 10: Relationship of pre sowing irrigation to plants /m’ of chickpea in
semi arid Mwea

20
|
|
16 | y = 0.000x2 + 0.01x + 10.25
! R = 0.902
| *
L |
i & Seasonl
f @ Seasonll
8 |
4 [ y=0.016x+4.5
| R?=0.8
a |
0 25 50 75 100

Pre sowing irrigation % FC

Fig 11: Relationship of pre sowing irrigation to plants /m? of chickpea
in semi arid Mwea
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15 1

Plants/m2

Priming
Fig 12: Relationship of priming on plants/m?’ of chickpea in semi arid
Mwea

Effect of Pre-sowing Irrigation at 25%, 50%, 75% and 100% Field Capacity on Chickpea
Growth and Crop Growth Rate

It was evident that growth of chick pea increased at an increasing rate from the 25 DAS to 90
DAS, after which it slowed down to give a sigmoid curve (Fig. 13, 15, 17 and 19). The growth
rate curves followed a similar pattern (Fig. 14, 16, 18 and 20). The Crop growth rate (CGR) at
25 % FC was highest (19 * kg/ha/day in season I & 17.9 kg/ha/day for SII) between 50-75 DAS,
period of early branching and flowering (EBF), followed by (120 kg/ha/day in season 1 & 68.4
kg/ha/day for SII) between 75 — 90 DAS (Table 4), the period from branching and podding (B-
F1-P).

The chickpea crop growth rate (CGR) at 50 % FC was highest (135 1 kg/ha/day for SI & 69.5

kg/ha/day for SII) between 75 to 90 DAS, the period from branching and podding (B-FI-P),
(Table 4 and Fig.16).
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The Crop growth rate (CGR) at 75 % FC was highest (1 ' kg/ha/day for SI & 99.2 kg/ha/day
for SII) between 75 to 90 DAS, the period from branching and podding (B-FI-P), (Table 4 and
Fig.18)

The desi chickpea crop growth rate (CGR) at 100 % FC was highest (' %1.0 kg/ha/day for SI &
114.0 kg/ha/day for SII) between 75 to 90 DAS, the period from branching and podding (B-Fl-
P), (Table 4 and Fig. 20).

Table 4: Effect of pre-sowing irrigation at 25%, 50%, 75% and 100% field capacity on
chickpea crop growth rate (kg/ha/day)

| Pre sowing 25%FC 50%FC 75%FC 100%FC

| irrigation
Growth phase CGRSI | CGRSII | CGRSI | CGRSII | CGRSI | CGR SII | CGRSI | CGR SII
0-25 - Emergence 3.3 15 3.0 1.5 3.3 1.9 3.7 2.1
& establishment

| 25-50 -Vegetative 7.9 34 0.2 5.1 7.4 48 9.0 5.5
Lag
50-75 - Early 393 179 28.3 154 20.5 13.4 204 13:2
branching &
flowering
75-90 - Branching 120.0 68.4 135.1 69.5 163.9 99.2 181.0 114.0
& podding
90-105 - Maturity 135.0 106.1 153.4 110.2 184.4 146.3 200.0 158.9
DM (kg/ha) 3000.0 1709.0 3377.0 1738.0 4097.0 2480.0 4524.0 2851.0
Grain yields 943.0 375.6 1017 458.2 1177.0 513.1 1122.0 4717.1
(kg/ha)

The maximum/optimum crop growth rate (CGR) of desi chickpea was achieved with 100% FC
during wet season I (October, 2012-January, 2013) which was 181.0kg DM/ha/day, while it was
114 kg DM/ha/day with 90-96% FC during the drier season II (July -Oct 2013). Desi chickpea
grows slowly under low seasonal rainfall (311.2 mm) than higher seasonal rainfall (565.1 mm).
Therefore, it is necessary to apply higher pre sowing irrigation of up to 100% FC in dry areas.
Relating CGR during 75-90 days after sowing (DAS) phase period with DM and CGR to grain
yield (Fig. 22) at harvest 120 DAS revealed that it is possible to predict DM and grain yield with

80.5 and 77.5% contidence by use of linear production functions:
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(i)

DM (at harvest) =2480+9.777x
(i)

Grain yield=875.2+1.46x
In season II, it was possible to predict DM and grain yield (Fig.23) by use of linear production

functions:
DM (at harvest) =1320+11.62x (R*=0.762) (iif)
Grain yield=361.5+1.256x (R*=0.837) (iv)

This has great implications as it enables planning for harvest, storage and marketing 30 days

prior to final harvesting

=4==Season |
4000 -
=fi-Season Il
®
=
=
=
2
o
25 DAS 50DAS 75DAS 90DAS 105DAS

Days after sowing (DAS)

Fig 13: Relationship of 25% FC-Pre sowing irrigation on growth of
chickpea in semi arid of Mwea
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Fig 14: Relationship of chickpea growth rate under 25%FC Pre sowing !
irrigation in season I & Il
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Fig 15: Relationship of 50% FC-Pre sowing irrigation on growth of
chickpea in semi arid of Mwea
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Fig 16: Relationship of chickpea growth rate under 50% FC Pre sowing
irrigation in season I & I
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Days after sowing
Fig 17: Relationship of 75%FC-Pre sowing irrigation on growth of
chickpea in semi arid of Mwea
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Fig 18: Relationship of chickpea growth rate under 75%FC-Pre sowing
irrigation in season I & 11
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Fig 19: Relationship of FC-Pre sowing irrigation on growth of chickpea
in semi arid Mwea
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Fig 20: Relationship of chickpea growth rate under 100% FC-Pre sowing
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Fig 21: Relationship of pre sowing irrigation to crop growth rate at 75-90
DAS of desi chickpea grown under varying pre sowing irrigation and
priming in ST
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Fig 22: Relationship of CGR at 75-90 DAS -DM and Grain yield at

irrigation and priming in ST
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Fig 23:Relationship of CGR at 75-90 DAS -DM and Grain yield at
harvest (120 DAS) of desi chickpea grown under varying pre sowing
irrigation and priming in SI1
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Fig 26: Relationship of pre sowing irrigation (%FC) to dry matter 75
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Fig 27: Relationship of pre sowing irrigation to dry matter 90 DAS
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Fig 28: Relationship of pre sowing irrigation (% FC) to dry matter at 105
DAS

4.3.2 Effect of Priming on Chickpea Growth

Effects of Priming on Dry Matter at 25, 50, 75 and 90 DAS

Halo priming for 8 hours (hrs) with NaCl, at 0.2% gave significantly the highest DM at all stages
of growth (Table 2 and Figs. 29, 30, 31, 32).

Effect of Priming on Chickpea DM at 25 DAS

Dry matter (DM) of chickpea at 25 DAS was significantly higher (126.8 kg DM/ha) under the
0.2 % NaCl, halo priming for 8 hours in SI and SII. In Season II however, it was same with
HyTO0 (no priming), HyT8 (hydro priming for 8 hours), HyT12 (hydro priming for 12 hrs),
HCLI1TI12 (Halo priming -0.1% Nacl2 for 12 hrs) and HCL1T12 (halo priming-0.1% NaCl, for
12 hrs), that produced 56.0, 49.6, 56.1, 53.6, 60.2, 51.6 kg DM/ha, respectively (Table 2 and Fig.
29).

Effect of Priming on Chickpea DM at 50 DAS
Chickpea DM at 50 DAS was significantly higher (273.3 and 156.2 kg DM/ha) under the 0.3 %
NaCl, halo priming for 8 hours in SI and SII, respectively. However, in season I these were the

same with HCL2T10 (0.2% Nacl, for 10 hours), HCL2T8 (0.2% Nacl, for 8 hours) and HyT0
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(no priming) that produced 233.3, 229.2 and 228.3 kg DM/ha, respectively. In Season IL, these
were the same with HyTO (no priming), HyT8 (hydro priming for 8 hrs), HyT12 (hydro priming
for 12 hrs), HCL1T10 (0.1 % NaCl, for 12 hours), HCL1T12 (0.1 % NaCl, for 12 hours),
HCL2T8 (0.2 % NaCl, for 8 hours), HCL2T12 (0.2 % NaCl, for 12 hours), and HCL3T8 (0.3 %
NaCl, for 8 hours), that produced 119.2, 132.5, 144.6, 130.3, 109.6, 141.7, 116.2, and 156.2 DM
kg/ha respectively (Table 2 and Fig. 30).

Effect of Priming on Chickpea DM at 75 DAS

Halo priming for 8 hours (hrs) with NaCl, at 0.2% (HCL2T8) gave significantly the highest DM
at 75 DAS of 1073.0 and 688.0 DM (kg/ha) in season I and II, respectively, (Table 2 and Fig.
31).

Effect of Priming on Chickpea DM at 90 DAS

Halo priming for 8 hours (hrs) with NaCl, at 0.2% (HCL2T8) produced the highest dry matter of
5092.0 and 3074.0 kg/ha in seasons I and Il, respectively. These were the same with HCL2T12
(0.2 % NaCl, for 12 hours) that produced 4647.0 and 2880.0 kg/ha in season I and II,
respectively. However, in season II, HyTO (no priming), HyT8 (Hydro priming 8 hrs) HyT12
(Hydro priming 12 hrs) produced similar dry matter (DM) of 2408.0, 2621.0, and 2795.0 DM
kg/ha respectively (Table 2 and Fig. 32).

4.3.3 Interaction Effects of pre Sowing Irrigation (%FC) and Priming on Dry Matter (DM)
25 Days after Sowing (DAS)

Interaction effects of pre-sowing irrigation and priming (Table 5) for the season I crop reveals

that irrigation 100% FC — HCL1T12 (0.1% NaCl, for 12 hours), HCL2T8 (0.2% NaCl, for 8

hours); irrigation 50% FC — HCL2T12 (0.2% NaCl, for 12 hours) and HCL2T12 (0.2% NaCl,

for 12 hours); and irrigation 75% FC — HCL3T12 (0.3% NaCl, for 12 hours), gave significantly

higher DM yields/ha at 25 DAS.

Interaction effects of pre-sowing irrigation and priming (Table 6) for the scason II crop reveals
that pre sowing irrigation 100% FC — HCL1TI2 (0.1% NaCl, for 12 hours)-182.7 kg/ha and
HCL2T12 (0.2% NaClyfor 12 hours)-149.7kg/ha; and pre sowing irrigation 75% FC — HCL3T12
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(0.3% NaCl; for 12 hours)-201.7 kg/ha, gave significantly higher DM yields/ha at 25 DAS in SI.
These treatments showed similar trend as in the case of SII. This means that they can reliably be
depended upon to result in increase initial DM production for chickpea. Furthermore, treatment
interactions at Pre sowing irrigation 75% FC — HyT12 and 100% FC — TO gave the highest DM
yield as those mentioned above, for season Il only. Season II had poor rainfall at the initial 0 —
25 DAS and therefore benefitted from the 100% FC treatment.

Analyzing for pre-sowing treatment, effect on Dry matter (DM), applying a pre-sowing irrigation
of 100 FC gave relatively higher (non-significant) DM (52.2kg/ha) in season I. In season II
however, while the DM were same at 25 DAS, (82.7 kg DM/ha), it was relatively the 3™ highest.

140 -
120 |
H Season|
100 - ¥ Seasonll
g 80
]
£
g 01
20
0‘,
& & » S o Kb
LSS LSS
i *‘Q‘é}'@'*‘é’)é‘ T E

Priming

Fig 29 : Relationship of Priming on Dry Matter (kg/ha) 25 DAS
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Fig 31: Relationship of Priming on Dry Matter (kg/ha) 75 DAS
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Fig 32: Relationship of Priming on Dry Matter (kg/ha) 90 DAS

Increase in pre-sowing irrigation from 25% FC to 100% FC was observed to have significant

~ increase in DM at both 90 and 105 DAS, for both seasons. Therefore, increasing soil water
(through pre-sowing irrigation) in conditions of well distributed rainfall tended to increase
germination, plant stand, and DM production of chickpea. In conditions with irregular intra
- seasonal rainfall effects of pre-sown irrigation might become confounded and not evident, as in
the case of SII where rainfall was only 311.15 mm and irregularly distributed.
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Plate 6: Soil analysis in the laboratory Plate 7: Source of irrigating water

Plate 8: Source of irrigating water Plate 9: Start of field planting

Plate 10: sowing in progress Plate 11: Sowing of chickpea in progress

59



Platel2

Plate 14: Growth and development of
chickpea (15 DAS)

Plate 16: Growth and development of chickpea
(50 DAS)

Platel3: Germination and growth of chickpea
(10 DAS)

Plate 15: Growth and development of
chickpea (25 DAS)

Platel7: Chickpea growth and development 70
DAS




Plate 18: Crop protection against pod borers

Plate20: Growth and development of chickpea
(90 DAS)

g T

Plate 22: Growth and development of chickpea

o

Plate19: Growth and development of chickpea
(75 DAS)

Plate 21: Growth and development of
chickpea (90 DAS)

Plate 23: Growth and development of chickpea




Plate 24: Growth and development of Plate 25: Chickpea crop reaching
chickpea (90 DAS) physiological maturity (105 DAS)

Plate 26: Crop performance even without irrigation at
105 DAS

44  Effects of Treatments on Plant Height (cm)

44.1 Effect of Pre-Sowing Irrigation at 25%, 50%, 75% and 100% Field Capacity on
Chickpea Crop Height (cm)

The Plant heights (cm) increased with maturity of chickpea (i.e., increasing days after sowing

{DAS)) in all the pre sowing irrigation regimes (Table 13). At 25 DAS, plant heights were

significantly higher with application of pre sowing irrigation of 50%, 75% and 100% FC. This is

e period (0-25 DAS) is considered to give the best indicator of pre sowing irrigation for both
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luence height and growth (Ashkan er af., 2012)). However, at 90 and 105 DAS, pre sowing
irrigation of 75% and 100% FC gave the highest plant heights during season I and II. At 25 DAS
and 105 DAS, 50% FC produced significantly lower plant heights (cm), (Table 13).

The relationships of pre sowing irrigation to heights could be explained by fitting linear
regressions. Which had high goodness of fit of over (regression coefficients), R*=0.996 (Figs 33,
34, 35 and 36) in both season I and II. The functions (Figs. 33, 34, 35 and 36) reveals that desi
chickpea plant height was increasing at a rate of 0.35cm per 25 mm water applied before sowing
at 25% and 50% field capacities (FC). However, application of 75 % to 100% FC pre sowing
irrigation resulted in an increase in the rate of increase of chickpea height ranging between 0.361
to 0.375 ¢cm per 25 mm increase in water application. It’s important to note that applying a pre
sowing irrigation beyond 75% FC slightly reduced rate of increase in chickpea height. Further
studies to understand the underling physiological reasons for the decline in the rate of increase in
height for desi chickpea in soils watered to field capacities is recommended. Past studies by
Kamithi. 2008 revealed yellowing of chickpea plant in waterlogged soils. The yellowing was

attributed to bacterial wilt and ascocytus disease (Gaur er al.. 2010).

4.4.2 Effect of Priming on Chickpea Crop Height (cm) 25 DAS

Table 13 and Fig. 37 reveals that HyT8 (hydro priming for 8 hours) and HCL2T10 gave
significantly higher plant heights (cm) in both season I and II. Therefore for height attributes
which is a growth attribute, it can be recommended to use either of the two treatment
combination (HyT8 and HCL2T10). Although the two treatment combinations were the same,
HyT8 plants had higher plant heights in both season I and II of 12.71 cm. Muhammad Aslam, ¢/
al.. (2010) and Verghis et al.. (1999) reported that chickpea yield is plant height sensitive. One
of the simple and suitable methods which can improve seedling vigor and establishment and
consequently crop performance in the field is seed priming (McDonald, 2000). The beneficial
effects of priming have been demonstrated for many field crops such as barley (Abdulrahmani er
al.. 2007). maize (Parera and Cantliffe. 1994), lentil (Ghassemi-Golezani er al.. 2008). chickpea

(Ghassemi-Golezani erf al., 2012), pinto bean (Ghassemi-Golezani ef al., 2010).



¥9

SO’ 0= e WUIIP APUedJIuSIS 10U 218 19))9] SUWES dY) AQ PIMO[[O] ULIN]OD B UIY}IM SUBIN

ZE B VT 0T'C vy TS 8% 96 'Ll 0¢ %AD
$1TT €T 00T $2e'e P8T T o i i ks sl 50°0>d (Sl
qIzor B1T0F q80°€€ q80°€€ 286HT P8S'#T PLI'LL | PILLI 2686 296 U0
279°8¢ qz9'8€ qess e BRE € 26L'ST P6L'ST | PX0O'8L | PFO8I 28L°6 2L9°6 e
qeLY It R6T It BCH9¢ 2TH9¢ q9t'9¢ 29t'97 961 | 29¥°61 27501 qzI01 110K
qL1'oF BGL6E BER e ehe e qL9'9T pPT9’'st qsL'0T | 96T1T 266 qL1°01 a 1K
d6L°LE q6L°LE YR BSL € 2Q7H'9T | PITFIT qos’1Z | Q0sIT QeSS | QeosI e
296 TH VR VACTS s qz9'LT 205°9Z qQszT'IT | Aa8S’IT 27001 Q6701 31719
aL9'6€ qeL9 6€ QLI¥€ SARZS qzl'LT oTI'LT q88'17 | 988°IT 296°01 q6L°01 ey
Q1S 6€ q88°'8¢ OO SE BLO b 200'9T P00'9C Qs 1T | 9TI'le q56°01 296°6 o oK
3L1°6€ qL9'8¢ BST'O¢ qe0s+e qz9'8T | qe886T | 929e861 | d1L6] 21L°01 280701 $119H
28€°6€ a8€°6€ BL9°9¢ vL9°9¢ 48$'8T | 998S'8T q8$°0T | 2985°0T qrorl qz6'01 a1 Ay
WELE q17'8¢ qz6'c€ qz6'€e 2L9°6T PLY'ST 26C61 | PAEE6l 20¢£°01 2001 oAy
980°6¢ q¢8'8¢ B79'S¢ B79'S¢ 801 ¢ g0’ ¢ BLI'WT | BLI'PT BILTI elLTl 8 LAH
q8S 6€ qsL 8¢ q9r¢E Q6L TE 2T6'ST PLYST qIL’oT | 29661 26L°6 2056 opAn
Sutwag :joid-gng
LEL €1 £59°1 68l e LL'E 65T 6Z'C LTY0 £9°0 €0'0>d sl
BCO0F BPS 68 ENSCTS 88°C¢ by LT CI'LE LT1Z 61'1T eQL 01 eRS 01 a0
Bl6°0F £89°0F qe|sse S6'vE €9'LT LELT ziot TLoT qQeos ol el 0l Dty
qe09 6¢ BTH 6E 2967 b€ 6Tt rie LT v6'0C 60T NS BRC 01 oats
Q0’8 qz8'LE 289°¢¢ 89°¢E LESE §C6T Slel 016l q£6'6 QL6 s
UONESLLI] )0 UIRIA
] 1| 11 q I | I 1] 1] 1 1
uoseay
SVda S0l _ SVda 06 % SV SL _ SVa 0s _ SVd ST
(wd) Jydey

(w2) yySrogy vadPIY) uo Fulwrl] pue UONESLLI] JO 1T €1 AqEL



59

P Ll %AD ise as’i
qeog Ll qec6 2861 ace6 qL9°01 qzeol o€e'g o6y’ BOS'ZL | AQbb L1 | 9B€8°11 | 908°01 | 900°11 i
qL1'6 2¢8°L | aggol qLI'1l B00'Cl | 9€€01 Qrz ol 99006 QOL6 | PecTi | 98€11 | BLOFI | QEEII e
o¢g'g Q€86 018’8 WT'Y Q€86 | 90011 QEL'TT | 9e06'] | Qrs ol GH'8 | 2008 | Bs8TI | EFL i
20¢°8 q9'11 qge’6 qL9'6 2SI 2068 OO C | QL9°01 |  9QLI'01 | 9ese’ll | 29006 | BOTCI | qLI'6 i

SrfaH | YIFI0H | SE¥IOH | FIMIDH | YIF0H | AIYIOH | TIVIDH | “IVIDH | VIO | Y140 | YIAn | "LAH | Y)AH
Surwa g uonEsLL

11 uoseas surinp (Sy () suimos Jajje sAe(q Sz (u) jysy uo surwLly pue uonesLLI] 3uimos aad Jo $193J)9 uondeINU] G Iqe],

Ll %AD 16T as’
qeeg (| qee6 200 qees’ | q88°01 qeeol 2€€°8 a7T'S qoo 0l | QOO'LL | 9ucy [ | 9€8°01 | QLI 11 D4%00T
qL1'6 268°L qgz ol qoz 11 RTHTI qrell qL101 qrz 6 q88'6 | vLTTI | qLI'LI | BELVI | 9EEO1 DSy
2€¢°8 qeg’o 268’8 200'8 qe8'6 q00°11 qL9'11 qecy il q0s01 206°8 obp'8 | BER'TI | ITL RERET
206'8 qL9'T1 Q0¥ 6 q0L°6 BOS €| 206'8 vre el L9°01 qQL1’01 | ques’i| qsc'6 | BOSTI | 296176 Sleaey

TLFIDH | “"L¥1DH | BL¥1DH | “L¥1IDH | “L¥1DH | *171DH | LV 1IDH | "LMIDH | 3LY1IDH | “0AH | “"LAH | SLAH | “0LAH
Sunuag uonegLL|

] uoseas surnp (S () suramos adyye sAe( 7 (wd) 3ysy uo surwrlg pue uonesLu suismos aud Jo §)99)J9 uondRINU] p] dqe],

(1 21qe]) wo €8°1 1 jo siydroy eyd reqiwis 9L 71 LZTOH PUe 01LAH-D. %001 ‘T UOSLas Ul “IOAIMOT] WD ¢/ ]
-€8'[1 uoom1dq Furduer syydioy Jued 1oy3ry Apueoyrudis aae3 7L TOH PUe ¢LETOH-D %001 PUe 01.LZTOH Pue ZILAH ‘8.1AH
-0 %SL “0LLITOH Pue 8 LAH-D1 %0S “0LLTTOH PUe CLLI'TOH “TLLAH ‘8IAH-DA%ST (S1 PUe [ JQEL) [] PUE | UOSESS y1oq U]

(SYa) suimos 4a3fv sdo(q ¢z (w2) JyS12f] uo Sunutig pup UonDSLLI] SUIMOS 24 JO SO [J7] HoNIVIIU]  £p'F




99

1 %AD €0t as’
qeegl q00°81 BECIT ROSCC BLY'IT BOOTT | QBLI'IT qeg6l 9,90 | 9€E°0T | 9QLI'OT | BLI'ST | eggpT | 2a%oony
qL1°81 a6l qeg 8l q.9°0T | 9eLl'IC BOO' 1T BCY' 1T qL1'0T BLOTT | BLITT | QLO'8T | ©L9°TT | 900761 | 4%y

2qL9°L1 200 ¥ 2€8°91 Tt qcg'6l 4,902 BEIT BEYTT OE8°C1 | QE8°61 | 9€891 | BLYOHT | 208°C1 | %05y
9L9°91 qg£8°0c Qe80T 40002 BEE LT qL9°61 B/9°TT BL9°1T QL9°61 | 400°0T | BLOIT | BLI'PT | QOO'IT | 24%57
SLFION | Y IMI0H | IYTOH | PIFDOH | Y1IPI0H | VDR | YIYOH | YIMDH | Toa | T | “air | fm | “iin uor
Suruig yesLL

[ uoseas surnp (S () surmos aayye se( (S (W) Y3y uo surwilg pue uonesra] suimos aad Jo s)23)jd uondeIU] (91 e,

(L1 2192 1) swy31ay juepd auwres 9ae3 osfe 1 LITOH PUe 0LLITOH ‘8LITOH-D4 %001 PUe 0.LAH-DA %SL ‘8LTTOH-Dd %0S ‘0LAH
=04 %ST ‘11 U0seas ul o[ym (9 d]qe,) SIYSIaY Jefruats 9Aes 71 LT TIH-Dd %001 PUe 0[LETOH-D.d %0S ‘T UOSEs Ul “ISAIMO] "Wd
61°ST - L1717 usdm1dq paguel syydroy jueld asay], ‘[ pue [ uoseas ypoq ur (wo) syydioy jued soydy ApuestjuSis paonpoid §1¢TOH
pue 0LLZTOH Pue 81ZTOH ‘81AH ‘0LAH -2d4%001 ‘0LLZTIOH Pue 8LZTOH ‘TILI'TOH ‘TILAH ‘8LAH -Od %SL ° TILTIOH
pue ZILI'IDH ‘01.LI'IOH “8.LAH -Dd %0S ‘01.LZTOH PUe TILITOH OLLITOH 0ILAH 8 LAH-D %ST 18Ul S[2AdI L] PUE 9] J[qE],

SV 0S (w2) ys1afy doa)y uo Sunurig puv uoyvsLLIf SUINOS 24 fO SI2fJ5] uonyIviapuy  [°C'p

(19-8€ "31 pue €] S[qRL) [] pur | UOSE3s yjoq ut siy3ioy
ueld owres aae3 ([ 1€TOH PUe 81.ETOH “ZLLZTOH “01LZTOH “8LZTOH “0I1LI'TOH ‘8LI'IDH ‘ZILAH ‘SVA 06 18 ‘10A3M0H (1]
21qe ) 11 pue | uoseas yjoq ul (wo) 3oy ueld 1say3ry ayy Apuesijiudis oaed (sioy g 10j Surwinid o1pAy) §AH ‘I Pue | Uoseas yjoq uj

SVA06 PUe SV S. ‘0§ (wd) 33y doa) vadypry) uo Surmnig jo 103531 S




L9

01| %AD 8t ast
9T QEE9T | BOO'IE aL1'LT QST | 900°LT qe8'sT QL9°9T | QECLT | 900°9T | AL9'9T | BER6T | BOO'6T S
T qeese qL1'8T qs19z q0$'¥¢ QL9 ST 200°0€ q00°sT BOSCE | BOO'TE | OE8'TT | BLYTE | 4LY'ST %5ty
6T QIvT | AL9TT Q05T q00°ST | YrLY'ST QL9'ST | 9900°¥T | POS6T | 9EE€9T | ILYET | BLITIE | 20S°1T |
"TT QECLT | 2900'+T Q9L'ST BLOTIE | ALIPT q00°LT qe€8T BLI'6T | BOO0C | BOS6T | BLYOE | 90S°9T |
OH | “L10H | SL¥TOH | “L¥IOH | “L¥IDH | *L¥IDH | “L"IDH | “L"IDH | ®L"IOH | “IAH | "IAH | *LAH | °LAH

sunuag uonesLLI|

seas SuLinp (Sy () Suimos aayje sAe(q L (wd) 3ysY uo Surmrig pue uonesLL] Suisos aad Jo $)93))9 uondeIdU] Q] dqe |,

(61 219e1) syySray juerd swres 9AeS (LAH-DA %001 [1 Uoseas ur pue (81 2[qe]) 811 TOH-O:d
‘| UOSEaS Ul “1aAIMOF] “(wd) syyStoy yuepd soydry Apueoyrudis aaed ¢ TOH Pue §LAH-Dd %001 PUB “TILITOH PUt §1L1I'TOH
‘H “8.LAH-Dd %SL ‘8LTIOH PUe 8 LAH D4 %0S “01LCTOH PUe $LITIH “0TLAH "SLAH-D %ST 1By S[BaA31 ‘6 pue § J|qe],
SV S, (w2) JyS1aff uo Sunuisg pup uonvsLL] SUIMOS a4 Jo SPff] uoyoviaquf  7°C'p

911 %AD ¥l 4 as’i
qe8'81 qQ09'81 | ev'IT qe€0T BLO'IT | ®RIOTC BLE 1T BOSIT | BLI'CT | 9I¥°0T | 9QEEOT | BOL'ST | BEEHT i |
qLS°81 qee6l | qre'sl q89°0¢ BRTIT | ®IOTT BT6'IT Qze0T | ©L9IT | BEETT | 906'81 | BOLTT | ®OO'TT 2l |
QS8 LI 206F1 | Av691 B0 TT qze'6l | BEC CI e BGR'ZT | 9S8°SI | 97861 | 2988°91 | BSSHT | 208°S1 |
8891 q06'0T | 9€L°0T 90502 BEHEC | 989°61 BLLTT eR0°IZ | 9OL'61 | A01°0T | BLLIT | BLIET | 4RO 1T e |
SIDH | “L¥1DH | *L51DH | “LY10H | “L¥IDH | *LY1DH | “'LV1IDH | “L'10H | 8L"IDOH | “1AH | 1AH | %LAH *LAH

Sururg uonesLL

seas duranp (S () Fuiamos aayge sAeq s (wod) yydayg uo Funurag pue vonedLray 3uismos aad jo §)93§§d vondRIdUY L] Qe ],




89

£8 oA 7O ast

200 qos'€¢ BLL qos- € RSO q0¢ €€ ) BLILE | BERSE kel |

29L1°0€ BLOQ qeeTe BCCLE | BEEOg QLYEE | BOSSE QLI'vE | 9LI'¥€ AL

vL19¢ Qeg'TE qL9°TE |  BOOLE QoS €€ LAHOT: qL9'TE | BLY9E | PIEELT | qREEVE | PEEHT — |

qe8°0¢ 0s€¢ BLO S QLI b€ Q00¥E | Q00°1€ q00'v€ QLOIE |  BER9C | BOOOS | BOPLE | B Sy
YLFIOH | “L*IOH | *L¥IOH | “L¥10H | “L¥IDH | *L¥IOH | “L"IDH | “L"IOH | *L"IDH | LAH | “1AH | SLAH | °1AH

Sururlg uonesLLI

| uoseds surnp (S (1) SuImos 13yJe sAe(] (6 (wd) YS9y uo Surmrlj pue uonedLL Suimos aad Jo $19359 uondRINU] (7 AqE ]

‘siystoy Juerd rejruats pey 71 LeTOH Pue 8 LETH “TILZTOH ‘01LTTOH
‘8LTTOH ‘TLLAH ‘0LAH-Dd %001: Pue ZILETOH Pue OLLETOH ‘8LETOH" ‘TILIIOH ‘TILAH “0LAH-Dd %SL “TILETOH
pue O1LETOH 8LETOH OLLITOH-Dd %0S * TLLETOH Pue OLLETOH ‘8LETOH ‘SLITOH ‘TILAH ‘81AH ‘0LAH-Dd %ST
‘[ UOSBAS Ul “IOADMOH ‘[] pu® | suoseas yjoq ut syysioy juerd roysdiy Apuesyudis pey ¢[ L2 TOH Pue 0LLITOH Pue 0TLAH '8 IAH-D:
%001 ‘PU® OLLTTOH PU® §LTTOHSLITOH-Od %SL ‘8 LTTOH PUe TILAH-D:d %0S ‘0 LLAH-D %S$T ey} [8ADI [Z pue (7 Qe
SV 06 () 1ys1afy uo sSunutig pup HopnstLL] SUINOS 24 Jo Sp2afJ5] uonoviagu]  £°¢p

€01 %AD 08t ast

2L9°ST qQuI'9z |  ®BLS6T q00°LT aSsvT | 900°LT q08°ST Q999 | QEE'LT | 901°LT | 969°9T | Bro'6T | PO 6T -

2€€°6T QEE'ST | 9PE8T qL1'ST 9T6'ET |  9T8'ST 209'6T q00'ST |  BSHEC | BOF'TE | 9S8'TT | BLOTE | ALL'ST |

26T qa8TV¥T |  20LTT Q0S¥ qSL'PT | qeLLST q88°¢T 90S'€T |  Q0S'8T | ALY'9T | ALL'ET | PRTIE | 20871 S

200'TT q00°LT | 29S1'+T qL9°ST BLOIE | 906'FT q00°LT QLTLT | B8T6T | BOO0E | BOO6T | ¥880E | 955°9C Yy
ULEPDOH | O'Lf1DH | *LT1DH | YLYTDH | 'LYIDH | *L¥IOH | YLIDH | “L"IDH | *L"1DH | “0AH | “"1LAH | 21AH | °LAH

Suruig . uonesLL|

1 uoseas durmp (Sy (1) suimos aayye sAeqq ¢, (wd) yydvy uo urwrlg pue vonedLiay 3uimos aad jo §)93))2 uondLINU] 6] QL




69

'syydiay awres pey § 1. 1DH PU Z1 LT IDH-Dd % 001 Pue §1LETOH-D %SL ‘8 LETOH Pue § 1.7 TDH-D % 0 ‘T UOSEIs Ul “TOAIMOH
11 pue | uoseas yoq ut syydray Jueld soydiy Apuedsyrudis pey § LT TOH-Dd % SL PUe OLAH-Dd % ST 18y} SMoys €7 pue 7z dJqe],
SVYd SO (w2) Y512y uo Sunutig pup Honvs1Ll] SUIMOS 24 JO SP2[J5T uoyoviapuf  C'¢'p

‘(1 31 pue ¢1 9[qe]) ‘T uoseas 10J ¢ L£TOH PUe ZILZTOH TILITOH
1M SUIBS O} dIOM S} “IIAIMOH ‘[ PUB [ UOSBAS [1oq ul (wd) syydroy juerd 1saysiy ayy Apuedijiudis 9Aed ¢ ¢ [DOH PUe § 1.7 1OH

SVd So1 (w2) ySagy doa) vadyory?) uo Supurid Jo 12offi] ¢St

1'8 | %AD 'y asn
q00°S€ q0S€E | qLI'LE BOO0F q00°SE | 9E8'SE Q0S¢ BEQ'LS | 90S9E | qOS'9E | BLE'SE | B16'8E | Q99°SE i |
PIL1"0€E qL99¢ | qL99¢ 26€TE BECLE | BOSIE qL9'SE QLYEE | BOO6GE | 90S9E | ALI'VE | ALI'pE | A€87€EE sty
qEe9¢ qQLovE | QL1'9E qe8'TE qL9TE |  ®BOS8E q0s°€€ QER'9E |  9L9°TE | BLOLE | OPEETLT | QECVE | ALEVT araiy
2€8°0€ q0s'€E | qL9'SE Ll ve Q00'vE | 200°1€ q00'v€ 9L9°1E | 9E8'9E | 900'9E | qROO'LE | ALI'SE | 900°9€ e |

ULSDH | “LYTOH | SLYIDH | YL¥TIOH | “L¥10H | SL¥IOH | PL"IDH | “L"IDH | *L"IDH | “I4H | “1AH | 'LAH | °L4H
Suruag uonesLLI

11 uoseas urmp (Sy () Suimos sayye sfe( 06 (W) 1ydy uo vo Jupmrg pue vonedruy Suimos aad jo §10a§)0 uondvINU] 7 qe],




0L

Surinp (Sv(@) Suismos aayye sfeq so1 (wd) Jysvy uo uo Jurwriy

I'L| %AD 65t as’
%S0V | dL96E | AE8TY |  ALCHP | PEYOC | POSLE | Q0S0F | ALIOTY | ALY | PO0OSE | I€E6E | ECOY | ILI6E |
2€8°6E | O€80F | Q00EH | PES9L |  OLIOV | ELOOS | 200TF | d€86E | 2001 | 290STH | POOYE | ALISE | 200 1F R
20S°0F | PLYLE | QLU'bb | 9€€8E | POOLE | Q009F | PLYLE | PI00'8E | APOOSE | I€C6E | LIEE | POS9E | ALIIE Lo
200°0% PEE9E | PLYOE ULV PLI'LE | PLYLE 208'8€ PLOLE | 920006E | 2L9°0F | 9L9' TV | 2€€ 1 | QeOO' LY |

ULETOH | “L¥IDH | SL¥1OH | “L“IOH | ®'L¥TOH | *LYIOH | “L"IDH | “L"IOH | *L"IOH | Y1AH | "1AH | *1AH | °1AH
AR | uonesLLy

I Uoseas

pue uonesLL] Suimos aad jo $193))9 uondRINU] €7 IAQEL

0L| %AD A as’
q0S°0F AL9'6E | PLRT qeL9'Cy 2€8'9€ | 90S°LE 905 0% q00°0F | AL9°6€ | PA00'SE | 9EE6E | AECOF | ALI6€E g
qe8°6¢ QE8Or |  EOOCI 2€8'9¢ QIor | ®RO0LE Q00°CTl qeg'6E | Q001 | Q0S'TY | 9L9°8€ | OLI'8E | 900°6€ ey
q0S°0F 2L9'LE 29¢€°8€ 200°LE )t OL9'LE 200°8€ | P200°SE | QEC6E | PLIEE | 205°9€ | PLI'LE |
q00°0% 26€°9¢ QLI 1y SLT'LE | OLYLE q05°8¢ LYLE | Q006E | 9L9OY | AL9IY | AEEOF | BLOSE MRy

2108 | 50N HL¥IDH | “L¥IDH | SLYIDOH | “L"IOH | “L"IDH | ®L"IDH | “1AH | “LAH | S1AH | "14H
. suruag uonedrLg

[ uoseas gurinp (Sy () suimos saye sAe( so1 (wd) Jydy uo Furwrl g pue uoneILLI Fuimos aad Jo §)0a5J2 UonOIRINU] 77 Q]




Plant Height (cm)

50

‘ Season |l & Season |
‘ y = 0.355x + 2.009 -

40 | R*=0.993
A y=0.353x + 2.111
‘ R*=0.994
20
10
|
0 | e SHUE —
0 20 40 60 80 100 120
Days After Sowing (DAS)
Fig 33: Relationship of Irrigation (25%FC) on Plant Height (cm)
¢ Season|
@ Seasonll
40 |
‘ y=0.350x + 1.021
R?=0.989
30
T
& [
£ 20 | y=0.351x + 0.914
2 R?=0.990
i
10
0
-5 20 45 70 95 120

Days After Sowing (DAS)
Fig 34: Relationship of Irrigation (50% FC) on Plant Height (cm)

71



Plant Height (cm)

Plant Height (cm)

45

35

25
20
15
10

(1)

45

27

18

@ Season |l # Season |

y=0.375x + 1.139
R?=0.993

y = 0.368x + 1.494
R?=0.992

40 80 120

Days After Sowing (DAS)

Fig 35: Relationship of Irrigation (75% FC) on Plant Height (cm)

!

& Seasonl
B Seasonll

y = 0.366x + 1.903

y=0.361x + 1.918
R?=0.986

40 80 120

Days After Sowing (DAS)

_ Fig 36: Relationship of Irrigation (FC) on Plant Height (cm)

72



14

12 - = Season |

10 @ Season Il

1

Plant Height (cm)

Fig 37: Relationship of Priming on Plant Height (cm) 25 DAS

H Season |

# Season |l

8

Plant Heigh (cm)
e

L QO D D@D DD N

O U S S S s g s i g P o

- SRS EE
Priming

Fig 38: Relationship of Priming on Plant Height (cm) 50 DAS

73




Plant Helght {cm)

Plant Height (cm)

# Season |

= Season I

-

\8\ '2\'\@ .¢r .‘«'O' .('» «’O’ ‘\y@

Priming
Fig 39: Relationship of Priming on Plant Height (cm) 75 DAS

® Season |

= Season |l

Fig 40: Relationship of Priming on Plant Height (cm) 90 DAS

74




44 - m Season |
43 - B Season Il

42 -
41

Plant Height (cm)

L&

Fig 41:Relationship of Priming on Plant Height (cm) 105 DAS

4.6  Effect of Pre Sowing Irrigation on Grain Yield and Yield Attributes

4.6.1 Effect of Pre Sowing Irrigation on Number of Pods/Plant

Pre-sowing irrigation treatments on number of pods/plant had no significant effects on the
number of pods/plant in both seasons (Table 24). Season I crop had more pods/plant ranging
between 241-313 pods/plant while in season II, the pod were lower ranging between 45-54
pods/m”. The 535 % - 580 % higher pods/plant for SI, over SII was attributed to better initial
rainfalls that enhanced germination and ensured an ideal (optimum) plant stand and
establishment and higher seasonal (565.10 mm) SI rainfall as compared to only 311.2 mm in SII.
The 254 mm rainfall difference was estimated to give a difference of 164%. {Muhammad et al
(2010) & Malik and Anwar (1994)} reported that number of pods/plant, 1000 grains weight and
grain yield increased by irrigation in chickpea. Malhotra et al. (1997) observed increased seed
yield (44%), total dry biomass (49%) and plant height (26%) with irrigation. Water stress
decreases dry matter accumulation (DMA) and seed yield per unit area (Singh et al., 2006;
Ghassemi — Golezani ef al., 1998).

Fig. 42 on page 85 shows a curvilinear relationship between pre sowing irrigation with pods/m’
had regression coefficients of R*= 0.84 and R’= 0.80 in season I and II, respectively. Increasing

pre sowing irrigation from 25% FC to 100% FC increased in pods per plant at a rate of 0.59 and

3



0.27 in season I and II, respectively (Fig 42). The higher rate of producing pods per plant in
season | was due to higher amount of rainfall during the season that was well distributed

throughout the season.

4.6.2 Effect of Priming on Number of Pods/Plant

HCL, T (0.2% NaCl, for 12 hours-329 & 56 pods/plant), HCL3T8 (0.3% NaCl; for 8 hours-379
& 52 pods/plant), and HCL;T;o (0.3% NaCl, for 10 hours-398 & 51 pods/plant), produced the
highest number of pods/plant in both season I and II, respectively. However, in season II,
HCL;Tjo, ((0.2% NaCl, for 10 hours-50 pods/plant), HCL1T8 (0.1% NaCl, for 8 hours-64
pods/plant), and HyTg (hydro priming for 8 hours-53 pods/plant) produced the same pods/plant
at (P<0.05) (Table 24 and Fig 52).
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47  Effects of Treatments on Pods/m’

4.7.1 Effect of Pre Sowing Irrigation on Number of Pods/m’

The number of pods/m? were highest (1,631 and 586) in season I and II, respectively under pre
sowing irrigation of 75% FC (Table 24). The more pods/m” in season I was attributed to the
more rainfall that was received and was also well distributed during the season (565.10 mm) as
compared to rainfall that was received in season II (311.2 mm). These treatment combinations
were however not significantly different from the other pre sowing irrigation regimes.
Relationship of pre sowing irrigation to pods/m’ was shown to be curve linear with correlation
coefficients (R* =0.84 and 0.78 for seasons I and II, respectively (Fig 43). This signifies the
reliability of using these functions in predicting pods/m® of chickpea grown in Mwea under
different pre sowing irrigation regimes. The rate of production of pods/m? was higher in season I

(18.83) compared to season II (2.37).

4.7.2 Effect of Priming on Number of Pods/m’

In both season I and I, HCL1T8 (0.1% NaCl, for 8 hours), significantly produced higher number
of pods/m” i.e. 1615 and 754 in season I and II, respectively. In season I however, HCL1T8 was
the same as HCLIT10 (0.1 % NaCl, for 10 hours), and HCL2T12 (0.2% NaCl, for 12 hours),
that produced 2048 and 1863, respectively. In the season II, HCL1T8 (0.1% NaCl, for 8 hours),
had similar pods/m® with HyT8 (hydro priming for 8 hours) and HCL3T8 (0.3% NaCl,for 8
hours) that produced 656 and 630 pods/m®, respectively (Table 24 and Fig. 53).

4.7.3 Interaction Effects of Irrigation and Priming on Number of Pods/n’

Interaction effects of pre-sowing irrigation and priming (Table 27 and 28) for the season I and II
crop reveals that highest pods/m® was significantly higher and equal under the following
freatments: pre sowing irrigation 25% FC-HCLI1T8 (0.1% NaCl, for 8 hours); 50% FC-
HCL2T12 (0.2% NaCl, for 12 hours); 75% FC- HCL1T8 (0.1% NaCl, for 8 hours) and
HCL3T10 (0.3% NaCl, for 10 hours); 100% FC-HyTO0 (no priming). However, in season I, 50%
FC-HCLI1T10 (0.1% NaCl, for 10 hours) and HCL3T8(0.3% NaCl, for 8 hours) ; 75% FC-
HyT10 (hydro priming for 10 hour), HyT12 (hydro priming for 12 hours), HCL1TI10 (0.1%
NaCl, for 10 hours) , HCL2T8 (0.2% NaCl, for 8 hours) , HCL2T12 (0.2% NaClfor 12 hours),
and HCL3T8 (0.3% NaCl; for 8 hours) ; 100%FC- HyTO (no priming), HCL1T10 (0.1% NaCl,

20



for 10 ilours) , and HCL2T12 (0.2% Nacl, for 12 hours) had significantly higher pods/m” than
the control (1041 in SI and 626 in SII). Pods/m’, ranged from 1666 pods/m2 (75%FC pre sowing
arrigation + 0.2% NaCl; for 8 hrs) to 2729 pods./m2 (100% FC + 0.1% NaCl; for 10 hrs) in ST~
(Table 27). In the drier SII the significantly highest pods/m? ranged from 788 (75% FC + 0.3%
NaCl, for 10 hrs) to 1068 (25% FC + 0.1% NaCl; for 8 hrs), respectively.  These significant
responsés to pre-sowing irrigation and priming interactions that resulted in increments of
pods-‘ml above the control - ranging between 60 - 162 % in season 1 and 25 — 70.6 % 1n season
Il respectively. this should however be evaluated/considered in light of other factors such as
rain-water availability and use, temperatures, and other environmental factors, between sowing

and pod tormation periods (over 65 days).
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48  Effects of Treatments on Grain Yields (kg/ha)

4.8.1 Effect of Pre Sowing Irrigation on Grain Yield

Table 24, reveals that pre sowing irrigation of 75% FC gave the highest grain yield of 1177.0 and
313.1 kg/ha in season I and I, respectively. These were followed by application of 100% FC that
produced 1122.0 and 477.1 kg/ha, 50% FC that produced 1017 and 458 kg/ha and finally 25%
FC that produced the least of 943.0 and 375.6 kg/ha in seasons I and II, respectively. However,

there were no significant differences.

Fitted quadratic relationship (Fig 45) reveals that increasing pre sowing irrigation increased grain
vields (kg/ha). However, the optimal levels were at 75% FC. Beyond which the grain yields
starts to decline. The relationship had high reliability accounting for 86.2 to 98.0 % of the

variations in seasons | and II, respectively (Fig. 45).

4.8.2 Effect of Priming on Grain Yield

In both seasons HCLITS8 (0.1% NaCl, for 8 hours) and HCL2T12 (0.2% NaCl, for 12 hours),
significantly increased grain yields (kg/ha) in both season I and II (Table 24). In season I,
HCLITS8 (0.1% NaCl, for 8 hours) and HCL2T12 (0.2% NaCl, for 12hours) produced 1365.0
and 1251.0 kg/ha of grain yields, respectively. In season II, HCL1T8 (0.1% NaCl, for 8 hours)
and HCL2T12 (0.2 % NaCl, for 12 hours) produced 563.8 and539.4 kg/ha respectively.
however, these were the same as for HyT8 (467.9kg/ha), HyT10 (478.3 kg/ha), HCL2T8 (467.7
kg'ha), and HCL2T10 (485.2 kg/ha). Hydro priming for 8 and 10 hours, Halo priming (NaCl, at
0.1% (HCL1T8) and 0.3% NaCl; at 0.1% for about 6 hours gave significantly the highest grain
vields (Fig.48, 49, and 51).

4.8.3 Interaction Effects of Irrigation and Priming on Grain Yield (kg/ha)

Interaction effects of Irrigation and Priming on Grain Yield (kg/ha) during season I (Table 29)
reveals that pre sowing irrigation of 75% FC-HCLIT8 (0.1% NaCl, for 8 hours),
HCL2T12(0.2% NaCl; for 12 hours) and HCL3T10(0.3% NaCl, for 10 hours) produced
1562.0, 1604.0 and 1460.0 kg/ha, respectively; and 100% FC-HyT8 (hydro priming for 8 hours)
that produced 1788.0 kg/ha had significantly higher grain yields (Table 29)



Interaction effects of Irrigation and Priming on Grain Yield (kg/ha) during season II reveal a

similar trend as in season I where pre sowing irrigation of 75% FC-HCL1T8(0.1% NaCl, for 8

hours) and 100% FC-HyT8 (hydro priming for 8 hours) produced grain yield of 755.0 and 748.3 -

kg/ha, respectively and were significantly higher. However, in season II these were the same as
for pre sowing irrigation 50% FC-HCL2TI12 (0.2% NaCl, for 12 hours) that produced 921.7
kg/ha (Table 30).
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4.9  Effects of Treatments on 100 Seed Weight (gms)

4.9.1 Effect of Pre Sowing Irrigation on 100 Seed Weight (gms)

Table 24 shows that increasing pre sowing irrigation from 25% to 75% FC increased 100 seed
weight in grams in both season I and II. The highest seed weight was realized in both season I
and II under 75% FC (29.6gms and 73.7 gms, in season I and II, respectively), and was
significantly higher in season II. Similarly, Muhammad et al. (2010); Malik and Anwar (1994)
reported that 100 grains weight increased by irrigation in chickpea. 100 seed weight was
observed (Fig. 46) to follow a curvilinear curve with correlation coefficient of R*=0.81 and 0.74
m season I and II, respectively. Increasing irrigation beyond 75% FC resulted in a decline in

- grain weight in season I.

4.9.2 Effect of Priming on 100 Seed Weight (gms)

Treatment combination HCL1T8 had significantly higher 100 seed weights in both season 1
(30.3 gms) and season II (74.2 gms). However, these were statistically similar with all the other
treatment combinations apart from those of treatment combinations in season I, HyTo, HyT12
and HCL2T10 and treatment combinations HCL1T8, HCL1T12 and HCL2T8 of season II that
had significantly lower 100 seed weight (Table 24 and Fig. 55).

Plate 27: Ready chickpea for Plate 28: Harvesting, threshing and
harvesting the grains (120 DAS) weighing of the harvested grains in the net
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Plate 30: Chickpea field ready for
harvesting (120 DAS)

Plate 31: Harvesting, threshing and Plate 32: Harvesting, threshing and
winnowing of the net plot grains (120 DAS) winnowing of chickpea (120 DAS)
: - = )~ =

Plate 33: Harvesting, threshing and Plate 34: Weighing net plot grain
winnowing of chickpea (120 DAS) yields (kg)
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4.10 Effects of Treatments on Harvest Index (HI)

4.10.1 Effect of Pre Sowing Irrigation on Harvest Index (HI)

The highest harvest index (HI) of 0.25 in both season I and II was highest with application of
50% FC pre sowing irrigation (Table 24). This was followed by harvest index of 0.24 under pre
sowing irrigation of 75% FC in both seasons. The lowest harvest indexes were with pre sowing
irrigation 0f 100% FC and 25% FC which were between 0.22 and 0.21 in both seasons. Fitted
quadratic relationship (Fig 47) revealed that application of up to 60% FC increased HI in both
season I and II. The relationship had high regression coefficients of 0.93 and 0.92 in season I and
I1, respectively. Increase of pre sowing irrigation beyond 60% IFC resulted in decline of harvest

index.

4.10.2 Effect of Priming on HI
HyT10, HCL1T8, HCL1T12, HCL2T10 and HCL3T10 had significantly higher HI in both
season | and II. However, in season I, HCL2T12 and in season II, HyT8 had the same harvest

index (Table 24).

4.10.3 Interaction Effects of Irrigation and Priming on HI

Interaction effects of Irrigation and Priming on HI in season I reveals that pre sowing irrigation
of 50% FC-HCL2T12(0.2% NaCl, for 12 hours) had significantly higher harvest index (HI) of
0.68 (Table 31). Interaction effects of Irrigation and Priming on HI in season II shows that pre
sowing irrigation 50% FC-HyT10 (hydro priming for 10 hours) and 75% FC-HCL1T12(0.1%
NaClyfor 12 hours) had significantly higher HI of 0.38 and 0.43, respectively (Table 32).
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CHAPTER FIVE
5.0 DISCUSSION

The current study was carried out with the aim of evaluating the performance of chickpea under
different priming methods, varying priming durations and different initial soil moisture levels on
germination, growth and yield of desi chickpea (Cicer arietinum L.) under dry land conditions of
Mwea. The results have been presented above in this chapter and an attempt has been made here

below to discuss the causes of the variations induced by the said treatments

3.0 Effects of alpha (o) Amylase Enzyme Concentration (Micro Moles/ml Maltose) on
Priming Chickpea Seeds

The highest (P<0.05) alpha amylase activity of 12.97 umoles/ml, was with HCL1T8 treatment,
i.e., halo priming for 8 hrs with 0.1 % NaCl,. This treatment combination was also statistically
equal to HYT10 (12.70 umoles/ml), HCL2T12 (12.43 umoles/ml) HLC1T12 (12.07 umoles/ml),
HCL2T8 (12.07 umoles/ml), HCL2T10 (12.03 pmoles/ml) and HYT8 (8.20 pmoles/ml). Non
primed sceds (control) had significantly the least enzymatic activities (7.05 pmoles/ml).
Similarly, Reihaneh and Mehdi (2011) reported that the untreated seeds of the legumes
exhibited very low amylase activity that ranged from 7.0 to 18.1 maltose units/g dry matter. It
is obvious that increasing the germination and seedling growth / establishment period to 4 days
(96 hours) and 8 days (192 hours) tended to increase the alpha amylase activity from 7.05
(control) to 18.17 (HCL1T8) and 24.4 micro moles/mg maltose (HCL2T8) at planting, 4 and 8
days after sowing, respectively. Alpha (o)-amylase activity was reported by Mehdi (2011) to
increase significantly (P<0.05) in all the legumes tested on progressive germination. Appreciable
increase in enzyme activity was observed in mung bean from 8.1 to 280.2 maltose unit/ g dry
matter at 0 and 72 hours germination time, followed by cowpea. lentl and chickpea that had
increases ol exceeding 600. 500 and 200%, respectively over the untreated initial values.

Enzymatic activities of all legumes improved significantly (P<0.05) and reached maximum
during the course of germination up to 72 hr. Uriyo (2001). also reported similar results in the
case of cowpea. He found that germination had a highly significant effect (P<0.03) on cowpea u-
amylase activity. Alpha amylase levels increased from 85.6 to 720.9 pmoles maltose/ ml of
extract at'0 and 72 h germination time. respectively. Similar behavior was reported for cowpea.

whose investigations indicated that a- amylase activity had attained a maximum at 3 days
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germination and had begun to decline at 4 days [Malleshi er af. (1989)]. Sumathi ef al. (1995)
also showed improvement in a-amylase levels of horse gram. moth bean and field bean during
germination. These findings agree with other reports regarding a-amylase production during
germination of plant seeds other than legumes such as. maize [Helland er «/..2002]. oats |Bodin
(1995).], millet [Gimbi and Kitabatake (2002)] and sorghum [ Lasekan.(1996) and Uvere
(2000)].

Hosseini and Koocheki, (2011) reported that during priming, several processes including
activation and synthesis of a number of enzymes and nucleic acids, repair and build up, ATP
synthesis, and the cytoplasmic membrane repair in treated seeds start to develop. Priming usually
induces faster and more uniform seed germination and seed emergency (Nascimento. 2012)

During germination of seeds. au-amylase and protease. that are developed, degrade starch
granules and reserve proteins. respectively; thereby reducing the dietary bulk and improving the
digestibility of starch and protein |Reihaneh and Mehdi (2011); Negi er al.( 2001); Lasekan
(1996); Muntz (1996); Kataria,er a/.(1992)]. Germination was shown to increase monosaccharide
and decreased disaccharide contents of legumes due to a-amylase [Akinlosottu and Akinyele
(1991)]. Monosaccharides can be used as a good energy source and will also increase the
palatability of seeds. Hence. enhanced phytase. amylase and protease activities in germinated
legumes may diminish the antinutritional effects of phytic acid and improve the nutritional

quality. which make them important in biotechnological applications.

These effects of priming are associated with the repairing and building up of nucleic acids,
increased synthesis of proteins as well as the repairing of membranes (McDonald, 2000).
Priming also enhances the activities of anti-oxidative enzymes in treated seeds (Hsu ef «l.. 2003).
The carly improvements may increase the rate and uniformity of seed germination and seedling
emergence (Ayda er al., 2013; Ghassemi-Golezani et al., 2010), especially under stressful

conditions (Ghassemi-Golezani ef af.. 2012).

In conclusion soaking chickpea seeds in priming solutions (i.e.. water for 8 and10 hours and
saline solutions of 0.1% Nacl, for 8 and 12 hours; 0.2% Nacl, for 8. 10 and 12 hours) was useful

in enzymes production that can bring about sufficient increase in enzymes activities at sowing,



which in turn causes partial elimination of antinutrients (phytic acid) and pre-digestion of
carbohydrate and protein in legume seeds, that make them useful in formulation of pediatric to

geriatric foods.

5.2 Effect of Pre-sowing Irrigation at 25%, 50%, 75% and 100% Field Capacity (FC) on
Chickpea Germination (Plants/m’) in Season I and IT
Increasing pre sowing irrigation from 25% field capacity (25% FC) to 100% FC, increased
plants/m’ in both season I and II. There was high positive correlation between pre soil moisture
and number of plants/m? at emergence. There was a strong positive correlation (of 0.939 - SI and
0.894 - SII) between soil water at sowing and plants/m? at emergence of desi chickpea in Mwea.
Soil moisture content of 75% and above is essential for good chickpea plant stand. Similarly,
Muhammad. er al. (2010) reported that adequate water must be available during germination and

sensitive growth periods of chickpea.

Increasing pre sowing irrigation from 25% field capacity (25% FC) to 100% FC, successfully
increased plants/m? successfully in both season I and II; which were however, not significantly
different. Plant population density increased from 11-15 plants/m® in season I (SI) and 5-6
plants/m? in season 11 (SII), respectively in response to pre sowing irrigation of 25 to 100% FC.

This means that in order to achieve an increased initial plant population by the 11" DAS, and
thus a good plant stand, providing and optimizing the soil moisture 75% FC (Fig. 10) is critical
for chickpea germination and survival. It was observed that in the Oct 9™ 2012 SI sowing, a
rainfall of 100.6mm was received on 11" Oct 2012 and 51.1mm and 26.0mm on 12" and 13®
Oct 2012. For this reason a pre-sowing irrigation to 75% FC was sufficient to optimize and
maximize the plant population to15 plants/m”>. However in the July 10™ 2013 crop, there was
only 2.7mm rainfall received in the whole of July and only 5.5mm in August. This rainfall was
very low and also scattered in the day of 13™ (0.5mm) and 28" (1.2mm) July 2013 (Fig. 3). In
the following month of August, rainfall was also very low and scattered within 5 days of the
month. For this reason pre-sowing irrigation was found to be very effective in ensuring
germination and establishment of chickpea in SII. However, the plant stand of 5 — 6 plants/m’

was very poor (for SII) as compared to 11 — 15 plants/m” in SI (i.e., 220 — 250% higher).



Ideally, planting at a spacing of 45cm x 15 cm (0.45m x 0.15m) should give a plant population of
148,148 plants per hectare (ha), which is equivalent to 14.8 or 15 plants per m’. Therefore in
season I (Oct, 2012) the expected plant population was achieved, but in season II (July) the poor
rainfall at sowing time and relatively lower total season rainfall of 311.2 mm resulted in poor
plant stand (5 — 6), and the subsequent growth and yield. Fitting a polynomial curve relating pre
sowing irrigation with plamts/m2 at germination that gave a good fit on the data (Fig. 5), with
over R? = 0.902 coefficient of determination in SI and 0.8 in SII. The polynomial curve however
reveals that there is a possibility of increasing the plant population density at 11 DAS beyond the
11 to 15 plants/m’, i.e., if chickpea was planted in environments having higher initial (top) soil
moisture Gaur er «/.. (2010). The fitting of power functions (R*=11) were found to be more
realistic than the polynomial functions (R*=10) in explaining chickpea plant population stands at

11 DAS under varying soil moisture contents (Fig.10 and 11).

5.3  Effect of Priming and Pre Sowing Irrigation on Plants/m’ at Germination

Priming chickpea seed before sowing did not show any significant differences in season I where
plant population ranged between 12 to 14 plants/m”. In season II, plant population ranged
between 3 and 8 plzzlnts/m2 and the treatment combinations HCL,Tg (8 plants), HCL; T (7
plants), HCL;T;> (7 plants), HCL2T8 (7 plants) and HyT)> (7 plants) had significantly higher
number of pianls/’mz. Similarly, as for season 1. Ashkan e «/. (2012) and Harris ef al. (2001).
reported that priming seed improves germination. crop growth vigor. and enhanced earlier
flowering and higher vields. Shad er af. (2010) opined that seed priming with P>Os solution
enhanced days to emergence compared with non prime (control). Therefore chickpea seed
priming improved germination at limited initial soil condition of SII. Furthermore the interaction
effect (combination) of pre sowing irrigation at 50%. 75% and or 100% FC with priming was
observed to enhance desi chickpea germination to between 6- 10 p]ants,f'm2 (Table 3). Amongst
these treatments the relatively higher 8-10 plams/mz were achieved with interaction of 75% FC
with either HyT|2 or HCL1T8 and 100%FC with either HCL1T8 or HCLI1T10 or HCL1T12. At
75 and 100% FC it’s also possible to get 6 — 7 plan‘[s/m2 with no seed priming. Therefore farmers
can achieve 6-7 plants/rn2 without priming if soils are up to 75% FC and above. Priming with
water for 12 hours would achieve 6-8 plants/m2 which would be statistically equal to 8-10

plants/ha 8-10 hours 0.1%Nacly. It should be noted that priming with 0.1% Nacl, for more than 8



hour would depress germination to 6 plants/m” and below with 75% FC soil moisture content
(Table 3). Regression analysis revealed (Fig 56) that priming with 0.1% Nacl, for 8 hours would
achieve a mean of 8 plants/m” with either 75 or 100 % FC.

=g=T75% FC
12 - y =-0.25x% + 1.55x + 5.75
R%?=0.933
10 - w={i=100%FC
8 .

Plants/m2
o

y=-x+4.6x+3
R*=0.4
2
0
HyTO HCL1T8 HCL1T10 HCL1T12
Priming

Fig 56: Relationship of 0.1 Nacl, solutions and priming time with
plants/m’ at emergence

4.11.4 Effect of Pre-Sowing Irrigation at 25%, 50%, 75% and 100% Field Capacity on Dry
Matter and CGR of Chickpea in both Seasons
The highest dry matter of 5001.1 and 3973.0 kg/ha (kg/ha) was realized under 100 % FC at 105
DAS in season I and II, respectively. Dry matter accumulation (kg/ha) increased with increase in
growth, i.e., from 25 DAS to 105 days after sowing (DAS) in both season under all pre sowing
irrigation conditions. Dry matter also increased with increased pre sowing irrigation from 25 %
field capacity (25% FC) to 100% FC, and at every stage of growth i.e., 25,50,75,90 and 105
DAS. Similar findings were reported by Muhammad et al. (2010); Parvender (2006), and Anwar
et al. (2003) who noted that water deficit decreased dry matter accumulation (biological yield)



and grain yield per unit area and the fully irrigated crop had taller plants. maximum dry matter
accumulation and higher grain yield than plants that were irrigated once, and the irrigation
increased grain vields by 74-124% and these trends were similar for total dry matter (TDM)’
vields (Anwar ef /. 2003). Similarly, Malhotra er al. (1997) observed increased total dry
biomass (49%) and plant height (26%) with increased irrigation. Water stress decreases dry
matter accumulation (DMA) and grain yields per unit area (Singh er al.. 2006: Ghassemi —

Golezani er af.. 1998).

The good lincar regression coefficients (ranging from 0.708-0.985) developed when pre sowing
water content (through irrigation) was related with dry matter (Figs. 24-28), indicated high
reliability of the functions to predict the responses of chickpea dry matter to pre sowing (initial)
soil water content. This response curves explained dry matter production (Figs.13, 15, 17 and
19) and crop growth rates (Figs 14, 16, 18 and 20) at various growth phases of chickpea. The
crop growth rate (CGR) increased gradually as the plant grew from 0— 25 DAS to 90-105 phasic
periods irrespective of pre sowing irrigation treatments. A maximum crop growth rate (CGR) of
158.9 kg DM/ha/day (Fig 20) with 100% FC (was obtained during the drier season II (Oct 2012-
Jan 2013). It was higher at 200 kg DM/ha/day during July-October, 2013 (wet season 1); with
100% FC initial soil water content. This is the period from branching, indeterminate flowering
and podding (B-IFI-P). This was in agreement with previous studics done by Fazlulf, et al.
(2009) and Kamithi, (2008). Therefore, Desi chickpea grew slowly under a lower seasonal (SII)
rainfall of 311.2 mm than the higher seasonal (SI) rainfall of 565.1 mm. It is beneficial to apply
higher pre sowing irrigation of up to 100% FC in both seasons. with respect to subsequent

growth of chickpea.

5.5  Effects of Priming on Dry Matter at 25, 50, 75 and 90 DAS

Halo priming for 8 hours (hrs) with 0.2% NaCl, distilled water solution gave significantly the
highest DM at all stages of growth. According to Harris er al. (2001): Scotte et al. (1973) and
Henckel. (1964) primed crops grow more vigorously. flower earlier, increase leaf area index, dry
matter accumulation and ultimately gain more grain yields. On-farm seed priming with water
(hydro priming) in maize. rice and chickpea caused faster emergence of seeds. improved

establishment. crops grew more vigorously, flowered earlier and yielded higher (Harris ef al..



1999). Therefore halo priming for 8 hours (hrs) with 0.2% NaCl, (HCL2T8) also produced the
highest dry matter of 5092.0 and 3074.0 kg/ha in seasons I and II, respectively at 90 days after
sowing (DAS). These was found to be statistically similar with HCL2T12 (0.2 % NaCl, for 12
hours) which produced 4647.0 and 2880.0 kg/ha in season I and 11, respectively.

The interaction effects at 90 DAS for the wet season [ (SI) reveals that significantly higher DM
vields were produced by treatment combinations of 25% FC pre sowing irrigation with no
priming of seed (HyTO) and 0.2% NaCl, for 12 hours 6500.0 kg/ha and 3900.0 kg/ha
(HCL2T12). respectively; these gave equal dry matter with treatments HCL2T8 - (50% FC-
0.2% NaCl; for 8 hours -6440.0 kg/ha : HCL1T10 — (75% FC- 0.1% NaCl, for 10 hours, that had
6713.0 ke/ha) and HCL2T8 - (0.2% NaCl, for 8 hours-6970.0 kg/ha). During the dry scason
(SI), the highest DM/ha of 5017.0 and 4285.0 kg/ha was realized by the interaction effects of
100% FC pre-sowing irrigation and priming of -HCL2T12 and HCL2T10. respectively, (Table
12). The season 1l dry matter was lower probably due to lower and poorly distributed rainfall of
311.2 mm that was realized during the growing season as compared to the season | rainfall of
565.10 mm that was well distributed. An earlier report by Navkiran e/ ¢/ (2013) noted that
restricted soil moisture decreases dry matter (biomass) yields. Furthermore. Murungu er af
(2004) reported that in semi-arid lands. seed priming had little effect on growth, time to
flowering and maturity or vield of the plants during the crop growth and development. It can be
concluded that seed priming had less effect on growth parameters and yields in season II
because the low soil moisture occasioned by lower rainfall. Therelore. adequate soil moisture ol
over 75% FC is necessary if effectiveness of priming 0.1 to 0.2% NaCl for 8 to 12 hours is to be

realized under black cotton clay soils (Fig.11, 12, 21,29. 31 and 32).

5.6  Effect of Pre-Sowing Irrigation at 25%, 50%, 75% and 100% Field Capacity on
Chickpea Height (cm)

In all the pre sowing irrigation regimes, the plant heights (cm) increased with maturity of

chickpea. At 25 DAS, signiﬁcéntly higher plant heights ranging between 10.0-10.78 c¢cm was

realized under pre sowing irrigations of 50%, 75% and 100% FC in both seasons. The highest

plant heights (35.51-40.91 c¢m) during the two seasons were observed under pre sowing irrigation

applications of 75% and 100% FC at 90 and 105 DAS (Table 13). This conlirms carlier reports



by Ghassemi-Golezani ef al.. (2012); Malhotra ef al. (1997) who observed higher plant heights
with application of irrigation. Similarly, Navkiran et al. (2013) opined that the maximum
reduction in plant heights and branches was when irrigation was limited. Therefore higher pre
sowing irrigation of 75 to 100% FC is necessary for achieving higher chickpea heights under

Mwea conditions.

5.7  Effect of Priming on Chickpea Height (cm) 25,

Significantly higher plant heights (cm) in both seasons was realized under treatment
combinations of hydro priming for 8 hours (HyT8) -12.71cm in both seasons, and 0.2% Nacl; for
10 hours (HCL2T10) that had 11.5 and 11.55cm in season I and II, respectively. Earlier studies
have reported the beneficial effects of priming. which have been demonstrated on many field
crops such as barley (Abdulrahmani er af., 2007), maize (Parera and Cantliffe. 1994), lentil
(Ghassemi-Golezani er al.. 2008). chickpea (Ghassemi-Golezani er al., 2012), pinto bean
(Ghassemi-Golezani et al., 2010). McDonald, (2000) noted that seed priming is one of the simple
and suitable methods which can improve seedling vigor and establishment and consequently crop
performance in the field. Muhammad er a/.. (2010) and Verghis er al., (1999) reported that
chickpea yield is plant height sensitive. Therefore, taller chickpea plants at 25 DAS can be
achieved by use of either HyT8 or HCL2T10. Hydro priming for 8 hours (HyT8) also gave
significantly taller plants at 50, 75, and 90 DAS in both seasons. At 90 DAS, However, HyT8
had similar plant heights_with HyT12, HCLIT8, HCLITI0, HCL2TE, HCIZ2T10, HCL2ZTI12,
HCL3T§ and HCL3T10 in both seasons. Therefore, either of these treatments can be used to
enhance height at latter stages of growth.

5.8  Effect of Pre Sowing Irrigation on Number of pods/m’

Pre sowing irrigation of 75% FC had the highest number of pods/m®, i.e., 1,631 and 566 in
seasons | and II, respectively. In season I pods/m? was higher than in season II. The more
pods/m” in season I (1631) was attributed to the more rainfall (565.10 mm) that was received and
was also well distributed as compared to lower and poorly distributed rainfall of 311.2 mm that
was received in season II and produced 586 pods/m” only. Without rainfall occurring during the
growing season, there is gradual depletion of soil moisture that affected the growth of chickpea

plants which results in a decline in the number of pods per plant and also seeds per pod Navkiran



et al. (2013); Fazlul et al.(2009). According to Ray et al., (2011); Maity and Jana, (1987) yield
and yield attributing characters of chickpea are significantly influenced by the level of irrigation.
The number of pods per unit area in chickpea was found to increase with increase in irrigation by
Muhammad et al., (2010); Malik and Anwar (1994). Therefore in order to enhance or achieve
higher pods/m2 of over 1630 and 1177 kg grain yield/ha, it’s necessary to ensure adequate
seasonal rainfall of over 560 mm is available throughout the growth of chickpea. This can be
provided through supplemental irrigation where available particularly in the dry season 1L

When the relationship of grain yield to pods/m2 for both seasons was developed, grain yield was
found to increase at the rate of 2.671kg per number of pods/mz. The coefficient of determination
was high where R? = 0.985 (Fig. 57). This means that one can predict the grain yield using the
production function: Grain yield = 2.671(number of pods/mz) +326.1 with 98.5% reliability in
MIAD, Mwea, Kenya.

- + GRAIN

~ 1200 y = -0.002x? + 3.415x + 293.6 *
£ 1000 R?=0.959
£ & \
2 600 y=2.671x +326.1
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Fig 57: Relationship of chickpea grain yield and pods/plant under
varying pre sowing irrigation levels in Mwea-Kenya

On developing other relationships between grain yield and pods/plant, a quadratic function Y=-
221+1.379x-0.000x".

4.11.9 Effect of Priming on Number of Pods/m’ and Pods/Plant

Priming chickpea seeds with 0.1% NaCl, for 8 hours (HCL1T8) produced significantly higher
number of pods»’m2 (1615 and 754), as well as pods/plant, 100 seed weight, and even grain yield
(1365 and 563.8 kg/ha) in both season I and II, respectively (Table 24). Greater pods/m’,
gra.ins."m2 and yield/ha on chickpea ¢rop grown from primed seeds as compared with those from



non primed seeds was reported by Mohsen er a/. (2013) and Kaur er af. (2002). Therefore, in
order to achieve higher pods/m2 and pods/plant that will eventually lead to higher grain

yields/ha, farmers should pre soak seeds for 8 hours in 0.1% NaCl,.

5.10 Effect of Pre Sowing Irrigation on Grain Yield

The highest grain yield of 1177.0 and 513.1 kg/ha was under 75% FC pre sowing irrigation in
both season I and I, respectively (Table 24). These were followed by application of 100% FC
that produced 1122.0 and 477.1 kg/ha. The higher grain yiclds/ha in season I was attributed to
the higher and relatively well distributed rainfall (565.10mm) as compared to season II that had
low rainfall (311.2mm) that was poorly distributed. Increased seed yield (44%). total dry
biomass (49%) and plant height (26%) results from increasing irrigation (Malhotra e al., 1997).
number of pods/plant. 1000 seeds weight and grain yield (Malik and Anwar 1994): while water
stress decreases dry matter accumulation (DMA) and seed / grain yield per unit area (Navkiran ef
al. (2013); Singh e al.. 2006; Ghassemi—Golezani ef al., 1998). Nielson (2001) reported that
chickpea exhibits the greatest rate of increase in yield with increase in water use. Therefore
application of 75% FC is essential under Mwea conditions in order to achieve higher grain yields

per unit area.

5.11 Effect of Priming on Grain Yield

In both seasons, priming seeds with 0.1% NaCl, for 8 hours (HCL1T8) and 0.2% NaCl, for 12
hours (HCL2T12), significantly increased grain yields in both season I and II. These treatments
produced 1365.0 and 1251.0 kg/ha of grain yields, in SI and 563.8 and 539.4 kg/ha in SII,
respectively. However, these were statistically the same as for HyT8 (467.9kg/ha), HyT10 (478.3
kg/ha), HCL2T8 (467.7 kg/ha), and HCL2T10 (485.2 kg/ha).  According to Ghassemi-Golezani
et al. (2012). plants from primed seeds had higher seedling establishment per unit arca that
ultimately resulted into production of more grains per unit area compared with those from
unprimed seeds. Similarly, Ayda es al. (2013) reported that grain yields were higher for plants
developed from primed seeds compared with those from unprimed seeds. The higher grain
yields of season I could have been attributed to the higher rainfall that was achieved during the

season. Therefore treatment combinations 0.1% NaCl, for 8 hours and 0.2% NaCl, for 12 hours



can be recommended for higher grain yields of Mwea environment. However effective priming

occurs when accompanied by adequate rainfall (or soil moisture) throughout crop growth.

5.12 Interaction Effects of Pre Irrigation and Priming on Grain Yield (kg/ha)

In both seasons, interaction effects of pre sowing irrigation and priming on grain yield revealed a
statistically (P<0.05%) similar yields with pre sowing irrigation of 75% FC-HCLI1T8 (0.1%
NaCl, for 8 hours) and 100% FC-HyT8 (hydro priming for 8 hours) that produced significantly
higher grain yield the other treatments. During season I (Table 29) interaction effects of
irrigation and priming on grain yield (kg/ha) revealed that pre sowing irrigation of 75% FC- in
combination with either HCL1T8 (0.1% NaCl, for 8 hours), HCL2T12 (0.2% NaCl, for 12
hours) and HCL3T10 (0.3% NaCl, for 10 hours) produced 1562.0, 1604.0 and 1460.0 kg/ha,
respectively; and 100% FC-HyT8 (hydro priming for 8 hours) that produced 1788.0 kg/ha had
significantly higher grain yields (Table 29). During season Il, interaction effects of irrigation and
priming on grain yield (kg/ha) revealed that pre sowing irrigation of 75% FC-HCL1T8(0.1%
NaCl, for 8 hours) and 100% FC-HyT8 (hydro priming for 8 hours) produced grain yield of
755.0 and 748.3 kg/ha, respectively and were significantly higher. Therefore, in Mwea,
treatment combinations of pre sowing irrigation 75% FC and priming 0.1% NaCl; for 8 hours
(HCL1T8), and 100% FC and hydro priming for 8 hours (HyT8) is essential if farmers are to
achieve higher grain yields of between 748.3 and 1604.0 kg/ha for SII and SI, respectively.

5.13 Effect of Pre Sowing Irrigation on 100 Seed Weight (Grams) and HI

Increasing pre sowing irrigation from 25% to 75% FC increased 100 seed weight in grams in
both season (Table 24). Pre sowing irrigation of 75% FC produced the highest seed weight of
29.6gms and 73.7 grams, in season I and II, respectively. During season II, the 100 seed weight
was higher because there were fewer number of plants/m? and therefore the seeds were able to
accumulate enough of the plant synthetic materials during the season leading to higher grain
weight as compared to season I where there were more plants/m” and therefore there was more
competition on available plant resources. According to Navkiran ez al. (2013), 100 seed weight
of chickpea reduces significantly under water stress while it increases along with seed vield with
increasing irrigation w.alcr (Malik and Anwar. 1994). Application of 50% FC pre sowing

irrigation had the highest harvest index (HI) of 0.25 in both seasons. This was followed by



harvest index of 0.24 under pre sowing irrigation of 75% FC in both seasons. Quadratic
relationship (Fig 47) revealed that pre sowing irrigation of 60% FC is ideal for highest HI under

Mwea conditions

5.14 Effect of Priming on 100 Seed Weight (Grams) and HI

Priming with 0.1% NaCl, for 8 hours (HCL1T8) had significantly higher 100 seed weights in
season 1 (30.3 grams) and season II (74.2 grams), respectively. However, these were statistically
similar with all the other treatment combinations apart from those of treatment combinations in
season I, 1.e., HyTo, HyT12 and HCL2T10 and treatment combinations HCL1T8, HCL1T12 and
HCL2TS$ of season II which had significantly lower 100 seed weight (Table 24 and Fig. 55).
Therefore, treatment combination 0.1% NaCl, for 8 hours (HCL1T8) can be applied in order to
achieve higher 100 seed weight under Mwea conditions. The lower plant/m” during season II
contributed to the higher 100 seed weight because there was less competition on the available
soil plant resources as compared to season I where there was more plants/m® that led to
competition of the soil resources and therefore lower 100 seed weight. The influence of priming
on HI was significantly higher under treatment combinations HyT10, HCLITS, HCLITI2.
HCL2T10 and HCL3T10 both seasons. However, in season I, HCL.2T12 and in season II, HyT8
had the same harvest index. In concurrence, Mohsen er al. (2013) reported carlicr that priming
chickpea seeds in KNO; and CaCl, solutions resulted in the highest grain yields and harvest

index



6.1

b)

CHAPTER SIX
CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The highest (P<0.05) alpha amylase activity was with HCL1T8 treatment (halo priming
for 8 hrs with 0.1 % NaCl,), which was also statistically equal to HYT10, HCL2T12,
HLCI1T12, HCL2T8, and HCL2T10.

Non primed seeds (control) had significantly the least enzymatic activities

Priming chickpea seed before sowing did not show any significant differences in scason
I. However, in the drier season II, treatment combinations HCL,Tg (8 plants), HCL, T, (7
plants), HCL,T}> (7 plants), HCL2T8 (7 plants) and HyT,, (7 plants) had signiticantly

: - ;2
higher number of plants/m

Halo priming for 8 hours (hrs) with NaCl, at 0.2% (HCL2T8) gave significantly the
highest DM at all stages of growth

In both seasons priming with HCL1T8 (0.1% NaCl, for 8 hours), significantly produced
higher number of pods/mz, i.e., 1615 and 754 in season I and II

Priming with treatment combinations HCL1T8 (0.1% NaCl, for 8 hours) and HCL2T12
(0.2% NaCl, for 12 hours), significantly increased grain yields (kg/ha) in both season [
and II.

Increasing pre sowing irrigation from 25% field capacity (25% FC) to 100% FC, increased
plants/m? in both seasons.

Dry matter increased with increased pre sowing irrigation from 25 % field capacity to
100% FC at every stage of growth.

The number of pods/m? were highest (1,631 and 566) in season I and II, respectively under
pre sowing irrigation of 75% FC and consequently the grain yields

Pre sowing irrigation of 75% FC gave the highest grain yield of 1177.0 and 513.1 kg/ha in

season | and II, respectively



¢)

Priming chickpea seed improved germination at limited initial soil condition of SIL. The

interaction effect (combination) of pre sowing irrigation at 50%. 75% and or 100% FC with

priming enhanced desi chickpea germination to between 6- 10 plants/m’.

d)

Interaction effects of irrigation and priming on grain yield (kg/ha) during season I and 1l reveals

that pre sowing irrigation of 75% combined with 0.1% NaCl, for 8 hours or 100% hydro priming

for 8 hours produced significantly higher grain yields of 1562.0 and 1788.0 kg/ha, respectively in

season I and 755.0 and 748.3 kg/ha in season II, respectively

6.2
a)

b)

Recommendations

For farmers to realize optimal grain yields of desi chickpea in Mwea, it’s advisable to

apply pre sowing irrigation of 75% field capacity (FC) before sowing their seeds and halo

prime the seeds either with 0.1% NaCl, for 8 hours (HCL1T8), or 0.2% NaCl, for 12

hours (HCL2T12) or 0.3% NaCl, for 10 hours (HCL3T10). This would produce 1562.0,
1604.0 and 1460.0 kg/ha, respectively.

Interaction effect (combination) of pre sowing irrigation at 50%, 75% and or 100% FC

with priming was observed to enhance desi chickpea germination to between 6- 10

plants/m”. However, farmers not willing to do seed priming can also achieve 6~7’plants/m2

with application of higher pre sowing irrigation of 75% FC and above.

Priming is effective when accompanied by adequate rainfall (or soil moisture of 75 FC

and above) throughout crop growth.

Further studies to determine how residual soil moisture can be efficiently utilized to

sustainably grow chickpea in rice-legume intensification systems.

There is need to evaluate the effective control and management of chickpea wilt and

aschocyta disease.
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APPENDICES




Total monthly rainfall (mm) at MIAD

Daily Rainfall (mm) at MIAD in 2012

Dates | January | February | March April May June July | August | September | Ociober | November | Deceml
L 0 S0 0 0 0.4 6.2 ] 0 0 0 0.5 0
2 0 0 1.6 0 34.1 ] 0 0 a 0 9.2 10.2
3 0 0 4.2 0 0 ] 0 0 0 0 26.5 15.4
4 0 0 0 18.5 50.4 0.3 0 0 0 0 19.3 6.6
5 0 0 0 0.2 497 0 0 Y 0 0 41 0
6 0 0 0 20 10.5 0 0 0 0 0 9.2 0
7 i) 0 0 24 6.3 0 0 0 0 0 0 0
8 i} 0 0 1.3 3.9 0.2 L3 0 0 0 0 2
9 0 0 0 42 3 0 20.3 0 { 0 .5 i
10 0 0 0 0 1.5 0 1.2 Y 0 0 3.3 0
1 0 0 0 0 0.5 0 0.6 p 5 0 100.6 9.6 0
12 0 0 0 0.8 29 0 0 0 0 51.1 0 0
14 0 0 {0 0 0 0 0 0 0 26 0 0.8
14 0 0 0 2.4 5 0 0 0 0 {} 0 0.3
13 0 0 0 251 ] 0 {0 0 0 25 0 4
16 0 0 0 18.2 21 0 0.6 0 { 3.4 0 )
17 0 0 0 0 3.6 0 0 0.5 0 10 0
18 0 i} ] 122 4.7 0 ] 0 0 0 { 6.8
19 0 0 0 0 1 0 0 4 0 0 -0 18.2
20 0 0 0 0 0 0 2 5.3 0 0 0 0
21 0 0 0 9.5 0 (1 0 0 0 i 0 0
22 0 0 0 0 0 0 U] 0 0 0 0 0
23 0 4 0 21.3 1 0 0 0 G 0 0 0
24 0 0 0 0 0 1.5 0 0 0 0 0 0.8
25 0 0 0 6.2 0 1.4 0 Jid 0 0 ] 0
2 () 0 0 389 0.3 0 ) 0.5 0 0 0 0
27 0 Tl 0 53.6 1 0 0 ] 0 0 0 73
s 0 4 0 49.3 3 0 0 0 0 10.8 179 I
29 0 0 0 0 7 0 0 0 0 0 . 36 0.9
30 0 0 156 ° 0 0 0 0 0 0 30 6
31 0 0 0 0 0 0 0

Total 0 11.7 5.8 320.2 197.1 9.6 26.2 12 0 215.9 205.9 80.7

Mean 10.6733 | 6.35806 | 0.32 | 0.84516 0 7.44 6.86333

Wet
days 2 2 18 20 6 4 0 0 0 13 14




Daily Rainfall (mm) and total monthl

Appendix 2

y rainfall (mm) at MIAD in 2013

Janaury, | February, March, April, May, June, July, August, September, | Octob

Dates 2013 2013 2013 2013 2013 2013 2013 2013 2013 2013
1 3.4 0.5 0 2.2 0 0 0. 0 0
2 0 0 0 18 1 ] 0 0 0 0

3 0 0 ] 0.8 26.6 0 0 02 0 19.7
4 0 0 0 0 0 0 0 0.8 0 0
5 0 0 0 0 18 0 0 1 0 0
6 0 0 0 0 1.2 0 0 1.3 0 0
7 0 0 0 33.8 0.7 0 " 0 0.1 0
8 0 0 15 0 0 0 0 0 0 0
9 0 0 0 23.6 0 0 0 0 0 0
10 0 0 15 13.6 0 0 0 0 0 0
I 0 0 0 1.2 0 0 0 0 0 0
12 0 0 0.5 3.1 6.3 0 0 0 0 0
13 0 0 0 50.8 0 0 0 0 0 0
14 0.8 0 1 a0 0 0 0 0 0 0
15 12 0 0 0.8 0 1.3 0 0 ] 0
16 12 0 0 68.3 0 22 0 0 0 0
157 4.1 0 0 50.3 0 12 0 0 0 0
18 0 0 0 6 0 0.6 0 0 0.6 0
19 0 0 14.1 3.5 { 0.5 0 0 0 0
20 0 0 43, LS 0 0 0 0 0
21 0 0 0.8 ] 0 0.9 [} 0 0 0
22 0 0 i 1.4 0 0 0 0 0 0]
23 0 0 4.2 12 0 0 0.5 2 0 0
24 0 0 0 0 0 0 0 0 0 0
25 0 0 0 0.7 0 23 0 { 0.6 0
26 0 0 0 0 0 0 0 0 0 0
27 0 0 44 33 0 0 0 0 0 0
28 0 0 12.2 0 0 0 L2 0 0 0
29 0 67.9 5.2 0 0 0 0 { 0
30 0 0 0.8 0 0 0 0 0 0
31 30.3 113 0 0 0 0
Total 62.6 0.5 276.2 397.9 56 15 2.7 5.5 1.3 19.

08667 0,01786 8.90968 | 13.7207 | 1.80645 0.5 0.09 0.17742 0.04333

L 2 |




Appendix 3

Percentage (%) Relative Humidity in 2012

Dates | January | February | March April May June July August | September | October | November | Decem
| 70 67 7 7 73 84 76 87 89 78 78 78
2 68 65 34 71 78 77 15 82 90 74 85 92
3 68 60 64 78 78 79 91 83 89 83 84 93
4 69 39 71 83 34 91 91 83 83 81 79 84
5 Tk 71 74 98 78 81 91 76 76 33 78 84
6 78 T 81 83 82 83 34 i 76 71 84 78
7 i el 78 85 79 90 83 89 35 70 84 78
8 73 74 78 76 85 83 83 89 91 84 78 78
9 17 84 65 75 79 83 91 84 79 84 92 81
10 84 77 63 84 85 81 38 iy 32 85 91 77
i 84 71 70 i 78 81 39 77 i 34 83 70
12 78 82 69 89 84 81 89 83 85 32 79 78
13 75 70 7 77 70 89 91 76 87 34 84 82
14 70 7 68 73 84 76 39 87 83 70 84 89
15 70 77 63 71 79 33 77 76 78 il 84 84
16 63 83 61 91 79 33 83 76 i) 31 79 76
17 63 71 70 79 33 90 96 84 83 2 83 76
18 71 34 Fl 71 84 96 91 83 33 79 73 91
19 62 70 71 89 7 83 88 83 33 34 789 85
20 76 70 83 74 2 77 90 91 33 34 78 70
| 64 69 64 84 78 77 89 50 32 75 82 71
22 75 66 70 84 78 g 91 83 39 79 84 78
23 63 ol T7 87 85 78 84 81 s ¥ 77 78
24 63 63 34 85 T3 83 85 39 78 82 77 70
23 68 69 67 76 92 84 81 92 83 79 70 i
26 73 73 69 82 78 79 76 69 78 77 71 78
27 69 71 73 92 o 91 76° 76 33 67 78 92
28 735 85 Fa 89 78 82 75 83 33 69 87 79
29 69 68 71 84 78 32 84 77 33 73 83 81
30 63 76 78 77 93 34 91 70 78 78 T
31 75 71 T 84 90 84 76

Total 2208 2081 2233 2438 2476 2495 2645 2564 2467 2438 2426 248

Mean | 71.2258 | 71.7586 72.0323 | 81.2667 | 79.871 | 83.1667 | 83.3226 | 82.7097 | 82.2333 78.63 80.8667 80.03




Appendix 4

Percentage (%) Relative Humidity in 2013

Dates | January | February | March | April May June July August | September | Octobe
1 82 34 67 69 84 85 77 82 81 70
2 7 77 70 70 85 81 91 75 79 83
3 76 T 60 78 79 81 83 91 18 77
4 81 71 70 7l 78 74 81 86 63 78
3 78 68 78 78 78 89 63 91 77 77
6 81 78 12 79 ) 83 76 38 76 70
7 i 78 72 84 84 76 79 84 77 75
3 82 76 78 75 78 76 74 84 82 75
9 75 70 70 75 70 70 69 90 75 76
10 79 69 64 7l 78 81 79 83 70 73
11 78 75 78 78 78 77 82 90 77 68
12 70 73 76 79 74 89 90 82 70 04
13 81 77 63 63 75 83 90 88 70 67
14 i 70 85 75 79 70 80 84 06 75
15 85 59 77 92 81 30 78 85 70 70
16 91 69 81 82 89 82 78 79 75 69
17 79 67 66 83 84 82 77 76 83
18 77 69 12 82 85 90 84 76 81
19 77 62 84 34 77 84 89 76 81
20 70 6l 92 84 77 82 74 3 79
21 76 78 83 73 83 86 80 z 70
22 67 74 91 82 76 70 91 89 el
23 71 69 78 85 83 75 84 90 76
24 74 78 76 34 Tl 70 20 76 91
23 3 7 81 75 77 93 83 34 77
26 69 33 76 75 77 91 83 89 78
27 78 77 78 69 78 76 79 75 77
28 83 79 83 70 77 84 838 87 69
29 78 70 82 78 38 74 89 70
30 71 78 78 70 74 71 90 73
3 78 84 79 81 31

Total 2391 2049 2362 2331 2437 2422 2498 2606 2208
Mean 77:129 73.1786 | 76.1935 | 77.7 | 78.6129 | 80.7333 | 80.5806 | 84.0645 73.6




Maximum and minimum temperatures (

Appendix 5

°C) for the period of January-June 2012

. _1 Date January February March April , May June
Max ¢ Min Max ¢ Min Max ¢ Min Max ¢ Min Max ¢ Min Max
1 28.2 20 30.2 14.8 32.1 7.2 324 195 29.3 20 284
2 29.3 E1:S 31 14.6 32 18.3 38 19 293 19.6 28
3 30.2 R 32.2 173 33 21 314 18.8 26.6 19.2 27
4 302 14.9 33 14.8 33 19.5 31.2 19.5 282 19.5 263
g 31 18.2 32 149 313 193 28 20 274 19 253
6 31.2 1773 30 15 30.5 19 26.4 19 27 20 27.2
7 30 18 303 18.3 30.1 18.5 24.2 19.5 27 18 25:3
3 292 17 30.2 14.9 312 19 28 20 272 19.8 274
9 29.2 13 30 152 29.4 153 26.3 21.3 26.4 19.5
10 30.3 153 .2 1o 313 16.3 29.2 21 26.1 19
11 292 18 31 19.5 33 2 29.4 19.4 26 19.3
12 28.2 16 33 18.8 33 18 30.2 21.2 283 20
() 30.2 175 3 21 32 18.5 29.2 20 23 21
14 30 16 33 17.5 32 19 28.2 21 28 75 i
15 312 19 31 16 333 18.2 29 222 2732 21
16 34 175 30.1 19 32.4 192 30 22 28 210
I7 3.2 18.5 30.3 22 332 19 282 215 273 19
18 3r 13 32 21 132 20 301 19.5 28.2 18.6
19 303 14.9 31 20 33 18.8 30.3 19 292 18.5
20 292 154 322 19.3 32 18.5 30.3 20 29.4 20
21 30.2 15 33 18.5 30 19.2 30.2 19.5 29 19.2
22 32 20 33.3 19 23 18.3 30 19.6 30 19.5
23 323 15 323 18.3 34 21 29 19.8 29.1 21
24 314 14.8 32 17.5 32 19 27.4 20 26.3 19
25 323 15 30 18.4 313 19 273 18.5 29 212
26 #.2 15.4 322 21 312 18.5 29 18.8 24 20
o 31.2 15 333 19 32.3 19 272 21 272 20
28 . 323 iy 30 20 332 19 . 26 213 28.3 20
29 323 21 30.3 19.3 332 18.9 292 21 272 19.5
30 31 153 32 19 29 22 273 213
31 32 14.9 32 18.5 28 19.3
Total 948.9 505.3 910.3 521.7 992.1 583.4 867.5 605.1 859.5 614.3 787
| Mean | 30.6097 16.3 313897 | 17.9807 | 32.0032 | 18.8194 | 289167 | 20.17 | 27.7258 | 19.8161 | 6.2
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Appendix 6

Maximum and minimum temperatures (°C) for the period of July-December, 20 12

%%‘ August September [ October_| November,2012 December,2012
|§.ﬁﬁ Maxe | Min | Maxe [ Min_| Maxec [ Min Maxc | Min Maxe | Min
I 252 242 8 20.4 183 21 303 218 274 19.8
2 253 263 17 293 176 20 31 20.2 28.2 19.6

3 23 223 18 29.2 17 19 28.3 20 29 19

4 24 2 19.3 28.6 114 19.4 253 20.3 26 19

5 2 29 182 28 18 20 24.3 19 0% 18.5

6 243 28 18.1 26.1 173 3.2 274 215 28 19.2

J 7 258 28 19.2 28 183 2 29.3 21 274 19

8 24.2 25.2 17.2 26 18.3 21 29.2 20 28.3 18.6

9 25.2 29.2 21 26.8 17.5 215 29.2 19.3 29 19.2

10 7 29 17 293 17.3 2 27 19.3 28.3 17.5

3} 182 26.3 18.3 29 215 19 273 18 292 e

12 _ 2 27 15 30 20 19.5 273 193 24.2 18.2

13 33 993 16 292 20.5 20 29 21 29 18.5

14 24 29 16.5 29 21 22 293 20 283 19

15 272 27.3 16 29.1 17.8 19.5 30 19.5 262 19.3

16 2.3 29 15 20 18 20 303 20.4 773 16

17 27 26.3 16.5 204 18.8 214 30.2 21 28.2 17

18 212 22 18.5 28.1 19 19.2 28.4 19.5 28.2 18.8

19 204 255 17 293 18.7 20 7.2 18.5 23.3 19

. 20 22 29 165 [ 292 19.5 2 20.1 19 - 26.1 20

21 23.3 25.2 18.4 302 19.5 18 30 192 273 15

2 25.8 253 16 30.3 15 19 30 18.5 28.2 15.7

23 273 28.4 14.4 29.4 19.9 19.5 29.4 19 28.1 152

2 23 274 15 30.4 14.9 213 29.2 175 284 15.9

25 249 28.3 16.3 314 19 204 29 20 28.6 17.5

26 253 23 17 31 19.5 21 50.2 21 292 19.2

27 25 26.2 19 30.4 18.3 19 29.2 18.4 29 19

28 26 27.3 18.35 27.2 19 18 30.3 19 ) 21

2 2.8 28 192 302 20.5 21 26.3 20 28.1 711

30 23 27.4 19 30 21 21.2 28.3 193 27.3 21.)

. 31 23.3 “28.3 18.8 213 27 20.¢
lﬂﬂ.gml %&ﬁ. 3592 | 9255 | 630 8613 | 5912 857.1 | 574

[ Mean | 239 | 3e8871 | 17429 | 290167 | 1864 | 29485 3032 | 2871 |_19.7067 | 27.6484 | 1852




Maximum and minimum temperatures (

Appendix 7

°C) for the period of January-June, 2013

Date January,2013 February,2013 March,2013 April.2013 May,2013 June, 2013
Max ¢ Min Max ¢ Min MAX MIN Max Min Max Min MAX M1
1 26.4 21.5 30.1 19 32.2 19 28.6 18 28.4 2 26.3 5
2 28 20 30.4 18.2 332 19.3 272 28 27 212 26.5 €
3 274 19.2 20 18.8 328 a2 29 22.2 283 25 27.2 1€
4 274 15 292 19 332 19 29.2 23 26.3 22 27
5 26.5 16.5 30.6 19 334 22 253 224 278 19 26
6 28.5 175 31.2 19.2 343 22, 30 22.2 26.2 22 264 !
7 30 18 3022 19.1 33.4 22:2 29.8 21.6 26.4 21 27 18
3 29.3 18.3 30:1 18.4 34 19.8 303 23 28 21.2 264 hY
9 252 172 292 13.2 33.3 23 30 20 23 19 26.8 I
10 29 17 314 18.5 33.8 224 30 21.5 29 2.3 27 14
11 30.3 18.8 304 19.3 33 22 30.3 20.2 29 21 24.3 1€
12 30 20 31.3 18.3 34 223 30.2 21.8 285 21 24.4 17
13 31 18.2 324 20 343 213 29.1 29 28 5 26.2 14
14 29.1 18 314 20 32.3 20 27.6 18 27.4 20 264 18
15 29 21 32.2 19.3 31 223 28.2 21 27.3 19.3 253 17
16 28 20 323 18.2 3.2 19.9 27 2.2 27.2 21 26.2 I
i 27 2 32 19 324 22 27.2 20 27.2 21.2 24.2 lo
18 282 19 33 19.8 33 22.3 213 323 28.1 20.5 18.4 i
19 28.3 182 124 18.8 33.4 23 29 213 274 22 21 16
20 29 21 333 19.5 113 19.2 28.4 2 274 22 243 17
21 293 13 334 20 25.3 20 28.6 20.3 28 19.8 226 i
22 29.4 13 34.2 19 28.2 21 29.2 21.8 26.4 19.4 22.1
23 304 173 323 19.5 25 20.3 29.3 20.5 27.2 19.9 234 (8
24 313 17 318 19.6 292 19.8 283 212 284 18.3 253 19
i) 312 18.5 Skl 19 30.3 21.5 28.2 204 294 19 26 ik
26 30.2 18 3.2 19.2 30 22 29 21 2935 19.6 25,3 16
27 30 19 3k.1 19.8 30.3 22.3 293 21.5 293 19.2 22.1 "
28 30 19 3.3 20 3532 21 29 202 274 21.5 252 "
29 30.2 19.5 29.1 223 29.2 22 28 20 25 u
J 30 32 19 27.2 23 ¢ 292 21.6 28.2 19 252 |§
31 32 19 28 18 27 18
Total 907.6 571.8 878.6 335.9 975.4 634.9 867 645.2 861.3 632.3 7522 53¢
|_Mean 292774 | 18.4452 | 31.3786 | 19.1393 314645 | 21.1258 | 289 | 21.5067 27.7903 20.3968 | 25.0733 | 17.8




Appendix 8

Maximum and minimum temperatures (°C) for the period of July-October, 2013

[ Date July,2013 August,2013 September,2013 October,

MAX MIN MAX MIN MAX MIN MAX MIN
| 24.4 18.4 224 18.2 T2 16.3 32 215
2 254 18.2 254 7.5 293 18.3 31 20
3 243 17.5 28.2 19 0 24 28 29
4 26.2 18.2 25.8 16 27.2 14.9 28.1 20
3 263 14.8 232 16.3 30 13 30 19.8
6 274 17 20.1 16 294 16.2 30 22
7 26.2 16.2 22 7.5 27.4 19 293 21
8 27.3 16 24 16.2 26 192 29.4 19
9 254 14.8 283 16 292 19 26.3 20.2
10 962 16.2 22.3 17 293 19.2 293 17.5
11 25.2 17 243 154 29 21 30 21.2
12 24 16.4 26.3 15.3 30.1 19.5 30.2 20
13 23.4 16.2 23.3 173 29 18 30.2 22
14 24.4 15.3 25.1 18.2 30 16 31.2 29
15 25 15 28.2 17.5 3.2 19 2.2 19
16 258 16 26.3 19 32 18.4 31.8 19
17 26.4 17 292 18.8 31 19.3
18 25 18.2 293 19 28 19
19 29 19 29.3 19 26.2 18.4
20 254 16.2 233 18.5 25.2 19.2
21 244 16 26.2 18 28.2 20.2
22 232 16.3 244 18.3 30.8 20
23 223 192 25 16 27 19.4
24 2 16 232 274 26.4 17.4
25 2 172 25.3 1472 24.3 19.4
26 25.3 18.2 26.4 19,5 29.2 21
27 253 18 26 14 22 19
28 25 17:5 252 16.2 334 16.3
29 26 18 24 16 303 17.5
30 243 18 23.3 Toid 30.6 19
A 24.4 17.5 232 17

Total 777.9 8237 137, 529.1 837.1 558.7
Mean 25.0935 16.8935 25.0806 17.0677 27.90333 18.6233




Appendix 9

Analysis of variances (ANOVAs) Season |

Analysis of variance

Variate: % 100 _seed wt _gms
Source of variation it
Rep stratum 2

Rep.Irrigation stratum

Irrigation 3
Residual 6
Rep.Irrigation.Priming stratum
Priming 12
Irrigation.Priming 36
Residual 96
Total 155
Analysis of variance

Variate: DM kg/ha 90 DAS
Source of variation d.f.
Rep stratum 2
Rep.Irrigation stratum

Irrigation 3
Residual 6
Rep.Irrigation.Priming stratum
Priming 12
[rrigation.Priming 36
Residual 96

Total 155

S.S.

5519.590

39.929
22.744

79.910
254.154
544.667

6460.994

S.S.

1992(5370.

26220464.
10086386.

40943450.
250841547.
60586086.

587883303.

m.s.

2739.795

13.310
3.791

6.659
7.060
5.674

1m.S.

99602685.

8740155.
1681064.

3411954,
6967821.
631105.

vor. Fopr

728.06

3.51 0.089
0.67

1.17 6313
1.24 0.200

v, Fpr

59.25

520 0.042
2.66

541 <.001
11.04 <.001



Analysis of variance

Variate: DM _kg/ha 25 DAS
Source of variation i
Rep stratum 4

Rep.Irrigation stratum

Irrigation 3
Residual 6
Rep.Irrigation.Priming stratum

Priming 12
Irrigation. Priming 36
Residual 96
Total 155

Analysis of variance

Variate: DM_kg/ha 50 DAS
Source of variation d.f.
Rep stratum 2

Rep.Irrigation stratum

Irrigation 3
Residual 6
Rep.Irrigation. Priming stratum

Priming 12
Irrigation. Priming 36
Residual 96

Total 153

S.S.

84910.1

4875.7
3472.6

551529
265127.0
43292.7

456831.0

5.S.

532259.

57682.
18766.

148174.
1524878.
320920.

2602681.

m.s.

42455.0

16252
578.8

4596.1
7364.6
451.0

m.s.

266130.

19227.
3128,

12348.
42358.
3343.

V.I.

7335

2.81
1.28

10.19
16.33

85.09

6.15
0.94

3.69
12.67

0.130

<.001
<.001

F pr.

0.029

<.001
<.001



Analysis of variance

Variate: DM_kg/ha 75 DAS
Source of variation d.f.
Rep stratum 2

Rep.Irrigation stratum

Irrigation 3
Residual 6
Rep.Irrigation.Priming stratum
Priming 18
Irrigation.Priming 36
Residual 96
Total 155
Analysis of variance

Variate: Grain_Yield kgs/Ha
Source of variation < Iy
Rep stratum 2
Rep.Irrigation stratum

Irrigation 3
Residual 6
Rep.Irrigation. Priming stratum
Priming 12
Irrigation.Priming 36
Residual 96

Total 155

8.8.

5556862.

ST 3.
584511.

3286632.
13257539,
2342760.

30819617.

S.S.

13129169.

1289069.
617724.

- R8I,
4394970.
3536991.

25749175.

m.s.

2778431.

1930304.
97419.

273886.
368276.
24404.

m.s.

6564585.

429690.
102954.

i
122082.
36844.

Vil

28.52

19.81
3.99

11.22
15.09

VL

63.76

4.17
2.79

6.29
3.31

F pr.

0.002

<.001
<.001

0.065

<.001
<.001



Analysis of variance

Variate: HI
Source of variation d.f.
Rep stratum 2

Rep.Irrigation stratum

Irrigation 3
Residual 6
Rep.Irrigation.Priming stratum
Priming 12
[rrigation.Priming 36
Residual 96
Total 133
Analysis of variance

Variate: Height 105_DAS

Source of variation a.r.
Rep stratum 2
Rep.Irrigation stratum

Irrigation 3
Residual 6
Rep.Irrigation.Priming stratum
Priming 12
Irrigation. Priming 36
Residual 96

Total 155

5.8.

0.000350

0.045622
0.017060

0.086959
0.703369
0.148856

1.002217

S.S.

17735.375

168.813
58.971

302.234
1278.625
756.487

20300.505

m.s.

0.000175

0.015207
0.002843

0.007247
0.019538
0.001551

m.s.

8867.687

56.271
9.829

25.186
35.517
7.880

0.06

523
1.83

4.67
12.60

V.I.

902.24

5.73
1.25

3.20
4.51

0.039

<.001
<.001

0.034

<.001
<.001



Analysis of variance

Variate: Height 25 DAS

Source of variation d.5
Rep stratum 2

Rep.Irrigation stratum

Irrigation 3
Residual 6
Rep.Irrigation.Priming stratum
Priming 12
Irrigation.Priming 36
Residual 96
Total 1335
Analysis of variance

Variate: Height 50 DAS

Source of variation d.i.
Rep stratum 2
Rep.Irrigation stratum

Irrigation 3
Residual 6
Rep.Irrigation.Priming stratum
Priming 12
Irrigation.Priming 36
Residual 96

Total 155

85

2322.205

23,538
7.692

122.359
271.462
315.103

3062.359

S.S.

4968.500

102.955
111.449

417.817
328.337
548.385

6477.442

m.S.

1161.103

7.846
1.282

10.197
7.541
3.282

m.s.

2484.250

34318
18.575

34.818
9.120
L 1

g

905.66

6.12
0.39

A.11
230

V.I.

133.74

1.85
345

6.10
1.60

0.030

<.001
<.001

1.239

<.001
0.037



Analysis of variance

Variate: Height 75 DAS

Source of variation d.L.
Rep stratum 2

Rep.Irrigation stratum

Irrigation 3
Residual 6
Rep.Irrigation. Priming stratum

Priming 12
Irrigation.Priming 36
Residual 96
Total 153

Analysis of variance

Variate: NoiofiPlants/m2

Source of variation a1
Rep stratum 2

Rep.Irrigation stratum

Irrigation 3
Residual 6
Rep.Irrigation. Priming stratum

Priming 12
Irrigation.Priming 36
Residual 94
Total 153

8.8,

8198.042

132.979
109.766

410.494
690.083
762.692

10304.056

(m.v.)

m.s. N

4099.021 224.06

44.326 242
18.294 2.30

34.208 4.31
19.169 241
7.945

S.S. m.s.

2001.827  1000.914

159.618 253.206
1948.212 324.702

56.730 4.728

229.063 6.363
Q)  383.221 4.077

2)  5341.690

F pr.

0.164

<.001
<.001

VL.

3.08

0.78
79.65

1.16
1.56

Fpr.

0.547

0.324
0.046



Analysis of variance

Variate: Pods/m>

Source of variation d.f.
Rep stratum 2
Rep.Irrigation stratum

Irrigation 3
Residual 6
Rep.Irrigation.Priming stratum
Priming 12
Irrigation.Priming 36
Residual 96

Total 155

S.S.

4080495.

17480.
237118,

1037251.
3123222.
2356254.

11151820.

m.Ss.

2040247.

5827.
89520.

86438.
86756.
24544,

V.L.

Bl

0.07
3.65

3.52
3.53

F pr.

0.976

<.001
<.001



Appendix 10

Analysis of variance of (ANOV As) Season I1

Analysis of variance

Variate: % 100 _seed wt gms
Source of variation d.f.
Rep stratum 2
Rep.Irrigation stratum

Irrigation 3

Residual 6

Rep.Irrigation.Priming stratum

Priming 12
Irrigation.Priming 36
Residual 96
Total 133

Analysis of variance

Variate: Pods/m*

Source of variation i I
Rep stratum ' 2

Rep.Irrigation stratum

Irrigation 3
Residual 6
Rep.Irrigation. Priming stratum

Priming 12
Irrigation.Priming 36
Residual 96

S.S.

58685.7

21799
295.4

3490.0
13316.4
15664.7

936322

S.S.

30556304.

5576047.
10824790.

13787269.
18461673.
35174033.

Total 155 114380116.

m.s.

293428

726.6
49.2

290.8
369.9
163.2

m.S.

15278152.

1858682.
1804132.

1148939.
512824.
366396.

ML

395.93

14.76
0.30

1.78
2.27

V.I.

8.47

1.03
4.92

3.14
1.40

F pr.

0.004

0.062
<.001

0.444

<.001
0.100



Analysis of variance

Variate: DM kg/ha 90 DAS
Source of variation d.f.
Rep stratum 2

Rep.Irrigation stratum

Irrigation 3
Residual 6
Rep.Irrigation.Priming stratum

Priming 12
Irrigation.Priming 36
Residual 96
Total 155

Analysis of variance

Variate: DM _kg/ha 25 DAS
Source of variation 6
Rep stratum 2

Rep.Irrigation stratum

Irrigation 3
Residual 6
Rep.Irrigation. Priming stratum

Priming 12
[rrigation.Priming 36
Residual 96

Total 155

5.8.

193460923.

37287036.
76323534.

44345924,
122198292,
72368001.

545983710.

8.8.

78667.1

6791.9
27423.9

19240.0
48273.2
50610.1

231006.3

m.s.

96730462.

12429012.
12720589.

3695494,
3394397.
753833.

m.s.

39333.6

2264.0
4570.6

1603.3
1340.9
272

V.I.

7.60

0.98
16.87

4.90
4.50

V.I.

8.61

0.50
8.67

3.04
2.54

F pr.

0.463

<.001
<.001

0.699

0.001
<.001



Analysis of variance

Variate: DM kg/ha 50 DAS
Source of variation d.f.
Rep stratum P

Rep.Irrigation stratum

Irrigation 3
Residual 6
Rep.Irrigation.Priming stratum
Priming 12
Irrigation.Priming 36
Residual 96
Total 155
Analysis of variance

Variate: DM _kg/ha 75 DAS
Source of variation d.f.
Rep stratum )
Rep.Irrigation stratum

Irrigation 3
Residual 6
Rep.Irrigation.Priming stratum
Priming 12
Irrigation.Priming 36
Residual 96

Total 155

8.5,

477712.

60594.
188946.

130927.
498789.
320409.

1677375.

5.8.

3728240.

345120.
854437.

2517170.
5357865.
2076173.

14879004.

m.s.

238856.

20198.
31491.

10911.
138355.
3338.

m.s.

1864120.

115040.
142406.

209764.
148830.
21627,

7.58

0.64
9.44

Bd
4.15

V.5

13.09

0.81
6.58

9.70
6.88

0.616

<.001
<.001

0.534

<.001
<.001



Analysis of variance

Variate: Grain_Yield_kgs/Ha
Source of variation d.f.
Rep stratum 2

Rep.Irrigation stratum

[rrigation 3
Residual 6
Rep.Irrigation.Priming stratum
Priming 12
Irrigation. Priming 36
Residual 96
Total 155
Analysis of variance

Variate: HI

Source of variation L
Rep stratum 2
Rep.Irrigation stratum

Irrigation 3
Residual 6
Rep.Irrigation. Priming stratum
Priming 12
Irrigation.Priming 36
Residual 96

Total 155

5.5

2327574.

396762.
234266.

430633.
2032337.
1362101.

6783673.

S.S.

0.610762

0.025687
0.106112

0.335953
1512267
0.501109

3.091891

m.s.

1163787.

132254.
39044.

35886.
56454.
14189.

m.S.

0.305381

0.008562
0.017685

0.027996
0.042007
0.005220

29.81

3.39
273

253
3.98

Vit

17,27

0.48
3.39

5.36
8.05

F pr.

0.095

0.006
<.001

F-ot:

0.705

<.001
<.001



Analysis of variance

Variate: Height 105 DAS

Source of variation d.f.
Rep stratum A

Rep.Irrigation stratum

Irrigation 3
Residual 6
Rep.Irrigation.Priming stratum
Priming 12
Irrigation.Priming 36
Residual 96
Total 155
Analysis of variance

Variate: Height 25 DAS

Source of variation d.f.
Rep stratum 2
Rep.Irrigation stratum

Irrigation 3
Residual 6
Rep.Irrigation.Priming stratum
Priming 12
Irrigation.Priming 36
Residual 96

Total 158

5.8.

17524.885

161.724
33.449

190.840
923.609
726.667

19561.173

S.S.

2322.205

23.538
7.692

117.484
266.337
325.103

3062.359

m.s.

V.I.

8762.442 1571.80

53.908
2.7

15.903
25.656
7.569

m.s.

1161.103

7.846
1.282

9.790
7.398
3.386

9.67
0.74

210
3.39

Vs

905.66

0.12
0.38

2.89
2.18

F pr.

0.010

0.024
<.001

0.030

0.002
0.001



Analysis of variance

Variate: Height 50 DAS

Source of variation d.f.
Rep stratum 2

Rep.Irrigation stratum

Irrigation 3
Residual 6
Rep.Irrigation.Priming stratum
Priming 12
Irrigation.Priming 3
Residual 96
Total Loy

Analysis of variance

Variate: Height 75 DAS

Source of variation d.L
Rep stratum 2

Rep.Irrigation stratum

Irrigation 3
Residual 6
Rep.Irrigation.Priming stratum

Priming L
Irrigation.Priming 36
Residual 96

Total 155

5.8,

4972.667

104.090
102.179

428.808
356.244
499.487

6463.474

S.S.

8144.202

92.710
150.093

502.667
621.269
722.872

10233.812

m.s.

2486.333

34.697
17.030

35.734
9.896
5.203

m.sS.

4072.101

30.903
25.015

41.889
17.257
7.530

WLk

146.00

2.04
3.27

6.87
1.90

162.78

1.24
3.32

5.86
2.29

0.210

<.001
0.007

0.376

<.001
<.001



Analysis of variance

Variate: No_Of_Plants/mz_ -

Source of variation d.f.
Rep stratum 2
Rep.Irrigation stratum

Irrigation 3
Residual 6
Rep.Irrigation.Priming stratum
Priming 12
Irrigation.Priming 36
Residual 96
Total 155
Analysis of variance

Variate: No Of pods/plant

Source of variation N
Rep stratum 2
Rep.Irrigation stratum

Irrigation 3
Residual 6
Rep.Irrigation.Priming stratum
Priming 12
Irrigation.Priming 36
Residual 96

Total 155

S.S.

32515478.

176526.
348619.

1374667.
3908989.
10474094.

48798373.

8.8.

1230798.

103002.
107875.

706207.
847015.
803480.

3798376.

m.S.

16257739.

58842.
58103.

114556.
108583.
109105.

m.sS.

615399.

34334,
17979.

58851.
23528,
8370.

V.I.

279.81

101
0.53

1.05
1.00

VL,

34.23

1.91
v B

7.03
2.81

0.450

0.411
0.490

0.229

<.001
<.001



Analysis of variance

Variate: Pods/m2

Source of variation &L
Rep stratum 2

Rep.Irrigation stratum

Irrigation 3
Residual 6
Rep.Irrigation.Priming stratum

Priming ' 12
Irrigation.Priming 36
Residual 96
Total 155

Analysis of variance
Variate: DM 90 kg ha DAS

Source of varation d.f.

3]

Rep stratum

Rep.Irrigation stratum

Irrigation 3
Residual 6
Rep.Irrigation.Priming stratum

Priming 12
Irrigation.Priming 36
Residual 96
Total 155

3.8,

30556304.

5576047.
10824790.

13787269.
18461673.
35174033.

114380116.

S.5.

193460923.

37287036.
76323534.

44345924,
122198292.
72368001.

545983710.

144

m.s.

15278152.

1858682.
1804132.

1148939.
512824.
366396.

m.S.

96730462.

12429012.
12720589.

3695494,
3394397.
753833.

8.47

1.03
492

3.14
1.40

V.I.

7.60

0.98
16.87

4.90
4.50

FpE

0.444

<.001
0.100

0.463

<.001
<.001



