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ABSTRACT

Two field experiments were carried out during the. two summer growing
seasons of 2006 and 2007, at El-Baramoon Farm, Mansoura Horticultural Research
Station, Dakahlia Governorate, Egypt, to investigate the effect of on-farm seed
priming for different periods in water or in melybdenum (Mo) sclution on growth, yield
and pod characters as well as seed yietd and its quality of snap bean (Fhaseoius
vulgaris L.} cv. Bronco. Nine treatments were arranged in complete randomized block
design with 3 replicates.

Resuits indicated that priming bean seeds in Mo solution or water significantly
increased the capability of the plants to produce vigorous vegetative growth
expressed as plant lieight, number of branches and number of leaves per plant, ptant
fresh and dry weight as well as chiorophyli content.

All priming treatrnents enhanced the total green plant yield, especially priming
for 9 hours in Mo soluffon o water. These treatments gave the highest values for
yield. Seed yield and its quality were also improved as a result of using seed priming
treatments.

Genearally, On-farm seed priming seems to be a widely applicable technology
and can be used to add to the benefits achieved by using improved modern varieties
or by adoption of other improved technoiogies such as fertilizer or belter crop
protection. This iow-cost, low-risk technology is good insurance for farmers by
providing low-cost more options and improvemenis to their livelihoods.

INTRCDUCTION

Comman bean (Phaseolus vuigaris L)) is frequently consumed as
both dry beans and immature green pods, called snap beans. Dry bean is an
important food staple worldwide and prevides a significant source of protein,
calories, vitamins, minerals and fiber. Seeds of beans are the most important
protein and mineral food sources overali the waorld, especially the developing
countries including Egypt.

Poor germination and low seed viability are among the most serious
proeblems in the production of bean. The use of high-quality seed with
appropriate $eed rate is essential to establish a suitable plant population in
the field for bast returns, Vigorous seeds germinate rapidly and uniformily,
and are zble 1o belter withstand environmental adversity after sowing (Ajour
gt al., 2004; Marwat & Nafziger, 1990).

Good crop-stand establishmerit is vital in the production of annual
crops from sead, because patchy stands resuit in low vields. Having good
stands is particularly imporiant for resource-poor farmers in developing
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countries because, even if sparse crops can be re-sown, It is expensive and
can lead poor farmers into crippling debt. Good crop establishment is
especially difficult in marginal environments under which many poor farmers
live. Several factors, e.g., poor soils, low-quality seed, and limited availability'
of labor or draft power contribute to such a situation.

Speed of germination and emergence is an |mponant limiting factor
of successful crop stand establishment (Harris, 1996). Harris. ef al. 1999
demonstrated that on farm seed priming — soaking seeds for a certain period
in water, surface-drying them and then sowing in normal fashion markedly
improved the stand establishment and early vigor of chickpea. They added
that rapid establishment and greater vigor also resulted in greater and faster
plant development, earlier flowering and maturity, and higher yields.
Moreover, these effects resulting from such simple, low-cost, low-risk
intervention also had positive impacts on the wider farming system and
farmers' livelihoods, and the technolegy has proven to be highly popular with
farmers (Harris ef al. 1999).

This simple technology, as expected, promoted rapid germmatlon
and emergence but was also found, in many cases, to increase seedling
vigor, advanced crop development, and increased yield. Other benefits of on-
farm seed priming have been observed. Musa et al. (2001) reported that
priming chickpea seed for 8 h significantly reduced the damage.caused by
collar rot (Sclerofiurm roifsii) in Bangladesh. Recent work in Pakistan has
demonstrated that mungbean (Vigna radiata) grown from seed primed in
water for 8 h before sowing showed significantly fewer serious symptoms of
infection by Mungbean Yellow Mosaic Virus (MYMV) than a crop established
without priming (Rashid ef al. 2004 a). The large differences in virus-related
damage were associated with significant increases in pod weight (3-fold) and
grain weight (5-fold) due tc priming.

Seed priming has been particularly effective in legumes. For

example, vields of chickpea (Cicer arfetinum) and mungbean (Vigna radiata)
were increased substantially by priming seeds for 8 h befare sowing {Harris
et al. 1999; Musa et al. 2001; Rashid et a/. 2004b). Yield benefits were due to
a combination of better crop stands and better individual plant performance.
For chickpea, Musa et al. (2001) in Bangiadesh also noted that plants grown
from primed seeds had significantly more N-fixing nodules than plants grown
from non-primed seeds. This effect has also been reported in cowpea (Vigna
unguicufata) in Senegal by Braconnier and Bourou (2004).
In many parts of the world, legumes do not grow well because they cannot
take up enough Molybdenum (Mo). It is possible, if rather expensive, to add
salts such as sodium molybdate to the soil but it is also quite difficult to
spread it uniformly across large areas due to the small guantities involved.
Substantial yield benefits (20-90%) can resuit from the addition of tiny
amounts of Mo tc the priming water.

Molybdenum, a micronutrient element essential for nearly all
organisms, deserves special attention as a major requirement for plant
growth. Mo is a constituent of nitrogenase and nitrate reductase, required for
the assimilation of soil nitrates. Therefore, the function of Mo is closely
related to plant nitrogen metabolism, and Mo deficiency is manifested as
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deficiency of plant N (Mendel and Hansch, 2002; Pollock et af, 2002). If
symbiosis is being established, unusual proliferation of nodules is often
observed when legumes are deficient in Mo, presumably due to the N
deficiency {Marschner, 1995). However, lesser Mo content is required for
nitrate reduction than for' Np-fixation support (Parker and Harris, 1977).
Therefore, Mo is efficiently concentrated in the nodules of Mo-deficient piants
(Brodrick and Giller, 1991). '

The research resulis available show that a low level of molybdenum
in bean seeds being sown (< 1.41 mg'kg-1} results in plants of a lower weight
of root nodules, vielding lower, accumulating less nitrogen, and producing
seeds with 50% lower germination (Brodrick ef al. 1692).

Rondon ef al (2007) indicated that bio-char enhanced biolcgical

nitrogen fixation (BNF} by common beans (Phaseoius vulgaris L) and the
primary reason for the higher BNF with bio-char additions was the greater B
and Mo availability. They added that bean yield was increased by 46% and
biomass production by 38% over the control at 80 and 60 g kg-1 bio-char,
respectively.
The aim of this work was to study the efficiency of using on-farm ssed
priming for different periods in water or in molybdenum (Mo) soluticn on
enhancing growth, yield and pod characters, as well as seed yieid and its
quality, of snap bean plants cv, Bronco,

MATERIALS AND METHODS

Two field experimenis were carried out during the ftwo growing
summer seasons of 2006 and 2007, at Bl Earamcon Farm of Manscura
Horicultural Research Staticn, Dakahlia Governorate, Egypt, 1o investigate
the effect of on-farm seed priming for different periods and using
molybdenum sofutions on growtn, yield and pods characters as weil as seed
yield and guality of snap bean plants cv. Bronco, The soil of the experimental
field was clayey in texture. Data of chemical and mechanical properties ag
described by Chapman and Pratt (1961) and Jakson (1963) are shown in
Table {1).

Table {1): Mecharnical and chemical analysis of the scil during 2006

3eason.

" Sand % Sit % Clay % | Tox, ciass O % | CaGoy % |
e 167 L 2365 5835 _ ¢t  clayey 196 | 3.3
Avait, hppws | Aval P pom | Avsil Kppm | Feppm EC. dsim_ | BH
] | 4.72 267 T 0.93 : B.0

Seeds of Broneo cv. of snap hean were divided into 9 groups; the first
group ditt net have any treaiment served as control while the remaining §
groups were itreated with different seed priming periods and molybdenum.
Each experiman! included 9 treatmenis as foliows:

1~ Comtrod freatment.

2- Seed priming in waler for 3 hours,
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3- Seed priming in water for 6 hours.

4- Seed priming in water for 9 hours.

5- Seed priming in water for 12 hours.

6- Seed priming in 50 ppm Mo solution for 3 hours.

7- Seed priming in 50 ppm Mo solution for 6 hours,

8- Seed priming in 50 ppm Mo solution for 9 hours,

9- Seed priming in 50 ppm Mo solution for 12 hours.

After the priming treatment, the seeds were spread for surface drying,
and then were sown on March 15 and 18 of 2006 and 2007 seasons,
respectively. A complete randomized block design with 3 replicates was
followed. The plot area was 17.5 m? , which consisted of 5 rows, each row 5
m in length and 70 ¢cm width. Three seeds were sown per hilt at 15 cm apart,
and the growing seedlings were thinned to one plant after 20 days from
sowing. Surface irrigation was applied and other agricultural practices used in
accordance with the recommendations of the Ministry of Agriculture,

Recorded data was from samples, each of 5 plants, from each plot taken at

50 days after sowing (flowering stage) to determine the foliowing data:

s Plant height (cm), number of branches per plant, number of leaves per
plant, leaf area (measured by Li-300 leaf area meter produced by Li-Cor,
Pinelivania), total fresh and dry weight of vegetative part of plant {leaves
+ stemn). .

=  Total chlorophyll of the third leaf from top measured by using chlorophy!l
meter (SPAD]),

» Total pod yield. During harvest, the green pods produced were collected
and the total pods yield was calculated at the end of the harvesting
season.

¢ Pod characters: A random sampie of 20 pods was taken and average
pod tength, diameter and weight were measured.

e At second harvest, random samples of green pods were taken from
each plot and oven-dried at 70 C° untii constant, and the dry matter was
then finely ground and analyzed to determine nitrogen, phosphorus and
potassium concentrations by the methods described by Watanabe and
Olsen (1965}, and Jackson (1967) respectively; and total protein was
determined in dry pods using the method of A.O.A.C, (1975).

s At seed maturity stage; plants were harvested, dry seeds were manualiy
extracted and total dry seed yield (kg/fed.) was calculated, seed index

"~ and germination percentage (GP) were measured according to the ISTA
rules (ISTA, 1999). Mean time to germination in days (MGT) was
calculated according to the formula MGT=Znd/N where n is the number
of germinated seed on each day, d the number of days from the
beginning of the test, and N the total nimber of germinated seeds
(Edwards and 3undstrom, 1987).

The obtained data were subjected to statistical analysis of variance according

to Gomez and Gomez {1984) and the treatment means were compared using

the Duncan Multiple Range test as published by Duncan (1865).
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RESULTS AND DISCUSSION

1- Vegetative Growth

" Data presented in Tables 2 ard 3 demonstrate that seed priming
significantly stimulated the vegetative growth characters of plants, when
compared with the untreated plants {control) in both the two seasons.
Moreover, priming with molybdenum was superior t¢ water priming.
Regardless of the priming solution, priming for 9 hours proved to be a more
effective treatment in enhancing the vegetative growth parameters of bean
plants.

Table (2): Effect of seed priming on plant height, number of branches
and leaves per plant as well as leaf area of bean plants during
2006 and 2007 seasons.

Seasons 2006 2007

Plant No. of No. of | Leaf Plant No. of No. of Leaf

Characters| Height ; Branches |Leaves| Area | Height | Branches | Leaves | Area

(cm) fplant ¢ /plant| /plant | {cm} { plant I plant | / plant
Treatments] (em?) {em?)
IControl 303e .87 e 10.3b | 156 a 2360 377 e 9.7d 147 a

Priming i 31.7 de 4.30d 11.3ab} 160a | 31.1de 403 e 11.0bec | 163 d
watar for J
h

Priming i% 329¢cd 493¢ (11.0abl 166a |324cd 4.80d 10.7¢c | 167 cd

\water for
h.

Priming iq 355ab| 543b 123a| 167a |346ab| 527bc 120a | 182 a

water for
h.

Priming il 35.0 ab 5371 11.0ab| 170a | 34.9ab| 5.10cd 10.7¢c 182 a
water for

12h,
Priming i 34.1bc| 527be |11.3ab| 172a [33.6Dbc| 507cd | 11.0bc | 170bc

ppm Mo
solution for
h.

Priming i 359 a 543b [11.7ab| 175a | 36.1a 547 ab | 1t.7ab] 172b
0 ppm Moy
olution for
h,

Priming iRt 36.0a 6.00a 123a| 181a | 359a 577 a 113ab | 1842
0 ppm Mo

olution for
h.
Prming I 35.0 ab 547b 11.7abi 182a | 351ab 55ab 10.7¢ 184 a
156 ppm Mo
isolution  for
12h,

Values within the same column followed by the same letters are not significantly
different, using Duncan’s Multiple Range Test at §% level.

The highest values of plant height, number of branches and leaves
per plant, plant fresh weight, plant dry weight, leaf area and the total
chlorophyll content were produced by priming bean seeds for 9 hours in 50
ppm of Mo solution.
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Table (3): Plant fresh and dry weight as well as total chlorophyll of bean
plants in relation seed pnmmg traatments during 2006 and
2007 seasons.

[Seasons ' 2006 2007
Plant |Plant Dry Total Plant Fresh | Plant Dry Total
Characters| Fresh weight |Chlorophyll] Weight weight | Chlorophyll
Weight {g) {SPAD) {g) (g} (SPAD}
[Treatments
[Control 37.0e 4.04 b 7.2d 363e 396 h 37.7d
ﬁming in water fol 40.3d | 4.450 398 ¢ 3%7d 428g. | 395c
p:ming in water for] 42.7 ¢ 6.00a 398 ¢ 420¢ 5.15e 397c
riming in water forl 450 ab 585a 403 ¢ 439b 5.65 cd 401 ¢
h.
ui;l":m'"g in water fol'| 445bc | 590a 40.8¢ 43.5hbc 556 d 403 c
Priming in 50 ppm( 43.0¢ 551a 421b 41.7¢c 503¢€ 426 b
Mo solution for 3 h.
Priming in 50 ppm 43.8 he 566 a 4360 42.3 be 570¢c 43.2b
o solution for 6 h.
Priming In 50 ppm 46.8a 6.30a 46.3 a 459a 6.03a 46.0 a
o sciution for 9 h.
Priming in 50 ppm 15.1ab| 6.05a 4602 44.1b 5870 4593
Mo solution for $2h.

Values within the same column followed by the same fetters are not significantly different,
using Duncan's Multiple Range Test at 5% lovel.

On the other hand, some reports concluded that seed priming
promoted the vegetative growth of different crops for instance; Harris et al.
{1999) found that hydropriming enhanced seedling establishment and early
vigor of chickpea, Arif and Tarigjan (2008) found that priming enhanced the
different vegetative growth characters of soybean.

Results reported by numerous authors also show favorable effects of
using molybdenum on the vegetative growth of bean for example, Padma et
al. {1989) and Deka and Shadeque (1991) recorded an increase in plant
height, leaf area and number of leaves per plant.

2- Total Yield and Pod Characters

Significant increases were detected in the total green pod yield and
pod characters expressed as average pod length, and fresh weight, from
plants which received priming treatments, as compared to the control, as
presented in Table 4, but at the same time there were no significant
differences in the pod diameter in both seasons. Data aiso show that priming
in 50 ppm Mo was significantly superior to other treatments, i.e, water priming
or control. The superior results of molybdenum as a priming tool may be
attributed to producing plants with the highest branch numbers, widest leaf
area and higher total chlorophyli content in leaves as presented in Tables 2
and 3. These piants apparently possessed higher capability of
photosynthesis. This would in turn build higher yield of carbohydrates which
gave rise to more cell division and enlargement, inducing more vegetative
vigorous plants, and finally lead to produce more total yield.

Priming for 9 or 12 hours either in water or molybdenum proved to be
the best treatments in increasing yield of bean. There is a great deal of
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evidence that on-farm seed priming is an effective method for resource-poor
farmers to increase yields. Although there is some evidence that the initial
germination response to priming is greater in crops and situations where
germination is slower (which is often correlated with seed size (Harris and
Mottram, 2005), priming seems to be appropriate across a wide range of
legumes, The yield gains result from earlier, faster germination and
emergence, more vigorous early “growth, earlier flowering, and hastened
maturity (e.g., Harris 1996, 2003; Harris ef al 1999, 2001a; Musa el al
2001). :

Table {4): Total yield and pod characters of bean plants as affected by
seed priming during 2006 and 2007 seasons.

Seasons 2006 2007

Total |Average] Average |Average| Total [Average| Average jAverage
Characters Yieild Pod Pod Pod Yield Pod Pod Pod
(ton/fed){ Length |Diameter| Weight |(ton/fed)| Length | Diameter| Weight

(cm) {cmj) (g} (em) {em) {9}

[Treatments
iControl 3.58e | 9.704d 0.75a 3.95d | 3.52h 9.5d 0.752a 4.00d
Priming in 480d | 106¢ 0.79a 425¢ | 4739 106¢ 077a 4.25¢
iwater for 3 h,
[Priming in 513¢ | 11.0bc | 0B0a | 430c | 505f | 106¢c | 0.79a | 428¢
watar for € h. :
Priming in 5.78a |11.5ab | 0.77a 4752 5.62¢ 11.5a 0.80a 4.78a
watar for 9 h.

- |Priming in 573a |112ab| 0.7%a 472a | 5670 11.1b 0792 468a
Iwater for 12h,
Priming i 50 540b | 11.0bc | 0772 447b | 531 e 10.8¢ 078 a 445h
ppm Mo
solution for 3
h.

Priming in S0 544b |112ab} 0.79a 450b 538d 11.1b 0.80a 445h
ppm Mo
rsolutlon forg

anlng in 50 584a | 116a 078a 477 a 57%a 11.6a 0.82a 4 80 a
ppm Mo
solution for 9
. {h.

Priming in 50 583a|114ab| 080a 472a 579a 112b 0.79a 470a
ppm Mo :
olution for
12h,
Values within the same column followed by the same letters are not significantly different,
using Duncan's Multiple Range Test at 5% lovel.

However, there are benefits beyond those due to enhanced general
vigor or changes in phenology. Musa et al. (2001) and Rashid ef al. {2004}
reported that crops from primed seeds showed fewer symptoms of disease
and that disease-related yield losses were smaller in primed crops. it was not
possible in either case to rule out the possibility that disease resistance was
the result of ‘escape’ or avoidance of infection due to earliness, in the case of
_ mungbean and MYMYV disease. .
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3- Seed Yield and Quahty

Data presented in Table 5 show the effect of seed priming on seed
yield and quality expressed as, seed index, germination percentage, and
mean time to germination (germination rate) o'f snap bean plants.

Regarding the effect of the treatments on seed yield, it is obvicus that
priming treatments had highly promotional effects on seed yield. Priming in
Mo sclution for 9 hours gave the best results in this regard, followed by
priming for 12 hours in Mo solution, in both seasons.

There is a slight difference between treatment effects on seed index
of bean plants. However, all treatments were superior to control treatment
and priming for 9 hours either in water or in 50 ppm Mo solution was the best
treatment in both seasons.

Germination percentage as a seed quality indicator responded
significantly to the priming treatments in water or Mo solution, for the different
periods .Priming bean seeds in 50 ppm Mo solution for 12 hours gave the
best result in this regard in 2008 season, while priming in water for 6 hours
shared the same rank for the 2007 season.

Data presented in Table 5 show that primed bean seeds in different
treatments were characterized by a progressive reduction in mean
germinaton time (MGT) as compared to non-primed seeds. Priming
treatments shortened MGT by more than one day in some treatments.

Results reported by numerous authors show a favorable effect of
molybdenum on seed yield and structural yield components in bean. The
highest increases in seed yield were recorded following the application of 76-
90 g Mo ha-1. Compared to the control, Vieira et al. 1996 recorded a 40%
seed yield increase. Reports by Correa et a/. 1990 showed that moiybdenum
itself increases the number of pods and seeds per plant, and number of
seeds per pod .Deka and Shadeque {1991) recorded an increase in pods
yield per plant.

The improved seed yield and quality of primed seed from treated
plots may be due to early and improved emergence of the primed plots that
ultimately resulted in higher yield. Similar arguments were made by Sharma
et al. (1993), who atiributed higher yield to early floral initiation, more flowers
and pods per plant in salicylic acid-primed seed. The resulting improved
stand establishment due to priming can reportedly increase drought
tolerance, reduce pest damage and increase crop yvield {Harris ef al, 1999;
Musa ef al, 1999; Harris et al., 2000). The increase in yield of primed seed
plots may be due to the fact that primed seed emerge faster and more
uniformly and seediings grow more vigorously, leading to a wide range of
phenological and yield-related benefits (Harris et al., 2000).

4- Chemical Content of Green Pods

Data in Table 6§ indicate that total nitrogen, phosphorus and total
protein content were higher in pods produced from plants primed with water
or Mo solution than those of pods produced from untreated plants in the two
seasons. There were no significant effects on the potassium content in pods
of plants treated or untreated.
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Table (5): The effects of seed priming on bean see

d yield and its quality during 2006 and 2007 seasons.

asons 2006 2007
Characters Seed Seed | Germination Mean eed Yield| Seed | Germination Mean
Yield Index | Percentage | Germination | (kg/fed) | Index | Percentage | Germination
{kgifed) {g) (%} Time (g) (%) Time
freatments {days} (days)
Control 7161 260b 850f 3.25a 680 f 25.94d 87.0e 3301
Priming in water for 3 h. 1010h | 300a 88.0e 3.00b Q46 e 08¢ 88.0d " 295b
Priming in water for § h, 1077g | 31.1a 90.0¢c 244¢ 010d | 31356 920a 2504
Fﬁming in water for 9 h. 1213¢c | 32.1a 88.0e 250¢ 1124¢ | 3212 B7.0e 2.45 de
Priming in water for 12h, 1146d | 3198a 89.0d 2.04d 1133¢c | 231 a 88.0d 210g
Priming in 50 ppm Mo solution for 3 h. 1080f [ 312a 80.0¢ 2.23d 1169b | 31.2b g0.0¢ 2301
Friming in 50 ppm Mo solution for § h, 1196d | 320a 91.0b 250¢ 1129c | 3212 900¢c t273c
Priming in 50 ppm Mo solutjonfor9h} 1285a | 321a 900¢ 212d 1216a 3 321a 91.0b 24 ef
Priming in 50 ppm Mo solution for 12h.] 1282b | 31.9a 92.0a 220d 1214a | 3204 920a 2129
Values within the same column followed by the same letters are not significantly different, using Duncan’s Mult

ple Range Test at 5% lavel.
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Dry bean is an important food staple worldwide and provides a
significant source of protein, calories, vitamins, minerals, and fiber (Akcin,
1988). In this connection, it should be mentioned that all priming treatments
either in water or Mo solution and for different periods of 3, 6, 9 or 12 hours
increased protein content of beans significantly over the control treatment
which recorded 21.8 and 21.1% protein for the first and second seasons
respectively, while priming in Mo solution for @ hours recorded 24.1 and 24%
protein for the first and second seasons, respectively.

Table 6: Effect of seed priming treatments on chemical content of green
pod of bean plants during 2006 and 2007 seasons.

Ssasons 2006 2007
Macronutrients Macronutrients Total
Characters {51100 g dry weigh) TOtﬂl(;l;OQEiﬂ (glmTu ¢ dry weigh) Protein
° ®,
N P K N P k | O
Treatments
[Controd 286f] 0.559i |3.67a 21.8¢ 2711 05781 13.79a(21.1n
f:ming inwaterfor |3 13¢ | N.560g |3764 2278 |342¢(0591h|381a|210¢

;rl'l;ﬂ'ﬁng inwaterfor , 31587 06050 {3803 2284 343c) 06017 |382a|226¢

ll;riming inwater for 1 3.25¢; 0.6817 13.77 a 233¢ 3120:0600¢e|383a (237 ¢e
h.

f;.m'"g inwaterfor 1330¢; 0B612¢13.77a 233¢ 317ej 06370 |382a23.2e
N

Primingin50ppm  (3.22d] 0.815b {3.78a 23.7b 3.12e| 0.628¢ | 3.81a|23.5d
o solution for 3 h,
Priming in 50 pprm 13400 0.571h 1377 2 238b 3.33d|0.597g382a|23T7¢
o soiution for € k.
riming in & ppm 13523106238 |3.708 2 2418 3.90a| 063923612 |2402a
o solation for9 h. | i
riming in 50 ppme {3503 080094 [375 2 2404 380bj06132;3.8121239 bj
o solution for 12h. | i i '
VALUES '‘WITHIN THE SAME COLUMN FOLLOWED BY THE SAME LETTERS ARE NOT
SIGHIFICANTLY DIFFERENT, USING DUNCAN'S MULTIPLE RANGE TEST AT &%

LEVEL,
CONCLUSION

i many areas, gennination and subsequent seedling growth can be
inhibited by zdverse condiliong in the field. Priming is helpful in reducing the
risk of poor stand estabiishment under a wide range of environmental
conditions, Priming is 2 simple and useful technique for enhancing seediing
emergance rale znd percentage of germination of bean. These effects can
improve seeding establishment and fleld performance of this important food
legurna.
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