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Maximizing Productivity of Some Garden Pea Cultivars and
Minimizing Chemical Phosphorus Fertilizer via VA-Mycorrhizal Inoculants
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Abstract: This mvestigation was carried out at the Experimental Farm of Shandaweel Agriculture Research
Station during 2007/2008 and 2008/2009 seasons. The experiment aimed to mvestigate the efficiency of
VA-mycorrhizal inoculants, as an effective alternative for phosphorus chemical fertilizer, on the productivity
of some garden pea cultivars. Three garden pea cultivars (Master B, Early Perfection and Progress no.9)
were studied. Phosphorus fertilizer was added during soil preparation at four rates (11.25, 22.5, 33.75 and 45 kg
P,0 fed.). Seeds of studied cultivars were inoculated by VA-mycorrhizal after sowing or left without
inoculation. The obtained results indicated that inoculation with VA-mycorrthizal significantly increased
vegetative growth & pods characteristics, the total green pods yield (ton/fed.) and the yield components
compared to control for both seasons. It also allowed early flowering and green maturity for all studied
cultivars. However, significant difference was found among the studied cultivars in both seasons. Harly
perfection cultivar gave the highest number of branches/plant (3.56 and 3.23), number of pods/plant (31.93 and
32.46) and total green pods yield (5.270 and 5.520 ton/fed.) as compared to other studied cultivates in first and
second seasons, respectively. Phosphorus fertilizer sigmficantly mcreased vegetative growth & pods
characteristics, the total green pods yield (ton/fed.) and the yield components in both seasons. The highest
values were obtained when garden pea plants received the highest phosphorus rate compared to the other rates
for both seasons. The mteraction effect was sigmficant for most studied characteristics. The most mteresting
result was found with the interaction among VA-mycorrhizal inoculants, Early perfection cultivar and 22.5 kg
P,0./fed. that resulted in the highest number of pods/plant and the highest total green pods yield So, this
interaction could be recommended for the highest productivity using suitable rate of phosphorus fertilization.
It could reduce the cost of garden pea production and the pollution of environment.
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INTRODUCTION

Garden pea (Pisum sativum L.) 1s one of the most
important favorable vegetable crops grown in Egypt for
both local consumption and exportation. Phosphorus has
a key role in the energy metabolism of plant cells and
particularly i legume crops [1]. Garden pea has relatively
high requirement for phosphorus [2-3]. Yield and its
components can be enhanced by phosphorus fertilizer in
soil testing low in phosphorus [4-8].

In most soils, n spite of the considerable addition of
phosphorus  fertilizers, the available phosphorus for
plants is usually low since it is converting to unavailable
form by its reaction with the soil constituents. This could

explain why the cultivated scils in Egypt needs high
amount of mineral phosphorus fertilization to fulfill
requirements of plants. However, the increase in the rate
of applied phosphorus fertilizer may be at the expense of
increasing production costs and environmental pollution
[9]. Evidence has accumulated from a number of
experiments indicating that there i1s a wide range of
differences among garden pea cultivars in vegetative
growth, flowering, pod characteristics yield and its
components [10-14].
The biofertilziers
importance since they can be used as alternatives for

are of a great agricultural

chemical fertilizers and hence the production costs of
agricultural crops can be reduced and envirormnental
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pollution can be avoided [15]. Therefore, it becomes

essential to use the untraditional fertilizers as a
substitute or a supplement for chemical fertilizers. Hence,
the symbiotic relation between higher plants and
mycorrhizae, particularly vesicular-arbuscular mycorrhizae
(VAM) fungi represents one of the most striking
biological phenomena. Mycorrhizal symbiosis with pea
plants has attracted more attention for many benefits,
especially enhancing uptake of phosphorus in soils with
low phosphorus levels [16] due to the ability of the
(VAM) to grow beyond the phosphate depletion zone
that quickly develops around the root. Hence, the
mutritional status of the host plant is improved by
total

mycorrhizal root surface was increased 30 times more

transferring phosphate. In some instances
than non mycorrthizal roots [17]. Moreover, several
micronutrients, 1.e. Fe, Zn, Mn and Cu are transferred from
the soil to the plant through the VAM hyphae with some
promoting substances for plant growth such as GA, IAA
and CKS [18-20]. There is extensive evidence for the
decrease in the number of arbuscules under high external
phosphorus  [21]. Tnoculation of legumes crops with
VAM fungi in presence or absence of different doses of
P-chemical fertilizer highly increased growth, yield and its
components of garden pea plants and many others
legumes [22-31].

The present mvestigation was designed as an
atternpt to get benefit from the important physiological
role of vesicular arbuscular mycorrthizae (V.AM) to

achieve the following objectives:

¢« Maximize the total green pods yield (ton/fed.) of
garden pea plants.

¢+ Reduce the possible health hazard due to the
pollution of soil, water and plant tissues.

* Reduce the production costs through the
replacement of the whole or a part of phosphorus
chemical fertilizer.

MATERIALS AND METHODS

The present study was carried out during the
winter seasons of 2007/2008 and 2008/2009 at the
Experimental Farm at  Shandaweel Agriculture
Research Station, Sohag Governorate, FEgypt, to
investigate the efficiency of VA-mycorrhizal inoculants
as a biofertiluzer and an effective altemative for
phosphorus chemical fertilizer on productivity of some

garden pea cultivars.

VA-Mycorrizal Inoculants: Two

endomycorrhizal fungi were used in this study (Glomus

species  of

Jasiculatum & Glomus mosseae). They were supplied by
Microbiology Dept., Fac. Agric. Minia University, Egypt.
For preparing VA-mycorrhizal inoculants, fried pots of
30 cm in diameter were filled by sterilized clay loam soil.
The soil of each pot was inoculated with the two species
of endomycorrhizal fimgi. Ten onion seedlings were
transplanted in each pot as a host plant. At the end of
the growth stage of onion, plants were uprooted. Soil of
the used pots was mixed together then VAM spores
were counted as described by Musandu and Giller [32].
The spore count was found to be 95-100 spores/g soil.
This soil contained mixture of VAM spores, mycelia
and chopped roots. The prepared VAM inoculants
were added at a rate of 4 kg of soil per plot and drilled in
the ridges just before the first irrigation. Each ridge
received equal quantity from VA-mycorrhizal inoculants

(1 kg per ridge).

Cultivars: Three garden pea cultivars (Master B, Early
perfection and Progress No.9) were used in this study.
They were obtamed from Vegetables Seed Production
Technology Dept., Horti. Res. Inst., Agric. Res. Center,
Giza, Egypt.

Phosphorus Rates: Phosphorus fertilizer was added
during soil preparation at four rates (11.25, 22.5, 33.75
and 45 kg P,O/fed) in the form of calcium super
phosphate (15% P,0;). The four rates represent 1/4, 1/2,
3/4 and the whole recommended dose according to the
Ministry of Agriculture. The experiment was conducted in
split-split plot design with four replications. The use of
V A-mycorrhizal inoculants (with or without) was arranged
in the mam plots, the three studied cultivars were
allocated m sub-plots and the four phosphorus rates
were assigned in the sub sub-plots. Each experimental
unit was 10.5 m’ consisting four ridges at 75 cm
apart and 3.5 m length. Sowing was done in 10" and 11™
of October 1n the first and second seasons, respectively.
Two seeds were sown per hill on the both sides of
ridge at 10 cm spacing for Master B cultivar and 15 cm
spacing for both Early perfection and Progress No. 9
cultivars. Standard agricultural practices known for
commercial garden pea production other than the
applied treatments were followed. Fruits were harvested
regularly every three days. The physical and chemical
characteristics of the experimental site were as shown in
Table (1).
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Table 1: The physical and chemical characteristics of the experimental site

Available nutrients (ppm)

Analysis

Seasons Texture pH OM% N P K
2007/2008 Clay loam 7.9 0.98 16.0 94 320
2008/2009 Clay loam 7.8 0.93 15.0 9.2 310

Ten plants were randomly chosen from each plot to
determine the following characteristics:

Vegetative Growth Characteristics:

Stem length (em), from cotyledeonary node to the top
of the main stem.

Number of branches/plant Days to both flowering
and green maturity characteristics:

Days to flowering: recorded as the number of days
from sowing to 50% flowering.

Days to green maturity: recorded as the number of
days from sowing to the beginning of harvesting.

Pods Characteristics:
Fifty Pods Were Taken at Random from Each Harvest to
Determine the Following:

Number of seeds per pod.

Seeds setting percentage calculated as follows:
Seeds setting % = number of seeds per pod / number
of ovules per pod x 100.

Yield and its Components:

Number of green pods per plant.

Weight of 100-green seeds (g),

Shell out percentage, it was calculated by dividing
the weight of green seeds per pod by the weight of
whole green pod multiplied by 100.

Total green pods yield (ton/fed.).

Statistical Analysis: Data obtained during the two
seasons of the study were statistically analyzed and
treatments means were compared using the Duncan’s
multiple range tests [33].

RESULTS AND DISCUSSION

Stem Length (cm) and Number of Branches/Plant: Data
presented in Table (2) clearly show that VA-mycorrinzal
inoculants  significantly increased vegetative growth
characteristics expressed as stem length (cm) and number
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of branches/plant as compared to uninoculated plants
i both seasons. The inoculated plants exceeded
uninoculated ones by (5.3, 5.4% and 16.4, 26.0%) for stem
length (em) and number of branches/plant in the first
and second season, respectively. Such results may
suggest that inoculation with VA-mycorrhizal fung: has
the ability to supply garden pea plants by plant promoting
substances, mainly Indole Acitic Acid, Gibberellic Acid
and Cytokinne-like substances, which could stimulate
plant growth traits, absorption of nutrients, efficiency of
nutrient and metabolism of photosynthesis [18, 20].
The three garden pea cultivars significantly differed in
their stem length (cm) and number of branches/plant.
The tallest plants (71.97 and 71.50 cm) were produced
by progress No. 9 cultivar. However, early perfection
cultivar resulted in the highest number of branches/plant
(3.56 and 3.23). These results held well in the first and
second season, respectively. These results are in
accordance with those found by El-Shobakey [10] and
El-Murabaa et al [11]. Results given in the same Table
indicated that phosphorus fertilization rates sigmficantly
increased stem length (cm) and number of branches/plant
from the lowest up to the lighest phosphorus rate in
both seasons. The importance of phosphorus in garden
pea vegetative growth was assured by Pulung [4] and
Murat et al. [8]. Data in Table (2) show that all possible
interactions affect significantly the garden pea growth
measurements except the interaction of cultivars x
phosphorus rates and the triple interaction for number of
branches/plant in both seasons. The combination among
VA-mycorrhizal moculants, Early perfection cultivar and
225 kg P,0yfed. recorded the highest number of
branches/plant in the two studied seasons. Moreover,
fertilizing Master B cultivar with 11.25 P,0./fed. without
inoculation gave the lowest values (45.95, 44.08 and 1.40,
1.48) for stem length (cm) and number of branches/plant
in the first and second season, respectively. This may due
to the high efficiency of VA-mycorrhizae in supplying
growing plants with their phosphorus requirements.
These findings are 1 line with those found by Fares [25],
Thijbijen ef al [27] and Musandu & Giller [32].

Days to Both Flowering and Green Maturity: Results
presented in Table (3) reveal that inoculation of garden
pea plants with VA-mycorrhizal fimgi significantly
reduced days till flowering and marketable green maturity
1n the two studied seasons. The earliness induced by VA-
mycorrhizal fungi in the two studied characteristics may
be attributed to the absorption of micronutrients as Fe,
Zn, Mn and Cu transferred through the VA-mycorrhiza
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Table 2: Effect of VA-mycrorrhizal inoculants, cultivars, phospherus rates and their interactions on stem length (o) and number of branches/plant in 2007/2008 and 2008/2009 seasons

Stem length {erm) Murrber of branches /plant
20072008 2008/2009 2007/2008 20082009
Fhosphorus rates Phosphorus rates Fhospherus rates Fhospherus rates
(P00, kgffed ) (C) (P,0, kg/ffed ) (C) (P,0, keiffed ) (C) (P,0, kgiffed ) (C)
A-mycorrhiza (A)  Cultvars (B) 1125 225 3375 45 Mean 1125 2235 3375 45 Mean 11.25 225 3375 45 Mean 11.25 225 3375 45 Mean
VA-mycaorrhiza Master B 4870 4937 4903 4360 4893 4733 4790 4747 4740 4753 160 173 170 167 168 173 187 183 180 181
Early perfection €247 6353 6347 6333 6320 6167 €293 6317 6277 6263 347 357 3353 347 3351 367 383 377 373 375
ProgressNo. @ 7060 7343 7363 7533 7325 113 7207 7263 7253 7227 283 290 287 277 284 297 317 313 303 308
Iean 6059 6211 6204 €242 6179 6004 6120 61.0% &S090 608l 263 273 270 263 263 279 296 291 286 288
With out
VA-mycorrhiza Master B 4320 4353 4527 46380 4470 4083 4173 4287 4373 4229 120 133 143 157 138 123 137 153 163 144
Early perfection 57.43 5943 61.27 6233 6012 5630 5830 6110 6240 5953 277 293 310 323 301 243 260 277 300 270
Progress Mo & 67.83 6287 7210 7293 7068 6953 6997 J0.83 7260 77073 213 223 237 253 232 200 213 230 250 223
Mean 56.16 5761 5954 6069 5850 5556 5667 5827 5958 5752 203 217 230 244 224 189 203 220 238 213
Cultivars
¥ phosphorus Master B 4595 4645 4715 4770 4681 4408 4482 4517 45357 4491 140 153 157 162 153 148 162 168 172 163
Early perfection 5293 6148 6237 6283 6166 5898 €062 ©2.13 6258 61.08 312 325 332 335 3356 305 322 327 337 323
Progress Mo & 6922 7165 7287 7413 7197 7033 7137 7173 7257 7150 248 257 262 265 258 248 265 271 277 2145
Iean 5837 5886 6079 6157 57.80 5893 5968 &0.24 233 245 250 254 234 249 156 262
LED at 0.5 Level for
VA-mycaorrhiza A 027 068 0.07 001
Cultivars B} 034 031 0.05 .04
Phosphorus rates (8] 031 029 0.04 005
A% (B) 048 043 0.07 0.06
NP 40 0.44 041 0.04 0.07
B)x ) 0.54 050 NS NS
(A) X (B2 () 076 071 NS NS
Table 3: Effect of VA-myerorrhizal inoculants, cultivars, phosphorus rates and their interactions on daysto both flowering and green maturity in 2007/2008 and 2008/2009 seasons
Daysto flowering Days to green maternity
20072008 20082009 20072008 20082009
Fhosphorus rates Fhospherus rates Fhosphorus rates Fhospherus rates
B0, kglfed ) (T (B0, kgffed ) (C) B0, kglfed ) (T (B0, kgffed.) ()
VA-mycarhiza (4)  Cultivars (B) 1125 225 3375 45 Mean 1125 225 3375 45  1IMean 1125 225 3375 45 DMean 11.25 2235 3375 45 IMdean
VA-mycorhiza Master B 4500 4400 4533 4500 4483 4500 4400 4533 4600 4508 6500 6400 €567 &£7.00 6542 6500 S400 6567 6767 6553
Early perfection  65.00 64.00 6533 6533 64.92 6467 6400 6567 6667 6525 8633 8500 8633 87.00 8617 8500 2400 85.67 8633 8525
ProgressNo. 9 67.00 6600 66.67 6733 6675 6667 6533 6733 6733 co6? 9067 8933 92067 91.67 9058 8700 8600 8733 8900 8733
Idean 59.00 5800 5911 5922 3883 35878 35778 5944 6000 59.00 8067 7944 8089 81.8% 8072 7900 7300 7956 8100 7239
With out
VA-mycorrhiza Master B 47.67 4700 46.00 4567 4658 4733 4633 4566 4600 4633 033 6867 6967 T0.00 6967 6967 6833 69.00 6800 £875
Early perfection 67.00 €633 66.00 6567 6625 €7.00 6600 6567 6500 6392 92033 8867 9000 90.67 389392 9200 91.00 89.67 8200 9042
ProgressNo & 70.67 7067 6233 €867 £5.67 7067 7000 6933 6367 69.67 9333 9167 9300 8367 9292 9433 9367 9167 9033 9230
Iean 6173 6111 6044 &000 €0.83 6167 6078 6022 59389 S0.64 8467 8300 38422 8478 8417 8533 8433 8344 8244 3380
Cultivars
X phosphorus Master B 46.33 4550 4567 4533 4571 4617 4517 4550 4600 4571 6767 6633 6767 6850 6754 €733 &617 6733 £783 €717
Early perfection  66.00 €317 65.67 ©550 63.58 €5.83 6300 6567 6583 6358 8833 8683 8817 8383 38804 8850 9750 &7.67 8767 §7.83
ProgressNo. 9 6883 6800 6800 6800 6821 6867 6767 6833 6800 6817 9200 9050 92183 9267 9175 2067 8283 8950 8967 89.92
Idean 6039 5356 5978 5961 6022 5928 35983 5994 8267 8122 8256 8333 82.17 8117 8130 8172
LED at 0.5 Level for
VA-mycorrhiza (A 075 0492 032 095
Cultivars (B} 017 0.30 033 026
Phosphorus rates () 023 031 0.36 0.30
(A1 x(B) 0.24 0.42 0.46 037
(B X Q) 033 044 0.51 042
(BY%(C) NS NS Ng 052
(AKX E)x () WS WS NS 073
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Table 4: Effect of VA-myerorrhizal inoculants, cultivars, phosphorus rates and their interactions on number of seeds/pod and seeds setting % in 2007/2008 and 2008/2009 seasons

Murmber of seeds/pod Seeds setting¥s
2007/2008 20082009 2007/2008 2008/2009
Fhospherus rates Fhospherus rates Phosphorus rates Phosphorus rates

(B0, kegfed ) (C) (B0, kegfed ) (C)

;0 kg/fed) (C) (B0, kgffed ) ©)

VA-mycarhiza (4)  Cultvars (B) 11.25 225 3375 45 Mean 1125 225 3375 45 Mean 1125 225 3375 45 Mean 1125 225 3375 45 DMMean
VA-mycaorrhiza Master B 830 877 863 857 857 847 877 870 857 863 8593 8643 8633 8617 8622 38643 §713 8697 86383 8634
Early perfection 710 747 737 727 130 743 787 780 777 172 8233 8327 8323 8290 8293 8310 38387 8373 8347 8354
Progress No. 9 7.03 713 703 693 703 703 733 723 717 119 7370 7410 7440 7377 7399 7417 7500 7490 7493 7475
Iiean 748 749 768 759 763 764 799 791 783 784 806s 8127 8132 804 38105 8123 8200 8187 8174 8171
With out
VA-mycorrhiza Master B 733 790 810 837 803 767 790 810 820 797 8120 8223 8287 8303 8233 8163 8243 8283 8463 8288
Early perfection 673 683 7.07 727 698 713 737 157 800 7.52 8060 8143 8193 8270 8167 7360 7947 8047 8153 80.02
Progress MNo. & 667 683 713 727 698 667 T.03 733 770 718 6258 6320 6430 6554 6391 6173 €298 6333 6418 63.06
Idean 704 719 743 763 733 Fle 743 767 797 756 7480 Fs562 7637 FI09 7597 7399 7496 7554 7678 7532
Cultivars
¥ phosphorus Master B 802 833 837 847 830 307 833 840 838 330 83357 8433 2460 38460 8428 8403 8478 2490 8573 8486
Early perfection 692 715 122 7.2 714 728 762 768 788 7.62 8147 8235 8258 8280 8230 38085 8167 8210 8250 81738
Progress MNo. & 685 698 7.08 710 700 685 7.8 728 743 718 6814 6865 6935 6065 6895 6795 6899 6012 6956 6890
Iiean 726 749 756 7161 740 771 TR 190 T3 7844 7884 7902 76l 7848 7871 7926
LED at 0.5 Level for
VA-mycaorrhiza [y] 0.09 0.05 0.09 048
Cultivars (B} 003 0.04 012 022
Phosphorus rates (8] 0.04 0.05 018 022
(A1 x(B) 0.04 0.06 0.17 032
[ISh ) 0.06 0.07 0.18 031
(BY%(C) 008 0.09 0.25 NS
(A) X (B () 011 0.13 044 NS

hyphae and some promoting substances as GA, IAA and
CKS [18-19]. Results in the above mentioned Table clearly
show that the three studied garden pea cultivars
significantly differed in days till flowering and marketable
green maturity in both seasons. Master B cultivar was the
earliest cultivar meanwhile, the latest one was Progress
No.9 i both seasons. These results may due to genetic
variation among garden pea cultivars [11, 14]. Results
illustrated in Table (3) clearly indicate that applying
phosphorus rates to garden pea plants sigmficantly
improved earliness i.e., days till flowering and marketable
green maturity in both seasons. Garden pea plants which
received the lowest phosphorus rate 1e., (11.25 kg
P,0./fed.) showed the highest days number till flowering
and marketable green maturity as compared to other
phosphorus rates in both seasons. These results may be
attributed to the beneficial effect of phosphorus on cell
division and the formation of carbohydrates as well as
reducing abscission of flowers and small fruits [1].
Concerning the mteraction effect, data m Table (3) reveal
that all possible interactions affect significantly garden
pea earliness except the interaction of cultivars x
phosphorus rates and the triple interaction in both
seasons. The combination among VA-mycorrhizal
moculants, Master B cultivar and 22.5 kg P,0.fed.

resulted m the least days number till flowering and
marketable green maturity in the two studied seasons.

Number of Seeds per Pod and Seeds Setting Percentage:
Results listed in Table (4) show that moculation of garden
pea plants with VA-mycorrhizal fungi lnghly increased
pods characteristics expressed as the number of
seeds/pod and seeds setting percentage as compared to
uninoculated plants in both seasons. The inoculated
plants exceeded uninoculated ones by (3.9 and 7.1%) as
mean of two seasons for number of seeds /pod and seeds
sefting percentage, respectively. This positive result
could be explained in the light of the fact that the hyphae
of VA-mycorrhizae explore much greater volume of soil.
In some cases, total mycorrhizal root surface was
increased 30 times more than non mycorrhizal roots [17].
Garden pea cultivars sigmificantly differed in pods
characteristics in the two experimental seasons. Master B
cultivar gave the highest values (8.30 and 84.57 %) as
compared to the lowest ones (7.09 and 6893%) of
Progress No. 9 cultivar as mean of two seasons for the
number of seeds/pod and seeds seting percentage,
respectively. These results may be due to that Master
B cultivar produce one pod per node. These findings are

in accordance with those reported by El-Shobakey [10],
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Table 5: Effect of VA-myerorrhizal inoculants, phospherus rates and their interactions on number of pods/plant and weight of 100- green seeds (g) in 2007/2008 and 2008/2009 seasons

Murrber of podsfplant. Weight of 100- green seeds (g)
2007/2008 2008/2009 2007/2008 2008/2009
Phosphorus rates Fhospherus rates Phosphorus rates Fhospherus rates
(B0, kg/fed) (O (B0, kgfed ) (O (B0, kg/fed) (O (B0, kgfed ) (O
Va-mycorrhiza (&)  Cultivars (B) 1125 225 3375 45 DMean 1125 225 3375 45 Mean 1125 225 3375 45 DMean 1125 225 3375 45 IMean
VA-mycorrhiza Iaster B 2050 2127 1923 1820 1980 1990 2103 2043 1983 2030 4887 5020 5017 4947 4968 5083 5143 5130 5117 5118
Early perfection 34.43 3580 34.23 3320 3442 3453 3630 3583 3533 33350 3613 37.13 3687 3640 3663 3530 3553 3360 3547 3548
ProgressNo & 3040 3163 3040 3010 30.63 3040 3173 3093 3040 3087 7003 &9.87 7000 £947 €984 7083 71.27 71.10 7050 7093
Iean 2844 2557 27.96 2717 2828 28128 2949 2907 2852 28389 5163 5240 5234 5178 5205 5232 5274 5267 5239 51253
With out
VA-mycorrhiza Iaster B 1443 1540 1640 1853 1619 1353 1540 1733 1877 1626 4487 4507 4587 4653 4558 4033 41.17 4247 4320 41.87
Early perfection 26,27 2833 3073 3243 2944 26.60 2847 3037 3223 2942 2910 30,00 3107 3277 3073 2880 29.97 31.17 3170 3041
ProgressNo. O 19,17 2193 2373 2530 2253 1877 2137 2380 2693 2272 6130 6253 6403 6573 6340 6107 61.93 6310 6390 6250
Ivlean 19.96 2189 2362 2542 2272 1963 2174 2383 2598 2280 4509 4587 4699 4834 4657 4340 4436 4568 4627 4493
Cultivars
X phosphorus Master B 1747 1833 17.82 1837 1800 1672 1822 1883 1930 1828 4687 47.63 4802 4800 4763 4558 4630 47.03 4718 4653
Early perfection  30.35 3207 3248 3282 31.93 3057 3238 3310 3378 3246 3262 33.67 3397 34358 3368 3205 3275 3338 3358 3294
ProgressNo. O 2478 2678 27.07 2770 2658 2458 2655 2737 2867 2079 6567 6620 6702 67.60 6621 6595 6660 6710 6720 6671
Ivlean 2420 2573 2579 2629 2396 2572 2645 2725 4838 4913 4367 50.06 4786 4855 4917 4932
L3D at 0.5 Level for
VA-mycaorrhiza [y] 0.50 0.47 0.50 076
Cultivars (B) 025 016 032 029
Phosphorus rates () 026 0.25 043 049
(8% (B) 035 022 045 040
[ISh ) 0.37 .33 0.53 069
B ) 045 042 N3 NS
(A) X (B () 064 0.60 0.92 NS
Table &: Effect of VA-mycrorrhuzal moculants, cultivars, phosphorus rates and their mteractions on shellout?s and total green pods yield Gon/fed.) n 2007/2008 and 20082009 seasons
Shellout %% Total green pods yield (ton/fed.)
20072008 20082009 20072008 20082009
Fhosphorus rates Fhospherus rates Fhosphorus rates Fhospherus rates
(B0, kg/fed.) (& B0 kgfed) (O (B0, kg/fed.) (& B0, kgfed ) (O
Va-mycorrhiza (&)  Cultivars (B) 1125 225 3375 45 DMean 1125 225 3375 45 Mean 1125 225 3375 45 DMean 1125 225 3375 45 IMean
VA-mycerrhiza Master B 5447 5600 55.90 5550 5547 5547 3637 5633 5623 5610 5267 5358 5268 5043 5.234 5441 5617 5467 5370 5474
Early perfection  49.80 5037 5027 5003 50.12 5023 5077 5010 4893 50.01 5545 5656 5533 5458 5548 5698 5847 5724 5596 5716
ProgressNo. & 47.60 4853 4843 4830 4822 4680 47460 4667 4670 469 4035 4192 4122 4012 4090 4.024 4271 4127 4068 4123
Mean 50.62 5163 5153 5128 51.27 5083 5158 5103 5062 5102 4.035 5060 4975 4338 4958 5.054 5245 5106 5012 5104
With out
VA-mycaorrhiza Master B 47.53 4860 50,03 5217 4958 4567 4620 4727 4893 47.02 3876 4084 4422 5216 4400 4479 4655 4864 5085 4768
Early perfection  43.83 4527 4577 4657 4536 4350 4460 4577 4627 4503 4507 4791 5184 5482 4991 4964 5132 5440 5758 5324
ProgressNo. & 41.57 4257 4377 4523 4328 4280 43467 4603 4840 4523 2798 3122 3365 3466 3187 2770 297% 3270 3720 3185
Mean 4431 4548 4652 47.99 4608 43.99 4482 4636 4767 4576 3727 3999 4323 4721 4193 4071 4255 4525 4849 4435
Cultwars
¥ phosphorus Iaster B 51.00 5230 5297 5383 5253 5057 5128 51.80 5258 5156 4571 4721 4845 5130 4817 4960 5136 5165 5218 5120
Early perfection 46.82 47.82 48.00 4830 4774 46.87 4768 47.93 4760 4752 5026 5224 5359 5470 5270 5331 5490 5582 5677 5520
ProgressNo. 9 4458 4555 4610 4677 4575 4480 4563 4635 4755 46.08 3416 3.657 3743 3739 3639 3397 3625 3.698 3.894 30654
Wean 4747 4856 4903 4963 4741 4820 48589 49724 4338 4534 4840 4780 4563 4750 4815 4.930
L3D at 0.5 Level for
VA-mycorrhiza (A 0.05 021 5726 37.57
Cultivars &) 011 0.43 2459 21.60
Phosphorus rates (8] 022 032 2928 2771
(A1 x(B) 016 .60 3477 30,54
(B X Q) 032 046 41.40 3919
EIx(0) 0.3% .56 50,70 47.99
LB C) 0.55 0.7% 71 67.87
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El-Murabaa et al. [11] and Mohamed [14]. Data in
Table (4) show that increasing phosphorus rates
significantly mereased pods characteristics expressed as
the number of seeds /pod and seeds setting percentage
for both seasons. Garden pea plants which received
the highest phosphorus rate (45 kg P,O,/fed.) produced
the highest values for pod characteristics as compared to
the lowest ones resulted from plants fertilized with lowest
phosphorus rate (11.25 kg P,O./fed.) in both seasons.
These results may be attributed to the beneficial effect of
phosphorus on cell division and the formation of
carbohydrates reducing abscission of
flowers and small fruits [1]. These results are in
accordance with those reported by Kasturikrishna &
Ahlawat [7] and Murat ef @l [8]. Results in the above
mentioned Table obviously reveal that the interaction

as well as

significantly affected the number of seeds /pod and seeds
setting percentage in both seasons. However, the
interaction (VA-mycorrhizal inoculants = Master B
cultivar x 22.5 kg P,O./fed.) aclueved the highest number
of seeds/pod and seeds setting percentage in
both seasons. Saim [28], Abd El-Ati ef al. [29] and
Kristekl et al. [30] came to the same general trend.

Number of Pods/Plant, Weight of 100-green Seeds (g),
Shellout Percentage and Total Green Pods Yield
(Ton/Fed.): Results illustrated in Tables (5 and 6) clearly
show that inoculation of garden pea seeds with VA-
mycorrihzal moculants significantly increased yield and
its components expressed as the number of pods/plant,
weight of 100-green seeds (g), shellout percentage and
total green pods yield (ton/fed.) as compared to
uninoculated ones in both seasons. Meanwhile, the
highest values were (28.6, 52.3, 51.1 and 5.031) as the
mean of two seasons for number of pods/ plant, weight of
100-green seeds (g), shellout percentage and total green
pods vield (ton/fed.), respectively. This positive result
could be explained by the greater volume of soil explored
by VA-mycorthizae hyphae. In some instances total
mycorrhizal root surface was increased 30 times more than
non mycorriizal [17]. Moreover,
micronutrients as Fe, Zn, Mn and Cu transferred through
the VA mycorrhizal hyphae [19]. In addition, the
merements of the previously discussed characteristics
due to the moculation with VA-mycorrhizal inoculants

roots several

surely reflect positively on yield and its components.
Data presented in Tables (5 and 6) obviously show that
garden pea cultivars markedly differed in yield and its
Furthermore, Early

components m both seasons.
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perfection cultivar produced the highest values for
mumber of pods per plant and the total green pods yield
(tonffed.) as compared to the other studied cultivars in
both seasons. These findings may be due to that Early
perfection cultivar produces two pods per node and the
highest number of branches/plant. These results are in
accordance with those reported by El-Shobakey [10] and
Jangpo et al. [13]. Regarding the effect of various applied
rates of phosphorus fertilizer, the obtained results reveal
that applying phosphorus fertilizer gradually increased
nmumber of pods per plant, weight of 100-green seeds (g),
shellout percentage and total green pods yield (ton/fed.)
from the lowest rate (11.25 kg P,0./fed.) up to the hughest
one (45 kg P,0O/fed). These results may be attributed to
the beneficial effect of phosphorus on cell division and
the formation of carbohydrates as well as reducing
abscission of flowers and small fruits. Garden pea yield
and its compeonents can be enhanced by phosphorus
fertilizer [7-%].

Concerning the mteraction effect, data show that
most possible interactions were significant for the yield
and its components. However, the most interesting result
that the interaction among VA-mycorrhizal
inoculants, Early perfection cultivar and 22.5 kg P,O./fed.
resulted in the highest total green pods yield (5.656 and
5847 ton/fed) in the season,
respectively. This may be due to that the same interaction
produces the highest number of pods/ plant. Smith and

was

first and second

Smith [21] mentioned that there is extensive evidence for
a decrease 1n the number of arbuscules under high
external phosphorus. El-Shaikh and Mohammed [31]
worked on okra plants and found that using of VA-
mycorrhizal inoculants as biofertilizer may replace the
application of 50% and 33.3% of the recommended
dose of phosphorus chemical fertilizer for both
total green fruits yield (ton/fed.) and total seed yield
(kg/fed.), respectively. Under such conditions, the
interaction among VA-mycorrhizal inoculants, Early
perfection cultvar and 22.5 kg P,0.fed. could be
recommended to achieve the highest total green pods
yield, save enormous amount of phosphorus fertilizer
(50% from the recommended dose) and mimmize both
garden pea production costs as well as the environmental
pollution.
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