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ABSTRACT

Two field trials were carried out in two successive
growing seasons of 2006 and 2007 at Elbehara
Governerate - Faculty of Agriculture to study the
combination effects of seed inoculation (with Rhizobium
and without), nitrogen fertilization with (0O, 48, 96 kg N/ha)
and foliar molybdenum application(0 and 30 pg Mo/l as
sodium molybdate) on plant height, branch number, plant
fresh weight, plant dry weight, average number of green
pods per plant and green pods yield ha’ as well as
nitrogen and molybdenum contents in leaves of bean
plants Giza3.

The highest values of all investigated parameters
were obtained with a combination of seed inoculation,
molybdenum application and nitrogen fertilization of 96
kg N/ha. Polynomial quadratic models wer e developed and
used to describe green pods yield responses. Four
polynomial equations were established to express the
relationship among green pods yield and application rate
of N fertilizer, molybdenum fertilization and Rhizobium
inoculation for each season. The calculated yields in the
two seasons closely approximate experimental yields as
evidenced by the highly significant value of coefficient of
deter mination (R?).

INTRODUCTION

Legume crops are not only used as human diet but
also for improving soil fertility through biological
nitrogen fixation. Among the grain legumes, common
bean (Phaseolus vulgaris) is the most important pulse
crop in the world .It is an important source of calories,
proteins, dietary fibers, mineras and vitamins for
millions of people in both developing and developed
countries (Consideine, 1992). Egypt is the main
exporter of green beans; therefore the expansion in
green bean cultivation has exhibited impressive growth
during the past severa years with a cultivated area of
21.3 thousand hectare with a production of 215
thousand tones of green beans (FAO Statistics, 2007).
Beans are capable of fixing atmospheric nitrogen
through Rhizobium species living in root nodules.
However, poor nodulation of beans under Egyptian
agro-ecological conditions is considered the major
cause of its lower yield. Inoculation of beans with
Rhizobium increased plant height, leaf area,
photosynthetic rate and dry matter production (Thakur
and Panwar, 1995). Brar and Lal (1991) found an
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increase yield of mungbean with inoculation of
Rhizobium. Also Srivastava et al. (1998) reported that
inoculation of pea seeds with  Rhizobium
leguminosarum gave maximum pod yield of pea. On the
other hand Solaiman and Khondaker (2002) stated that
maximum green pod yield of 30.78 g/plant (111%
increases over uninoculated control) of pea was
obtained when plants were inoculated with Rhizobium
strains.

Molybdenum (Mo) is an essential micronutrient for
plants, bacteria and animals. Molybdenum is directly
related to metabolic function of nitrogen in the plant
through nitrate reductase enzyme that reduces the
nitrate to nitrite, and this the first step of the
incorporation of nitrogen to proteins (Marschner 1995).
Molybdenum also participates as co - factor of
nitrogenase, responsible for biological nitrogen fixation.
Jongruaysup et a. (1993) stated that crops developing
symbiosis with rhizobium bacteria had increased
molybdenum requirements. Deficiency of this element
causes a reduction of nodulation and nitrogen fixation.
Chaha and Chaha (1991) claimed that foliar
applications of molybdenum stimulated nodulation and
biological nitrogen fixation, thus increasing the legume
yield.

These investigations aimed to study the effect of
seed inoculation with Rhizobium, nitrogen fertilization
and foliar nutrition with molybdenum on growth and
yield of common bean.

MATERIAL AND METHODS

Two experiments were conducted in two successive
growing seasons of 2006 and 2007 a Elbehara
Governerate - Faculty of Agriculture, Alexandria
University. Soil chemical and physical properties of the
experimental soil were determined according to the
methods reported by Page et a. (1982).The main
chemical characteristics of the two soils are summarized
as follows : N 0.17 and 0.15 %, P 0.06 and 0.065%, K
0.13and 0.12%, pH 7.8 and 7.85 and, Mo 0.142 and
0.134 ppm in the seasons of 2006 and 2007
respectively.

The experimental layout was a split- split plot
system in a randomized complete blocks design with
three replications. Rhizobium inoculations were
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arranged in the main plots, Inorganic nitrogen rates
were assigned to sub-plots and molybdenum rates
were

distributed in the sub-sub plots. The plots were formed
by three rows of 5m length, and 0.7 m width. Common
bean (Phaseolus vulgaris L.) Giza-3 cultivar was used
in both years of investigations (summer of 2006 and
2007 seasons).

Each experiment was established with 12 variants
represented the combinations among; seed inoculation
(with and without nitrogen fixing bacteria of genus
Rhizobium), three inorganic nitrogen fertilizer rates (O,
48 and 96 kg N ha and two molybdenum rates (0 and
30 ug Moll) as sodium molybdate.

Bean seed inoculations were done with the
symbiotic N-fixing bacteria of genus Rhizobium by
coating the seeds at the rate of 20gms of Ogadin /kg of
seeds using staking substance (Arabic gum 5%) just
before sowing and then were directly sown on one side
of the row at 15 cm intrarraw spacing. Nitrogen was
applied by hand as ammonium sulphate (20.5%N) at
two equal doses; 3 and 5 weeks after sowing.
Molybdenum foliar fertilization was applied at 15 and
25 days after plant emergence as sodium molybdate (30
ug Mo/l as sodium molybdate (NaeMoO, - 2 H,0).
Phosphorus and potassium fertilizations were aso
applied in doses of 72 kg P,Os/haand 115kg K,O /ha as
calcium super phosphate (15.5% P,Os) and potassium
sulphate (48% K ,0) respectively.

The data of vegetative growth characters were
recorded using five random chosen plants from each
treatment, 60 days after seed sowing. The following
measurements were recorded: Plant height, Number of
branches plant™, Plant fresh and dry weight, and leaf
areaplant™
Green podsyield and its components:

At harvesting time plants of the second row was
allocated to measure the following data: number of
green pods plant™ and green pods yield ha.™
Chemical analysis of leaves:

Wet digestion was performed on |leaves according
to Chapman and Prait (1978). Molybdenum
concentration (ug/g dry wt.) was estimated by using
Atomic Absorption Spectrophotometer according to
Villora, et al. (2002). Total Nitrogen was determined
using micro- kjeldahl method according to Ling (1963).

Statistical analysis

The obtained data were statistically analyzed using
SAS Software program (1996). Comparisons among the
means of different treatments were conducted using the
Least Significant Difference Procedure at P=0.05 level
asillustrated by Al-Rawy and Khalf-Allah (1980).

RESULTSAND DISCUSSION

The main effects of Rhizobium, nitrogen and
molybdenum

Tables (1and 4) showed that Rhizobium inoculation
treatments significantly, increased al the vegetative
growth of bean plants in both seasons compared to
uninoculated control. Meanwhile, branch number in
the first season and plant height in the second season
reflected a similar trend though the differences were
insignificant. Rhizobium inoculation significantly
increased plant fresh and dry weights and green pods
yield by 9.45, 6.27 and 15.37 %; 15.17, 7.23 and 19.7
% in the first and second seasons respectively. The
beneficial effects of these bacteria have been attributed
to their ability to produce various compounds including
phytohormones, organic acids and fixation of
atmospheric nitrogen (Lazarovits and Nowak, 1997 and
Noel et al., 1996). These findings agree with the results
of Solaiman and Khondaker (2002) who reported that
peas green pods yield increased by 111% over
uninoculated control when plants were inoculated with
Rhizobium strains. Kanaujia et al. (1998) obtained
similar result with pea crop. Also it can be noticed from
the data of Table(4) that Rhizobium inoculation
significantly increased N and Mo contents of leaves as
compared to the control in both seasons. This
inspection was confirmed by Moawad et al. (2004),
who mentioned that Rhizobia inoculation showed a
positive response due to enhanced plant growth and N
values compared to control.

Nitrogen application rates (Tablesl and 4) had
significant effects on the plant height, number of
branches, plant fresh and dry weight, and number of
green pods as well as green pods yield in the two
growing seasons compared to the control treatment.
Increasing nitrogen levels up to 96 kg N ha* reflected
positive effects on vegetative growth characters and
green pods yield. Nitrogen treatments of 48 and 96 Kg
Nha’ increased leaves area by 17.11 and 31.65; 21.73
and 33.47 % whereas green pods yield increased by 61
.91 and 97.3; 60.27 and 106.4 % over the control in the
first and the second seasons respectively. The obtained
results are in accord with those of Arisha and Bardisi
(1999) who reported that the number and yield of green
pods plant™® as well as the total green pods yield were
significantly increased with increasing the applied
nitrogen up to 192 kg N ha'. Ismail (2002) indicated
that addition of 216 Kg N ha™., to the growing pea



Elkhatib, H.A.: Growth and Yield of Common Bean (Phaseolus VulgarisL.) in Response to Rhizobium Inoculation, Nitrogen ... 321

plants, was sufficient for the plants to express their best researchers such as Solieman et al. (2003), and gabr et
performance on the green pods yield and its a (2007) on peaplants.
components. Similar trends were reported by severa
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Table 2. The first order interaction effects of Rhizobium, nitrogen fertilization and molybdenum foliar application on vegetative
growth parameters of common bean plants during 2006 and 2007 seasons

Treatments 2006 2007

Plant height Branch Plant fresh Plant dry Leaves area  Plant Branch Plant Plant dry Leaves area

(cm) number wt. (2) wt. (em?) height numbe  fresh wt. ( em?)

(4] (cm) rs wt. (@) (g

Rhizobium +Nitrogen
RO+ NO 3644 ¢ 25¢ 6343 e 12274 612.33 ¢ 30.584d 233 e 5248d 1192e 619.22d
RO+ N1 38.27d 4.0b 74.72 ¢ 1549 b 694.67 be 33.37¢ 3.17c¢d  6437c¢c  14.12¢ 731.37hc
RO+ N2 39.83b 48a 85.87b 1774 a 792.72 a 36.1 ab 433ab  7462b 1625a 810.67 ab
R1+NO 36.55e 25¢ 70.10e i3.61c¢ 63792 ¢ 3272 cd 266de  62.55¢ 12.96d 649.87 cd
R1+ N1 39.30 ¢ 3.8b 88.38d 16.52b 769.63 b 35.0 be 3.83bc  7273b  15.30b 813.5ab
R1+ N2 41.72a 48a 93.05a 18.09a 85343 a 38.62a 483 a 8§523a 17.09a 88323 a
Rhizobium + Molybdenum
RO+ MO 37.78 ¢ 3.67a 72.56 ¢ 14.91c 69347b 32.54b 3.11b 61.41d 13.78¢ 70448 b
RO+ Ml 38.58b 3.89a 76..79 b 15.41 be 706.34 ab 34.16 ab 3.44ab  6623¢  14.41bc 736.36 ab
R1+ M0 38.71b 3.88a 79.26b 15.81ab 742.98 ab 3471 a 356ab 71.47b 1487 ab 754.54 ab
R1+ Ml 39.67a 355a 84.2a 16.42a 76434 a 36.23 a 40a 75.54a 1536a 809.86 a
Nitrogen + Molybdenum
Np+ M0 36.31e 25¢ 64.58 f 1246 ¢ 619.1d 3095d 2.17d 55.55d 11.98d 614.80 d
Ny + M1 36.68 ¢ 25¢ 68.95¢e 1341 ¢ 631.15d 32.35cd 2.83cd 5948d 129¢c 654.28 cd
N, + M0 38.28¢ 40b 75.87d 1593 b 7224 c¢ 33.7bc 333bc 655¢c 14.52b 742.23 be
N; + Ml 39.28¢ 3.8b 809c 16.08 b 741.9 be 34.75 be 3.67b 71.59¢  1490b 802.63 ab
N+ MO 40.15b 4.83a 87.29b 17.69 ab 813.17 ab 36.23 ab 45a 7827 a 1647 a 831.5ab
N, + Ml 4140a 4.83 a 91.63a 18.15a 832.98 a 3848 a 4.67 a 81.58a 16.86a 8624 a

Rizobium inoculation rates: RO = uninoculated (control) and R1 = inoculated with Rizobium.

Mineral nitrogen rates (kg N ha!y : NO = without nitrogen (control),N1= 48 and N2= 96 kg N ha'l.
Molybdenum rates: MO — without molybdenum (control) and M1=30 pg Mo/! as sodium molybdate
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Table 3. The second order interaction effects of Rhizobium, nitrogen fertilization and molybdenum foliar application on vegetative
growth parameters of common bean plants during 2006 and 2007 seasons.

Seasons 2006 2007
Treatments Plant Branch Plant Plant dry Leaves Plant Branch Plant Plant dry Leaves arca
height number fresh wt. (g) area height number fresh wt.  wt. (g) (em?)
(cm) wt. () (em’) (cm) (3)
Rhizobium+ Nitrogen
+Molybdenum
RO + NO + MO 36.28 g 2.33d 61371 11.88¢ 608.87d 299 ¢ 20g 4983 ¢ 1142 ¢ 60043 ¢
RO+ NO + Ml 366¢g 2.67cd 65 hi 12.65 fg 6158d 31.27 de 2.67 efg 55.13fg 12.41 fg 638.00 de
RO+ N1 + MO0 379 f 4.0 ab 72.37fg  1547de 689.67bcd  32.7 cde 3.0 defg 61.47 ¢ 13.96 de  713.97bcde
RO+ N 1+ Ml 3628¢ 2.33d 77.07ef 15.5de 699.67 bed  34.03 bed 3.33 cdef 67.27 cde  14.28 de 748.77bcde
RO+ N2+ MO 39.37de 467ab 83.93cd 17.38abc  781.87ab  35.03 be 4.33 abc 72.93bc  15.95abc  799.03 abc
RO + N2 + Ml 40.3 be 50a 87.8bc 18.09ab 803.57ab _ 37.17 ab 4.33 abc 7630 16.54 ab 822.3 abe
R1+NO + M0 3633 ¢ 267cd 67.8gh 13.04fg 629.33d 31.0 cde 233 fs 61.27ef 1253 fg 629.17 de
R1+NO+ Ml 36.77¢g 233d 724fg 14.18ef 646.5 cd 33.43 cde 3.00 defg 63.83de  13.39ef 670.57cde
R1+ N1 + MO 38.87¢ 4.0 ab 79.37de  16.39 cd 755.13 abc  34.7 bed 3.67bcde  69.53cd  15.08 cd 770.50 abed
R1+ N1+ Ml 39.73 cd 3.67bc 84.73cd 16.65 bed 784.13ab 3546 be 4.0 abcd 7593 b 15.53 be 856.5 ab
R1+ N2+ M0 4093b 50a 90.63ab  17.99 ab 862.4a 37.43 ab 4.67 ab 83.60 a 17.0a 863.97 ab
Rl + N2+ Ml 425 a 467ab 9547a 1842a 844.47a 39.8a 50a 86.87a 17.18a 902.5a

Rizobium inoculation rates: RO = uninoculated (control) and R1 = inoculated with Rhizobium.
Mineral nitrogen rates (kg N ha) : NO = without nitrogen (control).N1= 48 and N2= 96 kg N ha'.
Molybdenum rates: MO = without molybdenum (control) and M1=30 ng Mo/l as sodium molybdale



ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL. 30, No. 2 APRIL-JUNE 2009

322

ojepqAouwt wnIpos se /o 81 0€ =1\ Pue (jonuod) wnuapq&[out oYM = QW : SeIed wNuapqAoN
BUN 3% 96=CN PUE 8 =1 N‘(]013U02) usFonu moyim = ON © (BU N 3Y) sores usgoayu [eIau N
“Wniqozny Yim pare[moout = [ pue (jonuod) patenOOUIUN = (Y S3JR UOHEINIOUL wniqozry

VvV €OV 0 Vore Yoro vV TT6l vV 8LE0 V L9¢ vV 759 vV LUIC "W
d9110 qg17¢ d1¢¢ dcLl'L] qg621'0 deve d66'S aorel ‘W
wnuapqAToN
vV LEE0 V 68°¢ VL L V 80°¢€C vV 600 Vv VvV £0°8 V8S ¥l IN
q 6¥T0 do6v'¢ 109 q1¥8l dvsTo g8S°¢ d4659 d 0007 'N
2161°0 D18¢ O6LE DT6'EL JL61°0 206C LY 2651 N
59781 USTONIN
VY $#0£°0 Vire Vv 8¢9 v £8'61 v 8LT0 VILe V 899 V LTTT N
gcizo de6l't dees dai1r'Ll dq 870 div'e g6LS g ¢0'8l N
wWNIqOZIvY
(uo03)

- e pratk - uerd (uoy) ,_ ey - yuepd pod
O % N pod udaary  pod ua213 Jo ON oA AN pPik pod w1 U333 Jo ON JUDUNEBIL],
L00T 900¢C SUOSEas

suoseas £(0Z pue 9007 Surnp sjue|d uwaq uowWuIod

JO SIUI)UOD [LIIUIW puUB PJAIA Uo uonedrdde Je1[0] WNUIPYA[OW puE UONEZI[I9) woS0NTU “WnIqozZIYY JO SI09JJ3 WEN * ¥ IqEL



Elkhatib, H.A.: Growth and Yield of Common Bean (Phaseolus VulgarisL.) in Response to Rhizobium Inoculation, Nitrogen ...

Molybdenum treatment (Tables 1 and 4) significantly
increased al the studied vegetative growth characters
and green pods yield of common bean plants in both
years of investigations. Treated common bean plants
with molybdenum achieved higher plant fresh and
green pods yield by 6.03and 9.57; and 6.69 and 11.79%
compared to the control in the first and the second
seasons respectively. Similar results were reported by
Chahal and Chaha (1991), who treated pea with
molybdenum (30 pg/l) and achieved significantly
higher yields of dry matter compared to untreated
plants. On the other hand Mo foliar application
significantly increased leaves N and Mo contents in
both seasons .The higher Mo contents in bean plants
with Mo application are similar to that reported for
groundnut and soybean (Gupta, 1997)

First order Interactions of Rhizobium, Nitrogen and
Molybdenum

1-Interaction
nitrogen
The data presented in Tables (2 and 5) reflect the
effects of the first degree interaction between
Rhizobium and nitrogen fertilization levels, on
vegetative growth characters, green pods yield and
leaves N and Mo contents of common bean plants in
the two growing seasons. The results of the two seasons
indicated that the means of all studied characters
increased  significantly  within  the  treatment
combinations involving seed inoculation comparing
with uninoculated treatment. Soil application of N at
the rate of 96 kg N ha' to the inoculated seeds
produced the best interaction effect among the different
combination for all the studied characters in both
seasons. These data are in accordance with those of
Ishag (2002) who reported that inoculation pea seeds
with the biofertilizers and N application attained the
best results on plant height, fresh and dry weight plant™
and dry matter content of leaves and stems. Also the
present results agreed to a great extent, with those
reported by Merghany (1999) who reported that fresh
and dry weight of snap bean increased with increasing
N fertilization up to the rate of 216 kg Nha™. Chetti et
al. (1995) studied the effect of nitrogen and Rhizobium
inoculation on the productivity of groundnut genotype
and reported that both nitrogen application and
inoculation had significant positive effects on
groundnut yield. Kelner et al. (1997) and Lamb et al.
(1995) reported that forage legumes have a high
capacity to fix N2 even if high levels of mineral N are
available in the sdil. With respect to N and Mo contents
of leaves of common bean (Table 5) data indicated that
raising applied N levels to 96 kg N ha' significantly

effects between Rhizobium and
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increased leaves N and Mo contents over that of the
control treatments.

2-Interaction effects between Rhizobium and
molybdenum

The combined interaction of Molybdenum and
Rhizobium inoculation and its influence on vegetative
growth characters and green mass yield of common
bean plants in the two growing seasons are shown in
Tables (2 and 5). The differences occurred between the
various treatments are statistically significant in both
seasons. The combined effect of Rhizobium inoculation
in the presence of molybdenum revealed the highest
value in both seasons. Rizobium inoculation with Mo
leaf spray caused a positive effect on the most of
vegetative growth characters, green pods yield and
leaves nitrogen and molybdenum contents in both
seasons. The inoculated treatments and Mo fertilization
increased Plant fresh weight and pods green yield by
16.04 and 26.16 %; and 23.0 and 45.86% in the first
and second seasons respectively. Similar results were
obtained by Yanni (1992) who reported that the seed
yield of Rhizobium inoculated legume crops is
increased strikingly by Mo fertilization. The role of Mo
as a plant nutrient is related to its function as a metal
component of some enzymes that catalyze nitrogen
fixation, nitrate assimilation and reduction (Svetsov et
a., 1992). A recent study by Hristozkova et a. (2007)
established that foliar application of nutrients on pea
reduced the inhibitory effect on the root nodulation and
nitrogen assimilator enzyme activities due to
molybdenum shortage when plants were inoculated
with Rhizobium.

3- Interaction
molybdenum

The comparisons among the means of various
treatment combinations of molybdenum treatments and
the nitrogen fertilization levels on vegetative growth
characters and green pods yield and leaves nitrongen
and molybdenum contents of common bean plants are
illustrated in Tables (2 and 5). The results of the two
seasons indicated that the highest mean values of all
studied characters were obtained from the bean plants
that were fertilized with nitrogen at the rate of 96 kg N
ha* and sprayed with molybdenum. Plant fresh and dry
weights and green bean yield increased by 41.88, 45.66
and 120.48 %,; and 46.86, 40.73 and 134.59% of the
control in the first and the second season respectively.
Berger et a. (1996) found that the Mo foliar applied
dosage of 78 g ha® provided an increase in yield
by163% when compared with control. Also Maurya et
al. (1993) reported that N uptake increased with Mo
application in black gram and Mo application positively

effects between nitrogen and
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affected plant N-yield in noninoculated or inoculated
plants. Mendel and Hansch(2002) reported that the
stimulatory effect of Mo application could be due to the
increase of the metabolic pools required for the
synthesis of saccharides, along with the enhanced
photosynthetic capacity.

Second order Interactions of Rhizobium, Nitrogen
and Molybdenum

The second order interactions among al studied
factors showed that different studied parameters of
vegetative growth, green pods yield and leaves nitrogen
and molybdenum contents of common bean plants are
significantly affected (Tables 3 and 6). The best
treatment combinations that involved seed inoculation,
molybdenum  foliar  application and nitrogen
fertilization at the rate of 96 kg N ha'gave the highest
mean values of green pods yield, plant fresh and dry
weights and N and Mo contents. The obtained results
are in agreement with those presented by Krishnasamy
et al. (1985) who reported that molybdenum and
nitrogen application significantly increased grain and
straw yields of cowpea. Gungula and Garjila (2006)
also reported that molybdenum application has been
found to significantly increase pods yield of cow pea.
On the other hand, Waterer et al. (1992) found that
peas plants grown in the presence of NH, fixed as
much or more N, than the plants supplied with
minus - NH," nutrient solution.

10

Polynomial Quadratic Models.

The polynomial quadratic model was used to
describe bean yield response to nitrogen increments
under molybdenum fertilization and Rizobium
inoculation in two successive summer growing seasons.

The polynomial quadratic model used in the form:
Yi=Bo+ By Xi £ B, X (1)
Where: Y; is the expected yield corresponding to

nutrient rate X; By is the intercept, and B; and B, are
the linear and quadratic coefficients, respectively.

The method of the least squares using the
experimental results was used to calculate the values of
Bo , B; and B, in the polynomia moded. Thus 4
polynomial quadratic models were established to
express the relationship between green pods yield and
application rate of N fertilizer under Molybdenum
fertilization and Rhizobium inoculation for each season
(Table7and Figs 1 & 2).

The calculated yields in the two seasons closely
approximate experimental yields as shown from the
highly significant value of determination coefficients
(Figs. 3 and 4). Therefore it can be concluded that the
effect of nitrogen application, Rhizobium inoculation
and molybdenum fertilization on increasing green pods
yield could be successfully predicted by using
polynomial quadratic equations.

- = Y4 (R1, M1)
9,
- =Y3(R1, M0)
84 = = =Y2(RO, M1)
—
F e
- Y1 (RO, MO) - -
. —A
/
6 - - -
-

Green podsyield ( TorV ha)

Y4 = -0.0003x> + 0.069x + 4.9

R?=1
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Fig. 1. Green pods yield response curve of common bean cultivar (Giza 3) to nitrogen
fertilization Rhizobium inoculation and molybdenum foliar application during the season

of 2006
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Fig. 2. Green yield response curve of common bean cultivar (Giza 3) to nitrogen
fertilization, Rhizobium inoculation and molybdenum forliar application during the season

of 2007
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Fig. 4. Correlation between exeperimental and predicated green pods yield of common
beans as affected by nitrogen fertilization, Rhizobium incolation and molybdnum foliar
application during the season of 2007
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Table 6. The second order interaction effects of Rhizobium, nitrogen fertilization and Molybdenum foliar application on yield
and mineral contents of common bean plants during 2006 and 2007 seasons

Seasons 2006 2007

No of green Green pod N% Mo ppm No of green  Greenpod N% Mo ppm
Treatments pod yield ha ™' pod yield ha ™!
Rhizobium+Nitrogen+Molybdenum
RO + NO + MO 13.67¢ 341h 264f 0.083 g 12.33 h 309¢g 23¢g 0.067 £
RO+ NO + Ml 15.00 fg 3.88 gh 2.81ef 0.266d 13.00 h 378 fg 241f1g 0.2384d
RO +N1 + M0 17.00 ef 587e 3.27cdef 0.127 efg 16.33 fg 526e 3.21d 0.117ef
RO+ N1+ M1 1833 ¢ 6.25de 3.57 bed 0.313 cd 17.67 ef 5.67¢ 3.59¢ 0.299 cd
RO + N2 + M0 21.00cd 745¢ 3.9 abc 0.146 ef 20.66 cd 691 cd 3.65be 0.143 ¢
RO +N2 + Ml 2333 bc 7.87b¢ 423 ab 0.436b 22.67 be 728 be 393 ab 0.428 b
R1+NO + MO 16.33 ef 412 ¢ 2.90 def 0.107 fg 14.33 gh 3.78 fg 2.63 ef 0.090 ef
RI +NO + Ml 18.67 de 490 f 3.25 cdef 0.331c¢ 16.00 fg 437fF 2.70e 0.370 be
R1+N1+M0 21.33 ¢ 6.74d 3.50 cde 0.164 ¢ 19.00 de 6.14 de 3.60c¢ 0.144 ¢
R1+ N1+ Ml 2333 be 7.51bc 3.95 abe 0410b 20.66 cd 7.00 cd 356¢ 0.438b
R1+ N2+ MO 25.66 b 8.09b 438a 0.144 ef 23.67 ab 7.92b 3.82bc 0.137 ef
R1+N2+ Ml 28.33a 8.72a 437a 0.513a 2533a 8.86 a 42a 0.641a

Rhizobium inoculation rates: RO = uninoculated (control) and R1 = inoculated with Rhizobium.
Mineral nitrogen rates (kg N ha"): NO = without nitrogen (control), N1= 48and N2= 96kg N ha'.
Molybdenum rates: MO = without molybdenum (control) and M1= 30 ug Mo/l as sodium molybdate
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Table 7. The polynomial quadratic equations expressing beans green podsyield as affected
by N fertilization, Rhizobium inoculation and M olybdenum application

Treatment Polynomial Quadratic Equations

Season 2006

Ro Mo Y1=341+0.060x—-0.0002x*> (2

Ro M, Y2=23.88+0.057x—0.0002 x* (3

R1 Mo Y3=4.12+ 0.068x —0.0003 x* (4)

Ry M; Y4=49+ 0.069x—0.0003x*> (5)
Season 2007

Ro Mo Y1=23.09 + 0.0506 x — 0.0001x*>  (6)

Ro M, Y2=3.78+ 0.0423 x — 6E-05x*  (7)

R: Mo Y3=3.78 + 0.0552x — 0.0001x*>  (8)

Ry M, Y4 =4.37 +0.0628x — 0.0002x*  (9)

Ro Mg =- Rhizobium inoculation and - molybdenum fertilization
Ro M= - Rhizobium inoculation. and + molybdenum fertilization
R1 Mo= + Rhizobium inoculation and - molybdenum fertilization
R; M= + Rhizobium inoculation and + molybdenum fertilization
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