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ABSTRACT

Two field experiments were conducted 2015 and 2016 to study the
influence of rhizobium and/or mycorrhiza inoculation under 50% of
recommended mineral nitrogen and phosphorus doses compared with 100%
recommended doses of nitrogen and phosphorus (control) on growth, pods
yield and its components and leaf chemical constituents of snap bean cvs.
Paulista and red kidney bean plants. The obtained results, obviously, study
revealed that the red kidney bean showed better performance significantly than
Paulita for all the studied characters, in both seasons. Fertilization treatment of
100%pp and/or 50%np + dual inoculation with rhizobium and mycorrhiza gave
the most favorable effect comparing with other fertilization treatments for all
studied characters, in both seasons; without significant difference between
them; except for 100%np Which gave significant higher shoot fresh weight
compared with 50%np+RM, in both seasons. The interaction effect between
bean cultivars and fertilization treatments showed significant superiority of
100%pp or 50%np+ dual inoculation of rhizobium and mycorrhiza with red
kidney bean for most cases without significant difference between them, in
both seasons. Results of this investigation referred to the ability of reducing
nitrogenous and phosphorus mineral fertilization with 50% by using the dual
inoculation of mycorrhiza and Rhizobium for achieving the same growth and
yield with lowering the consequential environmental hazardous from intensive
mineral fertilization use.
Keywords: Rhizobium — Okadeen — mycorrhiza — dual inoculation — snap

bean — red kidney bean

INTRODUCTION

The environmental impact of nitrogen and phosphorus mineral
fertilization becomes one of the most important issues in intensive crops
production. The excessive use of such two types of fertilizers is causing
serious environmental problems (Breeuwsma and Silva, 1992; Ju et al., 2009).
Because of the adverse effects of intensive use of mineral fertilization, there is
main stream toward using of biofertilizers which considered as renewable
source of nutrients of grown plants instead of using mineral fertilization. In
addition, biofertilization is low-coast source of nutrients especially for small
scale farms (Carvajal-Mufioz and Carmona-Garcia, 2012; Bhattacharjee and
Dey, 2014).
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Biofertilization is depending on using of plant growth promoting
microorganisms (PGPM) which have many beneficial effects on host plants
such as enhancing plant growth, increasing the yield and its quality, in
addition to increasing the ability of the grown plants against biotic and abiotic
stresses (Avis et al., 2008; Nihorimbere et al., 2011; Bhardwaj et al., 2014).

One of the important approaches in sustainable agriculture is the co-
inoculation that defined as using of two or more of beneficial microorganisms
as biofertilizers. Many research peppers discussed the role of dual inoculation
of rhizobium and mycorrhiza as biofertilizers for leguminous crops. Generally,
they found that the dual inoculation of rhyzobium and mycorrhiza has many
beneficial effects on the leguminous crops such as increasing of the bean
plants ability to establish more successful legume-rhizobium symbiosis as well
as increasing the mycorrhiza colonization (Badr EI-Din and Moawad, 1988;
Abd-Alla et al., 2014), decreasing the used quantities of P and/or N chemical
fertilizers up to 50% (Ahmed et al., 2006; Talaat and Abdallah, 2008; Dar et
al., 2015; Aboutalebian and Malmir, 2017); or may be save more N
fertilization under other circumstances (Soares et al., 2016), enhancing the
host plants performance in both of vegetative growth or yield and its
components traits (Daneils-Hylton and Ahmad, 1994; Geneva et al., 2006;
Talaat and Abdallah, 2008; Arumugam et al., 2010; Bhattachaerjee and
Sharma, 2012 and Moradi et al., 2013) and also using for controlling the soil
porn diseases (Dar et al., 1997 and Aysan and Demir, 2009).

The aim of this investigation is to study the effect of inoculation with
rhizobium (R), mycorrhiza (M) and their co-inoculation (RM) in combination
with 50% of the recommended doses of N and P mineral fertilization (50%np)
on the vegetative growth and yield and its components, and leaves chemical
composition of snap bean cvs. Paulista and red kidney plants under field
conditions.

MATERIALS AND METHODS

This investigation was conducted in the two successive summer
seasons of 2015 and 2016 in Etai El-Barod Research Station, Agriculture
Research Center, Egypt during

Two snap bean cultivars were used, Paulista as well as red kidney bean
that used in Egypt for local consumption of its green pods. The inoculations
were Rhizobium leguminosarum biovar. Phaseoli (R) that derived from
Biofertilizers Unit-The Soil, Water and Environment Research Institute under
the commercial name of "Okadeen”; and the mycorrhiza (M) as Glomus spp.
that was in the form of suspension of spores and root pieces was derived from
the of Biofertilization Unit, faculty of Agriculture, Saba Basha, Alex. Univ.

Randomized complete Blocks Design was achieved split plot system;
where the snap bean cultivars were randomly allocated in main plots at 22\2
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and 27\2 in the years of 2015 and 2016, respectively. The sub-plots were

occupied by fertilization treatments as follows:

1- Recommended doses of N and P (100%yp) to serve as control.

2- Half recommended doses of N and P (50%np).

3- Half recommended doses of N and P+inoculation with rhizobium
(50%nptR).

4- Half recommended doses of N and P+inoculation with Mycorrhiza
(50%ppt M).

5- Half recommended doses of N and P+dual inoculation with rhizobium and
mycorrhiza (50%np+RM).

The recommended doses of nitrogen and phosphorus were 60 kg N fad.™ and

30 kg P,0s fad.™; which used in the forms of ammonium sulfate (20.6%) and

mono super phosphate (15%), respectively.

Potassium fertilization was added according to the recommended (48
kg K,O fad.™) in the form of potassium sulfate (48%). All other agricultural
practices were done as followed in the commercial production of bean crop.
Soil samples of the experimental site of the both seasons were collected and
physically and chemically analyzed according to the published procedures of
Black et al. (1965).

Table 1. The physical and chemical properties of the experimental site in
seasons of 2015 and 2016

Parameter 1°" season 2" season

Physical analysis

Clay (%) 60.41 59.61
Silt (%) 32.50 31.80
Sand (%) 7.09 8.59
| Texture class Clay Clay
Chemical analysis
EC (dS/m) 1.93 1.61
pH 7.70 7.75
CaCO; 3.15 2.45
0.M% 0.68 0.54
HCO; 0.85 0.70
Total N (ppm) 41.78 41.09
Total P (ppm) 2.66 2.34
Total K (ppm) 74.11 68.34

Rhizobium "Okadeen"” inoculum was mixed well with colored sugar
solution and added to seeds of the tested bean cultivars which spreading on a
clean plastic sheet under shading before sowing. Whereas, the mycorriza
inoculation was carried out by mixing the maycorrhizal suspension with the
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soil, immediately, before the sowing the inoculated bean seeds with
rhizobium.

The measured characters were vegetative growth characters (plant
height, cm; branches number plant™; leaf area plant™, cm? leaves number
plant™; shoot fresh and dry weights plant™, g) and yield and its components
(pods number plant™; average pod weight, g; pods yield plant™, ton fad.™). For
leaves chemical composition; nitrogen (%) was determined using micro-
kjeldahal method (Chapman and Pratt, 1961), Phosphorus and potassium (%)
were estimated using flam photometer according to Temminghoff and Houba
(2004). The photosynthetic pigments (mg/g f.w.) have been measured
spectrophotometrically as described by Gunes et al. (2007) using acetone 90%
at wave lengths of 663,644and 470 nm.

Data were statistically analyzed using CoStat program (Version 6.4,
CoHort, USA, 1998-2008). Least Significant Difference test (LSD) was used
at 0.05 probability level to verify the significance between treatments.
RESULTS AND DISCUSSION

The results shown in Table (2) clearly showed that the two tested
cultivars were significantly differing for all vegetative growth characters. The
red kidney cultivar exhibits higher mean values than Paulista, in both seasons.
Regarding the effect of fertilization treatments, the results revealed significant
effect on all the vegetative characters, in both years. Fertilization treatment
100%pp Or 50%np+RM was found to give the highest mean values of plant
height, leaves area plant™ and shoot dry weight plant™ compared to other
fertilization treatments without significant differences between them. In the
contrary, the fertilization treatment 100%pp gave significant heavier shoot
fresh weight plant™® comparing to the other treatments, in both seasons. Such
finding refers to that the dual inoculation+50%np may result in producing
more dry matter than 100%np.

The interaction between bean cultivars and fertilization treatments was
found to be significant for all characters listed in Table (2). The best
interaction was found between red kidney cultivar and each of 100%yp or
50%np +RM, in both seasons.

There is equality in effect of 100% of recommended N and P mineral
fertilization with dual inoculation with adding 50% of the recommended doses
of N and P on the most studied vegetative growth characters of bean cultivars.
Such effect suggested synergistic effect between mycorrhiza and rhizobium
that increase the ability to supply bean plants with more nutrients as provided
by 100%yp as well as enhancing plant growth which interpreted in higher
mean values of vegetative growth traits if compared with 50%\p+R or
50%pnpt+M.

Many previous researches, also, emphasized on the synergistic effect
between rhizobium and mycorrhiza and their positive effect on vegetative
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growth (Ibijbijen et al., 1996 on bean; Geneva et al., 2006 on pea; Abd-Alla et
al., 2014 on faba bean). The growth increment of the host plants, also, could
be due to that myorrhiza produce at least two gibberellin-like substances and
four substances with the properties of cytokinins (Barea and Azcon-aguilar,
1982) in addition to that Rhizobium phaseoli was found to produce GAs and
IAA (Atzorn et al., 1988) and increased nutrients uptake, which, consequently,
enhancing the overall performance of bean plants

Aryal et al. working on bean plants (2003) reported that, nitrogen
fixation under the inoculation of rhizobium bacteria needs high levels of
phosphorus in the host plant tissues that provided by inoculation with
mycorrhiza. Also, they found that mycorrhiza was present more colonization if
inoculated with rhizobium, compared to singly inoculation with each one.
Moreover, the enhancement of the whole performance of the dual inoculated
plants could be attributed to mycorrhiza facilitating the acquisition and
mobilization of certain elements such as P, Fe, K and other minerals that
involve in synthesis of nitrogenase enzyme and leghemoglobin (Abd-Alla et
al., on faba bean, 2014; Puschel et al. on Medicago spp., 2017)

Talaat and Abdallah (2008) revealed that dual inoculation of rhizobium
and mycorrhiza with 50% of N and P mineral fertilization was more effective
in enhancing all the studied growth characters of faba bean plants such as plant
height, leaf area, shoot dry weight when compared with 100% of mineral N
and P. On cowpea, Arumugam et al. (2010) reported that the dual inoculation
with rhizobium and mycorrhiza was found to be efficient more than individual
inoculation for growth criteria. Wang et al. (2011) found that the co-
inoculation with rhizobium and mycorrhiza of soybean plants was more
effective under low levels of N and P. They also stated that co-inoculation
enhancing each of rhizobium nodulation and mycorrhiza colonization.
Bhattarai et al. (2011) mentioned that the Rhizobium and mycorrhiza were
found to be effective and well symbiotic to the Red Kidney bean which
reflects on growth parameters. Also, Gardezi et al. (2012) reported that the
mycorrhizal inoculation and nitrogen fixation provided higher mean values of
plant height, leaf area and aerial dry weight of common bean plants. On
garden pea, Bai et al. (2016) reported that the dual inoculation with rhizobium
and mycorrhiza were resulted in significant increases of the studied vegetative
growth traits and contributed to decreasing N and P mineral fertilization up to
25%.

Yield and its components

The mean values in Table (3) showed the main effects of bean cultivars
and fertilization treatments and their interaction on yield and its components.
The two tested bean cultivars exhibit significantly differ performance towards
pods number plant™, average pod weight and total pods yield. The red kidney
bean cultivar gave higher mean values of such characters, in both seasons.
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Fertilization treatments; 100%pyp and 50%pnp+RM  resulted in,
significantly, higher values of pods number plant™®, average pod weight and
total pods yield fad™ than other treatments. The difference between applied
100%pp and 50%np+RM on pods yield and its components was not significant.

The effect of interaction between bean cultivars and fertilization
treatments seemed to be significant for yield and its components characters, in
both seasons. The fertilization treatments of 100%pp or 50%pnp+RM could be
considered as a good treatment for achieving the best yield and its components
traits for bean plants.

When N and P mineral fertilization was deducted to 50%, the dual
inoculation was found to be more effective in enhancing yield and its
components characters compared to solo inoculation treatment. It could be a
result of enhancing the vegetative growth of the host plants which positively
reflected on the yield and its components characters.

The results of Aryal et al. (2003) were in harmony with the results of
this investigation. They stated that dual inoculation of bean plants significantly
increased bean pod yield compared to singly inoculated plants with rhizobium
or mycorrhiza. Likewise, Talaat and Abdallah (2008) stated the positive
significant effect of dual inoculation with rhizobium and mycorrhiza in
addition to 50% of the recommended doses of N and P on yield and its
components characters of faba bean when compared to fertilization with 100%
of recommended doses of mineral N and P. This positive effect may be
attributed to the increase of nutrients uptake, phytohormones and modify the
microbial balance.
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Table 2. Effect of bean cultivars and fertilization treatments and their
interaction on vegetative growth characters during seasons of
2015 and 2016.

Cultivars (A)
Fertilization 2015 2016
treatments (B) paulista Red kidney Mean paulista Red kidney Mean
bean bean
Plant height (cm)
100% np 30.70 36.97 33.83 32.60 35.07 33.83
50% pp 25.63 26.77 26.2 2747 28.60 28.03
50%yp +R 27.6 31.03 29.32 29.63 31.70 30.67
50% npt+ M 29.23 34.2 31.72 31.50 33.30 32.40
50%yp +RM 31.03 38.93 34.98 32.57 34.97 33.77
Mean 28.84 33.58 30.75 32.73
L.S.D. A=2.76 B=2.29 AB=3.24 A=1.45 B=1.35 AB= 1091
Leaf area plant™ (cm?)
100% pp 425.24 433.33 429.29 433.83 464.81 449.32
50% pp 374.99 406.88 390.94 356.46 363.59 360.02
50%yp +R 396.05 416.44 406.25 383.37 418.09 400.73
50% ppt M 410.56 422.36 416.46 416.93 441.80 429.36
50%pp +RM 424.90 433.31 429.11 431.52 462.76 447.14
Mean 406.35 422.47 404.42 430.21
L.S.D. A=551 B=9.54 AB=13.49 | A=11.88 B=20.32 AB=28.73
Shoot fresh weight? (g)
100% pp 80.86 86.33 83.60 75.61 83.70 79.65
50% np 57.73 63.87 60.80 54.84 63.50 59.17
50%jpp +R 66.71 71.60 69.15 59.69 69.10 64.39
50% pnpt M 72.72 77.10 7491 66.85 73.31 70.08
50%pnp +RM 78.12 82.34 80.23 70.54 78.52 74.53
Mean 71.23 76.25 65.51 73.63
L.S.D. A=1.62 B=3.15 AB=4.46 | A=1.90 B=4.22 AB=5.97
Shoot dry weight™ (g)
100% pp 14.93 18.12 16.52 16.56 17.19 16.87
50% np 12.85 15.19 13.89 12.62 1543 14.02
50%pp +R 14.11 15.77 14.94 14.48 16.17 15.33
50% npt+ M 14.62 17.03 15.83 15.43 17.10 16.27
50%yp +RM 15.37 18.62 17.00 16.19 17.15 16.67
Mean 14.32 16.95 15.06 16.61
L.S.D. A=0.68 B=0.64 AB=0.90 A=1.07 B=10.54 AB=0.77

Daniels-Hylton and Ahmed (1994) and Safapour et al. (2011) stated
that the using of dual inoculation with red kidney bean can be achieved better
yield compared to single inoculation with rhizobium or mycorrhiza. Also,
Bhattarai et al. (2011) reported that the rhizobium-mycorrhiza inoculation is
the most favorable treatment for enhancing the red kidney bean yield and its
components. Similar findings were reported by Aboutalebian and Malmir
(2017) on soybean where found to give the maximum mean values of yield
and yield components when inoculated with rhizobium and mycorrhiza if the
chemical nitrogen fertilization was reduced from 60 to 30 kg N ha™.
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Table 3. Effect of bean cultivars and fertilization treatments and their
interaction on yield and its components characters during seasons
of 2015 and 2016.

Cultivars (A)
Fertilization 2015 2016
treatments (B) paulista Redbkidney Mean Paulista Red kidney Mean
ean bean
Pods No. plant™
100% wp 21.90 29.39 25.65 25.76 26.73 26.25
50% np 14.16 18.82 16.49 17.26 19.43 18.35
50%yp +R 17.38 22.16 19.77 19.89 22.71 21.30
50% npt M 19.16 25.04 22.10 22.78 23.93 23.35
50%jpp +RM 21.38 29.16 25.27 25.56 27.05 26.31
Mean 18.79 2491 22.25 23.97
L.S.D. A=1.97 B=1.48 AB=2.10 A=0.48 B=1.53 AB=2.16
Average pod weight (g)
100% np 3.58 3.98 3.78 3.69 4.45 4.07
50% np 2.72 2.80 2.76 2.65 3.03 2.84
50%p +R 3.19 3.39 3.29 3.24 3.53 3.39
50% ppt M 3.39 3.64 3.51 3.55 4.06 3.80
50%pp +RM 3.52 3.93 3.72 3.73 4.41 4.07
Mean 3.28 3.55 3.37 3.90
L.S.D. A=0.03 B=0.18 AB=0.26 A=0.04 B=10.18 AB=0.25
Total pods yield (Ton fad.™)
100% wp 2.87 3.77 3.32 2.59 3.30
50% np 1.45 1.99 1.72 1.79 2.34 2.07
50%pp +R 2.05 2.82 2.43 2.25 2.62 2.43
50% npt M 2.36 3.22 2.79 2.57 2.91 2.74
50%jpp +RM 2.79 3.75 3.27 2.65 3.33 2.89
Mean 2.16 2.95 2.37 2.90
L.S.D. A=0.51 B=0.19 AB=0.27 A=0.15 B=10.18 AB=0.25

Leaves chemical composition

Tables (4) and (5) showed the main effects of bean cultivars,
fertilization treatments and their interactions on leaves content of N, P, K and
photosynthetic pigments during the seasons of 2015 and 2016.

Data in Table (4) showed that, generally, red kidney cultivar had,
significantly, higher mean values of N, P and K contents than Paulista cultivar,
in both seasons with few exceptions. Leaves P and K contents of Paulista and
red kidney cultivars were too small to be significant in 2015 and 2016,
respectively.

The fertilization treatments, in both seasons of study, revealed
significant effect on leaves N, P and K contents of bean plants (Table, 4).
Positive significant effect of N and K contents were found in plants which
received 100%yp or 50%np+RM fertilization compared to other treatments, in
both years. Maximum significant effect of leaves P was found in plants
supplied with 50%\p+RM in comparison with other fertilization treatments, in
both years.
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As shown in Table (4), the interaction effect between two studied

factors was found to be significant for N, P and K leaf contents, in both

seasons of study. Application of 100%jpp or 50%np+RM fertilization treatment

in combination with red kidney bean gave the highest mean values for the

leaves N, P and K contents, in both seasons.

Table 4. Effect of bean cultivars and fertilization treatments and their
interaction on leaves chemical composition during seasons of 2015

and 2016.
Fertilization Cultivars (A)
treatments (B) - 2015 - Mean - 2015 - Mean
Paulista | Red kidney bean Paulista [Red kidney bean
Nitrogen (%)
100% np 3.54 3.73 3.63 3.21 3.35 3.28
50% wp 2.46 2.66 2.56 2.56 2.62 2.59
50%pp +R 3.05 3.47 3.26 2.88 3.03 2.96
50% ppt M 3.29 3.39 3.34 3.04 3.09 3.06
50%jpp +RM 3.51 3.69 3.60 3.18 3.47 3.33
Mean 3.17 3.39 2.97 3.11
L.S.D. A=0.20 B=0.14 AB=0.20| A=0.11 B=0.10 AB=0.14
Phosphorus (%)
100% np 0.33 0.38 0.35 0.33 0.35 0.34
50% np 0.20 0.22 0.21 0.22 0.24 0.23
50%np +R 0.24 0.26 0.25 0.24 0.27 0.26
50% ppt+ M 0.32 0.35 0.34 0.29 0.34 0.32
50%yp +RM 0.36 0.39 0.37 0.35 0.37 0.36
Mean 0.29 0.31 0.29 0.31
L.S.D. A=0.02 B=0.02 AB=0.03| A=0.03 B=0.02 AB=0.04
Potassium (%)
100% np 2.45 2.68 2.56 2.63 2.65 2.64
50% np 1.92 1.93 1.93 1.75 2.06 1.90
50%yp +R 2.38 2.41 2.40 2.31 2.33 2.32
50% ppt M 2.40 2.44 2.42 2.42 2.46 2.44
50%jpp +RM 2.47 2.65 2.56 2.54 2.78 2.66
Mean 2.32 2.42 2.33 2.46
L.S.D. A=0.25 B=0.10 AB=0.14| A=0.10 B=0.20 AB=0.28

Table (5) shows the mean values of photosynthetic pigments as
affected by the two studied main factors (bean cultivars and fertilization
treatments) and their interactions. The main effect of bean cultivars showed
significant effect of chlorophyll a, chlorophyll b, total chlorophyll and
carotene with superiority of red kidney bean compared with Paulista, in both
seasons.

In most cases, the data in Table (5) revealed that 100%yp and 50%pp
+RM fertilization treatments were significantly differed from other
fertilization treatments which they gave the highest mean values of the
photosynthetic pigments, in both seasons. Whereas, the treatment of 50%pnp
was give the significantly lowest mean values of such traits, in both seasons.
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The results of photosynthetic pigments traits that listed in Table (5)
were, also, exhibit a significant interaction between bean cultivars and
fertilization treatments, in both seasons.

As mentioned before, the co-inoculation between rhizobium and
mycorrhiza was found to have synergistic relationship which provided more
mycorrhizal colonization or more nitrogen fixation activity compared to singly
inoculation (Kucey and Bonetti, 1988; Wang et al., 2011; Bulgarelli et al.,
2017).

This synergistic relation was found to affect, positively, the chemical
composition of bean plants. Firstly, rhizobium provides the host plants with
significant amounts of N and some phytohormones-like substances (Atzorn et
al., 1988). Secondly, it has been well stated that the mycorrhiza fungal
mycelium provides extra extinction of the host plant root system which secure
more P to the host plants in addition to considerable amounts of N, K and
other nutrients and its capability to produce some phytohormones-like
substances (Barea and Azcon-aguilar, 1982; Clark and Zeto, 2000;
Govindarajulu et al., 2005; Abd-Alla et al., 2014; Puschel et al., 2017).

Thus, the synergistic effect between rhizobium and mycorrhiza resulted
in enhancing the concentrations of N, P and K as well as the photosynthetic
pigments, which reflects on increasing the growth and yield, of the host plants
as emphasized by many researchers (Hazarika et al. on green gram, 2000;
Aryal et al. on bean, 2003; Rajasekaran et al. on groundnut, 2006; Arumugam
et al. on cowpea, 2010 and Tajini et al. on common bean, 2012 and
Bhattacharjee and Sharma on pigeon pea, 2012 and 2015). The efficiency of
the tripartite symbiosis among bean, rhizobium and mycorrhiza was found to
be more pronounced under low phosphorus conditions (Mortimer et al., 2008).

It could be concluded that the using of the dual inoculation of
mycorrhiza and rhizobium as "Okadeen" for bean plants was found to be the
best application for better bean growth, yield and chemical composition, in
addition to deducting about 50% of the nitrogenous and phosphorus mineral
fertilization which consequently decrease the production costs and lowering
the environmental hazards that derived from intensive use of mineral
fertilization.
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Table 5. Effect of bean cultivars and fertilization treatments and their
interaction on leaves photosynthetic pigments during seasons of
2015 and 2016.

Cultivars (A)
Fertilization 2015 2016
treatments (B) paulista Redbkidney Mean Paulista Red kidney Mean
ean bean
Chlorophyll a (mg/g)
100% np 1.25 1.45 1.35 1.35 1.43 1.39
50% wp 0.78 1.02 0.9 0.75 0.98 0.86
50%pp +R 1.04 1.29 1.16 0.94 1.24 1.09
50% ppt+ M 1.13 141 1.27 1.19 1.48 1.33
50%yp +RM 1.23 1.44 1.34 1.34 1.45 1.39
Mean 1.08 1.32 1.11 131
L.S.D. A=0.16 B=0.07 AB=0.09] A=0.08 B=0.10 AB=0.14
Chlorophyll b (mg/g)
100% wp 0.96 1.26 1.11 1.05 1.16 1.10
50% np 0.63 0.82 0.73 0.53 0.76 0.65
50%pp +R 0.86 0.99 0.92 0.81 1.01 0.91
50% ppt+ M 0.96 1.09 1.03 0.96 111 1.04
50%pp tRM 1.01 1.24 1.13 1.04 1.21 1.12
Mean 0.88 1.08 0.88 1.05
L.S.D. A=0.12 B=0.11 AB=0.13| A=0.15 B=0.10 AB=0.14
Total chlorophyll (mg/g
100% np 2.20 2.71 2.46 2.40 2.59 2.50
50% wp 141 1.84 1.63 1.28 1.74 1.51
50%yp +R 1.90 2.27 2.09 1.75 2.25 2.00
50% npt M 2.09 2.51 2.30 2.15 2.59 2.37
50%pp +RM 2.24 2.68 2.46 2.38 2.65 2.52
Mean 1.97 2.40 1.99 2.37
L.S.D. A=0.15 B=0.10 AB=0.14| A=0.10 B=0.12 AB=0.18
Carotene (mg/g)
100% np 0.33 0.42 0.37 0.29 0.32 0.30
50% np 0.19 0.21 0.20 0.18 0.20 0.19
50%pp +R 0.22 0.28 0.25 0.21 0.24 0.23
50% ppt M 0.28 0.37 0.33 0.23 0.29 0.26
50%pp +RM 0.33 0.41 0.37 0.30 0.33 0.32
Mean 0.27 0.34 0.24 0.27
L.S.D. A=0.05 B=0.03 AB=0.04| A=0.03 B=0.03 AB=0.04
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