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ABSTRACT

The current research work was conducted at the Faculty of Biological sciences, Quaid-i-Azam University,
Idamabad during the year 2006. The study was based on to apply the growth regulators (NAA and BAP) in
preflowering and flowering stages to estimate their effects on seed formation, seed setting, chlorophyll and protein
contents in spinach (Spinacia oleracea L.). Highly significant value was concluded for number of bolts per plant
through NAA at 10°M concentration. Non-significant result was obtained in case of treatment for seed yield
although maximum seed yield was recorded with concentraion of BAP (10°M) and NAA (10*M). At the same time,
seed weight was noted as significantly increased; whereas maximum seed weight was achieved for NAA 10°M. The
present research work indicated that chlorophyll content was not affected by the application of BAP and NAA at
different combinations and concentrations. For protein analysis the treatmentsin which NAA and BAP were applied
in combination showed maximum variability in seed protein el ectrophoratic banding profile.
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INTRODUCTION

Spinach (Spinacia oleracea L.) belongs to the family Chenopodiaceae. It isan annual herb. The flowers are
inconspicuous, greenish- white, and are borne in clusters on a spike. The female flowers develop into seed like
fruits. Male plants usually bolt earlier comparatively to female, which are wind pollinated. Spinach becomes
reproductive in response to the day length and temperature conditions. As day length reaches 15 hours, the seed
stalk develops which is accelerated in 40-50°F temperatures. Spinach iswidely cultivated in the world asit is one of
the most popular vegetables. Spinach is highly nutritious and it is second to kale in total carotenoids and folate in
diet ranking (Holden et al., 1999 and USDA, 2003).

Application of nutrients through foliar spray enhances crop nutrition in both conventional and alternative
production systems. Observed effects of foliar fertilization have included yield increases, resistance to diseases and
insect pests, improved drought tolerance, and enhanced crop quality (Kalpana, and Krishnargjan, 2003). Plant
reaction is dependent on species, fertilizer form, concentration, and frequency of application, as well as the stage of
plant growth. Foliar applications are used to help plants in recovery from transplant shock, hail damage and weather
extremes. They are also used to control bitter pit and cork spot in apples (Greene et al., 1995) and aso for genera
supplementary nutrition in strawberries (Deremiens, 1995). Foliar application of hormones is being used on a wide
variety of crops i.e. horticultural and agronomic crops. But it is highly used for horticultural crops because
horticultural crops are of higher value and their nutrient status is more carefully examined. Foliar sprays are also
commonly suggested to correct zinc deficienciesin grapes (Williams and Williams, 1986).

Spinach is an important vegetable crop of the world. It is the crop of poor people. It has high amount of
nutrients. It contains vitamin A, C, K, and large amount of proteins and iron. Therefore, it is the best source of
protein, iron, and vitamin. The present research work was based on to know the effect of growth regulators on
flowers, seeds, chlorophyll and protein content of spinach.
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MATERIALSAND METHODS

A series of experiments were planned and conducted in February, 2006 at the Faculty of Biological
sciences, Quaid-i-Azam University, IsSlamabad. The research work was carried out to study the effects of foliar
application of Naphthalene acetic acid (NAA) and Benzyl aminopurine (BAP) on growth of flowers, stimulation of
seeds setting and protein contents in Spinach ( Spinacia oleracea L.). First foliar spray of hormones was performed
20 days after mean germination. Second was made 40 days after sowings (DAS) and third was applied 60 days after
sowing. The pots were watered using a rose cane so as to avoid packing of the soil and washing away of seeds. The
pots were irrigated three times a week and were constantly cleaned up to make them free from weeds. Floral
parameters were observed and studied at two different stages (40 and 60 DAYS) of the life cycle of spinach.

Data was recorded on the following parameters.
Number of Bolts per Plant

Number of bolts per plant from each treatment were counted and recorded.
Seed Yidd

After harvesting the plants, seeds were obtained from each of the selected plant and were weighed on
electrical weight balancein grams.

1000-Seeds Weight

Seeds from each treatment were collected and weighed in grams with the help of electrical weight balance.
For 1000 seed weight, first weight of 100 seeds was recorded. It was multiplied with 10 to get 1000 seeds weight.

Chlorophyll Content

Chlorophyll content was measured at 60 DAS (days after sowing). Total amount of chlorophyll was
determined by SPAD-502 chlorophyll content meter in the intact leaves of plants. This portable digital equipment
was utilized for quick measurement of chlorophyll content without damaging of leaves.

Total Seed Protein Analysis

For total seed protein analysis, seeds were grounded to fine power. Protein extraction buffer (400 W) was
added to 0.01g of seed flour as extraction buffer and mixed well with Automatic Lab-Mixer DH-10. The extraction
buffer contained 0.5M Tris HCI (Ph. 6.8), 2.5% SDS, 10% glycerol and 5% 2-mecraptoethanol. Bromophenol Blue
(BPB) was added to the protein extraction buffer as tracking dye to watch the movement of protein in the gel. In
order to check the reproducibility of the method two separate gels were run under similar electrophoretic conditions.
The molecular weight of the dissociation polypoides were determined by using molecular weight protein sanders’
MW-SDS-70 Kit (Sigma). The SDS-PAGE of total seed protein was carried out in the discontinuous buffer system.
The SDS-PAGE is considered to be a particularly reliable method because storage proteins are largely independent
of environmental fluctuations (Nisar et al., 2006 and Nisar et al., 2007). After staining and de-staining, the gel was
dried using (Atto, Rapidery-Mini Japan) gel drier. The data were scored on the presence (+) or absence (-) of protein
bands and intensity of glow was considered as major bands and low intensity as miner bands, Smilarity index was
calculated for all possible pairs of protein types (Nisar et al., 2007). To avoid taxonomic weighing, the intensity of
bands was not taken into consideration, only the presence of the bands was taken asindicative. The similarity matrix
thus generated was converted to a dissimilarity matrix and used to construct dendrogram by the UPGMA (Sneath
and Sokal, 1973).

Concentration and Combination of Phytohormones Used

The following concentrations of auxin (NAA) and cytokinin (BAP) were prepared and applied as foliar
application to observe their effect on flowers and seed yield in Spinach.

1% concentration=10°M
2" concentration=10"*M
3 concentration=10°M
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Table-l Combinations and Concentrations of NAA and BAP used for Foliar Application on Spinach

Treatment number Hormones & Combination Concentration of Phytohor mones Used
To Control -- --
T, NAA 10°M -
T, NAA 10*M -
T, NAA 10°M -
T, BAP 10°M -
Ts BAP 10*M -
Te BAP 10°M -
T, NAA + BAP 10°M 10°M
Ts NAA + BAP 10°M 10*M
Ty NAA + BAP 10°M 10°M
Tio BAP + NAA 10°M 10 M
Tu BAP + NAA 10°M 10°M
Tio NAA + BAP 10*M 10*M
Tis NAA + BAP 10*M 10°M
Tia BAP + NAA 10*M 10°M
Tis BAP + NAA 10°M 10°M

Preparation of Stock Solutions

Different concentrations of auxin (NAA) and cytokinins (BAP) were prepared by calculating the weight of each
hormone with the following formula. Calculated weight of each hormone was dissolved in few drops of dilute
sodium hydroxide (NaOH) and final volume was made up to the volume required. First 10° M were prepared by dilution
method.

Molarity x Molecular weight x VVolume Required

Weight Required =
g ™ 1000

Statistical Analysis

The experiment was conducted in randomized complete block design with three replicates per treatment. The
data were recorded and analyzed by applying Analysis of Variance (ANOVA) and Least Significant Difference (LSD)
Test (Sted and Torrie, 1984).

RESULTSAND DISCUSSION

The result obtained from the present study revealed that application of phytohormones affected formation of
flowers and seeds in spinach.

Table-1l Effect of foliar application of NAA and BAP on number of bolts (Flowers) per plant of Spinacia oleracea L.

Treatments No of Bolts (Flowers) Per Plant L SD Rank
Mean + SE
TO (control) 8.33+0.33 g
T1 12.33+£0.33 a
T2 12.0+£ 0.58 ab
T3 11.33+£0.33 abcd
T4 9.00+ 0.58 efg
T5 8.66+ 1.20 fg
T6 8.66+ 0.33 fg
T7 11.0+£0.00 abed
T8 10.0+£ 0.58 cdefg
T9 9.66+ 1.20 defg
T10 10.66 £+ 0.88 abcde
T11 9.66+ 1.20 defg
T12 11.0+£0.00 abcd
T13 10.33+£0.33 bedef
T14 11.66 £ 0.33 abc
T15 8.66 + 0.67 fg

*LSD Value 1.95704
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Number of Bolts (Flowers) per Plant

The data regarding mean values for number of bolts per plant showed that the plants are highly affected by the
treatments (table I1). There were significant variations among the treatments. Maximum value for number of bolts was
observed for NAA at 10°M concentration. Early flowering was shown by the combined effect of NAA (10°M) and BAP
(10" M). These results confirmed the findings of Mclaughin and Greene (1991) and Zeroni and Hall (1984) who reported
that growth regulator NAA affect and induce early flowering.

Seed Yield

Seed yield per plant was determined at the end of the experiment. Non-significant variations observed among the
treatments (shown in table I11). Maximum seed yield was observed both for BAP and NAA at a concentration of (107 M)
and (10*M). In early studies it has been investigated that the auxin (NAA) has greater role in increasing seed yield. In the
present study combined affect of BAP and NAA was observed as affective. Similar findings have been reported by
Upadhyay, (1994) and Kalpana and Krishnarajan, (2003).

Table-111 Effect of foliar application of NAA and BAP on seed yield

Treatments Seed Yield Per Plant (g) L SD Rank
Mean + SE
TO (control) 1.74+0.10 b
T1 1.89+0.02 ab
T2 217+0.17 a
T3 1.83+£0.02 ab
T4 1.77+£0.02 ab
T5 193+0.04 ab
T6 190+ 0.11 ab
T7 2.08+0.09 ab
T8 2.01+0.10 ab
T9 1.88+0.03 ab
T10 218+ 0.38 a
T11 1.72+0.04 b
T12 2.09+0.08 ab
T13 1.77+0.44 ab
T14 1.76 £ 0.07 ab
T15 2.06 £ 0.09 ab
*LSD Value 0.423783
Seed Weight

It is evident from table (IV) that out of 16 treatments, 15 treatments increased the 1000-seed weight. Maximum
seed weight was observed for NAA (9.20g) at (10° M) concentration. Both NAA and BAP have increased the seed weight
as compared to control. The findings regarding seed weight are quite in conformation to Alagukannan and Vijay Kumar,
(1999) and Kalpana and Krishnarajan, (2003).

Table- 1V Effect of foliar application of NAA and BAP on 1000-seed wt of Spinacia oleracea L.

Treatments 1000 —Seed Weight L SD Rank
Mean + SE
TO (contral) 8.13+0.15 gh
T1 8.6+ 0.06 cdef

T2 8.96+ 0.12 ab
T3 9.2+015 a
T4 8.66 + 0.09 bcde
T5 8.6+0.12 cdef
T6 8.9+ 0.06 abc
T7 8.0+ 0.06 h
T8 8.66+ 0.15 bcde
T9 8.56+ 0.19 cdef
T10 8.73+0.15 bed
T11 8.46 + 0.15 defg
T12 8.33+ 0.07 efgh
T13 9.1+ 0.06 a
T14 8.3+0.20 fgh
T15 841012 defg

*LSD Value 0.369751
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Chlorophyll Content

Changes in chlorophyll contents occur due to nutrient deficiency, environmental stress, and exposure to
herbicide. Non significant variations were observed for chlorophyll content (table V). The highest value for
chlorophyll content was (46.85), in which BAP (10°M) was applied to the plants.

TableV Effect of Foliar Application of NAA and BAP on Chlorophyll Content of Spinacia oleracea L.

Treatments Chlorophyll Content L SD Rank
Mean + SE

TO (control) 38.74+ 0.36 ab
T1 4098+ 1.21 a
T2 4221+1.12 a
T3 42.84+0.10 b
T4 4549+ 0.39 a
T5 46.6 + 0.69 a
T6 46.85+ 0.24 a
T7 43.76 £ 0.31 a
T8 45.84 + 0.67 a
T9 439+ 0.69 a
T10 39.78+ 0.51 a
T11 39.95+0.29 a
T12 45.05+ 0.38 a
T13 44.09 + 0.05 a
T14 4294+ 0.61 a
T15 40.65+ 0.85 a
*LSD Value 12.16163

Protein Content

During protein analysis 16 bands were recorded (Fig. ) and out of these six bands (B6, B7, B9, B11, B15
and B16) were monomorphic, while remaining banding profile showed polymorphism (Table V1), which indicating
the presence (1) and absence (0) of protein bands for each cluster. Cluster analysis (Table VI) sorted the different
treatments of spinach into two lineages at linkage distance 4.5. At 50% linkage distance the two lineages were
further divided into 4 clusters. Among these, Lineage 1 was divided into two clusters, the C1 (cluster 1) and C2
(cluster 2), cluster 1 comprises of T10, T5 and T15, while cluster 2 encircle T13, T9, T14, T8, T11, T6 and T4.
Lineage 2 has aso been divided into two clusters (C3 and C4). Cluster 3 grouped T12 and T7, while cluster 4 has
T1, T3, T2and TO.

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11l T12 T13T14 TI15
-

-

Fig I: Electrophor ogram showing seed protein banding profilein Spinaciaoleraceal.
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Cluster 1, consisting of three treatments BAP and NAA a 10°M and 10™M, BAP at 10*M and BAP and NAA) at
10°M (each) showed the lowest degree of Euclidian distance and highest degree of genetic variation in banding
profile, cluster 2 and cluster 3 also have seven and two treatments respectively. Cluster 2 contained NAA (10 M)
and BAP (10°M), NAA (10°M) and BAP (10°M), BAP (10“M) and NAA (10°M), NAA (10“*M) and BAP (10~
M), BAP (10°M) and NAA (10°M), BAP at 10°M and 10°M concentrations. Cluster 3 has NAA and BAP at 10
*M (each) and NAA and BAP at 10°M (each). Cluster 2 and cluster 3 have treatments of different foliar application
of growth regulators and having moderate level of variability. While cluster 4 has highest degree of Euclidian
distance, but showed lowest degree of variability (Fig. I1). Cluster 4 having treatments of NAA at 10°M, NAA at 10
M, NAA at 10*M and control (having zero concentration of hormones). From the present work it was concluded
that foliar application of growth regulators individually have no such clear effect upon the genetic makeup of the
plant, while in combination their effect was impressive and showing effect on plant genetic make up. The treatments
in which NAA and BAP were applied in combination showed better results.

TableVI Banding Profilein 16 treatments of Spinach

Bands ToO T1 T2 T3 T4 T5 T6 T7 T8 T9 TI10 T11 Ti12 T13 T14 TI15
Bl 0 0 0 0 1 1 1 1 1 0 1 1 1 1 1 1
B2 1 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0
B3 0 1 0 0 0 1 0 1 0 0 0 0 0 1 0 1
B4 0 1 0 0 1 1 1 0 1 1 1 1 1 1 1 1
B5 1 1 1 1 1 0 1 1 1 1 0 1 1 1 1 1
B6 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1
B7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
B8 1 0 0 0 1 0 0 1 0 1 0 0 1 0 0 0
B9 1 1 1 1 1 1 1 0 1 1 1 1 0 1 1 1
B10 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0
B11 1 1 1 1 1 1 1 0 1 1 1 1 0 1 1 1
B12 0 1 0 0 0 1 0 1 0 0 1 0 1 0 0 0
B13 1 0 1 0 1 1 1 1 0 1 1 1 0 1 0 1
B14 1 1 1 1 1 1 1 0 1 0 0 1 1 1 1 1
B15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
B16 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Table-VII Dendrogram based on SDS- PAGE analysis showing average linkage in Spinacia oleracea L.
Lineage 1 Lineage 2
Cluster 1 Cluster 2 Cluster 3 Cluster 4
Treat. Hormones & Treat. Hormones & Treat. Hormones & Treat. Hormones &
conc. conc. conc. conc.
T10  (BAP+NAA) 10¥ T13 (NAA+BAP) 10* T12 (NAA+BAP) T1 (NAA)
‘M M 10%“M 10°M
T5 (BAP) T9 (NAA+BAP) 10* T7 (NAA+BAP) T3 (NAA)
10"M M 10%*M 10°M
T15 (NAA+BAP) T14 (BAP+NAA) * * T2 (NAA)
10%°M 10%° 10“M
* * T8 (NAA+E’;AP) 10* * * TO (Control)
M
* * T11 (BAP+NAA) 10* * * * *
M
* * T6 (BAP) * * * *
10°M
* * T4 (BAP) * * * *

10°M
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I 1
lineage 1 lineage 2

Linkage Distance

T10
T5
T15
T13
T9
T14
T8
T11
T6
T4
T12
T7
T1
T3
T2
TO

Fig. 11 Dendrogram based on SDS-PAGE analyss using Ward’'s Method in
Spinacia oleracea L.

COCLUSIONS AND RECOMENDATIONS

From the present research work it was clearly concluded that some of the growth parameters were strongly
affected by the foliar application of hormones. The parameters which showed significant results were number of
bolts per plant and seed weight. While non significant results were achieved in case of seed yield and chlorophyll
content. Moreover, maximum variability in seed protein electrophoratic banding profile was noted which wants to
be exploited in theimprovement of protein content in spinach.
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