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Phosphorus (0,23,46 or 69 kg P20S ha') and potassium (0,50, 100 or 150 kg K20 ha') were applied in different
combinations to pea cv. Samrina Zard at the time of seed bed preparation. Nitrogen level (46 kg N ha') was kept
constant and applied in two split doses, i.e. half at the time of sowing while the other half was applied before
flowering. Vine length, number of pods plant", pod length, number of grains pod" and green pod yield were
significantly affected by the levels of P20S. Number of grains pod" and green pod yield were maximum at the
highest dose of P20S (69 k~ ha'). However, vine length, number of pods plant" and pod length increased up to
the level of 46 kg P20S ha' . Application of K20 to the crop up to the dose of 100 kg ha·1 had significant positive
effect on all the parameters studied, beyond this dose further application of K20 was ineffective. As combined
effect of P20S and K20 is concerned, it significantly influenced the pod length and green pod yield. Maximum pod
length was attained when 69 or 46 kg P20S ha" was applied in combination with 100 or 150 kg K20 ha'. Green
pod yield was maximum at 69 kg P20S na" x 100 or 150 kg K20 ha'.
Key words. Green pod yield, Pisum sa tivum , plant nutrition, vine growth, yield components.

INTRODUCTION

Pea (Pisum sativum L.) is one of the important
vegetables grown throughout the Pakistan. Average
green pod yield per unit area of the crop in the country
is quite low as compared to some other countries. The
major factors, which contribute to the crop yield,
include; use of improved cultivars, balanced nutrition
and cultural practices. If the crop is managed properly,
green pods are produced continuously for several
months. Application of balanced fertilizer increases
vegetative growth and improves yield and quality of the
produce. As a grain legume, field peas are capable of
fixing most of the required nitrogen from environment.
The nutrients available to plant particularly nitrogen
and phosphorus are important constituents of protein
and phospholipds. Phosphorus not only enhances the
root growth but also promotes early plant maturity
(Mullins et al., 1996). Potassium is often referred as
the quality element for crop production due to its
positive interaction with other nutrients (especially with
nitrogen) and production practices (Usherwood, 1985).
It promotes synthesis of photo-synthates and transport
to fruits and grains, and enhances their conversion into
starch, protein, vitamins, oil etc. (Mengel and Kirkby,
1997)

Application of NPK to pea crop usually promotes
vegetative growth and nodulation (Srivastava and
Verma, 1985; Kanaujia et al., 1997; Vorob, 2000), and
improves green pod yield (Naik, 1989; Saini and
Thakur, 1996; Verma et al., 1997; Kanaujia et al., 1997
& 1998; Vorob, 2000). Vine length tended to increase
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as the rate of all the three nutrients increased (Cutcliffe
and Munro, 1980). In pea, increasing phosphorus
levels, generally increases green pod yield (Dubey et
al., 1999) and yield components such as pod length,
number of grains per pod and pod weight (Gupta et aI.,
2000). Parsad et al. (1989) applied P20S @ 0, 40, 80 or
120 kg ha' with or without Rhizobium inoculation of
seed to pea crop. P20S resulted in significant increase
in growth, growth nodulation and yield, compared with
the control. The highest green pod yield was obtained
with combination of 120 kg P20S ha' and Rhizobium
inoculation. However, in separate experiments,
Sharma et al. (1997) and Mishra (1999) found that pod
yield increased by 60 kg P20S ha·1in pea and cowpea,
respectively with no further significant increase at the
higher P rate. Application of potassium also enhanced
vegetative growth and increased pod yield in pea
(Kanaujia et al., 1997 & 1998), in cowpea (Jamadagni
and Birari, 1994) and in French bean (Kanaujia et al.,
1999) with increasing K20 rate up to 60 kg ha". Vorob
(2000) also recorded positive effect of joint applications
of phosphorus and potassium at all proportions on
growth and yield of peas. Thus, plant nutrition is an
important factor for obtaining higher yields of green
pods, which needs to be studied under local conditions
as soil fertility varies greatly and response varies from
cultivar to cultivar. Therefore, the present work was
conducted to study the effect of various levels of
phosphorus and potassium on the growth and green
pod yield of pea cv. Samrina Zard.
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P3K2 = 69 kg P20S + 100 kg K20 ha'
P3K3 = 69 kg P20S + 150 kg K20 ha"
The experiment was laid out as factorial with
randomized complete block design in three
replications. Total area under the experiment was 432
m , with net subplot size 3 x 3 m2

. Seeds were sown
on both sides of the raised beds prepared at a distance
of 75 cm. Plant to plant distance was maintained as 7
cm. Phosphorus and potassium were applied to all the
treatments at the time of seed bed preparation. Half of
the nitrogen was applied at the time of sowing while
the other half was applied before flowering. Data were
recorded on the following parameters during the
course of time: vine length at maturity (ern), number of
pods per plant, average length of pod (ern), number of
grains per pod, green pod yield per plant (g) and green
pod yield per hectare (tonnes). Data collected were
subjected to statistical analysis using Fisher's
technique of analysis of variance. Treatment means
were compared using Duncan's multiple range test at
5% probability level (Petersen, 1994). Economic
analysis of the fertilizer treatments was worked out on
the basis of prevailing market prices (CIMMYT, 1988).

MATERIALS AND METHODS

The seeds of pea (Pisum sativum L.) cv. Samrina Zard
were obtained from the Vegetable Section, Ayub
Agricultural Research Institute, Faisalabad. Physico-
chemical characteristics of the soil used for raising the
crop are given in Table 1. The fertilizers namely urea,

Table 1. Physico-chemical characteristics of the
soil used for the experiment.

Characteristic Unit Quantity
Textural class - Loam
pH - 8.7
TSS % 0.21
Organic matter % 0.93
Available phosphorus ppm 10.17
Available potassium ppm 136

triple super phosphate (TSP) and sulphate of potash
(SOP) were used as nitrogen, phosphorus and
potassium sources, respectively. Keeping the nitrogen
dose constant (46 kg N ha'), four levels of each
phosphorus i.e. Po, P1, P2 and P3 (0, 23, 46 and 69 kg
P20S ha', respectively) and potassium i.e. Ko, K1, K2
and K3 (0, 50,100 and 150 kg K20 ha', respectively)
were applied in various combinations to the crop. The
detailed account of the treatments is given below.
PoKo= 0 kg P20S + 0 kg K20 ha'
POK1 = 0 kg P20S + 50 kg K20 ha'
POK2 = 0 kg P20S + 100 kg K20 ha'

RESULTS AND DISCUSSION

Vine length at maturity: Phosphorus and potassium
application had significant effect on vine length while
their interaction indicated non-significant differences
among the treatment means (Table 2). Minimum and
maximum vine lengths were recorded from plants

Table 2. Vine length (cm) at maturity as affected by different levels of P20S and K20.

Levels of K20
Levels of P20S Ko K1 K2 K3 Mean

(0 kg ha') (50 kg na') (100 kg ha-1) (150 kg ha')
Po (0 kg ha') 31.893 a* 34.123 a 35.859 a 35.896 a 34.443 c
P1 (23 kg ha') 37.727 a 39.250 a 41.070a 41.430 a 39.869 b
P2 (46 kg ha') 39.100 a 41.273a 45.190a 45.377 a 42.735 a
P3 (69 kq ha') 38.163 a 43.897 a 46.067 a 47.513 a 43.910 a

Mean 36.721 c 39.636 b 42.047 a 42.554 a
* Means with different letters in each group are statistically significant at a = 5% (DMR test).

POK3 = 0 kg P20S + 150 kg K20 ha'
P1Ko = 23 kg P20S + 0 kg K20 ha'
P1K1 = 23 kg P20S + 50 kg K20 ha'
P1K2 = 23 kg P20S + 100 kg K20 ha'
P1K3 = 23 kg P20S + 150 kg K20 ha'
P2Ko = 46 kg P20S + 0 kg K20 ha'
P2K1 = 46 kg P20S + 50 kg K20 ha'
P2K2 = 46 kg P20S + 100 kg K20 ha'
P2K3 = 46 kg P20S + 150 kg K20 ha'
P3Ko = 69 kg P20S + 0 kg K20 ha"
P3K1 = 69 kg P20S + 50 kg K20 ha'

received 0 and 69 kg P20S ha', respectively. These
results are in accordance with Srivastava and Verma
(1985), who found that increasing P20S rate up to 60
kg ha' markedly increased the growth of peas.
Significant increase in growth has also been observed
with phosphorus application in pea (Kanauija et a/.,
1997; Parsad et al., 1989) and in cowpea (Baboo and
Mishra, 2001). Means regarding the effect of
potassium indicated that maximum vine length was
recorded at the highest dose of potassium (150 kg K20
ha"), followed by the medium dose of potassium (100
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kg K20 ha'). However, both the treatments were
statistically alike. Kanauija et et. (1997) also found that
growth increased significantly with increasing levels of
potassium (0, 30, 60 or 90 kg ha"). The results of the
present study indicate that the vine length significantly
increased with increasing rate of phosphorus and
potassium up to 69 kg P20S and 100 kg K20 ha',
respectively (Table 2). Cutcliffe and Munro (1980) have
also reported similar results.
Number of pods per plant: It is clear from the data
that phosphorus and potassium treatments had
significant effect on number of pods per plant, while the
results in relation to their interaction appeared non-
significant (Table 3). In the present study, the highest
rate of phosphorus application (69 kg P20S ha-1)
produced maximum number of pods per plant. Similar
results regarding the effect of phosphorus on yield
component have been reported in pea (Srivastava and
Ahlawat, 1995) and in French bean (Ahlawat, 1996;
Kanauija et a/., 1999; Parmar et a/., 1999; Singh,
2000). Mean values for potassium revealed that
maximum number of pods were obtained from the
plants received K20 @ 150 kg ha". Minimum number
of pods was recorded in those plants, which received
no potassium. Kanaujia et a/. (1999) had reported that
when 0, 30, 60 or 90 kg K20 ha' was applied to
French bean, number of pods per plant increased with

increasing K20 rates up to 60 kg ha'. In the present
study, interaction means did not show any significant
difference and were statistically at par with each other
(Table 3).
Average pod length: Different levels of phosphorus
and potassium and their interaction significantly
affected the length of pods (Table 3). Mean values for
phosphorus levels show that the highest rate of
phosphorus application (69 kg P20S ha') produced
pods with maximum length. Gupta et a/. (2000) had
already reported that increasing rate of phosphorus
levels (0, 25, 50 or 75 kg ha') to pea cv. Bonneville
resulted in a corresponding increase in yield and yield
parameters such as pod length, number of grains per
pod and pod weight etc. Regarding effect of potassium
levels, it is interesting that the plants received 100 kg
K20 ha" induced maximum pod length and stood at
par with the plants received 150 kg K20 ha". Kanauija
et a/. (1999) have already reported increase in pod
len~th of French bean with increasing K20 uP.to .~Okg
ha". Interaction means also reflected significant
results. The maximum pod length was recorded in
plants received 69 kg P20S with 100 kg K20 ha",
closely followed by 69 kg P20S with 150 kg K20 ha'.
Both theses combinations were statistically alike.
Increasing the potassium level beyond 100 kg K20 ha"
had no significant effect on pod length (Table 3).

Table 3. Yield components as affected by different levels of P20S and K20.

Levels of K20
Levels of P20S Ko K1 K2 K3 Mean

(0 kg ha") (50 kg ha-1) (100 kg ha") (150 kg ha")

Number of pods per plant

Po (0 kg ha-1) 16.987 a* 18.447 a 19.383 a 19.403 a 18.555 c
P1 (23 kg ha') 19.237 a 21.217 a 22.200 a 22.307 a 21.240 b
P2 (46 kg ha') 20.760 a 22.253 a 24.327 a 24.340 a 22.920 a
P3 (69 kg ha") 21.283 a 23.267 a 24.467 a 24.427 a 23.361 a

Mean 19.567 c 21.296 b 22.594 a 22.619 a
Average pod length (ern)

Po (0 kg ha') 6.753 f* 6.785 f 6.851 f 6.832 f 6.805 c
P1 (23 kg ha') 7.144 e 7.373 cd 7.431 c 7.475 c 7.356 b
P2 (46 kg ha-1) 7.261 de 7.677 b 7.815 ab 7.796 ab 7.637 a
P3 (69 kg ha-1) 7.277 de 7.713 b 7.893 a 7.873 a 7.689 a

Mean 7.109 c 7.387 b 7.497 a 7.494 a

Number of grains per pod

Po (0 kg ha-1) 3.513 a* 3.633 a 3.710 a 3.720 a 3.644 d
P1 (23 kg ha') 3.700 a 4.023 a 4.153 a 4.173 a 4.012 c
P2 (46 kg ha') 3.980 a 4.327 a 4.703 a 4.747 a 4.439 b
P3 (69 kg ha') 4.107 a 4.697 a 4.880 a 4.687 a 4.593 a

Mean 3.825 c 4.170 b 4.362 a 4.332 a

* Means with different letters in each group are statistically significant at a = 5% (DMR test).

I
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Number of grains per pod: Data on the parameter
under study depicted significant effect of phosphorus
and potassium, while the interaction between these
two factors was found non-significant (Table 3). Mean
values for phosphorus level indicated that with the
increasing rate of phosphorus, the number of grains
per pod also increased. Maximum number of grains
per pod was obtained from plant received 69 kg P20S
ha', followed by 46 kg P20S ha'. However, both the
treatments were statistically different. Similar results
have been reported by previous workers in pea
(Srivastava and Ahlawat, 1995; Gupta et aI., 2000) and
in French bean (Ahlawat, 1996; Parmar et al., 1999).
Sinha et al. (2000) also reported that phosphorus
application greatly improves the yield attributes, i.e,
pods per plant and grains per pod. The results
regarding effect of potassium revealed that 100 kg K20
ha' resulted in maximum grains per pod, closely
followed by 150 kg K20 ha' and both the treatments
behaved statistically alike. The interaction between
phosphorus and potassium did not show any
significant differences among the treatment means
(Table 3).
Green pod yield per plant: Observations appertaining
to green pod yield per plant indicated significant effect
of phosphorus, potassium and their interaction (Table
4). Highest rate of phosphorus (69 kg P20S ha")
produced maximum green pod yield per plant followed
by 46 kg P20S ha'. Dubey et al. (1999) reported that

and Gupta et al. (2000) in pea and by Roy and
Parthasarathy (1999) in French bean. Mean values for
potassium revealed that maximum green pod yield was
obtained from plants, which received 100 kg K20 ha'
followed by those received 150 kg K20 ha'. The extent
of variation in yield due to phosphorus was greater
than due to Potassium. An opposite phenomenon was
observed by Jamadagni and Birari (1994), who
reported that the extent of variation in yield of cowpea
due to K was greater than due to P. With regard to
interaction of the factors probed it may be pointed out
that maximum green pod yield per plant was produced
with the combination of 69 kg P20S + 100 kg K20 ha",
followed by 69 kg P20S + 150 kg K20 ha' (Table 4).
These results are in accordance with the results of
Vorob (2000), who recorded positive effect of joint
application of phosphorus and potassium on green pod
yield of pea.
Green pod yield per hectare: As yield per hectare
was calculated from the yield per plant by multiplying
with number of plants per hectare, therefore the results
followed the same pattern of significance and
presented the same picture as green pod yield per
plant (Table 4). Naik (1989) found that the closest
spacing (30 x 5 ern) and the highest rate of N (75 kg)
and P20S (100 kg ha') resulted in the highest yields in
pea but no appreciable response to K20 (25 or 50 K20
kg ha") was observed. However, Jamadagni and Birari
(1994) reported that the extent of variation in yield due
to potassium was greater than due to phosphorus

Table 4. Green pod yield as affected by different levels of P20S and K20.

Levels of K20
Levels of P20S Ko K1 K2 K3 Mean

(0 kg ha') (50 kg ha-1) (100 kg ha") (150 kg ha")

Green pod yield plant" (g)
Po (0 kg ha') 29.090 i* 31.460 i 35.183 h 36.720 h 33.113d
P1 (23 kg ha") 40.307 g 42.960 g 50.440 de 52.753 d 46.615 c
P2 (46 kg ha-1) 42.023 g 47.377 f 57.187 c 57.710 be 51.074 b
P3 (69 kg ha') 43.050 g 49.623 ef 60.733 a 60.067 ab 53.368 a

Mean 38.617 c 42.855 b 50.886 a 51.812 a

Green pod yield ha' (tonnes)
Po (0 kg na') 9.309 i* 10.067 i 11.259 h 11.750h 10.596 d
P1 (23 kg ha') 12.900 9 13.747 g 16.141 de 16.881 d 14.917 c
P2 (46 kg ha') 13.447 g 15.161 f 18.300 c 18.467 bc 16.344 b
P3 (69 kg ha') 13.776 g 15.879 ef 19.435 a 19.221 ab 17.078 a

Mean 12.358 c 13.714 b 16.284 a 16.580 a

* Means with different letters in each group are statistically significant at a = 5% (DMR test).

increasing rate of phosphorus (0, 40,80 or 120 kg ha') when applied 0 - 100 kg ha' of each P20S and K20 to
levels to pea crop resulted in a corresponding increase cowpea cv. VCM-8. In the present study, potassium
in yield and yield parameters. Similar results with applied alone and in combination with phosphorus also
phosphorus application have been reported by Parsad had significant effect on green pod yield per hectare
et at. (1989), Sharma et al. (1997), Verma et al. (1997) (Table 4).
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Economic analysis: Economic analysis of various
fertilizer treatments applied indicated that the treatment
P3K2 (69 kg P20S + 100 kg K20 ha') was the most
economical with maximum marginal rate of return,
followed by the treatment P3K1 (69 kg P20S

+ 50 kg
K20 ha'). It is also clear that application of 150 kg K20
ha' (i.e. in the treatments POK3, P1K3 and P2K3) was
not economical with net benefit less than some of
those treatments with lower costs that vary (Table 5).

DUbey, Y.P., B.P. Kaistha and R.C. Jaggi. 1999.
Influence of irrigation and phosphorus on growth,
green pod yield and nutrient uptake of pea (Pisum
sativum) in Lahaul Valley of Hiamachal Pradesh.
Indian J. Agron., 44: 137-140.

Gupta, CR., S.S. Sengar and J. Singh. 2000. Growth
and yield of table pea (Pisum sativum L.) as
influenced by levels of phosphorus and lime in
acidic soil. Vegetable Sci., 27: 101-102.

Table 5. Economic analysis of various fertilizer treatments applied to the crop.

Fertilizer treatments Costs that vary Marginal costs Net benefits Marginal net benefits Marginal rate of(Rs. ha') (Rs. ha') (Rs. ha') (Rs. ha') return (%)PoKo - - 46545P1Ko 770 770 64500 17955 2332P2Ko 1510 740 67235 2735 370POK1 1664 154 .50335 D
P3Ko 2250 586 68880 18545 3165P1K1 2404 154 68735 DP2K1 3144 740 75805 7070 955POK2 3298 154 56259 D
P3K1 3884 586 79395 23136 3984P1K2 4038 154 80705 1310 851P2K2 4778 740 91500 10795 1459POK3 4782 4 58750 D
P3K2 5518 736 97175 38425 5221P1K3 5672 154 84405 D
P2K3 6412 740 92335 D
P3K3 7152 740 96105 D
1. TSP @ Rs. 720 and SOP @ Rs. 797 per bag of 50 kg
2. Transportation, loading and unloading of fertilizer = Rs. 20 per bag
3. Spreading of fertilizer = Rs. 30 per hectare
4. Value of the green pods @ Rs. 5 per kg

5. D = Dominated (any treatment that has net benefit less than or equal to that of a treatment with lower cost
that vary is dominated)

6. Marginal rate of return = Marginal net benefit x 100/Marginai cost.
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