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ABSRACT

This study aimed to estimate variability and some genetic parameters for yield and yield
components in pea (Pisum sativum L.) genotypes under different phosphorous levels. A field
experiment was carried out at the field of Horticulture Department, College of Agricultural
Engineering Sciences, Duhok University, on the 1% of November 2021. the experiment unites
layout according to split-plot arrangement, the main plots include phosphorus levels (0, 18,
36, and 54 kg ha™* P,Os and the subplot represented the thirteen genotypes within RCBD. The
results exhibited that phosphorus levels were highly significant for all traits except biological
yield, also the genotypes show highly significant the with exception of harvest index, while the
interaction between phosphorus levels and genotypes was highly significant for all studied
traits except harvest index and pod length. The rate of 54 kg ha™ P,Os gave the highest value
for the number of pods 281.359), length pod 3.94, 500 seed weight 86.54, biological yield
361.55, harvest index 10.82 and yield seed per plant 23.30. The local variety was superior in
leaf area 808.08mm, length pod 10 cm, 500 seeds weight 25.369, also the genotype (1) gave the
highest yield per plant 44.0367 kg ha-1 P,Os, for the interaction between genotypes and
phosphorus levels of genotype (2).
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INTRODUCTION

Pea (Pisum sativum L.) is an essential
vegetable crop grown in temperate and
subtropical areas of the world for its tender
and immature seeds. It’s consumed as fresh
vegetables in the grown season, while dried
seeds are used as pulses during the off-season
(10). Many peas are processed (canned,
frozen, or dehydrated). It’s a rich source of
protein, vitamins (A and C), carbohydrates,
minerals like magnesium and calcium, an
antioxidant compound, and dietary fibers. Pea
protein is limited in sulfur-containing amino
acids (methionine and cysteine) but rich in
lysine. (6). It is a good source of essential
amino acids in the form of proteins (23 - 25%)
with a high nutritional grade (12), rich in Ca,
P, and Fe (20). Pea contains 20 - 25% starch, 4
- 10% sugar, 0.6 - 1.5% fat, and 2 - 4%
minerals. It is predominantly a cash crop of the
world constituting about 40% of the total pulse
trade (1). Heritability act as a predictive tool in
expressing the reliability of phenotypic traits
and thus high heritability traits can aid in the
effective selection of species characters and
create the future breeding program. The
analysis of the relationship helps in evaluating
the existing relationship between the yield and
components. The study of genetic variability
and interrelationships is of great value in the
selection of the preferred characters of field
pea genotypes to increase seed yield.
Phosphorus is one of the plants’ most
important major nutrients, considered an
important nutrient for the formation and
translocation of carbohydrates, fatty acids,
glycosteroids, and  another  essential
intermediate compounds. The main effect of
phosphorus application is observed in the root
system of plants. Phosphorus induces lateral
and root fibrous formation, resulting in more
nodule bacteria and finally increasing the
nitrogen fixation rate in leguminous crops
(32). The aim of this study is to estimate
genetic and phenotypic variability, estimate
genetic parameters such as heritability and
genetic advance, and determined the promising
field pea genotypes under different phosphorus
levels.

MATERIALS AND METHODS

A field experiment was carried out at the field
of Horticulture Department, College of
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Agricultural  Engineering Science, Duhok
University, on the 1% of November 2021. the
experiment unites layout according to RCBD
within a split-plot design, the main plots
include phosphorus levels (0, 18, 36, and 54
kg ha P205 and the subplot represented the
thirteen genotypes. A uniform dose of
phosphorus levels was applied at the time of
sowing. the width of each replication (7m), the
length (60m), and the distance between each
replication (2m). Each replication consists of
(48) rows Each mini block consists of (4) rows
(levels of Phosphorus) The distance between
each row (75) cm, with plant-to-plant spacing
(50 cm), and between each block (2M)
respectively. Therefore, when plants reach the
maturity stage following plant traits were
studied; the number of pods plant®, pod
length(cm), Weight 500 seeds (gm), Biology
yield, Harvest index, leaf area(mm), and Total
seed yield plant. The influence of treatment on
field pea and differences among treatments
were analyzed using the analysis of variance
procedure for split-plot design in randomized
blocks. The mean values were subjected to
statical analysis to work out ANOVA for all
the characters. All the recommended
horticultural practices and plant protection
measures were followed uniformly from time
to time to raise a healthy crop (15).
Table 1. genetic materials used in the

experiment
Genotype Pedigree

1. Bang-45 JFVFPQKjOOVNS
2. Bang-31 JFVFPKVEPCT71j
3. Bang-15 JFVFPIgk7yPUI
4, Bang-37 JFVFPbsDZuojK
5. Bang-43 JFVFPWzJy5i0F
6. Bang-44 JFVFPM4hNfKjC
7. Bang-26 JFVFP5VAGKjWI
8. Bang-3 JFVFPbYC3alof
9. Bang-9 JFVFPtn25vbwF
10. Bang-4 JFVFPNL1i441mj
11. Bang-32 JFVFPiVNWSsuUAc
12. Bang-41 JFVFPK?24qgsgls
13. Local Variety

Split plot design used (Phosphorus) main plot and

pea genotypes split-plot

Genetic advance

GA=K x h?

b.s op

K. selection in density 10% = 1.76
op = phenotypic standard deviation
GA as percent
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GA%:Gyi_xmo

Low less than 10
Medium 10 — 30 %
High more than 30%

X100 Gev= —V‘y’zf’

X100 Pev=Y2P
Estimation of the genotypic and phenotypic
relationship (r G and rp)

___ogxy :
rG = T oo According to (

P
Jo?x. o% phy
where og Xy = genetic covariance between
variable x and y
o p Xy = phenotypic variance
6°g = genetic variance

o’ ph = phenotypic variance

RESULTS AND DISCUSSION

Table (2) shows the analysis of variance for
phosphorus rate (0,18, 36,54), varieties, and
interaction between phosphorus and varieties.
The results revealed that the phosphorus rate
was highly significant for the number of pods
plant %, leaf area, 500 seed weight, and total
seed yield per plant and significant for pod
length and biological yield, and non-
significant for harvest index. The varieties
show high significance in all traits except the
harvest index. while for interaction between
phosphorus levels and varieties was highly
significant for all traits except pod length and
harvest index. similar findings have been
reported by (6, 24, 27,32).

Table 2. Analysis of variance for some traits of pea plant (Pisum sativum) under different
phosphorus levels

Traits
S.0.Vv d.f Number of Leaf area Pod 500 seeds  Bio-yield HI Total seeds
pods plant™ (cm) length weight Kg(ha™) (%) yield plant
(cm) (@) (kg/ha™)
r 2 330.59 38.98 0.34 2.93 105.19 0.01 12.86
p 3 62135.54** 2581.71%* 0.23* 181.61** 19.01* 0.005 1490.94 **
r(p) 6 91.05* 4.44* 0.10* 7.19* 2.12* 0.004 8.32*
\Y 12 41318.84**  144128.78**  40.94** 546.62** 78.13** 0.054 524.60**
PV 36 3377.46** 3117.68** 0.090 8.59** 39.18** 0.010 49.08**
error 96 134.44 7.28 0.09 2.40 2.97 0.009 3.18
total 155

*, ** significant effect at probability at 0.05 and 0.01 respectively, (r)= replication, (P)=phosphorus, (V)=variety

The data represented in Table (3) reveal the
effect of different levels of phosphorus (0, 18,
36, 54). For the number of pods plant * the (54
kg ha') levels of phosphorus a show
significant effect with values (281.359), and
the lowest value (183.769) was obtained by (0)
levels. Whereas for leaf area the maximum
value (506.9915) was recorded by (36 kg ha™)
levels. While pod length shows no significant
effect at all levels. For 500 seeds weight,
biological yield, and harvest index, the high
values were recorded at (54 kg ha®) levels
were (86.5485, 361.550, and 10.8226)
respectively. The maximum value (38.6274) at
the (54 kg ha™) level recorded for total seed
yield it can be calculated from this table that
the (54) level shows a significant effect for
most traits the present finding was supported
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by (26), who reported that phosphorus
significantly enhances the weight of yield.
The Table clearly shows that the high
concentration had a high effect on most of the
traits. Table (3) clearly shows that the highest
concentration had a high effect on most of the
traits, Therefore, there is a positive
relationship between significant differences
and high concentration, whenever the
concentration has high, that leads to highly
significant differences. Increases in these
parameters by application of phosphorus could
be due to the fact that is a positive correlation
between phosphorus and these parameters
Because the soil of the region is poor for
phosphorus. These results are in close
agreement with those of (3,13, 20, 23,25, 29,
32).
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Table 3. Effect of different phosphorus levels on yield and some growth traits in pea plant

Traits
P-levels Number of Leaf area Pod length 500 seeds Bio-yield HI Total seeds
pods plant™ (cm) (cm) weight Kg(ha) (%) yield plant
(@ (kg/ha™)
0 183.769 488.3081 3.79915 81.5585 311.821 7.5196 38.6274
c c a c c c A
18 235.359 493.0009 3.782\05 82.935 329.309 9.351 32.3344
b b a c bc b B
36 237.590 506.9915 3.90598 84.6374 335.641 9.6422 30.5990
b a a b b b c
54 281.359 4925128 3.94017 86.5485 361.550 10.8226 23.5905
a b a a a a D

*, ** significant effect at probability at 0.05 and 0.01 respectively

Table (4) represents the effect of varieties on
yield and some growth yield traits. The largest
value (299.167) was obtained by varieties (5)
for the number of pods plant *, followed by
varieties (6,7, and 12) with values (295.667,
286.917, 808.083, and 261.083) respectively.
For leaf area, the maximum value was
obtained by variety (13), and the minimum
value (380.625) was recorded by variety (2).
The high value for variety (13) (10.000 and
25.3617) were recorded for pod length and 500
seed weight. While for biological yield the
variety (7) showed the highest values were
(423.08) and the minimum value for this trait
(249.08) by variety. The same Table shows the
largest harvest index exhibited in variety (11)

with value (11.6444) followed by (6,12, and
13) with recorded values (11.2960, 10.8060,
10.5876) respectively. Concerning total yield
the variety (1) had the highest value (44.0367)
and the variety (13) had the lowest value
(21.2050). from this table, its noted that the
variety 13 shows the maximum value for leaf
area, pod length and 500 seeds weight. The
studied from different research indicated that
pea cultivars vary greatly in size and shape of
pods. The variable increases in yield
components and consequently the grain yield
of pods as a result of different genotypes have
been reported by (18,22). Also, the most of
traits were significantly influenced by
interaction between varieties and fer

Table 4. Effect of varieties on yield and some growth traits in pea plant

Traits
Genotype Number of Leaf area Pod length 500 seeds Bio-yield HI Total seeds
pods plant™ (cm) (cm) weight Kg(ha) (%) yield plant

(9) (kg/ha™)

1 228.583 446.819 3.2778 12.5333 249.08 9.2496 44,0367
e f b i e d A

2 182.500 380.625 3.3750 14.4600 274.00 7.6822 37.5458
g j b h e e B

3 191.250 403.192 3.4167 14.5950 279.67 7.9898 35.8308
g i b h e e c

4 234.750 459.092 3.2917 15.1883 344.67 8.1986 35.3275
e e b g cd e Cc

5 299.167 545.600 3.3194 14.8492 370.18 9.5844 35.0467
a c b gh bc d Cc

6 286.917 474.908 3.2361 15.3150 331.92 10.5876 34.2717
b d b fg d c C

7 261.083 574.539 3.2500 16.3033 423.08 8.3600 31.1617
c b b de a e D

8 245417 473.019 3.3611 15.8742 346.35 8.9949 28.9717
d d b ef cd d E

9 218.500 546.144 3.3750 16.5283 367.75 7.8692 28.9433
f c b d bc e E

10 259.917 448.917 3.4722 16.8292 38592 b 9.0771 28.7967
c f b d d E

11 263.667 433.055 3.3472 17.7517 321.06 d 11.6444 23.0808
c h b c a F

12 295.667 443.650 3.4167 18.5600 388.54 11.2960 22.5233
ab g b b b ab Fg

13 81.333 808.083 10.0000 25.3617 267.33 10.8060 21.2050
h a a a e bc G

*, ** significant effect at probability at 0.05 and 0.01 respectively
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Table (5) shows the effect of the interaction
among genotypes and different levels of
phosphorus. For the number of pods ™, the
result exhibit that the highest value (418.667)
obtained by V5L4, followed by (366.000,
3545.333, and 319.667) for V7L4, V12L4,
V12L3) respectively. The maximum value for
leaf area recorded by interaction V13L3 with
value (815.000), while minimum value
recorded by interaction V3L2 with value
(348.800). concerning pod length, the largest
value of interaction was noticed in V13L4 and
V13L3 with recorded values (10.5556 and
10.2778), whereas the lowest value obtained
by interaction V4L2 with value (3.000). in the
same Table the highest value for 500 seed
weight was an exhibited by interaction
(V13L4) with a value (27.1367), followed by
the interactions (V13L3, V13L2, and V13L1)
with obtained values (26.1567, 25.5300, and
22.6233) respectively. For the biological yield,
the maximum value (555.67) was obtained by
interaction (V714), whereas the minimum
value was obtained by interaction (V1L1) with
a value (243.33). the presented data in the

same Table shows that the highest value for
harvest index was obtained by interactions
(V11L3 and V5L4) with values (12.9599 and
13.1025) followed by interactions (V12L3,
V11L4, and V12L4) with values (12.6118,
12.4359 and 12.2648), while the lowest value
for the same trait was (14.9587) for the
interaction (V4L1). For total seed yield plant™,
the interaction (V5L4) recorded the highest
value (51.867), whereas the lowest value
(12.850) was recorded by interaction (V1L1).
Regarding to the interaction between
genotypes and phosphorus levels on yield
exhibited a highly significant effect on all
traits. From the results in the same Table, an
application of phosphorus levels might have an
advantage in enhancing studied parameters,
An increase in the most studied yield
component when treated with the different
rates of phosphorus significantly enhanced all
studied growth traits, which could be related to
the effect of these levels in improving almost
all growth and yield contributing characters.
The same results were found by other
researchers (2,7,16,32).

Table 5. Effect of interaction between genotypes of the pea plant and phosphorus levels on
yield and some growth traits in pea plant

Traits
Combination Number of Leaf area Pod 500 seeds Bio-yield HI Total seeds
pods plant™ (cm) length weight Kg(ha™) (%) yield plant

(cm) (@) (kg/ha™)

V1Ll 138.667 407.500 3.2222 11.5800 243.33 5.2797 12.850
°b °a cd °b j w z

V1L2 288.000 463.833 3.2222 12.2000 243.00 11.5607 28.093
f-i r cd ° ab j b-d o-t

V1L3 252.667 432.611 3.2222 13.0467 253.00 10.4285 26.380
m-p X-Z cd °z-a j d-j r-u

V1L4 252.667 483.333 3.4444 13.3067 257.00 9.7294 25.000
o-r n cd a-z ij g-l t-v

V2 L1 139.333 385.111 3.5000 13.8200 247.00 6.2405 15.410
°b °c cd X-Z j u-w Yz

V2 L2 180.333 387.889 3.2222 13.8567 278.67 7.1636 19.960
a-z °c cd wz 0-j S-v Wx

V2 L3 189.333 393.333 3.3333 15.1267 279.33 8.1958 22.890
V-y °b cd g-x 0-j m-t Vw

V2 L4 189.333 356.167 3.4444 15.0367 291.00 9.1289 26.560
r-t °d cd g-x f-j i-p g-u

V3 L1 161.667 386.500 3.3333 13.9233 250.33 7.1999 18.023
°a °c cd wz j S-v Xy

V3 L2 165.000 348.800 3.6111 14.3700 279.67 6.7765 18.947
a-z °e c t-y g-j t-v X

V3L3 173.000 431.700 3.4444 14.6067 289.33 6.9934 20.233
a-z yz cd s-y g-j t-v Wx

V3 L4 265.333 445,767 3.2778 15.4800 299.33 10.9892 32.890
k-n t cd 0-V e-j c-g j-m

V4 L1 130.333 462.944 3.2778 14.3333 301.33 4.9587 14.943
°b r cd u-z e-j w z

V4 L2 249.333 473.222 3.0000 15.1867 344.00 8.8076 30.297
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n-q op d p-w b-h k-0 m-p
V4 L3 255.333 467.533 3.4444 15.4267 349.67 9.0081 31.503
m-0 qr cd 0-v b-h j-p I-o
V4 L4 304.000 432.667 3.4444 15.8067 383.67 10.0200 38.443
d-g X-Z cd I-s bc e-k c-g
V5 L1 183.333 552.600 3.1667 14.0400 353.00 5.8261 20.570
w-Z h cd w-Z b-h w Wx
V5 L2 312.667 541.933 3.3333 14.8767 357.07 10.4248 37.227
d-f i cd r-x b-h d-j d-h
V5 L3 282.000 573.367 3.5000 15.0067 374.67 8.9842 33.660
h-1 g cd g-x b-e jq i-l
V5 L4 418.667 514.500 3.2778 15.4733 396.00 13.1025 51.867
a k cd 0-v bc a A
V6 L1 237.000 492.133 3.1111 14.2167 302.33 8.9152 26.950
o-r m cd V-Z d-j k-q p-u
V6 L2 291.667 463.667 3.2222 15.0100 333.00 10.5261 35.060
f-i r cd g-X C-i d-i h-k
V6 L3 305.333 473.833 3.2778 15.9000 339.67 11.4387 38.853
d-g op cd k-s b-h b-e c-f
V6 L4 313.667 470.000 3.3333 16.1333 352.67 11.4704 40.447
d-e pPq cd h-r b-h b-e b-d
V7 L1 215.000 613.700 3.3889 15.6433 362.00 7.4441 26.950
r-u c cd n-u b-f r-u p-u
V7 L2 228.333 602.367 3.2778 15.9733 387.67 7.5274 29.180
g-s d cd I-s bc g-u n-r
V7L3 235.000 504.289 3.1667 16.5567 387.00 8.0322 31.083
o-r | cd h-p bc o-t l-o
V7 L4 366.000 577.800 3.1667 17.0400 555.67 10.4363 49.873
b f cd f-m a d-j A
V8 L1 223.667 437.333 3.3333 15.7100 317.67 8.8479 28.100
r-t V-X cd m-t c-j k-r o-t
V8 L2 232.667 404.467 3.3333 15.5467 358.07 8.0852 28.940
0-q °a cd 0-V b-g n-t n-r
V8 L3 229.000 535.911 3.2778 16.3700 352.67 8.5128 29.993
g-s j cd h-q b-h I-s m-qg
V8 L4 296.333 514.367 3.5000 15.8700 357.00 10.5337 37.613
e-h k cd k-s b-h d-i d-h
V9 L1 203.333 502.330 3.2222 15.5733 365.33 6.9344 25.337
t-w | cd 0-V b-f t-v S-v
V9 L2 208.667 578.667 3.4444 16.2400 364.00 7.4469 27.103
S-V f cd h-r b-f r-u p-u
V9 L3 210.000 585.278 3.3889 16.9600 368.00 7.7406 28.483
S-V e cd f-n b-f p-t 0-S
VI L4 252.000 518.300 3.4444 17.3400 373.67 9.3548 34.963
n-p k cd e-i b-e h-o h-k
V10 L1 233.333 434.800 3.4444 16.0767 382.67 7.8411 30.000
o-r Xy cd i-r b-d p-t m-q
V10 L2 263.000 444.933 3.4444 16.7067 383.67 9.1560 35.127
I-n tu cd g-o bc i-p g-k
V10 L3 269.667 441.000 3.4444 17.0933 387.00 9.5304 36.880
j-n u-w cd e-1 bc g-n e-i
V10 L4 273.667 474.933 3.5556 17.4400 390.33 9.7809 38.180
i-m 0 c e-h bc f-l c-h
V11L1 196.667 436.620 3.2222 17.2500 302.33 8.9791 27.140
u-x w-y cd e-j d-j jp p-u
V1112 280.333 441.800 3.2222 17.2067 316.22 12.2027 38.593
h-1 t-v cd e-k cj a-c c-f
V11 L3 285.333 446.033 3.5000 18.1500 319.67 12.9599 41.427
g-k t cd d-f c-j a Bc
V11 L4 292.333 407.767 3.4444 18.4000 346.00 12.4359 43.023
f-i °a cd de b-h ab B
V12 L1 249.667 435.1 3.5556 18.0467 373.33 9.6502 36.023
n-q Xy cd d-f b-e g-m f-j
V12 L2 278.000 453.100 3.2778 18.0167 376.00 10.6573 40.070
h-1 S cd d-g b-e d-h b-e
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V12 L3 319.667 457.067 3.5000 19.0767 387.00 12.6118 48.807
c-d S cd d bc ab A
V12 L4 335.333 429.333 3.3333 19.1000 417.81 12.2648 51.247
c z cd d b a-c A
V13 L1 77.000 801.333 9.6111 22.6233 253.00 9.6377 24.380
°c b b c j g-m Uv
V13 L2 81.667 804.333 9.5556 25.5300 260.00 11.2279 29.190
°c b b b ij b-f n-r
V13 L3 82.333 815.000 10.2778 26.1567 276.33 10.9120 30.153
°c a a ab h-j c-g m-p
V13 L4 84.333 811.667 10.5556 27.1367 280.00 11.4465 32.050
°c a a a g-j b-e k-n

*, ** significant effect at probability at 0.05 and 0.01 respectively, (V): variety, (L): level of phosphorus, (°): Because of the
repetition of latter’s according to Duncan multiple range and the presence of 52 treatments it is necessary to put a special
symbol to compare lowest value with highest value.

Table (6) indicates the estimation of genetic respectively, while it’s medium for biological
parameters for all different traits. It’s clear that yield and harvest index with (21.81364 and
the heritability in a broad sense was high traits 18.11583) (9, 11, 18, 28,30). high genetic
for the traits pod length, 500 seed weight, leaf advance indicated that the additive gene

area, number of pods, and total seeds yield. governs these traits and selection will be
with values (0.97475, 0.947419, 92.0019, rewarding for improvements of these traits.
0.738472, 0.70153) respectively, and it was The same Table clearly shows that GCV was
medium for biological yield harvest index high for the number of pods plant™, leaf area,

ranged between (0.630662 and 0.520461). it is pod length, 500 seed weight, and total seed
noticed that the expected genetic advance as a yield  (0.738472, 0.920019, 0.974751,
percentage was high for the traits. The number 0.947419, 0.70153), these results are similar to
of pods plant'l, leaf area, pod length, 500 seeds (4,5,14,19,31, 33).

weight, and total seed yield plant -1 (37.56665,

37.14726, 82.65661, 31.8385 and 30.88068)

Table 6. Genetic variance and some genetic parameters on yield and some growth traits in pea

plant
Traits
Number of  Leafarea Pod length 500 seeds Bio-yield HI Total seeds
pods per (cm) (cm) weight Kg(ha™) (%) yield PL
plant Q) (kg/ha™)
heritability =~ 0.738472 0.920019 0.974751 0.947419 0.630662 0.520461 0.70153
GA 88.10102 183.9545 3.187931 5.244759 72.98411 1.690901 9.661892
GA% 37.56665 37.14726 82.65661 31.8385 21.81364 18.11583 30.88068
GCV 24.98029 22.13045 47.84018 18.69147 15.69611 14.34915 21.06811
PCV 29.06902 23.07234 48.45583 19.20315 19.76486 19.88989 25.15374
(GA)=genetic advance (GA%) = genetic advance as a percent of the mean, (GCV)= Genetic coefficient
variation, (PCV)= coefficient variation, (ECV)= environmental coefficient variation
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