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Introduction

Pulses are considered as the second most important 
crop after cereals fulfilling dietary requirements 

for humans in many parts of the world (Maphosa 
and Jideani, 2017). Chickpea (Cicer arietinum L.) is 
valuable for its cheapest source of protein and an in-

expensive meat alternative. Various types of chickpeas 
are commonly known as gram, garbanzo or garban-
zo bean. Chickpea has a great nutritional value. Their 
seeds provide proteins and carbohydrates, together 
constituting ~ 80% of the total dry seed mass. Com-
parative to common beans (Phaseolus vulgaris L.) and 
field peas (Pisum sativum L.) chickpea has higher 
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carbohydrate content (~63%) (Serrano et al., 2017). 
However, protein content of chickpea varies in culti-
vars i.e., 12.4–31.5% as reported by Canadian Grain 
commission (Wang and Daun, 2004) or 17-22% 
( Jukanti et al., 2012), which is most likely double than 
the protein content of wheat and thrice than that of 
rice (Shukla et al., 2013). During 2019-20, chickpea 
was cultivated on an area of 13.7 million hectares of 
the world with a total production of 14.24 million 
tones averaging 1038 kg ha-1 (FAO, 2019). During 
the same year in Pakistan, chickpea was grown on an 
area of 0.94 million hectares which produced 0.44 
million tones with an average yield of 473 kg ha-1 
(FAO, 2019). 

Sensitivity to different levels of fertilizers, water ap-
plication and certain biotic and abiotic factors are the 
considerable limitations resulting in chickpea`s low 
yield. The imbalance of nutrients has a great nega-
tive effect on chickpea production. The pulse crop can 
meet their nitrogen requirement from the mechanism 
of nitrogen fixation via biological mean and so per 
hectare only15-20 kg nitrogen is sufficient. However, 
deficiency of phosphorus is widespread in soils and 
pulse crops revealed varying reaction to 20-80 kg 
P2O5 application of phosphorus per hectare, reliant 
on status of nutrients in the soil, availability of wa-
ter and system of cropping (Ali et al., 2008). Appro-
priate crop and nutrient management are the major 
and important factors promoting higher productivity. 
Judicious usage of suitable varieties along with plant 
nutrients and fertilizers consumption have a signifi-
cant impact upon yield and other related components 
which in turn leads towards high yield. 

Plants need various nutrients for their healthy and 
vigorous growth. Phosphorus is one of these which 
improve formation of flowers, seed production, ear-
ly maturity, elevated fixation of nitrogen, quality im-
provement and disease resistance (Zeid et al., 2015). 
The application of phosphorus among other aspects 
is of critical significance in influencing production of 
chickpea. As a measurable amount of applied phos-
phorus to the soil more likely remains unavailable 
and thus could not be used by the crop. Phosphorus 
is getting deficient after nitrogen in agricultural soils 
globally (Vance et al., 2003). In plants, deficiency of 
phosphorus ruins several biochemical and physiolog-
ical processes (Wu et al., 2005). Even in more fertile 
soils, phosphorus availability is scarce for plants be-
cause Ca in alkaline soils (Rahmatullah et al., 1994), 

while in acidic soils Al and Fe make precipitates with 
phosphorus (Plaxton and Carswell, 1999). Phospho-
rus application helps in hardiness of shoots, regula-
tion of photosynthesis, improvement of grain quality 
governing physio-biochemical processes and also im-
parts in elongation of roots, maximization of nodule 
growth and thus increases the chances to fix nitrogen 
(Chowdhury et al., 1975). 

The response of phosphorus application was no-
ticed to be quite well in legume crops. From various 
studies it has been observed that the application of 
phosphorus had a positive effect on yield of chick-
pea ( Johansen and Sahrawat, 1991) though, Chen et 
al. (2006) stated that during different conditions of 
growth, the amount of required phosphorus changes 
accordingly. Among various major constraints poor 
fertility of the soil, especially phosphorus scarcity, is 
one of the main limitations in productivity of chick-
pea (Srinivasarao et al., 2003). 

Different genotypes respond differently to varying en-
vironments. It has been reported by Gul et al. (2014) 
that 0-195% increase in yield of chickpea genotypes 
was associated with the environment where nitrogen 
was applied. Similarly, Ali et al. (2008) also noticed 
an increased performance of chickpea genotypes in 
terms of seed yield under phosphorus application. 
This shows that GE interaction plays a fundamental 
role in the yield of chickpea. Considering the prior 
facts, the current test was accomplished while aiming 
the yield response of chickpea genotypes to the im-
plementation of phosphorus, determination of phos-
phorus interaction with different chickpea genotypes 
for yield and its attributing parameters and to deter-
mine genotypic and phenotypic correlation amidst 
various parameters of different chickpea genotypes.

Materials and Methods

Experimental material and layout
The current experiment was devised to study phospho-
rous effect on various genotypes of chickpea. A field 
experiment was performed at The University of Agri-
culture, Peshawar located between 358 02” N latitude, 
731 46” E longitudes with an altitude of 360 ft. dur-
ing the growing season in 2017-18. Two treatments, 
i.e., E1 with no phosphorous implementation and 
E2 with phosphorus application of 35.3 kg P2O5 ha-1 
in the form of diammonium phosphate (P2O5) were 
prepared for this experiment. The planting materials, 
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Table 1: Pooled mean squares for various traits of 15 chickpea genotypes grown under E1 (control) and E2 (P applied) 
at the University of Agriculture, Peshawar during 2017/18.
SOV df. Plant height Pods plant-1 Seeds pod-1 Seeds plant-1 100-seed weight Seed yield Harvest index
Environment (E) 1 0.11 1925.31** 0.01 39.04** 1.79* 8146615.53** 1.66
Reps w/n (E) 4 41.07 109.34 0.01 31.10 0.18 2895.70 31.06
Genotype (G) 14 61177.62** 5214.24** 4.15** 8034.93** 995.40** 481026.32** 3556.86**
G×E 14 0.94 200.91** 0.02* 2.18** 0.55** 136132.30** 16.58**
Pooled Error 56 38.35 64.04 0.02 1.11 1.41 4641.02 10.43

*,** = significant at 5% and 1% probability level, respectively.

comprised of 15 genotypes of chickpea, were planted 
in the respective environments in randomized com-
plete block design with three replications. A single 
experimental unit constituted of four 4 m rows with 
0.30 m distance between rows with a plant density of 
about12 plants/m2. 

Statistical analysis
Data were collected for plant height (cm), pod num-
ber plant-1, seed number pod-1, seed number plant-1, 
100-seed weight (g), seed yield (kg ha-1) and harvest 
index (%). Data for the aforementioned traits were 
taken on five randomly selected plants at each plot. 
Using the procedure of Gomez and Gomez (1984), 
analysis of variance (ANOVA) test was carried out 
to analyze all the data. Furthermore, phenotypic and 
genotypic correlations among various plant traits 
were also assessed for separate experiment adopting 
SAS (Statistical Analysis System) software (Kwon 
and Torrie, 1964; SAS Institute, 2009).

Results and Discussion

Seed yield and harvest index
Analysis demonstrated highly significant (P ≤ 0.01) 
differences amongst the tested genotypes, GE inter-
action and environments for seed yield (Table 1). Sim-
ilar results were also documented by past researchers 
Macil et al. (2017) for seed yield in chickpea geno-
types. Across environments, the most productive gen-
otype for seed yield was NKC-5-S-12 while the least 
productive was NDC-5-S-10 (Table 4). Generally, 
E2 (P applied) was the most productive environment 
for seed yield where highest production was obtained 
from genotyped NDC-4-20-1 which was 1004.2 kg 
ha-1 thus making this environment more favorable for 
seed yield (Table 4). The drastic decline in seed yield 
under control environment suggested that seed yield 
was heavily affected by limited availability of phos-
phorus in the soil. Therefore, phosphorus application 

could be recommended to achieve higher productivity 
in chickpea. Correlation analysis unveiled significant 
positive relationship of seed yield with seeds pod-1 
(rg = 0.73) at genotypic level however it had negative 
association with 100-seed weight (Table 5). Pheno-
typically, seed yield and plant height were negatively 
correlated (Table 5). The current results confirmed 
the findings of Islam et al. (2011) that seed yield was 
correlated with seeds pod-1 in chickpea genotypes. 

For harvest index, mean squares were significantly 
(P ≤ 0.01) different among genotypes and GE in-
teraction (Table 1). However, environments were 
non-significantly different for harvest index (Table 
1). Desai et al. (2016) also published same results for 
genotypes and their interaction in chickpea for the 
said trait. Overall, mean data for harvest index ranged 
between 37.2 and 51.5 % (Table 4). Overall, high-
est harvest index (51.47 %) was noted for genotype 
NKC-5-S-12 and lowest harvest index (37.2 %) was 
noted for genotype NDC-5-S-10. In E2, highest har-
vest index (50.9%) was recorded for genotype NKC-
5-S-12 (Table 4). Overall, mean harvest index values 
in both environments were close to each other which 
is expected by their non-significant environments. 
The correlation results determined between 100-seed 
weight and seeds pod-1 were negative both genotyp-
ically and phenotypically (rg = -0.47, rp = -0.25) but 
significant at genotypic and non-significant at phe-
notypic level (Table 5). Similar results for genotyp-
ic and phenotypic correlation of harvest index (rg = 
0.01, rp = 0.05) was recorded with 100-seed weight 
i.e. non-significant and positive (Table 5). Hussain et 
al. (2018) however, reported a negative and significant 
association between 100-seed weight and harvest in-
dex which could be due to differences in experimental 
material used in the studies. 

Similarly, between seeds plant-1 and pods plant-1 (rg = 
0.55,) the correlation coefficient was significant and 
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Table 2: Mean performance of different chickpea genotypes for plant height, pods plant-1 and seeds pod-1 under E1 
(control) and E2 (P applied) environments evaluated at the University of Agriculture, Peshawar during 2017/18.
Genotypes Plant height (cm) Pods plant-1 Seeds pod-1

E1 (control) E2 
(P appl.)

Diff. Mean E1 (control) E2
(P appl.)

Diff. Mean E1 (control) E2
(P appl.)

Diff. Mean

NDC-4-20-5 71.3 54.2 -17.1 62.7 36.5 61.4 24.9 49.0 1.49 1.48 -0.01 1.48
NDC-4-20-3 81.1 56.3 -24.8 68.7 40.7 54.4 13.7 47.5 1.43 1.45 0.02 1.44
NKC-5-S-14 76.4 58.7 -17.7 67.5 50.1 51.3 1.2 50.7 1.38 1.23 -0.15 1.3
NKC-5-S-16 78.8 54.2 -24.6 66.5 31.4 43.9 12.5 37.7 1.62 1.59 -0.03 1.6
NKC-5-S-15 77.8 54.3 -23.5 66.1 37.0 58.1 21.1 47.6 1.66 1.73 0.07 1.69
NDC-122 70.6 59.2 -11.4 64.9 41.7 58.9 17.2 50.3 1.54 1.53 -0.01 1.54
NDC-4-20-4 73.9 50.3 -23.6 62.1 44.4 54.4 10.0 49.4 1.47 1.38 -0.09 1.42
NDC-15-1 77.3 53.1 -24.2 65.2 54.1 60.1 6.0 57.1 1.68 1.4 -0.28 1.54
NKC-5-S-12 81.3 49.7 -31.6 65.5 61.9 52.6 -9.3 57.2 1.49 1.61 0.12 1.55
NDC-4-20-2 81.9 53.8 -28.1 67.8 57.4 55.5 -1.9 56.5 1.48 1.32 -0.16 1.4
NDC-15-4 83.4 57.9 -25.5 70.6 42.3 58.9 16.6 50.6 1.61 1.66 0.05 1.64
NDC-4-20-1 70.7 45.7 -25.0 58.2 39.5 48.3 8.8 43.9 1.44 1.62 0.18 1.53
NDC-5-S-10 62.4 46.0 -16.4 54.2 62.0 63.9 1.9 62.9 1.39 1.32 -0.07 1.35
KARAK-1 67.7 51.5 -16.2 59.6 45.1 63.6 18.5 54.3 1.4 1.39 -0.01 1.39
KARAK-2 71.2 50.3 -20.9 60.7 51.4 74.3 22.9 62.9 1.47 1.46 -0.01 1.47
Mean 75.0 53.0 -22.0 64.0 46.4 57.3 10.9 51.8 1.5 1.48 -0.02 1.49
LSD (0.05) G = 8.3 E = ns - G×E 

= ns
G = 6.3 E = 1.4 - G×E 

= 5.8
G = 1.71 E = ns - G×E 

= 0.8

positive at genotypic level. However, between seed 
yield (rg = 0.14, rp = 0.29) and seeds plant-1, phenotyp-
ic correlation was significant and positive (Table 4). 
Neenu et al. (2017) also reported the same results for 
the associations of these traits in chickpea genotypes 
while studying the impact of sowing dates on up tak-
ing of nutrients and yield of chickpea under different 
climatic conditions.

The soils, specifically in Khyber Pakhtunkhwa (KP) 
province of Pakistan, have become seriously lacking 
in N, P and K which in turn results in low yield on 
farmer fields than potential yield. This should also be 
taken into consideration that the pattern of cropping 
in the province is not balanced very well and only a 
marginal land is allocated for cultivation of pulses. 
Phosphorus plays a vital role in plant growth and de-
velopment of seeds thus making itself an essential nu-
trient. Considering the above facts, a field experiment 
was directed to look over the impact of phosphorus 
on growth and seed yield of chickpea. From this study 
it was obvious that yield and growth of chickpea were 
greatly influenced due to phosphorus application.

Plant height
Taller plants have usually good survival chance in any 

environmental conditions. Table 1 shows the differ-
ences among the chickpea genotypes for the plant 
height with high statistical significance. Nath et al. 
(2013) reported the same results regarding genotypes, 
environments and interaction due to GE whereas 
observing the impact of phosphorous and measures 
of controlling weeds on yield and growth of chick-
pea. Plant height and branches play important func-
tions in plant development and growth (Kumar et al., 
2020). Across environments, highest plant height of 
70.6 cm was noted for NDC-15-4 genotype (Table 
2). Genotypes NDC-15-4 also exhibited highest 
(83.4 cm) plant height under control environment 
(E1), whereas NDC-122 produced taller plants un-
der phosphorus applied environment. Generally, un-
der phosphorus applied environment, shorter plants 
were observed. This suggested that phosphorus appli-
cation may have negatively affected the plant height 
of chickpea genotypes. Ullah et al. (2018) reported 
that 35 kg ha-1 of P2O5 had negligible effect on plant 
height of chickpea. This could be due to the fixation 
of P to soil surface and making it unavailable for plant 
uptake. Hence, biological growth of plant is retarded. 
In such case, sufficient dose of P is required. Ullah 
et al. (2018) suggested that P2O5 at 70 kg ha-1 was 
sufficient and significantly enhanced the biological 
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Table 3: Mean performance of different chickpea genotypes for seeds plant-1 and 100-seed weight under E1 (control) 
and E2 (P applied) environments evaluated at the University of Agriculture, Peshawar during 2017/18.
Genotypes Seeds plant-1 100-seed weight (g)

E1 (control) E2 (P appl.) Diff. Mean E1 (control) E2 (P appl.) Diff. Mean
NDC-4-20-5 76.7 79.0 2.3 77.9 21.7 20.8 -0.9 21.2
NDC-4-20-3 47.6 49.3 1.7 48.4 22.4 21.9 -0.5 22.1
NKC-5-S-14 51.7 52.7 1.0 52.2 25.8 26.3 0.5 26.0
NKC-5-S-16 31.3 33.3 2.0 32.3 22.6 22.2 -0.4 22.4
NKC-5-S-15 61.9 64.0 2.1 62.9 22.0 21.9 -0.1 22.0
NDC-122 35.0 35.5 0.5 35.3 25.2 25.1 -0.1 25.2
NDC-4-20-4 50.4 52.3 1.9 51.4 28.9 27.5 -1.4 28.2
NDC-15-1 77.5 79.1 1.6 78.3 21.9 21.8 -0.1 21.9
NKC-5-S-12 85.2 86.0 0.8 85.6 20.6 20.1 -0.5 20.4
NDC-4-20-2 72.3 75.0 2.7 73.7 26.0 24.8 -1.2 25.4
NDC-15-4 63.6 66.3 2.7 64.9 22.0 22.1 0.1 22.1
NDC-4-20-1 54.8 54.9 0.1 54.9 13.7 13.2 -0.5 13.5
NDC-5-S-10 60.6 61.0 0.4 60.8 19.1 18.4 -0.7 18.7
KARAK-1 57.8 59.3 1.5 58.6 25.5 26.1 0.6 25.8
KARAK-2 64.4 66.3 1.9 65.3 20.7 20.8 0.1 20.7
Mean 59.4 60.9 1.5 60.2 22.5 22.2 -0.3 22.4
LSD (0.05) G = 6.2 E = 3.3 - G×E = 4.1 G = 2.9 E = 1.2 - G×E = 3.9

growth and development of chickpea. Overall, short-
est plants were observed for genotypes NDC-4-20-1 
and NDC-5-S-10 (54.2 cm). Between plant height 
and 100-seed weight, there was highly significant 
genotypic correlation (rg = 0.60). At phenotypic lev-
el, the correlation of plant height with pods plant-1 
was significant and positive whereas, it was negative 
and non-significant at genotypic level (rg = -0.36, rp 
= 0.34) (Table 5). For plant height`s correlation with 
other traits, the same results were documented by 
Aulakh et al. (2003) in chickpea genotypes.

Pod number and seed number
Highly significant (P ≤ 0.01) results were depicted by 
pooled ANOVA among genotypes, GE interaction 
and environments for pods plant-1 (Table 1). Keneni 
et al. (2015) also reported same findings during esti-
mation of phosphorous uptake efficiency in different 
chickpea accessions. Across environments, genotypes 
NDC-5-S-10 and Karak-2 produced highest pods 
plant-1 i.e., 62.9 (Table 2). In E1, the range for pods 
plant-1 was between 31.4 and 62 (Table 2). Geno-
type NKC-5-S-16 produced lowest pods in a plant 
whereas, highest pods plant-1 were produced by gen-
otype NDC-5-S-10. Similarly, in E2 (P applied), 
pods plant-1 ranged between 43.9 and 74.3 wherein 
NKC-5-S-16 produced lowest pods plant-1 whereas 

Karak-2 produced highest pods plant-1. In this case, 
phosphorus application significantly improved pods 
production of chickpea genotypes and hence, high-
er values were observed in E2. There was significant 
genotypic correlation between pods plant-1 and seeds 
plant-1 (Table 5). The correlation of harvest index and 
pods plant-1 at genotypic and phenotypic level was 
positive but could not reach to the level of signifi-
cance (Table 5). Yadav et al. (1990) studied correlation 
among yield traits in chickpea genotypes and reached 
to the same conclusions regarding correlation of pods 
plant-1 in relation with other discussed traits.

For seeds pod-1, significant (P ≤ 0.01) differences were 
observed from pooled analysis of variance amongst 
genotypes and GE interactions (Table 1). However, 
environments were non-significantly different for 
seeds pod‑1. Keneni et al. (2015) also found significant 
(P ≤ 0.01) differences amongst the tested chickpea 
genotypes, whereas non-significant GE interaction. 
Across environments, the highest mean value for 
seeds pod-1 was recorded for genotype NKC-5-S-15 
which was 1.69. Highest mean value for seeds pod-1 
in E2 was 1.73 and was marked by genotype NKC-
5-S-15 (Table 2). Overall, mean values for seeds pod-

1 under both environments were close which is ev-
ident by non-significant environments. Similarly, it 
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Table 4: Mean performance of different chickpea genotypes for harvest index and seed yield under E1 (control) and E2 
(P applied) environments evaluated at the University of Agriculture, Peshawar during 2017/18.
Genotypes Harvest index (%) Seed yield (kg ha-1)

E1 (control) E2 (P appl.) Diff. Mean E1 (control) E2 (P appl.) Diff. Mean
NDC-4-20-5 53.3 48.2 -5.1 50.8 335.9 383.3 47 359.6
NDC-4-20-3 46.5 46.8 0.3 46.7 273.2 400.0 127 336.6
NKC-5-S-14 36.5 40.3 3.8 38.4 192.7 393.1 200 292.9
NKC-5-S-16 37.5 37.7 0.2 37.6 95.8 600.0 504 347.9
NKC-5-S-15 48.9 47.1 -1.8 48.0 132.9 851.4 719 492.1
NDC-122 43.8 42.6 -1.2 43.2 233.8 497.2 263 365.5
NDC-4-20-4 45.8 46.2 0.4 46.0 358.6 281.9 -77 320.3
NDC-15-1 41.8 42.0 0.2 41.9 601.8 497.2 -105 549.5
NKC-5-S-12 52.0 50.9 -1.1 51.5 529.0 706.9 178 618.0
NDC-4-20-2 36.7 38.5 1.8 37.6 338.4 708.3 370 523.4
NDC-15-4 38.2 36.8 -1.4 37.5 366.3 594.4 228 480.4
NDC-4-20-1 41.4 40.1 -1.3 40.7 126.3 1004.2 878 565.3
NDC-5-S-10 33.5 40.9 7.4 37.2 135.3 180.6 45 157.9
KARAK-1 50.0 43.1 -6.9 46.5 497.5 597.2 100 547.4
KARAK-2 43.0 42.6 -0.4 42.8 317.8 662.5 345 490.2
Mean 43.3 42.9 -0.4 43.1 302.3 557.2 255 429.8
LSD (0.05) G = 5.6 E = ns - G×E = 7 G = 1.1 E = 2. 9 - G×E = 6

could be inferred that seeds pod-1 were sensitive to 
phosphorus application and performance of geno-
types was significantly altered as indicated by signif-
icant GE interaction (Table 1). For seeds pod-1 the 
correlation results were negative but non-significant 
at both genotypic and phenotypic levels (rg = -0.47, 
rp = -0.25) with 100-seed weight (Table 5). However, 
seeds pod-1 (rg = 0.73) has significant association with 
seed yield at genotypic level only (Table 5). Siddiqui 
et al. (2015) reported similar outcomes for correlation 
of seeds pod-1 with seed yield in chickpea genotypes.

Among genotypes, environments and their interac-
tion in terms of seeds plant-1, pooled ANOVA re-
vealed highly significant (P ≤ 0.01) variation (Table 
1). Badini et al. (2015) also described same results 
while studying the effect of different phosphorous 
levels on yield of chickpea. In E2, the range for seeds 
in a single plant was between 33.3 and 86.0 (Table 
3). Genotype NKC-5-S-12 produced highest seeds 
plant-1 at both environments suggesting its stability 
across diverse environments (Table 3). This also indi-
cated that NKC-5-S-12 was insensitive to phospho-
rus application therefore, the genotype is expected to 
produce similar results in phosphorus deficient soil as 
well. Analysis of correlation revealed significant asso-
ciation of seeds plant-1 with pods plant-1 at genotypic 

level only while non-significant association was ob-
served with seed yield at both genotypic and pheno-
typic levels (Table 5). This indicated that plants that 
produce more pods are likely to bear more seeds in 
them.

100-seed weight
Pooled analysis of variance for 100-seed weight re-
vealed significant (P ≤ 0.01) differences amongst 
genotypes and GE interaction while significant at 
P ≤ 0.05 among environments (Table 1). Mansur et 
al. (2009) also reported similar findings for 100-seed 
weight while determining the impact of densities of 
plants as well as phosphorous levels upon seed yield 
and protein content of chickpea genotypes. Highest 
100-seed weight of 27.5 g in E2 was exhibited by gen-
otype NDC-4-20-4 which happened to be top in E1 
as well for 100-seed weight (Table 3). Although, 100-
seed weight was non-significantly associated with any 
other trait at phenotypic level however, it had strong 
positive association with plant height while negative 
association with seed yield at genotypic level (Table 5). 

Application of phosphorus at the rate of 35.3 kg ha-1 
resulted in overall short plants of chickpea genotypes. 
Nevertheless, NDC-122 attained highest height 
(59.2 cm) in E2. Highest pods plant-1 was depicted for 
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Table 5: Genotypic (above diagonal) and phenotypic (below diagonal) correlation coefficients among various traits of 
15 chickpea genotypes under E1 (control) and E2 (P applied) environments evaluated at the University of Agricul-
ture, Peshawar during 2017/18.
Traits Plant height Pods plant-1 Seeds pod-1 Seeds plant-1 100-seed weight Seed yield Harvest index
Plant height - -0.36 0.02 -0.26 0.60** -0.16 -0.14
Pods plant-1 0.34* - -0.55 0.55* -0.01 -0.20 0.05
Seeds pod-1 0.09 -0.16 - -0.01 -0.47 0.73** 0.24
Seeds plant-1 -0.05 0.30 0.01 - -0.20 0.14 0.37
100-seed weight 0.17 0.01 -0.25 -0.20 - -0.44* 0.01
Seed yield -0.47* -0.26 0.24 0.29 -0.12 - -0.11
Harvest index 0.08 0.12 0.03 0.29 0.05 0.10 -

*,** = significant at 5% and 1% probability level, respectively.

genotype Karak-2 i.e., 74.3 in P applied environment. 
Genotype NKC-5-S-15 produced maximum seeds 
pod-1 which was 1.73 in E2. Frossard et al. (2000) re-
ported that phosphorus application at higher levels 
resulted in improved crop growth, specifically positive 
effect was determined on seeds pod-1, pods per plant, 
seed yield and harvest index. In the current study, P 
application also improved pods production in plants 
which is another important yield determining fac-
tor in chickpeas. However, it seems that higher pods 
production was not truly reflected in seed yield. As 
a matter of fact, genotypes (NDC-15-1 and NKC-
5-S-12) with modest pods plant-1 (57.1 and 57.2, re-
spectively) produced higher seed yield. This could be 
due to the fact that higher pods formation in chick-
pea reduced seed size and weight which ultimately 
declined overall seed yield. This suggested that plants 
with optimum number of pods would be a better se-
lection criterion to increase seed yield in chickpea. A 
positive effect of P application on chickpea perfor-
mance in terms of seed yield has also been reported 
by Fairhurst et al. (2007). The genotype NDC-4-20-
1 was superior line in terms of seed yield and thus 
it can be suggested for direct and general cultivation 
by farmers. The mentioned line can also be used in 
various breeding programs to improve seed yield in 
chickpea genotypes. The obtained results indicated 
that significantly higher values were noted specifically 
for seed yield due to phosphorus application in chick-
pea genotypes. 

In the present study, as GE interaction was signifi-
cant for all the studied traits except plant height. This 
confirmed that the effect of phosphorus application 
brought significant changes in these parameters of 
chickpea genotypes which forced genotypes to re-
spond differently across environments.

Conclusions and Recommendations

Among 15 chickpea genotypes tested, Genotype 
NDC-4-20-4 exhibited the highest 100-seed weight 
which was 28.2 g whereas, genotype NDC-4-20-1 
outyielded the rest of the genotypes for seed yield 
(1004.2 kg ha-1) in the environment having phos-
phorous application whereas it was only 126 kg h-1 
in the control treatment. On the other hand, some 
genotypes such as NDC-15-1 yielded lower in P 
treatment compared with the control. Plant heights 
of all genotypes treated with P were lower than those 
of control plants. The highest yielding genotype was 
NDC-4-20-1; hence it can be used for improve-
ment of seed yield and its attributing traits in dif-
ferent chickpea breeding programs. This experiment 
revealed that phosphorus application forced chickpea 
genotypes to respond differently and hence produce 
different mean performance for various traits. This 
study suggests sufficient phosphorus application to 
achieve higher seed yield in chickpea genotypes. 

Novelty Statement

Phosphorus is one of the essential fertilizers for crop 
plants which plays a crucial role in plant growth and 
development. Imbalance application of phosphorus 
adversely affects the performance of chickpea result-
ing in lower seed yield. However, efficiency of chick-
pea genotypes to phosphorus application is different 
which is determined by its genetic makeup. Therefore, 
chickpea genotypes must be assessed in varying phos-
phorus applications to reduce the cost of production. 
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