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RELATIVE PHOSPHORUS UTILIZATION EFFICIENCY OF WHEAT
GENOTYPES IN HYDROPONICS

H. Salma Kosar, Maqsood A. Gill, Tariq Aziz*, Rahmatullah and Mukkram A. Tahir
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Different crop species and varieties differ genetically in responding to root medium P. We evaluated seven
commonly grown wheat genotypes for their response to P deficiency stress in hydroponics. Wheat genotypes
differed significantly (p<0.001) in their biomass accumulation, root: shoot ratio, P concentration, total P uptake in
shoot and P utilization efficiency. Total P uptake and P utilization efficiency correlated significantly (p<0.001) with
their shoot dry matter yield, root dry matter yield and total biomass production. Chenab 2000 and Dirk proved to
be efficient and responsive genotypes to P application.
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INTRODUCTION

Phosphorus availability is limited on most of alkaline
calcareous soils and imparts a declining effect on crop
productivity on these soils (Ahmad et. aI., 1992).
Although plentiful in the earth crust soil phosphorus
often exits in insoluble mineral forms that render it
unavailable to plants (Raghothama, 1999; Plaxton and
Carswell, 1999). The plant use efficiency of both
applied and native soil P is quite low, as a large
proportion of applied P becomes immobile due to high
P fixation by calcium carbonate (Rahmatullah et, aI.,
1993).
Fear of depletion of world's reserves of rock P (Plaxton
and Carswell, 1999) coupled with substantial hike in
price of synthetic phosphatic fertilizers, impel to devise
strategies aiming at increasing P utilization efficiency in
agriculture. A number of strategies have been
proposed for more efficient utilization of root medium P
by plants (Gill et. aI., 2002; Gill and Ahmad, 2003). It
includes exploitation of genetic differences among
plants in absorption, translocation, assimilation and
utilization of nutrients in a resource poor environment
(Gill et aI., 2002). Differential response of genotypes in
nutrient stress environment may be related to
morphological root features, efficiency of ion uptake
mechanism, nutrient movement across roots and
delivery to the xylem nutrient utilization in metabolism
and growth processes (Gerloff and Gableman, 1983;
Gill et aI., 2002; Gill and Ahmad, 2003). Therefore
selection of plant genotypes efficient in biomass
accumulation under P stress (deficiency) is an
important strategy for areas of low fertilizer inputs,
especially in developing countries like Pakistan. The
present experiment was conducted to evaluate wheat
genotypes for P use efficiency in solution culture.

MATERIALS AND METHODS

The experiment was conducted in a rain protected wire
house. Seven wheat genotypes studied in this

experiment were (a) Dirk, (b) Chenab 2000, (c)
Pothohar 93, (d) Pirsabak 91, (e) Pavon, (f) Kaghan 93
and (g) Sutleg 86. Seeds were germinated in sand
taken in plastic trays, irrigated with distilled water. Two
week old seedlings were transplanted in foam plugged
holes of thermopal sheets floating on half strength
modified Johnson's nutrient solution (Johnson et aI.,
1976), in two polythene lined iron tubs (200-L capacity)
containing 200-IlM P and 20-IlM P as ammonium
phosphate (NH4 H2P04), respectively. The pH of the
solution was monitored and maintained daily at 5.5 ±
0.5 with HCI or NaOH as required. Completely
randomized factorial design was employed in the
experiment (Steel and Torrie, 1980) with seven repeats
of each genotype. The plants were harvested after four
weeks of transplanting and thoroughly washed with
distilled water and separated into root and shoot. Dry
matter yield was recorded after drying these samples
to constant weight at 70°C in a forced air driven oven.
Dried plant samples were fine ground to 40-mesh sieve
before digesting their 0.5-g portion with 10 ml of di-acid
mixture of Nitric acid (HN03) and Perchloric acid
(HCI04) (3: 1). Phosphorus concentration in plant digest
was estimated by vanadomolybdate yellow color
method using a spectrophotometer (Chapman, 1961).
The data were analyzed statistically using software
MSTAT-C (Russel and Eisensmith, 1983).

RESULTS AND DISCUSSION

Biomass accumulation

Growth behavior of the seven wheat genotypes was
remarkably different at the deficient and adequate
levels of P supply in the root medium. It was revealed
by significant interactive effect (P<0.01) of P rates and
genotypes on shoot dry matter (SDM), root dry matter
(RDM) and root: shoot ratio (RSR) (Table 1). Such
interactions are important for crop cultivar development
(Kang, 1998). Shoot dry matter of wheat genotypes
decreased two fold when P supply was reduced from
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Table 1. Growth performance of the seven wheat genotypes grown at adequate and deficient levels of
P supply.

Shoot Dry Matter Root Dry Matter Root: Shoot Ratio
(g plant") (g plant") Percent

Genotypes Adequate Deficient Adequate Deficient
Reduction

Adequate Deficient in SDM
P supply P supply P supply P supply P supply P supply

Dirk 2.94 a 1.28 b 0.35 NS 0.43 bc 0.12 d 0.34 e 56 bc

Chenab 2000 2.5 b 1.48 a 0.39 0.58 a 0.16 b 0.39 d 41 d

Pothohar 93 2.82 a 1.12 bc 0.42 0.44 bc 0.15 bc 0.39 d 60 b

Pirsabak91 2.11 c 0.99 c 0.29 0.47 b 0.14c 0.47 b 53 c

Pavon 2.15 c 0.64 d 0.33 0.26 e 0.15 bc 0.41c 70 a

Kaghan 93 2.09 c 0.92 c 0.39 0.36 d 0.19 a 0.39 d 56 bc

Sutlej 86 1.89 d 0.8 cd 0.32 0.4 c 0.17 ab 0.5 a 58 b

Mean 2.36 A 1.03 B 0.36A 0.42 B 0.15 B 0.41 A 56

Similar letters in the columns are statistically similar at probability >0.01
Adequate P supply: 200 mM P
Deficient P supply: 20 mM P
200 mM to 20 mM, in the growth medium. In deficient
P supply, Chenab 2000 and Dirk produced higher SDM
while minimum production was observed in Pavon
followed by Sutleg 86. Genotypes differed significantly
(P<0.01) in terms of relative reduction in SDM due to P
deficiency stress (Tobie 1). At deficient P supply,
reduced SDM is attributed to enhanced ability of plants
to invest in root biomass which jeopardizes yield
potential of above ground portions (Gill et aI., 2002).
The maximum reduction in SDM production due to P
deficiency was observed in Pavon while minimum
reduction was observed by Chenab 2000. Root growth
had a non-significant effect on P uptake by plants at
adequate level of P supply in the root medium. (Romer
et. al., 1989). At deficient level of P supply root growth
is of greater significance regarding P uptake by plants
(Caradus, 1995). All genotypes differed significantly
(P<0.01) for their ROM at low P supply (Table 1).
Chenab 2000 had a maximum ROM at deficient P
supply which was minimum in Pavon. Phosphorus
supply, in the root medium, significantly modified RSR
in all the wheat genotypes. It increased significantly
(P<0.01) with decreasing P supply in the root medium,
which can be attributed to translocation of
photosynthates from shoot to root (Johansen et. aI.,
1994; Gaume et aI., 2001; Gill et. aI., 2002). Sutleg 86
and Pirsabak 91 had maximum RSR at deficient P
supply while Dirk had minimum at both P levels.
Phosphorus Contents
There were significant (P<0.01) main and interactive
effects of P levels and genotypes on P content in
plants (Table 2). Phosphorus concentration in shoot of
wheat genotypes grown at deficient level of P supply
ranged between 1.06 and 1.73 mgg-1, which is below

the critical level for P sufficiency. It ranged between 5.1
and 7.14 mg g-1 at adequate P supply. At both P levels
the maximum P concentration in shoot was observed
in Chenab 2000. Pirsabak and Kagan 93 showed
minimum P concentration at adequate P supply while
Pothohar 93 and Kagan 93 were at lowest in P
concentration at deficient P supply (Table 2).
Genotypes differed significantly at both P levels for P
uptake (Table 2). Phosphorus uptake ranged between
11.78 and 17.64 mg plant" and 0.99 and 2.44 mg
plnat' at adequate and deficient levels of P supply,
respectively. Phosphorus utilization efficiency differed
significantly among wheat genotypes. On the basis of
phosphorus utilization efficiency, various genotypes
were grouped into four categories viz: efficient and
responsive (ER), non-efficient and responsive (NER),
efficient and non-responsive (ENR), and non-efficient
and non-responsive (NENR) (Fageria and Baligar,
1993). Genotypes grouped ER (Chenab 2000, Dirk,
Pothohar 93 and Pirsabak), are the most desirable as
per their performance at both levels of P supply in the
root medium (Fig.1). The most undesirable genotypes
are the NENR type (Pavon and Sutleg 83) as per their
poor performance even at adequate P supply.
Phosphorus uptake and ROM of NENR genotypes
were inferior to ER genotypes while concentration was
almost similar or higher in NENR genotypes than ER
genotypes except in Chenab 2000. This means the
greater P efficiency was due to P-use efficiency rather
than to differences in P concentration. Gardiner and
Christensen (1990) and Fageria and Baligar (1999)
also reported similar results for wheat cultivars in
relation to P-use efficiency.
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Table 2. Phosphorus concentration, uptake and Utilization efficiency of wheat genotypes grown at
adequate and deficient P levels.

P. Concentration P uptake P utilization Efficiency
(mg g-1) (mg SDM-1) (mg SDM g-1P)

Genotypes Adequate Deficient Adequate Deficient Adequate Deficient
P supply P supply P supply P supply P supply P supply

Dirk 5.1 d 1.2 cd 14.76 b 1.55 bc 0.6 a 1.14 a

Chenab 2000 7.14 a 1.73 a 17.64 a 2.44 a 0.36 cd 1.17 a

Pothohar 93 5.11 d 1.06 d 14.02 b 1.19cd 0.58 b 1.06 ab

Pirsabak91 5.8 c 1.26 cd 12.09 c 1.31 c 0.37 cd 0.98 b

Pavon 5.62 cd 1.61 b 11.96 cd 1.02 cd 0.39 cd 0.48 d

Kaghan 93 5.8 c 1.08 d 11.78 cd 0.99 d 0.38 cd 0.91 bc

Sutlej 86 6.74 b 1.39 c 12.83 c 1.08 cd 0.32 d 0.64 cd

Mean 5.90A 1.33 B 13.58 A 1.37 B 0.43 B 0.90 A

Means with similar letters are statistically not different at probability P<0.01
Adequate P supply: 200 mM
Deficient P suoolv: 20 mM

CONCLUSION

Genotypes differed significantly for biomass
accumulation and P relations at both P levels. Chenab
2000 and Dirk can be grouped into efficient and
responsive as they produced maximum biomass and P
utilization efficiency. However, the results warrant their
verification under field situation.
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