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Abstract

Plant species may differ in phosphorus uptake pattern due to genetic modification. The objective of this research vihs to study
comparative phosphorus uptake pattern of Bt. Transgenic cabbage and Non-transgenicBedssageleraceae L.) through
radioactive phosphorus. Phosphorus content in two types of cabbage plant was more or less equal i.e. the variation was
statistically insignificant. The variation in % phosphorus derived from fertilizer and percent of phosphorus utilizatisgbypica

cabbage was statistically higher as compared to normal cabbage and it was statistically significant. In 50 and 75 dags sampling
the phosphorus content in transgenic and normal cabbage was same i.e. this variation was not statistically significant. The dry
matter yield, total phosphorus uptake, percent phosphorus derived from fertilizer and percent phosphorus utilization was higher
in transgenic cabbage and all these were statistically significant.

Keywor ds: Radioactive®?P, dry matter, isogenic

Among the vegetable Brassicas in India, cabbage is groyibunfield and Germida 1995, Hails 2000, Gray 2004 and
on large scale accounting to 10% of the world productiognow.et. al. 2005) Bt-transgenic plants might have direct
The global adoption rates for transgenic crops afg indirect impacts on different aspects of ecosystems.
increasing and 19% of transgenic crops grown are Bt cropswas of interest to see whether inserting one gene in a
The transgenic crops are genetically modified crops ag@ol of genes will cause any difference between transgenic
represent a promising technology that can make a vitghd isogenic line of cabbage for phosphorus uptake pattern.
contribution to gIObal fOOd, feed and fiber Security. In |nd|%0 before re]easing the Bt-transgenic Cabbage in market, it
crop losses due to insect pests may range from 10 to 3Q94s considered prudent to check whether there is any
annually, depending on the crop and the environment. difference in the uptake of plant nutrient and nutritional
global adoption rate for transgenic crops waguality in transgenic cabbage.the present investigation,
unprecedented and reflects grower’s satisfaction with flant samples from transgenic cabbage (Tropical
as the products offer significant benefits (Duttaal., preeding line) and non-transgenic cabbage were analyzed

2012)The environmental impacts of genetically mOdlflery the radio assay method t(udy whether there was
plants are still largely unknown and are often unresolved



Duttaet al.,

any difference in phosphorus uptake pattern due for estimation of phosphorus.
variety.

Preparation of labeled Di-ammonium phosphate
Material and Methods solution (DAP) solution

The experiment was conducted at Indian Agriculturdlabeled DAP was prepared by dissolving the required
Research Institute, New Delhi during Rabi seasoammount of DAP (Laboratory reagent) in minimum quantity
(November to March). The experiment was designed, as distilled water in a volumetric flask to which carrier
Completely Randomized Block Design (CRD) in pot culturéree H,P*O, in dilute HCI, supplied by BARC, Trombay,
by using uncontaminated surface soil. It was collected fromas added to give a specific activity of 0.4 mci/ g P and
the farm, not treated with pesticides and fertilizer. Thenixed well and the volume was made up.
physico-chemical properties of the soil were recorded

(Table 1). The soil was dried, ground and sieved throughEatimation of phosphorus

mm sieve. Ten kg of the processed soil thoroughly mixeche P_ content of the aliquot was determined
with the required fertilizer solution tagged witfP  calorimetrically by vanado molybdate method in nitric acid

radioactivity filled in the glazed pots of twelve kg capacitymedium (Koenig and Johnson, 1942).
Two cultivars of cabbage seeds, one non-transgenic Golden

acre and another six lines of transgenic Golden acre namgktimation of radioactive phosphorus

“To 2Ty, 27T, °T,, “T, and™'T, were Sown in nursery to ra4io assay method followed was the same as
bed in the month of November and transplanted in pol§as.ribed by Mackenzie and Dean (1948). Counting
after they were 5 to 6 cm tall, healthy plant. Three Ie\_/el‘ﬁeasurements were made in an end window Geiger
of phosphorous i.e. 0, 8.7 and 17.5 mg P/ kg were giveR hier (window thickness of 2.5 mg/®mCounts per

tothe soil in three rephcate;. The p_hosphoro_us was suppligd, e (CPM) is a measure of radioactivity. It is the number
through the agueous solution of di-ammonium phospha@f. atoms in a given quantity of radioactive material that is

A uniform d_ose of nitrogen thr_ough urea (30 mg N/ kge!letected to have decayed in one min. From the counts of
and pota;smm throug_h_potassmm sulphate (16.6 mg e sample, specific activity of the plant material was
kg) was given and sufficient amount of water was prov'deéjalculated.

to maintain soil moisture at field capacity.

Calculation of per cent Pdff, fertilizer phosphorus
Table1: Physico-chemical properties of experimental soil uptake and percmt utlllzatlon Of applled fertlllza'

Corrections for radioactive decay were noted and applied

Soil text I e .
%o;a?é e : 71.8 to calculate the specific activity of the sample using the
% silt : 12.0 formula given below:

% clay : 16.2

Textural class : Sandy loam p32

pH (1:2.5) (Soil : Water) : 8.4 a. Specific activity e TR

CEC (mmol +kg) : 130.1 P+ P

N, vaiane (K9/a) : 211.1

Poien(k9/ha) : 17.9 CPM of the sample - CPM of the background
K_ . (kg/ha : 246.4 = -

ce“h(tg/o)g : : 0.2 mg of P in the plant sample

org

The cabbage plants were collected randomly on 25, 5tb Per cent phosphorus in the plant derived from tagged
fertilizer (% Pdff)

and 75 days after transplanting (DAT) from both cultivar

from 18 pots kept in triplicate for each. The plant samples Specific activity of plant sample
were dried in air and kept in oven at’CObefore taking =
their dry weight. The determination of nutrient content in Specific activity of the tagged source

the plant material was after digestion with di-acid mixture
(HNO,: HOCI; 5:1, V/V) and heated on a hot plate. It was
diluted with 6 N HCl up to 100 ml. Aliquots were collected

20



Comparative phosphorus uptake profile of Bt transgenic and non-transgenic cdlrlaagea oleraceae L. var. capitata)

(¢

. Fertilizer phosphorus uptake by plant (mg/plant) plant, when the soil was treated at the rate of 17.5 kg P/
ha. The fertilizer phosphorus uptake was 1.4 mg/ plant
and 0.8 mg/ plant by transgenic and non transgenic cabbage
= crop, respectively, when the pot soil was treated at the
100 rate of 34.9 kg P/ ha. It was found that % of phosphorus
utilization pattern was comparatively higher in 25 days
d. Per cent utilization of applied fertilizer phosphorus  sample. It was 2.0% and 1.5% by transgenic and non
o transgenic plant respectively in pot treated @ 17.5 kg P/
— Fertlizer P uptake (mg / plant %100 ha. But it was noticed that at higher dose of phosphate
application, the % phosphorus utilization pattern was
reduced in both the cases namely transgenic and non
Statistical Analysis transgenic plant, implying that higher application of P is
t useful and is rather wasted. The results are suggestive
nature and are needed to be validated by field trials.

% Pdff x total P uptake (mg/ plant)

Fertilizer P applied to the soil (mg/ pot)

The data was subjected to statistical analysis using SP§§
10. Raw data was fed in Excel format and ANOVA was

done to find whether there was any difference in thé/ith the increase in the number of days, the dry matter of
quantity of the desired element present in transgenic aifi¢ plant increased for both types of plants. For control

non-transgenic cabbage. pot, the dry matter of the cabbage plant became 3.2 g
which was earlier 0.2 g in case of transgenic plant (Table
Results and Disscussion 3). In case of non transgenic plant of control pot, the dry

The uptake Phosphorus was carridout by transganic grofiqtter yield was 1.9 g/ plant in 50 DAT. The phosphorus
transgenic cabbage. The experimental soil was treatec®@fitent was more or less equal as it was observed in the
the rate of 0 kg, 17.5 kg and 34.9 kg P/ ha by using radegrlier case, although there was a slight decline. Statistically
labeled phosphate fertilizer. The sample was taken at e dry matter content in these two varieties was not similar
50 and 70 days after transplanting (DAT) to study, whethBHt there was no sig_nificant differencg in their phosphorus
there is any difference between these two types of cabb&§&tent. Due to the higher dry matter yield, total phosphorus
plant. Dry matter yield (Table 2) at 25 DAT of the transgenidPtake by transgenic plant was also higher than that of
plant and non transgenic plant were significantly differefton transgenic plant and it was statistically significant in
from each other and they were no significant difference DAT. Phosphorus derived from fertilizer was higher by
based on phosphorus content in these two types of cabbdfSgenic plant as compared to the non transgenic plant.
It was also found that the response due to fertilizéft 50 DAT, the phosphorus derived from fertilizer was
treatment was also statistically significant. The phosphorgiatistically significant when it was compared with the non
uptake pattern was same for the transgenic and isogefinSgenic plant. It indicates that t_here was statistically
cabbage with the increase in phosphorus dose. The gignificant difference due to variety but not due to
matter yield of transgenic plant was higher than the dijFatment. Fertilizer phosphorus uptake by both types of
matter yield of non transgenic plant. Due to this fact, tHdant was also statistically significant and fertilizer
total phosphorus uptake was also high. At 17.5 kg P/ RRosphorus uptake was higher in case of transgenic plant
the total phosphorus uptake by transgenic cabbage wW43en compared to the non-transgenic plant. It was also
1.9 mg/ plant whereas 1.4 mg/ plant by non transgeﬁf&und that there was significant dlf_ference due to P
plant. The same trend was found at 34.9 kg P/ ha treatég@tment and variety both, at this stage. Percent
pot, where the total phosphorus uptake was 2.5 mg/ p|EgJﬂosphorus utilization pattern was also statistically
and 1.7 mg /plant by transgenic and non transgerﬁlﬂ”iﬁcam due to transgenic and non-transgenic factor
cabbage, respectively. At 25 days sampling, percentage ((%ijlble 3). In_ every case hlghe_r value was (_)btalned in case
phosphorus derived from fertilizer by transgenic and nd¥ transgenic plant. But one important thing was found
transgenic cabbage, though appeared to vary, but was that with the increase of the fertilizer dose the utilization
statistically significant. Fertilizer phosphorus uptake battern decreased gradually. At the final stage of
transgenic and non-transgenic cabbage was statisticdiRservation, the dry matter gradually increased and the
significant. Fertilizer phosphorus uptake by transgenic aifly matter produced by transgenic plants was higher when
non transgenic cabbage was 0.9 mg/ plant and 0.6 nQ@mpared to the non transgenic plant and it was statistically
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significant and the dry matter increase due to treatmehhis Bt gene in this vicinity of uptake gene might have
was also statistically significant (Table 4). The phosphorenhanced the activity of latter gene. So, the transgenic
content at 75 DAT was statistically significant due to theabbage utilizes phosphorus more efficiently than isogenic
treatment but the difference due to variety was ndine of the cabbage plant. Plant root geometry and
statistically significant. Total phosphorus uptake by botimorphology are important for maximizing P uptake, because
the plants was statistically significant due to treatment amdot systems that have higher ratios of surface area to
variety (Table 5). Phosphorus derived from fertilizer byolume will more effectively explore a larger volume of
transgenic cabbage was significantly different from theoil (Lynch, 1995). It was also found that this transgenic
non transgenic cabbage. The difference in phosphormplgint is very much responsive to the fertilizer phosphate
derived from fertilizer by both the cabbage was ndhan the native one. Example of hybrid vigor is known but
statistically different due to variety and treatment, but thibe Bt gene may act as a marker for locating line to unknown
fertilizer phosphorus uptake and % phosphorus utilizatid? uptake gene for future exploitation.

was statistically different due to both variety and treatment.
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