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Fig. 1  Effects of planting phytase transgenic corn (PTC) and isogenic corn ( CK) on activites of soil phytase (a) and soil alkaline phosphatase (b)

at different growth stages (mean = SE) ( % p < 0.05, the same below)
11:2012 4£ 6 7 - FEATT,2012 42 9 7 - 4] ,2012 48 10 7 - 4 40152013 42 6 A - #F AT, 2013 42 8 7 - #A40],2013 4 9 7 - L4
1, F A Note: June 2012-Before seeding; September 2012-Heading stage; October 2012-Maturity stage; June 2013-Before seeding; August 2013-

Heading stage; September 2013-Maturity stage. The same below

x1 FHEBREBEXR(PTC)MFEAR(CK)NLIEERE BRB. REVEYVERNLTIHSEX WY
EENEFENHER
Table 1 Repeated-measure ANOVA of the effect of planting phytase transgenic corn (PTC) and isogenic corn (CK) on phytase,

alkaline phosphatase activities and contents of MBP,soil inorganic phosphorus ( * p < 0.05; * % p < 0.01)
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P QLA -3 K it i FR N . N . . .
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Effect df Phytase Phosphatase ) )
MBP H,0-Pi NaHCO, -Pi NaOH-Pi Dil. HCI-Pi ~ Conc. HCI-Pi

fhFF Variety 1 38.54 " 12.95"° 9.88" 1. 46 0.70 11.42°° 0.53 0.95

5 33.76 " 10.51 7" 18.59 " 8.74"" 11.68" " 113.2*" 27.05"" 47.80""
Sampling time

ZHAEM , .
5 14.65"" 12.02"° 1.48 1.30 1.45 0.99 1.88 0.33

Interaction
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Fig. 2 Effects of planting phytase transgenic corn (PTC) and isogenic corn (CK) on contents of soil MBP (a) and inorganic phosphorus
(b, ¢, d, e, f) at different growth stages (mean + SE)
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Table 2 Repeated-measure ANOVA of the effect of planting phytase transgenic corn (PTC) and isogenic corn (CK)
on content of soil organic phosphorus, residual-P and TP content ( * p < 0.05; * * p < 0.01)
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Fig. 3 Effects of planting phytase transgenic corn (PTC) and isogenic corn (CK) on content of soil organic phosphorus at different growth stages

(mean = SE)
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Fig. 4 Effects of planting phytase transgenic corn and isogenic corn on contents of soil residual-P (a) and total phosphorus (b) at different growth

stages (mean = SE)
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EFFECTS OF PHYTASE TRANSGENIC CORN ON CONTENT AND COMPOSITION
OF PHOSPHORUS IN RHIZOSPHERE SOIL UNDER FIELD CONDITIONS

Abstract

Zheng Jiawei' Chen Fajun® Liu Mangiang'’

Zhao Zongchao®

Fan Zhenzhen' Zhou Shizhu' Hu Feng'

(1 Soil Ecology Lab, College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China)

(2 College of Plant Protection, Nanjing Agricultural University, Nanjing 210095, China)

Phosphorus (P) is one of the mineral elements essential to growth of all animals. However, corn as a ma-

jor source of energy and feed to animals, is fairly low in content of P available to monogastric animals and about 80% of

the phosphorus in corn is phytate-P. In monogastric animals, phytate-P is very low in utilization rate because the animals

lack endogenous phytase. Therefore, inorganic P is routinely added to the feed of the animals to satisfy their requirement

for P, As a result, a unutilized portion of the dietry P is excreted with faeces of the animals, thus polluting the soil and

water sources. Moreover, phytic acid is also a kind of anti-nutritional factor that seriously affects animal uptake of Ca, Fe,

Zn, and some other nutrient elements. Supplementation of exogenous phytase extracted from microbial fementation into

feed has been considered to be one of the most effective ways to reduce P output. However, the extraction of phytase is
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rather costly, thus limiting its extensive commercial use. Phytase genes of Aspergillus niger were transferred into the endo-
sperm of corn, turning out corn seeds that contain Aspergillus niger phytase. After generations of breeding and screening,
obtained was a corn homozygous line of phytase transgenic corn (PTC) that is able to stably express phytase and inherite
stably generation after generation. Feeding this kind of corn can improve P utilization rate of monogastric animals and re-
duce P content in their faeces, thus eliminating P pollution of the environment. Compared with conventional corn, PTC
planted in the field may have some potential risks. However, phosphorus is a nutrient element essential to crops and an
important pollutant as well deteriorating water environments. Commercial plantation of PTC has aroused ecological con-
cerns with respect to potential effect on content and composition of soil P. On the one hand, PTC may directly affect soil
P level through release of phytase into the soil, and on the other hand, the changes in chemical composition or quality of
crop residues, like roots and straw left in the soil may have some effect on soil biological communities and biochemincal
activity of the soil, thus in the end affecting the processes of fixation and mineralization-release of soil inorganic and organ-
ic P. Therefore, theoretically planting PTC will generate some effect on soil P transformation processes, and in turn further
alter soil fertility of the field and quality of its surrounding water bodies. Nevertheless, to our knowledge, little has been
reported on effects of planting PTC on soil P. A field experiment started in 2011, planting phytase transgenic corn
(BVLA430101) and isogenic corn ( Yingyu 35) , separately, as Treatment PTC and Treatment CK, each of which has 5
replicates, making up a total of 10 plots. Soil samples were collected at different corn growing stages in 2012 and 2013 for
analysis using the modified Hedley phosphorus fractionation method to investigate effects of planting PTC on content and
compositions of soil P. Results show that the effects of PTC on soil P varied with timing of sampling and fraction of P. The
soil in Treatment PTC was much lower than the soil in Treatment CK in content of water soluble P (H,0-Pi) , NaOH ex-
tractable inorganic P ( NaOH-Pi) and NaOH extractable organic P ( NaOH-Po) before seeding in 2012 and at the heading
stage in 2013, and in content of NaHCO, extractable organic P ( NaHCO,-Po) before seeding in 2012 and at the maturing
stage in 2013. However, the two soils differed significantly in content of microbial biomass P ( MBP) only at the maturing
stage in 2013. Growing PTC had no significant effects on the contents of total P (TP) , diluted HCI extractable inorganic
P ( Dil. HCI-Pi), concentrated HCI extractable inorganic P ( Conc. HCI-Pi), concentrated HCl extractable organic P
(Conc. HCI-Po) and residual P ( Residual-P). The soil in Treatment PTC was much higher than the soil in Treatment CK
in phytase activity throughout the two corn growing seasons, and in alkaline phosphatase activity as well before seeding in
2012 and during the whole corn growing season in 2013. Anyway, growing PTC three years in row had some effects on
contents of labile P and moderately labile P and activity of alkaline phosphatase in the soil only at certain growth stages,
and significant effects on phytase activity during the two corn growing seasons. It is, therefore, necessary to take into ac-
count the crop and the soil related in evaluating effects of planting PTC on soil P and studying mechanisms of the effects,
and what is more, to maintain long term monitoring at different sites.

Key words Transgenic crops; Phytase; Field experiment; Soil phosphorus fractionation; Ecological assessment
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