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ABSTRACT

Field experiments were conducted to evaluate effeftenhanced UV-B radiation (280-315 nm) on
intraspecific responses in nitrogen mass and reémometabolism of six wild sugarcan8&a¢charum
spontaneum L.) clones. The clones were collected from origisiaés with different altitudes (4-1780 m
above sea-level) and latitudes (18-38°N). The spphtal UV-B radiation was 5.00 kJansimulating

a depletion of 20% stratospheric ozone. Out ofdixetested wild sugarcane clones, available Nitroge
(N) contents in soil and N contents in leaves afrfaild sugarcane clones decreased significanthafL
biomass and leaf N mass of six wild sugarcane dlosignificantly increased. UV-B radiation
significantly decreased N contents and increasedthéss and N mass in stems of six wild sugarcane
clones. Contents of free amino acid of two wild @wgne clones (92-11 and 92-36) significantly
decreased, whilst that of clones 83-193 and lI%lghificantly increased. Total protein contentgloke
wild sugarcane clones significantly decreased, sthilat of clone 90-15 significantly increased.rali¢
reductase activities of two clones (92-11 and 9p<i§nificantly decreased, whilst that of four obmn
significantly increased. Glutamine synthetase @i of two clones (92-11 and 90-15) significantly
increased, while that of clones 83-193 significantlecreased. UV-B radiation might change stem
biomass, resulting in changes in N mass in stemleanks. Results indicate that intraspecific respsn
in N mass and N metabolism of six wild sugarcaBesgjontaneum) clones differing in UV sensitivity to
enhanced UV-B radiation exist under field condition

K eywor ds; Saccharum spontaneum L., UV-B Radiation, N Mass, Nitrate Reductase, Ginine Synthetase,
Intraspecific Responses

1. INTRODUCTION aerosols strongly influence the amount of UVB that
reaches the surface. In addition, both direct awdlitéct
Increases in UV-B radiation due to stratospheric effects on UV-B play important roles (Watanadieal.,
ozone depletion have been estimated to continukethet  2012). Over the past three decades, studies hausdd
2050s due to the production of ozone destroyingon effects of enhanced UV-B radiation on plants and
chemicals and released compounds of chlorine andndicated that UV-B radiation can affect plant gtbhw
bromine (Weatherheagt al., 2005). Differences in UV- morphological, physiological and biochemical change
B radiation are not only the outcome of changethem and modify biomass production and reproductive
ozone layer and altitude, latitude and atmosphericprocesses (Sullivan, 2005).
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The effects of UV-B are clone-, cultivar- and sgsei  investigated for plant growth, plant height, morioiyy
specific (Zuet al., 2005; Sullivan, 2005). The tolerance (Zu et al., 2007; Liet al., 2008b), physiology (L&t al.,
of C, plants to UV-B was higher than that of; C 2008b), flavonoid content (Liet al., 2006b), cell
(Kakani et al., 2008). Wild plant sensitivity to UV- membrane permeability (let al., 2006a), brix (Liet al.,
radiation may be related to both ambient UV-B ridim  2007), rhizosphere microbial community (Za al.,
and plant (Albertet al., 2008; Beckmanmt al., 2012). 2005), identification and cloning of molecular menk
Wild sugarcane§ spontaneum) is one of the wild parent for UV-B tolerant genes (Liet al., 2011) and
species of cultivated sugarcang (fficinarum) and  susceptibility evaluation (Let al., 2008a). But there is
could be used for fodder production in tropical and N0 report on intraspecific responses in N mass fdnd
subtropical regions with higher UV-B radiation leve Metabolism of wild sugarcan&. (spontaneum) clones to
(Li et al., 2006a). The effects of enhanced Uv-B €nhanced UV-B radiation.
radiation on growth, physiology, ion leakage and _Previously, we proposed the Response Index (RI)
flavonoid contents of wild sugarcane have beenistud Cfiteria to evaluate susceptibility of wild sugamea
(Li et al., 2006a; 2006b; 2008a). Few field studies have clones to UV-B radiation (Lét al., 2008a). In this study,

been completed on effects of enhanced UV-B radiatio we continued to use the selected clones to undertak
on nutrient accumulation and nutrient metabolism of further research under field conditions. The aintios

study was: (1) determine if UV-B radiation affedts
Studies on the effects of UV radiation on the N Mass and N metabolism, particularly the activitads

metabolism of plants has received increased attenti nitrate reductase and glutamine synthetase of wild
(Correiaet al., 2005; 2012). UV-B radiation may affect Sugarcane § spontaneum) clones and (2) evaluate
N cycling in ecosystems by decreasing mobilizatibil mtraspegﬂc variations in responses of N mass And
into biomass, photosynthesis, the decompositioa ot ~ Metabolism of wild sugarcan& (spontaneum) clones to
litter and the N concentration of plants (Mooelyal., UV-B radiation. We hypothesized: (1) enhanced UV-B
2001; Wu et al., 2011). Moreover, reports about rad|at|o.n may affe<_:'g N mass and.N metabolism and
intraspecific responses in N metabolism of plants t result in intraspecific responses in N mass and N
enhanced ultraviolet-B radiation under field coiuis metabolism of wild sugarcanes (spontaneum) clones
are limited. Nitrate reductase is a key enzyme of Nand (2)_ mtrasp_ecmc responses in N mass and N
metabolism, which converts nitrate into nitrite tre ~ Metabolism of wild sugarcan&. (spontaneum) clones to
metabolic pathway leading to the formation of amino UV-B radiation may be related to the ambient UV-B
acids (Canovagt al., 2007). In wild sugarcane, both radiation received in the originating region.

roots and foliage participated in NOreduction

wild sugarcane and intraspecific variations.

(Krywult et al., 2008). Nitrate reductase activity in 2. MATERIALSAND METHODS
plants may also depend on temperature, water _ o
conditions, light intensity and UV radiation (Nai al., 2.1. Plant Materials and Growth Condition

2007; Krywultet al., 2008). Nitrate reductase decreased
in response to UV-B in both leaf and root tissubaidey
plants, whereas glutamine synthetase was affeatgd o

in the root (Ghisket al., 2002). Glutamine synthetase in : ; o
leaves and roots is a key enzyme in the route ofP'€Vious experiment, six wild sugarcarg gpontaneum)

incorporation of inorganic N into organic compounds ¢lones were chosen for this experiment accordingrlto
(Mifin and Lea, 1980). Effects of enhanced Uv-B from 23 wild sugarcane clones with different UV-B
radiation on activities of nitrate reductase anatagnine ~ 'adiation backgrounds (latitude or elevation) €ial.,
synthetase lead to changes in free animo acid) tota2008a). Six wild sugarcane clones included twordote
protein contents and N assimilation in leaves aats;  clones (92-11, 90-15), two middle sensitive clof@3193,
depending on photosynthetic functionality and root 92-36) and two sensitive clones (1191-72, 1l 9X-Egble 1).
growth (Ghisiet al., 2002). Seedlings of six wild sugarcane clones were

Wild sugarcane § spontaneum) is a close wild obtained from Institute of Sugarcane of Yunnan
relative of cultivated sugarcane. Wild sugarcans &a  Agricultural University and planted at rows spaded
important role in sugarcane breeding. All sugarcanem apart at a density of 15 seedlings' im 36 plots of
hybrids contain genetic materials from this wilc:sies. 2x1 m each on March 14, 2010. The overall
The within-species variation and mechanism in raspo  experimental design was a randomized complete block
to UV-B radiation of wild sugarcane have been with two UV-B treatments and 3 replications.

The field experiment was conducted on an upland red
soil at Yunnan Agricultural University, Kunming, @h. No
fertilization was necessary during the season. Um o
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Table 1. The origin, altitude and latitude of six wild sugane § Spontaneum) clones

Clones Origin Altitude (m) Latitude (°N) RI
92-11 Yacheng, Hainan 12 18 297
90-15 Cayu, Tibet 1460 28 213
83-193 Yiliang, Yunnan 1780 25 89
92-36 Haikou, Hainan 4 20 -48
1191-72 Xianyou, Fujian 30 26 -89
1191-5 Chenggu, Shanxi 500 34 -133

At 45 days after planting, the plants were unifgrml tops of plants and provided supplemental irradianme
thinned to 10 shoots per m This planting density is 5.00 effective kJ f UV-Bge. Total daily photosynthetic
common practice for the Kunming region. The soil photon flux (PPF between 400-700 nm) under lamp
chemical properties were pH 7.28, total N 1.36 g.kg fixtures was 90% of that above the lamps.
total P 8.3 g-kg, total K 5.43 g-kg, available N 150
mg-kg‘i, available P 36.58 mg-Ky available K 185.89  2.3. Measurements
mg-kg" and organic matter 45.6 gkg Soil samples were collected at 0-30 cm depth at the
2.2. Supplemental UV-B Radiation ripening stage, air-dried and pas_sed fchr(_)ugh anth?

o . sieve. Soil pH,o was measured in deionized water by

Supplemental UV-B radiation was provided by potentiometry (soil-solution ratio 1:2.5). Soil @ric
filtered _Gucun brand (Gucun Instrument Factory, carbon (SOC) was measured afteyCkO, + H,SO,
Shanghai, China) 40W sunlamps. The wavelength ofgigestion and titration of excess oxidant with Mshr
sunlamps was 280-315 nm and maximum radiation wassa|t. Available N was determined using a microtdiion
310 nm (Liet al., 2008a). Lamps were suspended abovetechnique after alkaline hydrolysis. Available P swa
and perpendicular to the planted rows (rows or@me  yetermined by Olsen methods. Available K was eéic
an east-west direction to minimize shading) antergid with 1 N ammonium acetate and analysed using an
with either 0.13 mm thick cellulose diacetate 4iomic absorption spectrophotometer. After
(transmission down to 290 nm) for supplemental UV-B ..o o alization with NgS0,.Se+HS0O, total N was
radiation or 0.13 mm polyester plastic films (alball 054 red using the Macro-Kjeldahl method. Totala@ w

radiation <320 nm) as a control (Sullivan and Tarean d usina NaOH+(NHMoO trophot t
1990). Cellulose diacetate filters were presolarifee 8 [rnoetgisurr(e wl;Ssm%e;ureéNEsir?g 4asnpe§tgcﬁco g&igﬁon

h and .ch.anged weekly to ensure uniformity of UV-B spectrophotometer (TAS-990, Beijing General

transmission. The spectral irradiance from the Emps Inst t Co. Ltd.. Chi Lao. 1988

determined with an Optronics Model 742 (Optronics nstrument £.0. L1d., ina) (Lao, ) N
Plants in each plot were harvested at the ripening

Laboratongs Inc. Orlando,_ _FIonda, U.SA) stage of wild sugarcane. Shoots were separated into
spectroradiometer. The spectral irradiance was hteih
stems and leaves. Samples of stems and leaves were

with the generalized plant response action spectrum . N :
(Caldwell, 1971) and normalized at 300 nm to obtain oven-dried at 68°C for 68h, weighed and groundassp

- : through a 20-mesh sieve and N content was detedmine
UV-Bge. Six lamps were installed above each plot. The L .
supplemental UV-B level was similar to that which by a semi-micro-Kjeldahl method (Bao, 2000). N mass

would be experienced at Kunming (25°N, 1950 m) with of stems an_d leaves was calculated by multiplying N
a 20% stratospheric ozone reduction during a degr content by biomass per plot. ) . )

on the summer solstice (10.00 k¥ WV-Bge), according _ The contents of free amino acid, protein contents,
to a mathematical model of Madronieh al. (1995). nitrate reductase activities and glutamine syn#eeta
Plants were irradiated for 7 h daily from April 30 activities were determined with the first 3 fullypanded
(thinning) to August 15 (ripening stage) centerenliad fresh leaves from the top to the base of plants.

solar noon. Plants under polyester-filtered lamps Fresh leaves were immediately frozen in liquid M an
received only ambient levels of UV-B radiation @Q@kJ stored at -80°C until processed. Frozen leaves-2000
m? UV-Bge during clear sky conditions on the summer mg) were ground in liquid N and extracted at 70Gge
solstice). Plants beneath the cellulose diacetitersf ~ with 500 mL EtOH 80% in Hepes 10 mM pH 7.0 and
received ambient plus supplemental levels of U\FBe once with 500 mL Hepes 10 mM pH 7.0. All superngtan
lamp height above the plants was adjusted weekly towere combined to give Extract | (containing freeiram
maintain a distance of 0.40 m between the lampsttamd acids). The final pellet was resuspended in 0.5Hepes
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10 mM pH 7.0 and 0.25 mL was recombined with hélf o 2.4. Satistical Analysis

Extract I. Total proteins in the recombined extraetre

hydrolyzed in the presence of 6 M HClfree aminalgki
Free amino acids in Extract | and free amino aeids

Statistical differences between means of contral an
UV-B radiation treatment of measured parametersewer

S e analyzed by Student’s t-test at p<0.05. Correlation
hydrolyzed proteins in Extract Il were quantifiesing analyses were utilized to test correlation sigaifice of

the ninhydrin method, according to Moore (1968). ;
Ninhydrin reagent (1 mL) was mixed with 0.5 ml of 1/cicsh%r;gi/(\a/igggv\\l/\ze(npivgoogeasured parameters using SPSS

Extract | or 0.1 mL of Extract Il and incubated 20
min at 100°C. After cooling and addition of EtOH%0 3. RESULTS
the solutions were vigorously mixed and absorbance
recorded at 570 nm using a spectrophotometer (T63 1 Available N Content in Soil
PERSEE) (Moore, 1968; Tang, 1999).
Nitrate reductase activity in leaves is typicalssayed Available N contents in soil of four wild sugarcane
in vivo by measuring N® production in tissue that has clones were significantly decreased by 9.65-25. 86
been vacuum infilrated with a buffered NGsolution  t© enhanced UV-B radiatioriT@ble 2). No effect of

e : enhanced UV-B radiation on available N contentsdit
(Downset al., 1993). The measurementsinfvivo nitrate
reductase activity were conducted using modificatibthe of two clones (92-11 and 1191-5) was observed. The

. . . ) effect of UV-B radiation on available N contentssail
in vivo assay described by Jaworski (1971). The showed intraspecific differences. The highest chaoly

measurements were taken from samplings chosen oBqijaple N contents in soil was -25.50% of clogel$
clear days between the hours of 1100 and 1300 localng -25.88% of clones 1191-72 and the lower one was
time. Immediately after collection, leaves weresdided 9 65 of clone 92-36.

into 2 mm segments and placed in test tubes with a )

buffer solution. Leaf tissue was then subjected to3-2-N Contentsand N massin Stems

vacuum infiltration (with a manually operated vasuu N contents in stems of six wild sugarcane clones
pump) at 0.33 atm for 4h at 20°C in the dark. The were significantly decreased by -13.04 to -21.74% th
composition of the incubation buffer was 2 mdl-L enhanced UV-B radiationr@ble 3). The effect of UV-B
KNO;, 0.1 M KHPQ,, adjusted to pH 7.5 with HCI. radiation on N content showed intraspecific differes.
After incubation, enzyme activity was terminatedtbg ~ The highest change of N contents in stems was 424..7
addition of 1% sulphanilamide in 8% HCI. The inclone 92-11 and the least was -13.04 in clorgd4r2.

concentration of synthesized MOin the incubation Under UV-B radiation, the stem biomass of six wild
buffer was determined colorimetrically upon Sugarcane clones significantly mcrea}sed by 393]09_]1%
diazotization and the formation of azodye followitige (Table 3): The efft_eqt Of. UV-B radiation on stem biomass
addition to the reaction mixture of 0.02% N-(1-neyh showed intraspecific differences. The highest chaaf

X o °
ethylenediamine-dihydrochloride (Keeney and NeIson,Stem biomass was 131.91% in clone 90-15 and ti lea

. : ) i change was 39.00% in clones 1191-72.
1982). Optical density was measured colorimetiycall Stem N mass of six wild sugarcane clones were

after 10 min at 520 nm using a spectrophotometér (T gjgnificantly increased by 20.82-93.86% by enhanced
PERSEE). Nitrate reductase activity was calculaied  yv.-B radiation Table 3). The effects of UV-B radiation
the basis of a calibration curve for KhNCResults were  on stem N mass showed intraspecific differences Th
expressed as the amount of NGynthesized img per  highest change of stem N mass was 93.86% in cl6ne 9
leaves fresh weight per hoyrg( NaNG;-g*-hY). 15 and the least was 20.82% in clones 1190-5.

The activity of glutamine synthetase in leaves was .
measured in a final volume of 5 ml containing ptagp ~ 3-3- N Contentsand N Massin L eaves

buffer (pH 7.5) by the synthetase assay, as destiiy N contents in the leaves of four wild sugarcane
Tang (1999). The reaction was initiated by the @oidi  clones (90-15, 83-193, 92-36, 1191-5) significantly

of 50 ul extract and was measured colorimetrically at decreased by -7.44 to -14.05% due to enhanced UV-B
540 nm using a spectrophotometer (T6, PERSEE)radiation {Table 4). Whilst in the other two wild

Results were expressed as the amounty-gfutamyl sugarcane clones, no changes in N contents du¥'18 U
hydroxamate synthesized in mg per leaves freshhteig radiation were observed. The effect of UV-B radiaton
per hour (A-mg-hY). N content showed intraspecific differences.
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Table 2. Intraspecific responses in soil available N corstdMgeKg) of 6 wild sugarcaneS Spontaneum L.) clones to enhanced
UV-B radiation at the ripening stage

Clones 92-11 90-15 83-193 92-36 1191-72 1191-5
Control 116.00£2.30 123.38+3.31 100.36+1.85 116.303:2 134.60+£3.41 113.64+3.22
uv-B 116.30+£3.10 91.21+2.10 89.14+1.56 105.08+2.10 99.77+2.11 106.85+3.10
% change 0.25 -25.50** -11.18* -9.65* -25.88** -8.9

Results are mean + SD of 3 replications. LSD teand**denotes significance at p<0.05 and p<0.01-i@pts, respectively

Table 3. Intraspecific responses in N contents, biomass\antass in stems of 6 wild sugarcaSespontaneum) clones to enhanced UV-B radiation
at the ripening stage

N contents (%) Biomass (kg#n N mass (g-fd)
Clones Control +UV-B % change  Control +UV-B % chang Control +UV-B % change
92-11 0.69+0.03 0.5440.02  -21.74** 0.8940.03 1.8880 112.36* 6.14+0.08 10.21+0.06 66.29**
90-15 0.87+0.02 0.6940.02  -20.69** 1.41+0.06 32080  131.91* 12.27+0.07 22.56+0.12 93.86**
83-193 0.89+0.03 0.71+0.02  -20.22** 0.4610.02 0038 102.18** 4.09+0.04 6.60+0.07 61.37**
92-36 0.87+0.03 0.71+0.02  -18.40* 0.51+0.02 1.1840. 121.56** 4.44+0.09 8.02+0.08 80.64**
1191-72 0.92+0.03 0.80+0.03  -13.04** 1.02+0.05 0204 39.00** 9.38+0.06 11.36+0.09 21.11*
1191-5 1.03+0.04 0.87+0.03  -15.53* 0.56+0.02 0.948 67.86** 5.60£0.05 17.26+0.07 20.82*

Results are mean * SD of 3 replications. *and**deaaignificance at p<0.05 and p<0.01 by t-testgpectively

Table4. Intraspecific Responses in N Contents, Biomasshaldass in Leaves of 6 Wild Sugarcarg $ontaneum) Clones to Enhanced UV-B
Radiation at The Ripening Stage

N contents (%) Biomass (kg3n N mass (g-f)

Clones  Control +UV-B % change Control +UV-B % chang Control +UV-B % change
92-11 1.39+0.11 1.36+0.10 -2.16 1.20+0.05 2.8120.1 92.50* 16.69+0.06 38.22+0.12 129.00**
90-15 1.21+0.08 1.04+0.06 -14.05** 1.35+0.13 368ab 150.37** 16.34+0.10 35.15+0.09 115.12**
83-193  1.21+0.06 1.12+0.09 -7.44* 0.25+0.02 0.66%0 164.00** 3.03+0.01 7.39+0.05 123.93**
92-36 1.70£0.12 1.56+0.11 -8.24* 0.31+0.02 0.6680. 112.90** 5.27+0.02 13.42+0.09 102.96**
1191-72 1.21+0.08 1.16+0.06 -4.13 0.81+0.09 1.1880 45.68* 9.80+0.07 13.69+0.08 39.69*
1191-5 1.64+0.10 1.50+0.07 -8.54* 0.33+0.02 0.70/0  115.15* 5.41+0.02 10.65+0.06 98.86**

Results are mean + SD of 3 replications. *and**deaignificance at p<0.05 and p<0.01 by t-testpectively

800 1 OControl BUV-B

700 4
_I_

600 -+
500
400
300 +
200 + |1
100 +

0

Amino acid contents (pg.g ')

9211 90-15 83-193 92-36 [e1-72 [191-5
Clones

Fig. 1. Intraspecific responses in free amino acid costénteaves of 6 wild sugarcan® gpontaneum) clones to enhanced UV-B
radiation at ripening stagéResults are mean +SD of 3 replications. *denotgsifitance at p<0.05 by t-tests)
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600 +— OControl BUvV-B

500 + ‘I‘

Protein contents (me.g 1)

200 +

100 +

9211 ap-15 83-193 02-36 1m91-72 191-5
Clones

Fig. 2. Intraspecific responses in total protein conténtteaves of 6 wild sugarcan&. (spontaneum) clones to enhanced UV-B
radiation at ripening stagéResults are mean + SD of 3 replications. *denaggsficance at P< 0.05 by t-test)

40 + OControl BUV-B
— 35 +
= 30 4
Z 25 4
C
=20 T
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0 {
9211 ap-15 53-193 92-36 I9e1-72 1191-5
Clones

Fig. 3. Intraspecific responses in NR activity in leavesokild sugarcaneS spontaneum) clones to enhanced UV-B radiation at
ripening stage(Results are mean * SD of 3 replications. *denatgsficance at p<0.05 by t-test)
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O Control BUV-B

250 *

GSactivity (Asmg 'sh )

9211 90-15 83-193 92-36 me1-72 1I91-5

Clones

Fig. 4. Intraspecific responses in GS activity in leavé$ avild sugarcaneS spontaneum) clones to enhanced UV-B radiation at
ripening stage(Results are mean * SD of 3 replications. *denatgsficance at P<0.05 by t-test)

The highest change of N contents was -14.05% ineclo radiation on total protein contents showed intragjme
90-15 and the least was -7.44 in clone 83-193. differences.

Under UV-B radiation, leaf biomass of six wild - .
sugarcane clones significantly increased by 45.68-3-9- The Activity of Nitrate Reductase and

164.00% Table 4). The effect of UV-B radiation on Glutamine Synthetasein L eaves
biomass of leaves showed intraspecific differendé®

highest change of biomass of leaves was 164.00% insugarcane clones (92-11 and 90-15) significantly

- 0% i ) - .
clone 83-193 and the least was 45.68% in cloneT®1 decreased by 38.01 and 28.31%, respectively, whikst

Leaf N mass of six wild sugarcane clones signifigan o . i
increased by 39.69-129.00% due to enhanced UV-BOf the other four clones significantly increasedl2y36

0 ) A
radiation Table 4). The effect of UV-B radiation on leaf N 32.91% under enhanced UV-B radiatiiig, 3).

mass showed intraspecific differences. The higtieshge Under UV-B rad|at|oq, the activities of glutamine
of leaf N mass was 129.00% in clone 92-11 and ehst| synthetase (GS) of two wild sugarcane clones (92

- 90-15) significantly increased by 71.81 and 31.57%,
was 39.69%in clone 1191-72. respectively, whilst that of clone 83-193 signifitig
3.4. The Contents of Free Amino Acid and Total decreased by 28.10%if. 4). No effects of enhanced

Proteinin Leaves UV-B radiation on the activities of glutamine syethse
of three wild sugarcane clones (92-36, 1191-72 H80-
5) were observed.

The activities of nitrate reductase (NR) of two dwil

Contents of free amino acid of two wild sugarcane
clones (92-11 and 92-36) significantly decreased by
39.01 and 31.09%, respectively, whilst that of eloB3-
193 and 1191-5 significantly increased by 42.46 and
32.47%, respectively, under enhanced UV-B radiation

Fig. 1). The effect of UV-B radiation on contents of free . . o h
ém?no)acid showed intraspecific differences. the existence of intraspecific responses in N raaskN

3 o - metabolism of six wild sugarcan8g. gpontaneum) clones
WildUngﬁéaLlJr;/aEeracg%rl]cg; tcggl_lp{meég_i%rgen;idOfagzr_gediffering in UV sensitivity to enhanced UV-B radat

significantly decreased by 22.08, 16.26 and 22.97%,under field conditions.

respectively, whilst that of clone 90-15 signifilgn 41 yUv-B Radiation and N M ass
increased by 19.17%Fi{g. 2). No effect of enhanced
UV-B radiation on total protein contents of clorél- N contents in stems and leaves of six wild sugacan

72 and 1191-5 was observed. The effect of UV-B clones decreased under UV-B radiation. Decreased N

4. DISCUSSION

To our knowledge, this is the first report to sugfge
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content in above-ground organs &fisum sativum, the effect of UV-B radiation on N accumulation inldv
soybean, rice, peas and maize was verified dud@o t sugarcane. UV-B radiation may lead to N cycling enor
reduction of N uptake, decreased transpiration, raterapidly and thus decreased soil N pool storageréas
inhibition of the activity of key enzymes of N where the above-ground parts of wild sugarcane are
metabolism and the inhibition of ATP synthesis unde harvested.

UV-B stress (Peng and Zhou, 2010; Cormtial., 2012). - .

The decreas(e ofﬁl contents in soils under enhaUGe)d 4.2. UV-B Radiation and N Metabolisms
B radiation implicated complexities of N uptake aWd N accumulation of wild sugarcane was related to
cycling within the plant-soil system. Increases Mf  contents of N compounds, such as amino acid and
contents in some plant organs and/or plant spewges protein. No significant correlation between N massl
reported (Chen and Zhang, 2006; Reifenrath andevlull contents of amino acid and protein was observeckmx
2007). The different results indicate that the oeses of  for stem N mass and protein content in leavesQi852,
plant N content to UV-B radiation are complex andym n = 6, p<0.05). This suggests that N accumulatibn o
be related to N metabolic processes, plant groteijes,  wild sugarcane should not only be influenced by N
species, biomass and concentration effects. compounds, but also N metabolism processes.

Biomass of stems and leaves six wild sugarcane Enhanced UV-B radiation led to decreased activities
clones increased under UV-B radiation. Some studiesof nitrate reductase in leaves of two tolerant wild
showed that UV-B radiation decreased the dry weidht sugarcane clones. Enhanced UV-B radiation inhibited
leaves and inhibited growth (Kumaet al., 2009;  growth and decreased nitrate reductase activitiragon
Sangtarashet al., 2009; Peng and Zhou, 2010). The gpryce Picea asperata Mast.) needles (Yao and Liu,
different phenomena might be related to the 5007) and in young crop seedlings (Glsial., 2002;
photosynthetic pigment contents and because tighthei iy, e al., 2007; Yao and Liu, 2007). A decrease in
of some wild sugarcane clones increased under UV'Bphotosynthesis or NO content has been observed in

radiation (Li et al., 2008a). More UV-B-absorbing o, cases (Rajendiran and Ramanujam, 2006; Yao and
compounds and the photosynthetic performance oeésom Liu, 2007). A significant negative correlation betm

wild sugarcane clones with high altitude origin @g leaves N mass and % changes of NR (r = -0.9846 =

plants might be enhanced at ambient UV-B levels. Ap<0.01) was observed. The activities of nitrateuotalse

significant positive correlation between altitudeda _
biomass of leaves was observed (r = 0.847, n = gdepend on stomatal conductance, photosynthetic

p<0.05). Paponov and Engels (2003) also reportat th 'p|gm_ents (Barufet al., 20_11_) and inhibition of stomatal
two maize genotypes kept higher photosynthesiss rate ©P€ning due to UV-A radiation (Chen and Zhang, 3006
under environmental stress conditions. Because thelhis could explain the activities of nitrate redass
biomass of six wild sugarcane clones included justbeing inhibited in tolerant wild sugarcane clone¥-B
above-ground biomass, the below-ground biomasstmighradiation, similar to other stresses, induces mhesis
also respond to UV-B treatment, which merits restear ~ of a new set of proteins in both chloroplasts and
UV-B radiation decreased N contents in stems andcytoplasm, which may protect against structural and
leaves and increased the accumulation of dry matterfunctional damage. Environmental stress may inereas
leading to increased N mass in stems and leaves. Ahe resistance of plants by increasing their prodnof
significant negative correlation between % charafed phenolics, stress proteins and enzyme proteinsvago
contents in stem and stem biomass was observed (r =in antioxidant scavenging metabolisms (Xu and Zhou,
0.798, n = 6, p<0.05). Some previous findings slibwe 2007; Krywultet al., 2008).
that leaf N mass of spring wheat increased at iigen The increases in activities of glutamine synthetafse
stage due to enhanced UV-B radiation. Significanttwo tolerant clones could assist free amino aadsfer
positive correlations between % changes of stemto amide or protein. A significant positive coriida
biomass and stem N mass (r = 0.957, n = 6, p<@0d) between leaf N mass and % changes of GS actiitres
leaves N mass (r = 0.822, n = 6, p<0.05) were obger 0.928, n = 6p<0.01) was observed. A similar conclusion
The effect of biomass in organs on N mass should bevas drawn by Daét al. (1994) and Niuet al. (2007).
more important than N content in organs. A sigaific ~ The increase in activities of glutamine synthetaseld
positive correlation between leaves N mass andrRl ( improve N metabolism and amino acid assimilation. A
0.838, n = 6, p<0.05) was observed, which suggbkats  significant positive correlation between proteimtmt
the responses of leaf N mass and Rl to UV-B raatiati and GS activities (r = 0.894, n =850.05) was observed
are consistent. This is a possible mechanism expi  under non-enhanced UV-B radiation. This correlatdah
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not exist under enhanced UV-B radiation,
indicates that protein contents should not onlyethelpon
GS activity but also plant tolerance to enhancedBJV

which sugarcane clones used in this experiment. Complex

responses were also evident in plant growth, giaight,
morphology (Zu et al.,, 2007; Li et al., 2008b),

radiation. The contents of free amino acid decmbase physiology (Liet al., 2008b), flavonoid content (let al.,

which would increase plant tolerance of enhancedBJV

radiation. Results suggested the mechanism of twabrix (Li

tolerant clones could be different. The presendystu
could rule out the possibility that some tolerantdw

2006b), cell membrane permeability (& al., 2006a),
et al., 2007) and rhizosphere microbial
community including microbial species, population
dynamics and diversity (Zwet al., 2005) of wild

sugarcane clones might exhibit more efficient N sugarcane clones. However, out of these clones, the

assimilation in
stratospheric ozone depletion.

response to the effects of global ranking of every indicator was different.

The Response Index (RI) is an integration of the

The decreases in the contents of free amino add aneffect of UV-B radiation on plant height, LAI,

total protein of tolerant wild sugarcane clones nhey
relative to decreases in nitrate reductase actigity
increases in glutamine synthetase activity. A $igant

number, shoot biomass and brix of 23 wild sugarcane
clones in the previous experiment, which couldefl
the overall sensitivity of wild sugarcane clones to

negative correlation between % changes of nitrateenhanced UV-B radiation (L&t al., 2008a). In the six

reductase activity and glutamine synthetase agtivas
observed (r =-0.914, n = $<0.01).

wild sugarcane clones, correlation analysis shothed
RI significantly correlated with % changes of N tams

The activities of nitrate reductase of middle and in stem (r = -0.912, n = 6, p<0.05), nitrate redset

sensitive  clones significantly increased

made by Niu et al. (2007) after analysis of

photosynthetic pigments in wheat. Increases in thecontents,

activities of nitrate reductase due to UV-B radiatis
probably related to increased rates of photosyightwe

enzymatic processes of N assimilation and biochamic

processes in middle and sensitive wild sugarcamees!
(Krywult et al., 2008). However, the activities of

under activity (r =
enhanced UV-B radiation. A similar conclusion was synthetase activity (r =

-0.816, n = 6, p<0.05) and glutamine
0.802, n = 6, p<0.05),
respectively. UV-B radiation significantly affected
nitrate reductase activity and glutamine
synthetase activity of wild sugarcane clones, thus
resulting in differences in RI.

There was no significant correlation between RI and
% changes of biomass. UV-B radiation had significan
effects on leaf N mass of six wild sugarcane cloi&ss

glutamine synthetase of middle and sensitive clonesshowed that the effect of UV-B radiation on N cante
decreased or remained stable under enhanced UV-Bvas related to UV-B sensitivity of wild sugarcanenes.
radiation, which should result in free amino acid Tevini et al. (1990) demonstrated that in rye the dose-

accumulation. UV stress is known to generate reacti
oxygen, which results in a higher demand for theyere
proteins involved in antioxidant scavenging metéaos
(Turunen and Latola, 2005; Krywulet al., 2008).
Increases in the contents of free amino acid ofiteidnd
sensitive wild sugarcane clones were relative toeimses
in the activities of nitrate reductase and decre&sdahe
activities of glutamine synthetase with generalrelases
in total protein contents. The higher contents wiin®
acid reflected a lower demand for stress proteimsaa

higher demand for enzyme proteins. Free amino acid

dependent increases in flavonoid production isigefit

to fully protect the physiological machinery fromvt
induced damage. Intraspecific variations in UV-B
sensitivity in wild sugarcane clones may also Hateel

to differences in the concentration of UV-B absogi
compounds in leaves (lgt al., 2006b). In spinach and
beans, however, this relationship was not foundis It
suggested that intraspecific differences in UV-B
sensitivity may arise through a complex of specific
responses, rather than a generalized response.

Intraspecific responses to supplemental UV-B

comes from assimilation of N and decomposition of radiation had been demonstrated in some species,

structural protein, which suggested structure amdttfon
were damaged under enhanced UV-B radiation.

4.3. Intraspecific Differencesto UV-B

including wheat (Liet al., 2006a), soybean (Xat al.,
2008), Hippophae rhamnoides (Yang et al., 2008), E.
breviscapus (Fenget al., 2009) and rice (Fedinet al.,
2010). Populations originating from naturally high-B

Intraspecific responses in N mass and N metabolisnradiation locations have been shown to be lessitsens

of wild sugarcane  spontaneum) clones differing in
UV sensitivity to enhanced UV-B radiation underldie

to UV-B radiation than those from low intensity WBV/-
radiation locations (Roble& al., 2008). UV-B sensitivity

conditions were complex, as observed in the sixdwil of different plant populations significantly decsed with
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increasing altitude of original habitat (Sullivagp05). Research Institute, Yunnan Agricultural Universitgy
Clones 92-11, 90-15 and 83-193 originated from dnigh supporting the experimental work and Professor fith
altitudes or lower latitudes (lét al., 2008a). Because of A Fullen for his valuable comments and Englistiedi
long-term living under higher UV-B radiation intétys
these three clones may form adaptive mechanisms to
enhanced UV-B radiation, by having higher antioxida
capacity and accumulative capacity of flavonoid éLal.,
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