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Ozone Pollution, Nitrogen Addltlon and Drought Stress Interact to Affect Non-

structural Carbohydrates in the Leaves and Fine Roots of Poplar
LI P1n ZHOU Hu1-m1n , FENG Zhao- zhon'é";r ¥ J [ g
(1. College of F orestry, Bel]lng Forestry Unlvelslty, Bel]lng 100083 China; 2. State Key Laboratory of Urban and Regional Ecology,
Reseatch Centre for Eco-Environmental Selentes Chlréese Academy of Sciences, Beljlng 100085, |China; 3. School of Apphed
Metegrology, Nanjing Umver51ty of Informatlon Science & Techqology, Nanjing 210044, Chlna)

Abstract ; Ground-level ozone (0,) pollution frequetitly ‘tio:ogéﬂidrs with drought and nitrogen (N) deposition during the growing
season. Tt/is important to understand how the carbon dynéics of plants respond to 0, pollution in drier and N-enriched environments.
Here wefpresent the patterns of non-structural carbohydrates and its components ( soluble sugar and starch) in the leaves and fine roots
in poplar clone 546 ( Populus deltoides cv. ‘55/56° x P. deltoides cv. ‘Imperial’ ) for one growing season at two O, concentrations
(control, charcoal-filtered air, and elevated O, non-filtered air + 40 nmol-mol "' of O,), two watering regimes ( well-watered and
reduced watering at 40% of well-watered irrigation) , and two soil nitrogen addition treatments [ no addition and the addition of 50
kg (hm’-a) "' ]. The results showed that O, stress significantly increased the content of soluble sugar in leaves and starch in fine roots
but decreased the content of starch and total non-structural carbohydrate (NSC) in leaves. Drought stress significantly reduced the
content of starch and total NSC in leaves but increased the contents of soluble sugar and total NSC in fine roots. Nitrogen addition had
no significant effect on NSC and its components in leaves and fine roots. NSC and its components in leaves and fine roots were
positively correlated with photosynthetic rate and biomass. With an increase in the number of environmental stress factors, NSC in
leaves showed a significant downward trend while NSC in fine roots showed a significant upward trend. The study demonstrates that
environmental stress can promote the transformation of starch into soluble sugars in plant leaves and the transfer of NSC from leaves to
roots for storage, which may be a coping strategy for plants exposed to environmental stress.

Key words: O, ; nitrogen deposition; drought stress; non-structural carbohydrates; fine roots; poplar
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TH x ﬁf{i%:'t 0.527 0.922 0. 858 0.374 0. 445 0. 750
TEL x CRFE[A] 0. 287 0. 652 0.998 0. 026 0. 159 0.275
I x SRAEHT i) 0.201 0. 852 0. 706 0.712 0.234 0. 744
B x T8 x A 0.588 0.325 0.129 0.395 0.176 0.424
B x T8 x SRREN 8] 0. 461 0.274 0.331 0.213 0.511 0.163
T x N x SRAERT ] 0. 042 0.794 0. 888 0. 396 0.443 0.731
T x A x SRAFES ] 0. 870 0. 958 0. 897 0.295 0. 496 0.233
B x T8 x A x REERT ] 0. 207 0.271 0.221 0. 107 0.058 0.104

1) BARZFIR P <0.05

2.2 RE T EMAEBIMXHH AR 45 LRk K
AP 53 52

A R AL B AEAR T R (6. 9%,
P=0.007, 1 FIE 4). O, kbJEAE AN 404
AR R AN 2 (P >0.05, & 1). W&
b BEAS 1A] A SE K AR R BER (7 ) A KRBT (9
J) 4R T s M B 2 A 9. 8% (P <0.001, 3R
1). O, 5T EXF4IAR nT s A B 558 BAEH (P
=0.009, £ 1) FEBE T 0, AbFR G 25 RG] 7 A
(=22.1%) , M T 2MiE T 0, 4bHE 8 E 5l
R (13.3%, K 4). T2 5 RAFE [0 4 AR 7]
PEEA WE L HEAER (P =0.026, £ 1) T2

WAET F R E AR R (- 16.2% ), BE% AL B
BRI A RE K, 21 9 F 5 3l Xk A AR 1] 5 1 0 1) 5%
A EE (P >0.05, F4).

0, Ab B 5 25 38 Az i A0 AR € 8 (15. 6%, P =
0.049, # 1 FE 4). T 540 HAE I In X 40 4R v
WS AR R (P >0.05, 3 1). BEZE b FEE
RER , WA K BER (7 H) B4R AR (9 A) 4141
AR MRS N 37.4% (P <0.001, % 1).

+ 5L Ah BRI S Az AR B A A PR K Ak
EWI(7.5%, P=0.004, %1 FE 4). 0, LA
NI A0AR B AE 25 #4 M K AL & 9 TE 835 52 (P
>0.05, & 1). 0, 515X 4HAR A 45 44 14 a7k
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Table 2 Level of correlation coefficient (r) and significance (P) of Pearson correlations between the soluble sugar, starch and total

non-structural carbohydrates in leaves and fine roots of poplar with photosynthetic rate, biomass, and edaphic variables

among the three environmental stressors across the two-sampling times

W Y EN ?m#ﬁﬁf glﬂfﬁ YR ?“ﬁ% A 4R + 4 5 pH j:j%
NSC i TEH NSC AR Wit A fkE ARA
R 0.666**  0.383 0. 080 0.221 0.198 0.058  0.558* 0.322 0.237 0.232 0.289
ey 0.944 *** 0.256 0.312 0.071 0.482* 0.774™ 0.817™* 0.489"  0.393 -0.626 "
4 NSC 0.352 0.289 0.175 0.571* 0.713™  0.869** 0.500* 0.384 —0.647
YR AT 7 0.195 0.841** 0.640 " 0.260 0.522* -0.576* 0.458* 0.249
YR JE B 0.367 0.711* 0.092 0.253  -0.057 0.117 -0.551"*
ZHH B NSC 0.414* 0.196 0.355 -0.577* -0.370 —0.068
G R 0.554*  0.651™ 0.364 —0.486 0.627 **
L REELY/i 0.810™ 0.506* 0.485* —0.266
AR AW it 0.582"  0.656™ —0.492*
+ K E 0.709*  0.108
+ 4 pH 0. 040

**%:ali:\‘P<0 01 N

« 78 P <0.05

A BARSE M R K AL A ) AR AT ERE DA R
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Fig. 5 Soluble sugar, starch, and total carbohydrate content of leaves and fine roots of hybrid poplar saplings

in relation to treatment and number of stressors over time (July and September)
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