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Abstract: Simulated nitrogen-sulfur depositions by CO (NH, ), and Na,SO,, changes in total nitrogen
and total phosphorus contents in root, stem, leaf and whole plant and N : P ratio in leaf of Eucalyptus
urophylla S. T. Blake X E. grandis Hill ex Maiden and Cunninghamia lanceolata ( Lamb.) Hook.

seedlings after nitrogen-sulfur single and complex deposited for six months were compared by two factors-

i B HE: 2015-02-04

E&WA: S5 5RHH5R S LIRS (20123515110011) 5 FREERHEH AT H A LTI H (2012NZ01)
YEZ BT o H(1989—) 5 INARIGIT A B EBF5e A, B8R R A 2505

O (EVEH E-mail: fjwez@ 126. com



554 4]

FEBR, AF . RREAMRIRZ AL v R 0 AU R~ B T A Y e i

29

three levels method. On this basis, the correlations in total nitrogen and total phosphorus contents among
organs and between organs and whole plant were analyzed. The research results on E. wrophylla x E.
grandis show that under single nitrogen deposition condition with low and high levels (50 and 100
kg - hm™ « a™'), total nitrogen content in organs and whole plant is significantly higher than that of the
control, N : P ratio in leaf is also higher than that of the control, while total phosphorus content in organs
and whole plant is not generally significantly different to that of the control. Under conditions of single
sulfur deposition with low and high levels (15 and 30 kg + hm™ « a™') and nitrogen-sulfur complex
deposition, total nitrogen content in organs and whole plant, total phosphorus content in whole plant and
N : P ratio in leaf are mostly significantly higher than those of the control, while total phosphorus content
in organs is not significantly different to that of the control. The research results on C. lanceolata show
that under single nitrogen deposition condition with low and high levels, total nitrogen content in stem,
leaf and whole plant is significantly higher than that of the control, that in root is lower than that of the
control, total phosphorus content in organs and whole plant and N : P ratio in leaf are not significantly
different to those of the control. Under single sulfur deposition condition with low and high levels, total
nitrogen content in root, leaf and whole plant and N : P ratio in leaf are mostly significantly higher than
those of the control, while total nitrogen content in stem and total phosphorus content in whole plant are
significantly lower than those of the control, and total phosphorus content in organs is not significantly
different to that of the control. Under nitrogen-sulfur complex deposition conditions, total nitrogen content
in organs and whole plant and N : P ratio in leaf are mostly significantly higher than those of the control,
while total phosphorus content in organs and whole plant is not significantly different to that of the
control. From the view of change ranges of total nitrogen and total phosphorus contents in whole plant and
N : P ratio in leaf, the response of total nitrogen content in whole plant of two tree species to nitrogen-
sulfur complex deposition is the strongest. In addition, under nitrogen-sulfur deposition conditions, there
is generally no significant correlation in total nitrogen and total phosphorus contents among organs of two
tree species, only total phosphorus content in root and leaf of E. wrophylla x E. grandis appears
significantly positive correlation. While, total nitrogen and total phosphorus contents in organs and whole
plant of E. wrophylla x E. grandis appear significantly or extremely significantly positive correlation,
total nitrogen and total phosphorus contents in leaf and whole plant of C. lanceolata, and total phosphorus
contents in its stem and whole plant all appear significantly positive correlation. It is suggested that under
short-term nitrogen-sulfur deposition condition with a certain level, nitrogen and phosphorus contents in
seedlings of two tree species all increase, in which, the response effect of nitrogen content to nitrogen-
sulfur complex deposition is the strongest, and that of phosphorus content to single nitrogen deposition is
the strongest. The response effect of E. urophylla x E. grandis to nitrogen-sulfur deposition is stronger
than that of C. lanceolata, and its growth limiting elements appear the trend of changing from nitrogen
limit to nitrogen-phosphorus common limit.

Key words: nitrogen-sulfur deposition; Eucalypius urophylla S. T. Blake x E. grandis Hill ex Maiden;
Cunninghamia lanceolata (Lamb.) Hook.; nitrogen content; phosphorus content; correlation analysis
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Table 1

Effects of nitrogen-sulphur single and complex depositions with different levels treated for six months on total nitrogen content in root,

stem, leaf and whole plant of Eucalyptus urophylla S. T. Blake x E. grandis Hill ex Maiden and Cunninghamia lanceolata ( Lamb.) Hook.

seedlings (X+SD)!

Vi kg « hm=2 « 2!
Deposition amount

Fe F R AR B 4 A - k!

Total nitrogen content in different parts of E. wrophylla x E. grandis

KRR AR /g - kg™!

Total nitrogen content in different parts of C. lanceolata

N S #2 Root 2% Stem I Leaf 4=Fk Whole plant #2 Root Z£ Stem I Leaf 4k Whole plant
0 0 1.57+0.46a 1.22+0.49a 3.60+0. 19a 6.39+0.37a 6.09+0.19be  4.28+0.35¢ 1.30£0. 11a 11.67+0.49a
0 15 3.04+0.37b 1.99+0.28a 5.21+0.47b 10.24+0.51b 6.86+0.47¢c 1.85+0.18a  15.73+0.58f 24.44+0.59¢f
0 30 7.35+0.51d 5.00+0.59d 9.740.60d  22.09=+0. 64f 7.97+0.61d 1.98+0.28a 0.98+0. 12a 10.93+0.45a
50 0 4.32+0.48¢ 4.09+0.56cd  14.04+1.57e 22.45+0.61f 5.84+0.44bc 3.10+0. 19b 6.89+0.56¢ 15.83+0.51b
50 15 8.29+0. 16e 4.25+0.43cd 5.16+0.38b 17.70£0. 54d 4.98+0. 19b 4.27+0.48¢  13.94+0.87e 23.19+0. 64e
50 30 8.81=0. 10e 3.21+0.31be  17.24+1.46f 29.26+1.37g 7.94+0.50d 4.13+0.37¢ 6.78+0. 34c 18.85+0.39¢
100 0 3.15+0.67b 1.1420.37a 9.11+0.29d 13.40+0.97¢ 3.47+0.48a 5.88+0.45d 8.82+0. 19d 18.17+0. 40¢
100 15 2.36+0.28ab 1.01+0. 18a 9.21+0.17d 12.58+0. 19¢ 6.08+0.49bc  7.06+0. 64e 9.19+0.23d 22.33£0.77d
100 30 10. 18+1. 09f 3.04+0.31b 6.92+0.50c 20.14£0.99¢ 9.92+0.55e 4.98+0.49¢ 3.09+0.47h 17.99+0.57¢

D [RBH R ] 8 /NG b R 4% A PR 7] 22 5+ 8. 3% (P<0. 05) Different small letters in the same column indicate the significant difference among
different treatment groups ( P<0.05).
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Table 2 Analysis result of correlation of total nitrogen content among root, stem, leaf and whole plant of Eucalyptus urophylla S. T. Blake x E.
grandis Hill ex Maiden and Cunninghamia lanceolata ( Lamb.) Hook. seedlings after single and complex depositions of nitrogen-sulphur treated

for six months"

FEE MR AL A 2 i A DG R A

IR R 2 R R RAR S R L

ok Correlation coefficient of total nitrogen content in Correlation coefficient of total nitrogen content in
Index different parts of E. urophylla x E. grandis different parts of C. lanceolata

TNr TNs TNI1 TNwp TNr TNs TNI TNwp
TNr 1.00 1.00
TNs 0.60 1.00 -0.28 1.00
TNI 0.28 0.59 1.00 -0.44 -0.10 1.00
TNwp 0.77x* 0.72% 0. 81 1.00 -0.18 0.24 0.91#x 1.00

D TNr; HAYE A Total nitrogen content in root; TNs; ZEAY42 % Total nitrogen content in stem; TNI; M i 4% &+ Total nitrogen content

in leaf; TNwp: 2RI E &1 Total nitrogen content in whole plant.

2.2 EERMEAYERRZEMEKRNEHRSE
R -FREE — R 8 & T A B2 4 E
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100 kg « hm™ - a™ FL—Z IR 551 T H bk 0 2 0
S i TR (P<0.05) ;5 50 kg « hm™ - a™' FL
— R UIEALFRZA AR HE , 7E 100 kg + hm™ - a™' BA—&( U0

#: P<0.05; #%: P<0.01.
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FMeEtkmes a5y BRI EER; 5

50 kg - hm™ - a™' B — PR AL BEZHAH 1L, 7F 100
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Table 3 Effects of nitrogen-sulphur single and complex depositions with different levels treated for six months on total phosphorus content in
root, stem, leaf and whole plant of Eucalyptus urophylla S. T. Blake x E. grandis Hill ex Maiden and Cunninghamia lanceolata ( Lamb.) Hook.

seedlings (X+SD)!

PR /kg - hm2 - a~!
Deposition amount

F R IR S5 2 i - !

Total phosphorus content in different parts of E. urophylla x E. grandis

ALY 22 & it/ g - kg ™!

Total phosphorus content in different parts of C. lanceolata

N S R Root 2% Stem - Leaf 2k Whole plant R Root 2% Stem I Leaf 2k Whole plant
0 0 0.49+0. 12a 0.49+0. 19a 1.32+£0.21abed  2.30+0.20ab 0.87+0. 13a 1.35+0.24a 1.43+0. 10a 3.65+0.40bcd
0 15 0.39+0. 17a 0.59+0.21a  0.85+0.1la 1.83+0. 18a 1.00+0. 18a 1.05+0. 13a 1.56+0. 16a 3.61+0.23bed
0 30 0.81+0.09a 0.67+0.23a 1.60+0. 08cd 3.08+0. 16¢ 0.76+0.26a 0.95+0. 18a 1.32+0. 14a 3.03+0. 19a
50 0 0.51+0.20a 0.20£0.09a  0.93+0.20ab 1.64+0.17a 0.68+0. 12a 1.21+0.30a 1.23+0.25a 3.12+0. 17ab
50 15 0.47+0. 06a 0.37+0.08a 1.02+0. 14abe 1.86+0. 10a 1.00+0.31a 1.00+0.27a 1.35+0.31a 3.35+0. 28abc
50 30 0.62+0.21a 0.53+0. 14a 1.42+0. 10bed 2.57+0.22bc 0.68+0. 16a 1.32+0. 14a 1.38+0. 19a 3.38+0. 18ahc
100 0 0.69+0.05a 0.67+0.30a 1.65+0.29d 3.01+0.27¢ 1.06+0.23a 1.41£0.11a 1.40+0. 28a 3.87+0.24cd
100 15 0.92+0.23a 0.61+0. 18a 1.56+0. 13cd 3.09+0. 19¢ 0.94+0. 18a 1.65+0.37a 1.49+0.34a 4.08+0.35d
100 30 0.79+0.08a 0.53+0.27a 1.67+0.24d 2.99+0.17¢ 0.78+0.07a 1.36+0.28a 1.37+0.07a 3.51+0.21be

DS R [RING FhE 26 8 45 A B2 0] 22 5 4 3% (P <0. 05) Different small letters in the same column indicate the significant difference among

different treatment groups ( P<0.05).
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Fe g BAR 50 7 B B R B IE MG (P<
0.05) ,M15E R BN 0. 85, HZE SR FI0: H 18 4wl &
SN IE ARG O R i S ek ek
PR B3 (P<0.01) BRI B R A G A
KRBT R 0.90.0.76 F10.97, A4S #HE
] ) Al i DA AR 5 bk i R R A B
TEARDG; 25 5 bR 00 20 & i 52 W 35 B A O G
FRECK 0,77 ;L0 Fr 5 R 1) A0 i R A D 2 EAH
K AHKRECN 0.78,
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MEARYE RN : P AL L 5, hEs ]
DAY 50 kg + hm™ - 2™ R UTRE S AF T R B Ant
RN P IR E S TR (P<0.05) , MTEA R K-
RO A T BB AR A NP L
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KM T REMFIZARG T B N = P H A28 56 45
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Table 4 Analysis result of correlation of total phosphorus content among root, stem, leaf and whole plant of Eucalyptus urophylla S. T. Blake x
E. grandis Hill ex Maiden and Cunninghamia lanceolata (Lamb.) Hook. seedlings after nitrogen-sulphur single and complex depositions treated

for six months'

J& B AN [R] BTar 4l 5 B AR OC R EL

FEAR ) L 22 5 AR S R 5

Fokg Correlation coefficient of total phosphorus content in Correlation coefficient of total phosphorus content in
Index different parts of E. urophylla x E. grandis different parts of C. lanceolata

TPr TPs TP1 TPwp TPr TPs TPI TPwp
TPr 1.00 1.00
TPs 0.51 1.00 0.05 1.00
TPl 0. 85:: 0.65 1.00 0.62 0.26 1.00
TPwp 0. 90:: 0.76% 0. 97 1.00 0.64 0.77+ 0.78: 1.00

D TPr. HRAY4HE S Total phosphorus content in root; TPs; ZEAY4HER

1 Total phosphorus content in stem; TP, - Fr A 45 2 1 Total phosphorus

content in leaf; TPwp: AR & Total phosphorus content in whole plant. *; P<0.05; ##%; P<0.01.

x5 AEAKFR-TE—RESGAE6 NAMEERMEZ AL EIT
F N:P LRI (X+SD) "

Table 5 Effects of nitrogen-sulphur single and complex depositions
with different levels treated for six months on N : P ratio in leaf of
Eucalyptus urophylla S. T. Blake x E. grandis Hill ex Maiden and
Cunninghamia lanceolata (Lamb.) Hook. seedlings (X+SD)"

ATFFPZERE A N P L

N : P ratio in leaf of different species

Uikt /kg - hm™ - a™!
Deposition amount

. < R A
E. urophylla x E. grandis C. lanceolata
0 0 2.79+0.61a 3.20+0.49a
0 15 5.62+1.23bc 6.77+1.28b
0 30 7.18+1.98¢ 3.61+0.65a
50 0 13.73+1.36e 5.08+0.73ab
50 15 9.52+1.08d 6.90+0. 89b
50 30 11.40+0.99d 5.57+1.51ab
100 0 4.45x1. 12abe 4.69+0.46ab
100 15 4.08+0.79ab 5.47+1.0lab
100 30 6.72+1.09bc 5.11+0.67ab

D [ R )N A R R A AL LR 2% R 8.3 (P<0. 05) Different
small letters in the same column indicate the significant difference
among different treatment groups ( P<0.05 ).
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