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Abstract; In recent years, due to global climate change and unpredictable human activities, the problem of water resource
shortage and environmental water pollution has become widespread. Particularly, nitrogen pollution of water in China is a
problem, owing to atmospheric nitrogen deposition and excess of nitrate, which results in a significant increase in water
soluble nitrogen and eutrophication. To address the issue, an important multipurpose tree species, willow ( Salix sp.),
which has large biomass production and high resistance to environmental stress, has been studied, and as proved effective in
the uptake and accumulation of pollutants from contaminated waters and soils. Hence, it was employed in the present

experiment. In the current study, the seeding of Salix matsudana was selected to probe the characteristics of growth,
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nitrogen absorption/distribution, and physiological responses under different nitrogen treatments. These included poor
nitrogen (1.4 mg/L) , medium nitrogen (2.8 mg/L), high nitrogen (7.0 mg/L), and excessive nitrogen (28.0 mg/L),
which are levels related to the water eutrophication classification standard. Nitrogen was added as ammonium nitrogen
(NH;-N) and nitrate nitrogen (NO;-N) through water culture experiments. The results showed that the biomass of Salix
matsudana increased with increasing nitrogen to some extent, but the growth was inhibited under excessive nitrogen
concentrations, and NH,-N showed a higher inhibition than NO}-N. Meanwhile, Salix matsudana had a preference for
NH;-N absorption over NO;-N when provided with the same concentration of nitrogen. The order of AT% contents, °N
absorption and Ndff% in different organs of Salix matsudana was, root > stem > leaf, and the content of NH;-N was higher
than that of NO;-N. Furthermore, the difference showed an increasing trend with rising nitrogen concentration. Moreover,
with increasing nitrogen concentration, the rate of "N allocation was significantly different in different organs for the two
kinds of nitrogen. Specifically, for NH}-N treatment, the "N allocation rate showed a trend of increasing after first
decreasing, and nitrogen levels peaked in the root of Salix matsudana. The maximum value appeared under medium nitrogen
concentrations ; while the "N allocation rate in leaves showed a trend of gradually falling, and the maximum value appeared
in the case of poor nitrogen concentration. Both inadequate and excessive nitrogen in solution showed significant effects on
the physiological traits of willow seedlings. The chemical form of nitrogen also showed significantly different effects on
physiological characterizations of willow. The root activity decreased by 50.61% and increased by 19.53% under excessive
nitrogen when compared with the control. Furthermore, indicators such as root length, root surface area, root volume, root
diameter and root tips of Salix matsudana, decreased by 30.92% , 29.48% , 19.44% , 27.01% , and 36.41% respectively,
under NH;-N treatment. The root length, root surface area, root volume, root diameter, and root tips of Salix matsudana
were decreased by 1.66%, 5.56% , 1.49% , 5.06% , and 25.72% respectively, under NO;-N treatment. Thus, it could be
concluded that the influence of NH-N stress on Salix matsudana was higher than that of NO;-N when seedlings were
exposed to high concentration of nitrogen. Therefore NO;-N certain concentrations could be added to alleviate the damage

caused by NH;-N on Salix matsudana.

Key Words: N tracer technique; Salix matsudana; ammonium nitrogen; nitrate nitrogen; absorption distribution;

physiological characteristics
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1.1 bR 3R 5 Ok

SR PRI JEPE R T 2013 4F 3 A 35180 F ILAREEM —i ol A FRA R 8 BMTCHE 2R 27 5. Kt
PR 2559 B 10em KA 5%, IS T 40emx20em (94 FLIE AN, BN R AR 44 12 B85 5%, & F 19L
H T TE SRR R R R . ASROEIRER R IR A 20—30°C , & K JGRZY 10h, AR Hoagland 35 AC J7
Bl CE SRS M :0.51 ¢/L KNO,,0.82 ¢/ Ca(NO,), - 4H,0,0.136 ¢/L. KH,PO,,0.49 ¢/L MgSO, - 7H,0,
2.86 mg/L. H;BO,,1.81 mg/L. MnCl, - 4H,0,0.22 mg/L ZnSO, - 7H,0,0.45 mg/L. (NH,)(Mo,0,,,0.6 mg/L
FeSO,,0.744 mg/L EDTA) , {4524 h i8S, 57 d Bk 1 YOS IR, B IR pH FEHIFE 6.5 2247, Tt 4
AR 3G, R R b H AR SR — S0 2 i, 8 2o 00 e v e AR R AR, SO B — o (BR
+<5 em MRAEYI R <10 g) MM B T3R50 MR 3G S8 B ORK bk, PR 2808 KIS R 5 B 10 min 2247,
AT B FK R R 1 R )G B BI A VUIRAS , 47 2o

PR AL B AR A BT 19 L A TR BRHAS b, A48 8 AR, FH VA 4 RS0 VA M 181 R , 3L 48 4, AN & KINO, |
Ca(NO,), - 4H,0, &4 CaSO, i |3k Hoagland BLJ5 1/4 50078 50, MRIEMIR A8 1E % 48 K | [R5 E AR
RACBRGEAT R 9%, A0 B LA (P NH, ), SO, (NH;-N) F1 K® NO, (NO;-N) (g [ F 4k THF5E B, 5 N
99.99% ) TE 2RI, MR AR /K A4 B B FR Ak AT Gbmaf ™ B Rk R 1.4.2.8 7.0 1 28.0 mg/L 4 KT
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7K & 1452 mm,
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Regent Instruments /A Al #24iE %) WinRHIZO Pro 2005b, B A5 iSRS v A AR R 1 B AR TATAR ARARFR AR
Py AR FRAREL,
1.3 HdEawr

Bl R Excel 2007 BEATHIAE /0T 230 i SPSS 18.0 HEAT 7 22 FF PEAG 6 , SHIR 5 2k B PN i i
FIAR A AL BREE AR LA B AR R IE SR AR E BN (NHS-N B NO;-N) ANOVA 437, 3 H LSD /E £ 5 A8/ ( P<
0.05) , >R H Origin 7.5 &,

2 HERE5HW

2.1 AR GUAR BSR40 A% A B AR A SRR R R )

AR ZACHET , ST R bR A R A i (LT D) 225 B3 (P<0.05) , H 2 Rl AR R A
o EERRIRE AN (R 1) o 4 REEW], — 2 B R A I RERS e 2t S0 A= (i B R i) A
H NH;-N BYHH/E IR T NOS-N; SR X NH;-N AW i & , 72 1Rl — ZUKF I, S 300 19 AT% |

x1 AARLEMENZEELEYE AT%N%, "N R EFN NAff B0

Table 1 Effect on the biomass, AT%, N%, N absorption and Ndff in the different organs of Salix matsudana by different nitrogen treatments

P A A ﬁ%ﬁﬁfﬁ Aot PN Bl <1000 o AR N/ %
Organs Nitrogen Biomass/g Atom/% N N content Nltrogen N from Nltr.ogen
treatments AT/ % N/% absorption/g source Ndf/%
NH;-N1 2.93+0.27abA 3.10+£0.08dA 1.06+£0.11¢B 0.97+0.17cA 2.74+0.08dA
NH;-N2 3.57+£0.51aA 5.58+0.15¢A 1.72+0.09bA 3.43+£0.52cA 5.22+0.15¢A
NH;-N3 2.81+0.37bB 10.50+0.80bA 4.72+0.32aA 14.00+2.96aA 10.17+0.80bA
2 Root NH}-N4 2.17+0.09bB 18.96+0.56aA 1.90+0.10bB 7.88+0.50bB 18.66+0.56aA
NO3-N1 2.43+£0.31cA 3.04+£0.07dA 1.47+0.10dA 1.09+£0.22cA 2.68+0.06dA
NO3-N2 3.34+0.24bA 3.92+0.08cB 1.81+£0.20cA 2.37£0.39cB 3.56+0.08cB
NO3-N3 4.38+0.27bA 7.51+0.12bB 3.16+0.12bB 10.42+0.94bA 7.17+0.12bB
NO;3-N4 3.43+£0.24aA 13.85+0.24aB 2.79+0.17aA 13.30+1.92aA 13.53+0.24aB
NH;-N1 10.31+1.00cA 1.25+£0.03cA 0.56+0.12bB 0.72+0.23bB 0.88+0.03bA
NH;-N2 11.65+1.11bcA 2.51+0.04bcA 0.25+0.10cB 0.75+0.37bB 2.15+0.04bA
NH}-N3 13.50+0.84hB 5.09+0.16bA 0.98+0.14aB 6.77+1.34bA 4.74+0.16bA
Z£ Stem NH;-N4 16.76+1.38aA 17.31+2.81aA 0.72+0.21abB 21.74+10.96aA 17.00+2.82aA
NO3-N1 11.67+0.42dA 1.27+0.03dA 1.45+0.08bA 2.16£0.14cA 0.91+0.04dA
NO3-N2 13.09+0.12cA 1.77+£0.04cB 3.25+£0.09aA 7.55+0.44bA 1.41+£0.04cB
NO3-N3 22.22+0.46aA 2.77+0.10bB 1.13+£0.14cA 6.93+0.68bA 2.41+0.10bB
NO3-N4 14.40+0.32bB 11.35+0.32aB 1.15£0.07cA 18.79+1.25aA 11.02+0.32aB
NH;-N1 3.85+0.35bA 1.07+£0.01cA 2.02+0.08cA 0.83+0.12cA 0.70+£0.01cA
NH;-N2 4.25+0.82bA 1.61£0.05cA 1.61+0.07dB 1.10+£0.21cA 1.24£0.05cA
NH;-N3 4.86+0.85abB 2.75+0.08bA 3.84+0.17aB 5.11+0.73bA 2.39+0.08bA
i Leaf NH;-N4 5.56+£0.47aA 10.58+0.62aA 2.24+0.05bB 13.22+2.07aA 10.25+0.62aA
NO3-N1 3.84+0.51cA 0.62+0.02dA 1.28+0.09dB 0.31+£0.06cB 0.25+0.02dB
NO3-N2 4.23+0.31bcA 0.88+0.05¢B 2.41£0.09cA 0.90£0.10cA 0.51+£0.05¢B
NO3-N3 7.45£0.44aA 0.95+0.04bB 4.52+0.05aA 3.22+0.28bB 0.59+0.03bB
NO3-N4 4.85+0.52bA 6.62+0.03aB 3.40+£0.07bA 10.88+1.00aA 6.27+0.02aB

AIFA/INEG FRERIR NHE-N B NO3-N #4081 R AR AR 22 57 35 (P<0.05) A [RIRE TR 7R [ — R NHE-N 5 NO3-N AR E) £ 15 b 22

S B3 (P<0.05)
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PN IR Ndff9% 2428 NHE-N AR BRI NOS-N 4b3, H B b Bk B2 34 0, 22 SR, HAE A i A2 /Y
IR > 2K > I TR RERS B M IRAL M TG R, BRZEH N9 & HE7E NOS-N P RUKF g, B
TE T FAE] N9o FEAH, it 5 ZOF A BERS 2 e W MR AL R . 2T 2 2 2000 54400 00 A R B Rl
M —  JEHAE R R (s RS R I 52 2 P25 57 (P<0.05 ) Xl REAS SIS 2 0% A0 e 1R I A
AN, HoAT REAFAEAN R 9 g A, AT S B R A —

4 DR TE 4 DBOEDT B NH-N AR T NOS-N AR RS0 2 Fh JCAHIL 20 A W i 1)
T NHG-N; Horp SUR T ZUKF I, SR TN AT% % i 5 W i, 52 B0 SR 2 iy i 3 i 7e
TR E B ZUKE T R AE 2 Fh R A WSS R o, AT% & B HOA RN B T — e R R A R e, B
KA FIFEE AW IR BRG (P 1) o X AT REJE: T IR 2% 2 b &R 9 26 AR AN [ LA B AS [R) 3 X 2
BV Y A AR AR AR S IS W] 5 Y . AR iy N BEIS RN T & 4E {2 NOS-N AbBErh FEFFAR 1Y 14 d 224k
AR RIITETF IR WM TN 5 SEEEAE 1k 7 WA 107 NHG-N A B b B0 Xk 855 F 0 rf o N A i ) — 4+
Zet B OCRTE 14 d S RN R B, FTRE A T4 UN R AR AR S e R R AL S
2.2 R[FVEAEFXE B0 28 B RS N S BC A 5

W R S RS, T R 23R o A N S0 AR R R 22 S 3K (P<0.05) (R 2) , NH;-N Ab P
Hh B R BE B I, AR P N G E AR B SR S 98 B B e EUKSF R B RO, iR PN R R R B
T B R R AR ZT RUKF s NOS-N Ab PR b i 25 200k B2 B0 185, AR rp N 23 TG 23 52 e 09 s 0
B TR FUKF A B R RAE, iR N BC A S T N A R R R (R B RUKF-

®2 FAEELEXNEHEREN SEEHHMN

Table 2 Effect on the allocation rate of '*N in the different organs of Salix matsudana by different nitrogen treatments

L IES mE FEFRAFY Gradient of nitrogen
Nitrogen type Organs N1 N2 N3 N4

i 38.51+5.63cA 64.79+5.85aA 53.90+3.49bA 19.14+4.60dB

NH;-N 2 28.22+4.59bB 14.53+7.88bB 26.28+3.43bA 48.93+9.43aA
I 33.27+4.29aA 20.67+3.17bA 19.82+0.78bA 31.93+5.31aA
i 30.49+2.86bA 21.87+2.25¢B 50.61+2.27aA 30.87+2.69bA

NO3-N 2% 60.95+3.69bA 69.84+2.68aA 33.74+3.25dA 43.82+3.64cA
m 8.56+0.96¢B 8.28+0.72¢B 15.66+1.06bB 25.31+1.02aA.

2.3 AEEABEXT I AR CAT ,POD SOD MDA 11451

B CAT 15 PERE % 57 A 1 T, NH -N Ab 3 Sl 5 8 hn il a3 NOS-N 4B 31 S B
Ak, NH; -N AR KA H B I Z KO, S XS BRI T 252.02% , NOS-N Ab 3 KA H 3R & KT, e
XFREBE N T 122.07% 5 WAEAR Y, L CAT 16 MEAEAR L FU AL R0 « Bl 4 35 SR 200K B B T i, NHL =N Ah B
NOZ-N A L L 505 0 0 e 89 D0 94, NN T NOS-N &b 380 (7 34 1 B2 Job 8K, et SRR 17
155.75% 411 638.87% (K 2)

Bt POD TE ML, BEE 5 IR P B B R THE  NHE-N A 23 52 S e /0 5 14 I A8 34, NOS - 42b 380 4
B, BN S D i e #  NH, -N A3 e AR H AR i UK, LU REBE N T 80.14% ,NO; -N b3l 5/ )ME
HBLE R B, FEX /D T 39.529% ; Wi ZEAR i, L POD % P 7E 2 Fh AL BE b A8 Al st #— 30, ¥4 o0 Je i hin
JE /b H NHG-N Ak B 5 A B0 AE o 0K 7, ELXE BRI N T 47.03% , 28 0B S5/ (L B > T
47.48% ) ,NO;-N b B KA H AR BUK-, O BRI N T 137.79% (181 3) .

Bt SOD TEMEAE , BEE 2 FR M H B BE R TH 55, NH-N &b 352 5580 5 B0, NOS-N Ak 3450 26 3k —
ELHE AR Horh NH, -N Ab# e/ IME H AR B, BEXT BB D T 52.77% ,NO;-N Ab 3185 K Fil e /N3 )
WA i BRI B, 50 e BR800 24.48 % Rk /L 21.78% ; i e AR v, H: SOD 1 MR {E bl %5 5 72 b
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Fig.1 Effects of different nitrogen treatments on the absorption and distribution of nitrogen in Salix matsudana
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