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TR FE 2 (Lumnitzera racemosa) AL E
TRk SRR RIS T 2 5
TET BRI

(2] AT ELRE R (NHL-N) B A&z (NOs-N) A [F Lk 4 (0/0 ~ 07100 ~ 25/75 ~ 50/50
75/25 J; 100/0) fiffpEEE 30 2 120 daysf% » ¥{1Z (Lumnitzera racemosa) i K4:f ~ TERK A
B~ =R A LU (Triphenyl tetrazolium chloride, TTC) s2/F M kAR /NE pH Z B2 - 4
R IEH 120 daysts > Him ~ HIBRES ~ REMAECYE ~ FER B SEIERE RO AR E R
L0 NH.-N/NO;-N {E & L5155 50/50 SRR wifi F B — R 5k o FEmifgE (LAR) REEHELL
(LWR) RELIRBELLBIRS 25/75 ~ 50/50 J 75/25 5 pa Py » LLEE e (SLA) HIILL 50/50 pRFH
im o B AR ZEERRTE a~ b Sl Bk R IRAL L 25/75 ~ 50/50 ~ 75/25 ¢ 100/0 55 4 ff R P ) »
RIEAEE el o WIAREESR SARS A TTC SRR LIRS 50/50 BEPFEE fm (7 hlf 15.16 K
11.770.D. g") = N IEAUAEHARARS BOKER o/ pH fiE » £7BE NOs-N ELGIsE = > B NHL'-N Lt
Bsg i R o ¢4t NOs-NIKF » JKER ke /B pH E 3 BITHE 7.3 J¢ 7.6 5 52 & fiiH NH.-N I »
KRB AE pH (E57 RIF% 2 5.6 f¢ 4.4

(BHEERR ) 182 ~ S0RB A ~ HREREA ~ BIRSLEFEM ~ TR ~ =R LUk (TTC) &1k

Research paper

Effects of Nitrogen Form on the Growth, Chlorophyl|
Concentration and Cell Viability of Lumnitzera racemosa
Seedlings

Kuei-Chu Fan! Tzu-YuanLin? Lung-Cheng Chang?

[Abstract] The study examined the effects of varying level of NH,-N/NOs-N ratio (0/0, 0/100, 25/75,
50/50, 75/25 and 100/0) on the growth, chlorophyll concentration, cell tripheny! tetrazolium chloride (TTC)
reduction, and medium pH of Lumnitzera racemosa seedlings from 30 to 120 days after treatment. The
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resultsindicated that 120 days after treatment, the height, diameter at root collar, dry weight of various
components, number of leaves, total area of leaves, and Dickson Quality Index were the highest in
NH,"-N/NO;-N ratio being 50/50 than sole N forms. The leaf arearatio (LAR) and leaf weight ratio
(LWR) were high of seedlings cultivated with NH,*-N/NO5-N ratio being 25/75 ~ 50/50 and 75/25.
Specific leaf area (SLA) was the highest in NH,"-N/NOs-N ratio being 50/50. Concentrations of
chlorophyll aand b, aswell asthe total amount of chlorophyllswere high for seedlingsfertilized with
NH.-N/NO;-N ratio being 25/75 ~ 50/50 ~ 75/25 and 100/0, and was the lowest in 0/0 treatment.
Seedlings grown at NH,"-N/NO;-N ratio being 50/50 had the highest TTC reduction of leaf and root
tissue (15.16 and 11.77 O.D. g*, respectively). The pH value of cultural medium was affected markedly
by nitrogen form, which was increased with increasing NOs-N and decreased with increasing NH,"-N
nutrient solution. The water and medium pH values were up to 7.3 and 7.6 in the medium contained
NO;-N alone, while they decreased to 5.6 and 4.4 with 100% NH,"-N treatment.

[Key words] Lumnitzera racemosa, Ammonium, Nitrate, Seedling quality index, Chlorophyll

concentration, Triphenyl tetrazolium chloride (TTC) reduction
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RBHEYE R EETHE » HEEYRER
& - P TR IR &SR 0 1R DU B Y 2 8 A
(NH-N) KifilReR (NOs-N ) 4 5 “FER
VRAEREY RS PRI ~ (REBERIE AL E AN »
I LA RS P R e 1 B A R e G P 22
H (Marschner, 1995) - fii#)— HIZ NH,-N
% o AIEE AR @AM TREYE
(¥ BtEEE NHS-N SRR - HlarHEy)
SR E TREAY) £ R & o 1 NOs-N &
GEMHYIE NS - (EREYRISR TR e R
JEESNHS-N » A REEITRIERE ~ BEE ML
K& Rk (Mengel and Kirkly, 1981; Rufty et al.,
1983; Britto and Kronzucker, 2002) - It —fi %,
FYBEA G KA SR » BB RS
HANE ) 2-4 % » —F[FRF AR R R 6
£ 16 % (McFee and Stone, 1968; van den
Driessche and Dangerfield, 1975; Ruan et al.,
2007) » RLAFEHREYIET S NHS-N K2 NOs-N
FRsE T e A T A -

&2 (Lumnitzera racemosa) B {# & F}
(Combretaceae) .2 kA » T MifE 1
PRI RS ~ 227 R i SO LS5l < A
T T e 2 O 7 g R e B e - AR F b T

AR - KBNS H Y R thE
&%) (Hsueh and Lee, 2000 ; Su et al., 2006) -
TEZE B A i SE T NPE Z AL AR > B4R ~ B
% HEHEESE - BRERRE JHEEEY) K
LA R A LSS (BRI - 2006 5 BREEST -
2006) ; MEATRE S IERGE ALK - #2250 N
BHAEE - PEE - BohE Rk hESERT - 19
R E M A AT R (FEERER - 2006) o
AR B C R Al 2 7 (Azuma et al.,
2002) ~ faPIRe (LR 7y (MRS - 2006 ;
Ashiharaet al., 2003; Sato and Ashihara, 2008)
RN (Suetal., 2006) s (i e & HIIE
TR R AL R RE R (BB 75 55 >
2003) ~ B (BBE7 » 1994 5 1996 ; [HEFT ~
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{ZIE ~ FFIEAT » 1999 5 #5585 » 2000 ; JE %
PREE » 1999 a, b ; 2001 ; 2002) ZEhf5T »
PP AHEAC /7 TR IR ST B = 34
HIE A AT AR - — R hEH NAE
(NH.CI) ~ P (KH,PO,) 5t N+Pft » 5 —& 8
WSS (NHINO,) AR R 2
it R i A NHLCl ke NHAINO: $F TR 2 A2 K
TRHEBCRIARE (BRIARFER) - AT TR
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R MIMEIE TR 2 fp BE » =oRESE & A R 2 AIABIEFEA (600 mm x 480 mm x 155 mm)
RICHH G > LUSES HIRH B BRI Z 225 il: 2% Rothstein and Cregg (2005) . fifi il & it
Tl -
T MOBLEL T (—) BERHEAE
2007 4 7 [ 14 HH G ra i DY PReE Ll ((NHa) :SO.) K tffisf (KNO;)

P RE - DIPTSR E 2Rk 1 O AR E (HAB AR G 1) Feidbaiige » AR
FIRUE > TS 0.8-1.2 cm > R 1.5-2.0 LA EE S TR -

cm o S RAPERE BB P (=) BT

7 H 24 HiGFEEH L2V AEK 9.6cm DL 5 fEAFSERE R (NHL-N) BfgEERE &

& 14.0 cm R AEfES 0.8 L 2 Bk » Hiks (NO5-N ) FHE Be A it A 1 HEAH 55 6 FpR (2

e BIRIEE 358 (iRt : BEkA 1 A= 1) o FHAIEZBARTE 0.75%58 1~ 4E R+ (U

1:1:1)- HERSE » 1999a) » [K A5 IR BRECBLA & 0.75%
2007 4 8 H 14 H &L BRI R H— NaCl 2 IERHATE o alBaR ot 2 akat - HIR

B (115 2.8-3.0 cm ; i E{E 1.0-1.2 BEM 3R - HEHA 121 » SBREIAIGT 216
mm) SETTHEACEREE © & 24 (AR A —K B o

= 1L RE L FIEIE 2 NH B NOs IR &
Table 1. Amounts of ammonium and nitrate fertilizers per varying NH," : NO; ratio treatment

i (B¢ BoHE R
P T % fif e NH,"-N NO:-N
(NH,/NOs) (gL (gL (mmol L) (mmol L)
0/100 — 0.82 — 5.00
25/75 0.61 0.62 1.25 3.75
50/50 121 0.41 250 2.50
7525 1.82 0.21 3.75 1.25
100/0 242 — 5.00 —
0/0 — — — —
AFBR R B/ e m fiCSEER 2 7 ik photon flux density, PPFD) #J£% 1020-1430
HEAT » EIVERR 2 weeks BEH— AR » Y8 pmol m*s* o
IBREH 2R R HAROKHERF(E 121 5 2 (=) W2 EHE ko
2007 4F 12 A 15 H ik - ¥ 4 months #£:3ff TEREAERZEFRES 30 ~ 60 ~ 90 Jz 120 daysi% »
AE 8 2% o FT e B v AN I 2 e BRRHBOR B AR K HUBREAHIE T A1HE -
Sl A= A EA B AR A 25-30°C > 1L IPEARHE

IEHAFER AN Z 't &% (photosynthetic (1) o B B LA
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FhE R O BRER (3 EME < 3£F) » 3
A = BRI -
VAR SIS VA 7
Fha PR 3 PREGAR (3 EAE < 1 HR) METTHY
FEVEEAEE - AR R EE ~ SRARER » BRATE
T0°C MR AtEZ 1 week 1% » FRIUAAL(HZEE
(dry weight, DW) -
(TEFR 2 B E
VY 2R SRR 2273800 € o Mk o2 B v B0 B A B T
i o FEEfELL Li-3000A ZEfgfRE (Li - Cor,
Inc., Lincoln, Neb., USA) g 2 » [Ik4} » WfiZt
BT 5228 (Hunt, 1990) :
a~ EHfELL (leaf arearatio, LAR)
LAR=A/W (cm*g")
b~ [t EEMFE (specific leaf area, SLA)
SLA =A /WL (cm?g?)
c ~ BEE It (leaf weight ratio, LWR)
LWR=WL /W (gg"
A @ BEHIRE (em?), Wt fREZEE(9), WL = BEHZ
H(9)
(4) Dickson K /8 fg 84 (Dickson quality index)
DI R 2 HifE ~ MBS EE Rz E AT
%Iz Dickson i ARAEfEH A (Thompson,
1985) :

B S (Quality index) =

R RHZH (0)
B (cm) MRS (mm) -+t - EFHZE (0) /3t T ETHZEE (0)

2. BERRRIR I E

B AR 3 PRETAR > PR AR
T EHRGASE R - DT FLERYICGER Ay 019/
iz ADEIFR BIRRERRE » FAILA 10
mL DM SO (Dimethyl Sulfoxide) ZZE{ 4%
LA 2 58T (Advantec Toyo) s (% HY IR -
LIy e e st (Hitachi, V-2000) 1£1 & 665 &
648 nmlI ISR » it LN ARG B TR
IREE (Barneset al., 1992) o “N[a] AL iz L E
JERE B & K ARANA] > E o g LT i 2 B

Chl @ = (14.85 x As - 5.14 x Agg) x[V/1000 x
(/W) ]
Chl b = (25.48 x Ay - 7.36 x Ags) x[V/1000 x
(1w) ]
Chl a+ b= (7.49 xAgs + 20.34xAq) x[V/1000
x (L/W) ]

Vo ZEHERS (mL) W s EREZE (9)

B[ 1 mg g W
3. BERARESHHN TTC &= EHIE

J PR 120 dayst » B P 2 R AR
T K MR ER#H A » B7H 0.05 % 0.20 g B SN 4
mL =K Z L PU™s (Triphenyl tetrazolium
chloride, TTC) % (0.6% w/v TTC /&> 50
mM KH,PO,— NaOH /1 » pH 7.0) - ¢ 1B 224
R A0mintR > [A R SRS HRAR 1815 E) 24 hr
LU AT th .z =2 FLHE (Triphenyl formazan,
TPF) 73 o U EE R I & B K Pkl itz
% > JOA 5 mL #HER (0.1 N KOH /% 50%
VIV IERS) FEOMEIE o FEAIA SmL Ct (Hexane)
B PEZEHN % » LA 3000 rpm L, 10 min > {i TPF
JrIg o B bfg 2 EIEIRER DY - LLor oot E T
I & 545 nm 2k (French and Parkin,
1993) -
4. JKER fe +3% pH HIlE
(7K Hx pH {H

LA 500 mL ZBIEH 57 | HUR % Jig RV A fti
I B HEAE 2 weeks 2 /KR » 2 R PR B 32K o
IKER IR B B =GR - ITFHRA 2 DiReK
B M (Multi-Parameter, WTW Multi 340i,
Germany) {HIE /K'E .2 pH {H e
@718 pH {H

JEFRES 30 ~ 60 ~ 90 K 120 days % » & /&
BB 209 > MEEUKLLL - 2HEBIRES -
HE AR EBiR Lhriz > FRRLIF4RAZ DRe
IKE D HTEEE Z -
(11) B L HEL 7 A

BB EIE DL SPSS e 1T BN 143 52 /)
w7 o SHEATER 1 2 S i > ARG [R] s
M1 BB () 2 22 5 o

~
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AR LI A S LE BIE P 30 days 1%
25/75 ~ 50/50 ~ 75/25 J% 100/0 % 4 fE g BE 2 it
g (8 1A) - KIFE 9.4-10.0 cm fid] » i A ft
IE# (0/0) k 0/100 JEFHHIEAK » > 6 &
BN Z EASHI AR 22 - £V 1.5-1.8 mm
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fi] (& 1B) - JiZ#H 60 days 1% » NH./NOs L5l
1% 50750 JiE L 2 1 1 B L ELA R HE S i o

ENEfEES 90 K 120 days % /5 2 AHLIES » H
HhEs 120 SKIRE » 50/50 @32 i s Bt B 53
A% 34.0cm 5.2 mm 3 RS 25/75 ~ 75/25
Jx 100/0 % 3 fEjEH - A RIEACEELZ M5
&4 RIS 15.0cm K 3.3mm » {5475 50/50
2 112 o

40 Qoo
A 0/100
I a 02575
30 ]l; W 50/50
2 ¢ B ©75/25
2 - T @ 100/0
E 2 % ]
e ]
10 R
R
]
0 = 1
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30 days

60 days

90 days 120 days

PRI R (D
1. ANEZEACLE AR 30 ~ 60 ~ 90 K 120 days (& F B L i (A) RIERELE (B) (n=9)
Fig. 1. Height (A), and diameter at root collar (B) of L. racemosa seedlings grown under varying
NH,:NO; ratio for 30, 60, 90 and 120 days (n = 9).
* R RAENE R B TRT R ARIERFIR AR p < 0.05 DUNER (P EHAFHER)

* . Different lettersindicate significant difference at p < 0.05, under Duncan's test. Same as follows. (The values present as

mean + standard error).

2. {EIHZE

J& 3 30 days % > S IeBE 2 ARFRIRGZ &
MR A ROL - BE RO GEEZERILL 25/75 ~
50/50 ~ 75/25 & 100/0 it (32 2) 5 5%

2fiH NOs-N ZHREEIHERZ » Kl
e R R HI K - BEEE 60 days 1% » &ER{7Ez
HINEMEMLZ 8L, - FpEH 90 days 1% >
LI NH,/NO; L5l 50/50 B 2 £ ER (i §z 8
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K AEHZE e i o HAGEIC R P & R 2 - P HFZE L 4.78 9 > MR fALEEHE & % 0.869 -
120 days f2{/s 2 AH{LIEEES - Horfr 50/50 jEEH .2 FIRSHIE Z 16 ([& 2A ~ B) -

# 2. NEFNELL AR 30 ~ 60 ~ 90 J 120 days #% B AR & EFHZY)& (n = 3)
Table 2. Dry weights of L. racemosa seedlings grown under varying NH," : NOs ratio for 30, 60, 90
and 120 days (n = 3)

ANE ZAE LT (NHLINOS)
HIETEE 0/0 0/100 25/75 50/50 75/25 100/0

30 days
#Fi7H#(g) 0.03+0.00° 0.04+0.00° 0.06+0.00° 0.06+0.00°* 0.06+0.00° 0.06+0.00°
*7E(g) 0.02+0.00° 0.02+0.00° 0.03+0.00° 0.03+0.00° 0.03+0.00° 0.03+0.00°
fREZE(g) 0.01+0.00°  0.01+0.00 0.02+0.00 0.01+0.00 0.02+0.00 0.01+0.00

fEE7EE(g) 0.06£0.00° 0.0810.01° 0.11+0.00* 0.10+0.00° 0.11+0.00* 0.11+0.01*

60 days
7 E(g) 0.12+0.02 0.20+0.01° 0.30+0.03° 0.30+0.01° 0.34+0.01° 0.28+0.03°
¥H7 8 (g) 0.08£0.01° 0.11+0.00° 0.16+0.01° 0.16+0.00° 0.18+0.01° 0.13+0.01°
IREZE(g) 0.04+0.00° 0.05+0.00° 0.06+0.00° 0.07+0.01° 0.07+0.00° 0.04+0.00°
fEZE(g) 0.24+0.03'  0.37+0.01° 0.52+0.05® 0.54+0.03* 0.58+0.01°  0.45+0.04"

90 days
7 E(g) 0.24+0.02° 0.77+0.05° 0.89+0.04*  1.33+0.08" 0.95+0.05 1.03+0.01°
¥HZE(g) 0.17£0.02° 0.36£0.03° 0.44+0.01° 0.60+0.01° 0.43+0.02° 0.43+0.06
fREZE(g) 0.14+0.02 0.24+0.03° 0.24+0.02° 0.32+0.02¢ 0.19+0.02b¢  0.17+0.03*

#Eg7E(g) 0.55+0.07° 1.34+0.09° 1.55+0.06° 2.24+0.10° 1.54+0.09° 1.58+0.16"°

120 days
78 (g) 0.38£0.01° 0.99+0.14° 1.72+0.06° 2.67+0.21° 1.71+0.11° 1.68+0.20°
7 E(g) 0.24+0.00° 0.50+0.06° 0.90+0.04° 1.62+0.02* 1.01+0.19° 0.90+0.00°
IREZE(g) 0.24+0.03° 0.31+0.02*  0.46+0.04° 0.66+0.12° 0.35+0.06  0.33+0.02*

fEE7EE(g) 0.86£0.04° 1.80+0.17° 3.08£0.04° 4.78+0.36° 3.24+0.55 2.93+0.21°

* ISR R R RS B T R - R FRIFOR AR p <005 LUNMER (P EHAZHEE)
* 1 In each row, different letters indicate significant difference at p < 0.05, under Duncan's test. Same as follows. (The values
present as mean + standard error).
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0/0 /100 S0/50

2. ¥ 120 days 1% » NH,/NOsLLfIIfS 50/50 BRI & 18 2= v A | #8(A) e iR (B) £ R e
Fig. 2. Shoot (A) and root (B) growth performance of L. racemosa seedling was enhanced grown
under NH,"/NOs ratio being 50/50 for 120 days.

3. A2 ML

HAEEEEE 30 J 60 days Ki% » HEF BB Al
#E G DL 25/75 ~ 50/50 ~ 75/25 J 100/0 % 4
T i PR (=) > 0/100 Jo B HR R BB (K (5% 3) ©
BRI I MIZE 4 90 Jk 120 days [ » 2 ffi%E
F 28I Ll 50/50 B o ILIEEE 120
days  fEEEMHIfE =i 393.2 cm? » ST
NOs-N Jz NH.-N Z AR 2 fiEE 7 2l 8
1K > MARGEAC R AR > 535S 7.0 Fr 5 50.2
cm? o

WK 2 HEmRE L (LAR) 745 30 J% 60 days
I > AERLL 25/75 ~ 50/50 ~ 75/25 K7 100/0
4 FEpEIEE S (35 3) : BEEF 90 K 120 days
% > HIILL 25/75 ~ 50/50/ % 75/25 % 3 fEjg i
& 0 e NOs-N & NH-N Z AR Z
M¥HERH .2 LAR{E5 120 days £ {K » % 58.5
cm? gt o IR R Z HLIE I (SLA) 1E45 30
days [l EREZE 72 52 - 2R3 60 days % 1L
25/75 ~ 50/50 J 75/25 2 e # o Refaie
IR 22 120 days #% » 50/50 FEHlE K2
SLA 3E5S (167.8 cm?g?) » 25/75 J 75/25 %
2 EHIRZ 5 5EAfEH NOs-N ~ NH,-N i
#H.2 SLA HI#% 15 » #i[E(E 133.7-136.3 cm? g*
M o FARZEEEL (LWR) fE3m 2 30 ~ 60

90 120 daysf% » ¥9L) 25/75 ~ 50/50 ~ 75/25
¢ 100/0 %5 4 fEpg PR (3% 3) » Mot i
NO;-N F (K ;s A EHHFHE (0/0) HiAR.Z LWR
K » &5 120 daysRj= 0.42 g gt -
A4 AR E R

JE 3 30 days 1% > ANFIBEHLZ AR s E $E
POl R 72 5 (3R 4) - 258 60 K » FUEEL
1415 50/50 JiE i ot B e BH R i = - R HAE
JE P E AR o BRPRISF R IN 26 90 ¢ 120 X
IR 2MH s L ES > 55 120 XIRE » 50/50 &
& S B E % 0.39 » HKES 25/75 K 75/25
2 2 Ff P (0.25) 5 1fi Bt NOs-N (0/100)
J NH.*-N (100/0) & B fE#3 5 0.19 » Kt
MEREHE & HIlfR (K (0.12) -
(Z) TR RIREE

WARZERE a~ b RIEERRIRE TR
7 30 ~ 60 ~ 90 iz 120 days 1% » 5L 25/75 ~
50/50 ~ 75/25 K 100/0 % 4 flpE R (2 5) -
TE55 120 days Rf » 4 FHEEPE AR 2 fETE% R 1
FE7E 1.63-1.68 mg g* ] ; M5E2fEA NOs-N
(0/100) JEHIF Rz » B AR 2 A OHRE
B FEEERRR IR E 0.86 mg g% KU
25/75 ~ 50/50 ~ 75/25 J; 100/0 % AfEjgE i 2 1/2 o
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% 3. R[FIFUAMLL (FEFE 30 ~ 60 ~ 90 K 120 days (4825 i A 2 #5528 (n = 3)
Table 3. Leaf morphology of L. racemosa seedlings grown under varying NH," : NO; ratio for 30,
60, 90 and 120 days (n = 3)

ARIEALLLRH] (NHL/NOy)

s IE 0/0 0/100 25/75 50/50 75/25 100/0
30 days

3 PO 27403  33:03  40:00°  40:00°  40:00° 4303

4 E‘H‘

ﬂég}%gﬁiﬁl art) 75:04°  101+1.0°  153:0.9°  14.0:0.8°  147:08  156:0.9°

(%E *f;)tt(LAR) 118.6:6.1° 1235:4.6° 139.3t56° 137.2458° 134.0+37° 138.0+3.0°

fgﬁg@fﬁ(&” 268.0+184° 2418457 2502+¢7.7 2526463  2458+103 242.4+0.8

%\%%(g - 044+001° 051+001° 056+0.01* 054+001* 055:0.00° 0.57+0.01°
60 days

B 55:05  75:05  87+04°  93:03  100:05  10.0+0.0°

(EI ==

?cur%gﬁeﬁl apy  23IL BLY 592454 614:34 639612 597:04

EIHRILLAR) 950406  063t4.9 1101+1.8° 117.2+41.0° 109.6:14° 117.9+4.3°

(cm*g?)

(tgr%éﬁi)ﬁ(&” 180.0465° 1837435 194.9+36% 204.6+3.0° 1923+1.0° 184.4:3.1°

%éii)tt(LWR) 049+001° 052+001° 056+0.01* 057+0.01* 058+0.01* 0.60+0.01°
90 days

3 PO 7003  120:0.0°  165+15  21.0+10°  165:05 114505

;ﬁ%%ﬁ% + d 4+ c +. b + a + b b

iy 377226 1238151 1584:46 2707:186 1577623 1490897

(%E *gfi%)tt(LA R)  680+t42  927+42° 1024+32° 1151+92° 1032+42°  951+3.8°

fgﬁg@fﬁ(&” 150.144.6° 162.0+7.1% 1775+58° 1813+0.6° 178.0+4.9° 160.6+3.7"

%éii)ft(LWR) 0.48+001° 055:001° 05740.01* 059+0.01° 0.60+0.01* 0.60+0.01°
120 days

5 B 70:00'  125:05  230:2.0°  355:05  230+1.0°  145:05

(EI ==

?cur%gﬁeﬁl apy  SO2:LI 14L6:51 24B9:05 3032:88 2456:85 2037477

(%r? *g%)tt(LA R) 58523 71146  812+15° 865:05  829+39°  753+17b°

(tgr%éﬁi)ﬁ(&” 1337400 1347423 156.2+0.6° 167.8+7.8° 1484433 136.3+2.0°

FEILLWR)  0424001° 0504002 056:0.02° 060£0.01° 0.60£0.01°  0.55+0.01%

(99
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x4 AR FCLLBIEZEE 30 ~ 60 ~ 90 f 120 days i 4154 Dickson A E#FEL (n = 3)
Table 4. Dickson Quality Index of L. racemosa seedings grown under varying NH," : NO; ratio for
30, 60, 90 and 120 days (n = 3)

ANEZACELAT (NHLTNOy)
b 0/0 0/100 25/75 50/50 75/25 100/0

30 0.01+0.00*  0.01+0.00 0.01+0.00 0.01+0.00 0.01+0.00 0.01+0.00

60 0.02+0.00° 0.03+0.00° 0.04£0.01° 0.05+0.01° 0.04+0.00° 0.03+0.00°
90 0.06+0.01° 0.11+0.01° 0.12+0.01° 0.17+0.01° 0.11+0.01° 0.11+0.01°
120 0.12+0.01° 0.19+0.01° 0.25+0.01° 0.39+0.01° 0.25+0.03 0.19+0.01°

&K 5. ANAFICLLBIEZEE 30 ~ 60 ~ 90 Jr 120 days {4 i ATE J 2 Bk R IR (BA: mg g7) (n=3)
Table 5. Chlorophyll concentrations of L. racemosa seedings grown under varying NH," : NOs ratio
for 30, 60, 90 and 120 days (mg g*) (n = 3)

ARZEALELH] (NHA+/NO3-)

HEEH 0/0 0/100 25/75 50/50 75/25 100/0
30 days
R E 0.93+0.05>  1.18+0.000 1.20+0.03*  1.23+0.04*  1.28+0.05*°  1.31+0.05

a
wRFED 0.25+0.02° 0.29+0.00°  0.32+0.03* 0.30+0.01* 0.36+0.03*  0.36+0.03"
kR atb  1.18+0.06° 1.47+0.00° 1.51+0.01® 1.52+0.05* 1.64+0.03* 1.67+0.04*

60 days
WS a 0.82+0.01° 1.13+0.02*  1.15+0.04° 1.17+0.01° 1.20+0.01* 1.24+0.01*
R Db 0.26+0.00° 0.29+0.00* 0.30+0.01® 0.30+0.01* 0.36+0.02* 0.34+0.01°
I atb 1.08+0.02° 1.42+0.02° 1.45+0.04*  1.47+0.00° 1.56+0.01*  1.57+0.00°

90 days
k& a 0.58+0.01° 1.03+0.01° 1.19+0.02° 1.20+0.02*  1.26+0.02* 1.29+0.05*
HERED 0.16+0.01° 0.24+0.01° 0.30+0.01*  0.31+0.01*  0.32+0.01*  0.32+0.05*
WLk atb  0.74£0.02° 1.27+0.01° 1.49+0.02*  1.51+0.01*  1.58+0.02* 1.61+0.00*

120 days
2 g 0.67+0.02°  1.12+0.01° 1.30+0.11°  1.33+0.00° 1.35+0.01*  1.33+0.02
HELRED 0.19+0.01° 0.2810.01° 0.33+0.00° 0.32+0.01° 0.33+0.01° 0.35+0.03°
k% atb  0.86£0.02° 1.40+0.00° 1.63+0.11° 1.64+0.01* 1.68+0.05* 1.68+0.06*




24 FNEAIREEHTS (Lumnitzera racemosa) Wi AR $R ~ FERkGRIRAL MAMIIRIG 1 2 7o

(=) BERARER ML TTC = 1

A BAELLBIRERE 120 dayst% » BEESHHN
Z TTCE[RMELL 50/50 & ¥ fx = ([&] 3A) »
i# 15.16 O.D. g* » HK/S 75/25 K 100/0 % 2
BRI 5 ¥R ~ 07100 K 25/75 5§ 3 ffiE
MZ MM TTC 3= JF M K > & [B 1

3.75-5.25 O.D. g*f#] o L4} > EARIRERHHL.Z
TTCEJF 71 L 50/50 jgHE # i 5; (11.77 O.D.
g") (& 3B) > (HEALAT LEL 0/100 ~ 25/75 ~
75/25 R PRERAE A2 5 o SE RN NHL-N 2
(0/100) Z tRERAHA TTC 3R EE E i He i
K > % 6.210.D. g -

FRES

25
2 A
Z 2
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3§ 15 ¢
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RIEEIEEEE] (NHa /NO3™)

3. AR ZNELLFIBEHE 120 days (A8 i ARTE Fr RAaRER AR < TTCERME (BRI : 0.D.g") (n=3)
Fig. 3. TTCreduction (O.D. at 545 nm g* FW) of leaf and root tissues of L. racemosa seedlings grown
under varying NH," : NOs ratio for 30, 60, 90 and 120 days (n = 3).

(1Y) 7Kk pH {H

FNHE A (] T LT B A e B AR 2 pH
P MmEEAE 72 5 0 KU1E 6.3-6.5 [H] (& 4) - mEEH
2 weeks % K#k.2 pH BaftiH NH.-N ELAg1HE i
i MR s HARsE 2 i NH,-N .z 100/0 JZE# -
pH H 6.4 %% 5.6 - 52 %5 NOs-N 2 0/100
FORGEREREH  pH Al TR 7.3 44 -
(1) /& pH {E

B AR ZIRERE N E pHE 7.1 FEH A
[F AL 30 days 1% » DIsE 2R NOs-N Z
0/100 jiz ¥ pH fx 5 (7.3) (& 5) » H R ¥
BB HAEEME 2 pH HIBASER (R R
6.1-6.3 1] - Z%5 60 ~ 90 Kz 120 daysf% » 755
LL5E2 i NOs-N 2z 0/100 JE3 pH & > H
[l iPN ey ITTE=CE St [PaN= ¢ L i N
60 days I7 » pH HIlBEEA NH.-N s it
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WHRARE(R 5 Horp 75/25 Bil 100/0 <5 2 FiAEH 2
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T e 3 o
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5 K K @ 100/0
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4. R FUIE LR P AT B RE 3 2 weeks (27K E% .2 pH {H (n = 3)
Fig. 4. pH value of water under varying NH," : NOs ratio for initial and 2 weeks after treatment
(n=23). 3k : BRIIRT : 6 FEBEML L FTREADEOKER 5 BRIRTR  HEAE 2 weeks 15 7R TE#HL.Z K BR

s a a a b2 g
b e Ky -7 0100
T O 25/75
- H 50/50
E 6 gggg & 7525
a o & 100/0
2 )
]
]
ot
4 Lol
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PREERE (K)

5. AR FNELLABIEEHE 30 ~ 60 ~ 90 J 120 days % /1E.Z pH {E (n = 4)
Fig. 5. pH value of medium under varying NH," : NO; ratio for 30, 60, 90 and 120 days (n = 4).

VY~ & A

NH,~N k NO;-N “fEE N £ 20BN R
WM B Rz Re B ~ Hofth e o WL ~ i1
fiig ~ pH FHEN K BN B EE B {EA] (Osmotic
homeostasis) <FAEFE{EH » RN AITEY) 2 4
FHFT 25 (Britto and Kronzucker, 2002) - {&

AT AF LB NHS-N F2 NOs-N #£ 30
. 60 daysf% » AZ(LL 25/75 ~ 50/50 ~ 75/25 J
100/0 % 4 FEAHACBEEE.Z i & ~ MBS ES Rk &
FROIEZY B s ERE 90 J 120 days 1% >

HIJLL NH.-N/NO; -N b fil5% 50/50 —ffiE &
FIF R s (8 1A 5 1B) o JthEEFE IS
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(Pseudotsuga menziesii) ~ b3 fgElEgt2 (Tsuga
heterophylia) ~ (15242 (Piceaglauca) ~ #ijZ=
2 (Picer abies) (van den Driessche, 1971) ~ jz
W EL% R &% (Leucaena leucocephala) (Uts
& > 1986) ~ AfAf (Schima superba) (FF[FiE
&% » 1995) ~ I EVEHE (Calophylluminophyllu)
(FEEER ~ RIELE - 1996) ~ /KMl (Fraxinus
mandshurica) (5 & 5 2 » 2000 ; % %% 2

2003) ~ &K%+~ (Abies fraseri) (Rothstein
and Cregg, 2005) J% 84544 (Eucal yptus marginata)
(Woodward et al., 2006) Z&fétfd s JEFHEL 5 |
REPNE & BRI B IERL 2 P~ K ~ Caft Mg
FERDER ~ RALEE BOK M RIBCEZ R —
€ 0 M E & 1F A 2885 (Rothstein and
Cregg, 2005) » 8k NOs-N Hfii A NH, /][ {EK
14% 7 B @ LML (Glutamate dehydrogenase)
W > TSe# LR ZB& (S - FrEfig 2R
AN MRAEY).2 N & & (Kantetal., 2007) »

BT i AT S 2 A2 K B NHL-N/NOs-N
LbBIEs 75/25 ~ 25/75 J¢ 100/0 55 3 R .2 &
(RZEH S AREZE R o e 2 NOs-N B
ARz iz EHIBAREREK 2 1.80 g (% 2) » Hlt
AR 2 HRETS NOS-N BRI » B 5 fdf
AEMEFHRHEH R (Norisadaand Kojima, 2005) &
Z548f (Camellia sinensis) (Ruan et al., 2007)
FEFHIUL -

)2 e G rARRIETE ~ 15 /B4 RARK
Bf% (Hunt, 1990) » 182 {E AR LI RUAE A AR
5 30 J 60 days 1% » B Fr B A8 EE T FE S DA
25/75 ~ 50/50 ~ 75/25 Jx 100/0 % 4 fa g Pl =
(3 3) - 24 £ 90 K 120 days 1% » HI|LL 50/50
IR i o H AR Z BEEEE )l 279.7
Je 393.2cm? > BRI A i AR ERI - B
B A4 R B — R el - BRI
HGUEBR ~ ARIETE » 1996) ~ KNfaf GFiimss
1995) ~ {¢ ff 24 (van den Driessche, 1971;
Olsthoornet al., 1991) ~ Z [ 4% (Quercusrobur)
(Thomas and Hilker, 2000) JE51EEE FEEER ~
IRFEZ » 2009) EfiHE 2 FEE T B FRBUHEL -

Ota and Yamamoto (1989) &R &t H —f&
RIIF > INOsw el D HEASNH, 2 B E R
(i HE SRR MR E TR AER - fH
R AR KERR - HAERERES RIRE
MRS AL Rg R EEF R 2 — -

TEMAELL (LAR) [ ' & R i fe B I S
& (Respiratory mass) ZRBif% > (RERIHY)E
B SAR R AU REFE R > B IIE A (Income)
Je 3 (Expenditure) fif] 2 SR HrRAGR - LAR
e EHIAE (SLA) BIZEEEL (LWR) —{#H
RSB SR 5 SLA S REGRAEE 2 B FR
FORTE 2R B ERRAH A < B 5 T LWR
e 1 7€ RE W) LLHZ ) B R TR BE BRI R
(Leafiness) » —fi% SLA fi LWR $HERIGH 8L
BRI (Hunt, 1990) o #7 BARLIAN R R
Leplz s 30 J 60 days 1% » RE(LL 25/75 ~
50/50 ~ 75/25 J 100/0 % 4 ffpE . LAR 5
& (3K 3) 5 ERRPE 90 Kk 120 days 1% » LA
BEMRN 2 25/75 ~ 50/50 J% 75/50 FEHH &y
im0 e 2N NOs-N J NH.-N 2K LAR
PR > B A PEREAL n] BE FE AR ZCE TR &
PR AE L2 S B - My = kSt > #EZR PR
Z SLA{ERZFE 30 days i MERH# 72252 (£ 3) »
M) 60 days 1% » DARAELLBIES 25/75
50/50 J 75/25 3 fEi i E o BE AT
I %S 120 daysf% » 50/50 I A~ SLA
EEfE (167.8cm*g?) 5 LBl 2 it AR & A
Rt  TERTH RSB .2 SLA L5 i 5
—RIFEEE (Ahmed et al., 2007) #E5—F -
MERL (LWR) REREYEGHREY &
2 HEE IR A E R & (Productive
investment) 2 (Hunt, 1990) - #& 2= 4 K2
LWRZTEEHE 30 ~ 60 ~ 90 J; 120 daysi® » LA
25/75 ~ 50/50 ~ 75/25 J 100/0 % 4 ffi e PR =
(R 3) > MR R IR HI L R GRox &
Y DR E AR » ARG S ARTE
eI LWR 95K » HLATRERIGRZ 22
Ty MR BEE F hee Bk EE & EEGHAIRE
ARERAE (K 2) -
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Dickson i ARt B 8B R 7 G ALY & ~
m e HERE S 2 SR AT IR B A
RO s A g8 (B &/ E R E) -
ERAEH (B & /HE) RABAREL (SIR) <5 » W]
TEMRGE EAERS B A R Bl T 2 IR 2
A (Thompson, 1985; Gazal et al., 2004) - f&ZE
DIAFEEFIENEBZEE 30 days 1% » &zl A
ZonE RO MR AR R (3R 4) » BURARHE
ARV Z FACMRE 2 8 - B R PHIRF [
HIIZE 60 ~ 90 J 120 days 1% » 50/50 FZFH & i
AR~ MBS R AP & 2 2 Bk (]
1~ 3% 2)» [KILE 120 days I on 6 B
(0.39) » MAHEAH AR K (0.12) » B MR
firE GUEIR ~ iRFEA » 2009) 2 [ ERIUL -

RATRIEY)EERE AR £ 2% »
TERRAS B MOERR R SRR R R R
HRrZF (Winter et al., 1982) o ] K E8 57 55
YIS > NH.-N AHEY SERR AR B S kR
& Rl 2 NO,-N §E2 (Ahmad and Hellebust,
1990; Mihailovi¢ et al., 1997; Norisada and
Kojima, 2005) - 7 [FfimsE (1995) f Winter et
al. (1982) HIf5HIEEIR NH.'-N # NOs-N ¥
PIEERK TR & RGBSR IARE » (R &N —
TR RUNIRE S RE(EE SRR R ARk 5 HESRAE
% (2003 ; 2005) fi5 Hi oK HhiN S E i 2 NOs -
N ELIGE O MR T5% 1% » A EEEaH
M@ - MR AR 2B RS a~ b REEERk
FUR AL R AT > 25 LL 25/75 ~ 50/50 ~
75/25 J 100/0 55 4 R ¥ = (3% 5) » MR
H—R Lz NHS-N EHEF AL SRS
RCATRAERCR 5 HEEE R - iRIETE (1996) -
Ahmad and Hellebust (1990) - Blanke et al.
(1996) ~ Mihailovi¢ et al. (1997) Jjz Norisada
and Kojima (2005) HRfFFEHE R —2

A NH. =N g7 8 hndEsk 35 & =0 al ge
M > Harris and Kirk (1969) 2 5% K hi
NH.-N 1% » HEPH I ) SR 34 5 Rl e
NO;-N &t 30 fi% - |ff Winter et al. (1982) L/
B EIH] Moricandia arvensis .2 52 fig H]

27

RS IR FE HY A Y R R A B R R A
(Bundle-sheath cell) KA AN (Mesophyll
cells) 2 JERRHE AR/ ]\ i W 7 52 2 5 M LA
NH,-N BRI E - SRS R ST 2 iV
WrEEE (Phytoferritin) JERL » LS HEREIERGE
Fra » Bt EERR R G2 - Mihailovi¢
etal. (1997) ffF5EHIEER NH.-N R] {5/ NS k%
3o B N SRR SRI (Chlorophyllase) i PEH I
EfF5E A NOs-N (0/100) RFEETA » FIRE
R B NAE » BRI L IR
1T > RIHLEE Fr 3k R & E#dK (Norisadaand
Kojima, 2005; Ruan et al., 2007) -
TTCERFE G AV e 5 2 - (R
TTCAGEZKAHAITERLH ke » &5E
S2ALt. TPF o fliiE % - FERIERE I -
(EHEERE TTCER » R LA e R HA S
e 2O S K - HVERPIBHIINE /7 ~
SHEPIRE 1E H Dh6E. #8615 (French and Parkin,
1993; Upadhyaya and Caldwell, 1993; Gibon et
al., 1997; Backor and Fahselt, 2005) o & 2=
RUUAFEZACLLBIEEIE 120 days{s » ZEARHHN
2 TTC &I LL 50/50 @R i 5 (15.16 O.D.
g?) (& 2A) » FR AR P AR HE AR IR
FIIER » 2 S BN I ok R A
TEESHN TTCIR M 292 - Ut ZE L1 B
AR A P S R A R BRAR 0
AR o £ 0/0 ~ 0/100 ¢ 25/75 %
3 F R P EE SR 2 TTCR R - R
ARMEAE Bt NOs-N & 883 AR N f Bk 7
K (Norisada and K ojima, 2005; Ruan et
al., 2007) » [ s ZAHM RTINS 11 2 JRE
RFE AN SR
REIRGR B A R E RSB &
HURPHGRAE K& ~ BIREREZZ R 0 AR &L
IRAKRAIE T 5 T TTCIRIFRE S B ANFIR /E
AR > ATEAR RIS TR N B AR (R
R ~ & 4 75 » 2004 ; Clemensson-Lindell,
1994; Clemensson-Lindell and Persson, 1995) -
HuiC A 5 & 1 LUPR ST 2 o ¥ 18 38
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(Astragalus membranaceus) (% 5% » 2007) ~
/28 (Triticum aestivum) (&f5755 » 2007) ~
oK (Zeamays) (RigAL ~ FHEF » 2004) Kk #
#ii (Lycopersicon esculentum) (27k #£5% » 2005)
FREVINGRIETE 2 8 o 12 m AR A HE
TTC 2B MR L)L 50/50 R FH L & (11.77 O.D.
g") (& 3B) » #r I FNE ELHIREEHE FE AR Z R
FIE T WM AR R EREE (£ 2~
2B) o 4t o BEZRNH,-NAY[EL/EH T2 ER
HEBE1T (Ganmore-Neumann and K afkafi, 1983) »
H Miller et al. (1991) Z &k NH,-N & 1z
IR ERIEE A > {HAE 25 2 fiif] NH.'-N
IR/ pH BARARE(R (& 4 ~ 5) » B ARHRER
A RIGE (3 2~ 8 2B) - HEHCRAMIIETTCE
JEME R (1% 6.21 O.D. g*) (& 3B) » BT
Bk » 2005) ~ fRIERETLS (Pinus sylvestris)
(Clemensson-Lindell, 1994) K & & #~
(Clemensson-Lindell and Persson, 1995) %4
Py > TEREHT NH.-N 2 ARR A TTC &5
PR ZAE R —2

EEEYERM NHS-N 2% > B i
MR IE & EE e R H 8 > i 132 pH {#
WA s Tht A NOs-N HIlgr ARAREEH OH K
HCO, » &+ 1% pH F| 5 (Mengel and Kirbky,
1981; Britto and Kronzucker, 2002) - f& 2 A
fii 524 NOs-N (0/100) % » 2 weeks {42 7K
% & 120 days .2 /M8 pH 735l L2 7.3 &
7.6 (& 3~ 4) » HEHI AT RE KRR IPIRAE T
(& 3B) » HEME R CO, 1% TS - It
S% > 82 pH {EREfE A NHLECBLZ S~
[% s H.AEs 120 days iRy » 75/25 J¢ 100/0 E 8
ZATE pHIE CREER 4.4 7245 (& 5) - £
NH.-N/NO;-N ELf5i 75 50/50 E# . /18 pH {H
ifEfE 2 4.83 ([E] 4) - (HF ARG EREH (&
1 [@ 2~ 2~ K3 K4 BERRRE (£
5) ~ BE R RRAME /) (18 3) RIS - HE
RS A5 PSR T REBCE AT pH (R 2 AR

= °

h o~ il

Frer FoAAs R > 3 ARHEH B — NH.-N
3 NO,-N % 2 T A R S AR T IR MY
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1~ R BB R RBESS (AR - 1
HIRKH ~ R REP LSBT L2 A

B > MR AR CEER R » AR
NEFSERT ©
£~ 51 SR
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RLEBIAEPIE R LB ) o FHBIR 2R 44
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