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HE: AAVAEKREDERE T RUT R RO XETE., ARRE KRS — $ 4 Savia splendens K I3FH A&
A%’ ‘Chengxiang Gongzhu’ A X ¥4 #, % & 0(Ny), S(N)), 25(N,), 50(N;), 100(N,), 150(Ns), 200(Ne),
250 mg L' (NDF 8AFRRRAKF, AR T ARARERREN T AL RERF RS BKGHa, EREN:
£ 0~250 mg- L EE MM ALRKFHE M, ., B, 2, FTHRASFATE LIRS BN LI MG R
AR, EPhG, MR THRAREAENRIRKME, TRFBE, T2 EZREIHIENLIZKME, T &
B K F TR TG mmIgm, AR EATEEAL TR, MABIKTFGE M, ‘BEAE RAKE
BH A, ROBKFEZRTERE LA kA4, MAEBRRRFOE M, R, £ vF. I 5 69 BOK LB
BB Hra E AL, P RA I PAT IO, AA A R P HERAR AR ANL, RO ERAN, #
RAKF A 150~200 mg- L7 iEAS HHEXE AEKAFT., B6 K 4422
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Nitrogen nutrient solutions for growth of Salvia splendens ‘Chengxiang

Gongzhu’ with N, P and K absorption

TONG Jing', LIU Kefeng?, SUN Xiangyang', LI Suyan', ZHANG Xiufang

(1. College of Forestry, Beijing Forestry University, Beijing 100083, China; 2. Urban and Rural Development College,
Beijing University of Agriculture, Beijing 102206, China)

Abstract: Nitrogen is the key element for garden plant growth and ornamental quality. The research of the ap-
plication of nutrient solution is an important way to prohibit the improper nitrogen application. To study the ef-
fects on the plant growth index and nutrient (P, K) absorption, a nutrient solution was applied to a typical gar-
den plant Salvia splendens ‘Chengxiang Gongzhu’. Eight different N concentration levels of 0, 5, 25, 50, 100,
150, 200, and 250 mg-L™" (named Ny, N;, N, N3, Ny, N5, N, and N;), respectively, were applied. Five replica-
tions were conducted for each treatment. Duncan’s new multiple range test was used for the statistical signifi-
cance lest, with the significance level of P <C0.05. Results indicated that with an increasing N level, plant
height, crown diameter, ground diameter, dry weight, and chlorophyll content first significantly rose and then
dropped. Plant height and plant dry weight reached a maximum with Ns, and crown breadth, ground diameter,
and chlorophyll content all reached a maximum with Ng. As N increased, leaf area and root length significantly
increasing, but the root-shoot ratio first dropped then began to flatten. ‘Chengxiang Gongzhu’ N uptake also
increased gradually; whereas, the N absorption ratio decreased sharply from N; to N, followed by fluctuations
from N3 to N7. In all plant organs (root, stem, leaf, and flower), the addition of N influenced the K absorption
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ratio more than the absorption of P. The most obvious effects of adding N were on K absorption in roots and
flowers, and P absorption in flowers and leaves. Based on this study, recommended N concentration levels be-
tween 150-200 mg-L™" would be most suitable for the growth of ‘Chengxiang Gongzhu’. [Ch, 6 fig. 4 tab. 22
ref. |

Key words: plant nutrition; nitrogen nutrient solution contents; Salvia splendens ‘Chengxiang Gongzhu’; vege-

tative growth; nutrition absorption
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A AP O A B T H A AN AR B B . B AERRSEYMER . Y
ZRAEER TS AR W, AR E SRR RICB A —E R B, AU R
WEHAE—E R EE HE L TEYDCE RN . BRSO E R MR A . BT AL ST ALY
AR EE K- XS R RO AR . AR B A A R LA RO B30 25 % 00 28 OISR 52 0 R A R B
Lo —HLL Salvia splendens J& MR R ARAE SR AE Y, DR AE K AL . JE ek . BRI . B
AE . RORIEFFITAEAWT . WSO S S50, T2 FIMEAEN . dBR . HE AR, WH TS 5%/
HEWED, BAT M=, AuFs IR g — B2 5 R B EN E Savia splendens
‘Chengxiang Gongzhu” S|, FIFIEFWE BT TARMBEACEN “BEAE AK, HgR. &
FEM W2, DU E — SR 2DE AT &, AR P R AR A O R AL, TEORIE— R 2D F S Y
B P2 T, B AR AR

LA R

11 B S
BERBE R A I 5042 B — A R P 1 — R AT B R IR, R T SR B
WFREAT LT R V(R B0V (1) =31, LB R B . B A5 135 mm x 150
i (A B8R . 00 K P 9 B R (253) L, PR RIREIE Sy 50%~T0% , MK Bl
R OCBEAE EHAK.
12 Rzt
ST 8 LI, R IE A T R bk (NHLNO, ) | VR I 2 B2 5 0 78 46 22 75 O (%
1), SR BFKIERIARR, B KB 0. AT 4 25 5 70 % TR TR AT, Hofl e 2 B
BRI . B 3 d Bl U, TR 150 mL bk g, I WU 20 U, A
#1 FTRAAEFELBRBERA

Table 1~ Arrangement of different N level and Nutrient formula
e £ KREITLR foE e R
&Y BES U (mg- L) TR B P sy ¥/ (mg-L) TR &Y Pidd 5p %/ (mg- L)

No TR B 0 B BEER A 60 o SRR 0.50
Ny TEER B 5 B mRERED 100 O HR 0.20
N, iR B 25 B RAES 50 o R 0.10
Ny IR B 50 B BRI BE 25 B BB 0.20
Ny AR 100 W R 0.02
Ns iR B 150 B MM RN 2.00
Ne  AHMR#E 200

N, fHIER B 250
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B AL BT HEATIN G, T AR T B B A i Al R A AR I P AR R RO AR AR R B AR R
17 AL (M300) I 2 45 A AR PR 3 % i R b B FHAR 3R R G A0 A 45 A AR K 5 b 4R R
R RO E B N L BER Ak R B2 A B i O E I E B EA T e
AN TN IE
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TEBAY, AR thk B S EAR T S Bk A, UEACIE TR R R KAy . M B MK L nf g AIAE 3 4
5. [FIFEF BRK vh e T8 5 FHUE AU T MK 3 40 e . 250 b JERAGE, 78 105 CHET
FP AR 1 h, SR54 60 CRULT =&, Al 1/10 000 L F R4 MFREA . 2% mf . 168306, Fr
AR R IZ AL AR . 25 M AT

133 #®odriEk BRI Excel F1 SPSS 17.0 #4447 4341, Duncan 2347 )7 2243 #7 .

2 HR 54

21 MHEAEX BELE KE. BIE. HE. HERMRKHZM0

AR EUKF BT BERA T Mkks . diE. E . HEARFRK R 2 s, BEE AR EUK
SRR, bR R B e R B, 7E Ns Ab kB dR RAE 27.700 em, Ne 5 Ns, N; Z [ 22574
#(P>0.05), M A2 2E 5 82 (P<0.05). No#kEd/ly, 9 7.280 em, 5 N, 43 2% 7oA 8% (P>
0.05), 5 HAtAb 2 5 B 2% (P<0.05) . b i bl 45 1 K7 p 34 i it B TH R Ja T R a3, 78 No Ab ik 3
e RAH 19.650 em, 5 Ns F N, 225 AN 35 (P>0.05), 5 HABAL 2% 55 1 2% (P<<0.05) . No je i o e /IME
4.100 cm, 5 N, 25 A EE(P>0.05), 5HMAA2ER 5 E(P<0.05), N, 5 Ny, N, AbHA B E (P>
0.05), 5 HAhALFE2: 57 B ¥ (P<0.05) ., #4852 BT 5 W28 fe ka5 . 76 N b B3k 31 45 KAE
5380 em, 5 N5, N, Z[ZE R ARE(P>0.05), 5HAbAM 2 8% (P<0.05), N, Ny ZH2ZEFAR
% (P>0.05), 5HAWALM 2 R 8% (P<0.05), Ny, Ny, Ny Z[H2ZERARE(P>0.05), 5HAGL R 5
2% (P<0.05), Ny 4b P AR (B Fe /N A 2.260 em, 55 HAh 20222 5 i 3 (P<0.05) . AALHX “BHEA
F M E AR, — BRI, E N Ak B RMH 2 804.270 mm®, 5 N5, Ne Z [0 2540
F(P>0.05), 5 H A% 4b ¥ 22 A) 22 5 2% (P<0.05) . No 2| N, 22 5% A W35 (P>0.05), No Ky f/ME
261.000 mm?,

AR B BOR 7 FFR 0 F AT, RREE
FEERLN T WK AR EKCE XA R IR 2 R

S 8] A B2 03 SR 23 WO o AR AR 14 30 =2
BHELAT WKEH LT REE . N it

®2 ARAREFRLEN ‘BEAE #%E. BiE. HBE. HERMRKE 0
Table 2 Effects of different N treatment on plant height, crown, diameter, leaf area and root length of the ‘Chengxiang Gongzhu’
b ¥R P m/em 5eb i /cm A2 /em - B/ mm? K /em
No 7.280 = 1.190 e 4.100 = 1.130 e 2.260 = 0.290 e 261.000 + 95.730 d 5487 £ 0.111 £

N, 11.440 + 1.020 de 6.090 + 0.600 de 2.930 + 0.320 cd 580.900 + 255.640 d 10911 £ 0.643 e
N, 14.100 + 3.290 d 8.060 + 1.600 cd 3.340 + 0.370 ¢ 842.500 + 167.350 cd 12.055 + 0.661 de
N; 19.200 + 4.760 ¢ 10.050 + 1.180 ¢ 3.820 + 0.290 ¢ 1209.330 + 229.270 bed 12.055 + 0.661 de
N, 21.700 = 2.910 be 13.900 + 1.350 b 4.610 £ 0.740 b 1 430.400 = 339.790 bed 14.639 + 4.367 dcb
Ns 27.700 = 2.930 a 18.850 + 1.880 a 5.310 + 0.490 a 1 875.800 + 344.170 abe 16.930 + 1.108 ab
N 25.500 + 3.200 ab 19.650 + 2.000 a 5.380 + 0470 a 2 105.800 + 737.740 ab 16.060 + 1.181 ab
N; 27.000 + 4.640 a 18.900 + 2.850 a 4.850 + 0.330 ab 2 804.270 = 3 184.280 a 18.178 + 1.042 a

P . AEVNE FEAE 0.05 KTV a2,
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FIMR K s, K 5487 em, MRKTE N, b HRET A B Ky 18.179 em, W3 KT No &b¥H, 5 Ns F1 Ng &b
P2 RN E (P>0.05)  XULHIFE—EmE N, BKm AN A R TR I, of st a & 7E —
EFREE FARHEAR R K

Ns Fl No AbFRARHE T B/ T b, WiE., e, hmfldKEAs, AR TR R,
PEEOEL AT, TR AR L SR SR A o N T BUR B R, Mk . iR . M AREAR T
R, TRENE I AE &, S80S FRA KSR, R R EL,
22 #HARKEXN HBELIE ‘MEZREHHHF T

AR A0 RN T R ESBHET o0, SRNE 3R, xR a, HEERD
Pt g R S Y Ne A FGR B e KAH, kO No i Ns, W& 3R T it 40 50050 0l o 2.115 mg-g™, 1.827
mg-g” Fl 1.630 mg-g™, £ No~Ne b P 2 0] B & AL K- 1 38, AE PRI (0l B AR SR B e 4, 4R %K a,
Magk R b Lt ar R B ETHER, TE N AR OR BT N R . AR EUK R CREE AT M2
o No AbFRM- 8 B, B it AN [m] 72 2 1Y
Bk, N AN, e AR RIS, M At
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Figure 1 Growth status of ‘Chengxiang Gongzhu’ after the experiment

®3 AEMHAKEN ‘BEAE HEHRa, HEZDMHZRZENHMN
Table 3 Effects of different N treatment on the chlorophyll content of ‘Chengxiang Gongzhu’
KhBE 2R a/(mgeg!) M4 E b/(mg-g™) M4 E B/ (ng-g™) | AbBE M4 % a/(mg-g) ME4E b/(mg-g) M4 EEE/(ng-g™)
Ny 0297 +0.120e  0.125 + 0.052 ¢ 0.422 + 0.165 e N, 1.105+0.231¢ 0.325 + 0.086 b 1.430 £ 0.317 ¢
N, 0372+0.122e  0.105 + 0.023 ¢ 0.477 + 0.144 e N5 1.265 £ 0.115be 0365 + 0.047 b 1.630 + 0.161 be
N, 0.515+0.192 de 0.151 + 0.057 ¢ 0.666 + 0.248 de Ne 1.627 £0.172 a 0.488 + 0.043 a 2115+ 0214 a

N; 0.707 £ 0.167 d 0.201 £ 0.054 ¢ 0.908 + 0.220 d N, 1.426 +£0.063 ab  0.401 + 0.066 ab 1.827 £ 0.118 ab
Pl . ANFRVNE FHTE 0.05 KV E 225 W

23 HMERAFEXNBELE TURREHZMN

TR RS R E REEME R IEFEENSHRE . BEHELAE AR TY
BB ME 2 fron e AR, 2 ML BRI BRI Ns AR B R B R (B, kTR R O 5.212
g, HU Ne fl Ny, etk TR 2251 4.251 ¢ f13.661 g, No ALBERS S8 T RR R &R/D, KT
Yy 0.091 g, AT R SR P72 0~150 mg - L7 AR AR 4 Jo It B 36 2K F i 4 v 52 BT
SRR RS 150 mg- L7 B, RERR -9 000 Bt T R
24 MEAKEX BELAE RELLOZME

AR PE R SOREE B AE R FR 3 R Lo o BE ) EE R B o BERUKSPXE CHEE A T AEARARE
FERY S &l 3 firas , BEE fERUKFR9SE I, MO R BUE T B G TR A, T8 No 4b P AR5
PR, e Ny ARBE, 73500 3.190 Al 1.091, oAty & Ab B2 M ARGE EE /N F 1o BAR Noy, Niy No AR
TAREAKY-, AL ML & T A R ROKF, X0 RO RRAE SRS Y, e =i ik
PR A B LG, SRR AR A AR BRI X I . UEMITEMR A T, e Bt R W AR R A K
KA, PRRABANSR TR
25 MHEAEXN BEAE EHRFSREEHZNE
251 BEROKFA CBAEAL HRFRFRLRBOKGHa HEATUEE, BEAE RAME
R ER— T — PR — T e g, BRI . 75 Ny KPR Bl R E O 20.171 g-kg™, Ne
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Figure 2 Effects of different N treatment on dry weight of Figure 3 Effects of different N treatment on root/shoot dry
the ‘Chengxiang Gongzhu’ weight ratio of the ‘Chengxiang Gongzhu’

KERZAG Hy 18.666 g-kg™, 25, 0. AR EHE ' mft m= ov @i
BERUK T 19 TH i T B M0, 25 R AN BOE NowNs 28—~ 4

=

WRBTE . N 25 1 THEB T8, 12N, A F Rk 2 P
fH, H 19.850 g-kgo MM ERESEON N, 3 N, ETH#E 2 "] |8
BT, E N kB, 5 40.542 g-kg ', LI it ol il
SYHClE No AL B 38.868 g-kg, No fAE S 14719 kgl = 6 = [H | B A
W25 0 AR A EUE B IE A, BN, 4 )1} HAH A B
BRI BRI, 2R M IF G BT, IFRIETE NewN; 2 i 2 A H AN ALK
FAK, N, N, N, N, N,
252 BREAKFS BEAEZ HEKRBRKEZGNH W Ak ¥

T RE MO R R A I, IR A M4 RRBRKTFAES EEAL R
Hof 5 Ah B WSCR AN 4 BT o R 4 B A UK P 1 Bl 34 ROEOK B 09 %R
B, BAHEANT 75N MK, B S mg-L7, % Figwe4 Effects of different N treatment on N absorption
W WA 2% B ey R 11.950% o At 4% Ak #4580 W i R ¥ i /N F amount of the *Chengxiang Gongzhu’

Ny, UG AR S0 W SR T 3R AR, il T RUIE A TR B, ARSI > AR 08 JR BRI, 38 B AL AR
JIE b B A H

x4 AEHEKFLEN ‘BEAE EHRERKUERFIT

Table 4  Effects of different N treatment on N absorption rate of the ‘Chengxiang Gongzhu’

SRR RMCR (mg- R RIRCR %) | AR ROCRE (mg- k) R /% || Ab3 R (mg- #RT) IR IR /%
Ny 1.667 N; 4.775 3.184 Ns 20.946 3.491
N, 1.793 11.950 N, 11.966 3.989 N, 26.413 3.522
N, 2.261 3.015 Ns 18.745 4.165

253 BEAKF BAENE RRAFEBEIKGHH CBELST NEFBAHEFEBME S R,
BEENE MR SR TC A, 7E Ny AR B R 13,791 g-kg™, Ny Ab 3 fe/ME 9.569
g-kg'o AEFRBE TR BUSAAR B, FE N A PEE B B RAE 11.670 g-kg™', Ny AbFER >, {H4 11.462 g-
ke A UERKE R TE i, AR A B A B B AR AL AR K, No b3k fie K fH 16.222 g-kg™', Ns 4bFH
S fe/ME N 15.581 g-kg™ o ZEBE TR BURAL, BEHER)E T, 7E N AP i /ME 4.541 g-kg™,
IER-YGEL TP 7 N R T

254 MERAKFA BAEMNE KRB Hon HE 6 n] AL AN RS RS X I R
MONy G R F AR T A B DA By, RN, A AL BRI AL B B B e BT E R
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RS, nTDUA B EAE B, AR T AR X B Wl R AL B T4 AL RS, fE N, AR BEAE A R
T BOR B B KAE 9.275 g-kg™, HRK M Ny 4bHE 7.913 g-kg™, Ny kb BRI Ky fe/ME 1,753 g-kg™'o 250940
JHE 3 BUAE No AL BEGA B i K 1748 g-kg™, Ny AbFONf/ME 0.195 g-kg™', Bl fERUKFROHE I, 2547
JE R B BRS-GBS, A BRE AW R 2R R o HEERAR Y o R 2 BOTE No~Ns 22 8] 722 46 A
K, NNy FEERH, 78 Ny ALK SR fH 6.191 g-kg™, H N3 55 Ny AbS R AL o B 1 — & ]
PR R4 BEAT ) T ARG A e o I R 0 R 0 AR No A FE N B3 K 3.999 kg™, N~Ng K] #8327
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Figure 5 Effects of different N treatment on the P absorption Figure 6 Effects of different N treatment on the K absorption
amount of the ‘Chengxiang Gongzhu’ amount of the ‘Chengxiang Gongzhu’

3 A5t

KT R A L ikt , R T AKX — L BEAT ARKFNE.
EEHTEARIT - PERUKFAE 0~250 mg- L7 JEEIA, BEE SRR,  BEHEAE Mtka., d
i, Mofe AR B MR a SRR b IR BUCKIIE TR A LS . RIRE TR A KRR ZAE N
KRR, BEW] Ns LBl B AT R A T MWERYRMR R REREL TR, &
AL WU S5 M B AR R AT A — E I SR

TER BRI 5~250 mg- L7 JERN, AL % 5O R A WlRE BE A RK -84 i s, T
AW WCR IR R K R SR m MRk . “REAF AT A8 N AR BERE, BI S mg- L7, SR iR
23.058% . HoAth 454k BEAR MR I /N T Nio BB 2B BRI A 3R A, v (I SRK P i 1 ZRUIE A TR
2%, FEWINLZFEAR M RKF

EEEAT R ZE . R R BT A, A AR BRI 22 AN K, 2R I 2 AR
A% N IFEG BERA T MR R BONES RS> 1>28, KUK 2 (8 m e ; N~
Ny RAE KSR, AEARAR L 25, i JEA&E BRI B 20 MOV T A B, R IR AL B A
AT R PR A% B PR IR AL

AT N PEROKFAE 150~200 mg- L BRI N ERIGE & BHEAL MAERET, AFH TR Rk
B, SR EOUE AR IR, L T ML AR S AR W SR dee LV R B (E . RIS PERUKE T R iR L A
K25, ATRIHER Ny A0 BRI R AR AL T 508 FR PR S o AN [l UK P TR € i 4 38 I 20 50
PFra&il. Mo R RS Ol E A B —2, WHAZS BELE MERMIEK,
H BEAE MR RE B EERZ AR a EW, MR b R IE/N . A58 1 0 45
FEFF R B AS R SOAC- SR 1 R BRI, kb T AEFF ARG R W H TR SE A L o [, 5 DL it
RO TEA R R, AT T LE A RIS bR A R i K S R G
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