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Condition Optimization for Leucaena leucocephala Seedling Growth in Factory
ZHUANG Pengjing”, LINa™, LIU Lemian">®", GUO Yisong">’, CHEN Jianfeng">’
(1. School of Advanced Manufacturing, Fuzhou University, Jinjiang, Fujian 362200, China; 2. Marine Engineering Research
and Development Center, Jinjiang Science and Education Park, Fuzhou University, Jinjiang, Fujian 362200, China,
3. College of Biological Science and Engineering, Fuzhou University, Fuzhou, Fujian 350108, China)
Abstract: [ Objective] Optimal conditions for the growth of Leucaena leucocephala seedlings in an indoor facility were
studied. [Methods] Selected morphological and physiological indices of L. leucocephala seedlings were monitored for the
optimization in a chamber under varied light exposures (i.e., 12, 16, 20, and 24 h-dfl) with the intensity of 100, 200, 300, or
400 ;1m01~m72~571 in a nutrient solution of a salinity of 7%o, 15%o, 20%o, or 25%o, a N concentration of 7.5, 15, 30, or 60 mmol'Lfl,
and a P concentration of 0.5, 1, 2, or 4 mmol-L™". [Results] The single factor experiment showed the seedling morphological
indices increased at first and then decreased with increasing light exposure, light intensity, N or P concentration. After 35 d of
cultivation, the average fresh weight of an individual seedling exposed to 20 h-d "' of light reached (5.6140.11) g, which was
60.0% higher than that exposed to 12 h-d' or 14.6% higher than that exposed to 24 h-d”'. The intensity of light at 200
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pmol'm s resulted in a (6.55+0.10) g-plant”' of fresh seedling, which was 21.5% or 62.1% higher than at 100 pmol'm s '

or 400 pmol-mfz-sfl, respectively. The nutrient solution containing 15 mmol' L™ N yielded a fresh seedling weight of
(4.3240.10) g-plantfl, which was 6.1% and 108.6% higher than those at 7.5 and 60 mmol-Lfl, respectively, in concentration.
Whereas P at 1 mm01~L71, the fresh seedling weight was (5.6530.21) g'plantfl, which was 40.9% and 64.7% higher than P at
0.5 mmol-L ' and 4 mmol'L ", respectively. And the seedlings exhibited similar patterns under those conditions on chlorophyll
content, chlorophyll fluorescence parameters, and antioxidant enzyme activities. On the other hand, the seedlings growing under an
increasing salinity displayed decreasing trends on the morphological indices, chlorophyll content, chlorophyll fluorescence
parameters, and antioxidant enzyme activities. At 7%o salinity, the greatest fresh seedling weight of (8.9510.05) g'plantfl, dry
weight of (2.160.16) g-plant ', plant height of (31.1741.67) cm, root length of (60.67%0.93) cm, and total chlorophyll
content of (1.7240.06) mg: g71 were recorded. In contrast, the chlorophyll fluorescence parameters and antioxidant enzyme
activities were improved. [ Conclusion] Under 20 h-d™' of 200 pmol'm *-s™' light exposure, the growth of L. leucocephala
seedlings in a nutrient solution of 7%o salinity that contained 15 mmol-L™' N and 1 mmol-L™' P rendered the morphological

indices, antioxidant enzyme activities, and chlorophyll fluorescence parameters superior to the other tested conditions in a
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nursery.
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Table 1 Growth and physiological indices of Leucaena leucocephala under different light duration

Je IR} K Duration of light/ (h-d™)

Parameters 12 16 20 24

#£ T Fresh weight/ (g-Bk ) 3.54+0.22d 4.14£0.06 ¢ 5.66+0.11a 4.9440.13b
T3 Dry weight/ (g8 0.5740.05 ¢ 0.8120.03 b 1.13+0.06 a 0.9240.08 b
Bk Shoot height/ (cm B ) 17.0040.58 a 13.33+0.60 b 11.17+0.44 ¢ 10.43£0.09 ¢
MR Root length/ (em B 23.00+1.00 ¢ 38.50+0.29 a 30.50+0.50 b 24.50+0.76 ¢
SAI4 2 Total chlorophyll/ (mg-g ") 0.9410.08 b 1.0940.14 ab 1.30+0.06 a 1.2640.09 a
IH-4#%¢a Chlorophyll a/ (mg-g ™) 0.76+0.07 b 0.8940.08 ab 1.04+0.08 a 1.01£0.07a
-4 2b Chlorophyll b/ (mg-g ™) 0.1840.01a 0.1940.07 a 0.26%0.01a 0.254+0.01a
AL EE SOD/ (U-g ™) 564.7+1.6 ¢ 572.9435¢ 582.7+1.4b 5902+ 1.6 a

WAL POD/ (U-g D 242.5+6.6 ¢ 600.1+30.5b 680.31+20.8 b 823.7+39.8a
73— MDA/ (nmol-g ') 12.63£0.69 b 12.49+1.36 b 12.44+0.93 b 16.69+1.34a
A K R E NPO 0.21+£0.05b 0.20£0.02b 0.21+£0.03b 0.50+£0.03 a
HAEER A Fv/Fm 0.68%0.01 ¢ 0.75%0.01 a 0.71£0.01 b 0.610.01d
TSR R HL qP 0.78+0.02 b 0.88+0.02 2 0.88+0.01 a 0.79+0.03 b
WAL id % ETR 37.40+0.68 ab 41.10+£0.43 a 39.62+1.19a 33.974£222b

FATAFA/NG P RAAREAR R B BEES (P <0.05), FM.

Datas with different lowercase letters on the same row represent significant differences between treatments (P < 0.05). Same for below.

22 ABEEIMIRERSGBERESIENR. MEILEM
MR RERAS A

B IR TV 2548 R A 6 BRI BE 9 200 pmol-m s |
I feft. WK 2 R, WA MEEE ., T8, |
K. MR E a, LR b MEMNSR SRR E S
HE 58 (R 1G85 AR, B ARG R B2 O 200
umol'm s ' A IRAAA, 431K (6.55+20.10) gbk .
(1.5240.12) g# ', (36.93+1.88) cmkk'. (1.44+

0.08) mgg'. (036+0.02) mgg'. (1.80+0.10)
mgg .

mk 2w, MiGELREEREm, SR
MDA & & 25 R LIt %, POD iEH2 7t
M, SOD & AZfb A K. WAWM ETR BiE
RS BE Y 3 JE b JH IS R R, 7R DGR 200 AT 300
pmol-m *-s ' BE K, NPQ ' EFHEH, F/F, FlgP

TR
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Table 2 Growth and physiological indices of L. leucocephala under different light intensities
5% JEHE SR Light intensity/ (umol'm s ')

Parameters 100 200 300 400
£ % Fresh weight/ (g-# ") 5.39+0.22b 6.55+0.10 a 6.41+0.07 a 4.04%0.15¢
-2 Dry weight/ (g8 ) 1.1630.08 be 1.52+0.12a 1.26£0.05b 0.94+0.04 ¢
Fk 5 Shoot height/ Ccm Bk ") 1427+0.14a 14.07+£0.22a 12.77£0.40 b 12.90£0.47 b
R Root length/ (cm # ™) 3533+2.77a 36.93+1.88a 34.67+2.09a 34174044 a
S5 Total chlorophyll/ (mg-g ™) 1.38+0.08 b 1.80+0.10 a 1.28+0.06 b 1.25£0.05b
14 %a Chlorophyll a/ (mg-g ') 1.12+0.06 b 1.444+0.08 a 1.03+0.03 b 0.97+0.07 b
4% 2b Chlorophyll b/ (mg-g ) 0.2640.02a 0.3610.02a 0.25+0.07a 0.28+0.04a
AL ALEE SOD/ (U-g ) 562.6+6.9a 559.5+3.1a 560.4+4.9a 569.4+22a
AL YR POD/ (U-g D) 482.6+13.3 ¢ 761.94+25.5b 815.4+22.6b 960.7+28.8a
7§ % MDA/ (nmol-g ) 22.98+0.86 a 21.97+1.26a 21.69%1.16 a 2240+1.92a
B K R EL NPO 0.34£0.02 ¢ 0.38+0.02 be 0.42+0.01 ab 0.48+0.01a
HAFE R Fv/Fm 0.79+0.01 a 0.75+0.01 b 0.70£0.01 ¢ 0.68+0.01d
SRR R HL qP 0.8740.01 a 0.8040.01b 0.79+0.02 b 0.51£0.01 ¢
TR ETR 67.13+3.61 be 76.51+3.13 ab 84.35+1.73 a 60.46+2.99 ¢

2.3 BEMRERGERSER.
RRASHHIFNT
e 3 s, A WA EEE

ME B4R

TE. RE R

cm. (60.674£0.93) cm. (1.35+0.05) mg-g ' (0.38=+
001) mgg'. (1.724£0.06) mgg ' EERMIEE
BPRTEERE R 7%0 B fefE .

£, MEEE a, MEEE b AL M-SR R ABEE £ R T
B N, FEEREE 7% AR, HAEA A (8.95+
0.05) gk, (2.16+0.16) g ', (31.17+1.67)

N 3 fros, SOD i PE Rl £6 B /Y 58 A W T
W%, POD i LR £ B A9 e B Hs 208 T %=
RARME , MDA & & Fifi & #5209 38 5 28 Bt .
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Table 3 Growth and physiological indices of L. leucocephala at different salinities
S #h1% Salinity/%o
Parameters 7 15 20 25

#£ 7 Fresh weight/ (g-# ") 8.95+0.05a 7.94+0.14 b 444+038 ¢ 2.3340.15d
-2 Dry weight/ (g8 ) 2.16+0.16 a 1.58+0.03 b 0.90£0.02 ¢ 0.32£0.01d
Bk Shoot height/ (cm Bk 31.17+1.67a 24.83+0.44b 19.00£0.50 ¢ 12.17£0.33d
R Root length/ (em-# ™) 60.67+0.93 a 47.67+£1.36b 26.40+0.90 ¢ 19.17+1.48d
JIH43:2% Total chlorophyll/ (mg-g ) 1.72£0.06 a 1.64£0.11 ab 1.44£0.06 b 1.09£0.01 ¢
4% %a Chlorophylla/ (mg-g ") 1.35+0.05a 1.29+0.03 a 1.16£0.05b 0.88+0.01 ¢
114 2b Chlorophyll b/ (mg-g ) 0.3840.01a 0.354+0.10a 0.29+0.01 a 0.21£0.01a
FEEALAI LS SOD/ (U-g ™) 584.3+4.0a 578.8+93a 576.0+8.7a 565.1+7.4a

WA AL YEE POD/ (U-g ) 476.9+12.0b 567.1+14.1a 4832+79b 469.1+9.4b

74— MDA/ (nmol'g ") 11.51+0.41b 1433+1.71 b 19.94+1.48a 20.49+1.60 a
e F K ZE NPQ 0.19+0.04 b 0.27+0.06 b 0.87+0.07 a 1.07+0.14 a
SR Fv/Fm 0.7940.01 a 0.7740.01 a 0.77£0.01 a 0.72+0.01 b
HMFEE R FHL gP 0.8740.04 a 0.80%+0.01a 0.80£0.03 a 0.79£0.02 a
TR ETR 44.61£220a 41.43%0.16a 3547+2.04b 32.66+2.06 b
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F3h, WERWN qP . ETR M1 F/F,, BE% $hE
B S80I AR, BRAE 7%0 R A % KAB 43 90 K
0.87+0.04, 44.61+220, 0.79+0.01, 7E 25 %o
WA R /NE S 2 0.79£0.02, 32.66%
2,06, 0.7240.01, NPQ Fifi£h B34 g L7t
24 EFRFHEASEMRERMNERSIER.
SUEFIHRRRASHNFZMN

BB WL 25 46 b R I SR 3R A R TR AR E
15 mmol-L ' I i f . f e 4 Fi 7w, 4R A Wk i f 1
T IR R B A RV B B Se MG SR e, R AR
9 15 mmol L' Wik Bl Afl, HAEM 910 (4.32+
0.10) ghk ", (0.8440.05) gtk ', (21.73+0.89)
cm; F 4N, WERMPMTLREK a, HHERER b AL 4%
R & b A AR R Se LR TR, AE

IR FE 30 mmol-L ' Ak fE, HIKE 15 mmol L

w3k 4 o, BEAE AWKE R ES 0 POD Yﬁ‘r&F?ﬁT
M L7, SOD & e Ht e TR, TERMRE N 15
mmol L' if i & , N (555.0243.77) U-g', MDA
GRETBG BT, AWK 15 mmol' L' i
fi%, H (13.92+1.01) nmol-g ', F 4, Pl AWK
FE R INAR A K W 2 R NS H ETR . F/F,, Fl gP
Je FTHE T, 7S 15 mmol- L A3k 5 ik
i, 2 % A 60674029, 0.76+0.01, 0.92+0.01,
NPQ Se R WG 1Tt AW A 15 mmol- L i ik %
ME (038+0.02), #FEEIRD; HEIRAWKE 7.5
mmol L™ I &k BE 60 mmol L™ B e A, HEEHEL
"%,

F4 REREFRERE THRNE KIBFMERIER

Table 4 Growth and physiological indices of L. leucocephala at different nitrogen concentrations

&R E Nitrogen concentration/(mmol-L ™)

Parameters 75 15 30 60
#£ T Fresh weight/ (g-# ") 4.07+0.08 a 432+0.10a 3.3840.13b 2.07+0.13 ¢
-2 Dry weight/ (g8 ) 0.66+0.01b 0.841+0.05a 0.5620.05 b 0.38+0.02 ¢
Bk Shoot height/ (cm Bk 15.13£0.23 b 21.73+£0.89 a 15.83£0.17b 10.67£0.84 ¢
R Root length/ (cm B 27.17£1.09 a 27.67+£0.44 2 27.00+£4.31 a 2473+0.62 a
S Total chlorophyll/ (mg-g ) 1.234£0.01 b 1.33£0.08 ab 1.461+0.03 a 1.2840.03 b
It-£%%¢a Chlorophyll a/ (mg-g ) 0.9940.01 b 1.0740.07 ab 1.17£0.02 a 1.04+0.03 b
IH-£%2¢b Chlorophyll b/ (mg-g ) 0.24+0.01b 0.26+0.01b 0.2940.01 a 0.24+0.01b
AL LB SOD/ (U-g ) 534.8+43a 555.0+3.8a 5342474 5302+134a
TS POD/ (Urg D) 529.3+49b 487.7+12.6 be 468.9+3.9¢ 591.2+25.8a
7§ % MDA/ (nmol-g ") 1421+131a 13.92+1.01 a 16.19%£1.31 a 16.12£0.09 a
BT K R E NPO 0.52£0.03 a 0.38£0.02b 0.51+£0.02a 0.514+0.04 a
Al 2R Fv/Fm 0.70£0.01 b 0.76+0.01 a 0.69£0.01 b 0.68+0.01 ¢
HE R RH gP 0.91+0.01a 0.92+0.01 a 0.70%0.02 ¢ 0.77+0.02 b
TR is A ETR 38.30%0.71 ¢ 60.67+0.29 a 39.6040.30 ¢ 4271+£1.28b

25 EFBPHOBTRENRERYERSER,
UMM ERXRASHNZ

AR I AT PRI 5 R AEREE A 1 mmol - L™
B e e ANk 5 PR, Bl A5 Wl Tk B 9 38 AR 5 uc fif
o, TE., ke, WK, HgFEa . HEE b AL
GRBEBE LA TREMGSE, MEHKE N
I mmol-L " B R A, HAE 1R (5.65+0.21)
g k', (0.9840.05) g-#k' . (15.6340.58 ) cm. (37.57+
1.10) cm. (1.4440.05) mg-g . (0.42+0.08) mg-g .

(1.87+0.11) mgg ',

W 5 iR, AN SOD Fl POD i P it %5 W
Vi JEE {8 I e b TR R, 7ERE YR 2 mmol L
o AR M, LB 2 1 mmol-L ' i, MDA
P EmeE L AEE, s, BAERBMSREZOL
Z41 ETR 1 qP %%W(ﬁﬁﬁﬁi*ﬁu%tﬂFFV 7
WU E 9 1 mmol L W k3 F/F, Bk T
B, NPQ W& W B 38 o NG LT, fEREE
B4 1 mmol-L ™ A ik .
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Table 5 Growth and physiological indices of L. leucocephala at different phosphorus concentrations

TV FE Phosphorus concentration/(mmol-L ™)

24
Parameters 05 1 2 4

i T Fresh weight/ (g-#k ) 4.01£0.24b 5.65+021a 4.04+0.16 b 3.434£022b
F-2 Dry weight/ (g-# ) 0.710.05b 0.98+0.05a 0.69%0.05 be 0.5440.05 ¢
¥k Shoot height/ (cm#% ™) 13.33+£0.84 b 15.63+0.58 a 15.27+0.39 ab 11.07£0.58 ¢
R Root length/ (cm-# ™) 36.20+0.35a 37.57+1.10a 32.50+0.58 b 32.47+1.50b
JH44 2 Total chlorophyll/ (mg-g™) 1.53+0.07b 1.87+0.11a 1.58+0.07b 1.5620.05 b
4% %a Chlorophyll a/ (mg-g ) 1.23+0.05b 1.44+0.05 a 1.25+0.04b 1.2340.04b
-4 b Chlorophyll b/ (mg'g ) 0.2940.04 a 0.42+0.08 a 0.3340.05a 0.34£0.01 a
AL GBS SOD/ (Ug ™) 554.0+822a 571.2+8.80a 573.846.22a 567.6+6.35a
i e EEPOD/ (U-g ) 661.0£6.9b 807.2+£16.5a 828.2+34.8a 604.6+12.0b
7§ % MDA/ (nmol-g ) 17.96+0.6 a 18.68+0.4 a 18.70+1.6 a 19.17+0.2 a

el H K 2 H NPO 0.56+£0.05b 0.38£0.02 ¢ 0.56+0.04 b 1.25+0.08 a
JAEERE Fv/Fm 0.76+0.01 a 0.77+0.01 a 0.70£0.01 b 0.46+0.01 ¢
HAFE R R EE gP 0.71+0.03 b 0.84+0.01a 0.62£0.02 ¢ 0.76£0.01 b
AL AR ETR 39.914+2.69b 54.09+0.60 a 37.114£2.43b 24.20+0.62 ¢

3 itk W3 G 9 D 5 AT L4 v A ) A L P A 3R A v

BRA A E AN AR 2 B A O IR
20 h-d ' IR, BB AR A A ALY AR R R
Z, YRR AT G A R
Y B S EAF T T YRR R, mKOLR
AR F YRR ZERH TR, tsh, &
PR 2 WEIR 12 hed ' F1 24 hed ' XRG4 2
A —E R, X 0] RE S AP SRR A Y
G R B A E A AR KO ORI R B aa T 32 )
TG P B K SOD. POD i B % L
K 3E K- 7385 T, MDA & e e iRk 24 hed !
Wk E M, UEWTK I DB, oeiE 24 hed ' F
B W T R 7 B — s A ARG . ARSI Yt K B,
HRA P #ME 8 h 43 ELAME 00 2. 4 h 9 MDA %
5 22%., 19.6%. 17%"°", X 5RATHI BT 45 5 —
B AW TARA R ETR . F/F, Fl gP ¥I7£ 20 h-d '
S TE AR, M E NPO B/, LB I 4R &
WEDEAERTBE sk . xRS Broe st KiE
A RAECIREKC S 8. 12 Fl 16 hed ' BF, F/F,, Sch
MGREAR, TEOCRRRTK A 12 hed ' RTBUS Rl 1
HH G BE e A g e A0 AR OB A VE = A T e

5 EeEK AL, WAewetE, THE, HRER
S BITE TR 200 pmol'm s | B K . BFSE 32

4 i 72 0 49K L JE R T 2 A OUAR I B ) R i
K, APy ERK™, e R 280wyt
GREMA R, g R SRR, OGRS
AR 00 45 A v ) o 5 B R R e R Bk
WFSE T 630 50-300 pmol'm s R B3 1y A4 K 0L,
FE W] 10 B A A KOG R 200 pmolvm s,
WO R i R A R RS, X 5RATER G
2R

WAEWHA — & sk oae 11, (BRI
Hefd , T8, e, RKATSR S EAHRMEE S
FER TR N R, EREREE (7% ) B A e E .
ok B RE 5| A W AL 2 kAR B A A A A
B, JFHAEES FUEMDR ., 2S8R E
B, SEGEYNIE S KRR, PR AR
R0 IR s i — 0 R O AR S R B AR, PR
B ET AR IR, R B BT AT R,
K2 B FRATIRFY LS RS Bhutta™ 1445 B
XNGZ AR TR R ST A R — B, EhEa &
/N R | bk i AR i . Gerami 2577
F 5 3 WA 2% 76 58 B2 i 8 2 3 BN B 5 1 Al
BES T 1 LO I G RTRRATG A T B kT
LERIBEE IR, HET R EOT R R H BRI, AR E
PR & XL A HEREAWTFEAL, MDA &AW
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WA, U R AR AR R A T AR, JRRE
BT HOCAEAEME, %5 Sayyad™ i @16 A A
ER BT B R PR OY 25 R A — 3

AR EEE . T E AR R B A AR R
B, SEdEE N, 7E RN 15 mmol- L AT K
i, WFFERMIE Yt — W EM A, TR /D
2 R A AR AR B BE ) AR R A Y I8
W R A R TR AR, BN, R
VI I L AT UV 3 B A R ) S R S bk v
R 5 Ay 6, 2 G e T R AR A ZE AR &
J 75 TR FIOK A R Y B ik, AR A A6 AR SO MAR (Y 25
PRI B AR W4 2% 5t fE AU 15 mmol L'
AR, F W R Bk A A 2 4 AR A
WIS 2 A . DR R, ARAERE I T AE Y 3R BUOE
RERYRE T, (HR] BT 2 5 BOE Y W % S G e Y RE
ST e, RS ERZEMmH . ok, Fn
it 2 AN 24 O S i) AT 9 %) L 2R A TR 3 4 %) LA
B I0 R WM g, B a0 R ER i in i > 4§ 3L
BRI AR, MRRASK, il R I 5 1 A
MaR R AR TR, ARMNEZ2SSBRYERE
WL WEER R RS AR 2 i TR AW
M5 TS BONE AAE 15 mmol L' B/, 4
WEoE 2B, AR T A A Y 1R Ak A kB
JEHEBEIN T RS PS I WFIAFERL, BRAK T 15 ol
R R RORE . 3 v 25 0 U TR
L, 1% 336 1 3R PS 1T AN PS T A% 36 1 24 v 10 0 A 7
. HE ANRFIE 4R A 25 R A — B

WAEWWERE ., TE., ke, BREK. H2&%H
Y ERREE 1 mmol L WG R K qf, 2Bk Br
o R B S R AR A A K SRR A
SR, %5 Zangani™ [ BB S X SR G 2 R B4
WFIE e SR — 80, 98 R WL R A = i 2
MR R R X . Bk L BRI AR LS SR T
ek, SEMBEERAR, K Z B, Johnson™”
WFFEHR Y, B e B R A T 48 B 3 10 o R T 4
TEAMTHERNAEK . AW ETR 1 gP TE8E
W HE 1 mmol-L ' A i KAE, NPQ A B/ME, It
B Fy/F, WA . B a2 0] DLRE ] PSIT Y%
G, BRSNS S BE AR ) 09 06 5 B 116 BR Y 8
B, iR Sk R TR, I S EUE Y O
ARG AU H, BN E BB B
T, A H AR T RS T, Mk
e B A BI5E BAE BTG A L8 BUOR i 17 s
RER A, e AR,

4 %

AW AER Y T i o AR A R F 6
FREEA . 5 SRR A AU & i AL AR B R A i 1Y
HERFM . BREREY T RS WA 5 F i
G B A - G BRI 20 hed ' DG IR 38 200
umol-m s 5 RO FR WL £ i R A A 1F . RS
7% . ZHEEE 15 mmol'L " | B 1 mmol'L ', I
W, MERWIERER (s, THS) &Kk,
MER R SR B A TS PR RO G T e Y R A
o BATHIMFGE N RS TR AL i 24t T
B B¥Z% .
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