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Evaluation of Sargassum horneri Liquid Fertilizer for Vegetable Seed Germination
and Seedling Growth
ZHOU Mingyang'?, FU Yang', CHENG Liwen', ZENG Meiduan', ZENG Qingsong', ZHENG Yi"*"
(1. College of Life Sciences, Fujian Normal University, Fuzhou, Fujian 350117, China; 2. Fujian Engineering Research Center
of Industrial Microbiology, Ministry of Education, Fujian Normal University, Fuzhou, Fujian 350117, China)

Abstract: [ Objective]l Effects of the liquid fertilizer made from Sargassum horneri for vegetable seed germination and
seedling growth were evaluated. [Methods] The liquid fertilizers prepared by either enzymatic digestion or fermentation of
S. horneri, a low-quality seaweed commonly found in the coastal areas, in a gradient of concentrations were applied on bok
choy (Brassica chinensis), cucumber, and tomato to determine the fertilization effects on the vegetable seed germination and

subsequent seedling growth in a pot experiment. Data collected were statistically analyzed by the partial least squares
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discriminant analysis (PLSDA). [Results] (1) The 200x and 600x liquid fertilizer dilutions delivered the best effects on the
germination of bok choy seeds with a significantly increased germination index by 11.8% over that of blank control and by
1.9% and 1.3% over those of two positive controls. On the germination of cucumber seeds, the 200x dilution had the best effect
with a significantly higher index than that of blank control by 33.0% and 21.0% and by 6.7% over those of two positive
controls. For the germination of tomato seeds, the 1,000x dilution performed best with a significantly increased index over that
of blank control by 13.6% and by 14.4% and 19.3% over those of the two positive controls. (2) The growth indicators of the
potted seedlings were significantly correlated. The effects of the liquid fertilizer on the growth of 3 vegetable categories varied,
as shown by the principal component analysis (PCA). According to the PLSDA models, the fermented liquid fertilizer at 400x
dilution was superior in promoting the growth of bok choy seedlings with all indices significantly higher than those of the
positive control, especially, a 144% increase on fresh root weight. And at 600x dilution, the fermented liquid fertilizer had all
indices on the tomato seedlings significantly higher than those of control and the highest dry plant weight that was 31% heavier
than that of the positive control. In contrast, the enzymatically digested liquid fertilizer at 800x dilution was best for the growth
of cucumber seedlings with significantly higher indices on all aspects than the positive control and 28% longer roots than the
positive control. [ Conclusion] The S. horneri liquid fertilizers prepared by either fermentation or enzymatic digestion
significantly promoted the seed germination and seedling growth of bok choy, cucumber, and tomato in a pot experiment. The
fermented fertilizer was more effective than the enzyme-digested counterpart.

Key words: Sargassum horneri liquid fertilizers; partial least squares discriminant analysis; seed germination; seeding growth
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Table 1| Effects of S. horneri liquid fertilizers on bok choy seed Table 2 Effects of S. horneri liquid fertilizers on cucumber seed
germination germination

b FE &S o R] KEFIREL b g REFA R KA TRE
Group Germination rate/% Germination potential/% Germination index Group Germination rate/% Germination potential/% Germination index
CK 100.00£0.00 a 98.67t1.15a 89.44+1.25d CK 98.33+0.58 ab 97.67t1.53 a 69.38+3.56 ¢
ACl1 99.67£0.58 ab 99.33£0.58 a 98.11+1.4 ab AC1 98.00+1.00 ab 97.67+1.53 a 76.28+£1.09d
AC2 100.0010.00 a 100.00£0.00 a 98.67+1.89a AC2 97.33+1.53 ab 97.001+2.00 a 86.481+2.42 be
M200 100.0010.00 a 97.33£2.52 ab 73.67+1.04 f M200 98.67£2.31 ab 98.00+1.73 a 90.18£3.35ab
M400 100.0010.00 a 100.00£0.00 a 94.6712.02 be M400 97.67£0.58 ab 96.671+0.58 a 88.331+3.59 abc
M600 99.67£0.58 ab 99.67£0.58 a 98.50+1.32a M600 98.00£1.73 ab 97.33+1.15a 77.72£2.45d
M800 100.0010.00 a 95.67£3.21b 83.94+1.44¢ M800 97.00£1.00 ab 96.001+2.00 a 86.861+4.00 be
M1000 100.0010.00 a 97.67£2.31 ab 93.92+6.39 ¢ M1000 99.67£0.58 a 98.671+0.58 a 90.66£2.40 ab
J200 100.0010.00 a 100.00£0.00 a 100.0040.00 a J200 97.00£1.00 ab 96.331+0.58 a 92.30£235a
J400 99.33£0.58 b 99.33£0.58 a 99.33+0.58 a J400 97.67£1.53 ab 97.001+1.00 a 83.26+2.45¢
J600 100.0010.00 a 100.00£0.00 a 100.0040.00 a J600 98.33£2.08 ab 97.67+1.53 a 84.4410.64 ¢
1800 99.67£0.58 ab 99.33%1.15a 99.441+0.96 a J800 96.00+1.73 b 95.671+2.08 a 88.0913.41 abc
J1000 100.0040.00 a 100.00£0.00 a 99.50+0.50 a J1000 97.00£2.65 ab 95.67t231a 75.51£1.94d

F PR T ME SRR FRSARNE FRERIRLE0.05KF 5 R
B, TRA.

The data in the table are mean * standard deviation; different lowercase
letters in the same column indicate significant differences at the 0.05 level.

Same for following table.
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Table 3 Effects of S. horneri liquid fertilizers on tomato seed

germination

AbF KA & ] KRR
Group Germination rate/% Germination potential/% Germination index
CK 89.001+2.65 cd 89.00+2.65 cd 27.26+1.82 be
AC1 88.001+2.65d 87.67+2.89d 27.06+1.08 ¢
AC2 89.00+2.65 cd 87.33+4.16d 25.96+1.52 cd
M200 92334321 be 92.33+3.21 be 31.96+0.53 a
M400  93.00%1.73 be 92.67+£2.08 be 23.16+£0.70 d
M600  98.00+1.73 a 98.00+1.73 a 25.25+1.46 cd
M800  92.67%3.79 be 91.67+3.06 bed 25.09+2.56 cd
M1000  91.00£0.00 bed 91.00£0.00 bed 25.05+2.93 cd
1200 92.33+£0.58 be 92.00£0.00 be 30.75+0.28 a
J400 87.67+1.53d 87.33+1.53d 30.02+0.69 a
J600 90.33+£0.58 cd 90.00+1.00 bed 24.67+1.41 cd
1800 94.67+1.15 ab 94.00+2.00 b 29.85+1.88 ab
J1000  93.00%1.00 be 93.00£1.00 be 30.961£0.90 a

(P<<0.05), Zr5IHEm T 10% Fl 6%, 16K 84501,
fifi fiF 200 % . 400 15 ¥ FNEE A 200 £% . 400 £% . 1000
TR S KAER2ZE R B (P<0.05), HAEfE
1000 B WE K A3 = Wl (14% ). A TR
1000 f57E 3 & 4R b h ¥R ss th, REAE EFh T
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FIREAEFE AR SE P, 356 F 080 56 v I & 1Y) 45 40

Wi e mE R 1000 £ 2F 47 FH M
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AR ARAR Z AR SR A OGP, MR SR . BREEE
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TR S A S IE AR OG (P<<0.01); AREEER S5 HRT
ORI R 2 A SE (P<<0.01); fk
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R4 GIEEKEFEXEDI N

Table 4 Correlation among seedling growth indicators

ERS L 73 R PR R4 5 HFE RTHE AR
growth indicators Plant height Root length Fresh plant Fresh root Dry plant Dry root weight Leaf area
#:5 Plant height 1
R4 Root length 0.511%* 1
FEF E Fresh plant 0.689%* 0.916**
MR E Fresh root 0.423%* 0.972%* 0.879%* 1
T & Dry plant 0.695%* 0.893%* 0.985%* 0.856** 1
HRF-H Dry root weight 0.562%* 0.951** 0.945%* 0.938%* 0.931%** 1
WA Leaf area —0.088 0.752%* 0.574%* 0.800%* 0.546%* 0.684** 1

*FRIRTE0.05/KF LR FEMNIG, *RIRTE0.OUKF LREFEMNK,

* and ** represented significant correlation (P<<0.05) and extremely significant correlation (P<<0.01) respectively.
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FE S 2 PC2
(=)

1o | oy

-8 -6 -4 2 0 2 4 6
s 1PCL
R2X[1]=0.85 R2X[2]=0.123 Ellipse: Hotelling's T2 (95%)
M-1: b7 AR AT BB AN s M2 B I+ AR D 358 Y A I 5
M-3: i+ AR E AR s T-1e L TR AR A T
2 FETATE MR BE AN s J-3: T 0+ AR 40 VR VAT
M-1: B. chinensis + enzymatically digested S. horneri liquid fertilizer;
M-2: cucumber + enzymatically digested S. horneri liquid fertilizer; M-
3: tomato + enzymatically digested S. horneri liquid fertilizer; J-1: B.
chinensis + fermented S. horneri liquid fertilizer; J-2: cucumber +
fermented S. horneri liquid fertilizer; J-3: tomato + fermented
enzymatically digested S. horneri liquid fertilizer.
B 1 R AR RN & KRR E R 15 5
Fig. 1 PCA plot on scores of S. horneri liquid fertilizer affecting
vegetable growth indicators
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CK: blank control; M: enzymatically digested S. horneri liquid fertilizer; J: fermented S. horneri liquid fertilizer. Same for following figures.
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Fig. 2 PLSDA on bok choy seedling growth indices
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Fig. 3 Biplot of bok choy seedling growth indices
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Table 5 Effects of 400x dilution of fermented S. horneri liquid fertilizer and positive control on growth of bok choy seedlings

st i R Pfey R A BT H RFHE AR
Group  Plant height/cm  Root length/cm  Fresh plant weight/g ~ Fresh root weight/g ~ Dry plant weight/g ~ Dry root weight/g Leaf area/cm’
ACl 3.342+0.007 ¢ 4.42740.046 b 0.406+0.002 ¢ 0.047+0.000 ¢ 0.019+0.000 b 0.010£0.001 b 0.503£0.007 ¢
AC2 3.579+0.032 b 4.669+0.097 b 0.423£0.001 b 0.058+0.002 b 0.020£0.000 b 0.011£0.000 b 0.676£0.006 b
J400 5.517£0.006 a 5.411£0.063 a 0.613£0.002 a 0.141£0.002 a 0.032+£0.000 a 0.026£0.000 a 1.525+0.011a
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Fig. 4 PLSDA on cucumber seedling growth indices
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Table 6 Effects of 800x dilution of enzymatically digested S. horneri liquid fertilizer and positive control on growth of cucumber

Bf s BdE ke (CK) A TAE KEREFE bR A 2
L8, AT ULV K2 X &) i AR R AR R A P e 2, Al
AEFRL R Zor T rhuL I S B, BRI AR KRR
V4 T i 800 % W E A7 BH M X B, 25 SR a2k 6 it
7N, A 800 A5 5 KOAE R R IAE i A 1 3k I 3 22
SOKF (P<0.05), Hi BF8br (k. BREEE | B
T i A B R AR R T 23%.
15%. 23%. 25%, ML F¥abn (MR, MREEE . R T
) BOO RIS NEAR IR = T 28% . 15%. 23%.
223 MASERARIET F G A K%k FIH Simca
14.1 14 2 % 51 4 1 PLS-DA #5 % | 45 54 & 6-A

seedlings
sz B A PRfE R A M H RTH A
Group  Plant height/cm Root length/cm Fresh plant weight/g ~ Fresh root weight/g ~ Dry plant weight/g  Dry root weight/g Leaf area/cm’
AC1 7.083+0.014¢c  6.718+0.031 ¢ 2.402£0.002 ¢ 0.557£0.003 ¢ 0.194£0.004 ¢ 0.027£0.000 ¢ 1.965+0.002 ¢
AC2 8.031+£0.032b  7.105+0.018b 2.683+0.002 b 0.591£0.002 b 0.216+0.005 b 0.029+0.001 b 2.396+0.004 b
M800 9.860£0.024a  9.095+0.015a 3.077£0.004 a 0.681£0.001 a 0.266£0.002 a 0.036£0.001 a 2.998+£0.004 a
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Fig. 6 PLSDA on tomato seedling growth indices
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Fig. 7 Biplot of tomato seedling growth indices
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Table 7 Effects of 600x dilution of fermented S. horneri liquid fertilizer and positive control on growth of tomato seedlings

AbFR Hrisi R PRl HREFEH PR RTEH AR

Group Plant height/cm Root length/cm  Fresh plant weight/g ~ Fresh root weight/g ~ Dry plant weight/g ~ Dry root weight/g Leaf area/cm’
AC1 9.31£0.032¢  4.709%£0.026 ¢ 0.628+0.003 ¢ 0.073£0.000 ¢ 0.090£0.001 ¢ 0.018%0.000 ¢ 0.310%0.003 ¢
AC2 9.749£0.025b  5.536%0.028 b 0.684%0.003 b 0.087%0.000 b 0.092+0.001 b 0.019%0.000 b 0.337%0.003 b
J600 10.486+0.021a  6.367£0.030 a 0.799+0.001 a 0.11240.001 a 0.12140.000 a 0.024+0.000 a 0.39540.000 a
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