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Iron (Fe) is an important micronutrient for the health and growth of plants. Iron is usually provided
by fertilizers, and iron-chelate fertilizers are well absorbed by plants. This study presents the plant
growth-promoting effects of a new functional iron fertilizer, Fe-chelating crab shell powder (FCSP),
which is generated from the chelation of Fe ions with crab shell powder. Iron chelate was derived
from spent pickling liquor, which is rich in reductive iron, iron(Il) oxide. To analyze the effects of
FCSP on plant growth, we treated lettuce with several concentrations of FCSP in both lab- and
field-scale experiments. In the lab-scale test, the treatment of 50 ppm of FCSP highly promoted growth
and resulted in increases in the size, weight, number and chlorophylls content of leaves of plants com-
pared to the treatment of crab shell powder. Fifty ppm of FCSP also increased the size and weight
of leaves up to 2 times compared to the application of chemical fertilizer and/or compost in field
conditions. In addition, the FCSP treatment resulted in the highest ion uptake of Fe in lettuce leaves.
Moreover, FCSP led to increases in the amounts of Fe, Ca, available phosphorus and organic matter
in treated soil, indicating that soil quality was improved. Taken together, our results demonstrate that
FCSP promotes lettuce growth via enhancement of Fe availability and improves soil quality.
Therefore, FCSP can be utilized as a new functional iron fertilizer.

Key words : Crab shell powder, iron chelate, lettuce, new fertilizer, plant growth promotion
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A ARY Az AR WEZA BE AR AT,
Mz o

AMISot HZFS 0188 A7ISY BE HIZ(Fe-chelat-

ing crab shell powder, FCSP) M=

A o] 29 F7} o 33,000 ppm<l AHH 4 A&
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A ANFGAA FF Nt ARFR4N T/ 0N (E /D),
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o Al fHE ER A5k 3747 TR AL F(L,
M H)E BHEI o] & AFA Bdol 27 D o|EANA 77}
6,100 ppm, 15100 ppm, 30,250 ppm (FCSP-L, FCSP-M,
FCSP-H) =9 FCSPE A %3819t} FCSPA B dE F
T ZH4E FAs] Y3l EF 100 g T UM AFS
FCSP-L, FCSP- M, FCSP-H& 77} 033 g A 23] EY U]
A o] HAF F=7F 44 20 ppm, 50 ppm, 100 ppm ©]
HEE At =, Adyst 8% 242 4838 9
FEoAM AZ3) A5l 24 THANAM F& AYE AP
o 2T FAT, g AT, Setu st |
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Th(Fig. 1B). 57 Btk ofujz} 9wlA) 9lo] dolo} & T g
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Table 1. Composition amount of Fe-chelating crab shell powder (FCSP) and other components for growth test both in lab- and

in field-scale

In lab-scale

In field-scale

Amount of components

T
reatment group treated in 100 g soil*

Treatment group

Amount of components
treated in 13.2 m* field**

Control Non-treatment Control

Crab shell powder Fe: 0 ppm,
(Csp) CSP 033 g

20 ppm Fe-chelating

crab shell powder 1122812)00})31211,

(FCSP-L) 08 (CEQ)

50 ppm Fe-chelating .

crab shell powder Egsioop?gm/ (FCSP-L)
(FCSP-M) e

100 ppm Fe-chelating Fe: 100 ppm

crab shell powder FCSP 0.3 g (FCSP-M)

(FCSP-L)

FCSP-H mixed with compost
(FCSP-H)

Chemical fertilizer containing
N, P, K (CF)

Chemical fertilizer containing
N, P, K mixed with compost

FCSP-L mixed with compost

FCSP-M mixed with compost

Non-treatment

N (204 kg) + P (103 kg) + K (122 kg)

N (204 kg) + P (10.3 kg) + K (12. 2kg)
+ Compost (8.8 kg)

Fe: 20 ppm; FCSP-L (4.4 kg)
+ Compost (8.8 kg)

Fe: 50 ppm; FCSP-M (4.4 kg)
+ Compost (8.8 kg)

Fe: 100 ppm; FCSP-H (4.4 kg)
+ Compost (8.8 kg)

* The Test in lab-scale was performed using 10 pots containing 100 g soil per one pot in each treatment group.
*The test in field-scale was performed in 132 m” field in each treatment group.
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Fig. 1. The growth promoting on effect of lettuce by Fe-chelating crab shell powder (FCSP) in laboratory. Control: no treatment,
CSP: Crab shell powder treatment, FCSP-L: 20 ppm Fe-chelating crab shell powder treatment, FCSP-M: 50 ppm Fe-chelating
crab shell powder treatment, FCSP-H: 100 ppm Fe-chelating crab shell powder treatment, DAS: days after sowing. (A)
Phenotypes of lettuce on 44 DAS, Scale bar: 1 cm. (B-E) Fresh weight (B), length (C), width (D), and leaf index, the ratio
of leaf length to leaf width (E) of the 9th leaf of lettuce. (F, G) Growth rates of the 3rd leaf length (F), and leaf width
(G) from leaf initiation phase (16 DAS) to leaf maturation phase (40 DAS). (H) Number of leaves at 40 DAS. (I) Amount
of chlorophylls in the 9th leaf of lettuce. Asterisks indicate a significant difference from Control using a student T-test (*

= p<0.05, ** = p<0.01).
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- Fig. 2B). 49 A-¢ol& FA4 2 7oA 16089 oH 3}
SHHI & Ao gt geh Ful &3 A ToA g7t

N

2 e o

t7t 18.1%, 198402 FAEFHT 13.1%, 23.7% o
o "] FCSP-L A 2| Foll A& 19.74, FCSP-M A g] 79| A
2487, FCSP-H A g Foll M 233F 02 F-A g 7ol 13
333 71t ol FA gl vls] FCSP-M A &7
M= F 546%, FCSP-H ATl A< o 463% 571 E37}
AE Aoz Yegth(Fig 20). 459 4%, FAE Tl A
646 g o)A 2. El sietul g A2l 7ok getu 59 HHl £ A
g 7oA E 247 795 ¢ 880 g2 FAETRG 23.0%,
362% Z7tet Aol Hls) FCSP-L Al FolAE 1386 g
FCSP-M A 2] 7o & 183.0 g, FCSP-H A €] 7ol M & 163.5
gO & A Fol wElA 114.6%~1832% F7He A& AT
T AU o= FCSP-M A2 oA o 1832% T 7tske] 7}
% 2 &35 Jellth(Fig. 2D).

A9 A7) E AA G 24 B A (Fig 2B), G4 4SS F
A TFolA 2228 mm RoH s}etu g AT 58t 59}
gy &£ AgFAME 247 2360 mm, 2360 mmE T3 2
TR 58% AR Aol wa) FCSP-L A8 7ol A+ 2743 mm,
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The growth promoting effect on lettuce by Fe-chelating crab shell powder (FCSP) in field-scale. Control: no treatment; CF:

Chemical fertilizer containing N, P, and K; CFC: Chemical fertilizer containing N, P, and K mixed with compost; FCSP-L:
20 ppm Fe-chelating crab shell powder treatment; FCSP-M: 50 ppm Fe-chelating crab shell powder treatment; FCSP-H: 100
ppm Fe-chelating crab shell powder treatment. (A-C) Growth phenotypes (A), leaf phenotype (B), and number of leaves
(O). (D) Fresh weight of aerial part. (E) Length of the largest leaf. (F) Width of the largest leaf. (G) Leaf index, the ratio
of leaf length to leaf width of lettuce on 44 DAS. Scale bar: 10 cm. Asterisks indicate a significant difference from Control
= p<0.05, ** = p<0.01, *** = p<0.003).

using a student T-test (*

FCSP-M A2 T A& 2855 mm, FCSP-H A To| A&
2803 mm o) 27 Bls|A 23.0%-281% Eoldt A& &3

a’l—

4 99Tt o= QAE FCSP-M A & ol A 28.1%
o 7V & a#E Jeith(Fig. 2E).

7kt

dFe A5 FAE Tl

A 1285 mm R 2o.H gstug A9 gstuge Hy &
& AgFAdME 424 1311 mm, 1347 mmE H2FET

2.0%, 4.8% 71X
FCSP-M ATl A&

Z o] B8] FCSP-L A& Tl M+ 151.7 mm,
151.9 mm, FCSP-H A g FodA=

1521 mmE 279 B} A 18.0%~184% ol \F A& &9
g 4 3t ol FAH e HlE] FCSP Al FEdA vl
3 Z7tasE YelY th(Fig. 2F). WEkA leaf index A 4E

LAe] AEA AW 243 2A Ao & YEhA B3kt

20). 8% 2% 2w 7129 Aul g2l Hepu e A
o shshulael gl B4 A BART AR AaA b
Aelol 4 A3k Aaael 253 F7H592H, 50 ppm B
=A% 2 E48 des

£ 490 A58 AZRE R AaA) v TFOE
@ 4B 0 BRI 24 F58 BHL 95 Fest Cad
I EATG G2 L0 FF BHS AF BF o4 FaFA,
733 4 R %J_*lﬁ%l ( able 2). ¥ &4 2,
7HE A& F2 237 Holwd FCSP-M A 2ol A 752}
Fes| 33fo] 714 =4 »mwo»} e el 7 Fedl B
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Table 2. Analysis of the amount of Fe ion, Ca ion, and chlorophylls in lettuce leaves which grew on Fe-chelating crab shell powder
(FCSP) treated soil in field-scale

In plants on 4 weeks after sowing In plants on 7 weeks after sowing

Ca" (ppm) Fe* (ppm) Chlorophyll** (ng/mg) Ca" (ppm) Fe* (ppm) Chlorophyll** (ng/mg)

Control 10500 310 7.38 6870 320 10.56
CF 10300 310 8.29 7460 180 10.85
CFC 8350 210 790 9010 290 10.62
FCSP-L 9940 380 7.59 7850 350 9.58
FCSP-M 10400 220 7.77 6400 540 9.52
FCSP-H 9850 220 7.92 9150 290 11.21

*Ca and Fe were measured by using ICP-ES.
**Calculation of chlorophyll content was followed by Arnon’s method [1].

ojuf A=A FFe A BF2AY Aot D] I T3 A5 F ZH7F dERd FCSP A g oA A E W
A BolA gtk Cad FF ZAH LS AGH AT EHE kel F7h7F 991E H o] o] o™ ‘W—% FEA gt
At 1A AA AT AR BN Aee g &5 71 Qe A Fe 344 =4 #d A 4 £4 @A 59
F3} st wstE JehATe]. ol 4%, A YR e FE I tEo] Y4 A7)e A% 2 #HE A X F4
gk Wsls 9o FCSP-M A Pl As 23 BA UE I AE 2718 ARste S THFY g0 BT
W TH(Table 2). 4159 Fol&9] Tl AojA A&zt AA Zolet AZtETh ohd Aol ostd, HeollA HE F%
of doJUA Hil, 53] Fest Cadl A5, A ENA Fe 29 S 99t FAAAURTYY 715< 44T 7130 £
2EH 27t Ca 9 3712 010111— H17b 9o B E[16), oA ol A HRe] FhraFo] Ao tiEo] ofd Al7el AEo]
FCSP-M A g Tl W& Caol &3 Rty AZd. ARE BFE TP S A1), GEA WERY R+
L AR AFE o2 24 =4 oﬂ*ﬂ FCSPY| &35 4 Fof #ostE FAA FEHAPICT O/X)ol <)M & 4
HET 443 hsAs Fdstua & AgolH, AFEE s} 2E# 2 5o o8 A8 A vol w2 A F
APstEd A A zAL A Fdol YA e T A 7o) Aol A4 e dYol Yetdtia HuH T3]
A M= oy &40 g2 FHAY, thE FEd o)A A9 AHY HEdAM 53, Ax 29 2H A

T 2o a3 ygudEAd g 371 Aol ad Ao CyclinD2.19] @ ZHA=R Qs A E# 9 7)o} ¥el9] 4o
E AZtEg. a7k R AT19]. Bk, 2L 7154 Bl 29l FCSP
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Fig. 3. Characterization of soil quality after lettuce cultivation by treatment of Fe-chelating crab shell powder (FCSP). Control: no
treatment; CF: Chemical fertilizer containing N, P, and K; CFC: Chemical fertilizer containing N, P, and K mixed with compost;
FCSP-L: 20 ppm Fe-chelating CSP treatment; FCSP-M: 50 ppm Fe-chelating CSP treatment; FCSP-H: 100 ppm Fe-chelating
CSP treatment; Soil before the test: raw soil without treatment before the test.
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