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Effects and Mechanism of Chitosan Organic Water-soluble Fertilizer on Growth of

Chrysanthemum

ZHOU Jinyan', JI Rongting', DONG Ganggiang®, MIN Ju', SHI Weiming'"

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 Amway (China) Botanical R&D Center, Wuxi, Jiangsu 214115, China)

Abstract: Organic cultivation plays an important role in improving the quality of chrysanthemum. Chitosan organic
water-soluble fertilizer, as a new organic fertilizer, has been widely used in fruits and vegetables. In this study, 5 treatments were
designed for a pot experiment, which included: no fertilizer (CK), chitosan organic water-soluble fertilizer diluents of 1000x(T1),
500%(T2), 300x(T3) and 100%(T4). The effects of these treatments on the biomass, growth and development index, root
morphological characteristics, photosynthesis, carbon and nitrogen contents and carbon and nitrogen ratio of chrysanthemum
were analyzed. The results showed that compared with CK treatment, the fresh weight of root, fresh weight of aboveground, leaf
number, stem diameter and plant height of T3 treatment significantly increased by 64%, 110%, 27%, 17% and 32%, respectively,
which indicated that the optimum amount of organic chrysanthemum seedling was 300 times diluted by organic water-soluble
fertilizer of chitosan. In addition, compared with CK, the total root length, root surface area and root volume of T3 treatment
increased by 46%, 62% and 69%, respectively, and the photosynthesis rate increased by 64%, and the carbon and nitrogen ratio in
the seedling stage of chrysanthemum was adjusted, and the values of carbon and nitrogen ratio in the root system and the
aboveground part were 19 and 17, respectively. In conclusion, the promotion of chitosan organic water-soluble fertilizer to the
growth of organic chrysanthemum in seedling stage could be attributed to improving root morphological characteristics,
enhancing photosynthesis and regulating plant carbon and nitrogen ratio.

Key words: Organic water-soluble fertilizer; Chrysanthemum; Biomass; Root morphology; Photosynthesis; Carbon and

nitrogen ratio
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Fig. 1 Effects of different supply levels of chitosan organic water-soluble fertilizer on the growth of chrysanthemum at seedling stage
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Table 1 Effects of different supply levels of chitosan organic water-soluble fertilizer on biomass and growth and development indexes of
chrysanthemum at seedling stage
gl ff 7 (/) e =2 Ui E Vil W
ES o B3 (cm) (cm)
CK 5.57+0.84d 11.32+1.15¢ 0.51+0.06a 245+2.1¢ 420+0.16d 40.25+1.26 ¢
T1 7.83+£041c 17.15+0.58 b 0.46 £ 0.02 ab 26.7£24D 4.50£0.28 cd 46.00+3.16 b
T2 8.03 +0.57 be 18.59+2.24b 0.43+0.02b 26.5+3.1b 4.60 +0.35 be 46.75+1.29b
T3 9.26 £ 0.53 ab 24.36 +0.65 a 0.38+0.01 ¢ 31.0+£22a 4.93+0.21 ab 53.00+1.83a
T4 946+ 1.18a 2632+ 1.45a 0.38+£0.04 ¢ 325+£26a 505+02la 5450+3.11a

T RPFESIARRE NG 5 R AN A b B8] 22 55 2 (P<0.05), T &[]
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Fig. 2 Effects of different supply levels of chitosan organic water-soluble fertilizer on root morphology of chrysanthemum at seedling stage
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Table 2 Effects of different supply levels of chitosan organic water-soluble fertilizer on photosynthetic characteristics of chrysanthemum at
seedling stage

sb 3 bR AL
Pn(umol/(m*-s)) Gs(H,0, mmol/(m*-s))

CK 89+06¢ 0.21+0.01¢

Tl 11.8+03b 0.24+0.01b

T2 12.8+0.4b 0.25+0.17b

T3 148+1.1a 0.30+0.01 a

T4 150+1.0a 0.31+0.0la

Nl CO, ik B R A
Ci(CO,, pmol/mol) E(H,0, mmol/(m?-s))
277+5¢ 4.8+0.7c¢
303+ 10b 63+£06D
312+£12b 6.7+0.2b
342+ 5a 80+0.7a
352+6a 83+0.7a
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Fig. 3 Effects of different supply levels of chitosan organic water-soluble fertilizer dilution on carbon and nitrogen
balance of chrysanthemum at seedling stage

PRHL 1 FRF% 0 AL RS T AR AP A K 25
AT ANA, TEAVAERZR T, 300 56 HLE
T BRI A AR L 1 48 v B A R ) e VR

R Z SR AW TR 2 K 0 0 o T B A RS B B
FERM, W R Z L S BN IRER R, BATR
SEAY AT EAPED) ARG AR R, 5 CK ML, 54k
N AARAR RIE A B UGE, 1 T3 AP S IR
JERK, MK ARRRBURAT 5455 T 46% .
62% 1 69%(I&l 2), XL A EWPHARZCR B2 . M
R R TE A B U — 7 1 5 5C R AR08 12 i AE AR AR R
B A G202 Katiyar 25224718 75 SRR S
AR AR R AR s 53— T LR TRt
BLAE AT LBk 38 38 i DR 2544 , 4 o - 4 B K 3
BT, MR AR 2R 1 i A 124 FF ST R, AR
RICESE IR I TR o3 MR, I3
IR A R R, T3 ARBE R BRI A A e
AR 2 AT AILFP A 1A 2R BT 44 AR K BT I HIL
Z—.

HRARSEICE M F A KNG i EER KR AR L
ik, WEJ70R, et IR R i Re T, A4
FOGA TR, e 1R R A K IR, el
WL R L B R RS AR IR A5 R R,
5 CK AHLL, Bt A R KF A 52 R LK AR Y fg
WY DA ER @A R SALTE.
JfL[E] CO, MR | 286 H 5 ) EH K), H T3 ZbBERT

SRR IR (R 2). T T3 AbFCAVERS T4 db¥E
LT 25, WIATREEM T T3 4 T2 5
3564 E Y Rubisco FETE MRS, ML R THLHA
LA AFE AP i i — L8N 72 RAEA LK
VS NE S N R E— 2P I 18598 Rubsico BEPE, M
MR OEA A R A R RS

Tk BACERAR Y A K R B B AR B P RAC T, Bk
SRR 5 e T AR AR UG R AT R 55, 7 R MR
ARy T AR R AR B AR B
FEEAGEMAAY AR E T, W E 5 ey 0™
e T TR N W3 1 e 31 I /1 N Bl e
1) 76 SRMEAT MUK U5 N 340 100 3 A1 1 0 11 2 i A0 Ay e
R, M5 CK ML, T4 AP TFHHA4GH 2 A |-
TR At B A8 I T B, A A B O A 2
(1 3). Uil T4 Ab3F, AR, e REbirs
IR E TS, M = RAIL, X —25 R0
5 Commichau P HGEMT G, XATRERH T2 5
B AR 0 — SE A G TG & AR T AR DY i gk
B, 72 R BE S 25 o0 e ik ) A 55— SR il 9 05
PECTAO1 i EL A g R 5 e A A R T — 2B
WF5E . BLAL, 454 A A b R B AR ) ROk L
(B 1. & 3), WAr DL — 255043 e L L2 A
HEB B 30 A 1 0 RN AT REAIL I 2 — o i A U5
R, BEXIBL 48 I AR e &L LU (AR &
FUh - FRI 5350 19 F 17,

http://soils.issas.ac.cn



794

52 %

4

i

A o 1 AN TR 7 SRR BIL K A 3L 10 7K1 X A

A v A R I, I 1 R B 300 185 A 7c SR
AR AL AT 3 v 0 2R K e T, WP T
e ERT 1 4 v 0 A 1 B 1 T AL 45 7 R HLK IR
NEfR T T H AR RIE SR UGS 5 7O
TR T ARLIR B B R S AR P AR AT G

Sk

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

ERZGME 4, PEZM 1 3[S]. dbat: FEEZR
7 AL, 2010.
XKL, Rui T, F2w, 85 G0 HE 2 e
K R CHZ L R AR [D]. AEYDE IR S AR AR, 2012,
18(1): 188-195.
el FRBR, }E, % AR S R LR RLIA R

B L — e T R S AT AL A (7], LB, 2016, 48(4):

627-633.

WM, i, EAE, . I EALEA VU 1 R
LA B B OGS VE RIS [D]. 2R, 2018,
55(5): 1276-1285.

X4, ZEER, EXHE. LA PLIE X E A
HR IR G Wy b R ARG S P 52 [J]. 3%, 2018, 50(2):
305-311.

WY, A NUIC . A IR K X 7t e A B
RUSZIRT]. 3, 2018, 50(6): 1160-1164.

Morgan K, Murdoch J.
agriculture: knowledge, power and innovation in the food
chain[J]. Geoforum, 2000, 31(2): 159-173.

IFOAM. The World of Organic Agriculture 2008. IFPAM
and FIBL, 2008: 22-29, 122-129

R, WA R M. dtat: i EFREER: R, 1996.
/N SRS AR B R R UL 1 2D B
FED]. dtat: hEREEBEAT A A BE CRE AL 2 4 BT
M), 2006

X R FERBERTEE S T, R R AR M AL
PEIRAGEEMm[D]. I ARl K2, 2006.

XA, ZEaeog, PhERE, &5 JLT RO ]
B BIF 5T R [J]. Tk BH AR Mk K A= 2= ik, 2001, 32(6):
459-464.

Dordas C A, Lithourgidis A S, Matsi T, et al. Application
of liquid cattle manure and inorganic fertilizers affect dry

Organic vs. conventional

matter, nitrogen accumulation, and partitioning in maize[J].
Nutrient 2008, 80(3):
283-296.

Toonsiri P, del Grosso S J, Sukor A, et al. Greenhouse gas

Cycling in Agroecosystems,

emissions from solid and liquid organic fertilizers applied

to lettuce[J]. Journal of Environmental Quality, 2016, 45(6):

1812-1821.
JiR T, Dong G Q, Shi W M, et al. Effects of liquid organic

fertilizers on plant growth and rhizosphere soil

characteristics of chrysanthemum[J]. Sustainability, 2017,
9(5): 841.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Nelson P V, Pitchay D S, Niedziela C E, et al. Efficacy of
soybean-base liquid fertilizer for greenhouse crops[J].
Journal of Plant Nutrition, 2010, 33(3): 351-361.

Ziani K, Ursta B, Maté J 1. Application of bioactive
coatings based on chitosan for artichoke seed protection[J].
Crop Protection, 2010, 29(8): 853-859.

Sainju U M, Allen B L, Lenssen A W, et al. Root biomass,
root/shoot ratio, and soil water content under perennial
grasses with different nitrogen rates[J]. Field Crops
Research, 2017, 210: 183-191.

Malamy J E.
pathways that regulate root system architecture[J]. Plant
Cell and Environment, 2005, 28(1): 67-77.

Kim H J, Chen F, Wang X, et al. Effect of chitosan on the
biological properties of sweet basil (Ocimum basilicum
L.)[J]. Journal of Agricultural and Food Chemistry, 2005,
53(9): 3696-3701.

Yin H, Frett¢ X C, Christensen L P, et al. Chitosan
oligosaccharides promote the content of polyphenols in

Intrinsic and environmental response

Greek oregano (Origanum vulgare SSP. hirtum)[J]. Journal
of Agricultural and Food Chemistry, 2012, 60(1): 136-143.
Katiyar D, Hemantaranjan A, Singh B. Chitosan as a
promising natural compound to enhance potential
physiological responses in plant: A review[J]. Indian
Journal of Plant Physiology, 2015, 20(1): 1-9.

SRmET, WORE, MY SE. K A AL XT b 2 8 1
INERBEMRFIROE LB 1], Z2RAEPA4R, 2017,
37(3): 382-389.

B, EHW, RET, & KIWHEHEME YT
i+ F B RAA LR MFIE[T]. H3E2A4R, 2018, 55(6):
1494-1501.

ENW, =R, AWER, . SEBURIEX O TC 1 &R
AW IR RTERME W] ES¥HR, 2012,
32(23): 7452-7462.

IV, ERAL, By, 55, I3 B S a X BOTAR R I
FrRE R A E R RT]. R A S5 T A
2, 2005, 31(5): 545-550.

Gai Z J, Zhang J T, Li C F. Effects of starter nitrogen
fertilizer on soybean root activity, leaf photosynthesis and
grain yield[J]. PLoS One, 2017, 12(4): e0174841.
DOI:10.1371/journal.pone.0174841.

Berry J A, Downton W J S. Environmental regulation of
photosynthesis // Photosynthesis [M]. 1982, 263-343
Zelitch 1. Photosynthesis, photorespiration, and plant
productivity[M]. New York: Academic Press, 1971: 240-242
Cheng L L, Fuchigami L H. Rubisco activation state
decreases with increasing nitrogen content in apple
leaves[J]. Journal of Experimental Botany, 2000, 51(351):
1687-1694.

Ghannoum O, Evans J R, Chow W S, et al. Faster rubisco
is the key to superior nitrogen-use efficiency in NADP-
malic enzyme relative to NAD-malic enzyme C4 grasses[J].
Plant Physiology, 2005, 137(2): 638—650.

Coruzzi G M, Bush D R. Nitrogen and carbon nutrient and
metabolite signaling in plants[J]. Plant Physiology, 2001,
125(1): 61-64.

http://soils.issas.ac.cn



5 4 19

H

GAESE : FCRHSSA UK AL XIBT A 3G 730 A R i SO AL 795

[33] XU, &/, BOLE, 5. PSR AL AR
BUR G0 e Boibe 580 RS2 WA (], A8 SR 5 R AR
2014, 20(4): 831-844.

[34] Swank J C, Below F E, Lambert R J, et al. Interaction of
carbon and nitrogen metabolism in the productivity of
maize[J]. Plant Physiology, 1982, 70(4): 1185-1190.

[35] Lawlor D W. Carbon and nitrogen assimilation in relation
to yield: mechanisms are the key to understanding
production systems[J]. Journal of Experimental Botany,
2002, 53(370): 773-787.

[36] Commichau F M, Forchhammer K, Stulke J. Regulatory
links between carbon and nitrogen metabolism[J]. Current
Opinion in Microbiology, 2006, 9(2): 167-172.

[37] HELEE. IRV AR AKX A0 S e A T O B il 1 e ) 52
(I, H EAEE RN, 2007, 28(1): 18-20, 24.

[38] Konishi N, Ishiyama K, Beier M P, et al. Contributions of
two cytosolic glutamine synthetase isozymes to ammonium
assimilation in Arabidopsis roots[J]. Journal of Experi-
mental Botany, 2016, 68(3): 613-625.

[39] 2%, WS, R%EY, % RRMEAEFEM TR
Lealy i AR b 9 A BN (], PUAEARSABE A4, 2011,
26(6): 44-47.

[40] Zhang X Q, Li K C, Xing R, et al. Metabolite profiling of
wheat seedlings induced by chitosan: revelation of the
enhanced carbon and nitrogen metabolism[J]. Frontiers in
Plant Science, 2017, 8: 2017.

http://soils.issas.ac.cn



