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ABSTRACT: This study aimed to investigate the effect of different fertilization among organic fertilizer or organic-
chemical fertilizer amended with 3 level of Zn 0, 0.5 and 1% on growth, yield and Zn content of Chinese kale
(Bang Bua Thong 35). The field experiment was conducted in Bangkuwat, Muang, Pathumthani during February to
April 2023 with an experimental design of 2 x3 factorial in completely randomized design (CRD). The different
fertilizers were applied at 3“ fertilization to the 30-day-old-Chinese kale. Growth parameters and fresh mass yield
were collected at a time of harvesting (44 days) and then the vegetables were tested for Zn content using AAS.
Results exhibited that Zn amended fertilizer provided negative effects on plant height and fresh yield for approx.
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28%, however, consequent Chinese kale accumulated greater amount of Zn for approx. 22%. The highest yield
(9.2 kg/m?) obtained from the co-application of chemical fertilizer and organic fertilizer (1:1) at a rate of 40 ¢/m?,
while, maximum Zn content in the kale obtained when co-applying of chemical fertilizer and either 1% Zn
amended organic- or 0.5-1% Zn amended organic chemical- fertilizer which provided total Zn content of 89.8 and
91.8-98.1 mg/keg Dw, respectively. Moreover, it was found that Zn amended fertilizer provided no effect on total
number of soil microorganisms. Nevertheless, the application of 1% Zn organic-chemical fertilizer exhibited a
reduction of Zn solubilizing microorganisms after 3 days applying, and then recovered later after 7 days applying.
Additionally, the soil respiration rate and soil chemical properties seemed to be slightly affected.

Keywords: zinc fertilizer; organic fertilizer; organic-chemical fertilizer; Chinese kale; number of soil microorganisms;
soil respiration
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Table 1 Treatment description

Zinc amended

T Treatment Abbreaviation fertilizer
(g/plant)
T1 Chemical fertilizer 50% + Organic fertilizer 50% 0ZnOF 0.3
T2 Chemical fertilizer 50% + 0.5% Zn amended organic fertilizer 50% 0.5ZnOF 0.3
T3 Chemical fertilizer 50% + 1% Zn amended organic fertilizer 50% 1ZnOF 0.3
T4 Chemical fertilizer 50% + Organic-chemical fertilizer 6-6-6 50% 0Zn0OT6 0.3
- Chemical fertilizer 50% + 0.5% Zn amended organic-chemical 0.5Zn0T6 0.3

fertilizer 6-6-6 50%

Chemical fertilizer 50% + 1% Zn amended organic-chemical 1Zn0OT6 0.3
T6
fertilizer 6-6-6 50%
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Table 2 Characteristics of soil, and organic fertilizer

367

Sample Properties Unit Value

Soil il ) o0
Electrical conductivity (EC 1:5) dS/m 0.86
Organic matter (OM) % 1.51
Available Phosphorus (Avail. P) mg/kg 297.20
Exchangeable Potassium (Exch. K) me/kg 298.28
Exchangeable Zinc (Exch. Zn) mg/kg 4.94
pH - 7.0

Organic fertilizer
Electrical conductivity (EC 1:10) dS/m 5.97
Organic matter (OM) % 26.60
Total Nitrogen (N) % 1.7
Total Phosphorus (P,0s) % 1.4
Total Potassium (K,O) % 2.2
Total Zinc (Zn) mg/kg 104.44
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Table 3 Characteristics of soil, before planting and after harvesting the Chinese kale

Before
Parameters planting After harvesting (44 days after seed sowing)

(0 day)

T1 T2 T3 T4 T5 T6 Average

pH 6.6 6.3 6.0 6.1 59 6.7 6.4 6.2
EC1:5 (dS/m) 0.86 0.95 1.40 1.16 0.68 0.91 0.97 1.01
OM (%) 1.51 1.44 1.58 1.59 1.57 1.44 1.47 1.51
Avail. P (mgrkg) 297 280 312 332 330 275 285 302
Exch. K(mg/kg)  298.28 25782 270.57 353.46 404.17 303.56 291.67 313.54
Exch. Zn(mg/ke)  4.94 3.24 2.25 4.91 4.15 5.04 4.15 3.96

U8 : T1=Chemical fertilizer 50% + Organic fertilizer 50%
T2=Chemical fertilizer 50% + 0.5% Zn amended organic fertilizer
T3=Chemical fertilizer 50% + 1% Zn amended organic fertilizer
Td=Chemical fertilizer 50% + Organic-chemical fertilizer 6-6-6
T5=Chemical fertilizer 50% + 0.5% Zn amended organic-chemical fertilizer 6-6-6

T6=Chemical fertilizer 50% + 1% Zn amended organic-chemical fertilizer 6-6-6
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Table 4 Growth measurement in terms of plant height, leaf area, and leaf greenness of Chinese Kale cultivated

under different fertilizer application

Source Treatment Plant height Leaf area Leaf Plant Fw Plant Dw
(cm) (cm? greenness (9 (9)
(SPAD unit)

Based al = OF 16.3 186.6 54.9 140.2 9.6

fertilizer @) a2 = OT6 17.6 203.4 56.1 137.8 9.5

Zn level (b) bl =0Zn 19.9° 166.1° 52.9 134.0 10.4
b2 = 0.5Zn 14.2° 222.0° 58.3 146.7 9.0
b3= 1Zn 16.7%° 197.0° 55.4 136.3 9.2

axb alb1 (T1) 21.8° 182.9° 54.6°° 134.3 10.2
alb2 (T2) 12.6° 182.1° 53.6% 140.3 8.5
alb3 (T3) 14.6* 194.9° 56.6°° 146.0 10.4
a2b1 (T4) 18.0° 149.3° 51.2° 133.6 10.6
a2b2 (T5) 15.9%° 261.8° 63.0° 153.0 9.5
a2b3 (T6) 18.8% 199.0%° 54.2°° 126.7 8.6

F-test a ns ns ns ns ns
b * * ns ns ns
axb * * * ns ns
CV (%) 25.51 18.34 11.50 34.74 3271

An asterisk (*) indicates significant different at P<0.05. Different letter(s) after the mean values indicates significant difference among

each treatment tested by LSD (P<0.05).
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N3l Zn duasthdmaliaudoUsununandn vusiiivazan Zn luduuindu (Table 5) Inen1slidesnunssudsi 1 Ae
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Table 5 Yield and total zinc content of Chinese Kale cultivated under different fertilizer application

Source Treatment Fresh biomass yield (kg/m?) Plant Zn content (mg/kgDw)
Based fertilizer (a) al = OF 7.7 82.3
a2 = OT6 5.8 91.9
Zn level (b) bl = 0zZn 74 79.2°
b2 = 0.5Zn 6.5 88.0°°
b3 = 1Zn 5.8 93.9°
axb albl (T1) 9.2° 72.8°
alb2 (T2) 7.2% 84.2°
alb3 (T3) 6.6° 89.8°
a2b1 (T4) 5.6° 85.7%°
a2b2 (T5) 5.8° 91.8°
a2b3 (T6) 6.0° 98.1°
F-test a ns ns
b ns *
axb * *
CV (%) 19.93 9.99

An asterisk (*) indicates significant different at P<0.05. Different letter(s) after the mean values indicates significant difference among

each treatment tested by LSD (P<0.05).
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luRunnweliyaunidluauldlunissyivlanazfanssulaiieans Ann1sudatuseninmaunidlufues 3a9dunsy

e

aganedansdenadimnuaiunsalunisuisdutiesninduasyivlnlatesningduniddun dwmsunddddds 7 Ju Ysuw

Auvsdaranedingdnnsiatuliandisgsiulivnnssiuluwsiasnssuds lnefiusunusening 4.3-4.8 log CFU/g wady 4.5

log CFU/g wagalgyadunidnnuianunsaaraesindinedladiulngfe 1ies (Table 6)

Table 6 Numbers of total soil microorganisms, total zinc solubilizing microorganisms (ZSM) and Soil respiration

rate derived from Chinese kale planting soil at before and after zinc amended fertilizer application

Total count ZSM count Soil respiration rate
Source Treatment (log CFU/g) (log CFU/g) (g CO,/m?/h)
Day3 Day7 Day3 Day7 Day3 Day7
Based fertilizer (a) al = OF 7.4 7.4 4.5 4.6 0.4 1.8
a2 = OT6 7.3 7.3 4.2 4.3 0.6 15
Zn level (b) bl = 0Zn 7.3 7.3 4.2 4.2° 0.5 14
b2 = 0.5Zn 74 73 4.5 4.4% 0.7 2.1
b3 = 1Zn 7.3 74 4.3 4.7° 0.3 15
axb albl (T1) 7.4%® 7.6° 4.2% 4.3 0.5 1.9
alb2 (T2) 7.3% 7.4%° 4.7 4.3% 0.5 2.6
alb3 (T3) 7.5° 7.3%® 4.7° 4.6™ 0.2 0.9
a2b1 (T4) 7.2% 7.0° 4.3% 4.4%° 0.4 0.9
a2b2 (T5) 7.4% 7.3% 4.4° 4.5% 1.0 1.6
a2b3 (T6) 7.2° 7.5% 3.8° 4.8° 0.5 2.0
F-test a ns ns ns ns ns ns
b ns ns ns ns ns ns
axb * * * * ns ns
CV (%) 2.03 3.66 7.57 7.54 7212 91.11

An asterisk (*) indicates significant different at P<0.05. Different letter(s) after the mean values indicates significant difference among

each treatment tested by LSD (P<0.05).

ansnsnelavasgdunidau

fa v

ansnsmelavefuysdauvadlade 3 uaz 7 Ju liunnsiuegadidvddaionindanuulsusiuresioya

]

g1 Tnovdsldty 3 Fu fnsnismelavesiuegszning 0.2-1.0 g CO/m”h 1ade 0.5 ¢ CO/m¥/h wagdt 7 fundsldie
f8msn1smeglavesiuegsendng 0.9-2.6 g CO/m”h wdy 1.7 ¢ CO/m¥h (Table 6) azifiuin §as1n1smelanes

sa

aunidaunadlade 7 u Sunnimadldde 3 Ju asvieubiiudianssuvegaunidlunistevaaeasdunseiiutuuas

3

UanUaeansueuuisdiueenunluguansveulaeenled aenndosiuauideves Yazdanpanah et al. (2013) 518971799015

a fa

Tdedunsdsulunsugndnidmlunisdisiiufanssuveqdunidau (Table 6)



KHON KAEN AGRICULTURE JOURNAL 52 (2): 364-374 (2024)./doi:10.14456/kaj.2024.xx. 373

G
nsideiail 15-15-15 sauiuledun3d (0ZnOF) dadu 1:1 6951 40 nSu/me.y. Auaztieny 30 Ju TiuTuw
HandndnanuIniga drunistidewd 15-15-15 Swuduleduniduaudngd 1% (1ZnOF) v3e Juiail 15-15-15 Sauiude

o |

dundiadl 6-6-6 nandanzd 0.5-1% (0.5Zn0T6-12n0T6) dadru 1:1 $51 40 nfu/msy. axthilddusuadangdgs

¢ wvaa '

5¥1I19 89.8-98.1 1N./NA. WY UazAINNIIATIRIATIzTRaNTRfuteuLasnasnsldlenaudoned wui Jenaudengdnn

q

' a

sUnuvdsmasensiUdsunlasnaandinaaiivesiutdosunn uwidedunsdni 6-6-6 naudanzd 1% dawadon1sanases

q

Aunidavaredengdlutiausnveansld Ussunn 3 Tundsldde) uasilionatiiuly 7 7 Jundinsldde dunsdludu

Waziinsdsusamaindwmsanuiusinagdunidasatedinsdldunnsieiu

AvBUAN
VaUDUAN AMSAAAUS Wna AnsunIny Yeellas wazamzyuiolfURnTIwIenau Ju wazity (SFP Lab)

anuidginenmansuazimaluladuvisussnelng (32) vnaw Tuanuum uazamdiemieynim

LaN&E1581984

Toyalnaaiy AU, @nSieans aeawid Lavauinud luad wsnevie. 2564. navesnsiamsdedeineddonisasaiulaly
Fundrdniugdoum 1 uastaesanfnfinglutanuaniidunay. uiununs. 49(a): 810-817.

N3UIVINTNEAT. 2548, Auuzdinsldlefiuivasygia, nsenTiunynsuazannsal, Ngumme.

AzNTIINSLarANz U s munansomsinsldful sz Tudmiualng. 2563, Usniuasemssnded
astsulszdiudmsuaulne we. 2563. drdnlawuinis nsueusly NTENTNAIITUGY, NTHVN.

WAIsUNS vhazen. 2559. MsAnwzuuuuminuardinzdsenininsuindeyalisemadanisaiawuy Community
Bureau of Reference (BCR). Ineninus Inermansumdadin anuiviinermanidswinden imninede
fiauns. wAsUgL.

536 UnuzBn wagnslniuns Juasynes. 2557, Ussansnmdeainiisiednsinsiasayiulaiasnaninazti. wiunues.
42@Uuiivy 3): 941-946.

Tundld in3eaduee. u.U.U. Auegralslildrmuamialavuinis. unastoya: https://dopah.anamai.moph.go.th/web-

upload/8x6b2a6a0clfbe85a9c274e6419fdd6071/tinymce/KPI2565/05/202/Aupgnslsvilanmuaimialaguinis.
pdf. fuiile 13 fiquisu 2566.

AuNT 30963 wawAIMS AnNA. 2556. wuamenisaansazaslaveviinlufufindednueuguruiies a.aseys. u. 528, Tu:
nsUszgPinNITTeRmAne doinuasaTans A% 51 5-7 quaitus 2556, AnsnuATATARS
UTINGIFBNATANENT, NTANN.

a1eva wiklet, 93231 IMANINT Uazngul dmsdan. 2555. wanslilevdn Jeyatividn uasdeiniidensuaninyedu. w.
1-12. Tu: nsUseguauanaIIduseiuludinfny univerdegluniesssunsey pafl 2.

Ahmed, R., Md.K. Uddin, Md.A. Quddus, M.Y.A. Samad, M.A.M. Hossain, and A.N.A. Haque. 2022. Impact of foliar
application of zinc and zinc oxide nanoparticles on growth, yield, nutrient uptake and quality of tomato.

Horticulturae. 9: 162.

Alloway, B.J. 2008. Zinc in soil and crop nutrition 2" edition. IZA, Brussesls, Belgium and IFA Paris, France.



U s 52 atiufl 2: 364-374 (2567)./doi:10.14456/kaj.2024.xx. 374

Broadley, M.R., S.0. Lochlainn, J.P. Hammond, H.C. Bowen, I. Cakmak, S. Eker, H. Erdem, G.J. King, and P.J. White.
2010. Shoot zinc (Zn) concentration varies widely within Brassica oleracea L. and is affected by soil Zn
and phosphorus (P) levels. Journal of Horticulture Science and Biotechnology. 85(5): 375-380.

da Silva, J.A,, M. Leonel, A.M. Fernandes, F.G.S. Garreto, J.G.S. Nunes, and R.F. Tajra. 2023. Growth, yield and
nutrients of sweet cassava fertilized with zinc. Ciéncia Rural, Santa Maria. 53(9): 1-13.

Dawar, K., W. Ali, H. Bibi, I.A. Mian, M.A. Ahmad, M.B. Hussain, M. Ali, S. Ali, S. Fahad, S. ur Rehman, R. Datta, A.
Syed, and S. Danish. 2022. Effect of different levels of zinc and compost on yield and yield components
of wheat. Agronomy. 12: 1562.

Rehman, H.U., T. Aziz, M. Farooq, A. Wakeel, and Z. Rengel. 2012. Zinc nutrition in rice production systems: a
review. Plant Soil. 361: 203-226.

Samreen, T., H. Humaria, H.U. Shah, S. Ullah, and M. Javid. 2017. Zinc effect on growth rate, chlorophyll, protein
and mineral contents of hydroponically grown mungbeans plant (Viena radiata). Arabian Journal of
Chemistry. 10(Supplement 2): $1802-51807.

Satheesh, N., and S.W. Fanta. 2020. Kale: Review on nutritional composition, bio-active compounds, anti-nutritional
factors, health beneficial properties and value-added products. Cogent Food and Agriculture. 6:1, DOI:
10.1080/23311932.2020.1811048.

Shah, V., J. Jones, J. Dickman, and S. Greenman. 2014. Response of soil bacterial cormmunity to metal
nanoparticles in biosolids, Journal of Hazardous Materials. 274: 399-403.

Vassilev, A, A. Nikolova, L. Koleva, and F. Lidon. 2011. Effects of excess Zn on growth and photosynthetic
performance of young bean plants. Journal of Phytology. 3(6): 58-62.

Wong, KW., CK. Yap, R. Nulit, H. Omar, A.Z. Aris, W.H. Cheng, M.T. Latif, and C.S. Leow. 2019. Zn in vegetables: A

review and some insights. Integrative Food, Nutrition and Metabolism. 6: 1-7.

Yazdanpanah, N., E. Pazira, A. Neshat, M. Mahmoodabadi, and L.R. Sinobas. 2013. Reclamation of calcareous saline

sodic soil with different amendments (I): impact on nitrogen, phosphorous and potassium redistribution

and on microbial respiration. Agricultural Water Management. 120: 39-45.



