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Abstract: The aim of this study was to investigate the utilization of by-product from tanning industry
(BPTI) on growth and yield of cassava (var. Huay Bong 60) planted in Kamphaeng Saen soil series.
The experimental design was arranged in Randomized Complete Block (RCB) with 3 replications
and consisted of 8 treatments. The results of this study revealed that all treatments that applied
of chemical fertilizer (CF) based on soil chemical analysis or the application of CF based on soil
chemical analysis and spray with BPTI provided the highest plant height, leaf greenness (SPAD unit),
fresh root yield, average weight/root, root length, starch content and concentrations of N, P and K in
fresh root but significantly different when comparing with the control treatment (control, TW), which
resulted in the lowest plant height, leaf greenness, fresh root yield, average weight/root, root length,
starch content and concentrations of N, P and K in fresh root. Furthermore, the application of CF
based on soil chemical analysis and spray with BPTI (N2) of 3.2 l/rai (CFDOA+BPTI (N2)3_2 ot T8) provided
the highest root width and starch yield which was not marked different from the application of CF based
on soil chemical analysis and spray with BPTI (NW) of 3.2 l/rai (CFDOA+BPTI (N1)3.2 ! TB), the application
of CF based on soil chemical analysis and spray with BPTI (NZ) of 1.6 I/rai (CFDOA+BPTI (N2)1.5 et T7)

and the application of CF based on soil chemical analysis and spray with BPTI (NW) of 1.6 I/rai
(CF__+BPTI(N) T).
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Table 1 Chemical and physical properties of soil (0-30 cm) before the experiment.

AATITANLYIUIIUNNATA (analysis of
variance) Liall3aunfiauAa uLANAN9T04
Aedslaald DMRT (Duncan’s multiple
range test) fisrdumudaduenay 95
snaililsunga Statistical Package for the Social
Science for Windows (SPSS) version 22

Properties Results Rating
pH (1:1) 7.32 neutral
ECe (dS/m) 1.37 non-saline
Organic matter (%) 0.81 low
Available P (mg/kg) 71.52 very high
Exchangeable K (mg/kg) 100.36 high
Exchangeable Ca (mg/kg) 1,152 high
Exchangeable Mg (mg/kg) 78.56 moderate
Exchangeable Na (mg/kg) 38.74 -
Extractable Fe (mg/kg) 8.51 low
Extractable Zn (mg/kg) 0.66 low
Extractable B (mg/kg) 0.80 moderate
Texture sandy loam -
Table 2 Detail of treatments.
Quantity of major elements
Treatments Descriptions Symbols From chemical From by-product of
fertilizer tanning industry (BPTI)
(ng—PZOS—K2O per rai) (gN—PZOS-KZO per rai)
T1 no fertilizer and no spraying with control 0-0-0 0-0-0
by-product from tanning industry
(BPTI) treatment
T2 the application of chemical fertilizers CFDOA 16-0-4 0-0-0
(CF) based on soil chemical analysis
T3 the application of CF based on soil CFDOA+BPTI (O)1 ol 16-0-4 86.72-0-0
chemical analysis and spray with
BPTI (O) of 1.6 I/rai
T4 the application of CF based on soil CFDOA+BPTI (O)GMai 16-0-4 173.44-0-0
chemical analysis and spray with
BPTI (O) of 3.2 I/rai
T the application of CF based on soil CFDOA+BPTI (N) 16-0-4 107.68-0-0

chemical analysis and spray with
BPTI (N1) of 1.6 I/rai

171.6 l/rai
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Table 2 (continued).

Quantity of major elements

Treatments Descriptions Symbols From chemical From by-product of
fertilizer tanning industry (BPTI)
(ng—PZO5—K20 per rai) (gN—PZOS—KzO per rai)
T6 the application of CF based on soil CFDOA+BPTI (NW)BZM 16-0-4 215.36-0-0

chemical analysis and spray with
BPTI (N1) of 3.2 I/rai
T the application of CF based on soil CFDOA+BPTI (Nz)mm‘ 16-0-4 114.24-0-0
chemical analysis and spray with
BPTI (N2) of 1.6 I/rai
T the application of CF based on soil CFDOA+BPTI (N) 16-0-4 228.48-0-0

2°3.2 l/rai
chemical analysis and spray with
BPTI (Nz) of 3.2 I/rai

Note - BPTI (O) of 1.6 I/rai = 18.32, 6.14 and 1.60 mgFe, Zn and B per rai, respectively.
- BPTI (O) of 3.2 I/rai = 36.64, 12.28 and 3.20 mgFe, Zn and B per rai, respectively.
- BPTI (N1) of 1.6 I/rai = 423.12, 1,721.6 and 442.75 mgFe, Zn and B per rai, respectively.
- BPTI (N1) of 3.2 I/rai = 846.24, 3,443.2 and 885.5 mgFe, Zn and B per rai, respectively.
- BPTI (NQ) of 1.6 I/rai = 617.68, 2,489.6 and 778.96 mgFe, Zn and B per rai, respectively.
- BPTI (Nz) of 3.2 I/rai = 1,235.36, 4,979.2 and 1,557.92 mgFe, Zn and B per rai, respectively.

Table 3 Properties of by-product from tanning industry (BPTI) before the experiment.

Results
Properties BPTI () BPTI (N,) BPTI (N))
pH 8.96 8.76 8.61
EC (dS/m) 10.02 9.92 9.98
Organic matter (%) 27.28 27.46 27.60
Total N (%) 5.42 6.73 7.14
Total P (%) n.d. n.d. n.d.
Total K (%) 0.01 n.d. 0.01
Total Ca (%) 1.76 1.79 117
Total Mg (%) 0.01 n.d. n.d.
Total S (%) 0.12 0.10 0.09
Total Na (%) 1.27 0.34 0.34
Total Cl (%) 0.76 0.78 0.75
Total Mn (mg/l) 0.61 1.08 3.63
Total Cu (mg/l) 4.05 n.d. n.d.
Total Fe (mg/l) 11.45 264.45 386.05
Total Zn (mg/l) 3.84 1,076 1,556
Total B (mg/l) 1.00 276.72 486.85

Note - n.d. = not detected
- BPTI (O) = by-product from tanning industry (original)
- BPTI (N1) = BPTI (O) 1,000 ml + ZnSO4 5g+ FeSO4 5g+ Naz[B4O5(OH)4].8H2O 5g
- BPTI (Nz) = BPTI (O) 1,000 ml + ZnSO4 10g+ FeSO4 109+ Naz[B4OS(OH)4].8HZO 109
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Table 4 Plant height of cassava (var. Huay Bong 60) at different ages.

Plant height (cm)

Treatments

3 MAP " 6 MAP 9 MAP 12 MAP
T, = control 52.64°% 106.75% 156.499% 181.14%?
T,=CF_, 85.34¢ 151.69° 215.70" 294.30°
T,=CF_+BPTI(O) 87.23% 155.50% 218.52° 297.64°
T,=CF_+BPTI(O), 89.65% 157.62°% 221.54% 300.78%
T,=CF_ ,#BPTI(N) 92.58> 160.45°¢ 225.56% 308.55™
T, =CF _+BPTI(N) 98.49° 166.45% 232.60%° 316.45%
T =CF _+BPTI(N) 96.26% 164.67%° 228.49" 312.49%
T =CF_+BPTI(N) 100.49° 168.49° 234.64° 318.66°

F_test *% *% *% *%
C.V. (%) 14.36 13.27 14.14 12.78

¥ Months after planting

 means within the same column followed by the same letter indicate no statistical difference by using DMRT.

** indicated significant difference at P< 0.01.
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Table 5 Leaf greenness (SPAD unit) of cassava (var. Huay Bong 60) at different ages.

SPAD unit
Treatments

3MAP " 6 MAP 9 MAP 12 MAP
T, = control 38.71°% 36.75°% 34.76°% 32.81°7
T,=CF_, 42.36° 46.25° 44.69° 42.74°
T,=CF_ +BPTI(O) _ 42.41° 46.57% 45.46%° 43.23%
T,=CF_+BPTI(O),, 42 477 46.76% 45.65% 43.31%°
T,=CF__+BPTI(N) _ 43.65° 48.63% 47.37% 45.35%
T =CF _+BPTI(N) 44.53° 49.33° 47.41%° 45.41%°
T =CF_+BPTI(N) _ 44.45° 49.27° 47.41%° 45.39%°
T,=CF_ #BPTI(N) 44.58° 49.45° 47.62° 45.47°

F_test * *% *% * %
C.V. (%) 12.38 11.35 12.18 12.32

1/ Months after planting

2/ means within the same column followed by the same letter indicate no statistical difference by using DMRT.

* indicated significant difference at P< 0.05.

2. HANAALATAIALTZNAUNANAMUDINY
A1lenag

2.1 HANARTAALATINTNIRAY AR

nsldfeaiaiinuAndiaseihuating
wen nsldilainininaAdnseiausaniunig
annuilariiamasainuanasslignannss
Nanumagnsmne muﬁw‘hj”umuau (control: T))
fnalfuananiaanuazinminieds e
ﬂuzﬁ’mwé{qﬁmq 12 theunasLlgn wansinari
atiailfudAnyBanneada (Table 6) nanaAe

o o dld |+ = A I
Vlﬂﬁl']?ﬂﬂﬁ@@\?%ﬂﬂ’]ﬁ‘elﬂﬂﬁlLﬂNmﬁNﬁ’W’)Lﬁiqﬁﬁﬂ

a 1 a 1+ = 1 a a
AUBEIILAEA mﬂ@qmﬂummmqmmwmu

faufun1sRanuilasiiaiasannuanant ls

@mmuﬂﬁm@ﬂmmmmﬂ Hualdnananign
LAz eResees g enasIndiAe i
Tutag 11.76-12.56 Fw/l3 uaz 0.41-0.51 Alansu
LALANFN IR UN19aR AL el BT uiU RS

]
=3

AILIAN (control : T) Feilualiinananinanuay

** indicated significant difference at P< 0.01.

5ﬁuﬁﬂLfafﬁlﬂrﬁiﬂﬁqmmﬁuzﬁﬁﬂwﬁqﬁmﬁqm (3.56
s/l uay 0.23 Alaniu muansy)

2.2 AN NUAZAINENAAR

mslailaiaiinuediasziiuetnaumen
nslaflaaianuAndinsziRusaniunisaany
{lemtinmanainuanas ligaainssunanmiy
QRIFN] mm%\iﬁﬁumu@u (control : T ) Hualsf
ANNNS LA AN AR UAN s AT
818 12 IhaunadLlgn uansnsiuatnaiudAny
Saneadin (Table 6) naaie nsldilaiaiianw
AR HRNTINALN9RANUT]amtinmafaIn
mawmﬂ“lm”'qmmummﬂanuﬁmmﬂuﬂ (2) BRI
3.2 @ana/ls (CF__+BPTI (N) , T) Huali

DOA 2°3.2 l/rai 8

mmﬂ%aﬁqmmmmﬂuzﬁ’ﬁﬂwﬁqmnﬁqm (5.85
Lusung) Tluansiunsatifdiunisldijoni
FANANRLAITIAUTINAUN1TRAN T B HAA0
anuanaasligpatunssunenmiiagaslus (1)

#m31 3.2 ama/ls (CF. +BPTI(N)  , T) n1s
DOA 173.2 l/rai 6



132

NENANFASINHATLATNNIFAANST 7 (3) : 125-136 (2567)

ldflaaRnnAdas zihusaniun1saanule
At Inuanaes lAgRaIMNITNNanuils
gnslual (2) dms1 1.6 ama/ls (CF__ +BPTI
(Nz)w.s Iirai’ n
a 1 o 1 + a v
Auganiunmsaanuijeatininananuanaatls

T) waznnslaflaiaianuAidasiedl

gravnssunanimnisgaslud (1) 8men 1.6 ana/lg

(CF_ +BPTI (N) LT YULNNNAISUNARD
DOA 171.6 lrai 5 a

n:iz:l !+ = A a 1 =
Vl?dﬂﬁii@ﬂqilLﬂNﬁl’]NﬂWLﬂﬁ"]Zﬂﬁu@ﬂ’NLﬁﬂfJ

nsldflaaianuAdipssiRusaniunisaany
{lerfinmatanuanaas lagnaiinsaunanils
gnasinge HualiaanenaingnesiudnUznas
IndAeaiulugag 26.81-27.56 [@URLNAT 491
FAFUAILAN (control : T) Fualipauninauay

mmfJmﬁqmmmﬂuz{qﬂmzﬁﬁ@ﬂﬁqm (3.56 LAY
15.54 IURLNAT ANNAIAL)

Table 6 Fresh root yield, average weight/root, root width and root length of cassava (var. Huay Bong 60) at 12 MAP

Treatments Fresh root yield  Average weight/root Root width Root length
(ton/rai) (kg) (cm) (cm)
T, = control 3.72°? 0.23°% 3.56%% 15.54%%
T,=CF ., 11.76° 0.41° 4.51° 21.31°
T =CF__ +BPTI (O) 12.31° 0.43% 4.62° 21.48°
3 DOA 1.6 I/rai
T =CF__ +BPTI(0) 12.38° 0.45> 4.78° 21.57%
4 DOA 3.2 l/rai
T =CF_+BPTI(N) 12.42° 0.47°° 5.36° 23.69%
5 DOA 171.6 I/rai
T =CF_ +BPTI(N) 12.51° 0.50° 5.63% 24.39°
6 DOA 1°3.2 l/rai
T =CF_+BPTI(N) 12.47° 0.49%° 5.45° 23.71%
7 DOA 2" 1.6 |/rai
T =CF_ +BPTI(N) 12.56° 0.51° 5.85° 24.60°
8 DOA 2" 3.2 |/rai
F_test *% *% *% * %k
C.V. (%) 14.45 10.65 12.42 10.54

" Months after planting

“means within the same column followed by the same letter indicate no statistical difference by using DMRT.

** indicated significant difference at P< 0.01.
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DOA - 1.69}I/ra\ 2 . | B
(control : T)) Anaiefidusuledauinanuas
nandnuladefunaesiudrlenasdonngn

(22.83 wafidus uaz 0.85 /13 mNasL)

T) AULAANFUAILAN

Table 7 Starch contents and starch yield of cassava (var. Huay Bong 60) at 12 MAP ",

Treatments Starch contents (%) Starch yield (ton/rai)
T, = control 22.83°7 0.85°%
T =CF 26.81° 3.15°
2 DOA
T =CF__+BPTI (O) 26.89° 3.31°
3 DOA 1.6 I/rai
T =CF__ +BPTI (O) 27.18° 3.36%
4 DOA 3.2 l/rai
T =CF__+BPTI(N) ) 27.32° 3.39%
5 DOA 171.6 I/rai
T =CF__+BPTI(N) 27.53° 3.44°
6 DOA 173.2 l/rai
T =CF__+BPTI(N) ) 27.51° 3.43%®
7 DOA 2" 1.6 /rai
T =CF_ +BPTI(N) 27.56° 3.46°
8 DOA 2" 3.2 |/rai
F-test * *x
CV. (%) 9.51 11.19

""Months after planting

? means within the same column followed by the same letter indicate no statistical difference by using DMRT.

* indicated significant difference at P< 0.05.

2.4 mmLﬁ’mﬁ’ummm@mmiﬁmmﬂu
NANARYIAA
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athailfud Ay Banneada (Table 8) nanaAe
nﬂ&?ﬁummmﬁﬁmﬂdﬂﬂmﬁmmﬁ’ﬁmmw’au
atrufen nsldilaiainuednIziRuNiy

** indicated significant difference at P< 0.01.
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Table 8 Concentrations of total N, P and K in fresh root of cassava (var. Huay Bong 60) at 12 MAP "

Treatments Total N (%) Total P (%) Total K (%)

T, = control 0.143%% 0.092°% 0.873°%

T =CF 0.224¢ 0.125° 1.363°
2 DOA

T =CF__ +BPTI (O) 0.227% 0.128™ 1.368%
3 DOA 1.6 I/rai

T =CF_ +BPTI(0) 0.233" 0.133%° 1.373%°
4 DOA 3.2 l/rai

T =CF_+BPTI(N) 0.236™ 0.135%° 1.378%
5 DOA 171.6 I/rai

T =CF_+BPTI(N) 0.241%° 0.141° 1.384%°
6 DOA 1°3.2 I/rai

T =CF_ +BPTI(N) 0.238% 0.138™ 1.381%°
7 DOA 2°1.6/rai

T =CF_+BPTI(N) 0.242° 0.142° 1.386°
8 DOA 2°3.2 |/rai

F_test *k *% *%
C.V. (%) 10.28 11.47 12.08

" Months after planting

* means within the same column followed by the same letter indicate no statistical difference by using DMRT.

** indicated significant difference at P< 0.01.
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