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Growing Substrate Properties on Cannabis Water Requirement under Greenhouse Condition
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Abstract: The purpose of this study was to study suitable physical properties of growing substrate on
actual cannabis evapotranspiration and reference crop evapotranspiration for calculating cannabis
water use coefficient. The results revealed that the growing substrate blending between peat moss:
perlite: vermiculite (50: 25: 25) percentage by weight gave suitable of water drainage amount for
cannabis growth. Additionally, the cannabis water coefficient different initial (5-6 weeks), vegetative (7-16
weeks) and reproductive stages (17-21 weeks) were adjusted 3.34, 6.08 and 10.6 respectively. It was
corresponding with the cannabis growing such as plant height, canopy width and stem width
increasing at initial stage were 40.6, 25.3 and 3.2 cm, respectively, following with the vegetative
stage were 135.8, 96.1 and 12.6 cm, respectively, as well as the reproductive stage were 187.4,
126.4 and 18.4 cm respectively. Based on the results of water balance equation of actual cannabis
evapotranspiration and reference crop evapotranspiration by using Penman-Monteith equation were
2,323.4 and 337.5 mm respectively.

Keywords: cannabis water requirement, growing substrate, greenhouse
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Figure 1 Schematic diagram of the current understanding of cannabis water stress response including conflict response

or those the lack evident are indicated by a question mark.

Caution: Gill et al. (2023)
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4 (Figures 2 to 4) (ANTNNH, 2546)

Figure 2 Growing substrate were compacted with cores by gravimetric method after that saturated with water for 1 hour.
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Figure 3 Measurement the amount of drained water and the weight of drained growing substrate to calculate for the

field capacity (FC).

w

Figure 4 Calculation for permanent wilting point (PWP)

by compressing the growing substrate in the 15 atmospheres

condition until finishing of the draining. Then, the samples were dried up at 60°C for 3 days.
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Figure 5 Measurement the growing substrate moisture change, amount of drained water and watering amount were

monitored every day. Plant characteristics as height, canopy width and stem diameter were measured every week until

plants were harvested.
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Table 1 Physical properties of growing substrate for cannabis cultivation in this study.

Growing substrate ratio % FC" % PWP” % WHC” BD" % Water Drainage
(Peatmoss: Perlite: Vermiculite)  (by weight) (by weight) (by weight) (gem?®) (by weight)
(100:0:0) 84.2+0.3% 62.8+0.6 21.4 +0.5a 0.15 + 0.002 15.8+0.3
(50:25:25) 83.1+0.5 65.3+0.8 17.8+£0.7b 0.16 £ 0.004 16.9+0.5
(60 :20:20) 84.0+0.4 62.4+0.7 21.6 +0.3a 0.14 £ 0.002 16.0+ 04
(70:15:15) 83.9+0.5 64.0x1.7 19.9+ 1.4ab 0.15 + 0.002 16.1 £ 0.5
F-test (df error=16) 1.31 1.34 4.23* 2.33 1.35
% CV 1.10 3.93 9.33 4.27 5.70

"FC = Field capacity. ” PWP = Permanent wilting point. ¥ WHC = Water holding capacity (FC-PWP). “BD = Bulk density.
= Means + S.E (n = 5) were compared by LSD method and * significant at 95 %

N19ATENIRINTAN9Y (ETo)
) , = o e, A A
nudnledag 5 D9 8 dUad (AU 2)
nendsdundnty1eie 1 hew An1sanaul
9N TEN989eg It 17.3 D9 21.1 Ha@wmg
Aadia nevaalaniaasoydulnuessioya
AQI d?j | X2 o I3 A édl a
Winaulutes 9 D9 12 dlanif (1heun 3) dnng
ANEUNTBINTE19B0g TuTae 22.2 D19 23.4
danwnssadilanid ausaaniaesnyAUlnTes
v A2 X = e A
Ay anauluga 13 19 16 4Uaf (haun 4)

v
°

HnngAetngesn98eg lugae 15.2 D9 21.0

b

a a

Haaunsdadln sauienisasyauinuag
o dl 1 =3 o '3 A =

Ay lugas 17 D9 20 a1 (5 1haw) insane
UresiTansdenelutdos 18.3 D9 21.2 HaAwWAT
Aadilanil uaznisiasnyAulnaasinyanludos
sverBuaanAandUn1vii 21 (NEURY 5 LABL)
AN172AN8UN2RINTENNBIATY 16.0 NARLNAT
fadilaif ilegannanuauda lusreauaalutanan
e oA A e ) 4 -
FananalANRALINAL 2.3 Flue e Fauiiay
Tutaainan 17 99 20 dUanf (5 1Aew) ARGaTNa
wasagludag 2.6 19 3.0 Falue AINAAL Upton
et al. (2013) wudngomnRlulsaFounmNzaN

zﬁmi*uﬁaﬂ’]mmﬁuﬁ:ﬁﬂ@uﬂiumm%@ummﬂﬂuﬁw
25 T4 30 DIANEALTRA UATAMTLANENWET oYY
flgnluaneuguansiigoumnd 25 epniaaides
u@ﬂmﬂﬁ Chandra et al. (2013) mm%uzﬁ’uﬁmﬁ
ﬁLuu’lmu (Relative humidity; RH) saaanng
wsgLiulnaasdyaiaasegludag 55 83 70
wesidus annAuwuziisanans nudluneu
FUANANTIAA 17 D9 20 dUAH (5 Lhew)
an1naniAnfe lulseiFeunnnzang niunig
m’i‘ty@uimmﬁcymmnﬁ@m
Lﬁ@mﬁmuﬁuﬁuﬁ’mimaﬁwmﬁm
814984 (ETo) FiAnTuruadasiuaudalus
AT U Anandusiug 50 wefifus dana
yinlgnungiilulssBeulgniaisduilea
Fuviu 35 1lafdusl uasyn AL udumET AN
andunusanas 18 Wasidus Usznaunuluanw
Taal3euiidasnialunisssungnnudon fa
Taaiausniflugdasfindainantosszinegnaudan
melulsaBon mmvasiunnuiiangssasianis
AN 09RTE NIRRT A auduiuS R NI Y 23
weiuRnInansuAdwanalis (Table 2)



Agricultural Science and Management J. 8 (2) : 5-18 (2025)

11

Table 2 Weather data in greenhouse after cannabis were planted.

Avg. Avg. Avg. Avg. Avg. Avg. Sum.
Week Max.Temp  Min.Temp RH Wind Sun light ETo ETo
(°c) (°c) (%) (m.s™) (hours) (mm.day’)  (mm.week")
5 (13-19 Sep. 2022) o 27.9 59.0 0.07 2.7 3.0 211
6 26.1 23.0 66.6 0.01 1.3 2.5 17.3
7 35.0 27.0 67.0 0.01 2.2 2.7 18.8
8 37.7 26.2 67.7 0.03 3.3 3.0 21.1
9 39.6 251 59.6 0.03 4.5 3.2 22.6
10 40.7 24.7 56.0 0.00 5.6 34 234
11 40.3 25.2 54.1 0.00 5.6 3.2 225
12 40.9 22.3 49.4 0.00 6.4 3.2 22.2
13 40.9 24.7 52.3 0.00 5.3 3.0 21.1
14 39.6 251 68.3 0.00 34 2.7 18.6
15 38.0 255 66.4 0.00 1.8 2.2 15.2
16 33.8 255 66.6 0.01 4.9 2.7 19.0
17 324 24.6 65.1 0.00 6.6 2.9 20.5
18 29.0 20.9 59.6 0.00 9.2 3.0 21.2
19 30.0 20.9 57.4 0.00 6.9 2.7 18.6
20 36.6 20.4 52.3 0.00 5.7 2.6 18.3
21 (3-9 Jan 2023) 38.0 235 44.9 0.00 3.6 2.3 16.0
Pearson’s correlation 35 % 12 % -18 % 23 % 50 % with summation ETo

(n=17)
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Table 3 Water balance of cannabis.

anAAReiatouszmagnna agflutog 140
04 370 HadwmssangnIaLlgn uazAAIEARS
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Weok AGMMQ1 DP ) [ ) ETc )
(mm.week™) (mm.week™) (mm.week™) (mm.week™)

5 (13-19 Sep. 2022) 21.8+1.8 25+04 49.3 68.6+1.9
6 20.1+1.9 46+28 49.3 64.8+1.0

7 31.4+3.9 6.0+22 49.3 747 +£4.7

8 -356.2+£3.3 6.0+ 1.3 98.6 57.4 + 3.1

9 -40.2+4.3 26+05 98.6 55.8+4.2

10 -10.0£ 1.7 3.5+0.3 98.6 85.1+1.7

" -5.1+0.7 13.9+1.2 112.7 93.7+1.8

12 42+1.0 325+28 197.2 168.9+3.0
13 -43.3 £14.3 15.0+£25 197.2 138.9+14.0

14 20.6+2.0 36.1+5.8 197.2 181.7+5.3

15 13.0+2.0 11.5+29 197.2 198.7+ 2.1

16 -13.5+1.7 50+1.3 197.2 178.7+2.1

17 14217 128+1.4 197.2 183.0+ 2.6

18 11.9+32 127 +2.3 197.2 196.4 +2.9

19 -0.8+1.6 54+15 197.2 191.0+£1.9

20 328+29 155+25 197.2 2145+ 34

21 (3-9 Jan 2023) 27.3+3.7 53.0+8.0 197.2 1715+ 8.5

Summation 33.6 238.6 2,628.4 2,323.4
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Figure 6 Actual crop evapotranspiration (ETc) of cannabis grown under well watering for 21 weeks.
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Table 4 Crop water coefficient (Kc) of cannabis were measured and adjusted.

Week ETc . ETo ) Kc-measured Kc-adjusted
(mm.week™) (mm.week™) (week) (week)
5(13-19 Sep. 2022) 68.6 21.1 3.25 3.55
6 64.8 17.3 3.75 3.12
7 4.7 18.8 3.97 2.99
8 57.4 211 2.72 3.22
9 55.8 22.6 2.47 3.72
10 85.1 23.4 3.64 4.44
11 93.7 225 4.16 5.31
12 168.9 22.2 7.61 6.29
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Table 4 (continued).

ETc ETo Kc-measured Kc-adjusted
Week 4 R
(mm.week™) (mm.week™) (week) (week)
13 138.9 21.0 6.61 7.30
14 181.7 18.6 9.77 8.29
15 198.7 15.2 13.07 9.21
16 178.7 19.0 9.41 9.99
17 183.0 20.5 8.93 10.59
18 196.4 21.2 9.26 10.94
19 191.0 18.6 10.27 10.98
20 214.5 18.3 11.72 10.65
1(3-9 Jan 2023) 171.5 16.0 10.72 9.91
Pearson’s correlation
(n=17) with ETc 43 % 96 % 95 %
20
18 —a—lc measured ... K¢ adjusted

16
14
12 r=09142

10

Cannabis water coefiicient (Kc)
(mm.mm " .week ")
o N B

5 6 7 8 9 10
Weeks (13 Sep 2022 to 9 Jan 2023)

Kc adjusted = -0.0096x" + 0.2503x" - 1.1606x + 4.4671

13 14 15 16 17 18 19 20 21

Figure 7 Crop water coefficient (Kc) of cannabis grown under greenhouse condition for 21 weeks.
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Figure 8 Vegetative growth of cannabis grown under greenhouse condition for 21 weeks.
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Figure 9 Fresh and dry weight of cannabis at 21 weeks after cultivation.
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Effect of Salt Pan Sediments on Growth and Yield of Baby Carrot
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Abstract: The objective of this research was to study the influence of salt pan sediments on growth
and yield of baby carrot. The experiment was conducted in completely randomized design (CRD) with
4 treatments (4 replications, each experimental unit consisted of 10 plants). The plants were grown
in 10-inch pots. Thinning of seedlings was performed at 20 days after seeding, after which the 1%
chemical fertilizer (formula 15-15-15) at 1 g/pot was applied. After 20 days, the 2™ fertilizer was
applied according to the treatments as the followings: 1) control (1 g/pot of chemical fertilizer formula
13-13-21), 2) salt pan sediments 39 g/pot, 3) salt pan sediments 46 g/pot and 4) salt pan sediments
54 g/pot. The results showed that the baby carrot that received the chemical fertilizer formula 13-13-21
had the highest in growth and yield, whereas the plants receiving 39 g/pot of salt pan sediments had

the highest in total soluble solid content.

Keywords: salt pan sediments, growth, yield, baby carrot
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Table 1 Shoot height, canopy bushes and leaf number of baby carrot at 60 days after receiving chemical fertilizer (13-

13-21) or salt pan sediments at difference amount.

Treatment shoot height (cm) canopy bushes (cm) leaf number (leaf)
Control (13-13-21) 13.87° 27.71° 6.17
Salt pan sediments 39 g/pot 8.22° 18.00° 4.40
Salt pan sediments 46 g/pot 8.43" 18.82" 4.65
Salt pan sediments 54 g/pot 8.62° 18.32° 4.55
F-test ** * ns
CV (%) 82.88 81.18 83.27

*** = significantly different at P < 0.05 and P< 0.01 ns = non significantly different.
Means within the same column followed by the different letters are significantly different according to DMRT
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Table 2 Root length and root width of baby carrot at 60 days after receiving chemical fertilizer (13-13-21) or salt pan

sediments at difference amount.

Treatment Root length (cm) Root width (mm)
Control (13-13-21) 10.87° 12.33°
Salt pan sediments 39 g/pot 6.82° 7.74°
Salt pan sediments 46 g/pot 7.58° 8.64%
Salt pan sediments 54 g/pot 7.36° 8.80%°
F-test * *
CV (%) 85.97 84.87

* = significantly different at P < 0.05

Means within the same column followed by the different letters are significantly different according to DMRT

Table 3 Root fresh weight and total soluble solid of baby carrot at 60 days after receiving chemical fertilizer (13-13-21)

or salt pan sediments at difference amount.

Treatment

Root fresh weight (g)

Total soluble solid (°Brix)

Control (13-13-21)

Salt pan sediments 39 g/pot
Salt pan sediments 46 g/pot
Salt pan sediments 54 g/pot

11.92° 12.42°
6.05 14.25°
6.97° 11.20
6.47° 10.90°
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Table 3 (continued).

Treatment Root fresh weight (g) Total soluble solid (°Brix)
F-test >
CV (%) 58.70 6.85

* ** = significantly different at P < 0.05 and P< 0.01

Means within the same column followed by the different letters are significantly different according to DMRT

Table 4 Detail of treatments and salt pan sediments.

Treatment N (g/pot) P (g/pot) K (g/pot)
Control (13-13-21) 0.13 0.13 0.21
Salt pan sediments 39 g/pot 0.08 3.1 8.80
Salt pan sediments 46 g/pot 0.09 3.67 10.39
Salt pan sediments 54 g/pot 0.11 4.31 12.19
N (mg/kg) P (mg/kg) K (mg/kg)
Salt pan sediments” 2.1 79.84 225.88

"Analysis data by Central Laboratory and Greenhouse Complex of Kasetsart University ,Kamphaeng Saen Campus (2018)
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In vitro Multiplication Technique of Petrocosmea pubescens, an Endemic Species in Thailand
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Abstract: Petrocosmea pubescens found only at Doi Tung, Chiang Rai province is an endemic species
of Thailand. According to the International Union for Conservation of Nature (IUCN), it has been
classified as vulnerable species. This research aimed to determine sterilization method and plant
material which were suitable for micropropagation and conservation of this species. The result
showed that the most effective sterilization method was dipping the mature pod of P. pubescens in
95% ethanol followed by quick moving the pod over flame before culturing seeds on medium. This
sterilization method resulted in 50% sterilized seeds that successfully developed into plantlets. Various
types and concentrations of plant growth regulators were also examined. The results indicated that after
3 months of culture, the highest shoot number (16 shoots per explant) was obtained from MS medium

supplemented with 0.5 mg/L IBA.

Keywords: gesneriaceae, micropropagation, limestone plant
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Figure 1 Petrocosmea pubescens in natural habitat (a) leaves and stems (b) flowers (c) and pods (d).
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Table 1 Effect sterilization methods on the rate of contamination of various explants of Petrocosmea pubescens.

Parts of plant Methods Sterilization methods Contamination rate (%)
leaf Clorox 10% Clorox, 15 min 100
leaf HgCl, 0.2% HgCI2, 3 min 100
0.2% HgCI2, 5 min 100
0.4% HgCI2, 3 min 100
0.4% HgCI2, 5 min 100
young pod over flame  95% EtOH + quick moving over the flame 100
mature pod over flame  95% EtOH + quick moving over the flame 50

Figure 2 0.8x images of ventral leaf pubescence (a) dorsal leaf pubescence (b) plantlets after cultured on MS medium

for 3 months (c).
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Table 2 Effect of IBA and BA combination on multiple shoot induction from leaf of Petrocosmea pubescens cultured on

MS medium for 3 months.

Medium Number of shoots Ranks

MS 71 9
MS + 0.1 mg/l BA s 2
MS + 0.5 mg/l BA 9.8 5
MS + 1.0 mg/l BA 7.4 7
MS + 1.5 mg/l BA 6.5 11
MS + 0.5 mg/I IBA 16.0 1
MS + 0.5 mg/l IBA + 0.1 mg/l BA 9.6 6
MS + 0.5 mg/l IBA + 0.5 mg/l BA 14.6 3
MS + 0.5 mg/l IBA + 1.0 mg/l BA 10.9 4
MS + 0.5 mg/I IBA + 1.5 mg/l BA 6.0 12
MS + 1.0 mg/I IBA 6.6 10
MS + 1.0 mg/l IBA + 0.1 mg/l BA 5.6 13
MS + 1.0 mg/l IBA + 0.5 mg/l BA 5.6 14
MS + 1.0 mg/l IBA + 1.0 mg/l BA 7.3 8
MS + 1.0 mg/l IBA + 1.5 mg/l BA 3.9 15
mean 8.8

F-test (T) ns

CV (%) 26.23

CV : coefficient of variation

ns = non significant
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BA (mg/L)

Figure 3 Petrocosmea pubescens plantlets after culturing on MS medium supplemented with BA and IBA for 3 months.
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WAAMSAENLUAZAYSIHNUENSTNIUANA (Maranta arundinacea L.) lugmwilaanida
In Vitro Propagation and Conservation Technique of Arrowroot (Maranta arundinacea L.)
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Abstract: Starch produced from arrowroot rhizomes is a low glycemic index starch which is possible
to promote as a healthy food. Micropropagation and in vitro conservation by tissue culture techniques
was investigated in this research. The result showed that the appropriate sterilization method for
rhizome buds was the sterilization with 70% ethanol for 10 secs and 20% Clorox for 15 mins followed
by 25% Clorox for 5 mins. The survival rate of this sterilization method was 16.7%. For shoot induction,
the regenerated shoots from rhizome buds (~2 cm) were cultured on MS medium supplemented with
0, 0.5 and 1.0 mg/L NAA and 0, 3.0, 6.0 mg/L BA. The results showed that 6.0 mg/L BA alone could
induce the average number of shoots of 5.5. The average root number of 4.6 and root length of 4.49 cm
were observed on MS medium without NAA and BA. In vitro slow growth was attempted by culturing
shoots on MS, 72 MS, and ¥4 MS medium supplemented with 30, 45 and 60 g/L sucrose. It was revealed
that the in vitro shoots cultured on %2 MS medium supplemented with 60 g/L sucrose for 5 months had

survival rate and growth at 96.7%.

Keywords: marantaceae, tissue Culture technology, micropropagation, slow growth
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Figure 1 Arrowroot rhizome explant preparation by choosing rhizome with growing buds (A) a bud explant cultured on

MS medium (B) Non-contaminated shoot after being cultured for 1 month (C).
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Table 1 Effect of rhizome bud sterilization methods on the rate of survival.

Sterilization method

Survival rate from contamination (%)

20% Clorox, 15 min + 25% Clorox, 3 min
20% Clorox, 15 min + 25% Clorox, 5 min
20% Clorox, 20 min + 25% Clorox, 3 min
20% Clorox, 20 min + 25% Clorox, 5 min

0

16.7

5.26
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‘ﬂ’]ﬂﬂW?LWWZLgﬂQﬂﬂﬁé@u@Wﬂﬂﬁ‘mﬂm
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Table 2 Effect of NAA and BA combination on shoot and root multiplication from arrowroot plantlets cultured on MS

medium for 3 months.

Tissue Culture Medium Number of Shoot length Number of Root length
shoots (cm) roots (cm)
MS 1.0a 9.00b 4.6 4.49c
MS + 0.5 mg/L NAA 11a 517 a 2.3 4.15¢
MS + 1.0 mg/L NAA n/a n/a n/a n/a
MS + 3.0 mg/L BA 23Db 4.27 a 2.4 3.34b
MS + 3.0 mg/L BA + 0.5 mg/L NAA 1.0a 4.83 a 2.9 4.06 c
MS + 3.0 mg/L BA + 1.0 mg/L NAA 1.0a 3.33a 2.3 127 a
MS + 6.0 mg/L BA 55c 443 a 3.3 3.33b
MS + 6.0 mg/L BA + 0.5 mg/L NAA 1.5b 2.67 a 2.6 1.27 a
MS + 6.0 mg/L BA + 1.0 mg/L NAA 1.6b 3.48a 2.3 1.30a
mean 1.63 4.44 2.52 2.65
F-test . * ns >
CV (%) 23.56 28.9 17.44 28.1

Means within columns and rows followed by the same letters are not significantly different at 5% level probability using
DMRT n/a = not applicable (Browning and ungrowing of explant) CV = coefficient of variation

ns = not significant ** = significant at 1% level

Transformation efficiency: Number of shoots and roots are log (X+1) transformed value

MNAA BA (mglL)

[mgiL) o 3.0 6.0

05

Figure 2 The growth of arrowroot shoots after culturing rhizome buds on MS medium supplemented with various con-
centrations of BA and NAA for 3 months.
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Table 2 Effect of MS medium and sucrose concentration on shoot and regeneration rate from arrowroot plantlets cultured

for 5 months.

Sucrose Number of shoots Shoot length (cm) Regeneration rate (%)
(o1t) MS mean MS mean MS
MS %MS YMS MS “MS  YMS MS  %MS YiMS
30 1.00 1.88 1.00 1.30ab 3.00az 6.83ax 550ay 511 n/a 93.3 66.7
45 1.00 1.29 1.00 1.10b 3.00ay 567bx 350by 4.06 13.3 63.3 46.7
60 1.62 2.30 1.00 1.64a 333ay 233cz 500ax 356 16.7 96.7 63.3
mean 121y 1.83x 1.00y 3.1 4.95 4.67 4.24
F-test (MS) * -
F-test (SU) o *
F-test (MSxSU) ns *
CV (%) 20.30 13.2

Means within columns and rows followed by the same letters are not significantly different at 5% level probability using DMRT

n/a = not applicable (Browning and ungrowing of explant)
ns = not significant

* = significant at 5% level

CV = coefficient of variation
** = significant at 1% level

- The a, b, c combinations compare differences in concentrations of sucrose (SU)
- The x, y, z combinations compare the difference in concentration of MS medium (MS)
Transformation efficiency: Number of shoots is log (X+1) transformed value
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Figure 3 The growth of arrowroot shoots after culturing on different strength of MS medium supplemented with various

concentrations of sucrose for 3 months.
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Abstract: Heat-resistant molds (HRMs) are a group of molds capable of producing ascospores that
can withstand heat treatments at temperatures as high as 75°C for at least 30 min. The presence of
HRM ascospores presents a significant challenge in the pasteurization of fruit juices. Moreover,
some strains of HRMs can produce mycotoxins, which are harmful to consumers. This study aimed to
characterize HRMs isolated from pineapple field soils in Chonburi and Kamphaeng Phet provinc-
es, Thailand. The results revealed that HRMs were present in all soil samples. Subsequently, 60
representative isolates were randomly chosen to evaluate their ascospores-producing ability, which
included 5 genera namely Aspergillus (with a neosartorya morph), Talaromyces, Penicillium (with
an eupenicillium morph), Hamigera and Paecilomyces (with a byssochlamys morph). Among these
isolates, 28 isolates demonstrated the capacity to produce heat-resistant ascospores. Furthermore,
this study observed patulin-producing capabilities in Paec. niveus and P. setosum strains, they
produced patulin toxin in pineapple juice at higher concentrations, approximately 110 mg/mL. These
findings emphasize the significance of the presence of these HRMs in pineapple field soils, as they can
produce heat-resistant ascospores, and some strains are capable of producing patulin, which can

lead to spoilage in pineapple and other fruit juices.

Keywords: heat-resistant molds, ascospores, patulin, pineapple juice, food safety
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Table 1 Total count of fungi and incidence of fungal genera isolated from pineapple field soils using the heat treatment
method at 75°C for 30 min.

Location Province Total fungal count* Incidence (%)
(Log CFU/g soil + SD) ®

® 8 3

= o 3 S S

) S S = g

3 2 3 S 2

5 S S 5 s

< T Q Q [
Pineapple field 1 Chonburi 1.33+0.09 67.44 0 20.93 11.63
Pineapple field 2 Chonburi 2.04+0.56" 75.00 4.09 0 0 20.91
Pineapple field 3 Chonburi 1.47 +0.03 ¢ 54.24 10.17 0 32.20 3.39
Pineapple field 4 Chonburi 1.45+022° 78.57 0 0 0 21.43
Pineapple field 5 Chonburi 1.80+0.08" 98.59 0 0.31 0.16 0.94
Pineapple field 6 Kamphaeng Phet 2.09+0.21° 99.19 0 0 0.65 0.16
Pineapple field 7 Kamphaeng Phet 1.22+0.34° 85.54 14.46 0 0 0
Pineapple field 8 =~ Kamphaeng Phet 1.01+0.26° 76.47 7.84 0 15.69 0
Pineapple field 9 ~ Kamphaeng Phet 0.51+0.04° 50.00 18.75 0 0 31.25
Overall - - 76.12 6.15 0.03 8.70 9.97

* Average * standard deviation (SD) from two replicates
** Different superscript lowercase letters indicate a statistical difference within column according to Tukey’s HSD test

(p <0.05).
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Table 2 Thermal resistance of ascospores produced from different fungal species after heat treatment at 75°C for 30

min in a glucose buffered solution (12.5°Brix, pH 3.6).

Fungal species

No. of isolates not survived after heat
treatment at 75°C for 30 min

No. of isolates survived after heat
treatment at 75°C for 30 min

5min i 30min 5min < 30min

A. denticulatus 4 0 0
A. fennelliae 6 1 3
A. laciniosus 2 0 3
A. siamensis 0 4 3
A. spathulatus 0 1 0
A. spinosus 3 3 3
H. pallida 5 1 1
P. javanicum 5 0 0
P. setosum 5 0 0
Paec. niveus 0 1 2
T. macrosporus 0 2 0
T. brevis 2 0 0
Overall 32 (53.33%) 13 (21.67%) 15 (25%)

1.01

0.5 —

s 00 —+
H .
z 4
8 0 —
-1.51 s
20/
N =N N =N

3 min 30 min

Figure 1 Log (N

30 min in

(12.5°Brix, pH 3.6) after heat treatment at 75°C for 30 min.

3 min 30 min

/Nsm ) of ascospores produced by heat resistant isolates suspended in a glucose buffered solution
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P. setosum

Paec. niveus !

75

w
o

Patulin production (mg/ml)

n
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o

|solate

P. javanicum W PDB

B Pineapple juice

NDND  NDND  MNDMND NOND NOND

Figure 2 Patulin production in potato dextrose broth (PDB) and pineapple juice by Paec. niveus, P. setosum and
P. javanicum strains isolated from pineapple filed soils. Error bars are standard deviations (SD) with n=2. Capital letters
indicate a significant difference (p< 0.05) between patulin production in PDB using Tukey’s HSD test. Small letters indicate
a significant difference (p<0.05) between patulin production in pineapple juice using Tukey’s HSD test. (ND = not detected)
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Abstract: Saline soil hampers plant growth and reduces productivity. Planting salt-tolerant crops is
a solution. Therefore, this research aimed to evaluate and select 11 holy basil accessions due to
their numerous health benefits as antioxidants. The experiment was conducted under greenhouse
condition, where holy basil plants were grown using a nutrient solution including salt (NaCl) at different
electrical conductivity levels: 2 (control), 4, 6 and 8 dS*m™. The holy basils were harvested at 3 and 6
weeks (HV1 and HV 2) after treatment with a salt nutrient solution. The phytochemical composition is
influenced by both genetic variation (accessions) and salinity levels. For the first harvest, the phenolic
compound increased when holy basils were grown in a saline solution and for the second harvest, the
phenolic compound increased when holy basil was grown in a salinity level of 6 dSem™. There was
not the interaction between cultivars and salinity level of antioxidant content for the first harvest and it
showed that salinity had a minor impact on the antioxidant content in holy basil. The antioxidant levels
of holy basils were consistent after being exposed salt treatment for 6 weeks. Under short-term salinity
treatments at level 4 dS+m”, there was an increase in beta-carotene and at 8 dS+m™, total chlorophy/l
also increased. However, holy basils were treated for 6 weeks, both beta-carotene content and total

chlorophyll decreased.

Keywords: saline soil, phenolic compound, harvesting, antioxidant
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HV 1 :Y = -4.3303x + 0.9565 (R2=
0.9886)

HV 2:Y =-4.7889x + 1.02 (R°= 0.9932)
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ansitinaeetnsaiiemdannisinaausn
WA NN OC-148 Tanstsznaufluedaiill
LAnFaiuaNnnsRRTgadnss uiasldiuinae
7 4, 6 WaY 8 LATTUFARIAT NINITTIATY
A1TAZANEDNUNIINEDT 4 1ATT LU FELNAS
daulungflansdszneuiiuedniteandniszsy
AN 2 IdTuAseRT atelsfany e
A UANAZ AT INAR YA 6 1AL
Aalums nziwsdauluninnsazananslsznay
Huedngelu newmsnfitansdszneuiluedalsl

wansnsfuieldfugnsazanenae 6 uaz 8
wATuTAeas Welfuieiieaesnieia
0C-011, OC-148 uaz OC-151 aqiuladnnzing
FavENgIaIRRLIALeR LA U AR
LANFNSRY TPElaNYaEneEaR ANaENsYAU 8
ARTUAARLIAT INZINT 4 NUNELRIRAZEY
anatlsznaniiuedalisefuannniafnifa s
2 Afs uardl 4 munapaRTinsszaufnwile
WBefenfufAASiuen (Tablet, Figure 1)

Table 1 Total phenolic contents (mg GAE/100 g FW) in 11 holy basil accessions.

Cultivar HV 1 HV 2

2dSem’ 4dSem’ 6dSem’ 8dSem’ 5 4g.,t 4dSem’ 6dSem” 8dSem’
OC -006 3012.6  4007.3  4269.0  3967.1 2270.5 37454 49803 43052
OcC -007 34536 40351 40434 39685 48596 43489 31286 30345
OC -011 2663.1 38455 40119 42884 1647.0  3127.3 44935  4366.2
oc-078 2677.9 17775 32685  2597.5 20251 22293 48530 23315
OC -106 3383.3  4063.7 3889.9 35617 32029 41619  5667.4 41036
OC -114 2555.0  3669.9 40646 34406 22943  2901.8  4607.6  4390.1
OC -148 3588.5 3948.2 45435 41728 2980.1  3636.7 49525  4444.4
OC -151 3568.2  3351.9  4306.9 42477 2230.7  2860.7 47535  4307.8
3ARHB 2140.8 30856 41876  4215.3 29032 37109 48039 38953
3AHB 36237 34924 41497 47626 2939.0 24044 27161 30517
EW-KT 21251 35358 35220 41821 34085 4599.6 55149  5327.8
Mean 2981.1 35284 40225 39453 2796.4 34297 45883  3959.8
P-value . <0.0001 <0.0001
LSD 460.58 350.60
CV (%) 11.18 8.34

Note: P-value <0.01 = Statistical Significant
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Figure 1 Total phenolic contents in 11 holy basil accessions on HV 1 and HV 2 in salinity levels as 2 (A), 4 (B), 6 (C) and

8 (D) dSem-1; (Note: T-test: ** (p <0.01), *

USauansmuayyaaddse Adeas DPPH 2189
nziws lugnm LA

RENCE DU AEEY ROVSU BRI HETIPRE
Fuauyadasy faes DPPH tiesanniduiad

Aazmon 190159 waziluniay Inavnnnsaaszy

UFunuasfnuauyadasy Aeds DPPH 1a9
NZINGY AU 11 MANELAT TAILENTE AL
FN97] Wug1 dFunnianssie A ue Ly agass e
uiasvneiatlunsALAAied 1 flFun
YRIANTFNUBYLABATE FEUTIN 177.64 — 185.38
fadnsunsanandsa 100 nfutminan uaz
TdEnEnafaNAuIENI NN UTUATATHLAN
Fafis=FUANNEN 6 UAY 8 LATTINUMABLUAT
ansfuayyadaszanauiiewFauifiauiy
AUINIAILALAMILAN 2 L TTIUARRIAT daL
AsALAEIASaT 2 TBumesanIsafiy
DUNABATY TTNINY 178.64 — 188.67 NAANTH
nsanandde 100 nfutuiinan wutlfjnsangau
seuINRUGIarAMNITNTUAITaTANINAD B
nslfansazansinaeetiesatiiosauianis
FuAEaaiad 2 wudn e dildsuaaufy
fisvdu 8 1ATTUAABLAT TNalENzINGT 8
vmwLmﬁﬂ?mmmaﬁm@um%mizL‘W'm;ﬁ?u

(0.01<p<0.05) and ns (>0.05).
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Table 2 Antioxidant activity based on DPPH method (mg TE/100 g FW) in 11 holy basil accessions.

Cultivar HV 1 HV 2

5 dgem? 4dSem” 6dSem” 8dSem’ 5dgem? 4dSem” 6dSem’ 8dSem”
0C-006 178.97 179.61 181.40 179.20 188.67 181.25 182.56 185.22
0C-007 184.11 183.13 181.28 184.11 182.71 178.85 186.47 186.53
OC-011 182.78 180.93 181.92 181.28 185.95 183.86 183.81 185.74
0C-078 184.86 183.65 180.88 177.64 179.11 181.41 183.29 186.37
0OC-106 181.40 180.99 182.09 183.30 181.41 182.82 184.07 185.22
0C-114 185.26 182.15 184.92 181.34 184.96 178.64 183.55 182.24
0C-148 183.94 182.03 181.17 184.86 180.05 181.04 182.77 184.65
0OC-151 181.86 184.17 181.68 181.45 180.78 182.66 184.44 185.43
3ARHB 184.34 182.15 182.78 178.34 179.79 182.09 185.64 187.99
3A HB 185.38 184.74 183.19 181.97 182.71 179.79 186.58 187.10
EW KT 184.28 181.11 179.14 179.72 180.99 181.62 181.72 185.64
Mean 183.38° 18224 181.86° 181.20° 182.47 181.28 184.08 185.65
P-value cuivar 0.0626 <0.0001
P-value - 0.0274 <0.0001
P-value _ . 0.5224 <0.0001
LSD_, - 1.67
CV (%) 1.88 0.65

Note: P-value <0.01 = Statistical Significant
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Figure 2 Antioxidant of DPPH in 11 holy basil accessions on HV 1 and HV 2 in salinity levels as 2 (A), 4 (B), 6 (C) and 8
(D) dSem-1; (Note: T-test: ** (p <0.01), * (0.01<p<0.05) and ns (>0.05).
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N7 LLNENY9489A59 (Table 3, Table 5)

Table 3 Total beta-carotene contents (mg/100 g FW) in 11 holy basil accessions.

Cultivar HV 1 HV2
5dgem” 4dSem” 6dSem’ 8dSem’ 54gem”! 4dSem” 6dSem” 8dSem’
OC -006 0.73 1.12 1.01 1.15 0.83 0.65 0.29 0.49
0C -007 1.13 1.84 1.69 1.59 0.66 0.62 0.67 0.27
0C -011 0.86 1.00 0.95 1.21 0.86 0.58 0.85 0.85
0C -078 1.22 1.00 1.71 1.13 0.93 0.69 0.82 0.70
OC -106 1.27 1.49 1.06 1.57 1.49 1.03 0.96 0.73
0OC -114 1.23 1.49 1.04 1.23 0.76 0.60 0.65 0.58
OC -148 1.15 1.90 1.80 1.28 0.73 0.73 0.55 0.73
0C -151 1.02 1.07 1.25 1.21 0.82 0.49 0.61 0.69
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Table 3 (continued).

Cultivar Hv2
54gem? 4dSem” 6dSem’ 8dSem’ 5 4g.y! 4dSem’ 6dSem’ 8dSem’

3ARHB 1.29 1.14 0.97 1.18 0.90 0.50 0.52 0.71
3AHB 0.81 1.32 1.72 1.13 0.88 0.64 0.71 0.44
EW-KT 1.00 1.76 0.93 1.16 0.59 0.89 0.74 0.77
Mean 1.06 1.38 1.28 1.26 0.86 0.67 0.67 0.63
Pvalue <0.0001 <0.0001

LSD 0.39 0.29

CV (%) 22.11 29.70

Note: P-value <0.01 = Statistical Significant
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Table 4 Total chlorophyll contents (mg /100 g FW) in 11 holy basil accessions.

Cultivar HV 1 HV 2
54Sem 4dSem” 6dSem’ 8dSem’ 54Sem 4dSem’ 6dSem” 8dSem’

0C-006 4.67 6.28 5.88 10.23 4.99 4.72 2.67 3.56
0C-007 7.46 9.76 9.77 9.42 5.63 3.94 3.67 2.15
0C-011 6.08 6.17 6.20 9.42 5.49 417 5.86 5.43
0C-078 6.69 5.21 8.99 9.77 5.35 4.87 5.22 3.96
0C-106 6.23 8.35 6.42 10.33 6.11 6.56 6.10 457
0C-114 7.64 8.07 6.35 10.98 5.43 3.47 3.85 2.98
0C-148 6.79 10.20 10.12 10.67 4.49 4.44 3.79 4.78
0C-151 6.36 7.00 7.10 10.24 4.83 411 4.16 4.48
3A RHB 2.45 5.80 7.99 9.77 5.92 4.35 5.47 3.08
3AHB 5.68 5.14 5.08 9.34 5.50 3.71 2.72 4.31
EW KT 6.44 9.01 4.62 9.13 3.67 5.49 4.48 4.79
Mean 6.04 7.36 7.23 9.94 5.22 4.53 4.30 4.01
P-value Culivar xSl 0.0017 0.0133

LSD 2.58 1.71

CV (%) 24.14 27.02

Note: P-value <0.01 = Statistical Significant

Table 5 T-test of beta-carotene and total chlorophyll content (mg /100 g FW) in 11 holy basil accessions of first and

second harvest.

Cultivar Beta-carotene of HV1-HV2 Total chlorophyll of HV1-HV2
2dSem? 4dSem” 6dSem’ 8dSem’ 5 4g.y! 4dSem’ 6dSem” 8dS.m’
OC-006 ns * * * ns ns > *
0C-007 x . ok . ns * ok ok
OC-011 ns * ns ns ns ns ns *
0C-078 ns * * * ns ns * *
0OC-106 ns ns ns * ns ns ns >
0C-114 ns ok x * ok . ok ok
0C-148 *x X *x . x X ok *x
OC-151 ns * * * * * * *
3A RHB ns * > ns * * ns *
3A HB ns ok ok . ns * ok ok
EW KT ns * ns * * ns ns **

(Note: t-test: ** (p <0.01), * (0.01<p<0.05) and ns (>0.05))
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Effects of Harvesting Stage on Fruit Quality and Postharvest Life of Avocado cv. ‘Peterson’
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Abstract: The harvesting time for avocados is a crucial factor that significantly impacts both fruit quality
and shelf life. This study aimed to investigate the influence of the harvesting stage on fruit quality and
shelf life of avocado ‘Peterson’ grown in Pak Chong District, Nakhon Ratchasima Province, Thailand,
which were harvested between July and August 2022. Completely randomized design (CRD) was
performed; treatment comprised of harvesting time at 130, 135, 140, 145, 150, 155, and 160 days
after flowering (DAF), each harvesting time with 5 replications (2 fruits/replication), stored at room
temperature (25+2 °C with 75% of relative humidity) for 12 days. The results showed that the
percentage of dry matter and fat content tended to increase as the fruit ages with significant
difference (P<0.05), while the ripening period and shelf life were reduced. The appropriate harvesting
time for ‘Peterson’ avocados was found to be between 140 — 145 DAF, as these fruits ripened in 2 — 4
days with high fat content and dry matter. Additionally, they exhibited an extended shelf life of up to 8

days when stored at room temperature

Keywords: fruit quality, harvesting index, fruit age, Persea americana
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Figure 1 Change in L* (a), a* (b) and b* (c) color parameters of avocado peel cv. Peterson at different harvesting ages
(130-160 days after flowering) during storage at room temperature. Data marked by different letters in a column indicate
significant difference at P = 0.05 level according to DMRT.
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Figure 3 Changes in total soluble solids of ‘Peterson’ avocado fruits at different harvesting ages (130-160 days after

flowering) when stored at room temperature (25122°C). Data marked by different letters in a column indicate significant

difference at P = 0.05 level according to DMRT.
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Development of Mobile Phone Application for Characterization of Sugarcane Reaction
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Abstract: The selection of resistant sugarcane varieties depends on testing the cuttings' reaction to
the causal fungus, followed by visually scoring the severity of symptoms, which may yield inaccurate
results. The visual scoring method may yield inaccurate results. This research addresses this limita-
tion by introducing the Redrot Application for Android phones, version 5 and above. The application
utilizes image processing algorithms to assess the reaction of 200 sugarcane varieties to red rot
disease. Disease reactions were characterized based on visual assessments by experts, considering
three parts: the distance of fungus move through nodes, the size of the red area, and the appearance
of red color. The collected data were used to calculate symptom level scores and group resistance
reaction characteristics. The program reads and analyzes image results using Python and the OpenCV2
library, incorporating traditional feature extraction, geometry feature extraction, and image segmentation
for size and wound detection, including processes such as contouring and morphological operations.
Color analysis is performed using Histogram analysis. The confusion matrix was employed to evalu-
ate the prediction results, revealing an application accuracy of 92.50 percent, a recall value of 0.65,
a precision value of 0.74, and a balanced F1 score of 0.69. The findings indicate that the application
enhances accuracy and efficiency, reducing errors associated with human visual result interpretation.
The program processes and displays reaction characteristics promptly upon capturing or loading images

for each experimental sugarcane cane.

Keywords: sugarcane breeding, red rot disease, mobile application, image processing
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(w3 ngw (Table 2) TAun ngui 1 Fumauuin
(Highly resistant, HR) wae AU (Resistant, R)
ﬂ@;uﬁ 2 ANUNIWLIUNANS (Moderately resistant,
MR) LLmn@;uﬁ 3 AaulatUNany (Moderately
susceptible, MS) @auile (Susceptible, S) uay
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80

ANLNANAASLNHATUWASNITAANIS 8 (2) : 77-86 (2568)

Table 1 Red rot rating based on the 0-9 scale (Srinivasan and Bhat, 1961) adjusted according to the

specified criteria for use in application development.

Symptoms Numerical scale Severity of symptom Preview
0 No lesion spread 3 e
Nodal 1 Lesion spread 1 R . L
transgression ) oo o R
2 Lesionspread 2 —
e —————————
3 Lesion spread 3 S ) S
N ——
0 No lesion spread s
1 Spread 25% — e e
Lesion width —_— —
2 Spread 50% S, .
3 Spread > 50% -
0 No color s e
Color 1 Red-dark red | i
2 Brown-black = '_“

Table 2 Categorization of red rot reactions comparative analysis of items used to assess the severity of red rot disease

specified for use in the development of the application categorization of red rot reactions.

Score Reaction Category Reaction Category (Redrot App)
0.0-29 Highly resistant (HR)
HR/R
3.0-3.9 Resistant (R)
4.0-4.9 Moderately resistant (MR) MR
5.0-5.9 Moderately susceptible (MS)
6.0-6.4 Susceptible (S) MS/S/HS
6.5-9.0 Highly susceptible (HS)

nsmunldsunsy lnaldsanednu
1szananan WAATAAINA NI TsARARIASN
Wl 4 Tunew TduA Image correction/
restoration, Image enhancement, Image
transformation, Wa¥ Image classification
(Reddy, 2018) WaidnnseenuuuTdsunsaly
AFAATINAE FRNAINIINITY 3 ANHILY

g n1snzquaed (Nodal transgression)
ANNINNUBILEA (Lesion width) LAY AN
du89uka (Color) %ﬂﬂﬁ?ﬁwm Redrot App kif
Python waz Library opencv2 lunisilszuatuy
nanInlaan139n Traditional feature extraction
lsznauA8nIIN Geometry feature extraction
WAZYIN Image segmentation AsuTUIALAY
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ANNNEINATAILNEA 1T Contouring, Morphological

Operation d9un1sdssiiudvresunald

Histogram analysis lusunsudszensl Redrot
App vulnsAnyiiadeuneenuuuldiinnsfins
lduszuudumnisueunsesinasiy 5.0
E A . - co
Al AR AR TN IWRKINN TR T T RaT
1) mimmiwzqﬂﬁm (Nodal
transgression) tHe9AINANERLNARDLNAN LT

wANAAY Idanna g AR dunsale

o ?/ =S o % o k% 2’/
A91I1A9A T UABINY Contour UBNAIBBEININNA
WaY Contour IBILNA LWAZAFILEULNUA1TaE

sonviagddnaldatunsnuanaaiuanale

uatndinduiesndudedlsiinagtddanfifides
Javun 3 1deq Lﬁ@iﬁmmmﬁﬁmmmmsmq
UdnlAanN8nIdIUAINENILNALAZAINEID
Ja38atvanan

2) NIWIAINNIINTBIUKA (Lesion
width) %ﬂﬁiummuﬁ"ﬂﬂmmmﬂixLﬁummﬂﬁw
20uNalAAINANNNT g ATRuNa AT
aseaazlinss walunisvn Image processing
MsmAnEnTeduRa I Tidudae AR ety
Mmldean nasdszifivmaanundauuasae Image
processing AANILAINERTIAIUITUIY Pixels

sendNgaudusnantudsununiwny taald

selamfaes Contour Avnldannnnsun Nodal
transgression

3) ANEULALAY (Red color) Lia9ana
Lﬂummm’mﬁi”um@mwumnﬂmwLLamﬁ@uqq
ynlinnsisefngdlunne Image processing lu
Basenn usnenalsfinuifiosannunasinazd dsn
Auns uay Alden Feannsoueneananiulding
1AEIN1991N Histogram analysis

Tsunsuilszgnsl Redrot App #ianns
a8NLUL Data flow ¥78 Architecture structure 284
Tulsunay Feddunaussd (Figure 1)

1. nasdndngdnaw tealdsunaud
Wamndugunsaiaenldvanunnistiidiann
Saduginm vidensinannuunBoalned was
anlusunsnldsudasyaglninanudalisunsuas
szunananIn

2. n3dnnsteyanaunisidnglnw
(Image pre-processing) nawinnwllld innng
ﬂé‘”uLﬂ?ﬁlﬂuammgﬂmw‘lﬁﬂﬁuﬁﬂwm:mm:mm
yiausas laasnednias (Color transformation) a1n
ﬁuﬂi”uqmmwmmgﬂnqwimﬂmaﬁﬁmﬁwumu
(Noise removal) A28l median filter WAZALNTNUAS
(Remove background) lluaniesgiviaudaaan
1dnmndan 1 lunsamzidusiel)

3. NITLAUNIT INNTANUUNANTA LA
(Image segmentation) Lﬁfmmﬁmﬂmﬂummm
mMavauufhigesdannaniie i 1) AN
n9resviauaat (Wd) mvlﬁ’mnmummgﬂﬁl,ﬂu
yiauees (Detect cane contours) FatianAinInsl
fuRandas (Ag) UaY 2) M AU LA R LAS-A
Uuviausas (Detect red area contours) %qﬁuﬁ
30802pTNLAIATE AN (Wr) LaTT
dousaalsn (Ar) Foilunsruaunnsiaslddnaeg
3 fautls Aa WA Wg uaz Ar/Ag

4. naulana (Interpretation ﬁ@mﬂ%m
773z (Determine score) ) Aldannnsziaunng
7 3mm@mﬂ@mwmmum ALIANNFTUNNLLR
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Redrot App

!

Image Segmentation

Image pre-processing

Image

Color transformation

Iedian filter (MNeise remeval)

Remcove background

¥

'
'

¥ ¥
Detect cans Detect red arsa
contours contours
I
' ' ' ¥
Determing Determine Determine Determine
total red arsa gresn arsa red area
width (\Wd) width (Wr) spread (Ag) spread (Ar)
I | %
* . .
Nodal transgression | | Lesicn width ‘ | Color |¢
| | |
T

Interpretation

Y
Determine score

'

Classification

Figure 1 Data flow of Redrot App.

NINISALATIEUILAUATLUBLRY
anwurljisenvesdessalsaliiuneainnig
lfuailnaady uazilFauiaunadwsaaanig
AanguAugiunantslssiiufaadsldanumni
naganEUrresiisenselsa saitluszving
nsnaaay Antsdfulgeldsunsuaulinony
gnAes (Accuracy) 184n19lTuadnaiAduy
11NN91 90.00 e fidus

=

SpArmansnaesllsun s TiimLN Ty
Taeild Confusion matrix fhuedesile Lileudns
A1 AINDNABY (Accuracy) ARNALNITUTIHY
Ftignemn ANAANNITAN (Recall) B9vangfaAn

mmmm\mmm?mmﬂm Wi “a39” Wey
ﬂummumwmmmmsmmummmm@mmm
LarAafiAndy 91 “ifluate ArmanuLaiugi
(Precision) WiadndauaasAaRnuIEaanin
uaTNIEIgN saniatlss TiunadNSIaN YN
(Prediction) anuuUvieluinafiaziedulu
{17unsu Machine learning TnesadnAsiililsunsy
visaluinasinuneld udadowminlady A
[FRATe P9uaFLaniAn F1-Score Aa ALaae
LUL Harmonic mean TEMINSANANLNUENLAY
ANAANTZAN (Kundu, 2022) (Table 3)
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Table 3 The evaluation of any algorithm by using Confusion Matrix which accuracy, precision, recall, and F1 score were

assessed and shown model capabilities.

Actual Positive

Actual Negative

Negative (0)

(FNs)

(1) (0)
Predicted Ture Positive False Positive
Positive (1) (TPs) (FPs)
Predicted False Negative Ture Negative

(TNs)

“positive.”

“positive.”

True Positives (TP): Number of samples correctly predicted as
False Positives (FP): Number of samples wrongly predicted as

True Negatives (TN): Number of samples correctly
predicted as “negative.”
False Negatives (FN): Number of samples wrongly
predicted as “negative.”

Accuracy = (TPs + TNs) / (TPs + TNs + FPs + FNs)

Precision = TPs / (TPs + FPs)

Recall = TPs/(TPs + FNs)

F1 score = 2 x (Precision x Recall)/(Precision + Recall)

2. NMINAFaLUIzANBENINUR9 Redrot app LN
lalunsisziiuilnsensalsauinuadluaas

Tl 2564 Nugdeenaseuduasrue
nsdfulpsiugeesualssmalng (TSBC) 14
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nszilasar 5 a1 Ugnidie 4 a1 @n 1 andudmeses

AauAx M lilgniae aensetlacldlulseFoundng

U 30-45 51 WA T LA HFENTAIN

Colletotrichum falcatum #lasUa7n TSBC LaeM
wonFunulngiazdudaulanadulonnauu

nagauanusuds PDA duld 10 Juawidiaiasy
fudulesinanu anihllldlgnimeuuadasnis
3813299 TSBC nistgnienaaaulsaiiiumg

1473 wound plug method {AEILRANZAIBREAT

o A Y a d v A
quLﬁu\TVI@]\’i”‘]qﬂIﬂuﬂﬂﬁl 50 LIUFLNAT WFaLandh

. y N
3-5 duanlawsiu 1ang 1 3 ldiujuaeamesnivg

Tsaniuas Uagiaailinsidssian uaziusoeias

A v 1 o v %’ v < o
galiuiu 5 990 W 60 du TN EE-1EU Ma9an

dgl % o ° v -ﬁl d’l 1 o
ﬂ'@mm@um 60 U mﬂfawﬂqﬂmammﬂmam

BRLANNAIMNLIVUDIATFE DIBNTNANHUS LA

dl a 1 o 1 ilildl
nnnlsaiuamnadaene tnelvigimaaanoyidu

¥ a % % b4 L3
uszifiumnaananuan WA LUWAININaTIAN
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FnNIMAGeL VAR REU99IL LA U0
uraTWug ﬁm”]L@?ﬁlﬂiﬂﬁ%ﬂ@juﬁwmzﬂﬁﬁ?‘m
18480858 l3ALIWLAY (ANNITUANIENITNNNIB RS
LL@Z‘LEW]’W@VI?WEI, 2561)
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NNSLAUATRLA

%umumi‘l,%mu‘llﬂmmuﬂi:qﬂm’u,mm
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Google play store ingszunildded\d uazsvia
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Ufnsenrewieudes aunsnduiuuasiiuindeys
Ialunwsnetnaesieudasniuau (20) Nl

LL@@\?@"Iﬂ’lﬂl‘ﬂ\‘itiﬂLﬁWLLmﬂaQﬁN@ﬁxLLuuLViﬁﬁU 0
(2)) (Figure 2)

0
[

2

Figure 2 Operational step of Redrot App for characterization of sugarcane reaction to Red rot disease.

2. NANIFILATIZTUAMNYNARIURINIG LT
Redrot App
MN139AAINNYNFIBITDIAINITU TTLHY
AT Redrot App $ald i ArfinTsaitaszifiu
13 Tnelduadnsaean1sdnnguuzaanuunant
Wuﬁ:ﬁﬁizﬁuﬁﬂwmzﬂﬁﬂ?mLLuurﬁmmumm
FNUNIU (HR/R) waTA1UuNIuLIuNane (MR) iy
jugRanunsaild dusely hellsunsuas
UszananaLaTUAATTALTBNAN UL N3eNTTuN

ﬁdwmwu"&ﬂ‘ﬂmmmwLwi@:ziwé’awm@m NANg

AATEHAINAINNIN IUNNIYIN9ULRY Redrot
App (Table 3) Wuan mmgmﬁmﬁﬂ Accuracy
‘17; Redrot App Ineild confusion matrix Salamsa
AuANTnTsARadld 92.50% UAZANETINNTD
mmiﬂmmuﬁﬁwmﬁu AN Precision (A3
usueln) Wi 0.74 AN recall W3R ANGNFAT
199N IunEdrazifi a3 WeUiy SR
mmm&m’majﬁw‘hmﬂ wazifntudn “iluade”
Winfi 0.65 UAT AAINNTNIAA Fl-score 38
APdIULBIANNTTANTUANN LN UYL 0.69
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Fan13 1l maian1slszaaan nwlatinun I lunng
Jeziiulsaluludaessiuel 5 lduadnsnuauen
4 . . -

85.00% Nnwanaztunlilun1anaula luns
aan15leA Nsdsznanan g lia1N1TamnTIa
uazdsziiunnngunsaeslsnlaatnadnluds
QI v a v o

WnArngniaslunisdsviiiulsnluludaecsiuy
tl59 n3dszananini g lunnstssiiulsngnnngg
TdayareaunnguLeandlsn nsldinatianig
drzunaningdstosaniaanlun1sminislss iy
wazlinsmalsaduldetnasanisouai
dsz@vBnanannau doalisndulagnaeslunig
ann1slen Inenistsziiuannuguisreslsavin Lo
arunsnansunuluntsdesiunazasunnisaly

Tuisfanasiuelsa (Satyendra et al., 2021) Ha’IN
n1714 Redrot App fudeanagaulsatinuag 1
W.A.2564 989 TSBC AWMU 200 ARG IAHA
NNINARALAS (Table 4) ﬂ%\iﬁm@maﬂmﬁuﬂ@ﬁ?ﬂﬁ
TuszAy MR Win138 1uRaaIN Redrot App 1%
(MS/S/HS) Faiuavinlinnsidansuulnaudas
lunszuaunistfudgeanas L‘ﬂmmnqmmw&um
nmandeeRiinisuanennnsredlse udsadnely
InizdnanN Frasiiumds 29l Tdsunsumu
ufinea uazAtau Aamanald sardulunnsdng
ANALATETTALANHIUEN1IINATIALNLAYA B
Apuszdngzds

Table 4 The capabilities of Redrot App analysis by using confusion matrix.

Actual Value by scientist

Q

< HR/R MR | MS/SHHS
E

8| HRR 0 1 0

z

= | MR 1 15 6

L

L

3

& | MS/SHS 0 9 168

Actual Actual
Positive Negative
Predicted 17 6
Positive (TPs) (FPs)
Predicted 9 168
Negative (FNs) (TNs)

HR/R and MR were accepted by sugarcane breeder.

True Positives (TP): Number of samples correctly predicted as

“positive.”

False Positives (FP): Number of samples wrongly predicted

as “positive.”

True Negatives (TN): Number of samples correctly predicted

as “negative.”

False Negatives (FN): Number of samples wrongly predicted

as “negative.”
Accuracy = (TPs+ TNs)/(TPs + TNs + FPs + FNs)
= (17+168)/(17+9+6+168) = 92.50%
Precision = TPs/(TPs + FPs) =17/ (17+6) = 0.74
Recall = TPs/(TPs + FNs) = 17/(17+9) = 0.65
F1 score = 2 x (Precision x Recall)/(Precision + Recall) = 2 x (0.74x0.65)/(0.74+0.65) = 0.69
fagﬂ 1) FAUNIUHIN/FA1ENY (HR/R) 2) Awniuil

ANNIINAFBLAIINAINITVEY Redrot
= = v aa a v
App Wituneuiudsdsvilunteaianiuuy
Nm3g U TunnamageUiLdegnuanyes TSBC
AU 200 AEUg wnguAnETLgNTse
Tsaniunsidasnnaasuansaandu 3 nqgu Ae

NaN (MR) Bz 3) 881LALNUNAN/A0ULA/A LA
11N (MS/S/HS) watwalpdulasunisaansuuea
vd 4 o Y 3 - s y
gnaades eiluaouiduasauds ngld
ga18m1 UsslRuAINITn1sANAa1aazidaiina
2 e, a o 4 & o P
NaATL AT WA AW IUAUY sz aUN1TRRa
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Abstract: Avocados are fruits whose level of maturity is challenging to determine based on their
external characteristics. Therefore, the measurement of dry weight percentage is employed to
determine the maturity of avocados. However, there are various methods for determining dry weight.
Hence, this study aimed to compare drying methods using a hot air oven and a microwave oven to
measure the dry weight of avocados. Additionally, the study aimed to explore the relationship between
dry weight percentage, fruit age, and total fat content in 'Peterson' avocado cultivars, using 10 g of
scraped flesh from the whole fruit. The study findings indicated that microwave drying (900 watts)
took approximately 20 to 30 minutes, while hot air drying at 60°C required more than 72 hours.
Nonetheless, the calculated dry weight percentages from both methods exhibited a positive
correlation with fruit age and fat content (with correlation coefficients ranging from 0.748 to 0.889).
Based on the experimental results, it can be concluded that measuring the percentage dry weight
through both hot air oven and microwave oven methods is applicable as a harvest index for 'Peterson’
avocado. The use of a microwave oven for percentage dry measurement requires less time, the average
dry weight percentage obtained from microwave oven drying is 3-5 percent lower than that obtained

using the hot air oven method, with variations depending on the age of the fruit.

Keywords: fruit age, fruit quality, harvesting index, Persea americana
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Table 1 Drying times were determined by using a hot air oven set at 60°C and a microwave oven operating at its lowest

temperature. The percentage of dry matter was calculated for each fruit age using both hot air oven and microwave

oven drying methods.

Percentage of dry matter (%) at each fruit age (days after flowering)

Drying methods Drying time
130 days 135days 140 days 145days 150 days 155days 160 days
) 72 hours 17.95 + 19.13 + 18.06+ 2097+ 2163+ 2212+ 22.06 +
Hot air oven .
0.49 0.66 2.02 0.66 0.91 0.86 0.44
) 20-30 1419 14.89 £ 1632+ 16.36+ 1744+ 1710% 18.55 +
Microwave oven )
minutes 1.38 1.79 1.66 1.03 0.91 0.68 1.70
t_test *%k *k * *k *k *%k *%k
The different of dry matter
3.76 4.24 2.74 4.61 4.19 5.02 3.51

between two methods

* Data are expressed as mean + standard deviation (n = 20)

*and ** denote significant differences at P < 0.05 and P < 0.01, respectively, as determined by t-test.
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Figure 1 Pearson’s correlation coefficient (r) between the percentage of dry matter (%) that calculated by hot air oven

(a) and microwave oven (b) methods and fruit age (n = 20). Correlation coefficient not significant (ns) or significant: P <

0.01 (**)and P < 0.05 (*). in breeding program
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Figure 2 Comparison of total fat content in 'Peterson' avocado at different fruit ages (130-160 days after full bloom)

for the years 2022 and 2023. Data are expressed as mean values + standard deviation (n = 10). ** denote significant

differences (P < 0.01; t-test).
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Table 2 Linear equation, correlation coefficient (r), and regression coefficient (r2) between dry matter percentage and
total fat content in ‘Peterson’ avocado using hot air oven and microwave oven methods for 2022 and 2023.

2

Drying method Year Linear equation r r p-value
2022 y =0.811x + 8.571 0.812 0.659 0.004
Hot air oven
2023 y =1.529x - 13.639 0.839 0.704 < 0.001
2022 y = 0.705x + 14.336 0.889 0.790 < 0.001
Microwave oven
2023 y =1.947x-15.234 0.853 0.728 < 0.001




Agricultural Science and Management J. 8 (2) : 87-95 (2025)

93

G

= a v k2 v
nsilFeunauniseuwieAffauan
o lulasinlunnsdmuinminusda wusn nng
auwissaen lulasannniasluangn 1doan
WEN 20-30 WNNFABAST TAILARZASIANNITDAL
wikale 2-3 fraene luanennismntminwiae
sarhlanaedansauuissaagatanfauldioan
auUTgUNH 60 aeAEaLEaa unan 72 9alug
Tnentafidusminminuieanauanslaannianisey
wianaean lulasniul A g Nusigeuaniu
PaunadlasiusaiuladeudAynasiauiennnin
naaagazlnAnla IaefiAn correlation coefficient
Winiu 0.748 wananieawualafidusinmin
wisuudsdumuiuanguaresaziaanlanug 4
co A _ v = T X - A o
IBFAY AaNAaE N1TANMIATILLTIULATRIEUE Y
dansumtinuislasnfsiueny NatiuaINI e
W dusaiiunasaziaanialaduatnam we
peinlsAnNTB AT M FUN MU W

v A v v

saamnlulasnn A n1sauuianaeanluingnmn
T lielefidusinminuiealAnnindansan

v v U v & @ I

wissagauaniaulszinns 3-5 wlafidus

namAngsNUseniA

va o

AMTHAAE IR UAMANTNITUAE

a
a a

NTTUNTANLATUANENANARNT ARLUATUIANTIN
(8a@n.) %ﬁumguvgﬂumﬁﬁ”ﬂ 2RURUANLIIULN
ﬁﬁﬂﬂﬁﬂ“ﬁmwﬁqmﬂﬁmﬁm NIUATINNINLRAT
uAva91 Granny Farm 2. 1n1e9 2. uATITANN
fidaawmae BaMaanURLALIMIEANETAIN
senInanIiAe Ui A RS LarIaUNTAM
AU ANENINYINIARZIUDDNIRENUD RO
mqwawmﬁvum@mammummmLfa@ﬂ‘Lumm@
1nTaq 2.1A79NTANN iietlsznaunisiiazl
NANINARD

LANA15B19D
noeal afnyniAng, aRANG UIDNIUNA LAY
ANTR ‘Emmimq‘w’%r. 2555. N17ALWKS
alemaglulasianuuuidudaesandy

ANFAU. INLVAARTINEAT 43 (3): 147
150.

Hundu Winlng uazgivan nszanuNsna. 2554.
nareans 1 luiasiansanAun1se Lk
UULANFaUFD AN INTBIANNEIB LAY,
atf1 133-140. Tu: Faafunisiszgw
NNITINTVAN NN INEN RN HATAVAAT
AfeR 49 (A1U1RAAINNITHINERAT).
NUINYNRELNEATAVART, NPLNN

suny. 2552. NIzLNUNNIaTAANTAINTTe 1S
lugma11nssueInN19. Food Focus
Thailand 4 (40): 32-35.

ug9a3 Uk, 2566. nastlgneziaania. (szuy
aaulai). unasdeya: https:/hkm.hrdi.
or.th/Knowledge/detail/634 (9 paAN
2566).

19ANK AN, Nans BecAaidana uaraiiv
ATANRANaim. 2559, NTANARNINGR
N¥a1d (Tamarindus indica L.) #qsl
Tulasianuaznisldlundnduaiuay
AnsadiLasa. 117ENTANNANARTLAL
walulafl 2: 288-298.

AL TN ALINA, Naala [EaNAUNA LaZANS
wnlas. 2555, nsauudsLianasnle
Auauazanzdaelulasiandondy
Aunsse. AnzmalulatnsinEmILa
AEANMNITHINEAS NamenaeinaTulat
ITHIAA §ITIOUNN, NITUATATAEHEN.

a9l Auio, vl dnanzaed o egsen,
ey 899N, Aiues Ay, U3
NI LAY AN Twasmila. 2560
N1708NULULLAZRAUNLASE I8 LU
NAMIUANNTEUTINTIRBUNILIALAY
AN, WMNAINENAEITIDNUNANTANY,
WUNATAY.

fa231 mfsqm%r. 2560. NaFLALanAa TN Io
fmnzay. (szuveeula). unasdaya:
https://www.hrdi.or.th/Articles/Detail/23
(14 AAIAN 2566).



9%

ANLNANAASLNHATUASZNITAANIS 8 (2) : 87-95 (2568)

Andrea,

B., C. Giovanni, M. Fabio and G.
Riccardo. 2013. Oil accumulation in
intact olive fruits measured by near
infrared spectroscopy-acousto-
optically tunable filter. Journal of the
Science of Food and Agriculture 93 (6):
1259-1265.

AOAC. 1998. Official Method of Analysis. 16"

ed./Rev.4. Association of official
Analytical Chemists International.

Maryland.

Celen, S. 2019. Effect of microwave drying on

Conde,

the drying characteristics, color,
microstructure, and thermal properties
of Trabzon persimmon. Foods 8(2): 84.
C., S. Delrot and H. Gerds. 2008.
Physiological, biochemical and
molecular changes occurring during
olive development and ripening.
Journal of Plant Physiology 165 (15):
1545-1562.

Ferreyra, R., G. Sellés, J. Saavedra, J. Ortiz,

Gamble,

C. Zuniga, R.S.A. Troncoso, A.M.
Gonzalez and B.G. Defilippi. 2016.
Identification of pre-harvest factors
that affect fatty acid profiles of
avocado fruit (Persea americana Mill.)
cv. ‘Hass’ at harvest. South African
Journal of Botany 104: 15-20.

J., F.R. Harker, A.R. Jaeger, A. White,
C. Bava, M. Beresford, B. Stubbings,
M. Wohlers, P.J. Hofman, R. Marques
and A. Woolf. 2010. The impact of dry
matter, ripeness and interval defects
on consumer perceptions of avocado
quality and intention to purchase.
Postharvest Biology and Technology 57
(1): 35-43.

Garcia-Inza, G.P., D.N. Castro, A.J. Hall and

M.C. Rousseaux. 2014. Responses to
temperature of fruit dry weight, oil
concentration, and oil fatty acid
composition in olive (Olea europaea L.
var. ‘Arauco’). European Journal of
Agronomy 54: 107-115.

Pak, H.A., J. Dixon, D.B. Smith, T.A. EImsly and

J.G.M. Cutting. 2003. Impact of rainfall
prior to harvest on ripe fruit quality of
‘Hass’ avocados in New Zealand, pp.
22-31. In: H.A. Pak, ed. NZ Avocado
Growers’ Association Annual Research
Report Vol. 2. Avocado growers’

association, New Zealand.

Palmer, J., R. Diack, J. Johnston and H.

Boldingh. 2013. Manipulation of fruit
dry matter accumulation and fruit
size in ‘Scifresh’ apple through
alteration of the carbon supply, and
its relationship with apoplastic sugar
composition. The Journal of Horticultural
Science and Biotechnology 88 (4):
483-489.

Rodriguez, P., J. Villamizar, L. Londono, T. Tran

and F. Davrieux. 2023. Quantification
of dry matter content in Hass avocado
by Near-Infrared Spectroscopy (NIRS)
scanning different fruit zones. Plants
12 (17): 3135.

Subedi, P.P. and K.B. Walsh. 2020. Assessment

of avocado fruit dry matter content
using portable near infrared
spectroscopy: Method and
instrumentation optimisation.
Postharvest Biology and Technology
161: 111078.



Agricultural Science and Management J. 8 (2) : 87-95 (2025)

95

Tan, C.X.,S.S. Tanand S.T. Tan. 2017. Influence
of geographical origins on the
physiochemical properties of Hass
avocado oil. Journal of the American
Oil Chemists’ Society 94: 1431-1437.

Toivonen, P.M.A. and B. Lannard. 2020. Dry
matter content association with time
of on-tree maturation, quality at harvest,

and changes in quality after controlled

atmosphere storage for ‘Royal Gala’
apples. Canadian Journal of Plant
Science 101: 98-106.

Varith, J., P. Dijkanarukkul, A. Achariyaviriya
and S. Achariyaviriya. 2007. Combined
microwave-hot air drying of peeled
longan. Journal of Food Engineering
81: 459-468.



96

HALIERTILgNAAMIAIYHLTA HANRR WASAMMWNAAWUEIANN
Effects of Plant Density on Growth, Yield and Seed Quality of Cowpea
(Vigna unguiculata L. Walp.)
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Abstract: This research aimed to investigate the effect of plant densities on growth, yield and seed quality
of cowpea cultivated in field condition under lateritic soil. The experiment was conducted at Faculty
of Natural Resources and Agro-Industry, Kasetsart University Chalermphrakiat Sakonnakhon Province
Campus, during August 2018 to March 2019. Randomized Complete Block Design (RCBD) with 4
replications was used as an experimental design. Treatments consisted of 3 plants densities (number of
plants per hill): 1 plant per hill (4,800 plants per rai), 2 plants per hill (9,600 plants per rai) and 3 plants
per hill (14,400 plants per rai), plant spacing at 75x50 cm. The results indicated that plant density had
not significant effect on plant height of cowpea. However, statistically significant different (P<0.05) was
found in leaf number per plant at 5 weeks after planting, which the planting rate of 1 plant per hill gave
the highest average leave number (7.0 leave per plant). Planting rate at 3 plants per hill produced the
highest average seed yield (166.7 kg/rai) with significantly different (p<0.05). In term of seed quality
(physical and physiological characteristics), significant difference between the treatments was not
found (p>0.05). This study concludes that the planting of cowpea at a rate of 3 plants per hill should

be used for the cowpea production on lateritic soil, which gave the higher seed yield and seed quality.

Keywords: population density, seed yield, lateritic soil, cowpea
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Table 1 Effect of plant densities (plants per hill) on plant height and leaf number of cowpea at 3, 4 and 5 weeks after

planting.

Plant densities

Plant height (cm.)

Leave number (leaves per plant)

3 WAP 4 WAP 7 WAP 3 WAP 4 WAP 5 WAP
1 plant/hill (4,800 plants/rai) 22.2 217 30.4 1.7 3.7 7.0a
2 plants/hill (9,600 plants/rai) 23.6 27.8 32.2 1.7 3.5 51b
3 plants/hill (14,400 plants/rai) 24.4 26.4 32.9 1.9 3.2 53Db
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Table 1 (continued).

Plant densities

Plant height (cm.)

Leave number (leaves per plant)

3 WAP 4 WAP 7 WAP 3 WAP 4 WAP 5 WAP
Mean 234 27.3 31.8 1.8 3.4 5.8
F-test ns ns ns ns *
C.V. (%) 53 9.5 10.1 12.0 12.6

ns= non-statistically significant difference, * statically significant difference at p<0.05

Means within the same column followed by a common letter are not significant different at 5 % level by LSD.
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Table 2 Effect of plant densities (plants per hill) on some yield components and seed yield of cowpea.

Plant densities (plant/hill)

Pod per plant

Seed per pod Seed yield (kg/rai)

1 plant/nill (4,800 plants/rai) 9.4 129.3 b
2 plants/hill (9,600 plants/rai) 9.0 132.5b
3 plants/hill (14,400 plants/rai) 9.8 166.7 a
Mean 9.4 142.8
F-test ns *
C.V. (%) 9.0 9.3

ns= non-statistically significant difference, *=

statically significant difference at p<0.05, **= statically significant difference

at p<0.01; Means within the same column followed by a common letter are not significant different at 5 % level by LSD.
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Table 3 Effect of plant densities (plants per hill) on seed weight and seed size of cowpea seed.

Plant densities (plant/hill) 100 Seed weight

Seed size (mm.)

(gram) Width Length Thickness
1 plant/hill (4,800 plants/rai) 24.8 5.6 9.7 4.1
2 plants/hill (9,600 plants/rai) 22.3 5.1 8.6 3.5
3 plants/hill (14,400 plants/rai) 23.0 5.3 8.9 3.9
Mean 234 5.3 9.1 3.9
F-test ns ns ns ns
C.V. (%) 4.0 6.4 7.1 5.2

ns= non-statistically significant difference

Table 4 Effect of plant densities (plants per hill) on physiological qualities of cowpea seed.

Plant densities (plant/hill) Seed Germination Mean Shoot Seedling weight
germination index germination length (gram/plant)

(%) ; G time (day) (cm) Fresh Dry

1 plant/hill (4,800 plants/rai) 86.0 12.1 4.2 19.5 1.38 0.08

2 plants/hill (9,600 plants/rai) 84.0 11.0 4.4 18.3 1.35 0.07

3 plants/hill (14,400 plants/rai) 90.0 13.6 3.9 19.2 1.37 0.09

Mean 86.7 12.2 4.1 19.0 1.36 0.08

F-test ns ns ns ns ns ns

V. (%) 5.6 12.4 10.9 6.0 6.3 13.1

ns= non-statistically significant difference
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Abstract: Yield evaluation of the M5 generation of electron beam irradiated mungbean, Chai Nat 84-1
and Chai Nat 3, was performed. The study was designed with RCB with 3 replications. Statistically
significant differences were observed (p < 0.5). Higher yields (98.25-105.50 kilogram/rai) were
observed in the Chai Nat 84-1 M5 generations compared to the initial cultivars (84.90 Kilogram/rai).
The yields of the Chai Nat 3 l\/l5 generations were greater than those of the initial lines (70.20 Kilogram/
rai). The environment might influence the higher yield. The genetic diversity study of the l\/I5 generation
varieties and initial cultivars using 9 SSR markers could divide the high yield M6 generation from the
initial cultivars that they were real mutant lines. Confirmation of the mutation-induced l\/I5 generation of

mungbeans caused by mutation. These mutant lines will be the preliminary yield trials.

Keywords: mutation, genetic diversity, SSR markers
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Table 1 Agronomic character of Chai Nat 84-1 and the 22 mutant varieties from Chai Nat 84-1 by electron beam irradiation.

Lines/varisties Plant height Nodes Branches Podsper Podlength' Seeds 100.0 s?eds Pod yield
(cm) per plant  per plant plant (cm) per pod weight (g) (kg/plant)

CNB84-1-100-01 55.2 10.5 1.3 17.2 109a 12.7 68.5 ef 225
CN84-1-100-02 64.1 11.0 1.3 21.9 10.7 a-d 12.8 68.8 ef 29.1

CNB84-1-100-03 55.5 10.2 1.0 17.7 10.9 ab 12.4 74.8 abc 23.6
CNB84-1-100-04 61.2 10.5 1.8 21.7 10.6 a-e 12.2 69.0 def 28.4
CN84-1-100-08 63.1 11.5 1.6 21.7 109a 12.9 73.0 a-e 30.1

CN84-1-100-09 58 9.9 0.5 17.6 10.7 ad 12.9 73.5a-e 24.6
CNB84-1-100-10 55.4 10.5 1.2 17.6 10.7 ad 12.3 71.0 b-f 23.0
CN84-1-100-12 46.4 9.6 1.3 12.7 10.5 a-e 12.0 75.3 ab 16.6
CN84-1-100-14 52.9 10.1 1.0 17.4 10.6 a-e 12.6 74.3 a-d 24.0
CN84-1-100-16 58.9 10.4 1.5 19.7 10.8 abc 12.4 71.5 b-f 26.9
CN84-1-200-02 58.0 10.6 1.6 19.8 10.7 a-d 12.7 69.8 c-f 29.5
CNB84-1-200-04 56.0 9.9 1.3 17.4 10.5a-e 12.4 73.3 a-e 23.9
CNB84-1-200-11 55.4 10.2 1.3 17.1 10.3 a-e 12.4 72.3 a-f 23.9
CN84-1-200-12 54.4 10.0 0.5 16.8 98e 1.9 68.8 ef 19.0
CN84-1-300-06 48.2 9.3 1.5 14.5 10.7 a-d 12.3 75.8 ab 19.6
CNB84-1-400-01 51.4 9.9 1.0 16.5 10.3 a-e 12.4 77.0a 255
CNB84-1-400-04 50.9 10.2 1.4 17.9 9.9de 12.7 67.5f 23.6
CNB84-1-500-04 50.5 9.6 0.5 15.2 10.1 b-e 12.2 72.5 a-f 20.6
CN84-1-500-05 50.4 9.4 1.1 16.6 10.5 a-e 1.4 73.0 a-e 20.5
CNB84-1-600-03 49.0 9.6 0.5 16.2 10.4 a-e 12.3 72.0 a-f 20.6
CNB84-1-600-04 45.8 9.5 1.0 16.3 98e 12.5 72.8 a-f 19.5
CN84-1-600-05 58.4 10.1 1.3 16.4 10.0 cde 1.1 73.5a-e 18.6
Chai Nat 84-1 57.4 10.3 1.5 20.7 10.5 a-e 13.0 70.8 b-f 27.5
MEAN 54.6 10.1 1.2 17.7 10.5 12.3 72.1 235
C.V. (%) 2.5 6.7 35.7 15.9 3.2 4.8 3.1 16.5
F-test NS NS NS NS * NS * NS

' Mean within the same column with different letters are significantly different (p<0.05) according to DMRT.

NS = non significant different. * Significantly different (p<0.05).
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59@81dnmsan ALHuNIsLlgn ol w.a. 2560 1h
UgnuazAnidanansuziauania O w.e. 2566 16

o oo A

1 Te0a78598997 5 M,) MUY 25 AVURUG

-

Tneldtin@anwug Chai Nat 3 usianfsauimey
mmmmuﬁu%sﬁ‘@ﬁﬂwmzmqLm:rm (Table 2)
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WugiFaunaY dauanewug CN3-500-02 1A
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Table 2 Agronomic character of Chai Nat 3 and the 25 mutant varieties from Chai Nat 3 by electron beam irradiation.

Plant height Nodes Branches Podsper Podlength’ Seeds 1000 seeds Pod yield

Lines/varieties

(cm) per plant  per plant plant (cm) perpod weight’(g) (kg/plant)
CN3-100-01 51.8 1.7 1.3 211 9.5 a-d 121 70.0 bed 24.4
CN3-100-02 51.4 1.7 1.3 19.3 9.4 a-d 12.5 71.8 a-d 241
CNB3-100-04 57.6 12.3 1.6 25.6 9.5 a-d 12.7 70.5 a-d 28.7
CN3-100-05 54.0 12.0 1.3 21.3 9.4 a-d 121 71.8 a-d 254
CN3-100-06 57.0 12.7 1.5 21.8 9.2 bcd 12.4 72.3 a-d 27.7
CNB3-100-07 53.8 12.5 1.0 23.0 9.3 a-d 12.2 68.3 d 254
CNB3-100-12 54.2 121 1.4 20.8 99a 12.3 73.0 a-d 26.0
CN3-100-13 52.1 11.8 1.2 18.5 9.3 a-d 121 74.0 ab 22.0
CN3-200-02 48.8 1.7 1.2 18.8 9.1cd 12.4 73.0 a-d 22.9
CN3-200-03 44.3 10.5 1.0 17.5 9.2 a-d 12.2 74.5 ab 20.8
CN3-200-05 441 10.7 0.7 19.1 9.1 cd 1.7 71.8 a-d 22.1
CN3-200-08 44.7 10.6 0.7 16.0 8.9d 11.8 755a 19.9
CN3-200-09 49.2 111 0.7 19.6 9.0d 11.6 74.8 ab 24.0
CN3-200-10 50.2 1.1 1.7 18.5 9.8 ab 12.4 74.3 ab 23.7
CN3-200-11 53.3 12.0 1.5 18.7 9.4 a-d 11.9 73.8 abc 25.7
CN3-300-03 50.8 11.5 1.1 17.5 9.1 bed 121 73.8 abc 22.6
CNB3-300-04 47.6 10.3 0.5 16.2 9.7 abc 12.8 72.8 a-d 19.7
CNB3-300-06 47.7 11.3 1.3 16.4 9.2 bed 12.2 70.0 bcd 19.2
CN3-300-07 54.3 11.6 0.9 18.6 9.4 a-d 10.7 72.3 a-d 23.6
CN3-300-09 55.0 11.0 1.0 18.5 9.4 a-d 1.5 71.5 a-d 211
CNB3-400-03 50.2 10.9 1.2 19.0 9.3 a-d 11.5 72.8 a-d 21.1
CN3-400-04 50.3 10.9 1.2 19.4 8.9d 1.4 67.8d 20.3
CN3-500-02 48.9 10.7 0.7 18.3 8.1e 117 61.0e 17.6
CN3-500-03 49.2 11.3 1.2 21.2 9.1cd 11.6 68.5 cd 21.3
CNB3-500-04 46.9 1.2 1.0 18.2 9.1 cd 1.5 68.5 cd 21.2
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Table 2 (continued).

: - Plant height  Nodes
Lines/varieties

Branches Pods per Pod length' Seeds

1000 seeds Pod yield

(cm) per plant  per plant plant (cm) perpod weight’(g) (kg/plant)
Chai Nat 3 52.9 1.7 1.4 19.8 9.4 a-d 12.0 72.8 a-d 25.0
MEAN 50.8 7.8 1.1 19.3 9.2 12.0 71.6 22.9
C.V.(%) 9.8 6.9 41.6 19.2 3.0 5.0 3.0 18.3
F-test NS NS NS NS * NS > NS

' Mean within the same column with different letters are significantly different (p<0.05) according to DMRT.
? Mean within the same column with different letters are significantly different (p<0.01) according to DMRT.
NS = non significant different. * Significantly different (p<0.05). ** Significantly different (p<0.01).
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Figure 1 Dendrogram demonstrating genetic variability among Chai Nat 84-1 lines and the 22 mutants varieties based

on UPGMA.
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Table 3 List of SSR markers used in the present, DNA band size and number of DNA bands.

Primer name Forward Reverse D’,\‘A band - Number of

size (bp)  DNA bands
CEDC0500' TCCCACTTCTCCATTACCTCCAC GAGATTATCTTCTGGGCAGCAAGG 100-300 5
CEDG232' GATGACCAAGGTAACGTG GGACAGATCCAAAACGTG 100-300 2
CEDG305' GCAGCTTCACATGCATAGTAC GAACTTAACTTGGGTTGTCTGC 100-300 3
CEDG191° CAATAAGCAATCTGTGGAGAG CTGCAGGAAACTTGGAATTGC 100-150 3
CEDG0282° CAGCAACAAGACATGGAGTG CAGCAACAAGACATGGAGTG 100-150 2
MB-SSR238 AGCTATTGGTGCATAGGTTC GATATGATGAGTATGGTGTAG 200-300 2
VrCSSTS1? ATTACTTGAGGTGGGGATAAT AATAGACCACTTTTTCCGT 200-300 2
VrCSSTS2? ATTTGATGACGATGTATTTAA TAAAGATAATGCTGAGGG 200-500 10
SSR10° CATCAGTCACTTGTGAACTTGTT AAAGCATCTCCCCTAGGACTCT 100-300 4

' Primers follow from Kitiya, (2019), > Primers follow from Pavithra et al., (2021), ®

dgu
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Primer follows from Kumer et al. (2012)
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Study of the Effectiveness of Soil Amendment Product Against Disease from Fusarium spp.,
and the Release of Ammonium and Nitrate from the Soil of Durian Plants
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Abstract: The appropriate soil amendment product application can improve soil chemical, physical
and biological properties. The research aimed to investigate the biological and chemical properties of
the soil amendment product. The quantification of bacteria in a specific culture medium, isolation of
bacteria from soil with and without soil amendment product, testing their efficiency in inhibiting the
pathogenic fungus Fusarium spp., and soil nutrients were analyzed in column. The experiment
findings revealed a tenfold increase in bacterial numbers approximately 18 days after the addition of
soil amendment products compared to the untreated soil. Numerous beneficial nitrogen-fixing
bacteria were discovered. However, bacteria beneficial to degrade cellulose were present in very
small quantities. When soil amendment products were mixed with PDA at a 2% concentration, they
inhibited Fusarium sp. 1 by approximately 40% in Petri dishes. Bacterial isolates NAO3, NAO8, and
NAO9 effectively inhibited Fusarium spp. Moreover, the soil amendment products resulted in reduced
ammonium and nitrate levels in soil cultivated with durian compared to untreated soil. Applying this
products led to the utilization of ammonium and nitrate by nitrogen-fixing bacteria within the products
for growth at 18 days. Therefore, the use of this product delayed the durian plants nitrogen intake from
the soil for a short period of time.

Keywords: Fusarium spp., bacteria, nitrogen, durian
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Table 1 Average of bacterial numbers of soil amendment product was shown in each bacterial group.

Bacterial groups

Bacterial numbers (x10* CFU/g Dw)

Total bacteria 18
Nitrogen-fixing bacteria 7.5
Phosphate-solubilizing bacteria -
Cellulolytic bacteria 6 colonies
Table 2 Some biological properties in soil where durian is grown.
Average of
Day Treatment Total bacteria Nitrogen-fixing bacteria
(x10" CFU/g Dw) (x10" CFU/g Dw)
1 C-BIO 0.25 0.22
T-BIO 0.27 0.24
F-test ns ns
C.V. (%) 9.00 8.17
8 C-BIO 3.8° 0.34°
T-BIO 4.7° 3.3°
F-test e **
C.V. (%) 4.09 9.93
18 C-BIO 0.72° 0.63"
T-BIO 7.1° 5.7°
F-test * *
C.V. (%) 4.61 4.66
30 C-BIO 5.8 3.8°
T-BIO 8.5 6.2°
F-test > **
C.V. (%) 2.58 3.04

Means within the same column with the different letter are significantly different by DMRT test, ns = non-significant,
*=P<0.05 * =P <0.01. C-BIO = soil without soil amendments, T-BIO = soil treated with soil amendments

anwanlafauuarluinsm
Funaneniuiflenuazluinsnann
ﬂ@zmﬂﬁi@'ammﬂdﬁummmﬁmﬁmem’m@ﬂ?“uﬂ'g\i
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lumenlusu (P < 0.05) WL AU AL HR AR T
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Faansusanlansy) warlwmsm (57.40 Raansu
siafitanii) atlaendnauildnanansliudemiu
d’ = = 1 o
FefFunaenTuiannas lumeminiy 12.11
LAY 64.70 NAANTNABATANTUANNANAL LA 30
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Figure 1 The amount of nitrogen concentration in the form of ammonium (A) and nitrate (B) from the column of soil and

soil + soil amendments treatments at 1, 8, 18 and 30 days.
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(Figure 2) Tngl Fusarium spp. Wiazaialansoy
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WANFANSIUAD 0.5 1 Uay 2 wWafidus auansu
(Table 3) ﬁz\iﬁﬁﬁmmﬁmﬁu‘ufmmiﬁuﬂgﬁu
TUAVAN Fusarium spp. WATAaEIFINTENI19AINN
Windunesansifulgsfnuas Fusarium spp. &
naranseiealalatiaeds Tnafisssunanuidy
duresansdiudgenu 2 wefidusd fnnsdud
mmnﬁm%qﬁﬁﬁm?{mﬁﬁu 18.43 lafidus
(P <0.05) waz Fusarium spp. hﬁmrﬂ‘ﬁ 1 Qﬂffl"].l?%ﬂ

mﬂ%m WinAu 36.58 wafidus (P < 0.05) e
ey Fusarium spp. lelmian® 2 uay 3 ¥l
wﬁm‘imiﬂﬁﬁ@mm‘?miﬁﬁﬂﬂ
nan1INAgaUNITEusaTaslneld
LA FaRdauanldnudniluuad Fauneaiia
Ll 3yndeanifiusned 20 seATades
wazluAfFauNetRaasyd1aslldiumaaas
Ansdiuse lelmianaesunaiiGaiianunsadud
Fusarium sp. Tolnian?i 1 2 uay 3 ugnaly
(Table 4) wudruuaiiGelelsansl NAOS way
NA09 @nsinsnsiugs Fusarium spp. lelsiamit 1
(Table 4, Figure 3) ”lﬁﬁﬁzgm FAWNAU 50.13 LAY
52.91 WeFdus mua1sy (P < 0.05) Tuanusiile
Ta1am NAOS nansngiuss Fusarium sp. Talnianii2
WAL 3 ”lcv’fmnﬁqm (Table 4, Figure 4) Faildn
WindL 27.46 WAy 29.21 Lafidus auaAU

(P <0.05)

Figure 2 Colony characteristic and spore shape under a microscope at magnification 400X of each Fusarium species

isolated from diseased durian roots: Fusarium sp. isolate 1 (A, D), Fusarium sp. isolate 2 (B, E), and Fusarium sp. isolate

3 (C, F), respectively. Bar is 50 pm.
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Table 3 Average percentage inhibition of each type of Fusarium spp. when cultured on potato dextrose agar (PDA)
medium mixed with soil amendment at concentrations of 0.5, 1, and 2%, respectively, incubated for 7 days at room
temperature (~30°C).

The inhibitory percentage of Fusarium spp. (%)

Concentration of soil Average of
amendments Fusarium sp. Fusarium sp. Fusarium sp. concentration
isolate 1 isolate 2 isolate 3

0.5% 35.90° 3.33' 8.44% 15.89°

1% 33.85° 6.67° 10.22% 16.91%

2% 40.00° 2.86' 12.44° 18.43°

Average of Fusarium spp. 36.58° 4.29° 10.37°
Concentration of soil amendments (CT) *
Fusarium spp. (F) -
CT*F .
C.V. (%) 10.31

Means within the same column with the different letter are significantly different by DMRT test, * = P < 0.05, ** = P < 0.01

Table 4 Average percentage inhibition of each isolated bacteria on Fusarium spp. when cultured on potato dextrose
agar (PDA) and incubated for 7 days at room temperature (~30°C).

The inhibitory percentage of Fusarium spp. (%)

isolate Fusarium sp. isolate 1 Fusarium sp. isolate 2 Fusarium sp. isolate 3
NA02 20.56' 0.00° 0.00b
NAO03 33.63° 27.46° 29.21°
NA04 29.26°" 0.00° 0.00°
NAO7 30.29 4.39° 0.00°
NAO8 50.13" 0.00° 0.00°
NA09 52.91° 0.00° 0.00°
NFO1 21.09" 0.00° 0.00°
NF02 0.00° 0.00° 0.00°
NFO03 41.66" 0.00° 0.00°
NF04 0.00° 0.00° 0.00°
PAO1 34.33% 0.00° 0.00°
PA02 27.48% 0.00° 0.00°
PAO3 21.09° 0.00° 0.00°
CMCO1 33.34° 0.00° 0.00°
CMC02 22.66° 0.00° 0.00°
CMC03 0.00° 0.00° 0.00°
CMC04 0.00° 0.00° 0.00°
F-test * * *
C.V. (%) 18.48 37.36 10.08

Means within the same column with the different letter are significantly different by DMRT test, * = P < 0.05
NA: nutrient agar, NF: nitrogen free medium, PA: Pikovskaya agar, CMC: carboxymethyl cellulose agar and the number
after the culture medium name is the isolate number.
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Figure 3 Inhibition of Fusarium sp. isolate 1 by individual bacterial isolates (B-R) cultured on potato dextrose agar (PDA)
for 7 days at room temperature (~30°C). Control was uninoculation of bacteria (A).

Figure 4 Inhibition of Fusarium sp. isolate 2 and 3 by individual bacterial isolates (B, C, and E) cultured on potato
dextrose agar (PDA) for 7 days at room temperature (~30°C). Control of Fusarium sp. isolate 2 and 3 was uninoculation

of bacteria (A and D), respectively.
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Abstract: The objectives of this research were to study 1) economics, social characteristics and
agricultural resources 2) changing rice area conditions, and 3) problems of farmers in Mueang district,
Chaiyaphum province. The sample was 64 farmers continuing to grow crops in an unsuitable area
for rice. Data was collected using questionnaires. Data were analyzed using descriptive statistics.
The results found that most farmers are female, with an average age of 59.86 years, and most have
completed primary school. The average agricultural experience was 31.78 years. The average
number of household laborers was 2.41 people. The average amount of debt was 481,910.71 baht.
The average amount of land changed was 3.30 rai. Chemical fertilizers and compost were used in
the plots but not pesticides. Each farmer had a water source in their plot. Farmers used an average
of 22,840.63 baht for farm investment, mostly for water resources. Most of the farms used household
labor. Crops grown in their plots included fruit trees (93.75 percent), vegetables (50.00 percent), and
planted forest (25.00 percent). Raising animals were fishing (73.44 percent), cattle or buffalo (34.38
percent), and poultry (9.38 percent). Mostly farmers grew for home consumption and sold the surplus
in the community. Income from selling products was higher than income from rice, averaging 7,429.12
baht/rai. Most farmers have problems with high production costs and drought. Government agencies
should support water resources and low-interest funds. Extension officers should regularly follow up

and provide knowledge.

Keywords: zoning, changing unsuitable area, Agri — Map, rice production
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Table 1 Planting area, yield, cash income, variable cost, and net profit per household of crops in converted plots that
are unsuitable for rice production according to the Agri-Map of farmers in 2021/2022.

(n=64)

Crop type X Maximum Minimum S.D.
1. Vegetables (n= 32)
Area (Rai/Household) 0.34 1 0.15 0.21
Yield (Kilogram/Year/Household) 248.28 2,000 0 383.50
Income (Bath/Year/Household) 6,296.88 30,000 0 8,115.95
Cost (Bath/Year/Household) 1,655.94 20,000 0 3,481.48
Profit (Bath/Year/Household) 4,640.94 10,000 0 6,269.29
2. Fruits (n= 60)
Area (Rai/Household) 1.16 5 0.15 1.06
Yield (Kilogram/Year/Household) 83.58 1,500 0 294.77
Income (Bath/Year/Household) 3,700.00 50,000 0 7,811.66
Cost (Bath/Year/Household) 1,428.27 12,000 0 2,391.22
Profit (Bath/Year/Household) 2,271.73 38,000 0 6,638.79
3. Planted Forest (n= 16)
Area (Rai/Household) 0.87 3 0.1 1.05
Yield (Kilogram/Year/Household) 45.00 500 0 123.88
Income (Bath/Year/Household) 1,931.25 25,000 0 6,220.04
Cost (Bath/Year/Household) 1,412.50 12,500 0 3,225.50
Profit (Bath/Year/Household) 518.75 12,500 0 3,639.45
4. Medicinal plants (n=9)
Area (Rai/Household) 1.10 7 0.13 2.23
Yield (Kilogram/Year/Household) 520.00 4,000 10 1,307.25
Income (Bath/Year/Household) 5,355.56 28,000 0 9,785.21
Cost (Bath/Year/Household) 2,405.56 14,000 0 4,755.29
Profit (Bath/Year/Household) 2,950.00 14,000 0 5,092.76
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Table 1 (continued)

(n=64)
Crop type X Maximum Minimum S.D.
5. Flowering plants (n= 1)
Area (Rai/Household) 0.25 - - -
Yield (Kilogram/Year/Household) 1,000.00 - - -
Income (Bath/Year/Household) 6,000.00 - - -
Cost (Bath/Year/Household) 2,700.00 - - -
Profit (Bath/Year/Household) 3,300.00 - - -
6. Filed crops
6.1 Cassava (n=5)
Area (Rai/Household) 19.60 45 6 15.88
Yield (Kilogram/Year/Household) 78,640.00 180,000 25,200 63,280.71
Income (Bath/Year/Household) 181,800.00 450,000 63,000 162,194.94
Cost (Bath/Year/Household) 86,340.00 221,500 30,000 83,050.15
Profit (Bath/Year/Household) 95,460.00 228,500 33,000 79,456.01
6.2 Sugar cane (n=5)
Area (Rai/Household) 8.80 15 2 4.76
Yield (Kilogram/Year/Household) 90,000.00 150,000 20,000 48,476.80
Income (Bath/Year/Household) 112,200.00 180,000 28,000 61,621.42
Cost (Bath/Year/Household) 61,510.00 95,250 9500 34,533.14
Profit (Bath/Year/Household) 50,690 84,750 18,500 27,830.61
7. Mulberry (n=3)
Area (Rai/Household) 0.75 1 0.25 0.43
Yield (Kilogram/Year/Household) 316.67 500 200 160.73
Income (Bath/Year/Household) 2,600.00 5,000 800 2,163.33
Cost (Bath/Year/Household) 333.33 1,000 0 577.35
Profit (Bath/Year/Household) 2,267 4,000 800 1,616.58
8. Forage crops (n=7)
Area (Rai/Household) 4.21 9 0.25 3.13
Yield (Kilogram/Year/Household) 1,628.57 4,000 100 1,347.48
Income (Bath/Year/Household) 3,416.67 20,000 0 7,530.10
Cost (Bath/Year/Household) 814.29 2,000 0 712.81
Profit (Bath/Year/Household) 2,602.38 18,000 0 7,912.53

Remark: Choose more than 1 type.
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Table 2 Raising animals in converted land that is not suitable for rice production according to the Agri-Map.

(n=64)

Crop type X Maximum Minimum S.D.
1. Fishing (n= 47)
The number of fish (Head/Household) 2,068.09 20,000 100 3,993.87
Yield (Kilogram/Year/Household) 133.30 875 0 182.61
Income (Bath/Year/Household) 4,321.28 70,000 0 13,163.16
Cost (Bath/Year/Household) 3,655.32 45,000 0 9,209.35
Profit (Bath/Year/Household) 665.96 25,000 0 32,742.00
2. Cow and Buffalo (n=22)
The number of animals (Head/Household) 7.82 32 1 7.24
Yield (Head/Year/Household) 0.82 3 0 0.96
Income (Bath/Year/Household) 43,895.45 380,000 0 82,857.72
Cost (Bath/Year/Household) 72,220.45 300,000 0 85,968.28
Profit (Bath/Year/Household) - 28,325.00 80,000 0 115,965.44
3. Pigs (n=2)
The number of animals (Head/Household) 10.50 14 7 4.95
Yield (Head/Year/Household) 7.50 15 0 10.61
Income (Bath/Year/Household) 30,000.00 60,000 0 42,426.41
Cost (Bath/Year/Household) 24,500.00 29,000 20,000 6,363.96
Profit (Bath/Year/Household) 5,500.00 31,000 -20,000 48,790.37
4. Goat (n=1)
The number of animals (Head/Household) 21.00 - - -
Yield (Head/Year/Household) 5.00 - - -
Income (Bath/Year/Household) 20,300.00 - - -
Cost (Bath/Year/Household) 11,000.00 - - -
Profit (Bath/Year/Household) 9,300.00 - - -
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Table 2 (continued)

(n=64)
Crop type X Maximum Minimum S.D.

5. Poultry (n= 6)

The number of animals (Head/Household) 86.67 200 10 71.18
Yield (Kilogram/Year/Household) 415.67 2,000 24 783.12
Income (Bath/Year/Household) 8,066.67 20,000 0 7,420.69
Cost (Bath/Year/Household) 5,350.83 13,000 0 4,253.41
Profit (Bath/Year/Household) 2,715.84 7,000 0 6,236.14

Remark: Choose more than 1 type.
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Table 3 Yield and cash income per area from other different crops compared to rice of farmers in 2021/2022.

(n=64)
Yield Income Income compared
Plant type ) , . : . %
(Kilogram/Rai) (Bath/Rai) to rice (Bath/Rai)
1. Rice NA 1,360.01 -
2. Other plants 8,789.13 7,429.12
2.1 Vegetables 730.24 18,520.24 17,160.23 1,261.77
2.2 Fruits 72.05 3,189.66 1,829.65 134.53
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Table 3 (continued)

(n=64)
Plant type ‘ Yield ' Income‘ Incolme compar?d %
(Kilogram/Rai) (Bath/Rai) to rice (Bath/Rai)

2.3 Planted Forest 51.72 2,219.83 859.82 63.22
2.4 Medicinal plants 472.73 4,868.69 3,508.68 257.99
2.5 Flowering plants 4000.00 24,000.00 22,639.99 1,664.69
2.6 Filed crops

2.6.1 Cassava 4,012.24 9,275.51 7,915.50 582.02

2.6.2 Sugar cane 10,227.27 12,750.00 11,389.99 837.49
2.7 Mulberry 422.23 3,466.67 2,106.66 154.90
2.8 Forage crops 386.83 811.56 - 548.45 - 40.33

Remark: NA= Not available
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Table 4 Problems in changing areas that are not suitable for rice production according to the current Agri-Map.

(n=64)
The Problems Average S.D. Problem level

1. Academic knowledge

1.1 Introduction to planting 1.89 1.025 Low

1.2 Soil improvement 1.97 1.038 Low

1.3 Prevention of diseases and insects 217 1.032 Low

1.4 Product standards 1.63 0.882 No problem

1.5 Product processing 1.48 0.690 No problem

1.6 Use of pesticides 1.55 0.815 No problem

1.7 Water management 1.78 0.881 No problem
2. Production

2.1 Labor shortage 213 1.120 Low

2.2 Lack of seedlings 2.78 1.175 Moderate

2.3 Lack of Manure or Chemical fertilizer 2.36 1.014 Low

2.4 Shortage of water 2.44 1.194 Low

2.5 Low soil fertility 2.38 1.091 Low

2.6 Low yield 2.42 1.020 Low

2.7 High production cost 3.25 0.943 Hight

2.8 Shortage of agricultural tools 2.36 1.173 Low

2.9 Low price of the product 2.97 0.959 Moderate

2.10 The product is not up to standard 1.80 1.042 Low

2.11 Lack of production network 1.61 0.986 No problem
3. Marketing

3.1 Lack of distribution sources in the community 1.50 0.873 No problem

3.2 Lack of online product distribution sources 1.34 0.761 No problem

3.3 Lack of international market 1.28 0.723 No problem
4. Funding

4.1 Lack of production cost 2.83 1.162 Moderate

4.2 Lack of funding sources 1.61 1.078 No problem
5. Disaster

5.1 Disease and Insects 2.61 1.121 Moderate

5.2 Flood 1.67 1.040 No problem

5.3 Drought 3.05 0.983 Hight

Remark: 3.26 — 4.00 = High, 2.51 — 3.25 = Moderate, 1.76 — 2.50 = Low and, 1.00 — 1.75 = No problem
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Abstract: This study aimed to investigate the effects of bio-extract from leaves of Leucaena
leucocephala (LB), pig Manure, chicken manure rice husk and chemical fertilizer on growth and
yield of Chinese kales. The experiments in pots in field conditions were carried out between May to
June 2022 employing a randomized complete block design (RCBD) with 7 treatments. Kales
were sprayed once a week with LB solutions at the concentrations of 0-3.0 mL/L/plant. Treating
with 3.0-mL/L LB solution resulted in the highest growth (leaf number, leaf width, stem height) and
fresh and dry weights of kales. RCBD experiments in farmers’ field condition were then conducted
during July to August 2022. The effects of 3.0-mL/L/plant LB (T1) were compared with those of
3.0-mL/L/plant LB in conjunction with pig manure at 37.5 g/plant (T2) or chemical fertilizer (25-5-5) at
25 g/plant in conjunction with chicken manure/rice husk at 25 g/plant (T3). T2-treated kales exhibited
the lowest growth and yield. T1 led to smaller growth and fresh weight compared to those of T3, though
the dry weight of the T1 was the highest. Fresh and dry weights of the T1 were equal to 91.16 and 110%
of those of the T3, respectively. Therefore, partial substitution of chemical fertilizer with LB may maintain

the Chinese kale yield and help reduce the production cost that burdens the farmers.

Keywords: chinese kale, Leucaena leucocephala, bio-extract, fertilizer, yield
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Table 1 Chemical characteristics and plant nutrients of Leucaena leucocephala leaf bio-extract.

Parameters Values measured” Standard™*

pH 3.74 4.5-85
Electrical conductivity (dS/m) 2.85 <10
Organic matter (% OM) 6.66 >10
Organic carbon (% TOC) 3.87 -
Sodium (% Na) 59.63 <1
Carbon to Nitrogen ratio (C/N ratio) 8:1 < 201
Nitrogen (% total N) 0.51 >0.50
Phosphorus (% total P as ons) 0.07 > 0.50
Potassium (% total K as KZO) 0.57 > 0.50
Specific gravity 1.03 -

* Analyze the sample at Laboratory Services Department, Institute of Product Quality and Standardization, Maejo Uni-
versity, Chiang Mai
** Department of agriculture (2012)

Table 2 The analysis of soil chemical properties before and after of the first experiment.

Treatment Before experiment After experiment
EC EC
Pr (dS/m) pH (dS/m)

Control (T1) 5.36+0.57 1.91+1.20° 5.79+0.21° 1.92+1.19
LB 0.5 mL/L (T2) 5.36+0.57 0.72+0.36° 6.11+0.23° 1.85+0.67
LB 1.0 mL/L (T3) 5.563+0.39 0.85+0.45" 6.15+0.15° 1.19+0.04
LB 1.5 mL/L (T4) 5.26+0.57 0.74+0.23° 6.03+0.38° 1.55+0.48
LB 2.0 mL/L (T5) 5.41+0.12 1.18+0.93° 5.72+0.33° 1.84+0.45
LB 2.5 mL/L (T6) 5.34+0.25 1.23+0.52° 6.02+0.34° 1.57+0.14
LB 3.0 mL/L (T7) 5.36+0.05 0.98+0.56" 6.13+0.15° 1.81+0.36

F-test ns * * ns

C.V. (%) 14.92 1.79 23.43 3.52

*Values are mean + S.E. followed by letters denote group according to Duncan’s Multiple Range Test (p<0.05)
*ns Means not significant difference at p<0.05

Table 3 Analyzed properties of soil used in the present study.

Analyzed value*

Sail Soil after planting in field experimental
Soil properties Before Loucaena Leucaena Chicken manure
Planting , Bio-extract + + Chemical
Bio-extract . .
Pig manure fertilizer
pH" 5.10 5.28 5.53 5.50

Electrical conductivity”(dS/m) 0.09 0.02 0.02 0.02
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Table 3 (continued)

Analyzed value*®

Soil Soil after planting in field experimental
Soil properties Before ) Leucaena Chicken manure
. eucaena
Planting ) Bio-extract + + Chemical
Bio-extract ) .
Pig manure fertilizer

Organic matter’(%) 6.92 2.09 1.80 2.16
Total nitrogen®(%) 0.30 0.16 0.20 0.21
Available phosphorus” (mg/kg) 1,390 578 808 366
Exchangeable potassium® (mg/kg) 445 304 317 374
Exchangeable calcium® (mg/kg) 1,390 385 543 454
Exchangeable magnesium® (mg/kg) 167 64.26 94.59 120

"oH (1:2.5 H,0); “EC (1:5 H,0); YOM (Walkley and Black meth
Mg (NHAOAcmethod)

od); “N (Kjeldahl method); °P (Bray-2 method); ® K, Ca,

* Analyze the sample at Laboratory Services Department, Institute of Product Quality and Standardization, Maejo

University, Chiang Mai.
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Table 4 Effects of Leucaena leucocephala bio-extract (LB) on growth and yield of Chinese kales in pots at 55 days.

Treatment Le;;n:l::ter Lea(’mi)dth L;:::h hPelignhtt diz:;er \AF/:;:t wzgm
(cm) (cm) (cm) (@) (9)
Control (T1) 5.53+3.61¢ 3.20+2.50° 5.08+4.32°  6.09+5.55° 0.04+0.28 1.52+1.83° 0.44+0.61
LBO.5mL/L (T2)  4.18+3.36° 2.51+2.58° 3.31+3.55° 8.03+7.09° 0.05+0.35 1.58+1.84° 0.35+0.46
LB 1.0 mL/L (T3) 6.13+5.75° 3.62+3.21° 5.03+4.59° 8.15+7.77° 0.06+0.35 1.82+2.03° 0.55+0.68
LB 1.5 mL/L (T4) 4.46+3.70° 1.97+1.59° 3.06+2.82° 5.70+5.54° 0.05+0.33 1.47+1.79° 0.29+0.40
LB2.0mL/L (T5)  6.61+6.48° 4.17+3.44° 6.20+5.71°  9.24+7.94° 0.07+0.44 1.89+2.08° 0.61+0.76
LB 2.5 mL/L (T6) 7.43+6.53° 4.80+3.76° 7.34+6.56° 9.71+10.41° 0.10+0.36 1.87+1.99° 0.52+0.68
LB 3.0 mL/L (T7) 8.53+8.22° 6.05+4.56" 9.01+6.69° 11.45+11.35" 0.15+0.36 2.40+1.93° 0.56+0.75
F-test * * * * ns * ns
V. (%) 1.13 1.21 1.14 1.04 0.21 0.93 0.76

* Values are means+ S.E. followed by different letters denote group according at p<0.05 by DMRT.

ns indicate non-significantly different at the same column
Table 5 Effects of Leucaena leucocephala bio-extract (LB) on leaf color of Chinese kales in pot at 55 days.

Treatment Measure the color meter
L* a* b*

Control (T1) 62.09+15.90° 1.45+1.65° 2.32+2.10°

LB 0.5 mL/L (T2) 52.17+13.45° 2.21+1.41° 0.81+0.47°

LB 1.0 mL/L (T3) 69.83+10.76" 1.65+1.34° 3.25+2.60"

LB 1.5 mL/L (T4) 49.92+30.30° 2.28+1.82° 2.52+2.44°

LB 2.0 mL/L (T5) 70.43+19.58° 2.76+2.54° 1.94+2.02°

LB 2.5 mL/L (T6) 64.64+20.55" 2.26+2.15° 2.67+2.34°

LB 3.0 mL/L (T7) 73.08+10.08° 5.36+8.90° 4.38+2.29°

F-test * * *

V. (%) 3.66 0.91 1.25

* Values are means+ S.E. followed by different letters denote group according at p<0.05 by DMRT.

* significant difference at the 0.05 probability level.
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Table 6 Effects of Leucaena leucocephala bio-extract (LB) pig manure (PM) and chicken manure rice husk (CM) and

chemical fertilizer (CF) on growth of Chinese kales in field experiment at 55 days.

Treatment Leaf number  Plant height Leaf width Leaf length Stem diameter
per plant (cm) (cm) (cm) (cm)
LB 3.0 mL/L/plant (T1) 6.24+1.31°  25.06+6.47°  14.40+3.50°  15.18+2.79" 0.12+0.39
LB 3.0 ml/L/plant+ 5.68+0.85°  28.22+4.90°  14.10+3.36°  15.22+3.11° 0.14+0.52
PM 37.50 g/plant (T2)
CF25g+ 5.92+40.64°  27.30+4.18°  15.04+2.67°  16.32+3.35° 0.16+0.47
CM 25 g/plant (T3)
F-test * * * ns
C.V. (%) 6.37 5.18 4.56 5.05 0.30

* Values are means+ S.E. followed by different letters denote group according at p<0.05 by DMRT.

ns indicate non-significantly different at the same column

Table 7 Effects of Leucaena leucocephala bio-extract (LB) pig manure (PM) and chicken manure rice husk (CM) and

chemical fertilizer (CF) on yield of Chinese kales in field experiment at 55 days.

Treatment Fresh weight (g) Dry Weight (g)
LB 3.0 mL/L/plant (T1) 110.08+12.45° 13.20+2.69°
LB 3.0 ml/L/plant+ PM 37.50 g/plant (T2) 108.56+37.73° 8.01+3.36°
CF 25 g + CM 25 g/plant (T3) 120.76+21.54° 11.93+4.55°
F-test * *
C.V. (%) 4.73 3.12

* Values are means+ S.E. followed by different letters denote group according at p<0.05 by DMRT.

ns indicate non-significantly different at the same column
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Table 8 Effects of Leucaena leucocephala bio-extract (LB) pig manure (PM) and chicken manure rice husk (CM) and
chemical fertilizer (CF) on leaf color of Chinese kales at 55 days.

Treatment Leaf Color
L* a* b*
LB 3.0 mL/L (T1) 77.09+18.50° 5.23+3.66° 8.25+5.31°
LB 3.0 ml/L+ PM 37.50 g/plant (T2) 47.78+8.83° 3.12+5.89° 2.44+1.52°
CF 25 g + CM 25 g/plant (T3) 36.71+5.55° 3.93+1.06° 2.43+1.31°
F-test * * *
V. (%) 4.91 1.15 1.6

* Values are means+ S.E. followed by different letters denote group according at p<0.05 by DMRT

* significant difference at the 0.05 probability level.
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Effect of Humic Acid Application on Growth, Yield and Nutrient Uptake of Cherry Tomato
(Lycoperisicon esculentum cv. CH 154)
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Abstract: The humic substances have been used widely for agriculture, which diverse in terms of type
and quantity. Our objective was to evaluate the effect of humic acid rates on growth, yield and nutrient
uptake of cherry tomato under greenhouse condition. The experiment was operated in a completely
randomized design (CRD) with 3 replications and five treatments (0, 25, 50, 75, and 100 kg humic acid/
rai). Humic acid used in this study obtained by extraction from leonardite. Tomato plants were grown in
the growing media consisted of coconut coir: rice hush ash: sand in the ratio of 2:2:1 by volume (4,200
g/pot) and supplied with Resh tropical dry summer nutrient solution. The results showed that different
levels of humic acid application had significant effect on tomato yield, fresh weight, biomass, yield
components, lycopene content, and total nutrient uptake (N, P, K, Ca, Mg, Fe, Zn) in different plant
parts. Most of the highest values were obtained from 50 kg humic acid/rai addition. Nevertheless, no
statistically significant difference was observed among the treatments in terms of total soluble solid.
Plant growth, yield and nutrient uptake increased with increasing rates of humic acids; however, there
was usually a decrease in the parameters measured at higher rates of humic acid application (75 and
100 kg humic acid/rai). These results indicated that, using 50 kg humic acid/rai would achieve better

effects and improve the productivity of tomato.

Keywords: humic acid, leonardite, cherry tomato, nutrient uptake
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Table 1 Effect of humic acid application rate on total fruit yield, fruit weight, shoot weight, and root weight of cherry

tomato.
Total fruit yield Fruit weight Shoot weight Root weight
Humic acid (g/plant) (g/cluster) (g/plant) (g/plant)
(kg/rai) fresh fruit . - -
Jield biomass fresh biomass fresh biomass fresh biomass
0 608.54ab  39.88ab 59.95ab 3.69ab 94.87b 0.93 17.88b 0.12b
25 696.42a 50.48a 68.74a 5.05a 130.25a 1.35 22.93ab 0.20ab
50 729.78a 50.78a 73.78a 5.18a 120.63a 1.21 24.27a 0.22a
75 547.76b  39.43ab 53.68b 3.86ab 98.34b 0.92 19.82ab 0.14b
100 386.74c 30.18b 39.59¢ 3.31b 116.91b 1.16 21.10ab 0.18ab
F-test - o - ok . ns * *
CV (%) 23.55 22.77 21.15 21.34 19.65 24.19 16.13 28.66

Remark: Means followed by the same letter in columns are not significantly different at the 5% level by DMRT.
= and * = significant at P<0.001, P<0.01 and P<0.05, respectively, while ns = not significant.
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Figure 1 The regression of yield of tomato (total fresh fruit and total fruit biomass) on humic acid application rate.
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lalatlu TUNANZIAamARNANLANANNINATA
IpeAnsuNMAaeInldnsnEalin 8men 50 Alansu
fals HAuNdaNa (23.37 HARLNAT) AU
Nafeate (14 Nafede) wazdIN1UTIATRY
wewalsNugega (0.033 Faaniusauninan
100 nfu) wazuAnAvaE9luadATYNINAnH
(P<0.05) HaWauiusfun1maaesdus dou
nsldnsmFainNems 25 nlaninsels danald
A al =) A a a o
wzi@awmatiunnlalaiiugeqn A 0.091 Fa@ansu

Aaunmings 100 NN LazUANANNRENaTTdNATY
F9N19EDRA (P<0.01) wWaaufunislansndalin
PEMIN 75 WAz 100 Nlaninsals ez AuaDg
A a ag oA °o o
neadainy 1 luiluannlrauenong wavidunn
agudeianuaNazany euANFANAUN9a D5 1o
Henwdoeglugog 30.81 — 33.71 NAAWAT Az
6.30 — 7.67 B4AILINT AINAIAL AINNIINARDS
1 A dld [~3 = [~3
NUI NANZAANANNULNALAN AzHLTNN 89w
wnnanazatalageandtaunnlng aenndesiv
Beckles (2012) Nnana9113unsaesudeianun
~ T ne  J= o @
Nazareun lAUaTRENIdRguIRY (dry matter
content) waZMIUARAIUNLLUINNTUAINIUAA
URINA (Table 2)

Table 2 Effect of humic acid application rate on fruit size, fruit no./cluster, total soluble solid, B—carotene, and lycopene

content of cherry tomato.

Humic acid Fruit size (mm) Fruit no./cluster TSS B-carotene Lycopene
(kg/rai) fruitwidth  fruit length (fruit) (°Brix) (mg/100g FW)
0 22.30ab 30.94 10b 6.30 0.025ab 0.078ab
25 21.25bc 31.02 8bc 6.77 0.020b 0.091a
50 23.37a 33.71 14a 6.63 0.033a 0.084a
75 22.59ab 31.03 10b 6.47 0.025ab 0.064b
100 21.19bc 30.81 8bc 7.67 0.026ab 0.054bc
F-test * ns * ns * >
CV (%) 6.07 7.42 35.75 14.77 30.40 28.37
Remark: Means followed by the same letter in columns and rows are not significantly different at the 5% level by DMRT.

**and * = significant at P<0.01 and P<0.05, respectively, while ns = not significant.
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HRURINTATINNARNITAALTEIAUAN 8161529
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fign 25 Alansustels vinldnsgeldlulnsian
wasnaanasalung (1201.42 WAY 69.91 AAANTN
piasil) HANgIqn nanBafinfighe 25 Alaniusie
15 dadanalinisanldWeanasaludrumilofud
Agegauaziniun1naldneanaiasedsin
(0.34 HAANTNABAL) uananninisldnsa
#aiinludnsaananadedenaniauansanisgald
Inunadenludounienulifidngeiiqaiguiu
A 13.77 NAANTNABAL LAZEANLANFA19RENS
fiadAnyneada (P<0.05) WenlBeufeusy
FNFUNINARBIAUINIAUANSUR 3 1nueTinnsld
neadaiinems 50 Nlansusels denaliiniraza
Twme?ﬁﬂulummmwmu%mﬂmﬂﬁqm
A 16.24 LAY 1553.22 NAANTNABFAU AINANGL
(Table 3)
snrraensndainiilddenalinisgm
Hupad@en uunid@en wan wazdanz@ludou
F197] 2RINTLTRNAR AN UANANAUNIATA
Toeilusnsuildnsagafin sy 25 Alansusaels
HnnsazananuAaion unnilden wazdained

'lumml,%mﬂzgqﬁqm A 41.49,96.13 WAT 1.218
FaANTUARAU ANAIAL LATHANUANFNS
neadAdlefleufussuildiiinlusas 75,
100 Alanfusals wavssualuAn (P<0.05)
(Table 4) dausnFunimaaneildnngainlu
dm31 50 Nlaniusials Aualinisgaldunaides
uwazdanydluan santennagaldmanludoumile
AUNAGEA uazHANUANANNEENIHTEANATY
Sanneadia (P<0.01) Lﬁ'ﬂLﬁﬂuﬁ/ﬂJﬁ’]‘ﬁléuj gl
AAINTL 16.54, 0.105 WA 0.042 NAANTNAD
P ANATAL (Table 4) AFLANTLAILAN wAY
nsldnsadafinlugns 100 Alaniusiels dana
Tinsazansnmanlunauazdinzadouiniianu
HAuuansnead 1 lisd1Ayneaia (P<0.05)
TnefAiNTY 1.221 WAz 0.004 NaANTNFABAY
AL anusfinngldnsadafinlusmanmnaty
Tadflnay i nrazanupaaniazuenildenluy
doumitaRn :uiansgsauLIN TR LA IMaD
Tusnusnsneiuniatmusagngla wisdmas
pananaiaeglugdos 2.61 - 4.57, 1.1 - 1.68,
2.38 - 4.93 LAY 0.062 - 0.138 NAANTUABAU
ANNAAU (Table 4) AN NIRRT Ui
n1say memmmﬂummnmwmummmvmﬂ
FeaenAdeaTUINMIN LTI K AN HaINAT
QaNd1dauuLazsIN (Table 1 LAz 4)

Table 3 Effect of humic acid application rate on total N, P, and K uptake (mg/plant) in different parts of cherry tomato.

Humic acid P uptake in P uptake in K uptake in

(kg/rai) shoot root fruit shoot root fruit shoot root fruit
0 18.85 1.93 699.23b 0.20b 0.24b 61.98ab 8.65b 12.90b 847.90b
25 25.88 2.72 1201.42a 0.34a 0.34a 69.91a 13.77a 15.18a  1464.56ab
50 23.90 2.96 1068.07a 0.21b 0.29ab  51.58bc 10.31ab  16.24a 15563.22a
75 17.76 2.66 720.25b 0.21b 0.20b 42.73c 7.54b 10.49b  1145.24ab
100 24.08 2.99 591.53b 0.22b 0.32a 40.93c 6.75b  13.37ab  882.46b

F-test ns ns * * * * * * *

CV (%) 27.36 27.14 33.99 32.12 37.51 26.98 34.99 26.37 27.31

Remark: Means followed by the same letter in columns and rows are not significantly different at the 5% level by DMRT.

**and * = significant at P<0.01 and P<0.05, respectively, while ns = not significant.
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Table 4 Effect of humic acid application rate on total Ca, Mg, Fe, and Zn uptake (mg/plant) in different parts of cherry

tomato.
Humic Ca uptake in Mg uptake in Fe uptake in Zn uptake in
acid
(kg/rai) shoot root fruit shoot root shoot root fruit shoot root fruit
0 275 6.72b 33.03ab 1.1 2.38 65.66b 0.009bc 0.062 1.221a 0.001b 0.058c 0.950ab

25 4.00 11.28b 41.49a 1.68 3.28  96.13a

50 4.57 16.54a 39.10ab 1.36 4.93

75 2.61

100 333 9.77b  18.55¢c 1.18 2.87 46.7b

77.12ab

10.50b  30.05b 1.22 2.88  58.24b

0.0019¢c 0.106  0.902a  0.002a 0.088ab 1.218a
0.042a 0.138 0.343b  0.002a 0.105a 1.195a
0.013b  0.068 1.114a  0.002a 0.078c 0.963ab

0.015b  0.087 0.201b  0.004a 0.038ab 0.935b

o *k

F-test ns ns ns

CV (%) 3266 4138 30.59 33.53 30.35 3193

Hx * * Hx *
ns

17.75  28.64 2541 21.81 26.27 18.81

Remark: Means followed by the same letter in columns and rows are not significantly different at the 5% level by DMRT.
**and * = significant at P<0.01 and P<0.05, respectively, while ns = not significant.
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Figure 2 Principal component analysis (PCA) of the nutrients uptake by the different parts of the tomato plant according

to the 0, 25, 50, 75, and 100 kg/rai of humic acid application.
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