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Pongsak Angkasit” and Rampaipan Apichatpongchai”

Abstract : The objective of this study is to investigate the situation of longan production, indigenous knowledge,
varieties as well as longan industry in Northern Thailand.

The data for this study are obtained from the survey of 170 farmers including 109 house-wife farmers’ groups
who process dried longan less than 100 ton/season in Chiang Mai and Lumphun and 33 enterprises who process dried
longan more than 100 ton/season in Chiang Mai, Lumphun, Chiang Rai, and Lumpang.

From the research finding, it is found that at present farmers especially in Chiang Mai and Lumphun has planted
ldngan extensively. In the past decade, dried longan has exported 20 folds both in quantity and cost. The important variety
is Daw. The reason is that it is an early type (early harvesting), can be consumed both fresh and dried and accepted by
processing plants.

Farmers make their own decision on planting longan and use their own indigenous knowledge/technology with
household labours. They own their land with the average of 10 rai. Most of the land are lowland or old paddy field with
sufficient water. For cultural practices, the appropriate type of soil for longan is loamy soil, good drainage with the pH 7.7
and sufficient organic matter. Planting duration is from May to August (beginning of rainy season). Farmers buy their
seedlings from the best orchard. After planting they do mulching in order to keep moisture and decrease the weed. Most
of farmers use furrow system for watering. They use both organic and inorganic fertilizers with the formula of 15-15-15
or 16-16-16. Most of them do not pruning the longan trees to control the canopy but they use bamboo trunk to support the

tree to prevent the strong wind.
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After 4 years the longan will begin to bear fruits. Farmers will stop watering since November until flower buds
are formed then they start to water a little at the time. Some of them fumigate the longan a few times in December in order
to stimulate bud initiation. Practices during fruit setting and harvesting, farmers will apply fertilizers and water. Some of
them may apply plant hormone to prevent fruit dropped off. Farmers taste the sweetuness of the fruit and feel the smooth
of the longan peel for fruit ripening. In addition, some of them may count the date from flowering to harvesting periods.
Hired labour are supplemented during harvesting time. The labour wage costs 120-200 Baht/day depended on kind of
works. Plastic baskets are the most favoured container for fresh longan with the weight of 15-25 kg/basket. Some of them
may use paper carton with 12-15 kg.

After harvesting, farmers manage to prune the trees to repair damage followed by applying 15-15-15 fertilizer
to encourage leaf bud. Witches’ Broom disease is the most popular disease of longan as well as leaf minor.

The most popular pattern of sale longan are green sales or advanced sales. The condition for selling depends
on agreement. Longan can be classified into 3-4 grades for fresh market.

At present longan processing is carried out by both small and large industries which include farmers’ house-
wife groups, household industry and private companies. Small processing employs oven imported from Taiwan and the
machine is mainly diesel engine which is facilitated by government’s supports, i.e. Department of Agricultural Extension,
Department of Agricultural Cooperatives, Ministry of Agriculture and Cooperatives and Department of Internal Trade,
Ministry of Commerce.

Both small and large industries have the same process to produce dry-longan. The raw material will be graded.
Oven drying is normally spent about 40-50 hrs. Only large industry regrades its product before pack in the plastic bags
to ensure high quality. Paper carton is used for bulk handling for export.

For canning factory, only large companies have capacity to invest. Grading is made before process the raw materials to

ensure uniformity of the products.
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Table 1 Amount and value of longan fruit exported in the year 1986-1997.

Product Fresh fruit Dried fruit Canned Frozen Total
Amount Value Amount Value Amount Value Amount Value Amount  Value
Year (ton) (milBaht) (ton) (mil.Baht) (ton) (milBaht) (ton)  (milBaht) (ton) (miLBaht)
1986 10,610 312507 @pilee 046 2,941 96326 - - 13,556 404,881
1987 2860 34373 ® 8.711 1954 73.103 - - 4,863 172,187
1988 12,442  1408.406 521 46.535 8199 256494 261 14,750 21423 525,825
1989 3205 71397 154 27.849 3227 112828 163 9,219 23933 221,293
1990 14355 211111 837 81.071 8554 254482 187 9,387 23933 556,051
1991 7,618 162.600 780 105.200 4,073 167.400 307 17,200 12,748 452,400
1992 12811 297700 724 117700 7973 1917700 288 18400 21,79 725,500
1993 21310 3981 879 9%.1 83% 3384 159 9900 30,738 842,500
1994 32,628 756.4 3335 2582 10,105 3739 140,110 8,600 4062844 1378.10
1995 31,310 881.9 3,650 194.1 10,511 414.6 160,330 9,400 46,031.33 1,500
1996 61,052 1,286.3 26,849 1,046.1 16,131 609.3 231,070 12500 104,263.07 2,954.20
1997 81,633 2,119.90 38,077  2,142.90 15973 753.1 239 14,800 135922 5,030.70

source : Department of Custom
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Table 2 Succession of longan growing area in Thailand in the year 1997 and area characteristic.

Farmer’s Total area (Rai) Area characteristic
Province household young harvest  Total Flat land Upland area (Rai)
plant plant " area(Rai)  Irrigated area Rain-fed area

1 diyu 27,712 62,084 99,142 161,226 103,310 29,668 28,248
2 el 52,712 68,905 98,198 467,103 70,744 57,815 38,544
3 @uasw 12,556 21,170 27,690 48,860 3,000 45,860 0
4 4,856 6,225 10,662 16,887 NA NA NA
5 W 5418 5,759 8466 14,225 NA NA NA
6 und 2,284 3,168 7110 10278 5,858 1420 3,000
7 dumps 218 4,982 4914 989 NA NA NA
8 an 2,082 4,565 5058 9,623 6,321 3,000 302
9 1w NA 6,482 2825 9307 NA 07 9,000
10 dnhe 2,320 2,391 6,650 9,041 8,000 1,000 41
11 wouunu 783 3,514 35 3,549 0 3,549 B |
12 glvin 397 454 2,910 3,364 640 2,724 0
13 ynaims 645 1,988 373 2,725 0 0 2,725
14 Hyoglon 471 1,567 43 1,910 0 1,563 347
15 uATHUY NA 829 994 1,823 1,823 0 0
16 Adaziny 518 1,507 239 1,746 0 1,616 130
17 AUWANYY 341 910 520 1,430 50 1,380 0
18 Mueamy 275 493 879 1,372 1,008 364 0
19 wigeamen 478 973 350 1,323 m 481 70
20 wysysel 516 777 406 1,183 0 4,080 103
21 gasAnd 828 1,021 625 1,646 210 417 1,019
2 Quan¥mii NA 627 23 720 NA 714 NA
23 anauns NA 263 200 463 NA NA NA
24 URTISEIN NA 248 200 448 NA NA NA
25 mgyouyd 9 m 98 370 0 85 0
26 3AsEIH 48 211 115 6 32 0 0
27 gnIsaiys 41 212 10 22 212 0 10
28 wolass NA %0 100 190 0 40 150
29 aszufd 7 29 114 143 80 63 0
30 dndwg NA 40 80 120 NA NA NA
31 s NA 57 21 8 18 60 0
2 3l NA 35 30 65 NA NA NA
33 aum NA 25 30 55 NA NA NA
3 Tigas 10 16 80 % 0 9% 0
35 mwaug NA 3 10 3 NA NA NA
36 wzal NA 7 0 7 NA NA NA

Total 115,591 201,175 279221 481,833 202,372 153,302 83,689

Note : NA = no information
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Feasibility Study of Milk Distribution

during School Vacation

asnimd Buninaumns”

Wallratat Intaruccomporn v

Abstract : The purpose of this research were to develop people’s cooperation in community and milk drinking

implementation of the student in Child Care Center up to primary school grade 6 during school vacation and find out the
pattern of milk distribution in Mae Ki school, Chaiprakan district, Chiang Mai province. Milk was donated by Chaiprakan
Agricultural Cooperative.

From rescarch finding it was found that Mae Ki school had high potential and readiness of cooperation in
milk distribution because it was located near to Chaiprakan Agricultural Cooperative. In addition, Sub - district Coun-
cil, Housewive Groups, District Livestock officer, parents of the student and teachers cooperated with the project very
well. In fact, this project should have been firstly initiated by the community itself, however there was no one to initiate
and guide it

Recommendations were that community as well as local organizations should be informed about the advantage
of milk drinking. Cooperation could be requested from District Livestock officer and District Health officer. The project
should be implemented before school vacation. Good planning and coordination among teachers, parents and community
leaders should be highly considered.

Y NIRRT UUALIHOUNI NSINEAT AEInAmEas a inudoBeslwl Foalwi 50200
¥ Department of Agricultural Extension, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand
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Tribal Farmers’ Knowledge and Attitude
on Safe Pesticide Use in Mae Chaem District, Chiang Mai

Iwyad qnsgm”
Paiboon Suthasupa v

Abstract : The objective of this research was to gather the basic information concerning farmers’ knowledge and
attitude on safe pesticide use of Hmong and Karen in Mae Chaem District, Chiang Mai in order to apply this information
for training program on safe pesticide use for agencies concerned. Populatiom used were 22 Hmong farmers in Ban Pui
Nua and Ban Pui Tai and 17 Karen farmers in Ban Sun Poo Luey and Pui Kariang as well as agricultural officers and
pesticide dealers.

From research findings, it was found that farmers applied three kinds of pesticide, namely, insecticide, fungi-
cide and herbicide. Most farmers sprayed pesticide 7 days before selling which was the right time. Farmers mixed
pesticide by themselves but bought it without any suggestion from dealers. Usually, farmers stored pesticide at their
homes but some kept it in the forest or in their own farms. Some used mask and boots for protection while some wore
special coat while spraying. Some merely used thick cloth with long sleeves or covered their faces with loin cloth.
Farmers infected from pesticide felt headache with irritated skin or ever vomited for severe case. For healing, they drank
salt water or sugar dissolved in water or had medicine for allergy or herbs. From blood testing of 200 farmers at Mae

Chaem hospital, only 1 severe case and 17 infected farmers were found.

Y s aeS uiasnomImManens assnyasmamd uninendodsalnl Foalwi 50200
Y Department of Agricultural Extension, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand.
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It is recommended to disseminate knowledge on pesticide use through broadcastion station by using tribal
languages, demonstration plots for safe pesticide use by farmers, to campaign the reduction use of pesticide by focusing
on school students, e.g. chemical free vegetable growing and to promote “Integrated Pest Management” (IPM) by using

neems, predators and parasites, insect trap and glue or thuricide.
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Table 1 Tribal Farmers’ knowledge on pesticide use.

Detauks Hmong % Karen %o
Last application of pesticide
- before harvest 7 days 14 63.6 1 64.7
- before harvest 11-20 days 8 364 6 363
Total 2 100.0 17 100.0
Trianing experience on pesticide use
- No 12 545 15 88.2
- Yes 10 455 2 11.8
Total 2 100.0 17 100.0
Management of empty pesticide packaging
- bury 18 81.8 12 70.6
<leave in farm 4 18.2 5 294
Total 2 100.0 17 100.0
Body protection by pesticide application
- mask & boot 8 364 13 76.5
- thick coat with face protection 14 63.6 3 17.6
- none - - 1 59
Total 2 100.0 17 100.0
Toxicity symptom
=il s 28.2 4 235
- none 17 773 13 76.5
Total 2 100.0 17 100.0
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Fl Hybrid Improvement of Chinese Radish

uiisr gAasue” waz wdidns iinsiug”
Montira Putivoranat” and Maneechat Nikornpun"

Abstract : Nine inbred lines of Chinese radish were investigated for their self incompatibility levels by fluorescent
microscope technique and seed set analysis. Results showed that most of the inbred lines exhibited self incompatibility.
They were crossed in all possible combinations to select for the best hybrid combination. Based on varietal trial and
ability to set seed it was found that 27 x 18 combination had seed yield 0.68 g/pod and also produced good horticultural
characteristics such as uniformity, dark green leaf without hair, cylindrical shape, smooth skin, firm texture of root and
weighed about 360-400 g. These characteristics are acceptable by markets, Root yield of these hybrids were a few times

higher than market varieties. The hybrid varieties should be future tested in farmer trials.

unfage : msﬁnums”’u‘fﬁmumwaauﬁ’nymzmsuum‘fmea’lﬁﬁmmﬁnnmm (Raphanus sativus var.
longipinnatus Linn.) 31434 9 Wug Aot neunonguuazasnu i useioaiu (seed set analysis) uaz 35ns 2900
waeanasdaf lufignasduilo(uorescent microscope technique) WudmnWuiianymzasHaudueslidn
wazyh iR sUuWLTunA (cross all combination) iNadaBangraruia Tnogininouwdainanlauas
vInnsMATRURLE InsuTinenau wuh Wi 27 X 18 Tasdad o 0.68 niuiln uasduiuinianyesd
iy e Tanuminewevasmeiuf wddeady hisimny e nisnszuen Midey ieneluliviu
vimimialszan 360400 nfy Sadhufiveniuvosnon Nnuﬁmmﬁaﬁnnmqnnﬂuma'u“x"lﬁmumﬂeuué’ﬁ1
Tnandaganimiugaaanaioiia Sanasiner lunarevluwlaunuasnsdelal
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HamsH DN UMNA Wudh
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75 x 18 , 27 x 18, 27 x 59 uaz 56 x 18
Tiudnsenanio 0.88 , 0.68 , 0.59 1AZ0.49
amddy guand idadeotiaa fe 62 x 27
wazuagaay i idwdane idesniiénou
aeneonnznaund hidanda

Table 1 Seed yield and incompatibility levels of Chinese radish by seed set analysis and fluorescent

microscope techniques.
Cross Seed Weight SSA FM Cross Seed Weight S$SA ™M
(g/pod) (g/pod)

18x27 034 SIxSI SIXWSI 59x 62 0.11 SBSI ShSI
18x56 059 SIxWSI SIXWSI 59x75 0.21 SIxSI SIxSI
18x59 0.13 SIxST SIxSI 59x77 0.10 SIxSI SIXWSI
18x62 032 ShST SIxSI 62x18 0.12 SIxSI SIxSI
18x75 143 SIxSI SIxSI 62x27 0.07 Shs1 SIXWSI
18x77 0.40 SIxSI SIxWSI 62x56 0.15 SIxWSI SIxWSI
27x18 0.68 SIxSI WSIxSI 62x59 0.09 SIxST SheI
27x56 0.43 SIXWSI WSIxWSI 62x75 0.09 SIxSI SISI
27x59 059 SIxSI WSIxSI 62x77 0.08 SIxWST SIxWSI
27x62 0.22 SIxSI WSIxSI 75x 18 0.88 SIxSI SIxSI
27x75 0.29 SIxSI WSIxSI 75x27 - SIxSI SIXWSI
27x77 022 SIxS1 WSIXWSI 75x56 - SIXWSI SIXWSI
56x 18 0.49 WSIxSI WSIxSI 75x59 - SIxSI SIxSI
56x27 - WSIxSI WSEXWSI 75x 62 - SIxSI SIxST
56 x 59 - WSIxST WSIxSI 75x71 - SBSI SIxWSI
56x 62 - WSIxSI WSIxSI 77x18 0.14 SIxSI WSIxSI
56x75 0.51 WSESI WSIxSI 77x27 0.16 SIxSI WSIxWSI
56x77 0.14 WSIxST WSIxWSI T7x56 0.13 SIXWSI WSIxWSI
S9x 18 0.09 SIxSI SIxSI T1x59 034 ShxSI WSIxSI
59x27 0.08 ShesI SIXWSI 77x62 0.16 SIXSI WSIxSI
59x56 025 SIXWSI SIXWSI 71x75 0.14 SIxSI WSIxSI

SAA : Seed set analysis
FM : Fluorescent microscope
ST : selfiincompatibility
WSI  :  weak self-incompatibility
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b = Y Pt

Figure 2 Style of opened flowes of self compatibie plant, showed pollen tube.
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36 ﬁu{ ¥y ﬁu{‘\m Thep Watana , Hung Nong ,
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nml%'mlwuiﬂ'nmnﬁaqnmufﬁnﬂ.a

dnaiziiiomuTy Taufminmiufindeyaiieny
48 , 50 , 52 UAY 55 U HAMINATDUNWUN
ANNIANIFIAYI91Y (819091 30 cm)
n3anszuen lAun Wug 27-1-3x 18-1, 27-1-3 x
18-2, 27-1-3 x 18-3 , 27-1-3 x 18-6 LAy 5-1 x
18-4 ANNANIFUAYIU12 30 cm (everest type)
18R Wug 54-3-4 x 18-3, 54-3-4 x 18-11 naz
87-5 x 18-11 fanuuriia Miiduiidesnis
vasama enfTououfuiug check $17u
36 Wuf, Danumzdmaasluman 2

Table 2 Horticultural characteristics of F1 hybrid Chinese radish and control varieties.

Leaf
Cross Growth Uniformity Color Shape Spine Days to Harvest

Hybrid

27-1-3x18-1 Extreme vigor Uniform green Lrate None %
27-1-3x18-2 Extreme vigor Uniform Dark green Entire None 40
27-1-3x18-3 Extreme vigor Uniform Dark green Lyrate None 40
27-1-3x18-6 Extreme vigor Uniform Dark green Lyrate None 40
27-1-3x18-7 Extreme vigor Uniform Dark green Lyrate None 40
59-10x18-1 Extreme vigor Variation Dark green Entire Few S
59-10x18-2 Extreme vigor Partly uniform Green Entire Few 40
59-10x18-5 Extreme vigor Variation Green Entire Few 40
62-2x18-1 Extreme vigor Variation Greem Entire Few 45
62-2x18-5 Extreme vigor Variation Greem Entire Few 45
62-2x18-6 Extreme vigor Variation Green Entire None 0
77-2x18-1 Extreme vigor Variation Green Serrate Few 40
77-2x18-2 Extreme vigor Variation Green Serrate Few 40
77-2x18-11 Extreme vigor Uniform Green Serrate Few %
T7-4x18-7 Extreme vigor Uniform Green Serrate Few 0
Control

55Days, CT Vigor Variation Green Serrate - 40
A-1,Fighter car Vigor Variation Dark green Entire No 40
Himalai Thepwatana Extreme vigor Uniform Dark green Entire No 40
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Figure 3 Good F1 hybrid Chinese radish cross 27x18 (No. 22 and 23), and control varieties, CH 12,

CH 24, and CH 3.
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Abstract : Main objectives of this study are to find out the optimum light intensity and carbondioxide concentration
for growing ginseng (Panax ginseng C.A. Meyer) on highland of northern Thailand. Ginseng plants at the age of 1 year,
2 years and 3 years were completely randomized into 9 treatments with split plot design . The result revealed that light
intensity at 6,000 lux and l0,060 lux significantly decreased plant growth period and chlorophyll content of leaves when
compared to at 4,000 lux. Increased light intensity ,however, promoted a higher Total Nonstructural Carbohydrate (TNC)
accumulation in leaves and roots. Plants of all the three ages responses to light intensity similarly.

Increase of carbondioxide concentration from ambient level (180-250 ppm) to 600 and 1,000 ppm increased
plant growth period in 1 year- and 2 year- plants and also significantly increased TNC accumulation in roots.

The most appropriate conditions for grdwing ginseng in northern Thailand are carbondioxide at 600 ppm plus
light intensity at 6,000 lux. Under this conditions plant growth period was slightly shortened but TNC in root was the

highest.

UNARED : manaassiliagUsyaaditonnamudiues uavamududuveathamiveulasen ladiimuzay
dmFumsndgdTavesTaunmadgnuuituiigamemeumilovealsznaing  Taoinyifudulay
imwaegnitsd), o1gaet) nazegoruiluazieuAuNTNABBINLIY split plot design tuuguEIYsaTvuioy
aududuves Mamfuen laoen s 3 seiy uasaunuduumi 3 sz o stz 6,000
uae 10,000 fnd Baudaziiazsznalumaneiydvlnvesdumieauduas uazihldinanns Iswlad
samiaiminanas enSeudoufivit 4,000 dnd urvzildue T™~e Tuly uaz Yiinm TNC
Aazmlusnddy Taofuiaisamegszasymesrenrduuers o uivai

Y pndfiroou ausnuasmaad ininodo@oall Foalwl s0200
" Department of Horticulture, Faculty of Agriculture, Chiang Mai  University, Chiang Mai 50200, Thailand.

238



NIMINEAT 14(3) : 238 - 249 (2541)

nsunduduveaieniiuoulaeenladninseduussonmng (180250 ama )il 600uaz 1,000

-~ 1 v .. J J e
ana. v IdAsilszozna lunss gidiu Tnvesdaumiledu muduludusiymiladl uazdueiyoesdl uaz

P a 4
M5 NG # azaulusindiuiu

anududuvesmeniivoulavenlediszdy 600 ana. sawduanmduuas 6,000 dnd
~mmznuﬁqaﬁms‘umm?tytﬁ‘uimaﬂuummﬁ Tasszilggnialumsigdu Induaudmies

udszyh T TN flazau lusngefiqe

Index words : Tﬂmnma, Trmnu, Ten, Ginseng, Panax ginseng, tropical ecology

Unin

ilaguiimaiTamnmddnmaass
ﬂgnuuwunqemmaumuwmﬂszmﬂ'lnu
muuwunqamnannmﬁo'lé’lﬂwuuw
@onlioy Wenlfouisufuunagnlay
nmﬁhﬂsomnwmun WU UFINA0N
mumwmamqmwmmmm 1,450 11A3
mns~¢mu1mmemqmuqumaumaam]aq
Tusa 19-28 eamiwaiden Fuilusrsgamgil
mmwﬁunumsmmmu'Imaﬂﬁmmna
waidaidunlioy Ao HHmouds Tnauaady
m‘luﬁummnmmﬂ'nﬂnﬂ (Sugino etal.,1995)
uanmnuuuwunqamnmw,ummﬁ’uﬂu
voamamivoulneonladduiive 180-250
ana. ldsasimsdunneiumavesitedng
Und mismuanududuvesfianifveu-
Tnoonlad Mlddasims Fuaseiuaavosive
qoi‘fuﬁ'w (Bert er al.,1991) Wazn15iiy
anududuvesmaniivoulasenlealu
ussoImd i Ivdszantnwlunsduas
Yo sRTGaTY (Bowes, 1993) 0619 5in
n1mu’mumﬁuuzmﬁm%’umsﬂqﬂ'(zm

v I semadiiuszeguszann 4,000 dng

(Sugino et al.,1995)

239

d’a ar o« Ly
mananvatiilinnszaendinglums

o o o
win duduvesianiivou laoen lad uas
AnuduasfimuzaudmiumansyauIn
voalauwnmd TaonSoumouramsnaana
o . J
AudunsluuAazey e ewnisl, ool
uarewmul muday

gUnsainaziZmsnaans

Auiiunisnisnaassiianiilinyns-
MDY ITUHUNISNAADAL split plot
design Tavdanmitomsnaasuuuguauyse
uARENIIUIRT 6 91 MidunINAReIAe S
Mulaulunilinszorndaumndiefuaimeny
voany 1aun duieiidunenszoralunsal
Auoignilsll uazdufiymududenszors
lunsdivesduogaredd) unzeorgadl duiy
mwnﬂﬂqﬂ‘lu'(smauqq&wwmm Y i
2.5 AT 017 8 AT AT 2-2.5 A3
HALAMUANT SIS 1Ay

main plot 79 ANMANLTIUBILAAY
TsaSouilanuszdu 18un 4,000 ane, 6,000 dne
1AL 10,000 60 MsUSun N 1935ms
Uivesmvaman lsuou



MIRBUIURINIEI S INEealmunndeignieg Aenamudaum
uasANUTNduve s an iuenlaeenlyd

sub plot A9 AWy uveaiy Mnmsasaviannudunasiing s
miveulasonladiimusydy  18ud  Tlmwmsindeufivesniserindnaoaiu
USILINIA, 600 A0, AL 1,000 ama. Msnugy  lay1dDigital lux meter (Kennis DX-100) Wy
anududuvesfaniiuoulacenled  lTulsufeuismuannudiuas 13 4,000 dnd
sy Tavardradh Insamdnydronaadnla wimnudunaanlsiuegugii 3,400-4,500
ANAa 15 WA 810 2 1WAs wazgs 1 was  ang uTsesdeuiismua13fiszdy 6,000 dnd
iolldesmansvoulasenladlasasenn  swiinnuduuasaglugn 5,500-6,800 a0 iag
daussyisnnududu 10,000 aaa. Taoiims  manduuasluTssSoudidmua Bisydy
desmanisuowlasenladdillugyng 2 10,000 8nd sxiimnnudunaanlsiueglugas

¥ Tue ediuanududuvestaniolug  8400-12,000 and (nwdi 1)
Tiinei

T "[‘T} TTTTT T T T T T———r
150001‘T{vr':{l " ] | e
el N
;g | p= v 4 .
3 10000 | [
3 5oool.’=' i | ] d
L <4
I! & ..)
0 g‘ ” : ‘ 15-Aug-97
g
S E 8 = 8 2-Jul-97
A & & g 8 o
10,000 lux 2w :
) 6000 lux
4000 lux

Figure 1 Day change of light intensity within ginseng house of each treatment.
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Figure 2 Day change of carbondioxide concentration of each treatment.
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Table 1 Air and soil temperature during June to October 1997 as affected by increased light

intensity and carbondioxide concentration.

Light 4,000 lux 6,000 Jux 10,000 lux

CO, June August October June August October June August

October

Ambient | 23.6+1.432" 21841908 21.0+1.548 23.0+1.499 21.0+1.939 20.6+1.552 233+1.643 21.6+1.141  20.5+1.757
204+1385" 19340365 18.0:0.565 21.0+0.493 20.440.977 19.5+0.778 21140478 20.9+0.333  19.5+0.445

600 ppm 23.9+1.260 222+1.615 209+1.414 235+1.293 21.342.013 20.241.656 24.7+1.548 22.9+1.269 21.5+1.689
21.0+0.451 20.9+0.986 19.1£0.858 21.6+0.751 21.4+1.098 198+0.773 22.6+0.466 22.3+0.618 20.6+0.704

1,000 ppm | 24741206  22.7+1.615 21.6+1.491 258+41.203 22.942.017 223+1.577 24.8+1.606 229+1216 21.3+1.609
22.6+0467  21.9+0.721 20.6+0.721 22.110.408 21.2+0.859 19.7+0.572 23.040.392 22.3+1.099 20.4+0.656

Y air temperature

¥ soil temperature

»
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Porometer AP-4 Y9915 Delta-T device,
Cambridge UK. 13297 1uTu¥ 26 gquisy

3. UsmanaelsWaaluly muitves Amold
(1949)

4. 151 Total nonstructural carbohydrate

2540 lusrad1981 9.00-11.00 . way
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Table 2 Effect of light intensity on growth and physiological responses of ginseng plant at

different age.

Plant growth Stomatal Chlorophyll TNC in leafr TNC inroot
period resistance content (mg.gDW.")  (mg.gDW.")
(days) (s.cm’”) (g.100g FW.")
Morning Afternoon

1 year plant
4,000 lux 1623a 3.16 7.90 112 - 519.1
6,000 lux 1143b 3.06 6.80 1.34 - 5753
10,000 lux 130.0b 3.01 6.96 1.03 - 591.7
cv (%) 12.4 164 245 299 - 249
2 years plant
4,000 lux 178.6 a 238 448 1.38a 0.18b 35400
6,000 lux 163.0b 1.87 5.70 L.18b 0.17b 4545a
10,000 lux 168.5b 1.99 5 1L.10b 022a 3906 b
cv (%) 5.4 29.1 26.3 23.6 18.8 26.0
3 years plant
4,000 lux 177.3a 494 1266 b 145a 085 b 4316 b
6,000 lux 149.0b 5.56 1537 a 131b 1.14 a 489.0 ab
10,000 fux 154.1b 4.80 17.26 a 130b 1.02 ab 556.1 a
cv (%) 7.7 204 20.2 10.1 274 258

Means comparision within each plant age group
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Table3 Effect of carbondioxide concentration on growth and physiological responses of

ginseng plant at different age.

Plant growth Stomatal Chlorophyll TNC inleaf  TNC inroot
period resistance content (mg. g DW.") (mg. g DW.")
(days) (s.cm®) (2100 g FW. ")
Moming Afternoon
Lyear plant
ambient 116.1b 3.02 7.99 1.27 - 4804 b
600 ppm 1469 a 3.38 121 1.15 - 59242
1,000 ppm 143.7a 2.84 6.46 1.06 . 61344
ev (%) 12.4 164 24.5 29.9 - 24.9
2 years plant
ambient 1599 ¢ 1.97 4.07b 1.16 0.20 408.4
600 ppm 182.2a 242 581a 1.24 0.18 357.6
1,000 ppm 168.1 b 185 5.58a 1.25 0.20 433.0
cv (%) 54 29.1 26.3 23.6 18.8 26.0
3 years_plant
ambient 156.2 444b 13.38b 133 L4 436.6
600 ppm 159.9 546 a 1434b 1.35 0.96 508.4
1,000 ppm 164.8 542a 17.57a 1.39 1.02 531.9
cv (%) 7.7 204 20.2 10.1 274 258

Means comparision within cach plant age group
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Eucrosia Chromosome Investigation

Ains mghim3dand ¥ uaz duman qassusm
Siriporn Hannantavivar’ and Chuntana Suwanthada ”

Abstract : Somatic chromosome investigation of Eucrosia sp. via squash method revealed suitable technique of root

tip tissue preparation. Root tip samples were taken at 9.00 a.m. The tissue was pretreated in para-dichlorobenzene for
4'2 hour prior to maceration in I N HCI solution for 5 minutes. The tissue were then stained in carbol fuchsin for 1 hour

before squashing. The resuit showed the chromosome number of 2n = 68.
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Eucrosia, Eucrosia sp., chromosome, somatic chromosome
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Figure 1 Somatic chromosome of Excrosia sp. (2n =68) (1,180X).
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Impact of Coffee Based Production System on the Change
of Socioeconomics and Environment of the Farmers

in upper Northern Thailand
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Treeradej Promwong" Narit Yimyam" Warapong Boonma"

Nithi Thaisantus” and Prasert Khamon®

Abstract : This research work was carried out to study the impact of promoting arabica coffee cultivation on
economic, social and environmental situations as well as to identify suitable arabica coffee cultivation systems in the
upper north of Thailand. The study was done with interdisciplinry method; farmer interview in combination with quality
research method was the main methodology. Randomly selected farmers in 7 villages were interviewed with semi-
structured and informal questionings.

It was found that, there were 3 systems in arabica coffee cultivation, ie : monoculture, mixed system (in
combination with forest trees, Prickle tea and forest trees, economic fruit trees) and coffee in backyard garden. The
favorable and adverse characteristics of each system were described. In conclusion, coffee and fruit trees showed
higher tendency of cstablishment due to lower risk in overall economic return, lower pest and disease incidence as a
consequence of higher crop diversity. Moreover, soil and water conservation aspect was better in this system due to
permanent land use while the chance of invasion into national reserved forest would be reduced and farming systemon

highland would be more toward sustainability.

¥ guéifouazianniotunilgs auzinwasmond uiinmdudeatmi Foalmi 50200
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" Highland Coffee Research and Development Centre, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand.

¥ Highland Research Station and Agriculture Training Center, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200,
Thailand.
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Knowledge Attitude and Practice on Pesticide Application
of Hmong Vegetable Grower in Chiang Mai

Faziay winuaad ¥ uax szadg meerw”
Theeradej Promwong” and Prasert Khamon™

Abstract : The study aims to investigate the present situation of chemical application of Hmong vegetable growers.

The result will be useful for an extension program on proper chemical used and for reducing enviromental pollution.

Quantitative approach is used by interviewing 121 farmers in Amphoe Chiang Dao, Mae Rim, Mae Taeng and
Mac Chaem, Chiang Mai province. For the social status; the majority of respondents were male at 34 years old and most
of them were married. Average family size was 9.21 persons, from which average agricultural labor was 4.88 persons
per family, 32.2% of the respondents could not read and write Thai. The growers had vegetable production experience
in the average of 10.49 years with vegetable production area of 6.98 rai and 50.1% of the growers choosed the chemicals
by themselves. Average income from vegetable production in 1997 was 48,873.91 Baht, and average chemical expenditure
was 3,264.95 Baht. 86.8% of the growers had never checked their health for chemical residue in their blood. For the
group with blood checking 37.5% were found the residue in a critical amount.

Y guittonasRannnuuuiige nazinuasmaai i iinododo

¥ gonfionnzguilneusununsiig auzinumsmani uminndodostni

“ Highland Coffee Rescarch and Development Centre, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand.

¥ Highland Research Station and Agriculture Training Center, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200,
Thailand,
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Rescarch finding showed that 47.1% of the growers had knowledge on pesticide application at medium level,
by which the average score of knowledge was 11.82 form 20 points.  For the appropiate method of chemical application,
grower at amount of 63.6% practiced a very correct technique, whereas 28.1% practiced a half correct method.

There was a positive correlation among knowledge, attitude and chemica! application technique.
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Effects of Biogas Fertilizer and Seed Rates of
Khao Dok Mali 105 Rice Variety in Nahwan Nam Tom

- ¢
DITUNW ANUDIYYIY

Annop Kanachareonpong "

Abstracts : A field experiment was conducted to investigate the effects of biogas fertilizer(pig sludge from biogas
digester) and seed rates of Khao Dok Mali 105,an aromatic rice variety,in Nahwan Nam Tom,at Mae Hia Agricultural
Research Station and Training Center,Chiang Mai University during rainy scason 1997. The result showed that increasing
sced rates significantly decreased in number of plant/m’ (at harvesting time),shoot dry matter,leaf area index,height and
yield.Seed rate at 6 kg./rai increased in number of spikelet/panicle than that of 12,18 kg/rai,but decreased in number of
panicle/m’ and empty seed. Seed rates of 6,12 kg/rai gave the same yield,but significantly higher than that of 18 kg/rai.
While all rates of biogas fertilizer significantly incréased in growth and yield production as compared to the control,except
number of plant/m® (at 3 weeks after planting),empty seed and height.Seed weight (1,000 seed) was not affected by
different seed and biogas fertilizer rates. The interaction effect was on only shoot dry matter.Seed rates at 6,12 kg/rai gave
the same yield , but the treatment of seed rate at 6 kg/rai and biogas fertilizer at the rate of 1,400 kg./rai produced grain
yield about 421.8 kg/rai that was not significantly different from recommended chemical fertilizer that gave the highest
yield.

Y wo1ii3i0 unzguetinousunsinuasninio: ausinuasmaad wninndodolmi 50200,
¥ Mae Hia Agricultural Research Station and Training Center, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200,
Thailand.
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Table 1 Some properties of the soil at Mae Hia Agricultural Research Station and Training

Center,Chiang Mai University.

pH

Organic matter
P(ppm)
K(ppm)

Soil texture

5.7

1.5

11.2

48.6

Sandy loam
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Table2 Rates of biogas fertilizer application and amout of nutrient.

Treatment Rate of application (kg/rai) Rate of nutrient (kg/rai)
N l" 0’ l(x (]
Control 0 0 0 0
Biogas fertillizer 1,400 63 4.9 38
Biogas fertillizer 2,800 12.6 9.8 7.6
Biogas fertillizer 4,200 18.9 147 114

Biogas fertilizer contains 0.45%N, 0.35%?,0,. 0.27%K O
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Table 3 Planting number,shoot dry matter,leaf area index(LAI) and height of KDML.105 as

affected by different rates of seed and biogas fertilizer in Nahwan Nam Tom.

Rate of BF Seed rates (kg/m’) Seed rate (kg/rai)
(kg/rai) 6 12 18 mean 6 12 18 mean
Plant number,D1(no/m") Plant pumber,D2(no./m")
0 130 212 286 209.3% 586 593 562 580.3%%
1,400 135 215 290 2133 605 603 575 5943
2,800 133 210 288 2103 595 600 575 590.0
4,200 135 212 285 210.7 597 602 570 589.7
5,600 130 215 280 208.3 595 601 573 589.7
CF 133 216 286 211.7 600 605 570 591.7
mean 132.7% 2133 285.8 210.6 5963**  600.7 570.8 589.3
LSD0.05 (Rate of BF,B) NS CV(a)% 15.4 LSDO.01 (Rate of BF, B) 8.3 CV()% 112
0.01 (Seed Rate,S) 7.6 (by% 146 0.01(Seed Rate,$)7.7  (b)% 116
(B*S) NS (B*S) NS
Sheot dry matter (g/m’) _Leaf area index(LAD
0 580.7 582.6 290.8 4847+ 2.0 2.2 L5 1.9**
1,400 8053 809.2 3550 6565 36 a8 23 32
2,800 840.3 842.7 3550 6793 35 3.6 23 31
4,200 8352 840.5 3582 678.0 37 38 22 32
5,600 841.8 850.6 3624 6849 35 37 24 32
CF 802.7 8103 355.7 656.2 32 as 23 3.0
mean 78434 7893 472 639.9 334 34 22 3.0

LSD0.01 (Rate of BF B) 12.6CV(a)%4 11.6
0.01(Seed Rate,S) 123 (bM% 124
(B*S) NS
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LSD 0.01{Rate of BF,B)0.5 CV(a)5% 14.6
0.01(Seed Rate,S) 0.3  (b)% 108
(B*S) NS
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Table 3 (Cont) Planting number,shoot dry matter,leaf area index(LAI) and height of KDML.

105 as affected by different rates of seed and biogas fertilizer in Nahwan Nam Tom.

Rate of BF Seed Rate (kg/rai)
(kg/rai) 6 12 18 mean
Height (cm.)

0 125 982 83.5 988"
1,400 1183 102.0 86.6 102.3
2,800 120.5 1003 85.4 102.1
4,200 118.2 1015 86.7 102.1
5,600 1164 1012 85.0 100.9
CF 120.5 1058 90.2 1055
mean 17.7** 1015 86.2 101.8

LSD 0.05(Rate of BF,B) NS CV(ay% 5.8
0.01 (Seed Rate,S) 46 (b)%as8

(B*S) NS

note: To compare means of cach factor treatments in cach parameters by LSD at | and 5% level

**.* NS = significant at 1%,5% and not significant respectively for analysis of variance in cach treatment
BF = Biogas fertilizer, CF = Chemical fertilizer, S = Seed Rate

D1,D2 = Planting number at 3 weeks after broadcasting and at harvesting respectively
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Figure 1 Grain yield of KDML. 105 as affected by different rates of seed and biogas fertilizer

in Nahwan Nam Tom.
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Table 4 Yield components,empty seed of KDML.105 as affected by different rates of seed and
biogas fertilizer in Nahwan Nam Tom.

Rate of BF Seed rates (kg/rai) Seed rates (kﬂll)
(kg/ral) 6 12 18 mean 6 12 18 mean
Panicle no. (no/m’) Spikelet no/panicle
0 125 168 287 1933+ 9.3 63.5 18.5 5744~
1,400 158 200 308 2220 124.5 813 29.5 78.4
2,800 155 193 300 216.0 120.5 80.0 283 76.3
4,200 1536 197 305 2183 122.8 81.0 29.0 77.6
5,600 150 193 301 2147 1213 80.5 283 76.7
CF 160 205 305 2233 125.0 825 30.0 79.2
mean 150.24* 192.7 301.0 214.6 1174**  78.1 273 743
LSDO0.01 (Rateof BF,B) 12.5 CV (a)% 14.8 LSD 0.01 (Rate of BF,B) 15,6 CV (3)% 17.5
0.01{Seed Rate,S) 5.7  (bpe 134 0.0i(Seed Rate,S) 9.5 (b)sa 141
(B*S) NS (B*S) NS
1000 seed weight(g) Empty seed(%)
0 25.0 252 253 25.2NS 7.5 1.0 153 11.3NS
1,400 252 253 25.2 25.2 6.3 9.8 143 10.1
2,800 250 254 25.3 252 6.8 108 14.5 10.7
4,200 25.0 253 25.1 25.1 6.3 103 14.3 103
5,600 25.2 25.1 25.0 25.1 6.5 10.5 15.0 10.7
CF 253 25.0 255 253 63 10.0 148 103
mean 25.INS 252 252 25.2 6.6%* 104 14.7 10.6
LSD0.05 (Rate of BF B)NS CV(a)f¥s 4.7 LSDOOI(Rae of BF,B) 15,6 CV(aP4 17.5
0.05(Seed Rate,S) NSCV(b)%4.5 0.01(Sced Rate,S) 2.9 CV(b)rads.1
(B*S) NS (B*S) NS

note: To compare means of each factor treatments in cach parameters by LSD at 1 and 5% level
**,*NS = significant at 1%,5% and not significant respectively for analysis of variance in each treatment
BF = Biogas fertilizer, CF = Chemical fertilizer, S = Seed Rate
D1,D2 = Planting number at 3 weeks afler broadcasting and at harvesting respectively
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Effect of Culture Medium Concentration
Times of Overlay and Cytokinins on Development of

New Shoot Buds Purplish Red Leaf and Callus Formation

Guejoe inwien ¥ navaules wvzln Y
Rermarun Rakphurk” and Sompong Te-Chato”

Abstract : Inorderto study development of mangosteen leaves for callus formation subsequently a high frequency
of plantlet regeneration, preparation of the leaves was carried out using two-phase culture media. Lower phase medium
was woody plant (WPM) medium supplemented with 3% sucrose, 500 mg/l polyvinylpyroridone (PVP) and 0.1 mg/Il
benzyladenine (BA). Upper phase medium or overlay medium was liquid Murashige and Skoog (MS) reduced the
components Lo various concentrations and overlayed at various periods of culture. Moreover, we also study the effect of
kinds of cytokinins on development of new shoots, shoot length, purplish red leaf and callus formation. It is found that
liquid 1/2MSNB (MS which was reduced the components to a half strength of origin and supplemented with 3% sucrose,
0.06 mg/l naphthaleneacetic acid (NAA) and 0.03 mg/l BA) gave the best results in increment of new shoot buds and
purplish red leaf formation. Period of culture shoot clump on WPM for 2 weeks followed by overlay the liquid medium
gave the best results in increment of new shoot buds, shoot length and purplish red leaf formation. Between cytokinin
tested 1/2MSNBT (both BA and thidiazuron, TDZ at the same concentration of 0.03 mg/l) provided the best formation of
both purplish red leaves and callus.

Y mndnfyaou aasndnenssiseni sninndvasvamniund Inowvanialve s 90110
" Department of Plant Science, Faculty of Natural Resources, Prince of Songkhla University, Hat-Yai Campus, Songkhla 90112,
Thailand,
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Figure 1 Effect of concentrations of MS medium on development of shoot buds, shoot length
and purplish red leaf formation.

B nunber of shoot buds

increased }
= 10 100
E il shoot length 50 ¥
g 3 g0 &
=
: o B
s =
g 6 60 E
] e
2
§ 50 '§
0 3
o
=
= 30 2
2 :
g 2 20z
3 10
&
0 0
0 | 2 3 4 week(s)

time of overlay

Figure 2 Effect of various times of overlay with half strength liquid MS medium containing
0.06 mg/l NAA and 0.03 mg/l BA on development of shoot buds, shoot length and
purplish red leaf formantion.
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Table 1 Effect of various kinds of cytokinins cotaining in 1/2MSN overlay on SPIM on shoot

bud formation and elongation of the shoots.

Cytokinin Number of shoot buds Length of the shoots
increased

control 46D 2.1b

BA 48b 39a

TDZ 5.9 ab 2.1b

BA+TDZ 73a 24b

Means in each column was separated by DMRT.
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Figure 3 Effect of cytokinins on development of mangosteen leaves.
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Figure 4 Anthoecyanin formation patterns in young leaves of mangosteen cultured in two-phase

medium overlay with 1/2MS containing different cytokinin
(A WPM without overlay, B: 1/22MSNB, C: I/2MSNT and D: 1/2 MSNBT).
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Table 2 Effect of preculture medium on callus formation from purplish red leaves.

Leaf position Callus formation (%)
Not overlay 1/2ZMSNB 12ZMSNT 1/ZMSNBT
proximal (P) 75 57.2 385 42.5
midrib (M) 4 35 26 14.5
distal (D) 0 08 0 05
laminal (L) 0 04 0.5 0
P+M 0 164 15 2
P+D 1 6 I 3
P+L 15 32 1.5 1
P+M+D 0 1.6 1 35
P+M+D+L 0 0.4 0 0
Total 81.5b 89.6 ab 83.5b 97 a
Means within row was separated by DMRT
' v 1 v
4. WoveagATEIMIIIMIBNBEINgUMEeane  vinluTiwisuiRuanguA N ue M V

miafaunadaeinlugendins
mnmﬂ?mhuﬂaﬁ'mlm'luﬁqqmm
nqummumwwumuﬂumn13 4 g3 WU
1110mnqumsmmaudummsqﬂ 5 1/2MSNBT
Tnsadaunadagegn 97% 5040901 A gA3
I/2MSNB uay 1/2MSNBT @almisadie
unada 89.6 az 83.5% Ay dauluan
omsganIuRui biimsdsemiamarlias
athaunadadea 81.5% (13147 2)

Tunnemayngas Idnsadaunada
aaigavinalauludhldhohwesdeaiu
st lsfauualuiimsadaueadaldunnend
witadumis TaoRaneusnniauly uazidy
aavlundelavlududately
pranunsadranadausnuusuludndae
unadamadhann Tmely unanslusasiduly

A
HDNIINU

DMSNT uag 1/2MSNBT diflivroumnies
IMEAIRUIUY (compact) EuITANAUITH
Tuqmuﬂnﬁﬁﬁﬁ'mmnﬂuﬂm’fﬂnﬁda'\ﬂ‘lﬁ'
'luum.m‘luameum‘lummwﬂmuqu
Misimsiavemsmarliunadaiiea
Tassadrameziunaing Niannsamuliing
unzviann ¥ Tugaunade l¥uazaeluiiga

Te-chato and Lim (1996) 318371UN135
duasunmstas1vesnieoaiinalunins
Fnimstaven Fuilugasemis 1/2MSNB
qmmnanuﬂs.amnmu1"luuaaums
01218520137 voaRdavTivinamngi
wm'hhmmsmtﬂuo’fumruuimwé’oun

zlgnld FUIREINTI0IUNTINIEIAL
(0150 1Ha1N¥TiA 191 hazel nut (Diaz-Sala et
al., 1990) chestnut (Chauvin and Salesses, 1988)
M wuq Abate Fetel (Rodriguez et al., 1991)
uoﬂﬁlawuq Gala(Lopes et al., 1992) 1 satsuma

286



MIMINYAT 14(3) : 279 - 289 (2541)

cv. Aoshima Unshiu 102 tangor cv. Kiyomi
(Omura and Hidaka, 1992) uayliaan
V¥ UALAZAFIUAY (de Rick er al, 1996:
Romano etal., 1992; Bach and Cecot, 1988, 1989)
flszerunudi lumsianSinas wouven
HALNITIAD1IVDI0DA TAUIRMISTITOTUNT
fiilundeusdinigasnan ¥ lumsinin

voalurrasn Tudiusudorfunisdnuiil

wuimstauvesniven nasiuilylunts
ﬁnmﬁﬁ]u‘lﬂ'lﬁﬁ‘lummsqm 1/2MSNG
MIsENBINIS AR ann T uduves
mﬁﬂsznfmmumnim?mdaﬁﬁmqamm’h
1ﬁu‘1ﬂ'11i:nmzamiamsnﬁuﬂ?mmmaaﬁ
uanunil nslégasormsifiosmlsznoy
1939519 1MITATY 0193 1u Tnssuguiu 'l
Taomyz TulasulugienTudiy Tuvasii
qi9MIs WPM  fieemlsznouvesnig
TuTaswuduin il hifoamesemssmivon
uReIURsI09 TAs Normah er al, (1995)
Gavidia and Perez-Bermudez (1997) 5180497UHD
Y9I NUdNIUYDITIHNIMITHAN Lazunal
vouluTasuihiinaedadidfeddgaonts
ﬁg14ﬂ1$ﬂ1§aiu1ﬁﬁ‘ (cardenolide) Tunis
mmam Digitalis obscura Wuﬁ T4 unems
diinaduaiumsting §117u88A3 M de Fick
etal. (1996) ﬁnmmmﬂmma HAZNTEUIUNIT
mmTumumnmsm1~1auanwmu1umms
anwuua~wm1 mmavgiﬂsmﬂuﬂwunaﬂ
fifimsgadauazduaiunmsiiug3 Tnwen
'lummwgiﬂm‘lumuawanummﬁmmn
tan [ sﬂmmfhdaumﬂua1ma=yimﬁna"hJ
dntu womssnihmoead hifimsdue s
maasalddanmsiususeadiniinmsidy
2IM131MA7 Vinterhalter and Neskovic (1992)

287

summmnanmmwwwmummms
mu‘uumi'lummsmmmﬂmmmaa damaln
ﬂgnsmaanmm‘wmnmsmvmua

ﬂmmuﬂmnuanmw (Cydonia oblonga Mill)

anag uanmﬁﬁqiwﬁqm?umsaé’nnnﬁau
mmvmsmumuoiummmaamjmﬁ
'1ummaum1.umsﬂnmu"lummsmwu
NESTRE Mazdudaiumstavnivessonld
'lu’m.,muq'lummmmqm MS 130 WPM
muamm ms“l‘nqmmmsmamnunu
umamwmmnmmu m;i‘lumsmumawu
Fuaradlu wem uazduvuiuemisman
1/2MSNB gawdaasunisinianaulauaz
s Finueon ldothed

AINMSIAVDINITINAIAIVUDINIG
Fmihnwealinud Ay uarnaauasunis
a$19009 LAZMITABNIVDINUDANUIALINY
Sand i bifnsdnu ludnyanigud luiy
P Lo o o Sy
dufnaunnw msﬁnmunﬂummﬂﬁim
MsAueImIsivalad lwdeudumsihudus
UAAA/NGUA 0N wiemaamsiaoauniy
2 §lat 1nwauaum1msmunmu 2 flad
wiamsidss miiowihumnznseiyuas
Wannmsvoamneeagantiamvealugiusn
ABIMITIOMsIETB0 LazAewilurn )
wonIndi lusrausnonfiunaiiiiasinnisda
diedyomismaiiil NAA aa"lﬂawﬁazﬁ"?u
n1sa§'1m1s1h nauﬂTunw11nmnau
MIWTRGMATMsIAARA A (browning)
dewannisiduilug 2 dlanideus
Apam3sgermanniy Tasmwziiiana
glnse Fuduundsvesmivewiionts
dunsizduas azaumsdaniienin g



iemswanveswealni mitasiiveswon
ua~mswmmmwaa1u (ueraalugilves
ity nmmusmzuué‘wﬂu'lﬁmn193
o3 ldveauazaiveaiinmussinnms
wignanTa ufneldemisluszezanmn
dasimsgarii il ldlsz TonianamToihl
981991

1y 1nladiui 14@vasluomisiing
daadu msadniniaguonTs lemiiululy
|Aunn@1anY Te-chato ef al. (1995b) 10314
1z WnlaTalniiv Alsadaaiunisadi
sqmmqmﬂnn‘lﬁn waaialu nazadia
viewh vieomsiiassluemsMaiiy TDZ
fifvnssumaniusadea monJ‘ Suudivuiy BA
ognelsimulunsdniinui Tz 2wy
BA anududumiin 0.03 unsa. duaiy
amsadluduag wazisnssumsuiawad
148n31 BA w30 TDZ toseti1u@ed ulii
U WIUNGIN1s 19 TDZ ¥mimsad
wpaad ouusleniinunadd anoad
fxdulvy Tasnszurunmiseanilueiide
(Huetteman and Preece, 1993) LA 14510911
ﬂ”mdn'hi‘lﬁnfinﬁwmgq TDZ domsaina
wouTslweriwae wanor9dul &y

1 d
luswaudedu lutinsadanazasauasi

dusmaunnluvasiisidoung Komamine
(1992) 510U NMIATWATATAUNTH LHa
Aonisuiaad wazduasumananuiluiy
dulniluszuzdeun Pawlicki and Welander
(1994) e nmswonduniluiidu uazila
32U M3 195199 M1 INANVDIFATOINIT MS
@ BA Wudu 22 pM NAA Wudu 0.1 uM
drodintszniamnisnmitisdulni

pavoannududuvesgnioms szuznmmamsialainiaiiv
) ’ -~
AenINanavenmenlml maadaluiiiiwns uazunede

nnmsmwnﬁ’ua“luﬁ'l#mnmsmm‘aruwaﬂ
“lunaamaaawmuaﬂlﬂn Wug Jork 9
‘lumsﬁnmu'lu'lé’ﬁnmmsmwuuaamqﬂ
é’ammmnmwmu MIPUURLINGLAIWON
Tuemsanadu wawn‘luammmqm WPM
@ BA vudu 0.1 unJa. mmae{ima 3% uaz
PVP 500 un./a. mmswumi'lummsmmﬁm
1/2MSNT 39 1/2MSBNT Aiifumsiiivine
domawdoyluiimnzaudems¥miwnada
swmannuasduunadanans oS

wanzdasmsNa i uArdu Iniswaun
aol

V-
1PNANININY

mnlee s Ia uazfuminidaties. 2531 Msvieiug
HINATTHINLN TaeiEmsnz@oadiode. o,
AAWATUNT 10 : 7-11.

autles waela, vana uavdy uazegdl o,
2535 msnlssAnEnIEn @b luseu
Fanalunasanaaouionsvorowug. 2.
AWAUATUNT 14 : 353-359,

Bach, A. and A. Cccot. 1988. Micropropagation of
Hyacinthus orientalis cv. Camegie in double-phase
culture medium. 1 Effect of cytokinins on growth
and development, Acta-Horticulturae 226 : 607-
610.

Chauvin, J.E. and G. Salesses. 1988. Some aspects of
the in vitro cullure of chestnuts (Castanea sp.).
Septieme Collogue sur les Recherches Fruitierse,
2-3 december 1987, Bordeaux.

de Riek, J., A. Piqueras and P.C. Debergh. 1996. Sucrose
uptake and metabolism in double layer system for
micropropagation of Rosa multiflora. Plant Cell,
Tissue and Organ Culture 47:269-278.



NIMNYAT 14(3) : 279 - 289 (2541)

Diaz-Sala, C., M. Rey and R. Rodriguez. 1990. /n vitro
establishment of cycloclonal chain from nodal seg-
ments and apical buds of adult hazel (Corylus
avellana L) . Plant Cell, Tissue and Organ Culture
23 : 151-157.

Gavidia, 1. and P. Perez-Bermudez. 1997. Digitalis
obscura cardenolides. Effect of macronutrient con-
centration and N source on growth and productiv-
ity of shoot-tip cultures. Phytochemistry 46 : 273-
278.

Goh, C.J., P. Lakshmanan and C.S. Loh. 1994. High
frequency direct shoot bud regeneration from
excited lcaves of mangosteen (Garcinia mangostana
L.). Plant Science 101 : 173-180.

Goh, HK.L, ANN. Raoand C.S. Loh. 1988. /n vitro plant-
let formation in mangosteen (Garcinia mangostana
L.). Ann. Bot. 62 : 87-93.

Goh, HK.L., AN. Rao and C.S. Loh. 1990. Direct shoot
bud formation from leaf explants of seedlings and
mature mangosteen (Garcinia mangostana L.)
trees. Plant Science 68 : 113-121.

Huetteman, C.A. and J.E. Preece. 1993. Thidiazuron: A
potent cytokinin for woody plant tissue culture.
Plant Cell, Tissue and Organ Culture 33 : 105-119.

Komamine, A., R. Kawahara, M. Matsumoto, S.
Sunabori, T. Toya, A.Fujiwara, M. Tsukahara, J.
Smith, M. Ito, H. Fukuda, K. Nomura and T,
Fujimura, 1992. Mechanisms of somatic embryo-
genesis in cell cultures : physiology, biochemistry
and molecular biology. /n vitro Cell Dev. Biol.
28:11-14.

Lopes, L., F. Ribas and F. Zanette. 1992. Propagation of
apple cv. Gala by meristem culture. Revista

Brasileira de Fisiologia Vegetal 4:39-43.

Normah, M.N., A.B. Nor-Azza, and R. Aliudin. 1995,
Factors affecting in vitro shoot proliferation and ex
vitro establishment of mangosteen. Plant Cell, Tis-
sue and Organ Culture 43:291-294,

Omura, M. and T. Hidaka. 1992. Shoot tip culture of
citrus. 1. Culture conditions. Bulletin of the Fruit
Tree Research Station 22 : 23-26. .

Pawlicki, N. and M. Welander. 1994. Adventitious shoot
regeneration from leaf segments of in vitro cultured
shoots of apple rootstock Jork 9. Journal of Horti-
cultural Science 69 : 687-696.

Rodriguez, R., C. Diaz-Sala, L. Coluozzo and G. Ancora.
1991. Pear in vitro propagation using double-phase
culture system. Hort Science 26 : 62-64.

Romano, A., C. Noronha and M.A. Martins-Loucao,
1992, Influence of growth regulators on shoot pro-
liferation in Quercus suber L. Ann. Bot, 70 : 531-
536.

Te-chato, S. and M. Lim. 1996. Micropropagation of man-
gosteen through young leaf culture. Proceeding of
the 13th Conference on Methodological Techniques
in Biological Sciences. Central Laboratory and
Greenhouse Comple. pp. 55-64.

Te-chato, S., M. Lim and P. Suranilpong. 1995a. Plantlet
formation from leaf-derived embryogenic callus of
mangosteen. Songklanakarin J. Sci. Technol. 17 :
129-136.

Te-chato, S., M. Lim and P. Suranilpong. 1995b. Type
of medium and cytokinins in relation with purple
leaf and callus formation of mangosteen.
Songklanakarin J. Sci. Technol. 17 : 121-127.

Vinterhalter, B. and M. Neskovic. 1992, Factors affecting
in vitro propagation of quince (Cydonia oblonga
Mill). J. Hort. Sci. 67 : 39-43.

289



Bmslilundenniminzaniumsidedlvganadafen

Method of Mulberry Leaf Utilization
for Rearing Single Cross Hybrid Silkworm

d5ms agdgdina” W3 naimi” dunway w3aSyadius” uoz seiwed nvasquns”
Jiraporn Tayutivutikul ” Watcharee Kongrat * Chaleompong Jaroenwiboonpan” and Rapeepong Kasetsuntorn "

Abstract : Four mulberry varieties, Nakornratchasima 60, Burirum 60, BR. 51, BR. 4/2, and a combination, 1:1
ratio, of those varieties were conducted in order to fine suitable mulberry varieties for rearing Japanese F1 hybrid
silkworm, KT1 x KT21 at Department of Entomology, Faculty of Agriculture, Chiang Mai University. Randomized
complete block design with 3 replications was assigned in three different periods of year, January - February 1995, June
- July 1995 and November — December 1995. The greater yield percentages of mounting, cocoons, good cocoons,
normal pupae and cocoon shells were obtained from rearing the silkworms with individual mulberry variety of BR. 51,
and Nakornratchasima 60. Rearing the silkworms with the mixer of two different mulberry varieties yielded the similar

outcome. There was also no significant differrence in rearing times at different periods of the year.
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" Department of Entomology, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand,
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Table 1 Developmental period of Japanese F1 hybrid silkworm, KT1 x KT21 with
mulberry varieties, Nakornratchasima 60, Burirum 60, BR. 51, BR. 4/2,

and a combination 1:1 ratio.

Period Developmental period of each treatments(days.hours)
1" =3"instars 4" =5 instars 1" =5 instars
19 January -~ 15 February 1995 14.02 13.03 27.05
15 June = 10 July 1995 9.06 15.03 24.09
24 November ~ 19 December 1995 10.03 15.03 25.06
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Table 2 Average of some characteristics of Japanese F1 hybrid silkworm, KT1xKT21 rearing
with mulberry varieties during January —February, 1995 (22.03+1.42 °C, 63.87+3.98%RH)

Mulberry varieties Mounting Cocoon Good cocoon  Normal pupa  Cocoon shell
percentage percentage percentage percentage percentage
Nakornratchasima 60 9480 a 93.07a 8187 a £8.80 a 2137a
Burirum 60 95.20 a 92.80 a 8333 a 90.27a 20.50 a
BR. 51 88.93a 85.73 abe 66.53 a 70.53 a 2163a
BR. 42 92.53a 87.73ab 61.87 a 72.13a 21.23a
Nakoraratchasima 60-Burirum 60 89.73a 86.80 ab 73.20 a 8453a 20012
Nakornratchasima 60-BR. 51 88.27a 85.60 abe 71.07a 8133a 20.64 a
Nakornratchasima 60-BR. 4/2 93.20 a 85.07 abe 72.13a 81.07a 19.75a
Burirum 60-BR. 51 88.27 a 79.33 be 73.60 a 7747 a 2036 2
Burirum 60-Br. 42 9520 a 90.93 a 74.00 a 72.53a 20.12a
BR.SI-BR. 412 8787a 17.33¢ 5547a 71.33a 20.18a

Mean within columns followed by the same letters are not significantly different, according to Duncan's new multiple

range test (P = 0.05)
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Table 3 Average of some characteristics of Japanese F1 hybrid silkworm, KT1xKT21 rearing with
mulberry varieties during June - July, 1995 (28.10 + 1.04 "C, 75.67 + 6.80% RH).

Mulberry varieties Mounting Cocoon Good cocoon  Normal pupa  Cocoon shell
percentage percentage percentage percentage percentage

Nakornratchasima 60 8227a 59.33a 31.20a 34.03 be 21.24 ab
Burirum 60 84.13a 98.47 a 42,13 a 46.93 ab 6037 be
BR.51 85.87 a 75.20 a 5240 a 61.47 ab 21.04 abe
BR.472 2533b 16.00b 6.00b 6.53 ¢ 18.72d
Nakornratchasima 60-Burirum 60 81.33a 78.80 a 43.60 a 7347 a 20.47 be
Nakornratchasima 60-BR. 51 B5.47 a 80.67 a 51.60 a 7093 a 20.52 be
Nakornratchasima 60-BR. 472 83.07a 79.20a 4147a 63.47 ab 20.91 abe
Burirum 60-BR. 51 8227a 79.33a 39.20a T2.13a 2170 a
Burirum 60-Br. 472 76.00 a 64.53 a 30.20 a 47.60 ab 20.39 be
BR.SI-BR. 4/2 7107 a 62.27a 3627 a 54.53 ab 2023 ¢

Mean within columns followed by the same letters are not significantly different, according to Duncan’s new multiple

range test (P = 0.05)
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Table 4 Average of some characteristics of Japanese F1 hybrid silkworm, KT x KT21 rearing with
mulberry varieties during November - December, 1995 (22.06 + 1.97 'C, 71.19 +3.78% RH).

Mulberry varieties Mounting Cocoon Good cocoon  Normal pupa  Cocoon shell
percentage percentage percentage percentage percentage

Nakornratchasima 60 81.60a 68,93 a 54.00a 6733 a 17.37 ab
Burirum 60 85.73a 7573 a 50.27a 75.20 a . 16.75 be
BR. 51 83.07a 79.20 2 58.93a 76.27a 18.63a

BR.42 76.80 a 67.33a 50.53 a 64.80 a 16.55 be
Nakornratchasima 60-Burirum 60 86.40a 76.80 a 52.40a 7227a 1535¢

Nakornratchasima 60-BR. 51 82.80a 7573 a S8.53a 7027 a 15.78 be
Nakornratchasima 60-BR. 4/2 82.13a 78.67 a 56.93 a 7227a 16.00 be
Burirum 60-BR. 51 90.13 a 80.40 a 60.27 a 74.00 a 15.54 be
Burirum 60-Br. 4/2 88.13a 83.60 a 63.73a 7587 a 1534 ¢

BR. 51-BR. 472 76.13 a 72002 60.00 a 69.20 a 16.00 be

Mean within columns followed by the same letters are not significantly different, according to Duncan's new multiple

range test (P = 0.05)
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A Review of Some Alternative Techniques

to the Determination of Nutrient Digestibility

for Ruminant Animals

Sebastian Chakeredza” Udo ter Meulen” and Therdchai Vearasilp”

Abstract : Toestimate organic matter and feed nutrient digestibilities and therefore the energy contents of feeds for
ration formulation purposes, in vitro digestibility studies have to be conducted. However, in vivo studies are laborious,
expensive and time consuming and are not suitable for routine feed evaluation use. In this paper, we review alternative
techniques to the assessment of feed nutrient digestibility for ruminant animals. Chemical constituents and in vitro
techniques like the Tilley and Terry, nylon bag, gas production and cellulase methods are some of the most commonly
used aitemative methods. Use of chemical constituents for prediction purposes is imprecise. Good agreement of results
has been found between the other four methods in most of the feeds evaluated. Because the cellulase method is non-
invasive, simple, cheap, fast and precise, it is the preferred method for routine feed evaluation. Further studies should

however be conducted to improve its precision across a wider rage of feeds.

Key words : In vitro methods, Tilley and Terry, Gas method, Nylon bag, Cellulase method

" Institute of Animal Physiology and Nutrition, Georg August University, 37077 Gtiingen, Germany.,
¥ Department of Animal Science, Faculty of Agriculture, Chiang Mai Univrsity, Chiang Mai 50200, Thailand

300



NIAMAT  14(3) : 300 - 310 (2541)
INTRODUCTION

For ration formulation purposes, knowl-
edge of the feeding value of fced ingredients,
which make up a ration, is imperative. To have
such data, it is necessary to determine the digest-
ibility of the individual nutrients. Almost all en-
ergy systems currently in use world-wide require
the digestible organic constituent values of indi-
vidual feed components. These values are then
used to formulate a ration to meet a particulartive
function.

In vivo digestibility measurements with
animals are expensive, time consuming and require
large quantities of feed. They are therefore not suit-

able for routine digestibility assessments.

Alternative procedures which have been
used to estimate nutrient organic matter
digestibilities include laboratory chemical meth-
ods, two stage in vitro technique (Tilley and Terry
1963), gas production (Menke et al., 1979), in
sacco degradability using cannulated animals
(Drskov and McDonald, 1979) and various enzy-
matic methods (De Boever et al., 1988)

Due to concerns of animal welfare, meth-
ods that are non-invasive, rapid, inexpensive and
precise are to be promoted. This review gives a
critical examination of the alternative methods to
in vivo digestibility for the prediction of nutrient
digestibilities, which are currently in use. The

chemical, the two-stage Tilley and Terry, gas pro-
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duction, in sacco (nylon bag) and cellulase methods
are covered. Theiradvantages and disdvantages and

scope for wider application are highlighted.

IN VIVO METHOD

The direct measurement of digestibility
is a laborious method. Three or four animals, kept
in metabolism cages are given the same weighed
amounts of the same feed or feed mixture for four
weeks. During the last 7-10 days of the trial, col-
lections are made of faeces, which are weighed,
sampled and analysed, like the feed for their nu-
trient content. Besids being laborious, this method
requires large quantities of feeds, is expensive and

time consuming.

Factors which need to be considered when
conducting an in vivo digestibility study are; the
species, breed, sex, liveweight and health status
of the animals, diet offered the animals in terms
of the energy, roughage : concentrate ratio, crude
protein content and mineral requirements and the
prevailing environmental conditions. A review of
these factors has been published by the commit-
tee for standards on animal nutrient requirements,
Society for Nutrition Physiology, Frankfurt, Ger-
many (Ausschuf fir Ernahrungsphysiologie,
1991).

It will be important to standardise the mea-
surement of the in vivo digestibility before other
alternative methods can fairly be evaluated espe-
cially if the in vivo results are going to be used as the
baseline. Assuming that the in vivo digestibility as-



sessments are carried out under standard conditions,
to circumvent the other limitations of the in vivo
digestibility determination, laboratory or chemical
methods and in vitro techniges have been devel-

oped.

CHEMICAL ANALYTICAL
METHODS

A lot of attention is still paid to the deri-
vation of relationships between the chemical char-
acteristics and the digestibility of feedstuffs. The
Proximate scheme or Van Soest detergent systems
of analysis are used for the prediction of the di-
gestibility of the organic matter and estimate the
energy contents (Van Soest 1982). Determina-
tions of crude fibre, crude protein and cell wall
constituents are normally carried out. Using these
constituents as independent variables overlooks the
fact that their determinations are not accurate. In
addition, variations in conditions during plant
growth or during processing may affect the rela-
tionship between the Proximate and Van Soest
detergent constituents and digestibility. Most of
the equations generated relating in vivo digestibil-
ity with chemical constituents are associated with
a high residual standard deviation which makes
their general application limited (De Boever et al.,
1996). In most cases, in vitro techniques are nor-
mally adopted to estimate in vivo digestibility val-

ues.
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IN VITRO TECHNIQUES

Tilley and Terry method

The single or two-stage Tilley and Terry
(1963) system is the commonly used in vitro
digestion system. This method involves sample in-
cubation with rumen fluid and a buffering media
under anaerobic conditions in the dark at 38'C for
48 hours. Thisisto simulate rumen digestion. This is
followed by a second 48 hour digestion period using
pepsin and weak acid to remove undigested protein.
Using 146 samples of grass, clover and lucerne of
known in vivo digestibility (Y), the  regression
equation Y =0.99X - 1.01 (S.E. £2.31) was estab-
lished with X being the in vitro dry matter digestibil-
ity in per cent. Organic matter and individual nutri-
ent digestibilities can also be determined. To trans-
late the in vivo organic matter digestibilities
(IVDOM) to metabolisable energy (ME), the fol-
lowing relationship of Barber ef al. (1984) can be
used : ME (MJ/Kg DM) = 0.0157 [IVDOM], where
IVDOM is in g/kg DM.

This method uses simple apparatus. It has
been found to be reproducible and many samples
can be handled in a single experiment. Time of
collection of rumen fluid and the diet fed to the
animals have been found to have effects on the

results obtained (Cone er al., 1989).
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Major disadvantages to the method are the
number of steps and length of time required for
the analysis. In addition, the necessity to main-
tain fistulated donor animals for microbial inocu-
lum is a restriction to the wider application of the
technique. Instead of assessing dry matter or or-
ganic matter disappearance, techniques, which as-
sess gas production from feed fermentation, have

also been developed.

Menke in vitro gas production

Anaerobic digestion of carbohydrates by
ruminal microbes produces volatile fatty acids,
carbon dioxzide and methane and traces of hydro-
gen. Therefore measurement of gas production in
vitro can be used to study the rate and extent of
digestion of feedstuffs. Menke et al. (1979) de-
veloped an in vitro gas production technique to
estimate feed digestibility. In this method, samples
are incubated with rumen fluid with five different
solutions (micromineral, buffer, macromineral,
resazurin and reducing solutions) under anaero-
bic conditions at 38'C for 24 hours. Determination
of organic matter digestibilities (OMD), ME and Net
energy lactation (Nel) are then calculated from gas
production in millilitres (Gb), and the crude protein
(CP), crude ash (XA), crude lipids (EE) and nitro-
gen free extractives (NFE) constituents in g/Kg DM
as follows:

1) OMD %= 14.88 + 0.889Gb + 0.045CP +

0.065XA
1) ME (MJ/Kg DM) = 2.2 + 0.136Gb +
0.0057CP + 0.00029EE’ (roughages)
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III.) NEL(MJ/Kg DM)=0.0663Gb+ 0.095CP
+ 0.0228EE + 0.077NFE - 3.49
(For milk production food which contains
up to 14.9% DF in DM)

IV.) NDL(MJ/Kg DM)=0.1149Gb+0.054CP
+0.139EE + 0.54XA - 0.36
(For milk production food which contains
15% CF and more)

The use of gas production to study car-
bohydrate digestion presents an advantage over
the traditional Tilley and Terry gravimetric method
because it accounts for both soluble and insoluble
substrates (Pell and Schofield, 1993).

In using the gas production, account needs
to be taken of the altitude when comparing data
from different laboratiories since the volume read-
ings are subject to considerable variation in rela-
tion to altitude (Theodorou ef al, 1994). One of
the most serious problems associated with using
gas production is that the amount of gas produced
varies with different molar proportions of volatile
fatty acid production; a higher propionate concen-
tration is associated with lower gas production
because an extra carbon atom in propionate would
otherwise have appeared as carbon dioxide (Wolin,
1960). It is important to monitor the molar pro-
portions of volatile fatty acids to correct for such
differences. Equations to deal with this problem
have been proposed by Beuvink and Kogut (1993)
and Schofield ef al. (1994). However, problems
of maintaining cannulated animals to provide a

source of microbial inoculum also apply to this



In order to avoid problems of gas reading
and correction for the different molar proportions
of the volatile fatty acids, the in sacco technique
was developed where assessment of diet
degradabilities is conducted within the animal itself.

In sacco (nylon bag) technique

The in sacco (nylon bag) technique is a
rapid method for determining substrate degrada-
tion. The technique involves suspending nylon
bags containing different feedstuffs in the rumen
for a set period of time or serially removed in order
to obtain an estimate of the rate and extent of degra-
dation. The technique incorporates animal and
microbial factors helpful in quantifying substrate
degradation in the rumen. The in sacco degrada-
tion, combined with estimated outflow rates,
estimates the effective substrate degradation. The
48 hour degradability has been observed to be highly
correlated to total tract organic matter digestibility
(Barber et al., 1984) and the energy content can be
calculated as for the Tilley and Terry procedure
(Section4.1)

Some of the main factors which must be
noted when using the nylon bag technique are :
the size of the bag, pore size of the material, treat-
ment and preparation of samples, sample size, sample
particle size, sample weight to bag area ratio, incu-
bation time, replication, number of bags incubated,
the position of the bags in the rumen and the diet of
the animal, its species and physiological state.
@rskov et al. (1980) and Huntington and Givens

(1995)have reviewed these factors.

A review of some alternative techniques to the determination
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The major limitations of the in sacco tech-
nique as pointed out by @rskov et al. (1980) are :
Firstly, since the sample is confined within the bag,
it is not exposed to any breakdown due to chew-
ing and rumination. Secondly, food would nor-
mally be able to leave the rumen once broken down
to a suitable particle size. Thirdly, what is being
measured is just the breakdown of material to a
size small enough to leave the bag and not neces-
sarily a complete degradation to simple chemical
compounds. There is also considerable variation
in values obtained across laboratories (Madsen and
Hvelplund, 1994)

The major disadvantage of this technique
is that cannulated animals have to be maintained.
Due to animal welfare concerns also, invasive meth-
ods will be difficult to justify in the future.

Enzymatic methods

Systems using cellulases have appeared
as a result of fungal enzymes becoming commer-
cially available. Many attempts have been made
to predict the nutritive value of forages using the
enzymatic preparations (Marten and Barnes, 1980;
Osbourn and Siddons, 1980; Jones, 1986). Treat-
ment with cellulase has been preceded or suc-

ceeded by other treatments (Van der Meer, 1983).

The conventional method, which is
normally used, is that of De Boever et al. (1988)
which involves three steps: 1. The sample is treated
with pepsin solution in hydrochloric acid for 24

hours at 40'C to remove interfering protein, 2. The
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hours at40°C to remove interfering protein, 2. The

same solution is then maintained at 80 “C for 45
minutes and lastly 3. Cellulase (from Trichoderma
viride) is included for 24 hours at 40'C. The in-
soluble part is dried in a glass filter, weighed and
ashed. From the weight loss at ashing, the enzyme
solubility of organic matter in the dry matter is cal-
culated taking into account the dry matter and ash
content (XA) of the sample.

Ebztne solubility of organic matter (ESOM) is cal-
culated as :

% ESOM = %DM-%XA-%G

Where % G is the percentage weight loss at ashing.
Enzymatic digestible organic matter (EDOM) is
obtained as 10 x ESOM

Starch equivalent (StE) and net energy for
lactation (NEL) are then calculated using the fol-
lowing two equations, respectively :

1. StE/Kg = g EDOM x 0.3098 + g fat (with HCL-
hydrolysis) x 1.997 - g fibre x 0.307 + g NFE x
0.152 - g ash x 0.794 + g DM x 0.446

NEL (MJ/Kg DM) = g EDOM x 0.00362 + g fat (with
HCL-hydrolysis) x 0.0295 + g protein x 0.0060 +

g NFE x 0.0086 - g DM x 0.00235

2.

An advantage of the cellulase method is
that problems of maintaining cannulated animals
and anaerobiosis are avoided. The method is rela-
tively cheap, simple (since all operations are car-
ried out in one container), fast and there is less
contamination of feed residue. The results are also

highly repeatable.

The current problems associated with the
use of the cellulase method is that the enzymes
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lack the ability of living organisms to adapt to a
substrate and the quality of the cellulase sources has
been variable. Enzyme systems are also currently
limited by the completeness of the enzyme compo-
nent. These factors need to be improved if the tech-
nique is to find wider application. However, of ma-
jor importance is that the technique as currently used
is highly comparable to the Tilley and Terry, Gas
production and in sacco Nylon bag techniques.

COMPARISON OF THE CHEMI-
CAL AND IN VITRO METHODS
AND CONCLUSIONS

The failure to predict exactly in vivo
digestibilities from chemical or in vitro results
reflects not only the inherent analytical errors in
the methods, but also the fact that in vivo digest-
ibility is not a constant characteristic of a feed. It
varies according to whether cattle or sheep are used
in the trials, the age and health status of the ani-
mals, the dietary composition and feeding levels
and the manner of feed preparation. Environmen-
tal conditions also affect the results obtained. This
therefore calls for a general standardisation of the
in vivo digestibility assessment first as it can con-
found the comparisons of correlations obtained
across and within laboratories with the in vitro
systems.

From a survey of results of experiments
done on the different chemical and in vitro tech-
niques, a comparison of their ability to predict in
vivo nutrient and organic matter digestibilities and
therefore energy content can be conducted. Table
1 presents a summary of these results. The fol-
lowing observations can be drawn from this Table:
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Table 1 Comparison of the accuracy in the prediction of in vivo organic matter digestibility
(OMD; dependent variable) for ruminants using chemical and in vitro methods as

independent variables.
Feed Category N Independent variable Residual standard Reference
deviation
Grass, 18 Crude fibre 29 Steg 1981
Grass hay NDF/ADF/ADL 2330
Grass silage Tilley and Terry 1.8
Compound feeds, Compound feed B Crude fibre 13 Steg 1981
ingredients, Miscellaneous NDFADF/ADL 68
Tiley and Terry 26
Grass + Hay ” Tilley and Terry 18 Steg erud,, 1990
Pepsin-cellulase t
Gruss 1n Tilley and Terry (X3 Steg etul,, 1990
Pepsin-cellulase 14
Gruss silage 16 Tilley and Terry L9 Steg eval., 1990
Pepain-cellulase 18
Fodder malze 15 Tilley and Terry 22 Steg eval., 1990
Pepsin-cellulase 1.9
Compound feed 15 Tibley and Terry 5 Steg eval., 1990
Pepsin-celuluse 20
Compound feed Ingredients o0 Tiley and Terry s Steg eval., 1999
Pepsin-celiulase 55
Slage n Tiley and Terry 297 Mannerkocpi
n Ome stage Tilley & Terry b A 1| etal, 1993
62 Gas test 13 Mannerkorpi
n Cellubase 162 etal, 1993
) Celhulase 287
Hay 16 NIR 17 Mannerkorpl
16 Tilley and Terry 256 eral, 1993
16 Onestage T&T 230
16 Gas test 177
Straw 15 Cellulase FA Y Mannerkorpi
15 Tilkey and Terry 156 etal, 1993
15 One stage Tilley & Terry 230
Dryroughages, Cereals, Cereal by- products, 25 Cellulase 0.037 Aufrére and
Legume seeds reots and by-products, Canning Cellulase (DM) a0z Michalet-
by-products, Oil by-products, Fermentation Celludase{OM) Doreas, 1985
by-preducts
Composite feeds 3 Pepsin-cellulase 0033 Aufére and
Michalet-
Dereau, 1988
Single feeds 5 Proximate ons Aufére and
Van Soest ADF es7 Michades-
Telley and Terry wes2 Dareau, 1988
Pepsin-cellulase 02

N = numbr of samples used in the analysis; DM = dry matter; OM = organic matter; ADF = Acid detergent fibre,
NDF = Neutral detergent fibre; ADL = Acid detergent lignin; NIR = Near infra-red reflectance spectroscopy.
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. The use of feed chemical constituents in predict-
ing the organic matter digestibility of energy sup-
ply is always associated with a high residual
standard dveiation of coefficient of variation.
The use of the in vitro techniques results in lower
residual standard deviation or coefficient of varia-
tion than that of chemical constituents.
Comparison between the two-stage Tilley and
Terry and cellulase in vitro methods for maize
silage, grass silage and hay samples results in
similar prediction errors. However, for straw
samples, the cellulase technique has been found
to be imprecise.

The pepsin-cellulase method has been found
to rank better than the in vitro Tilley and Terry
procedure for predicting the organic métter di-
gestibility of single by-product feeds.

In the case of compound feeds for dairy cattle,
the pepsin cellulase method and the Hohenheim
gas test were similar in the estimation of en-
ergy contents. However, for the evaluation of
raw materials, the gas test has been found to
be superior to the pepsin-cellulase method.
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Therefore for a range of feedstuffs for
which comparisons could be obtained, the pepsin-
cellulase gave poor predictions only in cases of straws
and raw materials for dairy feeds. In the case of
other by-products, complete feeds, silages and hays,
the pepsin-cellulase method provides comparably
very good predictions. No comparisons of the pep-
sin-cellulase method with the nylon bag could be
obtained. However, since results of nylon bag deg-
radation are highly correlated to those of in vitro gas
production (Bliimmel and @rskov, 1993), results
of the gas production can be taken as being repre-
sentative of the nylon bag.

Table 2 presents a comparison of the four
feed evaluation techniques to predict digestibility
in terms of the requirements, technical features and
relative cost of analysis. In terms of requirements,
the cellulase method ranks lowest compared to the
nylon bag, gas prodution and the Tilley and Terry
methods. It is the only method, which combines
features of high precision, simplicity and rapidity
though standardisation has been found to be prob-
lematic. The cost of the analysis is drastically re-
duced because maintenance of cannulated animals

is not necessary.
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Table 2 Comparison of the four feed-evaluation techniques to predict digestibility in terms of the
requirements, technical features and relative cost of analysis. Modified from that of

Osuji et al. (1993)
Feature Tilley and Terry  Gas Production Nylon bag Cellulase
1. Requirements
a. Incubator ' Yes Yes No Yes
b. Electricity Yes Yes Yes" Yes
¢, Chemicals for buffer Yes Yes No Yes
d. CO, tank Yes Yes No No
e. Fistulated animals Yes Yes Yes No
f. Relative labour needs Low Low Low Low
2. Technical features
a. Relative precision High Low Low High
b. Ease of standardisation Easy ? Difficult Difficult
¢. Estimate rate of digestion Yes Yes Yes No
d. Estimate extent of digestion Yes Yes Yes Yes
e, Relative number of samples/batches High High Low High
1. Simplicity Difficult Difficult Simple Simple
g- Time duration Lengthy Rapid Lengthy Rapid
3. Relative cost of analysis
a. Instrument High High Low High
b. Chemicals High High Zero High
¢. Labour, laboratory technician Low Low Low Low
d. Feed, labour for fistulated animals High High High Zero
e. Other materials (glassware etc.) High High Low High

" For sample processing.

Y

"
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Therefore, considering cost, precision,
rapidity and simplicity, the pepsin-cellulase
method holds promise as a routine method of
feed analysis. In addition, the method is also
non-invasive. More effort should be targeted in
developing enzyme mixtures to cover a wider
range of feed resources to improve the applica-
bility of the technique.
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