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GRAIN SET FAILURE AND BORON DEFICIENCY IN WHEA 1
IN THAILAND

Benjavan Rerkasem ', D . A . Saunders ?and B . Dell °

ABSTRACT: Failure in grain set, in up to 100% of the florets, was frequently observed in the Thailand
Yield Nurseries (TYNs), Thailand Observation Nurseries (TONs) and other wheat experiments in
Thailand in the 1986/87 growing season. At Chiangmai University in 1987 /88 the poor grain set in
wheat depressed seed yield by 40-50% on Tropaqualf soils with low boron (0.08 - 0.12 mgB/kg). An
application of borax increased the number of grains per spikelet by 37 to 107%. Wheat growing in the
low boron soils exhibited symptoms of male sterility, which included poorly developed anthers and
nonviable pollen grains. Grain set failure, lower seed yield and male sterility symptoms were
associated with low boron concentrations in the flag leaf, 5- 6 mgB/kg at booting and 5- 7 mgB/kg at
anthesis, compared with 12-13 mgB/kgatbootingand 11-16 mgB/kg at anthesis in unaffected Crops.
Boron concentrations in the flag leaf at anthesis were determined for 13 sites in Northern and Northeas-
tern Thailand from the 1987 /88 TYNsand found to range from 4-6 mgB/kgat 10 of the sites. These data
suggested a potential for widespread boron deficiency in wheat in Thailand.

INTRODUCTION

In the 1986/87 growing season sterility of wheat ears was frequently observed in
the Thailand Yield Nurseries (TYNs), Thailand Observation Nurseries (TONs) and
other wheat experiments in the country. Generally the number of grains/spikelet was
decreased; in some cases so severely that entire ears were sterile. Many factors have
been reported to cause ear sterility in wheat. For example, effects of low temperature
(Kim ez al., 1985) and high temperature (Kirichenko et al., 1975) have been reported,
but these extreme temperatures lie  outside the range of prevailing conditions in
Thailand. Deficiency of two micronutrients, copper (Graham., 1975) and boron (Li
etal.,1978, Silvaand Andrade, 1983) can cause grain setin wheat to fail through male
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sterility. A survey of hollow heart in peanut, a symptom specific to boron deficiency,
has shown that there is a potential for widespread boron deficiency in Northern
Thailand (Rerkasem ez al ., 1988 a). This study examined the performance of wheat
in typical upland soils of Northern Thailand, and its response to boron application. An
attempt was also made to determine the boron status of wheat grown at different
locations in the North and Northeast.

MATERIALS AND METHODS

Boron experiments at Chiangmai University

Three experiments were carried out at Chiangmai University during the 1987/88
growing season. The wheat used were SW23 and SW41, selections of Kasetsart
University observed to set grains poorly in the previous season. All experiments
received, at sowing, an application of 86 kgN/ha, half in the form of ammonium
sulphate and half as 15-15-15 which also supplied 19 kgP/kaand 39 kgK/ka. Seeds were
sown in rows 0.25 m apart at the rate of 130 kg/ha. From each plot a sample of 20 flag
leaves was collected at booting (Feeke's 9) and anthesis(Feeke's 10.5), and a sample of
20 ears at anthesis. These plant materials were dried at 80" C for 48 hours, and along
with grain samples, were analysed for boron by the Azomethine-H method (Lohse,
1982). At the end of the experiments a soil sample was collected from each plot;
available boron was determined by the hot water method (Dible and Berger,1952). The
central four 2m rows in each plot were harvested for grain yield. The ear number was
counted from whole samples; other yield components were determined from subsamples
of 20 ears. Samples of ears were collected just before heading and fixed in buffered
glutaraldehyde for microscopic examination. Forscanning electron microscopy tissues
were critical point dried, coated with carbon and gold and photographed at 30 kv. For
light microscopy pollen grains were mounted in I, - KI solution.

Experiment 1: SW41 wheat was sown on December 15 at the Multiple Cropping
Centre on San Sai soil with available boron (hot water soluble, HWS) at 0.10 mgB/kg.
There were two treatments : nil (Bo), and plus borax at 1.1 kgB/ha (B+), arranged in
completely randomized blocks with three replicates; each plot consisted of six 6.7 m
rows. The crop was flood irrigated with six irrigations, each with approximately 50 mm
water.

Experiment 2: SW23 wheat was sown on November 6 at the Multiple Cropping
Centre on San Sai soil with two boron levels, Bo and B+,created by applications of borax
at 0 and 2.3 kgB/hato previouscrops of soybean, peanutand black gram. The experiment
was 1n completely randomized blocks with four replicates; each plot consisted of eight
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4 mrows. The wheat was grown as a rainfed crop. It received a total of 92.6 mm of
rain, which fell in the first three weeks. At anthesis the number of ears with most florets
not closing after anthesis, with palea and lemma at wide angles, was determined from
4 randomly selected 1 m rows.

Experiment 3: The wheat used was SW41, sown on November 7, at Mae Hia Farm
under rainfed conditions, with two boron levels: nil (Bo) and borax at 1.1 kgB/ha (B+).
The experiment was replicated six times, in completely randomized blocks; each plot
consisted of six 6.7 m rows.

Boron status of wheat in 1987/88 TYNs

The Thailand Yield Nurseries (TYNs) for wheat in the 1987/88 season con-
sisted of 25 selections. Each line was planted in 1.5x 2 . 5 m plots. The experiment
was in completely randomized blocks with four replicates. A mixed fertilizer, 15-15-
15, at the rate of 400 kg/ha was applied at sowing, which supplied 60 kgN/ha, 26 kgP/
ha and 54kgK/ha. A top dressing of ammonium sulphate was made 30 days from
sowing at the rate of 40 kgN/ha. Sampling was carried outat 13 sites (Figure 1). Plants
and leaf samples were collected for boron analysis from three lines : Samoeng 2, Fang
60 and SW57. From each plot a 20 plant sample was harvested at above ground
level at four weeks after sowing, and 150 flag leaves were sampled at anthesis.
For each line at each harvest samples from the four replicates were bulked, dried at
80 C for 48 hours, and analysed for boron (By CSBP and Farmers Ltd, Perth, Western
Australia).

RESULTS

Boron responses (Experiments 1 - 3)

Soil boron : By the end of the experiments the levels of soil boron in Boranged from
0.08 to 0.12 mgB/kg and those in B + from 0.42 to 0.56 mgB/kg.

Yield loss : In all three experiments grain yield in Bo was significantly lower than
in B + (Table 1). Grain yield in Boranged from 766 to 1312 kg/ha, which amounted
to only 51% to 61% of those in B+. In Bo the numbers of grains set per spikelet were
about half of those in B+. Ear number and size, ears/m? and spikelets/ear, were
unaffected by boron levels. In general the weight of individual seeds was greater in
Bo.

Male sterility : During anthesis a large number of ears in Bo remained open for
several days. In experiment 2 these accounted for 62% of the ears in Bo compared
with only 1% in B + (Table 1). These ears contained mostly undevelloped anthers
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Figure 1. Scanning electron micrographs (a, b) and light micrographs (c, d) of wheat
pollen towards anthesis. (a) Normal turgid grains with prominent germ pores
(arrows) from B+ plant. (b) Shrivelled grains (arrows) inside anther tissue (A)
from Bo plant. (c) Pollen grains from B+ plant mounted in iodine solution. The
cytoplasm contains numerous small starch grains. (d) Pollen grains from Bo
plant showing distorted shape and reduced cytoplasm.
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Table 1. Effects of boron application on wheat yield, yield components and other
related parameters.

Experiment ! Experiment * Experiment *
Boron treatment* Bo B+ Bo B+ Bo B+

(a) Yield and yield components.

Seed yield (kg/ha) 766 1488 1223 2005 1312 2294

% maximum yield 51 100 61 100 57 100
Grains/spikelet 1.30 2.70 1.20 2.10 1.60 2.20
1000 grains wt. (g) 35 29 36 30 35 33
Spikelets/ear 12 12 10 10 12 12
Ears/m? 249 260 282 299 272 249
% Open ears** + = 62 1 + --

(b) Tissue boron (mgB/kg dry matter)

Booting: flag leaf

Anthesis: flag leaf 6 12 5 13 6 13

6 13 5 16 7 11
Ear

4 6 3 5 4 4
Grain

1.2 1.2 1.4 1.8 1.2 1.2

(c) Soil boron, hot water soluble

0-25 cm (mgB/kg) .09 0.46 0.08 0.53 0.12 0.42

*  Comparison between Bo and B+ in each experiment; pairs of Bo and, B + joined by an underline
are not significantly different at p<.05; pairs not underlined are significantly different at p<0.05.

** At anthesis florets in Bo remained open for several days, quantitative data for experiment 2 only, for
other 2 experiments + = open florets observed; - = no open florets.




with few pollen grains. The pollen grains were irregularly shaped or dented like
deflated footballs and had very reduced cytoplasm (Figure 2). Unlike pollen from B
+ plants they did not accumulate starch, and the nuclei when present were abnormal
in appearance.

Boron concentration in wheat tissues : Boron concentrations of the flag leaf
, at booting as well as anthesis, were significantly lower in Bo thanin B + in all three
experiments(Table 1). The flag leaf boron at booting ranged from 5 to 6 mgB/kg in
Bo compared with 12 to 13 mgB/kg in B+, and at anthesisthe values were 5 to 7 mgB/
kginBoand 11 to 16 mgB/kg in B+. Boron concentrations in the ears at anthesis and
in the grain at harvest were less responsive to boron treatments, in general the values
in Bo did not differ significantly from those in B+.

Boron status of the wheat in TYNs

Boron values at each TYNs site did not differ markedly among the three wheat lines;
averages for each site are shown in Table 2. The boron concentration of whole wheat tops
at 4 weeks was< 6 mgB/kg at eight sites (Table 2) and in the flag leaf at anthesis was<6
mgB/kg at ten sites.

DISCUSSION

This study has clearly shown that grain yield of wheat was depressed by boron
deficiency through poor seed set, which was associated with male sterility. Similar
effects have been reported in China (Li et al .,1978) and Brazil (Silva and Andrade,
1983).

The symptoms of male sterility caused by boron deficiency found in the
present study and those reported in China and Brazil are similar to those associated with
copper deficiency (Graham, 1975). Copper deficient wheat plants may be distinguished
by their typical symptoms of wilting, wither-tip, rat-tailed ears and delayed maturity
(Graham, 1975); none of these symptoms have been observed in boron deficient wheat.
However, a critical boron value orrange would provide a better diagnostic criterion than
visual symptoms.

It has been suggested that boron deficiency affected pollen development during
the pollen mother cell stage (Li et al., 1978). Pollen development is associated with the
booting stage. Thus the boron concentrations in wheat plants at booting may predict
effects of boron deficiency on seed set and grain yield. Male sterility and depressed grain
set were associated with boron levels in the flag leaf at booting of 5- 6 mgB/kg. The
boron treatment, which prevented male sterility and increased seed set, increased the
boron in flag leaf to 12 - 13 mgB/kg or more. Previously, Bergmann (1983) has suggested
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Figure 2. Map of Thailand showing 13 sites of wheat TYNs1987/88.
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Table 2. Boron concentrations in wheat tissues from the 1987/88 TYNs.

Site Boron concentration (mgB/kg)*
Whole tops Flag leaf
at 4 weeks at anthesis

1. Sakol 4 nd**

2. Kao Kor 14 6

3. Ubon 8 8

4. lampang 8 5

5. Samoeng 5 4

6. Hui Sri Thon 11 4

7. Phrae 4 6

8. Pang Mapah 3 5

9. Surin 6 4

10. Khon Kaen 3 10

11. Chiangmai 4 5

12. Chiang Rai nd )

13. loei 5 4

* Boron concentrations are mean values for three cultivars which did not differ from one

another
** nd = not determined

that boron concentrations in the range of 5- 10 mgB/kg were adequate for growth of
wheat plants. However, boron requirement for seed production is usually higher than
that needed for vegetative growth (Marschner, 1986). The critical boron concentration
for male fertility does not appear to have been reported in wheat. Boron concentrations
of wheat from the Thailand TYNs for 1987/88 suggested potential boron deficiency at
most of the sites.

Monocotyledons such as wheat are generally considered to be less sensitive to
boron deficiency than dicotyledons (Marschner, 1986). The doubling of number of
grains/spikelet and increases in grain yield, in response to boron application, found in
this study are similar to the level of responses found in crops considered more sensitive
such as black gram, green gram and sunflower grown in the same soil series (Predisritpat,
1988 and Rerkasem ez al., 1988 b). The potential for boron deficiency in wheat may
also be related to its characteristically poorer capacity to take up boron compared with



other crops (Marschner 1986) At4weeks, wheat in the TYNs contained 3 - 14 mgB/
kg, where as mungbean and peanuts at 4 weeks may contain 20-30 mgB/kg in similar
soils (Rerkasem, unpublished). Results from the present study suggest that wheat
yield may be more likely to be depressed by boron deficiency, through male sterility,
than generally believed.
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ABSTRACT : The experiment was carried out at Khon Kaen Northeast Thailand for 2 Years. The design
used was 4x4 Factorial Design in RCB and consited 16 combinations of grass and legume species. Results
showed that Guinea (Panicum maximum)and Signal (Brachiaria decumbens) were well adapted as compared
to other grasses. Guinea grew faster than Signal only during the first establishment year. Data on yield of
grasses and legumes were also reported.
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wonpenluuan (60% K,0) nn.eiels vinsugnngndenturaaluiufl 31 nIngaew
2527 Intld Rootstock (fanvesdudapnaszanns 10-15 v, wezfiszuuinfnog) 14
4 Rootstocks fevgnignioszer s0x50 7. 1 4 Rootstocks #eowngy faudaugn
Tnlfiudnniuuuiuluiufl 1 Romew 2527 fandnsn 4 nn.eiels

dv¥uinindaunsudlals (Stylosanthes guianensis cv. Graham) dalesnles
(Macroptilium  atropurpureum) towvilddgnlalenszaisniodnlvfises
Indaunonunas  wawndataenludlels  (Stylosanthes hamata cv. Verano) use
venurinaleals GSrylosantes humilis cv. Khon Kaen) rowinlUugnldaansidongangs
80" Iuamn 10 wft wazdvlus

rndgnteanghfieneluwiufl 14 Bevnan 2527 wazlinoWernIuAIUANLNGS
dvihasudssfivgnidaleslassonteong Iuiuf 20 Gomen 2527

fmiunsianoniaresngn 62 uas TRt Tuwudssutssdes  Sewawizaelu
nIgugN (Quadrat) ¥uIn 50x50 TH. IMIN 2 NIBUGNAD 1 wisvdss Aang 2 uae

a

oAy melunteuduligedseanm 5w, vnsueangh 61 YeRsluudsznsougald
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genszeny Tldeulvushifigomgf 70° € uszdahmin dauvgh 2 uszdeRy u
wUsetopuennIsugalidaliniogeaniufndszaen s TuAviH Ynsdavgus:
ﬁaﬂ%’amnﬂﬁwmﬂqﬁlu%’uﬁ 5 AAAN 2527 weesindada s lunne szoz 40-50 Tu
Tut9gaen danlutasgguasezliinada

ANTIZANRNINANDILUY Analysis of Variance 189 Factorial Design in RCB
wazNANBUANLANA1ILAST Least Significant Difference (Cochran and Cox, 1957)

WanNIaaRaI 150!

nan1IAATevisRauarguanTRvesfuluuiiiomtsmases  Iduanaldlunised
1 gandSanowilutasszeziannfivnniimeass  ferpemlassenfiasieenimyenunin
nivgaflondnen A 700 wn. (nIngian-tuanan,2527), eo2 wwn. (wnsan-fuaay,
2528) WAZ 461 WN. (WNTION-WOBAIAN,2520) SangmMnInaITHLRTAANIANT
a “ o o ° 3 ° ° a w
WingegeluAownenen fie 36724° C uszdign 307 17" C Tudleubuany

Table 1. Some properties of soil.

Soil properties Khon Kaen
Soil series Korat
pH (H20 1:2.5) 49
Total Nitrogen (%) 0.062
Available P (ppm) 20.00
(Bray II extraction)
Extractable Ca (meg/100 g soil) 2.6
(Ammonium Acetate, pH 7.0)
Extractable Mg (meg/100 g soil) 0.2
(Ammonnium Acetate, pH 7.0)

WaNBALAIUBIVEN

narfeu e ng ndld 1 euandlfluenefl 2 wudwgh weindl (Panicum
maximum) \WranBagegn wyunnnew (Panicum maximum cv. Gatton) ANGKER
7098987 WaBAveIVgARTLaz g unnnaulinwuand1eiun9nEA my’wq"ﬁ (Bra-
chiaria ruziziensis) \YuanAndgeuazuAnA19 Mg BN 3 inedreliiedfynndd
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(P < 0.05) vghAnfuszngunnmenlineniagoninwg3nuus (Brachiaria decum
bens) ptnafivindfiyneedd (P < 0.05)

Table 2. Dry matter yield of grasses (kg/ha) in the first year under close cutting at Khon

Kaen.

Legume Verano Khon Kaen Graham Mean (X)
Grass stylo stylo stylo
Guinea 8,386.0 4,795.0 5,197.0 6,801.3
Signal 5,625.0 3,052.0 3,441.0 4,488.8
Ruzi 4,383.0 3,984.0 1,601.0 2,801.5
Gatton 5,183.0 7,496.0 5,923.0 6,044.4
Mean(x) 5,894.3 4,831.9 4,040.5

LSD. (0.05) Grass (A) = 1,391.3 LSD (0.05) AxB = NS

LSD. (0.05) Legume (B) = NS cv. = 38.80%

vy dnunanazrgndasgivlaluszozuanndsnlgnaeudieth  erudw
wnzddgnlaels Rootstock  danziuldannasniasesnghafuifisaniausnvdsen
Ugn (m3efl 3) Fonu g Bnunauas g3 NeRAALNRL A AUNNLEZLANATIIN
wARuaz g unnmeusdeledfynssid (P < 0.05)

PNAIIANEHEAYBING I HE9nAuRspeslAl 1 (IR 4) wudmghdnuus
Inaniagenimenyd warndmghinflodsfiteddynwsdd (P < 0.05) dmiuns
WAAYBING L NNNEULET Y BALHA AL ABTuNN  waliinaauand1eiun1Intd

narieusrasngTlud 2 Muanaliluasned s wudmghdnuualinendagege
gonimgdunzrgunnnensdwiitedfignesda (P < 0.05) vy iuilldnande
Yoondimgndaunus  waldiaanuandrafiuniesdia

Tutanaruesli 2 lduseoldluansefl & wudwmghdnuuslinoningege geandngd
wazngunnnoustiteifynesdf (P < 0.05) nghiuillinaniadoenimgdnuus
wAldfinnwuanAITuneehia
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Table 3. Dry matter yield of grasses (kg/ha) at the initial cutting (5 October, 1984) under
close cutting at Khon Kaen.

Legume [ Verano  Khon Kaen Graham Siratro Mean(x)

Grass stylo stylo stylo
Guinea 2,548.0 1,459.0 1,718.0 2,782.0 2.126.8
Signal 2,153.0 896.0 1,050.0 1,411.0 1.377.5
Ruzi 2,795.0 1,937.0 774.0 347.0 1.463.3
Gatton 3,097.0 3,083.0 3,033.0 2,587.0 2.950.0
Mean(x) 2,648.3 1,843.8 1,643.8 1,781.8

LSD.(0.05) Grass (A) = 638.8 LSD (0.05) AxB = NS

LSD (0.05) Legume (B) = NS cv. = 4532%

Table 4. Dry matter yield of grasses (kg/ha) during the dry season of the first year (5 Oct.
1984-13 May, 1985) under close cutting at Khon Kaen.

Legume Verano  Khon Kaen Graham Siratro Mean(x)

Grass stylo stylo stylo
Guinea 5,838.0 3,336.0 3,479.0 6,045.0 4,674.5
Signal 34720  2,156.0 2,391.0 44260  3,1130
Ruzi 1,588.0 2,047.0 827.0 927.0 1,347.3
Gatton 2,086.0 4,413.0 2.,890.0 2,988.0 3,094.3
Mean(x) 3,246.0  2,988.0 2,396.8 3,596.5

LSD (0.05) AxB = Ns LSD. (0.05) Grass (A) = 1,191.8

cv. = 54.75% LSD. (0.05) Legume (B) = NS

HanBALRITBINg I ntsgauisresds 2 lhusndlilumefl 7 wudmghdnuus
wigidulaldfanuaslvnasingogn  gondmghdussvgunnneusnefiteddgyni -
888 (P< 0.05) nghAndlinandalnaifestungndnuus wazlifnuuandrsiunieds
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Table 5. Dry matter yield of grass (kg/ha) in the second year under close cutting at Khon

Kaen.
egume | Verano Khon Kaen Graham Siratro Mean (X)

Grass stylo stylo
Guinea 9,421.5 9,578.5 8,445.5 1,107.0 9,620.6
Signal 10613 .5 9,458.5 10612 .5 10,558.0 10,310.6
Ruzi 7,889.5 6,424.0 6,805.5 7,316.0 7,108.5
Gatton 6,389.5 7,405.0 7,097.5 7,502.0 7,098.5
Mean(x) 8,578.5 8,216.3 8,240.3 9,130.3

LSD. (0.05) Grass (A) = 1,1456  LSD (0.05) AxB = NS

LSD. (0.05) Legume (B) = NS cv. = 18.85%

Table 6. Dry matter yield of grasses (kg/ha) during the wet season in the second year
under close cutting at Khon Kaen (24 June-24 September,1985).

Legume | Verano  KhonKaen  Graham Siratro Mean(x)
Grass stylo stylo stylo
Guainea 63700 55910 56050 72440 62025
Signal 74440 53390 73010 69220 67515
Burgd 52420 44530 46800 56950 50175
Gistton 45540 56740 48310 53640 51058
Mean(x) 5,902.5 5,264.3 5,604.3 6,306.3

LSD (0.05) AxB = NS LSD. (0.05) Grass (A) = 8873

cv. = 21.60% LSD. (0.05) Legume (B) = NS
WONGRLUDIEN

nardAwsesidaAufsanfumnndnugn  welutogqudsresd 1 et

wimd WlueTef 8 wey 9 eNwENRU WUIIEAYe 4 ¥iie Aedaasludlals
Tnandadnn

urnglals

funsualals

warialalag

H220%

A A '
Vipg N Nanfininuas
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Table 7. Dry matter yield of grasses (kg/ha) during the dry season in the second year
under close cutting at Khon Kaen (24 Sept. 1985-12 May, 1986).

Legume  Verano Khon Kaen Graham Siratro Mean (x)
Grass stylo stylo stylo
Guinea 3,051.5 3,987.5 2,840.5 3,793.0 3,418.2
Signal 3,169.5 4,119.5 3,311.0 3,636.0 3,559.0
Ruzi 2,647.5 1,970.0 2,125.5 1,621.0 2,091.0
Gatton 1,835.5 1,731.0 2,266.5 2,138.0 1,992.8
Mean(x) 2,676.0 2,952.0 2,635.9 2,797.0

LSD. (0.05) Grass (A) = 588.0 LSD (0.05) AxB = NS

LSD. (0.05) Legume (B) = NS Cv. = 29.86%

Table 8. Dry matter yield of legumes (kg/ha) at the initial cutting under close cutting at
Khon kaen (5 Oct. 1984).

Legum Verano Khon Kaen Graham Siratro Mean (x)
Grass stylo stylo stylo
Guinea 0.0 6.0 508.0 30.0 136.0
Signal 0.0 95.0 122.0 26.0 60.8
Ruzi 0.0 0.0 413.0 203.0 154.0
Gatton 7.0 0.0 0.0 119.0 31.5
Mean(x) 1.8 25.3 260.8 94.5

v A a @ o 'Y @ |
Tusenstosnn  erafisssnantdgmfisafy Hardseed dniuindadaloslasdondm
aslisinsnnldfinomunns  wAgnuuemazlawiudvihaelussesusnndesineen

fviunaniauvivresiaFaiufisasan 3 afslutaogauuuestd 2 lduamolslu

MAMI WA 10

unanlals dandalaslaslwnandndoge

o e uslalalinsndalndifnaf unfutsenarnalalauss s




19

Table 9. Dry matter yield of legumes (kg/ha) during the dry season in the first year under
close cutting at Khon Kaen (5 Oct. 1984-13 May,1985).

egume | Verano Khon Kaen Graham Siratro Mean (X)
Grass stylo stylo stylo
Guinea 0.0 0.0 162.0 12.0 43.5
Signal 0.0 52.0 158.0 17.0 56.8
Ruzi 50.00 0.0 196.0 15.0 54.0
Gatton 89.0 0.0 247.0 34.0 92.5
Mean(X) 23.5 13.0 190.8 19.5

Table 10. Dry matter yield of legumes (kg/ha) during the wet season in the second year
under close cutting at Khon Kaen (24 June-24 Sept. 1985).

Legume | Verano Khon Kaen Graham Siratro Mean (x)
Grass stylo stylo stylo
Guinea 349.0 166.0 245.0 38.0 199.5
Signal 53.0 939.0 728.0 39.0 439.8
Ruzi 347.0 854.0 781.0 198.0 545.0
Gatton 1,072.0 219.0 1,060.0 175.0 631.5
Mean (x) 455.3 455.5 703.5 112.5

AprfunsUusnesdaRee e iunfinen  Tuamnuindenvesianinueu
o UseenliTae 5lawa (2528), Wilaipon (1088) waz Wilaipon and Pongskul (1983)
dandadn fanerluslaloussiaveuenndlalaUsudlaRlurninwandonfinann  uae
InanadlngLAnsfow fofnfiss FUfuRn
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IN VITRO MICROTUBERS POTATO PRODUCTION

Prasartporn Smitamana, Pajchima Smitamana
and Visanu Somsap

ABSTRACT: Insect-proof nurseries and the combination of heavy using of insecticides are needed for the
virus-free seed potato production, which made quite a high cost of production. Besides these problems,
transportation of planting material from the nurseries to the field, in the case of rapid multiplication
by using single-node cutting, has to be considered.This experiment was oriented to solve the above
difficulties therefore the aseptic microtuber production technique, which needs only small space, easy to
transport and storage, and could purely protect the reinfection of viruses, was used. Modified Murashige
and Skoog ‘s medium (1962) was used as a basic medium. For the shoot multiplication, medium supplied
withIAA 0.3 ppm, Adenine sulphate 80 ppm and 2-ip 30 ppm provided the strong and healthy shoots and
leaves, but gave the significant lower number of shoot than medium supplied with IAA 0.3 ppm, CA30.1
ppm. and Adenine sulphate 80 ppm. Most of the media used in this experiment, except one which GA3
was added in the shoot multiplication step, could induce the tuberization. Size and number of microtuber
in each bottle depended ontheage of the plant material and the sucrose concentration. The average number
of tubers obtained from this experiment was 4-12 tubers per bottle.

UNARED: naxdariowiniiuefsnenlsnlaf  iifivinsdseluasfsunndeserdonisgnly
TraSouAuunny wioldondesiuidnunnsedionn wensindgyiludiudanarauds mIndariewiug
Tapnsdinnin Gonutgmiludumavnsalufgadgniiogvindlae manasesndaildsldngnidlunis
sinTaR T T lurn U aeadodalunstszndaiud  naaszeanlunissuds  uszmaisares
Funselsnlaalmildednousiven nmianesesutaddu 2 e fie aInszduldiniosen o siues
Fowuin e1m137FmuUaIIIN18s Murashige and Skoog (1962) Tt IAA0.3ppm Adenine sulphate
80 ppm us¢ 2-ip 30 ppm Wnalusuammyssisosiuussluffige urivTinuoeafldiflewIsudion
HuBIM1IFHEN TAA 0.3 ppm GA,0.1 ppm WY Adenine sulphate 80 ppm uANA198E T RBE YN
a8A Tummnnssdiliied et Sddamunsasireialdluemanngas  Liuudi

mednlinnT assinenrmem Ininodododlud (Fodlwal 50002

Departmertt of Plant Pathology, Faculty of Agriculture,
Chiang Mai University, Chiang Mai 50002
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i

TunF o duReffinndfynmansegiannsiianiavosszinlng  ussiiy
FwaziRnunuinanndwsen « Tnornzlugf marouunsssszinefiifigung g
mm:ﬁumiﬂqnLm:mmmﬁuﬁ'ﬁud?amnﬂhmﬂﬁm Unummasunsles Suel¥edu
Resnsiandfildzunsdasddlvmalnepandgnioidunimaununisdgniudae
Wufn i duegludagiu AufiudFefinRnsugnasianendralmine Tasanaz
Uszinmuseduand  uazawigeunsint msfidessadanugidmntliiesrinliseanvesiaiug
goan (Wszano Alanfuar 25 1) SeviliiAensggdoduasdisdszimeinay
e wenanilvhiuifiidueedeflivsensnlsadies  Tasawizlsnduwfingn
Folasy snnsdrsasluggnisdgndisoman wodnfidelaafifawionfiudaimgvene
¥fle Ainunnéie Potato Virus Y, Potato Virus X, Potato Virus S w&2 Potato Leafroll Virus
Fofn  nsndsvionRniTudSefiusoalsnladnadunnududussdnfedoadalig
nsfun 3Tt ume sz odluduildTuundamueiuamanisnnisuisuss
maenuliinnsiedsluaumanedouaz nsune i o nTn wazyszauannd s
Fanud9f
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ynndnlugnwdsende  wazifivl i mieunndnslusreggugnfiianizas

nsnszuliiudTarieluanwuse o Suvinnsfunwndoudd e
1953 lay Barker wildUszauawdudwnntn ansfineiludaowsnazyenanaulase
NAINLIAGDN LT% Wi wargmngfdundn ns=s Oshima and Livingston (1950)
and Oshima and Livingston (1963) wud1 Gibberellin flszdiu 25-100 ppm.
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ansansedilimiudfsoentsd Iuvmefl Naphthalene Acetic Acid (NAA) 1zn3zen
TWifinnsaonyessnts dent Palmer and Smith (1969) 1AvinmInaasansseulyiiu
¥ ai19vlaenisld Cytokinin wfiad1e ) uazwudn Kinetin (6- furfuryl aminopurine)
Tusz#u 2.5ppm lvinsfindn Cytokinin vnyie wonanilfanudn BA (Benzyladenine)
fefu 0.25 uay 2.5 ppm AwnsanszAulEFu i aRalA s UL AlAa NN
Cytokinin

a{ﬁﬂimumamm%ﬂumim:ﬁu'lﬁﬁu:i?am’wﬁﬁ‘lmmwﬂmam%ﬂﬁa Schilde-
Rentschler er al. (1984a)  Schilde-Rentschler et al. (1984 b) use Schilde-Rentschler
etal. (1984 c). fmwsondamldUsznm 0.4-0.8 Wariodu Taodosluemisives
WneUssnnm 60 T4

«
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Tudssluannuasngelaoutiniinasesoenitdu 2 dunou fio

1. ANIMIRATBIEI NI ANIZENABNTINTIIUIUYBILEA
5. MIVNTRATEIDIMITRLANZABNTINT IR

gilnsluasTemIvaans

1. SYRdeLOSHINTaUNLNaTNeoA

IRl el un1Inesesfis  pI1INIATEIULEY Murashige and Skoog (1062)
Tnon s Ui pusUaslndanfidnansdunidussseilunisuedn fis

pw3gAsf 1 Indole 3-acetic acid (IAA) 030 mgl
Adenine sulphate 80.0 mg/l
N-Isopentenylaminopurine (2-ip) 30.0 mg/l
p13gAsA 2 Indole 3-acetic acid (IAA) 030 mg/l
Gibberellic acid (GA3) 0.10 mg/l
Adenine sulphate 80.0 mg/l
gw13gAsfi 3 6-Benzylaminopurine (BAP) 0.54 mg/
Indole 3-acetic acid (IAA) 1.50 mg/l

Gibberellic acid (GA3) 0.10 mg/l
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oW Igasfl 4 Indole 3-acetic acid (IAA) 0.30 mg/l
Gibberellic acid (GA3) 0.10 mgn
Adenine sulphate 80.0 mg/l
Benzylaminopurine (BAP) 0.10 mg/1
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Table 1. Means shoot of virus-free potato obtained from different media ofter 30 days.

Media shoots
1 32.67 f)
2 52.00
3 30.67 €
4 40.67 ¢

Column means with different superscribe are significantly different (p < 0.05)
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Figure 1. In vitro microtuber potato in liquid medium.
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DUODENAL AND ILEUM CANNULATION IN CATTLE

Tusanee Apichartsrungkoon and Therdchai Vearasilp

ABSTRACT : Anoperation for fixing cannulae made of siliconeat proximal duodenum and terminal ileum
was conducted in 4 crossbred Native X Holstein Friesian cattles. A routine right flank laparatomy was
done. The intestinal wall at the required positions were exteriorised and longitudinal incisions were made
for seating the cannulae into the intestine followed by twice purse - string sature. Another stab - wound
incision was made at the lower part behind the first incision for inserting the cannulae through out off the
flank. The cannulae were fitted with body by siliconering. After theoperation, the cannulae removed from
the intestine before the intestinal wall and the skin were adhered completely. Therefore, another operation
for fixing the removed cannulae was conducted and resulted inan adherent of the intestinal wall and the
skin after 8 weeks of the operation and also an extra care was taken into the last procedure. Intestinal
cannula made of silicone can be easily inserted and replaced without an adverse effect to the animals. The
experimental cattles have been using for many experiments with normal growth and reproduction.
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Bile duct

Incision line

Pylorus
Abomasum

Figure 1. Dotted line shows an incision line of the required length through the skin and
also shows duodenum.

Figure 2. Seating cannula in intestine with purse-string sature.
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Figure 3. Ileum and ileo-ceco-colic junction.

Figure 4. A stab-wound incision of the skin (a) for inserting the cannula through the
stab- wound (b).
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Figure 6. Cow fitted with proximal duodenum and terminal ileum cannulae.
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UTILIZATION OF PIGEONPEA (Cajanus cajan) AS A POULTRY FEED

3. EVALUATION OF PIGEONPEA AS A PROTEIN/ENERGY
SOURCE IN LAYER RATIONS

Suchon Tangtaweewipat' and Robert Elliott*

ABSTRACT : Ground pigeonpea (Cajanus cajan CV.Hunt) was incorporated into layer diets (16% C.P.
and 2,800 k.cal ME/kg.) at levels of 0, 10, 20, 30, 35, or 40% replacing maize and soybean meal to study the
effect on egg production and egg quality over a three-month period. Each experimental diet was offered
to 32, twenty-five weeks old Golden Hubbard pullets divided into 4 replications of 8 birds. All birds were
maintained in individual laying cages with free access to feed and water throughout the three 28 - day
periods (84 days). The hens offered diets containing 20% or more pigeonpea had a decreased rate of egg
production. Feed /doz. eggs from layers offered diets containing 0, 10,20, or 30% pigeonpea were1.47,1.51,
1.50 or 1.61 kg. and not significantly different. However the higher levels of pigeonpea inclusion (35 and
40%) resulted in greater feed /doz. eggs (1.74 and 1.93 kg. respectively). No significant differences in feed
consumption and egg quality were detected.
An economic appraisal of the potential of pigeonpea in layer diets is also discussed.
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Table 1 Composition and nutrient contents of the experimental layer rations

Ingredients Groups

Yellow corn (8.9% prot.) 6154 5293 47.68 3870 34.66 30.72
Rice bran (12.0% prot.)Groups 8.00 7.03 3.50 3.50 3.00 2.50
Soybean meal (44.0% prot.) 16.17 13.25 10.52 7.49 6.03 4.47

Pigeonpea (21.3% prot.) . 10.00 20.00 30.00 3500 40.00
Fish meal (54.0% prot.) 5.00 5.00 5.00 5.00 5.00 5.00
Soybean oil - 2.50 4.00 6.00 7.00 8.00
Dicalcium Phosphate 1.00 1.00 1.00 1.00 1.00 1.00
Opyster shell 763 7.63 7.63 7.63 7.63 7.63
DL-Methionine 0.11 0.11 0.12 0.13 0.13 0.13
Salt 030 0.30 0.30 0.30 0.30 0.30
Premix (MB mix-2)! 025 025 0.25 0.25 0.25 0.25
Total 100.00 100.00 100.00 100.00 100.00 100.00
Calculated chemical composition:
Protein (%) 1625 16.15 1625 1625 1625 16.22
Metabolizable energy (kcal’kg) 2800 2835 2832 2836 2840 2846
Fibre (%) 4.54  4.62 449 4.68 4.72 4.77
Calcium (%) 3.58 3.60 362 3.64 3.65 3.66
Avi. phosphorus (%) 0.50  0.48 048 0.47  0.47  0.46
Methionine (%) 0.36 0.36 0.36 0.36 0.36 0.35
Lysine (%) 0.83 0.85 0.86 (.88 0.89 0.90
Threonine (%) 0.58 0.55 0.52 0.48 0.46 0.45
Linoleic acid (%) i 7 2.41 2.84 3.44 3.73 4.03

1 May & Baker products

=3 » 1 =3 1 ﬂ' J ) o o Qs =) ar
Yiunamildomsdentingals 1 Ina (Anduedwiiteddy (1.74 wee 1.03 Alanw
awdfu)  lasfuSnmnisfivemnseisdoYusssuslinnnguiefildsuuaslailasy
s I anzueliurnsnnuandran1sahia
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Table 2. Production performance of laying hens fed diets containing verying levels of

pigeonpea during 84 days. "
Level of pigeonpea Egg Feed/doz. Feed Liveweight
in diets prodiction2 egg 2 Consumption3 gain .

(%) (%) (kg) (g/bird/day) (g

0 86.50 1.47° 106.05 35.3%0
10 84.88 2° 1.51° 105.83 102.5%
20 81.17 % 1502 101.30 71.5%
30 7672 1.61 % 101.46 - 10.8°
35 73.28 9 1.74° 104.97 6.3°
40 65.42°¢ 1.93¢ 103.58 8.8°

! Mortality rate 3-12%
2 Mean within column with different superscripts are significantly different (P<0.05 )

3 No significant differences

Table 3. Percentage of eggs in each grade from birds fed diets containing various
levels of pigeonpea.

Level of pigeonpea No. of eggs in each grade (%)’
in diets
(%) A? B C? D E?
0 4.95° 17.55° 47.62 24.44 5.45
10 5.43° 19.37° 47.40 25.56 225
20 5.45° 21.95 39.86 2791 4.84
30 4.13° 14.59° 40.78 35.00 5.51
35 14.75° 3597% 30.95 17.46 0.88
40 1028 2141° 40.25 2432 376
1Grade A Eggweight > 66 'S B  Egg weight 61-65g;
C Egg weight 56 - 60 g; D Egg weight 51-55g;
E Egg weight <« 51 g

2 Values within column with different superscripts are significantly different (P 0.05)

3 No significant differences.
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Table 4. Cost of egg production when laying hens fed diets containing various levels
of pigeonpea during 84 days.
Level of pigeonpea Egg Feed/doz. Cost Cost of feed/
in diet production eggs of feed'? doz. eggs?
(%) (%) (kg) (Bt./kg) (Bt.)
0 86.50 1.47 4.18 6.14
10 84.88 1.51 4.38 (4.16) 6.61 (6.28)
20 81.17 1.50 4.46 (4.10) 6.69 (6.15)
30 76.72 1.61 4.60 (4.06) 7.41 (6.54)
35 73.28 1.74 4.66 (4.03) 8.11 (7.01)
40 65.42 1.93 4.72 (4.00) 9.11 (7.72)

! Ingredients prices (Bt/kg) : Yellow corn 2.60; Rice bran 2.80;

Soybean meal 7.90; Fish meal 11.00;
Soybean oil 15.00; Dicalcium PO4 10.00;
Oystershell 2.00; DL-methionine 100.00;
Salt 2.00; Premix 65.00;

Pigeonpea 3.00 and Tallow 6.00.

2 Values in parenthesis are the prices when feed tallow replaces soybean oil.
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Wisudiey Aluiinslftiaazuey Swdparunimeasssnisliianzussluemslile

Y o o
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PALE, SOFT AND EXUDATIVE IN PORK

Sanchai  Jaturasitha

ABSTRACT : Most of people in Thailand prefer to consume pork more than other kinds of
meat because of the low price and tenderness. In addition the consummer pay attention in eatabili-
ty of pork such as water holding capacity (juiciness), color of pork and structure of muscle fiber.

Normal pork must has characteristic in grayish-pink color, slightly dry and firm. Another non-
favorable characteristic is PSE which is pale, soft and exudative. Genetics of swine which high de-
gree of muscle and environment during slaughtering such as long transportation, unhumane

slaughtering, high carcass temperature and unhealthy swine are caused for PSE.
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Figure 1. The effect of environmental temperature upon the rate of post mortem pH fall
in longissmus dorsi muscle. ( Price and Schweigert, 1971)
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Figure 2. Showing pH in longissimus dorsi muscle after slaughtering. (Forrest et al., A>5)
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Table 1. The rate of PSE in varieties of swine breeds.

Breeds No. of swine % PSE
Holland Pietrain 367 89
Belgium Landrace 1,260 86
German Landrace 1,251 68
Dutch Landrace 4,073 22
Swedish Landrace 1,668 15
English Landrace 1,538 11
Dutch Yorkshire 1,394 3
American Hampshire 232 2
Irish Largewhite 58 0
American Yorkshire 225 0
English Largewhite 764 0
Duroc 278 0

SOURCE : PREECHA (1975 : 1391, 2528)
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9347 I/mbwfly

MAJOR COFFEE INSECT PESTS IN THE HIGHLANDS
OF NORTHERN THAILAND AND THEIR CONTROL

Jariya Visitpanich

ABSTRACT : It was noted that there were approximately five species of important insect pests of coffee in
the highlands of northern Thailand. Refering to their nature of damages, they could be divided into two
groups. The first group was classified as the small sucking type insects such as aphids, mealy bugs, and
green scale. They normally prefer to attack the newly grown coffee seedling or young coffee plant about
oneto two years old after transplanting. Theseinsects apparently suck thenutrients from the young shoots
and leaves, thus deforming the leaves and retarding the growth process. Moreover, they also secrete the
honeydew which become the source of food for black mold coated on the leaves, thus interfering the
photosynthetic process. Another group comprised of stem borers such as red coffee borers and long horn
coffee stem borers. These borers are considered to cause the serious damage on fully grown coffee plant,
about four to five years old. The damage from them usually causing the plant to wilt and die later. The
control measures of these two groups of insects are often end up with the use of insecticides. Inthe highland
areas, if the insecticides are more frequently used, the highly precaution should be considered. Itisdueto
the chemical residue which might contaminate the waterin the streams and could cause harmful to human
and animalsin the lowland areas. The reccommendation for the chemical control when necessary is to select
the short residue insecticide with low toxicity to human and animals and spray only inside the outbreak
area, However, when the prevalence of the natural enemies are observed, the use of insecticide should be
avoided. In addition, the cultural control could also minimize the population of insect pests.
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Table 1, Potential timing for coffee insect pests outbreak within one year,

Month
Type of insect Jan. Feb. Mar. Apr. May Jun. July Aug. Sept. Oct. Nov. Dec.
Aphids NS —
Mealy bugs -
Green scale - -
Red Coffee borer . « ——
(adult)
Long horn stem borers e e s
(adult)
aqu
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