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Aflatoxin contamination of groundnut occurs on an extensive scale in the tropics. Itis
an important food quality reducer. The main cause of aflatoxin contamination is the
susceptibility of the groundnut germplasm currently in use by farmers. There is also
an abundance of the aflatoxin-producing fungus, Aspergillus flavus, particularly in
sandy and sandy loam soils which are suitable for groundnut production.

Biotic Factors and Aflatoxin Contamination

Aflatoxin contamination of groundnut becomes a serious problem in the presence of
drought stress, pod-damaging insect pests, and soilborne diseases. In areas where
groundnut is grown year after year in the same field, aflatoxin contamination is
observed to be high.

In the presence of one or all of the biotic factors enumerated above for the
occurrence of aflatoxin in groundnut in the field, the spread, intensity, and the extent
ofthe damage caused to the quality of groundnut kernels is climate-driven. A detailed
study of the weather parameters favoring aflatoxin contamination was initiated: (1) to
highlight key climatic parameters that control contamination at various phenological
stages of growth, and (2) to analyze the different agroecologies of Vietnam, in which
the groundnut crop is grown, for aflatoxin risks.

Weather x Aflatoxin Contamination

The weather parameters that affect aflatoxin contamination are:

* Drought during seed-formation and maturation stages of crop growth, particularly
in the top 10 cm of soil,

* Release of a long stretch of dry-soil conditions, when the crop is at maturation
stage, by rain,
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* Occurrence of wet weather during field drying ofthe crop after harvest, and

+ Climate of the storage space, which has an important bearing on the prevalence of
aflatoxin contamination in seed, especially if the crop has escaped A flavus infec-
tion/aflatoxin contamination in the field. High humidity of the storage area, cou-
pled with high temperatures or seepage of water into the store rooms, increases the
chances of aflatoxin contamination.

The hot spots for aflatoxin contamination in groundnut production systems are gener-
ally drought-prone sandy soils, in which the groundnut crop is grown year after year,
and the humid conditions under which the crop produce is stored.

Groundnut Production in Different Agroecologies in
Vietnam

Vietnam has been divided into seven agroecological zones (Table 1). In the northern
parts of the country (AEZs I-1V), three main seasons are recognized. A cool dry
season when average daily temperatures are <20°C. It extends from Oct to Mar in
the Northeast highlands ecoregion. This is followed by an intermediate season with a
temperature regime ranging between 20 and 28° C. The warm season with a tempera-
ture regime exceeding 28°C is observed in AEZs Il and IV; it extends during the
summer season from May/Jun to Aug.

Of the three AEZs in southern Vietnam, a cool temperature regime (<20°C) is
found only in the Southwest highlands ecoregion, otherwise these ecoregions are
characterized by an intermediate thermal regime (20-28°C) for most of the year
except for the rainy months.

The soil-moisture regime, particularly during drought stress, is favorable for at
least 230 to 290 days across three of the AEZs. The length of the unfavorable soil-
moisture regime, when moisture deficits occur, is about 75 days in AEZs | and |l (the
Northeast highlands and Northern midlands ecozones). In all the other ecozones, it
ranges between 105 and 135 days.

Rainfall and Soil Moisture in Some Selected Locations

Groundnut is grown in all the seven AEZs of Vietnam (Fig. 1). In northern Vietnam,
groundnut is grown mainly in the spring season (Feb-Jun), while in southern Vietnam
it is mainly grown in the winter-spring season (Nov-Feb). One location with long-
term climatic data was selected in each of the agroecological zones to quantify the
probabilities of weekly rainfall for rainfall/potential evaporation (PE) = 0.33, mean
weekly rainfall, and soil-moisture variations in weekly steps. The Markov Chain
model was used to calculate initial (W) and conditional (W/W) probabilities of
rainfall. The 'standard meteorological weeks' scheme (established by the World Me-
teorological Organization) was employed. Soil moisture was simulated from weekly
rainfall and PE records. The soil-moisture balance was estimated by the WATBAL:
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Bacgiang

Agroecological zones

Zone | : Mountain, highland and midland
area of northern Vietnam

Zone |l : Red river delta

Zone lll : Coastal north central Vietnam

Zone IV : Coastal south central Vietnam
Zone V : South central highlands

Zone VI : Eastern zone of southern Vietnam
Zone VIl : Mekong delta zone

Emark

Groundnut distribution

X Cantho Tay Ninh
AP Highlands
Midlands

/// Lowlands

Sources: National Institute for Agricultural Planning and Projection
Hanoi, Vietnam, 1992., Agricultural Statistics Department, Hanoi.
Vietnam (1988-92). and Philips Great World Atlas.

Figure 1. Groundnut distribution in the agroecological zones (AEZs) of Vietnam.
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CSIRO (Australia) method; 120 mm was assumed as the maximum available soil-
moisture holding capacity of the groundnut root profile across all the agro-ecozones.
Two soil-moisture variation scenarios are given for each location: one for the lowest
rainfall year, and the other for the highest rainfall year in the data available. Data are
shown in Figures 2 to 8.

The relative risks of aflatoxin contamination in the different AEZs of Vietnam
were assessed by comparing the amount of available soil moisture at three stages:
(1) from establishment through to the reproductive phase of the crop, (2) from
harvest to field drying of the crop, and (3) storage of the crop produce at the farm
level.

The first approximation results obtained are given in Table 2.

Table 2. Potential incidence of aflatoxin in groundnut in Vietnam.

Rating' of risks of aflatoxin
contamination at 3 stages

Agro-ecoregion Maturity? Field drying Storage®

I Mountain highland and midland 2 4 8
areas of northern Vietnam

I Red river delta of northern Vietnam 2 4 8

1 Coastal north central area of 2 2 7
Vietnam

v Coastal south central area of 2 1 6
Vietnam

Vv South central highlands 2 2 9

Vi Eastern zone of southern Vietnam 2 1 6

VIl  Mekong delta zone 2 3 3

1. Rated on a scale of 1-9, where 1 = lowest, 9 = highest. This is based on frequency of drought stress and relative
humidity of the air in storage rooms.

2. Maturity = Maturation stage of growth and development.

3. Storage means on-farm storage.

Conclusions

In general, AEZ VI represented by the Mekong delta zone presents conditions for
the lowest incidence of aflatoxin in groundnut. Zones Il and IV also present relatively
low risks. Medium aflatoxin-risk areas are located in AEZs Ill and V, while the high
aflatoxin-risk areas are AEZs | and II.

In general, the risks of aflatoxin contamination of groundnut during storage at the
farm level are high throughout Vietnam.

70



‘(1 ZAV ‘411,901 ‘N.91,17) Buerdoeq ut dynjsious [0S pue

(ww sgg) 1961 1ok
iUl LINUIUEY

021 = Aysedes Bupoy
BUNISIOW |05 SFEBAY |08

62 S & (LI I S¥
pQ deg by e une ey [ i L
¥oom plepuels
ori
— 021
(ww gg1Z) 9861 sk | oot
|ejure) Wwinwindeyy
021 = Ayoedes Buipoy |
BUNISIOW |I0S BRIBAY
— 09
of
(V4
0
W LE E 6 S & Il €L 6 S 3 6¢ Sv
pQ deg Dby o ouy  Jew dy =y @ 0ey g AN

%oaMm piepuelg

{ww) simsiow j10g

(ww) simsiow 1og

HoaM pIEpUBIS
pQ deg Doy e uy Ay gy om0y wr  o8Q  AGN
W LE EE 62 G k& [ €l 6 S b 6 S¥
¥6 - 0961 eseqE®RQ]
HOSM pIepUBIS
po deg Goy w unr ey =y Yy oy oy ] AN
v LE &€ 62 =4 e L £l 6 g b 6 S¥
TTI T I T T T T T T ETTITT TR TTITrRRRE TR RITTIITRRITOTT TTTTTIT U LY

(MM BUOHIDUODY)
W) ey —
Iejuml jo Aupqeqoid

0

0si

002

0

[[ejurey -z 2an3ig

(ww) jejure. ueepy

uonesodess [enuejod/jejuey

<

£e0



(11 ZAV “4.S5.,S0T ‘N.S0, 1Z) IOUBE] UI 21N}SIOW [I0S PUE [[Bjuley “E 2indiy

(ww ge0L) 886 | s=al
FEjurRl Wwnusuwy

021 = Ayoedes Buipoy
S0)SIOW 108 BEjRAY

O0M PIEPUBIS

6 & 12 L € I
BO  deg o our ey oy =y 4 W oeg

seem piEpURIS

(ww) esmsiow pog

(wuw) aimsiow j1og

i?pmﬁu.m
.l..
€ 2 2 iz
0
L oS
001
L 051
26 - 9961 ‘@seqeRQ
002
HOOM pIEpUBIS
By deg Gy LA l_.. P. _.! iu vr g N
i £ %€ & K I2 T

___q‘q_.qﬂ.__.q_—_q-__q"_qq-__...___ﬂ__..._-_._ TETT

(MWL) BUOIPUDD) =
(W) egiu) —
IEjue. jo Aiigeqoiy

001

(ww) [rejures ueeyy

££°0 < uonesodes [enuejod/yejurey

72



(111 ZAV “4.8€.S0T ‘N.S¥ .81) YUIA Ul In)siou [10S pue [[EJUIBY "y 2an3yy

021 = Apoedes Bupoy

(wwi gEL 1) 6961 ek
IFEjUBS Winuiugy

SINISIOW I0S SRIBAY

i £ EE 6 S & LI €l 6 S I & Sv
PO deg Oy oo Ay dy BN 9 wr oaQ AN
}oom piepueis
ovi
= 02l
{ww £55¢) 6861 sk
Ejumkes wnwoew | oo

6 SC e Ll £l

e ouy ey
3}88m pIepuElS

021 = Ayoedeo Bupoy
SUMSIOW |10S By

Sr
dy my 084 e 28 AN

(W) einysiow 108

(Ww) BimsIow 108

oM pIepuelS

ucﬂmuiz.n..l..a‘:zi.._i_,
v LE €€ 62 S 1€ 4 € B8 2§ |

oeq AN
m._mv

0
— 05
— 001
— 051
¥6 - 1961 ‘eseqeeQ
002
oM PIBPUBIS
po deg Oy 1 CL oy BN P wr g AN
(54 e EE 62 s e Ll £l 6 ] I Sy
TT T i T TS T T T T T T T IR TR TIRTTT TR IR e IR i e rTveernmnyTd 0
(M) BUOHIDUODYD) = | o2
(w) ey —
Ijure) jO Apqeqoid
— Ov
— 09
A \ &
VIV - o
— 00}

(ww) Jrejures uespy

£E'0 =uonesodess [elusjod/ejuiey

73



‘(A ZAV ‘4.01.801 ‘N.S.91) Sueue( ut anjsiow [10s pue [[ejuiey G 3In31,]

#98M piepue)S

boﬁm?q....ﬁ..lzn«jzi.._i.snsz
Gnmn.mm_w.m_mﬁm:.m_mm_

ovl 0
o2l
(ww gpel) za6) e 0s
FEjuR) WU 0oL =
021 = Apzedes Buipoy % m
BISOW [0S SgEIRAY 08 m. m,
m. — 00L ar
o e 3
w 3
o = L 0S|
oe
v6 - Q.61 ‘eseqeeq
0 002
W £ €€ B S 12 I El 6 S | 6y Sy
BO deg by oo ey oy ey gy mr  osag M }oeMm piepuelg
}eam piepuelg B0 deg By ey ey AN
W IE B B8 S 2 4 S
O.V— I_‘___.r-q-.___.____.-q__uﬂ—_aq LIl | T T T T rTTrrrTrTTTITY ﬁ_.
(MWL) BUOIDUDY) — mH
021 (W) eawy — - §
IEues jo Aygeqoid — 02 W
0oL m
(ww griE) gL ek Q@ o
IBjUE) wnwnreyy 6 = L ov 5
024 = Auedes Buipoy m 2
BIYSOW J0S BgERAY = .W
o K
@ Fo g
3 &
= |
ov fwl .-_ 1V
08 N
o2 [ ]
0 — 001

W £l Bl @8 & |
PO deg LA ] dy mN 4 wr  eg

eom pIepuelS

v £ 62 G2

74



‘(A ZAV ‘“4.£1.801 ‘N.9Z . Z1) Y4ewq ul unjsiow [l0s pue [[ejurey g n3i]
Yoam pIEpUBIS

PO deg Oy e ouy Ay gy oEmw 084 wr e AN
I £ €€ 6 S & L € 6 S I &y S¥
0
(ww Z/yi) 2o61 Bak
FEJUR WNUSUW — 08
021 = Apeded Bupoy @ w
NSO |08 SEFENY s
3 3
%. 001 - §
g £
5 3
3
3 3
- 051
6 - 0861 BseqeEQ
002
%o8Mm pIEpuRIS
PO deg Boy e oup ey aly my ey - B
i & €€ 6 S & i e 6 § I 6F S¥
TI1 T T T TTIT IR ITTITTRIOR T ROINETROAOTTONT TETTTTRI TT .D
ol
g
(MW BUOIPUOD == 2 &
(ww 9252) 0661 Bk (W ey — mn
JEJUIES LUNLLIpGSyy iBjues o Angeqoid 2
021 = Ayoedes Bupoy m o m..
SNSOW 105 BgEBAY M m
B
g :
@ — 09 2
3 3
= %0L T
L 08 N
L]
00t
v £ 62 & 12 L € 6 S§ | 6&F S¥
PO deg o our AW By BN I I

3OaMm PIepUE)S

75



"(IA Z3V “4.$0.901 ‘NL8I.11) YUIN A& ut ainjsiow [10s pue [[ejurey -/ 2un3i,]

%86M piepue)S

PO deg B oy wy ke oy my gy e 2ag AN
Ghmﬂwmﬂmm_.mh_.m_.mm__.mvmv

0
(ww o) 2661 =ad L 05
U LNy <
021 = Ayoedes Bupoy m m
SMISOW 10§ BEJE|RAY = o
8 004 S
g £
= 3
3
3 3
—0Si
b - 6.6 eseqerQ
002
54 unMwm?M(mNﬁ _.mnath.m_.l:m S .._-_m, 6 S
w0 "o ouy 5y oa) AN
NooM PIEPURIS }eam piepue)s
PO deg by ooy ey by my ey wep  seg  Agy
W £ £ B2 S e L £l 6 g I or Sy
[TTTTTIT T T oo T TITITTTTITTITTITT TT1 T TTT O
D
W
g
(ww 9vp2) 686 | s2ak (MW UOHPUD) ——m ez B
IBjuR. Winwney (M) ey — .m
irjue o Ajggeqoiy ]
w -1
= » B
3 2
3 2
-]
2 g
3 - 8
3 =]
2 v
0L o
08 i
W
S — 004
v LE 6 S 12 [l £l 6 S 3 6y Sv
BQ  deg e ounp ey oy =N oy m oeg Ay
}eem piepuels

76



"(IIA Z3V ‘9.9% .01

(wwoglLL) pesL ead
FBjurel wnusugy

02l = Auoedes Buipoy
SMNS0UW |I0s SgeFesy

(ww SzgL) 9861 Bad
U WinwiXEwy

021 = Aoedes Buipioy
BNISIOW Os Sge Ay

W £ € 6 = 12 4 € 6 § |
B0 ds By v oy ey oy By 9%y

}oam pIBpUBIS

(ww) eamsiow pog

(W) suansiow (i0g

‘NLZ.01) o4iueD) ul 3un)siow [10s pue [jejurey ‘g 2anS1

Noam prepuelS

PO deg By yr  uy dey  xy MW gey  wer  oeq AN

P £ €€ B S 12 L1 £ 6 S I @y S
0
— 05
— 00l
— 051

_l v6 - 8/61 ‘eseqerQ
— — 002
j8am piepue)s

BO  deg by e oue ey dy =N ey C I« I ¥

W LE €€ 62 g2 ¥4 Ll el 6 ] I 6 G&v
_,q___.__-.j_._q_..m_._"_.l.__ T 1 TrrTrT T rT T L} ...u
MW BUIDUGD) e — 02

W) ey —
iU jo Ageqod
— O
| ™
%60,
— 08
\

L] i [0.1]1

Igues jo Lugeqoid

(ww) peyures uesyy

uopesodeas |enue)od/jejuey

<

EED



Future Research

This is a preliminary study. It is predominantly driven by climatic factors and, there-
fore, presents only a first approximation of aflatoxin contamination risks in groundnut
during its production cycle and storage under on-farm conditions. It is suggested that
well-designed experiments should be conducted across the seven AEZs in Vietnam.
Some well-characterized benchmark sites should be chosen. All data pertaining to
soil, climate, crops, and diseases should be collected. Farmers' produce and market
arrivals of groundnut should be checked for A flavus and aflatoxin levels at regular
intervals, using reliable analytical techniques.Complete analysis of the climatic data
and abundance of aflatoxin-producing fungus should be carried out. This is a priority
research area for Vietnam, as higher levels of groundnut production have been tar-
geted for the coming years.
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