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Crop Nutrient Deficiency Observation and Diagnosis Prototype
Program of Department of Agriculture (DOA-CropDOD]

Sootin Claimon*

To improve research on visual diagnosis of nutrient disorder and deficiency symptom of economic crops,
the prototype CropDOD (Crop Nutrient Deficiency Observation and Diagnosis) program was designed by staff

* NBIgAINGT NIWATININBAT 9GINT NN, 10900
* Soil Science Division, Department of Agriculture, Chatuchak, Bangkok 10900.
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of Soil Science Division. The decision tree architecture was employed to create program structure. Some parts
of Source code and program writing method were presented to illustrate the sequence of program. Information
and knowledge to develop the program were obtained from published text books and papers. Nutrient disorder
and deficiency symptom could be used as primary indicator of crop nutrient requirement in the field and crop
clinic service as well as preliminary soil fertility index of a given area. However, visual symptoms caused by
deficiency or toxicity of plant nutrient are specific for each crop and environment which led the development of
Crop Specific DOD. According to the published knowledge obtained, the crop specific program under development
plan consist of corn, soybean, sorghum, cotton, sunflower, wheat and barley. The compilation of CropDOD for
economic crops to be the DOA-NEx system (DOA Crop Nutrition Expert) will provide well developed research

findings and transferable technology on plant nutrition for efficient crop clinic service of the Department of

Agriculture.

Keywords : CropDOD, computer program, expert system, crop nutrient deficiency diagnosis
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Table 1. Key to diagnosis of crop nutrient deficiency as a

prototype of CropDOD program.

A Key to Nutrient Deficiency Symptoms*
Element deficient

a. Older leaves affected
b. Effects mostly generalized over whole plant,

lower leaves dry up and die.

c. Plants light green, lower leaves yellow, Nitrogen
drying to brown, stalks become short
and slender.

c. Plant dark green, often red to purple Phosphorus
colours appear, lower leaves yellow,
drying to dark green, stalks become
short and slender.

b. Effects mostly localized, mottling or
chlorosis, lower leaves do not dry up but
become mottled or chlorotic, leaf margins
cupped or tucked.

c. Leaves mottled or chlorotic, sometimes Magnesium
reddened, necrotic spots, stalks slender.

c. Mottled or chlorotic leaves, necrotic Potassium

spots small and between veins or near
leaf tips and margins, stalk slender.

c. Necrotic spots large and general, even- Zinc
tually involving veins, leaves thick, stalks
short.

a. Young leaves affected.

b. Terminal buds die, distortion and necrosis
of young leaves.

¢. Young leaves hooked, then die back at Calcium
tips and margins.

¢. Young leaves light green at bases, die Boron
back from base, leaves twisted.

b. Terminal buds remain alive but chlorotic or

wilted, without necrotic spots.
c. Young leaves wilted, without chlorosis, Copper
stem tip weak.

¢. Young leaves not wilted, chlorosis
occurs.

d. Small necrotic spots, veins remain Manganese
green.

d. No necrotic spots.

e. Veins remain green. Iron

e. Veins become chlorotic. Sulfur

* Adapted from Diagnostic Techniques for Soils and Crops.
American Potash Institute, Washington D.C., 1948.
Source : Bidwell, R.G.S. 1974. Plant Physiology (pp. 244-245).

national, 1978a; Borland International, 1987b) finw
BmsTuunuazifiiduaimimenaamiifiranwiaie
wazien®1s  dmsulusunsuduuuudnsrnnisfesss
InnvasRTaugaineazdualily Table 1 davasanun
931nWkIRe Plant Physiology wi1 244-245 (Bidwell,
1974) 7319 flow chart uszEuAaumIVTuvasliTunTy
auuuLitniiadanInemaemivesiy (Figure 1)
Fafilasaadauuy decision tree architecture (Forsyth and
Naylor, 1986; Patterson, 1990) 1%lusunsun13 TURBO
PASCAL &34 source code v8411/sun3u CropDOD a1y
flow chart fig$191% compile source code files 1{ulUsunsy
CropDOD neaasldsmlusunsy CropDOD uazurile
vsudplildnuldmuiaguzasdusathmineingilu
Tudu Tufinmosndoaussdounwiasvasliunsy anan
awdimaudlolunminaw lusunsn Lﬁatﬂuﬁagaﬁu‘qw
wazidunwamalunisaialsunsudug deld eudfiums
gisuasiaw lusunsuluiasdjidnsneuiaimas nas
Ughingn nadmmansas lasdulasansaialysunsy
auuuulull wea. 2534 wazazafiumatiulnllsunsy
il w.a. 2536

Figure 1. Flow chart of program CropDOD developed from
Table 1 data (Bidwell, 1974).

CropDOD Prototype Program
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Figure 2. Main Program of CropDOD Program.

Begin {Main Program|
Title,
repeat
repeat
MenuMain (select);
case select of
1 : begin
clrscr;
MainA;
end;
2 : begin
clrscr;
MainB;
end;
end {case}
until select = 0;
writeln;

writeln;

write (° Press Esc t0 Quit......coovveeuciriinnes W)

Key : = readkey;

until key = #27

end.
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Figure 3. Procedure Title of CropDOD Program. Figure 4. Procedure MenuMain of CropDOD. Program.
procedure Title; Procedure MenuMain (var a : integer);
begin begin
repeat clrscr;
clrscr; writeln;
writeln; writeln;
writeln (* " writeln (° *);
writeln; writeln;
writeln ("CropDOD. version 1.00 January 29-30, 1991°); writeln (° Menu Level 1°);
writeln,; writeln;
writeln ("Crop Deficiency Observer Diagnosis’); writeln (° A Key to Nutrient deficiency Symptoms’);
writeln; writeln;
writeln (° (Prototype Program)’); writeln (’ 1 : Older Leaves affected’);
writeln; writeln;
writeln; writeln (° 2 : Young leaves affected’);
writeln; writeln;
writeln (* Sootin Claimon’); writeln ( o0 : Exit Menu Level 1');
writeln; writeln;
writeln; writeln ;
writeln; ("Soil Science Division Department of Agriculture’),; writeln (° Choose Number : *);
writeln; readln (a);
writeln CBANGKOK THAILAND’); end;
writeln;
writeln (* DX
writeln;
write (’ Press Esc.......");
key : = readkey,;
until key = # 27
end :
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Figure 5. Procedure mainA of CropDOD Program.

Figure 6. Procedure of CropDOD Program.

procedure MainA;
begin
repeat
repeat
MenuMainA (select);

case select of

1 : begin
NitroPhos;
end;
2 : begin
MagPotasZinc;
end;
end {case}

until select = 0;
writeln;

writeln;

key : = readkey;
until key = # 27

end;

write ("Press Esc then Enter Return to Menu Level 1);

procedure MenuMainA (var a : integer);
begin

clrsler;

writeln;

writeln;

writeln (° )
writeln;

writeln (’ Menu Level 2°);

writeln;

writeln (* 1 : Effects mostly generablized over whole plant,’);
writeln; (* lower leaves dry up and die’);

writeln;

writeln (* 2 : Effects mostly localized, mottling or chlorosis,’);
writeln (* lower leaves do not dry up but become mottled’);
writeln (* or chlorotic, leaf margin cupped or tucked’);
writeln;

writeln (° 0 : Exit Menu Level 2’);

writeln;

WHEEIN (Creeneeriecneerscerecmsseccseinssnenmsensssasssssissssnssssssssissssss ’);

write (’ Choose Number : *);
readln (a);

end;
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Figure 7. Procedure NitroPhos of CropDOD Program.

Figure 8. Procedure MenuNitroPhos of CropDOD Program.

procedure NitroPhos;
begin
repeat
repeat
MenuNitroPhos (select);
case select of
1 : begin
clrscr;
writeln "NITROGEN DEFICIENCY’),
writeln CRECOMMENDATION.......");

writeln (.ocevrenecneennnce. )

write(" Press Enter’);
readln (n);
end;
2 . begin
clrscr;
writeln CPHOSPHORUS DEFICIENCY"),
writeln (RECOMMENDATION........");

WITtEIN (oot )
(00 1731 I (RO )
117 ¢ (11 (U Press Enter’);

readln (n);
end;
end {case}
until select = 0;
write ('Press Esc then Enter Return to Menu Level 2°);
key : = readkey,
until key = # 27

end;

procedure MenuNitroPhos (var a : integer);
begin

clrscr;

writeln;

writeln;

WILEIN (oot ssssssessiaa )

writeln;

writeln (’ Menu Level 3');

writeln;

writeln ("1 : Plants light green, lower leaves yellow, drying’);
writeln (’to brown, stalks become short and slender.");
writeln;

writeln ("2 : Plant dark green, often red or purple colours’);
writeln ("appear, lower leaves yellow, drying to dark’);
writeln (’green, stalks become short and slender.’);
writeln;

writeln ("0 : Exit Menu Level 3’);

writeln;

writeln (* ettt tas s DX
write (' Choose Number : *);
readln (a);

end;
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Figure 9. Name and of CropDOD Pregram.

CropDOD. version 1.00 January 29-30, 1991
Crop Deficiency Obersver Diagnosis
(Prototype Program)

Sootin Claimon

Soil Science Division Department of Agriculture

BANGKOK THAILAND
Press Esc......
Figure 10. Menu level 1 for diagnosis of crop nutrient

deficiency.

Menu Level 1
A Key to Nutrient Deficiency Symptoms
1 . Older Leaves affected
2 . Young leaves affected

0 . Exit Menu Level 1

Choose Number :

Figure 11. Menu level 2 for diagnosis of crop nutrient

deficiency

Menu Level 2

1 : Effects mostly generalized over whole plant, lower
leaves dry up and die.

2 : Effects mostly localized, mottling or chlorosis, lower
leaves do not dry up but become mottled or chlorotic,
leaf margin cupped or tucked.

0 : Exit Menu Level 2

Choose Number :

Figure 12. Menu level 3 for diagnosis of crop nutrient

deficiency.

Menu Level 3

1 : Plants light green, lower leaves yellow, drying to
brown, stalks become short and slender.

2 : Plant dark green, often red or purple colours appear,
lower leaves yellow, drying to dark green, stalks
become short and slender.

o : Exit Menu Level 3

Choose Number :

Figure 13. Diagnosis of crop nutrient deficiency.

NITROGEN DEFICIENCY
RECOMMENDATION...................

Press Enter

qﬂnssﬁﬂsznaumﬂﬁmuszuu (system com-
ponents)

lumsldomlysunsy CropDOD azdasisznay
sunauRiaiaed IBM XT/AT wie IBM Compatible #ifi
disk drive atihaiae 1 drive uszli memory 640 K Byte
wiou Card muIny iRC Standard waslusunsu Thai

driver

nmsnasaulusunss CropDOD

lawiu DOS ludrive A : v namutladhnsev drive
usTawndasnauRaiaes ila boot 1WInuaTIEIE UL
DOS aon lausinlusunsa iRC Thai Driver fi drive A : \»
namuiladasoy Drive

A : \> RuW thai n@ Enter
aoufnaasazidinnagiuszuunmineras iRC Card
noausulysunsa iRC Thai ean lausulusunsy CropDOD
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whldunu nafullasdhasay Drive A @\

A : % AUN dod na Enter
T1Jsunsu CropDOD azBuram nayy tilde \Wasw mode
IWiilw mode English nmtﬂuﬁuﬁtﬁanﬁmmamlumgﬁ
UnngmusnsceImMInangamIvesie lusunsue:
FHapuazlduuzineuaIay  AIaLINETBININARAL
Tusunsuuaashilu (Figures 9-13) laamsifanaaunanoiay
1 @a0® IuAI Menu Level 3 Ganwamsifiadouaasinie
219519 nitrogen swdululusunsuduuuilaslailaifon
funninmsutluemInamgams wiziiimsia
myanuanderwllauriiovasfis  dakusuuzinaz
Weowdu nelng Dluldsunsunsifadaamsie

Wosulusunsa aanan CropDOD udadaams
goninszuummn Ineringeit lsurulusunsy iRC Thai
Driver ﬁ drive A .\

A : \> RuUW reset na Enter
nauﬁama%:nﬁumagﬁ szuy DOS audu

puantgn1snaurlusunsudananasitiede
E!']ﬂ']i?l']ﬂﬁ']ﬁ!ﬂ']“"lilﬂﬂ"l%ﬁﬁ
LﬁaamnmmsﬁﬂﬂnaﬁLﬁﬂmnmwmmqmms
Araniudnsmziamz wazazUnngliiiuluizudaziia
udnsmzuandranuasnly  dniusesududasadoua:
wawlUsunsy  §anauaziiaauaInIznanqgainig
A alimansniiednannsnameamsves
Arldgndasuing fnSunTudazriauaslvaiuusin
dunsfifguaine  uazmslafouszdiudgedinedng
anzan ReEagAimasdnmIinmIsuun uasifady
8IMIVIATINDIMNTNNWIIFD waztanashaansnaun e
uwazazigwalasemaisodensuimmansas esiouss
wan lsunsy lduridrnlne dandas d1vne Eho muasTu
F18d Trufied lasazendiumsnam  ludsunsy
FnauarifadbanzRrmadlutisusuianiassgie
uazdInNatuf 7 andel w.a. 2530
mw;ﬁfuaz“ﬁnw%ﬁaﬁummsﬁa:‘lﬁﬂuummo
aHauazwa lusunsudsinauaziiadue1n1ivase
a1IRTe8It1alwa  (CornDOD) @nwiannuilsfe

Hungry crops: a guide to nutrient deficiencies in field

™ & o
crops (Grundon, 1987) (Table 2) wazlunwiFanoadl
anuiuazitnsiileds a1mnemgamisrasdInias
T3 e mMuaziu Taduaziniuniiad

Table 2. Key to diagnosis of corn nutrient deficiency as a

prototype of CornDOD program (Grundon, 1987).

Key to nutritional disorders in maize

A1.  Symptoms appear first on fully expanded leaves or

are more severe on older leaves.........coceievenninnn B
A2. Symptoms appear first on still expanding leaves or

are more Severe on younger leaves...........ocoeueai. C
B1.  Plant pale green, pale yellow chlorosis followed by

brown necrosis begins at the leaf tip..........ccccoeee... D
B2. Plant pale green; pale yellow interveinal chlorosis

and brown necrosis begin in the mid-section of the

L€AS ...t E
B3. Plant dark green with bluish or purple colours;

chlorosis or necrosis begins at the leaf tip and

advances down the margins towards the base............... F
C1.  Youngest leaves pale yellow; necrosis rare........... G
C2.  Youngest leaves pale or dark green; chlorotic and

NECrotic 1esions COMMON.........cucviriverinieriiininieiias H
D1. Chlorosis and necrosis advance down the mid-

A75311 OO OO SRR Nitrogen deficiency p-99
D2. Chlorosis and necrosis advance down the

margins Potassium deficiency  p.103

E1.  Interveinal chlorosis followed by rust-brown striping

and pale brown

NECTOSIS...oovrirmicciieiinsinne Magnesium deficiency, p.95
E2. Interveinal chlorosis followed by brown necrotic

lesions; marginal grey-green

NECTOSIS..covuvicrnncnicisieaeiiaeies Manganese toxicity  p.109
E3. Interveinal chlorosis followed by crystalline white

flecks and lesions then pale brown marginal

NECTOSIS.cvvcvvriecriseresscaensenanis Manganese deficiency p.97
F1. Leaves dark green with purple suffusion very

prominent in some varieties; stems purple; dark

yellow chlorosis followed by dark brown

NECTOSIS..couvmvincmisirerinanrnanrens Phosphorus deficience  p.101
F2.  Short, erect, dull, bluish-green leaves often with

harsh, droughted appearance, grey marginal

NECTOSIS. c.covuvenriireirrieraeinens Sodium chloride toxicity — p.111
G1.  Pale yellow interveinal chlorosis; veins prominent

over full length of the leaf............. Iron deficiency p.93
G2. General yellow chlorosis; veins usually not pro-

minent or else prominent in the basal half of the leaf

4] 11T Sulphur deficiency  p.105
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Key to nutritional disorders in maize

H1. Large, pale yellow to white chlorotic areas between
the leaf margins and the mid-vein in the basal half
of the leaf; chlorotic areas die and turn pale
BrOWN.....covvnivinii e Zinc deficiency  p.107
H2. Leavessometimes limp or wilted; yellow interveinal
and marginal chlorosis followed by brown necrosis
begins at the tip and advances towards the

base .Copper deficiency p.91
H3. Leaves pale to dark green with white, yellow and

brown lesions..........coeenivcincirennn Boron deficiency p.87
Ha. Leaves pale to dark green with yellow and brown

lesions; leaf often torn or with holes; leaf tip

necrosis sometimes

PIESENL....ececnireireviniacseniseisnerenens Calcium deficiency p.89

a5u
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