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Background and objectives: Prediction of development periods of crops
by mathematical models, especially, time to growth ending is so important
in every area. So, as impotence of prediction of phenology, leaf area and
time to leaf growth ending, this research performed to introduce and test of
Phenology MMS model in environmental conditions of Boukan, prediction
of leaf appearance rate, phyllochron in stress condition of drought and to
correct coefficient of allometric equations of predicting of leaf area of Corn
(cv. Single cross 704) and Sunflower (cv. Shamshiri).

Method and Materials: In this research, Phenology MMS evaluated
using field data for corn and sunflower was measured using field data in
Buchan (located in the south of West Azerbaijan province) during the
2019-2020 crop year. Then time and thermal time needed to leaf growth
ending and phyllochron (degree day per leaf) obtained using segmented
model in every stress level. So, the best algometric model selected for
describing of relation between leaf area and leaf number.

Results: Results showed that the model predicted development periods of
corn and sunflower well and was capable to estimate day and thermal time
needed to every special development period of day after sowing and day
after emergence. Also, in corn, results released that time to leaf growth
ending will occur after reception of 782.9 degree day which equal to 72.3
day after emergence whereas for sunflower time to leaf growth ending will
occur after reception of 798.1 degree day which equal to 59.14 day after
emergence. After every 3 and 2.06 days after emergence, one leaf will be
added to the number of corn and sunflower leaves, respectively. In medium
tension, the slope of regression line of leaf number versus thermal time,
increased and reached to 0.0285 and 0.033 leaf per degree day in corn and
sunflower respectively. Results of predicting of leaf area using exponential
segmented models showed that all of models were good in predicting of
leaf area index.

Conclusion: As for being acceptable of results of phonological model for
prediction of thermal time, leaf number and phyllochron, we advise using
of this model in modeling and agronomical studies. So, drought stress can
effect on leaf appearance rate and phyllochron value. All of models were
good in predicting of leaf area index.
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Table 1- Some climate characteristics of area.

(roder) S5k Sl olels IS Bl wr53) Lo (0L
oo/ L Precipitation (mm) Sun hours Temperature mean (°C)
Month/Year 1398-99 1397-98 98-9913 1397-98 1398-99 1397-98
2019-220  2018-2019 2019-220  2018-2019 2019-220 2018-2019
(23 Sep-22 Oct) - 21 0.0 3225 293.5 18.1 15.8
(23 Oct-21 Nov) o 14 14.6 198.1 152.6 7.2 11
(22 Nov-21 Dec) sl 8.6 28.7 117.0 99.6 4.6 55
(22 Dec-20 Jan) s 14.2 14.0 93.0 157.1 2.7 13
(21 Jan-19 Feb) g 21 32.8 126.5 165.4 0.4 35
(20 Feb-20 Mar) i 3.6 10.7 153.7 183.3 8.1 5-9
(21 Mar-20 Apr) o555, 9.7 21.4 211.8 192.8 11.6 10.5
1 Apr-21 May) =g ) 20.6 125 284.2 293.0 16.8 14
(21 May-21 Jaun) sis = 0.0 0.0 372.6 374.7 20.3 21.8
(22 Jan-22 Jul) s 0.3 0.0 348.8 3924 26.7 26.8
@3 Jul-22 Aug) s1s - 0.0 0.0 3724 352.2 275 28.6
23 Aug- 22 Sep) , 5 ¢ 0.2 0.0 339.9 332.1 22.8 23.4
Skt el ae e S gla Sy 5 - s
Table 2- Some characteristics of farm soil based on soil analysis test.
sk, ds)s AL oyt i3y IR gLt JS antd VNN e
(Moisture (Balk soil (4s53) (pH in ol rios33,5) e
percent) density, gricm?) (FC, %) saturated soil) (EC, ps/cm) (Texture class)
35.6 12 27.9 7.4 3.03 (Loamy) .
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Table 3- Values of model inputs.

I, (Parameter)

olasis (Characteristics)

J s (Crop)
ey (Cultivar)

o.iS ol (Sowing date)

O sk (Stress level)

(oS Sl w9 al sbes (T, °C)
(318 o a53) Gl ke slos (Toy, °C)
(18 Bl 3) SB35 e sles (Toz, °C)

(313 sl amy3) iiw slas (T, °C)

(o 5la) 28 ses (Sowing depth,cm)
(rre 65 65 ¢S5

(Plant density, plant/m?)
b Ll x> J,b (Latitude)

Creile) € gl slas (Height ma)
Sl Ol e s,
(Thermal time method)

ols Ztef (Sunflower)

& ez (Shamshiri)
Ciges,l Ve (30 April)
o5 aw ¥ (two level of stress)

(pss 5s0) Second method

=, (Corn)
Vet S & (Single cross-704)
cigss)l Vo (5 May)
o5 ey (2 of the stress level)

7 10
28 25
28 25
30 30

5 4.5

7 8

46.20 46.20
190 190

(CSERETS) Second method
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Figure 1- Observed and predicted value of leaf number in corn and sunflower.
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Figure 2- Observed and predicted value of phenology periods in corn and sunflower.
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Table 4- Day and thermal time from sowing and emergence to harvest for every developing period of sunflower.

BT e 3V e 500 beals 3l Gl ol B oAl 31 S5l Ol

RIPER s R ol s

Penological event Day after Day after Thermal time from Thermal time from

sowing emergence sowing to harvest emergence to harvest
=s(Sowing) 0 - - -
ads 5 b czs(Emergence) 7 - 705 -
ol S ob(V4) 18 12 190.9 129.2
ia S (VB) 28 22 308.6 246.9
235150 S (V12) 37 31 434.0 372.3
o3l S seB(R1) 43 37 533.7 472.0
b o Sl 042 L 5H(R2) 50 44 639.6 577.9
0 le e Sl O b 57 51 749.0 687.3
(R3)

o3l IS o4 5L (R4) 61 55 818.6 756.9
Sl S g5 (RD) 63 57 851.6 789.9
¢ S oLL(R6) 73 67 1029.6 967.9
Gk ey 05,5 (RT) 78 72 1119.8 1058.1
Gk oty sl ey 4 bleze 3,5(R8) 82 76 1201.9 1140.2
S35 S i(R9) 87 81 1284.0 1222.3
oils  esle(Harvest ready) 96 90 1430.2 1368.5
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Table 5- Day and thermal time from sowing and emergence to harvest for every developing period of corn.

3 el Ol 3 el Ol
S5y S S s O e Sy S Sl b oS Sdls b O o
Penological event Day after Day after Thermal time  Thermal time
sowing emergence from sowingto  from emergence
harvest to harvest
<.:s (Sowing) - - -
OLE e b s (Emergence) - 18.1 -
poler S sk (V4) 18 17 151.4 141.9
=G S (Tassel initation) 26 25 224.6 215.2
&1 L (ear initation) 26 25 224.6 215.2
kLS 27 26 233.9 2245
(Internode elongation begins)
w23l S 55k (V2) 44 43 434.3 424.9
ls b5 5545 (Tasseling) 70 69 784.0 774.6
o syl sk (R1) 70 69 784 774.6
R2(Blister) (s ) 81 80 950.8 941.4
R3(Grain Milky) («ls 043 ¢ ) 89 88 1066.5 1057.1
R4(Grain Doughy) («ls 01 ¢ ) 94 93 1134.7 1125.3
R5(Grain Denty) («1s oas jls) 106 105 1305.2 1195.8
R6(Maturity)( S a~) 121 120 1508.9 1499.5
<ails » oslel (Harvest ready) 129 129 1607.5 1598.1
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Figure 3- Observed leaf number against thermal time and day after emergence, TLG: Thermal time at: leaf
growth ending ('C) of corn without stress condition.
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Figure 4- Predicted leaf number against thermal time and day after emergence, TLG: Thermal time at : leaf growth
ending (°C) of corn without stress condition.
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Figure 5- Observed leaf number against thermal time and day after emergence, TLG: Thermal time at : leaf growth
ending (°C) of sunflower without stress condition.
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Figure 6- Predicted leaf number against thermal time and day after emergence, TLG: Thermal time at : leaf growth
ending (°C) of sunflower without stress condition.
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Figure 7- Observed and predicted phyllochron of corn and sunflower crops.
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Figure 6- Observed leaf number against thermal time and day after emergence, TLG: Thermal time at leaf growth
ending(°C) of corn in medium stress condition.
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Figure 7- Observed leaf number against thermal time and day after emergence, TLG: Thermal time at leaf growth ending
(°C) of sunflower in medium stress condition.

Y.



235 g ns 3 @Bl S (o5 5yt s LD 5 ot 8 s Gty

40

(Leaf growth ending)< ; s, oLy

w
[¥,]

- Sunflower (u1s Ls7) 1
1

a Hﬂﬂnﬂé

N
(6]

ONormal (25 05)

A Medium stress (law g0 J25)

(i?jé‘-’ﬁjb‘f@bb)é)d);jl:ﬁ
phyllochron(oC/leaf)
w
o

N
o

0 10 20 30 40 50 60 70

OAS G 51 s 585
Day after emergence(day)

(dfj:‘ﬁjsljfdﬁu:‘?):)g')};}lﬁé

50
(Leaf growth ending)<& ,, ., oLk
- Corn(,3)
< |
8 40 .
O |
3 v
= n B a
2
S
S 30
= e
S ONormal (=5 O
A Medium stress (Lo 20 23)
20

0 10 20 30 40 50 60
OS5l s 585
Day after emergence(day)

O3 BT 5 53 oS 53 53 G o 3l ey Sy Jilie 53 05,5 sk Sl s -4 IS
Figure 9- Phyllochron changes against day after emergence in corn and sunflower crops.
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Figure 11- Changes of leaf number index against predicted and observed leaf number in corn using of three models.
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Figure 12- Changes of observed leaf area index against predicted leaf area index in corn using of three models.
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Figure 13- Changes of leaf number index against predicted and observed leaf number in sunflower using of three models.
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Figure 14- Changes of observed leaf area index against predicted leaf area index in sunflower using of three models.
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Table 6- Regression coefficients of predicted leaf area via observed data using three non-linear model
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