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Table 1- Monthly mean maximum and minimum temperature, solar radiation and monthly total rainfall of Ramhormoz
during 2008-2010

Maximum Minimum Radiation A
Month temperature (C) temperature (C) (MJ.m?.day™) Precipitation (mm)
(2008-2009) __ (2009-2010) __ (2008-2009) __ (2009-2010) __ (2008-2009) __ (2009-2010) __ (2008-2009) __ (2009-2010)
21 Oct.- 20 Now 17.8 17.9 8.3 8.3 14.0 133 215 25.2
21 Nov. -20Dec. 15.7 19.4 7.4 9.9 9.9 10.1 84.4 117.1
21 Dec.-20 Jan. 15.9 14.3 6.9 7.0 111 9.3 83.2 43.4
21 Jan.-20 Fab 20.9 20.8 11.2 9.0 14.9 14.7 53.0 14.7
21 Fab.-20 March 24.0 31.6 13.0 16.1 15.8 18.7 42,5 214
21 March-20 April 315 355 19.8 20.7 18.5 21.2 20.8 34.9
21 April-20 May 41.3 40.7 26.1 25.9 25.7 26.2 15 0.0
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1- Root Mean Squares Error
2- Standard Error
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Table 2- Parameters of the model fitted to data of total plant leaf number and plant senesced leaf number vs. Growing degree-days after sowing (see model 2) to determine leaf lifetime for
wheat different cultivars at first experiment. Amax, total plant leaf number: a, the steepness of increase in leaf number; by and b,. GDD when total or senesced leaf number reached to 50%
of their maximums, respectively. n. number of observation; R2, Coefficient of determination; RVSE, Root Mean Squared Error; SE. standard error and CV, coefficient of variation.

Total leaves

Senesced leaves

Cultivars

atse bytse Amax +se RMSE CVoe Rr? n atse bitse RMSE Vo R’
Atrak 0.008+0.0040 48632922 24118 27 136 0.99 6 0.004620.0011 945 44451 095 85 099
Bayat 0.0070.0030 5228878 27.6+1.2 30 138 0.99 6 0.0049:0.0011 928 1+44.1 11 84 099
Chamran 0.009::0.0050 478.9:80 8 26.3+1.0 02 1.1 0.99 6 0.0046:0.0008 997.7+41.8 08 6.8 099
Chenab 0.008+0.0015 508.8+39.6 26.8+1.1 13 59 0.99 6 0.0050=0.0010 975.8+42.0 09 77 099
Dez 0.009+0.0069 476.6:101.0 250517 27 128 0.99 6 0.00520.0020 91565524 12 111 099
Tneia 0.007.0008 518.4=26.8 26.6£1.1 09 40 0.99 6 0.0051=0.0010 957.7541.5 10 8.0 099
Kavir 0.007+0.0014 546.7=50.5 239412 15 80 0.99 6 0.0047+0.0011 981.2£54.7 10 9.4 0.99
Shoa 0.007+0.0013 51732427 26.01.1 14 6.6 0.99 6 0.0046=0.0007 1001.1£38.4 09 76 099
Vienak 0.006+0.0006 540.0+24.9 26.5+1.1 08 39 0.99 6 0.004520.0007 104332475 07 85 099
Yavarous 0.006+0.0008 554.0+33.9 24.6+13 1.0 54 0.99 6 0.0046=0.0006 104232361 08 7.1 0.99
Zagrous 0.007+0.0013 529.7x44.7 29.9+13 15 68 0.99 6 0.00470.0007 996.7£37.7 0.8 6.1 099
Total data 0.007+0.0005 5149+159 25.8+0.9 17 8.1 099 66  0.00470.0003 983.1+15.5 0.6 7.0 099
Marvdasht 0.007+0.0010 528.0+322 278410 22 102 0.99 6 0.0051=0.0010 965.5+39.6 07 7.0 0.99
$78-18 0.008+0.0010 4696260 27.2+0.9 18 77 0.99 6 0.0052+0.0011 950.8+42.7 11 5.6 099
Shiraz 0.009+0.0090 507.0+20.0 29 8+0.9 13 56 0.99 6 0.00490.0009 942.0+37.2 09 6.2 099
Star 0.006+0.0005 567.7=20.4 29.2+0.8 14 62 0.99 6 0.0046=0.0007 1043.8+45.0 0.6 9.8 0.99
Total data 0.007+0.0005 52332202 28 9+0.8 20 838 099 24  0.0051=0.0006 952,923 8 15 148 099
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Table 3- Parameters of the maodel fitted to data of total plant leaf number and plant senesced leaf number vs. Growing degree-days after sowing (see madel 2) to determine leaf
lifetime for wheat different cultivars at second experiment. Amax, total plant leaf number; 2, the steepness of increase in leaf number; by and bz, GDD when total or senesced
leaf number reached to 50% of their maximums, respectively. n, number of observation; R°, Coefficient of determination; RMSE, Root Mean Squared Error; SE, standard
error and CV, coefficient of variation.

Tatal leaves

Senesced leaves

Cultivars pr byZse Amaske | OBE V% ® o bse RVMSE  CV%
Rk 0.00820.0029 39105379 730511 30 110 099 & 00041=0.0010 T196.02007 00 148 099
Bayat 0.006=0.0028 5054262 5 240-18 28 148 099 &  0.008320.0013 100082220 06 80 099
Chamran 0.007+0.0017 57794270 242-13 14 73 099 6 0004200014 1173441218 15 211 099
Chenab 0.00820.0020 57232260 234212 14 74 099 6  0005250.0020 103592876 16 216 099
Dez 0.00720,0068 560 6292 5 24 4227 47 247 099 6 00068200009 1048 0224 3 06 80 099
Teia 0.00720,0018 54842329 226211 16 79 099 6 00053200009 10732240 5 08 101 099
Kavir 0.007-0.0021 6089246 9 258213 19 115 099 6  0.0066=0.0021 988 82573 13 177 099
Shoa 0.003+0.0008 641.0228.6 22.0:12 11 58 099 6 0005900017 1090.2559.9 07 78 099
Vienak 0.009-0.0034 53232344 337212 20 110 099 &  00073=0.0007 065,235 4 12 164 099
Yavarous 0.00420,0006 6564233 9 238214 09 54 099 6 0006000011 1162 3238 4 09 91 099
Zagrous 0.006=0.0011 61232250 235215 10 58 099 6 00055200016 1061 6269 5 13 172 090
Total data 0.007:0.0007 58464127 255211 19 101 099 66  0.00570.0005 1059 7£18.9 15 180 099
Marvdasht 0.003+0.0008 50305312 272222 22 115 099 6 0.0060=0.0008 10368273 03 50 099
$78-18 0.00820.0010 546.12122 272213 16 73099 6 0004900013 1071.0=73.6 08 116 099
Shiraz 0.006=0.0009 5040213 321225 24 101 099 & 0009200015 102162229 13 182 099
Star 0.006=0.0007 603.14202 297215 20 90 099 &  0005320.0015 116632718 17 215 099
Total data 0.00620.0006 58894321 285213 30 137 099 24 0.0063=0.0004 1083 32439 24 277 099
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Table 4- Parameters of the madel fitted to data of total plant leaf number and plant senesced leaf number vs. Growing degree-days after sowing (see model 2) to determine leaf
lifetime for wheat different cultivars at two experiment (data were polled in fwo experiments). Amax, total plant leaf number; a, the steepness of increase in leaf number; by and
bz, GDD when total or senesced leaf number reached to 50% of their maximums, respectively. n, number of observation; R, Coefficient of determination; RMSE, Root Mean
Squared Error; SE, standard error and CV, caefficient of variation.

Total leaves

Senesced leaves

Cultivars

atse bytse Amax +se RMSE CV% R- n at se batse RMSE CV% R-
Atrak 0.008+0.0020 5689372 23710 23 1211 0.99 12 0.0041=0.0016 1082.7£130.8 24 277 0.99
Bayat 0.007+0.0022 580.1+47.1 26.1+1.4 31 14.8 0.99 12 0.0059=0.0018 965.8+55.6 2 19.6 0.99
Chamran 0.008+0.0017 5573312 25.4+09 21 104 0.99 12 0.0044=0.0015 1088.2£108.2 24 249 0.99
Chenab 0.008+0.0020 562.2£35.6 23111 24 11.8 0.99 12 0.0048=0.0017 1023.0+88.5 24 244 0.99
Dez 0.008+0.0033 5422553 24.2+15 36 18.0 0.99 12 0.0055=0.0013 992.0=52.5 16 17.0 0.99
Ineia 0.007+0.0012 542/1£273 25.4+08 1.7 81 0.99 12 0.0049=0.0012 1028.8+63.5 18 17.6 0.99
Kavir 0.007+0.0013 590.6=32.2 23.2+09 18 9.9 0.99 12 0.0056=0.0013 990.2+56.0 1.7 18.6 0.99
Shoa 0.006+0.0011 592.6£31.0 25811 18 9.1 0.99 12 0.0049=0.0011 1060.4+61.3 17 16.2 0.99
Vienak 0.008+0.0020 5383384 24.1£1.0 24 11.8 0.99 12 0.0052=0.0024 1025.8£113.2 25 253 0.99
Yavarous 0.005+0.0010 598.83=389 23711 19 104 0.99 12 0.0049=0.0012 1123.0£713 17 144 0.99
Zagrous 0.007+0.0016 578.2+£38.8 253+1.3 24 11.8 0.99 12 0.0048=0.0016 1044.7+86.7 1.6 17.3 0.99
Total data 0.007£0.0005 566.5=11.3 24.6+0.8 23 114 0.99 132 0.0049=0.0004 10353224 1.7 16.7 0.99
Marvdasht 0.006+0.0009 568.1£24.1 26.2+1.2 28 135 0.99 12 0.0053=0.0012 1010.1+533 3.0 342 0.99
578-18 0.008+0.0008 537.7+19.2 28.2£13 2.0 8.8 0.99 12 0.0047=0.0017 1025.6+96.4 1.7 19.2 0.99
Shiraz 0.007+0.0007 572.5£203 31.0x12 22 89 0.99 12 0.0061=0.0013 987.5:39.6 23 237 0.99
Star 0.006+0.0006 603.4£25.2 29515 18 7.7 0.99 12 0.0048=0.0010 111794639 21 21.6 0.99
Total data 0.007+£0.0004 367.5£9.9 28710 27 11.9 0.99 48 0.0053=0.0008 1005.6£201 2.0 19.6 0.99
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Table 5- Average leaf lifetime based on GDD (The difference between b for senesced leaf number (b,) and total leaf number (b;)
gives an estimate of average leaf lifetime (b,—b,), (tables 2, 3 and 4).

Fist year Second year The mean of cultivars between two years
Cultivars b b Leaf lifetime b b Leaf lifetime b b Leaf lifetime
i ' (b=b, —by) 2 ' (b=b, b)) 2 ' (b=b, —by)
Atrak 945.4 486.3 459.1 11969  591.2 605.7 1082.7 568.9 513.8
Bayat 928.1 522.8 405.3 1000.8 6054 3954 965.8 580.1 385.7
Chamran 997.7 478.9 518.8 1173.4 577.9 595.5 1088.2 557.3 530.9
Chenab 975.8 508.8 467.0 10359 5723 463.6 1023.0 562.2 460.8
Dez 915.6 467.6 448.0 1048.0  560.6 487.4 992.0 542.2 449.8
Ineia 957.7 518.4 439.3 1073.2 548.4 524.8 1028.8 542.1 486.7
Kavir 981.2 546.7 4345 998.2 608.9 389.9 990.2 590.6 399.6
Marvdasht 965.5 528.0 4375 1036.8  603.0 433.8 1010.1 568.1 442.0
S78-18 950.8 469.6 481.2 1071.0 546.1 524.9 1025.6 537.7 487.9
Shiraz 942.0 507.0 435.0 10216  604.0 417.6 987.5 5725 415.0
Star 1001.1  517.3 483.8 1090.2  641.0 449.2 1060.4 592.6 467.8
Shoa 1043.8 567.7 476.1 1166.3 603.1 563.2 1117.9 603.4 5145
Vienak 1043.3  540.0 503.3 965.2 532.3 433.2 1025.8 538.3 487.5
Yavarous 1042.3  554.0 488.3 1162.3 6564 505.9 1123.0 598.8 524.2
Zagrous 996.7 529.7 467.0 10616  612.3 4493 1044.7 578.2 466.5
Total data 979.1 516.2 462.9 10735  590.8 482.6 1037.7 568.9 468.8
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Figure 1- The model fitted to data of total plant leaf number and plant senesced leaf number vs. Growing degree-days
after sowing (see model 2) to determine leaf lifetime for wheat different cultivars at first year of experiment(a), second year

of experiment (b) and average of different cultivars at two years of experiments. (Broken line is related to marvdasht (mar),
shiraz (Shi), star (sta) and S78-18 cultivars and solid line indicates response of other cultivars.)
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Introduction

A major component in a crop growth model is leaf area development, which has crucial influence on

photosynthesis and transpiration. Leaf area development involves the appearance of new leaves, expansion of the
newly emerged leaves and senescence of old leaves. Modeling leaf growth has been extensively studied in many
crops including cereals. Methods of predicting leaf area development are diverse from those dealing with the
individual component processes of leaf growth, viz., leaf appearance, leaf expansion and leaf death to the models
predicting leaf growth at the whole plant or whole crop levels. The concept of leaf lifetime is used in some crop
simulations models to quantify the aging of the leaves after reaching thermal time to a certain amount. There is
very little information about wheat aging time in the field, and most estimates of leaf lifetime are related to this
observation that says on the main stem of wheat, at least 3 to 5 green leaves remains until pollination; one leaf is
in the early stages of development, another leaf is completely developed and one to three leaves are aging.
Quantitative information regarding leaf area development in wheat especially in environmental conditions with
high temperatures for the purpose of crop modeling is scarce. Furthermore, genotypic variations have not been
evaluated. Therefore, the goal of this research was to determine parameters related to leaf lifetime in wheat
cultivars in warm environmental conditions.

Materials and Methods

The aim of this study was to quantify leaf lifetime of 15 different wheat cultivars. Two field experiments
with 15 wheat cultivars (Atrak, Bayat, Chamran, Chenab, Dez, Ineia, Kavir, Marvdasht, Shiraz, S78-18,
Yavaroos and shova-Mald) were conducted at the research farm of the Islamic Azad University of Ramhormoz
Branch, south-western of Iran during 2008-9 and 2009-10 using a randomized complete block design with four
replications. To determine leaf lifetime, a logistic model (Amax/[(1+exp)-a(x-b)]) was used in two stages. At
first phase, changes in total plant leaf humber versus growing degree days was determined, then, changes in
plant senesced leaf number versus growing degree days were investigated.

Results and Discussion

The results indicate that the average of leaf lifetime based on growing degree days was 468.8 C d°. This
conclusion shows at optimum condition in terms of temperature, on average, a leaf lasts 468.8 C d°. The average
of phyllochron (the interval time between the sequential emergence of leaves on the main stem of a plant) was 84
C d° in studied cultivars, upon which, the average of leaf lifetime in cultivars was 5.5 phyllochron. Hence,
knowing the differences among hybrids in leaf area attributes may be useful in plant breeding, crop management
and in wheat growth modeling.

Conclusions

Based on the results, there were no significant differences between wheat cultivars in terms of parameters
related to leaf lifetime on stem. The relationships presented in this study describe leaf lifetime under well-
watered condition and reflect the effects of carbon and nitrogen availability and remobilization under these
conditions. However, they do not account for the effects of shortage of carbon, nitrogen or water on leaf
development. Other relationships are required to predict these effects.
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