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Photosynthetic characteristics of cotton are enhanced by altering 1 

the timing of mulch film removal  2 
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�V�W�D�J�H�V 366 

In 2017, except for the highest proportion of energy entering the photochemical process (P; 367 

that is, the��actual photochemical quantum yield of PS-II) in the T10 treatment of XLZ45 at 45 368 

days after flowering, the P value of the other treatments basically showed a unimodal curve 369 

change, with the highest proportion occurring in the first 15 days since flowering. This 370 
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indicated that in the normal year of rainfall, light energy absorbed at the early flowering stage 371 

is mainly shunted into photochemical reactions, but at the later flowering stage is mainly lost 372 

through thermal dissipation to avoid damage to cotton�¶�V��photosynthetic mechanism. In 2016, 373 

proportions of heat dissipation (D) under the four treatments were highest among years, 374 

changing little during the whole growth period. The P value of CK at 5 days after flowering 375 

was significantly lower than those of other treatments. Thus further suggested that the activity 376 

of PS-II photochemical reaction center of CK plants in their early flowering stage were lower 377 

in 2016 than in 2017, with most excess light energy absorbed by them dissipated via heat 378 

dissipation and a few parts entering photochemistry processes�����)�L�J������������ 379 

�$�W�� ������ �G�D�\�V�� �D�I�W�H�U�� �I�O�R�Z�H�U�L�Q�J����the P value of the T10 treatment�� �Z�D�V�� �K�L�J�K�H�V�W���� �D�Q�G���L�Q�� ����������380 

�P�R�U�H�� �R�E�Y�L�R�X�V�O�\�� �V�R���� �7�K�L�V�� �V�X�J�J�H�V�W�H�G�� �W�K�D�W�� �W�K�H�� �H�D�U�O�L�H�U�� �W�K�H�� �I�L�O�P�� �Z�D�V�� �U�H�P�R�Y�H�G���� �W�K�H�� �V�R�R�Q�H�U�� �W�K�H��381 

�G�U�R�X�J�K�W�� �V�W�U�H�V�V���� �W�K�H�� �P�R�U�H�� �R�I�� �Z�K�L�F�K�� �F�D�Q�� �L�Q�F�U�H�D�V�H�� �W�K�H��actual photochemical quantum yield of 382 

PS-II �������P�D�N�L�Q�J���W�K�L�V���W�U�H�Q�G���L�V���P�R�U�H���R�E�Y�L�R�X�V���L�Q���W�K�H���G�U�\���\�H�D�U�����������������S�H�U�I�R�U�P�D�Q�F�H���R�I���F�R�W�W�R�Q�� 383 

Rapid light curve of cotton leaf �L�Q���G�L�I�I�H�U�H�Q�W���I�L�O�P-�U�H�P�R�Y�D�O���W�U�H�D�W�P�H�Q�W�V���D�W���G�L�I�I�H�U�H�Q�W���G�D�\�V��384 

�D�I�W�H�U���I�O�R�Z�H�U�L�Q�J 385 

The rapid light curve directly conveys changes in the electron transfer activity of 386 

photoreaction system under different light intensity conditions. By fitting this curve to our 387 

data for cotton can be used gauge the maximum electron transfer rate (ETRmax, Table 3), 388 

light energy utilization efficiency (�., Table 4) and the tolerance degree to strong light (Ik, 389 

Table 5) of the �S�O�D�Q�W�¶�V��photoreaction system. 390 

In the rainy year (2016), removal of the film improved both the ETR (Fig. 9) and 391 

ETRmax (Table 3) of cotton in all growth periods, especially in its early flowering stage. In 392 
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the normal rainfall year (2017), however, it increased ETR (Fig. 9) and ETRmax (Table 3) in 393 

the mid flowering stage (15�±25 days post-flowering).��Film-removal treatments improved the 394 

light energy utilization efficiency in the early flowering stage but it was adversely affected in 395 

the mid flowering stage in the normal rainfall year (2017) (Table 4); in other plant growth 396 

periods it improved the light energy use efficiency of cotton (Table 3).��The ability of plants to 397 

withstand strong light (Table 5) can be improved by removing the film at suitable periods, 398 

namely before the first irrigation in a rainy year, but before the second irrigation in normal 399 

rainfall years. 400 

�7�K�H���0�$�1�2�9�$ indicated that number of days after flowering (2016/2017) and different 401 

film-removal treatments (2016) had a significant impact on the ETRmax and Ik values of 402 

cotton, but in 2017 only days after flowering significantly influenced the �. value.�� 403 

Population-level physiological parameters of cotton �D�P�R�Q�J���I�L�O�P-�U�H�P�R�Y�D�O���W�U�H�D�W�P�H�Q�W�V���D�W��404 

�G�L�I�I�H�U�H�Q�W���G�D�\�V���V�L�Q�F�H���I�O�R�Z�H�U�L�Q�J 405 

As Figure 10 shows, leaf area index (LAI) of each treatment followed a unimodal curve of 406 

change. At the initial growth stage, leaf area increased most quickly, almost linearly. At 407 

different growth stages during the three years, the LAI of CK plants was generally the highest 408 

among treatments. Apart from the LAI of XLZ45 under the E1 treatment of in 2017 (= 4.40) 409 

being highest, larger values were found in CK for both cotton varieties: 4.75 (XLZ42 in 2017), 410 

6.42 (XLZ45 in 2016), 5.93 (XLZ42 in 2016) and 4.60 (XLZ42 in 2015). Higher LAIs of CK 411 

plants were beneficial for promoting their dry matter accumulation.�� 412 

�7�K�H���W�U�H�Q�G���L�Q���F�R�W�W�R�Q���G�U�\�� �P�D�W�W�H�U���D�F�F�X�P�X�O�D�W�L�R�Q���L�Q���W�K�H���I�L�O�P-�U�H�P�R�Y�D�O���W�U�H�D�W�P�H�Q�W�V���I�R�O�O�R�Z�H�G���D�Q��413 

�6-�V�K�D�S�H�G�� �F�X�U�Y�H�� ���)�L�J�������� ������ �$�V�� �F�R�W�W�R�Q�� �J�U�H�Z�� �L�Q�� �V�L�]�H���� �L�W�V�� �G�U�\�� �P�D�W�W�H�U�� �D�F�F�X�P�X�O�D�W�L�R�Q�� �L�Q�F�U�H�D�V�H�G���� �E�X�W��414 
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�W�K�H���U�D�W�H�V���R�I���D�F�F�X�P�X�O�D�W�L�R�Q���F�O�H�D�U�O�\���Y�D�U�L�H�G���D�P�R�Q�J���J�U�R�Z�W�K���V�W�D�J�H�V���� 415 

Table 6 shows that, in addition to 2015, all film-removal treatments promoted dry matter 416 

accumulation and maximum dry matter accumulation under the film-removal treatments were 417 

greatest overall. Specifically, Tmax appeared earlier with film removed than in the CK, as did 418 

the linear accumulation, while the linear accumulation time (t2-t1) was longer with a larger 419 

�û�: �W��-�W�� as well. 420 

Yield and fiber quality of cotton �D�P�R�Q�J���I�L�O�P-�U�H�P�R�Y�D�O���W�U�H�D�W�P�H�Q�W�V 421 

The effect of removing the mulch film on yield was related to climatic conditions in different 422 

years. In the drought year (2015), it reduced the yield of cotton whereas in other years it  423 

increased the yield. Fiber quality was also improved, albeit to a certain extent, and the earlier 424 

the timing of film removal, the more pronounced was this trend . The lint yield and fiber 425 

quality showed no statistical difference between treatments. (Table 7). 426 

 427 

Discussion�� 428 
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�L�Q�I�O�X�H�Q�F�H�� �F�U�R�S�� �S�H�U�I�R�U�P�D�Q�F�H�� Compared with uncovered soil of the cotton field, the 431 

temperature of film-covered soil increased by 1�±3°C from sowing time in spring to tasseling 432 

stages (�6�X���H�W�� �D�O������ ���������D���� �/�L�X���H�W�� �D�O������ �������������� �K�R�Z�H�Y�H�U�����Q�R�� �V�L�J�Q�L�I�L�F�D�Q�W�� �G�L�I�I�H�U�H�Q�F�H�V���L�Q�� �V�R�L�O��433 

�W�H�P�S�H�U�D�W�X�U�H�� �E�H�W�Z�H�H�Q�� �I�L�O�P-�F�R�Y�H�U�H�G�� �D�Q�G�� �I�L�O�P-�U�H�P�R�Y�H�G�� �J�U�R�X�S�V�� �Z�H�U�H�� �I�R�X�Q�G�� �I�R�U�� �V�X�P�P�H�U-�V�R�Z�Q��434 
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In the early growth stage of cotton, mulching has water-saving and temperature-raising effects, 470 

which shortens the growing season of cotton. After starting to irrigate the cotton, with higher 471 

temperatures and irrigation amounts, continuous mulching may have adverse effects on the 472 

improved soil conditions, root development, and photosynthetic performance of targeted 473 

plants (Du et al., 1989). Covering the soil with mulching film throughout the growth period 474 

has been shown to cause rapid declines in net photosynthetic rate and chlorophyll content of 475 

tobacco (Wang et al., Yang et al., 2010), tomato (Wang et al., 2004), beet (Cai et al., 1988), 476 

cabbage (Zhang et al., 1995) and other crops, accelerating their diminished photosynthetic 477 

function in later growth stages. However, removal of mulch at the right time improved 478 

photosynthetic functioning of both tobacco (Wang et al., 2010) and maize (Zhang et al., 2016; 479 

Yu et al., 2006; He et al., 1999), which increased the accumulation of photosynthetic products, 480 
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and alleviated the phenomenon of premature aging in these crop plants. 481 
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Chlorophyll fluorescence is closely related to each reaction in the process of photosynthesis, 490 

so how environmental change affects it may be shown by correlated changes in key 491 

fluorescence parameters (Chen et al., 2006). Just a few studies, from China and abroad, have 492 

investigated film-removal effects on chlorophyll fluorescence parameters at different growth 493 

stages. For example, removal of mulching film at the early growth stage can cause different 494 

degrees of drought stress (Zhang et al., 2016). In contrast to these, many studies (Mishra et al., 495 

2012; Nankishore et al., 2016; Boussadia et al., 2008) worldwide have reported on how 496 

drought affects chlorophyll fluorescence parameters��of crop plants. 497 

Relevant studies have shown that Fv/Fm can be reliably used as a relative index for 498 

detecting drought-resistant crops (Zhang et al., 2003; Mishra et al., 2012; Nankishore et al., 499 

2016), and it can quickly and accurately capture the water status of cotton leaves during 500 

drought stress (Xue et al., 2013). Under drought conditions, the Fv/Fm values of leaves from 501 

cotton (Xie et al., 2015; Tang et al., 2007; Liu et al., 2008), Trigonella foenum-graecum 502 
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(Baghbani-Arani et al., 2017), tulips (Miao et al., 2015), and olive trees (Boussadia et al., 503 

2008) are known to decrease considerably. Drought was also shown to lower the Y(II ) values 504 

of olive tree (Boussadia et al., 2008). In this study, we found that exposure to certain degree 505 

of drought stress during early flowering resulted in decreased Fv/Fm values under the all 506 

film-removal treatments (Fig. 5). 507 

Some drought is beneficial for increasing the opened proportion of the PS II reaction 508 

center, so more light energy becomes used to promote photosynthetic electron transport (Zhao, 509 

et al., 2007), thereby �L�P�S�U�R�Y�L�Q�J���W�K�H���O�D�W�W�H�U�¶�V��ability. For example, ETR of Prunus persica (L.) 510 

Batsch, var. silver king was significantly improved after water stress induction (Osorio et al., 511 

2006). Recently, Cao et al. (2015) found that silicon (Si) was related to the high ETR of 512 

tomato under drought conditions, yet other work found the ETR of cotton (Deeba et al., 2012) 513 

decreases under drought conditions, and when its leaf water potential drops below �±3Mpa, the 514 

ETR was reduced by more than 80% (Gleason et al., 2017). Earlier, Ogaya and Penuelas 515 

(2003) had found that drought treatments caused a slight decrease in ETR values of both 516 

Quercus ilex and Phillyrea latifolia, whereas Snider et al. (2013) believes �F�R�W�W�R�Q�¶�V ETR is not 517 
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�&�R�Q�F�O�X�V�L�R�Q  537 

To improve soil temperature and conserve soil moisture content when growing cotton plants, 538 

this effect of film mulching should be maintained for at least 50 days after seedlings emerge. 539 

Removing the film before this will seriously affect cotton growth and development. The 540 

benefits of timed removal of the film, whether before the first or second irrigation after 541 

emergence, should be decided according to the climate of a given year. It is beneficial for 542 

promoting photosynthesis in the late flowering stage of cotton after early drought stress 543 

induction for increasing the cotton yield. 544 

 545 

 546 
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�������G�D�\�V���E�H�I�R�U�H���W�K�H���I�L�U�V�W���L�U�U�L�J�D�W�L�R�Q�����U�H�V�S�H�F�W�L�Y�H�O�\���7�������7���������D�Q�G�������G�D�\���E�H�I�R�U�H���W�K�H���V�H�F�R�Q�G��880 

�L�U�U�L�J�D�W�L�R�Q�� ���(������ �D�I�W�H�U�� �V�H�H�G�O�L�Q�J�� �H�P�H�U�J�H�Q�F�H���� �Z�L�W�K�� �R�Q�H�� �F�R�Q�W�U�R�O�� �J�U�R�X�S�� �R�I�� �I�L�O�P�� �P�X�O�F�K�L�Q�J��881 

�S�U�H�V�H�Q�W�� �D�F�U�R�V�V�� �J�U�R�Z�W�K�� �V�W�D�J�H�V�� ���&�.���� �I�R�U�� �W�K�U�H�H�� �V�R�L�O�� �G�H�S�W�K�� �O�D�\�H�U�V�� ���������� �������� �D�Q�G�� ������ �F�P����882 

�G�X�U�L�Q�J�����������±���������� 883 

Item Year Soil layer 

depth 

CK T1 E1 T10 Air Temperature 

(�� ) 

Average 

Temperature 

(�� ) 

2015 10cm 23.56 23.08 22.27 23.48 23.54 

 20cm 23.68 22.87 22.49 23.06  

 30cm 22.34 22.69 22.26 22.54  

2016 10cm 22.99 21.95 21.32 23.31 24.03 

 20cm 23.00 21.72 21.24 22.93  

 30cm 22.70 21.60 21.09 22.55  

Accumulated 

Temperature 

(�� ) 

2015 10cm 2572.90 2562.80 2535.62 2563.53 2571.68 

 20cm 2587.03 2529.05 2536.32 2517.27  

 30cm 2439.18 2491.04 2472.97 2459.96  

2016 10cm 2587.76 2570.10 2547.73 2625.77 2703.08 

 20cm 2588.33 2536.72 2532.49 2582.41  

 30cm 2554.44 2509.85 2501.04 2541.30  

Average 

Temperature  

Difference 

(�� ) 

2015 10cm 9.79 6.46 6.18 8.38 13.34 

 20cm 5.58 4.59 4.22 5.28  

 30cm 2.45 2.30 2.22 2.45  

2016 10cm 3.76 2.83 2.94 5.78 13.33 

 20cm 2.85 1.56 1.74 2.33  

 30cm 1.28 0.84 0.81 0.85  

Accumulated 

Temperature  

Difference 

(�� ) 

2015 10cm 1068.56 749.50 824.28 912.97 1452.6 

 20cm 609.13 524.83 538.85 571.94  

 30cm 265.95 265.55 271.44 265.98  

2016 10cm 419.60 378.80 430.62 655.84 1514.7 

 20cm 319.50 217.42 264.24 258.89  

 30cm 144.81 114.12 124.48 96.89  

 884 
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�H�[�F�K�D�Q�J�H�� �S�D�U�D�P�H�W�H�U�V�� �L�Q�� �Y�D�U�L�R�X�V�� �W�U�H�D�W�P�H�Q�W�� �J�U�R�X�S�V���� ���� �D�Q�G�� ������ �G�D�\�V�� �E�H�I�R�U�H�� �W�K�H�� �I�L�U�V�W��886 

�L�U�U�L�J�D�W�L�R�Q�� ���U�H�V�S�H�F�W�L�Y�H�O�\�� �7������ �7�������� �D�Q�G�� ���� �G�D�\�� �E�H�I�R�U�H�� �W�K�H�� �V�H�F�R�Q�G�� �L�U�U�L�J�D�W�L�R�Q�� ���(������ �D�I�W�H�U��887 

�V�H�H�G�O�L�Q�J���H�P�H�U�J�H�Q�F�H���G�X�U�L�Q�J�����������±�������������Q��� ���������� 888 

Year �7�U�H�D�W�P�H�Q�W��

�J�U�R�X�S�V 

Cond Ci Trmmol WUE WUEi Ls LUE 

2016 CK 0.926**  0.433* 0.919**  0.021 -0.654**  -0.589**  0.971**  

 E1 0.882**  -0.011 0.809**  0.192 -0.461* -0.302 0.966**  

 T1 0.938**  0.541**  0.830**  0.218 -0.855**  -0.784**  0.934**  

 T10 0.939**  0.553**  0.875**  0.193 -0.872**  -0.801**  0.942**  

2017 CK 0.478**  -0.331 0.590**  0.411* 0.305 0.358* 0.807**  

 E1 0.480**  -0.516**  0.655**  0.449* 0.497**  0.559**  0.899**  

 T1 0.094 -0.768**  0.28361 0.775**  0.801**  0.825**  0.889**  

 T10 0.432* -0.453* 0.757**  0.376* 0.328 0.423* 0.871**  

�1�R�W�H�����3�H�D�U�V�R�Q���F�R�U�U�H�O�D�W�L�R�Q�V���Z�H�U�H���X�V�H�G�����
���6�L�J�Q�L�I�L�F�D�Q�W���D�W���W�K�H�������������S�U�R�E�D�E�L�O�L�W�\�� �O�H�Y�H�O�����W�Z�R��889 

�W�D�L�O�H�G�������
�
���6�L�J�Q�L�I�L�F�D�Q�W���D�W���W�K�H�������������S�U�R�E�D�E�L�O�L�W�\���O�H�Y�H�O�����W�Z�R���W�D�L�O�H�G���� 890 

�&�R�Q�G�����F�R�Q�G�X�F�W�D�Q�F�H���W�R���+���2���� 891 

�&�L�����L�Q�W�H�U�F�H�O�O�X�O�D�U���&�2�����F�R�Q�F�H�Q�W�U�D�W�L�R�Q���� 892 

�7�U�P�P�R�O�����W�U�D�Q�V�S�L�U�D�W�L�R�Q���U�D�W�H���� 893 

�:�8�(�����Z�D�W�H�U���X�V�H���H�I�I�L�F�L�H�Q�F�\���� 894 

�:�8�(�L�����L�Q�W�U�L�Q�V�L�F���:�8�(���� 895 

�/�V�����O�L�P�L�W�L�Q�J���Y�D�O�X�H���R�I���V�W�R�P�D�W�D���� 896 

�/�8�(�����O�L�J�K�W���X�V�H���H�I�I�L�F�L�H�Q�F�\�� 897 
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�7�D�E�O�H���� ������Maximum electron transfer rate (�(�7�5�P�D�[�� ���P�R�O�� �P�í2 s�í1���� �R�I�� �W�Z�R�� �F�R�W�W�R�Q�� �Y�D�U�L�H�W�L�H�V�� ���;�/�=������ �D�Q�G�� �;�/�=�������� �D�W�� �G�L�I�I�H�U�H�Q�W�� �G�D�\�V���D�I�W�H�U��898 

�I�O�R�Z�H�U�L�Q�J�� �L�Q�� �Y�D�U�L�R�X�V���W�U�H�D�W�P�H�Q�W���J�U�R�X�S�V���������D�Q�G���������G�D�\�V���E�H�I�R�U�H���W�K�H���I�L�U�V�W���L�U�U�L�J�D�W�L�R�Q�����U�H�V�S�H�F�W�L�Y�H�O�\���7������ �7���������D�Q�G�������G�D�\���E�H�I�R�U�H���W�K�H���V�H�F�R�Q�G�� �L�U�U�L�J�D�W�L�R�Q��899 

���(�������D�I�W�H�U���V�H�H�G�O�L�Q�J���H�P�H�U�J�H�Q�F�H�����G�X�U�L�Q�J�����������±�������������7�K�H���F�R�Q�W�U�R�O���J�U�R�X�S�����&�.�����K�D�G���I�L�O�P���P�X�O�F�K�L�Q�J���W�K�U�R�X�J�K�R�X�W���W�K�H���J�U�R�Z�W�K���V�W�D�J�H�V�����9�D�O�X�H�V���D�U�H���P�H�D�Q�V��900 

�“���V�W�D�Q�G�D�U�G���G�H�Y�L�D�W�L�R�Q�����Q��� �������� 901 

Year �s���Œ�]���š�]���• �d�Œ�����š�u���v�š�• 
�����Ç�•�����(�š���Œ���(�o�}�Á���Œ�]�v�P���~���• 

5 15 25 35 45 

2017 XLZ42 CK 112.8±13.49 203.43±68.76 350.87±102.4 216.07±34.76 158.63±30.01 

  E1 114.1±12.65 242±7.5 273.8±57.09 269.97±98.73 163.37±28.63 

  T1 133.7±31.4 339.75±30.19 312.8±31.68 221.03±37.5 175.9±12.85 

  T10 142.27±12.95 293.57±49.84 315.5±3.38 226.53±65.22 153.8±43.27 

 XLZ45 CK 220.27±93.04 202.7±66.08 260.2±32.46 244.67±72.55 140.07±15.14 

  E1 87.3±5.91 261.17±54.77 279.23±26.5 262.3±35.13 166.83±12.39 

  T1 94.07±23.07 223.9±69.86 312.17±34.04 254.07±66.68 118.2±65.06 

  T10 122.67±10.36 360.77±96.89 320.53±14.02 209.7±28.74 160.87±37.17 

2016 XLZ42 CK 134.2±22.29 209.4±12.87 185.95±7 258.9±7.35 240.2±160.94 

  E1 586.27±129.82 561.13±352.3 331.1±8.02 294.4±22.88 231.97±31.76 

  T1 146.1±45.72 365.37±180.43 182.35±19.73 223.55±5.87 209.85±18.6 

  T10 434.75±22.98 375.33±176.71 248.3±16.03 204.15±25.39 244.35±1.34 

 XLZ45 CK 151.97±7.6 289.9±26.02 254.9±30.21 259.25±0.49 220.85±15.49 

  E1 381.6±77.64 209.93±6.67 243.9±35.5 243.05±57.77 304.75±10.25 

  T1 222.53±51.7 517.5±25.74 207.6±25.81 248.95±8.41 197.9±31.68 

  T10 475.33±197.34 286.53±83.56 307.4±26.02 226.05±16.33 195.2±64.06 
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�7�D�E�O�H�������� �7�K�H���L�Q�L�W�L�D�O���V�O�R�S�H���R�I���W�K�H���I�D�V�W���O�L�J�K�W���F�X�U�Y�H�����.�Èelectrons photons-1) of �W�Z�R���F�R�W�W�R�Q���Y�D�U�L�H�W�L�H�V�����;�/�=�������D�Q�G���;�/�=���������D�W���G�L�I�I�H�U�H�Q�W���G�D�\�V���D�I�W�H�U��902 

�I�O�R�Z�H�U�L�Q�J�� �L�Q�� �Y�D�U�L�R�X�V���W�U�H�D�W�P�H�Q�W���J�U�R�X�S�V���������D�Q�G���������G�D�\�V���E�H�I�R�U�H���W�K�H���I�L�U�V�W���L�U�U�L�J�D�W�L�R�Q�����U�H�V�S�H�F�W�L�Y�H�O�\���7������ �7���������D�Q�G�������G�D�\���E�H�I�R�U�H���W�K�H���V�H�F�R�Q�G�� �L�U�U�L�J�D�W�L�R�Q��903 

���(�������D�I�W�H�U���V�H�H�G�O�L�Q�J���H�P�H�U�J�H�Q�F�H�����G�X�U�L�Q�J�����������±�������������7�K�H���F�R�Q�W�U�R�O���J�U�R�X�S�����&�.�����K�D�G���I�L�O�P���P�X�O�F�K�L�Q�J���W�K�U�R�X�J�K�R�X�W���W�K�H���J�U�R�Z�W�K���V�W�D�J�H�V�����9�D�O�X�H�V���D�U�H���P�H�D�Q�V��904 

�“���V�W�D�Q�G�D�U�G���G�H�Y�L�D�W�L�R�Q�����Q��� �������� 905 

Year �s���Œ�]���š�]���• �d�Œ�����š�u���v�š�• 
�����Ç�•�����(�š���Œ���(�o�}�Á���Œ�]�v�P���~���• 

5 15 25 35 45 

2017 XLZ42 CK �ì�X�î�î�F�ì�X�ì�í �ì�X�î�ô�F�ì�X�ì�ï �ì�X�ï�F�ì�X�ì�í �ì�X�î�ó�F�ì�X�ì�ð �ì�X�î�ô�F�ì�X�ì�î 

  E1 �ì�X�î�ó�F�ì�X�ì�ò �ì�X�ï�F�ì�X�ì�í �ì�X�î�õ�F�ì�X�ì�í �ì�X�î�õ�F�ì�X�ì�ï �ì�X�î�ô�F�ì 

  T1 �ì�X�î�ñ�F�ì�X�ì�ð �ì�X�î�õ�F�ì�X�ì�î �ì�X�î�ï�F�ì�X�ì�î �ì�X�ï�í�F�ì�X�ì�î �ì�X�î�ô�F�ì�X�ì�í 

  T10 �ì�X�î�ô�F�ì�X�ì�í �ì�X�î�õ�F�ì�X�ì�í �ì�X�î�ô�F�ì�X�ì�í �ì�X�ï�î�F�ì�X�ì�ï �ì�X�ï�î�F�ì�X�ì�î 

 XLZ45 CK �ì�X�î�í�F�ì�X�ì�ï �ì�X�î�ñ�F�ì�X�ì�ð �ì�X�î�õ�F�ì�X�ì�í �ì�X�î�õ�F�ì�X�ì�ï �ì�X�ï�í�F�ì�X�ì�ï 

  E1 �ì�X�í�õ�F�ì�X�ì�í �ì�X�ï�F�ì �ì�X�î�ñ�F�ì�X�ì�ï �ì�X�î�ò�F�ì�X�ì�î �ì�X�î�ó�F�ì�X�ì�ï 

  T1 �ì�X�í�î�F�ì�X�ì�ó �ì�X�ï�î�F�ì �ì�X�î�ð�F�ì�X�ì�ò �ì�X�ï�F�ì�X�ì�ð �ì�X�î�ó�F�ì�X�ì�ò 

  T10 �ì�X�î�õ�F�ì�X�ì�î �ì�X�î�ñ�F�ì�X�ì�í �ì�X�î�ò�F�ì�X�ì�î �ì�X�ï�í�F�ì�X�ì�î �ì�X�ï�ï�F�ì 

2016 XLZ42 CK �ì�X�î�ï�F�ì�X�ì�ð �ì�X�î�ñ�F�ì�X�ì�î �ì�X�î�õ�F�ì�X�ì�í �ì�X�î�ò�F�ì�X�ì�î �ì�X�î�õ�F�ì�X�ì�î 

  E1 �ì�X�î�ò�F�ì�X�ì�î �ì�X�î�ñ�F�ì�X�ì�í �ì�X�î�ð�F�ì�X�ì�í �ì�X�î�ï�F�ì�X�ì�í �ì�X�î�ó�F�ì�X�ì�ñ 

  T1 �ì�X�î�ï�F�ì�X�ì�ï �ì�X�î�õ�F�ì�X�ì�ñ �ì�X�î�ô�F�ì�X�ì�î �ì�X�î�ð�F�ì�X�ì�î �ì�X�î�ó�F�ì�X�ì�í 

  T10 �ì�X�î�ò�F�ì �ì�X�î�ô�F�ì�X�ì�í �ì�X�î�ô�F�ì�X�ì�î �ì�X�î�ò�F�ì�X�ì�í �ì�X�î�õ�F�ì 

 XLZ45 CK �ì�X�î�ò�F�ì�X�ì�î �ì�X�î�ò�F�ì�X�ì�í �ì�X�î�ó�F�ì�X�ì�í �ì�X�î�ó�F�ì�X�ì�î �ì�X�î�õ�F�ì 

  E1 �ì�X�ï�F�ì�X�ì�î �ì�X�î�ò�F�ì�X�ì�í �ì�X�î�ð�F�ì�X�ì�í �ì�X�î�ó�F�ì �ì�X�î�ó�F�ì 

  T1 �ì�X�î�ó�F�ì�X�ì�ó �ì�X�î�ô�F�ì�X�ì�í �ì�X�î�ó�F�ì�X�ì�í �ì�X�î�ó�F�ì�X�ì�í �ì�X�î�õ�F�ì�X�ì�ð 

  T10 �ì�X�î�ô�F�ì�X�ì�í �ì�X�î�ó�F�ì�X�ì�î �ì�X�î�ò�F�ì�X�ì�í �ì�X�î�ó�F�ì�X�ì�í �ì�X�ï�F�ì�X�ì�í 
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�7�D�E�O�H����������The minimum saturating irradiance (Ik�È���P�R�O���P-2 s-1) of �W�Z�R���F�R�W�W�R�Q���Y�D�U�L�H�W�L�H�V�����;�/�=�������D�Q�G���;�/�=���������D�W���G�L�I�I�H�U�H�Q�W���G�D�\�V���D�I�W�H�U���I�O�R�Z�H�U�L�Q�J���L�Q��906 

�Y�D�U�L�R�X�V�� �W�U�H�D�W�P�H�Q�W�� �J�U�R�X�S�V���� ���� �D�Q�G�� ������ �G�D�\�V�� �E�H�I�R�U�H�� �W�K�H�� �I�L�U�V�W�� �L�U�U�L�J�D�W�L�R�Q�� ���U�H�V�S�H�F�W�L�Y�H�O�\�� �7������ �7�������� �D�Q�G�� ���� �G�D�\�� �E�H�I�R�U�H�� �W�K�H�� �V�H�F�R�Q�G�� �L�U�U�L�J�D�W�L�R�Q�� ���(������ �D�I�W�H�U��907 

�V�H�H�G�O�L�Q�J�� �H�P�H�U�J�H�Q�F�H���� �G�X�U�L�Q�J�� ���������±������������ �7�K�H�� �F�R�Q�W�U�R�O�� �J�U�R�X�S�� ���&�.���� �K�D�G�� �I�L�O�P�� �P�X�O�F�K�L�Q�J�� �W�K�U�R�X�J�K�R�X�W�� �W�K�H�� �J�U�R�Z�W�K�� �V�W�D�J�H�V���� �9�D�O�X�H�V�� �D�U�H�� �P�H�D�Q�V���“��908 

�V�W�D�Q�G�D�U�G���G�H�Y�L�D�W�L�R�Q�����Q��� �������� 909 

Year �s���Œ�]���š�]���• �d�Œ�����š�u���v�š�• 
�����Ç�•�����(�š���Œ���(�o�}�Á���Œ�]�v�P���~���• 

5 15 25 35 45 

2017 XLZ42 CK �ñ�í�ì�X�ò�ó�F�ò�ñ�X�ô �ó�ð�õ�X�ô�F�ï�ï�ó�X�ô�ò �í�í�ó�î�X�ñ�F�ï�î�ñ�X�õ�ô �ô�î�õ�X�ð�ó�F�î�ì�í�X�ì�ò �ñ�ó�õ�X�ò�ï�F�í�ò�ò�X�í�í 
  E1 �ð�ï�í�X�ô�F�í�ì�ì�X�ò�ò �ô�î�í�F�ð�ô�X�õ�ï �õ�ð�ï�X�ô�F�í�ò�ó�X�í�ò �õ�ò�ì�X�ô�ó�F�ð�ì�í�X�ó�ò �ñ�õ�ì�X�î�F�í�ì�ô�X�ó�í 
  T1 �ñ�î�ï�F�ï�ï�X�ì�õ �í�í�ò�ñ�X�ó�ñ�F�í�ð�X�î�í �í�ï�ñ�í�X�ï�ñ�F�õ�X�õ�ó �ó�í�í�X�ð�ï�F�õ�î�X�í�î �ò�ï�î�X�í�ó�F�ï�ò�X�ñ�ô 
  T10 �ñ�í�ð�X�õ�ï�F�ð�ñ�X�ì�í �í�ì�î�î�X�õ�ó�F�î�ì�ô�X�ð�ó �í�í�ï�ì�X�î�F�ð�ð�X�ô�ò �ó�î�ñ�X�ì�ó�F�î�ñ�î�X�î�ð �ð�õ�ï�X�ð�ñ�F�í�ó�ð�X�ñ�ô 
 XLZ45 CK �í�ì�í�õ�X�õ�F�ï�í�õ�X�ñ�ò �ô�ì�ì�X�ñ�F�í�õ�ó�X�ô�õ �ô�ô�ñ�X�ó�ï�F�í�ï�í�X�ñ �ô�ò�ì�X�ó�ï�F�î�õ�ï�X�ñ�í �ð�ñ�ô�X�ò�ï�F�ô�ñ 
  E1 �ð�ò�ì�X�ô�ï�F�ò�ð�X�ó�ï �ô�ô�ð�X�ð�F�í�ô�õ�X�ò�ñ �í�í�ï�ï�X�ï�F�î�í�ó�X�ñ�ò �í�ì�ì�í�X�î�ó�F�í�õ�ô�X�ô�ï �ò�í�õ�X�í�F�ï�ô�X�ó 
  T1 �í�ï�î�ð�X�ò�F�í�ï�ñ�ò�X�í�î �ó�ì�õ�X�î�F�î�ï�î�X�ó�ô �í�ï�ò�í�X�ó�ó�F�ð�õ�ò�X�ô�ô �ô�ò�ó�X�õ�ó�F�î�ô�ï�X�ô �ð�ñ�ò�X�ô�ó�F�ï�ì�î�X�í�õ 
  T10 �ð�î�ì�X�õ�ó�F�î�î�X�í�ô �í�ð�ñ�ñ�X�õ�F�ï�ò�ð�X�ó�ñ �í�î�í�ï�X�õ�ó�F�í�í�ô�X�ð�ð �ò�ó�ì�X�ð�F�í�î�ï�X�ò�õ �ð�ô�õ�X�ï�ó�F�í�ì�õ�X�ñ�î 

2016 XLZ42 CK �ò�í�î�X�ð�F�ð�ì�X�ó�õ �ô�ï�ó�X�ï�ñ�F�í�ì�õ�X�í�í �ò�ð�ì�X�ô�F�ð�î�X�ð�ï �õ�õ�ï�X�ð�ñ�F�õ�ñ�X�ô�í �ô�ñ�ð�F�ò�î�ó�X�õ�í 
  E1 �î�ï�î�ò�X�ï�F�ò�ò�ï�X�ð�ô �î�í�ò�ð�X�õ�ï�F�í�î�ï�î�X�ó�î �í�ï�õ�ô�X�ð�F�í�î�ì�X�ï�ñ �í�î�ô�ñ�X�ô�ó�F�í�í�õ�X�ì�î �õ�ó�ó�X�ó�ï�F�î�ó�X�î�í 
  T1 �ò�ñ�ï�X�ñ�ó�F�î�ñ�ô�X�î�ð �í�ï�ñ�î�X�ð�ï�F�ó�ó�ô�X�ð�î �ò�ñ�ï�X�í�ñ�F�í�í�ò�X�ð�ò �õ�í�õ�X�õ�ñ�F�í�ì�í�X�ó�ñ �ó�ô�ò�X�î�ñ�F�ï�ô�X�ò�ô 
  T10 �í�ò�ð�î�X�õ�ñ�F�ô�ì�X�î�ò �í�ï�î�î�X�ð�F�ñ�ó�ó�X�ó�ô �õ�ì�î�X�î�F�ñ�ò�X�ì�ï �ó�ô�í�X�ò�F�ñ�ô�X�î�ó �ô�ð�õ�X�ð�ñ�F�ò�X�ð�ï 
 XLZ45 CK �ñ�ó�ô�X�ï�ï�F�ï�î�X�ô�ï �í�í�ì�ñ�X�ó�F�ð�ð�X�ò�õ �õ�ñ�õ�X�ñ�F�ñ�ò�X�î�í �õ�ò�ò�X�õ�ñ�F�ó�ó�X�î�õ �ó�ò�ó�X�î�ñ�F�ð�ô�X�ó�î 
  E1 �í�î�ô�í�X�ð�F�ï�ï�ï�X�ó�ñ �ô�ì�ô�X�ó�ï�F�ï�ô�X�ì�ð �í�ì�í�í�X�ò�ñ�F�ô�ò�X�õ �ô�ô�ñ�X�ñ�ñ�F�î�í�í�X�ï�ñ �í�í�ï�î�X�í�ñ�F�ï�ð�X�í�ñ 
  T1 �ô�ï�ï�X�ô�F�î�í�õ�X�ñ�ñ �í�ô�ó�ó�X�í�ñ�F�ð�X�ð�ñ �ó�ó�ð�X�ó�F�ð�î�X�ï�ñ �õ�í�î�X�ì�ñ�F�ô�X�ñ�ò �ó�ì�ô�X�ð�F�î�ì�õ�X�ô�ó 
  T10 �í�ò�õ�ò�F�ò�í�ñ�X�ì�ò �í�ì�ð�ñ�X�õ�F�î�ñ�ó�X�í�í �í�í�ó�ì�X�õ�F�ï�õ�X�ó�ð �ô�ï�î�X�î�ñ�F�í�ì�ò�X�ð�î �ò�ñ�ò�X�ï�ñ�F�î�ï�ó�X�ï�ô 
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�7�D�E�O�H���������3�D�U�D�P�H�W�H�U�V���I�R�U���W�K�H���O�R�J�L�V�W�L�F���H�T�X�D�W�L�R�Q���R�I���W�Z�R���F�R�W�W�R�Q���Y�D�U�L�H�W�L�H�V�¶�����;�/�=�������D�Q�G���;�/�=���������G�U�\���P�D�W�W�H�U���D�F�F�X�P�X�O�D�W�L�R�Q���L�Q���Y�D�U�L�R�X�V���W�U�H�D�W�P�H�Q�W�V���J�U�R�X�S�V����910 

�����D�Q�G���������G�D�\�V���E�H�I�R�U�H���W�K�H���I�L�U�V�W���L�U�U�L�J�D�W�L�R�Q�����U�H�V�S�H�F�W�L�Y�H�O�\���7�������7���������D�Q�G�������G�D�\���E�H�I�R�U�H���W�K�H���V�H�F�R�Q�G���L�U�U�L�J�D�W�L�R�Q�����(�������D�I�W�H�U���V�H�H�G�O�L�Q�J���H�P�H�U�J�H�Q�F�H�����7�K�H���F�R�Q�W�U�R�O��911 

�J�U�R�X�S�����&�.�����Z�D�V���I�L�O�P���P�X�O�F�K�H�G���W�K�U�R�X�J�K�R�X�W���W�K�H���J�U�R�Z�W�K���V�W�D�J�H�� 912 

Varieties  and Years Treatments K a b R2 
Tmax 
(d) 

t1 
(d) 

t2 
(d) 

Rmax 
(kg ha-1 d-1) 

Wm 
(kg ha-1) 

�­ �t �š�î-�š�í 

(kg ha-1) 
XLZ42, 2015 CK 28448.19 4.5183 -0.044 0.9813** 103 73 133 313.14 14224.1 8207.3 

E1 13546.26 3.6292 -0.0416 0.978** 87 56 119 140.86 6773.13 3908.1 

T1 9803.422 3.7293 -0.0505 0.9566** 74 48 100 123.86 4901.71 2828.29 

T10 13098.11 4.1369 -0.0478 0.9955** 87 59 114 156.55 6549.06 3778.81 

XLZ42, 2016 CK 15233.5 4.8979 -0.0732 0.9866** 67 49 85 278.86 7616.75 4394.86 

E1 15730.68 4.9953 -0.0686 0.9889** 73 54 92 269.84 7865.34 4538.3 

T1 18790.06 4.4678 -0.0554 0.9953** 81 57 104 260.43 9395.03 5420.93 

T10 11573.49 5.2355 -0.0786 0.9933** 67 50 83 227.49 5786.75 3338.95 

XLZ45, 2016 CK 26514.86 3.9347 -0.0396 0.9467** 99 66 133 262.48 13257.43 7649.54 

E1 19615.03 4.7176 -0.0635 0.9969** 74 54 95 311.55 9807.51 5658.93 

T1 30025.95 4.2929 -0.046 0.9612** 93 65 122 345.06 15012.98 8662.49 

T10 15532.38 4.5283 -0.0597 0.9794** 76 54 98 231.63 7766.19 4481.09 

XLZ42, 2017 CK 19068.2 4.3338 -0.0457 0.9728** 95 66 124 217.82 9534.1 5501.17 

E1 24279.73 4.509 -0.0443 0.9943** 102 72 132 268.67 12139.86 7004.7 

T1 12510.99 4.3294 -0.0516 0.979** 84 58 109 161.48 6255.49 3609.42 

T10 20762.82 4.7209 -0.0476 0.9964** 99 72 127 247.01 10381.41 5990.07 

XLZ45, 2017 CK 14775.97 4.5932 -0.0572 0.9719** 80 57 103 211.11 7387.99 4262.87 

E1 14817.38 4.692 -0.0551 0.9969** 85 61 109 204.16 7408.69 4274.82 

T1 18182.35 4.6752 -0.052 0.9915** 90 65 115 236.46 9091.17 5245.61 
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T10 12452.72 4.8122 -0.0592 0.994** 81 59 104 184.18 6226.36 3592.61 

Note:���N�����D�����D�Q�G���E���D�U�H���H�T�X�D�W�L�R�Q���F�R�H�I�I�L�F�L�H�Q�W�V���� 913 

�7�P�D�[�����W�K�H���W�L�P�H���Z�K�H�Q���W�K�H���G�U�\���P�D�W�W�H�U���D�F�F�X�P�X�O�D�W�L�R�Q���U�D�W�H���U�H�D�F�K�H�G���D���P�D�[�L�P�X�P���� 914 

�W�������V�W�D�U�W�L�Q�J���W�L�P�H���R�I���O�L�Q�H�D�U���D�F�F�X�P�X�O�D�W�L�R�Q���� 915 

�W�������H�Q�G���W�L�P�H���R�I���O�L�Q�H�D�U���D�F�F�X�P�X�O�D�W�L�R�Q���� 916 

�5�P�D�[�����W�K�H���P�D�[�L�P�X�P���D�F�F�X�P�X�O�D�W�L�R�Q���U�D�W�H���� 917 

�:�P�����G�U�\���P�D�W�W�H�U���Z�H�L�J�K�W���D�W���W�K�H���W�L�P�H���Z�K�H�Q���W�K�H���G�U�\���P�D�W�W�H�U���D�F�F�X�P�X�O�D�W�L�R�Q���U�D�W�H���U�H�D�F�K�H�G���D���P�D�[�L�P�X�P���� 918 

���:�W��-�W�������G�U�\���P�D�W�W�H�U���D�F�F�X�P�X�O�D�W�L�R�Q���I�U�R�P���W�����W�R���W�������5�������&�R�U�U�H�O�D�W�L�R�Q���,�Q�G�H�[�� 919 

�
���6�L�J�Q�L�I�L�F�D�Q�W���D�W���W�K�H�������������S�U�R�E�D�E�L�O�L�W�\���O�H�Y�H�O�����
�
���6�L�J�Q�L�I�L�F�D�Q�W���D�W���W�K�H�������������S�U�R�E�D�E�L�O�L�W�\���O�H�Y�H�O�� 920 

921 
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�7�D�E�O�H���������<�L�H�O�G���D�Q�G���I�L�E�H�U���T�X�D�O�L�W�\���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���R�I���W�Z�R���F�R�W�W�R�Q���Y�D�U�L�H�W�L�H�V�¶�����;�/�=�������D�Q�G���;�/�=���������L�Q���G�L�I�I�H�U�H�Q�W���W�U�H�D�W�P�H�Q�W���J�U�R�X�S�V���������D�Q�G���������G�D�\�V���E�H�I�R�U�H��922 

�W�K�H�� �I�L�U�V�W���L�U�U�L�J�D�W�L�R�Q�� ���U�H�V�S�H�F�W�L�Y�H�O�\�� �7������ �7�������� �D�Q�G�� ���� �G�D�\�� �E�H�I�R�U�H�� �W�K�H�� �V�H�F�R�Q�G�� �L�U�U�L�J�D�W�L�R�Q�� ���(������ �D�I�W�H�U�� �V�H�H�G�O�L�Q�J�� �H�P�H�U�J�H�Q�F�H���� �Z�L�W�K�� �R�Q�H�� �F�R�Q�W�U�R�O�� �J�U�R�X�S���R�I�� �I�L�O�P��923 

�P�X�O�F�K�L�Q�J���S�U�H�V�H�Q�W���D�F�U�R�V�V���J�U�R�Z�W�K���V�W�D�J�H�V�����&�.�������G�X�U�L�Q�J�����������±���������� 924 

Varieties 

/ Years 

Treatme

nts 

Number of 

plants 

harvested 

(104 plants 

ha-1)  

Boll 

number 

on a single 

plant 

Single boll 

weight 

(g) 

Estimated yield 

of lint cotton 

(kg ha-1) 

UHML 
(mm) 
 

Mic Str  
(g tex�>1) 

Elg 
(%)  

SFI 
(%)   

UI 
(%)   

XLZ42, 
2015 

CK 20.87±1.13a 5.54±1.55a 5.17±0.17a �í�õ�í�ð�X�î�ï�F�ó�ï�ð�X�î�ï�� 27.78±0.94a 5.09±0.07a 29.80±2a 6.50±0.14a 7.23±0.41a 85.38±1.29a 
E1 19.61±0.92a 5.00±1.36ab 5.00±0.48a �í�ñ�ñ�ô�X�ò�ï�F�î�ï�õ�X�ô�ð�� 27.24±0.73a 5.07±0.13a 31.23±1.5a 6.53±0.1a 7.45±0.66a 85.05±1.23a 
T1 18.79±1.57a 4.92±0.89ab 5.30±0.37a �í�ó�í�ñ�X�ï�ñ�F�ñ�ô�î�X�ð�ð�� 26.76±0.88a 5.10±0.05a 29.55±2.07a 6.40±0.14a 7.40±0.29a 85.15±0.53a 
T10 19.67±1.55a 4.68±0.96b 4.97±0.39a �í�ñ�ï�õ�X�ô�î�F�ñ�î�ô�X�õ�ï�� 27.06±0.66a 5.21±0.16a 29.28±1.58a 6.43±0.17a 7.23±0.43a 85.55±1.02a 

XLZ42, 
2016 

CK 12.14±2.74a 6.76±0.24a 5.93±0.15a �í�ñ�ô�ñ�X�ñ�ñ�F�î�ò�ñ�X�ñ�ò�� 28.15±0.54a 4.30±0.19a 28.83±1.06ab 7.10±0.1a 7.10±0a 85.57±0.15a 
E1 12.20±1.09a 7.24±0.4a 6.03±0.08a �í�ò�ï�í�X�ò�õ�F�î�õ�ï�X�í�î�� 27.86±0.16a 4.31±0.19a 27.67±0.67b 7.03±0.21a 7.40±0.4a 85.00±0.85a 
T1 12.50±0.61a 7.38±1.24a 5.87±0.28a �í�ñ�ô�ò�X�ô�í�F�í�ò�ï�X�ì�ñ�� 28.13±0.11a 4.25±0.27a 29.40±1.4a 7.03±0.06a 7.43±0.32a 84.83±0.74a 
T10 11.13±1.13a 7.05±1.48a 5.98±0.38a �í�ò�ì�õ�X�õ�ï�F�î�ï�ò�X�ò�� 28.30±0.65a 4.57±0.24a 28.9±0.44ab 7.03±0.15a 7.07±0.15a 85.63±0.4a 

XLZ45, 
2016 

CK 11.44±4.3a 8.13±1.47a 6.35±0.33a �í�ñ�ñ�ô�X�ô�ð�F�í�ð�í�X�õ�ó�� 29.85±0.38a 3.92±0.2a 30.77±0.45a 7.53±0.21a 6.83±0.06a 86.2±0.89a 
E1 14.03±1.6a 7.82±2.25a 5.98±0.14a �í�ð�ô�ð�X�ó�î�F�í�ó�í�X�ò�ò�� 29.58±0.57a 3.91±0.23a 30.57±1.33a 7.53±0.15a 7±0.26a 85.47±0.67a 
T1 14.22±0.53a 6.43±0.49a 6.13±0.47a �í�ò�ì�õ�X�ô�ï�F�î�ì�ò�X�í�õ�� 30.04±0.67a 3.76±0.44a 31.33±1.2a 7.7±0a 6.83±0.15a 86.17±0.55a 
T10 11.42±3.26a 7.45±1.32a 6.21±0.41a �í�ò�ì�î�X�õ�ó�F�î�ì�ô�X�ï�� 29.61±0.06a 3.99±0.15a 31±0.3a 7.5±0.1a 7.27±0.32a 84.6±1.04a 

XLZ42, 
2017 

CK �í�ð�X�î�ï�F�í�X�ì�ï�� �ô�X�ô�ï�F�í�X�ò�ñ�� �ð�X�ó�ó�F�ì�X�í�õ�� �î�ì�í�ð�X�í�î�F�î�ì�ì�X�ò�ó���� 27.84±0.63a 4.42±0.28a 29.53±1.21a 6.8±0.1a 7.03±0.49a 86.13±1.25a 
E1 �í�ð�X�ô�ò�F�ì�X�ó�í�� �õ�X�ð�ï�F�í�X�ñ�õ�� �ñ�X�ì�ð�F�ì�X�ï�ò�� �î�î�ñ�ó�X�î�õ�F�î�ð�ô�X�ð�ô�� 27.43±0.15a 4.36±0.14a 28.57±0.32a 6.77±0.06a 7.37±0.15a 85.1±0.26a 
T1 �í�ï�X�ó�ð�F�í�X�í�õ�� �ô�X�ð�F�ì�X�ó�õ�� �ð�X�õ�ô�F�ì�X�ï�� �î�ì�ñ�ò�X�ò�ó�F�î�î�X�ð���� 28.53±0.37a 4.41±0.3a 30.27±0.85a 6.9±0a 7.3±0.3a 85.03±0.76a 
T10 �í�ð�X�ò�ó�F�í�X�ð�� �ô�X�ï�ó�F�î�X�ì�ò�� �ð�X�ò�ï�F�ì�X�í�ò�� �í�ô�ò�õ�X�õ�ð�F�í�ñ�ñ�X�ô�ð�� 26.53±0.64a 4.39±0.1a 28.8±1.25a 6.73±0.12a 7.67±0.91a 84.8±1.25a 

XLZ45, 
2017 

CK �í�ñ�X�ó�ñ�F�ì�X�ò�ð�� �õ�X�ð�ï�F�ì�X�ñ�õ�� �ñ�X�ï�ò�F�ì�X�í�ñ�� �î�í�ó�ó�X�ì�ñ�F�í�ò�ò�X�í�ó�� 27.47±1.01a 4.27±0.07a 29.57±0.7a 6.83±0.15a 7.73±1.07a 84.8±1.9a 
E1 �í�ð�X�ò�ï�F�ì�X�ò�ð�� �õ�X�ñ�ï�F�ì�X�õ�ñ�� �ñ�X�ì�ï�F�ì�X�î�ò�� �î�î�ð�ï�X�ñ�ð�F�ï�ô�õ�X�ð�î�� 27.2±1.11a 4.41±0.3a 28.8±2.77a 6.7±0.1a 7.57±0.65a 84.9±1.08a 
T1 �í�ñ�X�í�ï�F�ì�X�ò�î�� �ó�X�õ�ï�F�ì�X�ô�ó�� �ð�X�õ�õ�F�ì�X�ï�í�� �î�í�ï�ó�X�ó�F�î�ó�í�X�ó�ð�� 27.39±0.35a 4.45±0.25a 29.33±0.95a 6.77±0.15a 7.8±0.7a 84.33±1.17a 
T10 �í�ð�X�õ�î�F�ì�X�í�ñ�� �ó�X�ó�ï�F�ì�X�ñ�í�� �ñ�X�ì�ó�F�ì�X�î�ô�� �î�í�ñ�ð�X�õ�ó�F�í�ó�ñ�X�ó�ñ�� 29.09±0.53a 4.52±0.06a 31.93±0.83a 6.97±0.06a 7±0.1a 85.63±0.25a 
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Note: Values are means ± SD (n = 3). Within a column, values with different lowercase letters are significantly different at the P < 0.05 level 925 

according to LSD among treatment groups in the same year; different capital letters indicate significant difference at the P < 0.01 level according 926 

to LSD among treatment groups in the same year. 927 

UHML, upper-half mean length.  928 

Mic, micronaire reading.  929 

Str, specific breaking strength.  930 

Elg, elongation percentage.  931 

SFI, short fiber index.  932 

UI, uniformity index. 933 
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Appendix A. Supplementary data 934 

Table A.1 F-value of MANOVA of��the gas exchange parameters in 2016 and 2017 935 

 936 

 2016 2017 

Sources Pn Cond Ci Ls Pn Cond Ci Ls 

Modified model 200.088** 141.542** 65.057** 8.101** 11.91** 3.576** 2.194** 3.777** 

Intercept 110894.332** 26178.777** 181542.677** 3611.083** 7460.875** 2206.061** 10563.354** 2718.328** 

Days after flowering (A) 1759.517** 1230.597** 354.425** 45.153** 4.494** 5.304** 11.739** 24.512** 

Film-removal time (B) 22.503** 24.025** 24.451** 0.26 12.868** 0.95 0.761 0.634 

Cotton variety (C) 38.012** 59.156** 0.008 1.034 78.695** 11.925** 1.224 1.148 

A×B 13.784** 20.541** 42.342** 3.163* 0.983 1.855 1.674 2.079 

A×C 21.959** 22.677** 27.417** 6.017** 6.467** 3.283** 0.797 1.077 

B×C 19.509** 17.749** 29.748** 3.751* 0.574 0.657 1.196 1.015 

A×B×C 6.281** 4.209** 21.843** 2.989** 2.038* 0.697 1.165 1.16 

 937 

Note: * The significance level of the mean difference was 0.05; **The significance level of the mean difference was 0.01. 938 

Pn, photosynthetic rate.  939 

Cond, conductance to H2O.  940 

Ci, intercellular CO2 concentration.  941 

Ls, The stoma limit value. 942 
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Table A.2 F-value of MANOVA of��the chlorophyll fluorescence parameters in 2016  943 

Sources Fv/Fm Y(II) �� qL  NPQ Y(NPQ)  Y(NO)�� ETRmax Ik  �. 

Modified model 1.935** 3.131** 2.375** 2.177** 3.737* 1.501 2.693** 2.793** 1.207 

Intercept 66213.281** 2533.088** 627.964** 3496.608** 7913.723** 5416.21** 543.184** 565.14** 9507.458** 

Days after flowering (A) 7.562** 1.936 2.4 2.048 1.937 2.917* 4.47** 4.597** 1.942 

Film-removal time (B) 0.065 9.894** 5.9** 0.923 6.54** 2.688 4.82** 5.967** 1.477 

Cotton variety (C) 1.148 0.014 0.108 0.997 0.787 0.75 0.218 1.221 3.485 

A×B 1.541 5.19** 3.063** 3.09** 7.28** 0.686 3.016** 2.578** 1.128 

A×C 0.266 1.779 1.963 1.287 1.745 1.259 0.242 0.342 2.207 

B×C 1.806 0.946 0.577 3.807* 3.77* 1.697 2.842* 4.002* 0.509 

A×B×C 1.417 1.014 1.244 1.819 1.238 1.674 1.162 1.108 0.211 

Note: * The significance level of the mean difference was 0.05; **The significance level of the mean difference was 0.01. 944 

Fv/Fm, the maximum photochemical quantum yield of photoreaction system II (PS-II).  945 

Y(II),  the actual photochemical quantum yield of PS-II.  946 

qL, the coefficient of photochemical fluorescence quenching.  947 

NPQ, the Stern-Volmer type non-photochemical fluorescence quenching.  948 

Y(NPQ), the quantum yield of light-�L�Q�G�X�F�H�G�����L���H�������û�S�+���D�Q�G���]�H�D�[�D�Q�W�K�L�Q-dependent) non-photochemical fluorescence quenching.   949 

Y(NO), the quantum yield of non-light-induced non-photochemical fluorescence quenching.  950 

ETRmax, the maximum electron transfer rate.  951 

Ik , the minimum saturating irradiance (corresponding to plant tolerance of intense light).  952 

�., an initial slope of the fast light curve (conveying the efficiency of light energy utilization).953 
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Table A.3 F-value of MANOVA of��the chlorophyll fluorescence 
parameters in 2017 

Sources Fv/Fm Y(II) �� qL  NPQ 
Y(NP

Q) 
Y(NO)�� 

ETRm

ax 
Ik  �. 
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Note: * The significance level of the mean difference was 0.05; **The significance level of 

the mean difference was 0.01. 

Fv/Fm, the maximum photochemical quantum yield of photoreaction system II (PS-II).  

Y(II),  the actual photochemical quantum yield of PS-II.  

qL, the coefficient of photochemical fluorescence quenching.  

NPQ, the Stern-Volmer type non-photochemical fluorescence quenching.  

Y(NPQ), the quantum yield of light-�L�Q�G�X�F�H�G�� ���L���H������ �û�S�+�� �D�Q�G�� �]�H�D�[�D�Q�W�K�L�Q-dependent) 

non-photochemical fluorescence quenching.   

Y(NO), the quantum yield of non-light-induced non-photochemical fluorescence quenching.  

ETRmax, the maximum electron transfer rate.  

Ik , the minimum saturating irradiance (corresponding to plant tolerance of intense light).  

�., an initial slope of the fast light curve (conveying the efficiency of light energy utilization) 
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�)�L�J���� ������ �&�U�R�S�S�L�Q�J�� �S�D�W�W�H�U�Q�� �D�Q�G�� �E�X�U�L�D�O�� �G�H�S�W�K�� �R�I�� �0�L�F�U�R�/�L�W�H�� �8�6�%�� �/�R�J�J�H�U�V�� �D�Q�G�� �3�5�����3�U�R�I�L�O�H�� �3�U�R�E�H��

�L�Q���W�K�H���P�X�O�F�K�L�Q�J���I�L�O�P-�U�H�P�R�Y�D�O���I�L�H�O�G���H�[�S�H�U�L�P�H�Q�W�� 
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�)�L�J���� ������ �'�D�L�O�\�� �D�Y�H�U�D�J�H�� �V�R�L�O�� �W�H�P�S�H�U�D�W�X�U�H�� ���ƒ�&���� �Y�D�U�L�D�W�L�R�Q�� �L�Q�� �Y�D�U�L�R�X�V�� �W�U�H�D�W�P�H�Q�W�� �J�U�R�X�S�V��������

�D�Q�G�� ������ �G�D�\�V�� �E�H�I�R�U�H�� �W�K�H�� �I�L�U�V�W�� �L�U�U�L�J�D�W�L�R�Q�� ���U�H�V�S�H�F�W�L�Y�H�O�\���7������ �7�������� �D�Q�G�� ���� �G�D�\�� �E�H�I�R�U�H�� �W�K�H��

�V�H�F�R�Q�G�� �L�U�U�L�J�D�W�L�R�Q�� ���(������ �D�I�W�H�U�� �V�H�H�G�O�L�Q�J�� �H�P�H�U�J�H�Q�F�H���� �Z�L�W�K�� �R�Q�H���F�R�Q�W�U�R�O�� �J�U�R�X�S�� �R�I�� �I�L�O�P��

�P�X�O�F�K�L�Q�J���S�U�H�V�H�Q�W���D�F�U�R�V�V���F�R�W�W�R�Q���S�O�D�Q�W���J�U�R�Z�W�K���V�W�D�J�H�V�����&�.�����D�Q�G���V�R�L�O���G�H�S�W�K���O�D�\�H�U�V��������������������

�D�Q�G���������F�P�����D�F�U�R�V�V���J�U�R�Z�W�K���V�W�D�J�H�V���G�X�U�L�Q�J�����������±�������������$�7���L�V���D�L�U���W�H�P�S�H�U�D�W�X�U�H�� 
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�)�L�J���� �������6�R�L�O�� �Y�R�O�X�P�H�� �P�R�L�V�W�X�U�H�� �F�R�Q�W�H�Q�W���Y�D�U�L�D�W�L�R�Q�� �R�I�� �G�L�I�I�H�U�H�Q�W���V�R�L�O�� �O�D�\�H�U�� �D�W�������±�������� �G�D�\�V��

�D�I�W�H�U�� �H�P�H�U�J�H�Q�F�H�� �L�Q�� ���������� �L�Q�� �Y�D�U�L�R�X�V�� �W�U�H�D�W�P�H�Q�W�� �J�U�R�X�S�V���� ���� �D�Q�G�� ������ �G�D�\�V�� �E�H�I�R�U�H�� �W�K�H�� �I�L�U�V�W��

�L�U�U�L�J�D�W�L�R�Q�� ���U�H�V�S�H�F�W�L�Y�H�O�\���7������ �7�������� �D�Q�G�� ���� �G�D�\�� �E�H�I�R�U�H�� �W�K�H�� �V�H�F�R�Q�G�� �L�U�U�L�J�D�W�L�R�Q�� ���(������ �D�I�W�H�U��

�V�H�H�G�O�L�Q�J�� �H�P�H�U�J�H�Q�F�H���� �Z�L�W�K�� �R�Q�H�� �F�R�Q�W�U�R�O�� �J�U�R�X�S�� �R�I�� �I�L�O�P�� �P�X�O�F�K�L�Q�J�� �S�U�H�V�H�Q�W�� �D�F�U�R�V�V�� �F�R�W�W�R�Q��

�S�O�D�Q�W���J�U�R�Z�W�K���V�W�D�J�H�V�����&�.���� 
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�)�L�J�����������*�D�V���H�[�F�K�D�Q�J�H���S�D�U�D�P�H�W�H�U�V���R�I���F�R�W�W�R�Q���Y�D�U�L�H�W�L�H�V�����;�/�=�������D�Q�G���;�/�=���������D�W���G�L�I�I�H�U�H�Q�W��

�G�D�\�V�� �V�L�Q�F�H�� �I�O�R�Z�H�U�L�Q�J�� �L�Q�� �Y�D�U�L�R�X�V�� �W�U�H�D�W�P�H�Q�W�� �J�U�R�X�S�V���� ���� �D�Q�G�� ������ �G�D�\�V�� �E�H�I�R�U�H�� �W�K�H�� �I�L�U�V�W��
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