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Abstract

:

Mechanical harvesting has become inevitable for cotton production in China due to the rising labor cost in the country. It usually requires a moderate plant height and compact plant architecture. Correlation and stepwise regression were employed to analyze databases of our 24 field experiments between 2010 and 2017 in Hebei Province. The purpose is to identify the relationships between plant architecture traits and seed cotton yield within natural plant height range (58.6–163.2 cm) or preferred plant height range (80–120 cm) for mechanical harvesting in the Yellow River Valley of China, and define some important factors affecting seed cotton yield. Under natural plant height range across all experiments, there was a significantly negative correlation (r = −0.452) between plant height and yield. On limited plant height range desired for mechanical harvesting, the degree of this negative correlation decreased to r = −0.366. The correlation of plant height with seed cotton yield varied greatly with year, cultivar, plant density and mepiquat chloride (MC) application. Moreover, stepwise regression analysis picked internode length of the 1st (generally including 1st–7th mainstem node from bottom), 2nd (8th–12th node) and 4th (above 17th node) mainstem section and the length of lower fruiting branch (LFB) as significant factors influencing seed cotton yield under plant height range of 80–120 cm. The results have implications for precise control of cotton plant architecture preferred for mechanized harvesting in China.
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1. Introduction


Plant architecture, defined as the three-dimensional organization of the above-ground plant part, significantly affects the light interception and radiation use efficiency in the crop canopy, and thus determines plant growth, biomass production and partitioning, and yield potential [1]. Moreover, plant architecture greatly influences ease of agronomic management, including harvest [2,3].



In terms of the suitable plant type for cotton, the shorter plants are better choices for mechanical harvesting since taller plants are often associated with excessive vegetative growth and later maturity, which can cause harvesting difficulties [4]. Experiences from the United States and Australia showed that the plant height should be less than 120 cm for spindle-pickers and less than 80 cm for stripper-pickers [5,6]. In addition, data from the Northwest Inland Cotton region of China showed that the height of the first sympodial branch should exceed 20 cm to reduce the intake of residual plastic mulch which is widely used for cotton production in China. Other cotton plant architecture attributes such as height to node ratio (i.e., the internode length), and length of sympodial branches have direct and/or indirect effect on cotton yield and harvest efficiency [7,8,9,10,11]. However, there is little information on the effects of more detailed plant architectural attributes such as the length of all mainstem internodes and all fruiting branches on yield. Especially, it’s unclear how these effects are when plant height is regulated to fit the range of 80–120 cm.



Environmental factors such as rainfall and temperature substantially influence cotton plant architecture [12,13,14]. For instance, drought often results in reduced plant height and node numbers [15,16,17]. Also, cotton genotypic differences in plant architecture are usually observed [18]. As an important agronomic management, plant density can affect canopy development and yield by altering the light interception within the canopy and regulating the amount of resources (e.g., water, nutrients, and soil volume) available per plant [19,20,21]. Mepiquat chloride (MC), a type of plant growth retardant, has been widely used for cotton production to reduce plant height as well as the length of internode and sympodial branch, and thus create more compact plants [22,23,24,25,26]. Nevertheless, little is known of how weather conditions, cultivar, and agronomic management affect the relationship between cotton plant architecture and yield. In China, mechanical harvesting of cotton has become inevitable to cope with labor-shortages and high-cost of cotton production [21,27]. To enhance mechanization of cotton harvesting in China, we explored the key plant architecture traits influencing cotton yield under the plant height range desired for mechanical harvesting in the Yellow River Valley, a traditional cotton growing area in China. We determined the correlation between plant height and seed cotton yield under both natural (58.6–163.2 cm) and specific (80–120 cm) range of plant height suitable for mechanical harvesting, and analyzed its responses to year (weather conditions), cultivar, plant population and MC application. In addition, we identified some plant architecture traits significantly affecting yield using stepwise regression under both natural and limited plant height range. The results would be helpful for precise management and crop breeding in terms of plant architecture aiming to mechanically harvest cotton in China.




2. Materials and Methods


Analysing data collected across a range of sites, in different fields, with different weather conditions, and different management practices, can offer useful insight into which factors are most influential in determining the impact of treatment [28].



The data in this study were collected from 24 field experiments conducted in Hejian city (38°41’ N 116°09´ E and elevation 11 m), Hebei Province, China from 2010 to 2017 (except 2015). The monthly average precipitation, air temperature, and sunshine duration during the growing seasons (from May to September) are presented in Table 1. The relevant information (year, cultivar, plant density, MC application, fertilizers and irrigation) on each experiment is shown in Table 2.



Topping (removing the shoot apex and the uppermost young leaf) is a routine practice for cotton production in China. The topping date is generally in late July (about one week after the peak bloom stage). Chemical control of insects and weeds was conducted according to the local agronomic practices.



Five to ten randomly selected plants per plot were tagged at harvest for measuring plant height and length of mainstem internodes and fruiting branches using steel tape. Plant height was measured from the cotyledonary node to the shoot apex in all 24 experiments. The length of fruiting branches was measured in 15 experiments, and length of mainstem internodes was measured in 9 experiments (Table 2). Plants from the inner rows of each plot were hand-picked twice in early October and at the end of October or early November, to determine seed cotton yield.



Statistical Analysis


According to the amount of data available from 24 field experiments (Table 2), some important factors such as weather (mainly rainfall during growing season), cultivar, plant density and MC application were selected to do relevant analysis in this study.



Correlation analysis (SPSS Inc., Chicago, IL, USA) was used to investigate the relationships of plant height and other architecture attributes with yield. Stepwise regression analysis (SPSS Inc., Chicago, IL, USA) was employed to study the impacting factors of architecture traits on seed cotton yield, the entry and stay points were set at 0.05.



To simplify the analysis, the mainstem internodes and fruiting branches were grouped. The mainstem was separated into four sections. The part appearing prior to squaring was defined as the 1st section (generally including 1st–7th node from bottom); the other part was evenly divided into three sections, namely the 2nd (generally including 8th–12th node), 3rd (13th–17th node) and 4th (above 17th node) sections. Also, fruiting branches were evenly grouped into three from bottom up—the lower (generally including 1st–5th fruiting branch, LFB), middle (6th–10th fruiting branch, MFB) and upper (above 10th fruiting branch, UFB) fruiting branches.



The scatter plots of plant height over seed cotton yield were created in Microsoft Excel (Microsoft Corp., Redmond, WA, USA).





3. Results


3.1. Correlation between Plant Height and Seed Cotton Yield


Correlation analysis is a simple and effective method for extracting knowledge from a large quantity of data.



The plant height ranged from 58.6 to 163.2 cm across the 24 field experiments. The mean plant height was 111.1 cm, and the correlation between height and seed cotton yield was significantly negative (r = −0.452) (Figure 1A). However, when we limited the height range to 80–120 cm which is preferred for mechanical harvesting [5,6], the mean plant height reduced to 104.6 cm and the negative correlation decreased (r = −0.366) (Figure 1B), suggesting that shorter plants and narrower range of height may produce more stable yields.



The correlation of plant height with seed cotton yield was affected by year, cultivar, plant density and MC application. Within the natural range, the negative correlation between plant height and seed cotton yield occurred in most years but not in 2011 and 2014 (Figure 2A, Table 3). Instead, a significantly positive correlation (r = 0.304) was observed in the dry year of 2014 which had shorter plants (97.0 cm) even irrigation of about 450 m3 ha−1 was supplemented. When the plant height was limited to the preferred range of 80–120 cm for mechanical harvesting, the mean plant height decreased or increased depending on years (Table 3). Moreover, the correlation between plant height and seed cotton yield varied greatly in 2013 and 2014 when plant height range was limited (Figure 2B). For example, the correlation in 2013 changed from significantly negative (r = −0.195) to significantly positive (r = 0.346), and that in 2014 changed from significantly positive (r = 0.304) to non-significant (Table 3).



Also, there were great genotypic differences in the correlation of plant height with seed cotton yield. Within the range of natural plant height, six of the cultivars from eight showed significantly negative correlations (Figure 3A; Table 4). There was no correlation between plant height and seed cotton yield for cultivar of XS17 and SCRC28 which had both shorter plants and smaller CVs (Table 4). When analyzed within the preferred height range of 80–120 cm, the CVs for all cultivars were smaller than those within the natural height range, whereas the mean height increased or decreased depending on cultivars (Table 4). Four of the cultivars (XS17, SCRC28, SCRC36 and Han7860) showed little correlations between plant height and yield; and the correlations for XK4, SK126, CCRI60 and GX3 were still negative (Figure 3B, Table 4).



Within the natural height range, all plant densities showed significantly negative correlation between plant height and yield (Figure 4A, Table 5). Compared with higher plant densities, the negative correlation decreased to r = −0.198 at the lowest plant density (5.2 plants m−2), which is perhaps associated with its smaller CV. When the plant height was limited to 80–120 cm, both plant height CV and the mean height at each plant density reduced (Figure 4B, Table 5). In addition, there was no longer a correlation between height and seed cotton yield at the lowest density, and the extent of negative correlation at the other three higher plant densities decreased (Figure 4B, Table 5).



MC is usually used to reduce cotton plant height and create a compact plant structure [22,23,29,30]. In this study, the plants treated with MC was 37.8 cm and 8.4 cm shorter than control plants under natural and preferred ranges (Table 6). Within the natural height range, plants treated with MC showed a smaller negative correlation (r = −0.408) between height and seed cotton yield than control (r = −0.539) (Figure 5A, Table 6), which is possibly attributed to the reduced height under MC. When analyzed within the preferred height range for mechanized harvesting (80–120 cm), the extent of negative correlation of plant height with yield decreased (Figure 5B, Table 6).




3.2. Stepwise Regression between Plant Architecture Traits and Seed Cotton Yield


Within the natural plant height range, the mean internode length on the 1st mainstem section was the shortest (3.6 cm), and internodes on the 2nd and 3rd section were nearly twice as long as the 1st section (6.7–6.9 cm), the mean internode length on the 4th section was medium (5.9 cm; Table 7). With regard to fruiting branches, the mean length of MFB (25.9 cm) was slightly longer than that of LFB (24.6 cm), while UFB was the shortest (20.2 cm). When the plant height range was limited to 80–120 cm, the length of the above traits all decreased, especially internodes of the 3rd mainstem section and the length of MFB and UFB (Table 7).



Stepwise regression analysis under the natural plant height range (58.6–163.2 cm) picked internode length of the 3rd mainstem section, length of UFB, length of the 1st and 2nd mainstem section as significant factors of seed cotton yield from all seven architecture traits. When tested individually, their R2 were 28.3%, 17.8%, 3.8% and 0.0% respectively. However, the final optimized model (Equation (1)) indicates the length of UFB explains the most variation in yield difference, followed by internode length of the 2nd, 3rd, and 1st mainstem section. These four architecture traits explained 45.0% of variance (R2) in seed cotton yield. From the values of partial correlation coefficient of each traits, it appears that shorter UFB, shorter internode of the 3rd, and 1st mainstem section but longer the 2nd mainstem section will increase seed cotton yield.


Y = 4922.2 − 45.7X1 + 211.9X2 − 164.7X3 − 66.3X4



(1)




where X1, X2, X3 and X4 indicates the length of UFB, internode length of the 2nd, 3rd, and 1st mainstem section, respectively.



Under the limited plant height range (80–120 cm) preferred for mechanical harvesting, internode length of 1st, 2nd, and 4th mainstem section, and the length of LFB are significant factors influencing seed cotton yield. Their R2 were 21.3%, 13.2%, 6.7% and 0.4% respectively while tested individually. As shown in Equation (2), the internode length of the 2nd mainstem section is the most important trait affecting yield, then followed by the length of LFB, internode length of the 1st, and 4th mainstem section; and the longer internode of 2nd, and 4th mainstem section but the shorter LFB and internode of the 1st mainstem section will lead to increased yield. These four traits explained 40.5% of variance in yield.


Y = 5176.3 + 214.7X1 − 54.7X2 − 345.7X3 + 90.3X4



(2)




where X1, X2, X3 and X4 indicates internode length of the 2nd mainstem section, the length of LFB, internode length of the 1st and 4th mainstem section, respectively.





4. Discussion


Cotton plant height is associated with yield potential in different aspects. Firstly, taller plants have more fruiting branches and more fruit sites [29,30,31], which is advantageous for yield potential. Secondly, taller plants have excessive vegetative growth which can result in closed canopy, more fruit abscission and boll rot in lower, even middle canopy. Thirdly, in some special situations characterized by severe fruit loss in lower and/or middle canopy, taller plants may have better compensation growth in the upper canopy. Due to these contrasting relationships between plant height and yield, the correlation between height and cotton yield varies greatly in the literature. Several researchers proposed that plant height is negatively correlated with seed cotton yield [32,33,34,35,36], while some showed a positive correlation between them [7,9,30,37,38]. Also, some others have suggested no correlation between plant height and seed cotton yield [8,31].



However, long-term databases can potentially provide useful information regarding this issue, as data can be collected in a number of weather and agronomic situations, within the same region [28]. In fact, the use of long-term databases has been considered a useful way of teasing apart complex relationships and causality in scientific studies [39,40] despite of their varying levels of quality and consistency [39]. In this study, we found an overall significantly negative correlation (r = −0.452) between plant height and seed cotton yield across 24 field experiments conducted in Hejian city, Hebei Province, China, in 2010–2017. Additionally, the correlations varied considerably with years, cultivars, plant densities and MC application.



4.1. Correlation between Plant Height and Seed Cotton Yield Varied among Years, Cultivars, Plant Densities and MC Application


The correlation between plant height and seed cotton yield showed qualitative changes across years. Different from most years, the year of 2014 witnessed a significantly positive correlation of plant height with yield (Figure 2, Table 3). This may be attributed to much less precipitation and longer duration of sunshine in June to August in 2014 (Table 1), which resulted in a shorter plant height (97.0 cm) but an increased fruit retention (data not shown) and seed cotton yield (Table 3).



In terms of cultivars, plant densities and MC application, the correlations were either significantly negative or not significant (Table 4,Table 5,Table 6). We found that cultivars with less vegetative growth potential (such as XS17 and SCRC28) and cultural practices which could reduce plant height or its variation (such as lower plant density at 5.2 plants m−2 and MC application) showed non-significant or weak negative correlations between plant height and yield, i.e., a relatively stable yield. Also, Gaju et al. [41] found that the correlation between some physiological traits and winter wheat yield varied with cultural practices, it was not significant under high soil nitrogen fertility, but was significant under low-nitrogen fertility.



In order to examine whether the preferred height range (80–120 cm) for mechanical harvesting influence cotton yield potential, we explored the correlation of plant height with seed cotton yield at this range. The results showed that the degree of negative correlation between plant height and seed cotton yield decreased (r = −0.366) compared with that without plant height limitation (r = −0.452). It seems that if the grower could regulate plant height to fit the range of 80–120 cm, the relationship between plant height and yield would became weak.



Moreover, the correlation between plant height and yield varied substantially in some years when the height was limited to 80–120 cm. Most notably, the correlation in 2013 changed from significantly negative (r = −0.195) to significantly positive (r = 0.346). This is probably associated with the wet weather in July in 2013, which resulted in excessive vegetative growth that means more fruit sites and greater ability to compensate for early fruits loss.




4.2. Plant Architecture Attributes (Except Plant Height) Impacting Seed Cotton Yield


The plant height determines the canopy size to a larger extent, but mainstem internode length and length of fruiting branches determine whether cotton canopy is evenly distributed and has adequate light penetration. However, there are few reports about their relationships with cotton yield [36,42].



In the present study, we examined how mainstem internode length and length of fruiting branches affect cotton yield using stepwise regression. Under natural plant height range, seed cotton yield tended to higher with shorter UFB and internodes of the 1st and 3rd mainstem section but longer internodes of the 2nd mainstem section.



Kerby et al. [43] reported that the height-to-node ratio (HNR, i.e., mean internode length) for nodes developed prior to squaring (i.e., the 1st main stem section in this study) will reflect spring temperatures more than management decisions, and a low HNR value may not limit yield potential because the important leaves that will supply majority of assimilates to bolls are not yet developed. However, we obtained a different result: the shorter internodes of the 1st mainstem section, the greater the cotton yield. This might because the shorter internode length of this part is usually accompanied by larger roots at the early growth stage [44,45], which would be advantageous for yield potential through effective uptake of water and nutrients.



According to plant mapping, internodes of the 2nd mainstem section elongated from early squaring to early bloom. Normally, cotton plants grow fastest during this period [43,46], and sufficient growth would result in more fruit sites and avoid rapid bloom and premature senescence.



Based on the rate at which new nodes appear and the elongation duration of internodes (plant mapping), most internodes of the 3rd section on the main stem elongate from peak squaring to peak bloom. This period is characterized by rapid vegetative growth and large appearance of fruits, and thus requires a fine-tuned source-to-sink balance. If the internodes of this section were longer, the vegetative growth would be vigorous during this period, and more assimilates would be partitioned into vegetative structures at the expense of fruits. This will prevent the earlier growth transition from the vegetative to reproductive phase, and thus reduce cotton yield [47].



With respect to the length of UFB, it can be expected that longer UFB will make a heavy canopy that often brings about fewer and/or small early fruits [48].



Interestingly, while plant height range was limited to 80–120 cm, plant architecture attributes that may influence cotton yield differs with those under natural plant height range. Internode length of the 1st and 2nd mainstem section is still remained, that of the 3rd mainstem section is discarded, but that of the 4th mainstem section is added with a positive partial correlation coefficient. Additionally, the length of UFB is discarded but the length of LFB is added with a negative partial correlation coefficient.



Generally, internodes of the 4th mainstem section start to elongate prior to peak bloom and stagnate after manual topping. The longer internodes of this section suggest the greater ability of plants to produce sufficient photosynthates in concert with fruit requirements during later growth period. Also, some reports documented that high cotton yield is often accompanied by high biomass accumulation after peak bloom [49,50]. As comparison with that under natural plant height range, the mean length of MFB and UFB decreased by around 10% when plant height range was limited to 80–120 cm, whereas that of LFB only decreased by 2.8%. We speculate that the length of LFB becomes the major factor deteriorating light condition within canopy under limited plant height range, thus the shorter LFB will benefit light penetration into the bottom of crop canopy as well as early season fruit retention and filling [51].



Taken together, these results suggest that when growers in the Yellow River Valley region of China try to regulate plant height to fit the range of 80–120 cm desired for mechanical harvesting, they need to pay close attention to internode length of the 1st, 2nd, and 4th mainstem section and the length of LFB. Based on the length range (except abnormal values) of these architecture attributes and their partial correlation coefficient in Equation (2), their suitable length, in turn, should be 2.2–4.7 cm, the shorter the better; 2.2–9.9 cm, the longer the better; 1.3–8.9 cm, the longer the better; 10.0–44.0 cm, the shorter the better.





5. Conclusions


There was a significantly negative correlation between cotton plant height and seed cotton yield, but this correlation varied according to year, cultivar, plant density and MC application. When the plant height was limited to the preferred range for mechanical harvesting (80–120 cm), the degree of negative correlation between plant height and cotton yield decreased. In addition, we identified internode length of the 1st, 2nd, and 4th mainstem section and the length of LFB as significant factors affecting seed cotton yield under plant height range of 80–120 cm using stepwise regression analysis, and described their suitable length.
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Figure 1. Correlation between plant height and seed cotton yield under the natural plant height range of 58.6–163.2 cm (A) and limited range of 80–120 cm (B). Data were collected from 24 field experiments conducted in Hejian city, Hebei Province, China, in 2010–2017. 
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Figure 2. Correlation between plant height and seed cotton yield in different years under the natural plant height range of 58.6–163.2 cm (A) and limited range of 80–120 cm (B). Data were collected from 24 field experiments conducted in Hejian city, Hebei Province, China, in 2010–2017. 
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Figure 3. Correlation between plant height and seed cotton yield for different cultivars under the natural plant height range of 58.6–163.2 cm (A) and limited range of 80–120 cm (B). XK4: Xinkang 4; SK126: Shikang 126; GX3: Guoxin 3; XS17: Xinshi 17. Data were collected from 24 field experiments conducted in Hejian city, Hebei Province, China, in 2010–2017. 
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Figure 4. Correlation between plant height and seed cotton yield at different plant densities under the natural plant height range of 58.6–163.2 cm (A) and limited range of 80–120 cm (B). Data were collected from 24 field experiments conducted in Hejian city, Hebei Province, China, in 2010–2017. 
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Figure 5. Correlation between plant height and seed cotton yield for mepiquat chloride (MC) application and control (CK) under the natural plant height range of 58.6–163.2 cm (A) and limited range of 80–120 cm (B). Data were collected from 24 field experiments conducted in Hejian city, Hebei Province, China, in 2010–2017. 
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Table 1. Weather data during cotton growing season in Hejian city, Hebei Province, China in 2010–2017.
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Year

	
Precipitation (mm)

	
Average Air Temperature (°C)

	
Sunshine Duration (h)




	
May

	
June

	
July

	
August

	
September

	
May

	
June

	
July

	
August

	
September

	
May

	
June

	
July

	
August

	
September






	
2010

	
52.1

	
7.4

	
86.3

	
195.8

	
52.3

	
21.7

	
25.7

	
28.4

	
24.9

	
20.0

	
282.5

	
296.4

	
244.7

	
198.8

	
184.0




	
2011

	
67.2

	
47.2

	
151.2

	
150.8

	
33.6

	
20.6

	
26.8

	
27.6

	
25.6

	
18.9

	
303.2

	
298.4

	
283.5

	
264.7

	
213.0




	
2012

	
5.6

	
79.5

	
242.5

	
119.2

	
131.3

	
22.6

	
25.1

	
26.8

	
24.1

	
18.8

	
237.4

	
193.3

	
163.7

	
181.1

	
210.4




	
2013

	
26.5

	
80.1

	
279.1

	
96.7

	
39.2

	
20.9

	
24.6

	
26.2

	
26.5

	
20.2

	
258.2

	
187.3

	
187.0

	
238.8

	
184.3




	
2014

	
38.0

	
30.0

	
42.4

	
93.0

	
19.6

	
22.9

	
25.6

	
28.2

	
26.0

	
20.8

	
316.8

	
297.9

	
297.6

	
302

	
226.2




	
2016

	
27.1

	
40.9

	
274.0

	
51.4

	
16.4

	
19.9

	
25.6

	
26.6

	
25.7

	
21.1

	
283.8

	
274.9

	
216.9

	
213.3

	
248.2




	
2017

	
24.4

	
58.3

	
166.8

	
212.6

	
9.8

	
23.0

	
25.3

	
27.4

	
25.6

	
21.4

	
342.8

	
324.0

	
277.5

	
275.8

	
286.3
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Table 2. Databases of the 24 field experiments conducted in Hejian city, Hebei Province, China in 2010-2017.
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	Year
	Cultivar
	Density (plants m−2)
	MC (g ha−1)
	Irrigation (mm)
	Nitrogen (kg ha−1)
	P2O5 (kg ha−1)
	K2O (g ha−1)
	Mean Plant Height (cm)
	Mean Seed Cotton Yield (kg ha−1)
	N1
	N2
	N3
	N4





	2010
	GX3
	5.2
	0, 588
	0
	186
	138
	0, 45–180
	104.9
	3295.9
	24
	0
	0
	0



	2010
	GX3
	5.2
	0, 588
	0
	186
	138
	0, 45–180
	113.5
	3231.2
	48
	0
	0
	0



	2010
	GX3
	5.2
	0, 588
	0
	186
	138
	0, 45–180
	111.4
	3130.8
	25
	0
	0
	0



	2010
	GX3, GX8
	5.2
	0, 588
	0
	186
	138
	0, 45–180
	111.4
	3448.2
	36
	0
	0
	0



	2011
	GX3
	5.2
	0, 600
	0
	186
	138
	0, 45–180
	110.4
	3361.1
	12
	0
	0
	0



	2011
	GX3
	5.2
	0, 600
	0
	186
	138
	0, 45–180
	112.8
	3612.9
	49
	0
	0
	0



	2012
	GX3, XK4
	6.0, 9.0, 11.7
	357
	0
	186
	138
	0, 45–180
	128.1
	2609.7
	54
	54
	0
	0



	2013
	GX3
	9.0, 11.7
	312
	0
	123
	128
	90
	120.5
	3192.4
	36
	36
	36
	36



	2013
	SK126
	6.0, 9.0, 11.7
	312
	0
	0, 210
	128
	90
	110.4
	3223.3
	54
	54
	0
	0



	2013
	SCRC36, Han7860
	6.0, 11.7
	0, 3.75–180
	0
	123
	128
	90
	138.8
	3144.8
	300
	300
	300
	300



	2014
	SCRC36, Han7860
	6.0, 11.7
	0, 3.75–180
	50
	123
	128
	90
	106.6
	5145.1
	300
	300
	300
	300



	2014
	SK126
	6.0, 9.0, 11.7
	153
	50
	0, 210
	128
	90
	75.9
	4622.2
	54
	54
	0
	0



	2014
	GX3, SK126
	6.0, 9.0, 11.7
	153
	50
	123
	128
	90
	78.2
	5095.6
	54
	54
	0
	0



	2014
	SK126
	6.0, 9.0, 11.7
	0, 140–394
	50
	123
	128
	90
	82.6
	4431.7
	36
	0
	0
	0



	2016
	SK126
	9.0
	425
	0
	0, 105, 210
	138
	90
	111.6
	4158.5
	36
	36
	36
	36



	2016
	SK126
	9.0
	0, 140–394
	0
	120
	138
	90
	103.3
	3851.1
	48
	48
	48
	48



	2016
	XS17
	6.0, 9.0, 11.7
	425
	0
	0, 105, 210
	138
	90
	97.9
	4502.0
	72
	72
	72
	72



	2016
	SCRC36, XK4
	6.0, 11.7
	0, 140–491
	0
	120
	138
	90
	99.4
	3928.3
	80
	80
	0
	0



	2016
	CCRI60, XK4
	11.7
	425
	0
	120
	138
	90
	110.7
	2870.1
	120
	120
	0
	0



	2017
	SK126
	9.0
	527
	0
	120
	138
	90
	118.8
	4158.5
	36
	36
	36
	36



	2017
	SK126
	9.0
	0, 140–394
	0
	120
	138
	90
	115.5
	3426.1
	48
	48
	48
	48



	2017
	SCRC28
	9.0
	527
	0
	120
	138
	90
	98.6
	3461.4
	112
	0
	112
	0



	2017
	SCRC28
	9.0
	527
	0
	120
	138
	90
	98.1
	4522.7
	108
	108
	0
	0



	2017
	CCRI60
	9.0, 11.7
	527
	0
	120
	138
	90
	113
	3234.4
	120
	0
	0
	0







GX3: Guoxin 3; GX8: Guoxin 8; XK4: Xinkang 4; XS17: Xinshi17; SK126: Shikang126. MC: mepiquat chloride. N1: The amount of data of plant height; N2: The amount data of fruiting branch length; N3: The amount data of height to node ratio produced prior to squaring; N4: The amount of data of height to node ratio produced after squaring.


nav.xhtml


  agronomy-09-00587


  
    		
      agronomy-09-00587
    


  




  





media/file8.jpg





media/file6.jpg
e ol b o)





media/file1.png
Seed cotton yield (kgha')

7000

6000

5000

4000

3000

2000

1000

6000 F

5000 F

1 1 1 1

1

1

40

50 60 70 8 90 100 110 120 130 140 150 160 170 40
Plant height (cm)

80

90 100 110 1
Plant height (cm)

20

1

-

h ]

0

140

150 160 170





media/file7.png
Seed cottonyield (kg ha'!)

7000

6000

5000

4000

3000

2000

1000

7000

[ B
o]
0 @° 00° o o
L o 6000 F
o

L 5000 F
L ® o %S 4000 F
L 3000 F
! # ‘ o) 2000 }

O 5.2 plants m™ g

O  6.7plants m™
- O 9.0 plants m™ 1000

O 11.2 plants m™

L L L L L 1 L L L L L L J O 1 1 1 1 1 1 1 1 1 1 1 1 J

40 50 60 70 80 90 100 110 120 130 140 150 160 170 40 50 60 70 80 90 100 110 120 130 140 150 160

Plant height (cm)

Plant height (cm)





media/file9.png
Seed cottonyield (kg ha'!)

7000

6000

5000

4000

3000

2000

1000

o CK
O MC

I 1 1 1

40

50

60

90 100 110 120
Plant height (cm)

130

140

150

160

170

7000

6000

5000

2000

1000

40

90 100 110 120
Plant height (cm)

130

140

150

160

170





media/file5.png
7000

6000

S
o

w 4= a.l)
-
o o

Seed cottonyield (kg h
= N
8 8
o o

OO OO0O0O0O0O

SCRC36
Han7860
XK4
S126
CCRIG60
GX3
XS17
SCRC28

L

40

50 60 70

80

90 100 110 120 130 140 150 160 170
Plant height (cm)

7000

6000

5000

4000

3000

2000

1000

50

60

70

80

90

100 110 120 130
Plant height (cm)

140

150

160

170





media/file3.png
Seed cotton yield (kg ha'!)

7000

6000

5000

4000

3000

2000

1000

. 7000
A A A
A ANA AA
- 6000
s AT B - ' - 5000
A v < P e s o
- 3000
o
o
- o > 2000
o 2013 & %o
5 A 2014 1000
A 2016
A 2017
L L L L L i L L L L 1 1 J 0
40 50 60 70