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THE YIELD OF SWEET CORN AND POPCORN DURING PERMANENT CULTIVATION AND IN CROP ROTATIONS 
Reviewer – M. V. Oreshkin, Doctor of Agricultural Sciences 
The results of long-term field experiments of the yield of sweet corn cobs and popcorn grains of various sorts and hybrids, depending on the precursors in field and vegetable crop rotations and also permanent sowing are shown. The recommendations on applying mineral fertilization and terms of sowing are given. It is found that the best precursors for these subspecies of corn in field crop rotations are a mixture of peas and oat for green nutriment and winter wheat after steam, and in vegetable crop rotations the best are cucumbers, onions, tomatoes, early potatoes and zucchini, after which the yield of sweet corn cobs reaches 8,5 -9,5 t / ha and popcorn grains – 2,2-2,9 t / ha.   
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Statement of the problem. Recent years in Ukraine the areas of sowing of sweet corn and popcorn for edible purposes have increased significantly. However, the yield of its grain and cobs still remains low due to the lack of attention to the precursors of sweet and popcorn in practice. 

Analysis of recent achievements and publications, which are based on the solution to this problem.  The proper placing of corn in crop rotations is of great importance among agrotechnical measures aimed at increasing of the yield of corn for edible purposes. [2-5, 7-10]. Violation of crop rotations, neglect of basic requirements for crop rotation often leads not only to fatal loss of the yield of corn, but also breach of the whole system of agriculture and decline of soil fertility. The rational combination of corn with other crops increases not only the yield of corn cobs and grain, but also the effectiveness of all agro-resources, increases total productivity of the crop rotation, improves the use of moisture, nutrients, leads to increase the  of soil fertility [4,5, 7-10].

Aims of the research. We studied the influence of various precursors of field and vegetable crop rotations and permanent growing of corn on the yield of sweet corn cobs and popcorn grain for edible purposes in the Left bank of the Steppe of Ukraine. 

Tasks of the research. Show the results of long-term experiments of influence of various precursors of field and vegetable crop rotations and permanent growing of corn on the yield of sweet corn cobs and popcorn grain. Draw conclusions and make proposals for the best precursors in different crop rotations, the optimal treatment of soil on the basis of the carried out research.
 Objects, methods and conditions of the research. The experimental work was carried out during the 2006-2013 years at Starobelsk experimental farm of Lugansk Taras Shevchenko National University and the farm "Moon" of Starobelsk district, situated in the steppe north-central moderately dry subzone of the Left Bank of the steppe area of Ukraine. Soil of experimental plots are typical chernozems with humus content in the plow layer 3,5 – 3,6 %, hydrolyzed nitrogen – 10,4 – 11,2 mg, mobile phosphorus - 10.1 - 10.8 mg, exchangeable potassium – 14,4 – 15,3 mg per 100 g of soil. Experiments were held in a vegetable crop rotation on floodplain lands of the river Aydar and in a field crop rotation. Tillage included stubbling, plowing at 20-22 cm, spring harrowing and 2-3 pre-sowing cultivation. Fertilizers norm N60P60K40  were contributed to the basic treatment of soil and as a foliar application. Sowing of corn was performed while warming at 0-10 cm of a soil layer up to 12-14 ºС. Plant density was formed at the rate of 50 thou/ha. Interrow cultivations were carried out in the phase of 4-5 and 7-8 leaves of corn. Experiments, records, observations were carried out by generally accepted and special techniques [1, 6].

Results of the research. It was found that throughout the growing season of corn the role of the precursors in the formation of yield in well provided with moisture and nutrients vegetable crop rotations was partly leveled. The yield of sweet corn cobs after basic vegetable, melon, some grain and forage crops was practically the same and reached 8,28-8,79 t/ha in wrappers and 5,66-6,15 t/ha without wrappers. Its reduction was seen only after beets, carrots and cabbage that could be explained by negative impact of post-harvest residues and root excretions of these cultures on corn (Table 1).
Table 1. The yield of sweet corn cobs depending on the precursors, 2007 – 2010 years 

	Precursors
	Yield of cobs, t/hа

	
	in wrappers
	without wrappers

	Peas, oat for green fodder
	8,76
	6,12

	Grain corn
	7,96
	5,50

	Pumpkin, zucchini
	8,47
	5,89

	Potatoes
	8,51
	6,11

	Beetroot
	6,53
	4,47

	Onions
	8,55
	5,83

	Cabbage
	6,86
	4,62

	Tomatoes
	8,28
	5,66

	Carrots
	6,71
	4,60

	Cucumber
	8,79
	6,15

	Interm. sowing after early vegetables *
	7,58
	5,22

	NSR 05
	0,84
	0,52

	* The data for 2007, 2009, 2012.


In some years, especially dry, the best precursors of sweet corn were early potatoes and onions, some worse - pea-oat mixtures for green fodder and cucumber, while the worst - beets and cabbage. 

Such segment of field crop rotation as black steam-winter wheat-corn was an effective segment for cultivation corn grain for edible purposes, in which weed control and maximum grain yield were best provided (Table 2).
Тable 2. The yield of sweet corn cobs and popcorn grain t/ha in various segments of field crop rotations, 2011-2013 years.

	Segments of crop rotation
	Sweet corn cobs

hybrid Competitor 
	Popcorn grain 

hybrid Fairing

	
	in wrappers
	certified
	

	Steam-wheat-corn (control)
	7,98
	6,35
	3,76

	Pea-wheat-corn
	7,36
	5,78
	3,34

	Corn-barley-corn
	6,21
	4,82
	2,90

	Sunflower-barley-corn
	5,44
	4,13
	2,51

	NSR05
	0,61
	0,47
	0,22


When sowing sweet corn in segments of  crop rotations as pea-winter wheat the yield of certified cobs decreased in comparison with the control by 0,57 t/ha, corn - spring barley - corn – 1,53, sunflower - barley - corn – 2,22 t/ha. The reduction in yields in these segments in crops of popcorn was even more noticeable. If the yield of its grain on the control variant reached 3,76 t/ha, the segment sunflower - barley - corn - only 2,51 t/ha or 33 % lower than on the control. 

In field crop rotations the maximum yield of sweet corn cobs (8,45 – 8,47 t/hа) and popcorn grain (2,66 – 2,86 t/hа) was obtained at placing after the winter rye and pea-oat mixture for green fodder and in vegetable  irrigated crop rotations (8,88 – 9,46 and 2,57 – 2,78 t/ha respectively) - and even after the melons, onions, early potatoes (Table 3).

Table 3. The yield of grain and cobs (t/ha) of edible subspecies of corn after various precursors, 2007-2010 years.

	Precursors
	Siliceous dent corn

 (Dneprovsky 310МV), control
	Popcorn (Dneprovsky 925)
	Sweet corn 

(Fragrant)

	Field crop rotation

	Winter wheat
	5,47
	2,23
	7,63

	Peas + barley for green fodder
	7,05
	2,66
	8,47

	Grain corn
	4,83
	2,10
	6,28

	Winter crops for green fodder
	7,28
	2,86
	8,45

	NSR 05
	0,64
	0,11
	0,88

	Vegetable crop rotation

	Beetroot
	-
	1,40
	7,22

	Early potatoes
	-
	2,57
	8,88

	Late cabbage
	-
	1,29
	7,19

	Bulb onions
	-
	2,63
	9,28

	Melons (zucchini, pumpkin)
	-
	2,78
	9,46

	NSR 05
	-
	0,35
	0,69

	Postcut after winter rye for green fodder *
	-
	3,11/28,8**
	8,35

	Intermediate sowing after early vegetables *
	-
	3,29/30,3**
	8,77

	Intermediate sowing after greens*
	-
	2,62/32,6**
	8,91

	NSR 05
	-
	0,26
	0,42


Notes: * the data for 2010-2012 years.
                  ** the yield in the numerator, humidity of the grain at harvest in the denominator 

After other precursors the yield of sweet and popcorn was significantly lower and did not exceed 6,28 – 7,19 t/ha of sweet corn cobs of dairy state grain and 1,29 – 2,10 t/ha of popcorn grain respectively. The difference in the yield of corn after various precursors was obviously explained by different degrees of previous crop fertilizing  and the degree of use of soil nutrients, and also the effectiveness of  weed control in its crops. 

Relatively high yields of popcorn grain and cobs of sweet corn were provided on irrigated and floodplain lands during growing edible subspecies of corn on constant plots in permanent sowing with a sufficient supply of nutrients, thorough deep placement of crop residues and more effective protection of crops from specialized pests and diseases (Table 4).

Table 4. The yield of popcorn grain (hybrid Volcano) and sweet corn cobs (hybrid Fragrant) (t/hа) during cultivation in permanent sowing (2010-2013 years)

	Years
	Without fertilizers
	N90P60K30

	
	sweet
	popcorn
	sweet
	popcorn

	Plowing on 22-24 сm

	2010
	7,14
	3,02
	9,36
	4,70

	2011
	6,53
	2,61
	9,05
	4,28

	2012
	5,81
	1,69
	8,56
	3,92

	2013
	4,27
	0,98
	8,93
	4,50

	Shallow tillage on 10-12сm

	2010
	6,08
	2,65
	8,47
	4,41

	2011
	5,33
	2,16
	8,18
	4,00

	2012
	4,12
	1,24
	7,69
	3,77

	2013
	3,26
	0,76
	6,35
	3,26


Thus, on fertilized variants the yield of sweet corn cobs when plowing the soil at 22-24 cm on the average for 4 years decreased by only 0,43 t/ha, and popcorn – by 0,2 t/ha, that was within the limits of experimental error, whereas reduction in the yield of sweet corn cobs and popcorn grain with shallow tillage on 10-12 cm was more significant and reached 2,12 and 1,15 t/ha respectively. But the decline in yields of corn on variants without fertilizers was especially noticeable. It reached for the sweet corn cobs 2,87 t/ha, and popcorn – 2,04 t/ha during plowing the soil at 20-24 cm, and 2,86 and 1,89 t/ha during shallow tillage on 10-12 cm. In general, at plowing the yield of sweet corn cobs and popcorn grain on fertilized plots in the first years of experience was higher by 34-36 %, and at shallow tillage - by 38-40 %, and after four years of the permanent cultivation of corn, respectively, by 52-78 and 50-77 %, that indicates the increase of the role of mineral fertilizers while growing permanent crops of sweet and popcorn. 

As postcut, stubbly and intermediate culture corn was placed after winter crops for green fodder, annual and perennial grasses, green and early vegetables. The highest effectiveness of these crops was achieved by growing sweet corn. Its yield reached 8,35 – 8,91 t/ha being maximum after early green crops (dill, lettuce, watercress and mustard cress etc) but it reached the phase of grain dairy state at 11-16 days later than after winter rye for green fodder and 7-9 days later than after early vegetable crops (radish, bunch onion and garlic, scorzonera etc). 

Despite the fact that postcut and intermediate crops of popcorn provided  high (at the level of 2.,62 – 3,29 t/ha) grain yield, its moisture during late terms of harvest reached 29 – 33 % or more that subsequently complicated its storage or caused additional expenses on drying cobs. 

Therefore, postcut and stubbly corn crops on dry grain, and in particular popcorn, can be provided only when at least 115-120 frost-free days with the sum of effective temperatures 1200-1250 ºC required for the full completion of the growing season of early maturing and medium early hybrids will remain after harvest of the first culture. 

Conclusions. The best precursors of edible subspecies of corn in field crop rotations are winter wheat, especially in the segment steam-wheat-corn, and annual grasses for green fodder and in vegetable crop rotations the best are melons, onions, early potatoes. Sweet corn provides high yield in intermediate crops after early greens. Cultivation of edible corn subspecies in secondary sowings is only possible with fertilization and deep tillage. 
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