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PROGRESS REPORT TO THE ANNA ELLIOT FUND 

 

PROJECT TITLE 

Improving dry bean production systems under limited irrigation by integrating variety 

drought tolerance, plant phenology and soil water based irrigation scheduling, and alleviation of 

soil compaction 

 

INTRODUCTION 

Limited data suggests that certain dry bean varieties or germplasm ‘tolerate’ soil water 

stress better than other varieties. We also know that there are critical times during crop 

development that water stress affects yield more than other times. In addition, soil compaction 

limits water use efficiency because it limits root performance and water infiltration.   

 

Previous research has examined individual factors that may affect dry bean yield under 

limited irrigation. Urrea and Yonts (University of Nebraska) are currently evaluating dry bean 

germplasm under different limited irrigation regimes. They are finding that varieties differ in 

their response to the timing and amount of irrigation. Yonts (personal communication) evaluated 

the impact of withholding irrigation during different portions of the growing season using a 

single dry bean variety. Delaying the initiation of irrigation by one and two weeks delayed 

maturity by 3 and 6 days, and reduced yield by 5 and 15%, respectively. Water stress induced at 

the end of the growing season also delayed maturity and suppressed yield, but the impact was 

less severe because the plants had more extensive root systems later in the season. Harveson et 

al. (2005) found that soil compaction (one level) substantially reduced yield of one bean variety 

under full irrigation. The next step to improve dry bean yield and quality under limited irrigation 

is to evaluate these factors in combination to develop the optimal combination of variety, 

irrigation scheduling, and alleviation of compaction. 

 

OBJECTIVE 

• Optimize bean yield and seed quality under limited irrigation conditions by developing 

the best combination of variety selection, irrigation regime, and soil compaction 

alleviation. 
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METHODOLOGY 

  Plots were established at the University of Nebraska Panhandle Research and Extension 

Center- Scottsbluff (41◦53.6′ N, 103◦40.7′ W, 1200 m elevation) that included combinations of 

variety, irrigation scheduling, and soil compaction. A strip-split plot design was used to test the 

treatments. The strip corresponded to levels of compaction (non-compacted, moderately 

compacted, and heavily compacted). Compaction was achieved by driving over the appropriate 

strips with a tandem axle truck weighing 23,000 lbs and 56,000 lbs for the moderately and 

heavily compacted treatments, respectively. Four irrigation treatments were assigned to subplots, 

including full irrigation (100%), two limited irrigation schemes (75%, 50%), and no 

supplemental irrigation (0%). Nine varieties, Marquis, Matterhorn, 99-131, Emerson, Orion, 

Tara, Beryl-R, Roza, and UI-537 were assigned to the sub-plots. Each variety was planted in two 

22-ft rows spaced 22 in apart.   

 

Measurements included, soil water content, crop emergence, days to flowering and 

maturity, soil cone penetrometer resistance, and yield and its components. Plant stand was also 

taken at 20 days after planting the experiment. Number of plants at harvest time was counted, but 

was not included as a covariable in the analysis.  

 

RESULTS AND DSICUSSION 

The experiment was planted on June 13, 2008. Total rainfall was 8.52 in. from June 13 to 

September 31. Total water, (irrigation + precipitation) was 19.4, 17.3, 15.2, and 11.1 inches for 

full irrigated (100%), limited irrigated (75%), limited irrigated (50%), and no supplemental 

irrigation (0%), respectively.  

 

Irrigation scheduling affected significantly yield (Table 1). Soil compaction affected 

significantly yield, days to flowering and maturity, and 100-seed weight (Table 1). There was 

difference among genotypes for all parameters evaluated in this study (Table 1). The interaction 

of soil compaction by variety affected yield and days to maturity (Table 1). The interaction of 

irrigation by variety affected yield and days to flowering and maturity (Table 1).   
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Yield was reduced significantly by 71% and 84% when soil was moderately and heavily 

compacted, respectively. Yield was also significantly affected by irrigation. On average yield 

was reduced by 35% when irrigation was reduced in 100%, respectively (Table 3). UI-537 had 

the highest yield and yielded significantly more than Matterhorn, Gemini, Emerson, Orion, Tara, 

and Beryl-R (Table 4). Matterhorn had the lowest yield and yielded significantly less than 

Marquis, Gemini, Emerson, and Roza (Table 4). Under non-compaction, Roza had the highest 

yield followed by Marquis (Table 5). In soils moderately and heavily compacted, UI-537 had the 

highest yield (Table 5). 

 

Days to flowering were delayed by 2 and 3 days when soils were moderately and heavily 

compacted, respectively. Days to maturity were delayed by 11 and 9 days in soils moderately 

and heavily compacted, respectively (Table 2). Gemini flowered and matured earlier and 

Emerson had the largest seed size (Table 4). 

 

On average, seed size was reduced by 14.2 % when soils were heavily and moderately 

compacted (Table 2). Emerson has the largest seed size (Table 4). 

   

The experiment will be repeated in 2009 with Anna Elliot funds. 
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Table No.1. Analysis of variance of the Irrigation-Compaction study at the PHREC-Scottsbluff during 2007 
 Mean Squares 
Sources of 
Variation df Yield   

Days to 
flowering   

Days to 
maturity   

Maturity 
days   Plant Density   100-seed weight   

Compaction (C) 3 1774430456 ** 450.2 * 5021.6 ** 3700 ns 88632984 ns 291.7 ** 
Irrigation (I) 3 5829534 ** 23.7 ns 37.1 ns 7677 ns 2991043578 ** 422.4 ** 
C * I 6 3849090 Ns 32.5 * 72.2 * 3420 ns 76255410 ns 110 ns 
Genotypes (G) 8 673451 ** 623.0 ** 433.2 ** 2808 ns 387356429 ** 483.9 ** 
C * V 24 158797 * 6.0 ns 13.1 * 3702 ns 29263176 ns 3.95 ns 
I * V 16 16157 * 29.7 ** 133.8 ** 3476 ns 103824970 ns 9.08 * 
C*I*V 48 106094 Ns 3.8 ns 12.1 * 3430 ns 60348169 ns 7.3 ns 

* Significant at the 0.05 probability level 
** Significant at the 0.01 probability level 
ns= non-significant 
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Table No.2. Effect of soil compaction on yield (lbs/a), days to flowering and maturity, and 
100-seed weight (g) at Scottsbluff during 2008. 
Soil Compaction Yield Days to Flowering Days to Maturity 100-seed weight 

---lbs/a--- --------days-------- -------days-------- ----------g-------- 
Non-compacted 2431a†   50   b   99  b               32.3a 
Moderately      710   b 52 a            110a  28.7  b 
Heavily      382    c 53 a 109a  26.7  b 

† Within columns, data followed by the same letter are not significantly different in the Duncan test at p=0.05   
 
 
 
 
 

Table No.3. Effect of irrigation scheduling on yield (lbs/a) at Scottsbluff during 2008. 
Irrigation scheduling Yield 

--------------------lbs/a-------------------- 
100% 1284a† 
75% 1241a 
50% 1342a 
0%    832 b 

† Within columns, data followed by the same letter are not significantly different in the Duncan test at p=0.05   
 
 
 
 
 
 

Table No.4. Effect of cultivar on yield (lbs/A), days to flowering and maturity (days), and 
100-seed weight (g) at Scottsbluff during 2008. 

Variety Yield Days to Flowering Days to Maturity 100-seed weight 
----lbs/a---- ------days----- -------days------- ----------g--------- 

Beryl-R 1134 bcde    50     de   104   d 30.4  b 
Emerson 1167 bcd            52   c 108 b             33.7a 
Gemini 1207 bc 48     f    103     e 28.9  b 
Marquis 1254 b             50   d 106  c 28.0  b 
Matterhorn 1013     e 52   c   105    d 28.7  b 
Orion 1046    de             50   d 107 bc 28.2  b 
Roza 1270ab             60a             112a  24.6    c 
Tara 1092  cde             54 b 108 b 30.2  b 
UI537 1386a       49      ef    103     e 30.7  b 

† Within columns, data followed by the same letter are not significantly different in the Duncan test at p=0.05   
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Table No. 5 Effect of the interaction of compaction by bean variety on yield lbs/ac., and days to 
maturity (days). 
Soil Compaction Variety Yield Days to Maturity 

Non-compacted Marquis 2592 98 
Non-compacted Matterhorn 2254 98 
Non-compacted Gemini 2552 93 
Non-compacted Emerson 2476 102 
Non-compacted Orion 2265 102 
Non-compacted Tara 2277 103 
Non-compacted UI-537 2537 92 
Non-compacted Beryl-R 2288 94 
Non-compacted Roza 2640 111 
Moderately Marquis 742 110 
Moderately Matterhorn 460 110 
Moderately Gemini 701 109 
Moderately Emerson 665 111 
Moderately Orion 553 110 
Moderately Tara 650 109 
Moderately UI-537 1093 108 
Moderately Beryl-R 684 110 
Moderately Roza 845 113 
Heavily Marquis 428 110 
Heavily Matterhorn 325 106 
Heavily Gemini 367 106 
Heavily Emerson 361 111 
Heavily Orion 322 109 
Heavily Tara 350 110 
Heavily UI-537 530 107 
Heavily Beryl-R 431 109 
Heavily Roza 324 112 
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