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No-tillage sorghum and garbanzo yields match 
or exceed standard tillage yields
Results from a 4-year trial indicate that garbanzo and sorghum yields under no-tillage practices 
were similar to or higher than those under standard tillage. 
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Since the advent of irrigation in California with 
the widespread drilling of wells in the 1930s, 
several public policy changes affecting surface 

water allocations, and the proliferation of orchard 
and vineyard crops during the past two decades, have 
resulted in total annual water requirements in many 
irrigation districts exceeding surface water supplies 
and reliance on groundwater use to make up for the 
difference, especially during the recent drought. Partly 
as a consequence, California enacted the Sustainable 
Groundwater Management Act (SGMA) in 2014 (DWR 
2014), which in time will limit withdrawals to sustain-
able groundwater extractions. Because irrigated agri-
culture accounts for 40% of all available water supplies, 
but up to 80% of developed water supplies, especially in 
the San Joaquin Valley (SJV) (DWR 2018), groundwater 
use will be restricted in this region to meet the require-
ments of SGMA. This will have significant economic 
consequences. With some climate change projections 
suggesting a potential 20% water availability loss by 
the middle of the century in California due to global 
warming (Udall and Overpeck 2017), there is a critical 
need for strategies with less reliance on irrigation from 
surface and groundwater sources in crop production. 

Abstract 
To meet the requirements of California’s Sustainable Groundwater 
Management Act, there is a critical need for crop production strategies 
with less reliance on irrigation from surface and groundwater sources. 
One strategy for improving agricultural water use efficiency is reducing 
tillage and maintaining residues on the soil surface. We evaluated high 
residue no-till versus standard tillage in the San Joaquin Valley with and 
without cover crops on the yields of two crops, garbanzo and sorghum, 
for 4 years. The no-till treatment had no primary or secondary tillage. 
Sorghum yields were similar in no-till and standard tillage systems while 
no-till garbanzo yields matched or exceeded those of standard tillage, 
depending on the year. Cover crops had no effect on crop yields. Soil 
cover was highest under the no-till with cover crop system, averaging 
97% versus 5% for the standard tillage without cover crop system. Our 
results suggest that garbanzos and sorghum can be grown under no-till 
practices in the San Joaquin Valley without loss of yield.

Post-harvest sorghum residue being rolled 
down in the no-tillage cover crop system 
before fall cover crop seeding. Reducing 
tillage and maintaining surface residues 
that increase water capture and soil water 
retention capacities may be a means for 
improving water use efficiency in crop 
production systems. Photo: Jeffrey P. Mitchell.
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increased water storage capacity from increased or-
ganic matter and changes in pore size distribution 
(Franzluebbers 2010) for all texture groups (Berman 
1994), increased carbon and nitrogen storage (Mitchell 
at al. 2017) and increased biological activity (Schmidt 
et al. 2018; Zhang et al. 2018) (table 1). Cost savings of 
$50 to $150 per acre for a variety of crops in the SJV 
from NT have been documented (Mitchell et al. 2016; 
Mitchell, Shrestha, Munk 2016). Compared to ST, NT 
uses less diesel fuel and requires less labor (Mitchell 
et al. 2008), and generates less dust (Baker et al. 2005; 
Madden et al. 2008). Sustained NT coupled with cover 
crops (CCs) has also been shown to increase soil aggre-
gation, water infiltration and biological diversity com-
pared to ST after 18 years of the practices on a clay loam 
soil. Generalizing from Mitchell et al. (2012), about 13% 
(4 inches), of soil water loss from evaporation in a sum-
mer crop using 30 acre-inches of water in the SJV could 
potentially be avoided if reduced disturbance, residue-
preserving practices are used on soils with overhead or 
surface furrow or flood irrigation. 

We evaluated the potential for producing sorghum 
and garbanzo beans — two crops that might be ame-
nable to NT in the SJV — using high residue NT tech-
niques. Sorghum is the fifth most important cereal crop 
in the world (FAOSTAT 2019). The United States, led by 
Kansas and Texas, is the world’s largest sorghum pro-
ducer with 16% of the world’s production. In California, 
there is renewed interest in sorghum as a potential 
replacement for silage corn because of its drought toler-
ance. Approximately 20% of U.S. sorghum is produced 
using NT or strip-tillage, a tillage management system 
that only disturbs the portion of the soil where the seed 
row will be; however, these practices are uncommon in 
California and very little is known about their potential 
locally. Garbanzo beans are a winter planted crop that 
are grown on about 10,000 acres for the canning indus-
try (CDFA 2018). Garbanzo seed size is similar to soy-
bean, which is NT-planted in several parts of the United 
States and on over 75% of acreage in Brazil, Argentina 
and Paraguay. 

Study site and tillage systems
In these experiments, we compared grain sorghum and 
garbanzo yields under NT with no cover crop (NTNO) 
or with cover crops (NTCC) versus ST with no cover 
crops (STNO) or with cover crops (STCC). The 8.8-
acre study site was in the National Research Initiative 
(NRI) Project at the University of California’s West 
Side Research and Extension Center (WSREC), Five 
Points, Calif. (36°20'29"N, 120°7'14"W). The soil type is 
a Panoche clay loam, which is a very deep, well-drained 
soil on alluvial fans. Average annual precipitation is 
about 8.2 inches (fig. 1). Treatments included a factorial 
arrangement of tillage and CC in a randomized com-
plete block design with four replications. Each plot was 
29.9 feet by 270 feet and consisted of six 5-foot beds. 

ST consisted of conventional intercrop tillage 

TABLE 1. Measured changes in soil properties and functions in the NRI Project system 
soils (1999–2018) 

Soil property or function

Direction of effect 
resulting from NT 
and cover crops Reference

Soil carbon and nitrogen + Mitchell et al. 2017

Soil water infiltration + Mitchell et al. 2017

Soil aggregate stability + Mitchell et al. 2017

Nematode abundance + Zhang et al. 2017

Soil macrofauna diversity + Kelly et al. 2021
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FIG.1. Total annual precipitation (2014–2018) and the 30-year average (represented by 
the dotted line) at the UC West Side Research and Extension Center in Five Points, Calif.

Experimental no-tillage plots at the UC West Side Research and Extension Center, Five 
Points, Calif., with sorghum (foreground) and garbanzo stubble (top right). Photo: Jeffrey 
P. Mitchell.
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number of emerged seedlings along two 100-foot lines 
within a plot about 2 weeks after planting. Canopy 
cover, in both crops, was estimated by taking one image 
per plot using the Canopeo image-analyzing app for 
iPhones. Final grain yield of sorghum was determined 
by harvesting 49.2-foot lengths of one row in a repre-
sentative area in each plot with an 18.1-inch bundle plot 
thresher (Kincaid Equipment Manufacturing, Haven, 
Kan.) in 2015 and by harvesting and weighing the grain 
from an entire plot using a John Deere combine in the 
other years. 

Sorghum harvests were conducted on Oct. 14, Sept. 
4, Oct. 12 and Oct. 16 in 2014, 2015, 2016 and 2017, 
respectively. Garbanzo yields were determined by har-
vesting the entire plots in all years using a combine. 
Harvests were done on July 20, July 22, July 28 and 
Aug. 15 in 2015, 2016, 2017 and 2018, respectively. After 
harvest and intercrop tillage on Aug. 10, 2014 (post 
crop harvest), March 19, 2016, and March 20, 2017 
(post cover cropping), surface residue was estimated 
using the line-transect method, which involves count-
ing the number of intersections with surface residue 
pieces every foot along a 100-foot transect. Data were 
analyzed using SAS version 9.3 (SAS Institute Inc., 
Cary, N.C.) using a significance level of 0.05. The 
ANOVA model included year as a random effect, till-
age type and CC system as fixed effects, and interaction 
between all combinations of year, tillage and CC. Yield 
data satisfied the assumptions (normality and homoge-
neity of variance) of ANOVA. 

CC biomass production
Over the 5 years of the study that were characterized by 
recurring drought, a total of 8.4 tons of aboveground 
dry CC biomass (fig. 2) representing about 358 lb/ac 
nitrogen and 3.4 tons/ac carbon was produced with a 
total precipitation of 22 inches and 4 inches of supple-
mental irrigation in 2016 and 2017 to all plots (plus 
residual soil moisture following summer crops which 
is assumed to have been negligible). The CCs were 
typically seeded by Oct. 15 of each fall and terminated 
around Feb. 1 of the following spring for garbanzo and 
March 15 for sorghum, accounting for a growth period 
of 105 days before garbanzos and 120 days before sor-
ghum. Compared to the systems with no CCs (NO), 
which were bare during this time, the CC treatments 
had an additional 90 days annually of actively growing 
green ground cover and living roots in the soil. 

NT increased surface residue 
coverage
Both ST and CCs affected percentage surface residue 
(fig. 3). The NT systems had more surface residue 
than the ST systems and the CC plots had more resi-
due than the no CC (NO) plots (97% for the NTCC, 
82% for the NTNO, 30% for the STCC and 5% for 
the STNO across all sampling dates). Irrigation was 

FIG. 3. Surface residue coverage (%) on Aug. 10, 2014, March 16, 2016, and March 20, 
2017, as averages. Error bars represent standard errors. Systems with different lowercase 
letters within a given date are significantly different (P ≤ 0.05). 

Thirty-foot wide combine harvester used for sorghum grain and garbanzo harvests. 
Photo: Jeffrey P. Mitchell.

FIG. 2. Cover crop dry biomass (lb/ac) for cover crop systems 
2014–2017.
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