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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 main taining surface residues 
that increase water capture and soil water 
retention capacities may be a means for 
improving water use efficiency in crop 
production sys tems. Photo: Jeffrey P. Mitchell.
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Reducing tillage (the physical manipulation of the 
soil using operations such as plowing, disking and 
subsoil ripping) in the context of conservation agri-
culture (see sidebar) offers a currently under-utilized 
strategy for improving agricultural water use efficiency 
in California (Bettner 2012; Mitchell et al. 2019). 
Decreasing soil water evaporation relative to total 
evapotranspiration (ET) by reducing tillage and main-
taining surface residues that increase water capture 
and soil water retention capacities may be a means for 
improving water use efficiency in crop production sys-
tems. This has been demonstrated under both irrigated 
(Klocke et al. 2009; van Donk et al. 2020) and rain-fed 
conditions (Unger 1984; Unger and Baumhardt 1999; 
Unger and Parker 1976). Crop residues (plant and 
cover crop material remaining after harvest) reduce 
evaporation and water loss from wet soils by shading 
(reducing soil surface temperatures) and by reducing 
wind erosion effects (Klocke et al. 2009; van Donk et al. 
2010). Several studies from both irrigated and rain-fed 
regions around the United States (some of which also 
use supplemental irrigation) where no-tillage (NT) is 
used have reported annual water savings by as much 
as 4 to 5 inches (Klocke et al. 2009) in crop produc-
tion systems that typically have 23 to 25 inches of 
seasonal crop ET (F. Lamm, Kansas State University, 
personal communication). At Kansas State University’s 
Southwest Research and Extension Center in Garden 
City, Kan., full-surface residue coverage with corn sto-
ver and wheat stubble reduced evaporation by 50% to 
65% compared to bare soil with no shading (Klocke et 
al. 2009). Research in Nebraska showed that tillage op-
erations before planting can dry the soil in the tillage 
layer with a loss of 0.3 to 0.75 inches of soil moisture 
per tillage pass (Pryor 2004) in overhead sprinkler ir-
rigated systems. Compared to conventional tillage un-
der overhead irrigation, switching to NT has also been 
shown to save 3 to 5 inches of water annually with an 
added savings of $14 to $23 per acre in 2004 US$ from 
pumping costs (Pryor 2004) in Nebraska. 

Several dryland regions around the world are also 
adopting NT to diversify and intensify annual crop 
production. In the Canadian prairies, NT enhanced 
soil health, increased soil water availability in near-
surface layers, and allowed the introduction of new 
crops, including oilseeds and legumes (Lindwall and 
Sonntag 2010). As a result, the planted area under NT 
has increased from 5% in 1991 to over 80% in 2011, 
thus reducing reliance on the traditional summer fal-
low. In the U.S. central Great Plains, NT has benefited 
agricultural management and local farm economies 
by permitting both the intensification and diversifica-
tion of cropping systems. For example, cropping in 
this area, sometimes in places with only 15 inches of 
annual rainfall, has changed from one crop every other 
year, to two crops every 3 years, to cropping every year 
(Anderson 2011). NT has also been extensively adopted 
for cereal production in the southwestern Australia 
drylands, an area with only about 10 inches of annual 

rainfall and no irrigation options, which is similar to a 
sizable portion of the SJV (Ward et al. 2012), where the 
benefits of surface residues include moisture retention 
during germination and early growth of the subsequent 
crop (K. Flower, University of Western Australia, per-
sonal communication). 

NT and residue preservation have additional bene-
fits, including lower soil temperatures during the sum-
mer (Mitchell et al. 2012) and higher water retention 
(Mitchell et al. 2019; Sposito 2013), increased soil water 
capture from improved infiltration and retention, 

Definition of conservation agriculture

Although currently not widely used in much of California’s annual cropland, the 
core principles and concepts of what are widely and particularly internationally 

regarded as conservation agriculture (CA) systems may provide an important unify-
ing framework for the development of improved performance crop production 
systems in the future. CA has three linked principles:

• Continuous minimum mechanical soil disturbance
• Preservation of residues that provide permanent soil cover 
• Diversification of crop rotations and emphasis on soil biodiversity

CA is more than avoidance of tillage. It is a farming system that involves changes 
in cultural practices along with a change in approach that bypasses the use of 
intense tillage disturbance, focuses on improving soil function, and increases the 
efficiency of water, energy and nutrient cycling (Mitchell et al. 2019). CA also empha-
sizes carbon management by focusing on extending the period of crop and residue 
cover on the soil.

We envision expanded application of CA principles in a variety of California’s 
annual cropping systems for forage and grain, energy, fiber and vegetables as pro-
duction techniques are further refined. The Conservation Agriculture Systems Inno-
vation (CASI; http://casi.ucanr.edu/) Center works to develop information on locally 
relevant adaptations of CA systems that include the use of cover crops, integrated 
pest management, precision irrigation and controlled or limited mechanical traffic 
on soil and is a resource for farmers interested in learning more about the use of 
these techniques in California.

UC Westside Research and Extension Center 
Superintendent Rafael Solorio stands in a no-tillage no 
cover crop (NTNO) garbanzo plot. 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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operations of residue shredding, multiple diskings to 
incorporate residues, subsoiling to a depth of about 
18 inches in the bed shoulder areas to avoid damaging 
the buried drip tape that was in the center of beds at 
about 8 inches deep, additional disking to break up soil 
clods and for the shaping of beds, and incorporation of 
the surface soil using a cultimulcher (BW Implement, 
Buttonwillow, Calif.), which is a PTO (power take-off)-
powered aggressive tillage operation that pulverized 
the top 8 inches of soil into a fine, powdery seedbed for 
both the STNO and STCC systems. These conventional 
intercrop tillage practices break down and establish 
new beds following harvest and represent normal op-
erations in the SJV in terms of the intensity, depth and 
timing of tillage (Mitchell et al. 2017). 

The only soil disturbance in the NT systems oc-
curred during seeding and fertilizing in prior years 
when tomatoes were grown, during shallow cultiva-
tions for weed management and for the one-time 
installation of drip tape in 2012. The tillage and CC 
treatments were maintained in the same plots during 
the study. To have both crops in each year, a garbanzo/
sorghum rotation was used on half of the plots and 
a sorghum/garbanzo crop sequence was used on the 
other half of the plots. 

In the CC plots, a mix of triticale (Triticosecale 
Wittm.), cereal rye (Secale cereale L.), common vetch 
(Vicia sativa), radish (Raphanus sativus) and clover 
(Trifolium incarnatum) was seeded in 7.5-inch rows 
at 80 pounds per acre (lb/ac) in late October or early 
November at 20, 20, 30, 5 and 5 lb, respectively. The 
CCs were not irrigated in the fall of 2013, 2014 or 2015, 
but received 2 inches of sprinkler irrigation in 2016. In 
late March of the following year, the CC was cut at the 
soil line with a stalk chopper and the residue sprayed 
with 2% glyphosate and left on the surface as a mulch. 
In the ST system, the residue was disked into the soil. 
A 0.9-inch diameter drip tape with emitters every 13.8 
inches and a flow rate of 0.16 gallons per hour was 
installed 12 inches deep and 60 inches apart (Netafim 
Streamline 875 0135F, Netafim USA, Fresno, Calif.) in 
all plots. 

Dry fertilizer (11-52-00) was shank-applied to both 
crops at 200 lb/ac pre-plant. For weed control, in the 
sorghum plots, Dual Magnum (S-metolachlor) (24 
ounces per acre [oz/ac]) and Clarity (Dicamba diglyco-
lamine salt) at 8 oz/ac were applied pre-plant and post-
establishment, respectively, while in the garbanzo plots, 
Prowl H2O (Pendimethalin) (20 oz/ac) and Chateau 
(Flumioxazin) (2 oz/ac), were applied post planting, 
pre-crop and pre-weed emergence for weed control. 
These materials were all spray-applied and incorpo-
rated using sprinkler irrigation. 

The grain sorghum hybrids NK7829 (2014), 251 
(2015) and K5585 (2016 and 2017) (Sorghum Partners, 
New Deal, Texas) were seeded on May 7, 2014, May 
11, 2015, May 20, 2016, and May 22, 2017, respectively, 
using a John Deere 1730 six-row NT planter at 72,870 
seeds/ac or about 4 seeds per foot of row. Garbanzo 

beans (AWF-1, 2015 and 2016, and UC27, 2017 and 
2018) were inoculated with a crop-specific rhizobia 
bacteria and seeded using the same planter at 100,000 
seeds/ac or about 5 seeds per foot of row on Feb. 5, 
2015, Feb. 22, 2016, March 16, 2017, and March 9, 2018. 
Both crops were established with two sprinkler irriga-
tions of 1 inch each. 

Reference ET (ETo) and crop coefficient (Kc) values 
were used to generate daily crop ET estimates to deter-
mine irrigation timing. ETo data were acquired from a 
California Irrigation Management Information System 
(CIMIS; www.cimis.water.ca.gov) weather station lo-
cated about 200 yards from the study field. Kc values 
were based on average crop canopy estimates of both 
crops (Hanson and May 2005; Hanson and May 2006). 
Irrigation frequency varied depending on ET demand 

conditions throughout the season but was typically two 
to three times per week. No precipitation occurred dur-
ing any of the summer cropping seasons. Applied water 
amounts averaged about 20 inches for sorghum and 12 
inches for garbanzo, which are close to historical esti-
mates for crop evapotranspiration (ETc) and commer-
cial application volumes in the region (Long et al. 2019; 
Steduto et al. 2012) and which are within the bounds of 
consumptive water use (ET) estimates for well-watered 
sorghum (Steduto et al. 2012). The same amount of wa-
ter was applied to all treatments of a given crop in each 
year. Weekly fertigations (32-0-0) as urea ammonium 
nitrate were applied to the sorghum crop totaling 165, 
166, 185 and 218 lb/ac material in 2014, 2015, 2016 and 
2017, respectively. The garbanzo crops were all carefully 
inoculated with rhizobia each year. No fertigated nitro-
gen applications were made to the garbanzos as is the 
custom in commercial fields in the region. 

 Crop stands were estimated by counting the 

Research colleagues from California Ag Solutions, Madera, Calif., assist with John Deere 
1730 no-tillage planter adjustments for garbanzo seeding. 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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provided as needed to all treatments in this trial and 
differences in soil water content were not measured. 
But previous work with other crops at the WSREC, 
work reported elsewhere (Unger and Parker 1976) and 
well-established micro-meteorological principles (T.C. 
Hsaio, Department of Hydrology, UC Davis, personal 
communication; Luo et al. 1992) suggest savings 
would be possible when irrigation water is limiting. 
Based on prior work at the WSREC (Mitchell et al. 
2012) for a clay loam soil under sprinkler irrigation, 
approximately 13% (4 inches) of soil water loss from 
evaporation in a summer crop in the SJV was avoided 
when reduced disturbance residue-preserving prac-
tices were used. Similar responses should apply to all 
instances where NT management is followed for the 
production of warm season annual crops.

Sorghum yields similar in NT and ST
There were no significant interactions between year and 
tillage (P = 0.91), year and CC (P = 0.68), tillage and CC 
(P = 0.18) or year, tillage and CC (P = 0.53) on sorghum 
grain yield, but year was highly significant (P < 0.001). 
Averaged over the 4 years, the NT (4,757 ± 257 lb/ac) 
and ST (4,984 ± 278 lb/ac) had approximately similar 
yields. In analyses by year, there were no significant 
(P > 0.05) interactions between tillage and CC, and no 
significant tillage or CC effects on yield, implying that 
the yields were similar in the NT and ST plots (fig. 4). 
Unger and Baumhardt (1999) reported similar sor-
ghum grain yield under NT and ST systems in Texas; 
however, our average yields were lower than reported 
average yields under irrigation (Steduto et al. 2012). 
We speculate that heavy infestations of the sugarcane 
aphid (Melanaphis sacchari) and observed leaf sticki-
ness late in the season explains the lower yields in 2017 
(J. Dahlberg, personal communication). There was no 
water deficit condition in this study. 

CCs had no effect on yield. In arid and semiarid 
regions, soil moisture depletion by CCs may adversely 
affect successive crops, particularly if the CCs are 
allowed to grow into periods of high ET. Previous de-
terminations of soil water depletion of CCs during the 
same winter period in the SJV indicate relatively small 
differences — on the order of 2 inches — between cover 
cropped and bare soil conditions (Mitchell et al. 2015) 
in the same field with the same soil type. Residues from 
CCs may also hinder planting and stand establishment, 
but they did not affect yield here. Also, although the 
combination of CC and NT was reported previously 
to improve several soil properties, including water in-
filtration, aggregate stability (Mitchell et al. 2017) and 
soil water-holding capacity (Araya et al., unpublished 
data), we did not see any effect from the CC on sor-
ghum yield.

Garbanzo yields in NT higher than 
ST in two of four years
In garbanzo, there was a highly significant year effect 
(P < 0.001), but no interactions between year and tillage 
(P = 0.17), year and CC (P = 0.31), tillage and CC (P = 
0.79), or year, tillage and CC (P = 0.81). When each year 
was analyzed individually, there were no significant 
(P > 0.05) interactions, and no significant CC effects. 
NT produced greater yields (P < 0.001) than ST in 2015 
(P = 0.057), 2016 (P < 0.001) and in 2017 (P = 0.009) 
(fig. 5). Thus, compared to ST, NT matched garbanzo 
yields in 2018 and surpassed yields in 2015, 2016 and 
2017. Averaged over the 4 years, garbanzo yields were 

No-till sorghum seeding on May 22, 2017, into an NTNO (no-till, no cover crop) plot using 
a 6-row John Deere 1730 no-till seeder. On the lower right, there is an NTNO garbanzo 
plot. Photo: Jeffrey P. Mitchell.

FIG. 4. Sorghum grain yields from 2014 to 2017. NT, no-tillage with and without a cover 
crop combined; ST, standard tillage with and without a cover crop combined. Data values 
show means and standard errors. For each year, there were no significant treatment 
effects or interactions.
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approximately 25% greater in the NT compared to the 
ST plots. Similar to sorghum, CC did not affect yield in 
any year.

Inconclusive results on garbanzo 
growth in STCC plot 
Early crop stand establishment for both crops across all 
study years was similar in all treatments. In 2017, gar-
banzos in the STCC grew significantly less than in the 
NTNO, NTCC and STNO treatments (fig. 6; this was 
not observed in other years). To determine whether NT 
promotes garbanzo growth or the STCC in particular 
suppressed growth, we investigated whether a fungus 
was responsible for either decreased growth in the 
STCC or for enhanced growth in the other treatments. 
Based on symptoms in mid-May 2017, we initially 
postulated that a Fusarium spp. was a pathogen in the 
STCC. However, neither pathogenicity tests nor high-
throughput DNA sequences from the elongation factor 
intron-rich region (data not shown) indicated that there 
was an important pathogenic Fusarium spp. 

In contrast, the high-throughput ITS rDNA se-
quences were consistent with the presence of the fungal 
pathogen Macrophomina phaseolina in the field. In 
the vigorous plants that were sampled from the STCC 
plots, 11% ± 5% of the sequences were M. phaseolina, 

FIG. 5. Garbanzo yields from 2015 to 2018. NT, no-tillage with and without a cover 
crop combined; ST, standard tillage with and without a cover crop combined. Data 
values show means and standard errors. There were no significant treatment effects or 
interactions in 2015 and 2018. In 2016 and 2017, for each year separately, yields in NT 
were significantly greater than in ST. 

FIG. 6. Percent canopy cover for tillage and CC systems in garbanzo in 2017. NTCC, no-tillage and no cover crop; NTNO, no-tillage with no cover 
crop; STCC, standard tillage with cover crop; STNO, standard tillage no cover crop. An analysis of the slope of the linear regressions indicated that 
there was significantly less growth as measured by canopy cover in STCC than in the other treatments (P = 0.01), i.e., the CC under ST was harmful 
to garbanzo growth.
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but in the unthrifty plants, 26% ± 18% of the sequences 
were M. phaseolina. Although we did not observe typi-
cal charcoal rot symptoms on roots in either 2017 or 
2018, in mid-June 2018, we incubated roots and soil in 
conditions that were suitable for diagnosis and quan-
tification of microsclerotia of M. phaseolina. In 2018, 
there were significantly more M. phaseolina microscle-
rotia in the STNO treatments that had been in garban-
zos in the previous year than in the NT plots. Although 
we did not observe any classic charcoal rot symptoms, 
when the garbanzo root segments were incubated at a 
temperature conducive for M. phaseolina, the patho-
gen was readily isolated. Thus, in accordance with 
Magyarosy et al. (1985), growers should monitor for M. 
phaseolina, which flourishes in warmer temperatures. 
Because all systems were irrigated similarly throughout 
the season, it is unlikely that drought — a known fac-
tor for increasing the risk of disease in garbanzos — 
was the reason for lower growth in the STCC system. 
However, soils with high organic matter, such as per-
haps the recently incorporated CC in the STCC system, 
are also known to increase risk of disease (Light 2018). 
A final possible explanation for the yield response of 
the STCC system in 2017 may have resulted from soil 
water deficit in the CC treatment; however, because 
rainfall during the winter of 2016–2017 was actually 
highest and above the 30-year average, this is unlikely.

NT may be a viable and water-
efficient option for growing 
garbanzos and sorghum 
ST practices have been used throughout the SJV for 
nearly 90 years. Using similar inputs and amounts and 
pest management, we show that a garbanzo and sor-
ghum rotation in NT yielded at least as well as in ST. In 
our trial, NT yielded an average of 3,417 lb/ac of gar-
bonzos versus ST, which had an average of 2,738 lb/ac. 
Garbanzo production in California, which is almost all 
in ST, averages 2,300 lb/ac (Long et al. 2019) statewide, 
with higher averages of 3,200 lb/ac typically reported 
in the SJV (L. Kubo, Rhode Stockton Bean LLC, Tracy, 
Calif., personal communication). 

If water costs continue to rise as curtailments on 
water supply increase, the value of some agricultural 
land without allocations in California will eventually 
decline (Hanak et al. 2019), providing more of an eco-
nomic incentive for using NT for growing a portfolio of 
crops, such as sorghum and garbanzo, somewhat more 
amenable to constraints on available water supplies. A 
review by Richter et al. (2017) of technically credible 
case studies that could help document the potential 
water savings attainable by using various strategies 
or technologies, including NT farming, found that 
reduced non-beneficial consumption derived from NT 
may increase water application efficiency and result in 
reductions in consumptive water use on the order of 
3.5 inches per acre in a range of irrigation scenarios 
and locations compared to ST systems that do not have 

surface residues. While 
changes in soil function 
— including the increases 
in aggregation, water in-
filtration (Mitchell et al. 
2017), porosity and water 
holding capacity (Araya 
2019) that we documented 
in the NTCC system — 
may take several years to 
be achieved, generating 
and preserving surface 
residues as a first step 
toward transforming an-
nual cropping systems 
in the ways we describe 
here can be done in a few 
cropping cycles. For these 
reasons, this work may 
serve as a decision-mak-
ing tool for growers who 
are considering produc-
ing garbanzos and grain 
sorghum in the future, es-
pecially if there is the op-
portunity to both reduce 
management costs and 
maintain yields (Mitchell 
et al. 2008; Mitchell et al. 
2016; Mitchell, Shrestha, 
Munk 2016). C
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A segment of an asymptomatic garbanzo root from an 
infected plant was cultured. These are two magnified 
images; the size bar is approximately 0.02 inches in (A) 
and 0.01 inches in (B). The root was infected by the plant 
pathogenic fungus Macrophomina phaseolina, which 
produces dark, multi-celled microsclerotia, its survival 
structure. The thin filaments are the fungal hyphae. Photo: 
Lynn Epstein.
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