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Introduction 

There is no disputing the importance of citrus rootstocks and scions to desert citrus production. Rootstocks must be 
adaptable to compatible with the scion, be adaptable to the appropriate soil and climactic factors and should also 
improve one or more of the following characteristics: pest and disease resistance, cold tolerance, harvest date, internal 
and external fruit quality, yield and post-harvest quality.  Ultimately, the value of a rootstock lies in its ability to 
improve production and/or quality of the fruit.  New rootstocks will improve the profitability of the Arizona citrus 
industry.  

C. macrophylla and C. volkameriana are the standard, vigorous rootstocks used widely across the Arizona and 
California desert lemon industry.  They are both vigorous, and produce high-yielding trees with fruit of excellent size.  
Lemon trees on both rootstocks are relatively cold-sensitive and are susceptible to the brown wood rot fungi 
(Coniophora eremophila and Antrodia sinuosa that plague desert lemons.  Also, C. volkameriana is susceptible to 
“winter yellows”, and tends to produce excessive numbers of trunk suckers. 

Many years ago, sour orange (Citrus aurantium L.) was the common rootstock for lemon in Arizona as it was the only 
rootstock available and is quite adaptable to the highly alkaline desert soil.  Sour orange is of medium vigor and may 
be used to reduce the vigor of lemon scions (Ferguson et al., 1990, Roose 2014).  However, it fell out of favor because 
its yields are less than more recently introduced rootstocks, such as Carrizo.  Carrizo (Citrus sinensis x Poncirus 
trifoliata) is commonly used as a rootstock for oranges, mandarins and lemons in Central California, and for oranges 
and mandarins in the desert.  It is not commonly used for lemons in Arizona because yield and fruit size are less than 
for trees budded to C. macrophylla and C. volkameriana, and because it is not particularly tolerant of alkaline soils.  
Trees on Carrizo are known to have bud unions with a shoulder, where the scion diameter is smaller than the rootstock 
diameter.  This condition is sometimes indicative of delayed incompatibility (Roose, 2014).  Rangpur lime (Citrus 
limonia) has never been widely used in the United States, but it is quite common in Brazil, where it is used as a 
rootstock for oranges.  In Brazil, Rangpur is known to confer drought tolerance on the scion.  Rangpur lime is vigorous 
and produces well on deep sandy soils. 

Bitters (C-22), Carpenter (C-54) and Furr (C-57) citrandarin (Citrus sunki x Swingle citrumelo [Citrus paradisi x 
Poncirus trifoliata]) are hybrids of ‘Sunki’ mandarin and Swingle citrumelo.  All three were developed at the USDA 
citrus breeding program in Indio, CA and were released by the University of California in 2009.  According to Siebert 
et al., (2010), Bitters produces a small tree with high yield relative to canopy volume.  Trees budded to Bitters are 
freeze tolerant, CTV tolerant, Phytophthora tolerant, and adaptable to high pH soils.  Bitters is not tolerant of citrus 
nematode.  Carpenter produces medium to large trees with good yield that are freeze tolerant.  This rootstock is tolerant 
of CTV, and citrus nematode and moderately tolerant of Phytophthora and calcareous soils.  Trees budded to Furr are 
similar to those on Carpenter, but are more tolerant of Phytophthora and citrus nematode.  

In January 2016, we initiated a new lemon rootstock trial, the first to be planted at the University of Arizona’s Yuma 
Mesa farm since 1993. The purpose of the trial was to evaluate the effect of the above-mentioned rootstocks on yield, 
fruit size, precocity, tree size, interior and exterior fruit quality and disease tolerance (especially tolerance to brown 
wood rot – Antrodia sinuosa).  High yielding, precocious trees with large fruit size are favored by the desert lemon 
industry.  Desert lemons are marketed from mid-August to February.  During the early and middle part of that window, 
lemons from other suppliers can be limited and sizes can be small, so high quantities of large fruit translate to good 
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returns to the grower.  Rootstocks are also known to affect drought tolerance, peel thickness, peel smoothness, fruit 
total soluble solids and acid levels, and percentage of juice in the fruit (Ferguson et al., 1990).  Also, rootstocks can 
affect the growth of the brown wood rot fungi, Antrodia sinuosa, in the scion (Matheron and Porchas, unpublished 
data). 

Following the presentation of the project to the Arizona Citrus Research Council in November 2015, the Council 
requested that the project be replicated using flood irrigation, which was the original irrigation method, and using 
pressurized irrigation.  The Council’s rationale for the change was that although flooding is the common method of 
irrigation for the Arizona lemon industry, a block of lemons on pressurized irrigation will demonstrate that high-
quality lemons can be grown using less water, and that the water savings versus flood can then be documented.  Also, 
growers and the authors suspect that high orchard humidity due to flood irrigation may be one of the causes of the 
growth of the Antrodia sinuosa in the orchards.  It is possible that the use of pressurized irrigation will reduce the 
orchard humidity and slow the spread of this serious disease. The changes were made to the original plan of work, and 
the project was resubmitted and approved in January 2016. 

Materials and Methods 

Planning for the trial was started in October 2015.  The lemon scion selected for the trial was ‘Corona Foothills’, 
because of its popularity among Arizona lemon growers. The rootstocks selected in the original work plan were Citrus 
macrophylla (Macrophylla) as a control, Brazilian Sour orange, Carrizo citrange, Rangpur Lime, Bitters citrandarin, 
Carpenter citrandarin, and Furr citrandarin.  Citrus volkameriana (Volkameriana) was added as a control rootstock in 
the revised plan of work in January 2016.  Macrophylla, Volkameriana, Carrizo citrange and Brazilian sour orange 
rootstocks were grown from seed at Sunset Nursery, Yuma, AZ.  Seeds of Rangpur lime were purchased from Lyn 
Citrus Seed (formerly Willits and Newcomb, Inc.) of Arvin, CA, and were delivered to Sunset Nursery in February 
2016 for planting.  The three citrandarin rootstocks were grown to a height of 10 to 15 inches at TreeSource Nursery, 
Exeter, CA.  They were then delivered to Sunset Nursery in July 2016 for budding.  Trees were budded and hardened 
off at Sunset Nursery and were ready for planting in May 2017. 

The experimental site is Block 6 of the Yuma Agriculture Center, Mesa Farm.  This block is divided into an east 
section (Block 6E) and a west section (Block 6W) by a small irrigation canal, as seen in Fig. 1. 
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There is also a small pumphouse at the north end of the irrigation canal that 
we planned to use to house the pump, filters, injectors and controllers for 
the pressurized irrigation system to be established in field 6W (Fig. 2).  The 
UA built this structure in the 1970’s for another pressurized irrigation 
study, but it fell into disrepair because it had not been in use for at least 25 
years.  We spent considerable time cleaning out the structure, improving 
its stability, patching the roof, installing new walls made of corrugated 
metal, and installing new doors made of expanded steel.  Also, the 
pumphouse was not connected to any source of electricity, therefore we 
contacted Arizona Public Service (APS) to have the connection made from 
a pole on the north side of the B Main Lateral canal (APS pole as seen in 
the inset) to transformer on an APS subtransmission line pole (APS ST 
pole as seen in the inset) on the south side of the Lateral, and finally to a 
pole and meter box that we installed on the south side of the canal (UA 
pole – Fig. 3).  From the pole, the electric line passes underground to the pum
Bureaucracy and red tape at APS and the UA slowed the electrification p
eighteen months passed from the first contact with APS to completion of the

Parts for the pressurized system were ordered just before June 30, 2017 
Sprinkler World (Tucson, AZ).  These parts include the pump, filters, 
injectors, flow meters, drip tube, cellular-connected weather station, soil m
station, and soil moisture probe.  Many of the parts are manufactured by Rai

Water from the B Main Lateral canal can flow through a slide gate into th
canal that bisects the block, and the flood irrigation side of the experiment, i
6E, would be irrigated using the canal.  From the outset, it was unclear how
from the Lateral was to enter the pumphouse to supply block 6W.  A f
employees who had seen the previous pressurized system in action recalled th
was a pipe extending from the wall of the Lateral canal to the pumphouse, bu
remembered its exact location.  We spent considerable time digging aro
pumphouse, but initially did not find anything.  However, we found the 
November 2016, when the Lateral was drained for annual maintenance by the
Irrigation and Drainage District.  The pipe was cleaned out, extended
pumphouse and capped with a valve in anticipation of connecting it to a pum
important to note that although block 6W will be primarily irrigated using pres
irrigation, there will be the ability to flood this block until the pressurized sys
extra water is needed for fruit sizing in the late summer or for a freeze event.

While all this preparatory was progressing, block 6 contained alfalfa.  The f
the alfalfa was disked under.  Then we irrigated the field, laser-leveled it 
Seventy-five trees budded to each of the eight rootstocks were picked up fro
moved to a lath house at the Mesa Farm.  Tree height, scion and rootstock t
for each tree, then 561 trees were planted on June 15th.  Thirty-nine trees wer
mortalities.  Tree trunks were wrapped with cardboard tree wraps in the field

Tree spacing is 22 ft. between rows and 22 ft. within the row.  There are 11 tre
block 6W has 25, due to the need to maintain space on the north end of the blo
electrical line that is connected to the pumphouse.  For the experiment, there 
the eight rootstocks planted in rows 2 through 25 of both block 6W and 6E
6W and 6E, for 432 experimental trees in total.  The statistical design of th
Block.  Within 6W and 6E, there are nine replications, each including eight 
eight rootstocks.  Each three-tree group is randomized within a replicatio
replication.   

F  
B

igure 2. Pumphouse at the north end of
phouse.  
rocess; 

 job. 

through 
valves, 
oisture 

nbird. 

e small 
n Block 

 water 
ew UA 
at there 
t no one 
und the 
pipe in 
 Unit B 
 to the 
p.  It is 
surized 
tem is inst
 

inal cutting
with a slig
m Sunset 
runk diame
e kept on 
 the follow

es per row
ck for the

are 27 ‘Co
, giving 21
e experim

groups of t
n, thus th

lock 6.

F
T
t
t

igure. 3. UA Pole and APS High 
ransmission pole that holds a 
ransformer on the south side of 
alled and subsequently in case 

 was taken in May 2017, and 
ht slope and irrigated again.  

Nursery on June 12, 2017 and 
ter measurements were taken 

reserve in case there were any 
ing week. 

.  Block 6E has 26 rows while 
 UA pole and the underground 
rona Foothill’ trees of each of 
6 experimental trees in block 
ent is Randomized Complete 
hree trees, one for each of the 
ere are 24 trees within each 

he B Main Lateral canal.



There are guard rows around the 
experimental trees in 6W and 6E 
encompassing all of rows one and 26, as 
well as all trees nearest and farthest from 
the small irrigation canal.  In total, 129 
trees are used as guard trees. and all the 
trees appear to be healthy (Figs. 4 and 5). 
Each tree was assigned a number and a 
color, which can be seen in the plot plan 
(Fig. 6).  
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26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

11 38 40 44 45 120 121 123 200 204 205 269 270 274 350 351 352 428 429 431 509 510 511 587 588 589 593 1 C-57 Furr

10 112 41 335 117 488 197 49 491 566 494 54 422 347 574 497 212 278 506 281 64 141 584 364 440 221 73 2 C-22 Bitters

9 188 42 336 118 489 198 50 492 567 495 55 423 348 575 498 213 279 507 282 65 142 585 365 441 222 74 3 C-54 Carpenter

8 259 43 337 119 490 199 51 493 568 496 56 424 349 576 499 214 280 508 283 66 143 586 366 442 223 75 4 Macrophylla

6E 7 334 485 560 260 413 563 416 201 341 569 344 271 58 132 135 425 353 215 432 581 218 512 70 144 288 147 5 Volkameriana

6 409 486 561 261 414 564 417 202 342 570 345 272 59 133 136 426 354 216 433 582 219 513 71 145 289 148 6 Rangpur Lime

5 484 487 562 262 415 565 418 203 343 571 346 273 60 134 137 427 355 217 434 583 220 514 72 146 290 149 7 Carrizo

4 559 410 114 192 263 46 338 125 266 129 419 206 275 209 500 61 578 138 356 67 284 360 437 515 590 224 8 Sour Orange

3 39 411 115 193 264 47 339 126 267 130 420 207 276 210 501 62 579 139 357 68 285 361 438 516 591 225 Guard (of any color)

2 113 412 116 194 265 48 340 127 268 131 421 208 277 211 502 63 580 140 358 69 286 362 439 517 592 292

1 189 190 191 195 196 122 124 128 52 53 57 572 573 577 503 504 505 430 435 436 359 363 367 287 291 293

1 151 152 156 157 84 86 90 13 14 18 538 539 543 469 470 471 396 401 402 325 329 333 253 257 258

pumphouse 2 378 78 155 231 9 306 89 234 93 387 169 243 172 468 24 546 102 324 30 252 328 405 483 558 187

3 377 77 154 230 8 305 88 233 92 386 168 242 171 467 23 545 101 323 29 251 327 404 482 557 186

4 376 76 153 229 7 304 87 232 91 385 167 241 170 466 22 544 100 322 28 250 326 403 481 556 185

5 453 528 228 381 531 384 164 309 537 312 239 21 96 99 393 321 178 400 549 181 480 33 108 256 111

6 452 527 227 380 530 383 163 308 536 311 238 20 95 98 392 320 177 399 548 180 479 32 107 255 110

6W 7 451 526 226 379 529 382 162 307 535 310 237 19 94 97 391 319 176 398 547 179 478 31 106 254 109

8 4 303 81 456 160 12 459 534 462 17 390 315 542 465 175 246 474 249 27 105 552 332 408 184 37

9 3 302 80 455 159 11 458 533 461 16 389 314 541 464 174 245 473 248 26 104 551 331 407 183 36

10 2 301 79 454 158 10 457 532 460 15 388 313 540 463 173 244 472 247 25 103 550 330 406 182 35

11 1 5 6 82 83 85 161 165 166 235 236 240 316 317 318 394 395 397 475 476 477 553 554 555 34

25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

Small Irrigation Canal
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plot, looking from the southwest corner.
Results and Discussion 

he only data collected so far has been the tree height and scion and rootstock trunk d
iameter data, we also calculated a scion:rootstock diameter ratio.  Height of the seed
6 cm.  Lemons budded to Macrophylla, Rangpur Lime and Volkameriana were signif
ootstocks, from 94 to 96 cm, while Furr was significantly shorter than the rest, at just u
our Orange and Carpenter were intermediate in height.  Scion diameter ranged from 
olkameriana has the greatest scion diameter of just over 6.5 cm., followed by Rangpu

east 6 cm.  Macrophylla was next at 5.9 cm, followed by Carrizo, Bitters, and Sour O

Figure 6. Experimental plot plan.
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and Furr, at less than 5.6 cm.  Rootstock diameter was larger than scion diameter, ranging from about 6.8 cm to 8 cm.  
Volkameriana and Carrizo had the greatest rootstock diameter, at 7.9 to 8.0 cm., followed by Macrophylla and 
Carpenter at about 7.6 cm.  Furr and Rangpur lime followed with diameters between 7.1 and 7.2 cm., while Bitters 
and Sour Orange had the smallest rootstock diameters – less than 6.9 cm.  Scion to Rootstock Diameter ratio ranged 
from 0.72 to 0.87.  Trees on Rangpur lime rootstock had the greatest ratio of 0.87, indicating that there is little evidence 
of a shoulder forming at the bud union of these trees.  Sour Orange, Bitters, Volkameriana and Carpenter all had ratios 
between 0.84 and 0.8.  Furr and Macrophylla had lower ratios of 0.79 and 0.78 respectively.  The diameter ratio of 
trees budded to Carrizo was the least, at 0.72, suggesting that a shoulder is most likely to develop on this 
scion/rootstock combination as was reported by Roose (2014). 

Table 1. Height, scion and rootstock trunk diameter and scion to rootstock trunk diameter ratio of 'Corona Foothills' lemon 
trees budded to eight rootstock selections. 

Rootstock Height (cm) 
Scion 

Diameter 
(mm) 

Rootstock 
Diameter 

(mm) 

Scion:Rootstock 
Ratio 

Macrophylla 95.75 a 5.91 c 7.62 b 0.78 e
Rangpur Lime 94.65 a 6.14 b 7.11 c 0.87 a
Volkameriana 93.93 a 6.52 a 8.03 a 0.82 cd
Carrizo 90.93 b 5.66 d 7.90 a 0.72 f
Bitters (C-22) 90.88 b 5.59 d 6.77 d 0.83 bc
Sour Orange 89.81 bc 5.73 d 6.86 d 0.84 b
Carpenter (C-54) 88.69 bc 6.00 bc 7.57 b 0.80 de
Furr (C-57) 87.85 c 5.63 d 7.15 c 0.79 e

Plans for the Next Fiscal Cycle 

Some of the activity for the next fiscal cycle, January 2017 to March 2018 is reported here since there is overlap in 
the ACRC project fiscal cycles.  Beginning in July 2017, we expect to receive the remaining parts for the pressurized 
system and begin installation.  We expect that installation will be complete by December 2017.  After a training 
session conducted by Rainbird, we will begin to operate and monitor the pressurized system in Block 6W.  We will 
begin to collect data on water use at that time.  Meanwhile, we will carry out normal fertilization, pest control and 
weed control in both blocks, apply flood irrigation in Block 6E in accordance with normal horticultural practices. 
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