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HE TWO EXPERIMENTS described T here were initiated to evaluate the 
influence of citrus nematode infestations 
on 12 nutrients in the leaves and roots of 
three-year-old Frost Nucellar navel orange 
trees grown in well-nourished soils under 
two levels of irrigation. 

For the first experiment in 1959, six- 
teen cylindrical concrete tanks 4 ft in 
length and 3 ft in diameter were placed 
in the soil to a depth of 3 f t  and filled 
with 41 inches of a Tujunga fine sandy 
loam. The soil in the cylinders was steri- 
lized with ethylene oxide. Three sweet 
orange seedlings (Citrus sinensis var. 
Homasassa) , grown in steam-pasteurized 
soil in 1-gallon cans, were planted in each 
cylinder. At the time of planting the trees 
in eight of the cylinders, a suspension of 
surface-disinfected citrus nematode larvae 
was poured over the roots, while the 

TABLE 1, EFFECT OF CITRUS NEMATODE O N  NUTRIENT 
CONCENTRATIONS IN TME LEAVES AND ROOTS 

OF %YEAR-OLD NAVEL ORANGE TREES 
Experiment It Experiment II$ 

inEh Infected C.V. Infected C.V. 

N Leaves 2.20 
Rooh 1.46 

P Leaves .17 
Roots .16 

K Leaves 2.29 
Roots 2.44 

Ca leaves 3.62 
Roots 1.09 

Mg Leaves 2 1  
Roots .46 

Na Lwves .01 
Roots .31 

CI Leaves .08 
Roots 1.17 

Zn Leavos 83 
Roots 243 

cu Leaves 9 
Roots 39 

Mn leaves 28 
Roots 338 

8 Leaves 98 
Roots 21 

Fe leaves 60 
Roots 2018 

Percent oven-dried mahriol 
2.25 7 1.51 1.57 9 
1.42 12 1.15 1.49** 13 
.18 2 .12 .14* 10 
.14' 15 .13 .la** 14 
2.03 6 1.40 1.16"' 12 
1.61' 14 2.20 1.57** 15 
3.17' 6 1.44 1.02** 15 
1.35 30 .73 .77 10 
.19'* 2 .13 .13 11  
.47 25 .2 1 20 8 
.01 25 .01 .01 49 
25 29 .10 .05** 22 
.10 12 .04 .03 19 
.El' 18 .... .... .. 
90 10 11 10 1 
181 46 70 71 28 

PPM oven-dried material 

9 19 5 5 3  
53'* 25 22 21 26 
27 7 15 13 24 
368 48 158 83" 30 
108'* 8 37 33 21 
17' 19 20 17 29 
61 22 38 30' 20 

2093 20 1708 1179** 29 
t Each value i s  a mean of 16 individual determinotions for 

nutrient concentrations in the leaves, and 24 individual determi- 
nations for roots under two differential irrigation levels. 

Each value is a mean of 12 individual determinations where 
one-half of the nematode-infected and one-half of non-infected 
trees were sprayed with Cu Bordeaux. = F value significant at the 5% level. 

tt - - F value significant at the 1% level. 
C.V. T coefficient of variability expressed in per cent. 

12 

remaining eight cylinders were not inoc- 
ulated, and served as the controls. In 
April, 1961, the seedling tops were cut off 
slightly below the soil surface, and two 
one-year-old Frost Nucellar navel orange 
trees on sweet orange rootstock were 
planted in each cylinder. These trees with 
scion shoots 5 to 6 inches long were grown 
in 1-gallon cans containing soil that had 
been steam-pasteurized. 

All trees received similar irrigation the 
first year. In 1962, treatments were 
started with irrigation levels of 9 and 
60 centibars, as follows: (A) nematode- 
free soil irrigated when the soil suction 
reached 9 centibars at the 18-inch soil 
depth; (B) nematode-free soils irrigated 
when the soil suction reached 60 centi- 
bars at the 18-inch soil depth; (C) 
nematode-infected soil irrigated when the 
soil suction reached 9 centibars at the 
18-inch soil depth; (D) nematode- 
infected soil irrigated when the soil SUC- 

tion reached 60 centihars at the 18-inch 
soil depth. 

Wet, dry, soils 
Soils irrigated when the soil suction 

reached 9 centibars are referred to as 
wet soils," and soils irrigated when the 

soil suction reached 60 centibars are 
referred to as "dry soils." Before the 
experiment ended on November 11,1963, 
30 five-month-old terminal leaves per 
tree, or 60 leaves per cylinder, were col- 
lected. Two grams of roots were sampled 
at three depths (0 to 15 inches; 15 to 30 
inches; and 30 to 40 inches) for nema- 
tode determination. Fifty grams of fresh 
feeder-root material also were taken from 
the three above-mentioned depths for the 
determination of nutrient concentrations 
in the roots. Preparation of the samples 
and the methods used to determine the 
nutrients were the same as those used in 
previous tests. 

The second experiment was begun in 
1961 to study citrus nematode effects on 
growth of Frost Nucellar navel orange 
trees and on the concentrations of nutri- 
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ents in the leaves and roots. Soil was pre- 
pared, and young seedlings were infected 
with nematodes as in the first experiment. 
Frost Nucellar navels on Homosassa sweet 
orange were planted in May, 1961. Two 
trees were inoculated with citrus nema- 
tode larvae at the time of planting, and 
the other two remained noninfected dur- 
ing the course of the experiment. Since 
previous research has shown that citrus 
nematodes induce copper (Cu) defi- 
ciency in citrus plants, half of the nema- 
tode-infected plants and half of non- 
infected were sprayed with 2 lbs of 
copper Bordeaux (20.6% metallic Cu) 
per 100 gallons of water to eliminate pos- 
sible Cu deficiency effects on plant 
growth. Thus, four treatments were 
replicated six times. The treatments were 
as follows: (A) no nematodes, no Cu 
sprays; (B) nematodes, no Cu sprays; 
(C) no nematodes, Cu sprayed; (D) 
nematodes, Cu sprayed. 

Just before the experiment ended in 
November, 1963, 30 leaves per plant 
were taken for chemical analysis. Root 
samples were taken at a 15-inch depth. 
Nematode counts on the roots and the 
effects of nematode infection and copper 
sprays on the nutrient concentrations in 
the leaves and roots of Frost Nucellar 
navel orange trees were determined in 
the same manner as those used in the first 
experiment. 

Nematode effects 

The two grams of feeder roots infected 
with citrus nematodes contained 6,684 
nematode larvae as compared with no 
nematode larvae in the analogous sample 
from the noninfected roots. The dry 
weight of 100 g. of fresh root sample 
from the nematode-infected roots was 
significantly lower than a similar sample 
from the noninfected roots (16 g. vs. 19 
g.). The data in table 1 (first experi- 
ment) show that the leaves from three- 
year-old navel citrus trees infected with 
citrus nematodes contained significantly 
lower calcium (Ca) and magnesium 
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Irrigation - 
Navel Orange Leaves, Roots 

Reductions in citrus yields caused by nematode infestation may vary from 10 to 
50%, according to nutritional and environmental conditions-particularly under 
different soil moisture and soil oxygen conditionesince some citrus plants achieve 
apparently normal growth even in the presence of nematodes. These studies indi- 
cate the possibility that differences in soil environmental conditions (texture, pH, 
moisture, diffusion sates, salinity, nutrient availability, and other factors) may 
have more influence on good growth and performance of citrus than nematode 
populations on the roots. 

(Mg) , but higher boron (B) concentra- 
tions than the leaves from non-infected 
trees. Although not significant, there was 
a numerical trend suggesting that the 
leaves from the infected trees contained 
lower potassium (K) and higher Chlorine 
(Cl) concentrations than analogous 
leaves from the noninfected plants. 

In the second experiment, the nema- 
tode-infected, three-year-old Frost Nucel- 
lar navel orange trees produced signifi- 
cantly smaller amounts of top growth 

TABLE 2. EFFECTS OF IRRIGATION TREATMENTS 
ON THE NUTRIENT CONCENTRATIONS IN THE 

NAVEL ORANGE TREES 
LEAVES AND ROOTS OF 3-YEAR-OLD 

~~ 

Nutri- Irrigation levelst 
ents Ma’eria1 9 centibars 60 centibars ‘*” 

N leaves 

P Leaves 

K Leaves 

Ca Leaves 

Mg Leaves 

No Leaves 

CI leaves 

Roots 

Roots 

Roots 

Roots 

Roots 

Roots 

Roots 

Zn Leaves 

Cu Leaves 

Mn Leaves 

8 Leaves 

Fe Leaves 

Roots 

Roots 

Roots 

Roots 

Roots 

Percent ovendried leaves and roots 
2.20 2.26 7 
1.48 1.39 12 
.19 .16 2 
.16 .14 15 

2.28 2.03 6 
2.03 2.03 14 
3.17 3.62* 6 
1.16 1.28 30 

.I8 .20* 2 
S l  .42 25 
.01 .01* 25 
.28 .28 29 
.07 .10 12 
.90 1.08 . 18 

PPM ovendried leaves and roots 
87 86 10 

223 201 46 
10 8 19 
46 46 25 
27 28 7 
444 262+ 48 
103 103 8 
19 19 19 
55 66 22 

1857 2254 20 

t Each value i s  a mean of 16 individual determina- 
tions for nutrient concentrations in leaves and 24 indi- 
vidual determinations for roots. Each value represents 
one-half from the infected plants and another half 
from the nematode non-infected plants. 

C.V. = Coefficient of variability expressed in per cent. 
* = F value significant at the 5% level. 

than the nematode-free citrus trees (356 
g. vs. 533 g.) . The leaves from the nema- 
tode-infected trees contained significantly 
lower K, Ca, and iron (Fe) , but higher 
phosphorus (P) concentrations than the 
leaves from noninfected trees. 

Roots of the citrus trees infected with 
nematodes contained significantly lower 
P, K, C1, and By but higher Cu concen- 
trations than noninfected roots (table 1, 
first experiment) . Although not signifi- 
cantly different, the concentration of 
sodium (Na) in the nematode-infected 
roots was numerically lower than in the 
noninfected roots. Roots of the Frost 
Nucellar navel orange trees (table 1, 
second experiment) that were infected 
with citrus nematodes contained signifi- 
cantly lower K, Nay manganese (Mn), 
and Fe, but higher nitrogen (N) and P 
concentrations than the roots from non- 
infected plants. The nematode-infected 
Frost Nucellar navel orange trees pro- 
duced significantly smaller amounts of 
root growth (662 g. vs. 929 g.) than the 
roots from the citrus nematode-free trees. 

Nematodes did not reduce Cu concen- 
tration in the leaves of the navel orange 
trees in these two experiments. Foliar 
application of copper Bordeaux sprays 
in the second experiment did not affect 
significantly the dry weight of the tops 
or the nutrient concentrations in the 
leaves and roots of the navel orange trees. 
Therefore, the main effects of copper Bor- 
deaux sprays on the nutrient concentra- 
tions and dry weight of plant material 
are not presented in this article. There 
was, however, an increase in Cu concen- 
tration (from 4 to 6 ppm) in the new 
unsprayed leaves which flushed out after 
Cu sprays were applied. 

TABLE 3. EFFECTS OF THE ROOT DEPTH O N  
NUTRIENT CONCENTRATIONS IN THE 

NEMATODE-INFECTED AND NON-INFECTED 
ROOTS OF 3-YEAR-OLD NAVEL ORANGE TREES 

Depths of root sampling in inches 
0 - 1 5  15 - 30 30-40 ‘”. 

Percent oven-dried roots 

N 1.30, 1 .34  1.67,*’ 12 
.13x** 15 P .lay . l a  

2.15 14 K 1.91 2.02 
Ca 1.03, 1.261, 1.37,* .52,** 30 25 
Mg .38* .49xy 

.40z*’ 29 No .14, .3OY 
CI .81, 1.06“ 1.llY** 18 

PPM oven-dried roots 

142,** 46 Zn 355. 139, 
cu 49 49 41 25 

544,** 48 Mn 217, 298, 
8 15. 2 4  23,** 19 
Fe 2216, 219Oy 176OX’* 20 

Subscript letters x, Y. and z after values indicate 
statistical populations. Mean values with different sub- 
script letters are significantly different. Each value i s  
a mean of 16 individual determinations for each depth 
sampled. 
* = F value significant at the 5% level. 

** - - F value significant a t  the 1% level. 

Irrigation effects 
The soil irrigated when the soil suction 

reached 9 centibars at the 18-inch depth 
contained a lower number of citrus nema- 
tode larvae in 2 g. of feeder roots than 
the roots from the soil irrigated when 
the soil suction at the 18-inch depth 
reached 60 centibars (2,320 vs. 4,364 
nematode larvae). The concentrations of 
Ca and Mg were significantly higher in 
the leaves of navel orange trees grown in 
“dry soil” than in “wet soil.” The con- 
centrations of other nutrients in the 
leaves were not significantly different for 
the two irrigation treatments. The roots 
of navel orange trees grown in “dry soil” 
contained significantly lower concentra- 
tions of manganese (Mn) than the roots 
of trees grown in “wet soil.” When the 
soil suction did not exceed 9 centibars, 
iron (Fe) concentration in the leaves and 
roots decreased but not significantly from 
that in the plants irrigated when the soil 
suction reached 60 centibars (table 2) .  

Root depth effects 
The number of citrus nematode larvae 

in 2 g. of feeder roots was reduced with 
the depth of soil. Roots within the first 
15-inch depth contained more nematode 
larvae than the deeper levels of roots 
sampled (0 to 15 inches, 5,806; 15 to 30 
inches, 2,432; 30 to 40 inches, 1,787). 
Concentrations of macro- and micronu- 
trients varied greatly with the depth of 
the roots sampled (table 3) .  The cylin- 
ders did not have drain holes at the 
bottom and soluble nutrients from the 
upper layers of soil apparently moved 
downward with water. Since the surface 
of the soil was covered to reduce evapora- 
tion, the salts did not move upward. More 

C.V. = Coefiicient of variability expressed in per cent. 

C A L I F O R N I A  A G R I C U L T U R E ,  J A N U A R Y ,  1 9 6 6  13 



N, Mg, Na, Cu, and B were found in the 
roots sampled from the 30- and 40-inch 
depths than in the upper layers. Higher 
amounts of P, zinc (Zn),  and Fe were 
found in the roots from the upper layers 
than from the lower. A solution of phos- 
phoric acid was used to drench the soil of 
all of the pots and apparently was fixed 
in the surface soil. 

Previous reports indicated that citrus 
seedling leaves from plants infected with 
citrus nematode contained lower concen- 
trations of Cu and Zn than the leaves 
from noninfected plants. Even though the 
Cu and Zn concentrations are slightly 
affected by nematode infections of the 
plant roots, the concentrations of Cu and 
Zn in the leaves of navel orange trees in 
both experiments were above the defi- 
ciency range and, therefore, had no 
detrimental effect on the growth of the 
plants. 

Copper sprays 
One-half of the nematode-infected 

navel orange trees and one-half of the 
non-infected trees in the second experi- 
ment were sprayed with copper Bordeaux 
to eliminate any possibility that copper 
deficiency may affect the citrus growth. 
The plants did not show any Cu-defi- 
ciency symptoms in the presence or ab- 
sence of nematodes, so the vegetative 
growth did not benefit from Cu foliar ap- 
plications. Therefore, the reduction in 
vegetative growth of navel orange leaves 
and stems of trees infected with nematodes 
was not due to Cu deficiency but directly 
or indirectly to nematode soil infestation. 
A reduction in K and Ca concentrations 
in the leaves due to nematode infection 
occurred in both experiments. There 
again, even though the concentration of 
K was found lower in nematode-infected 
citrus plants, the reduction in dry weight 
of plants apparently was not due to K de- 
ficiency, since the K values in the leaves 
were adequate for optimum growth. The 
results obtained in this experiment dem- 
onstrate that under optirhum soil condi- 
tions the citrus nematode has little effect 
on nutrient concentrations of host plants 
and that severe growth reduction must 
then be related to the quantity and/or 
quality of feeder roots. 

Soil moisture 
The roots from “dry soil” contained 

more nematode larvae than did compa- 
rable samples from the “wet soil.” Ac- 
cording to previous findings, nematode 
reproduction processes are slowed down 
because of lower oxygen availability in 
“wet soils.” Therefore, the smaller num- 
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ber of citrus nematodes found in the ‘‘wt 
soil” may be due to reduced supply c 
oxygen. The increase in Mn concentr: 
tion in the roots of plants grown in ‘‘wf 
soil” is probably due to lower amounts c 
oxygen in these soils. In poorly aerate 
soils, soluble Mn ions are increased du 
to reduction from manganic to the mor 
readily available manganous form. 

Micronutrients 

Root sampling for macro- and micrc 
nutrient determination from cylindei 
that are not provided with drainage i 
very important. The data obtained in thi 
experiment clearly show that solubl 
nutrients were being leached into lowe 
layers of the soil; therefore, the roo1 
from these layers contained higher cor 
centrations of soluble nutrients (table 3) 
The less soluble nutrients like P, K, an 
Zn remained closer to the surface of th 
soil; as a result, roots in the upper laye1 
contained higher concentrations of thes 
nutrients than did roots in the lowe 
layers. Thus, nutrients taken up by th 
feeder roots are not distributed uni 
formly within the root system. Nutrien 
accumulations in the roots may occur i. 
the same manner in fields where hard 
pans exist. Therefore, sampling of root 
under such conditions is of critical im 
portance. Samples should be taken fron 
the same depth. Otherwise, erroneous con 
clusions might be drawn concerning th 
concentrations in roots. 

Charles K .  Labanauskas is Associut 
Horticulturist, Richard C .  Baines i 
Nematologist, and Lewis H .  Stolzy is A$ 
sociate Soil Physicist in the Experinen 
Station, University of California, River 
side. 
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HE CONTINUING SHIFT of market T milk production from a farm-ori- 
ented operation to a factory-type enter- 
prise increases the importance of making 
management decisions based on factors 
other than feed production and family 
labor. Selection, economical purchasing 
and wise use of feeds will always be im- 
portant profit factors, since feeds make up 
more than half the cash cost of dairying 
in California. Labor costs may have a 
major influence on profits in smaller 
herds, but are usually of decreasing im- 
portance as herds become larger and cer- 
tain efficiencies are realized. 

Cost studies 
Cost studies conducted in past years 

have indicated that herd size, production 
levels and the percentage of Class I milk 
usage have often been the most important 
factors in determining profits. These fac- 
tors are interrelated and changes in any 
one will affect the others. Class I usage is 
that portion of market milk sold to the 
consumer as fluid milk, cream and simi- 
lar products. The minimum price for this 
milk is set by the state and is considerably 
higher than the price of milk used for 
manufacturing purposes. Profit is what 
remains after cash costs are paid-and 
all labor, interest on investment, depreci- 
ation and a charge for management have 
been allocated as costs. 

Operation 
In this study the dairy operation is 

considered separately from feed produc- 
tion and the raising of replacement ani- 
mals. Home-produced feed is charged for 
at current market levels. All calves are 
considered sold at market value and re- 
placements purchased at market value. 
The cost of management is figured at 5% 
of total income. These figures are based 
on cost data sheets developed by farm 
advisors in cooperation with dairymen in 
the North Bay production area of Marin 
and Sonoma counties. 

The larger herd obviously has the 




