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ABSTRACT In greenhouse studies, four nitrogen (N) rates were applied to potted grape 
plants. Foliar N increased significantly as applied N increased, and there were significant 
differences in N content between leaves taken from lower, middle, and upper node locations 
on the vines. In leaf cages, Tetranychus pacijcus (McGregor) responded to increasing foliar 
N with significantly ( P  0.05) increased fecundity and shorter immature developmental 
time only during the second year of the study. There appeared to be no relationship between 
foliar N and immature survivorship, ovipositional duration, or female longevity. 
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THE PACIFIC SPIDER MITE, Tetran ychus pacificus 
(McGregor), occurs in western United States and 
Canada and is a serious pest of a range of crops 
(Lamiman 1935, Pritchard & Baker 1952). Nu- 
merous studies using T .  urticae and other spider 
mite species have shown that increases in mite pop- 
ulations have been commonly associated with in- 
creasing nitrogen (N) fertilization. Mellors & Propts 
(1983) reported greater infestations of T .  urticae 
on radish plants fertilized with a high ratio of N 
to P and K. Likewise, Wermelinger et al. (1985) 
found that higher rates of N resulted in a shorter 
developmental time and higher fecundity for T .  
urticae on apple leaf disks. Positive correlations 
between nitrogen and population increase of 
Tetran ychus spp., typically through increased fe- 
cundity, have been noted. A summary of published 
work is provided by van de Vrie et al. (1972). 

Our study was conducted to measure the effect 
of leaf nitrogen content, resulting from differential 
fertilization rates, on population parameters of T .  
pacificus on Thompson Seedless grapes, the main 
grape variety grown in California and on which 
T .  pacificus is a serious pest (Flaherty & Huffaker 
1970). The factors examined were immature de- 
velopmental time, immature survivorship, female 
longevity, length of oviposition period, and fecun- 
dity. The effect of leaf position on these parameters 
was also examined. 

Materials and Methods 

Plants and Culture. The study was conducted 
during the summers of 1985 and 1986 in a green- 
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house on the University of California campus at 
Davis. Grape hardwood cuttings, cv. Thompson 
Seedless, were planted in 3.8-liter plastic pots in 
1985. In 1986, rooted hardwood cuttings were used 
and planted in 11.3-liter pots. Plants were irrigated 
to soil saturation with deionized water when the 
top 2 cm of soil felt dry to the touch, typically 
every 3-5 d. Plants were supported with wooden 
stakes 90 cm long and 2.5 cm in diameter. The 
planting soil mix consisted of 1 part organic peat, 
1 part vermiculite, 2 parts sandy loam soil, and 2 
parts washed plasterer's sand. 

Phosphate and potassium were supplied to all 
vines through the application of Liquinox (10% 
available P,05, 10% soluble K,O; Liquinox Com- 
pany, Orange, Calif.) at a rate of 2.4 ml per plant 
in 600 mi water at 2-wk intervals throughout the 
study. 

Nitrogen Treatments. Nitrogen applications at 
rates of 0.0, 2.0, 4.5, and 9.0 g per pot in the form 
of ammonium sulfate (21% N) were started 6 wk 
after planting and were repeated at 3-wk intervals. 
After 6 wk, the 0.0-g treatment was increased to 
1.0 g to avoid plant loss. Five replicates of each 
rate were used in 1985 and four replicates of each 
rate in 1986. The replicates were arranged in ran- 
domized complete blocks with an east-west ori- 
entation within the greenhouse. Two weeks after 
the initiation of the spider mite cage study de- 
scribed below, a leaf adjacent to each cage was 
picked and analyzed to determine nitrogen con- 
tent. Each leaf was dried for a minimum of 4 d at 
78"C, ground through a mesh screen (64 openings/ 
cm'), and a sample was analyzed using an auto- 
mated conductimetric method which determines 
ammonia concentration (Carlson 1978). The per- 
centage of N in the leaf tissue samples was sub- 
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Mean percentage of nitrogen (N) in leaves 
from grape plants at three leaf positions and four nitro- 
gen application rates. Bars with the same letter are not 
different (Duncan's multiple range test, P < 0.05; Dun- 
can [1955]). Years analyzed separately. Each bar rep- 
resents a mean of five leaves (1985) or four leaves (1986). 
Greenhouse experiments, Davis, Calif. Narrow bars in- 
dicate standard deviations. 

LEAF POSITION 

Fig. 1. 

sequently estimated based on the dissolved am- 
monia. A second leaf sample was analyzed at the 
conclusion of the cage study. 

Pacific Mite Placement. When vines averaged 
90 cm in length, small plastic cages were secured 
to leaves. Three cages were placed on each vine: 
one cage on the leaf nearest the base (typically the 
second node), one cage on the leaf nearest the ter- 
minal (node 15 or 16), and one cage midway be- 
tween the other two (node 8 or 9). The cages used 
in this study were of a design by Hughes et al. 
(1966) but modified by R. A. Hanna, L. I. Wilson 
& D. L. Flaherty (unpublished data). Cages were 
cylindrical, 2 cm high and 4 cm in diameter, with 
three straight pins (0.5 mm diameter) protruding 
1 cm from the bottom. The cage was placed on the 
underside of the leaf, allowing the pins to pierce 

the leaf and seat into a thin piece of cork placed 
above the leaf. A pliable rubber adhesive, Caulking 
Cord Weatherstrip (Macklanburg-Duncan, Okla- 
homa City, Okla.), was used to seal the contact area 
of the cage with the leaf surface to prevent the 
mites from escaping. A cap with an organdy-cov- 
ered window was snapped over the top of each 
cage. In total, mites were reared in 60 cages in 
1985 and 48 cages in 1986. Mites were field-col- 
lected from cotton (1985) and almonds (1986) and 
reared on beans for 3 mo before the initiation of 
the study. 

Each cage was initially infested with a single 
adult female and male mite. If, after 24 h in the 
cage, the female oviposited fewer than four eggs, 
these eggs were destroyed, and the female was 
replaced with a different female for the next 24-h 
period. If the second female produced fewer than 
four eggs, these eggs were used. Following the sec- 
ond 24-h period, the adult mites and all but four 
eggs (or rarely fewer) were removed. The remain- 
ing eggs were allowed to develop. 

Observations on Mite Development and Sur- 
vival. The cage study permitted us to estimate im- 
mature developmental time, immature survivor- 
ship, fecundity, length of oviposition period, and 
adult female longevity of Pacific mites reared with 
the various leaf nitrogen levels and leaf positions. 

Each day, developmental stage and survival of 
the mites in each cage were recorded. Upon reach- 
ing maturity, all but the last female and male were 
removed from each cage. In cages that lacked either 
a female or male, an adult of the opposite sex was 
introduced from a cage that had extra adults in the 
same treatment. Subsequently, eggs were counted 
and destroyed every 48 h until all females had died. 
Occasionally, active larvae or protonymphs that 
had escaped detection as eggs were observed in the 
cages. These were added to the previous egg count 
and destroyed. 

The mean duration of the immature period, the 
ovipositional period, and the adult female lifespan 
were estimated in degree-days (DD) (> 12.17"C) 
for each treatment. The threshold temperature was 
extrapolated from developmental data reported by 
Carey (1980). Temperatures were recorded on a 
centrally placed thermograph. Degree-days were 
approximated from minimum and maximum daily 
temperatures using the single-sine approximation 
of Baskerville & Emin (1968). 

Immature developmental time was calculated as 
the average number of DD for the mites in each 
cage. The adult female ovipositional period ex- 
tended from the first to the last day that an egg 
was observed in the cage, whereas adult longevity 
was estimated as the mean elapsed DD from adult 
eclosion to death. In cages where no shriveled adult 
corpse was found (about 25%), the time of death 
was assumed to be 48 h after the last live sighting. 

Data were analyzed using Duncan's multiple 
range test (Duncan 1955) after analysis of variance, 
and linear regression analysis (SAS Institute 1985). 
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Table 1. Effect of leaf position on leaf nitrogen content, immature development (DD > 12.17"C), and adult 
oviposition and longevity of Pacific mite; 1985- 1986 greenhouse studies, Davis, Calif. 

immature development 

Leaf Mean % Proportion Oviposition. Longevity, 
posit ion nitrogen Mean DD survival mean DD Mean eees mean DD 

1985 
0.65 266.5 (154.3) 43.3 (30.4) 294.2 (163.3) Lower 2.9 (6.3)a 162.9 (18.9) 

Middle 3.2 (6.3)b 169.1 (8.7) 0.44 206.9 (120.1) 32.8 (24.5) 250.3 (148.3) 
Upper 4.2 ( 5 . 2 ) ~  165.3 (11.6) 0.49 243.7 (121.4) 33.2 (16.5) 274.3 (132.8) 

Lower 2.4 (3.8)a 153.3 (11.6)a 0.62 156.5 (82.7) 18.3 (14.3) 181.2 (91.3) 
Middle 2.8 (5.l)b 155.4 (17.6)a 0.44 203.9 (105.1) 27.5 (19.8) 236.6 (111.9) 
Upper 3.4 ( 7 . 6 ) ~  139.1 (9.l)b 0.56 206.5 (93.7) 28.6 (16.0) 245.1 (93.7) 

1986 

Values in parentheses are standard deviations. Values followed by the same letter are not significantly different (Duncan's multiple 
range test, P < 0.05; SAS Institute [1985]). Absence of letters indicates no significant difference. Years analyzed separately, n = 20 
per leaf position for 1985, 16 per leaf position for 1986. 

Table 2 .  Leaf tissue nitrogen in relation to immature development (DD > 12.17"C), adult oviposition, and longevity 
of Pacific mite; 1985- 1986 greenhouse studies, Davis, Calif. 

immature development 

Mean 9% No. Proportion Oviposition, Longevity, 
nitrogen cages Mean DD survival mean DD Mean eggs mean DD 

1985 
2.4 (1.2) 12 163.1 (13.5) 0.67 236.5 (115.3) 38.3 (20.3) 287.5 (166.4) 
3.0 (0.2) 8 160.7 (14.5) 0.59 281.2 (162.5) 49.8 (32.4) 309.1 (164.5) 
3.6 (0.2) 17 172.2 (7.2) 0.40 197.3 (72.9) 30.1 (16.5) 229.1 (71.7) 
4.1 (0.2) 9 172.3 (17.1) 0.47 203.1 (145.9) 27.0 (21.7) 238.0 (145.6) 
4.8 (2.4) 13 158.8 (10.5) 0.38 249.7 (128.7) 26.7 (12.9) 273.5 (157.0) 

1986 
2.0 (0.1) 5 169.9 (12.4)a 0.55 125.4 (37.8) 9.4 (6.5)a 147.5 (22.7) 
2.4 (0.2) 16 153.4 (11.4)ab 0.46 216.5 (92.4) 24.8 (15.5)ab 247.7 (97.2) 
2.9 (0.1) 13 151.6 (18.5)ab 0.54 167.6 (139.6) 23.6 (20.7)ab 197.8 (150.3) 
3.5 (0.1) 7 140.2 (8.l)bc 0.60 194.9 (15.6) 27.9 (14.9)b 235.8 (23.5) 
4.2 (0.2) 6 135.0 ( 8 . 6 ) ~  0.65 204.7 (38.8) 36.0 (15.5)b 239.6 (35.7) 

Values in parentheses are standard deviations. Values followed by the same letter are not significantly different (Duncan's multiple 
range test, P < 0.05; SAS Institute [1985]). Absence of letters indicates no significant difference. Years analyzed separately, 

Results and Discussion 

Nitrogen Content of Leaves in Relation to Ap- 
plied Nitrogen. The nitrogen content of leaves ad- 
jacent to cages ranged from 1.8 to 5.3% of dry 
weight. There were significant differences in ni- 
trogen content of leaves among the different fer- 
tilization rates and leaf positions (for 1985 and 1986 
data, P < 0.05) (Fig. 1). The nitrogen concentration 
generally increased as the rate of nitrogen appli- 
cation increased. Due to its timeliness to the cage 
study, only the results of the first N analysis are 
presented, although the second N analysis followed 
a similar trend. Within each of the four nitrogen 
application rates, the upper leaf position consis- 
tently contained the highest amount of nitrogen 
and the lower position contained the least nitrogen 
(Table 1). 

Pacific Mite Development. There were signifi- 
cant ( P  < 0.05) differences in immature develop- 
mental time, adult fecundity, longevity, and length 
of the oviposition period between the 2 yr. Typi- 

cally, immature developmental time was shorter, 
and fecundity, longevity, and the length of the 
oviposition period greater in 1985. These differ- 
ences may have been caused by the higher tem- 
peratures that occurred during that year. This would 
support the observations of Mellors & Propts (1983) 
that larger T .  urticue populations resulted from 2 
to 4°C higher minimum and maximum tempera- 
tures. Our mean daily min/max temperatures dur- 
ing 1985 were 17.8/38.4"C, and during 1986,15.6/ 
36.7"C. 

Differences in immature survivorship, adult fe- 
cundity, and adult longevity in both years were 
not significantly affected by leaf position. Only the 
rate of immature development in 1986 was signif- 
icantly affected by leaf position. 

Nitrogen Leaf Content and Mite Development. 
To assess the impact of leaf nitrogen content on 
mite development, leaves were grouped into six 
categories. Leaves with less than 2.0% N comprised 
the first category. The range of the next four cat- 
egories was 2.0-4.5% N at 0.6% increments. The 
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Fig. 2. Mean mite-days of cage occupation during 
immature development in relation to immature devel- 
opmental time (P < 0.05; rz  = 0.92). 1985-1986 green- 
house experiments, Davis, Calif. 

last category was comprised of leaves with greater 
than 4.5% N. Table 2 gives the number of leaves 
(cages), mean nitrogen content, and mean value 
for each mite life-table parameter for each cate- 
gory. In 1985, there were no leaves with less than 
2.0% N, and in 1986 there were no leaves with 
greater than 4.5% N. 

In 1986, immature developmental time de- 
creased ( P  < 0.05) as leaf nitrogen increased (Table 
2). There was also a significant ( P  -= 0.05) increase 
in adult fecundity as leaf nitrogen increased. Nei- 
ther adult longevity, immature survivorship, nor 
oviposition duration appeared to be influenced by 
leaf nitrogen content. The lack of a nitrogen re- 
sponse during the first year of our study was puz- 
zling, although not without literature support. For 
example, Putnam (1964) reported no association 
between leaf nitrogen level and fecundity or rate 
of development of European red mite, Panonychus 
ulmi (Koch) on peach (also see van de Vrie et al. 
1972). Leigh (1963) has observed that cotton grown 
in nitrogen-deficient soil frequently demonstrates 
more severe spider mite injury than plants in ad- 
jacent plots receiving adequate or excessive nitro- 
gen. Leigh suggests that nitrogen-deficient plant 
growth may result in lower humidity and higher 
temperatures within the plant canopy which are 
more favorable to spider mites. T .  pacificus may, 
in particular, be favored by these conditions. In 
laboratory studies, Andres (1957) found high tem- 
peratures more favorable to this species than to T. 
urticae. 

Various studies using living plants, such as those 
of Storms (1969) with apple and Rodriguez et al. 
(1970) with strawberry, have indicated that mite 
populations respond to higher foliar nitrogen, typ- 
ically by increased fecundity. In leaf disk studies, 

Wermelinger et al. (1985) reported a similar re- 
sponse with T .  urticae. 

Mite-Days Exposure and Mite Development. In 
studies using detached leaf disks, Wrensch & Young 
(1978) showed that developmental rates and im- 
mature survivorship of T .  cinnabarinus (Boisduval) 
were retarded at higher densities. To determine if 
the duration of cage occupation by mites was af- 
fecting their development, a mite-days of occu- 
pation value was calculated for each cage by to- 
talling the number of mite-days the cage was 
occupied by immature mites (excluding occupa- 
tion by eggs). The data from the cages were grouped 
into categories based on the mite-day values as 
follows: cages that were occupied less than 10 mite- 
days for category 1, cages occupied from 10 to 50 
mite-days by increments of 10 for categories 2 
through 5, and cages occupied over 50 mite-days 
for category 6. The two years were combined. The 
means of each mite parameter and its respective 
mite-day values were calculated. Means for im- 
mature development, survivorship, fecundity, lon- 
gevity, and oviposition duration were regressed 
against their respective mite-day values. 

There was a significant negative correlation be- 
tween immature development (y) and mite-days 
of cage occupation ( P  < 0.05; r2 = 0.92) (Fig. 2): 

y = 183.03 - 1.3928~ + 0.013726~’. 

This analysis indicates that faster immature de- 
velopment may be associated with higher densities 
or longer duration or both of occupation, just the 
opposite of what was found by Wrensch & Young 
(1978). The difference between our results and theirs 
may be attributed to their highest de1lsii-r treat- 
ment being considerably higher than ours (four 
mites per leaf). Wrensch & Young (1978) also used 
leaf disks that were not attached to thc hnat olant, 
subjecting the mites to a greater degree 01 stress. 
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