HortScience 36(1):80-82. 2001.

Temporal Effects of Chemical Weed
Control on Tart Cherry Tree Growth,

Yield, and Leaf Nitrogen Concentration

YahyaK. Al-Hinai! and Teryl R. Roper?
Department of Horticulture, Univer sity of Wi sconsin—Madison, Madison, W 53706

Additional index words. herbicides, paraquat, leaf nitrogen, leaf area, internode, orchard
floor management, damage threshold, weed competition

Abstract. This experiment was conducted to determine temporal weed management
parameters for tart cherry (Prunus cerasus L.) orchards. Annual ryegrass (Lolium
multiflorum L.) and lambsquarter (Chenopodium album L.) wer e planted in tree rows of
a 4-year-old tart cherry orchard. Weeds either were not controlled or controlled with
nonresidual herbicides during the following intervals: all-summer; May, June, July, or
August; preharvest (April-July); or postharvest (lateJuly tofrost). Treesin all-summer,
June, and preharvest weed-free plots had more shoot growth, more nodes, longer
internodes, greater leaf area, and higher concentrations of leaf nitrogen than did thosein
theweedy control and postharvest, July, or August treatments. A larger increasein trunk
circumference was observed in all-summer and preharvest weed-free plots than in
postharvest and weedy plots. Early-summer weed control wasimportant for treevegeta-
tive growth. Tree yield (fruit weight and number) was greater on trees without weed
competition postharvest than in those treated in May, June, July, or in weedy controls.
L ate-season (after late July) weed control isthereforeimportant for fruit yield.

Weedscan causesubstantial yieldlossesin
orchardsasaresult of direct competition with
fruit trees for water and nutrients (McMurtrie
and Wolf, 1983). Weed effects on yield can
also be indirect; weeds may compete for bee
visits, thus reducing fruit pollination (Free,
1968), or may harbor pest populations
(Meagher and Meyer, 1990).
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Several studieson critical timing of herbi-
cide application have been conducted with
specificfruit species. Merwin and Ray (1997)
observed that early-season weed control was
morecritical thanlate-season control for apple
(Malus xdomestica Borkh.) trees. However,
their observations may not apply to cherries
because spur |eaves of apple appear beforethe
flowersopen, sosomecarbohydratesareavail-
able from current-season photosynthesis. The
main obj ectiveof thisproject wastodetermine
the most critical time for weed control in tart
cherry orchards.

Materials and Methods

Theexperiment wasconducted at theUniv.
of Wisconsinr-Madison Peninsular Agricul-
tural Research Station near Sturgeon Bay,
Wis. A 4-year-old tart cherry orchard cv.

Montmorency/Mahaleb, planted in aLongrie
silt loam soil, pH 7, with 4% soil organic
matter, was used for the study. Weed-free
times (WFT) were established for individual
treesduringthefollowingintervals: May, June,
July, or August; preharvest (April-ate July);
postharvest (late July—frost); or all-summer. A
weedy control served for comparison. The
experimental design was completely random
with eight single tree replications per treat-
ment.

In early May 1998, annua ryegrass and
common lambsquarter were seeded inthetree
rows. The area around individual trees was
kept vegetation-free during the appropriate
period with the nonresidual postemergent
herbicide paraquat (1,1 -dimethyl-4,4"-
bipyridinium ion), applied at 0.5 kg-ha™* with
asurfactant (B1956 at 156 pL-L™). When the
vegetation-free time had expired, annual
ryegrass was seeded into the plots to provide
competition for the trees. Irrigation was ap-
pliedthroughout theorchard by asingletrickle
line adjacent to trees along each row, provid-
ing 3.8 L-ht (65 L/week). Trees were fertil-
ized annually in April, by broadcast applica-
tion of ammonium nitrate at a rate of 118 g
total N/treein 1998 and 158 g total N/treein
1999. Treatmentswererepeated in 1999 using
thesametreesasin 1998. During the 2 yearsof
study, |leaf sampleswerecollected each month
fortissueN analysis. Total shoot growth mea-
surements were taken on 10 randomly se-
lected shoots about shoulder height in early
Aug. 1998 to measure tree growth and vigor.
In early July 1999, four shoots per tree were
collected to measure shoot length, number of
nodes, internode length, and leaf area per
shoot. All fruits from each tree were counted
and weighed at harvest in late July 1999.
Trunk circumference was measured in Fall
1999.

Dataweresubjectedtoanalysisof variance
and means were separated by Duncan’s mul-
tiplerangetest when Fvaluesweresignificant.

Results

Leaf N wasgenerally higherin1998for the
weed-free and preharvest (April-date July)

Table 1. Effect of timing of weed control and date of sampling on N concentration (percent dry weight) of tart cherry leavesin 1998 and 1999 at Sturgeon Bay,

Wis. (n=8).
Treatment
Date Weed-free
of sampling al summer Weedy May June July August Preharvest Postharvest Significance
1998
2 June 316& 3.13ab 31lab 297ab 3.01lab 293b 3.13ab 293b NS
1 duly 357a 250d 3.08¢c 3.31hbc 2.45d 251d 34lab 2.40d *kk
30 July 349a 2.60c 292b 310b 3.00b 254c 35la 253¢ *rk
31Aug 287a 2.28d 2.25d 2.46 be 253b 2.32d 28la 2.37cd ok
1 Oct 267a 214 cd 2.13d 221lcd 2.23cd 2.24cd 252b 2.26¢ *rk
1999
1 June 4.19a 3.75bd 4.058b 345d 347cd 3.79bc 3.76 b—d 417 a *kk
1 July 38la 2.88¢c 3.37b 3.33b 2.73c 297c 345b 293¢ *rk
2 Aug. 3.03a 2.40de 234e 251 cd 2.78b 26lc 3.09a 249 cd ok
1 Sept. 2.88a 230e 2.53cd 230e 2.48de 2.66 b—d 2.87ab 273a<C *rk
1 Oct 273a 2.07d 215cd 2.10d 223c 247b 250b 250b *kk

“Mean separation within rows and years by Duncan’s multiple range test, P < 0.05.
v ***Nonsignificant or significant at P < 0.001, respectively.



WEFT than for the weedy controls or posthar-
vest (late July—frost) and August WFT (Table
1). During 1999, trees kept weed-free the
entire growing season had the highest N con-
centration in their leavesin July, August, and
October. In July 1999 postharvest, July and
August WFT and weedy plotshad lower leaf N
concentrationsthandid preharvest, May, June,
or al-summer WFT plots. Generally, thecon-
centration of leaf N washigherin 1999 thanin
1998. Also, samplingdatehad ahighly signifi-
cant effect on leaf N concentration (Table 2).
As would be expected, leaf N was higher in
May and June than in August, September, or
October.

Shoot length during 1998 and 1999 was
greater on trees with all-summer, June, and
preharvest WFT thanin theweedy control and
postharvest, July, or August WFT trees(Table
3). In 1998, May WFT trees grew more than
did July, August, or postharvest WFT trees.
Shoots on treeswith no weed competition all-
summer, May, June, and preharvest had more
nodesthan did July and postharvest WFT trees
and weedy controls (Table 3). All-summer,
May, June, or preharvest WFT treeshad longer
internodes than did all other WFT trees or the
weedy control in 1998 (Table 3), but in 1999
no differences between treatments were sig-
nificant.

Leaf areaand |eaf dry matter were greater
inall-season, preharvest, May, and Juneweed-
free plots than in weedy controls or late-sea
sontreatments(Table 3). Leaf areawasa most
50% less on treeswith noweed control thanin
July weed-free trees (Table 3).

All-summer, June, and preharvest WFT
trees had greater leaf area per shoot than did
theweedy controls, July, and postharvest WFT
trees; May and August WFT treeswereinter-
mediate (Table 3). Specific leaf weight was
not affected by treatment (data not shown).
All-summer and preharvest WFT produced
larger increases in trunk circumference than
did all other treatments. Trunk circumference
increase in control plots was half that in plots
in which weeds were controlled during the
entire growing season.

Fruit yield and fruit number per tree at
harvest in 1999 were greater with no weed
competition postharvest thanwithweedy, May,
June, and July WFT (Table4). Therewere no
differences in fruit yield among weed-free,
preharvest, postharvest, and August WFT trees.
Individual fruitweight ontreesthat wereweed-
free during May, August, and postharvest
tended to be greater than on those that were
weed-free only in June, July, preharvest, or
all-summer WFT.

Discussion

Our results show the effect of early-sum-
mer weed competitiononthevegetativegrowth
of tart cherry trees. During 1998, |eaf nitrogen
concentration was higher in trees kept weed-
free early in the growing season (preharvest)
or al season than in those with late-season
WFT (July, August, or postharvest) or on the
full-season weedy control. Merwin and Ray
(1997) reported asimilar trend for appletrees.

Table2. Analysisof variancefor tart cherry leaf N concentration (percent dry weight) during 1998 and 1999
asinfluenced by timing of weed control (Treatment), year of growth (Y ear), date of sampling (Date),

and their interactions (n = 8).

Source df Sum of squares Mean squares Fvalue Pr>F
Year 1 5.258 5.258 115.80 <0.0001
Treatment 7 27.449 3.921 86.36 <0.0001
Year x treatment 7 4.284 0.612 13.48 <0.0001
Date 4 96.873 24.218 533.34 <0.0001
Year x date 4 20.287 5.072 111.69 <0.0001
Treatment x date 28 16.79 0.6 1321 <0.0001
Year x treatment x date 28 2.057 0.073 1.62 0.025
Error 560 25.429 2.189

Corrected total 639 198.428 0.045

Table 3. Growth responses of tart cherry treesto timing of weed control during 1998 and 1999 at Sturgeon

Bay, Wis. (n=8).

Shoot Internode Leaf area/ Trunk

length Nodes length shoot circumference
Treatment (cm) (no.) (mm) (cm?) increase (mm)

1998
Weed-free 48.8 ab» 245a 199a -y -y
Weedy 246¢c 155c 154c
May 42.1b 20.8b 199a
June 51.3a 248a 20.7a
July 30.6¢c 17.3c¢c 17.7b ---
August 30.2c 17.1c 17.3b -
Preharvest 49.0ab 244a 199a ---
Postharvest 256¢ 159c 18.3bc
S'gnlflcance kkkZ *kk *kk
1999

Weed-free 358a 19a 189a 430.8 ab 40.8a
Weedy 28.5hbc 164b 173a< 331.6cd 204c
May 31.8ab 185a 17.2a<c 406.5 a—c 289b
June 359a 19.3a 18.7 &b 466.9 a 28.1b
July 241c 141c 17.0bc 261.5d 29.6b
August 29.3b 17.78b 16.7¢c 362.9 bc 26.3 bc
Preharvest 354a 19.0a 18.6 ab 441.6 ab 36.6a
Postharvest 30.2b 164b 183a< 336.9 cd 23.7bc
S|gn|f|cance * k% *kk NS *kk *kk

“Mean separation within columns and years by Duncan’s multiple range test.

YData not recorded.

" **Nonsignificant or significant at P < 0.001, respectively.

Although all trees in our study received the
sameamount of N fertilizer, leaf N concentra-
tion recovered in trees with July WFT, sug-
gesting that even midsummer weed control
canimproveleaf N concentrationintart cherry.
In 1999, leaf N washigher in July, August, and
October when weeds were controlled during
the entire growing season. August data indi-
cated that trees with preharvest (May—late
July) WFT aso had higher leaf N concentra-
tions. This suggests that weeds were success-
fully competing for N early in the growing
season. Treatment X year interaction was sig-
nificant, indicating that leaf N concentration
had increased over time, perhaps due to weed
control the previous year or because the trees
grew more during 1999, allowing them to be
more efficient in N uptake. Also, date x treat-
ment interaction was significant, suggesting
that leaf N concentrations were not constant
throughout the season. Higher leaf N concen-
tration wasfound early in the growing season,
when stored reserves were just beginning to
be used by early growth and fruit develop-
ment.

Controllingweedsall seasonor early inthe
seasonincreased treegrowth. Itoh et al. (1997)
observed the same for peach [Prunus persica

Table 4. Fruit yield and fruit number of tart cherry
treesduring 1999 in relation to weed-free times
during 1998 and 1999 and Sturgeon Bay, Wis. (n

=8).
Individual

Fruitwt  Fruitno.  fruitwt
Treatment (kg/tree)  (no.tree)  (g/fruit)
Weed-free 52a<c* 1248ab 4.2 bc
Weedy 39hbc 893 b 43 ac
May 3.8bc 867 b 44a
June 4.2 bc 984 b 4.1c
July 37c 909 b 41c
August 53ab 1220 ab 44a
Preharvest 50a<c 1190ab 4.2 bc
Postharvest 6.1a 1411a 4.4a
Significance * * *

“M ean separation within columnsby Duncan’ smul-
tiplerange test, P < 0.05
*Significant at P < 0.05.

(L.) Batsch.]. Perhaps growth was lessin our
May WFT plotsthanin JuneWFT plotsduring
1998 because both leaf and fruit growth oc-
curred during May; thus, demand for carbohy-
drates and N would be highest at this time
(Kellerand Loesche, 1989; Roper et al., 1988).

In 1998, treeswith all-summer, preharvest
(April-ate July), May, and June WFT pro-
duced longer internodes, indicating more



growth. Ontheother hand, treesinweedy plots
and those with July, August, and postharvest
WFT had shorter internodes, probably be-
causeof their slower growth. Poll (1973) found
the sametrend in apple, with internode length
being affected by growth rate. In 1999, weed
suppression during the early season increased
leaf area, further indicating that early summer
was the most critical time for weed competi-
tion with vegetative growth.

All-summer and preharvest WFT increased
trunk circumference more than did late sum-
mer or no control. These results indicate that
tart cherry tree growth is influenced at the
critical time of demand for photoassimilates,
perhapsbecauseweed competitionearly inthe
growing season reduces leaf N and concomi-
tantly therateof photosynthesis(Jordan, 1981).

Cherries have only 2 monthsfrom flower-
ing until fruit maturity. Fruit growth, shoot
growth, and flower bud initiation all occur at
the sametime, and competition for substrates
can occur among several sinks. Postharvest
weed control increased yields more than did
May, July, or July WFT, probably because
weedswere controlled during thecritical time
for accumulation of the carbohydrates that
would subsequently be used for flower bud
development. Highyieldswereassociatedwith

greater fruit numbers, not larger size. Roper et
al. (1988) showed that carbohydrate reserves
drop in woody tissues prior to harvest. They
concluded that the period between harvest and
leaf fall is the critical time for carbohydrate
accumulation to support early spring growth
the following year. Because they open before
the leaves, cherry flowers are entirely depen-
dent on stored reserves for flower and early
fruitdevelopment. Keller and L oescher (1989)
stated that, for bud burst and initial growth,
cherry trees rely heavily on stored reserves
fromthe previousyear. We obtained the same
results during the second year of this study,
indicating that controlling weeds late in the
growing season probably affects yield the
following year. May, August, and postharvest
WEFT trees had higher individual fruit weight
than did all-summer, June, July, and
preharvest WFT trees, probably for the same
reasons.

In conclusion, this research shows that
early-summer weed control in tart cherriesis
more important than late-summer control for
vegetative growth, whereas | ate-season weed
control isimportant for fruit yield the follow-
ingyear. Thus, growerswould bewell advised
to manage weedsthroughout thegrowing sea-
son.
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