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Orchard Management for Navel Orangeworm Control 

by Charles E. Curtis 
USDA, ARS 
Fresno, California 

A grower should first determine whether or not he has a problem that warrants 
spending money on navel orangeworm - control. He should look at his grade sheets for 
the last 3-5 years. For each year, he should add up the reject pounds for all 
varieties and mulitply by an appropriate value per pound, add to this 20% of the 
value of the rejects to give an idea of what was removed at the huller and never 
showed up on the grade sheets, and add to these figures the values for the handler's 
service charges for excess rejects. The total for all of these values should then be 
divided by the total number of acres to find out what the grower has to work with. 

One of the main things for a grower to remember is that no one thing is likely 
to control navel orangeworm. A grower must have a clean orchard and adequate peach 
twig borer control and a timely harvest. If a grower has had a real problem with 
navel orangeworm 4&d his individu~economic situation warrants its, he may want to 
consider a Guthio~ spray or Sevin sprays. However, a dirty orchard may cancel much 
of the potential benefit from sprays. Also, a late harvest may cancel much of the 
potential ~enefit from sprays or orchard cleanup. 

Orchard sanitation means removal of mummy nuts from the almond trees during 
foggy weather or misting rain in November, December and January by hand poling or 
mechanical trunk shakers. This will cost between $10-30 per acre depending on whether 
or not a grower is doing his own work and also on the size of the trees. When foggy 
and damp conditions are limited in your area or in a given year, night shaking may 
prove useful for maximizing the number of hours of damp conditions. The removal of 
mummy nuts will concentrate bird activity on the few remaining nuts resulting in a 
thorough cleanup job. 

A dormant spray for peach twig borer is essential to good orchard management. 
These insects can cause much direct damage to nuts as well as increase the possibilities 
for navel orangeworm damage to almonds. A grower should treat all of his acreage 
every year with a phosphate insecticide in his dormant spray. A dormant spray is 
the least disruptive of any of the possible sprays as far as destroying beneficial 
insects. 

Early and rapid harvest - getting almonds off the trees and into the huller as 
early and as quickly as possible - is extremely important. One does not want to 
damage his trees by shaking them too soon after an irrigation, and one does not want 
to knock so early that he leaves excessive numbers of nuts on the trees losing crop 
value and leaving overwintering sites for the navel orangeworm. However, a grower does 
not need to wait until every nut on the tree is thoroughly dry. Many nuts within 
the tree canopy may still have green-open -hulls but may come off the tree quite 
easily. A grower should check his trees in various blocks in his orchards daily to 
determine when to start knocking. The almonds should be picked up and hulled as soon 
as possible to prevent further damage to the almonds and to prevent navel orangeworm 
moths from emerging from the knocked nuts to reinfest other varieties still on the 
trees. Use of a dryer can cut damage by speeding up the harvest. If the nuts are to be 
held a few days before hulling, in-hull fumigation should be used to stop insect damage. 

More complete information on the economics and mechanics of these operations may 
be found in the following publieations: 1) Almond Facts 41(6):4-8 (November/December 
1976), "Economics of NOW Control and Emp]ementing Orchard Cleanup," 2) "Better Almond 
Production" (Green cover) published by the Almond Board of CA, June 1977, 3) Almond 
Facts 42(1):5-11 (January/February 1977), "Drying Can Make the Difference." 



Table 1.-- % Total Rejects and NOW Rejects (in parentheses) ~~..- Ch,'c.o 

Block No. Variety 1972 1973 1974 

1 Np 19.04 (17.37) 5.57 (4.05) 

Ne 9.B5 ( ,9.37) 6.03 (5.02) 

Dr 18.74 (18.27) 14.65 (13.47) 

4 Np 20.52 (19.37) 6.77 (5.24) 

Ne 7.06 ( 5.56) 5.60 (4.12) 

Mi 1. 31 ( 0.66) 0.11 (0.06) 

3 Np 16.22 (14.36) 5.91 (3.90) 

Ne 7:18 ( 6.67) 3.67 (2.69) 

Mi 1.87 ( 0.93) 0.39 (0.20) 

5 Np 18.07 (16.93) 4.89 (3.72) 

Ne 7: 09 ( 5. 72) 2.94 (1. 71) 

Mi 0.41 ( 0.20) 0.28 (0. 14) 

a NOW reject data not yet available, total reject data 

is grower~ oWn data transmitted by letter. 
b 

Cleaned by grower with his own trunk shaker 

c Partially cleaned 

7.29 

7.92 

16.34 

9.99 

7.60 

1. 31 

11.30 

7.92 

2.18 

13.84 

7.92 

2.16 

d Two Sevin sprays, 7/24 & 8/4 in 1976, 8/1 & 8/11 in 1977 

e Cleaned plus one Sevin~spray on 7/29 

f Cleaned plus two SevindPsprays on 8/1 & 8/11 . 

( 6.85) 

( 6.51) 

(15.91) 

C 9~39) 

( 6.06) 

( 0 .. 66) 

(10.77) 

( 6.46) 

( 1. 09) 

(l3.35) 

( 5.90) 

( 1. 08) 

1975 

3.38 (3.0B)b 6.13 

2.92 (1.95)b 3.94 

21. 51 (21.50" 12.1B 

3.31 (2.94)b 4.76 

3.54 (2.95)11 3.94 

0.41 (0.20)b 0.60 

6.67 (5.98)c 7.06 

3.82 (1.9/.) 
b 

3.93 

0.84 (0.42) 0.59 

8.27 (7.86)c 7.19 

3.86 (2.94)6 3.97 

0.83 (0.41) 0.59 

( 

1976 1977a 

(5.9B)c.L 4.50 c.I. 

(3.29)~ 2. 12 d. 

(12.1B)" 2. 15 of 

(4.51)e 4.80 cl 

(3.29)e 1. 59 .A 

(0.30)'! 

(7.04/ 6. 10 d-

(3.29)d 1.59 J. 

(0. 30) ~ 

(6.77)J 5.80 d. 

(3.29)d. 1. 59 
~ 

(0.30/ 
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Table 2.-- Removal of mummy almonds by dormant tree shaking of trees 
artificially wet with water. 

Merced Variety 

Morning Shaking Mternoon Shaking 

No. of Nuts % No. of Nuts 

Before After Removal Before After 

Water 349 11 97 242 11 

Water + oil 527 29 94 704 79 

Water + surfactant 395 22 94 467 30 

No spray (check) 193 14 93 232 32 

Nonpareil Variety 

Water 337 32 91 252 9 

Water + Oil 418 6 99 359 13 

Water + surfactant 323 14 96 158 4 

No spray (check) 126 4 97 122 4 

% 

Removal 

95 

89 

94 

86 

96 

96 

97 

97 
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Orchard Sanitation TABLE 3 
Comparisons of 1975-1976-1977-crop data for cleaned and nonc1eaned orchards in 
Famoso (corporation orchard) and Ballico (61 growers in a 12-square mile area). 

BALLICO FAMOSO 
Test** Check* Test Check* 

1975 1976 1977 1975 1976 1977: : 1975 1976 1977 1975 1976 

Mummy Nuts Per Tree 

Nep1us < 1 4 2 16 21 22: : 

Jordano10 2 4 3 13 18 17: : 

Nonpareil 2 8 4 22 25 33: : 30** 74* 20** 268 317 
· . 

Merced 3 13 9 34 48 50: : 11** 32* 19** 116 74 
· . 

Thompson 3 9 17 21 65 34: : 

Drake 18 20 5 275 332 178: : 

Davey 17 88 44 302 412: : 163~* 643* 315** 723 993 

Mission 33* 27 11 49 79 81: : 248* 227* 63** 245 291 

* Not cleaned. 

**Cleaned 
· . 

B1ack1ight Trap Catches 
Cumulative: 

Average 295 1280 927 1750 2525 2301: : 3060 4240 1989 6030 6030 

Peak Heek 80 295 276 450 630 825: : 800 1190 3q~ 1100 1550 

Total Rejects (% of Meat Weight) 

Nonpareil 2.2 3.6 4.6 3.2 4.2 6.0: : 4.4 5.4 7.5 7.1 20.7 

Nep1us 2.0 2.8 2.3 3.4 

Merced 3.8 5.1 5.5 6.6 2.5 15.3 12.6 17.5 

Davey 1.6 1.6 1.6 2.4 · . 2.6 11.0 5.0 17.9 · . 

1977 

219 

225 

340 

3508 

7lfb 

16.5 



Table 4.-- Merced County - grower example showing resdblts of dormant spray 
for PTB plus winter cleanup plus one Sevin spray after hull­
split plus inhull fumigation of all varieties. 

% Total rejects by almond variety 

Crop Year Nonpareil Neplus Herced 

1977 2.5 2.2 8.4 

1976 9.9 9.5 15.9 

1975 7.0 4.3 12.1 

1974 3.6 6.1 10.2 

1973 2.5 4.8 5.5 

1972 5.8 3.3 4.2 

1971 4.2 11. 0 



( 

( 

U' 

'1s 
s 
o 

NOH c.leRH.f!J 

Two · Se ViVlID 

spv'"'ys 

Nov. c.(eC\V\~J 

Bloc..K- 3 

A /'hlOV1rJ.t; 

Two Sevi~@ 
S f -"1\ Y s 

No"" c.. (0(. o.~~J 

Bloc.K- 5 

~ ~--------~----------~ --

W 0.1 V1 tAts 

~ 
v 
s 
~ 
~ -{) 

S evil//) 
.® 

s: Two Two $e.VI'1 

~ 

~ 5 f ~Ay S 5 pv""'ys 

NolA. C'~CA~-tJ. 
Dv",,!<..es C I t"I\(( 
()tk~"'s V\ 0 t 

cf€O\I.1-LoC 

B (Oc.k. - r..f BlocK - \ -

F ,.~ &-1 v-e I 

CHICO 

~-
~ 

5 
~ 
cV 
u 
s 
0 -<: 



+ 

( 20 

c 

15 

-
Q) 
~ 

~ 
0-
s:: 
0 

( .2: 
'" 

c.J) 
10 -tv 

<lJ 
. ..--, 

Q.) 

CC 

-~ 
+-0 

l-
b' 

5 

1'171 J'l73 

CI .. n co 
Blocks I & 4 cleaned in 1975 
Blocks 3 & 5 pa~tially cleaned in 1975 
Block 4 cleaned & I Sevin spray in 1976 _ 
Blocks 1,3,5 with 2 Sevin sprays in 1976 
Blocks 1,3,4,5 with 2 Sevin sprays in 1977 
Block 1 Drakes cleaned in 1977 

Block No. 1 a 
No. 3 ~ 

No. 4 + 
No. 5 = A 

.~ 
.... . --.~ 
~~~ y' 

~ 

1'175 1'176 



AI" npa~Q/ J 

0 ·ChecK. 

IeS/-

J 'j .--. Chec k 

/ 7 x-x -resf = 

j 

f C. 

1 

; 5 

~ ( 

-
1 
) I ) 

3...1 ) -
!J 

{ 

z~ 
I 
I 
I 

/ 

t..pl~1 

'Rejects Ch/co .' F"",,.. 2 3 ' 

-:: 7.~% J97S 

= 3. "3 7D 
Af. O.·W, 

- .- . \ 

-t .. ...... .:;.. .- --_ .- -- - .. ~ .. _. -

.- 'PC] t'" /; iii I c/eiJnup (11// NPf/Uf and lew ~hPdre"l ) 

RII va ... ;e i.' e s c/edl1~d 
(I Jea I fO~fY C·OhJll-lt ... \~) 

----~ ~~~~-~~~r-~~~' ~- ~'~'-~-~I ~~I~'-~- ~I ·--r~-'~~~~· 

~u\j' ~u5vs+ I 5ep+. t o~~O~€ 
'" I 5epf.I" - (l,1-, I ~ 

A16 .. tJ2Ar-~.·1 ~ 2~., DC;-J.. 



8 

...... 
Q 
::l -l<: 
.J 

7-{ .., 
Q. I 

I 
'lI 
1. 

t-
C 
::n 

b
1 

-
-l 

~ 

\J 
~ -:) 

x:: S .... 

~ ( 
c: 
;,) 

l-
'd 
) 

~ Jf 
:5 ... 
:=:: 

:...... .... 
I( 

~ 31 )J 

~ 
~ 

f 
I 

IJ-t I , 
rIJ 

i ~ 

tV ! 
;:>. 
t. 2~ 

I ~ 
I 
! 

J I 

NOh p;}t'e,' , Rej~c/~ 

th2cX : b. B ".0 
Tes I -= #. 7 '0 

Ne,'j "be,.,"'! ~ a. b 01.1. .J- /LJ 9 0 

Chic.D 
1976 

#,o.w. 

.-. Che c k -;::- No W'-h .J.er ~/ea fI LJ P bll.J 2 Sev,·,/KJ .f !yay ~ 

X-X res/- --

.. 

• "\ • 

-
Vli ... -I-et' 

." • \ 
\ 

\ 

c le'ahUp plus I 
® 

Sev"'" spray 

• 

1\ 
• 

\ . 
\ ./ ". 

......... / ................ J. 
- ...... II -r --..,- T ...... r -- r - . ·'· --I--l--r-·r -T~-T-'--I--l 

July t ~~~u5f S~pf~ I Ocfobet 

j"uly ~, RW!j. 1/ Sepr.II-L14 
\e"'·r\t!J)So.-~u.r ltIol'tpf1.-e,·' H3h11.st-



<) 

0 -
X 
-J 

\1 , 
.:! 
'-

l-
i 
L 

-
L 

If 
V 
r;' 
-
:) 

l 
-, 
J 
~ 
j 
-
) 
) 

) 

~ , .. 
I. 
) 

u 
~ 
) 

9 

'--' 

8 

7 

b 

.s 

C 

1../ 

3 

o I 

!Vonf.;n"Q" 1?e/ecl-s 
, 

-Check -= J,. 0 ~~ 

Te s.J =- 4. 5"% 
Pr-oj_ec..+eJ -= a b .. ~ t I~-tpt> 

L: h.'-, c...o 

\C\11 
~ .. D.W.-

0- . Check - 2 fev/n® 5prayf ..:... AI~ ~/edYltJP 

I -'--r-'--' - '-----,--T ----,--.- -,~-
J"Lt"e Tu l~ .,. ~~~ "so\-

P"".I ®fllA,. JI 
! e"ll .'", .s p 'r"av J 



AI /:Jh P areil R2./ecfs FamoSo F'Ji,#re 6 
/977 

Check ::: /1,.5' % N.D.w. q -
-res I - 7.)" % -

'" 81 ® ~ ~I,e c k 1 t-"I-J,,"oY\ p/u$ ~ .-. - SIJt-clj ..... I 

5 e l/ /" ~ $ fa-a,! ~ I 1. 
J "-I 0-

'" 'X-X IesJ- :::. VIti? J-e'r' c.leah t.ip 
Cl.-. 7-! -pJus 'll 1 
l- I 

.1 r;.ulh/(t ® 5f'rdf - I pJl/ S' j 
l- I j S2V."~ spray • c I 
::;--r I - I 
.../. I 

..: b~ 
J I 'l! .. 
:J ! 
- i 
~ i -
"I 5'~ to I 

~ ( I 
I 

~ I 
) I 

I 

91 
3 J 

) 
...., 
! 

• 
! 

z-i 
i 
I 
, 

I ~ , 

( 



.... 
) 
) 8 ... 

S 
" :l.. , 
.. .. 7 

j , 
· 
~ 

I. 
~ (, 
:s -) 
, 
· · , , 

.5 .. 

1-

3 

N" 11 faye; / 1le,)e ... J..s 

Check:: b.O% 

Ie. sf -::: If. 6-% 

c--. Check 

x-x Tesl: :." /2- S<J...l/a~B - rnde 
Win.J.er CleaHtlf ~,...ea 
(Leff ..,. hill'\. d es.'y CI bJe-

.foj c~'t\J.·.J.·O'l\~ ) 

Uc::a..' l I Co 

lqll 
N.O.vJ. 

/ 
co 

I ---'---'--1' -, I 

Ausus-f ~p+. 


	A.1977.77-A4.Curtis.Orchard Management for Navel Orangeworm Control
	Curtis 77-A4 - Figures

