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Conscrv. 

trolled greenhouse and laboratory wind-tunnel 
conditions. The plant responses can be eval- 
uated by many techniques. 

Results . 
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Wind erosion has damaged or destroyed crops 
on erodible soils in many regions of the United 
States. Wind damage to vegetables has been re- 
ported in Virginia ( 9 ) ,  Michigan (10 ,  Zl), Georgia 
) Wisconsin (3), and Texas (6). Blowing sand 
has damaged cotton in North Carolina (14) and the 
High Flains of Texas (1, 8). Kernatodes (12) are 
moved with windblown dust, and plant diseases can 
be transmitted by blowing soil or abrasive leaf 
contact during strong winds (5, 13). 

Evidence that wind alone can damage plants 
h2.s been shown on many crops. Wind retarded 

- early plant growth of marigolds, increasing 
water use per gram of dry matter produced and 
delaying maturity about 10 days (7). Sunflowers 
preconditioned by low levels of available soil 
moisture at one-eighth field capacity, however, 
withstood 10 times more exposure to wind before 
plmts were killed than plants actively growing 
in soil with moisture at field capacity (IS). 

Plant cells may be damaged as the blowing 
sand strikes the plants. If soil movement is 
very slight, the injury may not be readily de- 
tectable, but usually the damage is very ap- 
yarent and the plants will suffer. A crop 
severely damaged early in the growing season may 
be replanted or replaced by a different crop, 
depending on market potentials and the avail- 
ability of water and the length of the growing 
season. 

As production costs continue to skyrocket 
and the need fox maximum food and fiber produc- 
tion increases, decisions concerning replanting 
damaged crops become more important. By knowing 
the survival and growth potential of crops sub- 
jected to wind damage, the grower can avoid re- 
plenting crops with good survival potential. We 
have conducted numerous laboratory wind tunnel 
tests to determine physical and physiological 
responses of several crops damaged by wind and 
sand. , 

Data reported here on survival, growth 
rate, and dry matter production are from Big 
Spring; those on physiological changes, from 
Xanhattan. We conducted the studies under con- 
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Resistance to wind damage is a function of 
wind velocity, amount of abrasive material 
carried by the wind, exposure time, plant age, 
and crop. We exposed 21-day old winter wheat 
plants to 20 minutes of 30-mph wind and sand. 
Photosynthesis decreased and respiration in- 
creased in sand-blasted leaves (Table 1). The 
wind- and sand-damaged plants had less photo- 
synthetic production and used more stored 
products to repair damaged tissue, as evidenced 
by dry weight accumulations of 81 to 55 per- 
cent of the check plants, 

Wind or wind plus sand reduced the ac- 
tivity of the nitrate reductase enzyme im- 
mediately after exposure, indicating shock 
to plants (Table 2). Enzyme activity in- 
creased dramatically 1 day later and re- 
mained high for 10 to 40 days. Exposure to 
wind and sand initially reduced both mois- 
ture content in leaf cells and enzyme activ- 
ity. As plants took up water, they also 
took up nitrate, dramatically increasing 
enzyme activity. 

Crop SumtivaZ 

Survival of a damaged crop is a grower's 
first concern. Leaf tips reflect the first 
stages of injury. Gradually, the entire 
leaf and stem will darken until it becomes 
dark green. If damage is extensive, the 
plant stem will weaken or break, and the 
plant will die. If the plant lives, the 
grower wants to know how it will respond to 
injury. Survival of plants exposed to wind 
is closely related to crop type, plant age - 

when damaged, duration of exposure, and quan- 
tity of sand in the windstream. As exposure 
time increased from 5 to 20 minutes, average 
plant survival decreased from 95 to 46 per- 
cent wi able 3). Extremely sensitive crops 

Table 1. Physiological changes in wind- and 
sandblast-damaged winter wheat plants, Man- 
hattan, Kansas (2). 

Dry Weight 
Photo- Respi- Accumulation 

Treatment synthesis ration - Days 1 to 7 

- % of controls - 
Wind + 5 kg sanda 94 124 81 
Wind + 10 kg sanda 87 150 60 
Wind + 15 kg sanda 74 105 55 

a 
Total sand on tray upwind from wheat plants 
before 20-minute exposure. 



Table 2. N i t r a t e  reduc tase  a c t i v i t y  of soybean 
seedl ings exposed t o  wind and sandblas t  damage, 
?!anhat t an ,  Kansas. 

N i t r a t e  Reductase Ac t i v i t y  
Days Af te r  Exposure 

Treatment I A E ~  1 10 40- 

- Z of con t ro l s  - 
Rind, 5 minutes 
Wind + sand, .5 minutes 
L'ind, 10 minutes 
t:ind + sand, 10 minutes 
k'ind, 20 minutes 
\*!ind + sand, 20 minutes 
Wind, 40 minutes 
Wind + sand, 40 minutes 

a 
I m e d i a t e l y  a f t e r  exposure 

~ a b i c  3. Crop su rv iva l  a s  inf luenced by du ra t i on  
of csposure t o  a 33.6 mile  per  hour wind with 1 
ten per rod width per  hour sand f l u x  on p l an t s  9 
o r  10 days o ld  (Big Spring, Texas, unpublished 
c z t a ) .  

Survival  
Exposure Time (minutes) 

Crop 5 10 20 

I'cppers 
L7nioris 
Cabbage 
Southern peas 
C;*r ro ts 
C~cumbers 
Cotton 
Sunflowers 

Average 

i n h l e  4 .  Dry mat te r  production (6-week-old . 

plants) as  inf luenced by crop and exposure time 
io a 3 3 . 6  mph wind and 1 ton per  rod width per  
hour sand f l u x  when p l a n t s  were 9 o r  10 days 
312 (fji.2 Spring, Tezas, u n p b l i s h e d  data). 

Dry Weight 
Exposure Time (minutes) 

Crop 5 10 26 

% of con t ro l s  - 
' cppcrs  
Q:ilons 
Ca:,bage 
Sou thcrn peas 
Carrots 
C1:cilnbers 
Cotton 
S w f  lowers 

Average 

l i k e  peppers and c a r r o t s  were t o t a l l y  destroyed 
by 20-minute exposures. 

Dry Matter Production 

The crops t e s t e d  va r i ed  considerably i n  
type and growth hab i t s .  To compare a l l  crops 
on an  equal  ba s i s ,  we expressed dry  mat te r ,  
p l an t  he igh t ,  and growth r a t e  a s  percentages 
of t h e  con t ro l  (undamaged) p l an t s .  Growth and 
development of damaged, bu t  no t  k i l l e d  p l an t s ,  
were delayed from 1 t o  4 weeks ( 1 ) .  The more 
severe  t h e  i n ju ry ,  t h e  longer  t he  delay. A s  
exposure time increased from 5 t o  20 minutes,  
average dry weight of 6-week-old p l a n t s  de- 
creased from 69 t o  1 2  percent  of c o n t r o l  p l an t s  
(Table 4).  Nine-day-old c a r r o t s  and co t ton  ex- 
posed f o r  5 minutes produced l e s s  than 50 per- 
cen t  a s  much dry mat te r  a s  c o n t r o l  p l an t s .  

G-rowth Rate 

Half t he  l i g h t l y  damaged crops (5-minute 
exposures) grew more r ap id ly  than con t ro l s ,  but  
growth r a t e s  of severe ly  damaged p l a n t s  (20- 

-minute exposures) were reduced, except f o r  cot- 
ton  and sunflowers (Table 5) .  Only 15 percent  
of severe ly  damaged co t ton  survived (Table 3 ) .  
Accelerated growth i n d i c a t e s  t h a t  co t t on  p l a n t s  
no t  destroyed recovered quickly,  bu t  t h e  in- 
creased growth (Table 5) may have r e su l t ed  from 
reduced competition because only a few p l a n t s  
survived (Table 3).  

Plant Height 

Plan t s  exposed t o  severe  wind and sand f o r  
10 o r  20 minutes were s h o r t e r  than con t ro l  
p l an t s ,  except sunflowers and cucumbers which 
showed a to le rance  t o  5- and 10-minute expo- 
su r e s .  Onions had exce l l en t  s u r v i v a l  (Table 3) .  
Damaged onion p l a n t s ,  however, were smaller  and 
recovered slower than damaged sunflowers  a able 
6 )  

Cone Zusions 

Wind e ros ion  damage i n  a labora tory  wind 
tunne l  reduced p l an t  s u r v i v a l ,  growth r a t e ,  
and p l an t  he igh t  of greenhouse p l a n t s  by re- 
ducing p l an t  photosynthesis  and increas ing  
r e sp i r a t i on .  P l an t  l eaves  were e a s i l y  damaged 
and t he  l o s s  of v i a b l e  photosynthet ic  l e a f  
a r e a  reduced energy production. The wind 
e ros ion  damage a l s o  caused short-term, high- 
i n t e n s i t y ,  moisture s t r e s s  because of impaired 
stoma con t ro l  and epidermis damage. The in- 
creased moisture s t r e s s  reduced t h e  a c t i v i t y  
of soybean enzyme systems. A s  metabol ic  
a c t i v i t y  decreased, t h e  p l a n t s  n a t u r a l l y  grew 
l e s s ,  and dry matter  production and p l an t  
height  were reduced. 

P lan t  su rv iva l  decreased a s  exposure 
time t o  wind e ros ion  damage increased.  Peppers, 
c a r r o t s ,  and co t ton  were e a s i l y  damaged by wind 
e r s i o n  while sunflowers,  onions, and southern 



Table 5. Crop growth ratea 4 weeks after ex- 
posure as influenced by length of exposure to 
wind and sand injury (Big Spring, Texas, un- 
published data). 

Growth Kate 
Ex~osure Time (minutes) 

Crop 5 10 24 

- % of controls 

Peppers 
Onions 
Cabbage 
Southern peas 
Carrots 
Cucumbers 
Cot ton 
Sunflowers 
Average 

a 
Growth rate is the average increase in height 
per day, expressed as a percentage of controls 
rate. 

Table 6. Plant heights as influenced by duration 
of exposure to a 33.6 mph wind with 1 ton per rod 
width per hour sand flux on plants 9 or 10 days 
old (Big Spring, Texas, unpublished data). 

Height 
Exposure ~ i m e  (minutes) 

Crop 5 10 20 

% of controls 

Peppers 
Oniogs 
Cabbage 
Southern peas 
Carrots 
Cucumbers 
Cotton 
Sunflowers 
Average 

peas were fairly resistant. Severe wind erosion 
conditions destroyed all plants. 

The growth rate and plant height of cucum- 
bers and sunflowers increased after a 5-minute 
exposure to wind damage, which may indicate that 
a little damage can stimulate plant development 
of those two crops. 
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