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ABSTRACT 

Exposing soybean seed1 ings t o  wind o r  t o  wind p lus sand a t  a windspeed 

of 13.4 m/sec f o r  up t o  40 minutes decreased n i t r a t e  reductase a c t i v i t y  

and increased n i t r a t e  content %mediately a f te r  exposure. Enzyme a c t i v i t y  

imnedia t e l  y a f te r  exposure was lower i n  damaged seed1 i ngs than i n  the 

untreated check, bu t  a f t e r  24 hours the check had the lower a c t i v i t y .  The 

enzyme act1 v i  t y  and n i t r a t e  concentration remained higher i n  damaged seed- 

l i ngs  than i n  the check fo r  up t o  40 days a f t e r  exposure. 
I 

I NTROOUCT ION 

9 Studies on seed1 ings of tomatoes5, grass and a l f a l f a  , 

and green beans1*, and on establ ished wheat stands14 have provided some 

information on y i e l d  reduct ion and flowering delay caused by sandblast 

i n j u r y .  Physiological responses of plants t o  abrasive i n j u r y  have been 

studied l i t t l e .  
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~ r m b r u s t ~ ,  studying nu t r ien t  uptake i n  sandblasted soybeans, found 

tha t  n i t r a t e  content increased w i t h  increased damage and a t t r i bu ted  t ha t  

increase t o  a decrease i n  n i t r a t e  reductase a c t i v i t y .  This study was under- 

taken t o  establ ish the effect of sandblast i n j u r y  on n i t r a t e  reductase 

a c t i v i t y  and on n i t r a t e  content o f  soybean seed1 i ngs . 

MATERIALS AND METHODS 

Ten soybean (~Zyoine  max L. Merr. var. 'Wayne' ) seeds were planted i n  

4 kg o f  masonry sand (screened t o  remove particles la rger  than 3.35 mn) i n  

each o f  210 18-un-diameter pots i n  the greenhouse. Seedlings were watered 

da i l y  w i t h  one-tenth-strength Hoagland nu t r i en t  so lut ion.  There was a 2- 

day d i f ference i n  plant ing, exposing, and sampl i n g  the 5- and 40-minute 

treatments and the f i r s t  check and the 10- and 20-minute treatments and 

the second check. Day length was maintained a t  14 hours and temperature .. 
was 21 C a t  n i gh t  t o  a maximum o f  30 C during the  day. 

Two weeks a f te r  emergence, seed1 ings were thinned t o  two per pot and 

a t  5 weeks exposed t o  a windspeed o f  13.4 m/sec and wind plus sand ( 1.17 

mn) a t  3 g/cm width/min for 0, 5, 10, 20, and 40 minutes i n  an i l luminated 

wind tunnel. A completely randomized fac to r ia l  design w i th  a11 treatments 

rep1 i cated three times was used. 

Five l e a f  discs (64-11 diameter) were taken from each l e a f l e t  o f  every 
11,13 f u 1 l y e x p a n d e d t r i f o l i a t e 1 e a f t o d e t e r m i n e n i t r a t e r e d u c t a s e a c t i v i t y  . 

Leaves which emerged a f te r  exposure were not  sampled. Samples o f  v iab le  

t issue were taken between 10 a.m. and noon imnediately a f t e r  exposure (IAE) , 

and 1 , 3, 5, 10, 20, and 40 days af ter  the p lants had been exposed t o  wind 

and sandbl as t . 
Leaf water and osmotic potent ia ls  were measured w i th  thermocouple 

on two t issue samples from the l a s t  f u l l y  expanded l e a f l e t  
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i n  the 10- and 20-minute treatment and re la ted  check. The samples were 

equ i l i b ra ted  90 minutes a t  25 C. Osmotic potent ia ls  were determined on 

ruptured c e l l s  o f  leaf t i ssue  frozen w i t h  dry  ice. 

A f t e r  1 eaves had been sampled fo r  n i  t r a t e  reductase a c t i v i t y  , the 

remainder o f  the p l an t  shoots were harvested, d r ied  f o r  24 hours a t  70 C, 

weighed, ground t o  less  than 40-mesh, and analyzed f o r  n i  t ratel  '. Leaves 

and stems were separated on other p lants  10 days a f t e r  exposure t o  deter- 

mine l o c a l i z a t i o n  of n i t r a te .  

RESULTS AND DISCUSSION 

N i t r a t e  reductase a c t i v i t y  decreased immediately a f t e r  the seed1 ings 

were exposed t o  wind o r  wind p lus sand (Table 1 ) if l e a f  t i ssue  was damaged 

(Table 2); water s t ress probably caused the decrease (Table 3). A c t i v i t y  

then increased and reached a maximum 3 t o  10 days a f te r  exposure. N i t r a t e  

reductase a c t i v i t y  began decreqsing a f t e r  5 t o  10 days bu t  remained higher 

than i n  the untreated check for  40 days. The re tu rn  o f  enzyme a c t i v i t y  

equal t o  o r  greater than the  check a c t i v i t y  w i t h i n  24 hours agreed w i t h  

f ind ings o f  Huffaker e t  a1 . 8,lO 

Immediately a f t e r  the seed1 ings had been exposed, when enzyme a c t i v i t y  

was low, n i t r a t e  concentratf on (Table 4) was higher i n  the shoots o f  t reated 

plants than i n  the check. The concentrat ion i n  t reated p lants  approached 

t ha t  i n  the check as enzyme a c t i v i t y  increased (1  day a f t e r  exposure). How- 

ever, the n i t r a t e  concentrat ion then became higher than t ha t  o f  the check 

5 days a f te r  exposure. The r a p i d i t y  and length o f  t ime t ha t  the treatments 

remained above the check depended on sever i t y  o f  damage (Table 2). 

The combination of h igh reductase a c t i v i t y  and high n i t r a t e  concen- 

t r a t i o n  1 i k e l y  was caused by the abrasive i n j u r y  which reduced the l e a f  

area much more than the p lan ts '  a b i l i t y  t o  take-up n i t r a t e  (thereby increas- 

i ng  the n i t r a t e  concentration). The higher n i  t rake concentration, i n  turn, 



TABLE 1 

N i t r a te  Reductase A c t i v i t y  i n  Viable Leaf le ts  of Soybean Seedlings Exposed t o  Wind and Wind Plus 3 
Sand 

Sample time - days a f t e r  exposure 
1 3 5 10 20 

i5 
Treatment IAE 

micromol es NO$g f resh wt)-' hrol 40 g a 
Check 

Wind, 5 minutes 

Wind + sand, 5 minutes 

Wind, 40 minutes 

Wind + sand, 40 minutes 

Check 

Wind, 10 minutes 

Wind + sand, 10 minutes 

Wind, 20 minutes 

Wind+sand,ZOminutes 0.166 3.62b 23.58~ 24.04b 26.52a 9.21a 1.33a 

Check average 0.62 1.22 2.63 1.79 3.81 1.74 0.65 

Treatment average 0.25 3.52 14.20 15.28 10.37 4.58 1.55 

* Numbers i n  each column followed by the same l e t t e r  are not  s i g n i f i c a n t l y  d i f f e r e n t  a t  the 1 
percent 1 eve1 by Duncan's t e s t  . 
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TABLE 2 

Visual Estimate o f  Percentage Leaf Tissue Damaged by Wind o r  
Wind Plus Sand 3 Days After Exposure 

Treatment Damage 

% 

Check 0 

Wind, 5 minutes 0 

Wind + sand, 5 minutes 17 

Wind, 10 minutes 13 

Wind + sand, 10 minutes 

Wind, 20 minutes 

Wind + sand, 20 minutes 58 

Wind, 40 minutes 43 

Wind + sand, 40 minutes 88 

TABLE 3 

Leaf Water Potential  and Osmotic Potential o f  Soybean Leaves 
Exposed t o  Wind and Wind Plus Sand 

Leaf water potential** 
Time interval  a f t e r  exposure 

Treatment 0 1 h r  4 h r  24 h r  

Check 

1 0-mi nute wind -7.5 (-9.2) -4.0 -6.1 -9.4 

20-mi nute wind -6.4 (-8.5) -4.8 -5.2 -9.2 

20-minute wind + sand -17.1 (-18.5) -17.1 -4.7 -9.1 

* Osmotic potential .  
** Bars. 



TABLE 4 

Ni t rate Concentrations i n  Shoots o f  Soybean Seed1 ings Exposed t o  Wind and Wind Plus Sand 

Sample time - days a f te r  exposure 
Treatment I AE 1 3 5 10 20 40 

micromoles (g dry wt)-' 

Check 1.6ef* 3.3a 1.8bc 0.2d 0 . 0 1 ~  O.06b 0 . 0 1 ~  

Wind, 5 minutes 6.8b 2.6ab. 0 . 8 ~  1 . 2 ~  0 . 0 1 ~  0.10b 0 . 0 1 ~  

Wind + sand, 5 minutes 4 . 8 ~  2.0ab 0 . 7 ~  0 . 9 ~  0 . 0 1 ~  0.07b 0 . 0 1 ~  

Wind, 40 minutes 2.9d 2.3ab 0 . 5 ~  1 . 2 ~  0.08bc 0.24b 0.04b 

Wind + sand, 40 minutes 9.0a 1.2b 4.la 4.Oa 2.2a 5.0a O.1Oa 

Check 0.4f 2.8ab 0 . 4 ~  O.ld 0 . 0 1 ~  0.22b 0 . 0 1 ~  

Wind, 10 minutes 5 . 4 ~  2.4ab 0 . 7 ~  1.lc 0.04~ 0.18b 0 . 0 1 ~  

Wind, 20 minutes 2.5de 1.9ab 1 . 2 ~  1 . 1 ~  0.38b 0.56b 0 . 0 1 ~  

Wind + sand, 20 minutes 2.9d 2.2ab 4.6a 1 . 2 ~  0.34b 0.62b 0 . 0 1 ~  

Check average 1 .O 3 .O 1.1 0.15 0.01 0.14 0.01 

Treatment average 4.6 2.0 2.0 1.71 0.44 0.88 0.02 
* Numbers i n  each column followed by the same l e t t e r  are not s ign i f icant ly  d i f fe rent  a t  the 5 

percent level by Duncan's test. 



TABLE 5 

N i t ra te  Concentrations i n  Leaf lets and Stems o f  Soybean Seed- 
1 i n g ~  10 Days Af te r  Exposure t o  Wind and Wind Plus Sand. Each 
Value i s  the Average of Three Rep1 i cations 

Treatment Leaf1 ets Stem 

micromoles (g dry wt)-' 

Check 0.01 0.32 

Wind, 5 minutes 0.01 1.06 

Wind + sand, 5 minutes 0.26 2.53 

Wind, 10 minutes 0.15 1.52 

Wind + sand, 10 minutes 0.52 1.53 

Wind, 20 minutes a 0.23 1.02 

Wind + sand, 20 minutes 0.68 4 -83 

Wind, 40 minutes 0.09 0.69 

Wind t sand, 40 minutes 4.28 25.55 

induced higher enzyme ac t i v i t y .  Total enzyme a c t i v i t y  was l im i ted  by the 

smal 1er area o f  viable photosynthetic l e a f  tissue (Table 2), which a1 lowed 

n i t r a t e  t o  accumulate i n  treated plants (Tabl e 5). 

These resu l ts  indicate that  the nitrogen metabol ism o f  plants i s  very 

sensit ive to  physical damage (such as wind erosion o r  h a i l )  and tha t  amino 

acid and pro te in  synthesis may be al tered o r  disrupted. 
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