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Abstract 

,Seven methods were used to supply additional water or a1 t e r  the . 

mi crocl iniate of redcedar ( ~ u n i ~ e r u e  v i r g i n i a m )  and Scotch pine (pinus..  ;. - .  

e y 2 v s s t r i s )  trees to induce faster growth and higher survival rates. 

For redcedars , 2 water-harvest treatments produced 32 and 3 1  percent . . 

more total growth than did a control, while drip irrigation and snowfence- . 

protected treatments produced 25 and 24 percent more total growth, 

respectively. Shaded treatment did not increase redcedar growth but  

resul ted . i n  100 percent survival as compared w i  t h  70 percent for the - 

control . 
Al though scotch .pi'?es had disc6uragi ng *growth and survival rates, . 

they tended to have better survival and total growth in a protected or 

shaded envi ronment. ' 
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I n t r oduc t i on  I 

Trees planted i n  rows t o  p ro tec t  f i e l d s ,  farmsteads, animals, 

. . and humans from winds are a  valuable asset (1, Q, 7-,29, a, 33, 36):  
, . 

Such t r e e  b a r r i e r 4  have been s tud ied f o r  t h e i r  i n f l uence  on wind erosion, 

microcl  imate, human and animal comfort, and o ther  b e n e f i c i a l  uses. 
. . 

Trees p lanted as ba r r i e r s  i n  areas o f  1  ow annual r a i n f a l l  and poor. 
, . . 

so i l -phys ica l  cha rac te r i s t i c s  genera l l y  grow s lowly  and e r r a t i c a l l y  . * 

(9, 11, 27). Therefore, we i n i t i a t e d  a study i n  an area o f  l i m i t e d  . .  . . 

r a i n f a l l  t o  f l n d  a  simple, product ive method o f  increas ing t r e e  growth 

and su rv i va l ,  

N'usurous pub1 fcat ions are avaf 1 ab le  on r a i n f a l l  mu1 ti p l  i c a t l o n  

techniques f o r  obta in ing water f o r  agr l cu l  t u r a l  production, 1  ivestock, 

and humans (8, l5, 22, 24, 25, 26, 28, 34); use o f  gravel  mulches t o  . + 

reduce evaporation and enhance i n f i l t r a t i o n  (1, -. 14); use o f  wind b a r r l e r s  

t o  modify microc l  imate and t r a p  snow f o r  the b e n e f i t  o f  vegetat ion and 

l i ves tock  (4, 5, l2, 13, 20, 29, 2, 35); so la r  s t i l l s  f o r  obta in ing 

water i n  deser t  areas (16, ns a); p r o f i l e  mod i f i ca t i on  t o  improve 

physical  condi t lons o f  s o i l s  (10, 18, 19, 32) ;  and e f f e c t  o f  s o l a r  

r a d i a t i o n  and shading on evapotranspirat ion, crops, and animals (L 5, 
23, 30). We eval uated many techniques mentioned (water harvesting, - - 
mu1 ches , etc .  ) t o  determine the1 r appl i c a t i o n .  f o r  increas ing growth and 

surv iva l  o f  t rees  i n  a r i d  and semiar id regions. 
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Design and Description of Experiment a 

A t  the Col by Agricultural Experiment Station, Col by, Kansas, we 

planted the f i r s t  trees i n  April 1971. The soil a t  the s i t e  i s  a s i l t y  . 

clayloam,15percentsand, 54percen t s i l t . and31  percentclay. Mean 

: annual rainfall for the area i s  19 inches. 

Se.ven treatments and a control were selected for the in l t ia l  
L .  

. experimental design. Each treatment was rep1 icated twice. The seven 

treatments were: (a) water-harvest area 50 by 100 feet ,  (b) water- 

. harvest area 50 by 50 fee t ,  (c) partial shading, (d) snowfence protec- . 

tion, (e) solar s t i l l ,  ( f )  profile modification, and (9) gravel mulch. . , 

The trees were planted within a 3-acre plot in 50-foot rows wlth 

a 5-foot spacing between each tree. Half of each row was planted to 

redcedar (~uniperus uirginiana)  ; the other half to Scotch pine (pinus 

s y l ves t r i s ) .  The trees were measured a t  the beginning and end of the 

growi ng season, and the d i  f ference between the two measurements was the 

growth for that year; the sum of all  the differences'was total growth. 

Trees that did not survive were replanted a t  the beginning of each 

season. 



1 - 
-4- 

I' 

The water-harvest areas were cleared, smoothed, and bermed around 

the edges t o  pond runoff on the tree row. Three methods, (a) 6 mil . 
polyethylene, (b)  asphalt emu1 sf on, (c) s i l  icone and 1 atex-in-water, 

' . 
were used to cover the water-harvest areas--one for each successive ' 

year. We modified the soil profile by digging a trench 2 feet  wide and 

4 feet deep along the length of the row and then mixing the soil and 

refilling the trench. The solar s t i l ls--a  trench 3 feet  wide by 4 feet  . * 

deep by 50 feet  long covered with 1 mil ~edla&-were located adjacent 

to tree row; water collected in a partitioned trough was piped to each 

individual tree. ' A check valve was fabricated' from a funnel, tab1 e- 

tennis ball,  and wire mesh t o  a1 low rainwater t o  flow in to  the trench . 

and not collect on the Tedlar cover.' For partial shading, we covered 

the tree row with a 50-foot length of snowfence supported by steel posts. 

The barrier-protected areas were surrounded w i t h  60-percent porous 

snowfencing, 48 inches t a l l ,  located 25 feet from the row laterally.  

Tree heights were measured a t  the beginning and end of each 

season in 1971 , 1972, and 1973. After thermographs, total wind ane- , 

rnometers, and a rain gage were installed June 8, 1973, one season's 

measurements were taken. Wind velocity and ai r temperatures were 

measured a t  a height o f  2 feet. . 

. 
Trade names are used for c lar i ty  and do . ,  no t  constitute an 

endorsement by U. S. Department o f  Agriculture. 
! 
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The solar s t i l l  improved growth of redcedarse 148 percent over 

the control and survival was the same, b u t  because of problems with the . 
Tedlar cover, after  the f i r s t  season we changed to a drip-irrigation 

treatment. For the drip-irrigation treatment, e k h  tree was glven 10 ' 

gallons of supplemental water per month. The system was arranged so 

that water was fed directly into the root zone, 12 inches 8 below the soil e 

surface. . . .. . 

Because o f  low survival rates, the gravel -mulch treatments were 

changed to straw-mulch treatments a t  the beginning of the third season . . 

because the gravel available a t  the s i t e  was a natural deposit containing 

some fine sand and soil particles that tended t o  form a crust on the 

surface and thus reduce water infiltration. No Scotch pines survived 

the f i r s t  2 years, whereas 50 and 30 percent of the redcedars survived 

in 1971 and 1972, respectively. Survival of controls for the same 

. period was 50 and 10 percent for Scotch pine and 90 and 70 percent for  

redcedar. Straw then was spread a t '  the rate of 4 tons per acre and 

anchored wSth  a jute netting. The straw covered an area 25 feet  wide 

by 60 ' feet  long, centered on the tree row. 
I 



Experimental Data and Observations 

The 6-mil polyethylene used on the  water-harvest areas was t o r n  

and mu t i l a ted  by the  end o f  the  f i r s t  summer and t o t a l l y  blown away by . 

the f o l l ow ing  spring. The second season an anionic asphal t  emulsion 

was sprayed a t  a r a t e  o f  1,245 ga l lons per acre on the  harvest  areas. 

The emulsion de te r io ra ted  and was nonexistent  by the end o f  the  f o l l ow lng  , , .  
' 

w h t e r .  The t h i r d  year a mix ture o f  R-20 s i l i c o n e  21 (sodium methyl 

s i l  ionate i n  water) and Wicaloid 703540y was used t o  cover the  harvest  

areas. Th is  mixture--2.5 percent R-20 and 9.2 percent l a t e x  by volume 

i n  water app l ied  a t  a r a t e  o f  5,600 ga l lons per acre--produced a hard, 

inipervious sur face which stood up very  we l l  throughout the  summer. We 

do not y e t  know what the cond i t ion  w i l l  be a t  the end o f  w in ter .  
' 

Because o f  exposure, extreme temperature d i f f e r e n t i a ) ,  and the  expan- 

s i ve  c a p a b i l i t i e s  o f  the s o i l ,  i t  was d i f f i c u l t  t o  f i n d  a simple, 

workabl e t reatment f o r  the water-harvest areas. 

The average growth and su rv i va l  f o r  1973 and t o t a l  growth and 
. . 

su rv iva l  f o r  the  o r i g i n a l  t rees are presented i n  Table 1. Tables 2 

and 3 summarize the  c l i m a t i c  and moisture data taken dur ing  1973. 

Ra in fa l l  f o r  t he  recording per iod measured 11.92 inches, whereas t he  

long-time average f o r  the per iod was approximately 9.50 inches (Table 
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lsbl e l .--Growth and survival, 1973. Total growth and survival of original trees. 

- - -  - - - .  . -  - - Scotch pines ~edcedars 
0 1973 1973 Origin 1 trees . Origin 1 trees 7 7 - 11 Treat rxnt  Growth Survi val Total ~ u r v i v a l l /  Growth survival Jotal Survival- 
Inches Percent Inches Percent Inches Percent. . - Inches Percent .- . . - .  . . . . . . .  - - - _ .  . - . . . .  -. . . . . . . 

. - .  
- . .  - .- '- . .- - - .  . . 

- .*  . - . . - .  - . . - - .  , . . . 
r i. . . . . .  - .  . . . . . . . . . .  

. . - - . . . - _ .  f . . .  Ik ter  hzrvest 
. . .  80 . .  1 2  . : ':50 - 36.5 - 100 ... 5.0 . -. . . N by 100 ft. 15.1 100 . _ .  ..  :.- - - - .  . . - - .  . . . . . .  . - . --+: . . . .  . - . .  . .  . . . . - .  . . . . .  

- .  - . - -  . 
... 

. .-. . -  . . -  . . . . - - _ .  - - - -  . - . .  - .  ' 

. - .  . 
)!titer harvest 
% by 50 ft. 14.3 

Drip irrjga- 
tion - -  14.5 

Snowfence 
protected 15.4 

control 11 -1 
. . . . . - 

Shade 9.9 . . 
. - 

. . 

Prof i 1 e . . 
. . _  . 

- 70 20 : 20.6 0 .  . .  0 .  - 20. codi f icat ion  8.6 90 . _.. - . . . . .  
. .  - . . . . . .  

. . 

.6&/ 2& .LO 10 - a . . * -  

Stra?~ mulch 1.3 ' 70 - . . . s/ 
I/ Includes only those trees briginally planted 3 years ago (1971), whereas 1973 includes replants 1 and 2 
. 
- years old. . - 

. . - --. - . - -  . - ..-. . -  . - . . . : .  - .  . . - -. - - .  . . . . .  . - .- - _ .  . . .  . . 
Includes 1 year iolar stU1 and 2 years drip i r r ipa t ion . -  - .  . - - , - -  - . , . ' - - .  - - - .  

. . . .  

- - . - 
. . Two years- gravel mulch and 1 year strav mulch. . 

- . .  . . . - .  - 

- .  - .  

. . - - 



Table 2.--Climatic data, f i e l d  s i t e ,  Colby, Kansas. 
Mean temperature Mi n 

Date nf a i l  Control Snowfence Shade Control. Snowfkce Shade 
L 

1973 I nc hes -Degrees Farenhe . .  



. . 

- July  8 
August 6 . . -  4.17 4.17 . 

- - 
August 7 

3.65 . 3.81 4.26 4.40 ,. 2.46 - .. 5.42 - Septeriiber 10 4.36 4.36 - .- - .  - - -- 
. . . . 

- September 11 . . 

October 17 3.89 4:31 4.01 . 3.86 4.91 4.27 3.21 5.81 . . 

, I . _  
. . 

.4.61 4.70 . 3 ' 7  3 , 5.69 Average 4.25 4 - 5 0 .  . 4 . 2 2  4.24 
. . . .  . . . . . . - - . - 

(BD) (M20) depth - . . . . 

I/ Available water in inches  = where BD = soil bulk  d e n s i t y ,  %H20 = %HZO as 
L ( D 

W ) 
m e a s u r e d  minus %HHO a t  w i l t i n g  p o i n t ,  depth = depth i n  inches t h a t  ZH20 represents, and D, = . . 

- - 
d e n s i t y  o f  water. :- 



Temperature measurements indicate that average daytime tempera- I 

ture was lower for the control than for either the snowfence or shade 
i 

treatments. That was expected for the snowfence, b u t  i t  was not con- 

sistent with other shade data because o f  an oversight when temperature 

recording instruments were instal led. The instrument for the shade 

treatment was placed 1-foot closer to the ground than were the two other 

iwtruments. which resul ted in a higher daytime temperature and caused 

the mean temperature t o  be higher than i t  should have been. Nighttime 

temperatures were about as expected. The snowfence treatment had 1 ower 

temperature t h a n  the control; whereas, the shade treatment had a higher 

temperature than e i t h e r  the snowfence or the control 

The snowfenced area had an average wind reduction of approximately . 

50 miles per day; the control and shade treatments, 160 plus miles per day 

(Table 2 ) .  

Available soil water in the top 36 inches of the soil profile 

averaged approximately the same f o r  a l l  treatments, except for the 

profile modification and mulch, which averaged .69 inch less and 1.27 

inches more, respectively. than the 6 other treatments (Table 3). A t  

. the time most samples were taken, the lower 2.5 feet  of soil was near 
, 

i t s  field capacity, which would account for the small differences among ' 

treatments. 



Interpretations and Discussion 

In keeping with the primary function of this study--to find a 

simple, effective way to3mprove growth and survival of trees for wind 

barriers i n  arid and semiarid 1 ocations-the two water-harvest , drip- 

irrigation, and snowfence treatments improved total tree growth and 

survival, and shade improved survival only, compared with a control. 

Gravel mu1 ch and proff l e  modification improved nei ther growth nor sur- 

vival (Table 1). 
1 

The two water-harvest treatments infl uenced total growth and 

survival o f  redcedar trees similarly. The 50- by 100-foot harvest 

area produced 32 percent more total growth than did the control ; the 

50- by 50-foot area, 31 percent more. Redcedar survival was 100 per- 

cent and 90 percent i n  the 50- by 100-foot and 50- by 50-foot harvest 

areas, respectively, Compared to  the control , the dri p-i r r igat  ion and 

snowfence-protected treatment produced 25 and 24 percent more total 

growth, respectively, and each had 90 percent survival. Data for the 

Scotch pines were erratic and inconclusive. Survival and growth tended 

to be greater in the snowfence-protected and shaded treatments, a1 though . 

90 percant o f  the original trees planted survived under drlp irrigation. 

I t  i s  diff icul t  to explain the low survival rates on the mulch 

t reatments.  One explanation i s  that the gravel contained such a high 

percentage of fines that i t  sealed over and suffocated the trees. Another 

. possi b i  1 i ty is' that the gravel contained some foreign matter that produced 

a toxicity i n  the soil  t h a t  remained when the gravel was removed and the 

s t r a w  mulch applied. The plots w i l l  be relocated within the study s i t e  

nex t  year (1974) in hope o f  ob ta in ing  better results. 
I 
e 



Summary 

Redcedar and Scotch p ine  t rees were used t o  f i n d  a simple, 

workable method o f  supply ing supplemental water o r  a1 t e r i n g  the  micro- 

c l imate  t o  improve t r e e  growth and surv iva l  ra tes  i n  semiar id loca t ions .  

Out o f  seven methods used i n  t h i s  study, f o u r  improved growth 

and f i v e  improved su rv i va l  o f  redcedars. I n  two d i f f e ren t - s i zed  water- 

harvest areas, redcedars produced 31 and 32 percent more growth, and 

a1 so survived b e t t e r  than t he  cont ro l .  D r i p - i  r r i g a t l o n  and snowfence- 

protected treatments produced 25 and 24 percent more growth i n  redcedars, 

respect ively,  and su rv i va l  r a t e  was greater. A shaded treatment 'did 

no t  increase t r e e  growth, bu t  redcedars had ' a greater su rv i va l  ra te .  

Data ind ica ted  t h a t  Scotch pines d i d  b e t t e r  i n  snowfence- 

protected and shaded envi  ronrnents, bu t  resu l  t s  were e r r a t i c .  No 

treatment can y e t  be considered sa t i s f ac to ry  f o r  p r a c t i c a l  appl k a t i o n .  
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